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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package. were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocat4mal
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
disseminatica. Materials which were specific to the military
were deleted, copyrighted materials were either omitted or 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.

3
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Military
Curriculum Materials What Materials
Dissemination Is .. . Are Available?
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print

m from the Coast Guard, Air Force,
Army, Marine Coitm and Navy.

Acc ess 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 applicalSle to vocational and tech
nical education are selected for dissemination.

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

Project Staff:

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

Shirley A. Chase, Ph.D.
Project Director

4

0

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

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

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture'
Aviation
Building &

Construction el

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 Can These
Materials Be Obtained?
ILL:=IL_..LL.1
Contact the Curriculum Coordination Center
in your .-egion, for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUIVI COORDINATION] CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director
100 North First Street
Springfield, IL 62777
217/782.0759

MIDWEST
Robert Patton
Director
t 515 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 , i
Building 17
Alrdustrial Park
Olympia, WA 98504
206/70.0879

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

Drawer DX
Mississippi State, MS 39762
601/325.2510

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

The National Centee for Research in
Vocational Education's mission is to increase
the ability of divers:: agencies, institutions,
and organizations to solve editcational prob-
lems relating to individual career planning,
preparation, and progression. The Nationai
Center fulfills its mission by:

Generating knowledge through research

Develop! ;g educational programs and
products

Evaluating individual program needs
and outcomes

Install'ng educa:ional programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Informatirm; Office

The National Centel for Research in Vocational
Education

The Ohio State University
1960 11..:ony Road, Columbus, Ohio 43210
Telephone: 614/486.3656 or Toll Free 800/

6 848-4815 within the continental U.S.
lexcept Ohio)
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OVERVIEW
1

MODULE FOUR

MEASURING CURRENT AND VOLTAGE IN SERIES CIRCUITS

In this module you will learn the characteristics of a. series circuit,

how to use the multimeter as an ammeter and a voltmeter, 1 how to

make current and voltage measurementsin series.circuiti

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

into the following three lessons:

Loson I. Measuring Current in-a Series.Circult .

Ldiibn\11. Voltage In a Series Circuit

Lesson II1.

,

Ushg the Multimeter as a Voltmeter,

. Do nct be concerned at this time with the names or tdrms unfamiliar to

you Eech'will become clear as you proceed. However, If you have

any questions, do not hesitate to call your Instructot. Turn to

the following page and begin Lesson I.
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BASIC ELECTRICITY AND ELECTRONICS
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INDIVIDUALIZED LEARNING SYSTEM'

NODULE FOUR
LESSON I
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heaturing Current In a Series Circuit
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Overview

'- OVERVIEW

LESSON I

Measuring Current in a Series Circuit

ln addition to the Module Overv,iew, as you start each less

find a lesson overview like this one. It is merely an ou

will study and learn to do In each lesson. In thii lessoh

and,learn about the following:

Four-I

m; you will

Rine of what you

you will study

-what a series circuit is

-a brief Word-about parallel circuits

-using a multimeter as an ammeter

-determining current is common in a

series circuit

-practical measurement of DC current

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

you proceed through this lesson, observe and follow directions carefully.

BEFORE YOeSTART THIS LESSON, PREVIEW THE LIST OF'SIUDY RESOURCES ON

THE NEXT PAGE.

A

.. 4



Study Resources Four-I

LIST OF STUDY RESOURCES

\ tISSON I

Nees' Current in a Series Circuit

To learn the maieria ,n this lesson, you have the option of choosing,

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

STUDY BOOKLET:

Lesson Narrative

Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 93400A-1a "Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

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

AUDIO-VISUAL:

Sound/Slide Presentation - "Measuring, Current With a Multimeter."

Remember, you may study any or all 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 problem.

.YOU MAY NDW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY

TAKE THE PROGRESS CHECK AT ANY TIME.

.17,c; 7%
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Narrative

NARRATIVE
LESSON I

Measuring Current In a Series Circuit

What a Series Circuit Is

Four- I

A series circuit hasonly one path for current flow. In the

study of electricity, when.wesay components are connected in
series, we mean they are connected in line one right after the '

other,

ZA
I Im I I.= 11111110

. In each of the above circuits, you can see that current has only
ope path it can follow, (IT = I 12 = lid so that the same
amount of current must flow thrOugh each Pesistor, just as the
amount of water flowing through a pipe is the same in each part

of tF pipe.

A Brief Word About Parallel Circuits

A parallel circuit is a circuit that has more than one path for
currentto follow, as shown by the arrows on the schematic below.

Notice in the above circuit that current from the cell divides into
two separate paths; whereas, In a series circultit can take only
one path. 4

. .

Using the Muitimeter as an Ammeter

You are already familiar with the multimeter as an ohmmeter to
measure resistance and to take continuity readings. Now you are

"
`4- .;.'e. ..; .

6
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Narrative Four-I

ready to learn how to use it as an ammeter to take current mea-
surements. You can see th-t the multimeter enables you to use
one meter to measure different quantities. The settings and con-
nections when using the multimeter as an ammeter will be different
than the ones used when using it as an ohmmeter. When using the
50 jia range, the switch must be in the +DC position.

A Word of Caution: Always connect an ammeter in series
with the circuit being tested; never in parallel. Failure
to do so will damage the meter.

A

ed

Notice in illustration A that the ammeter actually becomes part
'of the circuit that is being measured. Total circuit current
must then flow through the meter.

Interpreting the 50 NiCroampere Scale (Illustration on next page)

The block arc that Is labeled-DC (second from top) is used for
taking all DC current measurements. When the range selector

. switch is in the 50 microqmp position, simply read the value
indicated-on the 0-50 scale as microamps.



With the meter set up as indicated, what is the value of current
being measured?

1. Using1Practice Board 0-1, a,51 ice resistor, and a dry cell,
construct a series circuit as the schematic indicates.



N-.
Narrative Four-I

2. Be sure the switch is open.
1. Set up the multimeter as an ammeter to read D-50 pa DC.

a. Set function switch at +DC.
b. -Connect black test lead to common () jack.
c. Connect red lead to the 50 pa jack.
d. Attach clips to ends of test leads.
e. Set range switch at 50 pa. (Be sure switch is open in

the circuit.)

4. Connect ammeter in series with the circuit by attaching clips
to 1'7 and 1'6. Observe polarity.

5. Energize circuit. Phis completes the circuit; however, the
lamp will not light because the resistor limits current so
much that there is not enough current to light the lamp.)

6. Record the reading obtained *on the multimeter.
7. Open switch and disconnect meter leads.

You should have had a reading of approximately 28.5 pa.

if the needle deflected in a counter-clockwise direction, you did
not observe polarity when connecting the meter. in this case, re-
verse the leads and try again. Your black lead must be connected
to the sde,closest to the negative terminal of the source.

Determining Current is Common in a Series Circuit

Current through a series circuit will have the same value anywhere
in the circuit. This Is what we mean when we say that in a series,
circuit current is common. To prove this, let's measure'current
at another point in the circuit you constructed. You know that
current is approximately 28.5 pa between 17 and 16. Now we will
measure between 12 and 13.

1. Be sure circuit is de- energized.
2. Reconnect circuit as shown in

the schematic, with the ammeter
between 12 and 13.

3: Your meter is al7eady set up.

9,4
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Narrative

4. Energize the circuit and read the
value of current. Did
you get the same reia767176b-
tained at the first point of
veasurement?

5. De-energize the circuit and dis-
connect meter.

6. Now reconnect circuit to conform
to this schematic.

7. With switch in open position,
connect ammeter between 17 and
Te, observing polarity. Read

the value of current.
8, _Disconnect the meter.

Four-I

Notice that when the ammeter was connected across the open switch,
the meter served to close the circuit, thus you can see that the
ammeter actually becomes part of the circuit.

You have now taken current readings in three different piaces in the
circuit and found that the readings were the same in each instance -
proof that current is common in a series circuit.

.1b



Interpreting the 500 ma, 100 ma, 10 ma, and 1 ma Scales

Look at the DC scale on yOur multimeter. For reading milliamps,
we still use the same black DC arc. Notice that there are three
rows of numbers under the black DC arc, marked 0-250, 0-50, and
0-10. The meter scales used for DC current measurements are
the 0-50 and 0-10 scales.



A:2

Narrative

Notice the three rows of numbers
brated 0-250, 0-50 and 0-10. If

the 500ma position as shown, you
on the 0-50 scale. What you are

9"

Four-1

under tne black DC arc are call-
the range selector switch is on
simply add a zero to every number
really doing is multiplying by 10.

19
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Narrative

a

Four-I

With meter set up as indicated in preceding illustration,
what is the current reading?

a. 2 ma

b. 2 a

C. 10 pa

d. 100 ma

.--

ANSWER - (d) 100 ma
N

13 20
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Narrative Four-1

IF the range selector is on the 100 ma position, you simply
add a zero to every number on the 0-10 scale. Aare you are
'really multiplying by 10.

:
Aitezemin

N

'3 4
;

ett-lorkze

s ,
y, 4

L'flhP
.

21
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-Narrative Fouri

With the meter set up as indicated in the preceding illustration,
what is the reading?

a. 8 a

b. 40 ma

c. 80 ma

d. 80 pa

ANSivER Cc) 80 ma

g2,



Narrative

O

Four-1

If the range selector isset on the lb ma position as indicated,
all we dois read It directly on the 0-10 scale.

23
(16
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a.
4

V

O

Narrative ' Four-1

With the meter set up as indicated in the preceding illustration,
what is the current reading?

a. ko ma

b. 8 ma

c. 8o ma

d. .8 va

ANSWER (b) 8 ma

17

24
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Narrative Four-I

With the orange selector set on the 1 ma scab as indicated,
we read on_the-010 scale and make each numbeer a decimal .1,
.2, .3, .4, ,5, etc. Here you can see you are really dividing
by 10.__ .

zee

rrs'-'.4.2 ArA4

eY`A.4.
A1,4

I,

)1 -14:47:1717.`-zte.
.41.$:/:trift.1'4131

/

A. .

6

-
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Narrative Four-1

With the meter set up as indicated in the preceding Illustration,
what. is the current reading?

a. 0.2 a

b. 0.2 ma

c. 20 ma

d. 2 ua

ANSWER - (b) 0.7 ma

:ieasuring CC Current (0-500 ma)

1. Using Practice Ba7U577a 330 0
resistor and one dry cell, con- Ti 2

i\;ras shown. in-46

struct part of a series circuit

nl ii3
2. Set up the multimeter to read 0-500

ma DC.

a. Set function switch to +DC.
b. Connect black'test lead in common (-) jack. Ts 17
c. Connect red lead in the (+)-7c17
d. Set range switch to highest ma setting (500 ma). The

reason for this is that we do not know how much current
will be flowing. Since current flow is still unknown,
starting at the highest ma range setting can prevent
damage to the meter.

e. Be sure switch is open.

