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MILITARY CURRICULUM MATERIALS

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

The course materials were acquired, evaluated by project
stiff and practitioners in the field, and prepared for
dissemination. Matee_als which were specific to the military
were deleted, copyrighted materials were either omittedtor. appro-

val for their use was obtained, These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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Milne
Curriculum Materials
Disseinination Is

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

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

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

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

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

Project Staff:

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

Shirley A. Chase, Ph.D.
Project Director fi

What Materials
Are Available?

On? hundred twenty courses on microfiche
(thirteen in paper form) and descriptions or
each have been provided to tile vocational
Curriculum Coordination Centers and other
im:ructional materials agencies for dissemi-
nation.

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

The 120 courses represent the following
s;xteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

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

How an These
Mater als Be Obtained?
L.I .. ..
[4 0,-

Ccntact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respcnd to your request directly or refer
you to a instructional materials agency
cioser to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass

Director
100 North First Street
Springfield, IL 62777
217/782.0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377.2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST
William Daniels
Director
Building 11
Airdustrial Park
Olympia, WA 98504
206/753.0879

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

Drawer DX
Mississippi State, MS 39762

601/325.2510

WESTERN
Lawrence F. N. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, t41 96822
808/948.7834
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The National Center
Mission Statement

The National Center for Research in
Vocational Education's mission is to increase
the ability of d;verse 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 systemi and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

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

Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486.3655 or Toil Free 800/

848.48t5 within the continental U.S.
(except Ohio)
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OVERVIEW
MODULE FIVE

RELATIONSHIPS OF CURRENT, VOLTAGE, AND RESISTANCE

In this module you will learn the relationships between current,

voltage, and resistance in a series circuit. Y'u will discover

how to determine the values of current, voltage, resistances and

power in resistive series circuits. You will discover the effects

of source internal resistance and be introduced to the trouble-

shooting of series circuits.

For you to more easily learn the above, this module has been divided

into the following five lessons:

Lesson I. Voltage, Resistance, and Current

Lesson II. The Ohm's Law Formua

Lesson III. Power

Lesson IV. Internal Resistance

Lesson V.' Troubleshooting Series Circuits

Do not be concerned at this time with names or terms unfamiliar to

you.' Each will become clear as you proceed. However, if you have

any questions, coo not hesitate to call your instructor. Turn to the

following page and begin Lesson I.
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OVERVIEW,

.:ESSON

Voltige,Resistance, and Current

In this lesson, you,will'study and learn about thelgliokang:

# -how voltage affects current

-how resistance affects currene

a4

Each, of the above topics OM be discussed in the order listed.

As you proceed through this lesson, observe and follow directions

carefully.

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

ON THE NEXT PAGE. a ' .

#:

4

4
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Study Resources Five-1

LIST OF STUDY RESOURCES

LESSON I

\,

Voltage,Resistance, ana Current

To learn the material in'this lesson, you have the option of choosing,
6

according to your expPr'lence and preferences, any or all of the

is

following:

STUDY BOOKLET:

'Lesson Narrative

Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 93400A-la "Basic Electricity, Direct Current."

Fundamentals of Electronics, Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

Film: Voltage & Current

Remember, you may study all or any of these that you feel are

necessary to answer all Progress Check questions correctly. Do

not forget that In one sense of the word your instructor is a living

resource; perhaps the best. Call him if you have any kind of a

probe.

YOU MAY NOW STUDY ANY OR ALE OF THE RESOURCES LISTEO. YOU MAY

TAKE THE PROGRESS CHECK AT ANY TIME.

L
5 :12
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NARRATIVE
LESSON I

Voltage, Resistance, and Current

You recall, no doubt, that you cannot do much directly to current
that will change it. You must change the applied voltage, the
circuit resistan e, or both to make current either increase or
decrease. This rule applies to circuits with either DC or AC
sources. The relationship of voltage, resistance, and current
is probably the most important concept you will learn in
your study of electricity.

Voltage Affects Current

In studying the effects of voltage and resistance upon current,
we will examine them one at a time. First you will learn 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 circuit. (Remember that current is the same through-
out a series circuit.)

Now add another dry cell in series with the first to
double the applied voltage. Measure the current now
that the voltage has been increased. Record this current.

-Add a third dry coil and measure the current flow.

In each of the steps above, the current flow increased becalise
an'increased force moved the electrons around the circuit faster

' (more flow per second).

Now, remmie one of the cells and measure the current
again. How does this current value compare to the last
reading you made?

The observations you made should have led you to two con-
clusions about voltage and current. These conciusions could
be stated as follows:

When voltage goes up, current goes up; when voltage.

. . -

6 13
,



Narrative Five:1

goes down, current goes down. A more accurate state-
ment might be, when resistance is held constant, an
increase in voltage causes an increase 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

0 porportion to voltage, as you learned in the last section.
The question now is what happens when resistance changes.'
To answer this question, you.will study a circuit with eon-
stant voltage but varying values of resistance.

Using Practice Board 0-1, a 4.7ohm resistor, and one
dry cell, build a series circuit. Measure the current
flow and record it here.

Now add another 4.7-ohm resistor in series with the first

one. This will double the total resistance of the circuit.
Measure and record this current. Did the
current increase or decrease.

Add another series, resistor (ton) and measure the current.

Is this result consistent with the first two readings?

if you didn't make any mistakes, you found that as resistance in-
creased in a circuit, the current decreased. This relationship
is called an inverse proportion; when one value goes up, the
other goes down.

Check this conclusion by removing the resistors one at a
time and measuring current flow. Do not try to measure
current in the circuit with no resistor.

P Resistance and EMF are inherent electrical quantities 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, is a secondary characteristic which
depends on the values of resistance and voltage in the circuit.
To repeat a statement made earlier, current can be readily 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 circuit, more EMF will produce
more current and less EMF will result in less current, or voltage
and current are directly proportional.

If applied voltage is held constant in a circuit, 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 relationships were discovered by George.Simon Ohm, who
formulated a statement covering all the quantities. This state-
ment, called Ohm's Law, is: "Current is directly proportional
to voltage and inversely proportional so resistance." This is
one of the important laws you will learn about electricity. All
your future studies and all the laws 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.

-

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

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

3. If applied-voltage is changed from 6 v to 12 v and
current increases proportionally, what happens to
resistance?

4. If you add a lght1-1Thillbin series with one already
In a circuit, what will happen to circuit current

To applied voltage?
5. 7-0-371-Ch;ngc the EMF in a circui1-775171Y7rto 6 v

while the resistance remains unchanged, what happens
to the current?

ANSWERS: 1. Increases
2. increases

3. does not change (resistance can be changed only
through a mechanical change to the circuit)

4. decreases; does not change
5. decreases

8 15'



"

Narrative Five-I

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, GO TO THE NEXT LESSON.

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

ANSWER ALL THE QUESTIONS CORRECTLY.

<

if;
9



P.I. Five-I

PROGRAMMED INSTRUCTION
LESSON 1

Voltage, Resistance, ana 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 AMR THE TEST FRAME.

I. Recall that the magnitude of current is measured In amperes.

Which correctly matches current to its unit of measurement
symbol?

a. I v
b. b E - a
c. I a

d. E I

(c) I a

2. Recall that the pnit of measurement for E Is represented by
either a capital V or small letter v.

V is the symbol for unit of:

a.

b.

c.

d.

current.
voltag4.

resistance.
EMF.

b. voltage; d. EMF

3. Match the abbreviation for current and voltage to its
correct unit of measement symbol.

1. E

2. I

v

b. Q
c.

d. a

4

(1. a; 2. d)

, *....AV v.: o

1
10
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P.I. Five-I

4. The symbol used to represent the ohm is the Greek Letter
omega or 2.

ft is the symbol for unit of:

a. I

b. R

c. E

d. V

(b)

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

a. E - volts
I - amps
R - ohms

b. E - amps
R - volts
I - ohms

c. I - amps
R - ohms
E amperes

d. R - ohms
I - volts
E - amps

-7-70717:71;Its; amps; R - ohms

.. .

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

1. abbreviation for resistance a, v

2. abbreviation for voltage. b. I

3:' measurement symbol 6:- resistance c. R

4. measurement symbol for current d. E

5. abbreviatlety_lor 'current e. a

6. measurement symbol fr( voltage f. a

(

,

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

1118



P.I. Five-1

ANSWERS - TEST FRAME 6

1. c

.2. d

3. e
4. f

5. b

6. a

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 21. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED
SEQUENCE 'BEFORE TAKING TEST FRAME 6 AGAIN.

o

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

Which statement or statemeAts'are true?

a. Current can be changed by increasing or,decreasing Ea.

b. Current can only be changed by increasing or
decreasing' circuit resistance.
Current can be changed by keeping voltage and resistance
the same.

d. , I can be changed by changing either R or 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.

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

a. the particular point in the circuit where I is measured.

b. circuit resistance and voltage.
c: whether source voltage is DC or AC.
d.1 the number of paths through which current is directed.

(b) circuit resistance and voltage

12 .19



Five -1

9. Applied voltage (E.) is the force used to push electrons through
the conductor. If 'R is ndt 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 E
a

is increased:

a. I is Increased.

b. I is decreased.
c. I stays the same.

I is ncreased

O

10. Voltage can be increased by adding more cells to the
circuit.

Which dry cell or cells will proddce the most current flow?

(Assume that the resistance is constant.)

a. 1-1/2v cell
b. three 1-1/2v cells connected in series
c. two 1-1/2v cells connectedin series
d. three 1-1/2v cells connected In parallel

Oil three l -1/2v cells connected In series

13 2 0
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11. When resistan(A is constant and voltage is increased, current
is also increased. '

Which pair of schematics illustrates this rule?

a.

b.

c.

