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MILITARY CURRICULUM MATERIAIS

The military~developed curriculum materials in this course
package: were selected by the National Center for Research in
Vocaticonal Education Military Curriculum Project for dissem-
ination to the six regioral 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 vocatinnal
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
disseminaticn. Materials which were specific to the military
were deleted, copyrighted materials were cither omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocationdl instruction and curriculum development.




} Military
. Curriculum Materials
Dissemination ls ...

What Materiais
Are Available?
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an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators,

t

“+ This project, funded by the U.S. Office of

2

Education, includes the identification and
acquisition of curriculum materials in print
#rm from the Coast Guard, Air Force,

Army, Marine CofPs and Navy.

i
Acless 10 military curriculum materials is
provided through a “Joint Memorandum of
Understanding” between the U.S. Office of
Education and the Department of Defense.

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

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

o

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. T

The 120 courses represent the following
sixteen vocational subject areas: . i}
Food Service ~
Health
Heating & Air
Conditioning
Machine Shop
Management &
Supervision
Meteorology &
Navigation
Photogiaphy
Public Service

Agriculture-
Aviation
Building &
Construction
Trades
Clerical
Occupations
Communications
Drafting
Electronics
Engine Mechanics

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

How Can These

Materials Be Obtained?
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Contact the Curriculum Coordination Center
in your .egion for information on obtatning
materials {e.g., availability and cost}. They
wiil respond to your request directly or refer
you to an instructioral materials agency

closer to you.

o~

CURRICULUM CGORDINATION CENTERS

EAST CENTRAL
Rebacca 5. Douglass
Director

100 North First Street
Springfield, IL 62777
217/782.0759

MIDWEST

Robert Patton
Director

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

NDRTHEAST

Joseph F. Kelly, Ph.D.
Director

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

NORTHWEST
William Danlels
Director |

Building 17
Alrdustrial Park
Olympla, WA 98504
206/753-0879

SDUTHEAST

Jamas F. Shill, Ph.D.

Director

Mississippl 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 for Fesearch in
Vocational Education’s mission is to increas2
the ability of diverse agencies, inistitutions,
and organizations to solve eccational prob-
lems relating to indiv'dual career planning,
preperation, and progression. The Nationai
Center fulfills its mission by:

Informotion and Field
R~ivices Division

~

The i'atici ™ Corler for Research
in Veo~tioral Civcati~g
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¢ Generating knowledge through research

¢ Developi ig educational prc)grarbs and
products

I3

Evaluating individual program necds
and gutcornes , .

Instali'ng educatiorial prograsns and
oroducts :

Operating informatinn systems and
services

Conducting iacdership development and
training programs

FOR FURTHER INFORMATION ABCUT
Iititery Curriculum Materials
WRITE OR CALL
Progr sm Informatiess Office
The Naticnal Centes for Rdscarch in Vocational
Education
The Qhio State University
1960 Kennv Road, Columbus, Ohio 43210
Teélephone: 6714/486-3655 or Toll Free 800/
848-4815 within the contineniai U.S.
{except Ohio)
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MEASURING CURRENT AND VOLTAGE IN SERIES CIRCUITS .
- -_\ ) B
In thls module you wlll learn the characteristics of a.series circuit, ~
how to use the multimeter as an ammeter and a voltmeter, ? how to
make current and voltage measurements .in ser[es.clrcuigﬁg '
-For ‘you to more easlly lea¥n the above, this module has been divided
into the following three lessons: o . ’

~

F . L) -
. * ] -
Lesson |I. Measuring Current in-a Series.Circult . .~f7\\
Lé§§6q:]1. " Voltage in a Series Clreuit . . . . . . ...
Lesson-LHi, Usthg the Multimeter as a Voltmeter,. . . . .

—_— r .

- Do nct be concerned at this time with the names or térms unfamiliar to

o

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

any questions, do not hesitate to call your Instructof. ’Igrn‘to

the following page and begin Lesson . T
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INDIVIDUAL IZED LEARNING SYSTEM-

+

MODUDLE FOUR
LESSON |

Reasuring Current in 2 Series Circuit
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Overview °

“, -
> OVERVIEW
LESSON |

Measuring Current In a Series Circult

‘in addition to the Module Overview, as you start each Ies§$a; you will
X
find a lesson overview like this one. it is merely an outline of what you

will study and learn to do in each lesson. In this lesson you ~vill study

and . learn about the following:

-what a series circuit s

-a brief hbrd-%bou; paral]el circults

~using a multimeter as an ammeter

~determining curyent |s common in &
series circult .

