= B N : : - -
Y 8

, TOCONENT RESUHR
g |
ED 150 882 - , CE 026 567 y

{

TITLE Hilitarv curricula for vecationai & Technical
FJucation. Basic Flectricity and Electronics
~Individuatized Learning System. CANTRAC A-100-0010.
Module Five: Relaticnships of Current, Voltage, and
Resistance. Study prooklet.
INSTITOTION Chief of Naval Education and Training Suppoert,
* Pensaccla, Fla.: Ohic State Univ., Columbus. National
Center for Research in vecational Education.

FEPORT NO NAUEDTRA-34258+5

POE CATE sar 77 _

ROTE ““131p.: For related documents See CE 026 560~593.
EDRS PRICE MFO1/PC06 Plus Postage.

DESCEIPTORS *flectric Circuits: *Electricity: *Electronics:

Furce: Individualized Instruction: Learning
Activities: Learning Modules: Postsecondary
Fducation: Programed Instruction: *Technxcal
Education

IDENTIFIERS Electric Povwer Generation: Military cCurriculua
Project:; *Ohm law of Electricity: Resistors
(Electrical Egquipment)

ABSTRACT
This individualized learning module on the

relationships of current, voltage, and resistance is one in a series
¢f modules for a course in basic electricity and electronics. The
course is one of a number of military-developed curriculuym packages
selected for adaptaticn to vocational instructiecnal and curriculunm
development in a cidvilian setting. Five lessons are included in the
godule: (1) Vcltage, Resistance, and Current, (2) The Ohm’s Law .
fFormula, (3} Power, (%) Internal Rasistance, and (5) Troubleshooting f
Series Circuits. Bach lesson follows a typical format including a L
lesson overview, a list of study resources, the lesson content, a i
progranmed instruction section, and a lesson summary. {(Progress ]
checks are provided for each lesson in a separate document, CE 026 j

562.} (LRR} ‘ )

33 30 3 ok 3 3 ke o ki ek e Rk AR kK ok ke e ok ek i ok o ko ok ok ok kR R ****h* *kkk ¥k

* Reproductions supplied by EDRS are the best that can be pade *

* from the originil document. *
A o ok ok KoK A o K ok o L oK ok o K K K K oKk oKk ok Rk SR oK o ok koK oK o o koo oK koK kK




Sy
34

.
AL 3
Ay M

L ‘i B 4]
,.

[} £
cae U sy Al
b }'{"‘.‘,' 4]
il J' Y
4

Milita
NAVEDTRA 34258-5 s gy g o g i g g é’%"

. . . oy o~y SRR R
CHIEF OF NAVAL EDUCATION AND TRAINING fOI' Vocat'ona'& Ii‘i‘}f’ﬁf‘;’g‘-‘ s 1B

i B
£ ®

!

£ A
A
T SRR T
J"..' R ”“I.b- '
g g
1 . :

o
¥

A

O 'u?.\l"& "":’":"-:‘d;i%-.‘.{".:
F e o ,,'t'! :yvir .}:c:;
) ;;%Lf{,fi‘.‘f

Jat
(WA

. .'- L . RERS I
3 IMARCH 1977 }cTeCh ] Ical I.Icatl

P
SPHE ]
Nl .

' oo
RIS TH
N

BASIC ELECTRICITY AND ELECTRONICS
INDIVIDUALIZED LEARNING SYSTEM.

MODULE FIVE, RELATIONSHIPS OF
CURRENT, VOLTAGE, AND RESISTANCE.

USE%IUH:RT;AENTOFN!M.TN, $TUDY BOOKLET

CATION & WELFARE

NATIONAL INSTITUTE OF U -
EDUCATION

THIS DOCUMENT HAS BEEN REFRO-
DUCED EXMACTLY AS RECEIWED FROM
THE PERSON OR ORGAMNIZATION ORIGIN-
ATING 1T POINTS OF VIEW OR OPINIONS
STATED DO 'NOT HECESSARILY REPRE-
SENT OFFICIAL NATIQONAL INSTITUTE OF
EDUCATION POSITION OR POL.CY

- ""','-'-" \ ol
THE NATIONAL CENTER - »
FOR RESEARCH IN YOCATI0
THE OHIO STATE UNWERSITY
s R e

- j‘l;’ "’. t}’ y . M
- PR N /R AT T 10 TIPS I




o
i
k7
2
&
H
5:
=
4

Firtee

st e

-

Co ~.u..mﬂ£ﬁwm;tw;ﬁfm_z}§;: W’e’
MY

MILITARY CURRICULUM M’ESIAIS

The military-developed curriculum materials in this ocourse
package were selected by the National Center for Research in
Vocational Educat:ion Military Qurriculum Project for dissem—
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating tliese courses was to make curriculum materials
developed by the military more accessible to. vocational
educators in the civilian setting.

The course materials were acquired, evalyated by project
stAff and practitioners in the field, and prepared for

© dissemination. Materials which were specific to0 the military

were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculun resource materizls which can be adapted to support
vocational instiuction and curriculum development. 7




MilitSiry
Curriculum Materials
Dissemination Is . ..
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_ an activity to increase the accessibility of
military-developed curriculum matenals to
vocational and technical educators.

This proiect, funded by the U.S. Office of
Education? includes the identification and
acquisition of curriculum materials in print -
form frem he Coast Guard, Air Force,
Army, Manne Corps and Navy.

Access to miitary curriculum materials is
provided through a “Joint Memorandum of
Understanding’’ between the U.S. Office of
Education and.the Department of Defense.

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

The National Center for Research in
Vocational Eduration is the U.S. Office of
Educations designated representative to
scquire the materials and conduct the project
activities.
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Project Staff:

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

Shirley A, Chase, Ph.D. °
Project Director a

. What Materials

re Availabie?
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Cne hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of
each have been provided to we vocational
Curricuiurn Coordinatior: Centers and other
inctructional materials agencies for dissemi-
nation,

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

The 120 courses represent the following
s:Xteen vocational subject areas:

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

Engine Mechanics Public Service

The number of courses and the subject dreas
represented will expand as additional méte-
rials with application 1o vocational and
technical education are identified and selected
for dissemination.
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Cantact the Curriculum Ceordination Center
in your region for information on obtaining
materials {e.g., availability and cost). They
will respend to your request directly or refer
you to ai instructional materials agency
closer to you.
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Director Director
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Springfield, IL. 62777  Aurdustrial Park

217/7820759 Olympia, WA 98804
206/753-0879

MIDWEST SOUTHEAST

_ Robert Patton James F. Shill, Ph.D.

Director Director *

1515 West Sixtin Ave, Mississippi State University

Stillwater, OK 74704 Drawer DX

405/377-2000 MississipPi State, MS 39762
6011/325-2510

NORTHEAST WESTERN

Joseph F. Keliy, Ph.D.  Lawrence F. H. Zane, Ph.0.

Director Director '

225 West State Street 1776 University Ave.

Trenton. NJ 08625 Honolulu. HI 06822

609/262-6562 808/948.7834 i




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

¢ Generating knowledge through research

¢ Developing educational programs and
products

¢ Evaluating individual program needs
and outcomes

* Installing educational programs and
products

.» Operating information systems and
services

¥

o Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WR‘ITE OR CALL , .
frogram Information Office
The National Center for Re;earch in Vocational
Education '
*  The Ohio State Universm,f
+ 1960 Kanny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free 800/
845-4815 within the continental 1.5,
{except Ohio)
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OVERVIEW
MOOULE FIVE

RELAT IONSHIPS OF CURRENT, VOLTAGE, ANO RES|ISTANCE

In this moduie you will learn the relationships between &urrenf,
voltage, and resistance in a series circuit. You will discover
how to determine the values of current, voltage, resistance, and
power in resistive series circuits. You will discover the effects
of source internal resistance and be introduced to the trouble~
shooting of series circiits.

0
For you to more easily learn the aSove, this module been divided

into the following five lessons:

Lesson |. Voltage, Resistance, and Current
Lesson |f. The Ohm's Law Formula . . . . .
Lesson fII. POWEFe « o o o o = o o o o s o &
Lesson |V, Internal Resistance . « . « « .

.

Lesson V. Troubleshooting Series Circuits
00 not be concerned at this time with names or terms unfamiliar to
you.” Edch will become clear as you proceed. However, if you have
any questions, cdo not heslitate to call Your instructor. Turn to the

_folléwing page and begin Lesson i

o
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BASIC ELECTRICITY AND ELECTROMICS
INDIVIDUALIZED LEARNING SYSTEM

MODULE FIVE

LESSON |

Yoltage, Resistance, and Gurrent

Study Booklet
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OVERVIEW ,
~ESSON %, Qs

-

Voltége,'ResIstance, and Current

S,

e

In this lesson, !0u:wlll'§tudy and !qarp about the following:

5 L -
-

-

t- ~how voltage affects current

: ‘ Y
~how resistance affects currend™®

- -

- Each_of the above topies Wili be discussed in the order ilsted.
As you pfgceed through this lesson, observe and follow directions

*

-~ - . P

careful[y. .

Y

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

(XY
P

ON THE NEXT PAGE; o - . . :




Study Resources

LIST OF STUDY RESOURCES
) LESSON 1

4

.
Ubltqge,-ﬂesl?tance, and Current

. To learn the ﬁaterial In tnls lesson, you have the option of chnosing,

according to your-exp';fencé and preferences, any or all of the

fol lowing:

STUDY BOOKLET:
“Lesson Narrative
Programmed 1nstru£¥lon
Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1a '‘Basic Electriclty, Direct Current.®
Fundamentals of Electronics, Bureau of Naval Personnel.
Washlngton, D.C.: U.S. Government Printing Offlce, 1365,

*

Fllm: Voltage & Current

Remember, you may study all or any of these that you feel are
necessary to ahswer all Progress Check questions correctly. po

not forget that In one sensé of the word your Instructor Is a llving
resource; perhaps the best. Call him if you have any kind of a
probigs. '
YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTEO. YOU MAY

TAKE THE.PROGRESS CHECK AT ANY TIME.
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NARRATIVE
LESSON |

Voltage, Resistance, and Current

You recall, no doubt, that you cannot do much directly to current
that wlll change it. You must ckange the applied voltage, the
circuit resistan e, or both to make current either increase or

. decrease. This rule applies to circuits with elther DC or AC
sources. The relationship of voltage, resistance, and current
is probably the most important concept you will learn in . N
your study of electricity. o

Voltage Affects Current

In studying the effects of voitage and resistance upon current,
we will examine them one at a time. First you will iearn about
the effect of voltage upon current, using a circuit with a fixed
{unchanging) resistance and a varying source of voltage.

Using Practice Board 0-1, a 100-~ohm resistor, and one

dry cell, build a series circuit. Measure the current in

this clrcult. (Remember that current is the same through- )
out a series clrcult.)

Now add another dry cell in series with the first to
doubte the applled voltage. Measure the current now
that the voltage has been lncreased. Record this current.

1 B
Add’ a third dry cell and measure the current flow.

in each of the steps above, the current flow Incressed because
an increased force moved the electrons araund the circuit faster
' (more flow per second).

Now, remove one of the cells and r2asure the current
again. How does this current value conpare to the last

reading you made? o

The ohservatlons you made should have led you to two con~
clusjons about vottage and current. These conciuslions could
be stated as follows:

When voltage goes up, current goes up; when voltage

6 13
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Narrative Five-I

goes down, current goes down. A more accurate state-
ment might be, when resistance is held constant, an
increase in voltage causes an inc-ease in current, and
a decrease In voltage causes a decrease in current.
Still another way of expressing this is that voltage
and current are directly proportional.

Resistance Affects Current ;

When resistance Is held constant, current varies in direct
porportlon to voltage, as you learned in the last section.
The guestion now is what happens when res!stance changes. ’
"To answer this question, you will study a circuit with con- ~
stant voltage but varying values of resistance. ,

Using Practlce Board 91, a 4.7-ohm reslstor, and one
dry cell, build a series circuit. Measure the current
fiow and record it here.

Now add another L.7-ohm resistor in series with the first
one. This wlil double the total resistance of the circuit.

Measure and record this curren’. . 0ld the
current increase or decrease.

Add another serie: resistor {10R) and measure the current.

Is this result consistent with the first two readings?

If you didn’t make any mi!takes, you found that as resistance in-
creased in a circuit, the current decreased. This relationship

s called an inverse proportion; when one value goes up, the
other goes down.

Check this conclusion by removing the resistors one ai a
time and measuring current flow. Do pot try to measure
current in the circuit with no resistor.

Resistance and EMF are inherent electrical guantities of the com-
ponents we are using, and you cannot change the value of resistance
or voltage without changing the basic form of the components.
Current, on the other hand, I|s a secondary characteristic which
depends on the values of resistance and voltage In the clrcuit.

To repeat a statement made earlier, current can be readli{y changed
only by physically changing the amount of voltage or the amount

of resistance or both quantities In a circuit.
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Summary

if resistance is constant in a circult, more EHf will produce
more current and less EMF will result in less current, or voltage
and current are directly proportional.

If applled voltage is held constant in a clreuit, an increase in
resistance will cause current to decrease, and reducing the re-
sistance will permit a greater current flow, or resistance and
current are inversely proportional.

These relationshlps were dlscovered by George Simon 0bm, who
formulated a statement covering all the quantities. This state~
ment, called Obm's Law, Is: '‘Current is directly proportional

to voltage and inversely proportlonal :o resistance.” Thls is

one of the important laws you will learn about eiectricity. All
your future studies and all the faws and rules you will learn can
be traced back to this basic relationship if you look at them
closely, Even more complex circuits can be covered by generalized
forms of Ohm's Law.

Exercises

Answer all the questions below with the words increases,
decreases, or does not change.

If EWF is increased from 6 v to 12 v and resistance
is constant, what happens to current?

If the resistance Is decreased from 5 ohms to 2
ohms and voltage is held constant, what will happen
to the current?

