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B ’ MILITARY CURRICULIM MATERIALS

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

‘The course materials were aocjyuired, evaluated by project
staff and practitioners in the field, and prepared for
disserdination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packades ocontain
currioulum resource materials which can be adapted to support
vocational instruction and curriculum development.
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an activity to increase the accessibi'ity of
military-developed curriculum materials to
vocational and technical educators.

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

Access to military curriculum materials is
provided through a “Joint Memorandum of
Understanding’ between the U.S. Dffice of
Education and the Oepartment of Defensa,

The acquired materials are reviewed by staff
ond subject matter specialists, and courses
deemed applicable to vecational and tech-

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

Project Staff:

Wesley E. Budke, Ph,O., Diréctor’
Natignal Center Clearmghouse

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

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

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and (echnical
manuals,

The 120 courses represent the Tollowing
sixteen vocational subject areas:

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

Engine Mechanics Public Service

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

How Can These
Matenals Be Obtamed"

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 t0 an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CEMTRAL NORTHWEST
Rebecca S. Douglass William Daniels
Director Director

100 North First Street  Building 17
Springfield, 1L 62777  Airdustrial Park

217/782.0759 Olympia, WA 98504
205/753-0879
MIDWEST SOUTHEAST
Robert Patton James F. Shill, Ph.D.
Director Director
1515 West Sixth Ave.  Mississippi State University
Stillwater, OK 74704 Drawer DX
405/377-2000 Mississippi State, MS 39763 ™
501/326-2510
NORTHEAST WESTERN
Joseph F . Kelly, Ph.D.  Lawrence F. H. Zane, Ph.D.
Director = Director -
225 West State Street 1776 University Awve.
Trenton, ) 08626 Honolulu, H! 96822
609/292.6562 808/948.7834
9
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The National Centes for Research in
Vocationa! 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:

Infarmntion and Field
Retvices Division
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The Maticn~t Center for Regearch
in Yoeo~tioral Ceucation
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¢ Generating knowledge thfough research
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Developing educational programs and
products

¢

Iy

Evaluating individual program needs
and cutcomes

ER T
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Installing educational programs and
products

Ope ating information systems and
services "

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL
Program Infermation Qffice
The National Center for Research in Vocational
Education -
The Ohio State Univer sity
1950 Kenny Rozd Columbus, Ohio 43210
- Telefhone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohio)




OVERVIEW

MODULE NIRE

Relationships of Current, Counter EMF, and

Voltage in LR Clrcuits

13

In thls module, you will study the ways that inductance affects

voltage and current in Dt and AC cifrcuits and why and how lndpctors

cause these actions.

For you to more eastly learn the above, this modulz has been dlvided

into the following six lessons? ,

Lesson |. Rise and Decay of CUrre;t end Voltage
Lesson 1. LR Time Zonstant . .. « « « « o «
Lesson If1, Uslng Universal TC Chart . . . + . &
Lesson 1V, tnductlve Reactance . . . . . . . ..
Lesson V., Relatlonshlps in !nductlve Circuits .
Lesson Vi. Phase RelatlSnshlps e e e e e e

. . &
YURN TO THE FOLLOWI!NG PAGE AND BEGIN LESSON |,
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BASIC ELECTRICITY AND ELECTRONICS
INDIVIDUALIZED LEARNING SYSTEM

MODULE NI NE
LESSON |

_RIse and- Detay of Current and Voltage
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Overview

OVERY | EW
LE§50N |

Rise and Decay of Current and Yoltage

[ 5

In this lesson, you wili study and learn about the following:

~rise of current

<~how CEMF affects current

-rate of change of curren%ggnd voltage
-decay of current

~collapsing of flux lines

* BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESQURCES
ON THE NEXT PAGE,




Study Rescurces

LIST OF STUDY RESOURCES
LESSON 1

Rise and Decay of Current and Voltage

To learn the material in this less.n, You have the option of choosing,
accerding to your experience and preferences, any or all of the following:

STUDY BOOKLE
Lesson Rar ve
Programmed Instruction
Lesson Summary

M

ENRICHMENT MATERIAL:

. NAVPERS 93400a-1b ''Basic Electricity, Alternating Current."
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, 0.C.: U.S. Government Printing Office , 1965.

-

" YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME.

]




Narrative

NARRATIVE
LESSON
Rise and Decay of furrent and Volitage

fal

Rise of Current

N— [, 1V

—_p—

" In this, circuit, we are analyzing
- GH00 —— via an idealization. The 10 ohms
243 4y2h of resistance does .ot necessarily
indicate a physical resistor with

a 10-ohm value. Instead the

10-ohms represents all the resist-
ance in the circuit lumped into

one value of resistance; it includes
the coil resistance, the resistance

of the conductors, and the internal
resistance of the battery.

This schematic also shows an inductor with Zh nf inductance, a
three-way swi.ch, and a 10-volt DC %ource. Since all the resistance
in the circuit adds up to 10 ohms, we Know that maximum current

will be Lamp. (1 = %= 1a.)

When the switch is in position 1, it is open, and there is no

current flow.

: 4
Now if-we flip the switch to position 2, current starts to flow
from the source. |If this were a purely resistive circuit, without
inductance, current would immediately reach its maximum of 1 amp,
and hen remain constant until the switch was opened again, as shown

in #his graph:

1o

O
o h B W W%

However, we are now looking at a circuit which has inductance

as well as resistance. As we analyze this LR circuit (inductive

resistive) iet us observe on a time-base graph what happens to

the quantities.

EL or CEMF refers to the coil-induced voltage.
E, is the voltage drop across the resistor.
1'is current.

T0, T1, T2, etc., refer to time periods.

TT0. = Time zero, Tl = time one, etc.)

<




Narrative Nine-|

The action begins at time 0 (T}, the Instant we close the switch
to position 2. Immediately current begins to rise from 0 amps
to some value. This is @ change in current, and whenever there
is a change in current, CEMF will be produced in the inductor.

10V —;

) «Iik? 0 — I : %_
La,vh_ Rate of change is greatest
from TO to Tl as you can
“ Wy ———— - ——— - observe in the bottom chart
R which indicates rise of
' current.

el

TO t1 72 13 T4 75 16 17 18 19 TIO

EL' The Coil=-Induced Voltage

At the time the switch is closed, because there is a maximum
rate of change, maximum relative motion occurs between the field
and coil, and the maximum value of EL or CEMF is produced. The
top chart indicates E, is 10v. This CEMF immediately opposes
the rise in current and consequently current is choked back

from immediately. reaching its maximum.

As time passes, the rate of change of the current slows, -and

less CEMF is produced. The graph of E, shows this decrease. The
voltage drop across the resistance inc%eases as more current flows
in the circult.

We can analyze what is happening after T0 in this way:

Rate of change 4

Bty
+

ey

ERI + because there is more current through the circuit.




Narrative Nine-|

Current continues rising until (at T5) it reaches Its maximum yalue .
of 1 amp. When | is maximum it stabilizes; it does not change

measurably after that, and it always requires 5 time periods

or time constants for current to rise from 0 to maximum. When

current reaches maximum, there is no further change, and therefore,

no rate of change. |f there is no rate of change, there is no

relative motion in the inductor, and 50 there Is no induced

voltage. For all practical purposes, when there is no rate of

change, the inductor offers no mci2 opposition than a straight

wire, '

When we have a D{ source, current reaches its maximum value
after about five time constants and will continue to be steady;
there will be no induced voltage until another change occurs.

Decay of Current

We speak of the fall or decline of current from maximum back
to zero as decay,

7
+ 'f; R)TOQ Now if we move the switch »

——tra . 1 from position 2 to position 3, Ve

— observe we have disconnected . ’"é\
- the source from the circuit. N

L2k

..1‘__)°

wr

While the circuit was energized, the inductor was storing.energy
In an electromagnetic field around the coil; current flowing
through the conductor gave rise to the energy in the magnetic
field.

Now that the applied voltage is cut off, current begins to
decrease. Agaln we have @ maximum rate of change. The
magnetic field around the conductor begins to collapse
around the coll, This movement of the flux lines (relative
motion) will induce a voltage in the Inductor.

Collapsing Flux Lines

When the circuit was first energized, flux lines moved outward
from the center of the conductor, and by the left-hand rule
for conductors, the induced voltage tried to push current back

toward the source =~ counter to circuit current. -
» @
-
15 ,
) hl B




Narrative Nine-I

When the flux llnes are collapsing, they move back toward

the conductor's center and the induced voltage pushes current
In the same direction it was flowing before. Instead of oppos-
ing current, the induced voltage now attempts to sustain it.

2 In effect, the circuit

Lr2h R{00 now looks like this, with

the inductor acting as the -

source.

For our purposes, .ie will show current decay starting at T5
on the graph.

0V Notice what happens when the
circult is de-energized. The
KL o ! 1 induced voltage jumug to maxi-
(CEME)
v—
Q? mum, but with an opposlite
~10V—1 Hpolarity. It is 10 volts
‘6?3:'- negatlve at T5.
ER )
0— ) | Current begins to drop, and the
TA—

voitage across the resistance

drops.

T9 TI0

As the magnetic fléld of the inductor decays, the induced voltage
drops off to 0. As the Induced voltage drops, current decays, and
the voltage drop across Rl decreases.

a4
It agaln takes about five time constants for the magnetic field °
to become completely depleted. At the end of this time, for all
practical purposes, the Induced voltage |s at 0, current [s at
0, and the voltage drop is at 0.

AT THIS POINY, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF
THE OTHER RESOURCES LISTED. |F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL

. OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD
OF INSTRUCTION YOU WiSH UNTIL YOU CAN ANSWER ALL THE QHESTIONS CORRECTLY.

91(;




PROGRAMMED INSTRUCTION
LESSON |

Growth and Decay of Current and Voltage

THIS PROGRAMMED SEQUENCE DOES NOT CONTAIN TEST FRAMES.

1

1. Recall that in an ideal circuit containing only resistance,
c'reuit current-will start to flow at its maximum value:

tn'5 seconds.
tn 4 seconds.
instantaneously.
in 2 seconds.

{¢) instantaneously

To better illustrate this, a graph with current
time can be used as shown below. A .

-

i

lr, g
The horizontal line of our graph rapresents and the
vertical l1ine represents .

~-{time - current)
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3. The vertical llne is divided into increments of current,

4a
For example: a0l

2e
e
08 —t—tr——t

In the graph below, each dlivision equals 3 amps. Fill in
the value_of current for each point on the graph.

a—p a.
b— & Y
€ —p -t c.
d—» 1 de ____
o—p €.

(a. 12a; b, 9a; c. ba; d. 3a; e. Da)

4. The maximum current which can be plotted on the graph I[n
* frame 3 is amps.

(12}

5. The horizontal 1lne is divlided Into increments of time. Label
the time line below. l :
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6. Time is plotted starting at the left-hand side of the time line
and increasing to the right.

Seject the letter designating the largest amount of time.

{g)

7.. The space between time divisions is known as a time period or a
time constant. The time periods are labeled time zero (T0), time
one (T1), time two (T2), time three (T3), etc., with TO at the
beginnirg of the time line,

Label the remaining time pericods on the graph below.

8. The first time period would start at time O.

The fourth time period starts at time .

- o o m M o g o o o M mp m mm oam mm am MA am W M o s o o W B m m  m o W o




P.I. . Nine-I
9. Label the current and time divisions on the following graph.

Each current division is 5 amps.

- e am wm wm wm aw owm aw wm wm aw o W e b SR o W o odm M w w E oam m oam owm wm wm w ay ie m

15,

lOo.

S5a¢

Oa.\ — T - T

o ﬁ T2 B 4 T

<

1

10. To plot a peint on the graph, visdalize perpendicular lines
from the desired current and time. Where the two lines cross,
place a dot.

For example: 2 amps at T2: 2gt-_____ + 2a(QTq
1.5a+4 ;
lad . :
Sa-+ \
]
, W By T

A 1152 @,
I
. I ! ‘
i 1
b
| " 2 % ou %
- 1320
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11, The current in the circuit is 3 amps. Plot 3 amps ,at‘_'!'_.ion
the following graph.

4ai ' = %o
3. - 12V
20 -

¥

Ts

. The current rise in a DC resistive circuit makes a straight
vertical line from the time line to its maximum value.

Draw a 1jne showing the current Increase of the clrcult below.
(Switch is closed at T1.) ———b——

—
= t2v




Po’o Nil'le'l

I3. in a purely resistive circuit, how long does it take from the
time the circuit is energized until current reaches its maximum
valuye? ’

3 periods of time

5 periods of time
aimost instantaneously
| period of time

{¢) almost instantaneously

To aid in understanding how an inductor will affect circuit
current when placed in series with a resistor, recall that an
inductor holds bhack or chokes the change in current.

Select the g:raph showing the current curve for an inductive-
resistive (LR} circuit.

A

ThBuULsE T

15. Looking at the illustration of current rise in an LR circuit,
notice that the "greatest rate of change in current takes place
between: {Switch Is closed at T1.}

BRI
T -T2
213  .6ad

(b) T1 - T2
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16. Upon energizing an LR circuit, the maximum rate of change of
current wil!l occur during the after the switch is clcsed.

first period of time or first time constant
second period of time or second time constant
third period of time or third time constant
fifth period of time or fifth time constant

(a) first period of time or first time constant

Recall that in a a;il a CEMF is induced in opposition to the
current f'ow., This CEMF results in more time being required
for current to reach Its valuc,

{max i mum)

-

You have learned that the greatest rate of change in current
flow occurs at the instant the circuit s energized.

The greatest change in magnatic flux around a coil will take
place when current is

(changing the fastest)

The changing magnetic flux at the first instant the circuit is
energized resuics in:

a. wr~axioum current flow,
maximum voitage induced (CEMF).