~practicai measurement of DC current

~

tEach of the above topiés wil]l be discussed in the order listed. As

you proczeed through this Iessoﬁ, observe and foilow airectlons carefully.

BEFORE YOUPSTART THI$ LESSON, PREVIEW THE LIST OF'STUDY RESOURCES ON
THE NEXT PAGE. l

<

O
————— e ————— e ————— e -
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Study Resources

LIST OF STUDY RESOURCES
. LESSON |

Meast °  Curreat in @ Series Circuit

To learn the materia .n this lesson, you have the opticn of choosing,

according to your experience and preferences, any or all of the following:
STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHHENT MATERJAL:
NAVPERS 93400A-1a 'Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printing Office, 1965.

AUD10-VISUAL: .
Sound/Slide Presentation ~ 'Measuring Current With a Multimeter."

Remember, you may study any or all of these that you fee) 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. Cail him if vou 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.
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NARRAT IVE
LESSON |

Measuring Current in a Series Circuit

.

What a Series Circult Is

A series cirfuit has-only one path for current flow. n the
study of electricity, when.we'say components are connected in
series, we nean they are cQnnected in line one right after the °

hd .

other. .

2

In each of the above circuits,'you can see that current has only

ope path it can follow, (I = 1) so that the samé
amount of current must f]ow thr&ugh g2ac yeslstor, lust as the

amount of water flowing through a pipe is the same in each part

of tbb pipe.

- A Brief Word About Paraltel Circuits

A parailel circuit is a circuit that has more than one path for
current- to follow, as shown by the arrows on the schematic below.

>

;

_‘

Notice in the above circuit that current from the ceil divides into
two separate paths; whereas, in a series circuit.it can take only

one path. s

-

Uslng the Multimeter as an Armeter

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

13
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Narrative i Four-!

ready to learn how to use it as an ammeter to ‘take current mea“
surements. You can see th.t the myltimeter enables you to use

one meter to measure different quantities. The settlings and con-
nections when using the multimeter as an ammeter will be different
than the ones used when using it as an ohmmeter. When uslng the
50 va range, the switch must be in the +DC positioun.

A Word of Caution: Always connect an ammeter in series

with the circuit being tested; never in paraliel. Failure
to do sq wlll damage the meter.

I\

like this A

never like this

Notlce 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. )

.
’
L

interpreting the 50 Microampere Scale (Jilustratlon on next page)

Tne black arc that is labeled DC (second from top) is used for
taking all DC current measurements. When the range selector
. switch i's in the 50 microamp position, simply read the value
indicated-on the 0~50 scale as microamps.
AN

by
T




With the meter set up as Indicated, what Is the value of current
being measured? : ..

"~
- -

4r

{30 pa)

DC Current Measurements {0-50 pa)

1. ﬁsing'Pract!ce Board 0-1, a“5]1 k2 resistor, and a dry cell,
: construct a serles circuit as the schematlc indicates.




Narrative

T2

L5v .
| 3
*———o
s Iy

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

a. Set functlon switch at +0C.

b. .Connect black test lead to common {-) Jjack.

¢. Connect red Tead to the 50 pa jack.

d. Attach ¢lips to ends of test leads.

e. Set range switch at 50 pa. {Be sure swltch is open In
the ¢lreult.) -

Connect ammeter In series with the circuit by attaching cllps

to T7 and T6. Observe polarity.

Energize circuit. {(This completes the circuit; however, the

lamp will not light because the resistor limits current $o

much that there is not cnough current to light the lamp.)

Record the reading obtained on the mulcimeter.

Open swltch and dlsconnect 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 agaln. Your black lead must be conmected
to the side closest to the negative terminal of the source.

Determining Current is Common in a Series Clreuit

Current through a serles ¢ircuit will have the same value anywhere
.in the c¢lreuit., This Is what we mean when we say that in a series
clreuit 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 T7 and T6. Now we will
measure between T2 and T3.

