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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these oourses was to make curriculum materials

developed by the military more accessible tO vocational
educators in the civilian setting.

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

Generating knowledge through research 5 "
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Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products :

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL
Program Information Office
The Nationa! 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
Disseminationls ...

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

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

Access t0 military curriculum materials is
provided through a “Joint Memorandum of
Understanding” between the U.5. Office of
Education and the Department of Defense.

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

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

Project Staff:

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

Shirley A. Chase, Ph.D.
Project Director

6

What Materials
Are Available?

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

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

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & Heating & Air
Construction Conditioning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications  Meteorology &
Drafting Navigation
Electronics Photography

Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application t0o 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
Aebacca S. Douglass
Director

100 North First Street
Springfield, IL 62777
217/78240759

MIDWEST

HRobert Pation
Director

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

NORTHEAST

Jaseph F, Kelly, Ph.D.
Director

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

NORTHWEST
Wiitiam Danlels
Director

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

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Drawer DX

Mississippi State. MS 39762

6§01/325-2510

WESTERN

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

1776 University Ave.
Honolulu, HI 96822
808/948-7834
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Module 20 — Oscitloscope . 19 . * . * . * . .
Module 21 — Saries RCL Circuits . . 2 . * . * . * . .
Moduie 22 — Paratlel RCL Circuits ] 2 . * . * . . .
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Coursa Description

This biock Is the third of ton blocks providing training in slectronie principles, ygg ol bosle tent ¢Quipmant, safory Practices, clreult onalysis, soidering,
dightel tachniGues, microwave principles and troubleshooting basic clrcultt. Prar#Qulsitss 10 this pjogk are Block 1-BC Cirevits and Block 11=AC Circvits.
Block I1=RCL Cirevits containg nine modules covering 93 hours of Instruction on the oscllioscobe, saries and parallel circuits, troubleshooting,
resonance, filters, and time constanis. The motulion topica dnd cesPctiva houra follow:

Module 20 Oscllloscops (13 hours)

Module 21 Series RCL Clreuits (19 hours)

Module 22 Parsllel RCL Clrcuits (B hourst

Moduls 23 Troubleshooting Sarles end Persllel RCL Clreuits (7 hours)
Module 24 Serles Resonance (11 hours)

Module 25 Paradlel Resonence {12 hours}

Module 26 Time Constraints (12 hours)

Moduls 27 Filters (8 houra}

Maodute 28 Cornling (S hours)

This block contaim both teacher and student matarisls. Printed instructor materlals Includa a plan of Instruction detasiling tha units of instruction.
duration of the t6150n4, critarion objectives, and support materiels needed. Student materisis consiats Of a student text usad for ali the modules; Mine
guidance packages containing objsctives, assignments, and review exarcisés for gach module; and two programmed texts on series réactive circuits and
troublashooting setias and paraliel RCL clrcuita, A digest ol modules 20 through 28 for students who have background in these topics and only need
to review the Major pointa of inatruction is also Provided.

This material i1 designed tor self- or group-paced instruction 1o b8 used with tha remaining nine biocks. Most of the materisls can be agapted tor
individualized instruction. Some additional military manuals and commercistly produced texts are racomendad 81 referénces. but dre not Prowded.
Audiovisuals sug9@stad for ysa with the entire course consist of 14] videotapes which are not provided,
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' DEPARTHENT OF TIN AIR FORCE PLAN OF INSTRUCTION JAQR3J020.1
v URAF Sch of Applled Aerasp Sci (ATC) 6 Movember 1975
Keegler Air Force Pase, Missisuippi 39534

FOREWORD

1. PURPOSE: This publication fs rhe plan of instruction (POI) when the
pages shown on pave A are bound into a single document. The POI pres-
cribes the qualitative requircments for Course Number 3AQRION20-1, Bloce
troni, Principles (Modular Self-Paced) in terms of criterion objectivcs
and t:aching steps presented by modules of instruction and shows duration,
correlation with the training staudavd. and support raterials and
guidance. When separated into modules of instruction, it becomes Part I
of the lesson plan. This POl was developed under the provisions of

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

2. COURSE DESICN/DFSCRIPTION. The instructional desizn for this course
i3 Modular Scheduling and Self-Pacing; lLiowever, this PAI can also he
used for Croup Pacing, The coyrse trains hoth non-prior service airmen

. personnel and selected re-enlistees for su>sequent entry into the equipment
oriented phase of basic coursns supporting 303xXX. 304%X, 307X, 309%N a2nd
328XX AFSCs. Technical Training includes electronic principles, use of
basic test equipment, safety practices, circuit analysis, soldering, digital
techniques, microwave principles. and troubleshootin: of basic circuits.
Students assigned to any one course will receive training only in those
modul es needed to complement the rraining program in the eauipment phace.
Related training includes traffic safety, commander’s calls/briefings and
end of course appointments.

3. TRAINING EQUIPMENT. The number shown in parentheses sfter «<quipment
listed as Training Eouipment ynder SUPPORT MATERIALS AND GUIDANCE is the
planned number of students assigned to eacn equipment uynit.

4, REFERENCES. This plan of instruction iy based on Course Trezining
Standard KE52-3AQR30020-1, 27 June 1975 and Course Chart 3AQRI0020-1,
27 June 1975,

FOR THE COMMANDER
)

%

. "H, HO
Commander
Tech Tng Cp Prov, 3395ch

XA IR
Y. 2 Loy
WED Colonel,t'SA\F

OPR: Tech Tng Cp Prov, 3395ch
DISTRIBUTION: Listed on Page A
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PL AN JF [NSTRUCTION,LESSON PLAN PART | (Continuotion Sheet)

COURSE CONTENT

e b—n —-—_—

CUPPORT MATERLIALS AND GUIDANCE

Jtudent Indgtrictional Meterialy
RED =t - v, 030 L1loscope Uses
VipwSTelll

woitelat

Vhi-10Y

£ EP=110

Audio Visual Aide
relateZi 24, Use of Osiéillovcupe (contrels & voltage measuremenc)
T.s=30=2128, Use of Oscilloscope ({ioquuncy & vhase measurement)

{:dining Fquipment

Oscilluscope #./unci= 9800 )

Sine-sruare We -e Generator 4864 (1)

X, Yower Suppls 4649 (1Y

Wit i spar AN/YEM-6 1)

al in. uu;or and Capacitoar Trairver 5U67 (1)

iraisind Methols :
Pisensgion (7 1rs) aad!or Proprammcd Sel ! Tnstruation
crioransce (3 hrs?
t ﬁﬁa;gnnwnts {% hrs;

Merructor Rectiremer ts

somidasee
0 Oseiltle. sws, And mawe students peviorm lab exexcisec-
%qun:bL_r progrena vireck to each studenz and record
resyl s, Have st-ident. iwaer applicable questions 14 KFP-52-20 during

TT rane,
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1 COURSE CONTENT 3 OURATION
e e e et ———— . - A e — . (Houre}
2. Series RCL Circuits (Molule 21D 19
(14/5)
a. Given an AC sevies RCL circuit with applied voltage, total (6)
current, resistance values and formulas, solve for true power and
apparent power., UlS: ua Meas: W

(1) Solve for true power and 4pparent power in an
{(a} RC circuit
{b) RL circuit
{c) RCL circuit
b, Given a neries RCL circuit with component values, applied (6)
voltages, and frequency indicated, calculate the values of and plot
the vectors for total impedance, total current, all voltages, and
approximate phase angle. CTS: 4f Meas: W
— (1) Given a series RC circuit with component values, applied
voltage, and frequency, calculate the values of and plot the
vectars for
(a) total impedancc
(b) total current
{c) all voltages
(i} approximate phase angle

{2} Civen an R( circuit, vary parameters individually and

determine the effert on current and voltage.

—
! SUPERVISOR APPROV AL GF LESSON PLAN {PART I1)
SIGNATURE DATE SIGN ATURE DATE
PLAN OF INSTRUCTION NO. gy yyvzaiyn CATE PAGF MO,
‘ 3AIRIMT - 6 November 1975
Q FORM REPLAGCES ATC FORMS 137, MAR 7Y, AND 770, AUG 72, WNI*'H WILL BE
EMC ATC tm 7% ]33 ATC hewdler 4-10 24 useD, | - )

51 Ly NLABLE ‘ 15 T




PLAN OF {NSTRUCTION/LESSON PLAN PART § (Continvation Shent)

COURSE CONTENT

(3) Given a series RL circuit with component values, applied voltage,
and frequency, calculactc the values of and plot the vectors for

(a) total impedance.

(b) total current.

(c¢) all volcages.

(d} approximate phase angle.

(4) Given an RL circuit, vary parameters individually and determine
the effect on current voltage.

(5) Given a series RCL circuit wicth component values, applied voltage,
and frequency, calculate the values of and plot the vectors for

(a) ctotal impedance.

(b} rtotal current

(c) all volcages.

(d) approximate phase angle.

(6) Given an RCL circuit, vary parameters individually and determine
the effect on current and voltage.

c¢. Using an oscilloscope and trainer, determine relacive (2)
ampli:ude and phase relacionship of Ez, ER, EL, and Eg in a series
RCL circuie. CTS: 4f Meas: PC

SUPPORT MATERIALS AND GUIDANCE

Scudent Instructional Materials
KEP-GP-21, Series RCL Circuirs
KE¥P-ST-Ii1

KEP-107

¥EP-110

AnP=rT=0Y, Serien [T Cirenits
Audio Visual Aids

TVEK 30-257, Series RC Circuits
TVK-30-258, Series RL Circuics

Traipning Equipment

Oscilloscope A/USk=398(1)

AC Inductor and Capacitor Trainer 5967 (1)
Sine-Square Wave Generator 4864 (1)
Isolation Transformer 5124 (1)

PAGE o,

& November 1975 46

16

PLAN OF INSTRUCTION KO, DATE
JAURSI02D-1




PLAN OF INSTRUC TION/LESSON PLAN PART | {Cantinuation Sheet}

-

COURSE COMTENT

[T

Tralning Methods

Niscussion (12 hrs) and/or Programmed Seif Instruction
Per formance (2 hrs)
CTT Asstignments (5 hrs)

Multiple Instructor Requirements
Equipment (2)

[nstructional Guidance

Continue to check student proficiency in use of powers of tem in problem

solving. Issue KEP-GP-21, Series RCL circuits, and have students perform

¢ laboratory exercise. Monitor students for proper safety precczutions and
use of equipment. Administer progress check and record results of each

. Llndividual. Assign specific objectives to be completed in KEP-GP-.1l during
' CTT time,

e mommrL e ommew

&

fmw e =

ooy

TLAN JF INSTRUGCTION NO. o DATE PAGE No.
SANRII2NL] ‘ . | 6 November 1875 47
L FORM REPLACES ATC rORMS 3374, MAR 73, AND 7704, AUG 72. WHICH WILL BE
EMC ATC  icnas 133A usED. 17 R




PLAM OF INSTRUCTION/LESSOM PLAM PART |
HAME OF 1S THUC TOR COURSE TITLE
I _ e i _Electronic Principles
BLOCK NimpER™ ~ 7 """”"I‘ OLACK TITLE
L1l RCL Cipeudty
1 COURSE CONTENT 2 OURATION
e e e —— . {Hours)
3. Parallel RGL Clecuits (Modute 22) 8
(6/2)
a, Given an AC parallel RCL circuit with applied voltage,
tota) current, resistance values and fonmulaa, solve for true power
and apparent power, CI5: 4e Meas: W
, (1) Solve for true power and apparent power in
{(a) parallel RC circuits
(b) parallel RL circuits
(¢) parallel RCN. cirenity
b. Given par..lel RCL ecivcuit and vector diagrams, select the
vechor diapram, representing che relative amplitnde and phase
relationships of *;, Ip, Ig, and Ip. CTFS: 4f Meas: W
{1y List critevia for fdetermining reference vector.
{2) State relatioaships of tt’ IR’ IC and IL.
~. Given a parallel nCL circuit diagram with component values,
truquency, amplitude of applied voltage, and formulas, solve for
branch currents, approximate phaso aanle, total current, and total
impedaner, CTS: ot Meas: W
|
! (1Y Solve for branth currencs. approzimate phase angle,
l tatal current and rorad Jremedance in-
i
(a) paralle] B ocivenars
(b) paral,..l BRL «ircuits
(c) paralivi BUL cieculty
’ SUPERVISOR APPROYAL OF LESSON PLAN [PART (I}
L _. .. NGMatuRE DATE _"_E SIGNATURE DATE
!
b———— . —_—-_ - -.r.-- . —— - [,.__
!
- i
!
PL AN OF 'NwsTRUCTION HO. DATE PAGE NO,
AN b 6 November [975 49
Q ‘ ATC FORM 113 ATC Rtoee o]0 2 REFLAZES ATC CcrmRd 337. MAR T3, AHD 777 AUG 72, wHICH wiLL BE o

ARR 7% JSE -
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 {Continuation Sheet)

COURYE CONTENT

d. Given a parallel RCL circuit diagram with component values, branch
currents and formulas, solve for applied voltage. CTS: 4f Meas: W

(1) Solve for applied voltage in
(a) parallel RC circuits
{b) parallel RI circuits
{c) parallel RCL circuits
e, GCiven a parallel RCL circuit diapram with component values and
formulas, solve for total impedance by assuming an applied voltage.
CT9: 4f Meas: W
(1) .,Sssume an applied voltage and solve for total impedance in
:a) paraliel RC circuits

{(b) parallel RL circuits

v¢) parallel RCL circuits

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
REP-GP-22, Parallel RCL Circuits
rEP-LT-TTL

KnpP-107

KE2-110

Audic Visual Alca

TVK-30-261, Parallel FC Circuits
TVK-30=-263, razallel RCL Circuits
TVR=-30-262. Pavaliel RL Circuics

Training Methods
Discussion (® hrs) and/or Programned 5oii [nstruction
CTT Assignments (2 hrs)

Instructional Guidance
Issue KEP-GP-22 and assign specific objectives to be accomplishted during
CTT time.

PLAN GF INSYRUCTION NO.

l DATE PAGE nO.
FAT L) .1 ]6 Novemher 1975 50




l PLAN OF INSTRUCTION/LESSON PLAN PART 1

MAKE OF ENGTHUC FON IV ounse riTue
Electronie Principles
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! COURSE CONTENT
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DURATION
tHoure)

", Troublushootin, Series and Parallel RGL Clreuits (Module 23)
1. TFrom a group ol statemuents, selert the procu:hury for
checking capacitors for opens and shorts., CTS: 4F Meas: W

(17 Describe procedures for »oking an ohmmetcers check. List
inlicatlons that a capacitor is rowmd, open or shorted,

(2) Part substitution.

h, Yrom a group of statements, sciqcl rhe provedurs for
~neekinn inductors for opems and shorts, CFS: 4f Neant: W

(15 Dea cibe procedures for rakiny an ohmmeter check uand
tist imdicatious tha* an inductor is pood, open or shortud,

¢, Using the wultimeter, 2 =chemat i diagram, and i trainer
naving an inopetrtive series RU), cire-titn, locate the open or
shected componert. T5: &4 Meas: §v

“egourement and ot ien. (Part | ot 3 ParLs)

Hotngremnnt * gl

st el e

7
(5/2)

SUPEF{VISOR APPEQUAL OF LESSON PLAM (PART 1}

T SIGNATURE [ DATE SIGNATURE
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L5 T NSTRUTTION N2 [ Dare

SN T ol . b Bovember 1975
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student. fnstructlonal Materials

KEP-GP=23, Troubleshooting Serles and Parallel ROL Clreulrs
KEP=uT-111

KEP-107

KEP-108

KEP~110

KEP-PT-23, Troubleshooting Serles and Parallel RCL Clrcults

Training Equipment
Inductor and Capacitor Tralner 5967 (1)
Sine-Square Wave Generator 4864 (1)

Multimeter AN/PSM-6 (1)

Tralning Methods

Discussion (4 hrs) and/or Programmed Self Instruction
Performance (1l hr)

CTT Assignments (2 hrs)

Muleiple Instructor Requirements
Equipment (2)

Instructional Culdance

Issue KEP-GP-23 and have student perform laboratory exercise. Administer
progrcss check and record results for each student. Assign specific objectives
to be accompl-shed in KEP-GP~23 using CTT time. Inform students that & measure-
ment rest mus. be taken covering modules 20 throuch 23,
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PLAN OF INSTRUCTION/LESSON PLAN PARY |

_DTAMr OF WSy 1on GORIMEE TITLVE
. Flectronlc Principics

“BLOCK NUMBE R - BLOCK TITLE
JEA RCI, Clrcuits

COURSE CONTENT 2 DURATION
flHaure)}

e T ek L. PRI PP

svrlen Resonance (Module 24} 11
(8/3)

d.  Uiven the respoasge curve of geries RCL clrcuit, compare {(2)
the mavnitude of current flow at reseonanse and of £ reusonance.
Sy () Meas: W

(1} With given applied irequencv and component values of
a serles RCL circuit, determine if the circuit is

{(a) capacltive
{(b) inductive
() resistive
{(2) Calculate the resovant frequency -

{(3) Compare magnituds of current at resonance aund off
resonance

b. {iv:n a serive RCL eircuit, and vector rentesenta-
rivns of current and veltige, <elect the representation which
“hich shows current and voltage relationships below resonance,
abow. rergnance, and atr resonance, CTst bg(d) Meas: W

i1y Wit rnown component valuss of a serles ROL circuit,
“uratd the resonant Irequency and  driaw vecror tepresentitions
current nd volcare,

Cil
of

f2% Assume values thet Will cauwse the circuit to operate
Lele vagorance, Plot the vectors,

(3% Assune values that wili cavse the eivcuit to operate
rugsonance, i‘'loet the vectovrs,

SUPERVISOR APPROVAL OF LESSON PLAN (PART 1}
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PLAN OF INSTRUCTION/L ESSON PLAN PART | {Continuation Shaet}

COURSE CONTENT

{4) Select thie features of the vector representations that idencify
the clrcult as operating below resonance, above resonance or at resondnce,

(5% CGiven a graph of a [requency response ¢urve, detcermine bandpass
and bandwideh,

c. Given a series of RCL circuits and formulas, determine che (2)
cffects on current, impedance, and phase angle by varying individually
frequency, resistance, capacitance, of inductance. CTS: 4g(3) Meas: W

(1) with known values of frequencv, resistance, capacitance and
inductance for a series RCL clircuit, solve for current, impedance, and phase
angle.,

(2) Individually substitute values above and below the ziven values
of {reguency, resistance, capacitance and inductance and solve tor current,
impedance and phase angle.

(3) Compare the effects of varving each parameters,

d, Given c mponent valuecs of a series RCL circuit, calculate (1)
the resonant fraquency. CTS: 4g(4) Meas: W

e. Using a series RCL circuit connected on a trainer, signal (1)
generator, and ammeter, determine the half power points,bandwidth,
bandpass, and resonant frequency. CTS: 48(l), 4g(2), 4g(3) Meas: PC

Q
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 {Continuation Sheet)

COURSE CONTENT

D R T T A N N R R Ly e PR YT P s Lt I L

SUPPORT MATERIALS AND GUIDANCE

sludent (nstructlonal Materialy
KEP~(:P~24, Serles Resoniance
KEO=-8T-TLT

K&P=107

KEP=103

KEP=-110

Audio Visual Afds
TVK=-30-260, Series RCL Circuits (Resonance)

Training Equipment

AC Inductor and Capacitor Trainer 5967 (1)
Sine=-Square Wave Generator 4864(1)

Meter Panel 4568 (1)

Multimeter AN/PSM=6 (1)

Training Methods
Discussion (7 hrs) and/or Programmed Self Instruction A
Performance (1 hr), CTT Assignments (3 hrs)

Multiple Instructor Requirements
Equipment (2)

Instructional Guidance

Issue KEP-GP-24 and have students perform laboratory exercise.
Administer progress check and record results for each student. Assign
cspecific objective for students to complete during CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART |
NAME PIE NS TR bt fAntieme 1T LE
Frectronle Prinedples
F W ook Huwnen B BT TR PR e mmmmm——
111 | RCL Clreuits _
) COURSE CONTENT 3 DURATION
e e e e —_— o _ tHoura)
7. Parallel Resonance (Module 2% 12 _
(9/3)
4. Given the renpunse curves of parallel RCL circuits, (3)
compare the magnitude of current £low 1t reymmiance apd off resonancd,
CT8: ag(4) Meas: Y
(1) wWith given applied “reguency and component values of
i a parallel RCL eircuit, determine il the eercuit 15 capacitive,
' dinductlve or resistive.
‘ (2) Calculate the resonant froquiney
(3) Compare magnitude ol curronet ot resonante and off
resonance
n, OGlven a pa~ailel RIL circuir an tormulas, (4)

deturmine the eftects on current, impeance, and phase angle by
individually varying frequency, resistance, capacitance and
inductance., CTS: 4g(4) Meas:

- (1) with given compunent walues of a parallel RCL circuit,
calculate *he resonant frequency and draw vector representations
of current uprd voltace,

{2: Ansume values that will _auze rhe circuit to operate
belmy resoniance.  DMlot the vectoes

(1) Assume values that will cause the .« ircuit to operate
2 { Jbove resonance. Plot the wectors

i4) Select the Veatwres of the vector representations
thiei - cegtity the circuit as operatine at resonance, above
res-.nance or oelow resonance,

(3 tiven a grapn of a frejuency response curve, determine
the bandpass and bancwidth
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

.

¢, Glven componeut values of a parallel RCL circuit (1)
calculate the resonant frequency, CTS: 4g(4) Meas: W

d, Using a parallel RCL circuit connected on a trainer, (1)
simnal gencrator, and moltimeter, derermine tlie bandwidth,
bandpass, half power points, and resvnam  freguency.

CT8y ALy, 4p(2), 4p(3)  Meas: Pu
3. Measurement and Critique (Part 2 of 3 Partg) 1
a4, Measttement test
b. Test eritique
SUPPORT MATERIALS AND CUIDANCE

Student Instructional Materials
HEP-CP-25, Parallel Resonance
KEP-ST-I1TIL

KEP-107

KEQ-LOY

KEP-L10

Audio Visual Aids
TVK 30-264, Parallel RCL Circuits (Hesonance)

Iraining Fguipment

A Indiector 2ol Capacitor ‘frainer SY07 1)
dine-Sauare bave Generatyr 48a4 1)
Meloimeter AN;PSM-6 (1)

Disunssiag 8 hirs) and/or Progranmed Seli [nstruction
Performance L "), (CT7 Assicnments (3 hrs)
A
Multiple Instructor Reg'iirement
fquipment 2}

Instructional Cuidance

Tssue KEP-GP-25 and have students periomm laboratoryv exercise. Administer
progtess check and record results for cach studenc. Assign specific objectives
to be completed during CTT time. Inform studencs that a measurement cest must
be taken covering modules 24 and 25.
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PLAN OF INSTRUCTION/L ESSON PLAN PART |

NAME OF INSTHUCTHA LOUASE TITLE
Electronic Principles

BUacK neminTT T ““} BUOEK FirLe
Lt { RCI, Clreults

' COURSE CONTENT 5 DURATION
(Houre)

e e B gt e — e mmA L L i e e

9, Tim¢ Lonstants (Module 26) 12

(9/3)
A, Given a pC series RC cirecuft, speclfied time component (2)
values, and 4 Universal Time Constant Chart, determine the percent
of charge on a capacitor; the percent of discharge of a capacitor.
CTS: 4 Meas: W
{1} Relate the following terms to time:

fa) Transient

(b) Transient responsc
(¢c)' Transient voltage

{d) ‘franslent curreunt

H (e) Transient interval
(2) Effects of compOnent vaiuves on transient response.

(3) Define time constant in terms of RC and RL.

r3)  Explain Universal Time Constant Chart in terms of RC
axd 7. cireuits.

tiven. a T, series RL eiweuit, specvified time, component (2)
wivn o, and a '‘miversal Time Cnoostant Chart, det<rmine the percent
U eur ceat build-an,  tha purcent of current decay. CTS: 4i

eac,

cr mEmp e w s R m ot EETE W ehm ot mm e
v
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 {Continuntion Sheet)

COURSE CONTENT

(1) RC circuit characteristics,

{a)} Identlfy cvrve on Universal Time Constant Caart that shows
percent of charge and discharge of a capacitor in a DC series & circuit.

(b} Use a DC series RC clrcuit and Universal Time Constant Chart
to determine

1l Ec and Eg when E,;, R, C, and time ar~ known.

2 mumber of time constante when E£,, E., !, and € are known.
3 R when Ey;y» €, E¢y and t are known.

4 I when E;, t, C and R are known.

3 C when Eg, t, E¢, and R are known.

6 Es when Eg, t, R, and C are knevm,

¢, Given series RC and RL circuits with component values and (2)
formulas, compute the time constant for cach., CTS: 4i Meas: W
d. Civen waveshapes of long, medium and short time constants (2)

of RC and RL circuits,identify Eg, Eg, and E{ with the correct waveform.
CTs: 41 Meas: W

(1) Helate long, medium, and short TC to integrated and differentiated
waveforms.

{2 Id.ntify voltage waveforms developed across resiscor and capacitor
in RC long, meédium, and short TC networks.

(3) identify voltage waveforms developed across resistor and coil in
RL long, medium, and short TC nerworks.

e. OGiven a trainer containing series RC or RL networks, (1)
oscilloscope, specified square wave freguency and voltage, identify
the output wave as either differentiated or integrated. CTS: 4i Meas: PC
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PLAM OF INSTRUCTION/LESSON PLAN PART
HAME OF INSTHUEC TOR GUURASE MTLE
L _ o Electronic Principles
o hamgEe™ T T T LCSER T L " ’
11 l RCL Circuity
1 COURSE CONTENT 2 DURATION
{Howts)
r‘-—--——- g A cEE - g
9., Tire Constants (Module 26) 12
(9/3)
A, Oiven a DC seriar RC circult, gpecified time component (2)
valuecs, and o Universal Time Constant Chart, determine the percent
of charpge on a capacitor; the percent of discharge of a capacitor,
C18: 44 Meas: W
E (1} Relate the followiug terms to time:
|
{a) Trausient
d {(h) Transient responsc
i (¢} Transient voltage
: (d) ‘ransient current
i {e) Transient intcrval
{
! (2) Effects of component values on transient response.
]
t
; (3} Define time constant in terms of RC and RL.
H
! *%)  Explain Universal Time Constant Chart in terms of RC
! am! [ cireuits.
E Civer a'ht serics Rl circuit, spevified time, component (2)
] v, and a tniversal Time Congcant Chart, determine the percent
i ot vy eat build-up, the purcent of ecurrent decay. CTS: 4i
ear . .
t
§
i
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i
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PLAN OF INSTRUCTION/LESSON PLAN PARY 1 (Continvation Sheet}

COURSE CONTENT

(1) RC cireuit characteristics,

(a) Ildentify curve on Universal Time Constant Cuart that shows
percent of charge and discharge of a capacitor in a DC geries r.. circuit,

(b) Use a DC series RC citvcuit and Universal Time Constant Chart
t0 determine

1l Ec and Egp when E,, R, C, and time ar~ known.
number of time constants when E£;, E., I, and C are knowun.
R when E;, C, Ep, and t are known.
I when E,, t, C and R are known.
C when Egj, t, Eg, and R are known.

6 Ez when Ep, £, R, and C are knwuzm,

¢, Given series RC and RL ecircuits with component values and (2)
formulas, compute the time constant for cach. CTS: 41 Meas: W

d. C¢iven waveshapes of long, medium and short time constants (2)

of RC and RL circuits,identify Eg, Eg, and Ef with the correct waveform.
CTS: 41 Meas: W

(1) Relate long, medium, and short TC to integrated and differentiated
waveforms.

(23 Identify voltage waveforms developed across resiscor and capacitor
in RC long, medium, and short TC networks.

(3) identify voltage waveforms developed across resistor and coil in
RL long, medium, and short TC networks.

e, OGiven a trainer containing series RC or RL networks, (1)
oscilloscope, specified square wave frejuency and voltage, identify
the output wave as elther differentiated or integrated. CTS: 4i Meas: PC
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Cantlnuation Sheet)

COURSE CONTENT

il A AR m v

SUPPORT MATERIALS AND GUIDANCE

Student [nstructional Materialg
KEP«(1P=26, Time Constants

KEP=ST-III

KEP-107

KEP=-108

KEP=807, Universal Time Constant Chart

Audio Visual Aids
TVK«30-851, RC Transients
TVK=30-852, RL Transients & Wave Shaping

Training Equipment

AC Inductor and Capacitor Trainer 5967 (1)
Sine-Square Wave Generator 4864 (1)
Oscilloscope AI-I/USIC—J)&(].)

Isclation Transformer 5124 (1)

Training Methods

Discussion (8 hrs) and/or Programmed Self Instruction
Per formance (1 hr)

CTT Assignments (3 hrs)

— Multiple Instructor Requirements
Louipment (2)

Instructional Guidance .

issve .hP-GP-20, Time Conctants and nave students perfort laboratory exercise.
Adminiivter progrecs cneck and record results of each student. Assign
speciiic oivjectives to ce completed during CIT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF INSTRUG TRA L OURNE TITLE

Rlcq?rgni?_gféggiplus

WL Ty F

RGL Clreults

HHt W NIHIMBE A T

{11

1 COURSE CONTENT

DURATION

tHoure)

mmi e b e % mn ERoE e e B o e ek - —

I, rilters Module 27)

a, From a list o7 statcments concerning filters, select the
one that explainsg the low pass filtering action of a T-section: a
Pi-section, CTS: 4] Meas: W

(1) Explain action of a low pr.s filter ucilizing a

{(a) :l-~section frlter

(b) T-section filter

Pi-section filter

: e
i
‘ b, From a4 li * of statementcs concerning filters, select the one
that explains high pass filtering action of a T«section; a Pl-section
CTS: 44 Mea,: W

(1

Fxplain acrion of a high piss filter utilizing a

{a) L-section filter

{b) T-section filter

: {c) Pi-section filter

©y ramoa diist or sratements concerning filters, select the one
th:t expiains the handpars 7iltering action of a parallel resonant
eircuit: 1 scries-para.lel vircult; a series resundnt circcuit.
ISz o detrs: W

1y

vxplain action of a bandpass (ilter utilizing a

fa) parall.! resonant civcuit

{bY =neries resonant cireuit

6
(4/2)
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PLAN OF INSTRUCTION/LESSON PLAN PART ! (Continvation Sheet)

COURSE CONTENY

(¢) Series-parallel arrangement of a serles and parallel resonant
elrculc

d. From a list of stiatements concerning filters, select ths one that
explains the bard reject filtering action of a parallel resonant zircuit; a
gseries-parallel circuit; a series resonant elrcuic. CTS: 4} Meas: W

(1) Explain action of a bandpass filter utilizing a

(a) Parallel resonant cireuit

{b) serles resonant circuilc

{(c) serles~parallel arrangement of a serles and parallel resonant

clrcuit

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Matcrials
KEP~GP=-27, Filters

KEP-ST-ITL

KEP=-107

KEP-110

Audio Visual Alds
TVK-30-305, Filters A
TVX=30-306, Filters B

Training Mcthods

Discussion (4 hrs) and/or Programmed Self Instruction
CTT Assigmments (2 hrs)

Instructional Guidance
Issue KEP-GP-27 and assign speclfic objectives to be completed during CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART 1

NAME GF INR T 16, LOUHSE TITLE
Illectronic Principles

T8LOCK NUMBER BLOCK TITLE
E1L KCL Circuits
{Hours)
11. Coupling (Module 28) 5
(4/1)
4, (Glven circult diagrams and a list of statements, select
the statement(s) that explain(s) the operation of direct coupling;
RC coupling; LC coupling. transformer coupling. CTS: 4] Meas: W
{1) For each type of coupling
(a) draw schematic representation
(b) 1list characteristics
(¢) 1illustrate response curves
b. From a list of statements, selcct the one(s) that describe(s)
the t¥pes of coupling that will provide impedance matching; desired
frequency response; signal gain. CTS: 4j Meas: W
(1) State requirements for impedance matching
(2) 1Illustrate results of using each type of coupling as
an impedance matching device
{237 Select the proper coupling for a given desired
|£requvncv cesponse
| (4) Compare signal gain from each type of coupling
1
|
]
SUPERVISOR APPROVAL OF LESSON PLAN (PART (1}
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PLAYN QF "HETRUCTION HO. ODATE PAGE Ny,
3AR3029-1 6 November 1975 63

REPLACES ATC FORMS 737, M&R,Sl AND 770. AUG 72. WHICH wiLL BE

FIRM AL o
ATC A g 113 ATL Keesler & 320 USED. 9 4




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

COURSE CONTENT

SUPPOICT MATFRIALS AND GUIDANCH

sludent Instructional Materiais
LiP-GP=25, Coupling

AEP-8T-1I1

KEP=-107

KEP=-110

Audio Visual Aids
TVK >0-:08, Goupling

Trainins tethods
Discussion (& hrs) and/or Proprammed Sell Instruction
CTT Assiynment (1 &nr

12. ieasurement and Critique (Part . of _ Parts)
2. Measurement test
. Test critique
Inctructional Cuidance
Issue YoP-(GP-28 and male specific assignments to be accomplisned during CTT time.

Inform students that a measwrement test must be taken covering modules 26, 27
and 23.
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Pasic and Applied Electronics Department Btudent Text SAQR3X020-X
Keesler Aly Forco Baso, Missiasippl KEP-ST/DIGEST [-01
1 April 1075

DIGESTS

The digest is designed as a refrosher for students with electronics experience and/or
education who may not need to atudy any of the other resources in detail,

Aftor reading a digest, 1f you feol that '~u can accomplish the objectives of the module,
take the module self~check in the back of t:  “uldance Package. If you decide not to take the
gelf-check, select another regource and begitn  Jdy,

CONTENTS
MODULE TITLE
2 Safety and First Aid
Electronic Mathematics
Direct Current and Voltage
Resistance, Resistors, and Schematic Symbols

Multimeter Uses

Serles Resistive Circuits

Parallel Resistive Circuits
Serles-Parallel Resistive Circuits
Troubleshooting DC Resistive Clrcuits
AC Computation and Frequency Spectrum
Capacitors and Capacitive Reactance
Maguetism

Inductors and Inductive Reactance
Transformers

Relays

Microphones and Speakers

Meter Movements and Circuits

Motors and Generators

Oscilloscope Uses

Series RCL Circuits

Parallel RCL Circuts

Troubleshooting Series and Parallel RCL Circuits
Series Resonance

Parallel Reconance

Transients

Filters

Coupling




Poie pleced are used to concontrate the
menetie ies, The pole picees and th
armyture eore provide i iow reluctanee putl

With\a single coil for the armature windiyg,
a complgte cycle of AC will be produced gor
each revolution. See figure 2. As the koll
rotates MArom 0° it cuts the magnetic fines
of force lnducing an EMF in the ceil/ This
EMF caules current to flow through the
conductor,\silp rings, brushes, und Joad. At
the 90° pojition the conductor cuts the most
lines per uypit of time and thus shaximum
voltage is ifduced. At the 180°/point the
conductors myve parallel to thf magnetic
iines and the ‘putput voltage will he zero.
At 270° the output is maxmim negative.
At 360° point, the cycle will start over.
Maximum amplitude is direct)y proportional
to the speed of fotation ayd the strength
of the magnetic {ield.

Now that the operatlon offthe AC generator
is understood, let’s Inale a minor change
to produce a DC output

Applying the left-hagd rule we can see
that the direction of fcuyrent flow in the
conductor changes ciil rotates. This
reversal takes placg at the 0° and 180°
positions. By a switching actlonthis reversal
of current through/ the load\can be elimi-
nated by replacing’ the two slip rings with a
commutator. Fof a single lopp armature
winding a two sggment commutitor is used.
If the armatur¢ winding has twd loops then
a four segmeyt commutator would be used.
One end of feach loop is connepted to a
segment. Tyo brushes are used\to make
contact witfl the rotating commutatcy just as
in the AC generator.

All njotors operate on the interactlon of
magnejic {ields. A force is exerted between
a stator field and the field of the arm=2fure
whi is free to rotate, The amount ‘and
dirdction of this force will determine motyr
spged and direction of rotation. Speed
a¥so a function of {requency and the numbe
.41 pole pairs in the AC motor.

25
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MODULE 20
0SCILLOSCOPE USES

There are numerous applications for a
general purpose oscilioscope. Four basic
applications will be described in this digest.
Once you become {amillar with the controls
and modes of operation, you will {ird the
oscilloscope 18 a valuable tool inthe trouble=
shooting and repair of electronic equipment.
!

To obtain maxinum utilization of the
oscilloscope, you must learn the controls and
their functions. The function of the FOCUS,
INTENSITY, and POWER AND SCALE
ILLUMINATION controls is self-explanatory.
The MODE (Red), TRIGGER SELECTOR,
STABILITY (Red) and TRIGGERING LEVEL
controls are used to LOCK=IN or stabilize
the presentation on the CRT. The HORIZ
DISPLAY, VARIABLE TIME/DIV (Red) TIME/
DIV, and HORIZONTAL POSITION controls
gselect, control, and position the horizontal
display with respect to the X axis. In
addition, the HOR1Z DISPLAY control selects
a normal display, 5X MAG display, or an
external horizontal input with its associated
EXT HORI1Z GAIN control. The oscilloscope
can be used to accurately measure the time
of waveshapes,

This oscillcscope is a dual trace oscil
loscope. This means that two signals can be
displayed on the CRT simultanecusly. To
accomplish this function, two separate and
identicai vertical size and positioning con-
trols are prov.led: One labeled channel A
and the other channe! B, In addition, there
is a2 MODE control which allows you to
observe either channel A or channel B.
Also CHOPPED or ALTERNATE positions are
available. In the CHOPPED mode, each
channel is displayed alternately for 3.33
microseconds. In the ALTERNATE position
channel A is displayed for a {ull sweep,
then channel B for a {ull sweep. The
VARIABLE VOLTS/DiV (Red), VOLTS/DIV,
the POSITION (Red) controls vary the verti-
cal size and position of the waveshape. A
POLARITY control selects either AC or
DC coupling and provides a normal or ine
verted input. The oscilloscope canaccurately
measure the veoltage amplitude of 2 waveshape.
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The oscillodcope 1a a very accurate plece
of test equipment and s widely used to
observe waveforms to insure their correct
shape a8 indlcated in technical orders and
operating Instructlons. Many problems or
troubles can bhe identifled with the
oscilloscope.

The oscilloscope can also compare the
phase relationship between two signals. With
the dual trace capability, two slgnals can
be compared by measuring the distance
between the waves and multiplylng by 360°
provides the phase difference, expressed in
degreeds.

Ancther function of the oscilloscope is to
determine the frequency of a waveform
through the accurate measurement of time.
The oscilloscope allows you to set the time
it takes for the beam to travel 1 centimeter
across the CRT. Multiplying the time by
the number of centimeters in one cycle will
give the time of one cycle. The unknown
frequency can then be determined by using
the formula: Frequency = 1/Time. Of
course, in the formula, time is the time for
one cycle.

The last function of the oscilloscope is
that of measuring voltage. The oscilioscope
allows you to set the amount of voltage
nceded to make the electron beam deflect 1
centimeter in the vertical direction on the
CRT. The AMPLITUDE CALIBRATOR
provides an amplitude calibrated 1000 cycle
square wave to calibrate the vertical channel
of the osciiloscope. By multiplying voltage
for 1 centimeter of deflection by the number
of centimeters between the positive peak
and the negativ e peak will give the peak-
to-peak ampilitude of the waveform. The
effective, average, and peak voltages of a
gine wave can be easily calculated using the
peak-to-peak value. DC voltages can also
be measured. Ground the input to the scope
to set up a reference. Now apply the DC
voltage and count the number of centimeters
of deflection from the reference. Multiply
the centimeters of deflection by the setting
of the VOLTS/DIV control to determine the
amplitude of the DC voltage.

MODULE 21
SERIES RCL CIRCUITS

You have gtudled the individual effects of
resistance, inductance, and capacitance. All
oppose current flow. What is alsoc very
important is that Ihductance and capacltance
introduce a phase shift between current and
voltage. Resistance does fnot produce aphase
shift. In series RCL circults it is Important
to understand this phase shift. Vectors show
the phase relationships of current, voltage,
resistance, and impedance (Z2).

The following properties of a basic serles
cireuit apply:

1. Current In any part of a series circuit
is the same. There is only one current in
a series circuit.

2. The vector sum of the voltage drops
around a closed loop equals the applied
voltage.

3. The individual voltage drops can be
determined by the use of Ohm's Law,

Due to the current and voltage relation-
ships across a capacitor and inductor, the
phase relationship of X and Xy, are exactly
opposite. As a consequence, X~ and XL
each cancel the effect of the other. When
X;, and X¢ are in series, the net reactance
is the difference between the two series
reactances. Three possible conditions exist
in such a circuit.

1. Xc is greater than Xj . This makes
Ec greater than Ej and the circuit acts
capacitive.

2. Xj is greater than X¢. This makes
Ej, greater than Ec and the circuit acts
inductive.
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3. xL equals X This comditlon iy
culled resonance, This makes E¢ equal to
Ey, and the circuit acts reaistive,

The flrut step in the soluticn of o serles
RCL circujt problem i3 to determine the
reactance of the inductor and capacitor.
Refer to figure 1 for & sample.

xc--::—cs—g-=10kohms

XL=2Tr fL = 20 k chms

15kg
N
100 He J_
20V =059 WF
T
NIH
Figure 1 REP4=1028

Next, we solve for total impedance (Z)
In this eircuit by taking the vector sum.
Remember that the reactances cancel so
gubtract the smaller reactance from the
larger reactance.

-1/ Rr? 2 _
Zt"\[R +(XL- xcj = 18 k ohms

Knowing the total lmpedance and the applied
voltage, it is easy to determine the total
current.

E

a—
It=Zt_5mA

Individual voltage drops can be determined
by using Ohm’s Law.

Ec = Itxc = 50V

EL = lth =100 V

ER = ItR = 75V

32

Vectors show the velationshipa botweon
reslgtonce,  capacitlve reactanco, and
inductive reactance. Figure 2A shows this
relationship using resistance a8 the reference.
The angle theta (8) for Z; can be determined
by using the cosine function,

Cos 6 » R _ 18 k ohms

Z, " T8k ohma - +8333

Referring to the trigonometric tablea, the
angle is 33.6°,

XL. 20k

REP4=1029

E_ 100V

Figure 2

Using current for a reference, we canaiso
plot the current and voltage vectors {or this
problem. See figure 2B, E, has the same
angle as Z;, if I; is used as a reference.
Ea 18 used as the reference in voltage
vector diagrams; therefore I, will be at
-33.7°. See figure 2C.
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Colls and capacitors store energy durlng
part of the cycle and return 1t to the cir-
cult durlng part of the cycle. Therefore,
they dissipiate no power. Because of this
we have to -Aifferentiate between true power
(Py) and apparent power (P,) in a series
RCL circult., True power can ounly be cal-
culated for the resistor.

There is ng power dissipated In a pure
capacitor or inductor. Although a reactance
draws current from the generator, E and I
are 80° out of phase. The circuit stores
energy in the electromagnetic field of the
inductor, and in the electrostatic field of
the capacitor, For both cases, the stored
energy is returned to the circuit so that no
power |g dissipated. The product of Eja
and [, then is considered apparent power
and is expressed in voltamperes (VA).

2

27 = o = 450mvA

-

Power [actor (PF) is a numerical ratio
of true power to apparent power,

P

PF=T’_§=375mVA_
t

Bomw 8

Power factor ¢an also be determined by:;

™

PF’EEB":

a

=Cos @

A

The power factor is always equal to the
cosine of angle theta and can never be
greater than one. The closer to- one, the
more resistive the circuit; and the closer
to zero, the more reactive the circuit.

28
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MODULE 22
PARALLEL RCL CIRCUITS

Let us review the properties of a basic
paraliel RCL circuit.

1. The voltage across each branch of a
parallel circuit is the same,

2. Total current is the vector sum of the

individual branch currents. Total current
will pe:

2 2
It =\/IR + (IL - IC)

3. The current in each branch is given
by Ohm's Law.

L a2
R R
"t
c X,

Ea
I =
L%,

4. Due to the current and voltage relation-
ships for a capacitor and inductor, the phase
relationship of I¢ and1g are exactly opposite.
Total reactive current will e the difference
between the capacitive current and the in-
ductive current.

A basic parallel RCL circuit is shown in
figure I, The first step in the solution of
this parallel RCL problem is to determine
Xc and Xp..

‘159 -
xc =-ft- - IORQ

XL=
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T 1 L
1) v \
159 Hy 32kn Tur—‘ 40 o

REPd=1079

Figure 1

Using Ohm’s Law, solve for In (18 mA),
Iy, (4 mA), and Iy (5 mA).

2 2
L =\/1; Flg -1t =13 ma

Using total current and the applied voltage,
solve for total impedance,

Zt 1123k
F IC alb ma
AT T T T Ty 23l mA
|
|
|
|
|
l
|
|
° |
_-_J IR'=5mA
“|L= 4 mA
REP4~=1080

Figure 2

Flgure 2 shows the relatlonship of the

current values, Angle @ can be determined
by using the cosine function,

5 mA

TTma = 3840

I
Cos @ =—B-=
1t

Referring to the trigonometric tables,
find angle 6 to be §7.4°.

We say the circuit is acting capacitively
if the capacitive current {g larger than the
inductive current. How the ecireuit acts is
determined by which reactive component
has the larger current.

AS with series RCL clreuits, there is no
real power dissipated by the capacitor or
the inductor in a parallel RCL cirecuit.
Real or tyrue power (P is the power dissi-
pated by the resistor. The unit of measure
of Pt 18 the watt. '

Pe=IgFp=r -~ R R

Apparent power (P,) is the product of E;
and 1 and is measured in volt amperes
(VA).

In this ecirecuit, P; is 2.08 VA and Pi
is 800 mW. Power [actor (PF} is the ratio
of true power to apparent power.

P
t_ 800 mw
Lot 800 mw g
PP =5 =208 va 8

Notice that the PF is the same as the

-Cos of the phase angle (8).

When the applied voltage s not given,
you can solve for total lmpedance by using
an assumed voltage. Use the assumed voltage
and ealeculate the currentthrougheachbranch.




Combine the branch currents to determine
total current. Use total current and the
assumed voltage to calculate total impedance.,
Regardless of what voltage i fssumed, the
impedance will be correct because impedance
is the ratio of voltage to current,

MODULE 23

TROUBLESHOOTING SERIES AND
PARALLEL RCL CIRCUITS

Troubleshooting RCL circuits is very
similar to the procedure used in trouble-
shooting resistive circuits, However, it is
important to know the type of indications
reactive components present when trouble-
shooting for opens and shorts,

Generally a capacitor can be checked with
an ohmmeter. A good capacitor will present
a momentary deflection towards zero, then
the indicator will return to infinity, This
procedure is normally used to check large
capacitors. With small capacitors it may be
difficult to detect this deflection so care
must be used. For small capacitors the hest
check is to replace the capacitor with one
that is good. A shorted capacitor will indi-
cate a low or zero resistance when checked
with an ohmmeter. An open capacitor will
give an infinite reading on the ohmmeter,

In troubleshooting, we will also experience
troubles with inductors, and as with capaci-
tors, an ohmmeter can be used, Remember
that when using the ohmmeter to check an
inductor, you are measuring the pC resistance
of the wire., Regardless of the fact the wire
is coiled, it is still a conductor and has
very little resistance. When the chmmeter
is placed across a coil that is shorted, the
meter will indicate 0 ohms, Care must be
taken because coils with few turns will show
a low resistance reading when they are good.
When just a few turns of an inductor short
together, it i1s very difficult to check with
an ohmmeter. In this case the best check is
to substitute a known good inductor,

MODULE 24
SERIES RESONANCE

In the seriea RCL circuit, we know that
an increase in frequency will produce an in=-
crease in Xp, and a decrease in X¢. The
frequency at which Xo = X, is called the
resonant frequency and 18 designated by fp.
See figure 1,

AAAY

S

Y
84

REPG~1121

* Figure 1
fr = 300 Hz
Ea =28V

XL = 53 k ohms

xc = 93 k ohms

Z = R {5k ohms)

For every combination of L and C, there
will be one frequency where X¢o = Xp.
The formula for determining this frequency
is f. = .158/~/L.C., An important property
of a series RCL circuit is that impedance
is low at resonance and increases rapidly
as frequency is increased or decreased.
{(Z is equal to R and I is maximum,)
See figure 2.

FREQUENCY
REFP4-1122

Figure 2




When the applied frequency is lesa than
tite resonant frequency, the circuit i8 capaci-
tive. X i8 greater than Xy .When the applied
frequencCy is greater than the reacnant fre-
quency, the circuit i8 inductive. Xy is
greater than Xq. Figure 2 shows the two
reactances as well a8 the total impedancCe
and total current as the frequency i3 varied
from below to above resonancCe. Notice that
circuit impedance is minimum and circutt
current i$ maximum at resonance.

The Q of a serles resonant circuit is
defined as the ratlo of the inductive reactance
of the circuit to the resistance of the circuit.
The Q of the coil is defined as the ratio of
X1, of the coll to the resistance of the coil
(Q = X1 /R). If a gserles circuit has only one
coil, and the resistance of the circuit is the
resistance of the coil, then Q of the circuit
and Q of the coil are one andthe same. Coils
with a2 Q of 10 or more are said to be high
@ coils.

Varying the resistanCe will not affect
resonant frequency but will affect circuit cur-
rent by affecting Q. Figure 3 shows the effect
of changing resistance in a series RCL
circuit. Curve A shows the variation in cur-
rent as the frequencCy incCreases from below
resonance {0 above resonance. Note that curve
A comCs to a much sharper peak than do the
other curves. SinCe in all cases Xy, has

CURRENT
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remained fixed, the Q ia greater when the
resistance isamaller, The current-frequency
resonance curve in a high Q circult rises
to a sharp peak at the regonant frequency

~and the peak of the curve for lower Q
circuit is broader.

In many series RCL circuits, a large
number of frequencies may be supplied to
the circult. The current that would meet the
least opposition wouid he that generated at
the resonant frequency. We say that the cir-
Cuit passes the resonant frequency. If it is
desired to pass current at a particular fre-
quency, the Capacitance or inductance (or
both ) may be varied so that Xo = Xy at
the desired frequency. This is called tuning
the circuit. A series RCL clrcuit {s said to
be tuned to a given frequency when the
capacitance or inductance {(or both) have been
adjusted 30 the given frequency becomes the
resonant frequency. It can be seen in flgure
3 that a high Q circuit 13 more selective or
more sharply tuned sincCe the current at the
resonant frequenCy is much greater than the
current slightly off-resonance.

If frequencies (other than the resonant
frequency} are passed at a lesser magnitude
than the resonant frequency, hetween what
frequencies is a significant amount of current
passed? Unless we know what we mean by a
significant amount, We cannot answer the

1 =300
1 0
! [

- —-—

1 I L1
3% 155 360 kHz
FREJUENCY
REP4-1123
Figure 3
3
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question. The significant amount 1g more
than .707 times Imax. The .707 points on
the current-frequency curve (see figure 3)
are called the half power polnts. The half
power points on curve A are Y and 2.
Drawing a llne down from point Y ia 350
kHz and from point Z is 360 kHz. The
bandwidth i3 defined as the difterence between
the upper half power point frequency and the
lower half power polnt frequency. (BW = 360
kHz - 350 kHz = 10 kHz).

The half power points of curve B are W
and X, The bandpass In this case {3 greater
than curve A, and the bandwidth iz wider,
The bandwidth of curve C is wider than
either that of A or B, I a series circuit
is resonant at a given frequency, increasing
R increases the bandpass and decreases
gelectivity.

When the resonant frequency, fp and the
Q are known, handwidth may be found by the
formula BW = {/Q.

MODULE 25
PARALLEL RESONANCE

A large number of electronic devices con-
tain parallel resonant circuits., The circuit
diagram of figure 1 represents a typical
parallel resonant circuit. The resistor may
be the resistance of the coil.,

-+t —p

. rl 1
i } 3

C

REPd-1148

Figure 1

In parallel RCL circuits, resonance occurs
when the frequency causes I. to equal I, .
This frequency can determined by the
formula {,. = ,158/°"VLC,

In figure 1, there are two paths in which
current may flow: One through the coil and
the other through the capacitor, If the gene«
rator is operating below resonance, most of
the current wlli flow {n the inductive branch,
since at low frequencies Xy, i3 less than
Xc. The circuit acts inductively.If the gene-
rator is operating above resonance, most of
the current will flow Inthe capacitive branch,
since X¢ i3 now lower than Xp,. The circuit
is acting capacitively, Between these two
points there is the resonant frequency, where
the inductive current equals the capacitive
current, At this point I and Iy, being equal,
but 180° out of phase, cancel each other and
the circuit is purely resistive. Total line
current is then a resultofthe resistor and
iz quite small, At resonance, line current
is minimum, circuit impedance is maximum,
and the phase angle is zero. See figure 2,

| |
| .
[ |
8 1 [
=z 'E i
< 1 b
a o |
& ! = |
z : 3
1 ]
- {r - - ‘r -
FREQUENCY FREQUENCY
Figure 2 REP4=1149
hy
IR I IL
R L
@ c
REP4=1150
Figure 3
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varying cither frequency, capacitance, or
inductance will ¢ause the line current to in-
crease while circuit impedance decreases,
Varying the resistance will not effect
resonance, but will effect the Q, thereby
causing a change in bandwidth. (Q = XL/R
and bandwidth = {/Q.)

The three-branch parailel redonant circuit
differs slightly from the two-branch cir-
cuit when calculating Q. Because of the
separate path for current throughthe parallel
resistor, flgure 3, the formula for deter-
mining the quality of the circuit is Q= R/X,.
Therefore,

f xX

bandwidth = SO

R

MODULE 26
TRANGIENTS

Transients play a very important part in
electronic circuits, and for this reason they
should be thoroughly understood. Transient
voltages and currents come into being as a
result of the application, change, or removal
of a voltage from an electrical circuit.
These can be divided into RC and RL
transients.

The RC transient begins with the appli~
cation of a voltage to a series RC circuit.
See figure 1. At f{irst, all the applied
voltage appears across the resistor. Intime,

]

REP4-1142

Figure 1

-t
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ad the capacitor becomes charged, the volt-
age drop acrogs the capacitor increases at
the expense of the voltage drop across the
resistor. The transient comes to an end
when the capacitor is charged to the appllied
voltage. Capacitor voltage opposes the applied
voltage and reduces circuit current and
resistor voltage to zero.