3. Connect the meter in series as shown,
observing polarity.

4. Close the'switch.
5. If you get no needle deflection,

change the range selector to one
of the other ma positions until
you get as close to a mid-scale
reading as possible.

00

Yeki should f!ndAhat the reading is almost mid-scale at
the 10 ma settiriT

29 6



Narrative Four' -I

6. To read the scale for a 10 ma setting, use the black DC arc
and read the 0-10 figures directly. Record current.

7. De-energiie the circuit and remove test leads.

You should have read approximately 4.4 ma.

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 THi:]
QUESTIONS CORRECTLY.

0

20
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P.I.

PROGRAMMED INSTRUCTION
LESSON I

Four -I

Measuring Current in.a Series Circuit

TEST FRAMES ARE 5, 8, 12, 15, 19, 23, 33, 36, 44, 48, 59, 61, and
64. AS BEFORE, GO-FIRST TO TEST FRAME 5 AND SEE IF YOU CAN ANSWER
ALL THE QUESTIONS THERE. FOLLOW TPE DIRECTIONS GIVEN AFTER THE
TEST FRAME.

. .

1. A;series circuit is a circuit that has all its components con-
nected end to end-in a single line so that only one path for
current flow exists.

Which is a-schematic of a series circuit?

(A)

R2

RI

R3

2.. Recall that current flows from negative to poOtive in a circuit.
On the series circuit schematic, indicati with airows the path
(and direction) current must follow through the circuit.

6

21



P.1.. Four-I

3. Since current in a series circuit has only one path to follow,
the same amount of current will flow through each component in
the circuit.

In a series circuit:

a. current will be greater through the negative terminal
of the cell than through the positive terminal.

b. current will be the same (common) throughout the circuit.
c. current flow will differ through each component in the

circuit.
d. the same,amount of current will leave the battery as

will return.

(b. current will be the same (common) throughout the circuit; and,
d. the same amount of current will leave the battery as will
return.)

4. When the same amount of current flows through each and every part
of the circuit, the circuit is said to be connected in

(series)

,
5. Check the correct definition of a series circuit.

amel..mo
a. two or more components providing a path for current flow
b. two or more components connected end to end to form Only

. one path for current flow.

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

22

>11.,.
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P.I. Four-I

ANSWERS - TEST FRAME 5

b, two or more componentt connected end to end to form
only one path for current flow.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 8. OTHERWISE, GO BACK TO FRAME i AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN.

6. Since current is common
anywhere in the circuit
the source. (1

T
= I

1
=

in a series circuit, the amount of current
will equal the total current drawn from
1

2
0 I

N
)

What is the amount of.current flow through the pointslindicated?

3 AMPS

15v

Ta. 3 amps; b. 3 amps; c. 3 amps)

b

AMPS

AMPS

AMPS

7. The amount of current flow anywhere in a series circuit is (equal
to/different from) the total current drawn from the source.

(equal to)

23 30
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P I. Four-f

8. Daermine and record the indicated values of circuit current.

A.

A. I

R2

B.

1.12v

-r-

B. IR1

26

1R2

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

31
24



P.I. Four-1

ANSWERS - TEST FRAME 8

a. -5 amps

b. =2 amps

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 12. OTHERWISE, GO BACK TO FRAME 6.AND TAKE THE PRO-
GRAMMED S1QOENCE BEFORE TAKING TEST FRAME 8 AGAIN.

32
25



P. I . Four-I

9. A parallel circuit differs-from a series circuit in that it has
two or more paths for current%flow. Two examples of parallel
circuits are shown below.

A.

2 Paths
3 Paths

Indicate with arrows the current paths in the parallel circuits.
In the spaces below each circuit, write the number of oaths that
exist for current flow.

NUMBER OF PATHS

B.

NUMBER OF PATHS

A.
(a. 3; b. ii)

B. P

26 33
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P.1. Four-1

10. Each path for current flow Is called a branch. Now many

branches are there in the circuit below?

.,)

(3 branches)

11. Match the kind of circuit tb its correct definition.

....11 1. circuit that has two or more a. parallel circuit
paths for current flow

2. circuit that has two or
mare components connected
end to end to f6rm only one
path for cur,...At flow.

b. series circuit

(1. a; 2. b)

4

27 34



Four-I

12. Match the schematics:to their, appropriate characteristics.

IM 1. more than one path for current flow

2. series circuit

3. parallel circuit .

4. only one path for current flow

o

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

a

35
28
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P.I. Four-1

ANSWERS TEST FRAME 12

1. D,.D

2. A, C

3. B, D

i. A, C

IF Ali. NOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME-15. OTHERWISE, GO BACK TO FRAME 9 AND TAKE 'THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN.

13. When using the multimeter as'an ammeter for measuring DC current,
it must always be connected in series with the load. Remember --
In series means In a-line.

Which schematic shows the multimeter correctly installed as an
ammeter?

A. B.

(A)
w

29
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four- I

14. To connect an ammeter (multimeter) properly in a circuit, polarity
must be observed. The negative side of the meter must be connected
to the negative side of the source, and the positive side of the
meter to the positive side of the source.

Which schematic 'shows the muitimeter correctly installed as an
ammeter?

ayaMI=PONala

15. Check the schematic that shows the meter correctly installed.

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



P.I. Four-1

'ANSWER - TEST FRAME 15,

A

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 19. OTHERWISE, GO BACK TO FRAME 13 AND TA(E THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN.

16. The Illustration below snows the front panel and controls asso-
ciated with the ammeter function of the Simpson 260-5P multimeter.
Study the illustration then locate these'components and con-
trols on your multimeter.

do.
0 r, Attc .

DC SCALE: 0

... , = ,
ea %. . '\;.,.0'61'. ,

0 m .......
.."1....?....= 41tr' ."". :I Aiki

-10 A JACK .IOA JACK

SOvA JACK
FUNCTION SWITCH

RANO( SWITCH

COMMON(-) JACK JACK

frame.)

38
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.

17. Locate the function switch on your muitimeter.
.

be moved? (Any order)

a.

6.

t.

Four-I

What-are the three positions to which the function switch can

/.
,.

-0C. 4.0C. AC

18. The position of the function via ch Atermines whether the multi-
meter is to be used to measure A or;DC values. Whanased as an .

ammeter for measuring direct curr nt,t0i function switch can .

be in either, of the DC positions': 4piekpt for use In the 50 pa
range. These ranges require +0C s iting.) 4

t is- .
.

) \
-What function switch setting(s) coul .i1.beAused when measuring

.k

\ ' .
direct current?

a.

If
b.

41.

t.

e

41.

1



'.1. Four-1

19. To measure direct current, theliunction switch must be in the
or the' positions. (Any order)

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

33
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P.1. Four-I

20.

ANSWERS - TEST FRAME 19

+DC; -DC

(Remember: When using the 50 pa range, the switch must be
in the +DC position.)

IF AIX YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY, GO ON TO TEST
FRAME 23. OTHERWISE, GO SACK, TO FRAME 16 AND TAKE THE PROGRAMMED
SEQUENCE WORE TAKING TEST FRAME 19 AGAIN.

When setting up the multimeter to measure current, the function
'switch Is normally, placed in the DC position. Remember, the'
multimeter Is polarity sensitive and must be connected In the
proper manner (black lead negative, red lead positive) in.the
circuit to prevent damage to the meter.

Which drawing shows the-multimeter correctly connected for
measuring current?

Block

Red

1=MOVNIA0.=

Rod

4-41001ke%,.._
Mack

A)

34 41
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21. )14 for some.ilefion the meter is connected improperly, the function
. switch canbe used to change the polarity of the meter without
removing the-meter lekds, from the ;circuit under test. (This does
no apply to the 50 pa or the IQ emp range.

-
The'lljuiiration below shows an improper meter connect ion.

.Cifeck the function-switch position you'would use to correct the ,

- meter connection shown above.

+D.0

C

iltoi I s,5

33

.

.4.
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22. Since the pointer of the meter normally rests at "0" on the
far left of the meter scale, correct connection into a cir-
cuit will cause the pointer to move toward the right side.

Which of the meter faces below indicate correct meter connection
and function switch setting?

A

Stock Sheik Red Mack Red

R77)

23. Which meter is correctly connected for measuring DC current?

O

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

36 43
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ANSWERS - TEST FRAME 23

A

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 33. OTHERWISE, GO BACK TO FRAME 20 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN.

.24. Locate the range switch on your muitimeter. The range switch
alsordetermines how the meter will be used. For example when
used as an ohmmeter for measuring resistance, the following
range settings are used:

161

I:xl:D

Refer to your Simpson 260-5P multimeter. Which drawing shows the
range switch settings that would be used to measure direct current?

A

A

25. Look at the range-switch positions on your multimeter.. The
maximum DC current measurement possible with the Simpson 260-5P
multimeter is:

a. 500 ma DC.
b. 10 amps DC.
c. 100 amps DC.

d. 50 pa DC.

(b)

41
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26. List the five positions of the range switch that are used
to measure D.C. current. (Any order)

1110

111

(50 pa; 500 ma; 100 ma; 10 ma/10 amps; 1 ma)

27. Each current range-switch setting repreients the maximum amp-
erage that the multimeter is capable of measuring when in that
position. For example, if the range switch is set at 50 pa,
this means that the current range is 0-50 pa; if the range
switch is set at 10 ma, the current range would be 0-10 ma.

What would the current range be if the range switch was set at
500 ma?

a. 100-500 ma
b. 0-500 ma
c. 10-500 ma

(b) 0-500 ma

28. Look at the current range switch positions again. Then list the
current ranT4sthe meter is designed to measure. (Any order)

..4111Iab

,w1111M1mr.

J0-50 iwo-itatam 0-100 roe. 0-3170 ma)

ift,o4. "
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29. The meter scale used when measuring current is the black arc that
is labeled DC (second from top). Locate the DC scale on your

,,multia#teriihan check the arrow that points to the DC scale.

&"4
:LAIN!

. . o
s sos);<, s.

C-

30. Look.at the DC scale on your multimeter again. Notice that there
are three'rows of numbers under the black DC arc, marked 0-250,
119., and 0-10. The astir scales Used for DC current measurements
are the 0-357nd 0-10 scales.

Which diagram correctly identifies the two DC scales used for
measuring DC current? .