Be sure circuit is de-engrgized.
Reconnect clircult as shown in
the schematic, with the ammeter
between T2 and T3. .

Your meter is aT_Eady set up.
s
*—Ppo—

S1K4}
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Narratlve ' Four-1
k., Energize the circuit and read the
. value of current. Did

you get the same reading you .gb-
tained at the first point of
measurement?

5. De-energlze the circuit and dis~
connect meter.

6. MNow reconnect circuit to conform
to this schematic.

7. With switch In open position,
connect ammeter between T7 and
T8, observing polarity. Read
the value of current.

-... 8. _Disconnect the meter.

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.
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interpreting the 500 ma, 100 ma, 10 ma, and } ma Scales

TRz Sk D (ERIRRR

Ty
A

-

Look at the DE scale on y&ur‘multimeter. For reading miltiamps,
we still use the same black DC arc. WNotice that there are three
rows of numbers under the black BC arc, marked O- 0-250, 0-50, and

0-10. The meter scales used for DC cuirent measurements are

the 0-50 and 0-10 scales.
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Narrative Four~t

Notice the three rows of numbers under tne black DC arc are cali-
brated 0-250, 0-50 and 0-10. If the range seiector switch is on .
the 500ma position as shown, you simply add a zero to eveiy number
on the 0-50 scale. What you are really doing s multipiying by 10.

RIS




Narrative

.

With meter set up as indicated In preceding TNiustration,
what is the current reading?

2 ma .
2 a
10 pa

100 ma

ANSWER ~ (d) 100 ma

/




(A Narrative Four-| \

¢

) ... 1f the range selector is on the 100 ma position, you simply
add a zero to every number on the 0-10 scaie. Here you are -

‘really multiplying by 10.

*
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¥
With the meter se{ up as indicated in the preceding I!lustrution,
what is the reading?

8 a
40 ma

80 ma
80 ua

ANSWER - {c) 80 me




Harrative
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1¥ the ran.ge selector is 'set on the 10 ma position as Indlcated,
all we do is read It directly on the 0-10 scale.

A

ERIC:

PAFullToxt Provided by ERIC
v




Narrative

With the meter set up as indicated in the preceding il!ustration,
what is the current readlng?

40 ma
8 mo

80 ma

.8 ua

ANSWER (b) 8 ma
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.

.

With the range selector set on the | ma scald as indicated,
we read on_the-0- 10 scale and make each numbet a decimal .I,

.2, .3, .4 -5, etc. Here you can see you are really dlviding
by 10. g

L

]

*

tot Lhebme
+
.

o e n k= e e e




Narrative

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

0.2 a
0.2 ma
20 ma

2 ua

ANSWER - (b) 0.2 ma

rieasuring §C Current {0-500 ma)

I. Using Practice Board 0-i, a 33048
reslstor and one dry cell, con~
struct part of a series clrcult
as shown.

Set up the multimeter tc read 0-500
ma DC.

Set function switch to +DC.

Connect black test fead in common {-) Jack. T8

Connect red lead In the {+} jack.

Set range swltch to highest ma setting (500 ma). The
reason for this ls that we do not know how much current
wlll be flowlng. Since current flow is stlt] unknown,
starting at the highest ma range setting can prevent

damage to the meter.

Be sure switch is open. : % 1,

AN

Connect the meter in serles as shown,
observing poiarity.

Close the-switch.

If you get no needle deflectlion,
change the range seltectcr to one

of the other ma positions untli!

you get as close to a mld-scale

readlng as possible. Ts

o
You should find that the reading is almost mid-scale a
the {0 ma setting. . .

26




Narratlve Four-1

f . ' 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-energize the circuit -and remove test leads.

You shouid have read approximately k.4 ma.
Ix‘_ S ‘ .,

-t

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED.: [F YOU TAKE THE PROGRESS CHECK AND-
¥ ANSWER ALL OF THE QUESTJONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT

STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL Tl'lf:l
QUESTIONS CORRECTLY.
- .
/ ” -
27
20
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PROGRAMMED INSTRUCTION

LESSON |
s A Measuring Current in.a Series Circult
TEST FRAMES ARE 5, 8, 19, 23, 33, 36, 44, 48, 59, 61, and

- 64. AS BEFORE, GO FiRST TO TEST FRAHE 5 AND SEE IF YOU CAN ANSNER
ALL THE QUESTiONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE
TEST FRAME.