Ea
10v

Ea

IEa

T 19v

fa
20v

Ea
201.1 30v

R
Ion

Ea

300

10S2

12. When E is'increasedt

a. I will increase if R is kept constant.
Twill decrease if iris kept constant.

,c. I will remain the

(a) i will increase if R is ke t constant

l21it



P.I. Five-I

13. Since current increases when voltage is increased (and

resistance is held constant), you can infer that:

a. current will go down when voltage goes down.
b. I will decrease when E is decreased.
c. 1,011 decrease when E Is increased.
d. less current will result as larger voltages are applied.

(a. current will go down when voltage goes down; and, b. I

will decrease when E is oecreased.)

I4. When E :s decreased hand R is held constant:

. I will stay the same.
b. I will decrease.

c. I will increase.

(6) I will decrease

IS. Another way of saying that
Increases and when voltage
voltage and current are di

Which correctly describes
voltage and current?

when voltage increases, current
decreases, current decreases is:
rectly proportional.

the proportional relationship of

a. increasing E -u4N increases 1;
decreasing E I.

b. when voltage goes up, current goes up;
when voltage goes down, current goes up.

(a) increasing E
decreasing E

increases I;
decreases I.

16. Current goes up or down In
voltage as long as resistance ss constant.

to applied

(direct proportion)



P.1. e

17.. Which circuit would have the greateit currents flow?

a.

toitsv
0'

wn

Five-1

c.

11.5v

Ion

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

a. circuit a.
----b. circuit b.

c. circuit c.

a circuit a

19. Match:

1. In a series
Is constant
from 20v to

2. in a series
Is constant
from 10v to

circuit, .if It

and E
a

Is changed
10v,

circuit, If R
and E. Is changed
20v,

a. I will increase.

b. 1 will decrease.

c. I will not change.

1,/111 ..10=1

16

23

04,



P.I. Five-1

20. Studithe two schematics, then check the statements that are
correct. (All cells are alike.)

A B

a. If you were to 'wild circuits A and El-, I in circuit B
would be greater than I In circuit A.

b. if you were to build circuits A and B, 1 In circuit A
would be greater than I in circuit B. .

(b) If you were to build circuits A and B, 1.to circuit A would
be 9reatar than I in circuit B

directly proportional

decreases.

21..Check the statements which describe
relationships.

a.

b.

c.

d.

e.

f.

9.
h.

Voltage increases, current
E increases, I increases.

E decreases, I increases.
Voltage increases, current
Vdltage increases, current
E increases, 1 decreases.
E decreases, l'clecreasas.
Voltage decreases, current

decreases.

increases.

increases.

(THIS IS 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, I increases.

e. Voltage increases, current increases.

g. E decreaies, I decreases:

IF AU.. YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 32. OTHERWISE, GO BACK TO FRAME 7 ANO TAKE THE PRO -
GRAMMfD SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

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

proportionaI)

23. Define directly pro1ortional in your own words.

--7-546 quantities which move in the same direction at the same time
0 or words to that effect)

18

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

Which pair of schematics illustrates this rule? .

.-- . _l_

-- 0vb. _... *
2a

L

c

A.

:

...! ...,.. ._n'U..-...

. .

20v

.1 .

r
Ea
20v,_

r

R
100

1:on

I Ea
R _ 10v
100

i

R
100

(b)

4
26

19
ab b 011

al.

4

1
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25. Resistance can only be changed by physical, means. To
change the resistance in a circuit, a variable resistor
may be used or resistors may be 'added to or removed from',
the circuit.

:y k,

Which of th.following would have the most resistance?.

A

T

111 la
sn ,ov

B

R1

50

R2
SA

26. Resistance is opposition to current flow. It tries to
hold back or slow current.

If.resistece in alcircult is increased by adding another
resistor, and the voltage is kept constant, the current'will:

a.' Increase.

b. decrease..
cl stay the same.

(5) decrease

27. Current will decrease:

. a. when R is constant and E is increased.

b. when E is constant and R is. decreased:
c. when E is constant and R is increased."
d. when 17 and E are equal.`"'

wet

(c) when E is constant and R is Increased

20

27

0



Five-1

28. When voltage Is kept constant and resistance Is decreased,
current, flow will meet less opposition.

This means that current will:

a.. increase.*
b. decrease.

increase
'MY

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

A

200
- AAA,

AABB

100

200

104

a. If you were to build circuits A and B, 1 in circuit B
would be greater than 1 in circuit A.

b. If you were to build circuits A and B, I in circuit A

would be greater than 1 in circuit B.

0-

(b) if you were to build circuits A and B, 1 In circuit A would

be greater than I in circuit B

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

. resistance goes down, current goes up.

Which correctly de4ribes inversely proportional relationships?

a. more E
less r

b. more R
less R

more 1

less 1

less I

more 1

(0) more R-ress 1; Fess R more I

O

2'28
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31. Match:

1. a series circuit, if IL is a.

onstant and Rr (total resistance)
1is changed froth 100 ohms to 200 ohms, b.
An a series circuit, If E is
constant and RT (total resistance) c.

is changed from 200 ohms to 100 ohms,

2.

Five-I

I will not change.

I will decrease.

I will increase.

(1. b; 2. c)

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

a. R increases, I increases.
or-

,

b. R decreases, I increases.

41110111111.011*

al.111.1.

c. Resistance increases, current decreases.

d. Resistance decreases, current decreases.

e. Resistance decreases, current increases.

f. R increases, I decreases.

g. R decreases, I decreases.

h. Resistance increases, current increases.

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

4
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P.1. Five-1

ANSWERS - TEST FRAME 32

b. R decreases, I increases.

c. Resistance increases, current decreases.

e. 'Resistance decreases, current increases.

f. R increases, I decreases.

IF ALL YOUR ANSWS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
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 will decrease or
words to that effect)

34. Match:

.611.11111

1. In a series Circui t,

constant, anti' 'goes

10 ohms to 5 ohks,
2. in a series circuit,

constant, and E goes

5volts to 10 volts,
3. In a series circuit,

constant, and E. goes
10 volts to 5 volts,

it. In a series circuit,

constant, and Kr goes
5 ohms to 10 ohils,

if Ea is
down from

if RT is
up from

if kr is
down from

if E Is

up prom

a. I will increase.

b. 1 will decreaie.

(1. a; 2. e 3. b; _4. b)

2330
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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?

a. Current'is directly proportional to voltage ondrinversely
proportional to resistance. .4

b. Current is inversely proportional to voltage and directly
proportional to resistance.

(a) Current is directly proportional to voltage and inversely pro-
portional to resistance.

36. "Current is directly proportional to voltage and inversely
proportional to resistance"iis a statement of

(Ohm's Law)

37. Which of thefollowing illustrates Ohm's Law?

a. E constant withless R results in more 1.
b. R constant with more E results in less I.
c. R constant with less E results in less T.
d. E constant with more R results in less I.

(a. E constant with less R results in more I.; c. R constant

with less E results in less 1.; d. E constant with more R results
In less LT

38. State Ohm's Law:

(Current Is directly proportionak to voltage and inversely propor-
tional to resistance.)

24
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39. Check the statements which Illustrate Ohm's Law.

a. If R Is constant and E Is increased, then I will

decrease.
b. If E is constant and R Is ins - ceased, then I will

inc7ease.

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

IncToase,,-
d. If R is con tant and E Is increased, then ! is

Increased.
e. If E is constant and R, is decreased, then I is

decreased.
f. If R is co scant and E is decreased, then I is

incTeased.
g. If R is co stant and E Is decreased, then I is

&creased.
h. if E is c, stant and R Is increased, then I is

decreased)

(THIS IS A TEST OlRAME. COMPARE-YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN Al THE TOP OF THE NEXT PAGE.)

32
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ANSWERS - TEST FRAME 39

c. If E is constant and
increase.

d.

9-

h. If E is constant and
decreased.

If R is constant and
increase.

If R is constant and
decreased.

R is decreased, then I will

1 is increased, then I will

is decreased, then I is

!kis increased, then! is

IF ALL YOUR ANSWERS MATCH THE CORREC l'SWERS, YOU NW--
TEST FRAME 40. OTHERWISE, GO BACK TO-FRAME 33 AND TAI._ 1E 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 *anent law you will learn in this
course. You will need to understand the relationships
between). E, and R and to apply tnis understandingin any
rating you go into. Because of the importance 00hmis
Law, see if you can answer the test frame on the following
page before proceeding to the Progress Check.

a
26
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40. Answer the following problems.

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

b. If R is decreased from 10 ohms to 5 ohms and E is constant,
whar happens to 17

c. If E is changed from 12 volts to 6 volts, and I decreases
proportionately, what happens to It?

d. If you add a second light bulb to a circuit, what happens
to 1 and applied. voltage?

e. `If you change E from 12 volts to 6 volts and R is constant,
what happens tout?

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

27
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4

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.

...M

d. I decreases. E does not change since, like resistance,
T1 can only be changed by physically increasing or de-
creasing the applied voltage.

e. .decreases

IF ANY OF YOUR ANSWERS IS INCORRECT, TAKE THE PROGRAMMED SEQUENCE

AGAIN.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO

THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH
UNTIL YOU. CAN ANSWER ALL THE QUESTIONS CORRECTLY.

28
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SUMMARY
LESSON 1

Voltage, Resistance, and Current

el
The most important concept you must master in rt is

___ how voltage, current, and resistance are interrelated. The
easiest 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 will, sooner or later, dis-
cover that changing the voltage applies to a circuit will cause the
circuit current to change. For example, doubling the amount of st.

voltage to a light btilb will cause it to glow much brighter (higher
current) if the'buib doesn't burn out.