39 46
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31. The position of the range switch (50 pa, 500 ma, 100 ma,
10 ma /amps, 1 ma) will determine whether the 0-10 DC scale or
the 0-50 DC scale is used. When the range switch is in the
50 pa position, the 0-50 scale is used.

Which meter scale is used to read 0-50 pa DC?'

(b)

32. When the range switch is In the 50 pa position, current is read
directly on the 0-50 scale.

What would the current reading be for the illustration?

a. 103 microamps
b 23 microamps
c. 7 microamps

04 23 mi croamps

47



33. Which illustration indicates a current value of 10 pa?

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWER - TEST FRAME 33

a

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 36. OTHERWISE, GO BACK TO FRAME 24 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN.

34. When using the multimeter to read 0-50 pa DC, the common (-)
jack and the 50 pa jack are used.

UsIng'the'illustration below, locate on your multimeter the
common (-) jack and the 50 pa jack.

(Go to next frame)

0.0 ,:44, . Ca. .11.fta

49
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P. I Four-I

35. On the ile..ztration below, check the arrows which point to the
jacks used when making current measurements in the range 0-50 pa.

(b; c),

36.-Litt-the.names of the two jack positions used when making PC
current measurements in the 0-50 pa range. (Any order)

a.

b.

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

5 0
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ANSWERS - TEST FRAME 36

a. 50 pa jack

b. common (-) test jack

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 44.1yHERWISE, GO BACK TO 'FRAME 34 AND TAKE THE PROGRAMMED
SEQUENCE B ORE TAKING TEST FRAME 36 AGAIN.

37. Using Practice Board 0-1, a 51 k0 resistor, and one dry cell,
construct a series circuit as shown below.

Make sure the switch is open.

--(Go to next ram

51
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38 Listed below are the proper steps for setting up the imultimeter
for measuring DC current in the 0-50 pa range. .

. Set the,funCtion switch at +DC.
2. Connect the black test lead in the comma (7)

jack and the red test lead in the 1g:11--
jack. (Use test leadswith.clips.)---:

3 Set the'range.switch at,50 pa.

the'steps.listed above, set up your multimeter, then
check your meter.' etup against t this illustration'.

4 ' $

.% " Red'

A

A

Bieck

P4' .;;;!1:C31.44:.".g'ai:i..&:41!.;NV:41.341.;,;:s., to, .

ra

r w fie,3ee

I

....;
3. ..:'

7. 1:,i` hi '
. .,- ".

.
0 ..4

S NI
..-.

Go to next frame
35. Ta e t e sertes c rcult.you have constructed and connect the meter

In series with the load (between T6 and 12), coppecting the red -
tesClead toward the positive side of the source and the black
test lead toward the negative side. MAKE SURE THE SWITCHIS "

BEFORE CONNECTING THE METER.

(oPen)

itetale.`.
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AO. Energize circuit and observe the meter pointer. If it...is de-

flected to the left, the polarity is opposite to that which was
anticipated. De-energize the circuit, reverse.ihe meter leads,
and energize circuit again. (Dote: Meter polarity cannot be
reversed by$using the.function switc" except when measuring
milliamps.)

(Go to the next frame.f77-"7-

41. Read the current directly on the black DC arc using the 0-50
scale. What is the amount Of current flowing in the circuit?

(approximately 28.5 pa)

42. De-energize the circuit and remove the test leads from the circuit.
Restore the circuit to its normal working condition.

Go to next rame

4' 43. Recall that current is the same throughout a series circuit.
Modify the series circuit you have constructed as indicated
by the schematic.

Tien measure current and record it in the space provided.

Circuit current = pa.

Do yOu read the same value of current as when the meter was
connected between T6 and T7?

1approximately 2 .5 pa;" yes



S.. se

Pl,

4

Ptl. Four-1

44. Using Practice Board 0-I, a 62 1(0 resistor, and one dry cell,
construct a series circuit as shown below.

Then aztasurc current and record it in the space provided.

Circuit current
..,

=1.
(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)

V.
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ANSWER - TEST FRAME 44

23-26 pa

Pour-I

(Note: Th lamp will qt light because the resistor,
in this instance, greatly limits the current flow.)

IP YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
'FRAME 48. OTHERWISE, GO BACK TO FRAME 37 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 44 AGAIN.

45. Complete the following chart for using the Simpson 260-5P multi-
'outer as an ammeter.

CURRE FUNCTION SW. RA GE SW. M ER OC ES LEADS POSITION
RANGE POSITION POSITION SCALE

0-50 pa

REO BLACK

,CURRENT FUNCTIONFUNCTION SW. RANGE SW. METER DC TEST LEADS POSITION
RANGE POSITION POSITION SCALE REO BLACK

0-50 pa= + DC 50 pa 0-50 50 Pa (-) common

46. When reading current below 500 ma, tlia OC scale used will depend
on the position of the rangelmitch. When the range switch is
in the 500 ma position, current is read on thee0-50 scale.

Which meter scale is used wher. the range switch position is 500 ma?

few
28 ao

6

.$

48'



. 47. If the range switch is in
on the 0-50 scale must be.
of current. For example,
the current flow would be

vo
-"44

the 500 ma position, the
multiplied by 10 to obta
with the meter set up as
200 ma.

Four-I

..lue indicated
in the amount
shown below,

Whatis the current reading indicated below?

Cr 0
CV NI

ma

(350)

56



48. What is the current reading indicated below?

a.

b.

a.

d.

40 ma

430 ma

230 ma

80 ma
CYte

tt
'4)0

Four-I

s

500MA

erti4s IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
1 Al4WER GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWER - TEST FRAME 48

b. 430 ma

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 59. OTHERWISE, GO BACK TO FRAME 45 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 48 AGAIN.

49. When the range switch is in the 50 pa position or the500 ma
position, what meter scale is used?

.
a. 0-50

b. 0-10
c. 0-250

(a) 0-50

50. Check the statements that are correct.

a. When the range switch is in the 500 ma position, current
value is read directly on the 0-50 DC scale.

b. When the range switch is in the 50 pa position, cur--
rent is read directly on the 0-50 DC scale.

c. When the range switch is in the 500 ma position, the value
indicated on the 0-50 DC scale must be multiplied by 10

to obtain the correct current value.
d. When the range switch is in the 50 pa position, the

value indicated on the 0-50 DC scale must be multiplied

by 10 to obtain the correct current value.

(b. llhen the range switch is in the 50 pa position, current is
read directly on the 0-50 DC scale.; c. When the range switch

is in the 500 ma position, the value indicated on the 0-50 DC
scale must be multiplied by 10 to obtain the correct current

value.)

51 58
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51. For the remaining range positions, 1 ma, 10 ma, and 100 ma, the
0-10 DC scale is used. If the range switch is in the 100 ma
position, the value indicated on the 0-10 DC scale must be'multi-
plied by 10.

What is the current reading Indicated below?

. a. 80 me

b. 90 ma

c: 49) Ma

d. 8 ma

(b) 90 ma

52. In the drawing below, how many milliamps will cause full meter
deflection? ma

(100)

52
5.9.

100me



53. What,is the value of current indicated? ma

54. If the range switch is set on the 10 ma positiori, current Is read
directl/ on the 0-10 DC scale.

What would the current reading be for the illustration?

(d)

a. 46 ma

b. 230 ma

c. 5 ma

d. 4.6 ina

---210MA

53 60



55. What is the value of current indicates' the meter?

20 ito

4
.420

c

Four-1

111

(5.2 (NO

56. If the range switch is set on the 1 ma position, current is read on
the 0-10 DC scale and each number is made a decimal: 0.1, 0.2, 0.3,
0.4, 0.5, etc. Here you are really dividing by 10. For example,
with the meter set up as shown below, current flow would be .2 ma.

00 i

30le
A 4

440
AP
a

c,o
cr t4

With the range switch on 1 ma, what is the current reading
indicated below?

a. 4 ma
20 304,

b. 0.46 ma
6

':50

c. 4.0 ;pa

doo tp
d. 4.3 ma

.M.IMOINOM

ma

OIL 0.46 ma



57. What is the value of current indicated by the meter?

(0.52 ma)

Four-I

58. Match themeter DC scale to the range switch position.

Range Switch Position .°

.11111 1. 50 pa

2. I me

3. 500 me

4. 10 ma

5- 100 ma

(1. a; 2. b; 3. a; 4. b; 5. b)

55 62

Into

Meter DC Scale

a. 0-50

b. 0-10
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59. .Interpret the meter DC scale below by matching the indicated
current to the range switch position.

20
4

Range Switch Position

.1111Er

10 ma

2. 50 pa

/. 1 ma

4. 100 ma

5. 500 ma

Currept

a. 270 milillamps

b. .54 milliamps

c. 27 microamps

d. 54 milliamps

e. 5.4 miIiiamps

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

63
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ANSWERS TEST FRAME 59

1. e

2. c

3. b
4. d

5. a

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 61, OTHERWISE, GO BACK TO FRAME 49 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 59 AGAIN.

60. The Jacks used for DC current measurements in the 0-1 me-10 me-
100 ma -500 ma ranges are marked common (-) and sitive ( +). These
Jacks are located in the lower iinUnd corner o the meter.

Using the Illustration below, locate on your muitimater the common
(-) Jack and the positive ( Jack.

do to next frame]



P.I: Four-I

61. On the Illustration below, check the arrows which point to the
. Jacks usect.when making-current measurements In the ranges of

0-1 ma -1O; -100 ma-500 ma.

b

(PHIS 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 61

c; e

Four-I

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST .

FRAME 64. OTHERWISE, GO BACK TO FRAME ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST'FRAME 61 AGAIN.

IMINNIIMINIAr

62. Using Practice Board 0-1, a 330 A resistor, and one dry cell,
construct a series circuit as shown below.

Tj TZ

Make sure switch is open.

-Go to next frame.)
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63. Following the steps below, measure current and record it in the
space provided.

1. Set function switch to +DC.
2. Connect black test learrri the common (-) jack and the red

test lead In the ( +) jack.

?. Set range switch to the highest ma setting (500 ma). Since
the exact current flow is still unknown, starting at the
highlst ma range-switch setting can prevent damage to the
meter.

4. Ensure switch is open, then .brea k the circul between T2 and
Ti, and place the meter in series with the ad.' Remember,
poJarity must be observed.

-5. Energize circuit and observe the meter pointer. If pointer

dsflects.to the left, polarity Is opposite to that which was
anticipated. De-energize the circuit and reverse meter leads
or turn the function switch to -DC. Energize the circuit
again.

6.. Read the current On the 0-50 DC scale. If necessary, move

the range switch to one of the other ma positions until you
get qs close to a mid-scale reading as possible. After you
havetakw2. and recorded your reading, de-energize circuit and
remove the test leads from the circuit.