The duration of the translent Interval
depends on the value of R times . The
product of R in ohms times C in farads
is the time constant (TC) in seconds. In
one time constant, the capacitor charges to
63% of the applied voltage. For all intents
and purposes, the capacitor will be fully
charged after five time constants. See figure
2, Using the Universal Time Constant Chart,
and the formula # TC = E%’ the percentage
of charge or discharge of a capacitor can
be calculated for any given time. With this
information, E¢, Ep, and the circuit current
can be determined.

A second transient occurs whenthe applied
voitage is removed and the capacitor is
allowed to discharge.

The RL transient begins when a voltage is
suddenly applied to a series RL circuit.
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Figure 2. Universal Time Constant Chart
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See figure 3. At first, all of the applied
voltage appears across the inductor. As the
CEMF of the inductor is overcome, the cir-
cuit current and the voltage drop across
the resistor increases. As in the case of
the RC circuit, the transient state is finished
approximately five time constants after the
application of voltage. At this time, the
voltage across the resistor equals the applied
voltage and current is controlled by the
resistor. The time constant in seconds is
equal to L in henrys divided by R in ohms.
Using the Universal Time Constant Chartand
the formula #TC = -l;:t, the percentage of
current buildup or decay can be calculated
for any given time. With this information,
coil and resistor voltages as well as circuit
current can be determined.

The time required for the current in an
inductive circuit to decayto zero, following an
initial buildup period, 18 also § time con~
stants. The shape of the voltage waveforms
during the current buildup and decay are the
same as those encountered during the charge
and discharge periods of a capacitor. The
difference is that the waveform obtained
across the inductor in the one case is
obtained across the resistor in the other.

The manner in which anRC circuit responds
to the application of a square wave voltage
has been analyzed. We know that the output
voltage wave may take any form, ranging
from that of the input wave to a differen-
tiated version of the input wave. In the latter
case, the output is a series of positive and
negative going peaked waves. The particular
shape of the output waveform depends on
(1) the time constant of the RC circuit and
{2) the frequency of the input wave. See
figure 4.

In general, as the frequency of the input
wave becomes higher in relation to the time
constant of the RC circuit, the more closely
does the resistor waveform resemble the input
wave. Conversely, the lower the frequency
of the input wave in relation to the RC
time constant, the more differentiated (the
more peaked) will be the resistor waveform.
In the first case, the circuit is said to have
a long time constant, while in the latter, the
circuit has a short time constant.
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The transient behavior of an RL clreuit
iy unalogous to that of an RC circuit, In
the RC circuit, the capacitor voltage bullds
up exponentially with time, while in the RL
circult the current bullds up exponentially.
The time required for the voltage in the
one case, and for current in the other, to
bulld up to 83% of its final value is one
time constant. In the latter circuit the time
constant 1s % ‘ % and RC are both measured
in seconds, For this reason, the Universal
Time Constant Chart is as useful in the
solution of RL ecircults as it is in the
solution of RC circults,

The terms SHORT and LONG time con-
gtants have the same meaning with respect
to RL circuits that they do with respect to
RC circuits, Accordingly, the waveforms
from across the inductor in the RL circuit
is equivalent to the waveform obtained across
the resistor in the RC circult. Similarly
the voltage waveform obtained across the
resistor of the RL circuit 18 identical to
the waveform obtained across the capacitor
in the RC circuit. .

MODULE 27
FILTERS

A filter circult consists of a combination
of capacitors, lnductors, and resistors con-
nected so that they separate unwanted fre-
quencies from desired frequencies. In addi-
tion, they can separate an AC signal from
a DC signal. These components, and or com-
bination of components, are arranged inbasic
patterns or sectlons (identifiable as an «L"
section, ‘*T’’ section, and ‘*Pi” section)
to accomplish filtering action, Filter circults
may range from very simple to very com-
plex. Regardless of how simple or complex
a filter circult may be, its basic action
depends on the opposition each of its com=-
ponents presents to either alternating cur-
rent or direct current.

Opposition presented to alternating cur-
rent by a circuit contaiping inductance and
resistance will increase as frequency in-
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creéases due to the inductive reactance of the
inductor. However, when DC is applied, the
inductor presents an opposition for only a
short time (CEMF). After the CEMF isover~
come, the only opposition to direct current
ig the resistor.

The opposition to alternating current
offered by capacitance decreases with an in-
crease In f{frequency due to capacitive
reactance. However, when DC is applied,
the capacitor offers infinite opposition after
the capacitor has charged.

A series resonant circult offers little
oppesition to frequencies within the resonant
band, This circult will offer more opposi=
tion to other frequencies.

A parallel resonant circult offers a great
deal of opposition to frequencies within the
resonant band, while offering very little
opposition to other frequencies.

Filters are identified by their action.
There are four basic types.

Low DPass Filter. This filter will develop,
in an output, all frequencies below the cut-
off frequency. Frequencles above the cutoff
will be attenuated to an unusable {evel.
Proper selection and arrangement of com=
ponents establishes the cutoff frequency.

High Pass Filter. This filter will develop,
in an output, all frequencies above the cut-
off frequency. Frequencies below the cutoff
will be reduced to an unusable level. Proper
selection and arrangement of components
establishes the cutoff {requency.

Band Pass Filter. Thisf{ilter uses resonant
circults. This filter, when properly arranged,
will develop the resonant band in an output.
All other frequencies will be reduced to an
unusable level. :

Band Reject Filter. The band reject filter
also uses resonant circults, However, this
filter will reduce the resonant band to an
unusable level in the output. All other {re-
quencies will be developed and allowed to
pass to the next circuit.
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In conclusion, a filter circult consists of a

combination of capacitors, inductors, and 10V -
resistors connected sc they will elther permit PEAK I
or reject the passage of frequencles or bands OuTPUT
of trequencien. ZL
DIRECT
COUPLING
20v = R2
MODULE 28 ° l 10K
COUPLING = = -
COUPLING is defined as a means by which A

signals are transferred from one circuit to
anotlier. Two circuits are said to be coupled
when they have a common impedance that
permits the transferofelectrical energyirom PEAK(\,) IOIE-!
one circuit to another. This common

impedance, called a coupling element, may be
a conductor, an inductor, a capacitor, a
trangformer, or a combinationof two or more
of these components. Coupling circuits —_—
usually, though not always, perform some WV == R2
filtering action in addition to providing a
means of transferring electrical energyfrom - — =

one circuit to another. The choice of name - )

is determined by the function of the circuit B REP4- 356
that is of greatest importance. Basically,

four types of circuits are used for coupling: Figure 1

the directiy coupled circuit, the capacitive-

resistive coupled circuit, the capacitive-

inductive type, and the transformer coupled

circuit. Each circuit has its own advantages

and disadvantages. EPRUC%L#PG

INPUT
Direct coupling uses a conductor and/or a '51‘6
resistor to connect two circuits together, and 3 y
provides a direct path for signal currents. .
See figures 1A and 1B. Thistype of coupling jid T 7
|
|

INPUT OUTPUT
2,

DIRECT
COUPLING

provides reproduction of the exact signal 0V 10K i
at the output of the coupling circuit as it PEAK 1
appeared in the input. It also allows the DC RC t
voltage to be felt at the output of the coupling | COUPLING !
circuit. In figure 1B, the output will be some- A 1<
what lower than the input due to loading R
eftect of the resistor. Direct coupling operates 20 voc
over a wide frequency range. IOKm%
n

5,

Resistive-capacitive {RC) coupling is used
when the DC must be blocked and only the
AC component passed to the output. The J__ i
capacitor, with its basic action, blocks the
DC and allows the AC component to be REP4-357
developed across the resistor. See figure 2. Figure 2

=== ————
3
w

| A S—_—
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Care must be taken in the selection of
components, X should be 1/10 or smaller
thun the size of the registor over the
desired band of frequencies. This ingures
mlnimum phase shift with maximum transter
ol energy in the wanted band ol trequenci_as.

Inductive-capacitive (LC} coupling is
similar lo RC coupling, but an inductor is
used in place of the resistor. Basic opera-
tion i8 the same as RC although the output

37
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could be greater than the input at resonance
where X = X,

As the name implies, with transformer
coupling, a transformer jis used to couple
two circuits together. A transiormer can
separate alternating current (rom direct
current as well as step the input voltage up
or down. This type of coupling can he used
for impedance matching. The transformer i8
expensive, must be shielded, and has a imited
frequency response. It {s considered to be
inductive coupling.

o0
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1=1, A weries RC circuit 18 n series circuit
that contalna both capacitance and resistance.
This lesson will add to your knowledge of
capacitors and resistors as they apply to a
geries RC circuit. You will compute the
voltnge drop across each component; total
current, phase angle, and total lmpedance.

1=2. Impedance 18 the totalopposition offered
to the flow of alternating current. This
oprosition may consist of any combination of
resistance, Inductive reactance, or capacitive
reactance. The symbol for impedance is 2
and the unit of measure is the ohm.

1-3, Refer to figure 1-{, This figure shows
a sgeries circuit that contains resistance
only.

’

Chapter 1

b

SERIES RC CIRCUITS

1-4, Voltnge and current inapurelyreslative
clreult are in phase. Thie can be phown
graphleally with two sine wavea, The two sine
waves pass through zero and reaeh their
respective peaks together. This indlcates the
In-phase relotionship. In ony eireult, the cur=
rent through a resistor 18 in phave with the
voltage drop across the resistor.

1-5. Figure 1-2 shows a series circult con-
taining only capacitance. The sine waves show
the capacitor voltage (Ep) lagging capacitor
current (Ig)s In any circuit, the current
through a capacitor leads the capacitor
voltage drop by 90 degrees. Current which
causes a voltage drop across a capacitor
ia 90 degrees ahead of the voltage It develops.

Ir

S

REFP4=1339

Figure 1-1. AC Circuit Containing Resistance

-
./ B Y

EC

y

EB

REP4-340

Figure 1-2. AC Circuit Couataining Capacitance

1-}




1«0. Figure {=3 {8 4 gerley circuit con=
talning both resistance and capacitance. in
thiy circuit, currant has one Path; the reslstor
mxd capucitor have the same current, but the
phave relutionships of figure 1-1 and 1-2
hold, To show phase relationships in this
glrcuit, the phase diagrams for the resistor
and capacitor must be conmbined using cur-
rent ag the reference. The voltage across
the resistor i$ in phase with the current,
The voltage across the capacitor lags the
current by 90 degrees as shown in [igure
1-3. The instantaneous values of Ep and E

added together equal the applied voltage
(Ey)e Ey 18 not shown in figure 1-3B.
It Ep and Eo are equal, E, lags Iby 45
degrees. This method of showing phase and
amplitude relationships is accurate, but can
become confusing. We can also represent
voltage, current, and other f[orces with a
simple graphic symbol called a VECTOR.

1-7. A vector is a line used to represent
magnitude and direction. The length of the
1ine denotes mugnitude. The arrow head on
one end of the line gshows direction.

1-8, Earlier in the course a rotating radius
vector was used to generate a sine wave. This

P S 1
3 Il CR n_E_C
Eo-‘ 1 E“R
- ]
A
CIRCUIT

vector started at A horizontal position to the
right, called the ‘‘zeéro reference point.'
It rotated counterclockwise through 200
cdegrees, The horizountal vector to the right
for the zero reference point and the counter-
clockwise rotation for positive angles are
matters of convention. Rotating the vector
clockwise generates a negative angle.

1-9, Voltage and current do not have true
direction in terms of three dimensionat
space; but they do have a phase relation-
ship which can be considered as direction.
A vector can thus be used to represent
the amplitude and phase relationships of
Yyoltage and current.

1-10. The sine waves shown in figure 1-3
can be represented by vectors. Since current
is common to all parts of this series circuit,
plot the voltages with reference to the
current. First, draw the current reference
vector, as shown in figure 1-4A. Plot voltage
across the resistor (Eg) in phase with I
because resistor current and voltage are in-
phase, (figure 1-4B), Voltage across
the capacitor Ec lags the current

PHASE RELATIONSHIPS

fREP4-341

Figure 1-3. Series Circuit Containing Resistance and Capacitance

1-2




Er Er
R }
CURRENT Xglﬁa?SGEESISTOR GE ACROSS I
v AGE A |
REFERENCE VECTOR  |N.PHASE WITH CURRENT ci‘ﬁlmmn LAGS | !
IT$ CURRENT BY 90 " -8
Ec Ec
A 8. C. D.
REP4-342
Figure 1-4
by 90 degrees as shown in figure formm a rectangular coordinate system. On
1-4C. this we plot vectors to show both tmagnitude

1-11. The vector sum of Eg and Er is the
applied voliage, E,. To add vectors, form a
parallelogram (dotted 1ine) and draw the dia-
gonal, as shown in figure 1-4D, The length of
the diagonal is the vector sum and represents
Ea. The angle measured from E; to 1 is
the ‘“‘phase angle” and {8 designated by ihe
symbol 8 (theta). The completed vector dia-
gram now shows total current and resistor
voltage leading the applied voltage. Also,
capacitor voltage lags the applied voltage.
These. principles hold true in all capacitive
¢ircuits, This information will be used
later in this chapter: but first let’s review
angles, rectangular coordinate system, tri-
angles. and trigonometric relationships. This
review gives the mathematical procedures
needed to correctly use the vectors
for series RC circuits. Later you will use
these same mathematical procedures for
series RL and RCL circuits,

1-12, An angle is the space between two inter-
secting straight lines; this is measured in
degrees.

1-13. The rotating radius vector forn)s a
plane angle with the horizontal reference
line. One quarter ol a full revolution of the
vector forms a 90 degree angle. One half of
a full revolution forms a 180 degree angle,
or straight angle. A full revolution forms an
anzle of 360 degrees and brings the vector
back to its original position.

1-14. The horizontal reference line and
the extended line of the 90 degree angle

and direction, Refer to figure 1-5,

1-15. Remember that there are both positive
aad negative numbers in our numbering sys-
tem. They may be shown on one Scale where
one direction from a reference point is
posltive and the opposite direction is nega-
tive. The rectangular coordinate system
consists essentially of two such number
scales sei at right angles to each other;
the zero reference point is called the origin.
The horizontal axis is commonly called
the ‘X-axis;"”’ positive to the right and
negative to the left. The vertical axis is
commonly referred (0 as the *'Y-axis;”
positive upward and negative downward.
The four sections formed by the X and Y

axis are called ‘‘quadrants:’” they are
-¥
I I
0
=X X
m iy
-
REP4=343

Figure 1-5, Rectangular Coordinate System
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identifled counterclockwise as I, 1I, 11, and
1V, The dividing lines between adjacent
quadrants are the coordinates: +X, +¥, =X,
and =Y. Any of the coordinates could be usecl
48 a reference. However, we use +X 03 the
reference in our problems, Before using the
rectangular coordinate system, let's review
triangles.

1-16. In any triangle, the sum of the three
angles {s 180 degrees. When one angle is a
right angle, the triangle is a right triangle.
A rvight angle is equal to 90 degrees. There-
fore, the sum of the other two angles in
the right triangle must also equal 80 degrees.
in figure 1-8, you can find angle B by
subtracting angle A {rom 80 degrees.Regard-
less of how long the sides are, the sum of
all three angles egual 180 degrees.

1«17. If you know two sides of a right
triangle you can solve for the third side by
arithmetic or by trigonometric functions.

1-18. By arithmetic. Apply the Pythagorean
Theorem, which states: In a right triangle
the square of the hypotenuse is equal to the
sum of the squares of the two sides. The
hypotenuse is the longest slde of the right
triangle and opposite the right angle. This can
be expressed by the formula: c2 =
a2 , b2; where c is the hypotenuse and a
and b are the two sides forming the right
angle. For example: Refer to figure 1-6A
and note that the right triangle has
a hypotenuse of 5 units and sides of
3 and 4 units. Now look at figure 1-6B
and you will see that we have squared each
of the triangle’s sides and drawn squares
to represent this. Count the unit squares to
prove that ¢c2 = a2 4 b2, in this example
52 - 32 4 42 or 25 = 9 + 16. Because we
will always want to know the length of one
of the sides, we can express the Pythagorean
Theorem three different ways depending
on the unknown side. In figure 1-7,
we will solve for side *‘b,”’ where
the hypotenuse s 13 and side ‘‘a”’
is 5. Find side “b’’, using the formula

b= 2-a2.

#9

B
SUNITS
JUNITS
A C
4 UNITS
A,
25 SQUARES
B
' 9 SQUARES
b
A c
16 SQUARES
B.
REP4-344
Figure 1-6 =
b= cz - az

-v132 - 52 16 - 25 =v144

o
1

b= 12

NOTE: Your Electronics Handbook, KEP110,
has a square and square root table for all
numbers from 1 through 1000.

c= 2+b2

REP4-345




HYPOTENESE
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"X

ADJACENT
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Siue @ Hypotenuse

N A
¢

Adjacent
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b

¢

Cosine 6

Opposite

Tangent @ A—djacT

S
b

Figure 1«8. Right Triangle with Three
Trigonometric  Relationships

1-19. By trigonometric functions. The sine,
cosine, and tangent functions are defined for
angle @ in the right triangle shown in figure
1-8, A trigonometric function is simply the
ratio of one side of a triangle to another
side of the triangle.

1-20. In figure 1-8, we will identify the
angle formed by sides ¢ and b as *@"
(the Greek letter theta). Side ¢ 1S the
“‘hypotenuse’’ and side b is the ‘‘adjacent”
side. The adjacent side is always the Side
of the right triangle that is NOT the hypotenuse
and forms the second side of the angle @,
For example: if we should need to know about
the angle formed by sides a and ¢, then
side ¢ would be the hypotenuse and side
a would be the adjacent side.

1-21. After becoming thoroughly familiar
with the terms ‘‘opposite’’, ‘‘adjacent’’, and

""hypotenuse’’ and thelr definition, we can
use and understand the following!

Opposite side

l. Sine of an angle (Sin 9} = Hypotenuae

Adjacent side

2. Cosine of an angle (Cos Q) = ypOtenuade

)a Opposite side

3. Tangent of an angle (Tan®d AdJacent sige

Learn these three functions thoroughly so
that you can define and visualize them
readily for either of the two angles ina right
triangle that are NOT the right angle.

1-22. Using angle @ In figure 1-8, we can
define the three principle trigonometric
functions as follows:

1. The sine of & is equal to the ratio Of
side a to side c. This would be written

Sin @ = 2,
c

2. The cosine of @ is equal to the ratio

of side b to side c¢. This would be written
b

Cos @ =—
c

3. The tangent of @ is equal to the ratio of
side a to side b This would be written

a
Ta.no-g.

1-23. Trigonometric functions are simply
numbers, They give the relative length of
one side of a triangle to another side for a
given angle in the triangle. For example:
1f in figure 1-8, side b is 6 inches and side

_ Adjacent _
¢ is 8 inches, then Cos @ ® Hypotenuse -
% --.g. = ,7500. This means that side b is

.75 as long as side c.

1-24. An angle of the same value will have
the same trigonometric value regardless of
the length of its two sides. This is true
because both sides of an angle (not the
right angle) in a right triangle will extend
proportionally if the angle’s value remains
the same. Because of this property, a table

o] |
o




of trigonometric values was made that lists
the trigonometric values for any angle. We
can use this tnble to find the value of an
angle if we know one of its trigonometric
values. Also, using the table we can find
the trigonometric values if we know the value
of the angle. Thia trigonometric table s
located In your Electronics Handbook, KEP
110, flgure 31,

1-25. The first and seventh columns of the
trigonometric table in your Electromic Hand-
book are headed DEG and contain the degrees
from 0 to 45. reading down. The sixth and
twelfth columns contain the angles from 45
degrees to 90 degrees, reading up. For
angles from 9 degrees to 45 degrees, usethe
column headings Sin, Cos. and Tan at the
top of the table and read down. For angles
of 45 degrees to 90 degrees, use the heading
at the bottom of the table and read up. These
headings are to the left of the 45to 90 degree
columns.

1-26. For example: Lozate the sine value of
32 degrees. Since 32 degrees is between 0
and 493 degrees, look in the first and seventh
columns until you locate 32 degrees. Now
go to the top of the table and find the
column heading ‘-sin’’., Then come down
the sin column until you are directly oppo-
site 32 degrees, this is the sine value for
an angle of 32 degrees. The sine value for
32 deprees is .5299, Let’s work another
example: Find the sine value of 54 degrees.
Because 54 degrees is between 45 and 90
degrees. look in the sixth and twelfth col-
umns (reading up the table) until you locate
54 degrees. Now go to the bottom of the
table and to the left find the column labeled
*sgin’'. Then go up the sin column until you
are directly opposite 54 degrees, this is the
sine value for an angle of 54 degrees, The
sine value of 54 degrees is .8090,

1-27. If the table does not contain the exact
angle or function. we simply take the nearest
number. .

1-28. Since the trigonometric functions have
been defined from the right triangle, the
solution of a right triangle problem becomes
a simple procedure. By the ‘*solution” of a

1-6

triangle we menn that we determine unknown
sldes and unknown angles, In order to solve
a right triangle problem. we must khow at
least two other measurements of the triangle:
elther two sides or one slde and one angle
{excludlng the right angle). Merely knowing
two angles will glve us no information about
the size of the triangle: we must know at
least one side.

Each equationinvolving atrigononietric ratio.

Cos 0-‘3‘

such as:

contains three quantities. If two of these are

given. the third can be determined. There-
fore, to solve a specific problem. you niust
select the trigonometric function which
includes the unknown part and the two known
parts,

1-29. Refer to figure 1-9 and find angle
9. Since w2 know the side opposite and the
side adjacent. we can use the tangent function
to find the angie 9,

a =40
£ =10
REPA=347
Figure 1-9
Solution. Tan@ = %:% B ':_
Tan @ = ";—g
Tan & = 1.3333

Now look in the Tan column of your Trigono-

" matric Table until you find 1.3333. The exact

number is not there: the nearest numboer is

1.3319, so angle 8is approximately §3.1 defrees.

09




1-30. Now use¢ the information [rom figure
1-10 anct [ind angle 8. A® we arc given the
opposite side und the hypotenuse, we can usc
the sine Iunction to find the value of angle g,

a = B0

&=
§
b=

REP4- 348
Figure 1-10

Opposite

Solution: HWE

. a
Sin 9 = =

a0
Sin @ =100~ 8000

5in 8 = 8000

Now look in the Sin column to find .8000.
The exact numper is not there; but the

nearest humber is .7997, so angle 8 is -

approximately 53.1 degrees.

1-31. Now that you know the angle, you can
find the length of the other side by using
the cosine function:

Adjacent

52.1 degrees = —o—oroon

~08 Hypotenuse

-
100
Find the cosine of 53.1 degrees in the
table; it is .6004.

Now substitute:
B

-6004 = 7o

b~ 60.04 = 60

1-32. Now we are readyv to apply angles,
triangles, rectangular coordinate systems.
andt trigonometric functions to solving AC
cireuit problems.

133, Sine wave voltage causcs sine wave
current {n Fesistive and capacitive circuits.
The voltage and current are in phase iIn
purcly resistive circults. This relationship
can be expressed by waveshapes, as shown
in figure 1-11B; or as vectors shown in
figure $-11C, In ligure 1-11B, the waveshape
for Eg i8 the result of adding the waveshapes
for ER] snd Epg toget Ey. A single vector
diagram (figure 1-11c(4) shows this addition.
Then we show a Yector for total current {1).
The current is the same throughout a series
circuit, Since voltage and current are in=-
phase in a resistive circult, we can disptlay
1, Epp» Ep, 2nd E, On the same line in a
~ vector diagram as shown ia figure 1-11C(6),
The vector diagrams are much easier towork
with than the waveshapes in figure 1-11B.

E
a
Rl
Eo Er2
C) Rl SO
~S il f )
E
A R2 :r X e am
A 8.
n oE,

() ————— Ep,

—_—
in ERZ

{4

| “—ER'I j‘\ERZ-’/ ?

{3} i |

P -

a1 Erz

REP4-2000

Figure 1-11
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Figure 1~12

1-34. In a purely capacitive circult, the cur-
rent is 90 degrees ahead of the voltage across
the capacitors. These relationships are shown
in figure 1-12, The two capacitive voltages
added together equal the applied voltage.

1-35. We have represented a pure resistive
circuit and a pure capacitive circult by
vectors. Now we are going to represent a
series circuit containing both resistance and
capacitance by vectors. To start, we must
select a common point for both the capacitor
and resistor vectors. Since we are working
wlth a series circuit our comwmon point
will be current. ‘Nhy? Because the same aur-
rent flows throughout a series circuit, Icy IR,
and I are the same. Knowing this, we can
draw the vectors as shown in figure 1-13A.

Ep is on the same line as 1 because volt-~
age and current are in-phase in a resistor.
Ec is 90 degrees behind 1 as voltage lags
current by 90 degrees for a capacitor. E;
is the vector sum of Eg and Ec. Therefore
we can draw the vector for E_ as shown in
figure 1-13B. We muay determine the vector
sum through the wuse of the Pythagorem
Theorem.

lC' IR' |

AI

Figure 1-13

1-8

1-36. Since the voltage drop for a resistor
(ER) is developed across its resistance,
w2 pliace the vector for R on the same line
as Ep. Also, the voltage drop for a capa-
citor l?s developed across its capacitive reac-
tance (XC). Thus we place a vector for Xe
on the same line as Ec. This is shown in
figure 1-13C. We can also draw a vector
for total impedance (Z ) on the same line
as E, since applied voltage is felt across
the total opposition to current flow in a
circuit. Wwe now have a voltage vector dia-
gram showing the current and all voltages
and an impedance vector diagram showing
all oppositions to current flow.

1-37. The imjedance vector diagram wzs
placed on top of the voltage vector diagram
to show relationship between voltage and
impedance. However, in practical use, we
separate the two vector diagrams. The
impedance vector diagram is shown infigure
1-14A. For impedance vector diagrams the
resistance vector (R) will be the reference
andplotted at zero degrees. The impedance
angle (8 is formed by the R and Z
vectors.

REP4-2001
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REP4=2003
Figure 1-14

1-38. The voltage vector diagram is shown
in figure 1-14B8, However, for voltage vector
diagrams, E, is used as the reference point
andplottedat zerodegrees, To do this we
simply rotate the wvoltage vector diagram

{in the direcetion showha in figure 1-14B)
untii E, inatthe zerodegree refércnce ag
shown in figure 1=-14C. Angle 8 is formed
by the E,, and I vectors and the E; vector.
This angle tcils us how much the total
current is leading the applied voltage. It
also tells us how av.ch the voltage drop
across the resistor is leading the applied
voltage. The angle formed by the E, vector
and the En~ vector tells us how much the
capacitive voltage is lagging the applled
voltage. This angle can be determined by
subtracting angle € [rom 0 degrees ag there
is always 90 degrees between ER and Eg.
Notice that angle 8 on the impedance vector
diagram has the same value as angle8on the
voltage vector diagrams, but has the opposite
sign.

1-39. Having combined resistive andcapaci=
tive components, we are going to solve series
RC circuit problems, Figure 1~15Ais aseries
RC circuit with an AC voltage applied. we
are going to solve for total impedance, phase

R=3Kad0_

1
{
b2 - Sk /521

I
I

|
S
xc ?4K n ‘*90

REP4=351

Figure 1-15%

1-9
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angle, current, and the voltage across each
component.

1-40. To determine total impedance, Z,
draw an impedance vector diagram as shown
in figure 1«15B. Draw the diagram to seale.
The 3 k ohm resistor vector is drawn along
the zero degree reference line. The 4 k ohm
capacitive reactance vector is drawn at -90
degrees. To determine the location of the
Z vector, construct a rectangle using the R
and X . vectors as the sides. This is shown
by the dotted lines in figure 1-15B. The Z
vector 18 drawn as the diagonal of the
rectangle. The length of the Z vector repre-
sents the value of Z, Notice In flgure 1-15B
that Z is the hypotenuse and R and X form
the sides of a right triangle. Tofindthe value
of Z, use the Pythagorean Theorem. The

basic formula, ¢ —:\/ a\2 + bz, can be converted
2
to 2 =VR_ + xcz.

Solution:

Z =JR2+X 2

c

- Jax105? + @ x10%?

~Jox10% + (16 x 10%)

v25 x 106

5x1030r5k0hms

1-41. To determine the phase angle between
the R vector and the Z vector, use the
impedance vector diagram of figure 1-15B
and the trigonometric functions. Because
we know two sides of the right triangle, F
and Z, we can use the cosine function t¢
determine angle 9.

_ adjacent

Cos @ = hypotenuse

Cos @ =%

1-10

3 k§Q
Cos 9 = BTQ
Cos O = 8000
& 2 53.1 degrees

The exact value of ,6000 is not in the trigo-
nometric table, but the nearesat value is
6004, So angle @ is approximately 53.1
degrees.

1=-42, The complete expression for imped-
ance in this problem is Z = 5 k§) /-53.1
degrees. The impedance angle is negative
becauge it is CW from the zero degree
reference llne. The symbol / __ 18 short
hand for ‘‘an angle of'', Figure 1-15B 1s
now complete,

1-43. To determine tota] current, uge Chms

Law for AC circuits. In DC circuits, total

current is equal to the applied voltage

divided by the total resgistance. In AC cir-

cuits, total current equals the applied voltage

divided by total impedance. In formula form:
Ea

L=z

100 v_/0°

I =5k =53.0°

= 20 mA /53.1°

1-44, In the formula for current. the voltage
was listest at 0 degrees. *Nuen drawing
voltage vectors, E; is drawn at the zero
reference point. The phase angles for Ep,
Er and I are measured from the E; vector.

1-45. Phase angles for vectors are treated
much like the exponents were treated for pow-
ers of ten. To multiply twomagnitudes at dif-
ferent angles, add the angies. To divide two
magnitudes at different angles, subtract the
angle in the denominator fromthe angle inthe
numerator. In the previous problem 5 kK Q
/=53.1° divided into 100 v /0° equals 20 wA
£83,1°. The positive angle indicatesthat cur-
rent is leading the appiied voltage by 53.1°
A negative angle would indicate a lag-
ging condition.
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1=46, To determine the voltage drop across
fach cotuponent, use Olims Law.

Ealt = l Il

- (20 mA 500 )x(3x10%0 /00 )
« 00V /53,1
EC = GC
= (20 m;\‘53,l° }x(4x1039,{-90° )
= 80 V /=36,9°

1-47, Figure 1-15C show:s the complete volt=
age vector diagram with the current vector
fncluded. The voltage across the resistor is
in phase with the current: the voltage across
the capacitor is 90° behiud the current:
and the applied voltage is 53.1° behind the
current. Notice. that phase angle relation-
ships of the voltage vector diagram are the
same as for the impedance vector diagram.
Wiaen we multiplied each impjedance by the
current. the diagram of figure 1~15B changes
to that of figure 1=15C. Remember that the
voltage vector diagram’s change in position
was caused by rotating it to place E5 at

¢, En for slde a, and E¢ forside b, Then the
formula a PV cIE = Iy , becomey

" [ 2 2
Ep = {Ea) -(EC) .

Ep = V(225)° - (180)

NOTE: Look in your Electronic Handbook
for the squared wumbers.

EgQ = 50,625 - 32,400

Eg =/18,225

NOTE: Look in your Electronic Handbook
for the square root.

Eq = 135V
1=49. The next step 1s to find 1. Knowing
the voltage drop across the resistor and the
size of tha vesidlor, we cancalculate current

using Ohm's Law because the current is the
same throughout a series circuit.

¢ JEp o, 188V |

-~

the zero degree re e point. . 15 mA
e g ference p R 9 x 1019
1-48, Now, let’s soive another problem. -
Refer to figure 1-16. Qur first step in solving Next X, car be found:
this problem is to finda the voltage drop E
across the resistor. We use the Pythagorean X __C 180 v - 12kQ
Theorem to do0 this. Substitute E, for side c 1 - -3,
a 15x 10 A
ER T ¥
Y
Y
Y
gq‘( FaY » Y
@225\: o 25 E, - 225
AC /
,,
:IE ,
1sov
- Ec 1eov
REP4=352
Figure 1-16
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Y

Then: Using Voltage Vectors
E
v el adjacent
z 1 Cos 9 = hypotenuse
225 V usyv
7 = — Cos 8=
15x10 " A 25 v
+3
Z =215x10""H Cos 6 = ,6000
Z =15k 8= 53.1°
1-50, with the impedance information we 1-51., The complete voltage and impedance
hive we can find angle 6 with trigonometric vector diagrams are shown in figure 1-17,
functions. Once we have angle 8, it is simple to calculate
the other angles if we remember that E,
Using Impedance Vectors and R are plotted at zero degrees and that
adjacent there are 90 degrees between ER and E-
Cosé = m and between R and Xc.
9 k@ 1-52. Let work another problem with dif-
Cos ¢ =——-——15 " ferent values. Refer to figure 1-16.
First step: Use the formula X, = ;——159 to
Cos 6 = .6000 find X . ¢
9= 53.1° xc=‘1ég= 159 — - 159 —
53x(5x10 ') 255x10 -
F=13mA 5319 R = 9KgA°
|
Eg = 138V £53.0° :
~~ |
\\\ |
S~ :
N0k s |
;e v |
,, o |
; Lt !
4 |
f, !
e Z = 15K £:53.19
Ec = 180v  A£39° Xe = 12Kn 900
REP4-2003
Figure 1=17
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\3¢

ER 4 ?
|2
\ -~ En +50v
EC =7
= R:0Kn
2 vac Zaka
* =3 -
53 HZ = . X¢ Z:2
REP4-2005
Figure 1-18
6
159 x 10 159,000 .
Xc= 355 * — %% Fourth: Find the impedance angle,
Cos9-R . B8kQ
z 10k 0
Xo= bka Cos 0 = ,B000
Next find Z . 9=36.9 o
Z =V Rz + Xcz
Z =V/(3 X 103)2 + (6x 103)2 Fifth: Find the voltage drop across the
resistor,

z =/ (64 x 10°) + (36x10°) =V100% 10° 3 o
. Ep = IR ~ (5x10)x(8x 10" =40 v
z =10x10°=10k8Q

- Sixth: Find the voltage drop across the
Third: Find { ., capacitor

50 V 3 e

=5x10 =5 mA E _ . -3 +3-
10'5(1039 C —lxc ={(5x10 ) X{(6x10 )=30V

—

n

NI ]
n

EL]
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seventl Plot the voltage and impedance
vectovs, Itefer to ligure 1=19,

& R 3KaA¢

Z:10KaL369°

REP&-2006
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Chapter 2

SERIES RL AND RCL CIRCUITS

2-1, This lesson covers geries RL and RCI,
circuits. You will determine voltage drops,
current, phase angie, and impedance asso-
ciated with RL and RCL 8eries circuits,
yYou will extend your Knowledge of: vector
analysis, use of the Pythagorean Theorem,
rectangular coordinates, and trigonometric
functions as they apply to these circuits.

2-2, Recall that inductance opposes a change
in current. The expanding and collapsing
magnetic field cuts across the conductors
and induces a counter emf (CEMF} which
opposes the current change. The opposing
force 18 such that, when a sine wave of
voltage is applied, the current through a
pure Inductance lags E, by 20°,

2-3. Now consider a simple series circuit
(one path for current) which contains a
resistor and an inductor. Refer to figure
2-1A., We know that resistor voltage and
current are in phase. We aiso know that

To Ty

the current through the coil lags the voltage
acrogs the coil by 60°. These Phase rela-
tionships are shown in figure 2-1B. At time
Tg, the maximum positive voltage appears
across the coii; and the current has just
hegun to flow in the positlve direction., Cur-
rent increases to maximum 90° later at Ty4.

2-4, The current and voltage waveshapes
across the resistor are in phase, Current
lags the voltage across the jnductor by 00°.
The current in the coil ig the same as the
current in the resistor. We can plot the
voltage vectors with current as the reference
{figure 2-2), Figure 2-1 shows Ep larger
than E;. Plot these values and draw the
rectangles,

2-5. Connecting points A and B gives the
magnitude and direction of the applied voitage.
The angle formed by E; and I i8 the phase
angle 9. The sign of the phase angle depends
on the current vector position with reference

Ty T3 Ty T T Ty Ty T Ty
] ] | (] [ | (]

g EE mm mm mm mmt e e

L3 | &
i [
R ER

A
ACTUAL GRCUITY

PHASE RELATIONS

REP3=362

Figure 2-1
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t

REP4= 3167

Figure 2-2

to the applied voltage, The phase angle is
negative. Inductive circuit current lags the
applled voltage. Using E_ as the reference,
the vector diagram would be as shown in
figure 2-3. The current vector atill has a
negative angle. The impedance vector
diagram i8 shown in figure 2-4.

2.6. Note that the impedance angle in the
impedance diagram has the game value as
the current phase angle in the voltage
vector diagram, but the impedance phase
angle i8 positive. Remember the impedance
plane angle is measured from the resist-
ance vector.

2.7. Now, let’s golve for the unknown values
for the eircuit of figure 2-5. First, it is
wigse to look at the known value of any

REP4= 383

Figure 2-3

r__..“-_---

Z

R

!

REPd=384d

Figure 2-4

circuit; then decide how to proceed, We
find that we have the values of E,, XL,
and R.

2-8, First, solve for impedance and phase
angle.

z=an+xL2 =J?+32

=V36 +64 =/ 100 = 10ochms

adjacent _ 6

COSG:W =

= 6000

@=531°

REP4=385

Figure 2-5




Then salve for current.
0 mi

Neg

REP-386

Flgure 2-7
Hence:

3 -3
Eg = IR = (10 :'53.1"}:((610;) 2 60V/=531° X = 27(L = (6.28)x(1 x 10 (10 x 10 )

= 62.8 or 63 9

Then:
z = Vr® + x,2 = J216)2 4 (83)2

E =le= (10/-53,1°x(8/90°) = 8OV/36,9°

Z = 46,6856 + 3,960 = /50,625

Next plot and label the voltage vectors, 7 = 225 chms

Impedance vectors:

REP4~523
Figure 2-8
REP4=~522

Figure 2-6

adjagent _ ..glﬁ.‘_l.= L9600
hypotehuse 2250

0 = 16,3°

___225V/Q"
* 2250 /16.3°

2.9, Now, let’s solve the circuit shown in
figure 2-7, 1




21 x B oo (1 A A8,3°) x (21060 /.0°)
2t0v /-18,3°
Px X = (1A L16.3°) x (63 80%)
63v /73.7°

Voltige vectors;

REP4~524

Figure 2-9

2-10. Let’s try one more problem (flgure
2-10):

R=%Ko

@

XL=1Xa

S5mA

REP4-368
Figure 2-10

\/(5 x 1092 (12 x 1092

(25 x 16% + (144 x 10%)
Vieo x10® = 13x10°

13 k ohms

Iedance vectors:

A
X, - 1Ka

REP4=525

Figure 2-11
=3 3
12 = (5 x 10 ) x (13x10)=65YVv

X, = (5 x 100 xa2 x 105 =60 v

Ex=1R =(5 x 1073 x(5 x 10%) =25y

Voltage vectors when current {s used as the
reference;

EL = 60V

REPJ=526
Figure 2-12

_ _adjacent -
Cos & = hypotenuse

8 = 67.4°




Voltage vectors when uapplied voltage 1a the
reference!

\EL
\
\
\
£
o =47.4° - ) ’
P -~
ER -
s
-

REPd=-527
Flgure 2-13

In inductlve circuits the current always lags

the applied voltage., The phase angle Is
negative,

2-11. The next circuit we will discuss in
this lesson is a serles RCL clrcult, figure
2-14,

XL =11g
@) %v

R=12%

X, = 60

REP4~369

Figure 2-14

2-12. This type cirecuit contains a resistor,
a capacitor, and an inductor connected in
series. The capacitive reactance causes the
voltage to lag the current. The inductive
reactance causes the voltage to lead the
current. Thus, the two reactances are oppo~
site in effect; X, and X are 180° out of
phase. See figure 2-15.

2-13. If L is in henries, to find X, use the

formula X; = 27f{L. I C is in farads, to
find X+ use the fornula
1
xc T 2wic

XA

R

REP4=2004

Flgure 2-15

2-14, First draw a vector dlagram for the
impedance values, See flgure 2-16.

2-15. The resistance of the ecireuit is 12
ohms. This is shown as 12 units on the
horizontal axis. As before, plot capacltive
reactance at «90° and inductive reactance .
at +80°, Note that X; and X. are 180°
out of phase with each other. The net
reactance, therefore, is Xy, - X, or 5
ohms of inductlve reactance. This is shown
as 5 units at /4907, because X is larger
than Xq. The solid line drawn from point A
to B is the vector sum of all three values.
It represents total opposition to the current
flow. Calculate for impedance by using the
formula:

o 2 - 2
&-\/R +(XL XC)

2-16, Find the lmpedance angle using the
vector diagram {{igure 2~16):

Cosg , Adlacent R _ 132
9 hypotenuse Z - 139 -0231
'y XL = 11%

REP4-370

Figure 2-16

2-95

'\I

A\




Look in the table (figure 31, KEDP 110) to
fh'ld 9 L] 22-6°u

Z =13q /22.6°

2-17. Now that we know the impedance, it is
an easy matter to find the current. Use
Ohm’s Law and substitute 2 in place of R
in the formula. .

The formula now becomes:

28y /[0°

1 =-E,
z 130 22.8

= 2amps /-228°

2-18. Current in a geries circuit is the same
throughout the circuit; therefore, we can
use Ohm’s Law to find the voltage drop
across each component.

ER =fR=(2A/~22.8°)x(12Q /0°)=24 V /-22,6°

This 24 volts across the resistor 13 lagging

E, by 22.8°. Now to find the voltage drop
across the inductor:
E. =X =

L= X (2 A [=22,6°) x (119 /90°)
22V / 67.4°

S0, w2 have 22 volts across the coil. This
voltage is leading E, by 67.4°.

Next, let us find EC.

EC D{C = (2 A u_g‘ ;ﬁ:) X (69 1-99_')
12 vV /=112.6°

There we have 12 volts across the capacitor
and this voltage lags E, by 112.6°,

2-19, It is usually an aid to sketch the vec-
tors a8 you Solve the problem, suchas figure
2-17.

2-20. Notice that the current i8 inphase with
the resistor voltage, lags inductor voltage by
00° and leads capacitor voltage by 90°.

ﬁe Y /o4
a {_22_6.

REP4=271

Figure 2-17

2-21. The voltage drops across the two reac-
tive components are in opposite directions,
or 180° out of phase. This is true in any
series AC circuit containing X, and Xg.

2-22, Figure 2-17 shows the vector sum of
Eq, anct Ep is 10 volts. This vector com-
bined with Ep, which is 24 volts, equals
26 volts, Check for accuracy using the
Pythagorean Theorem:

)2

- 2 -
Ea = JER +(EL EC

E, Va2, 22 - 12)
V42 , 102
V678

260V
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=23,

o Let’'s try another circuit (figure
Iu"“ ]

A
R : son
100v
xC = 8500
LLLLS
XL = 900n
REP4~ 1373
Figure 2-18

In solving this problem subtract the smaller
reactance from the large. reactance. In this
case, X|, - X¢ is 50 ohms. The resulting
impedance has the same opposition to AC
as a resistor of 50 ohms in series with an
inductor having a reactance of 50 ohms.

2-24. Now find the impedance value:

.\ﬁ; + Xy, - xc)2

/502 4 507

[
15

V5000

1]

70.7

2-25, Next solve for phase angle:
R 50%
Cos © =—= TR L7071
& = 45°

7Zle

2-20, Fiml total current ancd the voltage
across each componoent.

B toove

—_— wd B0
7 " oan Ay - 1.4 amps  /«48°

1 =

Ep = IR = (L4A (2460) x (508 Q)
= 70 V /=45°
Eo 21X, = (14 A /=457) x (8509 /=90°

[

1190 v /=135

m
»

le = (1.4 A /245%) x (900Q /90°)
1260 v /45°

2-27. Now we can plot the voltage vectors to
see their relative positions and phasge rela-
tionships. Refer to figure 2.9,

-‘AL = 12609 [ vdse

e

« 1.4 <d5e
E_ = 1190V f-nsu VL "Zi___‘s

REP4- 374

Figure 2-19

2~28. Observe that the voltage across the coil
and capacitor are much lafger than the
applied voltage. Since these values are ln
opposite directions (180° out of phase), the
effective voltage across the two reactances
is 70 volts. The vector sum of reactive and
resistive voltage equals the applied voltage.

2-1
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Chapter 3

SERIES RC, RL, AND RCL CIRCUITS

3-1, This lesson «discusses the f{actors
affecting power in series RC, RL and RCL
cirecuits,

1-2, Remember that power is defined as the
vorate of dolng work' Electrically, it is
expressed in watts, or in kilowatts (thou-
sandsg of watts).

3-3. In DC, or purely resistive AC circuits,
power 18 slimple to calculate, Current is maxi-
mum when the valtage is maximum; or in
other words, current and voltage are In
phase. Power equals voltage times current.
Maxiniumm power is delivered to the load.

13-4, However, in reactlve circuits, current
will be either leading or lagging the applied
voltage. That is, tne current and applied
voltage are out of phase. Power delivered to
the load is not equal to applied voltage times
eurrent.

3«5, Figure 3-1 {Mustrates current, voltage,
and power in an AC resistive circuit. The
waveforms Indicate instantaneous values,

3-6. Em and Im denote maximum Or peak
values of voltage amd current, respectively,

Note that voltage and current reach their
niimun positive (above the zero line) and
maximum negatlve (below the zero Mne)
peaks together {(in-phase).

3-", Note that the power pulses are all
positive. It's simple to understand when
you remember falgebralc multiplication. (A
negative times a negative equals a positive).
Resistive power gives off heat or light or
{8 used in doing other “work.' This is
called true power, Pi.

3-8, In the case of resistive AC cireuits,
true power can be found by the following
formulas:

Pt=ExI

2
Pt-IxR

3-9, Figure 3~1 shows Pm as the peak
power when peak values of current and volt-
ages are miltiplied, Calculating with effective
{rms} values of voltage or current resuits in
average power pav

Em
Im

CURRENT
VOLTAGE Q
=k
-Em
Pm

POWER
AVERAGE
POWER

FENBR W
i sy

REPd=~331

Figure 3-1
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CURRENT
AND
VOLTAGE
AVERAGE
POWER
~Pum A VECTOR DIAGRAM
£
] .
RE>d«332

Figure 3-2

3-10. Now, note figure 3-2, It represents
current, voltages, and power in a purely
capacitive circuit,

3-11. The product of instantaneous values of
the 90° out-of-phase values of current and
voltage gives a waveform bhaving positive
and negative values. (Multiplying like signs
gives plus, and unlike signs gives minus).
Changing every quarter cycle, figure 3-2
shows first positive current and negative
voltage: then both are positive; then positive
voltage and negative current: then both are
negative. You can see that the average power
in a purely capacitive circuit is zero (equal
amounts above and below the zero reference
line).

Eﬂ'l [

Im

0/1 N A NN\
~

<l 1 T

gl 1 1 1

REP4=333

Fi,ure 3-3

3-12. What is actually happening is that the
cupacitor stores cnergy on one hulf alter
nation; it returns it on the next half altera
pution. 80, no cnergy is ACTUALLY used,
although there is an APPARENT expenditure
of energy, This apparent expenditure of »ne vpy
is called appirent power, P,.
3-13. The samp operation tokes place in a
purely inductive circuits The coil stores
energy on one half alternativn, and returns
it on the next half alternation. The average
power of a purely inductive circuit I8 zero.

3-14. Figure 3-3 shows the current, voltage,
and power relationships in a circuit con-
taining resistance and inductance, (Thesame
type of analysis could be applied to a
resistance-capacitance circuit; except tiat

current leads the voltage across the capacitor).

3-15. In figure 3-3 the voltage leads the
current by an angle equal to theta (6).
Since the voltage leads current by the phase
angle, there is a period {equal to the phase
angle) when the product of E and I is nega-
tive. This is the period of time when stored
energy is returned to the circuit from the
coll.

3-16. You know howtofind impedance values,
voltage drops, currents, and phase angles, in
RC, RL, and RCL series circuits. If youhave
forgotten, review now before proceeding
further.

3-1%. Now you can say that in an AC circuit
two types of power are known to exist. These
are true power (P,), andapparent power (P, ).

3-18, Let's give these two terms a defini-
tion: True Power is the actual power dissi-
pated by the resistance of the circuit and is
expressed in watts. An example is power
loss in the form of heat. Apparent Power
is the product of current and voltage, and is
expressed in volt-amperes. The reactive
components of a circuit ‘~apparently’” dissi-
pate power; but actually do not.

3-2
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Expressed a8 equationy:

PttEan

2
P = (IR) xR

. (ERP
t R

Pa=Eaxl

P, =(1f xZ

Where:
Pt is true power expressed in watts.

Pa is apparent power expressed in volt-
amperes

Ea is applied voltage

Z is impedance _

ER is voltage across circuit resistance
3-19. Now you know the difference between
true power and apparent power: let’s work

problems concerning true power and apparent
power,

3-20, In the circuit of figure 3-4, determine
P, and Py.

Solution: Draw two vectors to represent Ep
and Ep. {Refer to figure 3-4).

First, solve for Eai

E, = \/ER2 +Ec2 - V352, s0?

= V3725 = 61V

e B, 2 50
§ Eg» 35V
Z =400Q
A
ER = 35\1
-
i
1
1
1
!
|
|
|
1
| SR
Ec = 50v Eu =7
B
REP4~3M
Figure 3-4
Now, solve for current:
E
a 61 V
I =" =J0pg = 152.5mA

Next, solve for apparent power:

pﬂ

-

= E 1
a

61 Vv x 152.5 mA = 9.3 VA

Finally, solve for true power

P

t

=E

Rl

%1 =35V x 152,5 mA = 5.34 watts




3-21. A reactive ¢lement In a elrcult
requires power which 18 not dlsslpated. If
we acdd an opposlte slement to balance out
the reactive effect (l.c., add Xy, equal to
Xe 80 that X = Xp), the circult becomes
purely reslstive; and all power 1sdissipated.

3-22, With these tacts In mind, let's proceed
to the next item ©f discussion., This is the
Power Factor or PF.

3-23, Power Fuactor s the ratlo betweentrue
power and apparent power,

P
__ true power _ t
Power Factor = apparent power °F PF = .__.Pn
true power pt
Apparent Power = Sower factor or l:'n = BF

or, w= can also say that;
True power = Apparent power X Power Factor

or PtnpaxPF

3-24. Let's review vector diagrams to better
understand the phase relationships, Given an
RL circult, we can plot the vector diagrams
(figure 3-5),

3=26. If Impedance is multiplied by current,
we obtaln the voltage drop across the
inipediance. We can apply this to the vactor
dingrams of tigure 3-5, Flrst, multlply each
IMPEDANCE vector by the current, and we
have o VOLTAGE vector dlagram.

3-28, Now, multlply each voltage vector by
curvent and wiat do we have? Power, of
course,

Eal = Pa
ERI = Pt
E,] = P {reactive)

L

3-27. We can plot these values, using current
as the reference; we see the power relation-
ship. The vector sum of resistive power
{P{} and reactive power is apparent power.
The ratio of true power to apparent power,
is defined as power factor: it is also the
cosine of the phase angle.

3-28. We can use the vector diagrams and
express power factor in four ways:

R
X,
CIRCUIT “\{.!ZECI%%NRCSE
P T TR
Fo—-———- REACTIVE o :
EL f | |
Ul l
|
1 |
l |
E ‘ '
(-] R
—J P :
e C '
REP§=335
Figure 3.5  POWER VECTORS
3-4
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E
PF Y

K

R
=3 =
PF = Cos 8

3-29, Now let’s worksome problems to apply
thege principles: A ecircuit has an apparent
power of 500 volt=aniperes and a power
factor of 7071, What is the true power?

Pt = Pa X PF = 500VA x 7071 = 353.55 watts
You can see it’s easy to find the true power
when P, and PF are known. TO check thls
answer: divide true power by power factor
P

l;t?.) and the answer will be APPARENY

POWZR, 500 volt-amps. Now, proceed to
find PF. Use the same figures that were
used for Pt and Pa.

True Power
Apparent Power

Power Factor =

353.55 watts

PF = 500 volt-amps = 70m

Expressed as a percent this power factor
equals 70.7%.

3-30. Let's solve ancther problem. Using
. figure 3-6, solve for impedance, phase angle,
power factor, current, apparent power, and
true power.

2 2
Z = R +Xc
Z = \1900+1600
Z = 500

At what angle is the 50 chms of impedance?
Use the COSINE FUNCTION to find out.

R: 308
AW
E, = 100V
F 21590 Hy X, o400
{ A}
R —/
|
|
|
|
z
|
X _
REP4=336
Figure 3-6
R _30Q

COSO':Z:m = ,6000

¢ =53.1°

Also the power factor 1s equal to the coslne
of the angle @,

PF = Cos 0
PF = 6000 or 60%

Continuing with the problem:

E
- a _ 100 !Igo - -]
I ——z = soi-ﬁa ]0 - 2 amp‘s Lt.&a.ll_
Pa = EaI = 100 V x2 A =200 volt~amperes

F‘t Pa Cos @ = 200 VA x.6 =120 watts

3-31. For figure 3-7, first find Z by the
Pythagorean Theorem:

z = a2z x 1022 + (5 x 10%)?

=V1aax 10% 4 25 x 10°

169 x 10?

13 x10% or 1300 A

»




AL 12 W
n B
X, *500 " 1TVA
130V
R 212004 2 0231
Wy
3=32. U you have an RCL circuits you can
use the same method for finding Py, P,
and PF, But you must first find the dif=
. ;e-;ence between XL and XC. See flgure
I
X |
L | ¢
- »l X, = 10008
REPd~337 12° = R = 8009 .
X
z 0
Then solve for current: L = 2000
Ea )
12— X, = 20008
_ 130V - =l
T 1300q / T- :
| -
=, 1A xL = xc |
|
. R - 800%
Now calculate apparent power: xc - 10008
P =E_1
a a REP4-138
=130 Vx.1A Figure 3-8
=13 vA First, we will take Xg, -~ X¢ (2000 - 1000).
This glves us a net reactance of X, = 1000
Now we are ready fOr true power: ohms in series with R = 800 ohms.
l'-‘t = lzﬂ
3 Now solve for Z:
= (.1 A)" 12000
. - /g? _x,)°
.01 X 1200 Z= VR4 (X - %)
=12 W
= '\/(sloo)2 + (1000

Finally solve for PF:

P

V164 x 10*
"ﬁ"

a = 1280 9

H

PF =




Next datermine current:

ba 128v

Lo oo
a 1A

Now caleulate Pa:

PaaEaxl=12BVx.1A

= 12,8 VA

73

Next solve for Pt:

2

P 21" xR i(.lA)szOG

¢
a 01 x,800

2 W

Finally determine PF:

L o
12,8 VA

=,0259

PF




Chapter 4

| 74

PARALLEL RC, RL, AND RCL CIRCUITS

4«1, We learned wuny things tn studying
D¢ parallel circults that we can apply to
AC parallel circuits. We found that the
applied voltage 18 common to all components
and total current 18 the sum of the branch
currents, In AC parallel circuits voltage
is common to all branches and total current
is the VECTOR sum of the branch currents.