Using a fixed resistor, a number of dry cells, and an ammeter,
you can demonstrate that the current in a circuit is proportional to
the voltage applied 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; whei771age decreases, current decreases.

Changing the resistance in a circuit also causes current to vary.
Increasing the resistance in a circuit with a constant voltage
applied will decrease the current flow. Decreasing the resistance
will permit current to increase. This is called inverse ro ortion.
These changes are also in the same ratio; that is, doubt ng the
resistance will halve the current flow or reducing the resistance
to one-third will triple the current flow.

We used current as the dependent quantity In these examples because
it is the one thing you cannot easily change in a circuit. Current
may be changed pray by changing the battery (voltage) or the resistance.

The relationships of voltage, resistance, and current were first
discoVered by George Simon Ohm. Ohm's Law states: "Current is
directly proportional to voltage and inversely proportional to
resistance." 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\ail types of complex circuits.
\.

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
QUESTIONS CORRECTLY, GO JO THE NEXT LESSON. IF NOT, STUDY ANOTHER

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

36
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Overview

OVERVIEW

LESSON II

The Ohm's Law Formula

Five-II

In this lesson you will study and learn about.the flowing:lowing:

-need to calculate mathematically

-mathematical formula

-use of Ohm's Law to find voltage

and resistance

-applying Ohm's Law to parts of the

circuit

-complex solutions using Ohm's Law

Each of the above topics will be discussed in the order listed. As

you proceed through thisslesson, observe and follow directions

carefully.

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

THE NEXT PAGE.

It
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0

LIST OF STUDY RESOURCES

LESSON 11

The Ohm's Law Formula

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

according to your experience and preferences, any or all the foltowingi.'

STUDY BOOKLET:

Lesson Narrative

Progfammed IRstruction

Lesson Sumalary

ENRICHMENT MATERIAL:

NAVPERS 99400A-la °Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

You may study whatever learning materials you feel are necessary to

answer the questions in the Lesson Progress Check. All your answers

must be correct before you can goto Lesson 111: Remember your in-

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

YOU MAY NOW STUDY ANY OR ALL OF TIME RESOURCES LISTED' ABOVE. vOU MAY

TAKE' THE PROGRESS CHECK AT ANY TIME.

A

40
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NARRATIVE
LESSON 11

The Ohm's Law Formula

Need to Calculate. Mathematically
2

There will be times when you will need to determine the amount of
current in a circuit, 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 too.high, you would have to shut down the circuit to check
the current, flow. This would cut off the functioning of all the
equipment fed by that system, a ma undesirable situation.

Now,,then, can you find out how much current is flowing? If you
know (or can measure) the values of IMF and resistance, you can'
calculate the amount of current flow.

Five-II

flathematical Formula

Ohm's Law can be expressed as a formula using alphabetic symbols.
This formula will let you find current flow when voltage and re-
sistance, are - known. This "magic" formula 4s:

Current = Voltage
Resistance

Written with the symbols for current, voltage, and resistance,
this, is:

To make this formula work properly, all values must be given in
their basic units (Comperes, volts, and ohms. That is,

Current (aniperesl,
Resistance oho-
Volta e (volts

You will need to know the metric prefixes and powers of ten to
keep your values in the proper units.

Here is an example: of a use for the Ohm's Law formula: this cir-
cuit has a I2v battery forcing current through a 6-ohm resistor.
What will the ammeter indicate?

Em
12v 62

The OhmleLow formula is 1 = E. Substituting known values from
the circuit in the formula

12v
I = z-r-

Dividing, the answer is: 1 = 2a.

41
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Here are some more examples, this time using metric prefixes and
powers of ten:

E
IFind 1. = I-4

1
250v

Ea RI 500g
250v 3000

I = .5a or 1 = 500ma

Find 1 In the following circuits.

1
200v

RI

Ormon_
Slack,

lia
1000erv R1

Red

11-1

200v
1 .

5kQ

=
200v

5 x 1030

1 = x 10-3a

1 r 40ma

.
1000 x 10-3v

1

100

1 = 100 x 10-3a

I = 100ma

Ohm's Law may be used to find the current in one part of a circuit
when resistance and voltage for that part are known. Since current
En 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.

4

Example: What is the current flow through RI?

T
RI

R2 60
1R2 6v

1R2
ER2

R2
im

6v
1 =
R2 RI

1R2= la

'R2 equals IR1, therefore 1R1 = la

Solve 7or the current in each of the following problems.'

1. A circuit containing 120 ohms of resistance has 60v applied
to it. 1 =

35
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Narrative

2.

3

,-

10

208

10
25ICSI

60v j2tArt

1

1

1

1

Five-11

11111,

Answers: 1. .5a or 500 ma
2. 6a

3. 100na

4. 10ma

5 30ua

Using Ohm's' Law To Find Voltage,

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

toif

,
:"ZitIt4 ,

36
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terms of the Ohm's Law formula yields E = IR:

E
1-

R
Multiply by R RI =

ER

ER
Cancel RI = -1(

Giving

. Voltage equals current times resistance.

An example of this solution:

RI = E for E = IR)

E
a
= IR

250
E
a
= 2a x 250

50v=
a

Find the applied voltage in each of these circuits.

2.

R1

Ile 121
200

*2

1200 100.1

Brown E =
Block a
UMW/

Ea=

Answers: 1. E
a
* 200kv

2. E
a
* 100v

3. Ea 300v

37 44
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Finding Resistance

You can find the resistance of a circuit If the applied 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:

Multiply by R; divide by I

Cancel, giving

sistance equals voltage
!ivided by current

For example:

R1

1 =
R
--

IR ER

1 RI

iR EA

R =

Find the value of-R1.

RI =
I

01

"I

12v

2a

Practice on these problems.

38
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3.

R

Answers: 1. R In 5n,

2. R = 30
3. R

Applying Ohm's Law to Parts of the Circuit

Using the basic Ohmts Law (I . -4 and the two transpositions (E = IR

E.
and R -1, you can find the current, voltage, or resistance of any

complete circuit. You can also find the current, voltage, or re-
sistance of any part of a circuit 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.

I. 30v
RI
xO 10v,

R2 IR2

20v

R . 1 = 10v I as 2a

/ 117 317-

Looking at this circuit, one com-
ponent which has two known values
is RI. From the voltage and re-
sistance, current can be computed

using i =

You could start by finding the current through R2 instead of RI as
follows:

E
R2

/ W
20v

2-7
I = I = 2a

Total circuit values could also have been used to find current.
The applied voltage is given, and the total resistance can be

calculated.
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When a number of resistors are connected in series, their total re-
sistance (14) equals the sum of individual resistances. Stated in
symbols, this is RT= RI + 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:

. -AL =150 1 = 2a
15

The solutions to this problem show that, as we said earlier, cur-
rent le the same in al01 parts of a series circuit.

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

RI

To find E
R2

,

R2

CR2
1 x R2; E = 4a x 52; ER2 = 20v

To find ER,

E
RI

= 1 x RI; E
R1

lOg;= 4a x log. E
RI

= 40v
52

Because the sum of the voltage drops equals the applied voltage, the
applied voltage must be 60v (40v + 20v = 60v).

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

1112

ERA 6v
Ri 6v

icwRI

E=
1 3a

Since current is the same in all parts of a series circuit and the
voltage drop across R2 is the same as the drop across RI, R2 must
have the same value as RI. You can work out R2 using VEMIs Law if

you wish to prove this shortcut.

Complex Solutions Using Ohm's Law

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 be!iow to locate some unknown quantity
you can calculate from the given data.

40 47
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Sit

30v

23 2d 2.

You learned earlier that the total resistance equals the sum of the
resistors' values in a series circuit. If you write this as an
equation,, you get

Nve -II

Solve for R2,
In this case, you cannot find R2

R2 directly from the information given,
so it is necessary to look a little
harder. Total resistance can be
found from E

a
and 1.

RT 12." M114 15n

RT = RI + R2 + R3

Substituting known values in this equation gives:

RI = RI + R2 + R3

150 st 5A + R2 + 22

Solving for R2: .112 = 15Q - 72
R2 = BA

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

Solve for E
RI'

I dvstIsA*----11

One way to find E is to find the
Sresistance of RI rld the current

..... y 42 through it. From the given values,-- 2,5v
250 you know RI equals RT - (R2 + R3)

43
or IO ohms. Current is found by
dividing source voltage by total

ArsevNse resistanceant equals 0.5a. Then
ISA E

iti
.. 0

'
5a x 102 = 5v.

By doing a series of simple calculations like these, you will be able
to find any quantity in a series circuit. There are two secrets to
the procedure; first, look at th0 problem to see what values you
need to know to get the answer. Second, look at the given terms to
learn whit values you can find.

Some of the following problems may _ake several steps to solve, so
don't give up a procedure too quickly. Answers are given on the

next page so you can check your work when you have finished a problem.

C.4

41
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2.

4.

al 3fl 132i

La

401,

Find: 1 = E
R2

=

3g
R
T
= E

R3
=

E
R1

=
ER4

I

R3
=

1114

3010

m000kri

20k6

5403v

25k Si

Is 15kv
12

Find: I

T
= I

R2
=

ER2

R3 .

E
R

E

Find: R2 I

T

E
RI

.

Ea

E
R3

IR3

Find: I

T
E
R3

E
R2 RT

R3 I

R3

ANSWERS on next page.

42
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Answers:

30 2Q
112 Find: IT ,7. 4a ER2 = 12v

RT = ISQ ER3 = 8v

3Q
Ero = 28v En4 0 12y

a 60v

2.
IN 20 kft

12
10 kit

20k ft

Sx103v

4.