Circuit current ma

(approximately 4.4 ma)

64. Construct the series circuit shown below. Then measure the
current and record It in the spaci provided.

I ck
Brown

B
-Brown

Circuit current

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWER - TEST FRAME 6

Approximately 15 ma

TV-WWIRSWER MATCHES THE CORRECT ANSWER, YOU MAY GO 44 TO FRAME
65. OTHERWISE, GO BACK TO FRAME 62 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAM 64 AGAIN.

65. Omplate the following chart for using the Simpson-260-5P multl-
meter as an ammettr.

CURRENT FUNCTION SW.. RANGE SW.- METER DC TEST LEADS POSITION
RANGE POSITION POSITION SCALE RED --WAX-

0-50 pa

0-1 ma

0-10 ma

0-100 ma

0-500 ma

CURRENT --FUNCTION SW. RANGE .SW. MITER CUE---TEST LEADS POSITION

,RANGE POSITION POSITION SCALE 'RED BLACK

0-50 pa +DC 50 pa 0=50 50 pa (-) common

0-1 ma + or -DC 1 ma 0-10 () (-) contnon
,

.

0-10 ma + or -DC 10 ma/amps 0-10 (-) commonID

0:100 ma + or -DC 100 ma 0-10 (+) (-) common

0-500 ma + or -DC 500 ma 0-50 (+) (-Lcanmon

61
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66. Listed below a:e the steps for measuring 0-10 amps DC. At this
time, you will not actually take current measurements using this
range; however, it is important to understand how to set up the
meter to do so.

I. Place function switch at +DC.
2. Connect black test lead In the -10 a jack and the red test

lead .in the +10 a jack.

3. Set the range switch 'on 10 a. (Note: This is also the common
setting for 1D ma.)

4. De-energize.circuit to be mw.sured and place the meter in
series with load while observing proper polarity. Red test
lead to (+) black test lead to (-).

5. Energize circuit and observe meter pointer. If pointer de-
flects to left, de-energize circuit and reverse the meter
leads. Energize circuit again. (Note: Function switch
has no effect on polarity in the 0-10 amp range.)

6. Read the current directly on the 0-10 DC scale.

----1Go to-next frame;)

67. Refer tostep 6n frame 6b. How much current would be flowing
in the meter below? amps.

ls

'kb

(4.6 amps)

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 eNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.

626:./



Summary

SUMMARY

LESSON I

Measuring Current in a Series Circuit

Four-I

We have already indicated that a series circuit has only one path for
current to flow, (IT = I

1
= 1

2
= IN) but a parallel circuit has two or

more current paths.

SERIES PARALLEL

Remember that when you measure current you must connect the ammeter in
series, not in parallel.

In this Lesson, you will learn to use the multimeter to measure current.
It works Just like the simple ammeter, but the switches make it a little
more comPlIcated,to set up. The ammeter ranges of the Simpson 260 are
0 to 1 milliampere, 0 to 10 milliamperes, 0 to 100 milliamperes, and
0 to 500 milliamperes. There are two special ranges, 0 to 50 micro-
amperes and 0 to 10 amperes, that require the test leads be plugged
into special Jacks. All DC current values are read on the scale marked
DC, using the numbers which correspond to the range switch setting.

If you feel you know enough about using the multi-meter as an
ammeter, perform the experiments on pages 9 and 19 before you
taki the progress check. If not, study the Narrative and/or
thr, programmed sequence prior to performing the experiments.

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. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

lor.4

;07;2
40« 0
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Overview Four -II

OVERVIEW

LESSON II

Voltage in a Series Circuit

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

-difference in potential

-where potential difference exists in

a circuit

-voltage rise

-voltage drop

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

As you proceed through this lesson, observe and follow directions

carefully.

BEFORE YOU START 4111S LESSON, PREVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE.

1

66
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Study Resources -Four-II

LIST OF STUDY RESOURCES

LESSON II

Voltage in a Series Circuit

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

choosing, T.:cording to your experience and preferences, any or all

of the 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.

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 go to Lesson III. Remember your in-

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

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

MAY TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRATIVE
I.ESSON 11

Voltage in a Series Circuit

Difference in Potential

You know You can measure current anywhere in a series circuit
and the ammetnr will read the-same number of amps. However,
when measuring voltage, you will get a reading only between
points where a difference In electrical potential exists.
You recall that this potential difference is called voltage.
This means voltage is measurable only between two points where
one point is more or less negative ean the other point. Keep
iwmind that if we say more negative, that also means less
positive; or, if we say less negative, that also means more
positive.

Where Potential Difference Exists in a Circuit

A potential difference exists in a circuit:

1. Wherever energy is being applied to the circuit.
This is referred to as the voltage rise or rise
in potential.

2. Wherever energy is being converted by the load. This is

called a fall in otential and is often referred
to as a vo tage rop .

Answer this question.

At what point in the above circuit does the
voltage drop take place?

Answer: At the load (8)

Voltage Rise

Recall how chemical action within a cell tends to cause
electrons to pile up at the outer terminal of a dry cell,
making this terminal negative. You also know that this

68 75
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Narrative Four-II

causes the center terminal to be deficient in electrons.
The certer terminal now is less negative than the outer
terminal. When one point is more negative (-terminal)
than another (+terminal), we say that a difference in
potential. exists between these two points.. 1

If voltage is measured across these points, as shown in the
figure below, you will get a voltage reading of about 12 volts.

This indicates a rise in potential of 12 volts or that you have
an applied voltage of 12 volts. You will normally see as lied
voltage abbreviated as Ea. A voltage rise may also be a relocated
E
s

(for source yollage), or E
T

(for total voltage).

Voltage Drop

When voltage is applied to a circuit, you know tnat the electrons
piled up at the negative terminal cause current to flow through
the external circuit from the more negative post back around
to the positive (less negative) post.

In the circuit below, electrons have about the same amount of
negative potential at the top of the resistor as when they
l.ft the source. if you were to connect the probes of a volt-
meter to the pints shown in the illustration, the meter would
read 0, because almost no difference in potential exists.

A
READS Qv

We can therefore assume that free electrons at the top of
resistor (6) are being pushed away from the negative terminal

of the source.
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t.

kRecause the load offers resistance to the electrons as they
move,thi-ough it, the electrons give up their energy in the
Iform!bf heat. Remember, energy cannot be destroyed; it can
,only )be changed from one form to another.

As electrons. move through a resistance they give up their
energy. Upon leaving the end of the resistor,
nearly all the potential energy has been changed to heat energy.
This loss of potential is called a fall ir_potential or a
voltage drop. This causes the bot617-67the load resistance
to be less negative than the top, so the bottom is designated
as having a positive polarity.

A difference of potential has now been developed across tha
load. This difference in potential is the voltage drop. Note
(-) to ( +) here is a drop since the energy supplied by the source
is dissipated in the load.

12V
Drop

It is important here to realize thit a voltage drop will only
) be developed when current is flowing through some opposition.

Although a very small energy loss occurs as current flows
through the conductor, the resistance of the conductor is very
low and Is negligible in most prictical applications. In

later units we will learn how to compute voltage drops in a
circuit.
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Rules-for Voltage in Series Circuits

Here are two "golden rules" that will prove to be invaluable.
This first rule is often called Kirchhoff's Voltage Law.

Rule 1. The total voltage drop in a series c!rcuit will
always equal the applied voltage.

Answer this question.

What is the value of applied voltage (Ea)?

a. 100 v

b. 0 v

c. 50 v

d. 25 v

50V

Answer: c.

This rule holds true no matter how many resistors are in a '

series circu-i.t.

,Note: We number the resistors RI, R2, and R3 to distinguish
each particular one.

5
12v

6v

6v 3v

R3

la 3v

12v

Voltage drops, then, are designated as ER1, ER2, and ER3.
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Answer this question.

Eal

12vEa_
6

EN3

Which of the below is the voltage drop across R37

a. 24v
b. 6v

c. Ov

Answer: b. 6v

The total of the voltage drops across all -the resistors will
always equal the applied voltage. No matter how many resistors
are in a series circuit, they will use the total energy put
into the ctrcult by the source. The ohmic value of each re-
sistor determines how much voltage is dropped across 11.

Another way of stating the rule Is: The sum of the voltage drops
it a series circuit will always equal the applied voltage.

Rule 2. In a series circlit the lar est volta e dro will take
place across the argest resistance.

For example, if you have a circuit with two resistors, one of
them 10 ohms and the other 5 ohms, the greatest voltage drop
will occur across the 10-ohm resistor.

RI

Ea MR

4, 2
SA
R 1. --(010v

The 10-ohm resistor drops 20 volts whIle the 5-ohm resistor drops
10 volts. Note the sum of these two: 10 v + 20 v 9s 30 v, the Ea.

Let's look at the second rule in a slightly different manner.

In this schematic, RI is a variable

la resistor and we can assume that because
5101, m R2 is dropping the entire amount of

voltage that RI is adjusted to 0 ohms.
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Now if RI is set to the 50-ohm position,
notice that the voltage drop across R2
decreases to 25 volts and the voltage
drop across Rl increases to 25 volts.
This is an important concept to remember.
Let's see if we can relate it to our two
voltage rules.

Rule 1 -Sum of voltage drops equals applied voltage. (It did in

both circuits.) Notice that E is 50 volts in both cir-

cuits, and that if the voltageadrop across RZdecreases,
then the voltage drop across RI has to increase.

Rule 2 -Greatest voltage drop will exist across largest resistance.
Notice as the vale of RI increases, then the voltage drop
across it also increases. If RI were increased above 50
ohms, then more voltage would be dropped across Rl than
R2.

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.

Iwo
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PROGRAMMED INSTRUCTION
LESSON 11

400. Four-11

Voltage In a Series Circuit

TEST FRAMES'ARE 20 AND 24. AS BEFORE, GO FIRST TO TEST FRAME 20
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC-
TIONS GIVEN AFTER THE TEST FRAME.

1. You know from the previous lesson that current can be easured
anywhere in a series circuit. Voltage, however, can be measured
only between tqo'points where one point is more (or less)
negative than another point.

Voltage is measurable:

.41=1M44=4444,
a. where a difference In potential exists in a circuit.
b. anywhere in a series circuit.

(L

erence in potential exists in a c rcu t.

2. A difference In potential or potential difference car only exist
where electrical energy is generated or where it is used by a
load or' resistance.

1 At whit points in the circuit below can voltage be measured?

44

L..t
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3. At what places in a circuit does a potential difference exist?

11.

a. at the source which supplies electrical energy to the
circuit.

b. At the conductor WO carries electrical energy to the
load

c. at the load which receives and uses electrical energy

(a. at the source which supplies electrical energy to the cTrcult;
and c. at the load which receives and uses electrical energy.)