4-2. A8’ you know, cuirent leads voltage
across a capacitor by 90° In a coil, current
lags the voltage across the coll by 90°
This chapter discusses current, voltage, and
power relationships in parallet RC, RL,
and RCL circuits,

4-3, Let’s use a parallel RCL circuit,
as shown in figure 4-1. Observe that the
applied voltage (Ea} 19 common to the
resistor, capacitor, and coil. We will plot
the various current vectors with reference
to the applied voltage.

REP4-2813

Figure 4-1

4=4, We know that the current through a
resistor is in phase with the resistor volt-
age, So the vectors are as shown in figure
4‘2.

!
Rr » E = Ep

REP4-284
Figure 4-2
4=5, The current through a capacitor leads

the capacitor voltage by 90°. The vectors are
as shown in figure 4-3,

b

—- Eu * E:‘
REPd~28%
Flgure 4-3

4-8, The current through a coll lags the
inductor voltage by 00°. The vectors are
as shown in figure 4-4.

"Eu'EL

I
L REP4=286

Figure 4-4

4-7. If we plot all three vectors on the same
reference, we llave a vector diagram fcr a
parallel RCL ¢ircuit. Refer to figure 4-5.

p

- bEc|'Ei't’”El..“Ev;

REP3-287
| A%

Figure 4-5

4-8. Now, we will discuss how to solve for
branch currents, tota} current, total imped-
ance, and phase angle (Theta 8).

4-9, Let's solve for these values in the
parallel circuit illugtrated in figure 4-6.

60V R =30 X =4

REPq=288

Figure 4-6
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4+10., The applied 60 volts 18 feit acrous
the tesistor: it is likowide felt across the
capacitor. We can ude Ohm’s Law to find

ln and lc.

% » 20 amps . Q2

R,
R

60 v (o°

40 éﬁﬂf a |5 amps ZQQ:

4-11. We have 20 atnps through the resistor
and 15 amps through the capacitor. Now, we
must observe the phase relationships of
these currents. The total current is the
vector sum of the individual branch cur-
rents. Take a look at the vectors that repre-
gent the current in our circult in figure
47,

» E
'R REP4-~249

Figure 4-7%

4-12, Current through the capacitor and
current through the resistor are 90° out of
phase. To add the vectors, we complete a
parallelogram as shown by the broken lines;
the resultant 1s total current. The value of
Iy can be determined by measuring the length
ofthe I vector. The phase angle between I,
and I, can be measuyred with a protractor.
We.can also find the value of I; by applying
the Pythagorean Theorem:

S Vizo)? .+ (15)2

v 400 + 225 V625 = 25amps

4+13. To {ind total impedance. use Ohm’s
Law, substituting Z for R.

2 2

4
32-} = 2.4 ghing

4=14. You should have noticed that I} s
larger than Io or Ip but smaller than the
arithmetic sum of f~ and Ip. Also total
impedance is smaller thap the smailest
resigtor Or reactance value in the circult.

4-15. To solve for the phase angle, we can
use the cosine function.

I
R 20 A
C°S°=f= A

= L8000

9 = 36.9°

4-16, RL circuits are solved in a like
manner. Refer to figure 4-8.

xL = 80

FEP4=290

Figure 4-8

E
a 40V /0°

tp* " OAE - dame L0
B, sovyp

IL =YL‘ w =5 ampsg-go

4-17. Remember, current in an inductive
circuit (I,) Is 90° behind ER. This is shown
in the vector diagram in figure 4-9,

Total currel:lt ts the wvector sum of 1
and I . We can use the Pythagorean Theorem
to solve for L;.
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—— ..| Eu’EL s £q 4~22, The work for thia circuit in eany;
0 «=51.3 fincl the branch currents firat by Ohm’s
LRWI

£ o
i IHOVZ.G_ )
Iy * R * Teondr '*mPik

E
V [
| 1., MOV L, /0g°
cC X 80 2 /=p0° ps
I REP4=29)
E v
a 160 V_LQ. [
- libieia - =o I'ﬂ 8 -
Flgure 4-9 :L " xL 150 6 5 amps /=90'
L =Viter? o Vol b e’
4-23, The vectors for this look llke {figure
4-11.
= V16 +25 = 41 = 8.4 amps
41« 2amps
4-18. To solve for total impedance, we use
Ohm's Law. |R « ) AMP
. —- » £
E
A =._13 = 304‘:\ = B.25ohms
t ¥ L= 05anP REDP4-293

4-19. Total impedance in a parallel RL
circuit 1s less than the value of X, or R. Figure 4-11

L

4-20. Last, we will find the phase angle. 4-24, Use Pythagorean Theorem to solve for
total current. You must SUBTRACT the
smaller reactive current from the larger

1 reactive current to solve this type problem.
Cos9 =R « A& _ cosp ‘
B it T 6.4 A '
2 2
9 = 51.3° b = \ﬂa tUe-1p)
4-21. Now, we should be able to solve a

circuit containing a coil, resistor, and capa- ) ) ) )
citor (RCL ecircuit). Refer to figure 4-10. = \/(l) + (2 - .5) = V(1) +(1.5)

R § X X
¢ == L
@ 1602 80Q 10 4-25. Solve for the phase angle.

=
o
<

H

IR 1 A
Cose-l = 1.8 A = 555
REP4~292 t
Figure 4-10 - 8 = 56.3°
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4=28, Vectors lor this golution are shown hit Theu:
fivure 4«12, E
4 =t o 80X 1600 ohms

1 Y R

4-29, when the applied voltage is not given,
you cuan solve for total impedance by using
the assutned voltage method. If the applied
voltage 1s not given, then assume a voltage
and calculate the current througheachbranch
of the circuit. Combine the branch currents
using Pythagorean Theorem (or vectors)
to determine total current. Use total cur~
rent and the assumed voltage to calculate
the impedance. Regardless what voltage is
assumed, the Iimpedance will be correct
REP4-294 because impedance is a ratio of current
to voltage.

4=30, Let us again refer to figure 4-10.
Figure 4-12 In this circuit total current was 1.8 A.
Using Ohm’s Law solve for Z .
4«27, Let's analyze another circuit. Refer
to figure 4«13, E

a 160 V
T e—— = = 88.8 Q1
z I I8 A
t
850v Now let us take the same circuit, but arbi- -
; I | trarily pick a different applied voltage. In
R= 0.3A ¢ 094 L= 0.JA this case use an assumed voltage of 480
volts. Following the procedure for the
assumed voltage method, first calculate the
individual branch currents and then deter-
Figure 4-13 First:
E
480 V
4=28, Let’s first find I and then determine I =—ﬁ3 - Teoa ° %A
tota! impedance. Individual branch imped-
ances can be solved using Ohm's Law. : _i _ 480V | o
c~X.  “8#80a
1-\/11,l2+(1-1)2 EC
t C 'L I=-—3=480V=1.SA

L X 20Q

L
vV (aR s 9-.)?
Vi « 92 = Voo, e

H

V3 = .85 amys -Va2 , (6-1.52
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JTOME IV WY

0 + 4.52

"

vl + 20.29
V20.25

> 5,408 A

']

H

4-31. Now uge I; to solve for 2.

Ey  4sov

2 *q, “5AmA C 88.8 o

Notice that the impedance is the same2 value
obtained wheh the value of the applied voltage
was kenown. This method may also be applied
to paraliel RC and RL circuits.

4-32, Now, let’s dlgcuss power and power
factor in parallel reactlve circuits.
Remember, purely reactive components do
not disslpate power. Only the resistance in a
circuit dissipates power. This i8 called true
power.

4-33, When reactive components and resis-
tive components are connected in a clrcuit,
the circuit appears to yse more power
than it actually dissipates. This is called
the apparent power of the circuit.

4-34, Apparent power (P,) of a paraliel RCL

circuit is: P, = Ealy. The formula for true

power (Py) is: Py = Eplp, Power factor (PF)
Pt

iSZ PF T rtom— +

Pa

4-35, Using {igure 4-13, determine Pa' Pt‘
PF, and the phase angle 8,

Pa = Ealt s B30V x.a5 A=7225VA
Py = Eplp = 850 V x .3 A = 255.0 watts
)
¢ 255 W

Cos 8 = ,3529

8 = 69,30°
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4=30. Important principles to keep in milnd
when solving slmle parallel RCL ¢lrcults:

1. Braneh current® nuy be different, but
voltage i the yame across all components,

2. Vector diagrams use voltage ag the
reference, with currents added vectorlally.

, 3. Do not attempt to draw impedance
dlagrama for parallel circuits,

4«37, Component Testing

4-38. Now, let's discuss how to determine
whether a capacitor is good, opened, or
shorted. A capacitor that is opened, shorted,
or partially shorted (leaky) is useless because
the basic function of storing a charge islost.
A leaky capacitor is one in which the dielec-
tric has lost its Insulating ability under the
constant pressure of the applied voltage. A
leaky capacitor will have a low resistance
value. A good capacitor of paper or ceramic
will have resistance readings upward of 1000
megohma, which for our purposes can be
considered to be inflnite reslstance,

4=39, Generally a capacitor can be checked
with an ohmmeter. Before you use the
ohmmeter you must disconnect the capacitor
from the circult and make sure the capacitor
is fully discharged. The ohmmeter will sup-
ply the voltage for checking the capacitor.
Keep vyour {ingers off of the connections
since body resistance will give erroneous
indications. Always use the highest scale on
the ohmmeter when checking capacitors.

4-40. When you connect the ohmmeter across
a good capacitor, you will get momentary
deflection of the meter and then the indicator

4-5
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wiil return to infinity. This is caused by the
charging action of the capacitor. with some
capacitors it is difficuit todetect this momen-
tary deflection. In this case a practical
check id to replace the capacitor with one
that you know is good.

4-41. When subjected to high voltages capa-
cltors may drc through the dielectric, causing
a short. A short can also be caused by age
or high temperatures. When You connect an
ohmmeter across a shorted capacitor the
meter indicator wili deflect to zero. This
is a sure indication of a shorted capacitor.

4-42. when you connett an chm neter across
an open capacitor the indicator will remain
at the inifinite reading. Some precaution
must be exercised because a very high
resistance reading i3 normal for capacitors.
In addition, w2 must remember that small
valued capacitors do not need much charging
current and therefore will not show adeflec-
tion on the meter. AS a result care must be
exercised when checking capacitors for
opens. In these cases it may be more prac-
tical to substitute a new tapacitor.

can be
You must

4-43, Inductors, like capactitcrs,
checked using an ohmmeter.

4-6
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remember that in using an ohmmeter to
check coils you are measuring the DC
resistance of the coil. The coil normally
has very low resistance. This presents a
probiem when troubieshooting coils.

4=-44, A common trouble with coils is an
open. This type of troubie is easy to find
because it lacks continuity, When an ohm-
meter i8 placed across a4 coil with an open
the meter will indicate an infinlte ohms.
The open inductor may be caused by cor-
rosion, excessive current, or age. Small
wire can be easily damaged.

4-45, Unlike opens, shorts in inductors are
difficult to locate. when an ohmmeter is
placed across an inductor that is shorted,
the meter will indicate zero ohms. Care
must be exercised. Remember that some
coils have just a few turns of wire and
normally show a Zzero ohm reading. It is
rare that you wiil have a completely shorted
inductor. Normally just a few turns short
together. This condition cannot be definitely
checked with an ohmineter because the
resistance will change only slightly. When
troubleshooting a coil that is suspected of
having a short, the best check is to sub-
stitute a new coil.
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Chapter 9

NERIES RESONANCE

S«1. Thia chapter is 4 continuntlon of Your
study of the serles RCL eclreult. In the last
lesson, Inductlve reactance and capacitive
reactance had oppoming impedance effects,
H the frequency applied to a serles RCL
circult causes Xq anck Xp, to be equal,
the circult is resonant. In this chapter,
we study the conditions walch exlst when a
serles clreuit is RESONANT. Then, we
analyze circuit operatlon by varying fre-
quency and impedance values above and below
the resonant point, We will discuss
BANDWIDTH and SELECTIVITY.

5-2. Resonant clrcults are used In radar
to control the frequency of operatlon of
transmilters and receivers; in radiotoselect
one statlon from many; and in telephone
circuits to provide communications for
miliions of people.

5-3. A series resonant cirecuit comsists of
inductance, capacltance, and resistance; as
shown in figure 5-1. OQObserve that Xp =
xc. Draw an impedance vector diagram, and
note that X; cancels Xn. This leaves resis-
tance as the only impedance. This is the
minimum ‘mpedance possible in this series
RCL circuit, Total current equals applied
voltage divided by this resistance:

E
a 10V
I = = = Sa = 2 amns
AN
R=5q
E 10V X =
2049
J(c = 06
| £ |
&Y REP4-296

Figure 5-1. Series Resonant Circuit XL = Xc

S-4. We can list Important points concerning
sarled resonance!

a. stxc

b, Z = R = minlmum

e. 1 =-g-= maxlmum

duE a E

e. E.=E

5=5. The frequency which causes the capaci-
tive reactance and inductive reactance to be
equal 13 the RESONANT FREQUENCY (fr).
When the resonant frequency is applied, the
circuit is a RESONANT CIRCUIT. If a vari-
able frequency power source 13 applled, and
the frequency is varied, there will be only
one frequency which causes resonance for
any given series RCL circuit,

5-6. In the circuit of figure 5-2, X
is larger than Xc¢, This circuit Is NOT
at resonance. If we decrease the applied
frequency, the circuit can be brought
to resonance. The circuit of figure 5-2
is ABOVE RESONANCE becausethe frequency

must be decreased to make the values of

Xoand X equal.

AN
L1+ ]
10v X, =
00

)(c =10g

| £

I\ REP4-297
Figure 5-2
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X =30q
¢

| {
i\ REP4-298

Figure 5-3

5="7, In figure 5-3, X is larger than
xL' This ecircuit is BELOW RESONANCE.
The frequency must be increased to make
Xe= XL,

5«8, Let's compare impedance vectors for
the three condltions of the above circult
{tigure 5-4).

For the resonant circuit (A} the reactive
values cancel leaving only resistance. The
impedance angle is 0°. Recall that this is
also the phase angle, and the cosine of 0°
is 1. {Check this in your trigonometry tables).
Thus, the power factor of a series resonant

RESONANCE
A

ABOVE RESONANCE

circuit is 1; PF = Cos €. Apparent power
18 the true power (Py = Py).

8-, The above-resonance impediice
dlagram {figure §-4B) has a positive phase
angle: the below-resonance impedance da-
gram {figure 5-4C) has a negative phase
angle. In both of these cases the power
factor is less than 1 and true power i3 legs
than apparent power.

5-10. Now, we can add more important
points, concerning series resonance, to the
list in paragraph §-4,

f. 91’00
g, Pif=1

h. Pa = Pt

5-11. In any series RCL circuit, the only
frequency at which capacitive reactance and
inductive reactance are equal is the resonant
frequency. To solve for the resoaant fre-
quency, use the formula

P U 1.
r 2m/LC r_ Voo

«-x

X ¥
BELOM RESONANCE

REPJ=g33

Figure 5-4

&9
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R Xew X
X
x C
X I
L I e
V r
F o
REPY= 100
Figure §-5
5-12. Figure 5-5 shows the relationship

between XL and X as frequency increases.
There is a point where Xp and Xg are
equal. This is the resonance point.

5=13. Refer again to figure 5-5. At 0 hertz,
X is maximum and X is zero, As fre-
quency increases toward the resonant point,
Xe is larger than X, so the eircult is
capacitive. At resonance X~ = X[, so the
total impedance of the circuit 18 resistive.
As the frequency increases above resonance,
X1, is larger than Xg, and the circuit is
inductive. Figure 5-6 shows the resulting
impedance diagram. At the resocnant
frequency (fr) total impedance is resistive;
impedance increases off resonance. ABOVE

44
|
PN 4
I \\ //
- 2 —I\'/ \ /
20 ANV
7 e }—\ / \
| | /
A / \ / \
| \ |/
| R e S SO ~-2:R
1090 200 100 FIr SO0 600 700
REa=3ti
Figure 5-6

KL * lSn ‘
........x.‘:..:...x.f.......... b4
-‘—’
0 lue—% » R
X+ 100 ¥
Figure 5-8

resonance the impedance is inductive, and
BELOW resonance it is capacitive.

S=14. Figure 5-0 goes one step further and
shows the CURRENT CURVE. At minimum
impedance current is maximun.

5-15. Now, let’s go back to vector analysis
of series RCL eircults. At rescnance,
X1, = Xc and the impedance of the circult
is equal to the resistance. X and Xp
are 180° apart, they cancel out, Just resist=
ance is left, so Z = R, Figure 5-8 shows a
circuit to be inductive or ABOVE RESON-
ANCE. Xp, is larger than Xp. Figure 5-8
shows a circuit to be capacitive or BELOW
RESONANCE. X is larger than Xp..

5-16. Deleted to include Figure 5-7.

5-17. Deleted.

5~18. ABOVE RESONANCE refers to a
circult with an applied frequency HIGHER
than the resonant frequency. ABOVE RESON=
NANCE Xp, is greater than Xp and the cir-
cuit acts inductively. By using the paralielo~
gram method and with R as a reference, we
can plot the impedance of such a circult.
Z is the vector sum of the excess Xj and
the R of the eircuit, (Sce figure 5=8),

5-19. BELOW RESONANCE refers to a cir-
euit witha frequency LOWER than the resonant
frequency. BELOW RESONANCE, Xp is
greater  than Xp. (See figure 5-9).
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DEGREES LEADING

CAPACITIVE

FREQUENCY

REPd=304

Flgure 5«9

5=-20. When the frequency 18 below the
resonant frequency, the circuit acts

capacitively. The opposition to the generator
conslists of resistance and capacitive reactance
{vector sum of R and Xg « Xr). With an

appiled frequency higher than the resonant

frequency, X, 18 larger than X¢; now the
Impedance becor.es the vector sum of R and

Xy, - Xg. At this time, the generator

‘'sees’’ only reslstance and Inductive

reactance. (Draw the Impedance diagrams to

prove this for yourself,

5-21. The Ilmpedance curve of a series
RCL circuit 18 shown In figure 5-10, and the
phase angle ig 0° X and Xp, are equal.
The only Impedance at that time i8 the
resistance of the circult, We are then at
resonance, impedance 1s minimum, and
current 1s maximum.

10,000
8,000 -
4,000 +
4,000 4

2,000 4

1000 2000 3000 4000 5000

FREQUENCY -
REP4=529

IN

Figure 5«10

EGREES LAGGING 90°

REP¢=530

Filgure 5-11

5«22, The farther you are from the resonant
frequency of 3000 Hz, the higher the Imped-
ance. As you approach the resonant fre-
quency, the Impedance decreases until, at
that exact point where Xi, = X, the circult
is at resonance; the Impedance is MINIMUM;
and the current s maximum.

5-23, Now, let’s consider the relationship of
current and voltage In series resonant clreuits.

=24, Connect an ammeter In the clrcuit in
figure 5«12A at points A, B, or C; the

AN

10kQ

400 Hz
@ Eu « 100V

ER=E

!

XC=XL

Figure 5-12
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R » 2085
W"

S o

Xe 609
it
n

A. CIRCUIT

B, VOLTAGE REFERENCE

C. CURRENT REFERENCE
REPd=J0u

Flgure 5«13

CURRENT indication will be the SAME. This
18 a series circult with one path for current.

5«25, Deleted,

5-26, The voltage across the inductor leads
the current through the inductor by 90°, and
the capacltor voltage lags the capacitor cur-
rent by 90° The voltage across the resistor
is in-phase with the current. When you have
a resonant circuit, the capacitive and in-
ductive reactances cancel each other; and at
this time the CIRCUIT CURRENT, the RE-
SISTOR VOLTAGE and the APPLIED VOLT-
AGE are all in phase,

5-27. A resonant circuit is shown in figure
5-12, Reactance values cancel; Z = R, and 1
and E; are in phase. The voltage drop across
the resistor equals the applied voltage.

5-28. Figure 5-13A shows a circuit that is
BELOW RESONANCE. Two separate vector
diagrams {figure 5=138 and C) show E; and
I as references. The circuit is capacitive

R = 200
A

L

X _ =400
c
14
LY
A, CIRCUIT

B. VOLTAGE REFERENCE

because current 18 LEADING the applied
voltage, The angle is 45" because the net
reactance equals the resistance.

5-29. Now, for ABOVE RESONANCE, figure
5-14A shows Xp = 60 ohms and Xp =40
ohms, Now the vector diagrams of Ep,, Eg,
I, and ER, and Ea will be as shown !n figure
5-14B and €. The circuit is inductive be-
cause current LAGS the applied voltage. The
angle is 45° because resistance equals the
net reactance. Notice E3 and l are each used
as a reference vector.

5"30- mlete dn

5«31, Refer to figure 5-15 andnote the shape
of the current curve of a typical series
resonant circuit. From its peak atf_, current
drops off at frequencies above and below
resonance. There are two points on the
curve which are T0.7 percent of the peak
current value. They are called HALF POWER
POINTS, The frequency range between the
half power points is called the BANDWIDTH
(BW) nf the resonant circuit.

E_-E,

¥ c

C. CURRENT REFERENCE
REP4-307

Figure 5-14
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—. HALF POWER
T POINT LEVEL

BANDPASS REPd-308

Figure 5-15

5-32. The resonant frequency in figure 5«15
is 1.5 kHz; at this point current is maximum.
Current falls to .707 of its maximum value
at 1 kHz on the low side and 2 kHz on the
high side. To determine the bandwidth,
use the formula: BW = fg2- f1. The band-
widgth in this case is 1 kHz.

5«33, Figure 5-15% also shows that current

drops off rapidly when the frequency applied
to the circuit is below 1 kHz or above 2

R} (LOW RESISTANCE)
HIGH Q

Ry (MEDIUM RESISTANCE) —

R3{HIGH RESISTANCE)
LOw G

kHz, Frenquoncicd between tho two half power
points pre in the BANDPASS REGION. The
bandpass frequencles then cover i kHz to
2 kHz.

8-14, Increasing the reststance ofa resonunt
circutt has no effect on the redonant [re-
quency point. The resonant frequency formula
shows this:

|
27 VIC

_ 159
" VLT

On the other hand, current at resonance is
determined by resistance only, since X and
X1, cancel. Increasing R, then decreases
resonant frequency CURRENT. It does NOT
change the RESONANT FREQUENCY. Chang-

ing circuit resistance does change '‘circuit
Q.n

4-35. Q" is defined as the ratio of energy
stored (by the reactive components) to the
energy dissipated (by the resistance). This
ratio can be expressed as:

12x X,

_TT

h=4
Q= reactive

£
Ry
y v ¥

f = RESONANT FREQUENCY
FEPS= 309

Figure 5~16
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Xc Th st
| £
| \ h 528
Flgure 5«17

Increasing the value of geries reslstance,
lowers the 'Q"’ of the circuit,

5=38. ‘‘Circult Q"' applies to resonant e¢lr-
cuity. “‘Circult Q' is the ratlo of XL, to
the total resistance in the circuit.

5-37. Figure 5-16 shows current curves which
result from changing resistance (n an RCL
circuit. Changing the circuit resistance from
low to high changes the circuit @ from HIGH
to LOW,

5-38. When the resistance is small, current
at resonance is high, and the slope of the
current curve is steep. A HIGH @ circuit
has a rapid decrease in current as fre-
quency is varied above and below f,. This
causes a narrow bandwidth., Only a narrow
band of frequencies will be between the half
power points.

5-38. A HIGH @ecircuitthus hashigh SELEC-
TIVITY. We define selectivity: Ability to
select a narrow band of frequencles and
reject all others. High @ resonant circuits
are used in radio or television so you can
select one broadcast station at a time.

5=40., When resistance is high In a series
RCL circuit, current at resonance is low,
Q is low, and the current curve shows a
broad {requency response. Bandwidth iswide
and circuit selectivity is poor.

5-41. Where good selectivity is required,
the RCL circuit usually has no resistor
component. The total resistance inthe circuit
is the internal resistance of the coil and
the ‘‘distributed’’ resistance of the wiring.

5-7
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\
VARIABLE L AND €

REPd= 110

Flgure 6-18

5-42, Have you noted the relationship
between @ and BANDWIDTH? Examine the
{
BW = -Q!, A LOW Q circuit will
have a larger bandwidth than a HIGH Q
circuit. The LOW @ circuit will be less
SELECTIVE. What about reslstance? It is
DIRECTLY proportional; if resistance 18 high,

formula:

BANDWIDTH will be wide. Q = -ﬁ'". In-
L {
creasing R will decrease Q. BW =-5-.

Decreasing Q causes BW to Increase.

5-43, Figure 5-17 isahighWeircuit. An
important property of this circuit is that its
IMPEDANCE is low AT RESONANCE and
increases rapidiy as the frequency1s changed
above or below resonance. Q is the ratio
of X1, over R and is considered high if it

X
L 1000
-R- = -—m- = 100 for thls

is 10 or more. @ =
circuit.

5=44, Inductance and capacitance determine
the resonant {requency of a circuit: when
either one is changed, the resonant frequency
changes. When you tune your radio, you are
actually changing a variable capacitor; and
as a resdit you are tuning a cireuit to the
frequency of the radio stition you want to
hear. We also have adjustable inductors. A
coil may have a movable core - which ean be
varied to change inductance. Changing inducte
ance will change the resonant f{requency.
Figure 5-18 shows a series circuit with a
variable coil and a variable capacitor.
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CURRENT { IMPECANCE | PHASE ANGLE
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wEPds 111
Figure 5-19

8=-45, In series RCL circuits if we change
the [requency Wwe change the capacitive
reactance and the inductive reactance; this

changes the impedance. Just what are the

effects on current, impedance, and phase angle
when we vary frequency, resistance, capacit-
ance, or inductance? Perhaps a chart would
be a good way to see this. In figure 5-19,
the [requency of the generator is below the
resonant {requency of the circuit. XCislarger
than X and the circuit is acting capacitiveiy.

5-46, If you have difficulty understanding
this chart, refer back to figures 5«5 and
5-6 and the formula for resonant [Yequency:

159

f ——

r - VIC

With the generator (frequency below the
resonant frequency:

Figure 5-20

4. Increasing [requency approaches the
resonant frequency.

b. Increasing resistance increasesimped»

ance. &= \fR! + (xL - xc)!

¢. Increasing capacitance decreases the
resonant frequency, thus approaches
resonance.

d. Increasing inductance decreases the
resonant  frequency, thus approaches
resonance.

5-47, In figure 5-20 with the generator
frequency above resonance, arrows indicate
the result of an increase in F, R, C, and L.
Increasing resistance increases impedance,
makes the circuit more resistive, and dee-
c¢reases the phase angle, Increasing F, L, and
C takeg the circuit farther away from reson~
ance, increasing impedance and the phase

angle.
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Chapter 6

PARALLEL HESONANT CIRGUITS

G6-1. In parallel RCL ciréuits, resonance
oceurs when the frequency applied causes
{e » 1. This chapter begins by solving for
resonant frequency: then we discuss how
parallel resonance differs from serles reso=
nance; then glves a thorough analysis of TANK
circuit operation.

6-2. The first objective is to calculate the
resonant frequency of a parallelRCL circuit.
Use the resonant frequency formula and the
values indicated in figure 8-1,

t o =190
r LC

i
‘E= 300 pt

f\) T L=2mha

)Y

REP4=509
Figure 6-1

Let’s go through the steps necessary to find
the resonant frequency.

¢ b3
r VLC
159 _
- VEx10) x B00x 1015
- 159

V600 x TR
15
V 60 x 10-12

159
= 7.75x 10~7

150 x 10°

- 7.75

= 205 kHz

Finding the resonant frequency of a parallel
HCL circult 18 just n matter of using the
resonant frequency formula correctly.

8=3. The voltnge in the circult of figure
=2 {s the same 4cross each branch of the
parallel RCL circuit, Further, the current
in each branch is determined by the amount
of resistance or the amount of reactance.

i

g - mov]_ Ey = toov
'[E = 100V
C

@ 100V

REP4-511

Figure 6-2

6-4. Remember this. You can NOT add these
currents arithmetically, you MUST add them
vectorially. The CURRENTS are NOT in
phase.

6-5. Current in the resistive branch is in
phase with E,; current in the capacitive
branch is leading E,; and curreni in the
inductive branch is lagging E,.

6-6. Let's draw a vector diagram to see
what happens. The reactances are¢ equal
and the same voltage is applied to bhoth.
The current will be equal and opposite as
shown in figure 6-3. The current vectors
will cancel. This leaves only the current
through the resistive branch. See figure
6-3. This current value can be determined
E
by: Ip =—R-1 and 1, = 1,. Total impedance

E
can be determined by: 2 =ﬁ— . The very
small current indicates a very high imped-
ance. IR is in phase with Ea’

6-1
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Figure 6-3

6~7. Let’s analyze the parallel RCL circuit
by changing frequency and determining its
effect on current {low.

6-8. Since changing frequency has no effect
on the amount of current that will flow in the
resistive branch, we will disregard this
branch for now.

6-2, Recalling the formulas XL =2 fL
and ){: = T‘Tl?fc_ it is apparent that X

increases with frequency and X decreases,

L

LOw
FRED L?w :I:_. HllGH
{4}
o/
I I
p meE . Io
|
|
F—- IL
Figure 6-4

Therefore, as frequency increases above
resonance, capacitive current becomes
greater than the inductive current and Ije
increases (gee [lgure 6-4). As the frequency
is decreased below resonance I; 1s more
than l¢ and Iy, Increasges (figure 6-5). The

E E
.1 =2
currents change because IL =g IC =%
2 2 2 v y
and (lune)a (IR) + (IL - IC) .

6-10. Parallel resonant circuits present a
high opposition to the voltage force of the
generator. Let's examine the action of an
LC tank at resonance by placing a charge
across the capacitor ag shown in figure 6-6.

6=-11. Moving the switch to the right com-
pletes the circuit from the capacitor to the
Inductor. It places the inductor in series
with the capacitor. Thls furnishes a path
for electron flow from the upper plate of
the capacitor to the lower plate to neutralize
the capacitor charge. (See figure 6-7.). As
current flows through the coil, a magnetic
field is built up around the coil, The energy
which was stored by the electrostatic field
of the capacitor jis now stored in the

HIGH | == LOwW
@ I i I

)
o/
1 I e, Ig
|
I ,
] L
F ——ite,
Figure 6-5
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.Figure -6

CAPACITOR DISCHARGING
FIELD EXPANDING

€N

REP4~617

Figure 6-7

(| é)))

CAPACITOR DISCHARGED
FIELD ARQUND COIL FULLY
EXPANDED AND STATIONARY

REPd=520

Figure 6-8

electromagnetic field of the inductor. The 6-12. Figure 6-8 shows the capacitor dis-
waveforms in figure 6-6 through 6-14 show charged and a maximum magnetic field
the capacitor voltage. around the coil.

6-3
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Figure 6-9

FIELD COLLAPSED
CAPACITOR CHARGED

REP4=521

Figure 6-10

-¢E9-

CAPACITOR DISCHARGING
FIELD EXPANDING

REP4-619

Figure 6-11

6-13. Since the capacitor is now completely
discharged, the magnetic field starts to col-
lapse. {See figure 6-9).

6-14. This induces a voltage inthe coil which
causes the current to continue flowing,
charging the capacitor again.

6~15. When the magnetic field has completely
collapsed, the capacitor has become charged
with the opposite polarity. (See ligure
6-10).

6-16. U the circuit had no resistance, the
amount of this reverse charge would be the
same as the original charge. However, the
coil and the connecting wires have some
resistance: a small amount of energy is dis-
sipated in the form of heat (12n loss). There~
fore, the charge shown in figure 6-10 is
slightly less than the original charge.

6-17. The capacitor now discharges back
through the coil. This discharge current
causes the magnetic field to build up around
the coil. (See figure 6-11.)
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Flgure 6=12
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FIELD COLLAPSING
CAPACITOR CHARGING
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Figure 6-13

REPI-622

Figure 6-14

6-18. When the capacitor is completely dis-
charged. the magnetic field is again at
maximum (see figure 6-12).

6=19. The magnetic field again starts col-
lapsing, causing the electron flow to continue
toward the upper plate of the capacitor.
iSee figure 6-13).

160

6=5

6-20. By the time the mnagnetic field has
completely collapsed, the capacitor is again
charged with the same polarity as it had in
figure 6=-6, Comprare with figure 6-14.

6-21. Az the stored energy moved from the
coil to the capacitor, the circuit resistance
dissipated some energy in the form of heat
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Figure 6-16. Dampened Wave

So that the charge is less than in figure
6"10.

6-22. If the circult i$ not opened. the dis-
charging and charging action will continue
until all the energy has been dissipated as
heat.

6-23. The number of times this set of
events oecurs per second is called the natural
frequency (or resonant (requency) of the
circuit.

6-24, In practical circuits, the heat loss in
the resistance of the circuit causes each
cycle to be smaller than the previous cyele.
The result is a DAMPENED wave as shown
in flgure 6-15.

0=25, We salid earlier that the opposing lorce
ol the tank caukd mintinize lUne curvent. For
current to flow. 24 difference i potential
must exist, Pleture two gonerators or two
batterles  with 2 Lanp connected between
thein as in {figure 6-16. In the hattery c1r-
cult, it iz easy to see that no current can
flow through the lamp. No differenee in
potential exists. Likewise, if two generators
are at exactly the same frequency and their
cutputs ldentical, no differences iu potential
can exist, and NO CURRENT CAN FLOW,.

6-26. When a tank circuit 15 functloning at
resonance , the same condition exists. See
figure 6-17. You will notice by examnining
figure 6-17, that at anvy instant along the
EMF sine witves, the voltage ofthe generator
is almost ¢ounteractcd by the voltage of the
tank. The amplitude of the tank voltage will
be slightly less than that ol the generator.
For this reason, a mitiupun current will
flow in the line to replace the energy lost
through 1™ R.

6-27. At resonance, the parallel tank offers
maximum ocpposition to line current. There=
fore, at resonance, the parallel tank offers
MAXIMUM IMPEDANCE to line current.

6-28. Recail that as frequency goes below
resonance, capacitive reactance goes up and
inductive reactance goes down, similarly,
as frequency goes above resonance, X¢
goes down and X, goes up.

6-29. With this in mind, you can see what
will happen to current flow in a parallel
RCL circuit. If the frequency is very low,
X, is low and X is high, So more current
whl flow through the inductive branch. The
circuit is then acting INDUCTIVELY.

6-30. Refer to figure 6-18. wWith E, = 100V
and X; = 50 ohms, 1; =2 amps. With X¢ =
10 k ohms, I. = .01 amp and is negligible
when compared with inductive current. This
circuit is acting INDUCTIVELY.

6-31. Refer to figure G-19, With the fre-
guency high, the reactance values are
reversed. X~ now cffers 50 chms of oppo-
sition, while XL is 10 k ohins. Most of the

6-6
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X, = 10K
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@nmz

1 =0.01A
¢
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Figure 6-18. Effect of Very Low F

current is through the capacitor. Therefore.
the circuit is acting CAPACITIVELY.

6=32. With the resonant {requency applied,
the tank circuit offers a very highimpedance
to the generator; therefore, line current
decreases to a minlmum.

6-32. Keep in mind that with the parallel
resonant circuit, the capacitive currentleads
the applied voltage by 90°; and the inductive
current lags the applied voltage by 90°,
These two currents are equal and opposite.
When the capacitor is discharging, the dis-
charge current flows through the inductor.

KL=10Ké

100 VAC
SKHZ

]L 0.01A

REF =519

Figure €~19, Fffect of a Very High F

This stores energy in the electromagnetic
field. When the magnetic field of the coil
is collapsing, the resulting current flows
into the capacitor. This stores energy in
the electrostatic field.

6-34. The tank circuit has a small amount of
resistance: the wire, internal resistance of
the coil, and connections. This resistance
dissipates energy as heat (IR loss); so a
small amount of line current is permitted
to flow. Slnce the line current is minimum
at resonance, the impedance is maximum.
This result can be seen from Ohm’s Law:

Z =
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SERIES AND PAHALLEL RESONANT CIRCUITS

7=1, In this chapter, we will [rat compare
the characteristics of serles and paraliel
vegonant clrcuits. Then, we willdiflerentiate
between current curves for Serles and for
paraliel RCL circuits, we will also golve
for the Q of a circuit; when given the com=
ponent and frequency values, Finally, we will
use a tuned [requency response curve to
determine the bandpass and the bandwldth of

7=4, The object of this iy not to repeat
gomething you already know but i0 stress
these liwportant facts: to enable Yyou to
dilferentinte between an impedance curve for
a serles RCL circuit, and an impedance
cyrve for a parallel RCL circuit,

resonant circuits. i |
7-2. It is important that the relationship J_ z T,?“K
between serles and parallel RCL circuits pe ~ é HIGH
~ept in mind: 8o we’ll look at the chart below p
showing the characteristics of series and LINE CURRENT
parallel resonances. 18 LOW . T-_
7-3. You know that figure 7-1 is a parallel REP4-331
RCL circuit; when I. is equal to 1oy mini=
mum lne current will flow: and the tank
circuit will offer a high im-~Jdance to line
current. Figure 7-1
SERIES RESONANCE PARALLEL RESONANCE
% 159
F oo — Fe—T—
= /¢ £/ / LC
XL =X, L-L
PF -1 PF=1
Z 1% minimum Zs maxymum
I 15 maximum {linel 1 s mimamum {line)
3ondwidth depends on G 1 Bandwidth depends on O
REP4=514
T=1
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Flgure 7-2

7-5. To understand the impedance curve fora
parallel RCL circuit, rememberthatline cur-
rent 15 minimum and 215 maxtmum at reson~
ance, Figures 7-2 and 7-3 show these facts.

7=6. Just one more point regarding parallel
RCL circuits at resonance: the tank circuit,
due to the action of the capacitor and
inductor in parallel, acts in opposition to the
generator (AC) force., This means a high
impedance, which, in turn, gives a low line
current.

7=7. By now You should have no difficulty in

difierentiating between current curves for
series and parallel RCL circuits. In aseries

‘P ARALLEL

IseriES

00 700

FREGUENCY

100

IMPEDANCE

TOTAL IMPEDANCE Z, iH OHMS

} 3 4 +
1.000 2,000 3.000 4,000 5.000

FREQUENCY

-

REP4=511

Figure 7-3

RCL circuit at resonance, the impedance is
minimum and the current is maximum. In
a parallel RCL ‘circuit at resonance, the
impedance is maximum ind the current ls
minimum. In figure 7-4A, the solid line
curve represents current in a series RCL
circuit, and the broken line is current in a
parallel RCL circuit,

7=8. Figure 7-4B can he used to show imped-
ance for a parallel or series RCL circuit.
The solid line represents the impedance
for a parallel circuit, The brokenline repre-
sents impedance for a series circuit.

7-9, Next, we will use a two branch RCL
circuit with component and frequency values

-

Z5ERIES

Lo 1

\

Y

. 2pARALLEL

~—

00 3o
FREQUENCY

100

Figure 7-4
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glven, to detcrmine the @ of the tank circuit,
Q s delined for the circuit in figure 7-5,
as the ratio of the inductive reactance to
the tank circult series resistance. A high
Q clreutt 18 highly responsive to [requency
changes. In order to flnd Q, we¢ use the
formula;
xL
Q +~2 (serles resistance)

R 1s any resistance in sgeries with the coil,

7=10. When the gseries tregistance of the
RCL circuit is quite small, the Q will be
large, Let’s find the Q of the tank in figute
75, It is a simple matter to substitute the
values 0f XL and R in the formula:

X, (1000 ohms)
"R (100 ohms)

Q =10

A Q of 10 or more is considered a high Q.

X, =K

R= 1609?

REP4=536

Figure 7-8

7-11. When we apply the formula for Q, you
can see that the lower the resistance, the
higher the Q. Inversely. if resistance is high,
the @ will be low (see figure 7-6). An
important point to realize is that as Q
decreases, the sharpness of the curve
decreases: and as Q decreases, the angle of
lead or lag decreases for any one frequency
except that of resonance.

q7

=12, The circuit of figure 7-T7 shows a
resistor In series with the AC generator.
By examination of the circuit, you can see
that 1t 13 now a series-parallel circuit. It
ia also evident that the voltage across the
parallel branch  no longer equals the applied
voltage but ruther Ep + Egpgng = Eye

[ I
r I HIgH
- ' /
- |
F I
| |
A tow |
X e |
I
FREQUENCY -
REP4-537
Figure 7-6
R
— TANK
Sov
REP3=538
Figute 7-7
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Figure -8

7-13. When the input frequency is varied
fromy below resonance t0o above resonance,
a voltage curve for the parallel tank can
be drawn (see figure 7-8).

7-14, Assume the generator output is S0 V
in amplitude, and its frequency may be
varied from 0 to 80 Hz. Below resonance,
1. is less than IL; and we could draw an
equivalent series circuit of a resistor and a
coil. Above resonance, Iy, is less than IC'
Now our equivalent series circuit would have
a resistor and capacitor.

7-15. You can plot the voltage curves shown
in figure 7-8 if you keep in mind that E
and Ep add vectorially and their sum 1-5
50 volts. At resonance, point B, the reactive
components cancel, so you can add the
voltages directly. At 40 Hz, the drop across
Ep is minimum,

7-16. Tne voltage response curve plotted in
figure 7-8 can be used to determine BAND-
wiDTH and BANDPASS between the half
power points, The half power points are
defined as .707 x F‘ma or .07 x 0 Vv =
35.35 V. Mark the two 5‘5.35 volt points on
the E.. curve (see figure 7-9), and then
drop ‘ll;nes straight down to intersect the
frequency line,

7-17. To determine BANDWIDTH, f{ingd the
frequency at these two points and subtract
the lower from the higher (52 - 28 = 24),
The BANDWIDTH under- these assumed

ll0 210 3lU
FREQUENMCY

REP4=540

Figure 7-9

conditions is 24 Hz. BANDPASS 18 defined
as those FREQUENCIES which cause a volt-
age across the parallet circuit of .707 x
Eqax (35.35 V) or more. In this case the
bandpass is from 28 to 52 Hz.

7-18, An impedance curve may also be used
to determine bandwidth and bandpass. See
figure 7-10,

7-19, In this method., we take .707 times
Z MAXIMUM to establish a Hne through the
curve at points A and B. By dropping lines
down from these points to the {requency
reference line, we can determine the band-
pass to be from 1200 Hz to 2200 Hz. The
bandwidth would be the gifference between
1200 and 2200 Hz or 1000 Hz,

7-20. The 3-branch parallel resonant circuit
differs from the 2-branch in the number of

MAXIMUM

I g

MINEMUM

500 1200 2200 2000
REP4-541

Figure 7-10
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Figure 7-12

possible current paths. A 3=branch cir-
cuit configuration is gshown in figure 7-11.
The combination of L and C in figure 7-11
form a parallel resonant circuit. Notice that
there iS no resistance shown in series with
the inductive branch. At resonance, the
vector diagram of the branch currents will
be as shown in flgure 7=-12.

7-21. If the reactive currents (I and I}
are equal, the circuit will appear to be a
purely resistive circuit, It will have an
impedance value that is equal to R. The
circuit shown in figure 7-13 may be solved
for its currents, impedance, circuit @ and
other characteristics inthe following manner:

§ S

REP4-544

Figure 7-13

Civen
E,= 28 v
Xc = 51 ohms
XL a 51 ohma
F «1,2kHz

R = 100 ohms

Find

lline =

Solution

Determine IC:

E .
a 25v /0 o
'c *TX, Stasay - OmALL

Determine IL:

E

a 25 v /0° o
L= T Ta g - 4900 ma dow

Determine lR:

ﬂ . v/t

ioon /9° " 250 mA /Q°

7=22. To determine the current drawn from
the source (line current), insure all currents

1=5




le - 490 mA

Iy - 250 mA |
R LINE
>

» £,

lL - 490 m REPd=545

Flgure 7-14

are in vector form and add, as in figure
7=14. Since the reactive currents cancel,
the line current I8 equal to the current drawn
by the resistive component. At resonance:

Line = IR

7-23. Since the circulating current of the
resonant tank is the same for either reactive
component; then tank current may be found
by determining current flow through the
capacitor or inductor.

E
__a _ 25V
lt k% =38 = 490 mA

At resonance:

hank = Ic =11,

7-24. The LC combination in figure 7-13
forms an ideal parallel resonant network.
The impedance of the tank circuit under
these conditions may be considered to be
infinlte. The equivalent resistance offered
to the source by the parallel circuit com-
posed of an infinite impedance in parallel
with a resistance is equal to the value of
the resistance. The circuit impedance can
be determined in the following manner:
Ea 25 v

Z =T =_m- = 100 ohms
ne

To determine the value of Q for figure
7~13 use the formula:

hank © 490 mA

Q = =
lline 250 maA

= 1.96

7-25. Notice that the formula Q = 3?-— ig

L
just opposite of the forimula used in the 2-
branch parallel regonant circuit of figure
7-5.

7-26. The 3=branch RCL circuits have the
terms bandwidth and selectivity applied to
them. The f[ornmla for bandwidth undergoes
slight modification: i.e.. it will not be the
same as for the 2-branch circuit. In the
3=~branch circuits parallel resonant circuit

frxxL

bandwidth equals BW = .

7-27. If the parallel resistance isincreased,
the line current goes down. As the shunting
resistance approaches infinity, the line cur-
rent approaches zero. As resistance is
increased, the bandwidth becomes narrower,
and the selectivity increases. Therefore, it
can be seen how regulation of the handwidth
may be accomplished by variation of the
shunt, or ‘swamping’' resistor. The inverse
relationship between resistance and band-
width may be seen by examination of equa-
tions above and the curves in figure 7-15.

PEP4=546

Fipure 7-19
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Chapter 8

PARAMETER CHANGES IN PARALLEL RESONANT CiRCUITS

=1, In this section of the text you will study
the cifects of increasing the applied fre-
quency, resistance, capacitance, or induc-
tance in a parallel clrcuit, we will change
ouly onc of these factors at a tinmte and use
charts and vectors to show the effects of
these changes,

8-2. At Resonince

8-3. At regsonance the inductive reactance
(X,) and the capacitive reactance {Xc) are
equal and therefore cancel each other, The
current in the CAPACITIVE branch is equal
to:

Likewise, the INDUCTIVE branch:

Ea
I, =0
L XL

8-4. Currents in both branches are equal and
are shown as vectors in figure g-1A. The
current {low through the resistor Is the totai
current (I;) in the cireuit. Because I and
1~ are 180 degrees out of phase and equal in
value, they cancel and do not flow through the
resistor.

8=-5. At resonance the resistor current and
total current are one and the same. There
will be NO phase angle difference - the
phase angle is zero. Remember, this is
when the circuit is at resonance.

8-6. Now, let us INCREASE I[requency,
keeping in mind the formulas:
Ea
XL = 2MIL and ILI = -
L
E
1 a
Xc =gmie®™ e "%
As Irequency goes higher, X has to
DECREASE: this means that [. will

c

L

L

INCREASE, Aldo a8 frequency goes higher,
X, has to INCREASE and It will DECREASE.
There will be less I to subtract from l(-z,
and I will INCREASE. 12 = Ig2 + (Ic = 112,
The vector diagram infigure 8-1B1llustrates
these facts and Table 8=] shows the results,
Since it is evident that current has increased,
what must have happened to impedance? The
total OPPOSITION to  current has
E
DECREASED. Z = —l—?- . Again, referring to
t

the vector diagram of {igure 8-18, notice
that total current is NOT in phase with the
resistor current. Total current is leading
the resistor current by some angle. The
phase angle has increased from zero. As the
angle increases, the cosine (power factor)
decreases.

8=7. Now, assume that resistance increases
and find out what effect this has on current.

n . E, @ =
Q
A
!
4
/ :
]
lc-lL !
|
\ H .
1}
|
IL R
Y
B
PEP4-175
Figure 8-1




tible B~1

" $TARTING AT RESONANCE

Increase In Current will

Inipedance Will Phase Angle wilt

Frequency Increage

Decrease Increase

Resistance DecCrease

Increase Not Change

Capacltance InCrease

Decrease InCrease

Inductance InCrease

Decrease lIaCrease

E
Remember that: Ig =“‘§" and at resonance
IR = L. Now you can see that an INCREASE
in resistance INCREASES impedance, which
in turn DECREASES current flow. At reso-
nance the phase angle does not change
because I; and Ic have not changed.

8-8. Now increase capacitance. To deter-
mine the results remember that:

X and

c T 2miC

8-9. When there is an INCREASE in C, we
have a DECREASE in X-. This causes an
INCREASE in Ic. Because I; no longer
cancels IC , there is an INCREASE in I;. See
figure 8-1B. ‘What happens to phase angle?
It increases the same as it did when we
increased frequency.

8-10. when inductance INCREASES, the
inductive reactance INCREASES, because
X, = 2wfL. When  this  happens, I
DECREASES and no longer cancels Ic. Total
current INCREASES  and impedance
DECREASES. As the inductance is IN-
CREASED, the phase angle will INCREASE.

8-11. We have now analyzed the effects ofan
increase in frequency, resistance, capa-
citance, and inductance starting AT RESQ-
NANCE in a parallel RCL circuit.

8-12. Below Resonance

REP4-376
Figure 8-2

8-13. Notice that BELOW RESONANCE Xp
is smaller than Xc. Because Xy, is smaller,
the vector for Ip, is larger.than the vector
for lc. See figure 8-2A. Note that It lags
IR and the circuit acts inductively,

8-14, Uf we were to increase frequency, then
X, increases and X . would decrease, There-
fore, I; would decrease and I~ will increase,

110




‘Table 8-2

STARTING BELOW RESONANCE

102

Increase In Current will Impedance will Phase Angle will
Frequency Decrease Increase Decrease
Resistance Decrease Increase Increase
Capacitance Decrease Increase Decrease
Inductance Decrease Increase Decrease

As the frequency approaches resonance the
increase in !. will cancel more of 1
and lt will decrease. See f{igure §-2B. The
phase angle has become less because the
total reactive current has decreased (lL-lc).
The I} vector has moved closer to the appiied
voltage vector.

8-1%. Now increase resistance while oper-
ating below resonance, The deérease in 1
when combined with the reactive currer&
will decrease total current. See flgure 8-2C.
E
Impedance must have increased (2 =-l—a).
t
With the increase in resistance, the I,
vector will move closer to the reactive
vector and the phase angle will INCREASE.

8-16. what happens when we increase capa=
citance while operating below resonance?
The formula for capacitive reactance just
about answers our question — let’s look atit:

1
X =——
C awtC

When C goes up, xc goes down. When X
goes down, there ig 1éss oppositionto current
flow and I- goes up. Remember we have
not changed frequency, so Iy, will not change.
Now 1. will cancel more of Iy, and the reac-
tive current will decrease. When you combine
the lg with the difference in the reactive
current, you find that l; has decreased.
ltz = le + {1y, - lc)2 . A decrease in I
means that impedance has increased. The 1}

8-3

111

vector has moved closer to the E, vector.
The phase angle has decreased.

8-17. The last one is an increase of
inductance. X1, = 2 7 (L. As L goes up, X,
has to go up, and I, has to decrease. linped-
ance iS increasing, and is decreasing,
and moving closer to E,; therefore, the phase
angle is decreasing. See figure §-2D.

g8-18. Table 8-2 summarizes the changea that
occur for increases infrequency, resistance,
capacitance, and inductance in a circuit that
is operating below resonance.

8-19. Above Resonance

8-20. The last table we will discuss starts at
an ABOVE RESONANCE condition, We will go
through the same procedure to determine the

effects of an INCREASE infrequency, reaist-
ance, inductance, or capacitance. Refer to
figure 8-3. -

REP4=377

Figure 8-3




#=-21, Above resonance simply means that
I i8 greater than I, . Again the capacitive
reactance formula und the inductive reace
tance formulas must be kept In mind:

E

1 a
X¢ 2o ™ ot x;
c
Ea
X, =2wfL and [, =—-
L L
XL

8-22. If you have an Increase in frequency,
XC will decrease and X[, will increase;
Io will increase and 1; will decrease. The
difference betwzen I~ and I, will increase
and when combined with Ig will increase
total current. When there |z an {ncrease
in total current, the impedance must have
decreased. When [~ increases the I; vector
will move closer to the [~ vector. When this
happens, the phase angle increases,

8-23. With an Increase {nresistance, we have
a decrease in total current and an increase
in impedance.

8-24. When we start above resonance and
increase capacitance, we again apply the
formlas:

1 Ea
Xe=amic ™ 1o “Xo

As capacitance goes up, xC decreases and
I¢ increases. An increase in I~ willincrease
I;. As this takes place, the phase angle is
increasing. To sum up what happens when
the capacitance is increased: total current
increased. impedance decreased, and phase
angle increased.

8~25, When there tsanincreasein inductance
while above resonance, you can see by the
formula X, = 2L that the inductive reac-
tance has t0 Increase. This causes the induc-
tive current to decrease. IL will cancel
less of I~ and increases total reactive cur-

rent. 1,2 = Ig2 + (I, - I)2. This belng the

total

E

decreased. 7 =-—I-?'- . The It vector moves
t

the

case, impedance must have

8-4

closer to the I vector and the phage angle
1

lncre;lscs.-l—g- £ Sin /8
t

8-26. Table B8~3 summarizes the changes
that occur for increases in frequency, resis-
tance, capacitance, and inductance in a cir~
cuit that 18 operating above resonance.

8-27. This lesson combines Several facts
that you already know. For example, the fact
that when opposition to current flowbecomes
less. then current must increase; or, when
current increases, impedance must have
decreased (providing voltage remalns the
same}. You also found that the use of vectors
is an easy way to determine just what takes
place whenthere 18 a change in frequency,
resistance, capacitance, or inductance. So,
if you have a questlon about the results,
construct the vectors.