Islam 22

-r Z3ktt
13

= 4a IR4 = 4a

Find: IT = S,Ta
IR2 = Sma

ER2
50v RT = 5Ok0

R
3

= 201a1 E. = 250v

ER1 = 100v

Find: R2 = SOkft IT = lOma

ER) = 300v E
a
= 1kv

ER3 200v 1113 = 10ma

Find: IT = 200ma ER3 = Sky

ER2
Sky RT =

R 25lal 1R3 = 200ma

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, GO TO THE NEXT LESSON.--4FNOT,STUDY
ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY.

vO
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AS PROGRAMMED INSTRUCTION
. .

LESSON it

The Ohm's Law Formula

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

1. You have probably gained same idea of how current, voltage, and
resistance affect one another in a circuit. An exact statement
of this relationship is called Ohm's Law. Ohm's Law says that
current in a circuit is directly proportional to theoltage ap-
plIed and ,Inversely proportional to the circuit resistance. In

the form of an equation, it Is:

IEat
R Where f = current in amperes

E * voltage-in volts
R * resistancs in ohms

Write the equation for Ohm's Law:

2. 'In your own words, state Ohm's Law:

(Current varies directly with the applied voltage and inversely
with the circuit resistance, or words to this affect.)

3. The first part of the'0160;i Law statement (Current is directly
proportional to the applied voltage) means that if resistance is
held constant'and the voltage Is increased the current will increase.

It follows then that if resistance is held constant and voltage
is decreased, current will become

larger smaller

(smalie7)

It
" ti.' .

to. 51
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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 by changing either
the voltage or the resistance. Current cahnot be changed directly
for It is not a thing which can be placed in a circuit like the
resistor or the dry cell.

Current in a Circuit may be changed only bie changing either the
or the , or both:

(voltage; resistance (either order

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

=1111=1.11111.

=1111=1.11111.

a. voltage
b. current
c. resistance

4.*

OP

6. Q,Iven a circuit containing a load device of 25 ohms and a source
of 100 volts, what will be the current flow?

E 100v= . 4a)
R 25s2

7. Using the formula 1 =
R'

find'the current flowing in the follow-
ing circuit.

I =

5v
._._.

T

(I = 0.5a)

8. In a circuit with a load resistance o; 5G0 ohms and a 4S -volt
source, the current will be

(0.09a or 90ma) be

45 52
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9. Solve each- circuit for I.

1 Ea
IO0v

2S1
R = C.

- 200v=.

4

OMIel. .I. ,.

I RI
510 ..

- --:.0...,......,-1

.

Five-II
I

ii
;x7

. .

Ea

L

..-_,.-.._.- moo.,

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

...

.. - .
.:4 ..,:' .. . .
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ANSWERS - TEST FRAME 9

a. 4 a

b.' 40 ma

c. 100 ma

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 16. OTHERWISE, GO BACK TO FRAME 1 ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 9 AGAIN.

ti

10. As you have,seen, current in a series circuit is common throughout
the circuit.

In the circuit, ammeter I reads I.5a.

What wiji ammeter 2 read?

(1.5a)

II. 'Since current Is the common factor in a series circuit, this alluas
us to use Ohm's Law to find the voltage and resistance:

Ohm's LaW can be used to mathematically compute
. , and (Any order.)

(current, voltage, resistance)

47
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12.Ohm's Law ?enables you to find tilt current flow in a circuit when
the voltage and resistance are known, but if the current and re-
sistance are known you must rearrange the formula to obtain the
unknown value. Mu:ciplying the equation by R and cancelling gives
E * 1R. .Voltage may now be easily calculated.

I ; IR * Pi IR * E; or E * IR

Write the variation of the Ohm's Law equation which gives voltage
directly.

---(17-7,

13. Find the source voltage in this circuit.

a

(150

14. Solve for the applied voltage in the following circuit.

Ea

f200

48
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15. Determine the voltage required to
to flag in a circuit containing a

Ea se

Five-I1

cause 3 amperes of current
resistance of 25 ohms.

16:$.Determine the source voltage In the circuits below.

a.

1,

son

1_666

b.

D1010

c.

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT

ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

49
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ANSWERS - TEST FRAME 16

a. '100v

60v

c. 40v

-IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO-TO TEST
FRAME 21. OTHERWISE, GO BACK TO FRAME 10 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 16 AGAIN. t,

' 17. In the same way, we may determine the resistance if voltage and
current are known. Rearranging Ohm's Law tc solve for resistance,
we obtain the equation:

Eg R/ E
I = RI um jrq -7.. R

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

le. if a circuit has a source of 30v and the current flow is 5a,
what is the resistance of the circuit?

(RI T' RT
30v

RT "

19. Write the equation for Ohm's Law and the two variations used for
finding resistance and voltage.

(I is TE: R E = IR)

50 57
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20. What is the resistance of the load in the following circuit?

Rim

(20

21. Compute the resistance of the following:

30v

a. b. c.

(III1S IS A TEST FRAME. COMPARE YOUR ANSWERS WITH TILE CORRECT

ANSWERS GIVEN AT THE TOP OF,THE NEXT PAGE.)
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IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ONTO TEST
FRAME 40. OTHERWISE, GO BACK T(, FRAME 17 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

22. Now that you have covered the simple circuit, you are ready for
circuits with more than one load component. The first such circuit
you will learn is the series circuit, which is defined as a cir-
cuit 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.

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

Determine the total resistance of the following:



Five-11

P t . 4
.

.25. The total opposition in the circuit is equal to the sum of the
individual resistors.

.

..,..

What is the value of R2 in.frame 24?

(5Q)
26. Find the value of R3.

r

a

27. You will recall that an EMF ma produced in various ways.
Each of these methods converts some: form of energy into elec-
tricity, an action which is called rise in .potential.

I f

The conversion of chemical actlofl into an EMF is called

Crise in potential)

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

The rise in potential is caused by {increasing /decreasing) the
energy of electrons.

increasing

29. Name the acts n of converting some other form of enegy into
electricity.

Crise 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 mall in potential or conversion of elec-
tricity to some other form of energy. 'Wu may use these terms to
further describe a voltage when you wish :ID 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 used as heat, light, etc.)

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

(fall In potential or voltage drop)

31. To find the voltage drop (or fall in potential) across a resistor
or resistors simply multiply the current through the resistor
by the resistance of the resistor.

For example; Find voltage drop across RI.

Find the voltage drop across R2.

IOCZ

E
RI

= I x RI

E
RI

= (2a)(100

E
RI

= 20v

(E
R2

10v)

32. Ilsing IT and RT in frame 31., find the applied voltage.

(Ea = 30v)
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33. Just as Rr a RI + R2 + R3, the applied voltage must equal the sum
of the voltage drops in a series circuit.

Em 6v

_IL ER2

43 iv
6v

(E
a
* 20v)

34. In the following circuit, what value must the variable resistor
have In order to reduce the voltage drop across R2 by one

half?

0-2S011

®
R2

tioon)
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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. In this circuit we have everything
required to solve for RT:

E
a 30v

RT T.= V /5/1

Once R is found, finding R2 is a
R2 simple matter of subtraction:

Solve for E
RI

m
Nsis",

23v

12

33C1

It 5°°
23 isa

voisev

Solve for RT:

R2 = R (R1 R3)

R2 = 15A - (5 2A)

R2 = 15A - (70

R2 = 8A

. . .

In thli circuit, we work the other
way. We have all that is needed to
find the value of both RI and current:

RT - (R3 R2) = RI

50A (15a 252) = RI

50A - 4oa - RI

10A = RI

E
a 25v= .5a
R
T

50A

From this it is simply a matter of
multiplication:

E
RI

= (R1)(1)

E
RI

= (10A) (.5a)

E
RI

= 5v

cFa
30v

1 1.

R2
1051

= 30A)
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' 36. Using multiple calculations solve the following.

RI 70 R2 30

Five-11

Find

a. I

T
= e. E

R2
=

R3 b. R1 = f. E
R3

2n
c. Epc= g.

ER4 m

d. I

R3
=

h. 1R4 m

a. a; b. 1 c. 2

37. Solve. 52003v
Find

a. I

T
= d. E

R3
=

n2 pb. E
R2

e. R1 =

25k0
c. R

3
= f. 1

R3
*

(a. 200ma; b. 5ky c. 25k0 d. 5ky e. 7510. f. 200ma)

38. Solve the circuit for quantities indicated.

500

a. R-
I

b. I

T
c. ER!

d. 1

R3
e. E

R2

f. E
1r5

g. E
R4

h. 1

R4

a. 1000; b. 1 amp; c. 10y; d. I amp; e. 25v; f. 15v; g. 50v;
h._1 amp)

57
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39. Solve the circuit for quantities indicated.

Sky "

R3 210

Re MO

a. R
2

b. I

R2

c. E
RI

d. E
R3

e. E
a

f. I

R3

(a. 9kn; b. 1 ampj c. Okvi d..2kv; e. 15kv; f. 1 amp)

40. Solve the circuit for quantities indicated.

a. I

T

b. R
T

c. E
RI

d. E
R2

e. I

R3

f. R
3

g. Ea

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

a. 5ma

b. 50k0

c.lOOv

d. 50v

e. Sma

V. zokri

9. 2.$0v

1.

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 22 AND TAKE -
THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS'ARE CORRECT, YOU MAY TAKE THE 'PROGRESS CHECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU

TAKE THE ?ROGRESS CHECK ANO ANSWER ALL THE QUESTIONS CORRECTLY,
GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF IN-
STRUCTrON YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORK.TLY.
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SUMMARY
LESSON 11

,. The Ohm's Law Formula %
.