{b) maximum voltaje induced (CEMF)
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20. The CEMF at the first ipstant the circuit is energized will be

about equal to and opposite in polarity to the source voltage,
tending to cancel out the source voltage.

Immediately upon energizing an inductive circuit, current wiil
be .

- W om wm m oM W e am M M W w4 W m Mmoo wm Sm M m W e owm TR o wm owm wm Mmoo e o w

" {mlnimum or zero) N

21. Since current flow is nearly 0 at the first instant after

energizing the circuit, almost the entire circuit voltage
will be dropped across the coil.

- By

The voitgge drop across the resistor in an LR circuit at the
first instant the circuit Is energized will be . .

R R T R L R R . - . T

“{mlnimum or nearly zero)

22, When ‘an Inductive circuit is first energized, which of ihese is

max i mum?

d. current

b. CEMR

¢. voltage across R

(b} CEMF

23, When current is rising In an Inductive circuit, what effect does

-

CEMF have on current?

a. attempts to sustaln

b. chokes It back

. {b) chokes It back
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24, Use the g}aphs below to answer frames 24-27. These graphs
show CEMF, circuit current, and the voltage drop across the

-resistor in the.LR circuit shown below. (Circuit is energized
- at"time 0.) °

GV —

. (maximum)

25, Clrcuit current at TS5 will be at its

“r

{max imum}

26.'Thé curve-for circuit current and ER are sald to bé idertical
because they both reach their

values at the same time.

{minlmum, maximum == either o.der)

[
»
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27 This type of curve is called ‘a growth curve because it plots
*  the growth of circult current,

The Increase of current in an LR circuit is known as current

{growth)

28. Match the following for condicions existing after current has
reached fts maximum value.

a. constant and makimum
Z&ro
changing

—T. B; 2. a)

29. Current will decrsase at itsymaximum rate at the instant the
circuit Is de-energlzed by Toving the switch to position 3.

The current-produced magnetic field around a coil collapses at
the maxlmum rate upon . the circuit.

(de-energizing)

.

Current will attempt to Instantaneously decrease to O upon
de-gnergizling the circuit, but cue to the EMF Induced by the
collapsing magnetic field, "1t will slowly decay, or decrease, to

Zero. {

Upon de-energlzing the circuit, the Induced EMF will attempt to:

a. stop current flow.
matntaln current flow.
decrease current fiow,
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*31. The magnetic fleld, in collapsing, moves through the coil in-
the direction opposite to that when the circuit was energized. .

The induced voltageé will now be of a polarity thCh tendﬂ'to

current flow.
. aid/oppose .

o o m m o e om m m m m om mfyE S o o e o e e e e e e e e e am oam W o

~
< " L™

laid) -

32. Upon de-energizing the circuit, current decays to zero.
From this you mlghl infﬁr that the curves used to show this
decreaseé are called curves . ¢

- e o M M B B dm B m dm dm dm R W AR O m m m o= L I e T T R )
L

~

{decay)

33. When does the greatest rate of change take place during decay?

Q
3. at the time the circuit is energized.
b. at the time the circuit is de“energized. .

—
-ﬁ“‘-q---‘--‘q-q*-ﬂ-ﬂ-ﬁ-“‘--ﬂﬂﬂﬂﬂ.-q‘ .
& .

. {b) at the time the circuit is de-energized.

] &

- ..,

LN & LI SrUUN. LA S P . YU SR P




Nine-i

34, The decay curves wi)) be mirror images of the growth curves,

in the 11lustration below, the decay curve is plotted between:
VT T T T T
]

! '

by

1

*a. TO - TS

b. T5-T10

' I : ' i
. ‘ '
S |
, c. To-Ti2 V-3 =+ ¢ & Ix
AT N
- (S| |
__d. T5-T9 lm
. | T+
| : |
|

3
<

L

i
| t ot

l
|
SR :
E —
R EETE LT EEEEERD
by 15 - V10
£ %
. 35, Use the decay portlon of the curves below to answer frames 35-
38. Switch is placed in position 3'to de-energize the circuit
. at time 5.
CNTTTITIT '
‘ 3 ¢ o ! -
I I
e L e Re100
oo l '; i b T
- r =y —’. —1— -L. J. &
%gv‘—-l-J-‘i-} I-::..a.:;:-':: -
) N byt L2b
i i 'l i } i J '
! 4 ! ; 4 T ! ! +
“+ L = vt T_‘:'
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The greatest rate of change takes place at:

-

. a. 'I:S -Té
b, T6-T7
€. T7-718
TTd. T9 - TIO
{a) 5 - 16
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36. At what time will CEMF be maximum?

b. Té

GFT5s

t
£
e
~

B
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37. The greatest voltage drop across the resistor Is at:

11

pa——yy

{a) T5

.

38, The greatest rate of change In current and the voltage across the
resistor occurs during the time between:

a. TS5 ~T6
b. T7 - T8
¢c. 18 ~T9
d. T9 - THO

(a) 156 -~ 16

L . N - e . .
o : e S I SCH TN IR Y PRI + -
m e e L I A S T b U o O e
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. 39. check all the items that are-true.

During the period of the greatest rate of change on decay in
a pC LR circuit:

a. CEMF is maximum and decreasing.

b. CEMF is minimum and increasing.

c. current is increasing from zero

d. current is decreasing toward zero.
a

f

‘e Ek s minimum angqucreasing.
: Ep is maximum and decreasing.

-------- m e e m e edmmje o mmmmmee o mma .=
? o {a. CEMF is maximum and decreasing; d. current is decreasing toward
: 2ero; f. ER 15 maximum and decreasing.

40. During decay, when the magnetic field around the inductor has
fully collapsed, what will be the values of:

current?
CEMF?

------------------------------------

{all zero)

. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS ‘CORRECTLFY .
GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON |

Rise and Decay of Current and Voltage

Conslder the ldeallzed clrecuit shown below:

o

Here R is assumed to be a resistor without any other property, and L
a coll with Inductance, but no resistance at all, etc.

We will examine the behavior of the coil~Induced CEMF, E ; the
voltage drop across the reslstor E,, and .the circult curkent,.L
all versus time T. When the switcﬁ Is closed to position 2 at
T° -the ollowing graphs are produced.

3

i

=

oy

_.. ‘
Pl ARI A e
S &

PArulToxt Provia

S - -
T

' .
o ;I T, B %

The actlion of the CEMF produced by the expénding magnetic field

.of the inductor explaing why the curves have the I1lustrated shapes,

Use this as a basls_for analyzing the changes In circuit current
and voltages.  After five periods, or time constants. for all
practical, measureable purposes, the current has reached Its
maximum, steady value.

Decay of Current in LR fircults

Suppose at T5 the switch is placed in position 3; the LR combination
Is then shorted ont, and the source voltage is disconnected. The
behavior shown on the next page then occurs:

23]
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Summary ‘Nine-l
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O v % % T

The reaction of current on decay may be readily analyzed by con-
sidering the collapsing flux iines and Faraday's and Lenz' Laws,

it

> ¥

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED {NSTRUCTION OR BOTH,
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY.- 60 TO THE MHEXT LESSON. |If NOT, SELECT ANOTHER METHOD OF
INSTRUCTION UNTIL-YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

% 32
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OVERVIEVW
LESSON I}

LR Time Constant

In this lesson you will study and learn about the following:

T en TR -

~determining the length of a time
constant ~ g

B

~how resistance affects time constants

,,,..,._.._,.,....
p M R A

~how Inductance affects time constants
~formulz for time constant

¥

.ow

~percentaye of rise or decay
~the unlversal time constant chart

‘ L .

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

o

28
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Study Resources : Nine~t!

LIST OF STUDY RESOURCES
LESSON 1

LR Time Constant

To learn the materlal 1h thls lesson, you have the option ofrchoosing,
according .to your experience and preferences, any or all of the follow-
ing:

STUDY BOOKLET: R . nd
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL: . . . .
NAVPERS 93400A-ib 'Basic Electricity, Direcx‘ﬁyﬁrent.”
Fundamentals of Electronics. Bureau of Naval Personnel.’
Washington, D.C.: U.S. Goverament Printing Offlce, 1965.

AUD10~-VISUAL:

-

Slide/Sound - “Inductive Time Constants.”

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT | VE
) LESSON |!

LR Time Constant

In Lesson | we learned that an LR circuit is one which has both
Inductance and resistance., We also learned "about the time periods
called time constants (IE) wlithin which current rises or decays.

Determining The Length of a TC

" The question In our minds now is: how long is a time constant?
The answer is that a timé constant is the length of time that
it takes current in a given circuit to rise from minlmum (0%)
to 63.2% of its maximum Ohm's Law value, or to decay from
maximum (100%) to 36.8% of its maximum value., From this def-
inition,-we can assume that @ time constant is not the same for
all clrcuits. [Instead, the time constant for a glven circuit
wil)l be determined by the amount of Inductance and resistance in
the circuit. The time constant Intervals for a glven clrcult
will be of equal length. TO to Tl will equal T4 to TS and so
forth,

Reslstance

v
In a pureiy resistive circuit, current reaches its maximum value
the instaft the circuit is energlzed.

From thls we can assume that if there is more reslstance than
inductancs In a circult, the time constant will be of shorter
guration.

Inductance
Because Inductance tends to oppose a change in current flow and
hold bacs current when the switch Is closed, It will take current

a longer time to reach 63.2% of its maximum value if the circuit
inductance is incraased.

Mathematical Formula for TC

In a given circuit, the time constant is equal to the value of the
inductance divided by the value of the resistance, or:

1
=8

|
I




Narrative ‘ Nine=I1 -
Using the circuit from Lesson I,
Le2h jet's compute the time constant.
= Eyriov =g
2 h
‘? o TC = )
al ' -

10 _ TC = 200 msec

| N ' - )

(Time constants.are usualiy stated in milliseconds or
microseconds.)

Our computation shows that one time constant is equal to
200 milliseconds; so, between TO and T1, 0.2 seconds will elapse.

As all the time constants for any given circuit are

equal, compute how long it will take (in seconds) .
for current in the above circuit to reach its
maxirum value. .

Since it always takes current five time constants to reach
maximum, multiplying the TC by 5 (0.2 x § = 1 second), 1
second will be needed for current to reach its maximum value.

Similarly, it will take five time ¢
i constants for current to decay
« 99% | from its maximum value to zero for
P% all practical purposes. As the time °
P L465%. - constant for this circuft is°0.2 sec.,
\T 1t will take current ) second to decay
\ from Its maxImum value back to zero.
The only way you can change the time
constant of a circuit 15 to change the
value of R or L.

=)
—r—

N i W

[
k<

A

o

*i

The [1lustration here shows the rlise
and decay curves the current follows
from TO to T5. ‘

[
f/

[5.5%
e

-
~

FRACTION OF MAXIMUM T ORE (1=100%

s O

'I\-
]
[T7]
L]
o
prt

o

IT 2T, 3T 4T §T |
LR 2L/R 3R 4R SLR e N




Narrative . S i Nine-t)

Percentage of Rise or Decay

Notice in the gurves of both rise ;-and decay that the greatest rate
of change occurs be +een T0 and T1. At Ti current will have risen
to 63.2% of its maximum Ohm's Law value. At T) current will

have decayed to 36.8% of its maxIimum Ohm'y Law vaiue. .{Notice °
that 63.2% subtracted from 100% gives us the 36.8% figure.)

During each time constant after TI, current will increase
(decrease} 63.2% of the amount of current that fs left to reach
the maximum (minimum amount.)

To understand this let's think-ab a cake. The wholg cake
can be equated to maximum current or 1 amp 'in this case.
Lonsider each cut of the cake to be a time constant. '
Each ,time we cut the cake, we will take 50% of that remaining.

Whole cake - maximum ' (:::)

~

takes 50% of % " G

takes 50% of % ‘ Jeaves

takes 50% of é]

q

takes 50% of

At cut 5, for all practical purposes, there is no more cake to
cut. If the cake s maximum current, and each cut is a time
constant during which current increases 63.2% of the remaining
current, at T5 1t is assumed there is no more increase; maximum
has beer reached.
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Cohgutlgg Percent of Increase . e

: . .
There 1s a universal time constant chart which tells us what
percent of the maximum current will be reached at each time
constant and*the value of curgent at each time constant. Llet's
compute this ourselves. )

Computing for.Tl At Tl we know that current will have Increased
to 63.2% of maximunt {1 amp) so that current at Ti = 63.2% of 1
amp., -

i € T) =0.632 . 1a
) = 0.632a

Time. ’% of ’T Amps

o———

T 63.2% . 0.632 %

“To compute for T2 We need to know how much current Is left
before maximum {s reached.

“Maximum 1s 1.000 amp¥

We the 0.632 amps at T} or
0.368 amps left to.reach maximum

v
bl -

' During each time constant,. current will Increasé 63.2% of what

© s left. :
N o

0.632 x 0.368 = 0.233 amps
We already have 0.6322 + 0.233 = 0.865 amps

4

" To flnd what percent 0.865a 1s of maximum current, divide:
. . !

0.865a -
~ e (nax 1) " 08

= 86.5%
_ Time %.of II Amps

T2 86,5% 0.865 -
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Narrative . ) Nine~1i

To compute for T3

How iuch current Is left? 1.060 - 0.865 = G.135

63.23 of what Is left (0.135a) ,
" 0.632 x 0.135 = 0.0%5a 5
Add to éurrent at T2 0.085 + 0.865 = 0.950
T bme | % of I K Amps
T3 95.0 0.950.

Compute foTr Tk,

‘
-

How much | Is left?

Increase by 63.2% of what is left.

Add to | at T3. .
\
JTime ‘% of 'T Amps
Th
.Answef:
) Time % of I Amps .
v 981 0.98 ‘

. T

. You know that at TS the current has, in effect, achieved 100%
of 1ts maxImum value and | amp of current Is fiowing. Actuatly,
as Jong as current is rising at 63.2% of the remainder, 100% wil)
never be achieved. Practicaily, we assume 100% is reached at T5.