B8-28, Tables 8-1, 8-2 and B8-3 are for
explanation purposes, DO NOT MEMORIZE
THEM. Instead, use vectors, formula and/or
figure 8-4 to analyze the circuit.

AMPLITUDE

1
FREQUENCY

REP4-2008




" Table 8-3

STARTING ABOVE RESONANCE
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Increaye in Current will lmpedance will Phase Angle will
Frequency Increage Decrease Increage
Resistance Dec.eage Increase Increase
Capacltance Increase Decrease Increage
Inductance Increase Decrease Increase
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Chapter 0

TRANSIENTS

9=1. The function of many electrontc circuits
ia waveshaping for timing or control.These
waveshaping circuits must produce a variety
of nonsinusoidal waveforms, such as square
waves, sawtooth waves, trapezoidal waves,
rectangular waves, and peaked waves or
triggers (figure 9-1), whose duration and
amplitude can be controlled with respect to
TIME . Proper operation of a waveshaping
clrcult depends upon the circuit's response
to a transient voltage or current. This chap-
ter discusses transients in RC and RL series
circults.

9-2. A TRANSIENT voltage (or current} is
the rapid change of voltage (or current)
from one steady state to another steady
state. The time allowed for the transient
action is called the TRANSIENT INTERVAL.
The waveshape may be observed a9 a graph
by plotting amplitude relative to time.

9-3. A simple capacitor consists of two
plates separated by insulating material known
as dielectric. CAPACITANCE is the charac-
teristic of a circuit or component which

enables it to store an electrical charge.
Charges are developed when electrons are
moved [rom one place to another resulting
in an excess of negative charge at one point
and a deficiency of negative charge at the
other. Electrons cannot be moved instan-
taneously. All capacitors take time to charge.
The time required for a capacitor to charge
depends on the amount of resistance through
which the charging current [lows, and on the
size of the capacitor.

9-4, Figure 9-2 shows a simple series cir-
cuit with a battery, resistor, capacitor, and
switch. When the switch is closed, the series
battery voltage is applied across the RC
circuit. Since C has no charge at the first
instant, the initial charging is limited only
by the size of R, The charging current [lowing
into C starts to accumulate. The accumulating
charge appears as a voltage drop across C.

9=5. As the voltage across the capacitor
increases, the voltage across the resistor
decreases, It is the voltage across the
resistor and the amount of resistance that

SOUARE WAVE

Figure 9-1

SAWTOOTH WAVE TRAPEZOIDAL WAVE RECTANGULAR WAVE ) TRIGGERS

REP4-930
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deterimime the charging current, The restator
value alfeets the charging current and, there=
fore, the time required to charge the capa-
¢itor, Capacltor slze aldo affects charging
titne, The larger the capacitor, the more
time required to charge it to a glvenvoltage,

0-6., We have said that resistance aifects the
charging time of a capacitor, In addition,
the valueofthe capacitor affected the charging
time. You may reiwember from an earller
legson that the relationship between charge,
voltage. and capacitance was expressed as
Q = EC, According to this equation {f we
hold E constant, and increase capacitance we
increase the number of electrons required
to charge the capacitor to that given voltage.
Since more electrons are required to charge
a larger capacitor. and, since the rate of
the charging cutrent is determined by the
apppied voltage and circuit resistance, it is
obvious that more time is required tocharge
a larger capacitor. The reverse is true if
capacltance i8 decreased.

9-7. The applied voltage does not affect the
tims required to charge a capacitor. When-
ever the applied voltage changes, the charging
current changes a proportional amount, and
the charging time is not affected.

9-8. The amount of resistance and capa-
citance are the only factors which determine
the time required for a capacitor to charge
to a given percentage of the applied voltage,
The same holds true for the time required
for a capacitor to discharge. Since time,
resistance, and capacitance are related, we
can express this relationship mathematically
as TC=RxC where TC is in seconds, R is
in ohms, and C is in farads. The product of
R times C is called a TIME CONSTANT.

-9, A time constant in an RC circuit is the
time it would take a capacitor to charge to
the applied voltage IF IT CONTINUED TO
CHARGE AT ITS INITIAL RATE. However,
as the capacitor charges, the charging current
decreases, and the rate of chargedecreases.
The result is that a capacitor only charges
to about 63% of the applied voltage in one
time censtant (R X C). Because of this, A
TIME CONSTANT IS DEFINED AS THE TIME

REQUIRED FOR A CAPACITOR TO CHARGE
TO 63% OF THE APPLIED VOLTAGE.

f=10. During the first time constant, the
capacitor will charge to 63% of the applled
voltage., Since this capacltor voltage then
opposes the applied voltage, the difference
between the applled and capacltor voltage
(100% = 63% = 37} 18 termed the AVAIL-
ABLE voltage, Durlng the second time con-
stant, the capacitor will charge to 63% of
the AVAILABLE voltage, This AVAILABLE
voltage is 37% of the applied, so0 37% x 63% =
23.3%. To find what percentage of the applied
voltage the capacitor has charged, simply
add the percentages of these two charges,
so 63% + 23.3% = 86.3%., Repeating this
process we find the capacitor charged to
the following levels for the following:

Third time constant =

13.7% x 63.0% = 8.6%
8.8% + 86.3% = 94.9%

Fourth time constant -

5.1% x 63.0% = 3.2%
3.2% + 94.9% = 98.1%

Fifth time constant -

1.9% x 63.0% = 1.2%
1.2% + 98.17% = 99.3%

§-11. Theoretically, the capacitor will never
acquire a full charge. However, the dif-
ference between the voltage applied and the
capacitor charge is negligible after five
time constants. Therefore, it s assumed
that A CAPACITOR IS FULLY CHARGED
AFTER FIVE TIME CONSTANTS (5 TC).

9-12. Keeping the same values of R and C,
the capacitor will always charge fully in the
same period of time regardléss of the magni-
tude of the applied voltage. Applied voltage
will, however, determine the RATE of charge.
By RATE we mean the rapidity with which
the voltage across the capacitor builds up.
It is this rate change that enables a capa-
citor to fully charge in the same period
of time despite variations of applied voltage.

9-2
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Figure 9-3

The only way the capacitor’s full charge time
can be changedis by varying the time constant.

9~13, The opposite of the above is also true.
A capacitor will discharge 65% during one time
constant, 86.3% in two, 94.9% in three, 96.1%
in four, and fully discharge in five time
constants. Variations in the magnitude of volt-
age to which the capacitor is charged will only
affect the RATE of discharge. Its discharge
Time can be changed only by varyingthe time
constant.

9-14. Hemember: Variations in applied volt-
age can change only the RATE a capacitor
charges or discharges. Despite any such
variations, a capacitor will always charge to
63% of the applied voltage or discharge a
like percentage during one time constant. By
the same token, a capacitor will always fully
charge or discharge in five time constants.

9-15. Since a capacitor charges or dis-
charges 63% of the AVAILABLE voltage
during each time constant, a chart showing
this change in percentage of voltage versus
number of time constants can be plotted
and used for all series RC circuits. Such
a chart has been prepared for you and it
is known as a UNIVERSAL TIME CONSTANT
CHART. By knowing how to read the chart,
you can determine the voltage across any
component and the circuit current at any
instant, Likewise, you will be able to deter-
mine the time required for the circuit cur-
rent {or the voltage across a component) to
reach a given value.

9-16. A UNIVERSAL TIME CONSTANT
CHART is shown in figure 9-3. Notice that
the horizontal axis indicates the number of
time constants and that the vertical aXis

9-3
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indicates the PERCENT of voltage or curront,
The exponeutial curves, "A'’ and “B" wero
plotted by calculiting the instantaneous capaci~
tor voltage at muny points during charge and
discharge and connecting the points with a
smooth curve. At the end of flve tim¢ con-
«tanty, the “A’ curve is so near 100% we
consider the capacitor fully charged and the
"B curve is 80 near 0% that we consider
the capacitor fully discharged,

9~17. Before wusing the chart, we must
consider one more time element « the time
that the capacitor will be allowed to charge
or discharge. The mumbers along the hori-
zontal axis of the chart represent the number
of time constants {R x C) in the time allowed
{t) for the charge or discharge of the capa~
citor. Mathematically, the number of time
constants equals the time aliowed for charge
or discharge divided by the time constant
of the circuit. As an equation:

whe re
#TC = mnumber of time constants

t = time allowed for charge or discharge
(seconds)

R = the resistance 0f the circuit {ohms)
C = the capacitance of the circuit {farads)

9-18, For RC circuits on charge, the percent
of available voltage to whichthe capacitorhas
charged is read on the ‘‘A’’ curve. The per-
cent of available voltage across the resistor
and the percent of maximum circuit current
are read on the ‘‘B’* curve. Note that when
the reading ls taken from the *‘B" curvethat
you are starting with 100%, so that the per-
centage reading is that percentage of voltage
REMAINING acrossthe components or the per-
centage of current remaining in the circuit,
If in one time constant the voltage decreases
63%, then 37% remains acrossthe component.

9-19, The functions of the “‘A*" and ‘B
curves asused in RC circuits are summarized
in the chagt shown in figure 9-4.

5-4

A CURVE
Econ copocitor charge

B CURVE
ER on copacitor charga
| on capacitor charga
£ pon copacitor dischorge
ER en copacitor discharge
| on copoceitor dischorge

REBd=4 1
Figure 0-4

0«20, One efficient way tolearn touse the time
constant chart is by solving problems.
Transient problems fall into three general
categories:

1, Determining circuit current and com-
ponent voltages after a given time,

2, Determining the time required for cir
cuit current and component voltages ta reach
a given value.

3, Determining component values required
for the circuit current and component voltages
t0 reach a given value in a given time.

9-21. PROBLEM 1

9-22, Using the circuit values of ligure
9.5, compute the time constant, determine

oo

W
SKQ‘EE
L€,
T 40V
0.1 UF T~
REP &=-94d
Figure 9-5
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the percent of charge on the <¢apacitor, the
voltuges across the eapacitor and resistor,
and eircuit current 1200 microseconds after
the switeh 18 closed,

step 1:  List what is given and what is to
be found.
Given: En 2 40 volts

R=9kohms

C = 0.1 microfarads

t = 1200 microseconds
Find:

Time Constant =

+TC =

% of Charge = |

E_.=

E

- [ 9]

Step 2: Compute the time constant.
TC=R=xC

5x10° x.1x10°
3

1]

5 x10°

u

500 x 10‘63econds

Step 3: Compute the number of time constants
in the time allowed,

”Cﬁrt?t

- 12003_1_9_‘:6
500 x 10°0

=24

Step 4: Locate 2.4 time constants on the
horizontal axis Of the time constant chart.
Move up the 2.4 line until it intersects curve

/70

"“A,’' From the intersaction, read left to the
vertical axid of the time constant chart and
detormine the percent of charge (voltage)
acrosy the capacitor., For this example you
will find this percentage to be 01%,

Step 5! Calculate the capacitor voltage.

EC =01% x E,
2 91 x 40V

= 36.4 volts

Step 6; Caleulate resistor voltage.

E =Ea-E

R c

=40V -364V

= 3.6 volts

Step 7! Calculate circuit current. Since
current is the same at ajl points in a serles
circuit, resistor current is circuit current.

9=23, In the preceding problem we used the
time constant chart to determine the clrecuijt
current and component voltages after agiven
time. We are now going to use the time
constant chart to determine the number of
time constants required for the capacitor
voltage to reach a glven value of the available

voltage.

9=24, PROBLEM 2

9-25, Use the ecircuit values of figure
9«8, The capacitor is uncharged. After the
switch is closed, how many time constants
are required for the capacitor voltage to
rise to 30 volts?
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Figure 0-6
PROCEDURE

Step 1: List what {8 given and what is to
be found.

Given: Ea = 50 volts

R=100 k ohms
C =.2 microfarads

Find: Number of time constants required
for Eq to reach 30V.

Step 2: Determine the percentage of the
available wvoltage that will be across the
capacitor by dividing the capacitor voltage by
the available voltage, and multiply the quo-
tient by 100,

oV

m=.6x100=60%

Step 3: Using the time constant chart, move
up the vertical axis until you reach 60%,
Since the capacitor was charging, move tothe
right along the €0 percent line unitl youinter-
sect the ‘A" curve, At the intersection read
down to the horizontal axis tofindthe number
of time constants. For thisproblem, youwill
find the number of time constants to be .9.

g-26. PROBLEM 3

g-27, In tigure 9-7 switch 1 is closed, until
the capacitor is charged to the available
voltage, then opened. Find the percent of
discharge of the capacitor, capacitor voltage,
resistor voltage, and circuit current 130
microseconds after switch 2 is closed.

0 &
51
WK
[+
?/sz
=, € 50V
T s0v
0.0025 ur?r
*_
REPY=26
Figure 9-7
PROCEDURE

Step 1. List what is given and what is to
be found.

Given: Ea =50V

EC-—'SOV

ER =0V
R = 40 k ohms
t = 130 microseconds

C = 0,0025 microfarads

Find: #TC

% of Discharge -

Step 2: Determine the number of time con-
stants in the time aliowed.

-6
t (130 x 10 )

ATC = s =
RxC (404 10%) (0.0025 x 10

5

= 1.3
Step 3: Locate 1.3 time constants on the

horizontal axis of the titme constant chart.
On discharge, the capacitor voltage is read

1139




onh the "B’ curve, 80 move up the 1.3 timo
constaut line untl] you intersect the ''B”
Curvoe.

Step 4: At the intersection of the 1.3 time
constant line and the ''B' curve, read to
the left to determine the percentage of
voltage remaining on the capacltor. The
percentage remaining is 27.5 porcent.

Step 5: Determine th¢ remaining capacitor
voltage.

EC= 50V=x.275

=13.75 V

Step 6: Since the capacitor is acting as a
power supply during discharge, the resistor
voltage is equal to the capacitor voltage or
13.75 V.

Step T Calculate circuit current. As the ¢ir~
cuit is a series circuit, the resistor current
wilt be the circuit current.
E
R_13.75V
= = =, A
e = TJoRg - 3™

Step 8: Determine the percent of discharge
of the capacitor. Locate 1.3 time constants
on the chart. On the ““A’’ cyrve read the
percent of discharge as 72,5%.

9«28, PROBLEM 4
9~29, Find the resistance of R In figure

9-8 Il the capacitor charges to 5G volts
in 1000 microseconds.

o e
W
R
P
.J
=&,
T 100V
=<
0LUF
REP4=927

Figure 9-8

)/

Step 1: List what 13 given and what 18 to
bé found,

PROCEDURE:

Given: lE:a 2 100V
E c* 50 V
t = 1000 microseconds
C = 0.0] microfarads
Find: R=

Step 2! Find what percentage of the available
voltage 18 across the capacitor by dividing
th capacitor voltage by the avatlable voltage
and multiplying by 100.

E

cC _ 50V
z x 100 = 50%
Ea 1007

Step 3: Use the time constant chart to find
the number of time constants required for
the capacitor to charge to 50% of the applied
voltage. Move up the vertical axis of the
time constant chart to the 50% mark then
move right to the intersection of the “‘A"
curve, From this point, read down to the
horizontal axis. The number of time con-
stants 18 0.7.

Step 4: Use the equation for the number of
time constants to solve for R.

t
RxC

#TC =

transposing:

t
R=jTexc
substituting:

R = (1000 x 10°%)

= = 142,8 k chms
0.7 x (0.01 x 10°

%

9-30 Deleted,

9-31. Deleted.
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Figure 9-9
9-32. Deleted.

9-33. Deleted,

9-34. LR Problems

9-35. Just as the voltage acrossa capacitor,
due to the charge in the capacitor, is in
opposition to the appliied voltage, the voltage
induced in an inductor, resulting from a
change in current through the inductor, is in
opposition to the applied voltage.

9-36. In an RIL circuit, the current through
the inductor, which is proportional to the
energy stored in the magnetic field, cannot
change instantaneously with a change in ap-
plied voltage.

9-37. The circuit in figure 9-8 isassumed to
have no resistance. When the switch is closed,
current starts to flow, causing an expanding
magnetic field which induces anopposing EMF.
With no resistance in the circuit, current will
increase at a rate which will cause the induced
voltage to equal the applied voltage. The cur~
rent must increase at a constant rate if a
constant voltage is to be induced.

9-38, Unlike current rise in a purely
inductive circuit, the resistance in a serfes
LR circuit prevents a linear rise in ecurrent.
See figure 9-11. As the current increases,
an increasing voltage drop across the resistor
produces a decreasing voltage drop acrossthe
coil. The transient current in an LR circuit
increases at a CONTINUALLY DE CREASING
RATE until the rate of change becomes zero.

g-8

INDUCED VOL TAGE N
TP_“—_—_ A
F%

i W
g 0\‘%‘%
[

m

TIME ————p
REP4=101

Figure 9=10

The rate of current change becomes zero when
the current reaches its maximum value and
all of the applied voltage is dropped across
the resistor. The ‘A’ curve of the universal
time constant chart {figure 9~12)may be used
to determine current bulld-up in LR circuits.
Since the current through and the voltage
across a resistor are in phase, resistor
voltage on hulld-up is also shown by the
A" curve. The inductor acts as an open
circuit at the first instant a voltage is
applled; therefore, on build~up, the inductor
voltage is read on the *B" curve.

9=39, The inductor acts as the power
source during the decay of the electromag-
netic field; therefore, during decay, the cur-
rent, resistor voltage, and inductor voltage
are read on the “B"” curve. Figure 9-13
summarizes this action.

9~40, Having established the relationship
of the ““A’ and “B'" curves of the universal

INDUCED VOLTAGE
N
~
™ A
-\
\)9‘&\\
C ~

.
S
Y
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ANLINdNY —te
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Figure 9-11
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time constant chart to the transient response
of an LR circuit, let us examine the two
factors controlling the transient response:
(1) inductance and {2) resistance.

A CURVE

9-41, I the inductance is madelarger, there ER on field build=up
will be more opposition to a CHANGE in L on field burld

current flow. 1t will take longer for the cur- on Hele buvig=up
rent to reach its maximum value. Therefore, B CURVE

the TIME for current build-up is DIRECTLY £ —_—
PROPORTIONAL TO THE AMOUNT OF L on field build-up
INDUCTANCE. EL on field coliopse

Eg on field collapse

9-42, I the resistance is made larger, the
| on hield collopse

maximum value of current will be less. U
the maximum value of current is less, the
time required to reach maximum will also REP4-106
be less. Therefore, the TIME for current

build-up is INVERSELY PROPORTIONAL TO

THE AMOUNT OF RESISTANCE. Figure 9-13
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0-430
by R and i8 called a TIME CONSTANT. In

The time ls proportional to L divided 9-47, PROBLEM 1

equation form: 9-48. Find the percent of current builde-
L up, the value of the current, the resistor
TC ae voltage, and the inductor voltage, 2800 micro~-
seconds after the switch i8 closed in figure
where D-14,
TC = time for one time constant inseconds. PROCEDURE

L = inductance in henries
R 2 resistance in ohms

Step 1! Determine what is given and what is

to be found,

9-44, In one time constant the current will Given: E =50V
butld up to 63% of the maximum current. a
At the end of two time constants, current L=10H
will have reached 86% of its maximum value.
The current rise in the LR circuit i3 com~- E =10 k chms
parable to the rise of capacitor voltage ln an
RC circuit, and current is consideredto reach t = 2800 microseconds
its maximum value in five time constants.
Likewise, the current is considered to reach Find: #TC =
zetro in five time constants when the electo-
magnetic field is allowed to decay. %ofI=

Imax =
9-45, Having established the titme of one .
time constant, we must now consider the time I=
allowed for the current to build up or decay.
Remember that the numbers along the hori- Ep-=
zontal axis of the time constant chart repre-
sent the number of tithe constants allowed for EL =

the current build-up or decay. As an equation:

Step 2: Find the number of time constants

t )
#TC = iR in the time allowed.
Bxt
#TC e
simplified:
Rxt
#TC =-r-
#TC = number of time constants
t =time allowed for build-up or decay AR
{seconds) 10K
.
R = the resistance of the circuit (ohms) ‘:‘50:,
L
L = the inductance of the circuit {(henries) 104
9-46, Agaln we will use problem solving to REP4-102
apply the universal time constant chart to
LR transient eircuits. Figure 9-14

9-10
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(10 x 10%) (2800 x 10

8

)

10

=28

Step 3: Using the time constant chart, go to
the 2.8 time constant mark and then move up
to the intersection of the A’ curve. Read
left to the vertical axis to find the percent-
age of current build-up, which is 4% of
maximum,

Step 4: Since the maximum current will be
reached when all the available voltage is
across the resistor, the maximum current
may be calculated by Ohm’s Law where!
E
1 =
max R
_50v
“10ke

=5 mA

Step 5: Find what vajlue of current is 94%
of 5 mA. This will be the current at the end
of 2800 microseconds.

1=.94 x5 mA = 4.7 mA
Step 6: Calculate the voltage across the

resistor at the end of 2800 miecroseconds
by Ohm’s Law.

= (4.7 x10°%) (10 x 10%)

=47V

Step 7: Calculate the voltage acrossthe indue-
tor at the end of 2800 microseseconds by
Kirchhoff's Law.

E =E,-Ep
=50V =47V

=3V

9-11

O
(csw
n
10Ka
=75V

K
REP4=103

Figure §=15

9=49, PROBLEM 2

9-50. 1n the figure 9-15, 1200 microseconds
after the switch is moved from position A"’
to position B’ the current will have decayed
by what percent?

Step 1: List what is given and what is to be
found,

Given: Ea=75V
R=10k @
L=34H

t = 1200 microseconds
Find: Percent of current decay.

Step 2! Find the number of time constants
in the time allowed.

Rxt
#TC =1

(10x10%) (1200 x 10°°)
3

=,35

Step 3. Determine the percent of current
decay. Locate .35 time constants on the
chart. Move up to interect the ‘'B'' curve.
Move left and read 70%. The percent of
current decay is 30. {100% - 70% = 30%)

9-51. PROBLEM 3

9-52, 1n{igure 9-16, the inductor voltage is
40 ¥V, 1500 microseconds after the switch
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Figure 9-16

is elosed, What is the ohmie value of the

registor?
PROCEDURE

Step 1: List what is given and what is to be
found.

Given: Ea =100V
EL =40V

L=2H

t = 1500 mierosweonds
Find: R=

Step 2: Find what percentage of the avallable
voltage 1S representedby the inductor voltage.

QUTPUT

E
EE-T%%MOOMO%

a

Step 3: Find the number of time ¢onstants
required for the induetor voltage to change
from 100 V to 40 V. Move up the vertieal
axis of the time constant chart to the 40%
mark and then move right to the “‘B' curve,
Read down to the horizontal axds to {ind
the number of time constants, 0.94.

Step 4: Use the equation for number of time
constants to solve for the resistance.

#TC = -T—
transposing:

_#TCxL
- t

. (.94) (25)
1500 x 10~6

R

=157k g

9‘53 L DeletEd.

9-54. Figure 9-17A is a simple square wave
generator. Swit¢hing from A to B then back
to A in rapld succession will produte an
output (figure 9-17B) that goes from OV
to 100V at the rate of switching. At time

REP4-111

Figure 9-17
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Figure 9-18

tg the switch is placed in position A and
the voltage at the output jumps to 100 volts
and remains at this value untit time t,
when the switch is thrown to position B.
The voltage drops instantaneocusly to 0 volts
and remains at that value until time tg
when the switch i3 again placed in position
Ac

9=55. From tg to ty is one CYCLE, and the
time cycle requires is called PULSE RE-
current time {prt), The ({requency is
calculated by the equation:

1
4 =T
where { equals the frequency in hertz and t
equals the pulse recurrence time inseconds.

9-56, Each cycle consists of two alterna-
tions. Tg to t] is the first alternation and
t] to t2 is the second alternation, If the two
alternations are equal in time, the square
wave is symmeétrical, The time of one alter-
nation of a symmetrical square wave is one
half the time for one cycle. If frequency is
known the time for one cycle can he deter-
mined by:

-

REPd~113

Figure 9-19

tﬂ——-

9-57, It is important to remember that
the time t is the ttme for one cycle, There-
fore, if you want the time for one alter-
nation, the answer must be divided by two,

For clarity, let’s work two problems.

9.58, The frequency of the output of a
square wave generator as shown in figure
9-18 is 1000 Hz, Find the time of one
cycle and one alternation,

1
t =y
1
1000

. 001 seconds

1000 microseconds

As the 1000 microseconds represents the
PRT, each alternation will be 500
microseconds,

9-59. In the output waveform showninfigure
9-19, the time of each alternation is 100
microseconds, Find the frequency of the
square wave .,

t=100us +100us
=200 pus

1
200 x 10
= 5000 Hz

f=

6
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9-80. Time constants are classified as long,
medium, or short. 13 a week a long time,
a medium time, orashort time ? That depends
on what you use for comparison. If you are
walting for apaycheck, or animportantletter,
it is a long time; but if you are bullding
a house or writing a book, it is a short
time, The actual time duration of the week
remains the same, but it can be a long time
or a short time depending upon the standard
to which it is compared,

9-61, So it is with a TIME CONSTANT. A
time constant depends on the values of R and
C in an RC cjrcuit or the values of L and
R in an LR circuit. The components of an
RC or LR circuit by themselves do not
determine whether the time constant is long
or short. Whether the time constant 1S con-
sidered long or short depends on the time

to which it is compared, Using a square-
wave input, the time usedfor comparison would
be the TIME (t) FOR ONE ALTERNATION.
It is the relationship between the time {t)
of the alternation and the time constant
{TC) that is the determining factor. If the time

constant (TC) is LONG in comparison to the
time of one alternation, then the time con-
stant 18 considered long. If the time constant
is short in comparison to the time for one

alternation, then it is classified as a SHORT
time constant. Arbitrary limits have been

t 1
established, When the ratio of ol -ﬁor

less, the time constant is LONG. ‘When the

t 10
ratio of : T¢ - 1 °r more, the time

R'f OUTPUT
]
-~

LR CIRCUIT

REP4-114
Figure 9-21

constant 1s SHORT. Thus, a time constant
of 10,000 microseconds may be a short time
constant in one case, while a time constant
of 90 microseconds may be a long time con-
stant in another.

9-62, All time constants between these
limits are medium time constants. That is

it %E is greater than %but less than-lig

the time constant is MEDIUM.
9~63, Deleted,

9-684, If a square wave is applied to an
RC circuit (figure 9-20), the output can be
taken across the capacitor or the resistor.
Likewise, if an LR circuit (figure 9-21)
is used, the output can be takenacrosseither
L or R. The waveshape across any of the
components will depend on the time constant
of the circuit.

9-65. Figure 0-22 summarizes the output
waveshapes where a square-wave input is
applied to an RC or an LR circuit.

9-66. In example 1 (long time constant),
OQUTPUT A js taken across R in an RC
circuit and L in an LR circuit. Notice that
it has almost the same shape and amplitude
as the input. OUTPUT B (across C in
the RC circuit and R in the LR circuit)
is greatly distorted. It is a triangular

, wave with a very smali amplitude.




OUTPUT "A"
E,IN RC CIRCUIT E. IN RC CIRCUIT
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OUTPUT "'B"

INPUT WAVE | I

EX1 | T/RCORRT/ =01
OR LESS
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SHORT TIME CONSTANT
EX3 T/RCOR RT/L =10

OR MORE

EX 2 |MEDIUM TIME CONSTANT ’\l/
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2N
[\
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F.gure 9-22

9-67. In example 2 (medium time constant),
OUTPUT A ls distorted with a peak-to-peak
amplitude greater than the input. OUTPUT B
ig also distorted but less than in example 1.
The amplitude has increased and may beless
than or equal to the input. )

9-68, In example 3 (short time constant),
OUTPUT A is greatiy distorted into a peaked
wave with a peak-to-peak amplitude of twice
the input amplituge. OUTPUT B, however, has
almost the same waveshape as the imput,
with an amplitude equal to the input.

g9-9, Thus, we can get a variety of output
waveshapes with a square wave input by
choosing proper component values for the RC
or LLR circuit.

9-70. Differentiation andIntegration Circuits

9-71. In the introduction to this chapter,
it was stated that in electronics the function
of many circuits is to produce nonsinusoidal
waveshapes. Two processes commonly used
for waveshaping # e differentiation and inte~-
gration, Your knowledge of transient
responses will help you unde rstand how dif-
terentiation and integration providea means
for changing one type of waveshape toanother

type.

9-15

128

0-72. Differentiating eircuits produce an
output voltage thatis proportional to the RATE
OF CHANGE of the input, or HOW FAST the
input i changing, A differentlating circuit
uses a short time constant and the output is
taken across the resistor in an RC circuit
or the inductor in an LR circuit. See example
3, OUTPUT A, of figure 9-22.

9-73. RATE OF CHANGE. Just what is
meant by ‘‘rate of change?’ Let us plot a
steadily increasing voltage against time. If
the voltage increases 1 volt per second, the
resulting graph would look like line A infigure
0-23. If the voltage Increases 2 volts per

VvDLTS

4 B

3 —

2 P A

| el C

0 1 2 SECONDS
REP4-116

Figure 9-23




second, the graph would resemble line B, It
on the other hand, the voltage changes only
.5 volt/second, the graph would resembie line
C., Which voltage is changing the fastest?
Line B, of course, since it went from 0
to4 volts in 2 seconds. Line C would repre=-
Sent the glowest change 8ince it ghows a
change from 0 to 1 volts in 2 seconds. The
SLOPE of the line then is an indication of
how fast the voltage is changing. The steeper
the slope, the greater the RATE OF CHANGE.
A vertical line would mean maximum rate of
change. Likewise, a horizontal line would
mean zero rate of change or no change.

9-74. Deleted.

9-75, Figure 9-25 shows the effect of a
differentiating circuit on asquare wave input.
At time tg, the input changes rapidly from
one steady state to another. The rate of
change is maximum, and the output voltage
is maximum. From tg to t) there is no
change and the output drops to zero volts.
How fast it drops to zero depends upon the
time constant of the circuit, At time t;,
there is another sudden change of voltage in
the opposite direction, and the output voltage
is agaln maximum, but in the opposite
direction. Look agaln at figure 9-22 (OUTPUT
A in example 3) and note that you can get
the same differentiated wave if you apply a
square wave to a short time constant LR
circuit with the output taken from aecrosgs
the inductor.

9-76, Deleted.
9-77. Integration

9-78, An integrating circuit produces an
output voltage that is proportional tothe area
under the input waveform. Area equals voltage
x time.

9-29. A practical means of producing an
integrated waveshape is to employ a long
time constant RC circuit and take the cutput
across the capacitor. The same waveshape
could be developedby using long time constant
LR ecircuit and taking the output across the
resistor. See example 1, output B in figure
9-22.

:
!

SHORT TIME CONSTANT CIRCUIT
A

INPUT (E,,)
|

's

REP4=-119

Figure 9~25
9-80, Deleted

9-81. In figure 9-28, at time tg, the square
wave finput is zero and the charge on Cl
is zero. As time progresses from tgtot;,
Cl charges toward the applied voltage pro-
ducing an output that increases in amplitude.
At time t; the input passes through zero
and becomes negative. From t| to ty, Cl
discharges to zero and charges toward the
applied negative voltage. At time t2 the
input waveform becomes posgitive and Cl
discharges to zero and charges toward the
applied positive voltage.

9-82. A summary of the results of dif-
ferentiation and integration is indicated in
tigure 9-20. A square wave is shown; how-
ever, the circuits that have been described
will handle any type of waveform.
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A ' 9-84, In this chapter, you reviewed the
J_ characteristics of resistors, capacitors, and
Inductors: and you learned that a transient
5 voltage or current s a voltage or current
LONG TIME CONSTANT CIRCUIT ehangil'lg from one Stead}’ state to another.
The time requlred for this change is known
as the transient interval, and the time and
amplitude graph of the voltage or current ip
Known as & waveshape.

INPUT T OUTPUT

A

9-85, In an RC series circuit you learned
that the charge and discharge time of the
capacitor is directly proportlonal to the
value or resistance and capacitance, and the
product of the resistance and capacitance is
called a time constant. A time constant is the
time required for the capacitor to charge to
63% of the AVAILABLE applied voltage. In
each successive time constant the capacitor
charges 63% of the REMAINING voltage. The

REP4-122

Figure 9-28

INPUT SQUARE
9-83. Beiow are listed four brief statements QUARE WAVE

that summarize what has been coveredon RC
and LR circuits.

a. An RC circuit is adifferentiating cireuit INTEGRATED WAVE

if the time constant is short and the output

wave is taken from across the resistor. k
b. An LR circuit is adifferentiating circuit

if the time constant is short and the output

wave is taken across the inductor.

DIFFERENTIATED wAVE

¢. An RC circuit is an integrating circuit
if the time constant is long and the ocutput REP4-123
wave is taken across the capacitor.

d. an LR circuit is an integrating circuit
if the time constant is long and the output _
wave is taken across the resistor. Figure 9-29

9-17




capuacitor 18 consldered fully charged after

FIVE time constants. Conversely, a capacitor

discharges 63%of the voltage remainingacross
it durlng a time constant and 18 sald to be

completely diacharged after FIVE time con-

stants. The Universal Time Constant Chartis

a graph used to determine the percentage of

charge or discharge of a capacitor plotted

against the number of time constants. The

vertical axls of the chart indicates the

percentage of full voltage (or current)andthe

horizontal axis Indicates the number of time

constants. The number of time constants

is calculated by dividing the time allowed

(for the capacitor to charge or discharge)
by the time constant (RC).

9~86, The use of the Unlversal Time
Constant Chart was explalned for RC serles
clrcuits. It was shownthatoncharge capacitor
voltage i8 read on the '*A” curve and that
resistor voltage and current are read on
the ‘‘B" curve. During discharge, all volt-
ages and currents are read on the ‘‘B"

- curve.

9-87. The three general categories of
transient problems were discussed: )

a. Finding the percent of current and volt-
age after 2 given time.

b, Finding current andvoltage afteragiven
time.

¢. Finding component valuesnecessary for
the current and voitage to reach a given value
in a given time., Problems were solved for
each category.

9-88. The values of the Inductance and
resistance determine the transient response
of an LR circuit. Since the resistance limits
the final or steady-state value of current in
an LR circuit, it is a factor governing the
rate of current change. The time constant
of a serles LR circuit 18 equal to the
inductance expressed in henries divided by
the resistance in ohms.

/9-

0-80., The use of the Universal Timw
Constant Chart with LR clrcults was ex-
plalned. It was established that on bulld-up,
Inductor voltage i3 read on the ‘B cypye
and resistor voltage and current are read ou
the ‘‘A’ curve. Durlng decay, all voltuges
and currents are read on the ‘‘B"” curve.
Agaln problems were solved to determine LR
circult transient response.

8-90. You learned the characteristics of a
DC symmetyical 8quare wave with emphasis
*on the fact that the alternations are of the
game duration. You calculated the time of a
cycle when the frequency was known gnd cai-
culated the frequency when the time of an
alterpnation was known,

9«91, RC time constants were classified
as long, short, or medium with respect to
the time allowed for the capacitor to charge

or discharge. A time constant is long when
it is 10 or more times greater than the time

aliowed, A time constant is short when it is
only one=-tenth, or less, as long as the time
allowed, All time constants between 10 times
as long and one-tenth as long, are medium
time constants. Time constant duration was

emphasized by showing the waveshapes of long,
short, and medium time constant circuits.

9-92. Two processes for changing one type
of waveshape toanothertype were introduced:
(1) differentiation and (2} integration. Dif-
ferentlating circuits produce an output in
proportion to the rate of change of the input.
The circuit uses a short time constant with
the output taken across the resistor in an RC
circuit and across the inductor in an LR
circuit. Integrating circuits produce an output
proportional to the area under the curve.
The circuit uses a long time constant with
the output taken across the capacitor in an
RC circuit and across the resistor in an
LR circuit. We showed how one waveshape
may be changed to another by differentiating
or integrating a square wave.
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Chapter 10

FILTERS

10~1. We will introduce filters using the
series resonant circuit. But first we need
to know what a filter is and why it is used.
A filter i8 a circuit consisting of a number
of impedances grouped together in such a
way as to have a definite frequency char-
acteristic. Filters are designed to pass a
certain range of {requencles {reely and to
block another range of {requencies.

10-2. Filters make use of the variations of
inductive and capacitive reactance with {re-
quency. The variation of impedance inseries
RCL circuits is used to pass or reject cer~
tain bands of frequencies. The range over
which passage occurs {reely is called the
bandpass; and the range over which poor
passage occurs is called the attenuation
band. The [frequency at which attenuation
starts to increase rapidly is known as the
cutoff frequency.

10-3, Let’'s review and apply the basic
principles of the frequency response char-
acteristics of the capacitor and inductor.

Recall the basic formula for capacitive

reactance and inductive reactance.

1
Xc =owic
X, = 2wiL

If we increase frequency, X decreases and
Xy increases. U we increase Irequency
enou€h, the capacitor acts as a short and
the inductor acts as an open. Of course the
opposite is true; decreasing frequency causes
Xc to increase and X, to decrease. Here
again, if we make a large enough change.

132

the capacitor acts as an open and the
inductor like a short. Figure }0-1 gives a
pictorial representation of these two basic
components. Note how they respond to low
and high frequencies,

10-4, If we apply these same principles to
simple circuits (see figure 10-2)they respond
as shown for low and high Irequencies.

10-5. Let's see how we can use the series
resonant circuit as a filter. Refer to ligure
10-3. We know that at resonance Ec and E,
are equal and opposite {180° out of phase};
Z 8 minimum and current is maxnium.
If we take an output across the resistar
when the circuit is at resonance, we get the
maximum possible voltage (ER = E;). As we
tune the generator to either sideof resonance,
the output will decreasge. This is shownby the
frequency response curve in figure 10-4.

10-6. The frequency response curve is for
a BANDPASS filter (figure 10-4). The {re-
quencies between the half power points pass
to the next circuit. The other {requencies
which fa}l below the lower half power point,
and the ones above the upper half power
point are filtered out; these two bands of

FREQUENCY
LOW HIGH
g o W
A \_ < &
3 o &
REP4-313
' Figure 10-1
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frequencies fall in the “attenuation’’ bands.
The half power points are the cutoff
[requencies.

10-7. If the output is taken across both
the inductor and capacitor, the (requency
response curve reseinbles figure 10-5. This

is a BAND REJECT filter . Band reject
filters are designed to reject a definite
band of [requencies and pass ali other
frequencies. The LC portion of this circuit
appears fto the signal as a short at the
resonant frequency, and an open for fre-
quencies above and below resonance.

BANOPASS

——
REP4-317

Figure 10-5
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10-8. Another filter of major importance is
the LOW DPASS filter. This filter does
exactly what the name implies; it passes
low frequencies and rejects high frequencies.
Some examples are shown in figure 10-6.

10-9, The other type ftilter is the HIGH
PASS filter. Just opposite of the low pass,
this filter passes highfrequencies and rejects
low frequencies. One example is shown in
figure 10-7.

10-10. The basic configurations into which
LOw PaASS, HIGH PASS, BANDPASS, and
BAND-REJECT filters areassembled are the

L-SECTION, consisting of one series and

one parallel arm; the T-SECTION,
consisting of two series arms and one shunt
arm; and the Pl SECTION, consisting
of one series arm and two shunt arms. Sev~
eral sections of the same configuration can

be joined to improve the attenuationor trans-
mission characteristics. We will discuss
gsingle-section L-, T-, and Pi-type filters.

10-11. Deleted
10~12. Low Pass Filters

10-13, The L-, T=-, and Pi-section types of
low pass filters are shown in figure 10-8 A,
B, and C. In this simple type filter, the
serles filter arm impedance is X, and the
shunt filter arm impedance is X¢c. The
low pass filter shown has a gradual cutoff
characteristic.

10-14. The formula for determining cutoff
frequency is:

1
fc *TiC

10-4
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Figure 10-7

L and C are in henrles apd farads respec-
tively, The low-pass {jlter passes frequen-
cies below {, freely; and attenuates all
frequencies above the cutoff frequency. See
figure 10-8D. To understand this action, you
must take into consideration the basic
characteristics of the inductorand capacitor.

10-15. In the L-section, 1.C, low-pass filter,
figure 10-8A, the L and C form a frequency
sensitive voltage divider. At low [requencies
the reactance of the series inductor is low
while the reactance of the shunt capacitor
is high. Very little voltage is dropped across
the low reactance of the inductor. Most of the
applied voltage will be dropped across the
high reactance of the capacitor. The voltage
acrogs the capacitor is applied to the load.
At high frequencies most of the voltage will be
dropped across the high reactance of the
series inductor. Very little is dropped across
the low reactance of the shunt capacitor.
The low voltage drop across the capacitor
is applied to the load. As [requency is
increased, the voltage applied to the load
will remain nearly constant up to the cutoff
frequency of the filter. Above cutoff, the
output of the filter drops rapidly (figure
10-8D),

10-16. Deleted

10-17, Deleted

10-18. Deleted

10-19. Deleted

10-20. To form the T-gection low-pass
filter (figure 10-8B), the coil of the L-gec-
tion filter is divided into two equal parts
and placed before and after the capacitor.
Coils offer very little opposition to current
at low {requencies. As the frequency in-
creases, the inductive reactance increases;
therefore, the coils offer a larger opposition
to the flow of current. Any high [requency
current that gets through the {irst coil passes
through the capacitor, whose reactance to
high frequencies is low, and does not reach
the output. For low-{requency currents, the
inductive reactance is small and the capaci-
tive reactance is large. Accordingly, these
currents readily pass through both coils to
the load. This is shown graphically by the
characteristic curve, [figure 10-8D. Full
values of L and C are used for the L-sec-
tion; for the T section, the inductor value
is halved as shown. :

10-21. The Pi-type lilter shown in figure
10-8C is formed from the L-type filter by
dividing the capacitor into two equal parts;
then placing one at each end of the coil.
In this case, the high {requencies see a
low-impedance path at the {irst filter capa-
citor; and a high attenuation at the series
inductor. Any remaining high-{requency sig-
nals are then effectively shunted by the low
impedance of the second {output) capacitor.
The T~ and Pi-type filter operationis identi-
cal to that of the L-section filter; but the
T and Pi arrangements offer equal impedance
when looking into the filter from the INPUT
or QUTPUT terminals. For example, the T
and Pi circuits filter equally well from either

10-5
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the IN or OUT terminals; you eould swap
fnput atkl output cotnections and live uo
cliange in filtering action. This is a sym-
metricai filter,

10-22. The L~section {ilter offers high
impedance to a high frequency at the input
aide, but low impedance at the output side.

10-23. High-Pass Filters

10-24. The L~-, T~, and Pi-gection types of
high-pass filters are shown in figure 10-E,
F, and G. The high-pass filter, like the
low=pass, has a gradual cutoff {requency.

10~25. High-pass filter circuits using induec-
tance and capacitance have the same con-
figurations as do the low-pass filters. By
simply reversing the position of the com-
ponents in the low=-pass filter, it becomes 3
high-pass filter. For the L=section LC,
high=pass lilter, refer to figure 10~8E and H.

10-26. As you will notice the capacitor is
now In series with the input signal; the
inductor is in shunt. If the resonant frequency
is applied to this circuit, the capacitor
offers the same amount of opposition as the
inductor. When the Irequency goes below
resonance, the capacitor will offer more
series opposition and the inductor offers a
shunt path of low opposition to ground. This
reduces the signal that will reach the load.

10-27. The thing you should notice for the
T-section high-pass filter is that the sizes
of the capacitors are doubled. See figure
10=-8F. The value of each capacitorisdoubled
so that the combination will offer the same
opposition as in the L-section. Notice the
value of the inductor has not changed. The
same operational analysis applies to this
circuit as the L-section.

10-28, For the Pi-section, high-pass filter,
the inductors are doubled in wvalue, See
figure 10-8G. We have, in effect, two induc-
tors in parallel: so the effective inductive
reactance remains the same as ih the other
two high-pass filters.

10-29, Deleted

) 30

10-31. The L=, T~-, and DPi-sectlon types of
bandpass fllters are shown in figure 10-8],
J, and K., The Frequency characteristie
of bandpass filtery i shown in figure 10-81L,
Refer to figure 10-81 for basic operation of
the L«type bandpass filter: L1 and Cl form
a Serles-regonant circuit and 1L.2-C2 form a
parallel-resonant circuit. The component
sizes are sclected go that each circuit will
have the same resonant {requency.

1030, Bandpass Filters

10-32. At the resonant {requency, the series
resonant cireuit (L1, Cl) offers minimum
opposition to the signal. The parallel reso-
nant circuit (L2, C2), offers maximum oppo-
sition to the signal. This means that maxi~
mum signal will pass to the load. If the
applied signal frequency increases or
decreases {rom resonant {requency, Ll and
Cl offer a larger opposition and L2 and
C2 offer less opposition. The bandpass fllter
has an upper and lower cutof{ {requency
({1 and f3). These points determine what
frequencies will pass to the load. Of course
the values of the circuit components deter-
mine where these points will fall.

10-33. Figure 10-9 shows an L-section band-
pass filter  with the component
values indicated, This filter will pass {re-
quencies between 300 kHz and 500 kHz.
Frequencies below 300 kHz and above 500
kHz will be attenuated.

Li = 437mil
oI TTTL :% —
Cl=.245 p&

c2

L2 3.98 pF
425 mi

10-34. Deleted

gwo ki

REP4-122

19-35. The T- and Pi-type bandpass filters,
shown in figure 10-8J and K, function in the
same manner as the L-type, but are sym-
metrical.

10-7




10=38,. Band=-leject Pilter

10=37. The frequency characteristic of band=
rejection filters 18 shown In figure 10-8P,
Refer to figure 10-8M for the schematic
of the L-section band-reject filter.

10-38. Band=rejeet filters will reject

a certain band of frequencies. Two resonant
ceircuits are tuned to the center frequency
of the rejeeted band. The parallel eircuit,

Ll and Cl, offers maximum opposition to
the resonant frequeney. The serles circult,
C2 and L2, offers minimum opposition to
this same frequency. Thus, thie energy that
is not attenuated by L1=C! is shorted buck
to the input through L2-C2.

10=3¢. The {requency respoiise eurve, figure
10-8P, shows that the band=reject filter also
has two cutoff frequencles.




Chapter 11

Voo m

COUPLING CIRCULITS

11=1, "Coupling' 14 dellned as the means
by which slgnals are trunsferred from one
circuit to another. Wires, resistors, coils,
capacitors, or transformers may be used to
perform this function. Coupling may be
direct, resistive, inductlve, or capacitive.

11-2, In this section, we will discuss and
analyze direct-coupling, RC-coupling, LC-
coupling, and transformer-coupling cirecults.

11~3, Direct Coupling

11-4, The first coupling circuit is direct
coupling, as shown In figure 11-1, Direct
coupling may use a conductor to connect
two circults together; this provides a DIRECT
path for signal currents. This type coupling
provides an exact reproduction of the input
signal at the output of the coupling circult.

1 o
Wb o
PEAK " 0

INPUT OUTPUT
L
DIRECT
COUPLING
20V = R2
10K
A

This exact reproductlon is called *thigh
tidellty,’" which Is desirable. It also couples
DC voltages from the i{nput to the output.
This has both advantages and disadvantages.

11-5, In place of the wire (figure 11-14),
direct-coupling circults often use a resistor
(figure 11-1B). The coupling resistor is
In serles with the signal path. The input
voltages feed through the resistor to the
output circuit. The loading effect of Zj,
will cause a decrease in signal amplitude
at the coupling network output. Current
through the coupling resistor causes a volt-
age drop which subtracts f{rom the lnput
slgnal.

11-8. Direct coupling operates over a wide
{requency range, beginning at 0 hertz.Recall
that {requency does not affect resistance.
Direct coupling circults have no reactive
components and are consldered *'resistive,”
with no phase shift.

10v R1-
PEAK 10K
INPUT OUTPUT
| Z
DIRECT . L&
COUPLING |
20V =— R2.
I
REP4=356

Figure 11-1
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Figure 11-2
11-7. RC Coupling

11-8. Figure 11-2 shows a typical RC cou~
pling circuit connecting two circuits. The
signal applied to Zp, is the voltage developed
across the resistor. Observe that the capa-
citor blocks the passage of DC voltage
from one circuit to the other. The input to
the coupling circuit is at a 10-voltreference,
but the output reference is zero.

11-8. An important consideration in RC-
coupled circuits is the relative magnitude and
phase between the input and output voltages.

11-10. As has been discussed in preceding
lessons, capacitor current leads capacitor
voltage by 90°. This means that the signal
voltage developed across R3 cannot be in
phage with the signal across R2. The voltage
across R3 will lead the voltage across R2
by some angle between 0° and 90°. You can
see this if you draw Cl and R3 as a series
circuit. Use the voltage across R2 as E,.

11-11, Now, 1let’s consider the effects of
frequency on this type of circuit. The higher
the frequency, the smaller the reactance of
the capacitor, and the more resistive the
circuit. When this happens, resistors R2 and

/]33

R3 can be considered to be in parallel. R1,
R2, and R3 act like a series-parallel resis-
tive circuit. The frequency range where
C actg a8 a short becomes the operational
frequency range. Thig i8 shown in tho fre-
quency response curve of an RC-coupling
clreuit, figure 11-3,

11-12, On the other hand, the lower the fre-
quency, the greater the reactance of C.
This causes a smaller portion of the voltage
across R2 to appear acrogs R3;and agreater
phase difference to exist between ER2 and

q, with Eg, leading. As you recall from
f.ilter circuips, ay the frequency becomes
lower, the capacitor acts more like an open.
At 0 hertz, the capacitor will completely
block the signal and the output drops to zero
as shown in figure 11~3.

11-13. The voltage across R also drops off
at the very high frequencies, If we increase
the frequency above point b In figure 11-3,
a factor called ‘'stray capacitance’’ atten-
uates the signal. Wiring and things like the
resistor leads form a capacitance. It is
such a low opposition at high frequencles
that the signal is greatly attenuated.

11-14. You can see, therefore, that there can
be a large change in cutput voltage and phase
when frequency is varied. In practical RC-
coupling circuits, the range of frequencies
passed is determined by capacitance.

11-15. Atfrequenciesabove point ‘*a’’ the capa-
citor offers a minlmum amount of impedance to

ER3
b
a CAUSED BY
STRAY
/ CAPACITANCE
1
C ACTS AS A SHORT
AND R, RIAREIN | ™\
PARALLEL ) AN
1 \\
FREQUENCY ———
REPd~-358
Figure 11-3
11-2
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Figure 11-4

the signal. The lower frequency limit of the
RC-coupling circult falls where R = X and
the output equals 707 of the input signal.
The upper frequency limit falls at point «b"’
where the stray capacitance causes the output
signal to equal .707 of the input signal.

1=16, LC Coupling

11-17. LC coupling, like RC coupling, is used
in circuits with frequencies ranging from
audic to RF.

11-18. During the discussions of capacitors
and inductors, the relative impedance of
these devices at various frequencies was
identified, These characteristics are-used
to explain the action of the LC-coupling
circuit.

11-19, Refer to figure 11-4, At very low
frequencies X is very high and prevents
coupling of the signal. As frequency
increases, X¢ decreases, and X1, increases.
This causes the output to increase. At some
frequency C and L become series resonant
(Xc = Xp). The output may then be more
than the input, determined by the Q of the
coupling circuit., A further increase in fre-
quency causes the output to drop. Going away
from resonance, current decreases; there-
fore, I x X, decreases.

11-20. At some high frequency the impedance
of the capacitor becomes very low; So the
capacitor acts as a short and the high reac=
tance of the inductor is effectivelyin parallel
with R2. The voltage output, then, will nearly
aqual the voltage across the resistor R2.

11-21. Figure 11=5 Is a typical response
curve of an LC-coupling circuit. Both RC-
and LC-coupling circuits are considered
“capacitive’’ coupled circuits. Now, we will
discuss inductive coupling.

CAUSED BY

HIGH X AND
LOW x,_c HUMP CAUSED BY SERIES

RESONANCE OF L AND €
. —— CAUSED BY
ey e STRAY

4 g CAPACITANCE
GAIN C ACTS AS A SHORT
/ AND L IS IN
s PARALLEL WITH R?
——— FREQUENCY —=—
REPd=361
Figure 11-5
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Figure 11-6
11-22, Transformer Coupling

11-23. You studied three types of trans-
formers, power, audlo, and RF, in pre-
ceding lessons. Of these the agudio and RF
transofrmers are used in coupling circuits.
Coupling transformers consist of two or more
coils that couple energy by mutual inductance.
Depending on the frequency, a transformer
may use an iron, a magnetic alloy, or an
alr core. The coil connected to the signal

sourcc i8 called the primary winding; the
coll connected to the load is called the
secondary winding. The maln areaof concern
is why transformers are sonietimes used in
coupling circuits, rather than RC or LC
coupling.

11-24. Transformer coupling has certain
characteristics which are not avalilable with
other types of coupling circuits. A voltage
step-up or step-down can be obtained with
a transformer. The two separate windings
block DC voltages. Transformer coupling
can be used to couple a hign impedance
source to a low impedance load, or vice
versa, by choosing a suitable turns ratio.

11«25, Other characteristics of transformer
coupling considered disadvantages are:
greater cost, greater shielding requirements
and the possibility of poorer frequency re=-
sponse at the higher and lower frequencies,
Figure 11-6 shows a typical response curve
of an audio transformer.
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Chaptor 12

ey,

THE O3CI1LLOSCOPE

12-1. The oscilloscope i8 a test instrument
that is capable of a number of functions.
First, it can measure voltage; second, it can
determine [requencies: third; it can show
waveforms. Some o8cilloscopes can also
display two wiveforms at the same time,
making comparisons possible. The oscillo-
scope i3 commonly referred to as a SCOPE.

12-1, Oscilloscopes vary [rom the simple
to the complex. They are made in a number
of sizes by many manufacturers. Therefore,
there are many models, but they all have
certain elements in common. First, all
scopes have a cathode ray tube which has
a face, or screen, where waveshapes are
displayed.

12-3. Second, controls are provided toadjust
the display so voltage, time, and [requency
can be determined.

'12-4, An important control, and one common
to all scopes, is the INTENSITY control.
Its proper use gives a good image and
prevents burning a hole into the coating on
the face.

12-5, The FOCUS control permits the
adjustment of the sharpness of the dot, or
trace. In addition to this control some
scopes may have an ASTIGMATISM control.
It insures that all parts of the waveform
will be in focus at the same time.