. .
.

The:statement of Ohm's Law 1i the last lesson sets forth the relationshi0
of current to- voltage and resistance. This can beexpressed much more
briefly and conveniently in the form of an equation:

' .

. ,
% Voltage (in volts)

Current (in- amperes)
Resistance (in ohms) '

This equation can be reduced still further by use gf the alphabetic
symbols for voltage, current, and resistance; 1 = Tr. When using this

. formula, you will need to know the metric prefixesnand powers of ten to
keep your values straight. .

Here is an application of Ohm's Law td a circuit:.

14_.::

60

To find the effective AC current 'in this circuit, substitute values inn

2v
theOhm's Law formula. 1 =

1277m 2a. lf,the'resistance had beeri

6ka, the solution would have been

. E 12v . 12v in-3i . . . 1 . --a a 2.x ilf a or 2ma.
R 6k0 6 x 10'0

The Ohm's Law equation can be-manipulated to find any one value if the
other two are known. For example, to find revisttnce when current and
voltage are known, the formula transposes to R = 7-. Solving for voltage
yields E = IR.

The Ohm's Law formula can be applied to a part of a circuit as well as
to a complete circuit. You must always be careful to use 'the correct
set of values In solving a problem, for it Is easy to slip and use ar,
plied voltage Instead ofthe voltage drop across one particular resistor.
Here is an illustration which may help clear this up:

1R1

40v

Find circuit 'arrant! Current caA be found more

fastest method is to use E
RI
-and Ri like this: 1

If applied voltage is used, the total resistance

than one wav, but the
E
RI 40v 1rem gur r a.

will Rive the correct .

.

60!
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answer, but using appi
a totally wrong answer

resistance (200 0) and

correct answer.

Five-II

ied voltage with the value of RI would give 2.5a,
. You could have added 11 and R2 to find total

E

then divided (I ix .5a), again the
R

a 130v

T
2000

By using the Ohm's Law equation in conjunction with the rules for series
circuits, you can find a great deal about a circuit from relatively
little given Information.

To illuitrate 'he last statement, the circuit below cane solved for
voitages,,resistances, and current.

The first step here is 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 voltage across it are both shown, so we can
start there.

E
R2 30v

This Is a series circuit, so the current is
1112 R2 3a.

3 a In all parti of it. The voltage across R3 is then 18 v

(E
R3

la I x R3 = 3a x 611 = 18v). The resistance of RI is 4 0
12v

4O).
3a

, Total voltage can be found by adding ER1, ER2, and En, and total re-
E
s

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

Of course, the order of steps after current has been found can be charged,
and there are several ways to get total voltage or total resistance.
Some problems may require several steps before you find the solution,
so don't give up too easily.

AT THIS POINT, YOU MAY TAKg THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. IF NOT., STUDY ANOTHER METHOD OF INSTRUCTION UNTIL
YOU cAANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW

LESSON III

Power

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

- definition of power

-quantity of pc4er

unit of aeasure

-power formula

- practical applications of power

formula

Each of the above topics will be discussed in the order listed.

As you proceeji through this lesson, obser: Ind follow directions

carefully.

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

ON THE NEXT PAGE.

6
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LIST OF STUDY RESOURCES

LESSON 111

Power

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

according to your experience and preferences, any or all of the

following:

STUDY BOOKLET:

Lesson Naftative

Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 931:00A-la "Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printiny Office, 1965.

You may study whatever learning materials you feel are necessary to

answer the questions In the Lesson Progress Check. All your .1vswers

must be correct before you can go to Lesson IV. Remember, your in-

structor is 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.
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NARRATIVE
LESSON Ilr

Power

Introduction

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

You recall from the module on resistance that' resistors are
rated for the power they can dissipate as well as for their
ohmic values. T, make use of this rating, you must understand
what power is.

Definition

Power is the rate of doing work, that is, the amount of work done
pet unit of time. As an example, think.of two men shoveling equal
piles of sand into trucks. One of the men can complete his task
in 15 minutes. The other man is stronger and can finish his job
in 5. Both do the spore amount of work, but the man who finishes

first has used more power.

Similarly, if you have two electrical circuits with identical
resistances, but different applied voltages:the Circuit with the
stronger voltage will have a greater current flow (electrons
moving faster). This is Another way of saying more work is done

in a given time; therefote, 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 Js work, and I stands for time.

Amount of Power

When the control on an electric iron is turned off, nc current
can flow through lts resistance, and no power is present. As

you change the control to a warm setting, current flows through
the resistance and the iron heats.

When you turn the dial to a hot setting, more electrons move
through the circuit over a pe.lod of time, so more power is 'sx-
pended and the iron gets hotter. More power always prcduces
were heat.

Unit of Measure

Power is measured in watts and the symbol Is W. (Upper or lower

66
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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
150 W bulb burns more brightly and gives off more heat than d
40 W korlb. The 150 W lamp dissipates more power (has a greater
current flow) because it has lower resistance than the 40 W
bulb. Thiss true for all light bulbs and appliances when they
are operated at the correct voltage.

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.) t
The amount of power in a circuit depends on how much current flows
and upon how much voltage is applied. Many years ago, scientists
found that the power (in watts) equals the vo.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. Total power (PT) 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 voltage across it.

TheThe formulaP = El expresses these relations:

Voltage and power are directly proportional (I constant).

Current and power are directly proportional (E constant).

In this example, the power dissipated in R1 can be found by
using the power formula:

4a

Er 30
111

P
RI

= E
Ri

x I

Ri

PRl = 30v x 4a

P
RI

= 12 0w

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

Fri
tOv

1 P
Ri
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'five -III

c.

m
10 0

R2
20 it

PT =

40.

P =
R2

RI
Se

ER2
5v

Ca. 20w; b. 30w. c. 100

Anothqr Power Formula

A second formula for finding power is P = 12R. This version of
, the power formula 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 = El
is replaced by IR.

By taking this equation P = I

2
R and substituting for I, I =

Therefore:

P= I
2
R

P= I x-I x !=
E

R
--x

E
x R

E

2

2

r = R

R

2

r
E

R

L
2

P =

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

Use P = I

2
R Use Ptid,

nd.
=

E
R2

----
R2

a. b. illy

24v
Ea

l

RI 3160

12 12:11

2

32W; b. 3W

RI
RSt
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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 belound
from the information given.

First, the total resistance can be
found for R = RI + R2, or RT = 102.

SO

Current the A can be found from Ohm's
Law:

I

R2
50

E
a

im Tr-

20v

1 =2a

Then using the formula P = El, total power is shown to be 20v x 2a
or 40w.

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

Find the current required for a lamp rated at
40w and 120v.

P =Ex,

40w = 120v x I

40w f 120v = I

1 = I /3a

a.

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

How mur.h'current will the lamp draw?
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b.

c.

d.

e.

Solve for total power.

Rotted at 25w

R2
50v

Rated at Sw

Which resistor or resistors will burn out?

Solve for P
RI

and PR3 .

Solve for RT.

12

30w consumed

P
RI

=

P
R3

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN BELOW:

a. 0.5 amps

b. 26 w

c. R2

d. PRI = 20 w

P
R3

= 200 w

e. 6O

' 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 OoSWER ALL OF -

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

70
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PROGRAMMED INSTRUCTION
LESSON III

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 THERE.. FOLLOW
THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. A concept which is necessary for working with electricity is
power. Power is used to rate appliances such as toasters,
irons, lamps, 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 rating of a component may tell how much:

a. per it can convert.
b. power it can supply.
c. load it places on the source.

d. all of the above.

(d) all of the above

2. Power (P) is defined as work per unit of time and 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 wo-FICaiici time.

(P
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4. 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 Mint power in'wlixing his car?

(A)

5. In applying this formula to electricity, we may define power as
the rate of converting electrical energy to another 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 Om.

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

Amount of Heat *I
2
RT

State the relationship between heat, current, resistance, and
time as applied to a resistor in a circuit.

Heat is directly proportional to he resistance, the square of
the current, and.time.)

Electrical power is define4 as

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

7. The amount of power in a circuit:

a. is like the energy available to do work.
b. is like the energy used by a man waxing his car in 30

minutes.

c. is the capability of the circuit to do work.
d. is the rate of converting electrical energy to another

form of energy.

(THIS IS 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 7

b. is like the energy dibd by a man waxing his zar
in 30 minutes.

d. is the rate of converting elVrice energy to
another form of energy.

ow.

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

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

Select the circuit which consumes the greatest amount of power.

a.

1.75,

b.

Ea 7W
502

c.

b)

9. Recall that resistors have a power or wattage rating.

Seiect the units of power.

a. amps (a)
b. *ohms (G)

c. watts (W)'
d. volts (v)

(c) watts (W)
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JO. Starting from the basic equation' P = 11-, and substituting I

2
RT

W

for W (work), we can derive an equation for power.in electrical
terms:

.
P (in watts) = --

T
*k q

I-R7

= I
2
R

Note, that Uris used for both watts and work, so be careful when
W is used.

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

e

(P =
12R)

II. Find the power expended by Rl'io this circuit.

011111a

(6.3

PI = watts

e , .

c

(100)

I'

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

:

A lamp. uses what type bf power?

- a. , reactive power in VAR's.
b. true power in watts.

-.......

c. apparent power in VA's.

(b) true power in watts
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13. Statyhich resistor will burn out.

100 Sy/

12,25S-130w

(R1)
\

14. True power:

01°

4

a, may be defined as power which has a true and constants`
energy value.

b. is used when a waffle iron, toaster, or a.lamp
operatei.