&

1. A series circuit is a circult that has all its components con-
. nected end to end-in a single tine so0 that only one path for
- current flow exists. S

. Which is a*schematic of a series circuit? ; v
R} 0
] AJ_ R ) _AAA
- = Skz Sms
5w -SW1
*—o— o

2. Recall that current flows from negative to positive in a circuit,
On the series circult schematic, Indicate with airows the path N
5 {and direction) current must follow through the circuit.
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3. Since current in a series circuit has only ore 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'TEommoaa‘throughout the circuit; and,
d. the same amount of current will lTeave the battery as will
return.) :

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

————————————————————————————————————

(series)

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

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 fiow.

A o e A e am M Em M W o WY AR mm TV o AR e W M am ha M am M AR S e g e bl Cam ks e W

(THIS 15 A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

22 29
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ANSWERS - TEST FRAME §

b.. two or more components connected end to end to form
only one path for current fiow.

W 4 S M wm aE M S e W kS M ok B wm EF ™ gk M W W S W m T wm s S wm M m wm

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

6. Since current is common in a series circuit, the amount of current
anywhere in the circuit witl equal the total current drawn from

the source. (IT = Ii = 12 = IN)

What s the amount of .current flow through the points indicated?

3amps - &y
&
— Eis - ‘ l——————-—

a AMPS

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

. _' (a. 3 amps; b. 3 amps; c. 3 amps)

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

- M W B M mp W ME m mE W M e W SR mp M ar A M dm mm W W R M R dm gk dm SE AE WE am wm A

23 30
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8. Dé%brmlne_and record the indicated values of circuit current.

A, B.
m (A Iy
o ® AA—~T
Sa
‘ ®
.....:'__E. ta 6v __;__ tal2v 26
= AAA J\,ﬁ\'
in2

A g, B. g

P . T e - . T T O S S I S A . e T I I

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

T

31
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ANSWERS - TEST FRAME 8

a. =5 amps

- E E E we m M W s W M mb om M o e e e S omb A B mk W e g e dm om m

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 SSQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. - .

32
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9. A parallel circult differs“from a series circuit in that it has
two or more paths for current«flow. Two examples of parallel
clrcuits are shown below.

2 Paths 3 Paths

7 1
= k=

———t

. Indlcate with arrows the current patls In the parallel circuits.
in the spaces below each clrcuit, write the number of praths that
exlst for current flow.

il

I

I
e

.

= 3 3 =

NUMBER QOF PATHS

NUMBER OF PATHS

- e E o o O a T oam w M ™ ek M o o wm wm wm wm o o A ke W wm wm wm wm wm

|

I

AP
A

i
A
—_— ] —

|
l
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1

10. gach path for current flow is called a branch. How many
branches are there in the circuit beiow?

(3 branches)

L4

11, Match the kind of circuit td its carrect definition.
V. circuit that has two or more a. parallel circuit
paths for current flow
: b. series circult
2. circuit that has two or

more components connected

. end to end to f4rm only one

path for cur~est fiow.

- A e mm e e o M o e M W e o o, o W M s ™ M m wm m m W o m m wm m m m

{1. a; 2. b)

Q 27 34
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12. Match the schematics :to their appropriate characteristics.

A B

e AMA B S e e
- @ . g .
-
. |
c . o - .
. oo e ~po—
A —vww— A
vl S :

. more than one path for current flow
2. series circuit
3. parallel circuit

4. -only one path for current flow

{THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT -
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)}
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'- B,D

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

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS , YOU MAY g0 ON TO
TEST FRAME- 15. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAML 12 AGAIN.

L -

13. When using the multimeter as an ammeter for measuring DC current,
it mist always be connected in series with the load. Remember --

in series means in a- tine.

Which schematic shows the multimeter correctly Installed as an
ammeter? .

A" Bo

h ©

- M W g A M e W ms A W W i e, W dn g gk o i M e om W M W W e A M o W A wm

29
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. To connect an ammeter (multimeter) properly in a clircult, polarity
must be observed. The negative side of the meter must be connected
to the negative side of the source, and the positive slde of the
meter to the posltive slde of the source.