12-6. The HORIZONTAL POSITION control
permits the operator to position the dot,
or waveshape, to the right or left on‘the
scope face. When used with the VERTICAL
POSITION control, which positions the dot
up and down, it is possible for ithe operator
to move the dot to any point on the face of
the scope.

12-7. A vertical input jack is provided
on the front of the scope. The signal to
be viewed is normally brought in on the
vertical input and goes to the vertical
deflection plates. The normal input to the

12-1
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horizontal deflection plates jg the sweep
voltage [rom the internal sweep generator.
The Bweep voltage causes the dot to move
from left to right across the sgcreen. A8
thls happens, the signal voltage causes the
dot to move up or down ag signal ampli-
tude varies, untll the dot reaches the right
side of the screen. At this time the sweep
voltage goes [rom maximum positive tomaxi-
mum negative very rapldly, and the dot
returns to the left side. The time required
or this return is called FLY BACK TIME.
See [igure 12-1. A horizontal input jack is
provided on the front of the oscilloscope
for use when the horizontal jnput signal
does not come from the internal generator.

12-8. Scopes come equipped with a direct
probe, which connects the oscllloscope to the
signal to be viewed. Some scopes are equipped
with an attenuator probe. The most commonly
used attenuator probe is the 10:1. This
reduces the input signal to one tenth of the
original value to extend the voltage range
of the scope. A 10:1 attenuator probe will
reduce a 400 volt input to 4C volts. In this
way, the range of the scope is extended.

12-9. A CALIBRATED ATTENUATOR control
for vertical deflection, reduces the vertical
input signal amplitude. This circuit extends
|70 ‘TI T2

|

-I-I |

» TIME

1
!
I
I
I
!
|
i
i
I
I
!

i
I
I
I
3
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I
I
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FLY BACK TIME
Figure 12-1. Fly Back Thme




the range of tlie acope. Using it, a large
input voltage can be reduced and measured.
Without it the signal would extend off the
scope. Damage to the scope could possibly
result. Any voltage applied to the vertical
plates will cause the dot to extend up and
down in proportion to the voltage applied.

12~10. In addition to vertical deflection, in
order to analyze waveshapes, we must have
the dot extended into a 1llne across the
face of the scope horizontally. For this, the
8cope has a SWEEP circuit which causes the
spot to sweep across the screen. Actually,
the dot is first positioned to the left side of
the screen, and then, by electrostatic or
electromagnetic fields, the dot s moved from
left to right. As soon as it reaches the right

side, it is quickly moved back to the left
to retrace the path just made. When the dot
sweeps across the screen, it will appear as
a solid llne to the eye. The inner surface
of the CRT screen is coated with a phos-
phorescent material which glows for a time
after the dot has moved; this is called
PERSISTENCE of the screen. The rate of
movement can be controlled by horizontal
sweep circuits inside the scope. It ig the

HGRIZORTAL
DEFLECTION
NPT

[
1]
ky CATHODE -
RAY

TUBE

VERTICAL X
DEFLECTION

INPUT
A

Figure 12-2, Deflection Inputs

horizontal sweep that must be synchronized
with the input waveform to cause the input
waveform to appear stationary on the face of
the scope. Obviously, the horizontal sweep
voltage is applied to the horizontal deflec-
tion plates (flgure 12-2), and the input wave-
form s applied to the vertical deflection
plates.

12-11. The oscilloscope you will be using
in the Electronic Erinciples Course is the
Ballantine pictured in figure 12-3. The con-
trols are numbered on figure 12-3 and these
numbers match the first column call-out

27 |

26 1

25

24

23~

22

TR

1™~123

B~ 14

[TLLIRT] (14
-
CHIgCM]

7 16 15

NPPA_TEL Y

Figure 12=3
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numbers of Table 12-1, To help you become of each nunbered control as you locate the
familiar with this scope, read the functiona control on the figure.

Table 12-1 AN/USM«308 Front Panel Controls, Indicators, and Connectors

CALL OUT CONTROL/INDICATOR/

NUMBER CONNECTOR FUNCTION

1 SCALE ILLI'M Adjusts brightness of CRT gratlcule backgroung
illumination. Turna power off In POWER OFF
detent,

2 CATHODE RAY TUBE Visually displays signals applied to vertical
and horizontal Inputs.

3 FOCUS Adjusts sharpness of display.

4 ASTIG Adjusts roundness of trace spot.

5 INTENSITY Controls brightness of display.

6 UNCAL Lights when TIME/CM VARIBLE control (7)
is not in CAL (calibrated) position.

7 TIME/CM (outer knob) Selects horizontal sweep speed. Determines time
required to Sweep horizontal one graticule
division.

When set to EXT X selects horizontal control
by external signal applied to EXT X BNC*
input jack (11), disabling the internal sweep
circuit.

when Set to X-Y selects horizontal control
by external signal applied to channel 1 gNC
input jack (marked X} (22).

7 VARIABLE (inner knob) Provides continuous and overlapping adjustment
of sweep speed between calibrated positions of
TIME/CM outer knob. Calibrated to TIME/
CM position when set fuily clockwise to CAL
detent position. Must be set in CAL position
when measuring time.

B < 0 {outer knob) Provides coarse adjustment of horizontal posi~
tion of display.

8 =+ ¢ (inner knob) Provides fine adjustment of horizontal position
of display.

*BNC is a special connector that permits a
connection from one of the input jacks to a
banana plug connector.

12-3
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Table 12-1, AN/USM-308 Front' Panel Controls, Indicators, and Connectors (Cont)

CALLOQUT CONTROL/INDICATOR
NUMBER CONNECTOR FUNCTION

B PULL X10 MAG (lnner knob) In pulled-out position, causes magnification of
horizontal sweep or EXT X signal byfactorof 10

CAL 1V Test point provlides i-kHz square wave at | volt
p-p amplitude. May be used for vertical sensi=
tivity calibration and divider probe compensation.

BEAM FINDER Reduces gain of deflectlon circuits, thus limiting
beam deflection to within the CRT graticule.
Also operates on blanking amplifier to release
sweep retrace blanking,

NOTE

Make sure INTENSITY control (9) is turned
up high enough to make beam visible when
using BEAM FINDER, but not too bright
s0 a3 to burn the coating.

EXT X Connector for an external horizontal input.

TRIG SELECT (outer knob) Selects source Of timebase trigger signal as
follows:

LINE Pickoff from ac line
voitage, positive or nega-
tive slope.

Pickoff from CHI ver-
tical amplifier signal,
positive or negative
slope.

Pickoff from the dis-
plaved composite verti-
cal deflection signal,
positive or negative
slope. (Not to be used
in CHOP mode.) Use with
ACF and DC trigger
coupling.

Pickoff from external
trigger applied to EXT

TRIG jack (13), posi=
tive or negative slone.

FREE RUN Sweep recurs at maxi-
mum repetition rateand
with speed set by the
TIME/CM switch.
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Table 12=1. AN/USM-398 Front Panel Controls, Indicators, and Conneoctors (Cont)

CALLOUT CONTROL/INDICATOR/

NUMBER

12

13

14

15

16

17

18

19

CONNECTOR

LEVEL {inner knob)

EXT TRIG

CHOP-ALT switch

AC=-ACF-DC(Trigger Coupling)

PULL TOINVERT CH2

SEPARATE - CH1 & CH2

Y (CH2 input)

UNCAL

FUNCTION

Selecta polnt on amplitude of trigger algnal
that starts sweep. In AUTO position, sweep
aynchronizing triggers are produced automstl«
callywhen signal exceeds 40-Hz repetition rate
and exceeds minimum level. In absence of
trigger signals, sweep runs free to produce
bright line.

Connector for external trigger signal.

Selects display switching mode for dual trace
vertlcal deflection.

ALT - CH1 and CH2 alternate
with each sweep. Used
for normal dual trace
displays

CHOP - CHl and CH2 alter-

nate at 400 kHz. Used

only when comparing sig=-
nals on long time bases

{slower than lms/cm).

Never used with CH1 &
2 trigger selection.

Never used with time-

base sweeps faster than

1 ms/cm.

Selects capacitive or direct coupling of trigger
signal. Direct coupling (DC) is normally used
for slow or erratic sync signals. Capacitive
coupling (AC) blocks DC component but attenuates
signals below 50 Hz. Fast capacitive coupling
{ACF) attenuates signals below 50 kMz and ig
used to block unwanted low frequency com=
ponents of the trigger signals.

Selects polarity for CH2 display. In pulled out
position inverts CH2 polarity.

Selects mode for display of vertical deflection
channels, separate or added.

Connector for CH2 vertical input signal.

Lights when either VOLTS/CM VARIABLE con*
trol (20) is not in CAL position.

12-5
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Table 12-1. AN/USM-308 Front Panel Controls, Indicators, and Connectors (Cont)

CALLOUT CONTROL/INDICATOR/

o)

NUMBER CONNECTOR FUNCTION
20 CHI VOLTS/CM Selects channel 1 vertical ceflection factor for
{(outer knob) calibrated measurements. '
20 CH1 VARIABLE Provides continuous uncalibrated adjustments
{Inner knob) between calibrated positing of outer knob. Must
be set to CAL position when measuring voltage,
21 CH1 AC-GND-DC Set to AC when applying an AC signal or DC
(input Coupling) when applylng a DC signal. GND grounds out
elther aignal to enable operator to establish a
reference line.
22 X (CHI input) Connector for CH1 vertical input signal and for
horizontal input signal when TIME/CM switch
{7) is set to X~Y position.
23 CHI £ Adjusts vertical position of CHI display. Switches
CHI off when in QOFF detent.
24 BAL Adjusts to minimize vertical position change
when rotating volts/em switch,
25 CH2 QUT Connector for output of CH2 vertical amplifier
signal.
26 Y CcAL Provides adjustment of vertical sensitivity for
both channels.
27 Power Lights when operating line power is applied.

Probe trimmer screw Adjusts frequency compensation of attenuator
adjustment {not shown) praobe.

12-12. To effectively use the oscilloscope,
it is necessary to have a more complete
understanding of the function of certain
controls and accessories.

12-15, The CRT scale is divided into 10
horizontal divisions that are 1 centimeter
apart. 1f the TIME/CM control were set to
the 1 microsecond position, the sweep would
move 1 centimeter in 1 microsecond, or
completely across the scale in 10 micro-
seconds. If an AC signal on the scale shows
that 1 cycle is 7 centimeters long and the
TIME/CM control is set to 5 microseconds,

12-13. TIME/CM Control

12=14, The time it will take the electron to
travel across the scope is determined by
the TIME/CM control. The control is divided the time for one cycle would then be 35
into three areas of time from 1 second to microseconds. A horizontal scale permits
.5 microseconds., signals to be measured intenths of a

12-6
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centimeter. I one eycie iy 7.4 centimeters
and the TIME/CM controi is set to 5 micro-
second, the time for one cyele is 37.0
nicroseconds,

12-16, VOLTS,/CM Control

1217, The input signal {g fed to the VOLTS/
CM control. This [ront panel control steps
down the amplitude of the input voltage.
This control is related to the vertical scale
on the face of the cathode ray tube. The
scale 18 divided into six one centimeter
divisions and it is used to measure ampli-
tude. The VOLTS/CM control 18 caiibrated
in ranges from 5 milliveits to 20 volts per
division. Therefore, if the amplitude of the
signal is six divisions and the VOLTS/CM
control is set to 20, the peak-to-peak ampli-
tude would be € x 20 or 120 volts. This is
the maximum voltage that can be measured
by this scope without using an external
attenuator.

12-18. Attenuator Probe.

12-198. To obtain an accurate signal repre-
sentation on the scope, shielded cables must
be used to reduce the amount of magnetic or
electric coupling of the leads. These leads
are normally made from flexible coaxial
cable.

12=20, The purpose of the attenuator probeis
to prevent the circult under test from being
loaded down, resgulting in distortion of the
gignal. The probe does divide the input sig-
nal voltage by a 10:1 ratio. Therefore, 10
volts input would be measured on the oscil-
loscope as only 1 volt when the attenuator
probe 18 uged.

12-21. Measurement of Tine.

12~22. The measurement of time iS accom=
plished using the horizontal pcale of the
graticule. Figure 12-4 shows one cycle of an
AC gine wave extending the full 10 centi-
meters of the graticule. If you wishto measure
the time of one alternation, count the number
of centimeters for ocne-half cycle, and here
we find it to be 5, By multiplying 5 centi-
meters by the setting of the TIME/CM
control, We can calculate the time for cne
alternation. Assume that the TIME/CM con-
trol is set to 20 microseconds. This would
be 5 centimeters times 20 microseconds
which equals 100 microseconds for one
alternation. The time for one complete
cycle would be 10 centimeters times 20
microseconds = 200 micreoseconds. Re-
member, the time indicated by the setting
of the TIME/CM control is the time it takes
the dot to travel one centimeter across the
scale.
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12-23. Caleulating Frequency.

12-24, Now that you can measure sweeptime,
it s very easy to caleulate the frequency of
the Ac signal. The formula used is;

Frequency = LT

12-25, When determining freéquency, you must
always determine the tlme for one cyecle.
In the preceding example, the time for one
cycle is 200 miecroseconds. Inserting this
into the formula, we find.

1
f-——-—_i
200 x 10

f=5kHz

12-26. When Setting up the oscilloscope to
measure an unknown [requency, you should
obtaln as near one cycle across the secale
as possible by using the TIME/CM control.
You must also insure that the VARIABLE
TIME/CM control is 1n the CAL position
or your reading will not be accurate. Figure
12-5 shows an AC Slgnal on the scope that
13 6.8 centimeters for one complete cycle.
If the TIME/CM control is set to 5 micro-
seconds, the time for one cycle would be:

6.8 centimeters x 5 microseconds = 34
microseconds

I |
j#———0ONE CYCLE —=!
¥ '
1

"

==
-

:
*

-
-

-
P =

P =
=
-l
=
e
-
g
—p
=
-
-

LLILL llll_Lllll TVERPTETR

\

Jiasbaaesn bt anly sl bl

/
/

/

AR
LELA

Figure 12-5

- ¥
’ 1/ _" ) A A
N }: \ /
o } \
’ LY
AN h
el NIA B LA
bt 7 ]
o ——— 3600 ——a

Figure 12-6

12-27. Applying the time for one cyecle to
the formuyla:

fate —1 - 20411 B2

12=28. Measurement of Phase

12-29, The dual~trace capabiliy of the oscil-
loscope ts very useful for measuring phase
difference of two sine waves having the
same [requency. Figure 12-6 shows the two
slne waves being displayed on the oscil-
loscope. One waveform is positioned directly
over the other (superimposed) so the dif-
ference in phase is easy "o see. This is
shown as distance X and equals 3 centi-
meters. X also represents the unknownphase
angle. One complete sine wave is distance
Y and equals 8 centimeters.

Distance Y also represents 360 degrees
{one complete sine wave),

Dividing 360 degrees by 8 centimeters
results in each centimeter equalling 45
degrees.

360 degrees
8 cm

= 45 degreés per centimeter

Multiplying the 3 centimeters difference in
the waves by the 45 degrees per centimeter
resuits in a phase difference of 135 degrees.

3 em x 45 degrees/cm = 135 degrees

12-8
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12-30. Lets try another example. See [igure
12-7, Here the phase is different but, the
procedure is the same, There are two
centimeters dilference between the two waves,
Two centimeters x 45 degrees/em = 90
degrees, This gives the phase dilference
between the two signals, Notice the distances
were all measured [rom like points on the
sine waves. Y is measured between the
points where sine wave A corsses the zero
reference line and starts positive. X ;g
measured between the zero crossing of sine
wave B and sine wave A, where they start
going positive. Also notice that wave A
crosses zero after wave B has crossed zero,
Sine wave A lags gine wave B by 90 degrees,

12-31, Amplitude Measurement.

12-32, In measuring voltages with the scope,
it must be kept in mind that it measures the
PEAK-TO-PEAK value, If the signal is a
gine wave, the peak-to-paek value tmay be
converted to the RMS or EFFECTIVE value
by multiplylng the peak-to~peak value by
3925,

EXAMPLE; I the peak-to~-peak value is
200 volts, the elfective value is 200 x ,3535
or 70.7 volts,

12-33, The graticule scale on the face of the
CRT is used [or tneasuring voltage ampli-
tude. When an AC signal is observed on the
scope, a quick calculation can be made to
determine its peak-to~peak voltage amplitude.
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Figure 12-8

Refer to figure 12-8, This shows an AC
asignal 3.8 centimeters in amplitude peak-
to~peak., When checking the VARIABLE
VOLTS/CM control, we find it is in the
CAL position and the VOLTS/CM control is
set on 10. You can calculate 3.8 centimeters
x 10 volts/em = 38 volts peak-to~peak. When
reading sinusoidal voltages, we normally use

a meter which shows elfective voltage. In
order to convert [rom peak-to-peak to
elfective voltage, use the [ollowing formula.

Peak-to-peak x ,3535 = Elfective

12-34. Therefore, if you were reading 38
volts peak-to-peak, insert it into the fortmula
as follows:

38 x .1535 = 13.433 Effective Volts

12-35. You should Keep in mind that the
highest range of the VOLTS/CM control is
20, and there are only six divisions ver-
tically on the scale, Therefore, the peak-
to-peak voltage that you can measure in the
CAL position is 120 volts.

12-36. Measurement of DC Voltage

12-37. To measure a DC voltage ground
the input probe to the oscilioscope and
move the trace down to the bottom line of
the scale by using the Vertical Positioning
control, Figure 12-9 shows the measurement
of DC voltage. After establishilng a ground
reference, the probe is placed on the DC
voltage to be measured. The trace moved
up to point B or 4.4 centimeters. I[ the

12-9

1

2




VOLTY/CM control was set to 10, the DC
voltage shown on the scale would be 44
volta, I the trace had moved down, it -
wotld indicate the presence of A negative
DC voltage and the ground reference would
have to be set at the top of the scale.
Agatn, the maximum voltage that c¢an be
measured directly 18 20 volts per division,
or 120 volts. Higher voltages canbe measured
A= if an external attenuator is used at the
Figure 12-9 input jack.
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MODULE 20

OSCILLOSCOPE USES

This Guidance Package 1s designed to guide you through this module of the Electronic
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OVERVIEW

1. SCOBPE: The oscilloscope is a test
instrument that can be used to measure
voltage or time and show waveforms. OScil-
loscopes vary from simple to complex.Seme
can display two or more waveforms at the
game time. This module provides an intro-
duection, detailed operating procedures, and
practical tralning for a dual-trace general-
purpose oscilloscope.

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

a, Given an oscilloscope, trainer, and
formulas, measure the time and calculate the
frequency of an AC voltage within +10
percent accuracy.

Supersedes KEP-GP-20, 1 July 1574.

b. Given a dual trace oscilloscope and
tralner, determine within +10 percent
accuracy the phase relationship by comparing
two signais of the same frequency.

c. Given an oscilioscope and trainer,
measure the amplitude of DC and AC volt-
ages +10 percent accuracy.

LIST OF RESOQURCES
To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of

the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text




AUDIO=-VISUALS:

Televislon Lesson, Use of Osacilloacope,
TVK 30-212A

Televislon Leasson, Frequency and Phase
Meas., TVK 30-212B

{NOTE: These lessona refer to a

different oscilloacope, but the controla

are basically the game as on the scope

you will use.)

LABORATORY EXERCISES:

Introduction to the Oscilloscope 20-1

Frequency Measurements 20-2

Phase Measyrements 20-3

Voltage Measuréments 20-4
AT THIS POINT, 1IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK, IF NOT, SELECT
ONE OF THE RESOURCES AND BEGIN
STUDY.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm Your answers in the back of this
guidance package.

If you experience any difficulty, contact
your.instructor. :

Begin the program.

A, Turn to Student Text, Volume III, and
read paragraphs 12-1 through 12-20. Return
to this page and answer the following questions.

I. Which is NOT & common udle of the scope?
A, Measure voltage.
b, Measure cyrrent,

¢. Measure frequency.

1]

d. Display waveforma.
2. [Intenaity of the trace should be:

—_— A,

High at ajl times so that the
wavesghape can easily be geen.

b, No higher than is necessary
to clearly gee the waveshape.

¢, At whatever
operator chooses.

brightness the

d. Adjusted by centering the inten-
ity control at all times, regardless of
brightness.

3. One element that all scopes have in
common is:

—

The cathode ray tube.

Electromagnetic deflection.

_b.

An attenuator probe.

—— o

d. Capability ofdisplaying two wave-
forms simultaneously.

CONFIRM YOUR ANSWERS

B. Turn to Laboratory Exercise 20-1. This
exercise will familiarize you with the econ-
trols of the scope and provide you with
practice in the use of these controls. Return
and continue with this program upon comple-
tion of the exercise.

C. Turn to Student Text, Volume III, and read
paragraphs 12-21 through 12-30. Return to
this page and answer the following questions.

1. PFind the frequency of a signal if one

cycle is 2.5 cm long on the scope and the
TIME/CM control is set on 2 mS.
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2. 1If a signal of 1000 Hz s displayed on
the scope and TIME/CM control 1s get on:

a. I m8
b, .2 m8
¢. S5 mS

what will be the length of one ¢ycle in em?

-aﬂ

b‘

C¢

3. 1 the phage difference between two signals
ts 0.5 ecm and the length of one cycle is
8 ¢m, then the phase difference is:
degrees,

CONFIRM YOUR ANSWERS

D. Turn to Laboratory Exercise 20-2 and
20-3 in which you will actually use the scope
to make frequency and phase measurements,
Return and continue with this program upon
completion of the exercise,

E. Turn to Student Text, Volume 1II, and
read paragraphs 12=31 through12-37, Return
to this page and answer the following questions.

1. What is the peak-to-peak amplitude of a
signal that is 3.5 ¢m in height on the scope
with the VOLTS/CM control set on 2V?

2, What is the effective voltage of a signal
if it is 4 cm highon the scope and the VOLTS/
CM control is set on 5V 7

3. How many ¢m in height will a 10 VAC
signal be if the VOLTS/CM control is set
on 16V?

CONFIRM YOUR ANSWERS

F. Turn to Laboratory Exercise 20-4. In
this exercise you will practice using the
scope to measure voltage.

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

LABORATORY EXERCISE 20-1
Introduction to the Oscilloacope
OBJECTIVES:;

1. Match each control with ita function
when gven a }lst of oscilloscope controls and
a list of thelr functions.

2. When given a diagram of the front
panel of the oscilloscope, locate and label
the controlg while observing an actual scope
and a list of its controls.

3. Locate and demonstrate the use of the
oscilloscope controls needed to properly
display one cycle of a sine wave, centered
oh the scope with a vertical size of 4 centi=
meters and a horizontal size of 10 centimeters.,

EQUIPMENT;

Oscilloscope, AN/ USM-2398
Sine=Square Wave Generator 4854

REFERENCES:

Student Text Volume II, paragraphs 12-1
through 12-20.

CAUTION: OBSERVE BOTH PER-
SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

A. Read the list of objectives given for
this exercise. Keep in mind that the exer-
cise ig designed to guide you through cer-
taln steps so that you will be able todo
each of the objectives. The objectives will
be accomplished one at a time.

1. Read table 1-1 and locate each control
oh the oscilloscope.
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Table t«1, AN/USM=308 Front Panel Controls, Indicators and Connectors

CALLOUT CONTROL/INDICATOR/

NUMBER CONNECTOR FUNCTION
1 SCALE ILLUM Adjusts brightness of CRT graticule background
+ illumlnation. Turns power off in POWER OFF
detent.
2 CATHODE RAY TUBE Visually displays signals applied to vertieal

and horizontal amplifiers.

3 FOCuUs Adjusts sharpness of display.

4 ASTIG Adjusts roundness of trace spot.

5 INTENSITY Controls brightness of display.

6 UNCAL Lights when TIME/CM VARIABLE control (7)

' is not in CAL position.

7 TIME/ CM (outer knob) Selects horizontal sweep speed. Determines time
required to sweep horizontal one gratlcule
division. By pulling PULL X10 MAG knob (8),
display can be expanded by 18, increasing
fastest sweep to 50 ns/¢m.

When set to EXT X selects horizontal control
— by external signal applied to EXT X BNC input
jack (11).

When set to X-Y selects horizontal control by’
external signal applied to channel 1 BNC input
jack (marked X) (22).

VARIABLE (inner knob) Provides c¢ontinuous and overlapping adjustment
of sweep speed between calibrated positions of
TIME/CM outer knob. Calibrated to TIME/CM
position when set fully clockwise to CAL detent
position. Turned counterclockwise, sweep speed
decreases; however, TIME/CM readings are
uncalibrated.

8 «——> (outer knob) Provides coarse adjustment of horizontal posi-
tion of display.

B «—> {(inner knob) Provides fine adjustment of horizontal position
of display.

B PULL X10 MAG {inner knob) In pulled-out position, causes magnification of
horizontal sweep or EXT X signal by factor of

10,
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Table 1=1. Oscilloscope Controls and Functions (Continued)

CALLOUT CONTROL/INDICATOR
NUMBER CONNECTOR

g CAL 1V

BEAM FINDER

EXT X

TRIG SELECT (cuter kncb)

FUNCTION

Test point provides 1-kHz square wave at 1
volt p-p amplitude. May be used for vertical
sensitivity callbration and divider probe
compensation.

Reduces gain of deflection amplifiers, thus
limiting beam deflection to within the CRT
graticule. Also operates on blanking amplifier
to releagse sweep retrace blanking.

NOTE

Make sure INTENSITY control (5) is turned
up high enough to make beam visible when
using BEAM FINDER.

Connector for an external horizontal input.

Selects source of timebase trigger signal as
follows:

LINE Pickoff from AC lne
voltage, positlve or
negative slope.

Pickoff from CHI verti-
cal amplifier signal,
positive or negative
slope.

Pickoff from the dis-
played composite verti~
cal deflection signal,
. positive or negative
slope. (Not to be
used in CHOP mode.)
Use with ACF and
DC trigger coupling.

Pickoff from external
trigger applied to EXT
TRIG jack (13), posi-
tive or negattve slope.

FREE RUN Sweep recurs at maxi-
murmn  repetition rate
and with speed set
by the TIME/CM switch.




Table 1-1. AN/USM=308 Front Panel Controls, Indicators, and Connectors (Continuea)

CALL OUT CONTROL/INDICATOR/
NUMBER CONNECTOR FUNCTION

12 LEVEL {inner knob) Selects point on amplitude of trigger signal
that starts sweep. In AUTQ position, sweep
gynchronizing triggers are produced automati-
cally when signal exceeds 40=Hz repetition
rate and exceeds minimum level. In absence
of trigger signals, sweep runs free tp produce

bright line.
12 EXT TRIG Connector for external trigger signal.
14 CHOP-ALT switch Selects display switching mode for dual trace

vertical dflection.

ALT « CHl and CH2 alter-
nate with each sweep,
Used for normal dual
trace displays.

CHOP - CHl and CH2 alter-
nate at 400 kHz.
Used only when com-
paring signals on long
time bases (slower
- than 1 ms/cm). Never
used with CHl &
2 trigger selection.
Never used with time-
base sweeps faster
than 1 ms/cm.

15 AC-ACF-DC {Trigger Selects capacitive or direct coupling of trigger
Coupling) signal. Direct coupling (DC) is normally used
for slow or erratic sync signals. Capacitive
coupling (AC) blocks DC component but atten-
uvates signals below 50 Hz., Fast capacitive
coupling (ACF) attenuates signals below 50
kHz and is used to block unwanted low fre-
quency components of the trigger signals.

16 PULL TO INVERT CH2 Selects polarity for CH2 display. In pulled out
position inverts CH2 polarity.

17 SEPARATE - CH1 & CH2 Selects mode for display of vertical deflection
channels, separate or added.

18 Y {CH2 input) Connector for CH2 vertical input signal.
95
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Table 1-1. AN/USM~398 Front Panel Controls, Indicators, and Connectors (cont)

CALLOUT
NUMBER
19

20

20

CONTROL/INDICATOR/
CONNECTOR

UNCAL

CH1 VOLTS/CM

{outer knob)

CH1 VARIABLE (inner knob)

CH1 AC-GND-DC
(Input Coupling)

X (CH1 input)

CH1

BAL

CH2 QUT

Y CAL

Power

Probe trimmer screw
adjustment (not shown)

FUNCTION

Lights when either VOLTS/CM VARIABLE
control (20) is not in CAL position.

Selects channel 1 vertical deflection factor for
calibrated measurements.

Provides contlnuous uncalibrated adjustments
between calibrated positions of outer knob.
Calibrated to VOLTS/CM positions when set
fully clockwise to CAL detent position.

Selects capacitive (AC) or direct (DC) coupling
of input signal; or grounds (GND) the ampli-
fier stages and disconnects the input to estab-
lish display reference of ground on the CRT
graticule,

Connector for CH1 vertical input signal and
for horizontal inputsignal when TIME/CM switch
(7} is set to X-¥ position,

Adjusts vertical positionof CH1 display. Switches
CH1 off when in OFF detent.

Adjusts to minimize vertical position change
when rotating volts/cm switch,

Connector for output of CH2 vertical amplifier
signal.

Provides adjustment of vertical sensitivity for
both channels.

Lights when operating line power 15 applied.

Adjusts frequency compensation of attenuator
probe.




7

2. Match each conhcol with i8 function by placing tho number representing the function next
to the letter of the control,

8, FOCUS ) 1, Adjusts for the desired brightnoss of the
CRT trace.

b. VARIABLE TIME/CM (Red)

2. 8elects vertical deflection factor of Channel
c. TIME/CM 1 input signal,

d. =— (Outer knob) 3, Applies power to the instrument and con-~
trols iliumination of the graticule,
PULL TO INVERT CH2
. 4, DProvides coarse adjustment of horizontal
f. POWER AND SCALE ILLUM position of the display,

L]

g I CH1 5. Adjusts sharpness of display.

h. VOLTS/CM (Channel 1) §. Normally set to CAL, but provides inter-
mediate adjustment between the settings of the

i. VARIABLE VOLTS/CM (Red) CH1 VOLTS/CM awitch.

(channel 1)
_ 7. Controls the location of the CRT trace
INTENSITY (channel 1) with respect to the Y axis. Switches
CH1 OFF when in the OFF detent.

e
-

8. Selects polarity for CH 2 display.
9. Selects desired sweep speed.
10. Normally set to CAL, but provides inter-

mediate adjustment of Sweep rates between
settings of the TIME/CM switch.
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Figure 1-1. AN/USM-398 Front Panel Controls, Indicators, and Connectors

3. Using table 1-1 and the actual oscil-
loscope, locate each control and fill in the
CALL OUT number on figure 1-1,

CONFIRM YOUR ANSWERS

B. Now you are going to operate the scope
and display 2 waveform on the CRT.

1. Prepare the 0scilloscope by making these

control settings.
CONTROL
CH1 AC-GND-DC

Scale
1ILLUM/ POCWER

INTENSITY

SETTING
AC

ON

midposition

2. Find the trace by pressing the BREAM

FINDER and then turning the

} CHI ando——

controls to bring the trace to the center of
the CRT.

3. Adjust intenslty to suit your individual
eye comfort, but be careful not to ‘*burn’’
the face of the CRT with too much intensity.

4. Complete the oscilloscope preparation
by setting the following controls;

CONTROL "SETTING

cuzt OFF

e Set this control so that
the trace originates on
the first vertical lineon
the left.

TIME/CM Set on 0.1 mS.

LEVEL (red) Set for AUTO.

TRIG SELECT Set for CH1 .

VOLTS/CM, CHI Set for 10V.

Set this control so that
the trace is located onthe
Center horizontal line of
the scale.

culz
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NOTE: At this tnie there should be o
stable lrace across the scope, extending
from the left vertical line across the entire
scale and lying on the center horlzental ilne;

IF NOT, CALL YOU INSTRUCTOR
FOR ASSISTANCE,

CONTROL SETTING

POWER Switch ON

SINE WAVE MAX

AMPLITUDE

RANGE 10V

FREQ. 10

MULTIPLIER

FREQUENCY (CPS) 100

6. Conmnect a lead between the ground post
on the scope and the signal generator.
Connect the oscilloscope CH 1 (X) input to
the signal generator sine wave output jack
(red).

NOTE: There should now be a sine wave
displayed on the scope. It should be appro-
ximately 10 c¢m in length and 3 em in height.

7. Adjust the VARIABLE VOLTS/CM con-
trol. This control

a. Changes vertical size.

b. Changes horizontal size.

8. Adjust the VARIABLE VOLTS/CM for a
sine wave that is 3 cm in height. 1t may be
necessary to change the VOLTS/CM switch
to another setting.

8. Adjust the VARIABLE TIME/CM con~
trol fully CW and then fully CCW. This
causes one cycle of the waveform to:

Increase and decrease in hori-

——

zontal size.

b. Increase and decreaseinvertical

size,

/5@

10, Adjust the VARIABLE TIME/CM con-
trol until one gine wave is 10 cm long.
CONFIRM YOUR ANSWERS

LABORATORY EXERCISE 20-2
Frequency Measurements

OBJECTIVE:

Uslng the dual trace oscilloscope, trainer,
and formulas, determine within 10 percent
accuracy the frequency and time of an AC
signal,

EQUIPMENT:

Oscilloscope, Ballantine, AN/USM-~ 308
Sine-Square wWave Generator 4864
AC Inductor and Capacitor Trainer 3067

REFERENCE:

Student Text, Volume 111, paragraphs 12-2
through 12-27

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:

1. Prepare the scope to display a wave-
form on CHI1.

2. Set up the generator for an output of 10
V AC, at a frequency of 100 Hz,

3. Conneet the sine wave output from the
generator to the oscilioscope CH 1 (X)
input.

4, Adjust the scope to display one cycle
10 em long and 4 cm in height (peak to
peak).

5. Have the instructor change the frequency
of the generator to a value unknown to you.

6. Observe the scope display. Has the fre-
quency increased or decreased?
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7. Set the VARIABLE TIME/CM control to
CAL.,

8. with the TIMF/CM control, make one
cycle of the waveform as close to 10 cm as
pogsible, but not any more than 10 em.
%, How many cm are there per cycle?
10. Using the formula ““TIME of Cycle «

Number of em x TIME/CM setting,” solve
for the time of one cycle,

TIME =

secl

11, Using the time of one cycle and the
formula { a2 1/t, golve for frequency.

CONFIRM YOUR ANSWERS

LABORATORY EXERCISE 20-3
Phase Measurements
OBJECTIVE;

Using the dual trace oscilloscope, trainer
and formulas, determine within 10 percent
accuracy the phase angle between two AC
signals of the same frequency.
EQUIPMENT:

Oscilloscope, Ballantine, AN/USM-398

Sine-Square wave Generator 4864

AC Inductor and Capacitor Trainer 5967
REFERENCE:

Student Text, Volume I, paragraphs 12-28
through 12-30.

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE wWATCHES AND
RINGS.

10

)7

PROCEDURES:

1. Ground the slne wave generator to the
oacilloscope. Connect the i 1'' probe to
the output jack of the slne wave generator,
Adjust the size of the slne wave to 3 em
in height and position it in the top half of
the graticule.

2. Muke these scope control settl. 28:

CONTROL SETTING

CH 2 AC-GND-DC  AC

CHOP-ALT ALT

I (CH2Vertical)  So that CH2 trace Is in
lower half of the
graticule.

TRIG SELECT EXT +

3. Make these settings on the generator:

CONTROL SETTING

FREQUENCY 300 Hz

SINE-WAVE Fully cw

AMPLITULE

RANGE 10V

4. Connect a lead f{rom the EXT TRIG

jack on the scope to the CH2 (Y) jack
using a BNC connector.

5. Connect a wire from the CH 2(Y) input
to the output jack of the sine wave gene-
rator. There should now be a stable display.

6. Set the CH2 dlsplay to 3 e¢m in height.
what controls are used to make this adjust-
ment?

7. Set the length of the sine wave CH1 and
CH2 to exactly 8 c¢m. What control makes
this adjustment?

8. Position the CH1 signal gver the CH2
signal. Adjust the VARIABLE VOLTS/CM
controls so that each signal ig exactly 3
¢m high.
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0, what phase relationship is now indi~
cated by the display?

coee
- )
 J
| ”
GEN RIS CHL CHR ]

Figure i-1

10, Using the trainer, construct the eircuit
shown in figure 1-1,

11. The RC network will cause the CHI1
waveform to (lead}{1ag) the CH2 waveform.

12, Adjust the CH! and CHZ2 VOLTS/CM
and VARIABLE controls until the two signals
are 8 em in amplitude and appear some-~
what like figure 1-2,

e
YA IRV
/
\WAVAR)
- .
Figure 1-2

13. The distance between the like points
on the CHI and CH2 waveform on the pscil-
loscope is cm.

14. The length of one cycle of the CH2
waveform 19 em.

15. Determine the phase difference between
the two waveforms using the equation;

Phase _ Distance between waves X 360°
Difference = Lengthofone cycle
16, The phase difference is

degrees,

CONFIRM YOUR ANSWERS

11
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CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

RETURN TO THE RESOURCE FROM
WHICH YOU CAME AND CONTINUE
WITH THAT PROGRAM.

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

LABORATORY EXERCISE 20-4
QOscilloscope Voltage Measurements
OBJECTIVES:

Using the oscilloscope, measure the amp~
ltude of an AC voltage and the amplitude
of a DC voltage,

EQUIPMENT:

Oscilloscope, Ballantine, AN/USM-~ 308

Sine~Square Wave Generator 4864

DC Power Supply 46490

Multimeter PSM-~0
REFERENCES:

Student Text, Volume IO, paragraphs [ 2-31
through 12-3%.

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES, REMOVE WATCHES AND
RINGS.

PROCEDURES:
A.Measuring an AC voltage.
1. Set up the scope.
CONTROL SETTING
POWER ON
VOLTS/CM CH1 (X) 1V
TRIG SELECT CHI1 +

LEVEL (Red) AUTO




CONTROL SETTING
AC-OND=DC CH1 AC
TIME/CM

CH 2 (Y)

2. Calibrate CH 1

a, Connect & lead {rom the CAL 1 V
output jack to the CH1 input jack.

b. Adjust the VARIABLE VOLTS/CMuntii
the square wave on the scope is exactly 1
¢m in amplitude.

¢. How many volts per c¢m are now
displayed on the scope?

IMPORTANT: THE VARIABLE COCNTROL
MUST NOT BE MOVEL FROM THIS
SETTING.

d. Move the CH1 VOLTY/CM controi to
.5v'

(1) How many cm 1in height is the
square wave?

(2) How many volts are there in each

cm?

(3) what is the peak to peak ampli-
tude of the square wave?

e. Move the VOLTS/CM control to 2V.

{1} How many cm in height is the
square wave?

(2) How many volts are there in each
cm?

{3) What isthe peak amplitude of the
square wave?

{4) Remove the end of the Iead from
the CAL 1 V output iack.

3. Set up the signal generator for a 1 kHz,
3V output sine wave, Use the PSM-6 to
measure this voltage. The PSM-6 should

remain conpected to the output of the gene-
rator for ateps ¢ through B,

4, Oround the signal generator to the oscil=
loscope.

9. Connect thia signal into the CH 1 (X)
input of the acope,

8. Position the display for eage of reading
the peak to peak amplitude,

a. 'The signal is
to peak.

cm peak

b. The peak to peak voltage amplitude of
the sine wave 18

¢. Calculate the effective voltage value of
thlis sine wave ..

d. The difference in the PSM~6 reading
and the calculated effective voltaBe value
above was .

7. Increase the signal generator output to
10 volts as measured by the PSM-6,

8. Make the necessary position and VOLTS/
CM adjustments to display the sine wave
within the graticule and yet be easy
to measure,

a. What t8 the number of cmS peak to
peak? —

b. Ppeak to peak voltage is

c. Effective voltage is
9. Disconnect the signal generator-
CONFIRM YOUR ANSWERS
B. Measuring DC Voltage.

1. Set the DC Power Supply up for a 10-
volt reading on its output meter,

2. Set the CH 1 AC~-GND-DC control to DC.

3. Position the scope trace on the bottom
horizontal line.
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4, Ground the hlack jack of the power
supply to the oscilloscope,

5, Set the VOLTS/CM to 2.

8, Connect the power supply + post (red)
to the CH 1 (X) input jack on the scope.
using a BNC connector and & conductor.

a4, What happened to the trace?

b, How far did it move?

¢c. What is the value of the DC voltage
as indicated by the scope?

7. Have the instructor set up a different
value of DC voltge.

8. Adjust the VOLTS/CMswitchas required,

9. What is the DC voltage value?

CONFIRM YOUR ANSWERS

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.,

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK,

MODULE SELF-CHECK

QUESTIONS:

1. Match each control with its function,
VARIABLE VOLTS/CM (Red)

——— A

b, TIME/CM

¢. CHOP-ALT

d. cHi}
éa, alf——
—  f. VOLTS/CM

8. VARIABLE TIME/CM (Red)

h. CHl AC-GND-DC

FOCUS

CAL 1V

1, Selects desired attenuation of the input
signal.

2. Provides intermediate adjustment of
attenuation between settings of the VOLTS/CM
SWITCH.

3. Provides intermediate adjustment of sweep
ratebetween settings-of the TIMF/CM switch.

4, Selects desired sweep speed.

5, Controls the location of the trace with
respect to the X axis.

6. Selects the desired calibrated square wave,

7. Adjusts vertical position of CHI display.
3witches (HI off on OFF detent.

B. Selects capacitive or direct coupling of
the input signal or grounds out the input to
establish a reference.

8, Adjusts for a clear, sharply defined trace.
10. Selects CHOPPED, or ALTERNATE for
dual trace vertical deflection,

13
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2, VARIABLE TIME/CM (Red) is sot to
CAL and the TIME/CM control 18 set to
5 m8. An AC signal is displayed ¢n the
scope aml the length of one alternation is
2 cm, What i3 the [requency?

a. 50 Hz

10 Hz

n—-—nbu

150 Hz 200 Hz

—_— C, —_— .

3. Which of the [oilowing scope presenta-
tions display a 90° phase difference?

—n, =,

AVARRENA
IAVERRRVA
\VARRRVA

REP4-1112
4, The VARIABLE VOLTS/CM {(Red) is set
to CALIBRATE and the VOLTS/CM control
is set on 5. An AC signal is displayed as
indicated. What is the effective voltage?

W——

b-
da

7.07 volts

— a. —_— b,

10.6 volts

30 volts

—_—

[

ALl
V7

15.2 volts

— C.

REPd-1114

8. VARIABLE TIME/CM (Red) 18 met to
CALIBRATE and the TIME/CM control is
set to 20 uS. An AC signal is displayed
as indicatecd., What i8 the frequency?

——— 1, 8,33 kHZ e By 12,5 kHz
—— Cy 29 kHz — d. 50 kHz
[ 1\ [
!
\
/ VI
REP4-1115

6. Which of the following scope presen-
tations display a 180° phase difference?

b

a.

C.

AVARRRVA
AVARRRVA
ANV
AVERERVA

REFP4-1113
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7. The VARIABLE VOLTS/DLV (Red) ia set
to CALIBRATE and the VOLTS/DIV control
is set on J. An AC signal is displayed as
indicated. What are the effective and penk
voltagen?

— ¢, 4.2 volts effective, 8 volts poak

— . 8.4 volts effective, 12 volta peak

——— a. 1.4 volt effective, 2 volts peak L L/

b. 2.8 volts effective, 4 volts peak

CONFIRM YOUR ANSWERS
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ANSWERS TO A - ADJUNCT GUIDE

1. b
2. b
3. a

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

ANSWERS TO C - ADJUNCT GUIDE

1. 200 Hz
2a. 10 cem
2h. Sem
2c. 2cm
3. 22,5

I vou missed ANY questions, review the
reference material before you continue,

ANSWERS TO LAB EXERCISE 20-2

Have your instructor check your answers
for questions 8, O, 10, and 11.

For more practice on this part of the
éxercige, repeat stepd 5 through 11.

It you missed ANY questions, gsk your
instructor for assistance.

ANSWERS TO E - ADJUNCT GUIDE

1. 7V peak-to-peak
2. .07V
3. 2.828 cm

If you missed ANY questions, reviewthe
reference material before you continue.

ANSWERS TO LAB EXERCISE 20-3

6. CH2 VOLTS/CM and VARIABLE
7. TIME/CM and VARIABLE
9. The two signals are in phase.
11. Lead
14. Have your instructor check your
answer,
16. Have your instructor check your
answer.

NOTE: For more practice onmeasuring
the phase angle between two signals, have
you instructor give you different capa=
citor and/or resistor, and/or applied
frequency values.

If you missed ANY questions, ask your
instructor for asststance.

ANSWERS TO LAB EXERCISE 20-1

22, 5 b. 10 ec. 9 d. 4 e. 8
f. 3 g 7 bk 2 4.6 §. 1

3. A-21 B-22 C-11 D-20 E-12
F-19 G-15 H-16 I1-17 J-13
K-18 L-14 M-1 N-2 O-4
3 Q6 R5 857 T-8
U-9  Vv-10

If you missed any items, review the
reference material before you continue.

ANSWERS TOQ B (20-1)

7. a
9, a

If you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO A - LAB EXERCISE 20-4

2¢. 1 volt/em

2d(1) 2 em (2) .5 voits/em (3) 1 volt
2e(1) .5 em (2) 2 volts/em (3) 1 volt
6. Have instructor verify.

8. Have instructor verify.

If you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO B LAB EXERCISE 20-4

6a. The trace is displaced upward.
6b. 5 cm (approximately)

6c. 10V (approximately)

9. Have instructor verify.

If you missed ANY questions, ask your
instructor for assistance.
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ANSWERS TO MODULE SELF-CHECK HAVE YOU ANSWERED ALL OF THE

la, 2 b, 4
¢, 10 d. 7
e, 5 f. 1
8
g

QUESTIONS CORRECTLY? IF NOT,

g 3 h REVIEwW THE MATERIAL OR STUDY

21- 0 3 ANOTHER RESOURCE UNTIL YOU CAN

i' ANSWER ALL QUESTIONS CORRECTLY.

g‘ IF  YOU HAVE, CONSULT YOUR

7.

INSTRUCTOR FOR FURTHER GUIDANCE.
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Radar Principles Branch
Keesler Air Force Base, Missisaippl

ATC GP JAQRINDQ20-X
KEP.GP-21
Deceniber 1975

ELECTRONIC PRINCIPLES (MODULAR SELF.PACED)

MODULE 21

SERIES RCL CIRCUITS

This Guidance FPackage 13 designed to gulde you through this mddule of the Electronic
Principles Course. It contains speciflc information. including references to other resources

you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title

Overview
List of Resources
Adjunct Guide

Laboratory Exercige 21-1

Module Self-Check
Answers

Page

—
e v D b

OVERVIEW

1. SCOPE: This madule expands on your
knowledge of capacitors, colls, andresistors
as they apply to RCL circuits. You will
compute the voltage drop, current, phase
angle, !mpedance, and power factor for RCL
circuits. Practical training is provided for
examining the relationships that exist
between the circuit parameters.

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

2. Given a series RCL circuit with applied
voltage, total current, resistance values, and
formulas, solve for true power and apparent
power.

b. Given a series RCL circuit with com-
ponent values, applled voltages. and
frequency indicated. calculate the values of
and plot the vectors for:

(1) Total impedance.

(2) Total current.

(3) All voltages.

(4) Approximate phase angle.

¢. Using an oscilloscope and trainer.
determine relative amplitude and phase re-
lationship of E;, ER, Ef,, and E(- in a series
RCL circuit.

LIST OF RESOURCES
To satisly the objectives of this module.
you may choose, according to your training.
experience, and preferences, any or all of
the following;
READING MATERIALS:
Digest

Adjunct Guide with Student Text II

Supersedes KEP-GP-21, 1 July 19%5. Existing stock may be used.
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AUDIOVISUALS:

TVK30-257, Series RC Clircuits
TVK30-288, Series RL Circuits

LABORATORY EXERCISE:

21-1, Series RCL Clrcuits
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 asdirected.

Return
questions.

to this guide and answer the
Confirm your answers in the back of this
Guidance Package,

If you experlence any difficulty, contact
your iastructor.

Begin the program.

A. Turn to Student Text. Volume II1, and
read paragraphs 1-1 through 1-§. Return
to this page and answer the following
questions.

1. Define impedance.

[/

2. What 18 the phase relationship between
curront and applied voltage In:

a. A purely resistive elreult, —

b. A purely capacltive elreuit,

An RC clreuit,

CONFIRM YOUR ANSWERS.

B. Turn to Student Text, Volume II. and
read paragraphs 1-7 through 1-11. Return
to this page and answer the following
questions.

1. Define vector.

2. What is the difference between a posgitive

and a negative angle?




J.  Label the vectors in this diagram for an
RC clrceult.

REP=1030

CONFIRM YOUR ANSWERS,

C. Turn to Student Text, Volume III, and
read paragraphs 1-1i2 through 1-18. Ret ™
to this page and answer the following
questions.

l. write the Pythagorean Theorem
formulas for finding each side of the right
triangle shown.

REP4=1032

J6S

2. Solve for ¢ in this triangle.

REP4=102)

¢ =

3, Solve for a in this triangle.

5 ¢
%o

b 4) cm
REP4-1024

CONFIRM YOUR ANSWERS.

D. Turn to Student Text, Volume III, and
read paragraphs 1.19 through 1-2%. Return
to this page and answer the following
questions.

1. Using the table in KEP-110, find:
a. The sine of:

(1) 30°.

(2) 45°.

{3) 80°,

b. 'The cosine of;

(1) 75°.

(2) 45°

(3) 60°.
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¢, The tangent of;

(1) 2¢°,

(2) 40°.

(3} 80°. _

CONFIRM YOQUR ANSWERS.

Y ]

E. Turn to Student Text. Volume I1I. and
read paragraphs 1-28 through 1.31. Return
to this page and answer the following
questions.

1. Solve for side c¢ and angle ¢ for this
right triangle.

10
REP4-1035

2. Solve for side a for this right triangle.

REP4-1035

a=

3. Solve for gide b for this right triangle,

4;;“ b

REP4=1037

ba

CONFIRM YOQUR ANYWERS.

¥F. Turn to Student Text, Voluma 11, and
read paragraphs 1-32 through 1-41. Return
to this page and answer the [ollowing
questions.

1. Solve for impedsnce in this RC eircuit.

R=10mn
-V

:xc z
an

REP4~1034

for impedance in this circuit.

R=2ka
‘vv'

=X

10k o

REP4=1039

3. Solve for Z in this eircuit.
R=120

My
_|_ xc =
Tm .

REP3=1040

CONFIRM YOUR ANSWERS.




G, Turn to Student Text, Volume I, anl
roud paragraphs 1-42 through 1-52. Return
to thiy page and answer the following
quustions,

1. Using the values given in the circuit
diagram, solve for the listed values. Plot
the impedance and voltage vectors,

4=

aka

—= 0ka

-— I A
REP4~1041

2. Solve for the indicated values. Draw the
voltage and impedance vectors.

Skn
T

103V
26.5 Hz
REP4+1042
Z =
Xe =
I=
Ep=_

Eg =
9=

CONFRM YOUR ANSWERs.

H, Turnh to Student Text, Volume II1, sl
read paragraphy 2.1 through 2-8. Return to
this puge and anawer the following questiony,

1. In a purely inductive circuit, what 19 the
phase relutionshlp between the circuit

current and applied voltage?

2. In a resistance inductance circult, what
is the phase relutionship between current
and the;

a. Applied voltage?

b. Inductor voltage?

¢. Resistor voltage?

3. Choose the vector diagram which repre-
sents the phase relationships in an RL
circuit.

cl
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4. Plot the impedance vactor dlagram for an
B L cireuit in which XL a R,

CONFIRM YOUR ANSWERS,

1. Turn to Student Text, Volume 111, and
read paragraphs 2-7 through 2-10, Return to
this page and answer the [ollowing questions,

1. Use the valuex given to splve for the
listed items. Draw the impedance and voltage
vector diagrams.

7 oz
R = 10ka
l = ———,—
Eg = —— a"t.‘
S0kf
- ’ eV
EL = |
REP4-1046

2. Solve for indicated values.Drawimpedance
and voltage vectors

L=12mH

E, & e -
L REP4-1047

Replaces pages 5 and 6, KEP-GP 21

CONFIRM YOUR ANSWERS.

J. Turn to Student Text, Volume III, and
read paragraphs 2-11 through 2-18, Return to
this page and answer the following questions.

1. what is the phase relationship between
X1, and Xp?

2. Draw the impedance vector dlagram for
this circult.

AL = 8% ohma

s kH:@ XC = 5k ohms

R = 4@

REPd-1051

CONFIRM YOUR ANSWERS.

K. Turn to Student Text, Volume I, and
read paragraphs 2-17 through 2-28, Return to
this page and answer the following questions.

1. Solve for each of the listed items. Draw
the voltage vector diagram. aka

1=
Ep - 100v S %o
E_ - 318 kHz 1
Ec \|
AT
REPA=~1049

ATC Kewsler 13304
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2. Solve for the unknown values. Draw the
impedance and voltage vector diagrams.

YA

24k
4 A\Mv )
l = o l
B, = 120v 42
E, *
E_ = 10kg
R REP4=1050

CONFIRM YOUR ANSWERS.

L. Turn to Student Text, Volume I, and
read paragraphs 3-1 through 3-16. Return to
this page and answer the following questions.

1. Define power.

2. What is power in terms of current and
voltage ?

‘ | 7oL

3. What 18 the average power in a purely

capacitive ¢lrcuil?

4. What 18 the average power of a purely

inductive eircuit?

5. Wwhat is the term used to describe power
in a purely capacitive or a purely inductive

eircuit?

CONFIRM YOUR ANSWERS.

M. Turn to Student Text, Volume III, and
read paragraphs 3-17 through 3-23. return to
thig page and answer the following questions.

1. Detine true power




4. Plot the imipedance vector diigrnm for
an ftL, circult in which X, = R,

CONFIRM YOUR ANSWERS.

I. Turn to Student Text. Volume III. and
read paragraphs 2-7 through 2-10. Returnto
this page and answer the following questions,

l. Use the values given to solve for the
listed {tems. Draw the impedance and voltage
vector diagrams.

CONFIRM YOUR ANSWERS.

J. Turn to Student Text. Volume II, and
read paragraphs 2-1{ through 2-16. Returnto
this page and answer the following questions,

l. What is the phase relationship between

XL and X¢?

181

2. Draw the impedance veetor diggram for
this clreult, '

A, = 08K ohms

L

X =5k ohms

M8 kM ol

R = 4kp

REPS=1051

CONFIRM YQUR ANSWERS.