4. The potential difference is developed across the load by current
flowing through the load. Since we know that current in a circuit
outside the source flows from negative to positive, the point where
current enters the load device is labeled negative and the point
of departure isiabeled positive.

Label the voltage drops with proper polariles.

... ...
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3. Which circuit has a difference in potential across the load?

(A)

6. In a circuit with an open switch there will be some movement of
electrons within the wires of tl* circuit. This movement will
continue until the contact points of the open switch are at the
same electric., potential as the terminals of the source to which
they are attached.

. What potential difference exists across the switch in the circuit
Illustrated below?

Ir'CO

12v

The same as the source or 12v)

Between what points in the circuit below does a potential
differerce exist?

dr4Fla

a. A and D
b. D and C
c. C and D
d. Q and E

si
D

E

...= dir

a. A and B; C. C and D
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8. A potential 4ifference across a source is c?!led a voltage rise
or rise in potential.

At what points in the circuit below does a voltage rise exist?

a

9. The placJ In the circuit where voltage is used by the load is
referred to as the voltage drop or fall in potential.

At what points in the circuit below does a voltage drop exist?

rb

10. Match.

1. where energy Is being used a.

by a loid
2. wheie voltage is being applied

to the .circuit at the source b.

3. rise In potential
4. fail in potential

voltage drop

voltage rise

(I. i.-L.ALILAILLa)

77
a

84



v.4

P.I. Four-11

11. Study the schematic, then answer the questions below.

1. At what point does a voltage rise exist?
2. At what points does'a voltage drop exist?

h,c) e, 9

12. Match the letters on the schematic to the corresponding voltage
concepts.

1. voltage rise
2. zero (0) difference In potential
3. voltage drop

$

154. . . r

. 78 65

SI



P.1.

13. The voltage rise at the source is often abbreviated E (for

source voltage), Ea (for applied voltage), or ET (for total
voltage).

Which circuits are correctly labeled?

. Four- II

(a, d)

14. A voltage drop is often abbreviated just E, but if there are
several voltage drops in the circuit, each is labeled as ER1,

R2'
etc., for differentiation.

Check the circuits that have the voltage drops correctly labeled.

I.

15. Which circuit has the polarity of the voltage drops correctly labeled?

A

tit2

°OA

I es
fR1 _L Ea

ra
IITEREgiER: Poi reties are labeled negative to positive across tn;

load in the direction of current flow.)

19 66
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IL In a dry cell, chemical energy is converted and produces electrical
potential energy. When an electrical load is connected to a voltage
source (such as a dry cell) most of the electrical energy supplied
to the load is changed to heat (or other forms of energy) within
the load. The nange to a different form of energy causes t"-.
electrical ener_ to decrease. This decrease in electrical energy
within the load is called voltage drop. For example, if the potential
energy given to free electrons, as they are moved by the EMF within
a cell, is 1.5V, then the same amount of energy, I.5V must be given
up by free electrons as they pass through the load.

In the circuit below, how much voltage is dropped across the
load?

(3 volts)

17. Regardless of the number of loads in a series circuit, the total
applied voltage will be divided between the loads.

What Is the voltage dropped (ER3) across R3 in the circuit?

a. 1.5 v i
4.5 v

ER3
2v

Fa

1.5v

b.

c.

4.5v

3.5 v

d. 1 v NV'S,
ER3 ER2

7,d) 1 v

80
8 ?



4

P.1. Four-11

In a series circuit, the sum of the voltage drops will always
equal the applied voltage. This is commonly called Kirchhoff's
Voltage Law.

What is the voltage drop (ER2) across R2 in the circuit below?

ER2

19. that is the applied voltage in the circuit below?

a.

b.

12v

3v Ea

ER3
c. 6v 3v 12v

d. 18v ER2 3v

(d)-113v

81 S8
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20. Study the schematic, then check the statements that are true.

-1ER2

4v

5v

a. TheThe voltage rise is equal to the sum of the voltage drops.

b. The total voltage dropped is 13 volts.

c. Me voltage drop across RI is greater than the voltage
drop across R2.

d. The voltage rise at the source is 4 volts.

e. The total applied voltage is la volts.

f. The rise in potential is 9 volts.

g. The polarities indicated for both voltage drops are
correct.

h. The polarity indicated for ER1 is correct.

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

82
89



P.I. Four-11

ANSWERS - TEST FRAME 20

a. The voltage rise is equal to the sum of the voltage drops.

c. The voltage drop across Ri is greater than the
voltage drop across R2.

f. The rise in potential is 9 volts.

g. The polarities indicated for both voltage drops are
correct.

h. The polarity indicated for ERI is correct.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 26. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN.

21. The second rule for a series circuit is:

in a series circuit, the largest voltage drop will take place
across the greatest resistance.

Which resistor will have the largest voltage drop?

a. RI
1R3
100 150

RI

b. R2

c. R3

11) R2

12 2S



P.I. Four-II

22. Study the schematic below.

ER3 ,

Which resistor has the largest ohmic value

a. RI

b. R2

G. R3

(7) R3

ER2

Sv

23. The largest voltage drop in a series circuit will occur across
the:

a. resistor closest to the negative side of the source
b. resistor with the highest ohmic value.
c. load having the least resistance.

----717-7,sistor with the W.hest ohmic value.

24. Circle the resisto.* in each schenatic that will have the largest
voltage drop.

A

ER2
Sy

1

Ea 1.5v 141

B
1 I , .

EaSOv 4ft,

25v

821512
AnA

"THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN Ott THE TOP OF THE NEXT PAGE.),

84 9.1
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ANSWERS TEST FRAME 24

0

IF ANY OF YOUR ANSWERS S INCORRECT, GO BACK TO FRAME 2IAND
TAKE THE PROGRAMMED SEQUENCE.

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

LESSON 11

Voltage in a Series Circuit

Difference in potential, you will recall, is a difference in the
amount of charge between two points. This means that one of the
points is more negative (or less positive) than the other.

A potential difference exists at the source where there is a rise
in potential, and at a loid where there is a voltage drop. The
voltage rise at the source Is often labelei E

s
(for source voltage),

E $,for applied voltage), or E. (for total or terminal voltage).
Aavoltage drop is often abbreviated simply E, but if there are
several voltage drops in circuit, they may be marked ERI, ER2

'etc., so each can be identified.

The total voltage rise in a circuit always equals the total voltage
drop in that circuit. In other words, all the energy given to the
free electrons by the source is given off as heat as they pass
through the load. This is the first rule for series circuit con-
ditions; it is actually an electronic equivalent of the principle

' of conservation of energy, and is known as Kirchhoff's,Volta e Law.
Thus:

THE TOTAL VOLTAGE DROP IN A SERIES CIRCUIT WILL ALWAYS EQUAL
THE APPLIED VOLTAGE.

Ea 1

12v

ERA

What is the voltage drop (ER2)

across R2 in this circuit?

(Answer: 8 volts)

No matter how many resistors are in a series circuit, the total
applied voltage will be divided among the resistors, and all
the voltage will be dropped. The resistance value of each resis-
tor determines what portion of the applied voltage will be dropped

by it. The resistor with the greatest resistance will get the
largest share of the voltage, the second-largest resistance will
get the seomd-largest voltage, and so on down the line to the
smallest resistance. The second rule for series circuit is:.

111.A SERIES CIRCUIT, THE LARGEST VOLTAGE DROP WILL TAKE
PLACE ACROSS THE LARGEST RESISTANCE.

If you place in series a variable resistor, a fixed resistor, and
a.source, the voltage drop across the variable resistor will increase



p

Summary Four-II

or decrease as the resistance goes up or down, and the fixed re-
sistor will always drop the rest of the applied voltage.

The diagram below illestrates the circuit at three different settings
of . variable resistor.

AT THIS POINT, YOU MAY TAKE.THE LESSON PROGRESS CHECK; OR YOU MAY
STUDY THE LESSON NBRRATIVE OR THE.PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTkeR METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY,

4.
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OVERVIEW

LESSON III

Using the Multimeter as a Voltmeter

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

-meter connections

-Interpreting the DC voltage scale

-practical measurement of DC voltage

(0-30v)

-measuring DC voltage (3D-1000v)

-measuring AC voltage (0-)000v)

Each of the above topics will be discussed !n 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.

97
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LIST OF STUDY RESOURCES

LESSON 111

Using the Multimeter as a Voltmeter

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

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

STUDY BOOKLET:

Lesson Narrative

Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 99400A-la "Basic Oectricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

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

AUDIO-VISUAL:

Sound /Slide Presentation - "Measuring Voltage With a Multimeter."

4

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

TAKE THE PROGRESS CHECK AT ANY TIME.



Narrative

NARRATIVE
LESSON III

Using the MplOmeter as a Voltmeter

Fourrlii

You hz-ve learned to use the multimeter to measure resistance
and direct current. We are now gbing to use it to take DC and
AC voltage readings. The settings and connections to use
the multimeter as a voltmeter will be different than the ones
used wizen using it as an ammeter or ohmmetir.

A Word of Caution: Always connect a voitc.Aer in parallel
.lacross) the potential difference to be measured, never
in series. Recall that this is exactly opposite to the way
we connect an ammeter.

A Little on Voltmeter Theory

If we think In terms of current (the flow of electrons) being
the only electrical quantity. that moves within a circuit, then
all meters must operate on current flow. In other words, some
amount of current causes all meter pointers to deflect. In

the case of a voltmeter, it operates on a very small amount
of current but the meter face is calibrated in volts. When a °

voltage is applied to the test leads, a current flows from the
negative jack through the function switch to the meter movement,
through the meter movement to the proper multiplier resistor,
as selected by the range switch, and then through the _range
switch to the positive jack of the meter. The range switch
selects the proper multiplier resistor for the range of voltage
being measured.

The function of the multiplier resistor Is to limit the current
to a value that will not damage the meter movement.
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O

Interpreting the DC Voltage Scale

You will use the black tel-c labeled DC (second from the top) for
all DC voltage measurements. Recall that this is the same arc
(scale) we used to read current.

The three rows of numbers directly under the DC arc will be
used to measure values of voltage. The row used will dopend
on the position of the ran e selector. If the range switch

Is set on 2.5 v, simply put an meginary decimal point before

the last two digits on the 250 mole You are actually dividing
by 100. If the range switch is set on 10, you read the 10 v
scale directly; if set at 50, you read the 50 v scale directly.
When the setting is 250, you read the 250 v seek directly.
If the range switch is in the 1000 v position, use the 0-10

scale and add two zeros to the indicated value. Hare you are
multiplying by 100.