Unjversal Time Constant Chart

]

The percentage that we computed for current rise for each time

cons tant mMust be memorized Recause it would take you too long

to derlve the percentage each tlme‘yoq need tu anaiyze vaiues In -
an LR clreuft. . ) t
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This 1s the rise and decay‘curve showing the percentage of the
maximum current which current hac ach’eved at each of the five
time constants.

] If you memobrize these: .
\ _ ,f’/”” 8T1 -- 63.2%
A \ / aT2 -- 86.5%
4 X' ‘ T3 -~ 95%
s q : QT4 -- 98%
/ \ : er5 -- 1003
- N then you can easily calculate
V \ ) the decay percentage by sub-
1 tracting the rise percentage

o n l‘2 1‘3 1'4 % at that time constant from 100,

Without glancing at the Universal Time Constant
Chart, if you know that the rise percentage at
T2 Is 86.5%, what is the decay percentage at
T2%

That's rignt, the decay percentage at J2 Is 100 minus
- 86.5 = 13,5%

Nothing can ever vary the percentage figures in the
unlversal time constant chart.

‘hat are the percentages of maximum current on
the rise reached at:

TI?
T27
137
» Th?
T57

»

Check your answers with the Universal Time Constant
Chart. If you have not memorized these flgures, stop
now -and learn them before proceeding further.




Narrative Nlne=l|

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YQU MAY STUDY
ANY OF THE OTHER 'RESOQURCES LISTED. |F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON. |F ROT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN-
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

T8N
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~ PROGRAMMED INSTRUCTION
" LESSON 11

LR Time Constant

THIS PROGRAM "SEQUENCE DOES NOT CONTAIN TEST FRAMES.

1. Previously you learned that current and voltage in an LR circuit
' gould be plotted on growth and decay curves.

.

Hatch:

1. curve a a. growth
2. curve b b. decay

(. a; 2.0b)

2. Recall that the time perlods are known as time constants (IC).
Label the time constants below:

—
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_:“.:, ENZIRT eI

e

", 3. The flrst time constant (TC) is equal to the time required for
clrcutt current to change by 63.2% of its® maximum Ohm's Law
value in a OC LR clrecuit. .

N

If current has increased by 63.2%, we say one

has elapsed.

- M W e W a S e e e B o W e W gy B o W g e B M o odm o o W o B o e =

e T

M

{time constant)

EXAET

k. In your own words state what a time constant equals.

- W o o W W W w e W m W o om = m oom e % w = s o= ow - w m W W W e W W m W

-

{The time required for current to change by B3.2% Of its maximum
value.) (or words to this effect)

ST TR W BT e

)

5. A time constant, upon energizing an LR clrcuit, may be described as: .

a. the time required for current to Increase to iis
2 maximum Ohm's Law value.
b. the time required for current to decrease to 0
= from its maximum Ohm's Law value. .

c. the time required for curreat to rise to 98% of its
maximum Ohm's Law value.

d. the time requlred for current to rise to 63 2% of its
maximum Ohm's Law value.

W o e W m m M Em W e W W m W e s M om w m M W W W m e W - oy m W m s W w -

({d) the time required For current to Tise to 63.2% of Tts maximum
Ohm's Law value

1«9
<
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6. In any glven LR circuit each TC will be equal in time to every
other TC.

Select the choice which describes the relationships between time
constants.,

-

a, Tl «-T2=T3

T3,
by T3 9

c.: Tl x T2 =T3

(d) 11 to T2 = T2 to 13

7. State the mathematical relationship between time constants in a
given circuite-

{TC1 = TC2 = TC3) !

8. If the TC between T2 and T3 is 5 usec, what will be thg TC
between TO and T1?

{5 _psec}

9. Recail that current in a purely resistive DC circuit reaches
ity maximum value upon energizing the circuit,
{instantaneously)

,10. In a series DC LR circuit, the time required for current to reach
its maximum value as compared to a pure resistive circuit will be:

{increased/decreased)

- o W E o W R M e M e m mr opr m mr om W B o mr wm T M M W e W M s a3

(increasad}
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11. The greater the ratio of inductance tO resistance the longer It
wiil take for current to change by 63.2%3. .

Select the combination which will have the largest time constant.

a. L=1{h; R=100
“b. L= i0h; R=iQ
" c. Lw10h; R= 100

d. L=5h; R=235

= O R m om m W W O m om W W W oM W oW oW W W oa

) L =10 h; R=14

12. The reiationship between L, R, and TC can be expressed mathematically

as TC --'ﬁ-

Compute the time constant.

b 4L152h

------------------------------------

{0.2 sec or 200 msec)

13. Refer to the previous diagram. What Is the time between T3 and
T4?

- o B m g, g e m M E s o W e s e e o M oW W W s W W W e W gy W e e o oW

Lo
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14, Solve for IC.

n L A T P

‘
£,
i
i

RESKE-
e e

—Fac20 L
11=10h .

- o T R W R, W OE @ 4 W O W W e W W e R W L B W B W m B B @ E W e m .

(2 msec) g

15. Solve for TC.

Ea 220V TC

———

- = —~

- em o m d m W W m E e B m W m s @ M o W B m W W B m o W m m & s m o

{.05 sec or 50 msec) .

FRIC. -

N

+r

£, SR
’:,e-..“ s
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16, After a DC LR circuit has been energized for a p;riod of time, the
resistor will be the only comoonent limiting current flow.

- After the below circuit current has stabilized, what is‘lT?

—_— =10V

------------------------------------

(1 amp)

17. Current flow will increase by €3.2% of its maximum during one

time constant. What would be the value of current at T If
the cirduit of frame 16 were energized at T0?

------------------------------------

(_Tl=63220fl

Tl = 0.632 la

I, = 0.632a)

Tl

18. The lncrease in curreﬁt during the second tlme period will be
63.2% of the current change remaining from TI to total current.
What would be the increase in current from Tl to T27 .

------------------------------------

(]T -1 @TI) x 63.28 =
ila - 0.632a) x 0.632 =
0.368) x 0.632 = 0.233a

L2
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19. AddIng the current fiowing at Tl to the increase in current du;}ug
Ti to T2, we can find the amount at T2. . Y
i ™
The current flowing at T2 will be . \
- 4 === ==s==- =T EEmEsEeEs- e S ) .
\
) AN

{0.632 + 0.233a = 0.865a)

' 20. Determine the current increase during the time between T2 and T3:

---------- M o m o S m S M B m m S M m Em o it O om o= W™ Em oy

-

. =10 12) x 63.2% =
(11 - .865) x 63.2% = ' .
(0.135 x 63.2% = 0.085a)

21. The current flowing at T3 Is .

- e S m T e o o e e M g m e m  ay  G W m m = m m om owm - e W = e

(0.085a + 0.B65a = 0.95 amp)

22. Determine the current flowing at T4.

T I S I P R . I % - o s a m M e W e

{0.98 amp) ' -

23. Current flo;lhg at TS:

L R e T T T T S R - M M W o W o o T4 e o W e

Lla}

24, Current is, for all practlcal purposes, maximum after five time
constants.

After five time constants, what percentage of current flow will be
assumed to flow in rhe circuit?

(100%)

R e Tt P T
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25. A much simpler method to determine the current at any time
constant is to learn the percentage values for each of the
time constants.

What Is the percentage Increase of current during the ffrst TC?

. 86.5%

I R I R B . T T R N I R . T

(b) 63.2%

26. Durlng two time constants, the current Increased to 0.865a.

The percentage of cuq?ent Increase In the first two time periods
is: J

d. 86.52. f
b. 63.2%.
___c. 398%.
d. 100%.
(a) B6.5%

27. What is the percentage of current increase during the four time
constants from TQ to T4 - ; during the five time
constants from T to 757

-------------------------------------

{98%; 100%)
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28. These percentage values remain the same for any tR cirguit. Thes:
values can be plotted on a growth curve as shown below.

(9?'5" 98,05

| /4 o5 _
\ e |

AR

T T
Fill in the pScenta‘ges ofzcurr::l!lt lnr&ease For the times below.

D ——
T4
* o <
————p— -
O A o o W o o e o e M o e w -

(86.5%; 98%)

29. The :decay curve is also assigned percentage values whlch are
determined by subtracting the growth curve percentages, at the
stime in questlon, from 100%.

For example:

At T] the decay percentage would be 100% - 63.2% = 36.8%

What 1s the percentage value of the decay curve at T37 .

”
|
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.30. A graph which. is labeled with percentage values on the growth
and decay: curves is known as a Universal Time Constant Chart.

Label the Universal Time Constant Chart below.

T

100+

VL T

pd

dimys

[ |
. \ .

o 1 ok b g
C o % % %

T
s

%.—----------

100 '

i é___
99%
¥ SE% o98%

S 0x
Shesx

60 -*743.2%

40 JA\es.B% ,
JY
20 -
[
2 2% %

LR 2LR LR AR SLR

46
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-

+ List the percentages of maxImum Ohm's Law value that current wlll
reach at the end of:

Hlne-ll

¥ a. TI.

. b. T2, -
. . - ¢. T3.
d
e

Th.
T5.

A B e W e o oam B Em e B W W SR B am o W ok W e e ke M e ok W W o W e e W W

-
(aé 83.2%; b. 86.58; c. 95%; d. 98%; 3. 1003)

&

(YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE "OTHER
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, GO TO .THE NEXT LESSON. |IF NOT, STUDY ANY .
METHND OF TNSTRUCTTON YOU-WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY. .

~q w
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SUMMARY |
LESSON 11

LR Time Constant

We have seen that current rise or decay in a series OC LR clreult
follows a certain general curve. We found that current requires
. flve equal periods of time (time constants) to fully rise or decay.
* Each time constant is equal to the circult Inductance In henrys

.
Lo L e A kg B0 T 0T ¥
. R S

divided by the circult.resistanse in chms (TC = %'}f
. A ,
The chinge in current durlng one time constant is always 63.2% of
the difference between the final current value and the instantaneous
current at ‘the beginning of the time constant. The graph below
shows the values of current vs. time constant for both rise {Curve A)
and dacay {Curve B). Memorize the percentages at eaci: time constant.

b
L ] ;‘_
I,
£, .
£i
.

-

P <

[

AT THIS PCLINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
' RECTLY, GO TO THE NEXT LESSON. IF NOT, STUOY ANOTHER METHOD OF
\ gNSTRUCTLON UNTIL YOU CAN ANSWER ALL THE QUESTIOMS CORRECTLY.
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i  OVERVIEW
gz LESSON 111
] @i- Using the Unlversal Time Constant Chart
gi in thls lesson, you wlll study and fearn about the following:
ih -
7
Py
i - ~the Unlversal Time Constant Chart
f’rvﬁﬁ n ' -practical applications for the chart
o - -variatlona) analysls of LR time constants

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
» ON THE NEXT PAGE.
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Study Resources ' ' Nine~I11

LIST OF STUDY RESOURCES
LESSON 111

Using the Unlve}sél Time Constant Chart

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the
following: . .

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL: ) :
NAVPERS 93400A-1b *'Basic Electricity, Alternating Current."
Fundamentals of Electronics. Bureau of Naval Personnel-
Washington, D.C.: U.S. Government Printing Office, 1965.
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YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TiME.
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Narrative Nine-itl

NARRAT |VE
LESSON 1)

Using the Universal Time Constant Chart

The Universal Time Constant Chart Indicates the magnitude of

< voltage and current in a serles LR circult -at any particular time
constant during rise and decay. The curves give the percentage of
maximum voltage or current at the end of 22¢ch time period.

L Curve A plots:

p=t
I
]
|

t. | on rise;

[l

| FRAGTION OF MAXIMUM I ORE (1=100%)

.2. Epon rise.

Curve B plots: :

1. | on decay (with coll as source. )

2. E or CEMF across coil (EL).

—

MW MDD N B W

3. E across resistor (ER) ob decay.

—
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% T 1T 27 31 47 ST

W 2R /R O 4qLm SLR) ¢

1.

Practical Application of Chart

in advanced schools and courses, you may have to compute cir-
cult quantities by uslng the Universal Time Constant Chart,
particularly for applications to radio and other amplifying
equipment,

To use the chart, you must first determine the maximum
voltage or current for a given clrcuft and then multiply this
maximum by the percentage at any particuiar time constant. I[n
this manner, it is possible to determlne quantities of current
or voltage in a circuit at a given time constant.

Let's try this, using the LR clrcuit below.

1Y
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Narrative

TC =

We are golng to

solve for:

(tIme constant}
| @ {means after) §

Max|mum CtHF

Recall that the formula for ffnd[ng the time constant IS

L.
R

—Steg }

What 1s the time constant for the circult on the pre-
Ceding page?

T ==

TC

-3' -3
— * <] x°10.“ or | msec

TC = 1 msec

if one TC Is 1 msec, about how IOng wil! It take for I
to reach m~ximum?

5 time constants X | msec = 5 mse.

Steg 2

" Now we want to determine what current will be ln the.same clrcult

after flve time constants.

What s the maxTmum Ohm's Law value of current In this

clreult?

£
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Harrative Nine=I11

-

Step 3 ‘ ,

what is the maximum voltage drop across the resistor?

In this serles ciréuit, if Ea stfbv, max i mum ER will also

beﬂ}Ov. .
.. Step 4
; The maximum counter EM™ occurs at the instant the circuit is °
L - energlzed and is equal to the applied voltage. Therefore, in

-
¥

this circuit maximum CEMF is 50v.

So far,.we know this about the circuit:
TC =1 ms
maximum | = 5 a N
maximum E = 50 v

) max imum CEMF = 50 v

Now, by using the Universal Time Constant Chart, we can find
circujt values at the end of specific time constants, For
example, we can:

Find | @ T2.