If apptied voltage is changed from 6 v to 12 v and
current increases proportionally, what happens to
resistance?

If you add a light bulb in "series with one already
!n a clrecult, what wil) happen to circult current

. Tb applled voltage?

If you changc the ENF in a clreyit from 12 v to 6 v
while the resistance remains unchanged, what happens
to the current?

ANSWERS: increases

increases ‘

does not change {resistance can be changed only
through a mechanical change to the cireuit)
decreases; does not change

decreases

EMC

“*’ e
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY gF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK

AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON,

tF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN

. ANSWER ALL THE QUESTIONS CORRECTLY,

Te
*

I
I




PROGRAMMED INSTRUCTION
LESSON |

Voltage, Resistance, and Current

TEST FRAMES ARE 6, 21, 32, 39, AND 40. AS BEFORE, GO FIRST TO
TEST FRAME 6 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE.
: ) FOLLOW THE DIRECTIONS GIVEN AFFER THE TEST FRAME.

1. Recali that the magnitude of current is measured in amperes.

Which correctly matches current to its unit of measurement
symbol? ' ’

ic) | - a .

© 2. Recall that the unit of measurement for E is represented by
either a capital V or small letter v.

T

V is the symbol for unit of:

a. current.
b. voltags.
¢. resistance.

d. EMF.
(. voltége; d. EMF). L, ]
3. Match the abbreviation for current and voltage to its
correct unit of measurement symboi. ) ,
t [ ]
i. E
2. I

rovided by Eric [N . .
LT e Y, SRR P S S ¥ Ry
A e e a1 e —
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k., The symbol used to represent the ohm is the Greek tetter
omega or f. '

& is the symbol for unit of:

. |
~_b. R

__c. E

__d ¥

{b) R

5. Which correctly matches the letter abbreviations to their
appropriate unit of measure?

- volts ,
- amps

= ohms

- amps

- volts
ohms

- anips

- ohms
- amperes
- ohms

- volts

M—xMXO——XoMX—M
1

{a) E - volts; | = amps; R - ohms

‘6. Match the abbreviations and unit of measurement symbols to -
the correct descriptive phrase. ~

1. abbreviatlon for resistance a, Vv
2. abbreviation for voltage. b. |
3." measurement symbol for resistance c. R
4. measurement symbol for current d. E
5. abbreviation for ‘current ’ e. Q
6. measurement symboi fev voltage f. a

- e m o m m e om owm b om - m e Em Em E am em o= W ™ @ o@m m S = = m e -

{THIS 1S A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

8
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ANSWERS - TEST FRAME 6

o

@
-----------------------------------

IF ALL YOUR ANSWERS WATCH TRE CORRECT ANSWERS, YOU MAY GO ON ToO
TEST FRAME 21, OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED
' SEQUENCE ‘BEFORE TAKING TEST FRAME 6 AGAIN.

L%

7. Recall that current cannot be changed by itself. Current
can oniy be increased or decreased by changing voltage or
resistance or both.

Which statement or statemeﬁts'are true?

a. Current can be changed by increasing or decreasing E .
b. Current can only be changed by increasing or

decreasing circuit resistance.
¢. Current can be changed by keeping voltage and resistance

the same.
d. .| can be changed by changing either R ar EMF or both.

{a. Current can be changed by increasing or decreasing Ea; d. |
can be changed by changing either R or EMF or both.

o

8. The amount of current flow in a series circuit depends on:

the particular point in the circuit where 1 Is measured.
circuit resistance and voltage.
whether source voltage is DC or AC.

.’ the number of paths through which current is directed.

{b) circuit resistance and voltage

12 19

i
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3. Applled voltage {E_) is the force used to push electrons through
the conductor. If R is not changed and applied voltage is in- '
creased, the force pushing the electrons becomes greater, and
the electrons move around the circuit at a faster rate, .
When Ea is increased:

a. | is !ncreased. .

— ; /‘“
b. 1 is decreased.
c. T stays the same. °

{a) | is Increased

%

10. Voltage can be increased by «dding more cells to the
cireuit. :

-

wnich dry cell or cells will produce the most current fiow?
{Assume that the resistance is constant.)

a. 1-1/2v cell

b. three 1-1/2v ceils connected In series
c. two ]-1/2v cells connected -ir series

d. three 1~1/2v cells connected in parallel

-k Mk ae W N e o g o A L N o T

) (b) three i-1/2v cells connected in series
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1T. When resistance is constant and voltage is increased, current
- is also increased. ’
Which pair of schematics iliustrdtes this rule?
/-.. ] '
a. —le k@ é R X _Ea R
- o " 10w S w0 T~ 20v 209
. e e |
\
- F b. b
. fa g ] —1_¢a R
T 20v S200 - 30v 2309
L
———‘ﬂ R ) -l ko »
L L gwn 20v : :m
‘_.‘S T
i
. {c) ‘ .
12. When E is” increased:
" a. | will increase if R is kept constant.
b. 1 will decrease if R is kept constant.
N.c. L will remain the same.
e N

.
M .
.
Toxt Provided by ERIC '3-.",' e . .
R S R T SR T . - .
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13. Since current increases when voltage s increased (and
resistance is held constant), you can infer that:

a. current will go down when voltage goes down.

b. 1 will decrease when E js decreased. .

c. 1will decrease when E ls increased. ‘

d. less current will result as larger voltages are applied.

(a. current will go down when voltage goes down; and, b. | .
will decrease when E is decreased. )

14. When E 's decreasedfand R is held constant: .

1 will stay the same.
b. 1 will decrease.
1 will increase.

(b) | will decrease

-

15. Another way of saying that when voltage increases, current
. Increases and when vol tage decreases, current decreases is:
voltage and current are directly proportional.

Which correctly describes the proportlonal relationship of
vol tage and current?

Q

___a. increasing E et increases 1;
decreasing E ~7 ™ decreases 1.
] b. when voltage goes up, current goes up;
. when voltage goes down, turrent goes up.
(2) increasing E increases |;
decreasing E decreases |.
16. Current goes up or down in to applied

voltage as long as resistance ;s constant.

__________________ - o m e wm M ™ o o wm m wm wm m o W o

{direct Proportion)

-
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17.. Which circult would have the greatest current, flow?

-

b.

Il&v

(b

18. Refer to frame 17. Which circuit would have the least current

circuit a.
clreuit b,
circuit c.

la) circuit a

13. Match:

in a series circuit, . 1f B a. 1 will increase.

is constant and €_ |s changed

from 20v to 10v, b, ! will decrease.
2. In a series clrcuit, if } -

is constant and E, is changed c. 1 will not change.

from 10v to 20v, )

R T R I . R I i

&

al
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20. Study' the two schematics, then check the statements that are
correct. (A1l cells are alike.)

A

lORé =
T

If you were to butld circuits A and B, | in circuit B
would be greater than | in circuit A. ‘
{f you were to build clrcuits A and B, 1 in circuit A

would be greater than | in circuit B. .

(b) If you were to build circuits A and B, |. ¥ circuit A would
be greatar than | In circuit B :

20..- Check the statements whlch describe directly proportional
relationships.

Voltage Increases, current decreases.
E increases, | increases.
E decreases, | incre-ses.
Voltage increases, current decreases.
Voltage increases, current increases.
E increuses, | decreases.
E decreases, T decreases.
Voltage decreases, current increases.

.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 21
b. E increases, | increases.
e. Voltage Increases, current Increases.

g. E decreases, 1 decreases.

+ TF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 32. OTHERWISE, 60 BACK TO- FRAME 7 ANO TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN. )

22. In a series circuit, as voltage increases, current also increases,

showing a N " relatlonshlp.
(directly propoftionall - .
. . ‘
. 23. Define directly prqportlonal in your own words. )

< {two quantitles which move In the same direction at the same tlme, -
g___Or words %o that effect) . .

* N
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24, Current can also be changed by keeping voltage constant and
varying resistance.

) Which pair of schematles llustrates this rule? .
) — e R —— Ea < SR
—_ 2 .|. v §ton ~— 20v giog

b. —— fe R e R .
— 20v gaon -——{.—_—20' 400 :
R :
Iy N _— ‘a -
—ita . -
" & o= 20v 200 _-;:r;“"' 100 ‘

' # J . —

- R A o e W o M e o A S W W W S W S B ok e o s W omk e ok mk Fr W W m
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25. Resistance can only be changed by physical means. To
change the resistance in a circuit, a variable resistor
may bhe used or resistors may be adaed to or removed from

* i

the clreuit, - . . .

Which of the.following would have the most reéistan&e?‘

26. Resistance Is oppositjon to current flow. It tries to
hold back or slow current. .

If. resistapce in a circult Is Increased by adding another
resistor, and the voltage is kept constdnt, the current will:
increase. . '
decrease.,
stay the same.

(b) decrease

27. Current will decrease:

when R Is constant and E Is increased.

when E ‘Is constant and R Is. decreased:

when E is constant and R Is increased.'” .~
and E are equal. ' "

-w--—-“-ua B o o o ot e my T o W = o = ow

-

ic) when E is constant and R Is increased

¥

N

.
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B " 28. When voltage Is kept constant and reslstance Is decreased,
v current. flow will meet less opposition.

. 'I.'hls‘uﬁans that current will:

__ a.. Increase.
b. dacrease.

Y m e e = ow W o e o ow T o W om e W m m m e W m om o = R N e

(a) fncrease

29. Study the schematlcs, then check the correct statement.

- A B
AAA~
. 100
wle Ea S )
-+ 100v V2 T 100v o0
200 200
AN s AAA—

‘__a. If youwere to build circuits A and B, | in clrcult B
" would be greater than 1 in clrcuit A.

___b. If you were to bulld cTrcuits A and B, | In circult A
would be greater than 1 in circult B.

{b) 1f you were to bulld circuits A and B, | In circuit A would
be greater than | In circult B

s

30. Resistance and current are .inversely proportional to each other.
This means that as resistance goes up, current goes down, and as
. résistance goes down, current goes up.

Which correctly des@ribes inversely proportional relatlonships?

. a. more E more |
less E less |
b, more R less 1
less R mre |
(b) more R less 1; less R more |

<. 1
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?- 3). Match:

' —. 1. In aseries circuit, if E is a. 1 wili not change.
onstant and (totai resistance) .
is changed from 100 ohms to 200 ohms, b. | will decrease.

2. .ln a series circuit, if E |Is
constant and Ry (total resistance) c. 1 wlll increase.
is changed from 200 ohms to 100 ohms,

g fm ER M E jm Em e S E W R E S B S B B S & e M B e B B B M W S B W B B e W

———

Y

{1. b;2.¢)

32. Check the statements that correctly describe inversely
proportional relationships.

a. R increases, | increases.
1L o

b. R decreases, | Increases.
¢. Resistance increases, current decreases.
d. Resistance decteases, current decreases.
e. Resistance decreases, current increases.
f. R Increases, | decreases.
.. R decreases, | decreases.

. Resistance increases, current lncreases.

e B e M S s By e B S M W e B & W & m om M ey M B Em e W m m m o

.

ATHIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXY PAGE.)

By F A= WA Tk TP B T hny i T p——
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ANSWERS - TEST FRAME 32
b. R decreases, | Increases.

c. Resistance increases, current decreases.

*

e. ‘Resistance decreases, current Iincreases.

A4

f. R increases, | decreases.

- A e wr me S B m E W W g e R W W e B MR M M e B @ Em E W W oy M om ow

TF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 10
TEST FRAME 39. OTHERWISE, GO BACK TO FRAME 22 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 32 AGAIN.

33. Define inversely proportional In your own words.

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

(As one quantity Increases, the other quantity w!il decrease; or
words to that effect)

3%, Match:

f

1. In a series Eircuik, if E_ Is a. | will Increase.
constant, and ‘goes dowg from
10 ohms to 5 ohms, .
2. In a series circuit, if Is b. 1 will decrease.
constant, and E_ goes up from
5 volts to 10 vglts, g
3. In a series circuit, if is
.constant, and E_ goes down from
10 volts to 5 vdlts,
k. In a series circuit, If E is
constant, and goes up from
5 ohms to 10 ohms,

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

———

233()
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35 The relationships between current, voltage, and resistance were
discovered by George Simon Ohm.

Which statement correctly expresses Ohm's Law?

e, a. Current is directly proportignal to voltage and’inversely
proportional to resistance. +

b. Current is Inversely proportlonal to voltage and directiy
proportional to resistance.

------ Wk e W W A o W om W mr mk MR B Ay W W e M Gy me MR o o W M w owm owm

{a) Current Is directiy proportional to voltage and inversely pro-
portional to resistance.

36. "Current Is dlrectly proportional to voftage_and inversely
preportional to resistance"fls a statement of .

- W e T B am M B e e omm P o W e oy - o W o W oy M W m om m om o - eom e m ey ow.

\{Ohm's Law)

37. Which of the-following lllustrates Ohm’s Law?

results in more |.

constant with less 1
results in less §.

constant with more
constant with less results In less ]}
constant with more R results in less {.

- e o A o e o  ay me TP W e wm o e e om - om m W o o

11

ren oo
-
t [m|o]m}en

[}
[}
]
1

{a. E censtant with fess R results in more 1.; c. R constant
with less E results in Jless le; do E constant with more R results
In tess i.)

]

38. State Ohm's Law:

- A am M am am o oam m m M a e R o me o me WE - o T m R oEm m A W m o e om W

{Current Is dfrectly proportiona: to voltage and fnversely propor-
tional to resistance.)

24
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- 39. Check the statements which Tllustrate Ohm's Law.

a. If R is constant and E s increased, then | will

decrease.
___b. If E s constant and R Is Increased, then | will
-l ) Increase. e
- T ... If E is constant and R is decreased, tiien | wiil
" increase, - ) :
_d. IfRis con‘hant and € {s Increased, then | is
: Increased.
. e |If Els constant and R is decreased, then | is
decreased. |- '
‘ _ f. If R is copsrant and E Is decreased, then | is
s Increased. .