(Ste Illustration on next p.)

93
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.

In this illustration, the meter reads 2 volts.

Measuring DC Voltage (0-30 Volts)

1. Using Practice Board 0-1, a 100 f resistor, and four dry
cells, construct a series circuit as shown below.

T3 T4 .

R11000

" 101
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NOTE: Before you wire the variable resistor into
the circuit, 'adjust it- to 0 ohms. '4) do this, set

the milltimeter up as an ohmmeter, zero it, connect
d test lead to each wire of the rheostat, and turn
the resistor knob until the meter registers O.
Connect R2 into'the circuit.

2. Set up multimeter as voltmeter to read 0-50 'volts.

(You know the source voltage is 6 v.)

if a. Set function switch to +0C.
b. Plug black test lead into common (-) jack and

red test lead into (+) jack.
c. Set the range selector in the 10 v position.

NOTE: When in daybt about the amount of voltage,
always use the highest voltage range (1000 v).

d. Observe the correct polarity and place meter
leads across T1 and 18 and measure applied voltage.
If eointer deflects to left of 0, the actual
circuit polarity is opposite. to that which was
anticipated. Place function selector in the
-DC position to correct the polarity as applied
to the meter.

3. Energize the circuit and place meter range switch In
.he 10 v position.

4. Read voltage on black DC arc. Record

You read approximately 6 v, as you would expect, because you
are reading the difference of potential across the source,
or the voltage rise.

5. To read the voltage drop across n2, connect meter
probes. across T6 and T5.

6. Read and record

You shod have read 0, because the resistor is set at
0 and there is no voltage across it. It is

acting like a straight piece of wire in the circuit and,
has no difference in potential.

7. Place probes across T2 and T3 to reed the voltage .

drop across R1. Rememblr to observe polarity.

8. Record

..=.

95 1 02
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The voltage.drop across RI, which we designate as EDI, is
approximately 6 v -- the amount of voltage applied VO the
circuit. All of the applied voltage Is being dropped
across RI because we consider it as the only opposition
to current in the circuit.

Now let's see what happens when we add resistance to the
circuit by varying R2.

1. Connect the probe clips across R2.

2. Slowly turn the knob on the variable resistor to
increase resistance.

3. Observe the meter.

4. Turn the knob until R2 is at full resistance (as far
as knob will turn).

5. What is E
R2

?

You read that E
R2

is approximately-2 v when R2 is it
its maximum resistance value and is in series with RI.
As R2 is now about 50,Q and RI is 100 Q, this demonstrates
that the greatest voltage drop takes place across the
greatest resistance.

6. Leaving R2 at maximum 50 Q, connect probes across RI.

7. E
RI

equals

E
RI

then is approximately 4 volt, demonstrating that the sum
or the voltage drop equals the applied voltage. Note that
these values (2 v and 4 v) are not exact because we need
to allow for meter and circuit tolerances.

8. Reconnect probes across R2 and vary resistance again
until you read approximately 3 v on the meter.

9. Then read ER1 to see If you also read approximately
3 v there.

You have observed that as the vafue of R2 increases,
f
R2

increases and E
RI

decreases. The reverse is also
orue. As R2 decreases, E decreases and ER, increases

he4o that t sum of the voltage drops equals the applied
Voltage.

96 103
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Now we are going to measure voltage at one point in your power
supply. Measure only as instructed; otherwise you,will be dis-
regarding safety precautions and you might encounter high voltages.

Your power supply has an AC source, so you w411 be measuring an
N-AC voltage for- the first time.

WARNING: Be extremely careful. Do not touch theoleter or test
leads while power is on in the circuit being measured. Be

sure power is off when connecting and.ditconnecting test leidl.

1. Be sure power. supply is unpluged from the wall outlet.

2. Set up the meter to read 0-1000 volts AC.

a. Set function switch to. AC.
b. We will be reading a voltage between 20 v and 30 v,

so place the range switch in the 50 v position.
c. Plug leads as usual:

3. As we are measuring AC, poiarity need not be observed.
Connect leads-across T1 and 18 (nowhere else).

4. Plug power supply into wall outlet and energize by closing
the switch.

. 5. Record meter reading. 'Read the re il arc marked
AC and use the blackfigures ommediately above' the arc .

that correlates with the position of the range switch.
We are in the 50 v positron so we use the 0-50 figures.
You should be reading approximately 30 v AC.

6. De-energize circuit and remove test leads.

Measuring DC Voltage (30-1000 Volts)

You will not actually measure voltages'above 30 volts while in
this -school because of safety considerations. However, you

°-7ihodid'understand how to set up the meter to do so. The im-
portant thing to remember here is that you will not touch
the metes leads or meter while it is connectedto an energized
circuit if the voltage to be measured is above 30 volts..

You have already learned the ,initial steps in setting up the
meter.

You also know how to set the range In any of.the five positions.
When In doubt, use the highest voltage range.' Observe the
meter reading. If the voltage is within a lower range, the
switch may be set for the'lower range to cbtain a more accurate
reading.

97
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NSte: De-energize the circuit prior to turning .range.switch.

When you energize the circuit to be tested, if the pointer
deflects to the left of 0, the circuit olarity is
oppo.site the anticipited polarity. Tu n the circuit power off.
Set the function switch at -DC, and t rn the power on." This
will correct the polarity as applied o the meter. Read the
voltage on the black arc marked DC. Turn the circuit power
off before disconnecting leads.

MePsuringLAC Voltage (30-1000 volts)

Warnin : Here again if the voltage to be measured is above 30
volts, do not touch meter cr its leads while they are connected
to the energized circuit. The circuit must be de-energized when
making meter connections.

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUOY
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS, CHECK

AND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE
MATERIAL AND AR,READY TO TAKE THE MODULE TEST. SEE.YOUR INSTRUCTOR.

IF YOU DECIDguNOT TO TAKEJHE PROGRESS CHECK AT THIS TIME, OR IF
Y9UMISSED 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.

14)5
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. PROGRAMMED INSTRUCTION
LESSON III

Using the Multimeter as a Voltmeter

TEST FRAMES ARE 7, 14, 31, 34, 43, 44, 52, AND 5S. AS BEFORE,
GO FIRST TO TEST FRAME.] AND.SEE IF IOU CAN ANSWER ALL THE QUESTIONS
THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. Recall that voltage is measurable only where there is a differ-
ence of potential.. Between what points in the circuit can voltage
be measured?

a. A and B

b. C and D

c. B and C

d. A and F

e. 0 and E

(a. A and B; c. B and C; e. D and E)

2. When using the multimeter as a voltmeter for measuring voltage,
it must always be connected in parallel with the potential
difference to be measured.

Which meters are correctly connected for measuring voltage?

a. Meter #1
b. Meter 12
'c. Meter #3
d. Meter 14
e.. Meter #5

.

a'

(a. .Meter #1; c. Meter /3; e. Meter 15)

V

9. 9 10
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3. The Simpson 260-5P multimeter is capable of measuring either
AC br DC voltages.

Which control on the multimeter determines whether AC or DC
voltage values are to be masured?

a. 0 ohms
b. function switch.

(b) function switch

4. When measuring DC voltage, polarity must be observed.

tr
The negative probe of the meter must be connected to a point of
negative polarity and the positive probe of the meter to a point
of positive polarity.

Which schematic shows the multimeter correctly installed fo.
OC voltage Measurements?

A

T-rsiN/y-+

.1=1C

(C)

N..

5. Which voltmeter is correctly installed for measuring DC voltage?

b. Voltmeter i2
#1 ZIr)

a. Voltmeter #1

c. Voltmeter 13

#2
#3

121;

t (b) Voltmeter 12
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6. When.used to measure AC voltage, meter polarity does not have
to be observed. Which schematic shows the meter correctly
installed for AC voltage measurements?

A B

(A, 8 - both are correct)

7. Hatch:

2.

Fe?
1

VOLTAGE
3. SoURCE

11.

a. AC voltage meter
connection

b. DC voltage meter
connection

c. incorrect voltmeter
connection (AC & DC)

,

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

101 108
v
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ANSWERS - TEST FRAME 7

1. b

2. a'

ff

.

3. c

4. a

IF ALL YOUR ANSWERS MATCH THE 'CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 14. OTHERWISE,G0 RACK TO FRAME 1 ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 7 AGAIN.

8: The Illustration below shows the meter scales and controls that
are used with the voltmeter sectiou of the Simpson 260-5P multi -
meter. Compare the Illustration with the meter provided,4theri
snitch the letters to the parts of the multlmeter.

4,"

1. function switch 5.

b
DC voltage scale

2. Ktest jack 6.. AC voltage scale
3. range switch 7. 2.5v AC scale
4. cOmmon (-) jack

. d; 2. ; 3. g; c; 5 a; 7, cl

102 1 09
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9. When measuring DC voltage, the function switch must be in the
+DC or -DC positon (depending on the polarity of voltage being
measured).

What function switch setting(s) can be used when measuring
direct current voltage?

DC
DC

41AC

a.

b.

c.

+DC
DC I AC

(a, Cr

10. To measure direct durrent, the function switch must be in the
. or the positions.

(+DC, -DC depending on the polarity)
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11. When setting up the multimeter to read DC voltage, the funct!on
switch Is normally placed in the +DC position. Remember DC
voltage measurements require that polarity be observed.

Which drawing shows the multimeter correctly connected for
measuring DC voltage?

Sleek

4 z2

1.41

-401b

I
104
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12. The pointer of the muitimeter when not measuring current or voltage,

should rest at the "0" position. When the meter is properly connected
to measure current or voltage, the proper polarity must be observed.
The pointer will then move to the right.

Which pointer position indicates proper polarity of the meter

connection?

A.

0

B. C.

(A,,

212
105
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13. If for some reason the meter Is connected Improperly, the function
switch can be used to change the polarity of the meter without
-removing the meter leads from the circuit under test. The
illustration below shows pn ,Improper, meter connection. Check
the function switch position you, would use to correct the meter
connection.

,Block

.

Red

!%.

Wks

+DC DC +DC
ADC AC DC AC DC AC

A

(a)

106

113

I

0
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14. Check the statements that are true.

a. When measuring voltage, the function switch must
always be in the +0C position.

. b. When reading DC voltaie, polarity must be observed.

.c..When measuring DC. voltage, correct meter connection
will cause pointer deflection to the left of zero.

d. Meter polarity can be changed by moving the function
switch to either +DC or -DC.

e. Meter polarity can only be changed by removing the
test leads from the circuit and reversing them.

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

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

1-1 4 .