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

d. is, present in a circuit in which the switch is open.

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

C
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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.

IF ALL YOUR ANSWERS MATCH THE CORRECT AN.WERS, GO ON TO TEST
FRAME 20. OTHERWISE, GO BACK TO FRAME AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 14 AGAIN.

15. Another statement for power in electrical terms can be derived

from P = 1
2
R and Ohm's Law. This equation is useful when vol-

tage and resistance are the known values.

FromP= 12 R =IxIxR

subs,titude Tt for 1 * x
E x R=

2

P 2Rx R
2

E2so, P

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

J

4

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

(P M 4:611 I300 2.41: 21SP 12°,

8
76
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17. One more expression mb, be developed by a similar method-, using
R = E/1 for the substitution.

From P = I
2
R and R = -- substitute for R.

gE
Then P = 1 7.

so, P ma El

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

4

{P= El)

18. Given that E
s

is 30v and I

T
is 5ma, find PT.

(150 mw)

19. In this circuit, how much current will the lamp draw?

...11111.711 .1110

naps

20. Check the circuit relationships that are.directly proportional:

a. current and 'esistance.

b. current and power...11

11. o. current and voltage.

d. voltage and power.

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 0,

ANSWERS GIVEN gf THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 20

b. current and power.

c. current and voltage.

d. voltage and power.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME
28. WITERWISE, GO BACK TO FRAME 15 ANO TAKE THE PROGRAMMED SEQUENCE
BEFORE TAKING TEST FRAME 20 AGAIN.

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

Write the,equation for total power dissipated in a series circuit
consisting of four resistors when the power consumed in each load
in the circuit is known:

(P
T

= P
RI

+ PR2 + P
R3

+ P
R4

)

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

Ee P

WM& RI $011

11.1=,

ROO
pi=1,

78
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23. Solve.

RI
"tivsne-
20W consume!

? ,
R2

20W
consumed

RT
=

4 tt)13 ms

U. rind PT'

Es
10v

II lost PT =

(PT = 1041

25. Solve.

PR3

(PRI = 10w; PR3 = 200w).
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26. In a circuit which carries 3 amperes end has a 30-volt source,
what is the total power dissipated?

90w

27. Fine P
T'

Es

3
pi
4W

P2
SW

P3

10W

(19w)

b'7
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28. For the following circuit, find all values of voltage, current,
resistance, and power which are not given.

RI
Find: ~,e

R2

200

It3

25V

RI

P
RI

20V1

Es

C

E
R2

P
R2

R3

P
R3

-=10011

14

R4

P
R4

PT

1Vi

°T

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

4
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ANSWER3 - TEST FRAME 28

1 = 2a

RI = 102

PRI = 40w

E
R2 =

40
v

PR2 a 80w

R3 r 12.52

P R3 = 50w

R4 = 7.50

P R4 = 30w

RT = 502

PT = 200w

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 21 AND TAKE THE
PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU

TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY,
I0 ON TO THE NEXT LESSON. IF NOT STUDY ANY METHCO OF INSTRUC-
TION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON III

Power

Another electrical quantity you must learn about is power, the rate
of doing work. in other words, power is the amount of work done per
unit of time. Two electrical, circuits with identical resistances
but differedt 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 using symbols in a mathematical

approach, is P = 1,, 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 power is the watt, and its
symbol is either upper or lower case W.

You-rememberlthat resistors are rated according to the amount of
Oyer they are ab'e to handle. You may need to calculate tile pow-
er in a circuit or in a component to be sure that it is operating
within its rating; a resistor rated at 20 watts will very quickly
burn out if it is operated at 60 watts, for example.

Electrical power can be shown as tha product of voltage and current,
but you must always be careful to use the correct voltages and
currents. Total power (PT) can be found from total current and
applied voltage, but the power dissipated in one component can be
found only if you use the voltage across the component and the current
through !t. The power dissipated by RI In the following diagram is:

P
RI

= El

P
RI

= 30v x 4a

P
RI

= 120w

Another formula for finding power can be derived by substituting

IR for E in the formula to .ield P = 1

2
R. This formula is useful

when current and resistance are known.

Combining the power formu'as with Ohm's Law and the series circuits
rules allows 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 INSTRUCTION OR BOTH.
IF VDU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD
OF INSTRUCTION UNTIL YOU CAN ANSWE'. ALL THE QUESTIONS CORRECTLY.
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OVERVIEW

LESSON IV

Internal Resistance

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

-what Internal resistance is

-how internal resistance affects

current

Each of the above topics will be discussed in the order listed. As

9

you proceed through this lesson, observe and follow directions

carefully.

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

ON THE NEXT PAGE.

86
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LIST OF STUDY RESOURCES

LESSON IV

Internal Resistance

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

according. to your inerience and preferences, any-or all of the

following:

STUDY: BOOKLET:

Lesson Narrative
. .

Programmed ,Instruction

Lesson Sumniary
(

. P.

,

ENRICHMENT MATERIAL: ,

.
.

.NAVPERS 93400A-las "Basic Electricity. Direct Current."

Fundamentals 9f Electronics. Bureau of Naval Persofie

It Washington, D.C.: U.S. Government Pripting Office, 1965.

Rempmber, you may studywhateverllearning materials you f are

necessary to anslitter-the questions in the Lesson Progre Check. '!r

your answers must bi correct before you can go to Lesson V. Your

Instructor is available at all times for any assistance you mad need.

YOU MAY NOW STUDY ANY OR ALL OF THE-RESOURCES LisTED_Aiba,--voq MAY

TAKE THE PROGRESS CHECK AT ANY TIME.

t
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Internal Resistance

Definition

Five-IV

When you learned about resistance, your attention was fecut,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-

,sent of electrons.

In a batOry, the chemicals which separate the electrons from their
atoms also-offer resistance to their movement. in . generator, the

wires In'which EMF Is generated also have a certain amount of re-

sistance. This opposition.is called the internal,resisrance of the

source.

Although you cannot see this resistance. or measure it with an ohm-

meter, you can determine its effect on a circuit. To help you do

this, thinleof the internal resistance as being in series withthe

source. This resistance is usually shown schematically like the

drawing below.

Roshaanca lic

The dashed line indicates that the internal resistance is part of

the source.

Let's see what this resistance does to a circuit, and why it is

important to you. In the circuit shown above (notice open switch),

a voltmeter placed on the battery terminals (points A and (1) will

indicate 12 volts. This is called the no-load voltage, for no load

is, connected to the battery and no current meows.

If you now close the switch, a current of 1 ampere will flow in

the circuit, and the voltmeter reading will drop to 11 volts.

This decrease in the battery's terminal voltage is 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 in a
circuit like this one. For example, you can find the value
of the Internal resistance of the battery with only the meters
shown in the diagram.

Thestaps to follow are:

of the ttery EMF, for there is no current flow and
1. .Measure the no-load voltage. This is the actual value

,,

th.refore no voltage drop across the internal resistance
of the- battery. (I2v)

2. Energize the circuit and measure the terminal voltage of
he source (liv).

3. Subtract the load terminal voltage from the no-load ter-
minal voltage. -This tells you how much voltage is dropped
by the internal resistance. (12v - liv ar

4. Meakure current flow In the circuit.: (la)
5. Divide the voltage drop of the internal resistance by

the circuit current. (1v/la 1$1; fribm the Ohm's Law

variation R Ell)

Now try this on a circuit of your own. Riad t:Irt voltage between

the terminals of one of your dry cells, This shoOd be about 1.5v.
Connect a light bulb to the cell and measure the terminal voltage
again: The current flow through the cell's !nternal res:stance
should cause tI'e output of the cell t).drop to about 1.45v. As a
city cell Ages, ts Internal resistance increases. This 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.'

How Internal Resistance Affects Current

.
Jn most cases'the effects of internal resistance in a circuit are
negligible, but a large Internal resistance will severely limit
the amount of current flow.

In this' .: 'cult, the internal resistance is so small it can be

ignored, and all the values work out well within the tolerance
of our meters.

Ea
lov

ei
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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:

p.

The latter readings differ considerably from those in the first
case. If we accidentally connect a straight piece of wire across
dot 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 quickly destroy the source
unless it is protected in some way.

In the rest of the course, you will ignore the effects of the
internal resistance of a source unless it is specifically included
in the problem or discussion. It isimportant that you know about
internal resistance so you can understand what occurs in electrical
circuits, but internal resistance will not usually be large enough
to make a significant 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, GO 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 IV

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.

I. Recall the effects of series resistance on voltage drop through-
out a circuit.

Increasing the ohmic value of RI would have what effect on the
voltage drop across R2?

Mir

R2

(E
R2

would decrease)

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

Increasing RI to 150 would result in the voltage drop across
R2 decreasing by volts. .

R1109

I Ea
25v R2

150

(2.5v)

9! 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 across the other
components in the circuit.

(The voFtage drops across the other components will decreasel

4. Up to this point, a source has been considered to be a fixed or
constant voltage. 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 called the internal
resistance (symbol Ri) of the source, and is present in all
"ErqUIFF:-

In your own words, define internal resistance.

(the opposition to current flow that is present inside a source)

92

9

,4



P.I. Five-IV

414.

5. When shown in a schematic diagram, this internal resistance is
represented by a series resistor, and it may be shown inside a
dashed line box with the source

---I I

F- --^AAt
111-"Ar-i-R

1R
1

Label the internal resistance.

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

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

93
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ANSWERS - TEST FRAME 6

4

IN

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY dO ON TO
TEST FRAME 14. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING SST FRAME 6 AGAIN.

7. 'How does this internal resistance affect the circuit? First look
at a circuit wathout internal resistance.