At T2, you know from memory that | will have reached 86.5%
of Tts maximum. Therefore, by muitiplying .865 x 5 &, you
will find | @ T2 = £.325 a.

When we find values in this manner, we rcund off figures for
convenience. So, we say | @ T2 = 4.3 a.

Eor the same circult, what s Eq © 737 . At T3, the voltage drop
is 95% of B ax

61
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Narrative ~ Nine=l11

Figure ER @ jﬁ;

i . .
"';J Hi '.r .
F By ,J i

] 1

|
T3 equals .95 x 50 v

ER e 13
ER@I—.‘I‘-7‘$N . . .
Now find E, at Tl.

You know E, s plotted on Curve B; therefore, to find the per-
centage of J1 at Curve B, subtract the percentage of ‘Tl on

- curve A from 100%. 100% ~ 63.2% = 36.8%, Now multiply
.368 x maxImum voltage. ,368 x 50 v = 18 v.

£
[

E at Tl = 18 v’
Practice : \
"'“—"/YYUQTQY\—““‘ In this circulit, observe that we have
4,250 ' increased the value of L from the pre-
. vious clrcuit. We can assume then
7 B2 = than It was in the other clircult,

R2100 g that the time constant will be longer

Because there Is more Inductance fn the circuit, It will take
current longer to reach its maximum value. .

1. Find TC in the above clrcult. TC = : .

2. Flnd maximum 1. | =
3. Find Faxlmum ER. ER -
k. Find maximum EL. EL =

You shouid have determined that TC = 5 seconds, | = 2 a,
ER = 20 v, and EL = 20 v.

55 62 :l




Narrative . ’ . Nine=tt!

Knowing that one time constant equals 5 seconds, If

you were asked to’ find the value of a quantity after 15
. seconds, what time constant line would indicate the per-
: centage to use?l

You would find the percentage at Ig: Each time constant is
5 seconds, so 15 seconds would be three time constants.

]

1. Find ! at 15 sec.
2. Find ER at 15 sec.

3. Find EL at 20 sec.

Your answers should be as follows:

] @ 15 sec. = 1.90 a
ER @ 15 sec. = 19.0 v

NOTE: You can also calculate Eh by Ohm's Law after you know
the amount of current:

E=IRorE=»I9ax10g=I9v
- EL @ 20 sec. » 40 v

Find | at T5.

Find EL at Ii.

At T5, current will have reached [ts maximum value of 2 amps.
At T5, counter EMF will have reached 0, as current will be
steady. If there is no rate of change, there can be no CEMF.

1. Solve this circuit for:
TC

: —— SO0 £, @ T2
220 mb R ¢
§a::ssz 1 @ T3

EL @ Tl

e ek—
————
S ——
—

— B3OV




. Narrative

2.

Nine~l11-

What |s the value of E_If the voltage drop across
the resistor fs 114 v 3¢ 132 -

A coll with a DC resistance of 22 @ is placed across
a source; 0.1 second after the circuit {s closed, the
current has reached 63.2% of its final value. What
Is the L of the coil?

L =

ANSWERS:
).

. L
0.1 sec. = E?T

&
TC = 4 msec ’
E, @ T2 = 25.55 v or 26 v (rounced out)
1@ 13 = 5.7 a
EL 8Tl =11.0b vor 11 v

Ea = 120 v

L=2.2h

To solve for L, you know that if current has reached 63.2%
o6f maximum at 0.1 seconds, then the time constant Is 0.1 seconds.

a .I.'.. :
Ttk | .

To lsolate L, multiply both sides of the quation by 22.

2.2 = -"7’55‘2

Therefore, L = 2.2 h




Y ey T i R
_‘:Q)- v . N &

Narrative . Nine=111|

Variational Analysis

» Congider what hahpens to the time constant if you:

increase circuit R. -=TC +
increase civecult L. = TC +
. Decrease R. = TC +
Decrease L. = TC +

With the same value of L and R, what will happen to TC
if the applied voltage Ts InCreased?

-

l hope you sald n nothling, because TC will vary only if you change
L or R or both. ]

With the same value of L and R, If you Increase E_, current will
increase. This lncreases the rate of change. Befause current
must reach a greatér maximum in the same amount of thp, it will
have to rise raster

As an example, Imagine that you have to get to point A, afid your dog

has to get to point B In the same amount of time == 2 seconds.

R 02¢
X :

Starting .
Polnt B

. Because you both have the same amount of time, but your dog
has a greater dlstance to cover, he wll] have -to run to point
- B, but you can walk to point A.

Simllarly, If E_ is increased, thé fmax!mum current will be
greater, and cufrent will have to rise faster to reach 63.2%
of 1ts maximum In the same length of time.

) 4
AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK OR YOU MAY STUOY ANY
OF THE OTHER RESONRCES LISTED. |F YOU TAKE THE PROGRESS CHECK ANO
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |F NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY,

58
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PROGRAMMED INSTRUCTION
LESSON 111

Using the Unlvﬁrsai Time Constant Chart

r

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

1. Recall that the growth and decay curQes, when used as a Linlversal
Time Constant Chart, are labeled In:

. @. percentages.
b, volts.

B S T T e - T T e e T L™

(a) percentages

2. State the percentage values found on the growth curve of a
Universal Time Constant Chart.

a. Ti d. Th
b. T2 e. T5

T T T T o I A R T T T T i R

(a. 63.25; b. Bb.58; c. 95%; d. 90%; e. 100%)

3. State the percentay= values found on the decay curve of a
Universal Time Cornstant Chart.

a. TC 1 > d. TC &4
b, TC 2 e. TC 5

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Polo Nlm.‘—“[
k. Current increase in = DC LR circult is plotted on the:

a. growth curve.
b. decay curve.

W m m R R m  om W B o M o om W W g W B am e E M T ws M T M M gm g s s W g

(a) growth curve

-

§. Recall that the voltage drop across the reslstor results from
current flow In the circuit.

ER: upon energizing a DC LR clreult, Is plotted on the:

a. decay curve.
b. growth curve.

------------------------------------

{b} g rowtll_cu rve

6. Curve A would be used to plot:] 10 .
‘ L P ? :;'/9‘5'2 agy, 100%
a. | on rlse. 39\ et
. T on decay. 2.8 86.5%
co=E, on decay. ” \
d ER on rise. % x4 \ -
’ 4 5 \ 832% ] T
e
A \36.8%
../ N
5oLl o
. g f —%\A \35%
A : 5% ,
éc - 2% . a%
ot 1T 27 3T 4T ST
> LR 2/ /R O4LMR O SLR

————————————————————————————————————

(a. 1 on rise; d. ER oh rise)
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7. Upon de-energlzing the clrcuit, current will decrease from

maximum €0 2ero. o .

o . Which curve would be used to pl>t current decay?

o

: a. curve A

b

b. curve B

)

oW et Ny

FRACTION OF MAXIMUM T ORE {1:100%}

i “’T\iasx ; I
| & N 5% T

2% 0%

- '°o1' 1T 2T 3T 4T 5T

/A 2L/R 3LMR 4R SUR

- B o W e e e e G SR O B e e R e R gm W B e L e % e o R gm e a am

(b) curve B

8. ER’ upen de-energfzfng the circult, will be plotted on éurvd
. {Refer to precéding I1lustration.)

- E m oa MmO m W & W m W W W m om om oEm o om - E m o e e = Em @ o o e

ON

9. Due to the collapsing fleld, th2 CEMF w!ll be maxImum and be de-
creas]ngbupon de-~energizing the circult.:

Upon de-energlizing the clrcult, CEMF would be plotted on curve

- e s R M W Em o B m N a W O S Em Em W OB M E o e omk B B B s o o v oA -

8
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P.1. ‘ Nine~I11

10. Match the circuit quantity to the curve Upon which it would be
itlustrated whgn de~energizing the clircult.

EL on decay 1. Curve A

ER on decay 2., Curve B

1 on decay

CEMF on decay

(@a. 25 b. 2: c. 2; d. 2)

-

I1. Match the lettered curves in the chart to the appropriate

conditions. .
decay of CEMF
EL on decay
ER on decay
1 growth
ER growth

CURVE B
IT on decay

6. b)

12, Recall that the time constant of a circuit is found by the
ratio of inductance to resistance. ,
Solve for TC. L=10mbs

(TC = 5 milliseconds)
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13. Recall that current is consldered to reach maximum after five
time constants.

f What would be the time requlired for current to reach its
maxImum value In the circuit of frame 127

- o o

. (25 ml1)iseconds)
A
)
14, Ohwts Law can be used to determing the maximum current flowing
' in a DL LR clircuit,

Determine | after five time constants.

——Eaz50V L210mb

. om E W e o am m om  m m w m W B o e W MW o o

{2.5 a) —

15. Current flowing In @ circult at any time constant can be found
by multiplying the percentage value for that time constant by

1 maximum.

Solve for 1 at T3. _

R220Q

- om S Em E m W o M S m o W E W M m W m = m o= & e

{2.37 a)
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16. To determine the voltage drop across the resistor (Eﬁ) at a

particular time, multiply the current flowing at that time by
the valye of resistance.
Solve for ER @ T3, L=10mh
T razsov .;a:zon
e— ?
A

17. Recal) that the sum of the voltage drops must equal the applied
voltage. What would be the voltage drop across the coil (EL)
In frame 16 at T3?

- e e Em ™ s W w = A mh o B S o W W E e W o e m e o W S o m e e B m w o

12.5 v)

18. The CEMF at the third time  stant would be volts.

(2.5}

19. Solve ror the following:

a TC=
L250mh b 1 @T3 =
— E0=73V o 1388 Ce Eﬂ P = o
r——
d. EL em =
e. maximum CEMF=_
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P.1. Nlne-lll

20. Soive for quantities indicated when clrcult iIs energized.
—— 0000 a. Te=
L22mh
b. 1 @5TC=
_J R=I00 c. 1@Tl=
d. ER @T3 =

e. maximum CEMF =

O W W B Em W W W M M om M W M m Wm e o wm W e m o om W s W oA oEm M oEa & s oa W & .

{a. 0.2 msec; b. 6.00 a; ¢. 3.79 a; d. 57 v; e. 60v; f. 1.2 v)

IF ANY OF YOUR ANSWERS 1S INCORRECT, GO BACK AND TAKE THE PROGRAHMED
SEQUENCE AGAIN.

IF YOUR ANSWERS ARE CORRECT, YOU “AY TAKE THE PROGRESS CHECK, OR YOU
MAY STUDY ANY OF THE OTHER RESOLs“ES LIsTED. IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON.
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WiISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON LI

Using the Universal Time Constant Chart

This Is a practice lesson on the use of the Universal TIme Constant

Chart., Study the lesson, and make sure you fully understand [ts values
and their signlficance,

S0k

100

What is the TC of the above ¢ircuit? What is | maximum? What Current
flows after 15 seconds? |f you cannot solve this probliem, go to the
narrative or programmed units for more information and practice.
Answers: TC = 5 sec, IMAX = 2a, | 215 sec =1.9 a,

AT THIS POINT, YOU MAY TAKE THE LESSON PROGREZSS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCT!ON OR BOTH.
IF YOU TAKF THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO YHE NEXT LESSON. {F NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UN".L YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

NE
RN




T PRY, TG Mbe 7e fTh R Tt by I ——

.

AT

l
SR T v

3
~
@

BASIC ELECTRICITY AND ELECTRONICS
IND{VIDUALIZED LEARNING SYSTEM

s
e

MODULE NINE
LESSON IV

Inductive Reactance

ot

‘Study Booklet

o

o 1
. :
e Ty )
e Y L '
bl Lok N e e - . .
- e S R T SN S : :

X4
b
|




."{?,_ ¢ ?ﬁw

¥

s cARSEE

[

e AT

o 3

Overview

Nine-IV

OVERVIEW
LESSON IV

Inductive Reactance

In this lesson you wlill study and learn about the following:

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE.

_-how a coil reacts

-iﬁduction in AC circuits
~reactance
-formula for XL

~how frequency affects XL
~how inductance affects kL

-solving problems for XL

~F
w1




Study Resources Nine-iV

4 LIST OF STUDY RESOURCES
’ LESSON IV

I nductive Reactance

a

;o To tearn the material In this lesson, you have the option of choosing,
accordlag to your experience and preferences, any or ali of the follow-

ing:

STUDY BOOKLET:
Lesson Narrative
Programmed Instructlon
Lesson Summary

ENR{CHMENT MATERIAL:
NAVPERS 93LODA-15 '"Baslc Electricity, Direct Current." )
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printling Offlce, 1965.

AUD{O-VISUAL :
Super 8 - "inductive Reactance."

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.




A Coil Reacts

Narrative

" NARRATIVE
LESSON [V

Inductive Reactance

Nine-IV

“A coll, you remember, produces a counter EMF when the current

flow through 1t changes. We can say then, that a coil reacts

t2 a current change.

Up to this polnt we have only examined what inductance does I[n a
circuit with a DC source. We know that when we have a change

in current, the coil .reacts by producing a counter EF™. In a DC
clrcuit we know that after about five time constants, current
becomes maximum and stable. When there is no change, the inductor
does not react; current remains at its steady value.

no counter EMF in the clrcuit.

: Inductlon in AC Circults®

There IS8

Recall from previous lessons that AC Is constantly changlng -

fiowlng first in one dlrectlon, then the other.

Whereas a DC waveform after current 15 maxlmum looks like a
stralght 1lne =————, AC produces a continuous Slne wave

that shows the cycles llke this: |~

7\
BAVARVAY

In an AC circult, the Inductor reacts constantly to the ¢.rrent
fluctuatlons of the AC Slne wave. When a coil reacts to changes
We measure any
opposltlon to current In ghms. The symbol 2, then, does not

always mean reslstance. By a generallzed deflnltion, @ 15 used

in current, It sets up an opposltlion to current.

to measure any oppositlon to current flow.