.58 If R Is constant and E is decreased, then | is
’ - decreased.| , .
___h. f E is constant and R is increased, then | is
decreased}f

. B * i
{THIS IS A TEST #RAME. COMPARE YOUR ANSWERS WITH THE CORRECT

ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
i .

|
i
1
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ANSWERS ~ TEST FRAME 39

c. If E is constant and R is decreased, then } will
increase.

d. if R is constant and E is increased, then } will
increase.

g. R is constant and E is decreased, then | is
decreased.

h. If E is constant and R is increased, then | is
decreased.

o B B e G S ER S R M M M e S ER ER b el am ER ER b 4 44 ER BN B B B B Em

*x

TF ALL YOUR ANSWERS MATCH TRE CORRECT ANSWERS, YOU FAY - ON TO
TEST FRAME 40. OTHERWISE, GO BACK TO FRAME 33 AND TAh. .d4E PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 39 AGAIN.

In this frame sequence, you have learned about Ohm's Law,
that Is, current is directly proportional to voltage and
inversely proportional to resistance.

This is the most Important law you will learn in this
course. You will need to understand the relatiorships
between | E, and R and to apply tnis understanding -in any
s - ratlng you go into. Because of the importance of-Ohm's
¥ taw, see i{f you can answer the test frame on the following
page before proceeding to the Progress Check. .

33

26
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80. Answer the following problems.

a. If E is increased from 6 volts to 12 volts and R is constant,
. what happens to 1?

If R is decreased from 10 obms to 5 ohms and E is constant,
what happens to 1?7

If E Is changed from 12 volts to 6 volts and ! decreases
proportlonately, what happens to R?

. If you add a second light bulb to a circult, uhat;happens
. to | and appiied voltage?

“If you change E from 32 volts to 6 volts and R is constant,
what happens to® 1?7

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 40.

a. increases

-

b. increases

c. Nothing; R is a physical property and its ohmic value
cannot be changed by changing voltage or current.
. Resistance can only be changed by physical change of
- components. ’ '

d. | decreases. E_ does not change cinze, like resistance, -
Tt can only be 3hanged by physically Increasing or de-
g _ creasing the applied voltage.

Il

e. _decreases

IF ANY OF YOUR ANSWERS 1S INCORRECT, TAKE THE PROGRAMMED SEQUENCE .
AGAIN. ;

bl

IF YOUR ANSWERS ARE CORRECT, YOU MAY 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, GO ON TO

THE HEXT LESSON. |F NGT, STUDY ANY METHOD OF INSTRUCTION YOU WISH
UNTIL YOU. CAN ANSWER ALL THE QUESTiONS CORRECTLY.

28
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. SUMMARY
o LESSON 1

Voltage, Resistance, and Current

The most Important concept You must master In electri€ity Is
. how voltage, current, and reslistance are interrelated. The
easlest way to study these relationships Is to consider the effects
of voltage on current first, then to study how resistance affects
current.,, and finally. to look at all three quantities together. -

An' experimenter working with electricity wlll, sconer or later, dis-
cover that changing the voltage appllies to a circuit will cause the
circuit current to change. For example, doubling the amount of
voltage to a tlight bulb will cause it to glow much brighter (higher
currént) 1f the bulb doesn't burn out.

Using a fixed resistor, a number of dry cells, and an ammeter,

you ¢an demonstrate that the current in a circult is proportional to
the voltage applled to It. Doubling the voltage will cause the
current to double, triple voltage will triple current, etc.  This

is called a direct proportion; when voltage increases, current In-
creases; when .voltage decreases, current decreases.

Changing the reslstance in a cirsuit also causes current to vary.

- Increasing the reslstance In a circult with a constant voltage
applled will decrease the current flow. Decreasing the resistance
will permlt current to increase. This Is called Inveise proportion.
These changes are also in the same ratio; that is, doubling the
reslstance will halve the current flow or reducing the resistance
to one-third will triple the current flow.

We used current as the dependént ﬁuantity In these examples because
It Is the one thing you cannot easlly change in a circuit. Current
may be changed only by changlng the battery {voltage) or the resistance.

The relatlonships of voltage, resistance, and current were flrst
discovered by George Simon Ohm. Ohm's Law states: ''Current is
directly proportional to voltage and inversely proportlonal to
reslstance.'' This law is basic to nearly all that you will study
and learn about electricity/electronics in the future. It ca. be
generalized to cover almost\fll types of complex circults.

AT THIS POINT, 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
(UESTIONS CORRECTLY, GO TO THE NEXT LESSON. I1F NOT, STUDY ANOTHER
YETHOD OF {NSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY.
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OVERVIEW

LESSON 11
T -

The Ohm's Law Formula

.,

=

in this lesson you will study and learn about the f61lowlng:

~need to calculate mathematically
‘ ~mathematical formula -
~use of Ohm's Law to find voltage
and reslistance .
~applying Ohm's Law to parts of the
circuit
~compiex solutions using Ohm's Law

Each of the above topics wil) be discussed in the order listed. As
you proceed through this' lesson, oBserve and follow directions

3

carefully.

LN

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE. ,
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LIST OF STUDY RESOURCES
I:ESSON 1 &

The Ohm's Law Formula

s To learn the materlal in this lesson, you have the option of choosing,
’ ‘ e
according to your experlence and preferences, any or all «f the foltowing:"

STUDY BOOKLET: -

Lesson Narrative .
9 .
Progtammed Instruction %

Lesson Sundiary

s’

ENRICHMENT MATERIAL: ' -
NAVPERS 93400A-1a “Baslé Electricity, Direct Current."
Fundamentals of Elecggonics. Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printing Offlce, 1965.

You may study whatever learning materials you feel‘fre necegsary “to
answer é?e questions In the tesson Progress Check. All your answersl
must be correct before you can go- to Lesson f1i. Remember your in-
structor is available at all times for any assistance you may need.

YOU MAY ROw STUDY ANY OR ALL JF THE RESOURCES LISTED ABOVE. VOU MAY
TAKE' THE PROGRESS CHECK AT ANY TIME.




Narratlve Five=I|

- NARRAT IVE
e LESSON 1 r

<

The Ohm's Law FormulJ

R T L

B

T et cad N,

Need to 6gl;ulate.ﬂathematlcaiiy

a

@
There will be times when you will need to determine the amount of
currept in a clreuit, but It is not always convenient or possible to
connect an ammeter into the circuit. For example, if you suspected
the main supply current In a shipboard power distribution system
was to0. high, you would have to shut down the circuit to check

. the current. flow. This would cut off the functloning of all the
equipment fed by that system, a very undesirable sltuatlon.

\ . How,-then, can you flnd out how much current is flowing? If you
T know {or can measure) the values of EMF and resistance, you can
ca!culate the amount of current flow.,

“*Mathemat lcal Formula

Ohm's Law can be expressed as a formula using alphabetic symbols.
Thls formula will let you find current flow when voltage and re-
- “sistance are known. This “magic" formula -is:

Current = Voltage

B Resistance

" 2 written with the symbols for current, voltage, and resistance,
this, is: , -
I-g ,‘
- ‘ R . ) : L
To make this formula work properly, all values must be given in

thelir basic units of amperes, volts, and ohms. That is,
4

r :. i 1]
i : . ) . _Voltage (volts) iy
T * Current (ariperes) . Resistance (ohms) '
oo You will need to know the metric prefixes and powers of ten to
' keep your values In the proper units.

] Here Is an exarple -of a use for the Ohm's Law formula: this cir-
g . cuit has a I2v battery forcing current through a 6-ohm resistor.
what will the ammeter indicate?

L Ea L

T i2v &0

—()—
&)

:\\5?‘:—“‘-‘ o
g . .\

. The Chm's’ Law formula fs | = —- Substituting known values from

N the cireult In the formula ylglds . 12v
;- - - 't
N Dividing, the answer is: | = 2a.
| L
ERIC: ) - W .47 .
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Here are some more examples, this time using metric prefixes and

powers of ten: E
| = 250v
A fa > RY . ' 5009

2 _250v 3008 ,

= .53 or | = 500ma

Find 1 In the following circuits.

| = 200y
* 5kn
) : 200v .
I [ 1 !‘ | -
200 Green_ 5 x 1030
Slack_- -
Rod,a'! 1 N 1‘= ko x 10 3a
’ tTJ T 1 = 40ma
fa .| . 1000 x 1073
;-iOOOmv >Rl 109
00 )
| = 100 x 10 3%
| = 100me- .

Ohm's Law may be used to find the current in one part of a circuit
when resistance and voitage for that part are known. Since current
in a series circuit is the same throughout the circuit, the value
you find is the same as the current in any other part of the series
circuit, . ;

Example: What is the current flow through R1?

ER2
1R2 'ﬁ
Ri? ’
- - | n%l
-1 R2 Q
R2 &G
Epg 6v
) |R2= 1a
|R2 equals ‘RI’ therefore IRI = Ig

"Solve for the current in each of the following problems.'

I. A circuit containing 120 ohms of resistance has 60v applied ,
to it. | =




T . N
4;;
yarrative Five-11
2. - -
Sl “
i " —Tn1ov 200
[
3. M_I_ ta [ 1]
. —T30v 3000
.
L, -I. [ ] [ ]
—T230v 25K
l =
5. -l fa ll' )
—T60v : fzmz
| =
Answers: 1. .5a or 500 ma
2. éa
3. 100ma
k. 10ma
6. 30ua

Using Ohm's taw To Find Voltage

You will occasionally need to find the voltage In a clrcuit when
you know the current and the resistance. Transposition of the

36
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::” terms of ghe Ohm's Law formula yields E = [R:
: i
b=x
(A
2 Hultiply by R Rt = 5%
. Cancel Rt = E%
A . Giving RI = E {or € = IR}

?oltage equals current times resistance.-

An example of this solution:

_|_ ? E, = IR
L ] .
- ! m -
e 250 E, = 2a x 250
'Ea = 50v

Find the appliied voitage in each of these circuits.

1. _1_ | Bromzr E, =
- = Blac —_—
— ........“ n Yellow
2a

Ia %..‘

2kQ

2. nz . Ea =
20mo Ik

_I_lil l‘-!l
. —I-— 200 .

"R 20 w2 a
1200 00

Answers: 1. Ea = 200kv
2. Ea = [00v
3. E_ = 300v~
_ e a 3 4
ERIC: . : Lo 4
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3

Finding Resistance

You can find the resistance of a circuit If the appiied voltage and
circuit current are given by using another Ohm's Law transposition.

R= %—allows for a direct solution for resistance. The transposition

from Ohm's Law is done like this:

E
| = R
Multiply by R; divide by | IR _ER
i Ri
Cancel, giving 15_‘ EK
F Ki
sistance equals voltage rR=E
ivided by current . l
For example: Find the value of R}.
E
RI T
12v
— M=
RI = 6Q
Practice on these problems.
R =
(&)
\—/10a
——— h
2. —— 30V
]

o ' 38
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;

SR T N g s Qg R

X T

T Y

T
-~ s

Answers: 1, R = 5Q
2. R=3Q
: . 3. R = 2k

T ﬁyw»?}iﬁym: .‘(;‘«

Applylng_ﬂhm s Law to Parts of the Circult

 Using the basic Ohmis Law (I = —J and the two transpositions (E = R

and R = ~J, you can find the current, voltage, or resistance of any °
compiete circuit. You can also find the current, voltage, or re-
sistance of any part of a circult by using these formulas. Of
course, you still have to know two of the values for the part you
are working with.

Example:

Solve for current, .

'.“ tooking at thls clrcuit, one com-
Rt ponent which has two known values
_fa J0v 50 2 W0v is Rl. From the voltage and re-
-1 . sistance, current can be computed
R2 S ERp using | = -:—.
2 100 § 20v
' E
. | = AL - b= 0V | = 2a
R Sn . -t
You could st.rt by finding the current through R2 Instead of R} as
follows:
T : ERZ 20v

’-ﬁr l-m | = 2a

Total circuit values could also have been used to flnd current.
The applied voltage is given, and the total reslstance can be
calcuiated.
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When a number of resistors are connecied in series, their total re-
sistance {R.) equals the sum of individual reslstances. Stated in
symbols, this is RT= R1 + R2 + R3, etc.

The total resistance in the circuit above is 5 ohms plus 10 ohms
(or 15 ohms). Current can now be found by:

E
[=-—i [3.3_.0.\-,. | = 23

BT . 150

The solutions to this problem show that, as we said earlier, cur-
rent 1< the same in a¥l parts of a series circuit.

The voltage across one component of a circuit can be found as
fol lows:

T MY 1o find €

. R2°
..L ER2=th2;ER2=hax59;ER2=20v
* -
E To find ER]
i - 3 - F-3 [ k- 4
ER! I x R13 ER] ha x 109; ER] Lov

Because the sum of the voltage drops equals the applied voltage, the
appiied voltage must be 60v {4Ov + 20v = 60v}.

In the followlng series circuit, voltage and current are given, and
you can find R by using:-Ohm's taw. :

Ry '
! . E
bv RL _ 6v
-:I:_ - ERy bv Rl "—'i—'=§'a"‘ﬂ 29
3o
—{(2)
3

Since current is the same in ail parts of a series circult and the
voltage drop across R2 is the same as the drop across Rl, R2 must
have the same value as Rl. You can work out R2 using Dhm's taw if
you wish to prove this shortcut.

Complex Solutions Using Ohm's taw

in most practical on-the-job situations, you will need a series of
Ohm's Law solutions to find the particular quantity you need to know.
Examine the circuit diagram below to locate some unknown quantity
you can calculate from the given data. .

v

R,
-3

40
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WAAN/
80 Solve for R2.
i . In this case, you cannot find R2
= 30V R2  directly from the information given,

s0 it is necessary to look a little
harder. Total resistance can be
found from E_ and 1.