107



P.I. . Four-Ili

ANSWERS - TEST FRAME 14

b. When reading DC voltage, polarity must be observed.

d. Meter polarity can be changed by moving the function
switch to either +DC or -DC.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 31. OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 14 AGAIN.

15. Look at the range switch positions on your multimeter, then
label the five voltage positions on the drawing below just
as they are marked on your meter.

IS

108
ii 0
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16. Each voltage range-switch marking represents the maximum
voltage that the multimeter is capable of measuring when in
that position. For example if the range switch is set to
50 v, this means that the voltage ranee is 0-50 v; if the
range switch is set to 10 v, the voltage range would be 0-10 v.

What would the voltage range be if the range switch were set
to 250 v?

a. 250-1000 v
b. 0-250 v
c. 10-250 v

b) 0-250 v

17.--Look at the voltage range switch positions again, then list the
voltage ranges the meter-is designed to measure. (Any order.)

(0-2.5 v; 0-10 v; 0-1711;70 -230 v; 0-1000 v/5000 v

18. The meter scale used for measuring DC voltage is the black arc
thfit is labeled DC (second from top). Locate the DC scale on
your multimeter, then check the ,rrow that points to the DC
scale in the illustration.

rapsio. LAMA, woe is waw O1 ausio mawCo cootago.ft.

5

2

1 At' gmlY404r 4410 260
alms se

OVERLOAD PROTECTED

mo D myth IOU VOLT.04404MAMMETS
IIr IVAn uS OHMS USN AM at S. ON 4/1/ AC

SANOSo AASO
IS

WV SAW, ASO St ON
INV SAW. ASO 41 OS

(b)
109



19. Look at the DC scale on your multimecer again.
are three rows of numbers under the black arc
0-50, and 0-10. All three of these meter scal
DC voltage measurements. The position of the
10 v, 50 v, 250 v, 1000/5000 v) will determine
scale to use

Four-Ill

Notice that there
calibrated 0-250,
es are used for
range switch (2.5 v,
which DC meter

Which diagram correctly identifies the numbers used for measure-
ing DC voltage?

A.

B.

100 ;so
30
6

to LS

a

(A)

20. When the range switch is in the 2.5 v position, use the 0-250 DC
scale and divide the indicated value by 100. What would the
voltage reading be for the illustration?

a. 1.25 volts
b. 12.5 volts
c. 25 volts

d. 250 volts

.

1.25 v

no 117
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21. Which illustration indicates_a voltage value of 0.5 volts
on a Simpson 260 meter.

G IS0
24 30
A 6 2

22. What is the voltage indicated? v DC



Four-III

23. If the range switch_Is in the 1000 v position, use the 0-10 DC
scale and multiply by 100.

What would the voltage reading be for the illustration?

The voltage Indicated is v DC

(540 v DC)

24. Which illustration could indicate a voltage value of 460
volts on the Simpson 260?

b.

b

112'

119
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.25. What is the voltage indicated?

. . (Meter jacks for 0-1000 v are in use.)
vOC

48(

Four-Ill

200 v OC

26. Patch.
Meter Scale

1. 0-10 x 100
.2. 0-250 t 100

Range-switch Setting

a. 2.5 v
b. 1000 v

(1. b: 2. 0

279. If the range switch is set on the 10 v position, voltage is
read ,directly on the 0-10 OC scale.

What' would the voltage reading be for the illustration?

a. 46 v 0C

b. 230 v.00

c. 5 v DC
d. 4,6 v DC

0" tot.

100 1$0
20
A

10

-17:ITT7671OC

fo.



28. if the range switch is set on the 50 v position, voltage
read direotiv on the 0-50 DC scale.

'What would the voltage reading be for the illustration?

If the range switch Is set on the 250 v position, voltage
read directly on the 0-250 DC scale.

What would be the voltage reading for the illustration.
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-30. Match the meter DC scale to the range switch position. Meter
leads are connected to common (-) and (+) jacks in every case.

Range Switch Position Meter DC Scale 4

1. 2.5 v a. 0-50
2. 10 v. b. 0-10
3. 50 v c. 0-250
4. 250 v
5. 1000/5000 v

T1. c; 2. b; 3. al A. c; 5. b/a)

31. interpret the meter DC scale below by matching the indicated
voltage to the range switch position.

100
10 0
4 4 ?

4
4

"t.
Range Switch Position DC Voltage

1. 10 v a. 540 volts

2. 50 v b. 135 volts

3. 2.5 v c. 27 volts

4. 250 v d. 1.35 volt's

5. 1000 v e. 5.4 volts

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

ii122
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ANSWERS - TEST FRAME 31

2. c

3. d

le. b

5. a

O

1

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 34. OTHERKISE, GO BACK TO FRAME 15 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 31 AGAIN.

32. When using the multimeter to read'DC voltage, the common (-)
test jack and the ( +) test, jack are used.-

Using the Illustration below, locate on your multimeter the common
() jack .and ( +) jack.

V

to -next frame.)

lb 123.
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AOn the illustration below, check the arrows which point to the
, jacks used when making DC voltage measurements.

O

\
, ,

.1.4..... ,a,I r -

1

O

O
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34; Check the controls, jacks and scales that are used for
measuring DC voltage, between 0-1000V.

tst

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

lie
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ANSWERS - TEST FRAME 34

B, E, F, G, H, L

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 43. OTHERWISE, GO BACK TO FRAME 32 AND TAKE THE PROAAMMED
SEQUENCE BEFORE TAKING TEST FRAME 34 AGAIN.

35. Using practice board 0-1 and components available in the
resource center, construct a series circuit as shown below.

T1

1.5v

LSv
1.5v

1.5v

T2 T
41- Anwre-

3 T4

RI WOO

R2

0 SO2 T3

.4)

NOTE: Before you wire the rheostat (R2) into the circuit, set
it at 0 ohms. To do this, set up the multimeter as an ohmmeter,
zero it, connect a test lead to each wire of the rheostat and turn
the knob until the meter registers O. Connect R2 Into the
circuit. If a review of the ohmmeter function of the multimeter
is needed, refer to Module Three - Lesson IV.

119 126
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36. Listed beloW are the proper steps for setting up the multi-
meter for measuring DC voltage.

I. Set the function switch at +DC.

2. Plug the black test lead into the common (-)
jack and the red test lead into the177)ack.

3. Set the range switch at the 1000/5000 v position.
{Always start with the highest voltage range settings
and then reduce as necessary to obtain a reading near
mldscale.)

Following the steps listed above, set up your multimeter, then
check your meter set up against this illustration.

black load

(Go to next frame.,

127
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37. Energize the series circuit you have constructed, and observing
correct polarity (red test leackto positive side of the source
and black test lead to negative side), place the meter leads
across Ti and 78.

(T

e

T3 T4.---Nwor-

tSv
1.5v

1.5v

Sol1

100$1

22
0 50S) TS

I IPig

If the meter pointer deflects to left of "0 ", the polarity is
opposite to that which was anticipated. Place the function
switch in the -DC position. This will correct the polarity as
applied to the meter.

Go to next frame

38. Decrease the range switch setting until you get a reading near
midscale. Be careful not to turn to a range setting lower than
the voltage present. At what range-switch position do you get
the best midscale reading?

10'v position

39. Read the voltage on the black DC 0-10 scale. What is the
. value of the applied voltage (Ea) in the circuit?

volts.

(E
a
= 6 v approximate)

*0. Place the test probes across 15 and 76. What is the voltage

drop across R2 (variable resistor)?

E
R2

0 vo is Because the res stor is set at 0, there w 1 e

no voltage dropped across it. The resistor is acting like a piece
of wire in the circuit and has no difference in potential.

1
121
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41. Next place your probes across RI (between T2 and T3). What is
the voltage drop across RI? v.

(E 6 v **proximate) Recall that the sum of, the voltage drops
mutt equal the applied voltage .(E

a);

and in a series circuit, the
greatest voltage drop takes place across the greatest resistance.
In this .case, ER1

(6
v_) +

ER2
(0 v) = Ea (6 v).

42. For your next measurement, connect the probe clips across RI
and increase the resistance r- R2 by turning the knob. Observe
the meter. The Voltage drop across RI should decrease as the
resistance of R2 increases. Remember ,the sum of the voltage
drops must equal the applied TOe If the voltage drop
across RI Is decreasing, then t!.e voltage drop across R2 must
be incr7ising. Connect your test clips across R2 and see if
this Is true. Add the two voltage drops, the uld equal
E
a'

(Remove test leads and de-energize the ci.-Jit.)

(Go to next frame.'

43. The diagram below Illustrates a circuit with a variable re-
sistor, a fixed resistor, and a source connected in series.
The variable resistor is shown at three different settings.

RI
15v

100

.61111111.1.1. le 11.141.
30v 30v

,R2
50

R2
100

Check the statements that are true.

a. The largest voltage drop will take place across the
least resistance.

b. The voltage drop across the variable resistor is always
greatest.

c. The voltage drop across the variable resistor will become
greater or bmaller as the resistance goes up or down.

d. The voltage dropped across a fixed resistor always
remains the same.

e. The sum of voltage drops always equals the applied voltage.=1,1

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

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

,122 .129
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ANSWERS - TEST FRAME

c. The voltage drop acmes the variable resistor will
become greaterior smaller as the resistance goes up
or down.

'4e. The sum of voltage drops always equals the applied
voltage.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 44. OTHERWISE GO BACK TO FRAME 35 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 43 AGAIN.

44. Using Practice Board 0-1 and components available in the resource
center, construct a series circuit as shown below.

Ti T2 402 T4

Ri R2

X470
Ts Ty 6 R3 Ts

Energize the circuit-then measure and record DC voltage at
the points indicated below.

a. Test points 72 to T3. volts.
b. Test points :at- IV. volts.
c. Test points 75 to IT. volts.
d. Test points 7 to 111. volts.
e. Test points 71 to 11% volts.

De-energize circuit and measure and record voltage at:

f. Test points 77 to TB. , volts.

(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 44

a. 1.3 volts

b. 2.6 volts

c. 0.6 volts
d.. 0 volts

e. 4.5 volts
f. 4.5 volts

(All answers are approximate)

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 52. OTHERWISg, SEE YOUR INSTRUCTOR BEFORE CONTINUING
WITH THE PROGRAMMED SEQUENCE.

45.-Modify the series circuit you have just constructed as indicated
by the schematic. T1 T2 T3 T4

R12DS2 R2 220

T7 6

R 4.7S2 T5

Energize the circuit. Read and record voltages at the points
Indicated.

a. i.Auage Ti to T8. . volts
b. Voltage T2 to T3. volts

c. Voltage T3 to TV. volts

d. Voltage 17 to Y.C. volts

Approximately: a. volts; b. 2.6 volts; c. 2.: volts;

d. 0.6 volts)

124
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46. Modify your circuit as indicated by the schematic.