-
[

Reactance

The opposition that a coil sets up Is called reactance. The symbol
for any kind of reactance Is X. When we are .alking about the

reactance of a coll, 1t Is calted Inductive retctance.

In order

to distingulsh Inductive reactance from cther wninds of reactance,
the symbol for Inductive reactance in an A. ci-cui: Is XL

(pronounced ¥ sub L).

XL is deflned as the opposition a coll offers to alternating current.

77

70
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Narratlve ) | Nine-~IV

Observe that both resistance and inductive reactance act as
opposition to current. They are both measured in ohms, but we
cannot call X a resistance. Recall that resistance Is a physical
property. X “is not a physical property; CEMF causes X , and
e T X, can be chknged by changing frequency or inductance, hhereas
réesistance is a physical property and cannot be changed except
\ by changling the load itself.

Remember, then, that X, is an opposition; resistance is an
g . opposition, and they a%e both measured in ohms.

. Formula Jor X,
-

Te determine the amount of inductive reactance of any coil,
we can yse this formula:

X = 2gfl

, L

Note: 2n (pronounced two pie) in this formula is a constant.
It must be In the formula, and it always remains the
same. The gquivalent of 2n is always about 6.28, so
that the formula can be rewritten:

XL = (6.28) x (f) x (L)
f stands for the frequency of the applied voltage in hertz

L, of course, stands for the Inductance of the coil in henrys.
Recall that a coil has an Inductance of 1 henry if a CEMF of

1 volt is induced in the coll when current through the coil is
changing at the rate of | ampere per second.

The opposition a coil offers to alternating current is measured

in ohms and is called inductive reactance or XL.

Frequency Af%ects X,

Frequency of the applied voitage affects inductive reactance,
because if frequency is increased the rate of change of current
Is increased, -

_Note these sine waves with different frequencies:

\ N
N\ \V

increased f = Greater rate of change

L

71
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(/ Conseqguently, with the rate of change increased, the magnetic
Tleld cuts the coll faster. By Faraday's Law, the faster the

field cuts the coll, the higher the EMF Induced.

The higher the frequency, the more the coll reacts, the more CEMF
produced, The higher the frequency, the more opposition the coil
offers to AG current flow. The higher the frequency, the more

X, - & .

Inductance Affec‘ts X,

If Inductance Is lncreased by changing any of the factors which
affect inductance (number of turns, cross-sectlon, or permeability)
the magnetlc field js increased. When the field strength is
increased, there are mole lines to cut the conductor and the

CEMF Tnduced increases. g '

A colt*with high Inductance reacts mo~e than a coll with low
inductance,

By increasing either freq®ency or inductance,

opposition to_AC current Is Increased:

. .

XL = 2nfl

. What wlll happen to XL if the .applied voltage
“is Increased?

Nothing, of course. .0nly L and f can increase or decrease X .

Solving. Problems for X,

— Assume that in this circuit there
Is no resistance, only Inductance, 100V L
Notice that the frequency Is 12.5

kilohertz and Inductance is 1.27 ) 125 KHZ
. mililhenrys. .

Solve for XL.

~ XL = 2ufL
X, = (6.28) x (12.5 x 10°) x (1.27 x 107)




Narrative Nine-1V
X = {6.28) x (12.5) x (1.27)
XL = 99.695 q

or we can round thls off and use thls slgn =
which means approximately equais.

XL = 100 Q

Solve for XL In this ¢ircuit.

100V
f-40H2 L:20mh
The problem should have been worked.
XL = 24fL (State formula.)
"X, = (6.28) x (60) x (2 x 1079) (Subst]tute known
values.)
XL = 7.536 @ : (Compute by multl-
plyling.)

You may round out the flgures to:
X, =758

i Because XL is an opposition and can be measured In ohms, XL

In series and parallel c¢ircults can be computed by applying
the same rules you‘used for solving resistance.

Solve these problems.
Total XL -

X500 X12°250 0
ta 100V

—O

n O
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2. In ¢trcuit shown In problem 1, what will happen to voltage
drops across the coils if frequency Increases?

a

3. ‘ Li=imh '&4:9“i' . . _Total XL =

[/ - —1
b, 8’_9 %Xu:mn %‘uzmg Total X, = ___
Li=20mbh 12220mh
5a @ §=400Hy % % Total XL -

6. In the above problems, If frequency Is Increased, what will
happen to lT?

(Check answers on next page)

7L

P .. e [P Ty
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Answers: & .
1. Total xk‘- 300
. 2, Nothing. 'They will stay the same. The sum of the voltage
drops.equals the applled voltage, and increasing Frequency
does hot increase E .
3. Total X, = 62.8 1
., Total XL = 500
- 5. Total X =250

6. Total I wi 1. decrease. -
~N

%

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES _ISTED. IF YOU TAKE THE PROGRESS )
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT¥ .
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL -
YOU CAN ANSWER ALL THE QUESTIONS CORKECTLY.

L

| s 9%




PROGRAMMED INSTRUCTION
LESSON [ .

Inductive Reactance

THIS PROGRAM SEQUENCE DOES NOT CONTAIN ANY TEST FRAMES.

i. Reéall that an inductor reacts to a change in:

\ __a. 'voltage.
b. curfent.

- e w o = e W m =W s -

{b) current

¥
L

. Z. You have learned that an inductor opposes a change in current flow
), (/ by an induced voltage called

- A W N @ o W W W o o L R T T I

-
-

{CENF)

In a 9C clrcuit, this CEMF affects the clrcuit only during the .

o

first time constants after energlzing or de-energizing

the circult.

- e m W m W =

Because AC continuousiy changes in magnitude, the coll reacts
In an AC ¢ircuit:

during the first five time constants only.

all of the time the circuit is energlized.

only at the time the circult Is first energlzed.
only at the time the clircuft Is flrst de-energlized.
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5. Since a co,. is said to react to AC, you might-infer that this
opposition is called: . :
a. reactance. &
b. ohms. ‘ '

{a)} reactance

6. The proper name for the opposition offered by an inductor is
Inductive reactance, ‘

" A coil offers . to AC.

- W e m e s - s - e L R T T -

{Inductive reactance)

7. The-symbol used for reactance Is X. I

The symbol fo. inductive reactance is:

-y *a. XC.
b. xL.
c. R.
d. v. .
;
{b) XL
8. Inductive reactance offers an opposition to current flow and the .

unit of opposition to current flow is the ohm. .

Select the symbol for the unit of opposition offered by an 'nductor.

P ao Rb b
b. x L
c. Q&
d. v. -
fc) 9 ii




Nine=lY

? 9. Opposition to current flow is measured in
- a. henrys.
b. ohms.

‘ .c. resistance.

- ER AN R W s wm k w a m w owm - W wm om W W wm S wm owm wm wm wm M m o owm W wm owm owm

1 “

(b) ohms

10. Although the units of X, are ohms, it cannot be measured by an
ohmmeter because X rea&ts only to a change’in current.

What type of meter could be used to measure XL directly?

a. voltmeter

b, ammeter

c. ohmmeter

d. none of the above

A wm w W wm wm oA M W e m omr m m o M = om - e m o o W o oM = m om [

(d) none of the above

11. X, ts a facter limiting current in circuits only.
a. OC
b. AC

(b) AC L

12. Chack tha circuit in which X would be signlficant._

L
a. b.

— w——

78 55
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13. The amount of X, can be found if the inductance of the coil and the
frequency of voltage applled to the circuit are known.

Which of the following must be known t& determine X, ?

dae R
b. f
c. L
d. V
e. |
b. f; c. L)

14. The constant 27 (pronounced

XL.

two pie} is also required to determine

Select the correct formula for determining XL.

D XL = fxl
- I

b. XL 3

c. XL = Infl

{c} XL = 2nfl

15. The rumerical value of 21 15 6.28.

Write the equation for determining xL using the numericail value
for 2=.

(XL w 6.29 fL)

Cam T

16. What would be. the vaiue of XL if‘the‘frequency were 60Hz and the

inductance 193 h?

—

(37.680 or 37.70)

|




17. Find XL.

@f:“ﬂh

{18850%)

Soive for XL

f212.3KHz L21.27h

- o e R R om0

(89.7ka)

19. To solve circuits containing more than one reactance in series, use
the same rules you used for total opposition In series resistive
circults,

Solve for total XL
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20. The total opposition in a circuit containing parallel connected

reactance is found just like total opposition “2 a parallel
resistive circuit. ,

Solve for total XL

Xe % >
300 3300
LED) — _
—— e 4.'
2. solve for total X,. ' o
7 .
A. B. )
X X 2 Xy Xi2 X2
159 309 a a a
~N 30 15 30
Totai ¥,  Total X
TA._108; _B. 7,50 : -
22, The %

L of a coil is directly proportiona! to the frequency.
Use arrows to show what happens to XL if frequency is:

a. increased,.
- b. decreased.

mr o == o Em Em Em s Em W o o Em mm Em Ee m ss Em Em ay e Mk Em Em m Em o Em ar

{a. +3 b. ¥)

81 -

4]
0.4

|
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23. The inductive reactance of an AC Inductive circuit is:

a. Inversely p-oportional to frequency
b. dlrectly proportional to frequency.

(b} -direct]y proportional to frequency

24, Inductance affects XL:

a. directly
* b, finversely

-
™

~ {a) directly

25, In a purely inductive circu'lt, XL limits the current flow,
select the circult having the most current flow.

8,

Xt:SQ xizsﬂ

EaZ100V

26. Ié&Trequency were increased !n the above problems, which circuit
would have the largest currant flow?
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27. An increase in frequency in a purely Inductive circuit
causes current fiow to:

a. increase.
b. decrease.

------------------------------------

. { {b) decrease

28. Complete by matching.

1. when L is constant, if f a. lIncrease
Is Increased X will ...

. *2. when f s constant, If L b. decrease
‘ is decreased,-xL will ...
//
3. 'f f is increased, L_wfli cee ¢. not change

k. if X |s decreased, current

------------------------------------

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK AND TAKE THE PROGRAMMED
SEQUENCE AGAIN. . -
ra

IF YOUR ANSWERS ARE CORRECT, “JU MAY TAKE THE PROGRESS CHECLK. OR YOU s
MAY STUDY ANY OF THE OTHER R" ;OURCES LISTED. 1F YOU TAKE THE PROGKESS - B
CHECK AND ANSWER ALL 7% 0%."T.0ONS CORRECTLY, GO TO THE NEXT LESSON.
IF HOT, STUDY ANY METI  F INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORr i ' .

30

583
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SUMMARY
LESSON 1V
o Inductive Reactance
In an AC circuit carrent through a coil is continuously changing. The

coll reacts by producing a counter EMF which resemblec an ohmic
opposition, aven though there Is no resistance. The opposition that

a coil sets up t: calied Inductive reactance. The symbol for-any kind
of reactance Is ;, and that for a ¢oil is X . Note that It is not a
physical property like R, since XL lncrease% with increasing AC
frequency (f§

Actually, XL = 21,
= 6,28FL

Given:

What Is the effectlve value of the AC current flow.

Answer: 10 amps.

AT THIS POINT, YOU ‘4AY TAKE THE LESSON PROGRESS CHECK, OR.YOU MAY STUDY

THY LESSON NARRATIVE OR-THE PROGRAMMED INSTRUCTION OR BOTH. IF YU TAKE
THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE

NEXT LESSON. |F NOT, SELECT ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN
ANSWER ALL THE QUESTIONS CORRECTLY.

91
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OVERVI EW
LESSON V

~ *

Relationships in lnductive Circuits

in this lesson you will study and learn #boui the following:

-frequency and irductance

-frequency and inductive reactance
.-XL and Ohm's Law

-power in purely Inductive circults

Al

"BEFORE YOU START THIS LESSON, PPEVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE.

s

:
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LIST OF STUOY RESOURCES
LESSON V

f
Relationships in Inductive Tircuits

To learn the material in this lesson, you.have the option of choosing,

according to your experlence and-preferences, any or all of the following:

STUDY BOOKLET:
Lesson Narrative
Programmed ‘Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 93400A-1b 'Baslc Electricity, Alternating Current."
Fundamentals of E'ectronics,

Bureau of Naval Persqnnei:
washington, D.C.. U.S. Government Printing Office, 1965.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK: AT ANY TIME.
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NARRATI VE
LESSON V

Relationships in Inductive Circults

Frequency and inductance

If we were to fncreass the frequency in an inductive
clreult, what would happen to the inductance?

Answer: Nothing. : \

’ 1 .
_ Recall that inductance Is a physical proparty and can only be
*  changed by physicaily changing some Fropurty of the inductor,
such as adding an jron core to a coll. In other words, if an
Inductor In @ circult has an inductance of 2 n, and if the
frequency of the applied voltage is changed, the inductor
stil] has an inductance of 2 h. .

-

-

Frequency and I[nductive Reactance

[f you change the frequency of the voltage applied to a circuit,
inductlve reaactance {X ) of the coil changes. The rate of
change of current eithér I[ncreases or decreases with frequency,
and the ‘inductor's reaction is directly proportional to the rate
of change of current flow. .

X

¥
.9 §nd Ohm's Law

In a purely inductive circuit, we can solve for quantitles bf‘
substituting X, for R In Ohm's Law,

Ea

-

4

-

In thls circuit what is X 7




Narrative
By Obm's Law R -'%

- 10Qv
we have XL =5

“In thls circuit what 1s J?

EaZO0V

By Ohm's Law

we have

Practice Problems: (Round off answers)

L = 10mh

What will happen to | if f?equéncy is constant and
L Increases? . . .

What wiil happen to 1 if L Is constant and f de-

creasas?
#

What will happen to X
creases?