R3 2%  2a
You learned earller that the total resistance equals the sum of the
resistors' values in a series circuit. If you write this as an
equationr, you get
RT = Rl + R2 + R3
Substituting known vaiues In this equation gives:
Ry =Rl + R2 + R3

150 = 50 + R2 + 29

Solving for R2: R2 = 150 -~ 70
R2 = 80

Another example which requires you to use Ohm's taw and the rules
for series circuits Is: :

Solve for ERI'

AAAA-
L I One way to find E,, is to find the
A1 resistance of El_gAd the current
— :;' k2 through it. From the given vatues,
. 250 you know Rl equals - {R2 + R3)
Ry 509 or 10 ohms. Current is found by
r3 dividing source voltage by total
VWA . resistance. and equals 0.5a. Then
150 . ERI = 0.5a x 102 = Sv. .

.

By doing a series of simple calculations like these, you will be able
to find any quantlty In a series circuit. There are two secrets to
the procedure; first, look at the problem to see what values you

need to know to get the answer. Second, look at the given terms to
learn what values you can find.

Some of the following problems may _ake several steps to solve, so
don't give up a procedure too qulckly. Answers are given on the
next page so you can check your work when you have finished a problem.

ar

41
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Find:

Find:

Find:

Find:

ANSWERS on next page.

42




N\

Narrative . Five-11
. Answers:

1. Find: I, = h4a ERz = |2y

RT = 160 ER3 = 8y
= 28y ERk = j2v

1,,, = &a le = 4a

2,

!-'Ind: . =5ma 1_. = Sma

TR T2
= 50v Ry « 50k0

R, = 20k Eé = 250v

Find: R, = 50k 1. = 10ma

Ea = kv

1)

"

2

4

g
e

-

"

’RB = 10ma

Find: 1 ER3 = 5kv

. _®:_ Epp = Skv Ry = 75%@

Rﬁ 1a25k9 ’RB = 200ma

AT TH1S POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY GF
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL OF THE QUESTIONS CORRECTLY, GO TC YHE NEXT LESSON.-- IF-NOT,-STUDY
ANY METHOD OF {NSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY. - .

o
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PROGRAMMED INSTRUCTION
: LESSON 1!

The Ohm's Law Formula

TEST FRAMES ARE 9, 16, 21 AND 40. AS BEFORE, GO FIRST 7O TEST FRAME 9
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC-
TIOMS GIVEN AFTER THE TEST FRAME.

1. You have probably gained same idea of how current, voltage, and
reslstance afrect vne another in a circuit. An exact statement
of this relatlonship is called Ohm's Law. Ohm's Law says that
current In a civcuit Is directly proportional to the -voltage ap-
plied and Inversely proportional to the circuit resistance. [n

’ the form of an equation, it is: - ~
I = §. .
* R Where | = current In amperes

E = voltage-in volts
R = reslstanc: In ohms

Write the equation for Ohm's Law:

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

2. \In your owq\words, state Ohm's Law:
\ -

Ay kel

.
----"\ --------------------------------
,
s

Ay

{Current varies directly with the applied voltage and Inversely
with the circuit resistance, or words to this &ffect.)

Ay

3. The first part of the'OHnﬁﬁ Law statement (current is directly
proportional to the appliéd voltage) means that if resistance ls:
held constant and the voltage is Increased the current will Increase.

It follows then that if réslstance !s held constant and voltage
Is decreased, current will become

larger/smaller

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

{sma]ier)
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4. Since current is the result of applying a voltage across a re-
sistance, It follows that current may be changed hy changing either
the voltage or the resistance. -Current cahnot be changed direct!y
for it is not a thing which can be placed In a circuit like the
resistor or the dry cell. .

Current in a circult may be changed only by changing either the
) or the , or both—

(voltage; resistance leither order])

5. In a simple circult, which of the following cannot be changed
directly? .

a. voftage

———

b. current
c. resistance

———

{h) c.irent

6. Given a circuit containing a load device of 25 chms and 2 source
of 100 volts, vhat will be the current flow?

7. Using the formuia | = %5 find the current flowing in the follow- -

ing circuit. | |

~{I = 0.5a) .

8. In a circuit with a load resistance of 500 chms and a 45-volt
source, the current will be . .

= mm S E Em Em Em Em Em Em T S o % w T o W S m & ., = o=

------- - . o oy

(0.09a or 90ma} .

154
oo
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9. Solve each circuit for |.

l \ — -L_.._.,....._.. e
fa — fa t

. —
—r 100V 1 —_— 200
253 — v

{TH1S IS A TESY FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

*

‘

-
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2

ANSWERS - TEST FRAME S
a. 4a
b. 40 ma

c. 100 ma . ‘ :

- - .
R I T R R . T T T R R . - Em m Em o m o e

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TESY
FRAME 16. OTHERWISE, GO BACK TO FRAME 1 ANO TAKE THE PROGRAMMEO
SEQUENCE BEFORE TAKING TEST FRAME 3 AGAIN.

~

10. As you have seen, current In a series clrcult Is common throughout
the circult. ’

In the clrcuit, ammeter | reads 1.5a.

What wi}l ammeter 2 read?

N , . 8 50
ks M2
—  18v
- R2 sn
'—'/
{1.5a)

]
T

. a’ Y
- 11, Since current is the common factor in a series clreult, this alluss
us to use Ohm's law to find the voltage and resistance.’

Ohm's Law con be used to mathematically compute ,
) , and . (Any order.)

R . . . . T T O Y e ] - Em o e m = omoaow - m o e e
.

"

lcurrent, voltage, resls tance)
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Y A AT
T P Y

, 12. Ohm's Law ®nables you to find the curreit flow in a circulit when
- the voltage and resistance are known, but If the current and re-~
: sistance are known you must rearrange the formula to obtain the
urknown valué. HMu.clplying the equation by R and cancelling gives
E = {R. Voltage may now be easily calculated.

f»: ,
: e |R-§5-; IR = E; or E = IR

7 ' . “Write the varlation of the Ohm's Law equation which gives voltage

dlirectly. .
----- - o m om om omlm e W oW om om om OEm OEm oEm o Em W Em e W b b b o e o = ow om
(€= IRJ b
13, Find the source voltage In this circult. s
3™ : £ -
a
.'_- /_"
" {15v)

. - ‘ Ea s
4 : i r
= : > 109
2a )
4 -_‘_®7
 20v)
\) ’ 55 For
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Sir
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15. Determine the voltage required to cause 3 amperes of current
to flow iR @ clrcult containing a resistance of 25 ohms.

- m . Em m M W IR W Em E E e m W om @ W My W Em @ W W m W E o W e o

T5v)

R, 200

_f:\*_
) \_/
' 2a
— h L —
T son T Rk |
2a Oma
- o—! ®
a b. c

- -

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
‘ANSWERS GIVEN AT THE TOP OF THE NEXT PACGE.)
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ANSWERS - TEST FRAME 16

a. loov

q\ 60v
ct Lov

.IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO 'TO TEST
FRAME 21. OTHERWISE, GO BACK TO FRAME 10 AND TAKE THE PROGRAHHED
SEQUENCE BEFORE TAKIHG TEST FRAME 16 AGAIN. ‘

" 17. In the same way, we may determine the resistaace if voltage and
current are known. Rearranging Ohm's Law t¢ solve for resistance,
we obtain the equation: -

Som=fR RLUE g E
g U S S L

Write the result of solving Ohm's Law for resistance.

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

(R'a-il-)_

18. 4f a clrcult has a source of 30v and the current flow is 5a,
what is the resistance of the clircuit?

____________________________________

TR

19. Write the equation for oOhm's Law and the *wo variations used for
finding resistance and voltage.

e e M e s o am mm T O mm MM R o E e mm M k Em W M o W s M M e o o m = o= =

50 5

-2
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Rl =
™~ .y h
el "
O
(28)

2). Compute the resistance of the following:
“ [} " @ ' —L“
M — v

. DS1
h L

(TH1S. 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) )

51
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ANSWERS = TEST FRAME 21 -

a. 129

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON' TO TEST
FRAME 40. OTHERWISE, GO BACK T(» FRAME 17 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

i

Now that you have covered the simple circuit, you are ready for
clrcuits with more than one load component. The first such circuit
you will tearn is the series circuit, which s defined as a cir-
cult which has only one path for current flow.

A circuit which has all of its coroonents connected so that current
must flow in only one path is called a circuit.

{series)

Define a series circuit.

24,

{A circult with only one path for cu.rent flow)

To find the total resistance of a series circuit, divide the ap-
pllied voltage by the current flow.

Petermine the total resistance of the following:

/2%
162' ®
- =
. fa T L §1] RT
20v '
Rz
(109)




Five-1l

. The total opposition in the cIrcult is equal to the sum of the
Jndividual resistors.

What Is the value of R2 [n-frame 2#?

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

" ED)

26. Find the value of 51.

*
’

L R T T I . . . T R R .

‘ J
. {58, HNote: You must first s?1ve for R, and then for R3.)

27 You wili recall that an EMF NE>%hgﬁproduced In various ways.
Each of these methods converts some form of energy intc elec-
tricity, an action which Is cailed rise in potential.

The conversion of chemical action lnto an EMF Is callcd

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

trise In potential)

- ]
. £ 4

28. Another way of saying this Is to state that electrons within a
source are ralsed to a higher ‘energy state by the forces which
move them from the positive terminal to the negatlive terminal.

The rise in potential s caused by (Increasing/decreasing) the
energy of electrons.

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

(increasing) -

29. Name the achon of convert]ng some other form of ene“gy into
electricity.

R O L T L

{rise In potential)

53
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30. Just as a source of EMF leads to a rise in potential, the load in
a circuit produces a fall In potential or conversion of elec-
tricity to some other form of energy. Ycu may yse these terms to
further describe a voltage when you wish o make a strong distinc-
tion between a voltage generated within a source and a voltage
drop occurring in a load. (Voltage drop is a commonly used term
for fall in potential. in this case, the electrons moving
through the load give up the energy they received from the source,
and it is uysed as heat, light, etc.)

The action which changes electricity into some other form of energy
is called

M M o o e o oEm oar e G s Em S Em o d Em Em e mE B mm e e mm e e mm M e e G e e am

(fall in _potential or voltage drop)

31. To find the voltage drop {or fall in potentia]) across a resistor
or. resistors simply multiply the current through the resistor
by the resistance of the resistor. : '

For example: Find voltage drop across Rl.
” E.. =1 xRi
R, o2 N
= Epy = (2a) (100)
' ‘ E
?/43° Rz 'sQ Ry = 20V
&/

Find the voltage drop across R2.

61
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33. Just as = Rl + R2 + R3, the applied voltage must equél the sum
" of the voltage drops in a series circuit.

. . Epy Ov
H B Y LT .,‘.-.-..—..—Jvﬁg‘v}v&_-J
, - [ !
ik > Epa
! ¢ bv
. Ep3 8v
X SV YV V) —

o e Em e M B E B O e B e e B B o - e e o e om W - o e o am om

-

(Ea = 20v)

L]

34. In the following circuit, what value must the variable resistor
* have in order to reduce the voltage drop across R2 by one
+  half? , ' .

5 6o




T
{d-‘
.

P.1. Flve-11

-

35. Frequently you will need to solve for one value before you can solve
for another, because you must have two known values to solve for a

third.
Example: Solve for R2. ° 1In this circuit we have everything
) required to solve for RT:
" S0 Ea 30v
] R g - B0 :
L e g Once R. Is found, finding R2 is a
-— 30V R2  simple matter of subtraction: '
B R3 20 20 R2 = R, -~ (RI +R3)
VA A *
R2 = 150 ~ (58 + 20)
R2 = 150 - (70)
LY
R2 = 80 e
Solve for Ep,. In this circuit, we work the other
way. We have all that is needed to
Rt find the value of both Rl and current:
AAAA————
RT - {R3 + R2) = Rl
——— R2 i
. [a % 500 - (150 + 250) = Rl .-
25 250
T 500 - 4o = R)
Rt 0% w3 180
E
a _ 25v
| = ﬁ;‘ Eon © .5a

From this it is simply a matter of
multiplication:

Eqy = (100){.5a)

E,, = bv

Rl Rt 50

Solve for RT: AAAA
—..L!u R2
"o 30w 100
e R3
AT

ERIC » 63




P. 1. o Flve-1!

36. Using multipie calculations solve the foliowing.

Find
R 76 Rg 30
J_ A a. ;= e. Ep, =
(1] '
S0v . Ra b. R.I. = f. ER3 =
. 0 a =
T Ry 39 c. Epy- g Egy
k A e e R

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

37. Solve
,_@"‘_’ma" Find
';:5§LQ a.- IT = ‘ d. ER3 =
— Tk Ry b Epp = e Ry=
25k Q R = ¢ 1 m
AAAA— 3 " R3

- e m M w e m e m W W o oay m W o W M m oar 4k mr mr ax W a ar W o W M W = ow

{a. 200ma: b, 5kv; c¢. 25kfi; d. 5kv; e, 75k9; f. 200ma)

38. Solve the circuit for quantities indicated.

m
=
“.

m
=
£

a. RT
b. |T
R 102 Ry 250 Ry 150 i
: Ri
= fo R, 500 do ey
= 100V e. E
T ’ R2
¢ f.
go
h.

fay

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

(a. 100Q; b, | amp; c. 10v; d. | amp; e. 25v; f. 15v; g. 50v;
h. 1 amp)

37
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39. Solve the circuit for quantities indicated.

a. R2
b. g, :
c. ERI'
° d. ER3 .
e. E -
f. IR3 o

- E W e o w Em m oEm W Em om T oEm o oW B om om Em W m s W M m m W w o e Ta e ow -

_ —
e e

a. 5k; b, V amp; c. Bkv; d..2kv; e. I5kv; f. | amp)

0. Solve the circuit for quantities indicated.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WIT:! THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

65
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ANSWERS - TEST FRAME 40 s
e s '
b. 50kn -7
e ooy , a

d. 50v

e

- A e M % M B W E o M M W W A w W W W MR g W W m A o e m oam e

IF ANY OF YOUR ANSWERS 15 INCORRECT, GO BACK TO FRAME 22 ARD TAKE -
THE PROGRAMMEO SEQUENCE. :

- L

IF "YOUR ANSWERS "ARE CORRELT, YOU MAY TAKE THE PROGRESS CHECK,

OR YOU MAY 3TUOY ANY OF THE OTHER RESOURCES LISTED. IF You

TAKE THE ~ROGRESS CHECK ANO ANSWER ALL THE QUESTIONS CORRECTLY,
GO ON TO THE NEXT LESSON. [F NOT, STUOY ANY METHOO OF IN-
STRUCT’ON YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS

CORRICTLY.

s9. 66 -~




SUMMARY
LESSON 11

The Ohm's Law Formula . .