K. Turn to Student Text, Volume III, and
read paragraphs 2.{7through2-28. Returnto
this page and answer the following questions,

1. Solve for each of the listed items. Draw
the voltage vector diagram.

ER =

Ey =

Ec =
Bl
apgg ™

@wov S ko
38 kM2 b

—

REP4-1049




2. Solve for the unknown values. Draw the
impedance and voltage vector diagrama,

VA S
I
Eg =
Ep =
Ep =
4k
- IN'
| .
120y pomad ¥43-)
Imm
10ka

REP4=-1050

CONFIRM YOUR ANSWERS,

L. Turn to Student Text, Volume LI, and
read paragraphs 3-1 through 3-16. Returnto
this page and answer the following questions.

1. Define power.

3. what 13 the average power lin a purely

capacitive circuit?

4. What 18 the average power of a purely

inductive circuit?

5, What i3 the term used to describe power
in a purely capacitive or a purely inductive

circuit?

CONFIRM YOUR ANSWERS.

2. What is pOwer in terms ©f current and

voltage?

M. Turn t0 Student Text, Volume Il. and
read paragraphs 3-17through 3-23, Returnto
this page and answer the following questions.

1. Define true power.




2, Define apparent power and glve the unit

in which 1t i5 vXpressed,

——— R
2. Solve for the indlcated valuea in this
-~ problem.
i 2w
3. Determine Pp and Py for these circuits. 1=
a. Pt =2 ER =
Py = Eg =
s B
@mnv P, =
i p
xc =39 aF
b. Py =
R = 16k0
P, =
2 80V i
AMA == Xc = 12ka
R =3kq
75V
REP4-10356
X =dka 3. Solve for the indiczted values.
AR .
[ Pt =
Pa = l =
VA Eg=
R =59
50V X, = 6kQ Ey =
|
i 0=
Xe = bker
REP4-1054 Py =
CONFIRM YOUR ANSWERS. Py =
N. Turn to Student Text. Volume 1il. and
read paragraphs 1-24 through 3-32. Returnto R =2.4kq
this page and answer the following questions. e
XL =1 k02
1. Label the pREACTlVE’ Pt, and P, vec-
tors in the power vector diagram. The :
impedance vectors are given as a reference. REP4-1057
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4. solve fol the indicuted values,

A"

ER“.

Et, =

2]
9]
1

3
[}

o
)
tt

R =20ka
XL = 40k

Xc # 0k n

i~ 3 mA—
REP4=105%

CONFIRM YOUR ANSWERS.

©O. Turn to Laboratory Exercise 21-1, In
this exercise You will be working with a
series RCL circuit, measuring component

voltages and determining phase relationships.

YOU MAY STUDY ANOTHER RESOURCE
OF. TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 21-}

OBJECTIVE: Using an oscilloscope and
trainer, determine the amplitude of E;, Eg.
Er. and Ep, and determine the phase rela-
tionship of each of the voltages in a series
RCL circuit.

EQUIPMENT:

Oscilloscope, Ballantine., AN/USM-298
AC Inductor and Capacitor Trainer. 5967

Isolation Transformer, 6124
Sine Square Wave Generator, 4864

REFERENCE:
Student Text, Volume III, paragraphs 3-1
through 3-32

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:

A. Measure circuit voltages,

1. Set the following scope controls:

CONTROL SETTING
POWER ON
VOLTS/CM 0.5, CAL

CHl AC-GND-DC AC

CHI Vert. Pos. Midposition

CHOP-ALT ALT

AC ACF-DC AC

LEVEL AUTO

TRIG SELECT CHL +
TIME/CM 0.2 mS, CAL

2. Connect the CHI input to the output of
the isolation transformer and the scope
ground to the other output terminal of the
isolation transformer.

3. Connect the input of the isolation trans-
former to the sine wave output of the
generator.

4. Set the gener (tor for a 3 kHz output that
is 4 ¢m high on the scope.
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L1G2
SH B

rg ' R103
Q%
o uF'I;

150L ATION
TRANSFORMER

5. wWhat i3 the peak to peak atnplitude of

the signal? volts.
NOTE: This will be the E, tothe RCL circuit.

6. Connect the circuit as shown in the
diagram at the top of this page.

7. Which component voltage is being viewed

on the scope?

8. What {g the peak to peak value?

9. Move the scope ground lead to point D
and the CH1 input to point C,

10. What is the peak to peak value of Eg?

volts.

11. Move the scope ground jead to peoint C
and the CH1 input to point B,

12. What is the peak to pcak value of ER? It
may be necessary to change the VOLTS/CM

-

]

Cll O CH2  GliDg

REP¢~1060
B. Phase relationships,
1. Connect the scope yg shown in the figure

at the bottom of this page.

2. Mauake these scope adjustments:

CONTROL SETTING
TRIG SELECT EXT +

CH2 AC-GND-DC AC

CH2 Vert. Pos. Midposition
3. Connect EXT TRIG to point A in the
circuit,

4. Connect CH1 input to poilnt A in the
circuit,

5. Connect scope ground te point D in the
circuit,

6. Connect the CH2 input to poin* C,

7. Turn CH2 until a second signal i8 viewed
on the screen.

o m

e &

Ocu O CWg

setting to get a clear reading. volts,
CONFIRM YOQUR ANSWERS.
A
L1102
S H
R101 8
@ IE ot
3 kHz o2
NuFTo
9
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A 3

-

EAT
TRG ©

8. Adjust the TIME/CM switch and the
VARIABLE control so one sine wave is
exactly 8 ¢m long,

9. Adjust the scope controls SO that the two
signals are equal in amplitude.

10. What voltage 1is displayved on CHI1?

11. what voltage 13 displayed on CH2?

12. 1s Ep in phase with E,? Channel 1 is

displaying E,.

13, How many centimeters separate the two

signals?

14. What 1s the phase difference between

the two signals? degrees.

CONFIRM YOUR ANSWERS.

OCHL ©CH2 GND O
1

15, To compare E, and Ef, reconnect the
circuit as shown in the above illustration.

168. Adjust the scope so Ep, and E, have the
gsame amplitude and one sine wave is 8 cm
long.

17. The phase difference between the two

signals is cm or

degrees.

CONFIRM YOUR ANSWERS.

18. Set up the circuit gshown at the bottom of
thig page to compare ER with Ea’

19. Adjust the scope 80 ER and E; have the
same amplitude and one cycle is 8 cm long.

20. The phase difference between the two

signals is cm or

degrees.

21. Disconnect the equipment.

CONFIRM YOUR ANSWERS.

CTUIf

P

kO

|

Rt03
1.2

~OCHL 1"c;:-lz GiDP
—
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CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

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

MODULE SELF-CHECK

1. Solve for:

Z =

R
0V 15ka
53 Hz

¢

o
Wka

REP4-1064

Draw the impedance vectors.

2. Solve for:

Z =

I=

Draw the voltage vectors using E; as the

Eps«

Ep »

Py

On

R
1%ka
L

9

6 M

REP4=1065

reference.

3.

Solve for:

Xp =
7 =
I=
ER =
Ec =
Py =
P, -

0= —_

R

asv 12ka

159 Hz 3 .

REFd-10686
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Draw the voltage vectors using B, as the
reference.

4, Solve for:

A
I=
Eg =
Ep =
0=
P =
P, =
L
79.6 4
om [
ko
REFP4-1067

Draw the impedance vectors.

5. Solve for:

Xp =
"C a
2«
1=
EL =
Ep =
Ep =
0=
Pg =
pa =
R
A
ko
v 1.C
@lS? Hi “T.090% uF
L
M
15H

REP4=1063

Draw the impedance vectors.
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6, Solve for: Draw the impedance vectors,
Ec &
El... ]
ER "
)
pa =
A39uF
It
"\
100 Hz Stska
9H
3‘. n 8. Solve for:
e et L] e
REP4-1069 P =
Pa =
Draw the voltage vectors using E; as the 77kg
reference. M
Tka
BOVATNS) 1407 Wbz 108V
TR
"
144¥
REP4=107)

Draw the impedance vectors.

7. Solve for:

Pt =
Pa =
10ka
78 == 50k
M
kg CONFIRM YQUR ANSWERS,

REP§=1070

13

o " 189




ANSWERS TO A - ADJUNCT GUIDE: 2. 20

1. Impedance 18 the tatal opposition offered 3. 2% em
to the {low of alternating current. '

1f you missed ANY question3d, review the

2. . Current and voltage are in phase. materal before you continue.

b. Current leads the voltage by 80°.
¢. Current leads the voltage by less ANSWERS TO D - ADJUNCT GUIDE:

than 80° 1. a. (1) .5000 (2) 7071 (3) .8660

If You missed ANY questions, review the
material before you continue. b. {1) .2588 (2) .7071 (3) .5000

c. (1) .3640 (2) .8301 (3) 1.7321

ANSWERS TO B - ADJUNCT GUIDE:
If you missed ANY questions. review the

l. A vector is a line used to represent material before you continue.

magnitude and direction.

2. A positive angle i{s generated when a ANSWERS TO E - ADJUNCT GUIDE:
vector is rotated CCw.
l. ¢=12.8 0 =387
A negative angle is generated when a
vector is rotated Cw, 2. a=1"7321

3, ER 3, b=1,5

{
—

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

ANSWERS TO F - ADJUNCT GUIDE:

¢ Ey 1. Z=12.81 ohms
REP4=10131

2, Z=224%kohms

If you missed ANY questions, review the .
material before you continue. 3. Z =20k ohms

If you missed ANY questions, review the

ANSWERS TO C - ADJUNCT GUIDE: material before you continue.
l.
ANSWERS TO G - ADJUNCT GUIDE:
2
¢ = +b
2t 1. Z=50kohms
as=s n:2 - IJ2
E, = 150V
2 2
b= -
¢ -a Eg = 120V
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Eg « 00V I you migsed ANY questions, review the
0 = 16.0° material before you continue.

ANSWERS TO H - ADJUNCT GUIDE:

1. Current lags the applied voltage by 00°,

2. Current lags the applied voltaga by less
than 00°.

Current lags Er, by 807,

Current and Ep are In phase,

3. d

4l

e = %0v

a5°
R

2. Z = 10 k ohms REP4-1045

Xe =6 k ohms

I=10mA
Ep = 80V If you missed ANY questions, review the
Eg = 80V material before you continue,

0 = 36.9°

ANSWERS TO I- ADJUNCT GUIDE:
1. Z =58kohms
l=2ZmaA
Z = 10k ER = 60V
Eq = 80V Eg, = 100V
0 -58.9

/' <+ 10 mA
36.9°
XL = 50k

Z =580

Ep = 60V
REP4=1043




2. Xp, =120 ohms
Z « 130 ohma
1«2 A
Eg = 100V
Ep = 240V

0 = 67.4°
B = 240V
X =108 510

€, = 20V

Eg = 100V
REPd=1048

R = 505

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

ANSWERS TO J - ADJUNCT GUIDE:

1. ¥, and X¢ are 180° out of phase.

2. X, =8kg
L 'y
L - Kc/'---w-- 'Z = 5kQ
g IR = dkg
3.9°
Y
xc = 5k Q
REP4=105% »

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

ANSWERS TO K - ADJUNCT GUIDE:

1. 1=20ma A36.9°
Eg = 80v /236.9°
Ef, = 160V /453.0°
£¢ =100V /-126.9°

16

)8F

E + 160V ASLI® -

E, = 100v A4°
. Eg = 80V 22492
Ee = 100v Al25°

2. 2Z =240k ohms
1=3mA
Ec = 126V
Eg, = 30V

Eg = 12V

X_ = 10ka
A

Z =z kN

NE =
oa

,I
AT 1"

Ec = 126V

REP4&-1053

If you misgsed ANY questions, review the
material before you continue.
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ANSWERS TO L - ADJUNCT GUIDE: 2, Z=20%ohms
1. power is rate of doing work. 1=4mA
2. P=1xE Eq » 64V
3. The average power in apurely capacitive Ep = 48V
circuit is zero.
0 =369

4. Zero

Py = 256 mw
5. Apparent power

P, 2320 mvaA-

If you missed ANY questions. review the 3, % =2.6Kkohms
material hefore you continue,

1 220 mA
ANSWERS TO M - ADJUNCT GUIDE: Egp =48V
1. True power is the actual power dissi- Ep, = 20V
pated by the circuit resistance.
. =226
2. Apparent power is the product of current Pt = 060 mW
times voltage. and is expressed in volt-
amperes. P, = 1040 mVA
J. a, Pt=1.6W 4, Z =1208.28 k ohms
pa =2 VA EH = GOV
b, Pt=675 mW Ey, = 120v
Py = 1.125 mVA Ec = 60V
c. Py =500 mW 0 =4%
Py = 300 mVA Py = 180 mW

P, = 254.52 mvaA
If you missed ANY questions. review the
material before you continue. If you missed ANY questions, review the
material before you continuz.

ANSWERS TO N - ADJUNCT SUIDE:
ANSWERS TO A - LAB EXERCISE:

1. PREACTIVE p
@ 3. 20V peak to peak
7. Ey
—eP,
REP4=1059 8. Have instructor verify.

17
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10. Have instructor verify.

11. Have instructor verify.

If you missed ANY questlons, ask your
fnstructor for assistance.

ANSWERS TO B - LAB EXERCISE:

REP4=1072
10, Ej
1. Ec 2. Z =30 kohms
12. No EL = 72V
13. Have your ipstructor verify your answer. 1=2maA
14. Have your instructor verify your answer, Py = 60 mW
If you missed ANY questions, ask your 0 =674
instructor for assistance.
ERp = 30V
17. Have your instructor verify your answers, Py =156 mVaA
EL
It you missed any questions, agk your 7V
instructor for assistance. /
» Es
] 78V
20. Have your instructor verify your answers. K
Eq
If you migssed ANY questions. ask your v .
. . PEPY-2373
instructor for assistance.
ANSWERS TO MODULE SELF-CHECK: 3. Xc =5 k ohms
I, Z =25 k ohms ER = 60V
Ec =24V P, =325 mva
I =12 ;A Z =13 k ohms
Py = 21.6 mW Ec = 25V
0=53.1° I=5maA
ER =18V P, = 300 mw
P; =36 mVaA Q=226

s 194




) §7

X, tska

&

X, = Xc

\.

25V

Z = 50 k ohms
Ep, =120V
Pt = 040 mW
[ =4 mA
0 =236.9°
P, = 800 mVA

ER = 160V

XL 30kp

REP4=1074

'

Xc ke

Ec =50V

P 2 375 mW
Ep, = 100V

Py = 450 mVA

ER = %V

o “---i Z Skn
LR 3k

REP4=726

Xy, = 15 k ohms
[=4mA
ERp = 12V
Py = 80 mVaA
Xc = 11 k ohms
Eg, = 60V
0 =531°
Z =5 k ohms
Ec = 44V

Py = 48 mW

=R 40k

REP4-7)8 e
sov

P, = 90 mW

Pa = 234 mVA

REP 41075

- -~ 7 %kg

)
XC S0ke
REP4=1076




a.

Py = 432 mW

P, = 720 mVA

*L

1k

REPd=1077

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR IN.

STRUCTOR TFOR FURTHER GUIDANCE,
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Budc and Applied Electronics Department Programmed Text 3AQRIX020-X

Keealer Air Force Base, Missieaippi KEP=PT=21

Thie illustrated Programmed Text le deeigned to in the etudy
of Series Reactive Circuits, Fach page contains an rtant idea or
concept to be understood before proceeding to the next, An illustra-
tien for sach objective is presented to clarify what le to be learned.

At the bottom of each page, there are & few questione to bring out
the main pointl. Thess ars indicated by.ooo
It is hoped that these questions also ald " Q=1 or Q=2 atce.
underetanding the subject a little better.

The answere to these questlons will be found en the top of a
fOuO'Nina page, indicated 48.... |

Short comments may follow the
answers to help understand why
a question may have been miseed.

A=t or A=2 etc..

INDEX OBJECTIVES
Introduction & Impedance......'l
Calculating I.mpedance.........3
Calculating Total Currentes.eed
VOltagB Drops.................?
Reactive Circuit Poweresesess10

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

a, Given an AC series RCL circuit

Apparent Poweressscssssescsssll
True Powerescesscsscessececeell
Operating Characteristiceceestd
Fhase Aﬂgleoooooo.ooooooooooo'ls
Equation Summ&rye.cscecessseseld
Circuit ProblemSeccescoscasse?l

Vector Dlagrangesssesesccses e
Impedl.nce vect0r500000000000.26
Using Iﬂq’)&dme Vectora,eeeee32
Voltage=Current Vectorseeseees3d
Using VOltagB Vectora........w
vectOI‘ Smw....l.....ll.l.h9

SUMMATY e eerecnsccvcoceresese S0

with applied voltage, total
current, resistance values,
and formulas, solve for true
power and apparent power.

Glven a geries RCL circuit
with component values, appli-
od voltage, and frequency
indicated, calculate the
values of and plet the wvectors

for
EI; total impedance.
2) total current.
{3) all voltages.
{4) approximate phase angle.

Using an oscilloscope and
trainer, determine relative
amplitude and phase relation=
ship of Ea, Ery EL, and Eg, in
& series RCL circuit.




INTRODUCTION

Most elsctronic equipment is constructed of series end perallel con-
nected “reective" components, All audio and video circuits, operete ea
frequency sensitive "reactive" circuits. Resistore, capacitors, and ind-
uctors, operating together, form tha "heart' of complex receivers, trans-
mittars, control end indicating assemblies.

Transistors end tubes depend upon proper "cooperstion” batween resis-
tors, capacitore, and inductors, connected to their tsrminala. Failure of
such components to '"react" properly together, will disable the entire cir-
cuit, and result in "eystem" troubles often difficult to locate. The ser
vica technician must therafora have a "working knowledge" of how these
threa components control the performancea of most Electronic circuics.

Tha study of how these components "work together"” is called Sarias
Reactive Circuicts. It is a complex and difficult subject, requiring
several diffarent approaches to understand how the three electronic parts
join their oparating characteristics into "one' rasulc.

This text is divided into two such "approachas". 1. The circuics.
their theory of operation, and calculations. 2. Vector diegrams. and how
t0 use Cthem. .

The study begins with "Impedance", and what it consists of.

IMPEDANCE

The total opposition, in any alternating current circuit, 1s called

DMPEDANCE. (Symbol 2)

Most AC circults are made up of

combinations of Resistance (R), Capacitive
Reactance (X;) , and Inductive
kmmmemﬂ.medmymu.

these differing opposicions form a total called IMPEDANCE (2).

As wich all opposicions, IMPEDANCE is measured in OHMS £-, k.N.,

or M., EFAMPLE: "The impedance of this circuic = 2k ™.

The total opposition‘in any aleernacing current circuie. is

called .
I b, The combination of Resistance and Reactance is called .
c. Impedance (Z) is che opposition of AC circuits.
d, T-F.Impedance (Z) is measured in amperes.
e, T-F.Impedance (Z) is measured in voles.
f. Impedance i{s measured in « Just like other oppositions.
2. The symbol used for Impedance is .

h. T-F.Impedance (Z) in azlternating current circuiets. is similiar
to Total Resistance (R¢) in Direct Current circuies.
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REACT1

Thres typss of sletsrnating current ssriss circuice will be

SERIES RC o—,th(—-o
SERIES RL OW—NYV\—o

SERIES RCL "\NV"' (—/'Y'W\-o

In these "reactive circuita™, the total opposition or IMPEDANCE (Z)

discussed.

plays an important part. The total opposition Limits the amount of cur-
rent Which is sllowed to flow, and determines the rest of the circuit
operating characteriscics which will be discussed later.
CALCULATING TOTAL OPPOSITIONS

When the individual oppositions in a geries circuit are all the

game type, the total opposition {g obtained thru simple addicion.

= 5 +15 + 10
= 300

The tctal opposi:ion in an al:e:nating currer.t circuie, is
called

Impedance (Z) will limic or cOn:rol .

Impedance (Z) 13 measured in

1f the total opposition {Impedance) 1ncreases, the amount of
current allowed to flow will {ine or dee)

T-F When oppositions are the same type, they are added together.'

2




a, Impadance....eymbol (2) d, Feles:::s..0hme
b, Impedance....Reactence mesaning 6, Paled:ssssso0hme
either Inductive Resctance (Xp), f. ohme
or Capacitive Reactance (Xg). g. (2) N
¢, total, overall, or complete h, True, Impldlncl\'ill
1imit currant., 3

CALCULATING IMPEDANCE

The total oppoeition of a “"reactive circuit” ie aleo obtained

thru gddjicjon. However, becauss the types of opposition are dif.f.eren\

the total opposition (2) must be calculated in spscial ways. \

CIRCULTS IMPEDANCE EQUATIONS

SERIES RS ' -
°—'\&W—Ix(;—° V R% + X2

Z=V R*+ ¥

R X1

SERIES RCL y v
Z=VR4+ (X=X
o— AN/ I{ Y'Y\l o (Xe = Xu)

R xe x Z=VRE+-XP

These equations may appear difficult, however they are actually

quite simple when it gets down to using them. Example problems will

follow, but practice using the “square root table" comes firsc.

=3 Using the Square Root Tables in KEP-110 Electronics Handbook, look
up the “'squares” of the following numbers:

a, 262 « b, 852 = c. 1242 d, 4582 «

Using the same tables, look up the "square root” of the following:
e, Yl = f. J96 = 2. JMS = he \I856 -

The "square root” of numbers over 1000 is determined by looking for
the number in the "square” ¢olumn, then sliding over into the "number*
column for the answer. :

1, y1,225 = 5. V6.084 = k. VI9,600 -




A-2 g, Impedence....symbol (2)
b, currsnt, or total currsnt
€. ohms, k ohns. or M chna
d., decresss....incressing opposition elways reduces current.
8, Ttus..s.but they must be sxactly thes sama type of oppositions.

CALCULATING IMPEDANCE (cont)

The total opposition or IMPEDANCE (Z) of a Series RC Circuit, is

calculated a8 follows., Use the "tables” to check each atep...

= v R! + xc! Z equation.
v
Sekn’ r562 + 422 kKoo is dropped,
G\/ V3,136 4+ 1,764 From the "tablea”,
//;‘ 42k N

= r 4,900 Added together.
-

- m From the "tables"
Ll'crn'n. OPPOSITION with k A. added

back on.

The total opposition or IMPEDANCE (Z) of a Series RL Circuit, is

calculated by the same method, using a slightly different equation..,..

2

- zea ¥ 82 + x? 2z equation.
r-ll 60’10.1. = V?tﬁ + 252 k. is dropped.
V3,600 + 625  Prom the "tables”.
X, 9§ 25ka V 225 Added together.
= Za m From the "tables”

with k.n. added
TOTAL OPPOSITION back on.

Q-4 Calculate the total opposition or IMPEDANCE (Z) of these circuits,
(a) {v) {e)

g
2K 80
A A
36.nT Ik 150AT




A-3 a., 676 s, # 4, 3
». 7,225 f. 9.7980 J. 78
c. 13,376 g. 12.0416 k., 140
d, 209,764 h, 29,2573
CALCULATING IVPEDANCE (cont)
Tha total opposition or IMPEDANCE (Z) of a Ssriss RCL Circyit,

is celculatad in s similar mannar.

F—ummnrnmc:—?
“\[R? + (% - %P z-\lnz-n-(xn-x‘:)2

Tha equation used, depends upon which opposition (Xc or Xp)

is tha la_rger Use the "tables" to chack each example stap.....

zey 824+ (X - X)? 2 aquation

2 S - V2l s s -207  Kdropped

- 2 2
/\/ 2 Xe 45kn VZB +( 21 ) Subtract
=\78 + 441 From tablea
o J¥ke o2 Added
- @ From tables

Lmﬂ- OPPOSITION

2 -\[ R2 + (X - X)2 2 equatton

R 16k - \f 162 + (50 - 2(.‘;)2 k‘dropped

@ 2 Xe 20k, - v 16+ ¢ 30 )2 Subtract

- V 256 + 900 Fros tablea

Xy S0k
- \[ 1,156 Added

From tables
L—TOTAL OPPOSITION

Q-5 Calculate the total opposition or IMPEDANCE (2) of these circuits. H
(a) (b)
Jn
601: 38k
z { 12n sk 18k.n
6N ‘5 azk 48k.n
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A=b

a, 60n b, 40k

CALCULATING TOTAL CURRENT
Once the IMPEDANCE (Z) of a Series Reactive Circuit has been
deternined, the caleculation for TOTAL CURRENT (I,) is the next sten,
I, = Total Current (to be calculated)
E, = Applied Voltage (from the generator)

Z = Impedance (nreviously determined)

EXUGLE;

2o\ R24 (¥ - 802
e\ 8%+ (3 - 2007

-\f:.azu 1% )2

- \/2.304 + 196

Q-6 Solve for Total Currenmt (I;) in the following circuits.
{a) (b) _ (e)

. 1
20V 240 26V * 4oV 16k A
ONE &) g &) -

1k n
18 e n

d, What would happen to the Impedance of circuit {a)} if the opposition
of the resistor is increased? (inc or dec)

e, What would happen to the impedance of (a), if the frequency from
the generator decreases? {inc or dec)

f. what would happen to the impedance of (¢}, if the oppasition of
the resistor is increased? (inc or dec)

g. What would happen to the impedance of (c)}, if the frequency from
the generator is inereased? (ine or dec)

h. What would happer to the total current in (b) if the opposition of
the resistor is increased? (inc or dec)
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A-5

a. 300 b, 6lka ¢, 52ka

VOLTAGE DROPS

Current flowing in a Reaceive Circuie, will cause voleape drops to

occur across each component. Resistor Voltage Drop
Capacitor Voltage Drop

CALCYLATING VOLTAGE DROPS @Inductor Volcage Drop

Following the calculations for Impedance (Z) and Total Current (I.),

the individual component volcaae droEs are determined by Chms Law.

RESISTOR

0 % " VoLTAGE ER " Ie¢ X R
CAPACITOR

VOLTAGE = CURRENT X OPPOSITION voLTAGE EC = Iz x Xg
INDUCTOR

VOLTAGE EL = ¢ X X

z.\/ R? + (Xc - %)°
-\ 122+ (13 - 8 )2
-\1z22e ¢ 5 )2

Now calculate the component voltage dropS..,.

- * i12kn 2mA - 13
= 24V 26v

NOTE: The sum of the individual vol:age drops does NOT equal the

Applied Voletage. 1¢ 1s 0T supposed to..,.rsasons, later.

0-7 a, In Reactive Circuits the voltage drops are calculated using
Law.
b, A voltage drop will occur when flows thru a resistor.
a capacitor, or an inductor.




d. Increase...an increase of eithsr oppesition
would increasa the total opposition.
4a (2 = 30A.) e. Decreass...if freq decreases, X| decreases,
, and ths total oppesition would decrease.
mA (Z = 13kan) f. Increase...if either oppoaiticn increases,
) the total opposition would increase.
2ma (2 = 20 an) g. Decrease...if freq increases, decraases,
and the total oppoaition would decrease.
h., Decrease...if R increases, Z increases, and
the increase of opposition decreases I..

JOLTAGE DROBS (cont)

The individual oppositions (R, X, and %) were added topether in a
special way to obtain the total opposition (Z), Therefore, the individual

voltage drops (Ep, Ec, and EL) will have to be added together in the same

special way to equal the applied voltage (Ey).

\f 2 2
F, »\] E™ + Eg

e
z -VR- + (xc - XL)z Eﬁ » \IERZ + (EC - EL)2

Xz e\ RE+ (¥ - X0 Ea-\,ER2 + (E - Eg)?

0-8 Calculate the individual Voltage drops in the circuits below.

c. T-F The voltage drops in a reactive circuit, must be added together
in a special way, to equal the applied voltage.




A-7 a. Ohme Law,,,. VOLTAGE = CURRENT ¢+ OPPOSITION

b, cutvent,.,,, vemembering that current does NOT flow "thru" a

capacitor due to the "dielactric", What ims meant, is cutrent
flowing in a civcuit, containing a capacitor,

CQUATION SUMMARY

SERIES RC SERIES RL

L s | = PRV VI g 4 A S
Z . ‘112+xc2
E

a
Z

ER.It‘R

Eg= Iy * X¢

SERIES RCL

1

xc nreater than Xp

It‘XL

E:l -VLRZ + (EC - I‘L)z Ea ‘V ERZ + (FL - Fc)?'

n-9 Determine the tynre of citeunit, select the ptopet aroup of
enuations, aud solve the fellowing problems.

(a) ER' (Y F, = (c)

"a Fc =

24 45V

7k;m
(:E;:) 70V E, sov
130v 5 20k a;
9
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P

A=8 2 = 28kn Ep = 21V

a, Z = g5kn Ep = 120V

- Ec = 90V b, c. True
Ip = 3mA Ep = 18V I, = 2mA £, = 50V

POWER IN REACTIVE CIRCUITS

Electrical energy, delivered into & circuit containing a resistor,

is dissipated {n the form of heat.

ELECTRICAL
ENERGY

pissipateD P?

Electrical energy, delivered inte a circuit centaining a capacitor,
is NOT dissipated as heat. It is stored, for a moment, as a “charne"
within the capacitor. Vhen the canacitor "diascharges", the enerpgy is

returned to the power spurce.

ELECTRICAL
ENERGY

Electrical enerry, delivered inte a circuit containing an inductor,
is °T dissipated as heat. It i{s stored, for a moment, Aas a mapnetic
field, surroundin®” the inductor. When the field "collapses”, the energyv

i3 returned to the power source.

ELECTRICAL
ENERGY

Q-10 a, T-F power 1s dissipated in the form of heat ftom a resistive
component such as a resistor.
b. T-F A capacitor dissipates power {n the form of heat.
¢. T-F A capaciter "stores" power,

d. T=F An inductor "stores" power in the form of a magnetic field.
e. T-F Inductor power {s "stored” when the field collapses.

10
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A-9 2 = 40 Z e 25K

a, I, » JA b, Eq = 7%V c, leg = 2mA
Eg = 72V 0 Ec = 48V

APPARENT POMER

The electrical energy delivered into any AC circuit im called the

APPARENT POWER. (Symbol P,) It is the product of the Applied Voltage
(Eq)y and the Total Current (I,), D

a

APPARENT - APPLIED )( TOTAL
a E POWER ™ VOLTACE CURRENT
H vwer R
T e
I

The unit of measure for Apparent Power is the VOLT-AMPERE (Symbol VA).

If the circuit current i3 in milli-amgerea (mA), the Apparent Power

calculation comes out in milli-volt-amperes (mVA),
EXAH'PLES'

-24v.2A -12V-3rnA
2W 12V

O
Latrge amounts Of electrical power, such as that rtequired to

operate radio or Radar equipment is given in KILO-VOLT-AMPERES (KVA),

EXAMPLE: 400V ac 50A = 2000VA or 2 k VA

Q-11 Calculace the APPARENT POWER in the following circuits.
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A=10 &. True....it is NOT returned.
b. False...it stores energy as a charga.
c. Trua...as8 & llCh.rs.“ .
d. True

e. False...it raturns the power when the field collapeas.

JRUE_DOWER
Power dissipated in the form of heat by circuit resistance, iy

called the TRUE POWER (Symbol Pt). It is only 8 _part of tha Apparent

Power deliversd into the circuit. The Teat of the energy 1s "stored”

by capscitors or inductors, and returned to the power source when they

"diacharge”. Any of the power equations previously learned can be

used to cslculate the TRUE POWER (P.). R
rus

Q-12 Calculate the TRUE POWER in the following circuits.

(a) (b) . {e)
4K,n.i Ep =
¢ )
(=)

d. The "unit of measure” for True Power (Py) 1is the .
e, T-F The "True Power" 1is dissipsted by the reasistive components.




An 1 &, 75 Velt Amperes b, 150 mVA c. 18 VA

POWER FACTOR
Eleotronic olrouits often demand more slsctrioal energy from a

power ecurce than they actually uee or dlesipate. This is becauss,
reactive oircults contain power "dissipating" resistors, and power
treturning" capaciters or inductors.

A compariscn of the power demand by & circult (Apparent Power),
and the power actually used or dissipated (True Power), 1s called the
circuit POMER FACTOR (Symbol FF),

TRUL FOWR

@ OWER }:ﬂ‘be = APPACGIT POER

The POMER FACTOR (PF) hae no unit of measure. It is eimply a

decimal or percentage number. It lndicates how much of the power

demanded by a circuit, is actually used or dissipated by the reslstor.

EXAMPIES: 1 2mid TRUZ 2CUER
I =
AFPARLIT FOE

L8mit
= ,25 or 25%
TRUE PO:ER

AFPATENT POVER
36mld

46ni]
= ,75 or 75

EAFELT S 48uva

In the RL ecircuit above, a greater percentage of the "input®

ippasent Power (Pp) is dissipated in the form of heat,

J=13 a, The number which indicates what percentage of the Apvarent
Power is actually dissipated, is called the .

13
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a. 100U
d. Wace
b, 36 oW
8. Trué,..in the form of heat.

¢, 5 oW
OPERATING CHARACTERISTIC

Alterneting current circuite’ ara spoken of as “opsrating" or

“"acting”: RESISTIVELY, CAPACITIVELY, or INDUCTIVELY. It depends upon

the type of circuit, and the componaenta used.

Thi. CIRC!IT......................1. g!E&TI!G-...
~A VN—AANA~0 Purely resistive or resistively

0—1 (——' (—0 Purely capacitive

o.l\M—' (—-O Capacitively
o-m—mo Purely inductive

o_l\M,—Mo Inductively

In the case of Seriee RCL Circuits, thas oppositions of tha

capacitor and inductor determine how the circuit will operate.

This CLIEEUIT......................1’ OPEMTI!!G....
‘ e
12kn 16kn

W m Induc ti\'Qly

16k 12k 5

o—w—‘ ‘—MM Capacitively

lka  likn
o—m——l Resistively

Q-14 How are the following circuits OPERATING or ACTING?

(a) ® h \ m
T




A-13
a. Power Factor (PF)

PIRASE ANGLE

The "angular" difference between the Applied Voltage (E,), and the

Total Current (I,), is called the PHASE ANGLE (Symbol & ).

One of che important jobs of Reactive Circuics, is to develop a

particular "phase difference” between the circuit voltage and current,

APPL VOLTAGE

The Applied.Voltage (E,), is an alternating voltage (sine wave or

cycle), supplied by some type of power source,

EACH CYCLE com'ams 360°

JOTAL CURRENT

The Total Current (I,), is the alternarimg current resulting

from the electromotive force of the Applied Voltage (E,).
o
o° 180

120v PK +28 —— \ / 360°
60, /\
E { A\ \/
ats S 4?

Ie
EACH CYCLE CONTAINS 360°

As the Applied Voltage (E;) increases and decreases, the Total

Current (I,) increases and decreases at the same time. When E, ig at

OV, the Total Current is at OA. When the Applied Voltage is at 120v,

the Total Current ig at ies peak of 2A, and go on.....

270" -
20v PK
1!'.
N souacn \./
2V = = - - 3500

=15 a, The angular difference between the Applied Voltage (E;), and
the Total Current (Ie) 1is called the .

b. T-F The Applied Voltage (E,) comes from the '"power source”.

c. T-F Each cycle of the Total Current (I.) contains 360 degrees.

d. The symbol for "Phase Angle" is .




A=14
cs Inductivaly (X{ lavgar than Xp)
e. Capacitivaly d. Capacitively (Xc larger than Xp)
e. Inductively (X1, laxger than Xp)
b, Inductivaly £, Reaiativaly (X; and Xy equal)

PHASE ANGLE (cont)

The numbar of degreaa diffarence batwean tha Appliaed Voltage (E.),

and tha Total Current (It)’ depaenda upon the type of circuit.

PHASE
ANGLE

PURELY RESISTIVE . o
Qe ANt AN fet) & u ()

PURELY CAPACE

| ¢
1K

‘\\ tom
In a "capacitive” circuit, current’Lﬂangcyoltage.
FA R
The exact angle between voltage and current, depends upon the opposition

of the resiastor and capacitor.

PHASE G}
ANGLE
PURELY RESISTIVE
AN AN 9 = Q°

PURELY INDUCTIVE

=YYV LYYy o= 9°

INDUCTIVE

o_tvw_m‘_o s &50
‘\\l 2

in an "inductive” circuit, current, LAGS.voltage.
“Ha
The exact angle between voltage and current, depends upon the opposition

of the resistor and inductor.

Q-16 a, T=F In a "resistive” circuit,.the voltage and current are
"in phase”,

b. T=F In "capacitive” circuits, current "leada”

voltage.

c. T-F In "inductive” circuits, volta;e_"leads“ current,

200
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A-13 8. Phese Anglae....symbol (8)
b. True....it is & “sine weve” voltege, supplied from some
typa of powar source such as a generator.
c. Trua

d. {(8)...ectually, it is tha Graaek latter "cthate”.

PHASE ANGLE (cont)

The PHASE ANGLE ( ®@ ), in a Sariee RCL circuit, depends upon how

the circuit is “operating". The opposition of the cepacitor and induc-

Ea

tor detarminea how the circuit will “opaerate”.

PHASE ,e,
OPERATING RESISTIVELY -ANGLE

O—MN—I(—sf{n—o &= 0°

$ka 7"
OPERATING CAPACITIVELY
\ & = 63°
6k 4kn

OPERATING INDUCTIVELY

- o . - -—— e - ——
o_m_zlxﬁ% &= 27 rre(fd

In a "capacitive" circuit, current LEADS voltage.

In an "inductive” circuit, current LACS voltage. In an RCL circuit,
when the opposition of the capacitor and inductor is the same, the
circuit is operating “resiscivel ". and the current is IN PHASE with
the voltage.

The exact number of degrees in the PHASE ANGLE ( @ ), is deter-
nined by the oppositions of the various components.

Q=17 How will the following circuits ™operate™?
{a) {b) {c)

Ik Gcn Skn Tn 12 8kn 3kn lkn Gcn

: Will che Total Current “lead" or "lag" or be "in phase" with the
L Applied voltage, in the following circuite.

(d) o—I (e) (£)

2kn 8ka 9kn 5kn 2kn Skan 12ka 13¢A 25kn
—_— ]
17
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A=16 2., Trudeeseevoltage and current 'rise and fallh together.
be Trudeeeeit could also be sald that voltage Mlags" current.
ce Truse...saying the voltage "leadsa" current, is the eame a»
saying current "lags" voltage.

. PHASE ANG(E (cont)

The PHASE ANGLE ( © ), for any reactive circuit, can be determined
thru the use of & Trigonometry Table. (The Electronica Handbock KEP=110
has such a table.) The cnly columns of interest now, are the "cosine®

{cos) columm, and the ‘degree" (deg) column.
To obtain asome practice ueing these two columns, follow along in
the "trig" table with each of these examples:
©

COSINE NUMEER PHASE ANGLE
(coeine column)

USE THE HEADINGS AT
THE TQP OF THE PAGE,
AND READ DOWl THE
COLIMNS.

«9986
—a9962

«39%

{degres column)

2,0°
3.0°

O

« 7900
+9833
29673

5
B

10.5°

7164
87535

—£290

T4

28.9°

» 7760
7193
70N

39,17

14,0°
45,0°

At 45°, the table now "folds back upon itself", and is read backwards!

USE THE HEADINGS AT
THE BOTTQY OF THE
PAGE, AND READ UP
THE COLUMLNS.

a, L9969 d.
b. 09198 S,
. 57 1,

«7009
#6997
26947

45.5°
45,6°
o°

#6934
6691
26521

L1
48,0°

o

+6225
SYEIN
25314

5145
53.6°
57.9°

»5807
#3518
+1736




A=17 a, Capacitively (X larger)  d, Current will "lag" EInductively

b, Inductively EXL hrger; e, Current "in phase" {Resictively

¢, Inductively (X larger f. Current will "lead" (Capacitive

i

PHASE ANGLE (eont)
L]

O—AM:—”—O

& = 63°

The PHASE ANGIE ( € ), is determined by use of a Trigonometry
Table., Several equations may be used to calculate the "cosine nhunberh,
which is then used to look-up the Phase ingle ( € ),

R (Resistance)

ER (Resistor Voltage)
cosine =

cosine =

Z (Impedance) Ey (Applied Voltage)
EXALPLES:
R Ep
cos =-— cos = —

8Ka, cos = 3846 cos = 5625
o= 67.4° o= 55,8°

A Ea
k .
hi 16w
@ 13 1neg 20 131«\ 2v

Use whichever =quaclon 1s the easiest & most convenient at the time.

Q=19 Determine the Fhase Angle © in the following circuita.
(a)

19
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] "l?o lo B &7.9:
] 69.&0 h. l&.go
» 80.0° 1. 61.8

r"‘ﬁ'-":;;::::-::----..\\\\
Y VYV o o o o W0

R
cm-zmx

R
@ = Look-up ‘‘cos” in Trig Ty 0=

SERIES RCL

| —— o

| B

z 'V_Rz * (X - X032

‘R EC-IC.XC zL.It.x],

Ea'Vznz"'(EC‘zl.)z Ea-V!nz-p(zL-gc)z

SR SRR A

@ = Look-up “’cos’ in Trig Tabl'J
———
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A-19 a3, cosine = .3600 0=68,0° b, cos =.9500 0= 18,2°

REACTIVE CIRCUIT PROBLEMS

Determine the type of circuit, select the proper group of equations

from the previous EQUATION SIMMARY, and sclve the following Series React-

]

ive Circuit problems. Answvers listed under A-20

Q~20
(a)




21 2.

JYECTOR DIAGRAMS (Series Reactive Circuits)

Another mathod, for axamining the parformance of Resctive Circuits,

1s thru the uss of YECTOR DIAGRAMS, Alt'wough thay may sppear hard to

understand at first, they do -mglifz and cllrifz tha operation of many

electronic circuits.

A VECTOR 1is » line, having s particular length, and an srrow on

one end indicating direction. The starting point of tha vactor ies

called the "referenice Boiut".

REFERENCE POINT
acn'ﬂd w2

The length of the vector, will represent the amount of Chms,
Volts, or Amps at a particular point in the circuit. The direction of

the vector, depends upon what is being represented.

The opposition of a resistor (R),

O——AA\/\/ N> 1is slwsys drawvn on the horizontal,

R to the right of the reference point.

XL

The opposition of an inducter (Xp),
is always drawn straight "up” from

¢ the reference point.
Sk
-T The opposition of & capacitor (Xp),
is always drawn straight "down" from
4 xc the referance point.

(REHEMBER: R horizontal..... X-LUp Xc dowm. ;

2l 4, a line, having s particular "length”, and "direction”, is
called a .
b. T-F.The length of the line represents "what 1s being
represaented” by the vector.
c. T=F.The direction of the vector, represents "what is being
represented”,
T-F.The length of a vactor, represents the "amount”,
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A-20 s, =28 b, Z =30k’ . I, = 2mA
d. I, = ZoA e By = LWV £. Eg = 26v
8. .P‘ = 200VA h., Py = 96mW i. PP = .B823
j. PP = ,1529 k. Eg = 40V 1. o=53.1°

VECTOR DIAGRAMS (cont)

A vactor diagram can be used to represent the oppositions, in

a2 Saries Reactive Circuit., These circuits, and their vactor diagrama;

are shown below. Remember: R horizontal.... X, up..... Xo dowm.....
Xu
R
o SERIES RL
Xu R
Ie
R
R :
e SERIES RC
Xe
X

Xe SERIES RCL l——. R

Q-22 Mgtch the following circuits with their proper vector diagram,




A-21 &, vactor
b. Falss....ths lsngth of s vector, repressnts the amount.
c. True.....oppositicn of s resistor, (horizontsl)...cppositicn of
s cepacitor (etraight down).,.opposition of sa inductor (up).
d. Trus...the grester the opposition, the longer the vactor.

VECTOR DIAGRAMS (cont)

The type of circuit, RC RL or RCL, can be determined by simply
draving the ysctor diagram. instead of the actual circuit diagram.
The direction of thes vector represents the tvpe of opposition. Recall

alac,...the physical length th of the yector is "how much'’ oppositicn.

INCREASING RESISTANCE CHANCES THE VECTOR DIAGRAM
b
Xy,

INCREASING INDUCTIVE
REACTANCE CHANGES X
THE VECTOR nmcmq

e L e
|

DECRBASING CAPACITIVE REACTANCE (X¢)
CHANGES THE VECTOR DIAGRAM

0-23 Yatch circuits with vectors.

. Xe R Ae
2ka I 2
1
K a R
Xe L R

Xe
F—.Rls—'ﬂ
|6 &
Ke X¢




A=22
amw 2

VECTOR DIAGRAMS (cont)

Series RCL circuits, contain all three vectors: R, X¢, and Xp.

Remember, the direction of a vector represents the type of opposition,

The length of the vector is Jetermined by the amount of opposition,
INCREASING RESISTANCE (R) CHANGES THE VECTOR

X p Xp
R
\ X +>R r—>R
X
Xe? Xev
INCREASING INDUCTIVE REACTANCE (Xy)}
cmr.c:t.s THE VECTOR [~
R

c

? 5 I

Xe A

—r

Xc¥

p Y

$———>R

Ke¥

I_

Xe¥ chnmsmc CAPACITIVE
REACTARCE (x(;) CHANGES THE VECTOR

Match circuits with vectorq

Q-24

'a - - —
Lkn e
2ka, Gka
37 -

25

223




A=23
aw ) b= 2

IMPEDANCE VECTOR DIAGRAM

The totel opposition (Impadance) of a Reactive Circuit, is also

represanted by a vector. The IMPEDANCE (2) vector is obtained thru

LU

westop addicion”.
INDUCTIVE REACTANCE

Xe

RESISTANCE

VECTOR

_VECTOR ADDITION

Parallel "doceced” lines

VECTOR SUM

The Impedance (Z) vector

The length of che IMPEDANCE {(Z) vector, represents the amount

of toctal opposition in che circuic. Notice how the cotal oppesition

(length of Z vector) increases, wich an increase in resistance (R).

Q-25 a, The "impedance vector" is obtained thru
b. Increasing che opposition of the resistance, causes the

total opposition {Impedance Z) to (inc or dec).
¢. Increasing the opposition of an inductor (XL), would cause
the total opposition {Impedance Z) to {inc or dec).

NOTE: Look at the angle between R and Z




A-24
&= 1

IMPEDANCE VECTOR DIAGCRAMS (cont)

The total opposition (Impedance) of an RC Reactive Circuit, im

also represented by a vector. The IMPEDANCE {Zz) vector is obtained

R

thruy "vector addition". REFERENCE POINT

R oI
RESISTANCE

Ny Z

) ch ‘__:_ CAPACITIVE REACTANCE

VECTOR ADDITION

Parallel "dotted"” lines

YECTOR SUM

The Inpedance (Z) vector

The length of the IMPEDAMNCE (%) vector, rePresents the amount
of total opposition in the circuit. Notice how the tatal cnposition
{lensth of Z vector) increases, with an increase of Catacitive React-

ance (KC).
R R

HOW A CHANCE OF
CAPACITIVE REACTANCE (X¢)

. The Impedance vector is obtained thru
The Impedance vector 1is called the
T-F The "starting point" for vector diagrams is called the
Reference Point.

What would increasing the length of the "resistanc§ R" vector
do to the total opposition (length of the Z vector
e. T-F Frequency affects X¢. {1nc—-dec)

NOTE: There's that angle again....the one between R and Z * 2 21 2?7




&. Vector Addition
b. Increase,.,.if the R vector is longer, che Z vector is almso.

c. Increass..,.if the Xp vector is drawn longer {(more oppoeition},
the resuleing Z vector will also be longer.
NOTE: Wonder what angle that is? Could it be che ?

IMPEDANCE VECTOR DIAGRAMS (cont)

The total oppoeition {Impedance) of an RCL circuit, is also

represented by a vector. The IMPEDANCE (Z) vector is obtained thru
“"wector addition", but there i3 one step to be accomplished firse.
TIE DIFFERENCE VECTOR

In RCL cil:cuits, all three vectors (R, Xg and X} are present.

The Xc and XL vectors are in opposite directions,

A X =3

(ﬁ CIRCUIT j l

R 4k,

6’ 2y eoq Fanr [ THE VECTORS ] ——
X, X Sk ]

Y . =3

Becauae X¢ and XL are in opposite directions, thev must be

The "difference vector” is then added to

subtracted, and & "difference vector' obtained, I (X, -~ Xo) = 2

IFFERENCE
VECTCR

the "resistance vector”, and the "vector sum"

XL
ocbtained. Xy = X~~~

c
oW
/ vEctor avprtion/ L%

(X -Xe)

This then, is the complete vector

diagram, for an RCL circuie, CKEbMPLETE VECTOR DIAGRAE)

operating INDUCTIVELY. (Xp greaE:; than X¢)
Xe

71~27 a. In Series RCL circuits, the vector must be
determired "first”,
b. The "impedance" vector is obtained thru .

c, Increasing the resistance (R vector) would Impedance,
NOTE: There’s that angle again, between R and 2! (inc~dec)




A=-26 a. vactor addicion
b, vector
¢, True

d. Increase,,,,increasing either opposition, increases the tocal.
e. True....if frequancy increases, Xp decreases -

1
NOTE: Which angle? The one between R and 2! 4 21 fiC

IMPEDANCE VECTOR DIAGRAMS (cont)
In an RCL circuic operating CAPACITIVELY (X larger than X;}, the

" vector represanting total opposition (Impedance) would be developed as

r

DIFFERENCE VECTOR

®z<

(Xc-%y)

VECTOR
ADDITION

This 1is the completed vector diarram for
(Xc larger than Xg)
an RCL Circufe, operating CAPACITIVELY.




differsnce vector

vector addition.....only this tima it 4is the vactor addition
of the Resistance R vector, and the "diffsrsnce" vector.
Incraass.

NOTE: That "engle" depends upon the length of R, and "difference" vector
IMPEDANCE VECTOR DIAGRAMS (cont)

If an RCL Circuit is operating RESISTIVELY (X; and X; equal),
the vector representing total opposition (Impedance) would be

developed as follows:

( THE VECTORS ) /1 THE DIFFERENCE VECTOR ,

(_THE CIRCUIT ) There isn't any! Xg=Xp = 0
Xc and X; cancel each other.

AXL = 4 \ Result: NO DIFFERENCE VECTOR

R

) { x

X

be s

r—

VECTOR ADDITION

None to do!

f Wwith the cancellation of X¢ & Xp,
only Resistance rewains, and (R)

* becomes the total opposition (2).

1

§ This is the completed vector diagram for\

Xc'* (X and Xp equal)
an RCL circuit, operating RESISTIVELY.

" Q-29 Match the circuits with their proper IMPEDANCE VECTOR DIAGRAM.

a*__ RS 2n ¥IX b 43
1 X,

X o) 8
XL‘s 8n. X

1,

R ok

Xc ke
XLE kan
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A-28 A= b=l

IMPMEDANCE VECTOR DIAGRAMS (cont)

The following, is a summary of the fiva basic Impedance Vector

Diapgrama, for Series Reactiva Circuits.

|| JSE., ]

2
h 4
‘ SERIES RCL CIRCUIT , OPERATING
INDUCTIVELY OPERATING RESISTIVELY

CAPACITIVELY




A=29 a=3
USING IMPEDANCE VECTORS

Impeadance Vector Diagrame have esaveral uasss which will now ba

discuseed.

It ie NOT nacessary to draw the actual schematic

‘ diagram nf the circuit., The Impadance Vector Dia-
gram talls what type of circuit it is, and how it
ie operating.

Xy

R

Xe
% (Xe=Xy N e ..>zt

Xe

It is easay to see, how changes {n the amount of
Resistance (R) or Reactance (Xc and XL), affect
the amount of Impedance (Z)....the length of the
Impedance (2} vector.

Y S

HOW INCREASING INDUCTIVE
REACTANCE AFFECTS
IMPEDANCE

XI. (1nc)

HOW INCREASIRG RESISTANCE AFFECTS IMPEDANCE

Q=31 a. T-F Impedance vector diagrams can be drawn, instead of the
actual schematic, to see how a circuit {s "operating”,
b. T=F It i{s easy to see the changes which occur in a circulr,
when the impedance vectors are used, instead of equations.
NOTE- Soon that "angle" bel:ween R and z, 1; comiug up.




A=30 aw=)
USING IMPEDANCE VECTORS (cont)

1f the individual Remiatance and Reactancae
vactore are drawn "to scala', the amount of
Impedance (Z) can be measurad directly from
the drawing. Thie aliminates the nesd for
mathematical calculstions for Impedance (2).

The PHASE ANCLE (@) is present in the Impedance
vector diagram. The angle between the Applied
Voltage (E,) and the Total Current (Ip), will
be the SAME_as the angle between Resistance (R)
and Impedance (Z)} vectors.

Angles chosen as EXAMPLES only,

n=-32 a., T-F The Impedance (Z}, can be measured directly from an accnr%
ately drawn Impedance Vector Disgram,
b. T-F The Phase Angle (), can be measured directly from an
accurately drawn Impedance Vector Diagram.
c. T~F The angle between R and Z, has the same number of degrees

as the Phase Angle (8),

KX}
231




A=31 o, Trus....often vector diagrams scs used to explain how 8 cirvcuit
funccions alectricelly,
b. Trus and Tales and Somactimas.....it all depands upon how familiar

vectors and equations ars. It's an individual choice!
NOTEt Finally....."chet" angle. 1s it vrealy the Phage Angle & ?

USING IMP {cont)

Notice how the c¢irvcuit PUASE ANGLE (8) incresses or decrasses,

whan Resistance (R), or Reactance (X¢ and XL) changes.

XL
HOW INCREASING XL AFFECTS —-———
THE PHASE ANCLE.

-0

Xe
HOW INCREASING
CAPACITIVE REACTANCE
AFFECTS THE PHASE ANGLE &

1oV DECREASING INDUCTIVE
REACTANCE, AFFECTS THF
PHASE ANCLE ©

<3
- e — a2
p I

In an RL eircuit, what will happen (8), 1f frequency ine?
In an RL cirvcuit, what will happen (8}, 1f R increases?
In an RL eirveuit, what will happen (@}, if L decreases?
In an RC eircuit, what will happen ©), 18 C increases?
In an RC cireuit, (8}, if frequency inec?




A=32 a. Trus....the mors sccurats the draving, the more sccurats will be
ths Impsdsncs msasuremsnt.
b. True....slthough it is NOT the Phase Angle, it has ths samse
nunbsr of degrase, and is often marked as ®).
|- m.cccc.‘. ADnBver (b) .bw.c

USING IMPEDANCE VECTQRS (cont)

RCL circuits, containing all thres vectors (R, X¢, and Xy), are

somevhat more difficult. Obaerve the shift in the PHASE ANGLE (®)

vhen the followinft changes are made.