L (f the applied voltage de-

What will happen to'l if E  decresses ?
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" Answers:

; 1. XL = 250
’T = 8a . - R
EL,= 200v

2. L=20,1h or 100mh

3. decrease

4. Increase

5. nothing -
6

« decrease ,

Power In Purely I[nductlve Circuits

You recall we learned previously that we have true power
dlsslpation only In circults contalning resistance; there-
fore there is no true power ip a purely inductive circuit.
: True pgwer Is deslgnated P, and can be found by the formula
. — Y - Pi = ["R. True power is mgasured in watts,

Apparent Power . e

Because the power in a purely Inductive circuit Is never con-
sumed, we call this power apparent power. It is the power
which apparently is avallable in the clrcuit. ,[n a purely
inductive circiit, theré is no reslstance; therefore, there can
) q?r be no power consumption. Apparent power Is designated Pa and
measured In volt amperes (vaj.

Looking now at a purely Inductive clrcult, because thére is

G no resistive load, the apparent power is not consumed.
1. Pt Is‘measured in , abbreviated
2. P Is measured in. , abbrevlated
1. watts, ¥ 2. volt amperes; va

’ 37
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Reactive Power

If an inductive circuit does not consume power, then what happens-
to the power in the circult? Answer: Returns to the source.

If an AC sourge Is supplying 50 volts to a purely inductive
clrcuit, and current in the circuit is 2 amps, we can say that
the apparent power (Pa) is 50 x 2 or {00 va (volt amps). This
apparent power is received by the inductor which stores the 100
va in its electromagnetic field, Because the coil cannot consume
the power, it stores it during part of the applied voltage cycle.

Then on part of the cycle, the inductor's magnetic field
collapses sending the power back to the source. The power
that is stored by the inductor and sent back to the scurce |s

called reactive power or Px‘

source puts @ coil stores

out 100 va 50:100\' 100 vars

React!ve power (P_) is measured in vars. Vars stands for
volt amps reactive,

Reactive power is equal to apparent power in a purely inductive
AC circuit.

Summary

P_ =~ True Power = watts (y); consumed by reslstance.

P_ - Apparent Power = volt amperes (!g); consumed in a purely
resistive circuit; stored in a purely inductive circuit.

P~ Reactive Power = vars; reactive power alternates between N

tﬁe generator and the load and is never dissipated.

In purely resistive circuit, Pa = Pt‘

[n purely inductive circuit,"Pa =P

Ay

Which formula would you yse to find apparent
power in any circuit?

Which formula would you yse to find true
power?




Narrative
Answers:

1. P=E|l or Pa = El

Y3
2. Pt = [7R

%

AT THIS POINT, YOU MAY TAKE THE FROGRESS CHECK, 0. YOU MAY STUDY ANY OF
THE OTHER RESOURCES LISTED. F YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. F NOT, STUDY

ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY. ‘

e
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" PROGRAMHED INSTRUCTION
. LESSON V

- Relatlonships in Inductive Circuits

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

w
&
1) - 1. Recall from e previous lesson that inductance is a physical
. property.

What effect would increasing frequency have on the inductancs
of a circuit?

a. increass

b. decrease ‘

¢, remain the same -
d. unknown _ -

- {c) remain the same

2. Inductive reactance, unlike inductance, is directly affected
by fraguency change.

lncreasihg c}rcuit frequency causes inhductive reactance
(XL) to:

a. decrqase.
b. remain the same.
¢. lIncrease, 3

. T T T R e I I TR e

-

{¢) Incr2ase
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3. An inductor is a reactive component and is affected by changes
in circuit frequency.,

-

[f the voltage applied to an inductive circuit is doubled:

a. X will decrease; i will double,

b. XL will remain constant' 1 will double.

c. Xt will increase; | will decrease by half.
’ d. XL will remain constant; 1L will decrease by half.

{b) X will remain constant; I will double

—

k, XL is an opposition to AC current just as resistance is.

Check the true statement.

a. ‘X and R are identical in that both offer maximum

0pposit|on In a DC circuit.
b. and R both offer opposition to current, but XL
a%fects only AC circuits.
. c. X and R both offer a constant opposition regardless
clreuit frequency changes.
d. X will increase as R decreases.

(b} X, and R both offer oppositicn to current, but XL affects
only AC clreults

!
5. Inductlve reactance is directly proportfonal to applied frequency.

Since circuit current is determined by circult opposition and the
value of applled voltage, when appiied voltage is held constant,
increasing frequency will:

a. have no effect on 1:
b. decrease inductance and increase 1: N
c. fncrease X and decrease |,

d. decrease X' and decrease |.

{c} increase XL and decrease |

L
f—

enc [ N .
T e e e TR L wear aniwer e




Nl ne-y

tnductive reactance (X, ) is an opposition as is resistance;
its unit of opposition is measured n ohms (R).

X, is comparable to R in that it can be substituted for R in
a%y Ohm's Law foimula.
Match the corresponding forms of Ohm's Law.

| = E- a.
R

‘DO

(1. ¢; 2. b; 3. a; &, d)

Solve for current in the circui;/below.

EaZlO0V

Inductance may be given insteaod of inductive reactance. In
such cases, L must be converted into XL'

= 2qfL, and solve for XL in the beiow circuit.

Use the formula XL

Eas200V

Twpy

f Z400Hx
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9. If a circult is purely inductive, you may substitute X, for Rin
Ohm's Law to. find total current.

Solve for circult current in the below circuit., -

L

.| 400K X, = 1,8840 I, =
L 77— —
| 2200

0 )

10. In the clrcuit of frame 9, what wouid happen to | if frequency -
were Increased?

- e o o s m o W A @ S e m m om o - A m m ey My W o@m W @ oay W™ e

“{decrease)

]
H

11. Ohm's Law may be transposed to find Indlvidual quantities In
reactive circufts,

Solve for XL fn the below circuit,

| = 0.25 amps

(5;)sn:soov .
XL =

- W M m e m S S m oEm m o e M M Ey A m W s o M A e B o e A S M e gy M oW

+ (2,0000;
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12. Using what you have lenrned, solve the following circuit fer:

Eaz200V
L210mh

(a. 25Q; b. Ba; c. 200v)

)

13. 'In the preceding problem, if frequency were increased, how
would the following be affected? ) f,//ﬁ

(a, increase; b. decrease; c¢. remains the same)

14, Recall that the formulas used to solve for power In a resistive

circult are: 2
g = J°R P = El

What is the value.of power in the below circuit?

o

Ea=210V
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h Niae=V

15. In a resistive circuit, power is a meabure of hci: much ®lectrical
energy is being converted into hedt energy.

Can the watts of energy in a resistive circuit be reclaimed or is
this energy lost once it's been dissipated as heat?

a, It can be reaclaimed,
it Is lost,

(b} It is lost

16. Since power is the conversion of energy from one form to another,
how many watts would be converted to heat in the circuit shown

below?

(6,250 watts)

b .
*

‘17. Remember, true power (Pt) is dissipated only in a resistive
circuit.

in the below circuit which components dlsg}pate true
power? . v
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18. The unit of true power is the . -

{watt)

19. True power is the amount of energy that is:

. a destroyed. : R
b. generated.
v c. converted. . L
_._4d. stored.
, ---------------- o m = = & - - - - o o = o = -
. J'/-h -
’ - ]
¢} converted . i

20. An inductor does npot dissipate power; electrical energy is

. stored in the magnetic field around the inductor instead.
. i 3 . - - 4 - . .
Power in an fnductive circuit is: .
* \ . a. dissipated as a magnetic field.
b. consumed as heat.
. c. stored in a magnetic field. .
< G. determined by the core material of the inductor.

(c) stored in @ magnetic field
Vo

" . .

As current increases through an inductor, the magnetic fielid
strength Increases. : -

As the current flow decreases through the inductor, the magnetic
field:

remains the sime.

decreases and cuts the coitl.
increases to a higher value.
{none of the above)

(b) decreases and cuts the coil

# 104
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22, Energy contained in the expanded magnetlc field is returned to
- the ¢ircuit when the fizjd celiapses.

What is .the true power di si ated by an inductor if the energy
contained in the field |5 v&firned to the circuit?

No true power is d:sslpatédf

Maximum trye power s dissipated.
True power Is one-fouith maximum. power.
-True power is four times maXimum power.

{a) No true power 15 dissipated

. 23. Slnce an inductive circuit returns enepgy {power) to the
circujt, It does not expend true power.

*
Which of the components below will not dissipate t:ue power?
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2%, Using the power ?ormula P ="El, the reactive power of an inductive
circult can be found. .

Compute the reactive power (Px) of the circuit below.

ko WOV

(530 vars)

25. Reactive power is so named because the reactive component
appears to consume the energy in building up its magnetlic fieid.

Determine the {alue of Px of the clrcuit below using the
formula Px = | XL. .

L

{800 vars)
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-

26. Reactive power is measured in volt amps :eactive or vars.
Select the proper statement describing reactive power.

a. power consumed in a purely resistive circdft, weasured
in volt amps '

b. power consumed in a purely inductive circuit, measured
in watts

c. power stored in a purely resistive circuit, measured
in voit amps resistive

d. power stored in an Inductive fieid, measured in volt
amps reactive,

o e W e om oam W s W m oam m m dm Em gm M e e m m wm oam mm dm wm w mm w mm m w wm m

(d) power stored in an inductive field, measured in volt amps
reactive

27. Since all power used to buiid a magneti:. field is returned to
the circuit as the current decreases, no true¢ power is dissipatad
In an inductor.

«— 400ma —»

65;) . X, = 3000

A
A A'A"A"A e
R = 4000

a. Which component dissipates the true power, A or B?

Use the formulas P = IZR and P = IZXL to solve for -

b. true power
c. reactive power

{a. A; b. 64w, c. 48 vars)
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28. Match the descriptlve statement to the corresponding circuit.

a. Only true power is

found In this circuit. ”

- 3 -

b. Reactlve power [g

feund in this circduit.

.

-
- eem em o T o S R S S P W S M W gn m ogm gm m m R W Bk B e P B o T o W m m om N

RTINS,

& L (

29. Let'; talk about apparent power. Apparent power s the
power which a scurce eppears. to supply to a circuit. Apparent
power (P_) 1s always equal to the circuit true power In a purely
reslstive circuit, for all the power Is converted to heat In the
resistance.

-Solve for Pa and Pt in the circult below.

(Pa = 250va; Pt = 250u)

30. Pa 1s equal to Pt in the preceding circuit because:

a. in a purely resistive circuit al) power consumed Ig
stored in a magnetic flield. .
, B, Pa always equals P_ in a pureiy resistive circuft.
c. power across the résistOr s returned to the clrcuit,

- o W o e o o e o mm B o o m o gm S o mm o O mm ml A Em mL m m mm b m e mL m owm m

o)

{b) Pa always equals Pt fn a purely resistive circuit,

~

l@3110
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31, In a circult contalning only inductance, apparent power (Pa) is
equal to reactive power (P

Write a formula which may be used to soive for P and P in an
inductive clircuit,

- mk W M o o m oW M oW W M W M omk W W M o o e W o ot E o o o om o W = o = o o

(P =El or P = |2xL)

IF ANY OF YOUR ANSNERS ARE lNCORRECT, GO BACK AND TAKE THE PROGRAHHED
SEQUENCE AGAITN. :

-
+

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU
MAY STUDY ANY OF THE OTHER RESOURCES LISTED., |IF YOU TAKE THE PROGRESS
CHECX AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON.
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER

ALL THE QUESTIONS CORRECTLY.




SUMMARY
. LESSON V

Relationships in Inductive Circuits

The relationships of current, voltage and inductive reactance

follow Ohm's Law in the Yorm | = XE‘ This equation is used in

, L

. the same way as In purely resistive circuits, so you should have no
) difficulty with 1t.

.. The power relationship in a reactive cifcuit differs from power
{ . in a resistive circult., Previously you learned that true power
: (P.) is dissipated only in a resistance., True power can

‘ alﬁays be found from the equation P_ = |°R and i measured in
watts. [n a purely Inductive circuft there is no resistance and,
therefore, no true power. [n the reactive circuit power appears
to be dissipated, for there Is a voltage applled and a resuiting
current flow. This apparent power (Pa is equal to the product
of E and | and {s measured in.volit amperes {va).

TR o4

: The power In a purely inductive circuit is stored in the magnetic
“fleld surrounding the coll during part of the cycle, and then returned

to the source when the field collapses during the remainder of the cycle.
Because thls actlon occurs only when there Is reactance in a circult,

it s called reactive power (Px). Px is measured in reactive voli
amperes, abbreviated vars. .

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
{F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GG TO THE NEXT LESSON. IF HOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

"y
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OVERVIEW
LESSON Vi

Phase ﬁélatlonships in Inductive AC Circuits

In this lesson, you will study and learn about the following:

-understanding vectors -\ s
-rotating vectors S
-phase

-yoltage

~current -

-phase lag

BEFORE YOU START THIS LESSON, PREVIEH THE LEST OF STUDY RESOURCES
%

ON THE NEXT PAGE. , C )
) %
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LIST OF STUDY RESOURCES
LESSON VI

Phase Relatioqghj?s in Inductive AC Circuits

To learn the material In this les%on, you have the optlon of choosing,
according to your experience and preferences, any or all of the

following:

STUDY BOOKLET:
Lesson Narrative
Programmed instruction
Experiment
Lesson Summary

ENRICHMENT MATERIAL:

. NAVPERS 93400A~18 *Basic Electricity, Alternating Current."
Fundamentals of Electronlcs. Bureau of Naval Personnel.
Washlngton; 0.C.: U.S. Government Printing Office, 1965.

NAVPERS 100868 'Baslc Electriclty.'' Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printing 0ffice;, 1969.

-+

AUDFO-~VISUAL:
Sound/S1ide Presentation = "Inductive Phase Relations."