. . ¥

The 'statement of Ohm's Law in the last lesson sets forth the relationship-
of current to.voltage and resistance. This can be.expressed much more
briefly and conveniently In the form of an equation:

Voltage (in volts)
Resistance (in obms) -

-+

-~ Current {In-amperes) =

This equation can be reduced stiil further by use of the alphabetic
symbols for voltage, current, and resistance; | = A When using this
formula, you will need to know the metric preflixes and pasers of ten to
keep your values stralght. . ’ .

Here is an appllcatlion of Ohm's Law to a clrcult:"

To find the effective AC current ‘In this circult, substlitute values In
E_ 12v '

the Ohm's Law formula. | = T - 2. If.thb'reslstanc; had been

6ksl, the solution would have been

I‘—-

R 6kn 6 x 1070 ]
The Ohm's Law equation can be-manlpulated to find any one value If the
other two are known. For example, to find res1stence when current and
voltage are known, the formula transposes to R = e Solving for voltage
yields E = [R. .

- 2.x 10733 or 2ma.

-

The Ohm's Law formula can be applled tp a part.of a circult as well as

to 2 complete clrcult., You must always be careful to use ‘the correct

set of values In solving a problem, for It Is easy to slip and use ap~_
plied voltage Instead of -the voltage drop across one particular reslstor.
Here is an [liustration which msy help clear this up:

2

& ERy
1 ta . 80R 40v

1200

Find clreult cvrrentl Current can be found more thgn one wav, but the
fastest method Is to use Em‘ and Rl llke this: | = R-RF“"- g—g—;—n %- a,

iIf applied voltage Is used, the total reslistance wll} glve the correct

60, 67
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answer, but using appiied voltage with the value of Rl would give 2.5a,
a totally wrong answer. You could have added Ri and R2 to find total

E
resistance (200 R) and then divided (I = ﬁi = %%%% = .5a), again the .
. T :

correct answer.

B8y using the Ohm’s Law equation in conjunction with the rules for series
circuits, you can find a great deal about a circuit from re!atlve!y
littie given information.

To illustrate ‘he last statcment, the circuit below can ‘be solved for
voitages, resistances, and current.

1av N

T WA
—r - Rg JOov
. w0
ls &q
v.m

The first étep here s to find a part of the circuit which has two
values given so that the third may be found. In this circuit, the re-
sistance of R2 and the vo!tage across it are both shown, so we can

start there.

- ERZ 30v
R2 109

3 a in all parts of it. The voitage across R is then 18 v

(ER3 = | x R3 =33 x 60 = 18v). The resistance of R} is 4 (IZv Lq).

T?ta! voitage can be found by adding ER!’ R2’ and ERB’ and Eota! re~

sistance can be found by adding the resistance values or by Ti = RT.

I = 33, This s a series circuit, so the current is

0f course, the order of steps after current has been found can be changed,
and there are several ways to get tota! voltage or tota) resistance.
Some problems may require several steps before you find the solution,
so don't give up too easlly.
}
AT THIS PO!NT YOU MAY TAKE THE LESSON PROGRESS CHECX, OR YOU MAY STUOY
THE LESSON NARRATIUE OR THE PROGRAMMEO INSTRUCTION OR BQTH. IF YoOU
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. IF NOT, STUOY ANOTHER METHOO OF INSTRUCT!ON UNTIL
YOU CAN°*ANSWER ALL THE QUESTIONS CORRECTLY.

x
-

. 6%
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OVERVIEW
LESSON fI1I

Power

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

-definition of power

-quantity of pcwer

~unit of Geasure

~power formula

-practical applications of power

Tormula

Each of the above topics will be discussed in the order listed.
As you proceed through this lesson, obser: wd follow directions

careful ly.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOQURCES
ON THE NEXT PAGE.
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LiST OF STUDY RESOURCES
LESSON 144

Power i

To learn the material in this lesson, you have the option of choosing,
according to your exgerience and preferences, any or ali of the
following:
STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93%00A-la '"Basic Electricity, Direct Current.'
Fundamentals of Electronlcs. Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printiny Office, 1965.

You may study wnatever learning materials you feel are necessary to
answer the questlons in the Lesson Progress Check. All your aiswers
must be correct before you can go to Lesson V. Remember, your in-

structor s available at all times for any assistance you may need.

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

65
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i NARRATIVE
5 LESSON 11t
.f' . Power
: introduction

So far, we have discussed'curreﬁt, voltage, and resistance, and
how they are related. There is another electrical quantity you
have to learn about, - power.

You recal) from the module on resistance that resistors are
rated for the power they can dissipate as well as for their
ohmic values. T3 make use of this rating, you must understand
what power is,

Definition

-Power Is the rate of dolng worl,, that is, the amount of work done
per unit of time. As an example, think.of two men shoveling equal
piles of sand into trucks. One of the men can complete hls task
in 15 minutes. The other man Is stronger and can finish his job
in 5. Both do the same amount of work, but the man who finishes
first has used more power. i

Simllarly, If you have two electrical circuits with identical
resistances, but different applied voltages, the ¢ircuit with the
stronger voitage will have a greater current flow {electrons
moving faster}. This |s another way of saying more work s done

. in a given time; therefoie, the circuit with the greater voltage
will expend more power. Power is :he amount of work divided by
the time it takes to do the work. Stated in symbols, P = T where
P is power, W Is work, and T stands for time.

- Amount of Power <

When the control on an electric iron is turned off, nc current
can flow through Its resistance, and no power [s present. As
you change the control to @ warm setting, current flows through
the resistance and the lron heats.

When you turn the dial to a hot setting, more electrons move
through the clrcult over a pe.lod of time, so more power s ‘ex-~
pended and the iron gets hotter. More power always prcduces

more heat. o

Unit of Measure

Power s measured in watts and the symbbl s M. {Upper or lower

73
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case W's are used.) Note that W may mean either work or watts,
Appliances and light bulbs are rated in watts. You know that a
159 W bulb burns more brightly and gives off more heat than «

40 W bulb. The 150 W lamp dissipaies more power {has a greater
current flow) because it has lower resistance 7han the 40 W
bulb. This*is true for all light bulbs and appliances when they
are operated at the correct voltags.

Power Formula

Occasionally it will be necessary to know how much power is being
used In a circuit or how much power a component is dissipating.

For example, if a resistor rated at 20 watts is used in a circuit

where it dissipates 60 watts, it will very quickly burn out.
(Remember, resistors are rated according to how much power they
are capable of dissipating.)

[

The amount of power in a circuit depends on how much current flows
and upon how much voltage is applied. Many years ago, scientlsts
found that the power (in wattsg equals the vc.tage (in volts) times
the current (in amperes}. Written in symbols, this is P = El, Be
careful to use the correct voltage and current for the power you
want to find. Totai power (P.) can be found using total current
and applied voltage; power dissipated in one component can be found
from the current through that component and the woltage across it.

The formula*P = Ei expresses these relations:
Voltage and power are directly proportional () constant).
Current and power are directly proportional (E_cnnstant).

In this example, the power dissipated in Rl can be found by
using the power formula:

. ' P., = E,, x|
Ny LB o
-4 - 3 PRI 30v x ha
3) Pay = 120w

Use the formula P = Ei{, Ohm's Law, and the rules for series cir-
cuits to find the values asked for In the following problems.

a.
— £y
N Ov
20 _
& Jpp—
67
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b.
m 1 T dm
—[ 55, 100 ko 50

- 18v
. R2 Ex2
g' 200 g’ﬂ Sy

i

T

4.

{a. 20w; b. 30w: c. 10w) -

Another Power formula "

A second formula for finding power js P = IZR. This verslon of
the power fornuta permits solving for power when current and
resistance are known. Actually this formula is a combination
of the first power formula and Ohm's Law where the E in P = EI
is replaced by IR. -

o|lm

By taking this equation P = I2R and substituting for I, | =
Therefore:
P = 1%
PeixixR=ExExR
2 R R
E

rZ ’

P

o
[’}
:I:INI m,
-

%
o
L}
e
[ ]

Solve the following problems. - Don't forget to square the zurrent
and voltage values when indicated by the formulas.

2
Use P = I2R Use PR2 = ERZ
R2
. a. b. By
R 360
- R1 [ {1
. 8 24y —mm
20 R2 120
e A A A e
{a. 32 W, b. 3 W ’
o B
Q s /C)
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Solving Circuits for Power

By combining the power formula and Ohm's Law with the rules for
series circuits, a lot of Information can be discovered from few
known values, .

For example, in the following problem total power can be .found
from the information gliven,

First, the totai resistance can be

found for R, = Rl + R2, or = 109,
- n Current theg can be found from Ohm's
$Q Law:
A E
= , -2
:?} = 2
- Yoo
| = 2a

Then using the formula P = E!, total power is shown tc be 20v x 2a
or kow,

You can also transpose the power formula to find other values as
in this problem,

Find the current required for a lamp rated at

kOow and 120v,
P=Ex I
Ea Oow = 120v x |
@:mv' 40w
how = 120v = |
J I = 1/3a

Practice these probiems and check your answers with answers on
the next page.

) O ©eow

B

How murh "current wiil the lamp draw?
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Ry
—A A
250
b. _J_FGIOOV Ry
—— 50v
W
Solve for total oower.
lug,&k'nt 25w
R 250 .
c. R2 éltqud at 5w
100
d.
Py = —
[ PR3 - o
Solte for PRI and PRS‘ )
A
R} 30w consumed
e. qd\ R2
30w consumed

Solve for RT.

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN BELOW:

a. 0.5 amps d. PR] = 20 w
b. 200w PR3 = 200 w
c. R2 e, 60 R

* AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
"OTHER RESOURCES LiSTED. |F YOU TAKE THE PROGRESS CHECK AHD A SWER ALL OF -
THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |IF NOT, STUDY ANY METHOD
OF INSTRUCTION YOU wWiSH UNTIL YOU £AN ANSWER ALL THE QUESTIOMS CORRECTLY.
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PROGRAMMED INSTRUCT jON 1 .
LESSON I11

~

Power

TEST FRAMES ARE 7, 14, 20 AND 28. AS BEFORE, GO FIRST TO TEST
FRAME 7 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THEREA FOLLOW
THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. A concept which is necessary for working with electriclty is
power, Power s used to rate appliances such as toasters,
frons, Yamps, etc., as to the load they place upon a source;
to rate the source as to how much electricity It can supply,
and to rate components as to how much energy they can safely
convert.

The power ratlng of a component may tell how much: “
a. power It can convert.
b. power it can supply.
~_¢. load it places on the source.
d. all of the above.

- o W e ome W om - ok S S me mm o we mk me g me oae me mk o mr me ome mm mE - o W W m owm m

{d) all of the above

2. Power (P) is defined as work per unlit of time anu is found by
dividing the work (W) performed by the time (T) in seconds re-
quired to do the work.

Define power.

{Power is work per unit of time.)

3. Write the equation for power in terms of work and time.

, 71 3?5;
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k. Two men are waxing identical cars. Man A finishes his car in
15 minutes, while man B takes 25 minutes to do his.

Which man expended the most power In'waxipg his car?

L T R . T T T T T T e T T T T T i,

(A}

5. In applying this formula to electricity, we may deflne power as
the rate of converting electrical energy to afiother form of energy.
In our illustrations, the resistors convert -electricity to heat,
and power can be determined by measuring the amount of heat pro-
duced in a given time.

It has been determined experimentally that the amount of heat
produced by a resistor s directly proportional to resistance, the
square of the current, and time. As an equation thls is written:

Amount of Heat ='12RT
State the relatlonshlp between heat, current, resistance, and
time as applied to @ resistar In a circuit.

T S - e e e G o e R A L I e -

: (Heat 1s directly proportional té‘iﬁb resistance, the square of
the current, and.time.)

" 6. Electrical power is definec as

{rate of converting electrical energy to another form of energy.)

7. The amount of power Iﬁ a cireult:

a. Is llke the enargy available to do work.
b. Is like the energy used by a man waxing hls car in 30
minutes. . .
___¢€. is the capabillty of the circuit to do work.
___d. s the rate of converting elecirical! energy to 2nother
form of energy.

L R R e . T ™ S S . . D T T o W e W g o e ow

{THTS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) e

72 79
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ANSWERS - TEST FRAME 7

b. is like the energy u.bd by a man waxing his ar
in 30 minutes. .

-d. Is the rate of converting elQEFrica! energy to
another form of energy.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 14. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKIiNG TEST FRAME 7 AGAIN.

8. The more electrons moving in a circuit, the more power the
circuit will consume.

Select the circult which consumes the gtreatest amount of power.

A bo — C.
JJ" 75v L Ea7sv op - ta7v é
— G T $ Bo
————————————— \r_.,_.,ﬁ--_,__“_'-‘-_'_-'-_-_l-——__
1,
0]
9. Recall that resistors have a power or wattage rating. .

Secht the units of power.