, 1

m

,

s J

What Is the voltage drop across

..,..y. .,

12v <RI

R1? volts
a

toff

I

i

I

(12v)

8. Now the same circuit vith 1 ohm of internal resistance.

What is the value of voltage across RI? volts.

E yr

(1 12 7 (I) (R1) = 1.70(60) = 10.2v)
R
T

=
7 "a' ERI

94 10/
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9. Since the internal resistance is4n: ide the source, what is the
battery's terminal voltage (voltage available to the load) in

frame 8? volts.

(10.2vr-

10. This internal resistance is often so 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) requires 500ma at 1.2v to operate and
has a resistance of 2.411.

Example 1: Using a penlight cell
as shown, the motor 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 IA only
1.5 - (340ma x 2) - 0.82v

Example 2: Replacing the penlight
cell with a'larger cell which has

.onl 1 /2-ohm' internal resist-

ance and solving the circuit, there
is 1.9 (2.4 + 0.5) ohms opposition
to current flow, and the current will
be

1.5v/2.90 = 517ma

and the cell terminal voltage will

be 1.5v (517ma x .511) or 1.243v
which is enough to operate the
motor.

t..--
iss
1 51. v

120

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

(The internal resistance of a source decreases the termincl

/95 202
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11. Since the internal resistance is Inside the source, it cannot
be measured with an ohmmeter.

Internal resistance can be determined by:

a. ohmmeter reading.
b. calculation, using Ohm's Law.
c. current readings.
d. voltmeter readings.

(b) miculation, using Ohm's Law

0
12. Check the phrase that best defines inierna resistance.

a. opposition that limits current flow and can be measured'
with an ohmmeter.

b. opposition that limits currentflow and occurs within
a wire.

c. opposition that limits current flow and occurs within
the source.

(c) opposition that limits current flow and occurs within the
source

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

What would the voltmeter read in the illustration below'

.1 To voltil

103
96
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14. Assume the internal R is 50. When SW1 is closed, what will

ER1 be? volts.

AW1

(THIS IS 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 14.

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.

15. ItQls important that you beeware 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 iqternai
resistance did not exist.

-;No response required.)

ATJTHIS 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. IF

NOT, STUDY ANY METHOD-OF INSTRUCTION YOU WISH'UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON IV.

Five-IV

Internal Resispe6ce

A resistance we have not yet dieds: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 explain how the internal resistance affects a circuit, think of it
as a series resistance which is inside the battery itself. This is

usually shown on a schematic like this:

r **I "*1 1

Internal resistance = 10

1:4
Es = 10v .

ilsjj0v,

The dashed line indicates the resistance -J SW 1

and the source are in the same physical
package.

The internal res:stance of the source drops some of the source voltage
whenever current flows in the circuit, and effedtively reduces the out -

ut of source if the current is high or the internal resistance is

large.--Retr again to the circuit above. If a voltage reading of the

source is taken.with the.switch open, the meter will indicate 10v, for

there will bend voltage drop across the internal resistance when no
current is flowing. if the switch is closed and the voltmeter reading
taken. again, the meter will then read qv due to the voltage drop across

the internal resistance.

You can find the value of the internal resistance in a circuit by using

'Information you already have. The steps are: ..

1. Measure the no-load voltage. This is the voltage at the
°source terminals when no current flows in the circuit.

2. Energize the circuit and me-wre thesource terminal
voltage under load conditions.

3. Find the difference between no-load and load voltages. This

difference is the voltage drop across the interne) resistance.

4. Measure current flow in the circui*

5. From the Ohm's Law derivative R = Eli, find the value of the

internal resistance.

I

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

you can use this as an indicatior of :Ls condition. A good battery

will rood near its rated voltage under normal load, but a poor one

.will read much below its rated voltage and should be discarded.

The Internal resistance of a source explains why the output voltage

of a battery drops to 0 when i direct short occurs between its

, 99 106



A

. . .

Summary -
. FiveIV

terminals; the entire EHF is dropped across the internal resistance.

Because the voltage drop across the internal resistance is usually
negligible, you will be able to ignore its effect in the problems
,you are given in this course. ;.:.. .

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 QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. :F NOT, STUDY ANOTHER METHOD OF

INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS-CORRECTLY.
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OVERVIEW _

LESSON V

I

Troublesllooting- Series Circuits

Fivel

1

.

Inlhis lesson You'will study and learn about the tpilowirlg:

7short.cirCUits (direct shorts and

partial shorts)
. .

- fuses

- open circuits

-locating shorts

-locating opens

=
-defective switches or fuses

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

ON THE NEXT PAGE.

Each of the above topics will be discussed in the order listed.

Ai'you proceed through this lesson, observe and follow directions

careGilly.

1..
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Study Resources

I.

LIST OF STUDY RESOURCES

LESSON V

Troub1eshooting Series Circuits

Five-V

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

according to your experience and your preferences, any or all of the

following:

STUDY BOOKLET:

Lesson' Narrative
.

Programmed instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPgRS 99400A-la "Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Persornel.

Washington, D.C.: U.S. Government Printing Office, 1965.

AUDIO-VISUAL:

Sound/Slide Presentailon - "Use of Multimeter To Find.

Opens and Shorts."

YOtYMAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU

MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS

LESSON YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERIM

45

ALL THE LESSONS IN THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS

IF YOU WISH.

10110
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NARRATIVE
LESSON V

Troubleshooting Series Circuits

Introduction

Whenever something goes wrong with your equipment, y,u will be
expected to find out what is wrt,ng with it and eliminate the

trouble. How well and how quickly you do this will determine
what other people think of your work and will have some effect
on your advancement in rating.

4

There are two kinds of circuit problems that cause most of the
troubles you will run into. These sre short circuits and open.
circuits.

Short Circuits

A short circuit 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, solder, pieces of wire,
etc., left on (or in) equipment; or dirt, salt water, filings, et.,
around connection points and terminals.

Direci Skirts
Cir

A direct short circuit or direct short occurs when a conducting
ma1;71V7Was TiliTriliriEFITEetween the terminals of the
source like this:

NORM 1. CIRCUIT SHORT CIRCUIT

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

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

Partial Short

When a short circuit bypasses only part of the normal- load in a
circuit, it is called a partial short. A partial short reduces

104 Iii
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current through the components which are bypassed, but it
causes current to increase in all other parts of the circuit.

R2 R2
VWI 20W lOR I 20W 102

e RI Ea e I
Ea

I
20v 20v 20W20W

10 SI 10 SI

NORMAL PARTIAL SHORT

In the above circuit with the partial shor , there will be no voltage
drop across RI because of the short, and the entire source voltage
will be dropped across R2. Current in this bircuit is 2 amperes
instead of the 1 ampere current flow inNthe 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 watt- (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-
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 a significant amount of voltage in the circuit it
protects.

Fuses a.e always connected in series with the devices they protect,
and they are rated (in amperes) for thecurrent they can carry
without burning out or blowing. The schematic symbol for a
fuse Is ( ).

Here is a schematic diagram of a partrall.y shorted circuit with
a fuse to protect it.

11)Q

20W

20v

105
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The normal current flow of i ampere will not burn out the fuse,
for this is less than its 1.5-ampere rating. The increased
currant (2 amps) caused by the short across RI is greater than
the fuse rating and will cause the fuse to blow. This opens
the circuit and prevents damage to R2 and the source.

Open Circuits

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

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

Locating Shorts

Short circuits 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 circuit, reading 1/2 source voltage
across R2 indicates that a trouble exists in the circuit, and since
the voltage drop is greater than normal, the trouble is probably
a short somewhere. Taking a voltage measurement across RI will
result in a 30-volt reading, indicating that no voltage is dropped
across R3.

la
60v

Ion

R32011

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

lt2 200

The first step in using an ohmmeter is always to be sure the
circuit is dewenergized, so disconnect the circuit from the source.

The resistance read across RI will be about 20 ohms - a normal

106 1
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condition. The ohmmeter will read 0 when placed across R2, tell-
ing you that R2 is shorted.

Locating Opens

You know that there is no current flow in a circuit when the
current path is open, and that there is no voltage 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 circuit, voltmeter readings across RI and R3 will-
read 0 volts.

Ri

1-1::71-10a
60v 12

R3 i WA

"..^"Ne
VDA

Across R2, however, the voltmeter will read the full 60v supplied
by the source. Because the resistors RI and R3 do not drop
any of the source voltage, the fail source voltage can be
measured across the extremely high resistance of the open.

An ohmmeter also can be used to find an open circuit. Ageln, re-
member first to de-energize the circuit so that the ohmmeter will
not be damaged: Next, take a resistance reading for each resistor.
RI and R3 should read 10 ohms each, but R2 will read infinity or
open. Since R2 should also read 10 ohms, you know that R2 must
be replaced.

11

-41 R2
10S1

Defective Switches or Fuses

An open circuit is often caused by a blown fuse or a bad switch.
These defects are common open circuits, but such parts are over-
looked so often that they need special mention. You locate these
opens with a 'voltmeter in an energized circuit or_an ohmmeter in

a dead circuit. A good fuse,or,a closed switch in an energized

circuit will show no voitdge drOp. In a de-energized circuit, a

.10114
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good fuse will read 0 for near 0) resistance, but a bid fuse will
read infinite resistance.

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

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK T THIS TIME, OR IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY M OD OF INSTRUCTION
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGR S CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE
TEST.

113
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PROGRAMMED INSTRUCTION
LESSON V

Troubleshooting Series Circuits

TEST FRAMES ARE 14, 18, 24, AND 25. GO FIRST TO TEST FRAME 14, .

AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIREeTIONS GIVEN AFTER THE TEST FRAME.

1. Now for a look at some of the thipgs which. can cause trouble
in electrical circuits. A defect In a circuit which permits
current to flow around all or parfof the load is called a
short circuit or short.

An accidental path of row resistance is called a
or .

short circuit, short)

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

SHORT DUE TO
WORN INSULATION

-BARE WIRE

Describe a short circuit In you'r own words:

INSULATED WIRE

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

/16
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3. Since current will take the path of least resistance, a short
,provides a bypass around the component shorted out.

Select the path current will take.

a. A to B

b. A to C

c. A to

d. B to C

e. C to

-GT A toD

7

4. Since current flows through a short
there can be no voltage drop across

Which resistor will have no voltage

a.

b.

c.

RI

R2

R3

instead of the component,
the component shorted out.

drop across It?

b R2

no
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5. A short is called a direct 'short when it shorts the battery
terminals.

Which schematic shows a direct short?

4".00--

(b)

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

Select the illusyation showing a partial short.

a b

(e)

7. A short will cause the circuit resistance tc decrease.

A short will cause circuit current to:

a. decrease
b. increase
c. remain the same

(b) increase
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8. Now let's look at a circuit with only part of the load shorted
out. Compare the normal and short circuit conditions. If a
total short occurs across R2, the only effective resistance in
the circuit is RI, for R2 Ts completely bypassed. Full source
voltage is now dropped across RI. The table to the right of
the circuit compares normal anrab9prmal conditions in the
circuit.

Fa
--- 50v

3:

Normal Shorted
E
s

50v 50v

20v 50v

30v 0v

250 100

2a 5a.

40w 250w

60w Ow

00w 250w

E
RI

E
R2

100 RT

I

T

P
RI

P
R2

1'T

2

The large increase in Pril under short-circuit coalitions indicates
that RI would probably burn out very quickly.

-"complete the table given below for the circuit shotin.

4.06

Ne

ER, ER2 1/4 RT
IT PRI PR2 PT

2.30

12

tIormal la 75w

111EME--- - 75v 1T2.5w

R2 short 250- Om 225w

SOO
66

E
RI

E
R2 RT IT

P
RI

P
R2

P
T

Normal 25v 50v 750 la 25w 50w 75w

rU short Ov 75v 50o I.5a Ow 112.5w 112.5w

R2 'short 75w Ov 25R 3a 225w Ow 225w
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9. indicate how a short ci
Use arrows as shown to
remain the same (4.).

a. total resistance
b: current
c. total power
d. source voltage

rcuit would affect the following values.
indicate increase (0, decrease ( +), or

(a. 41 b. +; c. +I_ d. +)

10. Short circuits can be located by making either voltage or
resistance measurements.

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

O

a. voltmeter and ammeter
b. ohmmeter and ammeter
c. voltmeter and ohmmeter

(c) voltmeter and ohmmeter

To
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11. Let's see how y'u would use a vOltmetei- to. find a short.

Examples:

14.0v

Normal Circuit
I .

In this circuit, the voltage drop
across each resistor wouldbe 20v,
and the sum of the voltage drops
would equal E

a
.

20.6 /2
200

R2 Shorted R2 shorted as indicated, a
voltmeter placed across RI would
indicate 40v, the applied voltage.
When placed across the shorted com-
ponent, the voltmeter would indi-
cate 0 volts indicating that
R2 has been shorted.

A voltmeter placed across a shorted Component would indIzate
volts.

12. An ohmmeter, placed across a short circuit indicates 0 resistance.

What would theohmmeter indicate?

I RI
41/sey

200

(2001

121
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'13. Place meter readings beside each Teter in the circuit below.

Compare the table of ohmmeter
and voltmeter readings taken
from this circuit under normal_
and abnormal conditions.

State the trouble that exists in the circuit to cause the abnormal
readings.

(THIS IS A TEST FRAME. , COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TQP,OF THE NEXT PAGE.)
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ANSWER - TEST FRAME 14

R3 is shorted

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 18. OTHERWISE, GO BACK TO FRAME la AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 14 AGAIN.

15. As you have learned, a short circuit can cause components to
burn up. To prevent this, a safety,device called a fuse is
installed to protect againtt excessive

a. current flow.
4

b. source voltage.
c. resistance. 0

a. 'current flow)

16. A fuse is made of materials which havea very low resistance and
melting point.

Because of the low melting point, excessive circuit current will
cause the fuse bog

a.- drop much of the applied voltage to prevent source damage.
*1116, b. 'pen, thus preventing damage to other circuit components.

.-----077013;1171hus preventingLdamage to other circuit components

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

Select the schematic symbol for a fuse.

a. 41-- CI c, RI

b. erry.1 LI d. Fl

Cdr. Fl

116
,
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18. In the circuit illustrated below, the purpose of the component
located between the negative terminal of the source and RI is to:

as allow greater current flow through RI.

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

c. Increase the total resistance of the circuit.

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

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

o

124
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 DM TO TEST
FRAME 24. OTHERWISE, GO BACK TO FRAME 15 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN.

19. Thb other type of problem which may occur in a c 'cuit is an
opmcircuit or 2229; This is just What the name indicates,
a bre7a7WiTal prevents current flow in the circuit. You just

saw that this is true because the fuse opens the circuit in
the event of excessive current.

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

Define an open circuit in your own words.

(any break which stops current flow)

20. Since no current flows in a series circuit which has an open, n*
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.

Circle the meters Which will indicate source voltage.

M2 M3

Ml

416 M5

M4

(MI and M3)

118 19
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21. As you have probably already guessed, you can use the voltmeter
to locate an open in a circuit, but you can also use 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
e

(source voltage)

23. An ohmmeter placed across a blown fuse will indicate

(infinity)

.126
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24. Usingthe ohmmeter and voltmeter readings in the table, determine
the faulty component in the circuit illustrated by this schematic:

11 17;81/*
----- 1M10v

A3300

a. RI open

b. R2 open

.c. R3 open

d. Fl open

Normal Abnormal
E
a

120v* 120v

4T
600

R1 100 100

at
200

R
2

2011

R
3

3011 300

E
RI

20v Ov

E
R2

40v 120v.

E
R3

60v Ov

4

(THIS is 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

F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 25. OTHERWISE, GO BACK TO FRAME 19 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 24 AGAIN.

25. From the table of readings, indicate the faulty component or
components.

Normal Abnormal
E
a

300v 300v

RT (A to B)100Q

R1 10Q 1011

R
2

25Q 252

R
3

25Q 25Q

R
4

40Q OQ
13 -'- E

RI
30v Ov

E
R2

75v Ov

E
R3

75v Ov

E
R4

120v Ov

Fl
Ov 300v

Fl

0111M111!
a. Fl and RI open

b. Fl and R2 open

c. RI and R4 open

d. Fl open because of R4 short

e. Fl open because of R3 short

(THIS IS 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 25

d. FI open because of R4 short

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK AND REVIEW FRAMES I
THROUGH 24. .IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS
CHECK, OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU
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.
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SUMMARY

LESSON V

Troubleshooting Series Circuits

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

&short circuit is an unintentional current path. Such a defect al-
ways reduces the resistance in the circuit and therefore increases
circuit current. Some common causes of a short circuit 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-
nection points and terminals.

A direct short occurs when a conducting material forms a path of nearly
0 7037ance between the terminals of a source.

NORMAL OIRKT SNORT

The large current which results will damage either the source or the
wiring very qu kly, and this damage will usually open the circuit and
stop the current. The name short circuit is derived from the
electrically shorter circutt provided by the accidental path.

A artial short bypasses only part of the normal load resistances in
a c rcu t. Such a shrrt reduces current through part of the circuit
which is hyPessed,.but increases current in all the other parts of the
circuit.

NORMAL RARTIAL SNORT

In the partially shorted circuit, there will be no voltage drop across
R2 because of the short, so RI and R3 will drop the entire source
yoltage. The Increase In current Wgrch results from the lower total
resistance is likely'to damage one of the other components in the
'circuit.

123 ltiO
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A way to eliminate or at least reduce the damage to components caused
by a short circuit is to place a fuse in the circuit. A fuse is a
safety device which burns out when the current through it is too large.
Fuses are connected in series With the circuits tndy 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 circuit.

11

Ws.
2

I 10i1 70W(rotod)

20v
2owyeted)

1.5.

The normal 1 ampere of current flow is less than the l-1/2-gmpere
rating of the fuse, so it will not blow the fuse. if RI were to
short out (0 ohms): current would rise to 2 amperes and the fuse
would burn out, thus stopping current flow and protecting R2 and
the source from damage.

The other circuit fault to be discussed here is the open circuit. An
Open switch or a blown fuse open a circuit when safety or convenience
require it to be open, but unwanted opens also occur. These are often
caused by dirt or corrosion on switch contacts, loose or broken wires,
or burned-out components.

To troubleshoot a circuit means to locate a fault in the circuit. Tlie

most widely used tool for troubleshooting is a multimeter like the
one you use in this course. Shorts or opens can be found using either
a or an ohmmeter. In searching for a shorted part with
either meter, you look for an abnormally low reading. Always remember

not to use an ohmmeter on a live circuit when you troubleshoot.

'Open components are found by looking for an abnormally large voltage
or resistance. An open component in a series circuit will read full
source voltage if it is energized or it will read infinite resistance
if the ohmmeter is used (dead circuits only!).

NOW YOU MAY EITHER TAKE THE PROGRESS CHECK OR STUDY ANY OTHER OF THE
RESOURCES LISTED. IF YOU TARE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, YOU 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
WISHiUNT1L YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST.
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