HOW DECREASING Xo, CHANGES TRE PHASE ANGLE €

HOW INCREASING INDUCTIVE REACTANCE, XL
AFFECTS THE PMASE
ANGLE &

X

In an RCL Circuit, operating inductively, what will happen to
(8) 1f the frequency is increased? '

In an RCL Circuit, operating inductively, what will happen to
() 1f the Resistance (R) is decreased?

In an RCL Circuit, operating inductively, what will happen to
(®) 1f the Inductance (L) is increased? )
In an RCI Circuit, operating CAPACITIVELY, what will happen to
(6) if the frequency is increased?

In an RCI, Circuit, ng capacitively, what will happen to




A-33 a. Inc....inc fraq = {nc XL = inc ).
b. Dac..:.inc R = dec (8). Xy = 27rIL
c. Dac..,.dec L (Inductance) = dec X = dec (&),
d. Dec....inc C (Capaciteance) = dec Xg = dec (). KXo = 1

a. Dec....inc frequency = dac X¢ = dec (®) ¢ 21recC

VOLTAGE AND CURRENT VECTORS

The angular difference between the Applied Voltage (F,), and the

Total Current (I.), is also represented as a vector diagram, The

Applied Voltage (E,) is drawn on the horizontal, similiar to the Resis-

tance (R) vector. ° » E, It is also assifned a

velue of zero degrees. > » Eamf

The Total Current (I;) will "lead", "lag", or be "in phase with"

the Applied Voltage (E.). It depends.upon the type of circuit, and

how it is operating.
6.EADING CURRENT

X

LEAD

i
[ LAGGING CURRENT

Positive angles are assigned to "leading" currents. "Lagﬁinﬂ”
currents are marked as negative angles. "In Ehase" currents are

indicated as zero degrees. i 1, [+68°
)

'
! CURRENT “LAGGING"

Gy E, [ 0° | E:‘io_‘ll Eal0%
!

It Lo— "
CURRENT "IN PHASE" I [=30° : CURRENT  "LEADING'

The anguler difference between the Applied Voltage (Ea) and
the Total Current {(1p), is called the Angle (8).
The Total Current {(I.), will "lead”, "lag", or be "
" the Applied Voltage (Ea).

T-F,Positive angles are assigned to "leading" currents.
T-F,Positive angles are assigned to "lagging"” currents.
T=F.A current angle marked /-45° would be “"leading" (E,).
T-F+A current angle marked /+22° would be "leading™ (Fj).




A=34 a. Inc.....freq inc = ¥Xp inc = & inc
b, Inc.....dec R = {n¢ &..,.{look carefully)

¢. In¢.....inc L = inc X = inc @ X, = 2L
d. Dec.....inc freq = dac X; = dec & 1
¢. Inc..+..dec R = inc &....{check cerefully) Xc =

217£C

VOLTAGE AND CURRENT VECTORS {cont)

The Total Current {(I.) will "lead”, "lag”, or be "in phase with”
the Applied Voltage (E,). It depends upon the type of circuit, and
how it is operating. Reviewing the "operating characteristica”....

This CIRCUIT...ceevusseevesssss 18 OPERATING....
="\ NAS——AANAN/0 Purely reaistive or resistively

0—' { { Q Purely capacitive

VYV _—_rYYY\g Purely tnductive

._IW\,_M Inductively

In the case of Series RCL Circuits, the opposition of the

capacitor and inductor determine how the circuit will operate.

This CIRCUIT..............l.l...is OPERATING .. ..

1% 16k

Q—MN—I Inductively (Xr larger)

O—NMJ—-lm—Q Capacitively (X¢ larger)
°_MN4 (_fm\—o Resistively (X & X; equal)

a. The factor which determines whether the current will be "leading
"lagging” or "in phase” with the voltage, ia how the circuit ia
b. RC circuita, "operate” .
¢. RL circuits, "operate” .

d, RCL circuita, (with Xg and XL equal),

"operate”

221




A=35 a. Phase Angle (9)
b, "in phase with"
c. Truas
d. False...."lagging" currencs have nagative angles assignad.

8. Falesa....1t would be "lagging" by 45 degrass.
£, Trua

VOLTAGE AND CURRENT VECTORS {cont)

* In “purely resistiva” circuits, the Total Current (Ig) will be
"1n phass” with the Applied Voltage (E,).

In "puraly capacitive" circuite, the Total Current (I.), will be

90° out of phase with the Applied Voltage (E,): The current will LEAD

tha voltage. _ ‘ +90°

LEAD

In a Series RC circuit, operating "cazacil:i\'llx". the Total Cur~
rent (1,) will LEAD the Applied Voltage (Ea), but NOT by the full 90°.

1t will lead by the PHASE ANGLE (8), for that particular circuit.

Remgmher! The Resistance (R), and the Capacitive Reactance (X¢).

determine the exact number of degrees in the PHASE ANGLE (8).

_ mug. o '




e A=36
P a, oparating or acting

b. capacitively
¢, inductively

d. resiacively (with X¢c and Xy equal)
VOLTAGE AND CURRENT VECTORS {cont)

In "purely resistive” circuits, the Total Current (I;) will be

"in phase” with the Applied Voltape (E.).
L a

E IN PHASE
E
(:;D -hldpo = Qo

/00 'iLQ_

In "purely ianductive” circuits, the Total Current (I}, will be

90° out of phase with the Applied Voltage (E;). The current will LAC

the voltage.

Ea Z.lfl

In a Series RL circuit, operating “inductively'. the Total Cur-
rent (Iy) will LAC the Applied Voltage (E,), but NOI by the full 90°.

It will lag by the PHASE ANCLE (8), for that particular circuit.

T - Remggbgr! The Resistance (R), and the Inductive Reactance (xL),

determine the exact number of degrees in the PHASE ANGLE (@).

Q-8

a., In an "inductive"” circuit, current voltage.

b. In an RL circuit, Iy "lags"” E5 by 90 degrees. (T-F)

39
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R A=37 2. "lsade"
e b, Fal8e.,..current leads voltage by the "phass angls”

VOLTAG RRENT VECTORS

In Series RCL Circuits opsrating "resistivaly', the Total Cur~

rent (I.), will be "in phase” with the Appliad Voltags (E,).

@

@ 6n I Pl ﬁ—-ﬁ-z‘&

In Series RCL Circuits operating 'capacitivelv”, the Total Cur-

rent (L¢), will LEAD the Applied Voltage (Eg)}. It will LEAD by the

PHASE ANGLE (@) for that particular circuit. o
1, [+68

1
t B
& NG
| |+e - 68° E, /O
5n

In Series RCL Circuits operating "indyct{velv', the Total Cur-

rent (Ig), will LAG the Applied Voltage (E ). It will LAG by the

PHASE ANCLE (@) for that particular circuit.

The factors that determine the exact PHASE ANCLE (@) for these
circuits are: Resistance (R}, Capacitive Reactance (X¢) and Inductive

Reactance (KL).

a, T=F In a "capacitive” RCL circuit, current "leads" voltage.
b. T<F In an "inductive™ RCL circuit, current "leads" voltage.

40
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A-38 . "lage"”

b Fales....in an RL circuit, the total currant will "Lag" the
appliad voltaga by whatavar tha Phase Angle (9) for that
particular ecireuit is.

ECT (cont)

The "voltgig drops" which occur in Series Reactive Circuits, are

also represented by vectors. Three RULES determine the positions of

choe wottage et _(GNL G ()

. The voltage drop will always be IN PHASE with the current.
@ The voltage drop will always LAG the current by 90 degrees.
. The voltage drop will always LEAD the eurrent by 90 degrees.

In & Serfes RC Circuit, the Applied Voltage (E,), and the Total
Current (Ip) vectors are drawn first. They should be drawn, the PHASE

ANGLE () apart, for that particular cirecuit.
I, [+30°
2 —»E, [ 0°

Following RULE 1, the Resister Voltage (Ep)
is then drawn IN PHASE with the current.

+30°

+30°
.

»E, [ 0°

Following RULE 2, the Capacitor Voltage (Ep)
is then drawn 90 degrees LACCING the current.

By /+30°
\

This is the completed VOLTAGE
AND CURRENT vector diagram for
series RC Reactive Circuits.

Q-40 a. Eg is always "m phase” with the
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A=39 a, Trus

b, False,.,.in "inductive" circuits, current "lags™ voltsge.

VOLTAGE AND CURRENT VECTORS_ (cont)

In a Series RL Circuit, the Appliad Voltage (E.), and the Total
Current (I;) vectors are drawn first., They should be drawn, the PHASE

ANGLE (@) apart, for that particular circuit,

\ -EILQ.O.
1, [ =40

Following RULE 1, the Resistor Voltare (Ep)
is then drawn IN PUASE with the current.

-2, [o°

G:D &= 40 Ich";

Ex [ -40°

Following RULE 3, the Inductor Voltage SEL)
is then drawn LEADING the current by 90V,
o i~y
~
~

This 1s the completed -VOLTAGE
AND CURRENT vector diapram for
Saries RL Reactive Circuits, Itw—

Q=41 Match the circuita with their proper VOLTAGE-CURRENT diagram,

LN

42
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A=40 a&. current.....ALWAYS "'in phase" with the current!

b, Tru@,...sss ALWAYS "lags" by 90 degrees!

JOLTAGE AND CURRENT VECTORS (cont)

Concarning Series RCL Circuits, the firsct example will be for one

operating "capacitively”, with its LEADING current.

Pk

@ Following RULE 1, the Resiator Voltage (Eg)
is then drawn IN PHASE with the current.

® % L&

@ Following RULE 2, the Capacitor Voltape (F¢)
is then drawn LAGGING the current by 909,

@ .

>t

[ 4
Following RULE 3, the Inductor Voltage (EL) G2 »t,
1s then drawn LEADING the current by 90°
Eg
B
[ 4
E
2 —~ E, ¢
Finally, as E¢ and E are opposite (180°
out of phase), a "difference' vector is
created, and drawn in. (E¢ - Ep)
Ec Ep
\
\
—
P a
F

This is the completed VOLTAGE
CURRENT vector diagram, for a
Series RCL Circuit, operating
CAPACITIVELY. (Leading eurreat)

a. T-F In any RCL circuit, Eg is "in phase” with the current,
b, T-F In a "capacitive" RCL circuit, I, "lags" E,.
¢, T-F In a "capacitive" RCL circuit, Ep "leads" E,.
T-F In a “capacitive™ RCL circuit, B¢ "lags" E, by 90 deprees.

T-F In a "capacitive" RCL circuit, E¢ "leads" Eg by 90°,

2%




A-al =4 b w2

VOLTAGE AND CURRENT {cont)

The VOLTAGE=CURRENT vector disgram for an RCL Circuit, operating

"{inductively”, is daveloped as follows. INDUCTIVE (Laggigg ¢urrent)

\ -El
I

@ Following RULE 1, the Resistor Voltage (ER)
is then drawm IN PHASE with the current,

a @ \ 1, -

Ep

@ Following RULE 2, the Capacitor Voltage b(Ec)
is then drawn LAGGING the current by 909,

G y, -

C 1e

Following RULE 3, the Inductor Voltage (Ep) Ex
1s then drawn LEADING the current by 90°,

BL’

Finally, as Ep and E¢ are opposite (180°
out of phase), a "difference"” vector is
created, and drawn in, (Ep - Ec)

B (E1~E¢)

.

\‘\

»E,

This is the completed VOLTAGE 7

CURRENT vector diagram, for a ,4’
Series RCL Circuit, operating 7
INDUCTIVELY. {Lagging current) ,ER

0-43 a, T-F. In any "inductive” circuit, current "lags" voltage.
b. T=F.1In "{nductive® RCL circuit, Eg "lags" E;.
¢, T=F, In “Ynductive’” RCL circuit, Ep "leads" Eja.

d. T=F, In "{nductive" RCL ¢ircuic, Eg "leads" E;.
e, T-F:1In "{nductive” RCL c¢ircuit, EL "leads” Ep by (o).

11
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A-42 o, True.....ER is ALWAYS "in phasa" with tha current,
b. Falee....the current "lsade” Eg by the Phass Angls (9).
¢, True,,,,,by tha Phase Angle (03

d. Fales....it "lege"
¢, Falss..,.Ex "lage”

+ 90 degrees,
OK.+eobut NOT by 90 degress.
Ep by 90 degraes.

VOLTACE AND CURRENT VECTORS (cont)
The VOLTAGE-CURRENT vector diagram for an RCL Circuit, operating

"resistively”,6 is developed aa follows. RESISTIVE (In-phase current)

©

M0 "difference" vector is

and there 1s NO vector addition to

accomplish.
EL ,
Ea

(Ec=Ey)

Ec

This is the completed VOLTAGE
CURRLNT vector diarram, for a
Series RCL Cireuit, operating
RESISTIVELY. (In=phase current)

o o°= I,
EI

Following RULE 2, the Capacitor Voltage (E¢)
{s then drawn LAGGING the current by 90°,
o=

0% 1
f—-‘—- %
E¢

Following RULE 3, the Inductor Voltage (Ey)
is then drawn LEADING thé current by 90°,

‘ 4Fu

Because E¢ and Ey are equal in amount, I, E
and opposite in phase, they cancel. ey E,

created,

) 4

Since Eg and Ey cancelled each other, only
the Resistor Voltage (Eg) remains., Follow-
ing RULE 1, the Resistor Voltage (ER) is then
drawn IN PHASE with the current, and equal to
the Applied Voltage (E,).

(Q-44 a., The Total Current (Ip) is "in phase” with the Applied Voltage
(Ea}, in RCL circuits “operating" .

b. T=F In RCL circuits E "leads" and E "lags" the current.




o A=4) a. True
Gt b. Trus......by tha Phase Angla (9).
R ¢. True......by 90 degraas minus the Phasa Angla (®).

d. False.....it "lags” Eq by tha Phass le (&) + 90 dagraas.
a. False.....1t "Ilidl" Ox.ybut not by tﬂi Phaaz Angle (B).

USING VOLTAGE VECTORS

t.atar, in Elactronics training, voltags vactors will ba uged to

axplain the operation of many complax circuits. At this tima, they

will ba usad to show tha axpectad rasults, whan these voltages are

displayad on an Oscilloscope.
For example: If the PHASE ANGLE (0), for & Series RC Circuit,

is 30 degreea, the voltage=current vector is as follows.

The following Oscilloscope displays would be observed.

USING THESE TWO VOLTAGES..........THIS DISPLAY WILL BE SEEN

Q-45 a, T-F In an RC circuit, Ep leada Ea by the Phase Angle (8).
b. T=F In an RC circuit, Ec and ER are 90 degrees ocut of phase.
c. T<F In an RC circuit, EC and E, are 90 degrees out of phase.




A=yl
a, reniatively
b, Falses...just the tevarse.,.,.in sll RCL eircuits, B "leads”

current, and E¢ "lags” current.

HSING VOLTACE VECTORS (econt)
1f the PHASE ANGLE (@), for a Saries RL Circuit, is 26 degrams,

the voltage=current vector diagram is as follows:

@ @ = 26° I@
e

The following Osecilloscope displays would be observed.

USING THESE TWO VOLTAGES.........THIS DISPLAY WILL BE SEEN

E, = £,
ok,
3¢
Er

L
90°
L
64°

T

a. T-F In an RL eircuit, Ep and E5 are (0), out of phase.
b, T-F In an RL eircuit, Ep and E, are (8), out of phase.
¢, T-F In an RL eircuit, Ep "lags” Eg by 90 degrees.

i d. T-F In an RL eireuit, E, "lags” Ep.
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A=bS

a, True
b, True

c. Falae,...they are 90 degreea minua (@), out of phaas,

USING VOLTAGE VECTORS (cone)

An RCL Cireuie, with a PHASE ANGLE (9) of 20 degraaa INDUCTIVE,

USING THESE TWO VOLTAGES.ssesssss THIS DISPLAY WILL BE SEEN

48 248
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A=46 a, Trus.,..with Ep lagging E,

b. Fales,,.they ara 90 degrees minue the Phess Angle, cut of phaes.
c. Felen...Ey, leeds Eg by 90 degrees.
d. Trus....they are 90° minus (8), out of phaes.

YECTOR_SUHARY THPEDANCE VECTOR  YOLTAGE-CURRENT VECTOR

:L L W I 3 z
i
RL OPERATING ®
INDUCTIVELY R
R C OPERATING
CAPACITIVELY

R
c OPERATING
RESISTIVELY
L
?- o)




SUMMARY

This etudy of Reactive Circuits is only e beginning, providing
the basic theory and celculations involved. Using this thorough
“start", mors advanced circuit theory cen now ba studied and under-
stood, Technical rafersnce centers provide many publications on thas
uese and applications of "reactive" circuita.

Many of thase publications hava vactor diagrams for detailed
explanation, and using the knowledge geined hars, s mors complete
undaretanding can bs obteined. .

The use of Trigonometry in the eolution of reactive gircuitse,
ie an accepted practice in most technical books, and tha skills Now
learnad should be put to usa, studying sdvenced circuitry.

It has not been on "sasy" subject. 1t wae never intended to be.
Combinations of rasiators, cepacitors, and inductors, form the
controlling centers of all redio, television, radar, communications,
and Space systems, The maintenance of this critical equipment, can
only be accomplished by qualified technicians, who understand that
it is the "inter-working” of simple components which results in the
high standards of equipment parformance raquired todsy,.

Reactive Circuits.....in the middla of £t ALLS

ATC Keeslor 3-2083
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OVERVIEW
PARALLEL RCL CIRCUITS
1. SCOPE: This module expands ot your knowledge of capacitors, cells, and resistors as they
apply to RCL circuits. You will compute voltage drop, currents, phase angle, impedance, and
power factor for parallel RCL circuits.

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

a. Given a parallel RCL circuit diagram with component values, applied voltage, fre-
quency, and formulas, solve for power factor, true power, and apparent power.

b. Given a parallel RCL circuit and vector diagrams, select the vector diagram repre-
senting the relative amplitude and phase relationships of It' IR' lc, and IL.

¢. Glven a parallel RCL circuit diagram with component values, frequency, amplitude
of applied voltage, and formulas, solve for branch currents, approximate phase angle, total
current, and total impedance.

d. Given a parallel RCL clircuit diagram with component values, branch currents, and
formulas, solve for applied voltage.

€. Given 2 parallel RCL circult diagram with component values and formulas, solve for
tatal impedance by assuming an applied voltage.

T 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.

201




LIST OF RESOURCES
PARALLEL RCL CIRCUITS

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

READING MATERIALS

Digest

Adjunct Guide with Student Text
AUDIO~VISUALS

Television Lesson, Parallel RCL Circuits, TVK 30-263

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

252
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DIGEST
PARALLEL RCL CIRCUITS

Let us review the properties of a basi¢ parallel RCL circuit,

1. The voltage across each branch of a parallel circuit is the same,

2, Total current is the vector sum of the individual branch currenis. Total current will be:

L '\ﬁn2 +y - lc)2

3. The current in each branch is given by Ohm’s Law,

4, Due to the current and voltage relationships for a capacitor and inductor, the phage rela-

tionship of Ic and Iy are exactly opposite. Total reactive current will be the difference
between the capacitive current and the inductive current.

A basic parallel RCL circuit is shown in figure 1. The first step in the solution of thia
parallel RCL problem is to determine xc and xL.

.158
xc == = 10kQ

X, = 27IL = 40ka
R J_c L
160 ¥
2%
19 Ha " ‘EuF 340:1

REPA~1079

Figure 1
Using Ohm’s Law, solve for IC (16 mA), I'l.. (4 mA), and lR (5 mA).

1, =\/‘1_R’ + g - 11')’ «13 mA

253




DIGEST

Uning total current and the applied voltage, solve for total impedance.

=123k
Ic 16 mA

It =13 mA

IR-SMA

Y IL = 4mA
REFP4=-1080

Figure 2

Figure 2 shows the relationship of the current values. Angle @ can be determined by using the
cosine function.

-11':--%5% 3846

Cos ® =

Referring to the trigenometric tables, tind angle @ to be 67.4°.

We say the circuit is acting capacitively if -the capacitive current is larger than the
inductive current. How the circuit acts 15 determined by which reactive compronent has the
larger current.

AS with series RCL circuits, there 18 no real power dissipated by the capacitor or the
inductor in a parallel RCL circuit. Real or true power (Py) is the power dissipated by the
resistor. g

Ex 2
Pt = lRER =-"R— =I'R

254




247

DIGEST

The unit of measurement of P, is the watt. Apparent power (P,) 18 the product of B, and 1,
and is measured in volt amperes (VA).

9
P aLE -Eg—-lzn
t* kPR * "R

In this circuit, P is 2,08 V A and P, is 800 mW. Power factor (PF) is the ratio of true power
to apparent power.

P
t 800 mw
PF = pa “2.08 VA .3846

Notice that the PF 13 the same a3 the Cos of the phase angle (9),

When the applied voltage is not given, you can solve for total impedance by using an
agsumed voltage. Use the assumed voltage and calculate the current through each branch.
Combine the branch currents to determine total current. Use total current and the assumed
voltage to calculate total impedance. Regardless what voltage 18 assumed, the impedance
will be correct because impedance {8 the ratio of current to voltage,

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

PARALLEL RCL CIRCUITS

INSTRUCTIONS:
Study the referenced materials as directed.
Return to this guide and anawer the questions.

Check your anawers against the answers at the top of the next even numbered page fol=
lowing the questions. .

If you experience any difficulty, contact your {nstructor.

Begin the program.

A. Turn to Student Text Volume Il and read paragraphs 4-1 through 4-6. Return to this page
and answer the following questions. ‘

1. Mark true (T) or false (F) for each of the following statements pertaining to parallel
circuits.

a. The voltage across all components is of exactly the same phase and amplitude.

b. The current 18 always the same through all branches.

c. The total current is the vector sum of the branch currents.

_____d. The voltage across a capacitor leads the current.

e. The current through a coil lags the voltage.

CONFIRM YOQOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student Text Volume III and read paragraphs 4-7 through 4-15, Return to this page
and answer the following questions.

1. Identify the vector diagram for a parallel RCL circuit.
2. L
I
R

9

Y
o
Wy
o)
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ADJUNCT GUIDE
b. b7 .
, %
L
LA
I,
: 5,
c. * L I [
gy
L B,
Ig
d ¢ %
=
v I b
3. Solve for:
lt =
Z= oy
12k 9k
L 2y 8 8
lc = "
0= REP4=-1082

3. In this circuit find:

E =
a

o i b

EmaA

Q

@ N
1] 1]
ff—

REP4-1082

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ADJUNCT GUIDE

ANSWERS TO A:
1.a. T

b. ¥

¢e. T

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

ANSWERS TO B:
1. b
2. L = 5 mA

Z =7.2k9Q

I.R=3mA

IC =4 mA

e =53.1°

S.Ea=4BV

IC=6mA

lt =10 mA
Z =248k9Q
@ =36.9°

It you missed any questions review the material before you continue.

C. Turn to Student Text Volume III and read paragraphs 4-16 through 4~20. Return to this page
and answer the following questions.

1. In the following circuit solve for:

S
i:‘ =_—_ 3'“9

REP4-1084




2. In this circuit solve for:

X. »

251

ADJUNCT GUIDE

I =

L ——

120v
60 Ha

dka iﬂl

3. 3olve for:

REP4~1083

XLs ' Wy

318 M2

00 mH _

s 130 mA

REP4-1086

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. Turn to Student Text Volume III and read paragraphs 4-21 through 4-31, Return to this

page and answer the following questions.

1. For the circult shown, draw the current-voltage vectors and solve for:

60 kg

L3

¥ka 60 kg

I, -

lc= )
1 - C"-’

z - 180 v
lt =

8 -

REP4-1087




ADJUNCT GUIDE

ANSWERS TO C:
1. lR = 8 mA
IL = 8 mA

It 10 mA
O.Qkﬁ

38.9°

IkQ
40 mA
30 mA
50 mA
24k
53.1°
120 mA

S50 mA

xL = 190.70

R = 834
Z =76Q

8 = 228

If you missed any questions, review the material before you continue,

2. Solve for: + 4

Z=

REP4-1098
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3. Bolve tor: ) N _

By — ' S0 J..luF ?“

3T

RyP4=1089

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

E. Turn to Student Text Volume III and read paragraphs 4-32 through 4-38. Return to this page
and anawer the following questions.

1. In this eircuit tind:

Pt =

Pa » —_—

PF = . ko A4 uF i
8y ) REP4=1090
15% Hz

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

11
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ADJUNCT GQUIDE

ANSWERS TO D:
L 1= 3mA
lc » 8 mA
ll. = 3 mA
2 »42.4k 9 VECTOR DIAGRAM
I =424 mA

8 = 4%°

2- z 'akn

3. E,=90V élL

REP4=1109
If you miased ANY questions, review the material before you continue.

ANSWERS TO E:

1. P, =768 mW
P, = 960 m VA
PF = 7997

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
PARALLEL RCL CIRCUITS
QUESTIONS:

1. Solve for:

e

C
12kg 0099 F
REPA=1091

Draw the curreat vectors.

2. 1f the capacitor in problem one was replaced by a 1 pF unit, I would

and Ec would .

3. Solve for:

XL-

L —_—

IL -

lt =

BH
zZ = REP=1092

Draw the current vectors.




MODULE SELF-CHECK

4. It the Irequency of the generator in problem three is decreased, the applied voltage would

L]

Draw the current vectors.

6. If the core of the coil in problem five is replaced by a material having a higher permea-

bility,ELmuld andltwul.d

7. Solve for:

c
E, = Py= %W
P REP4~1094

Draw the current vectors,

1
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MODULE SELF-CHECK

8. Solve for:

Z =

L

L
-

00 k 0
g‘ o ;.’(lehn

L
REP4-1095

9. Solve for:

Draw the current vectors,

10. Select the vector diagram for this circult.

fe
REP4-1097
15




MODULE SELF-CHECK

11. The total impedance is T
. 4 ¥ ohms -
Xe

b. 4.9 k ohms

X
ke 42ko
ArPd~l098

c. 8.4 Xk ohms ?
ka

d. 12 k ohms

12. The reading on the ammeter has increased. What ia the trouble?

a. En has decreased. /\ . _

b. The resistance of the resistor has J_
increased,
s PX

¢. The coil has opened. ] W0k |20 ko

d. The capacitor has opened.
REP4=1099

13. Total lmi:edance ia

a. 5 k ohmas. T J_
R
b. 10 k ohms. C Bka
@
c. 15 k ohma.
9 dmh 6 mA Ima
d. 20 k ohms.

REPd=-1100

14. In this circuit,

a. R= xc. J_
b. xc 18 leas than xL.
c. L lags E,.
d. lR leads Ea'
ImA & mA 5 mA

REPd=1101
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16, Solve for:

o | ~ o
' ) ll- h -_ - 0
1o * P, = 05 F .
Pa - 218 Hz é: T
kL X XL
C
E = PF = 10 6 k2
0 =_____
7 = 17mA N . 1
Draw the current vectors, - - :xpc-uo:
16, Solve for:
P, =
o T 1.
Pa a2
12y Ik «25 uf
PF = 159 Hs
g =
Z =
Show vectors.

17. Solve for: ! t
Ea . J_ 3
Z =
159 Hs 166 I.l uP S0 H

Show vectors.
ICIS:M IL'].M

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

17
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK

1. IR w 18 mA P =307 mW

t

1. = 12maA Pa = 3840 mva

C
It = 20 mA PFa.G

Z = 0.5 kn 0 L] 35-5.

o 16 mA
= 186k » R "

xc REP4&=1103

2. Ic decreases and Ec remains the same,

!R 30'“‘
3. xL-Skﬂ li‘t

IR-SOI:HA Pa-BVA

=38w

IL = 40 mA PF = .8

It = 30 mA ¢ =83.1°

v
Z =24k@ it 50 mA REPE-1104

4. Voltage would remain the same,

S. IL =10 mA . Pt

IRaZOmA Pa=2.23VA

=W

It = 22.3 mA PF = 8360

Z =448k Q L =26%H It 223 mA

REP4-1105
¢ =1284°

8. E wouldremamthaaamemdltwwld :
decrease, -0 10mA

7.2 =8kaq PaHGOOmVA

X.=7%ka PF=.8

C
C =133 pF InaﬁmA

Ea=50V Ic =8 mA I 6mA

¢ =8631"° REP4=1106
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MODULE SELF-CHECK
ANSWERS TO MODULE SELF CHECK (Continued)
16 mA
ﬁ. ) 48.5 k 9 " ‘5#5 ll'lA
zt Ic = =——
9. I.L=lmA PF » .2080
Iclla mA z -1.03 kg
lR =4 mA Pt = 64 mW
lt = 15.5 mA P‘ = 248 mVA
o - 75. 'R ‘MA
L 1mA REP4-1107
10. a
11. ¢
12. ¢
13. d
C‘ i
15.]R-15mA L =3H
! 15 mA
1, =12mA P, = 1800 mW R
R =8k& P‘l = 2040 mVA
E‘=120V PF = .8823 W-lebp———- e It 17 mA
F =318 Hz e =281°
Z =1705kf "L'm"'* REP4=-1108
16, P, =48 mW Icz 3m
4
P‘ =60 mVA
L=em
PP = 8000
0 =-38.9"
' I = 5w
Z =24kQ I -lg=3m
L J
II- = 6ml
19

269




MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK
17.E_ -a30V
a

Z =10 ki

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.
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TROUBLESHOOTING SERIES AND PARALLEYL, RCL CIRCULTS

(TROUBLESHOOTING CAPACITORS AND INDUCTORS)
Module 23

This text is deaigned so that you will go through it step by step.
Each step of instruction is designed to teach a small bit of information.
Answers to the questions for each step are given at the top of the next
even numbered page (blocked).

Read the information on the next even numbered page and respond as
you are directed. Confirm your responses. Do not proceed until you have
responded correctly. If you require assistance, see your instructor.

CONTENTS
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Introduction

Troubleshooting Capacitors

Troubleshooting Inductors

Supersedes KEP-PT-23, 5 November 1974, Previous editions may be used.




TROVBLESHOOTING CAPACITORS AND INDUCTORS
INTRODUCTION
In electronio oircuits, capsoitors and inductors, like resistors,

become defeotive and must be isolated and replaced. Defective resistors
can usually be identified fairly oonolusively with the ohmmeter; however,
this is not the case with capsoitors and induotors. It usually requires
more careful attention to the troubleshooting procedures in order to
identify defective capacitors and induotors than it does to deteot
defective resistors.

L]

The troubleshooting procedures that can be used to ieoclats
defeotive capacitors and inductors are pressented in this text. The
material is divided into two parts. The Procedures for troubleshooting
capacitors ars in the first part and the procedures for troubleshooting
inductors are in the second part.

The material ia presented in steps with questions separating
the steps. Respond to these questions and be sure you know the answers
to these questions before advancing to the next step.

_73




TROUBLESHOOTING CAPACITORE

What can cause a capacitor to become defective? Although there
are others, these are some of the more frequent ocsusee: (1) Voltage
surges that exceed the WYDC rating of the capacitor produce an arc of
current through the dielsctric material, partially or completely
destrcying the dielectric; (2) high temperature or the frequent changes

in temperature cause expansion and contrsction within the capacitor,

causing the leads to separate from the plates; (3) moisture gets
inside the capacitor (paper capacitors are very susceptible to moisture)
and destroys the dielectric material; and (4) scme dielectric material -
usually the electrolyte in the electrolytic capacitor - deteriorates
with age or long storage time.

More important than the causes of capacitor failure is the types
of failures that they produce. Voltage a{xrgea and moisture in a
capacitor normally cause a SHORTED or LEAKY condition. High
temperature or frequent changes in temperature scmetimes cause an
OFEN condition. The three types of fallures discusesed in this text
are: (1) the SHORTED capacitor; (2) the OFEN capacitor; and (3) the
LEAKY capacitor.

Some of the teat instruments that can be used to troubleshoot
capaciturs are the capacitor checker (which s rarely available to the
techniclan), voltmeter, ammeter, and ohmmeter.




Usually, the OHMMETER ie preferred over all the other tast
instruments. It ie the easiaest to use and will yield more information
about the condition of a capacitor in less time than any of the othar
instrumenta. The OHMMETER will be used in all further discussion

on the troubleshooting of capacitors and the ohmmeter section of

the PSM=6 will be used in a1l examples.

26

QUICK QUIZ 1.
1., This text will discuss the that can be used

to isolate defective capacitors.
2, In troubleshooting capacitors, the three most common types of
failures likely to be encountered are the ,

and capacitor.

3. The test instrument usually preferred over other types to
troubleshoot capacitors is the:
a. voltmeter ¢. ohmmeter
b, ammeter d. oscilloscope

Check your answers on the next even numbered page.

When used to check capacitors, the ohmmeter has & mmter of
limitations that one must know in order to meke the best use of the
ohmmeter. These limitations are: (1) the ohmmeter camnot be used to
measure the amount of capacitance (in farada) of a capaciter; (2)
capacitors with very SMALL capacitance (less than .00l microfarads)
cannot be effectively checked for an OFEN condition; (3) the LEAKAGE
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ANSWERS TO QUICK QUIZ 1.
1. procedures

2, open, short, and leaky
3. ¢

test on an electrolytio capacitor is usually not reliable (all
electrolytic capacitors have soms allowable leakage according to
thelir capacitance); (4) capacitors with a WVDC rating less than the
internal powar source of the ohmmster should not be checked; and
(5) capacitors are not checked at their full WVDC rating.

If the condition of a suspect capacitor cannot be determined by
using the chmmeter, the normal procedure 18 to replace it with one
known to be GOOD. This usually requires less time and effort than
to obtain the test equipment necessary to perform elaborate checks

on a relatively inexpensive component,

QUICK QUIZ 2,
1. The ohmmeter cannot be used to measure the of a

capacitor,

2, Capacitors with very capacitance cannot be effectively
checked for an open condition with the ohmmeter.

3. If the condition of a suspect capacitor cannot be determined with
the ohmmeter, it should be replaced with & capacitor kmown to
be .

Check your answers on the next even mumbered page.
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The order in whioh & ¢apaoitor is oheoked for a SHORT, OPEN, or

LEAKY oondition is not lmportant. To establish a pattern for the
purpose of explaration only, the ensuing discuasions will be in the
following order: (1) the oheok for a SHORTED condition; (2) the
check for an OPEN condition; and (3) the check for a LEAKY oondition.
A capaoitor that is neither SHORTED, OFEN, nor LEAKY can usually be
consldered to be a GOOD capacitor.

Bsfore making any teste with the ohmmeter, it is VERY IMPORTANT
that power be removed from the circuit being checked and all capaoitors
should be discharged by commecting a wire across their terminals. Also,
for the ohmmeter indications to be meaningful, the capacitor must be
isolated from the other components in the circuit.

If the capacitor is connected in series with other components,
it can be isolated by opening the oircuit at any point. In other words,
the current from the ohmmeter can have only one path, into and out of
the capacitor. In a simple series circuit as shown in Figure 1-1, the
capacitor is isolated and the power source is removed whenever the switch
is open. If no switch is provided, the circuit must be disconnected from

the power source.




ANSWERS TO QUICK QUIZ 2.
1, capaoitance,

2, small,

3. good.

OHMS
¥

U «

UL

Figure l-1

Figure 1-2 is & simple parallel circuit. Power can be removed

from the circuit by opening the switch. If no switch is provided,

the circuit muast be discomnected from the source; also, one lead of the

capacitor MUST be disconnected from the circult to lasclate the capacitor.

N

o

,




QUICK QuUiZ 3. 27 ,
1. To prevent damaging the ohmmeter, mist be removed

from the circuit to be ohecked,
2, For the ohmmeter reading to bs meaningful, the capacitor met

be .

3. A capacitor that is neither shorted, open, nor leaky can usually
be considered to be a oapacitor

Check your answers on the next even mumbered page.

After the powsr has bsen removed from the circult and the capacitor
isolated from the other components, the next step is to prepare the
ohmmster so that it will indicate th-e smallest amount of resistance.
This is done by setting the range switch to the lowsst-ohm position
(RX1) and calibrating the meter; then, the ohmmeter leads should be
connected to the capacitor as shown in Figure l-3, It is not necessary
to observe polarity.

r' T
s OMMsS .llx&
T~ Y S
=
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27 2.

ANSWERS 10 QUICK QUIZ 3.
1., power,

2, isolated,

3. good.

A reading of ZERO OHM indicates that the dielectric material has
completely broken down and is allowing current to pass between the

s

plates. This condition is termsd a SHORTED capaciter.

The next check is for an OFEN capacitor (s001 4F or larger).
Prepare the ohmmeter by setting the range

switch to the highest -ohm position (R X 10,000 ohms)

and calibrating the meter, Ae in the previous step, the ohmmeter ia
connected to the capacitor; however, it is very important that the
ohmmeter needle be observed very closely at the instant the leads are
connected to the capacitor. This step should be repeated two or three
times, reversing the ohmmeter leads to the capacitor each time the step
is repeated. If the ohmmeter nesedle remains at infinity and DOES NOT
deflect up-scale as shown in Figure 1-4, the capacitor is OPEN.

r =
:: OHMs £3% 10,000

| A\
- — —° L

Figure 1-4

e}
0
=




QUICK QUIZ 4.
1. To oheok a capaoitor for a short, the ohmmeter range switch should
be get to thg:

a. NX1 position. ¢. AX1000 position.
b. NX10 poaition. d. NX10,000 position.
2, A zero-ohm reading on the ohmmeter indicates & oondition

for a capsoitor.
3. To cheok a capaoitor for an open, the ohmmeter range switch should

be set to the:
a. NX1 position. o £1.X1000 position
b, L X10 position. d. N1X10,000 poeition.

4. VWhen troubleshooting a capacitor, the needle of the ohmmeter remains
at infinity and does not deflect up-scale. The capacitor la:
a. shorted. b. open. e, good.

Check your answera on the next even mumbered page.

The last chek to be performed on & capacitor is probably the most
important test of all--the test for LEAKAGE. Since no dlelsctric
material is a perfect insulator, all capacitors have an allowable
leakage (current flow) between their plates. Only when this lealmge
becomes excessive is a capacitor considered to be defective. This
leakage varies directly according to the capacitance of a capacitor.
The ohmmeter will indicate this leskage as resistance; therefore, aince
most capacitors have very small leakage currents, the ohmmeter will
indicate a very HICH resistance for a GOOD capacitor.

9
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ANSWERS TO QUICK QUIZ 4.
1. s, 3. &
2. shorted be b

To teet for IEAKAGE, the ohmmeter ia set to the highest ohn
position (RX10,000 ohm) and connected to the capacitor in the same
manner as for the SHORT, or OFEN test. Any steady resistance reading
on the ohtmeter as shown in Figure l-5 indicates that the camacitor
being checked is a LEAKY oapacitor. Remember, this test DOES NOT

apply to an elesctrolytic capacitor. For the LEAKAGE test the hande must
not touch the capacitor leads.

. )

L1r 10000

%
P

OHMS
A\
7

o

Figure l-5

A GOOD capacitor can also be checked because a good
capacitor will give a definite indication on the ohumeter. As for the
open and leakage check, the chmmeter is set to the RX10,000 ohm position
and the ohmmeter needle observed very closely at the instant thes leads
are comnected to the capacitor. As shown in Figure 1-6, the needle
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should deflect up-scale (toward sero ohm) and then drop baok to
infinite resistance. The leads should be reversed two or three times
to insure that the capacitor is discharged.

4 )
P
OoHumMg Doy 10000
L\_,O P y
Figurs 1-6
QUICK QUIZ 5.
1. Leakage current is read on the ohmmeter as:
a, voltage b. current. ¢. resistance.

2. To test for leakage, the ohmmeter should be set to the:
a. (LX1 position ¢o NLX1000 poaition.
b. NX10 position. de £LX10,000 position.

3. Which reading indicates a leaky capacitor?
a, zero ohm b. 5000 ohm ¢, infinity.

4. With the ohmmeter range on RX10,C00 which capacitor would cause the
ohmmeter needle to deflect up-scale and then drop back to infinity?
a. A good capacitor. ¢. A shorted capacitor.
b. 2 leaky capacitor. 4. An open capacitor.

Check your answers on the next even numbered pege.

11
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ANSWERS TO QUICK QUIZ 5.
l, o 3. b
2. d Le &

In summary, as a capaoitor ohecker, the ohmmeter is a very useful
instrument. It cannot be used to ocheck all capaoitors for each type

of failure. Howsver, a capacitor that cannot be ochecked occmpletely

should be replaced with one known to be GOOD, Agein, in preparing the
eircult, remove power to the oircult and isolate the component. In

many cases, to isolate the capaoitor, simply remove it from the circuit.
Remember, a zerc-ohm reading on the ohmmeter indicatea a SHORTED
capacitor; an infinite reading with no momentary up-scale deflecticn

of the ohmmeter needle indicates an OPEN capacitor; a ateady resistance
reading other than infinity or zeroc-ohm, indicatns a LEAKY capacitor;

and a reading of infinity af'ter e momentary up-scale deflection indicates
8 GOOD capacitor.




TROUBLESHOOTING INDUCTORS

An Ainductor is a oircult ocmponent designed so that induotance
is its most important property. Coils and chokes are designed so
that they present a epeocified amount of inductance to a olrcult;
however, audio and power transformers, voice ooile In speakers, field

and armature windings in motors for all practical purposes of trouble~

shooting can be treated exactly the mame as coils and chokes.

Inductors do fail and since they are an Integral part of many
electronio ¢ircuite, they mat be checled to determine their condition.
The most common types of failures that occur in inductors are: (1)
OPEN windings; (2) SHORTED turns; {(3) winding to core shorts; and
(4) SHORTS between windings.

Although there are test instruments designed specifically for
testing the different types of inductors--chokes, transformers, motor
windings, etec. — usually the OHMMETER is used to perform the
preliminary checks on an inductor suspected of being defective.

Agaln, to make the best use of the OHMMETER, its limitations
mst be known. As an inductor tester, its limitations are these:
(1) the ohmmeter CANNOT be used to messure the inductance of an
inductor; and (2) shorted turns in inductors are difficult to locate
with the ohmmeter.

13
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QuUIck QuIz é.

1. The test instrument that is usmally uesd to make preliminary checks

on Anductors suspeoted of being defective is the:
a. ohmmeter. b. voltmater. 0. ammeter.
The ohmmeter CANNOT be used to measure the of an

inductor.

Usually, a defective inductor has:
a. increased in inductance.

b. shorted or open winding,

¢. becoms rescnant.

Check your answers on the next even mmbered page,

The £irst step in any troubleshooting procedure in which the ohmmeter
is utilized is to REMOVE power to the circuit. Secondly, isolate the
inductor from the other components in the circult in the same manmer
as vhen troubleshooting capaciters.

After the power has been removed from the circuit and the inducter
isolated from ths other components, the next step is to prepare the
ohmmeter so that it will indicate the maximum amount of resistance.
This is done by setting the range switch to the highest-olm position
(RX10,000) and calibmting the meter; then, the ohmmeter should be
connected to the inducter as shown in Figure 2.1,

An infinite resistance reading on the ohmmeter indicates that the
inductor is definitely OPEN.
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Figure 2-1

QUICK QUIZ 7.
1. Before troubleshocoting inductors with an ohmmeter, the

mist be removed and the component .

2. To check inductors for open windings, the ohmmeter range switch
mist be set to the:
a. NX10 position. e, L.X2000 position.
b, N.X100 position. d. NnX10,000 position.

3. A reading of infinite resistance on the ohmmeter indicates that an
inductor has:
a. open winding.
b. shorted winding.

¢. leaky winding.
Check your answers on the next even numbered page.

15
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ANSWERS TO QUICK QuIZ 6.
l. »

2., inductance.

3. b

ANSWERS TO QUICK QUIZ 7.
1. power, isolated.

2, 4 |

3. »

As stated previocusly, one limitation of the ohmmeter is that it

cannot be used to check all inductors for shorted turns. For example,
an inductor wound with a few turns of large copper wire, such as RF
coils, will indicate zero resistance on the ohmeter even on the 8X1
range. Thus a shorted turn in this type of inductor cannot be detected
with the o'.-meter. However, same inductors CAN be checked for shorted
turns, If t&. -inding resistance is sufficlently high to be measured
with the ohmmeter and if the resistance is known, an inductor of this
type can be checked for shorted turms.

Figure 2«2 shows an example of a transformer that has shorted turme
in the secondary winding. The ohmmeter indicates 500 ohms which is a
decrease of 250 ohms from the 750 ohms specified for tha secondary
winding of the transformer. A decrease in resistance much less than
the amount shown in Figure 2-2 would still indicate shorted turns in the

transformer--oven a decrease of a few ohms of resistance.




/

Figure 2-2

QUICK QUIZ 8.

1. Select the inductor(s) that could be checked for shorted turns
with the ohmmeter:
A be

= IE 3

2, An (A) (increase/decrease) in winding resistance indicates

shorted tuma,

Check your answers on the next even rumbered page.
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ANSWERS TO QUICK QUIZ 8,
l. b

2. a decrease,

Another type of shert that can be detected with the chmmeter is

a ghort between the turma and core material, Of course, this type of

short can only cccur in an inductor having an iren core. To check an

inducter for winding-to-core shorta, connect the chmmeter leads between

the core and winding aa shown in Figure 2-3., Since GOOD inducters

have infinite resistance between the core and windings, any resistance
- reading on the chmmeter other than infinity indicates a defective

indueter.

OHMS Lux 10

>

‘\—jp J

Figure 2-3
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Last, a type of short that oocurs in induotors with multiple
windings, euch as transformers, is the short between windings. In
transformers, the windings are usually wound very tightly, one upon
the otherj therefore, if the insulating material should faill, & short
will oocur between the windings. Shorts between windings can be
detected with the ohmmeter. To test for shorts between windings of an
inductor, copnect the ohmmeter lsads between windings as shown in
Figure 2-4. A resistance measurement mist be made between each set
of windings in turn. GOOD transformers have infinite resietance
between windings; therefore, any resistance reading other than
infinite indlcates a defective  transformer. (See Figure 2-4)

OHMS Six loon

> 2
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QUICK QUIZ 9.
1. A good inductor should have (infinite, low) resistance between
its core and windings.

2. The ohmmeter (can, cannot) be used to detect shorta between
the windinga of an inductor with multiple windings.

Check your answers on the next even rumbered page.

How do you troubieshoot an inductor suapected of having a short
and yet the ohmeter indications are inconcluasive? If the inductor
is expensive, requires a great amount of time to replace, and is not
resdily available, check all the other components aasociated with the
inductor——if they are good, the inductor mst be defective, An
excellent check for any inductor suspected of being defective 1s %o
substitute it with a NEW inductor.

QUICK QUIZ 10.

1. When troubleshooting inductors with the ohmmeter, it is difficult to
detect:
e. oOpen windings.
b, shorted turns.

2. Name ONE method of checking an inductor without the use of an

ohmmeter.
Check your answers on the next even rmumbered page.




NOTES
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ANSWERS TO QUICK QUIZ 9.
1., infinite.

2. ocan,

ANSWERS TO QUICK QUIZ 10.
1. b

2., sgubstitution.

This pz.-ogramed text 13 not complete until after you have completed
laboratory exercise 23-1. Upon completion of the laboratory exercise
steps, confirm your answers by using the ohmmeter to check each
component. Remember, power must be removed and the component

isolated (disconnected) before the ohmmeter is used.

10U MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF=-CHECK.

22
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED}

MODULE 24

SERIES RESONANCE

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

Overview

List of Resources
Adjunct Guide

Labhoratory Exercise, 24-1

Module Self=Check
Answers

OVERVIEW

1. SCOPE: U the frequency applied to a
series RCL circult is varied, the inductive

reactance can be made to equal the capacitive

reactance. When this occurs, we have
resonance. This module discusses the condt-
tions that exist when the series circult is

resonant. Resonant circuits are used inradio,
radar, and telephone circuits to separate
signals in terms of frequency. Practical
training to determine bandwidth, bandpass, and
resonant Irequency completes the module.

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

a, Given the response curve of a series
RCL circuit, compare the magnitude of current
flow at resonance and off-resonance.

b. Given aseries RCL circult, and vector
representations of current and voltage, select

the repvesentation which shows current and
voltage relationships

(1) below resonance.
{2) above resonance.
(3) at resonance.

¢. Given a series RCL circuit and for=
mulag, determine the effects on current,
impedance, and phase angle by varying
individually

(1) frequency.

{2} resistance.
{3) capacitance.
{4) inductance.

d. Given component values of a series
RCL circuit, calculate the resonant frequency.

e, Using a serles RCL circult connected
on a trainer, signal generator, and multi-
meter, determine the half power points, band-
width, bandpass, and resonant frequency.

Supersedes KEP-GP=24, 15 May 1975 which may be used until stock is exhausted.
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LIST OF RESQURCES 1. What is the definition ol series remsonance?

. To satisfy the objectives of this module,

'- you may choome, according to your training,
experience, and preferences, any or all of
the following:

READING MATERIALS:

2. Referring to the graph, which point is

Digeat conpidered to be resonance?
Adjunct Guide with Student Text, Vol 1I1

— 8. Point A.
AUDIO~VISUALS:

— .  Point B.
Television lL.esson, Series RCL Circuits
(Resonance}, TVK 30-280 — C, Point C.

LABORATORY EXERCISE: |

Series Resonance 24-1

— o - —

AT THIS POINT, 1F YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOQU MAY TAKE THE
MODULE SELF-CHECK. IF NOT, SELECT
ONE OF THE RESOURCE3S AND BEGIN
STUDY. CONSULT YOUR INSTRUCTOR 3. How does a series RCL circult act when
IF YOU NEED HELP. a frequency below the resonant frequency is
applied:

REACTANCE

FREQUENCY

Y
[ - I -
n-—

REP4=1124

ADJUNCT GUIDE

a. Capacitive.

INSTRUCTIONS: =1 b. Inductive.
Study the reference materials as directed. — C. Resistive.
Return to this guide and answer the 4, How does a series RCL circuit act when
questions. a frequency above the resonant frequency is
applied?

Confirm Your answers at the back of this

Guidance Package. a. Capacitive.

I you experience any difficulty, contact wwe e b. Inductive.
your instructor.

C. Resistive.

Begin the program.

5. *hich of the following is NOT a condition
or characteristic of series resonance?
A. Turn to Student Text Volume I and

read paragraphs 5-1 through 5-14. Return a. Xc=Xg,
to this page and answer the following
questions. b. Z=R

DO~y




Z is minimum
118 maximum
Ey = Eg
ErR=E,
Ec=Ef
@=0°

Pa: R

6. How does a series RCL circult act at
the resonant frequency?

a. Capacitive.
b. Inductive.
c. Resistive.
7. U opposition to current at resonance is

minimum, what is the condition of current
in the series RCL circuit at resonance?

8. For any given RCL circuit, how many
different frequencies will cause a resonant
condition?

a. One,

b. Two.

c. Three.
9. If you have an RCL circuit acting capaci-

tively, what three parameters canbe changed
to make the circuit act as aresonant circuit?

10. ldentity the following vectors and
indicate whether they represent ameries RCL
¢ircult at resonance, above resonance,
or below resonance.

| XL

REP4-1126

REP4-1125

CONFIRM YOUR ANSWERS

B. Turn to Student Text Volume I and
read paragraphs 5-11 through 5-22, Return
to this page and answer the foliowing questions.

1. Solve for the resonant frequency when
L is 10 mH and C is 1 uF.
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2. Solve for the resonant frequency when C. Turn to Student Text Volume Il and
Lis 2.5 mH and C 1s 16 uF, read paragraphs 3«23 through 5-43. Returnto
this page and answar the following questiona,

3, Solve for the resonant frequency when 1. Solve for:
L is SuH and C is SpF.

f =
r

4. Solve for the resonant frequency in the
following circuit. z

o

REP4=1127

ImH
T

1Y
[¥]
120 uF

5. The following chart is a graphic {llus-
tration of the different quantities in a series
RCL cireuit., Mateh each curve with the
quantity it represents.

\ 1 01 uF
1]

—_— a, Curve A (1)

b, Curve B (2) REP4~1129
(3)

(4)
—_— 4, Curve D (9)

—_— . Curve C

2. Draw the vectors for this circuit,

REP4-1128

YOUR ANSWERS.
CONFIRM REP4=1130
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3, Selact the propar veotors for this circuit, — 0, Capacitively and operating
(E, 19 to ba used A9 a reference.) below resonancs.

e G, Inductively and opsrating
below resonance.

G, Selsct the proper vectors for this cir-
cuit, (I is to be used as a Teference.)

SN
ma

120 9

4. The circuit in question 3 is acting:

a. Capacitively and operating
above resonance,

b, Inductively and operating
above resonance.
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N\
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-

EC

8. The circuit in question 3 is acting:

a. Capacitively, and operating
above resonance.

b. Inductively, and operating.
above resonance,

¢. Capacitively, and operating
below resonance.

e—— 4. Inductively, and operating
below resonance.

7. What are the HALF POWER POINTS?

8., What formulia is used to determine the
current at the HALF POWER POINTS?

a. .837 times 1 maximum.

b, 707 timea I maximum.

|1

¢. 1.414 imes I maximum.

d. 1.%7 times I maximum.

9. What 15 meant by the term BANDWIDTH?

301

10. What {8 meant by the term BANDDPASS?

CONFIRM YOUR ANSWERS

D. Turn to Laboratory Exercise 24-1. This
sxercise will familiarize you with the pro=-
cedurs for determining the bandwidth, band-
pass, hall power points, and resonant fre-
quency of a geries RCL circuit. Return and
continue with this program upon completion
of this exercise.

BE. Turn to Student Text Volume III and read
paragraphs 5-44 through 5-47. Return tothis
page and anawer the following questions.

NN '
28 l
0V

5.3 kHs ‘I' e
‘agan |

Wea

REP4-1135

1. Using the circult above, fill out the chart
below. Indicate an increase, decrease, or
remain the same for each value as
frequency, resistance, capacitance, or
inductance is individuatly variedas indicated:

Increase e
Decrease
Remain the same

2| 118
FREQ §
RES §
CaP
IND

CONFIRM YOUR ANSWERS

2ol




LABORATORY EXERCISE 24-1

OBJECTIVE: Using an ammeter and for-
mulas, determine the bandwidth, bandpass,
half power point, and resonant frequency ofa
series RCL circult connected on & trainer,

EQUIPMENT:

1. AC Inductor and Capacitor Trainer 5867
2. Multimeter ME-70A/PSM-6

3. Sine-Wave Generator 4664

4. Moeter Panel 4566

REFERENCES:
1. Student Text Volume III, Chapter 5
2. Student Handout, KEP 108

CAUTION: OBSERVE BOTH PERSONNEL

AND EQUIPMENT SAFETY RULES AT
REMOVE WATCHES AND

ALL TIMES.
RINGS.