2mpS (a)
‘ohms ()}
watts (W)
volts {v)

- mm ey mm o Em dm am R Em am Em ay . R Em am Em o o Em Em Em ay Em Em Em o % o ™ mm omm

{c) watts (W)

73 é;{)
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l0. Starting from the basic equatlon P = =, and substituting | RT
. for W (work}, we can derive an equatign for power.in electricai

terms:
. P (in watts) ;.!;-
Ay . "
Cooe L _ I°RY
N 7
) ' R ‘ = lzli

Note, that W is used for both watts and work, so he careful when
M is used. ’

State the equation for power in terms of current and esistance.

b

P = I2R) -

11. Find the pawer expended by gl:in this circuit. .
~M1 ;

}
12. The power expended in a resistor of resistance is known as true
power or power which actually does work.
. A

A lamp. uses what type of power?
a., reactlve power In VAR's.
b. true power in watts.

apparent power in VA's,

- W o e o W e o .
.

{b) true power in watts
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13. Sta;g_yhich resistor will burn out,

W "" . ‘. . "t .' .
e NAAAY .
. : W0H Sw )
" .
L A .
R5.250 30w .
“rmv ———"
)] S '

14. True power: . B / .

____a;' may be defined as power ;;?ch has a true and constant?
" energy value. .

b. is used when a waf?}e iron, toasfer,'o[‘a.lahp

. operates.

. - -
*

¢.. may be defined as power that actually does work and/or
. is dissipated in heat. .

4

d. 1is present in a circuit in which the swltch is open.

- pm s o kR e M g AN pm e kR o AL M g g M ke S M g ogm R A S e g e ™ o wm e e m

€THIS IS A TEST ERAME. COMPARE YOUR AMSWERS WITA THE CORRECT .
ANSWERS GIUEN AT THE TOP OF THE NEXT PAGE.)

15 §2
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ANSWERS ~ TEST FRAME 14

b. Is used when a waffle iron, toaster, or a lamp
operates.

c. may be defined as power that actua.ly does work
and/or Is dissipated in heat.

- e W m o m e

It ALL YDUR ANSWERS MATCH THE CORRECT AN.WERS, GO ON 10 TEST
" FRAME 20. OTHERWISE, GO BACK TD FRAME & AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 14 AGAIN.

Another statement for power in electrical terms can be derived

from P = lZR and Ohm's Law. This equation is useful when vol-
tage and resistance are the known values.
frcmp-izaulxlxa

E  E

subs&ttude 7 for | = ®XRX R =

Ez

. '

Write the equation.for power In terms of voltage and resistance.

!

1 i

- m om o om o om oW o owm oW om ow W om o om om ow

.

-

L
£
I_P -r)

¥

. Find the power dissipated by a 300-ohm resistor connected across
a 60 volt source.

- W W g wr M W e e m W om N

2,” z
ES_ (60)% 3600 _ .0

R 300 300
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™
17. One more expression me, be developed by a s!milar method, using
R =E/I for the substltution.

From P = I R and R = %u substltute %-for R.

Then P = lz%-

so, P =El

Write the equation which solves for power when voltage and
current are known.

18, Given that E, 1s 30v and Iy Is Sma, find P..

W e A m W m o Ay m m a

I

(150 aw)

19. In this ¢lrcuit, how much current wl1l the lamp draw?

20. Check the circult relatlonships that are .directly proportional:
____Aa. current and “esistance.

current and power.

current and voltage.

vcltage and power.

(THIS IS A TEST FRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

7 &4
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ANSWERS - TEST FRAME 20
b. current and power. {
c. current and voltage.

d. voltage and power.

o M e o o ok e e m r Em o o o o o o T e o S W o ke M o o o = A o

IF ALL YOUR ANSWERS MATCH THE CCRRECT ANSWERS, GO ON TO TEST FRAME
28. OTHERWISE, GO BACK TO FRAME 15 ANO TAKE THE PROGRAMMED SEQUENCE
REFORE -TAKING TEST FRAME 20 AGAIN,

21. The total power consumed in a series ciicuit is the sum of the
power consumed ir each individual load device.

v

Write the ,equation for total power dlssipated in a series circuit
consisting of four resistors when the power consumed in each léad
in the circuit ts known:

22. Hsing any one of the preceding equations as nacessary, find
the power dissipated in the following circuit.

T

—]~— _ R; W00
{A_}’—" -

78
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23. Solve. __<E>
. 1o
b ¢ Ry ‘
- gm Rp=
consumed
) ‘
¢ 200 consummed ¢
140 ohms)
24, Find PT.
L P - .. R
. T |
'TPT = 10w)

25, Solve.
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26. In a circult which carries 3 amperac and has a 30-voit source,
what is the total power dissipated?

27. Fine P.

- ™ o o W o ow W ow o W ow ow W o e W
-

(1%w)
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28. For the following circuit, find all! values of voltage, current,
resistance, and power which are not given.

R
Find: A

aa sl

0V

R1

Pai

Epa

PRZ

R3

P

R3

(TH1S 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE'TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 28
| = 2a
RY =
PRY = Low

ERZ Lov

TF ANY OF YOUR ANSWERS 15 INCORRECT, GO BACK TO FRAME 21 ANO TAKE THE
PROGRAMMED SEQUENCE.

IFf YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS ({HECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. {F YOU
TAKE THE PROGRESS CHECK ANO ANSWER ALL THE QUESTIONS CORRECTLY,
R0 ON TO THE NEXT LESSON. {IF NOT, STUOY ANY METHCO OF INSTRUC-
TIOW YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON (11

Power

Another electrical quantity you must learn about is power, the rate
of doing work. 1In other words, power 1s the amount of work done per
unit of time. Two electrical clrcuits with identical reslstances

but differerit applied voltages will have different amounts of current
flow. The circuit with the greater current will be dissipating more
power; for more work (In the form of moving electrons) is being

-done each second. Power, defined by uslng symbols in a mathematical

approach, is P = ¥3 where P is power, W is work, and T is time.

Power 'in a circuit is usually converted to heat and dissipated into
the air., The greater the power in a circuit, the greater the heat
dissipated. The unit of measurement for powe: is the watt, and its
symbol s either upper or lower case M.

You-remember®that resistors are rated according te the amount of

" pawer they are ‘sb'e to handle. You may need to catculate the pow-
ef In a circult or in a component to be sure that {t is operating
within its rating; a resistor rated at 20 watts wili very gquickly
burn out if it is operated at 60 watts, for example.

Electrical power can be shown as the product of voltage and cutrent,
but you must always be careful to use the correct voltages and
currents. Total power {P_) can be found from total current and
applied voltage, but the power dissipated In ore component can be
found only if you use the voltage across the component and the current
through it. The power dissipated by Rl in tihie following diagram is:

. &
SI I PRI==30vxl|a
4a =
(E} PRI 120w

Another formula for flnding power can be derived by substituting

iR for E in the formula to ‘ieid P = IZR. This formuia is useful
when current and resistance are known.

Combining the power formu‘as with Ohm's Law and the series circuits
rules -ailows a lot of information to be found from relatively little
known data,

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
CORRECTLY, GO TO THE NEXT LESSGK. IF NOT, STUDY ANOTHER METHOD
OF INSTRUCTIOH UNTIL YOU CAN ANSWE™ ALL THE QUESTIONS CORRECTLY.

= g
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¥ _ Overview Five-1V
OVERV!EW
LESSON 1Y

Internal Reslstance

In thls lesson you will study and learn about the followlng:

-what Internal resistance is

~how internal resistance affects

current
f ¢ "« Each of the above topics will be discussed in the order listed. As
HP, ‘ you proceed through this lesson, observe and follow directions

carefully.

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

4

"
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*

-

.t LIST OF STUDY RESOURGES
LESSON 1V

»
.

*,
o

\Y;

internal Resistance

T . .
7o iearn the material in this lesson, you have the option of choosing, -
according: to your eXperience and preferences, any-or all of the

- -

R ' followling:

L]
. r

STUDY . BOOKLET: y . .
- Lesson Narrafive . ' .
. Programmed ;lnstructi_on _ o . )
bLes;on Summary o { f’

. ¥
i

ENRICHMENT MATERIAL: . - .
. NAVPERS 93400A-1a "Baslc Electricity, Dlrect Current.
- F 4 . . -
Fundamentals of Electronics. Bureau of Naval Persd&ﬂETt
. ¥  Washington, D.C.: U.S. Govarnment Printing Office, 1965.

¥

x

Remember, you may studylwhatever;iearning materials yo:gj;z‘xare

necessary to answer -the quéstions in the Lesson Progre Checkf\yst}
' your answers must be correct before you can go to Lesson V. Your

Instructor is available at all times for any ass!stance you may need:

YOU MAY NOW STUDY ANY OR ALL OF THE-RESOURCES LISfEﬁ_AﬂbHEwQ—¥OU MAY
TAKE THE PROGRESS CHECK AT ANY TiME. )

i
i

L

g

ﬂ .

.
.
.
.
. .
.
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NARRAT | VE
N LESSON IV

Interna! Resistance

r

Definition - .
When you learned about resistance, your attention was focuc 'd on
the resistance of the load in a circuit, but there is another very
important resistance in any operating circuit. This is the resis-
tance inside the source. All sources - batteries, generators,
or whatever - have resistances inside them which oppose the move-
ment of electrons. ) .

In a batgery, the chemicals which separate the electrons from their
atoms also offer resistance to their movement. in . gene ator, the
wires in"which EMF is generated als» have a certain amount of re-
. sistance. ' This opposition is called the Internal:resistance of the
" source. -

] .

Although you cannot see this resistance or measure it with an ohm=
meter, you can determine its effect on @ clrcuit. To help you do
this, think‘of the internal resistance as being in series with the
source. This reslstance i5 usually shown schematically iike the
draviing below. .

internal
Resistance

The dashed line indicates that the internal resi.tance is part of
ths source.

Let's see what this resistance does to a circuit, and why it is
important to you. In the clrcuit shown above (notice open switch),
a voltmetar placed on the battery termirals (points A and 8) will
indicate 12 volts. This is called the no-load voltage, for no load
s connected to the battery and no current flows.

If you now close the switch, a current of 1 ampere wili flow In
che circuit, and the voltmeter reading will drop to 11 volts.
This decrease in the battery's terminal voltage s due to the
voltage dropped by the battery's internal resistance. From this
you can conclude that the internal resistance of a source will
reduce the output voltage when current is flowing.

88
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Using Ohm's Law and the total voltage law (sometimes called .
Kirchhoff's Voltage Law), you can find any of .the values ina ' -
circult tike this one. For example, you can find the value
€ , of the Internal resistance of the battery with only the meters
; shown in the diagram. .
! The'st2ps to follow are:

4 \ 1. _Measure, the no-load voitage. 7his is the actual vaiue
- of the battery EMF, for there is no current flow and
tharefore no voltage drop across the internal resistance
of the—battery. (12v)
: 2. Energize the circuit and measure the terminal voltage of
" .the source (1lv).

3. Subtract the load terminal vddtage from the no-load ter-
minal voltage. :This tells you how much voltage is dropped
by the internal resistaqpq. (12v -~ 11y = Ig)

. L, Measure current flow In the circuit.: (1a} .

5. Divide the voltage drop of the internal resistance by .

. the circuit current. (lv/la = IR; from the Ohm's Law

' variation R = E/1) .
Now try this on 3 circuit of your own. Read the voltage between
the terminals of one of your dry cells, This should be about [.5v.
Connect a light buib to the cell and measure the terminal voltage
again: The current flow through the cell's !nternal res.stance
shoul? cause the output of the cell t) drop to about 1.45v. As a
d?y cell ‘ages, its Internal resistance increases. Thls indicates
when to throw it away. When the dry cell's voltage drops too
much under normal load, its useful life is over.

The voltage drop across the internal resistance of the cells in
the circuits you are using is Insignificant, but in circuits with
large currents, the losses can be Important.’

N -

internal Resistance Affects Current

' -~ .
Jn most cases”the effects of internel resistance In a circuit are
negiigible, but a large internal resistance wili severzly limit .

the amount of current flow. ’

in this’ ."cLit, the internal resistance is so émall it can be
ignored, and all the values work out well within the to! erance
of our meters.

T =
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If we replace the source with one which has a higher internal

resistance,” it will change the circuit, and we might get readings
like these: -

The latter readings differ considerably from those in the first
case. If we accidentally connect a straight piece of wire across
the terminals of a battery, the only resistance in the circuit is
internal resistance, and the entire EMF is dropped within the
source. Of course, this will very gquickly destroy the source
unless it Is protected in some way.

In the rest of the course, you will ignore the effects of tke
internal resistance of a source unless it is specifically included
in the problem or discussion. It is-.important that you know about
Internal resistance so you can understand what occurs in electrical
circuits, but internal resistance wili not usually be large enough
to make a significint difference in your calculations.

AT THIS POINT, 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 OF THE QUESTIONS CORRECTLY, GG 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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PROGRAMMED INSTRUCTION
LESSON [V .

. ) Internal Resistance

TEST FRAMES ARE 6, AND 14. GO FIRST To TEST FRAME 6 AND SEE
IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS

GIVEN AFTER THE TEST FRAME.

'. Recal} the effects of series resistance on voltage drop through-
out 3 circult.

Increasing the éhmic value of R] would have what effect on the
vcltage drop across R27

(E_. would decrease)

R2

2. As you can see, increasing the value of a series resistor de
creases the voltage to the other components in the circuit.

Increasing Rl to 152 would result in the voltage drop across >

R2 decreasing by volts. .
Ry 00
AN J )
<. Eao
=7 28v Ra
¢ T 150

98
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3.

in your own words, describe the effect of increasing the value
of a series resistor upon the voltage drop acress the other
components in the circuit.