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT I VE
LESSON VI

Phase Relationships in lnductive AC Circuits

“In a circuit containing only inductance, the CEMF induced in the
coii limits the current by opposing the source voltage as explained
in «he Jast lesson. This CEMF also causes current to shift in phase
from the source voltage. This phase shift means that the voltage
and current sine waves do pot vary in the same direction at the same
time throughout a cycle. ’ -

Let's take a closer look at phase. In a purely resistive AC circuit
there is opposition to current flow but no phase shift; that is,
current and voltage always change in the samc direction at the same
time through each cycle, A graph of the iastantaneous values of
voltage and current in this resistive circuit looks like this:

+

These values can be plotted using i = £ (remember little i and
little e are inStantaneous values.) In this graph, voltage and
current are zero at the same instant, rise in the positive direction
together, reach their maximum at the same instant, etc., through the
entire cycle. This I's yet another way of saying that the voltage
and current are in phase.

In the inductive circuit, the action of the induced CEMF delays

the change in current with respect to the change in volitage so

that there is a phase difference between the voltage and current.
Here Is a graph of the instantaneous values of source voltage,
current, and CEMF, and a schematic of the clrcuit which produces it.




The phase relationships shown on the graph zbove are explained
in the following paragraphs. :

Assume the circuit is energized at.tD with E_ at its maximum negative
value.  Current will immediately attempt to frcrease producing a
rapldly expanding magnetic field, The movement of this field through
the wires of the coil causes a iarge CEMF which oppgses. and limits
the current flow, preventing it from rising too repidiy. From j{}

to tl, the current flow increases, changing at a rate which always
keeps the CEMF exactly equal in vaiue but oppcsite in direction to
the applied voltage. At tl, the applied *voltage is Zero, the change
in current is zero, the magnetic field is fully expabded and constant,
and the CEMF is therefore.zerc. The magnetic field how contains all
the energy supplied to the efrcuit from t0 to ti. - :

LY

Between tl and t2, the collapse of the magnetic fizid maintains
current flow in the same direction, and the rate of change of current
- induces a CEMF which will again exactly balance the applied voltage,
At t2, E_and CEMF are at maximum values, the magnetic field Is fully
collapsed, and current is zero. At this point ail the energy stored
in_ the magnetic fieid has been returned to the circuit.’

At t2, the applied voltage forces current tc flow in the opposite
direction, the change in current (and magnetic field) causes CEMF
to build up again. The current is limited uatil, at t3, E_and
CEMF are zero and current is a steady maximum value. Once again,
energy is stored in the expanded magnetic field, and the poiarity
of the field is reversed as ccmpared to the field at time tl.

Commencing at t3, the magnetic field again collapses, and the resulting
"~ CEMF sustains a decaying current in the inductor. At th, che

magnetic field is fuliy collapsed, current is zero {but changing at

its greatest rate) and Ea and CEMF are maximum, equal, and opposiny

each other.

115
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This brings ys back to the same conditions as those at tQ when, we
energiznd.the circuit, and this cycie will continue until the circuit
is de-energized. -

One point which may help you better understand this action is the
balance betwaen the applied voltage and the CEMF. To belp see why
these two quantities are aiways exactly balanced, consider what would
" happen If one became greater than the other. |If one exceeds the gther,
a change in current {and in the magnetic field) would have to take
place. Such a cliange would produce a change in the CEMF t> oppose the
change in current. Study the graph to see how this would affect the
values: You will find in every case the changing current will bring
the j{nduced voltage in the coil to the exact value peeded to just
balance the appiied voltage. .
Phase s.ift or phase difference is usuaily measured in dégrees of
rotation, and the graph of E_, 1, and CEMF is repeated here.with
the time base markeq In elec®rical degrees rather than units of time.

Vectors are useful tools for representing AC quantities. A vector
is a line that shows both direction and magnitude. Let's look-at an
example: P» This.line with the arrowhead is a vector.
The length of the line represents the magnitude and the arrowhead
indicates a direction. This vector *s shown in the standard .vector
.position. One way vectors can be used is to find total distance
from a starting point. !f you. traveled eight miles west from point A
then six miles north, you could represent your travei~ with vectors
like these:

A -

A
- ami.

The length of the lines indicate distance; the -arrows, direction.
Although you have trave’d a total of 4 miles, you obviously are
not 14 miles from polnt A. You know that you are more than eight
but less than 4 miles from point A, but you cannot figure the dis-
tance by Just cdding the two nufbers.

By drawing a llne directly from point A to the final point, however,
you. can measure off the distance Involved.
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This distance can be computed using the pythagorean theorem, for .
o the two vectors form two sides of a right triangle. In_this case, the '
L
R total distance between the two points is: ¢82 + 62 =/T00 = 10 miles,
’ We can find the distance this way, but we cannot use this theorem to :__
find the direction, so the computed answer is not a vector. )
180V €. _ __ _ ——

ls —— — — — — — —
.

*

* ] F
» [ il' .F18 ]
' |
’ ™
. # , -
' -18a .- T —_—
P -BoV g T == ,
3 . Examine the graph, and notice that at 180°, the CEMY starts through '
the same variations In the same directions that E_ did at 0°, For
this reason, we say that the_phase difference between Ea and CEMF is
180° or that E_ and CEMF are 180° out of phase. Looking again at
the graph, you can see that Ea and | are’90° out of phase.
. : Current repeats all the changes of E_ 90° Tater on the graph, so we ,

say that current lags source voltage®in this circuit. This could also
be expressed as "E. leads 1," dependina on how you look at-the situation.
As you will see laier, the two ways of seeing the phase shift can be *
helgful,
y Becyuse the applied voltage and CEMF are directly opposite each
* other, neither is sald to lead or lag the other.

In electricity, vectors can be used to simplify AC calculations.
For example, the’ output of an alternator is a volitage sine wave of
115 vAC. _1ts time-base gra;zrh looks like this:
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If you represen* the rotating armature of the alternator by a ro-
tating vector, a graph of the vertical distante from the vector point
to its reference (t0 in the sketch below) would also produce a sine
curve.

Since the vector in its rotation produces the sine wave, the vector

can represent the sine wave. For convenience in Ffiguring, the length
of the vector usually represents the éffective value of the sine wave.
Vector notation uses several other standard practices to help techni-

. clans talk more easily about AC. One of these is that the reference
(zero) point for a vector is always pointing horizontally to the right
As at t0 in the sketch above. Counterclockwise rotation is the normal
or posltive rotation for a vector, and clockwise rotation is condsidered
negative. The angle between the vector's position and the reference
position is also positive for counterclockwise rotation and negative
for clockwise movement. This -angle is very tmportant, and we.will be
discussing 1t much more in later modules. The name of the sine wave s
‘based on this angle, for the sine of the angle is proportional to the
instantaneous value of voltage or current. .

.

Here is an AC circuit, the time base graph of curfent and voltage
in the circuit. and the vector diagram for voltage and current.

@&nzov

200V

Eo
——
1.2A 120V

The volitage and current in this circuit are In phase, so the vectors
point in the same direction.
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In an inductive circuit, voltages and currents are no ionger in
phase and the circuit, graph, and vector diagrams are like this:

ka
120¥

20011

o

1f CEMF s included in fhe vector diagram, this results:

*

1

CEMF
Y

A way to help you remember the voltage leads current in an in-
ductive circuit i5 to remember the name ELI.

(1nductance)
E L . i
voltage leads‘ current

The vactor diagrams are obviously much easier to draw than the
sine curves, and, if you understand thew, they show exactiy the
same things. |In later modules, you will find other ways in which
they can help you simplify working with AC.

R -

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY £y of R
* THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AHD ANSWER:

ALL OF THE QUESTIONS CORRECTLY, 00 THE EXPERIMENT WHICH BEGINS ON PAGE

127. YOU MAY TAKE THE MODULE TEST UPON COMPLETION OF THE EXPERIMENT.

IF YOU DID NOT ANSWER.ALL THE QUESTIONS CORRECTLY, STUDY ANY METHOD OF

INSTRUCTION YOU WISH_UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON Vi

Phase Relationships in inductive AC Circuits

i

THiS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

1. In a resisthe AC circuit, the current flow through the resistor
" - and the voltage drop across it increases and decreases in direct
relation to one another.

» When current flow through a resistor is at peak value ER

a. minimum
b. maximum
¢. minimum, but opposite In polarity.

{b} maximum

'+ 2. By dlviding the base line into electrical degrees and plotting

the slne waves of resistive voltage and current, it can be seen
that both values go through their maximum and minimum points at
the same Instant of time and In the same direction. Because

“of this, “they are said to be |n phase.

. fo > R
. -l 150 V' . ‘ ‘oo Q

. [}
- a » -

-

The voltage and current in the above diagrams are in phase
and reach their peak valtes at’ and degrees,

thelr minimum values at ' . and degrees.
{90°; 270°; 0°; 180°; 360°) - ;=///

oo,
A
[y

- .
ar
1In:
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3.

When one value Increases and decreases In direct proportion to

ahother value, the two are said to be .
.9 - .- - .
;9 (in phase) j : s _
i . . h. The term phase as used with electrical values refers to the
o * , dlfference or lack of difference in time, or electrical degrees
= which exists between corresponding points on two or more wave<~
? . forms, For example the positive peak values of In phase wave-~
5 - forms would occur. at the same sdinstant of time, but for out of phase
- quantities the positive peak values would occur at -
o times. . :
i ] T . . -
b o (different) -
S 5. The phase relationship and magnitude of electrical”Qalues, such

: : 8s voltage and current are often represented by vectors. A
vector is a line the length of which represents the magnitude

of the vatue and the directlon It {s drawn represents the
phase,

Voltage and current In a resistive circult are In phase, the
vectors representing these values would be drawn in the
direction. | . -

O W O W M aa M MW W e M M e v W o W S @ o W m W m @ W m w o W e W W om om

(same) (Note: Although voltage and. current do not have a
direction in the three dimensional sense, phase
and direction can be used Interchangeably when
discussing electrical values .and vectors.

6. A vector can be used to represent the and
of an electrical value.

{magnitude, phase or direction}

-
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7. To represent the magnitude of a value, the vector is drawn to
scale. For example, the voltage and current for the circuit
shown is drawn as indicated. .

‘{(Go to next frame.)

8. To represent the phase relationship between values by using vectors,
one value must be chosen as a reference to which the other values
may be compared. |In the vector diagram the value used as the ref-

erence is placed on the horizontal line drawn to the right of the
zero point,

Which vector is in the refergnce or standard position?

Since voltage and current are in phase with one another in a
resistive circuit both are drawn in the standard position. Re-
fering to the example in frame 7.

Draw the vector diagram for the circuit shown,

Rz25 @

(E = 75y (1/2" = 25y} (The choice Of scale i5 an individual choice)

[ = 3a (I/Qf = ia)

118 125
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10. In an inductive circuit the electrical values are no longer in
phase; there will now be a disptacement in both time and electrical
degrees between voltage and current. The displacement is referred
to as a phase difference or phase shift.

4 # . .
A difference in phase means that the values in question will not
reach their maximum and minimum values at the same qoing
in the same .

{time; direction)

Ll

11, To explain this phase shift, first consider the relationship
between the applied voltage and the self-induced voltage (CEMF).
Counter EMF by definition opposes 'the applied voltage. This
ef fect is comparable to two forces pulling or pushing in opposite
directions. This relationship is called a 180° phase shift
and is represented like this:

Although the two values do 9o through their maximum and minimum
values at the same time, they are going in . fgﬁ-

- am m W m m m om m e m m M oam v MW o W W om o W o W e W owm o=

{opposite directions)

12. The 180° phase difference can be represented either by sine waves
as in frame 11 or by vectors like this:

SN

180°
&
CEMF

in each case, the values can be seen to be each
other. opposing/aiding

{opposing)

e NN
T —
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13. When CEMF is at.its maximum positive value, the appiied voltage
is at-its “value.

- W o W B o e S o W o W W oam W W o w o m m m W m e wm w wm W wm

(maximum negative)

14. To be in phase the values must 90 through their maximum and
minimum values at the time and in the
- direction.
Values that are 180° out of phase will go through their maximum
and minimum valyes at the time in direction.

(same; same; same; opposite)

15. Draw the vector diagrams for two values that are in phase and
two that are 180° out of phase.

{Assume all magnitudes are equal)

\

- M o o m W B e o W o S M wm wm M S M wm wm wm ke S o m ™ oem M wm W wm w wm wm

frad
0o
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4

; 16. Current in an inductive circuit Is 90° displaced from both
P . applied voltage and CEMF, To simplify, E_ reaches its positive
i peak 90° before current reaches its positTve peak and current
¥ is 90° ahead of CEMF.
S Label E, |, CEMF: _
‘
1 128
:3'... “. e leain :
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17. The 90° phase shift between inductive voltage and current is

dufito the CEMF caused by the changing magnetic field around the
co

. .
- - - -
r i LY
r S v
oy
o
® toy T L= 1 )
[}
1o
]

At 10 the applied voltage is at its maximum value. This will
caduse clrcuit current to try to increase from 0 to some value,
At this instant of time sven thou&h current Is zero I+ is ex-
periencing its greatest rate of change.

L
v
[19

i PSS
.-

At t0 current is changing at Its gréatt -ate, which causes
the magnetic fleld to change at {ts rate. et
fastest/slowest
(tastest}
£a
]8 r
To L/ \_y\
CEMF

At this Instant of time (t0) the rapldly changing magnetic field
ceuses maximum self induced voltage. The CEMF, by opposing the
applled voltage, ajso opposes the increase in current.

At t0 the CEMF is to the applied voltage and
In polarity.

W S m  A fe k WT M B mm M ek G SR ke b W ek ek Ak mm M B B m mk ek R Em e M W s m W

{equal; opposite)

122
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19. As current increases in value from 0, at t0, the rate of change
is continuously decreasing this in turn causes'CEMF to degrease.