PROCEDURES:

1. Construct the circuit in the dlagram.

(+)
\&)

RI10T
1040

101

T SuF

REP4=1137

2. Set the generator FREQ MULTIPLIER
to 10 and the FREQUENCY (CPS) dial to
midscale. .

3. Adjust the sine wave output of the gene~
rator to maximum.

4, While observing the ammeter, slowly
rotate the FREQUENCY dial to the position
that produces the maximum current. This
is the resonant frequency of the circuit.

5, Record the resonant frequency on the
chart at the bottom of this page.

6. Reduce the sine wave output of the
generator until the current meter reads 4
ma. Plot this maximum current vatue on
the fy lne.

7. Calculate the current value at the half
power point. mA

CONFIRM YOUR ANSWERS

6. Increase the Irequency in 50 Hz steps
and plct the current at each frequency,
until the current decreases to the half-
power point value.

9. Return the dial to the resonant frequency.

10. Decrease the frequency in 50 Hz steps
and plot the current at each frequency, until
the current reaches the half-power point value.

11. Find the bandpass from the chart.
Bandpass =
12. Determine the bandwidth from the chart.
Bandwidth =

CONFIRM YOUR ANSWERS

-0 -250 -0 -150 -100

-5 ’ER 50
RESONANT FREQUENCY =

250 NoHzr

REFS=1.39
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MODULE SELF-CHECK
QUESTIONS:

1. Series resonance occurs in an RCL cir-
cuit when:

a. the phase angle between X
and R is exactly 90°,

b. XL - XC.

c. Xp, 1s exactly five times as
great as Xp.-

d, Xp is exactly five times as
great as Xj.

2. At regonance in a series RCL circuit
a., current is minimum,
b. impedance is maximum.

c. voltage across the coil is

d. current is maximum.

Solve for:

-
P,

01 4F

HEP4-1121
At resonance angle theta equals

a. 0°,

b,

202

8. Solve for the resonant frequency when L
18 .3 mH and C 18 12 pF,

fr-

6, If resonant current 18 10 mA, what is
the half power poiat current?

———— A 2.5 mA
b, SmA
TmA

10mA

Solve for:




8. Reference Problem 7. A voltmater placed
across both tha capacitor and the coil while
the circult La at resonance would indicate:

a. 0 valts.

b, 800 volta.

¢, 1000 volts.

d, 2000 volts.

9. Identify the curve representing current
below, at, and above resonance.

REPA.1140

a, Curve A

— b. Curve B

¢, CurveC
d, Curve D

10. If the frequency to a gseries resonant
circuit 1s increased, what effect would there
be on the following valuea?

Increase ( 4 )
Decrease (¥ )
Remain the same {(# )

Z.

1

e

11. Using the figure below, what i3 the:

Iy

BW » o

BP »

HPP Current =

100 mA

]

ImA

120 40 140 180 200 M2

REP4-1141

12. Tho following vector diagram represents
the current and voltage relationships in a
series RCL circuit. The circuit s acting:

a. capacitively and is above

— b. inductively and
resonance.

is abhove

— C. Capacitively and 1s below
resonance.

—— d. inductively and 1s below
resopance.

CONFIRM YOUR ANSWERS ON THE LAST
PAGE OF THIS TEXT.
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ANSWERS TO A ~ ADJUNCT GUIDE

1. The frequency where the capacitive
reactance (Xc) equale the inductive react-
ance (X;).

[
oo o

L]

7.Maximum. This is a very important
characteristic of resonatice and an ime-
portant point to remember.

8. a

8. Increase frequency, capacitance or
inductance.

10. &, above resonance
b, below resonance
¢. &t resonance

If you missed ANY qQuestions, review the
material before you continua.

ANSWERS TO B - ADJUNCT GUIDE

1. 1.89 kHz
2. 705 Hz
3. 31.8 MHz
4, 268 Hz

5. a. (1) Current (I}
b. {3} Impedance {2)
c. (4) Inductive Reactance (Xp)
d. (2) Capacitive Reactance (X}

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

ANSWERS TO C - ADJUNCT GUIDE

1. fr=3OOHZ
Z = 5 kOhms
T = 5mA
=0

2, X
4
—— g ——(n
R ' BsER
ﬂxC
REPE~)1 22
3. d
4, ¢
8. ¢
6. b

7. The upper and lower points on the
current response curve wherethe current
is at 70.7% of the peak current.

8. b

6. Bandwidth is the pumber of cycles
between the lower half-power polnt and
the upper half-power polat; i.e.,

]ofﬂ‘--.---

707 mad et foonl

_—— -

A L

T TEERELT
! :‘"' REP&=1134
. UHPP = 102 kHz
LHPP = 800 Hz
Bandwidth = 400 Hz

{Bandwidth can zlso be determined by
the following formula;)

BW = fr/Q

10. Bandpass is the actual frequencies
from the Lower Half- power point to the
Upper Half-Power Point. In the exampls
of number 9 above, bandpass i3 800 Hz
to 1200 Hz.

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




ANSWERS TO E - ADJUNCT GUIDEF ANSWERS TO MODULE SELF-CHECK

1. 1. b
: 2, d

3. J00OHz

4, a

$

]

. 2.65 MHz
. €

7. ftp = 5.3 kHz
Za=10

If you missed ANY questions, review I=10A

the material before you continue. ’ 9a0°

a
d

7.4

ANSWER TO LABORATORY EXERCISE:

7. Use the formula Half Power Point
Current = .707 X Iiyyay. 2.8 mA Iy = 160 Hz

BW = 40 Hz

BP = 140Hz to 180 Hz
HPP Current = 70.7 mA
If you misged the question, agk your
instructor for assistance. b

11. BP =1}, to Iy, where §)5 =
frequency at the low half-power point
and fp; = frequency at the high half-
power point,

12. BW =1y - fi, HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT, REVIEW
Have your instructor check your answers. THE MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER
1f you missed ANY questions, ggk ALL QUESTIONS CORRECTLY, IF YOU
your instructor for assistance. HAVE, CONSULT YOUR INSTRUCTOR FOR
FURTHER GUIDANCE.
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Radar Principles Brunch
Keesler Air Force Base, Missisaippt

ATC GP JAQRIX020-X
KEP.GP.23
November 1978

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED}

MODULE 2%

PARALLEL RESONANCE

This Guidarze Package is designed to guide you through this modute of the Electronic
Principles Course. 1t contains specific information, including references to other resources
you may study, enabling you to satiafy the learning objectives.

CONTENTS

Title

Overview

Liat of Resources
Adjunct Guide

Laboratory Exercige 25-1
Module Seif-Check
Answers

Page

O b =

OVERVIEW

1. SCOPE: This module is a continuation
in your study of the parallel RCL circuit.
If the frequency applied to a parallel RCL
circuit is varied, the inductive reactance
can be made equal to the capacitive reactance.
When this occurs, we have resonance. This
module discusses the conditions that exist
when the parallel circuit is resonant.
Rescnant circuits are widely used in radio,
radar, and telephone c¢ircuits. Practical
training to determine bandwidth, bandpaas,
and resonant frequency completes the module,

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

a. Given the response curves of paratiel
RC]. circuits, compare the magnitude of
current flow at resonance and off resonance.

b. Given a parallel RCL circult and
formulag, determine the effects on current,
impedance, and phase angle by individually
varying:

{1} Frequency.
(2) Resistance.
{3) Capacitance.

(4) Inductance.
¢. Given component values of a parallel
RCL circult, calculate the resonant
frequency.

d. Using a paraliel RCL circuit connected
on a trainer, signal generator, apnd multim-
eter, determine the bandwidth, bandpass,
half power points, and resonant frequency.

LIST OF RESOURCES

To satisfy the cbjectives of this module
you may choose, according to your training,
experience, and preferences, any or all of
the following.

Supersedes KEP-GP-25, 1 May 1975, whfch may be used until stock is exhausted.
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READING MATERIALS:
Digest

Adjunct Guide with Student Text Iif

AUDIOVISUALS:

TVK30.2684,
(Resonance)

Parallel RCL Circults

LABORATORY EXERCISE:

25-1, Parallel Resonance

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK. IF NOT, SELECT
ONE OF THE RESOURCES AND BEGIN
STUDY.

CONSULT YOUR INSTRUCTOR IF YOU
NEED ASSISTANCE.

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced material as directed.

Return to this guide and answer the
questions.

Confirm your answers at the back of this
guidance package.

If you experience any difficulty, contact
your ingtructor.

Begin the program.
A. Turn to Student Text Volume II and

read paragraphs 6-1 through 6.9. Return to
this page and answer the foliowing questions.

204

1. Solve for the resonant frequency.

!r-

O,

e
0 pF

11

REPd=-1151

2. Solve for the resonant frequency when
L is .6 mH and C is 10 pF.

fr=l

3. In a parallel resonant circuit, what s
the phase relationship between Ec and Ey ?

4 What is the definition of parallel
resonance?

5. A parallel resonant circuit is operating
below resonance. The applied frequency is
increased. What happens to line current?

1
309




6. In the lollowing circult, it X1, 18 increased
to 200 ohms, what happens to line current?

REP4=1152

CONFIRM YOUR ANSWERS.

B. Tura to Student Text Volume Il and read
paragraphs 6-10 through 8-24. Return to
this page and answer the following questions.

1. What factors cause the amall energy loss
during the charging and discharging of the
capacitor through the coll?

2. After the capacitor is fully discharged.
the magnetic field built up around the coil
will:

3. What term is applied to a wave that
diminishes in amplitude as it loses energy?

CONFIRM YOUR ANSWERS.

C. Turn to Student Text Volume Hland read
paragrapha €-28 through 6-34. Return to
this page and answer the following questions.

1. Why is there minimum line current in a
parallel resonant circuit at resonance?

2. If the line current i3 minimum at reso-
nance, what can be deduced about impedance?

3. How does line current and the impedance
of a parallel regonant circult compare to a
series resonant circuit?

CONFIRM YOUR ANSWERS.

D. Turn to Student Text Volume 1llandread
paragraphs 7-1 through 7-8. Return to this
page and anawer the following questions.

1. At resonance, a parallelRCL circuit has:

2. Maximum current in the line.

b, Maximum impedance.

¢. The characteristics of an inductor.
d. The characteristics of a capacitor.

2. At resonance, a series RCL circuit has:

a. Minimum current in the line.
b. Minimum impedance.
¢. The characteristics of an inductor.

d. The characteristics of a capacitor.
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3, When frequencies BELOW the resonant
Iroquency are applied, a parallel RCL cir-
cult will act:

a. Inductively.

b. Capacitively.

¢. Realstively,
5. Draw a current reaponse curve to show

the condition of current below, at, and
above regonance for & paraliel RCL circuit,

REP4=-1153

6. Compare the action of a serles RCL
circuit and a parallel RCL circuit at a
frequency below the point of resonance.

SERIES RCL PARALLEL RCL

Acts capacitively
Acts inductively
Acts capacitively
Acts inductively

A, Acts capacitively
b. Acts capacitively
¢. Acts inductively
d. Acts Inductively

CONFIRM YOUR ANSWERS.

E. Turn to Student Text Volume III and
read paragraphs 7-9 through 7-27. Returnto
this page and answer the following questions.

1. The bandpass of a tank cireuit can be
increaged by:

Increase frequency.

Decreage the inductance,

Increase the applied voltage.

Increase the resistance in the tank.

g oo w

3
311

2. What is the current at the half power
points, bandwidth, bandpass, and resonant
frequancy of the tank circuit repressnted
by this graph?

1I0m -

W 708 ) s
FREQUENCY (kH2)

REP4-11356

2. Half power point
b. Bandwidth
¢. Bandpass
d. Resonant frequency

3. With the circuit at resonance, solve for:

a. lc T —— e, Illne =
b. IL A . BW=
€ Z=___ . g fp=

4 DLank * —— O Bandpass = ____

25 v AC

ORI SE YT
2508 ‘['IUUF 25 mH

REP4-1157
CONFIRM YOUR ANSWERS.

M




F. Turn to Laboratory Exercise 28.1 in
which you will use a muyltimeter and a
parallel RCL circuit toc determine the
resonant frequency. bandwidth, bandpase,
and half power points. Return and continue
with this program upon completion of the
exercisoe.

G. Turn to Student Text Volume I and
read paragraphs 8-1 through 8-28., Return
tc this page and answer the following
questions.

1. If a parallel RC.L circuit i3 below
resonance, it can be brought into rescnance
by:

4. Increasing R.

b, Decreasing C.

¢. lIncreasing L.

d. Decreasing f.
2. Ut the inductor opens in a parallel
resonant RCL circuit, total current will:

a. Increase.

b. Decrease.

¢. Remain the same.

d. Unable to determine what current will

do without circuit valyes.

3. A parallel tank circuit is operating atits
upper half power point. Increasing capaci.
tance will cause the circuit to act:
a, More capacitively.
b. Less capacitively.
More inductively.

Less inductively,

4. Ut the applied frequency to & parallel
reacnant RCL circuit is increased, the total
current will:

2, Decrease and lag the applied voltage.
b. Decrease and lead the applied voltage,
c. Increase and lag the applied voitage.

d. Increase and lead the applied vo..age.

5. Using the resonant ecircult shown, fill in
the chart to indicate the effecta of the
parameter changes on the listed values.

O 3.

xc

FREQH

caP |l

no N
res M
Ea ﬂ

CONFIRM YOUR ANSWERS.

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

LABORATORY EXERCISE 25-1
OBJECTIVE:

Using a multimeter, formulas, and a
parallel RCL circuit, determine the resonant
frequency. bandwidth, bandpass, and half
power points.




EQUIPMENT:
1. Multimeter, ME-70A/PSM-6
2, Sine Square Wave Generator, 4664

3, AC lnductor and Capacitor Trainer, 3967

REFERENCES:
1. Student Handout, KEP-108

2. Student Text, Volume lII, Chapters 8, 7,
ard 8

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT

ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:
1. Construct the circuit in this diagram.
R10S
AN' - -
MKa J_
My i
og ]| L102
1 M2 T.l oF 5 H

REP4-1160

PSM-¢

2. Set PSM-6 on the 10 VAC range.

3. Adjust the sine wave output of the
generator to maximum.

4, Set the generator FREQ MULTIPLIER
to 10 and the FREQUENCY (Hz) dial to
ilidscale,

5. While observing the PSM-6, rotate the
FREQUENCY dial until the voltage reading
peaks.

NOTE: This is the resonant {requency of
the circuit (fy).

6. Record fy. —_— H2

313

7. Reduce the »signal generator output
voitage to V. (THE cCIRCUIT IS STILL
AT RESONANCE.)

8. U 6V is the maximum voltuge. what ig
the voltage at the half power polnt?

VAC

CONFIRM YOUR ANSWERS,

9. While observing the voltmeter,
DECREASE the frequency of the signal gen-
erator until the lower half power point is
reached,

10. Record this as the lower frequency hall
power point (f),).

flo=

11. Reset the signal generator to the
resonant frequency.

12. To find the upper frequency haif power
point, INCREASE the frequency until the
voltmeter again reads the voltage calculated
in step 8,

13. Record this as the upper frequency half
power point (f;).

-thi = Hz

14. What is the bandpass and bandwidth of
the ¢ireuit?
a. Bandpassis_____to___ _ Hz.

b. Bandwidth is Hz.

CONFIRM YOUR ANSWERS.

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

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

1. What 18 the definition of parallel
resonance?

2. Solve for the resonant frequency.

fp 2

R C
1000 23

uH a ‘|:24 pF

REP4-1161

3. A parallel RCL circult is operating
above resonance. s the inductive or the
capacitive current greater?

4. A parallel RCL circuit is operating
below resonance. If the applied frequency is
decreased, what happens to llne current?

5. The eircuit in problem 2 is operating
below resonance. kdentifythe following state-
ments as true or false,

a. IR leads Iy,

b. X, lis larger than X .

¢. I is smaller than I¢.

d. The circuit will act capacitively.

8. The circuit in problem 2 is operating
balow resonance. For an increase in the
applied frequency (identify as true or false):

2. The phage angle will decrease,
b. Xp, will increase and X¢: willdecrease.
¢. I, will decrease and Ic will increase.
d. I; will increase.

7. 1dentily the curve represgenting line cur-

rent below, at, and above reaonance for a
parallel circuit.

& Curve A
b. Curve B
¢. CurveC
d. CurveD

REP4-1140

8. A parallel tank circuit is operating at
the upper half power point. Increasing in.
ductance will causc the circuit to act:

2. More capacitively.
b. Less capacitively.
¢. More inductively.

d. Less inductively.
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9. Determine the bandwidth, bandpass, and
resonant frequency from the graph.

BW =

BP =

400 /

00

200 k
~

100 150 200 250 300 kM2
REP4-1165

100

10. What s the characteristic of line
impedance for & parallel RCL circuit at the
resonant {requency?

a. Minimum

h. Maximum

c. Cannot be determined

315

11. If the capacitor opens in & parallet
resonant RCL circult, line current will:

a. Increase.

b. Decrease.

¢. Remain the same,

d. Cannot be determined.
12. If the capacitor opens in & parallel
resonant circuit, the phase angle between
line voltage and line current:

2. Remains the same.

b. Increases.

¢. Decreases.

d. Cannot be determined.

13. At resonance, a parallel resonant circuit
acts:

a. Capacitively.
b. Inductively.
c. Resistively.

CONFIRM YOUR ANSWERS.




ANSWERS TO a:

t. 150 MHz
2. ZMHuz
3. In phase

4. The point where I = 1j,

5. 1t decreasea until it reaches minimum
at the point of resonance,

8. It would increass,

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

ANSWERS TO B:

1. The DC reslstance of the coll and the
cennecting wires

2. The magnetic field around the coll will
collapse. This causes the capacitor to be
charged in the opposite direction.

3. A dampened wave

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

ANSWERS TO C:

1. At resonance, the tank circult offers
maximum lmpedance to the generator. Tank
circuit voltage is a little smaller than the
generator voltage, due to the small energy
loss in the resistance of the tank circuit;
therefore, 2 amall current will flow in the
line.

2. Impedance s maximum,

3. Oppusite. Parallel resonance, Ijjye ls
minimum and Z s maximum. Series reso-
naiace, ljjpe is maximum and Z 1s minimum.

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

ANSWERS TO D:

1. b
2. b
3, a
4. b
5-
|
CURRENT [
|
|
|
I
I
|
BELOW i, ABOVE
RESONANCE RESONANCE
REP4=-1154
6. b

I you mlssed ANY questions, review the
material before you continue,

ANSWERS TO E:

1. d
2. a. TmA
b. 40 kHz
c. 40%Hz to 80 kHz
d. 60 kHz
3. a. SA
b. GA
c. 250 ohkmasa
d 5A
e. .l A
f. 83.8Hz
g. 318 Hz
h. 286.2 Hz to 349.8 Hz

I you missed ANY questions, review the
material before you continue,
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ANSWERS TO G:

1. ¢
2. a
3. a
4, d
5.

Xe | %) ‘e |WjLINg[Z] o
G FRGERNERNL
e J e ¢ = 4410
No N—e{dl—l L] ? 1§
RES & —po|oi —|-»l § 4[>
Ea 4—f»{ 4 (4]} [»»

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

YOU MAY STUDY ANOTHER RESOURCE
OR TAXKE THE MODULE SELF-CHECK.

ANSWERS TO LAB EXERCISE:

6. fp should be around 660 Hz. Verify with
instructor.

8. 4.242 VAC
10. Verify with instructor.
13, Verify with instructor.

14. a. Bandpass is fig to . (For example,
530 Hz to 840 Hz.)

b. Bandwidth = {4 - flg. (For example,
100 Hz.)

Have your instructor verify your answers.

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

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE
OR TAKXE THE MODULE SELF-CHECK.

317

ANSWERS TO MODULE SELF-CHECK:
1. That frequency where Ig = Iy .

2, 500 kHz

3. Capacitive current

4. Line current increases

%. a. True
b. True
¢. Trite
d. False

6. a. True
b. True
¢. True
d. False

T. a
8. a

9. BW =100 kHz
BP = 150 kHz to 250 kHz
fr = 200 kHz

10. b
11. a
12. b

13. ¢

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THEE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE. CONSULT YOUR IN-
STRUCTOR FOR FURTHER GUIDANCE.
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 26
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This Guidance Package 18 designed to guide you through this module of the Electronic
Principles Course. 1t contains specific information, including references to other resources
you may study. enabling you to satisfy the learning objectives.
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OVERVIEW a. Given a DC seriesRC circuit, specified

1. SCOPE: The function of many electronic
circults is to produce a variety of non-
ginusoidal waveforms. These include square
waves, sawtooth waves, trapezoidal waves,
and peaked waves. These circuits depend
upon the transient behavior of RC or RL
circults to changes in voltage or current.
This module discusses this behavior. The
time required for a circuit to regpond to a
change in voltage 2r current 18 expressed
as a time constant. The time constant is
determined solely by the values of the
components. You will determine circuit re-
sponse by using a universal time constant
chart. Practical tralning 18 provided on
time constant circuits.

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

time, component values, and a Universal
Time Constant chart, determine:

(1) The percent of charge ona capacitor.

(2) The percent of discharge of a
capacitor.

b. Given a DC seriesRL eircult, specified
time, component values, and a Universal
Time Constant chart, deternine:

(1) The percent of current buildup.
(2) The percent of current decay.

¢. Given series RC and RL circults with
component values and formulas, compute
the time constant for each.

d. Given waveshapes of long, medium,
and ghort time constants of RC and RL
cireuits, identity Ec, ER, and Ep, with the
correct waveform.

Supersedes KEP-GP-26, 1 July 1974. All previous editions are obsolete,
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8. Given a trainer containing series RC
or RL networks. ofcllloscope: specified
square wave frequency and voltage, identify
the output wave as either differentiated or
integrated,

LIST OF RESOURCES
To satisfy the objecllves of this module
you may choose, according to your training,
experience., and preferences, any or all of
the following: '
READING MATERIALS:

Digest
~ Adjunct Guide with Student Text

AUDIOVISUALS:
TVK 30.851, RC Transients

TVK 30-852,
Shaping

RL Translents and Wave

LABORATORY EXERCISE:

26-1. Time Constants
SELECT ONE OF THE RESOURCES AND
BEGIN YOUR STUDY OR TAKE THE
MODULE SELF-CHECK.
CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE.

ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materials asdirected.

Ret rn to this guide and answer the
questions.

Check your answers against the answers
at the back of this guidance package,

If you experience any difficulty, contact
your' instructor.

Begin the program.

A, Turn to the Student Text, Volume lII,
and read paragraphs 9-1 through 9-8, Return
to this page and answer the following
questions.

1. In the RC circuit shown, whattwofactors

govern the time requlred for the capacitor

to become fully charged?

T

REP4=1195

a. Size of theresistor and amplitude of E,.
b. Size of the capacitor and amplitude
Of an

c. Size of the capacitor and size of the
resistor.

d. Transient response and size of the
switeh.

2. What term is used to describe the time
it takes for a voltage or current to change
from one steady state to another steady

state?

3. What term I8 used to describe the

product of RC?

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

B. Turn to the Student Text, Volume I,
and read paragraphs 9.9 through 96-19.
Return to this page and answer the following
questions. .

1. In one time constant a capacitor will

charge to _______ percent of the applied
voltage.
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2. How many time constants are needed for
a capacitor to hecome fully charged?

a. Two
b. Three
¢. Four
d. Five

3. What factor determinesthe rate of charge
in an RC circuit?

a. The resistor

b. The applied voltage

¢. The capacitor
4, How many time constants are needed for
a capacitor to lose 98 percent of its original
charge?

a. Two

ht

c. Four

d. Five

5. At the end of two time constants, the
capacitor in an RC circuit has discharged

——.. percent. The charge remaining on the

capacitor s percent of the initial

charge.
a. 86.3 13.7
b, 13.7 86.2
c. 86.3 86.3

d. 13.7 12.7

6. After 1.5 time constants, the voltage
across the resistor in an RC circuit has

decreased by percent.

(L]

7. Using the Universal Time Constant
Chart, determine the percent of E; on the
capacitor at the end of the following time
constants.

On Charge On Discharge

3 TC

.9 TC

1.2 TC

24 TC

ITC

8. Using the Universal Time Constant Chart
determine the number of time constaots
when the following percentages of the applied
voltage are across the resistor during ca-
pacitor charge.

a, 90percent —______ TC

b. S0percent ——  TC

dOpercent — TC

S5 percent — ___ ___ TC

2percent ________ TC

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

C. Turn to the Student Text, Volume II,
and read paragraphs 9-20 through 9-33.
Return to this page and answer the following
questions.




1. Find the voltage across the capacitor
and the resistor 10,000 microseconds after
the switch 1a placed in position A,

Epg =
ERr =
A
0_LO
B R
100 k9
T av c

REP4~1196

2. Reference the circuit in question one.
If the capacitor was fully charged, what is
the voltage across the resistor, and the
current in the circuit, 15,000 microseconds
after the switeh is placed in position B.

Er =

1=

3. Reference the circuit in question one,
What is the number of time constants re-
quired for Eg to reach 18 volts after the
switeh is placed in position A?

#TC =

4, A capacitor in an RC circuit is charged
to 100 volts and then starts to discharge.
At the end of three time constants what is
the voltage across the capacitor and what is
the voltage across the resistor?

Eg =

ER =

5. I C charges to 46,5 volts 570 micro-
seconds after the switch is closed, R must
be what value?

R=

< P
[

REP4=~1198

8. I C charges to 1.425 volts 2293 micro-
seconds after the switch i8 closed, what is
the value of C?

C=

! :
- 00 ka

1.5v
- C

REP4-1199%

—0 No—

7. Eighty microseconds after the switch
is closed, the current in the following cir-

cuit will be what value?
1=
o o 1 c
1 D04 uF
T %0 ka
REPA=1200

8. In the following circuit, C has been
charged to 30 volts with the switch in posi-
tion A. Eighty microseconds after the switch
is thrown to position B, Eg will be what
value? What will the circuit current be?

Eg =

1=

1 T




REP4-1201

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

D. Turn to the Student Text, Volume II,
and read paragraphs 9-34 through 9-48.
Return to this page and anawer the following
questions.

1, In an RL ecircult, what two factors
control the transient reaponse of the circult?

a, Inductance and voltage

b. Resistance and current

¢. Voltage and current

d. Resistance and inductance

2. In an RL circuit, what {s the relationship
between time and inductance?

a. Directly proportional
b. Inversely proportional

3. On the Universal Time Constant Chart
for LR circuits, curve A shows what two
things on bulldup?

a. Epand Ef,

b. Ef andl

c. Egpandl
4, Atter 1.6 time constants, inductor cur-

rent would have built up to ____ percent of
its final value.

a. 20
b, 30

¢c. 10

d. 80

$. After three time constants, inductor

current would have decayedby ____ percent,
What percent of the initial current would

still be flowing? ____ percent

a, % ']
b, 28 75
c. 18 28
d. 98 5

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE,

E. Turn to the Student Text, Volume I,
and read paragraphs 0-46 through 9-83.
Return to this page and answer the following
questiona.

1. Find the percent of current hufldup and
the voltage across the coll after the switch
has been closed for 4000 microseconds.

percent of I =
EL =
-0 O
% w
A wov
T R
Wke
REP4=1202

2. Using the circuit in problem one, golve
for the curreat flow at the end of 2000
microseconds.

I=




3. Solve for the voltage across the coll,
and the circuit currents 1400 microseconds
after the switch ia closed.

EL-

1=

¥0ka

40V L

o

4|1}

"REP4-1202

4, Wnat will the current be 0.084 micro-
second after the switch is cloged?

1=

o o

Al

REP4-1204¢

5. Solve for current flow 200 microseconds
after the switch is closed.

1=
M
J_ L 2H
= R
Tmov Vka
-0 “o-
REP4=1205

6. The gwitch is placed into position A

until a field is completely built up around
the coil, then placed in position B. The
voltage across the resistor 800 microseconds
after the switch ig placed in position B will
decrease by what percent?

a. 23 percent
b. 40 percent
¢. 81 percent

d. 77 percent

A
] a0
8 R
%ka
20V
10 H
REPE=-1209

7. Six microseconds after the switch is
closed the voltage across each resistor is
28 volts. Solve for the value of L.

L =

L
UL

?

REP4-1207

8. The voltage across R is 36 volts 200
microsecomnis after the switch is closed.
What is the value of R?

R=
R

DA
:!? L
- 3H

80V -
o
REP4=1208

9. The switch is placed into position A
until a field i3 completely built up around
the coil then placed in position B. What is
the voltage across the reststor 600 micro-

geconds after the gwitch is placed in position
B?
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L
10 H

REP4-1209

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

F. Turn to the Student Text, Volume I,
and read paragraphs 9-54 through 9-69.
Return to this page and answer the following
questions.

1. The output {requency of a symmetrical
square wave generator is 5000 Hz. What is
the *ime of ope alternation?

2. The time of one alternation of an unknown
symmetrical square wave la 40 micro-
saconds. What is the frequency?

3. What determines whether atime constant

is long, medium, or short?

4. Identify the following waveforms for the
resistor voltage and capacitor voltage in an
RC circuit. Also specify whether it isalong,
medium, or short time constant.

time constant

N\

WAVE A

REP4=-1210
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INFUT

WwAve B

REP4~1211

5. Identity the waveforms shown above for 8. Identify the following waveforms for the
the resistor voltage and capacitor voltage resistor voltage and capacitor voltage inan
in an RC clrcuit. Also identify whether it RC circuit. Also ldentify whether it is a

s a long, medium, or short time constant. long. medium, or short time congtant.

time constant time constant

100V




7. Identity the waveforms shownm above for
the resistor voltage and the inductor voltage
in an RL circult., Also identily whether 1t

i8 a long, medium, or short tima constant.

time constant

8. Identify the following waveforms for the
resistor voltage and inductor voltage in an
RL circuit. Also ldentify whether it 1s a
long, medium, or short time constant.

time constant




22%

100v
INFUT

ov

N\ WAVE A

WAVE B

REP4-1211

9. Identify the waveforms shown above for 3. Define an integrating cirecuit,
the. resiastor voltage and the inductor voltage
in an RL circuit. Also identify whether it is
a long, medium, or short time constant,

time constant

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

G, Turn to the Student Text, Volume I,
and read paragraphs 9-70 through 9-92.
Return to this page and answer the followtng 4 un¢ portion of an RC or RL circuit is
quegtions. used to obtain an integrated cutput? Also,
1. Define a differentiation circuit. indicate what type time constant 18 used.

2. What portion of an RC or RL circuit is
used 0 obtain a differentiated output? Also,
indicate what type of Hme constant 15 used.
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CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE,

H. Turn to Laboratory Exercise 26-1 in
which you will use the 8cope to identify
output waveforms of an RC or RL circuit
a9 either integrated or differentiated.

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

LABORATORY EXERCISE 26.1

OBJECTIVES:

1. Given a circuit diagram, a trainer, and
an input aquare wave of a specifiedfrequency
and amplitude, connect the circuit on the
trainer.

2. Given an osacilloscope, identify the out-
put waveform of an RC or an RL circuit as
either integrated or differentiated.

EQUIPMENT:

1. Oscilloscope, AN/USM-398
2. AC Inductor and Capacitor Trainer, 5217
3. Sine Square Wave Generator, 4864

REFERENCES:

1. Student Handout, KEP-108
2. Student Text, Volume II, Chapter 9

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:

UsM-3948 Turn ON
Intensity Fully CCW
CHI1 Mid
CH2 OFF
V/CM 5
AC-GND-DC AC
Sep-CH1 & CH2 Sep
AC-ACF-DC AC
CHOP-ALT ALT
Hor Pos Mid
Time/CM .2 ms
Trig Select CHl+
Level AUTO

10

1. Connect this circuit.

P
L o
OtuE
1000 M2 8
10v R10
= C
<L
- REP4-2601

2. Display on the oscilloacope three cycles
of the generator voltage. Keep the amplitude
at 2 cm (CH1 to point A and ground to
point C),

3. Draw this square wave input to the
circuit. Let TO to T2 be the time for one
cycle.

TO T T2 T3 T4 TS5 Té

INPUT

REP4-1215
4. Display the voltage waveform across
R103 and draw Eg)q3 (CH1 to point B and

ground to point C). Adjust amplitude to
2 cm.,

5. This waveform is:
a. Integrated.
h. Du.fe'rentlated.

™ T1 T2 T3 T TS Té
Er103

REP4-1216

8. Construct thia circuit and display the
capacitor waveform on the scope. Draw
the waveform for Cl01 {CHl to point B
and ground to point C). Adjust amplitude
to 2 cm.
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CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.

CONSULT YOUR INSTRUCTOR FOR THE
PROJRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THRE MODULE SELF-CHECK.

REP4~2602

MODULE SELF-CHECK

7. This waveform is:
1. Solve for percent of charge, B¢, ER,

a. Differentiated. and I, 25 microseconds after the switch s
b, Integrated. closed.
T T T2 T3 T4 TS T6 percent of charge »
Ecio1
EC =

Egp =

REP4-1217
1=

8. Replace C10]1 with coil 1101,

100 mH

_t REP4-1220

repd-2603 2, Solve for percent of charge. EC, ER,
and I, 1200 microseconds after switch is
9. Display Ey,1g] on the scope. Set ampli- closed to point A.
tude to 2 ¢m and draw the waveform E1.1¢)
(CHEl to point B and ground to point C), percent of charge =

4

N

Ec=
10. This waveform is:
ER x

a., Differentiated.

b, Integrated. !

TO T1 T2 T3 T4 TS T6
EL192

180V

—= 1
t!l—_)l-’\/g\{_}"

REP4=1218 REP4=1221




3. Using the circuit in problem 2, the
capacitor has charged to 180 volits. What ia
percent of discharge, percent of charge
remaining, Ec, Ep, and 1, 800 microseconds
after the switch is placed in position B?

percent of discharge =
percent remaining =

Eg=

Ep =
I=

4. Solve for percent of current buildup,
EL, ER, and 1, 200 microseconds after the
switch is closed.

percent of buildup =

EL =

R
00 &

REP4-1322

5. The switch is placed in position A until
the field is completely built up. Solve for
percent of current decay and current, 1200
microseconds after the switch is placed in
position B.

percent of decay =

current =

L
100 H

R
25kq

REP4=-1223

6. Solve for Ey, ER, and 1 400 micro.
seconds after the pwitch ia closed.

Ep =

En

oo
L
iH
200y
R
0 ka
R;P‘-l??‘

7. ldsnotity the following circuit as having
a2 long, medium, or short time conatant.
Label the waveforms as Ep, or E.

time constant

N

WAVEFCRM A

WAVEFORM B




8. ldentify the circuit shownbelowas having
2 long. medlum, or sghort time constant.
Label Ef, and ER.

time constant

LY

'NAVE‘FORM

e
— T

L
40 mH
R
o 1000
Hms
REP4~1226

332
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0. Identity the following circuit as having
a long, medium. or short time constant.
Lahel the waveforms a8 Ec or ER.

time conatant
WAVEFORM //\/\
A
WAVEFORM
Lsie
‘lc[') ms 'PDO kR

REP4=-12237

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS GUIDANCE PACKAGE.




ANSWERS TO A: R = 3800 ohms

1. ¢ 8. C = 7650 picofarads
2. Transient interval 7. 1=16mA

3. A time constant 8, Eg =20.1V,1=1mA

It you missed ANY questions, review the It you missed ANY answers, review the
material before you continue. referenced material before you contihue.

ANSWERS TO B: ANSWERS TO D:
1. 63 percent 1. ¢
2. d

b

It you missed ANY answers, review the
referenced material before you continue.

27 percent, 73 percent
60 percent, 40 percent

70 percent, 30 percent ANSWERS TO E:

91 percent, 9 percent 1
95 percent, 5 percent ’

percent of I = 868 percent
Eg, = 14 volts

1=6.3mA

Eq, = 20 volts
I1=1mA
4 TC
0.225 mA
It you missed ANY questions, review the
material before you continue. 1=83mA

d
ANSWERS TO C:
L = 30 mH
1. Ec =34.52v
ER = 5.48V R = 900 ohms

ER = 2 volts, I = 20 microamps . ER = 468 volts
#TC = 0.6 TC It you missed ANY questions, review the

referenced material before you continue.
Eg =5V, Eg =5V




ANSWERS TO F:
1. 100 microseconds
2. 12.% kHz

3. The time allowed or the time to which
the time constant is being compared.

4. Long time constant; wave A = Eg;
wave B = Ep

9. Medium time constant; wave A = Ec;
wave B = ER

8. Short time constant; wave A = ER;
wave B = Eq
7. Short time constant; wave A = Ep;

wave B = Egp

8. Long time constant; wave A = Ep;
wave B = Ey,

9. Medium time constant; wave A = Ep;
wave B = Eg,

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

ANSWERS TO G:

1. Differentiating circuits produce an out-
put voltage proportional to the rate of change
ot the input.

2. A short time constant is used and the
output is taken across the resistor in an RC
circuit or the inductor in an RL circuit.

3. An integrating circuit produces an qut-
put voltage that is proportional to the area
under the input waveform.

4. A long time constant i3 used and the
output is taken across the capacitor in an
RC circuit and across the resistor in an
RL circuit.

It you missed ANY questions. review the
referenced material before you continue.

334
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ANSWERS TO LAB EXERCISE:

8. b
T b
10. a

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

ANSWERS TO MODULE SELF-CHECK:

1. percent of charge = 40 percent

Ep = 300V
1=6mA

2. percent of charge = 95 percent
Ec =111V
Ep = 9V
1=0.45 mA

3. percent of discharge = 86 perﬁint
percent remaining = 14 perce

Ec = 25.2V
ER = 25.2V
1=1.26 ma

4. percent of 1 buildup = 88 percent
Ep =7V
ERr = 43V
1=0.43A

S. percent of I decay = 25 percent
1=3mA

8. EL = 28V
Er =172V
1=8.6mA

7. Long time constant
Ec waveform A
Egr waveform B




Short time constant
Ep wavefornt A
E;, waveform B

Medium time conatant
Ec waveform A
ER waveform B

+

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU BAVE, CONSULT YOUR IN-
STRUCTOR FOR FURTHER GUIDANCE.
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 27

FILTERS

This Guidance Package is designed to guide you through this moduie of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

Overview

List of Resources
Adjunct Guide
Moduie Self-Check

OVERVIEW

1. SCOPE: This module discusses filters.
Filters use reactive components that pass
or reject certain frequencies. Series and
parallel circuits as well as RC and RL
c¢ircuits are uged as filters. This module
discusses low-pasgs, high~pass, bandpass, and
band reject filters. Filter circuits are uged
in radio recelvers and transmitters, radar
¢ircuits, and navigation equipment.

2. OBJECTIVES: Upon completion of this
module you shouid be able to satisty the fol-
lowing objectives:

a, From a list of statements concerning
filters, select the one that explains the low-
pass filtering action of a:

(1) T-section.
(2) Pi-section.

b. From a list of statements ConCerning
filters, select the one that explains high-
pass filtering action of a:

(1) T-section,
(2} Pi-aection.

¢. From a list of statements concerning
filters, select the one that explains the
bandpass filtering action of a:

(1) parallel resonant circuit,
{(2) series-parallel circuit.

(3) series resonant circuit,

d. From a list of statementa concerning
filters, pgelect the one that explains the
band-reject filtering action of a:

(1) parallel resonant circuit.

(2) series-parallel circuit.
(3) series resonant circuit.

Supersedes KEP-GP-27, 1 August 1975, which may be used.
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LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your tralning,
experience, and preferences, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Gulde with Student Text

AUDIO-VISUALS:

Television Lesson, Filters (A), TVK 30-30%
- Television Lesson, Filters (B), TVK 30-306

At this point, if you feel that through
previous experience or tralning you are
familiar with this subject, you may take
the Module Self-Check. If not, select one
of the resources and begin study.

CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE.

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers at the back of this
Guldance Package.

1If you experience any difficulty, contact
your jnstructor.

Begin the program.

A. Turn to Student Text Volume III and read
paragraphs 10-1 through 10-9. Return to
this page and answer the following
questions.

1. Define tilter:

2. ‘Nhat impedance does acapacitor present
to high frequencies? Low frequencies?

3. 'Nhat impedances does an inductor present
to high frequencies? Low Irequencles?

4, Identify the foliowing circuits as being a
High Pass Filter, Low Pass Filter, Band
Pass Filter, or Band Reject Fiiter.

a.

il
71

Wt

1]

1
338
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i

REP#=1136

CONFIRM YOUR ANSWERS

B. Turan to Student Text Volume III and

read paragraphs 10-10 through 10-22. Return

to this page and answer the following

questions.

1. ‘Nhich of the following 1s alow-pass{ilter?
a. T section withseriesC andshunt L.
t. T sectlon withshunt C and series L.
¢. L section withserles C and shunt L..

d. L section withshunt l.and seriesR.

2. Draw a circult diagram, using colls and
capacitors, for a pi=type low-pass filter.

3. T and Pi-section low-pass filters use
which of the following:

a., Searies capacitors and shunt colls.
b. Series colls and shunt capacitors.
¢. Serles resistors and shunt colls.

d. Series capacitors and shunt

resistors.

CONFIRM YOUR ANSWERS

C. Turn to Student Text Volume II and
read paragraphs 10-23 through10-29. Return
to this page aund answer the following
questions.

1. Draw a circuit diagram, using coils and
capacitors, for a T-sgection high-pass {ilter.




2, T and Pi-section high-pass {ilters use D. Turn to Student Text Volume Il and rn}

P which of the following: paragraphs 10-30 through 10-35. Return to
RN S this page and answer the following
RV ——— 8. Series inductors and shunt queastions.
capacitors,
1. At resonance, is the circuit impedance
——— D, Series resistors and shunt maximum or minimum for a series resonant
capacitors. circuit?

- €. BSeries capacitors and shunt coils.

. — ¢. Series inductors and shunt 2. At resonance, is the circuit impedance
re'.r:istor'.a.r maximum or minimum for a parallel resonant
circuit?

3. Draw a frequency response curve for a
pi-section high-pasa f{ilter. (Show cutoft
frequency.)

3. Draw a irequency rsponse curve for a
bandpass filter. (Show cutoff frequencies.)

4. Which of the following is a high-pass
filter?

4., wWhich of the following describes an
a. T section with series L and shunt L-gection bandpasa filter?

C.
a. Series resonant circuit inseries
b, T section with shunt L and series with the output and a parallel resonant circuit
C. in shunt with the output.

) ¢. L section with series L and shunt b. Parallel resonantcircuitinseries
o C. with the output and a series resonant cir-
' cuit in shunt with the output.

d. L section with series R and shunt

IR C. ¢. Parallel resonant circuitlangeries
e and parallel with the output.
S CONFIRM YOUR ANSWERS

d. Series resonant circuit inseries
and parallel with the output,
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5., An L-section resonant fiiter is used to
pasy a range of frequencies from 20 kHz
to 30 kHz with a resonant frequency of
25 kHz, To what frequency is the series
resonant circuit tuned and to what frequency
is the parallel resonant tank tuned?

2. Series resonant circult

b, Parallel reaonant circuit

6. Waat 18 the maln advantage of the T
and pi-type resonant filters over the L
section resonant filter?

2. ‘Nhich of the following describes an L=
saction band-reject filter?

—— B Series resonant circuit in seriss
with the output and a parallel resonant cir=
cuit in shunt with the output.

Parallel resonant circuitin series
with the gutput and a series resonant circuit
in shunt with the output.

—bl

c. Parallel resonant circuitinaseries
and paratlel with the output.

d. Series resonant circuit inseries
and parallel with the output.

3. What purpose does the parallel resonant
tank serve in the Pi-type band-reject filter?

CONFIRM YOUR ANSWERS.

E. Turn to Student Text Volume IT and
read paragraphs 10-36 through 10-39, Return
to this page and answer the following
questions:

1. Draw the frequency response curve for a
band-reject filter. (Show cutoff {requencies.)

4, Recalling the characteristics of resonant
circults, what factor would govern the band-
width of any type bandpass or band-reject
filter?

CONFIRM YOUR ANSWERS
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MODULE SELF-CHECK 3. Identify the filter shown.

Questions: — 2. T-gectioh low-pass
1. 1dentify the filter shown, — b, T-section high;paus
a. Te-section low~pass — C, Piesection low-pass
‘ b. T-section high-pass —— d, Pi=ssction high-pass

——. C. Pi-section low~pass

d. Pi-section high~pass

e — mm mm Q O-—'

].

IL
1—
(1118!

2. Tdentify the filter shown. 4. Identify the filter shown.

L[ ] - d.
— a. T-section band~reject a. Te=sectlon low-pass

——— L - t
b. T-section bandpass b. Tesection high-pass

N

——— C. Pi-section band-reject c. Pi-section low-pass

—— d. Pi-section bandpass d. Pi-section high-pass

mm o —3 -




8. Identily the filter showi.
a. T=gection band-reject
T-section bandpass

¢. Pi=section band-reject

1]

d. Pi-gection bandpass

O fTN g e Mo

Lid

L
T

O

0

6. Identity the fiiter shown.

a. T-section low-pass
b. Tesection high-pass
¢. Pi-section low-pass

d. Pi-section high-pass

ro ]

mm o

i
v
1L

7. Waich of the following are true (T) or
false (F)?

s 8. A Tessction low=pass filter can be
made into a high=pass filter by reversing the
input and output connections.

b. High-pass filters have capacitors
in series with the output while low=pass filters
have capacitors in parallel with the output.

= ¢. High pass filters have inductors
in parallel with the output while low-pass
filters have inductors in series with the
output.

d. A Pi-section band-reject fiiter
has a sgeries resonant circuit in series
with the cutput and twoy paraliel resonant
circuits in parallel with the output.

e. A Tesection bandpass filter has
two series resonant circuits in serles with
the output and a parallel resonant circuit
in parallel with the output.

CONFIRM YOUR ANSWERS




RN ANSWERS TO A = ADJUNCT GUIDE ANSWERS TG C = ADJUNCT GUIDE
S s L | ——0

1. A filter is a number of impedances 1.
grouped together which aredesigned
to pass a certaln range of frequencies
and to block another range of fre~
Quencies.

2. A capacitor presents very little
- opposition to high frequencies (a
! short) and a great deal of opposis o e
tion to low frequencies (an open).

[+]

3. A coil or inducior presents a great
deal of oppositiontohigh frequencies 3.
{an open) and very little opposition
to low frequencies (a short).

4. a, High pass tilter
b. Low pass filter
c. Bandpass filter
d. Band reject filter

==
AT e e —

If you missed ANY questions, review the
material before you continue. 4. b

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

ANSWERS TO B - ADJUNCT GUIDE

1. b
2. ANSWERS TO D - ADJUNCT GUIDE
o mm . -0 1. Minimum
2. Maximum
3.
. |
| i
|
]
o -0 | |
i |
I ]
L 1 |
SR 3. B fey fe2
o 4, a
It you missed ANY questions, review
the material before you continue. 5. Series resonant circuit 25 kHz
Parallel resonant circuit 25 kHz
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6. T uand pl types offer equal imped~
ance when looking into the fiter
from input or outPut terminals.
(Symmetrical filter)

If you missed ANY questions, reviewthe
material before you continue.

ANSWERS TO E - ADJUNCT GUIDE

l.

FREQUENCY
Offers maximum opposition to the
resonant frequency.
The Q of the circuit,

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

ANSWERS TO MODULE SELF-CHECK:

1- a

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT, REVIEW
THE MATERIAL OR STUDY ANOTHER
RESOQURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU
HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER GUIDANCE.
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COUPLING

1. SCOPE: In electronic¢ circuits it is
necessary to pass aignala from one circuit
to another. To pasa a signal, the two cir-
cults must be coupled together. Coupling
may  be direct, inductive, or capacitive.
This module will diacuss direct coupling,
RC coupling, L.C coupling, and transformer
coupling,

2. OBJECTIVES: Upon completion of this
module you should be able to satisf{y the
following objectives:

a, Given circuit diagrams and a list of
statements, select the statement(s) that ex-
plain{s) the operation of

(1} direct coupling.

(2) RC coupling.

{3) LC coupling.

(4) transformer coupling.

b. From a list of statements, select the
one(s) that describe(s) the types of coupling
that will provide

(1) 1impedance matching.
(2) desired {requency reaponse,
(3) signal gain.

LIST OF RESOURCES

To satiafy the objectives of thia module,
you may choose, according to your training,
experience, and preferences, any or all of
the follawing:

READING MATERIALS:

Digest
Adjunct Guide with Student Text

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, sslect one of the
resources and begin study.

CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE. '

Supersedes KEP-GP=28, 1 July 1974. Previous editions may be used.
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ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials a8 directed.

Return to this guide and answer the
questions.

Check your apswers agalnst the anawers
in the back of this guide.

It you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to Student Text Volume III and
read paragraphs 11-1 through 11-8. Return
to this page and answer the following
questiona.

1. Coupling 18 defined a3 & means by which

a. voltage measurements of one cir-
cuit are compared to another circuit.

b. signals are transferred from one
circuit to another.

—— C. signals are attenuated or eli~
minated from the output circuit.

o— d. reactances are transferredfrom
one circuit to another circuit.
2. Direct coupling 1s a means of using

———— @. a capacitor to provide a path for
signal currents.

——— b. a transformer to provide a path
for signal currents.

———— C. an inductor to provide a path for
signal currents.

—— d. @ resistor or conductor to pror
vide a path for signal currents.

3. ‘When using direct coupling

— . the input signal will experience
a phase shift in the output of the coupling
circuit.

— b. DC voltages are eliminatedinthe
output of the coupling circuit.

Cc. an exact reproductionof the input
gignal will be provided to the output of the
coupling clrcuit.

d. operation will be limited due to
the narrow frequency range of the circuit.

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS GUIDE.

B. Turn to Student Text Volume I and
read paragraphs 11-7 through 11-15. Return
to this page and answer the following
questions,

1. The capacitor irn an RC coupling circuit
biocks

a. the AC component and passes the
DC component.

b. the DC component and passes the
AC component.

C. both the AC and DC components.

2. 1s the following statement true (T) or
false (F)?

The output signal from an RC coupling
circut is taken across the resistor.

3. The AC component to be used in the
output of an RC coupling circuit is developed
by the :

a. charging and discharging current
of the capacitor through the resistor.

b. ratio of XC toR over the selected
frequency range.

¢. working voltage rating of the

capacitor.

EI



stray capacitance of the coupling

“dl

circuit.

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS GUIDE.

C. Turn to Student Text Volume I and
read paragraphs 11-18 through11-21, Return
to this page and anawer the following questions.

1. LC coupling circulta are considered .

a. inductively coupled circuits.

b. resistively coupled circuita.
——— ¢. capacitively coupled circuita.
2. With LC coupling, what is the condition
of X¢ and Xy, at the high frequency cutoff
point?
——— 3, X 18 high and X7, 18 low.

b. Xj, is high and X is low.

—— c. XL=XC|

3. Basically RC and LC coupling circults
are

a. high-pass filters.

b. low=-pass filters.

|

¢. bandpass f{lters,

d. band-reject filters.

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS GUIDE.

D. Turn to Student Text Volume IH and
read paragraphs 11-22 through 11-25. Return
to this page and answer the following questions.

1. Which of the following 18 NOT an advantage
of transformer coupling?

— a. Yoltage (ncrease or decrease.

——— b. lmpedance matching.

349

— C, Separation
componenta.

of AC and DC

—— d. Needs less shielding than other
typea of couplers.

2. Two types of tranaformers used in trans-
former coupling are:

4. Radlo frequency and audlo
transformera.
—— b, Power and radio {Irequency
transformers.

¢. Audio and power transformers.

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS GUIDE.

MODULE SELF-CHECK
QUESTIONS:

1, Match each diagram with the type of
coupling listed below:

A, e transformer coupling.
b, ——=— LC coupling.
¢+ ——— RC coupling.

d. — —_ direct coupling.

LOAD

1

— —

REP4-1260

|l|—-l|l




REP4~126]

N

REP4-1262
C
}_‘ '_? -
- = - REP4=1263
D

2. Match each response curve with the type
of coupling listed below:

3. e Transformer Coupling
B, e—— LC Coupling
= RC Coupling

d, —— Direct Coupling

350
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oUTAUT
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OUTHRUT
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MODULE SELF-CHECK
3. Match each statement with the type of coupling.
f.____Uses a conductor or resistor to A, TRANSFORMER COUPLING
connect two circuits together,
B. LC COUPLING
b. __ The ratio of X . to R deter=
mines the low Irequency limit, RC COUPLING

Co— Used to couple a high impedance DIRECT COUPLING
source to a 1ow impedance load.

d Provides exact reproduction of
input signal.

&, ____ Provides signal gain.
t, ___Will couple direct current.

g . Has a low frequency series reso=
nance hump.

h. ___. Contains no reactive components.

i. Couples energy by mutual
inductance.

I Steps voltage or current up or
down.

k.. Produces no phase shift,
1 Has poor frequency responss.,
m. Has very wide frequency response,

n.____Uses a cofl as part of the coupling
network.

0. _ Can provide 180° phase shift,

CONFIRM YOUR ANS'VERS AT THE BACK OF THIS GUIDE.
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ANSWERS TO A - ADJUNCT GUIDE

1. b
2. d
3. ¢

If you missed ANY questions, review
the reference material befors you
continue,

ANSWERS TO B - ADJUNCT GUIDE

1. b
2. T
3. a

If you missed ANY questiona, review
the material before you continue,

ANSWERS TO C - ADJUNCT GUIDE

1. ¢
2. b
3. a

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

ANSWERS TO D - ADJUNCT GUIDE

1. d
2, a

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

ANSWERS TO MODULE SELF-CHECK

1. ‘l
bl
cl
dl

2.
bl
cl
d.

a,
b.
C.
do
Q.
{.
g
ho
1.
i.
k.
1.
m.
.
0.

PDUO>OrrPOmO>PLO>PrO0 >»PpOL >POO0OW

HAVE YOU ANSNERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU
CAN ANSWER ALL QUESTIONS COR-
RECTLY. IF YOU HAVE, CONSULT
YOUR INSTRUCTOR FOR FURTHER
INSTRUCTIONS.