(The voitage drops across the other compon ' nts witl decrease)

Up to this polnt, a source has been considered to be a fixed or
constant veltage. In a practical source, however, there is a
certain amount of opposition to current flow which will cause the
output {or terminal? voltage of the source to vary as current flow
in the circuit varies. This opposition is cailed the internal
resistance (symbol Ri) of the source, and is present in all

circuits. ‘ :

In your own words, define internal resistance,

(the opposition to current flow that is present inside a source)
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' o
When shown in a schematic diagram, this internal resistance is
represented by a series resistor, and it may be shuwn inside a
dashed line box with the source

e
1 . |

OR -:‘M Y i
! L

W S T W W W

Labeil the internai resistance.

f

|

1|

id

E ]

6. Redraw this schematic to include a representation of internal
resistance.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

100
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ANSWERS - TEST FRAME 6

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 10
TEST FRAME 14, OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO-

GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 6 AGAIN.

-How does this internal resistance affect the circuit? First look
at a circuit without internal resistance.

What s the voltage drop across
&

Now the same circuit sith | ohm of internal resistance.

volts.

= t.7a, €= (R = 1.7a) (62) = 10.2v)

9% 101
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9. Since the internal resistance i§$¥h-|de the source, what is the
battery's terminal voltage (voltage available to the load)} in
frame 47 volts,

(10.2v)

This internal resistance is often so0 small in relation to the
current flow in the circuit that it can be ignored, but it is
always present and can be an important factor in some circuits.

For example, the motor (B) 'equires 500ma at 1. Zv to operate and
has a reslstance of 2.4Q.

Example 1: Using a penlight cell

as shown, the moter will not oper-
ate, for its 2.4 ohms in series with
the 2 ohm internal resistance of the
cell will permit a current flow of -
only 340ma and the terminal voltage

of the cell is only

1.5 - (340ma x 20) = 0.82v

Example 2: fReplacing the penlight
cell with a larger cell which has
only 1/2-ohm internal resist-

ance and solving the circuit, there
is 2.9 (2.4 + 0.5) ohms opposition

to cirrent flow, and the current will
be

1.5v/2.30 = 5i7ma .

and the cell terminal voltage will
be 1.5v - (517ma x .50) or 1.243v
which is enough to cperate the
motor.

How does the Internal resistance of a source affect the source
 terminal voltage?

{The Tnternal resistance of a scurce decreases the termincl
voltage. )
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il. Since the internal resistance is inside the source, it canaot
be measured with an ohmmeter.

-

Internal resistance can be defermined by:

ohmmeter reading.
calculation, using Ohm's Law.
current readings.

voltmeter readings.

+
(b) celculation, using Ohm's Law

12. Check the phrase that best defines internal resistance.

opposition that limits curreni flow and can be measured
with an ohmmeter.

opposltion that limits current, flow and occurs withln

a wire. '

opposition that limits current fiow and occurs within
the source.

{c) opposition that limits current flow and occurs within the
source ' ' 3

-

13. If a wire is placed directly across the output terminals'of a .
cell, the entire cell voltage will be dropped across the internal
reslstance of the cell.

What would the voltmeter read in the illustration below?
_J_.

P -

{0 volts),




Fiveriv

ih, Assume thé internal R is 50. When SWI is closed, what will
€q) bel? volts,

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WiTH THE CORRECT
ANSWERS GIVEN AT THE -TOP OF THE NEXT PAGE.)
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- ANSWER - TEST FRAME
40

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO THE

NEXT FRAME. OTHERWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING "TEST FRAME 14 AGAIN.

It<is imporeant that you be-eware of the existence of internal
resistance; however, for our purposes In this course, unless
an internal resistance is indicated, we will idealize circuit
quantities, and make mathematical calculations as if internal
resistance did not exict.

1
¥
L

{No response required.)

L »

AT THIS POINT, 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 ON TO THE NEXT LESSON. iIf
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH" UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.

-
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SUMMARY '
LESSON Iv.

Internal Resistdnce

A resistance we have not yet diséﬂ;:ed is the internal resistance of a
source; that is, the opposition to current flow which is present to
some degree Inside every source of voltage. You cannot measure this
resistance with an ohmmeter, but it will have an effect on a circuit.
To expiain how the interral resistance affects a circuit, think of It
as a series resistance which is inside the battery itself. This is
usually shown on & schematic like this:

_1

<
S .
1!1 9Q

The dashed line indicates the reslstance SW 1
and ‘the source are in the same physical

20 ]
package. \ﬁJ

i

-

internal resistance = I

ES = |0v -

1|

|
|

-
I._.f
2

+

The internal res)stance of the source drops some of the source voltage
whenever current fiows in the circuit, and effectively reduces the out-
T———_put of the source if the current is high or the internal ‘resistance is
large. -Refer again to the circuit above. If a voltage reading of the
source 1s taken.with the switch open, the meter will Indicate i0v, for
there will be 'né voltage drop acrocss the internal resistance when no
current is flowing. |f the switch Is closed and the voltmeter reading
taken agzin, the meter wili then read 9v due to the voltagqqdrop across
the. internal resistance. ;

-

- .
A

You can find the value of the ‘internal resistance in a circuit by using
‘information you already have. The steps are: .-

1. Messure the no~load voltage. This is the voltage at the
source terminals when no current flows in the circuit.

2. Energlze the circuit and me"sure the source terminal
voltage under load conditions.
Tind the difference between no~load and load voltanes. This
difference is the voltage drop across the internal resistance.
Measure current flow in the circui* .
From the Ohm's Law derivative R = E/I, find the value of the
internal resistance.

Because the internal resistance of a dry cel) increases as it ages,

you can use this as an indicatior of iis condition. A good batsery

will read near its rated voltage under normal load, but a poor une
_will read much below Its rated voltage and should be discarded.

The internal resistance of a source expliains why the output voitage
of a battery drops to 0 when 3 ditect short occurs between its

99 10§
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terminals; the entlre ENF is dropped across thgﬁnternal resistance.
' N

Because the voltage drop across the internal resistance is usually

negligible, you will be able to |g%gre |ts effect in the prcblems

.you are given in this course. ., Yoo

AT THIS POINT, YOU MAY TAKE TWE LESSON PROGRESS.CHECK, OR YOU MAY
STUDY THE LESQON NARRATIVE OR THE PROGRAMKED INSTRUCTION OR BOTH.
IF YOU TAKE THE. PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON, !F NOT, STupY ANOTHER METHOD OF
ENSTRUCTION UNTIL YOu CAN ANSWER ALL THE QUESTIQNS -CORRECTLY.




BASIC ELECTRICITY AND ELECTRON!CS
INDIVIDUALIZED LEARNING SYSTEM

- /225;\_
. 15)

MODULE F It VE
LESSON V¥

;
Troubleshooting Series Circults _




-t

L Loy -y
S [

PRty T =ty
A N A

EET

*

“%

SRS

¢ Trouhleshbot[ng—Series Circults )

.
]
L

In’thls lesson you' will study and learn about the fol lowlig:

DI |

Tshort~clrtulis {direct shorts and
partlal shorts)

-open c!rcuit;

~locating shorts
~Io¥ating opéns
-defective switches or fuses

Each of the above topics will be discussed In the order listed.
Aé‘you proceed through this lesson, observe and follow directlons

carefully.

BEFORE YOU START TH|S LESSON, PREVIEW THE LIST OF STUDY RE?OURCES

ON THE NEXT PAGE.

RN

Y YT S
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LIS¢ OF STUDY RESOURCES
LESSON Vv

Troubleshooting Series Clrcuits

To learn the material in this lesson, you have the option of choosing,
o agcording to your experience and your preferences, any or ail of the

followlng:

STUDY BOOKLET: .
" Lesson Narrative .
- Programned Instruction
Lesson Summary

ENRICHMENT MATERIAL:
" NAVPFRS 93400A-1a '"Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Persornel.
Hashinggon, D.C.: U.S. Government PrinFlng Office, 1965.

A

AUDIO-VISYAL: _ _
Sound/S1ide Presentation - “Use of ti» Multimeter To Find

Opens and Shorts."
/

voti~iay NOH‘STUDY ANY OR ALL OF THE RESOURCES LISTED ASOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS
LESSON YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERIiC
ALL THE LESSONS IN THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS
tF YOU WISH,

* 1
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; NARRAT | VE
. - . LESSON V

Troubleshooting Series Circuits

L4

introductlon

Whenever something goes wrong with your equipment, yd>u will be
expected to find out what is wring with it and eliminate the
; trouble. How well and how qulckly you do thls wil) determine
. what other people thlnk of your work and will have some effect
: on your advancement In rating.
‘ There are two kinds of circuit problems that cause most of the
3 troubles you will run fnto. These are short circuits and open
- clrcults.

Short Circuits
A short clrcuit Is a current path which should not exist. A short
circuit always reduces the resistance in a circuit and Increases
circuit current. Some common causes of short circuits are broken
or cut insulation on wires; loose tools, sclder, pieces of wire,
etc., left on (or in) equipment; or dirt, salt water, filings, ets&,
around connectlion points and terminals.

- T

Direct Shorts

A direct short circuit or direct short occurs when a conducting
material Torms a path directly between the terminals of the
source like this:

I P L

LT —~

NORMAL CIRCUIY SHORY CiRCUIT

As the condurtor has negligible resistance, a very large current
wll]l flow in the circuit, and either the source or the wiring will
probably be damaged. The damage caused by this high current will
usual ly open the circuit and stop all current flow.

The term short circuit originated from the idea that current by-
passes the normal load in the circuit so that the current path is
electrically shorter. ’

Partial Short

When a short circuit bypasses only part of the normat load in a
circuit, it is called a partial short. A partial short reduces
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current through the components which are bypassed, but it
causes current to increase in all other parts of the circuit.

L R R
! "N?N T "V\/\zf‘/‘v
: 20w 100 J_ 20W 100 4
. e Ry - ¢ &
53 20W 20v 20W
100 100
NORMAL PARTIAL SHORY

in the above circuit with the partial shor , there will be no voltage
drop across Rl because of the short, and the entire source voltage
will be dropped across R2. Current in this circuit is 2 amperes
instead of the 1 amper2 current flow ingthe normal circuit. (You

can work these out with Ohm's Law if you wish.) From the power
formula, the power dissipated by R2 will be 40 watr- (P = El =

20v x 2a = 40w). R2 is rated for a maximum of 20 watts, so It will

burn out.
Fuses
Partial shorts always cause an increase in current in a circuit
. and very frequently damage other components in a circuit. To re-
- 8 duce the amount of damage and the cost of repairs, circuits are

usually protected by fuses. A fuse is a safety device designed

to burn out when the current through it becomes too large. The .
value of resistance of a fuse is kept small enough so that it

will not drop & significant amount of voltage in the clrcuit it
protects.

Fuses a.e always connected in series with the devices they protect,
and they are rated {in amperes}) for the'current they can carry
without burning out or biowing. The schematic symbol for a

fuse Is ( =" \_— ).

Here is a schemctic diagram of a partlally shorted circuit with
a fuse to protect it.

A A
100
~ 20W
"'-'|'-'" 20v R
20W
L5a 100
—& \_» ‘
105




Narratlve . Five-V

The normal current flow of 1 ampere will not burn out the fuse,
for this i{s less than its 1.5-ampere rating. The increased
current (2 amps) caused by the short across Rl is greater than
the fuse rating and wilil cause the fuse to biow. This opens
the circuit and prevents damaje to 53 and the source,

o

Open Circuits

An open circuit caused by a blown fuse or a tad component s a
trouble condition which must be located and corrected. Of course,
when you open a swltch, you want an open cirqult, and this kind of
open is not a trouble condition.

Unwanted open clrcuits can occur because of dlrt or corrosion on
switch contacts, broken wires, or burned-out components.

tocating Shorts

Short circults can be located with either a voltmeter or an ohm-
meter. Using the voltmeter, any abnormal voltage indicates a

fault In the circuit. In this clrcuit, reading 1/2 source voltage
across R2 indicates that a trouble exists in the zircuit, and since
the voltage drop is greater than normal, the trouble Is probably

a short somewhere. Taking a voltage measurement across Rl will
result in a 30-volt readlng, indicating that no voltage s dropped
across R3.

100
AAA—

ER, 30v

LAAA
R3 200

In the circuit aﬁbve, a voltage reading of 0 volts across R3
indicates a short across R3.

il

Ry 209

The first step In using an ohmmeter is always to be sure the
circuit Is de-energized, so dlsconnect the clrcuit from the source.

The resistance read across Rl will be about 20 ohms - @ normal

106 113
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condition. The chmmeter will read 0 when placed across R2, teli-
ing you that R2 is shorted.

Locating Opens

You know that there Is no current fiow in a circuit when the
current path is open, and that there is no voitage drop across
\ a resistor when no current flows through it. It follows then
that a voltmeter can be used to find an open circuit., With R2
open in this circult, vo!tmeter readings across Rl and R3 will
read 0 volts.

- R
. .._"[___ [ 7 o l
80v . S Re
. ’s f 100
'vw\ian

Across R2, however, the voltmeter wiil read the full 60v supplied
by the source. Because the resistors R} and R3 do not drop

any of the spurce voltage, the fi}1 source voltage can be
measured across the extremely high resistance of the open.

An ohmmeter alsec can be used to find an open circuit. Again, re-
member first to de-energize the circuit so that the ohmmeter will
net be damaged. Next, take a resistance reading for gach resistor.
Rl and R3 should read 10 ohms each, but RZ will read infinity or
open. Since R2 should also read IO ohms, you know that R2 must
be replaced.

- {

Defective Switches or Fuses

An open clrcuit is often caused by a biown fuse or a bad switch.
These defects are common open circujts, but such parts are cver-
looked so often that they need special mention. You locate these
opens with a yoltmeter in an energized circuit or an ohmmeter in
a dead circult. A good fuse.or.a closed switch in an energized

‘ circuit will show no volitage drop. In a de-energized circuit, a

. 1314

B e b . -
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good fuse will read 0 {or near 0) resistance, but a bad fuse will}
read infinlte reslstance.
A

~

NOW YOU MAY EFTHER TAKE THE PROGRESS CHECK OR YOU MAY STUOY ANY OFf
THE OTHER RESOURCES LISTEQ. IF YOU TAKE THE PROGRESs CHECK ANO
ANSWER ALL THE QUESTINNS CORRECTLY, YOU.HBAVE MASTEREO THE

MATERIAL ANO ARE REAOY TO TAKE THE MOOULE TEST. SEE YOUR INSTRUCTOR.