T2 T3 T4

1.5v

77 1.5v
1.5v

..=-- i.Sv

With variable resistor RI adjusted to 30 ohms (use ohmmeter
to adjust for 30 ohms.) measure and record:

Circu:t Energized:

a.

b.

c.

applied' voltage
E
Ri

E
R2

With variable resistor set at 40 ohms (use,ohmmeter to adjust
for 40 ohms) measure and record:

Circuit Energized:

d. source voltage
e. E

R1

f. E
R2

----1711:FGliately: a. 6 volts; b. 4.5 volts; c. 1.5 volts;

d. 6 volts; e. 4.8 volts; f. 1.2 volts)

125
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47. Again, modify circuit as indicated by the schematic.

Four-Ill

T2

1.5v

1.5v

1.5v

33

R1 22

12
0 soil

TR 7

Energize Circuit:

Measure and record the voltage drops between the following points:

it °T1to 12. volts
b. Wto 11% ------------voits
c. 15 to 17. volts

(Approximately: a. 0 volts; b. 1.6 volts; c. 4. volts)

48. Listed below are the steps for measuring 30-1000 volts DC. We
will not actually measure voltages above 30 volts while in the
school because of safety considerations. However, it is important
that you understand how to set up the mewl() do.so. the most
important thing to remember is that IF THE, VOLTAGE TO BE MEASURED
IS OVER 30 VOLTS, NEITHER THE TEST LEADS NOR THE METER SHOULD BE
TOUCHED WHEN THEY ARE CONNECTED TO AN CIRCUIT.

1. Set the functiOn switch at +DC.
2. Plug black test lead Inv° common (-) jack and the red

test lead into the ( +) jack.

3. Set the range switch in any of the five voltage-range positions.
When in doubt about the voltage, always use the highest voltage
range. Observe the meter reading. If the voltage is within a
lower range the switch may be set for the lower range to obtain
a more accurate reading. (NOTE: De-energize circuit before
turning range switch.)

4. Connect the black test lead to the negative and the red test
lead to the positive side of the circuit to be measured.

5. Turn on the power in the circuit to be tested. If the pointer
deflects to the left of 0, the actual polarity is opposite the
anticipated polarity. Turn off the power in the circuit. Set

the function switch to -DC and turn the power on. This will

correct the polarity as applied to the meter.

6. Read the voltage on the black arc marked DC.
7. Turn off the power in the circuit before disconnecting leads.

(ENERGIZED

126
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49. The Simpson 260-5P multimeter

AC voltages. For AC voltages,
placed in the AC position.

Four-111

is also capable of measuring
the'function switch must be

What function switch setting is used when measuring alternating
current voltage?

a.

b.

c.

+0C
-1)C AC\

+0C
0C 1 AC

(b)

1.34
,.127
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5Q. When meaSuring.AC.voltage, the polarity of the meter does not
have-to be observed, for the applied voltage changes polarity
periodically. Which drawing shows the multimeter correctly
connected for measuring AC votege?

A

S

rs

A.(

r
- t

. Wand in'

.1.'"ZL.A.; t':

.., 1ft,

11% 1211

135
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51,. FOr reading ACvoltages above.2.5v, the led arc marked AC end the
three rows of numbers 'directly above the red arc ar%used. 'Which
diagram correctly identifies the AC scales used for mea§uring
AC voltage?

A B

CO)

52. Check-the statemants that are true.

a. Polarity does not have to be obsei'ved when measuring
AC voltage.

ww

b. The function switch is not used to measure AC voltages.

c. The black DC arc is used for measuring AC voltages.

d. The figures below the red AC arc are used for measuring

DC voltages.

'a. The figures below the red AC arc are used for measuring

AC voitliges.
M11.11111.

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

O
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ANSWERS --TEST FRAME 52

a. Polarity doe' not ha)p to be observed when measuring
AC voltage.

e. The figures belo* the red AC arc are used for measuring
AC voltages.

11104=14=1/...111111

4

.IF ALL YOUR ANSWERS MATCWTHE CORRECT ANSWERS, YOU MAY GO ON TO
(EST FRAME 56. OTHERWISE, GO BACK TO FRAME 45 AND TAKE THE PRO-
GRAMMED SEQUENCE, BEFORE TAKING TEST FRAME 52 AGAIN.

137
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53. Tho meter is interpreted the same way for AC as for DC except
that the red AC ,scales are used.

Range switch on 2.5 v

on 1000 v

on 10 v

on 50 v

on 250 v

- read the value directly on the
red scale marked 2.5 vac only

- multiply indicated voltage on
the D-10 AC scale by 100

- read voltage on 0 -10 AC scale
directly

- read voltage on 0-50 AC scale
directly

- read voltage on 0-250 AC scale
directly

Interpret the meter AC scale below by matching the indicated
voltage to the range position.

50K

0 0

Li
'O'

Li

4t, 4:1

1110 00 MVO WU
$61 VA1t 460 116068

ma MO 66

OVOLOA PROVEC110
VOL? MIULAMWEIS
it *AA/ sae ^iv wc

Range Switch Position

MI.0111

1. 10 v

2. 50 v
3. 2.5 v
4. 250 v
5. 1000 v

Voltage AC

MV 010066 600 11 00
V Itmol A00 16 06

env show e W 01

a. 500 volts AC

b. 125 volts AC
c. 25 volts AC
d. 1.3 volts AC
e. 5 volts AC

1. e; 2. c; 3. d; 4. b; 5. a,

54. Before proceeding with an actual.AC voltage measurement, read
the following safety precautions and keep them firmly in mind.

I. DO NOT TOUCH THE METER DR TEST LEADS (EXPOSED METAL) WHILE
POWER IS ON. IN THE CIRCUIT BEING MEASURED.

2% BE SURE IS OFF WHEN CONNECTING AND DISCONNECTING
TEST LEADS.

(POWER)

131
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55. The voltage you will be measuring is at one point in your
power supply. Measure only as instructed; otherwise you will
be disregarding s precautions and might encounter high
voltages.

1. Be sure power supply is unplugged from the wall outlet.

2. Set up the meter to read 0-1000 volts AC.
a. Set function switch to AC.
b. We will be reading a voltage between 20 v and 30 v,

so place the range switch in the 50 v position.
c. Plug the black test lead into the common (-) jack

and the red test lead into the ( +) jack.

3. Since we are measuring AC voltage, polarity does not have
to be observe Connect leads across T1 and TB (nowhere
else).

4 Plug power supply into wall outlet and energize by closing
the switch.

5. Record meter reading: volts AC.
6, De-energize circuit and remove test leads.

---(Itep 5: voltage reading should be approximately 30 v AC)

132
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56. Interpret the meter reading and record the indicated AC
voltage for each range switch position.

egs
4P

.0

6

4%,e *4
P1

st

nee to. towtt
OM WAIT 0 OM NI

1. 10 v

2. 50 v

3. 2.5 v

4. 250 v

5. 1000 v

!:intOton
360

OMO Si
OVERLOAD PR TEt I ED

VCXT OHm 1111

noma,lv 0G 000AN AC

volts AC

volts AC

volts AC

volts AC

volts AC

X
410

O

NV tAP101 AIN I1 011
OANOt A00 PO O.

MV AOff,p. Apo g op

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 56

I. 7.2 VAC

2. 36 VAC

3. 1.82 VAC

4. 180 VAC

5 /20 VAC

IF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 53 AND TAKE TOE
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, YOU HAVE
MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE

YOUR INSTRUCTOR..

IF YOU DECIOE 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 III

Using the Multimeter as a Voltmeter

You have learned to use the multimeter as an ohmmeter and as an
ammeter; now let's discuss its "use as a voltmeter.

Basically, all meters utilize current flow 'n making a measurement,
for work Is done in a. circuit only when current flows. In other words,
it is the current flow through the meter which causes the pointer
to move. A voltmeter scale is calibrated so that it indicates the
amount of voltag., which causes current to flow through a multi lier
resistor. The internal multiplier resistor determines the max mum
voltage the meter can read and limits the meter current to a safe
value. The-range switch selects different meter ranges by selecting
different multiplier resistors.

On the Simpson 260-5P, all DC voltages are read'on the second scale
from the top....Which of the three rows of numbers you read will de-
pehd on the range-switch setting. Some scales will require you to
move the decimal point mentally to get the correct value.

The DC voltage ranges are 0 to 2.5 v, 0 to 10 v, 0 to 50,v, 0 to 250 v,
and 0 to 1000 v. There is also a 0 to 5000 v scale which uses the 0
to 1000 v range switch setting with a special jack for the positive
lead. The meter has corresponding AC voltage ranges which use the
same numbers but are read on the red scale below the numbers. A
separate 5000 v AC jack for the positive lead and a special scale for
readlng(the 2.5 v AC range are the only differences from the DC
functions.

To.read voltages, you will use a method similar to the one used with
the simple voltmeter. Make sure that the function switch (AC,, -DC,
+DC) is in the proper - position and that the range switch s set at a.
larger value than the voltage you expect to measure before you touch
your probes to the circuit. If you are not certain of the voltage, start
with the highest scale (1000V) and reduce the range setting to get an
easily read meter deflection. Do'not reduce the range setting to a
position that is below the voltage being measured.

The voltages you will be measuring here are all less than 30 volts,
but late" (in other schools or in the fleet) you will measure
voltage in excess of 30 volts.

HIGH VOLTAGE MEASUREMENTS REQUIRE SPECIAL CARE TO PROTECT YOU FROM
INJURY OR DEATH.

Tie special rule for measuring voltages in excess of 30 volts is:

Always de-energize the circuit before touching_the meter, meter
leads, or any part of the circuit.
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Summary Four- I I I

The procedures to follow for making these readings are:

1. Turn off the circuit.
2. Connect the meter clip leads to the points where voltage

is to be measured.
3. Set the meter function and scale as reOlred. Check

that connections are correct.
4. Keeping well away from the meter, loads, and circuit,

energize the circuit and make the reading. If it is

necessary to change any meter settings, turn off the cir-
cuit before you touch the meter.

5. Turn off the circuit and disconnect the meter.

If you are sure you understand how to use the multimeter safely
as a voltmeter and you intend to take the progress check immed-
iately following this summary, perform the experiments contained
In the Narrative (pages 94-97). Keep both your safety, and the
meter's safety in mind.

If you do not understand, first study. either the narrative or
the programmed instruction, or see your instructor.

AT THIS PDINT, 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 QUES-
TIONS 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 7,4E, OR
IF YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF IN-
STRUCTION 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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