CEMF

At tl the current sine wave has completed 90° and has reached its
maximum value. The rate of change of current at this instant {3 =
zero and CEMF has decreased to. zero,

CEMF s when the rate of change of current is greatest
and when the rate of change is smalijest.

L L N R R I R R I L e
L]

(maximum; minimum) {Note: The terms t0, tl, etc., are merely
used to indicate a point. There is no
comparison between these designations
and the time constants discussed pre-
viously.) |

20. The phase relatlonship between voltage and current in an in-
ductive circult can now be visualized as:

A
\F

From this illustration you can see that E_ Is at its maximum
positive value degrees before current reaches
its maximum positive value.

N

13y
123 .
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RN

O e

- 21, This voltage and current relationshlp can be stated as voltage
- ~ leads current by 90° or as current lags voltage by 90° aepengingh. -
. on which value Ts used as a reference. )

in an fnductive circult when voltage 1$ maximum current {s
‘ and when current Is maximum voltage Is .

W o W W W m om odm i W W dm B B M W G S odm W e W W M m m A T o  um

* Aminfmum; minimum) -

22, The angle by which voltage leads current is designated the clreult
phase angle and is represented by the greek letter O (theta).

For & purely Inductive circult 0 =

N - m W m m W W W W W dm gy W W mk o W dm dm B dm W dm W dm dm o W
-‘\- -
a

-

A €T) ?

23, To represent the phase difference between voltage and current by !
using vectors, one value s selected as the reference value and
1s plotted in the standard positlon. The other value is then
drawn In respect to the reference. - .

By convention, a value that is moved counterclockwlse from the
reference fs sald to have a positive phase angle (leading angle).

A value that 1s moved clockwise from the reference Is sald to have
a negatlve phase angle (lagglng angle).

W m om B w  m mom e E Mmoo M W M e W m Mmoo W e o e e W o

! TGo to next Trame.)
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o | 24. Using current as the reference, draw a vector diagram showing the
' . ‘ phase relatiofiship between voltage and current in an inductive :
circuit,
« .
- -
- - W gy & W S o W o W W@ m W @ W o W W @ W @ S W = - - . Em wm e -
L -
) E

25. Using voltage as the reference draw the vector diagranm for an
inductive circuit, 3\

n

r

4

26. As shown In the two preceding frames the phase relationship between
voltage and current in an Inductive circuit can be given as: Volt-
age current by 90° or as current voltage by 90°,

- . M s = = o= o= - B Em Em Em g m m Em Em o b W Em R e W L m M om m m m W om om

~{leads; lags)

32
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.

27. A convenient way of remembering the‘phase relationship between
voltage and current in an inductive circuit is by remembering the

name EL1. _ B
.
Vol tage Lead , Current
E L ‘ -
; . tnductance i
- -]

oot
AR e Bym N g e b e ta et o o e o -
AR . ow it e L . e = - .. L. -

1,
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[

EXPERIMENT |

. ' -
. The Oscliloscope and the Signal Generator .

*

A¥e g,

’ Introduction

T tew

The osciiioscope Is a testing device which dlspiays voitage o
varfations with respect to time. [t traces a graph of instantaneous
voltages such as the waveforms you have seen produced by alternators
and generators. Used prop&riy, a good osciiioscope can measure %he
frequency, phase differencé, amplitude, and shape of any periodic
waveform. (A periodlc waveform is one which Has the same shape and

. size through each cycle.) An oscliloscope is onge of the most

versatile test Instruments avallabie to you. .

Er Y L

G

Xy
L

The oscliioscope you wiil use Is an RCA Model WO-33A Osciiloscope,

a portabie, three*inch screen unit. Because '{ t usks extremely high
voltages in some of Its clrcuits, do not attempt td remove it from

. its case. Handle the oscliloscope with care, for it is deiicate,

~ ‘ and the cathode ray tube can impiode, throwing pieces of glass around
v with great force.

e g e
o -

Get an osciiloscope and a signal generator fgom the materials center.
Usirng the scope dlagram, the scope, ahd the foliowing directions, .
become famiilar with the scope, 1ts controls, and the function of

each controi. .o

Oscillioscope Controls o

The front panei controis of the osciiioscope vary the size of the
signal display, the position of the pattern on the screen, the
brightness of the dispiay, the sharpness of the trace, and the

rate of the time base. You are going to use the ''scope' tc observe
how_the waveforms in your power supply change as AC 1s converted to

m.

. The diagram shown at the top of the next Page shows the oscilloscope
and the controls that you will be concerned with. Look at the controis
on the "11lustration and iocate.each corresponding controi on the
osc!iioscope you are using. With no test leads connected to the
scope, piug in Its power cord and turn the intensity controi (upper
left corner of scope) clockwise until a distinct snap is feit and
heard. When the scope Is energlzed the red pilot iight on the lower
front of the scope wili be lighted. Wait a few minutes, then continue
to turn the intensity controi until a sharp clear line Is traced on the
scope fate. Caution, over Intensity will damage the face of the
picture tube so do not get the trace too bright. [f after turning
the scope on and waiting several minutes, adjusting the intensity

1271 34
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control does not show a trace on the scope, vary the setting of the
vertical positionling control (V-P0S) and the horizontal positloning
control (H POS). (The.vertical positloning control is located
directly below the Intensity control on the left side. The H POS
is located directly to right of the ¥V POS control and below the
Focus control.) Thls should move the trace across the screen. The
V POS control, as Its name Implies, controls the location of the
trace in a vertical plane on the scope face. The H POS, determines
the horizontal location of tka trace. :

Using the V POS and H POS controls, adjust the trace tu the center
of the picture tube, just to the right of and ievel with the numerail

"1 imprinted on the scope face.

The *'focus' control mentloned above Is located in the upper right
hand corner of the scope. Adjust it for a distinct trace,
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At thls point the N
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On the right side of the scop€ and directly below the H POS
‘control is the horlzontal gain controb {¥ GAIN}. 1ts purpose is
to adjust the horizontal length of the image. Adjust the H GAIN
unt!! the left end of the trace is just to the right of the
graduated Inner vertical llne.'

7

4

Py

T

R . Directly below the screen is the SYNC/PHASE control (left of
b center), and tYe (SWEEP WERNIER) controi (right of center). Both
. of these vork in conjunction with the internal amplifier of the
scope. The .SYNC/PHASE control synchronizes an externally applied
N signal so that It fs in phase with the output of the internai
-amplifier. The SWEEP VERNIER control s used for flhe adjustment
. - when synchronizing the horizontal sweep of the signal to stop the
side to side movement of the trace. With no input to the scopse,
the 2 controls, will have l1ittle or no effect on the trace. Plaée’
both controls te a mid range setting.

Locate the voltage range (V RANGE) control which is the targe
rotary. switch located on the lower Jjeft fromt of the sScope. f{ts
function 1s to .control the vertical magnitude ofthe input signal.
The smaller the input signal the further counterclockwise the

V RANGE control is rotated. The larger the signal the further

clockwise .rotstion.

Turn the V RAMGE switch to the 'cal" posltion. This position pro-
vides an internal input signal for adjustment of the scope.

In the "cai' position you should have various designs oh the scope.

The (H/SHEEP) selecior determines the frequency of the trace swaep
(that is how many times per second the trace goes from left to right

¥
i
M
'.
¥
¥

.

Ty
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‘ '~ on the screen). Turn it to the "15" positlon. You may have any one
of the followling patterns on the scope,

e

C ==

5

Turn the H SWEEP control through the remainder of the sweep
positlions, and observe the results, You can see as the sweep
frequency Increases the Image becomes smaller, more compact. Now
return the '"H SWEEP' to the 15 poslition, [f the Image is con-
tinually moving across the screen use the SYNC/PHASE control and
.the SWEEP VERN{ER contyo} to synchronize and stop the Image.

The SYNC control (a sllding toggle switch) is-used to select the
slgnal applled to the horlzontal clrcuit of the\scope. it has
an internal and external position, move it from {ts present position

o and use the SWEEP VERNIER to again stop the lmage: ~
. . Now turn the H/SWEEP switch to the "llne" position. Ycu should Yhave
S a picture Iike one of the following: i
: Turn the Tntensity fully counterciockwise and leave the ccope on,
!
’ .
%‘.- @ ,
Foo
v N ¢ 137 g
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Let's look at the Model 377 Signal Generator.

MODEL 377

70

"%

o 100
AMPL

The front panel of the signal generator contains five controls and
two jacks. The power switch (upper left front) is turned on at
this time to allow the signal generator ample warm up time.

BAND

»This plece of equipment is capable of generating either sine

-f-k/— or square .J_l_l_ wave signals. Its

range is 20 hz to 200 khz. Looking at the drawing you will find
the power switch on the upper left, directly below the indicator
lamp. On the lower left you find the band switch, its function

Is to select which range of frequencies you wish to use: Band A
s 20 to 200 hz, Band B {5 200 to 2000 hz, and s0 on. Right {n
the center 15 the fine frequency tuning control. This control is
used fn conjunctlon with thé band switch to select the desired
output frequency. For example: |If the band switch is in the D
positlon, the fine frequency tuner is used to s:lect any frequency
between 20 khz to 2000 khz.

Directly below the fine frequency tuner is the sine/square wave
selecter switch. As its pame implies its position will determine

-,

Br 13%
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e

what *ype of output signal s avallable from the 2 output jacks
that are located on the upper right haif of signal generator.

Located In the lower right corner, the "amplitude' control, adjust
magnitude of the signal output., A clockwise rotation increases
the amplitude of the output signal.

Now that you have been briefed on the test equipment, the controls
and their functions, let's move on to the actual experiment. '

SERIES RLC CIiRCUIT ) .

22 .

SW2

01 JAF 2500 VDC

[a]
-

T4

-

<

From your equipment select the vector board with an inductor,
resistor and capacitor connected in series, With the W0-33A

Scope, the Model 377 Signel Generator, the plctorial drawing of the
circult, and necessary test leads; connect the equipment as directed
below:

1. Using a set of test leads, connect the "output" of the
signal generator to terminals Tl and T2 of the vector board,

.

139
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12.

13.
LR
5.
16.

7.
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Close SWI, this puts the Inductor and resistor in series.
{Leave sW2 open.)

Using a black lead, connect a jumper from signal generator
upper output terminal to "EXT SYNC/H INPUT" on the scope.

Caonnect the gray test lead to 'V INPUT' on the scope.

From the test lead on scope {using jumpers) connect the
black tead to T3 on the vector board.

Using a red test lead (jumper) as a probe connect one end
to the short blue lead on the scope test lead head.

Piug in the_scqée and signal generator, Insure both are
turned on.

SIgn;?\bggerator Indicating power on, pi‘Jt lamps should
be glowling red.

On scope set SYNC switch to EXT.
Set V RANGE to 60.
Set H/SWEEP SELECTOR. to 150.

Adjust Intensity for cicar dlstinct pa’tern, cautlon, over
Intensity can burn scope face.

0a signal generator set '">and" to ''range B."

get waveform to SfﬁE.

Se; amplftude £o maximum range (!bO).

Hofaﬁrad test lead from scope, on terminal T2, adjust

signal generator frequency selector to around 1500 Hz
oh range scale. .

L}
Using scope contro} SYNC/PHASE adjust for scope pattern
1lke this:
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18. Move red test probe to terminal T1, without changing any
adjustments. We wlll have a pattern on our scope like this
siightly Indicating a phase shift of

I //‘q\\L_ something less than 90°.
By adjusting the SYNC/PHASE control you can adjust for a trace that’

is exactly 180° from the trace found on T2. We do not have a phase
shift of 180°.
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Feel free to change any control settings, on either plece of test
equipment. You have some strange sights in store.

When you have finished experimenting with the equipment disconnect
all leads and secure aii test equipment.

+

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LISTED. 1F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY TO
TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR.

IF YOU OECIDE NOT TO TAKE THE PROGRESS CHECK AT THls TIME, OR IF YOU
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU WISH
UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY.

THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE MODULE TEST.
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'f‘l' , SUMMARY
» LESSON V1

Phase Reiatlonships in Inductive AC Circuits

RES

W

Vectors are used to help explain and solve phase relationships In

AC clrcuits. |f the magnitude of the vector rzpresents the maximum
(peak) value of voltage or current, the sine function of the rotating
polar vector will produce the sine wave you have seen frequently.
This means that it Is possible to represent the sine wave by the
vector alone.
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Phase reiations between voltages or currents of the same frequency
can be represented by polar vectors separated by the appropriate
angles. By common usage, the reference vector is always shown In
the standard position %see diagram below), and normal rotation is
counterclockwise. Rotation in a clockwise direction is considered
negative., See the dlagram below:

Positive .
” ‘\Rotation
——-——J» Reference Yector

' . j Negative
. Rotation

A very common use for vectors is to present the phase and amplitude
relationshlps of voltage and current in an AC clrcuit. When the
load in a circuit 1s purely resistlve, the voltage and current are
1n phase and the vector and sine wave graphs are as shown here:
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In a purely Inductive circult, the CEMF induced In the coll delays
the current, c.sing i{¢ to lag the applied voltage by 90° as ilius-
trated at the rop of the next page.
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A memory ald to help you remember that voltage leads current in an
inductive clrcuit Is the name ELI:

E (voltage) L (inductance) | {current) and

E leads (comes “efore) current.

AT THIS POENT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU TAKE/'
THE PROGRESS CHECK AND ANSWER ALL THE QUESTI1ONS CDRRECTLY, DO THE

EXPERIMENT WHICH BEGINS ON PAGE 127. YOU MAY TAKE THE MODULE TEST UPON
COMPLETION OF THE EXPERIMENT. 1F YOU DID NOT ANSWER ALL THE QUESTIONS
CORRECTLY, STUDY ANY METHOD OF INSTRUCTION YOU wISH LMTIL YOU CAN ANSWER

ALL THE GUESTIONS CORRECTLY.
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