YOU MISSEO ONE OR MORE QUESTIONS, STUOY ANY METHOO OF INSTRUCT FON
YOU WISH UNTIL YOU HAVE ANSWEREO ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR ANO ASK TO TAKE THE MOOULE
TEST.

[F YOU ‘DECIDE MOT TO TAKE THE PROGRESS CHECK”:EETHIS TIME, OR IF
R

I
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PROGRAMMED INSTRUCTION
. LESSON ¥

Troubleshooting Series Circuits ’ -

TEST FRAMES ARE 14, 18, 24, AND 25. GO FIRST TO TEST FRAME 14, .
AND SEE 1F YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.

1

LS

1. Now for a look at some of the thipgs which.can cause trouble
in electr.cal circuits. A defect in a circuit which permits
current to flow around all or parf’of the load is called a
short clrcuit or short.

An accidental path of Jow resistance is called a
ar H

(short circult, short)

. 2. Short circuits are commonly.caused by frayed or broken insulation
or wiring as shown by the illustration below.

SHORT DUE TO
WORN INSULATION

N

INSULATED WIRE

Describe a short circuit In your own words:

- e W N o m s o m m m W s m A m om m oW M m m M W m m om o o W % om om w &

*{an abnormal current path bypassing all or part of the load)

116
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3. Since current wil] take the path of least resistance, a short
,orovides a bypass around the component shorted out.

5

Select the path current will take.

a. AtoB:
AtoC

AtobD

B toC

C to D

T Atod -

Since current flows through a short instead of the component,
there can bz no voltage drop across the component shorted out.

Which resistor will have no voltage drop across it?
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5. A short is called a direct short when it shorts the battery
tarminals.

H

Which schematic shows a direct short?

.

6. A partial short is a short across only part of the circuit.

L Select the illuggratlon showing a partial short.

7. A short will cause the circuit resistance tc decrzase.
A short will cause circuit current to:
a. decrease

b. lrcrease
c. remain the same

{b) increase
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Now let's look at a circuit with only part of the joad shorted
out. CLompare the normal-and short circuit conditions. If a
. ] total short occurs across R2, the only effective resistance in
the circult is Rl, for R2 Ts completely bypassed. Full source
. voltage is now dropped across Rl. The table to the right of
the clrcuit compares normal ana-hbq?rmal conditions in the
% circuit.

: ¢ . Normal Shorted Co®
o E 50v 50v
w e 5
g ERI 20v S50v
i " R‘ . ERZ 30V Oy -
1l ke _ < R 250 109
_._'-.”' . ‘._._—..
. T - N 2a 5a
: ka2 .
Q
| 1% PR! 0w 250w
‘ PRz 60w Ow
PT Q0w 250w -

1

The large increase in P ) under short-circuit conditions Indicates
that Rl would probably Birn out very quickly.

h\H\Qomplete the table given below for the circuit shown.

“ .
Eet B~ R ' Py P Py

a3 Tormal 1a ?5?

= RT short -~ 75v 1725w
v
T R2 RZ short 250 On 225w
AAN
509

Ear B2 R Iy Py Py Pp

Normal 25v 50v 759 ja 25w 50w 75w f

i§ short Ov 75v 500 }.5a 0w 112,50 112.5w

R2 short 75v ov 25 -3a 225w Ow 225w

119
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Indlcate how a short circuit would affect the following values.
Use arrows as shown to indicate increase (4}, decrease (+), or

remain the same (+).

a.
b,
c.
d.

total reslistance

total power
source voltage

Short clrcults can be located by making either voltage or
reslstance measurements. .

Select the meters which you might use to find a short circuit,

voltmeter and ammeter
chmmeter and ammeter
voltmeter and chmmeter

{c} voltmeter and ohmmeter
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11, Let's gsee how you would use a voltmeter to.find @ short.

\
Examples: . ~

I
Normal Circuit In this clréhit, the voitage drop
) ﬂ’lﬁv across each resistor would ‘be 20v,
- ;' and the sum of the voltage drops
40v 200

®2
20

a w?uld equal Ea‘

5

Jith R2 shorted as indfcated, a

voltmeter placed across Rl would Co.
!nd!ca?e 4ov, the applied voltage.

* When placed across the shorted com~

porient, the voltmeter would indi-

cate C volts Indicating that

R2 has been shortad.

s R2 Shorted

-

40'__]—_
A voltmeter placed across a shorted component would indi:ate
volts.

L]
1

o}

12. An.ohnmetec placed across a short circult ipdicates 0 resistance.

- What would the'chmmeter indicate?

4}

121
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‘13, Place meter readings beside each meter in the circuit below.

m
) —@— -. v
Ry .
AAAAA
201
1. : Ry 200 @ M2
& ; , )
. » .
e m m m om om omom o= r_ ’ - ot dw TH o e G e M M o e G o ' m m oam  oa
S TRl = 200; M2 = 00) . ~
. 14, Compare the table of chmmeter .
X and voltmeter readings taken
' . from this circuit under normal
and abnormal conditions.
”; Normal Abnormai " ‘
i w 1 Ea 75v 75v
. Al S 750 500 )
: Y R2
—_— - RI 250 250
. .81 R2 250 250
, MO Ry 250 00
w! _J * .
ER] 25y 37.5v - -
E'Rz 25y 3_7.5v .
. ER3 25V 0‘{ B
* L
v State the trouble that éxists in the circult to cause the abnrormal
readlngs. . .
Ll R I T T R I ;s - e aa
{THIS 1S A TEST FRAME. . COMPARE YOUR ANSWERS W(TH THE CORRECT °

ANSWERS GIVEN AT THE TOP.OF THE NEXT PAGE.)




‘P.1. . Five-V

« ANSWER - TEST FRAME 14 .

- ) R3 is shorted

R e e N

{F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 18. - OTHERWISE, 60 BACK TO FRAME 1= AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 14 AGAIN.

15. As you have learned, a short circult can cause components to
. burn uwp. To prevent this, a safety device called a fuse is
. Installed to protect agalnst excesslve . .

3
a. current flow.

b. source voltage.
¢. resistance. o

{a. ‘current flow) o

o

- u

16. A fuse |s made of materials which have a very low reslistance and
melting polnt.

N Because of the low meltlng polnt excessive clircuit current will
- cause the fuse to:

- ' a. drop much of the applied voltage to prevent source damage.
oL t‘\ b. npen, thus preventing damage to other circuit components.

- T e W o M L, e @ om om W m om om W W W W M W g o MmO e o o = om

(b} open, thus preventing damage to other circult components

i ' Y

-

* 17. The schematic symbol far a fuse looks like dots with a sine wave
between them. The abbreviation for the fuse Is F1, F2,, etc.

L Select the schematic symbol for a fuse.
-)}- Cl c.. AN~ RI
b Ay LD d. ="\~ FI
o LG Fl
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18. In tﬁe circuit l1lustrated below, the purpose of the component
located between the negative terminal of the source and Rl is to:

. , Q)
_ . Ifdk/f\l VY

a. allow greater current flow through RIl.
b. open the circult in the event of excessive current flow.
c. increase the total resistance of the cireult.

d. drop some of the applied voitage and prevent damage to R2.

- e o W

(TH1S 1S A TEST FRAME. COMPARE YOUR ANSWERS W!TH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

A et

. 117
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ANSWER - TEST FRAME 18

b. open the circuit in the event of excessive current flow

iF YOUR ANSWER [ATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 24, OTHERWISE, GO BACK TO FRAME I5 ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN.

19. The other type of problem which may occur in a ¢ ‘cuit is an
open circuit or open. This is just what the name indicates,
a break which prevents current fiow in the circult. You Just
saw that this Is true because the fuse opens the circuit in
the event of excesslive current. '

%

Shipboard equipment, because of the continuous vibration from
the engines and the severe shock of firing the ship's®guns,
is very often troubled by open circuits.

Oefine an open circuit in your own words.

{any break which stops current fiow!}

20. Since no current flows in a series circuit which has an open, no
-voltage is dropped across the normal components. Full source
voltage can be measured across the open in the circuit Just as
you measure the source 'voltage across an open switch.,

v Circle the meters which will Indicate source voltage.

| lfz ;; lﬂag;:

(M) and M3)
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21. As you have pfobably already guessed, you can use the voltmeter
to locate an open in a circuit, but you can also usé the ohmmeter.

An ohmmeter placed across a resistor and reading infinity will
indicate:

a.  a shorted resistor.
b. an open resistor.

(b) an open resistor

22, A voltmeter placed across a blown fuse will Indicate

(source voltage)

23. An ohmmeter placed across a blown fuse wil: indicate .

Linfinity)
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2k, Using the ohmmeter and voltmeter readings in the table, determine
the faulty component in the clrcuit Illustrated by this schematic:

Normal Abnormal

Ea 120v - 120v
600 o
RI 1oQ o0
R2 209 : ®
R3 300 - 300
ERI 20v Ov
Ena Lov 120v
. ER3 60v ov

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

120
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A
ANSWER - TEST FRAME 24
b. R2 open
IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST

FRAME 25. _OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 24 AGAIN.

A

* 25. From the table of readings, Indicate the faulty comgonent or

components.
N Norma Abnormal
Ea 300v 300v
Ry {A to B) 1009 I
Ft R 109 100
Al R1 2540 250
T—be " 2 >
B R3 250 25¢
Re L Ry 4o 00
l -
3
oo VA ERI ‘§0v ov
: ER2 75v ov
ER3 75v | Ov
ER# 120v Ov
} EFI Ov 300v

a. fl and Rl open
b. Fl and R2 open
c. Rl and R4 open
d. Fl open because of Rb shﬁrt

e. F1 open because of R3 short

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

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

121 ;lzaég
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ANSWER ~ TEST FRAME 25

’ ' - d. F1 open because of R4 short

N IF ANY OF YOUR ANSWERS 1S INCORRECT, GO BACK AND REVIEW FRAMES )
THROUGH 24. .IF YOUR ANSWEPS ARE CORRECT, YOU MAY TAKE THE PROGRESS
CHECK, 9R YOU MAY STUDY ANY OF THE OTHER RESQURCES LISTED. IF YOU

v TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YQU

i HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST.

: SEE YOUR INSTRUCTOR.

‘ - IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS 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 INSTRUCTOR AND ASK TO TAKE THE MODULE

TEST.

122
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SUMMARY
LESSON V .

Troubleshooting Series Circuits

The two general types of prob’ams you will meet in electrical or
electronic equipment are short circuits and open-circults.

A, short clircuit Is an unintentional current path. Such a defect al-
ways reduces the resistance in the «ircujt and therefore increases
circuit curreidt. Some common causes of a short clrcult are broken

or cut insulation; loose tools, solder, pieces of wire, etc., left

on (or in) equipment; or dirt, salt water, filings, etc., around con-
nectlon points and terminals. °

A direct short occurs when a conducting material forms a path of nearly
0 resistance between the terminals of a source.

——VW\—
Ry
Bl lz% -
R3
LA —
NORMAL DIRECT SHORT

The large current which results will damage ejther the source o the
wiring very quizkly, and this damage will usually open the circuit and
stop the currert. The name short clrcuit is derived from the
electrically shcrter circuit provided by the accidental path.

A partial short bypasses only part of the normal Ioad resistances in
a circuit. Such a shrrt reduces current through part of the circuit
which Is bypassed,.but fncreases current in all the other parts of the

circuit.
AW N AN\~ ——
Ry . Ky .
L A S
Bl uz§ "3
o, NS
NORMAL PARTIAL SHORTY

In the partially shorted circult, there will be no voltage drop across
R2 because of the short, so Rl and R3 will drop the entire source
voltage. The Increase In current which results from the lower total
resistance js llkely to damage one of the other components in the
‘circuit., 3

123 13;0
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A way to ellminate or at least reduce the damage to components caused
by a short clrcult |s to place a fuse fn the circult. A fuse Is a
safety device which burns out when the current through 1t is too large.
Fuses are connected in series wWith the circults tn€y protect, and are
rated in amperes for the largest current they will carry without

blowing (opening).

This schematic diagram shows a fuse { /™ } used to protect a circult.

"
N

10l 70W(rated)

-1 20Wireted)
AN - R
g C LAY o

- : 1.35a

The normal 1 ampere of current flow is less than the 1-1/2-3mpere
rating of the fuse, so it will not blow the fuse. if Rl were to

short out {0 ohms)? current would rise to 2 amperes and the fuse

would burn out, thus stopplng current flow and protectling R2 and

the source from damage.

. The other clrcuit fault to be discussed here 1s the open clrecuit. An
open swltch or a blown fuse open a clrcult when safety or conventence
require it to be open, but unwanted opens also occur. These are often
caused by dlrt or corroslon on switch contacts, loose or broken wlres,
or burned-out components. .

To troubleshoot a circult means to locate a fault In the clrcuit. The
most widely used tool for troubleshooting Is a multimeter llke the

one you use In thls course. Shorts or opens can be found using elther
a volt.>i<r or an chmmeter. In searching for a shorted part wlth
elther meter, you look for an abnormally low reading. Always remember
not to use an ochmmeter on a llve circult when you troubleshoot.

‘Open components are found by looking for an abnormatly large voltage

or res!stance. An open component In a serifes circult will read full

soutrce voltage If It is energlzed or it wiil read inflnlte reslistance
If the ohmmeter is usad (dead clrcults only!).

NOW YOU MAY EITHER TAKE THE PROGRESS CHECK OR STUDY ANY OTHER OF THE
RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATER(AL AND ARE READY TO
TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR.

tF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR 1F 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 INSTRUCTOR AND ASK TO TAKE THE MODULE TEST.
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