Which schematic shows the multimeter coriectly installed as an

ammeter?
A D— & ‘
N ;f\.L+
e . —L
A AAA——— .
(B) ;

-

(THIS IS A TEST FRAME.- COMPARE YOUR ANSWERS WIiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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"ANSWER - TEST FRAME 15 - .

- mk e o o W o W o W W M o w am g W owm  am am M am wm  M ogm ws M oam e

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

16. The illustration below shows the front panel and controls asso-
ciated with the ammeter function of the Simpson 260-§P multimeter.
Study the illustration, then locate these ‘components and con- .
trols on your mltimeter :

e e o A am am am am o dm S am wm am ok am o am am ode am e o S o B de M W M B ok owm m

{Go to I, .t frame.)
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17. Locate the functlon switch on your multimeter. .

- e

*What -are the three positions to which the function switch can
be moved? {Any ordér)

-

- ' ¥ !
B.
. .

c.
— - ’
- B w B m Em E . E W M oEm B oM R omeomom B R W om %om oW oW e e oW oW W oW - e ow

(-BC; +bC; AC) ' _

be In elther of the DC positions.”

ept for use In the £0 pa
range. These ranges egulre +0C s‘}tin

<

. “What function switch setting{s) coul wﬂeﬂused when measuring
direct current? i i
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19. To measure direct current, the™function switch must be In the
positions. (Any order)

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

&
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ANSWERS - TEST FRAME 19

+DC; ~DC
. (Remember: Hhé; using the 50 pa range, the switch must be
- in the +DC pOSI}Ion.?
e e e e e e mee e D e e e e m e e -,
bk \

IF ALL YOUR ANSWERS MATCH THE CORngT ANSWERS, YOU MAY. GO ON TO TEST
FRAME 23. OTHERWISE, GO BACK TO FRAME 16 AND TAKE THE PROGRAMMED
SEQUENCE BaFORE TAKING TEST FRAME 19 AGAIN.

20. When setting up the multimeter to measure current, the function w
~ ‘switch Is normally placed in the +DC position. Remember, the °
mul timeter |s polarity sensitive and must be connected In the
: proper manner {black lead negative, red lead positivej in the
circuit to prevent damage to the meter.

Whi.ch &rawing sliows the-multimeter correctly connected for
measuring current?

A o7




P.J.;; . i . ‘ Four-|

21 ,lf f'or some f’uson the meter Is connected improperily, the function
. switch can be used to change the polarity of the meter without

e . removing the ‘meter leads, from the.clrcuit under test. {This does
: § "y nog app!y to the 50 pa or the 10 zwmp range.)
™ The Illustratlon befow shows an Improper meter connectlon. -
e
_,.-.J,— ] ; ®
_.. 3 - - “M_ _'
7 - Check the function-switch position you wou!d use to correct the .
?‘_ : . meter connection shown alove. -
4%"

R

.

AC

"
5

T T D
)
.
e
N e
=2
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 ~
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D
—R
!
e
I - |
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\z
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22, Since the polnf;r of the meter normally rests at "0" on the
far left of the meter scale, correct connection into a cir~
cult 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; C)

23. Which meter is correctly connectes for measuring DC current?
A AN\ b NN NNV

3

I

A=~y
Lo

~ @A+
&

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

(THiS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 23

- m E m S B M E M E E e B W S E S M M ogm M om M m w om om W W W om

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 multimeter. ‘The range switch
also determines how the meter will be used. For example when
used as an ohmmeter for measuring reslstance, the followlng
range settings are used:

‘x‘l

R=}00
Rx3000

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

A |

: 25. Lock at the range-switch positions on your multimeter.. The
Y - maxImum DC current measurement possible with the Simpson 260-5P
Yo multimeter is:

a. 500 ma DC. ..
b. 10 amps BC. |
c. 100 amps .
d. 50 wa OC.
{b) —




P.l. . Four~}

L

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

T “x

- e o W I aE W mp SR 4k MR W e W e W R MR G mE e mr mE A aE mE A am am W e wh eE e

{50 ya; 500 ma; J00 ma; 10 ma/i0 amps; 1 maJ

27. Each current range-switch setting represents the maximum amp-
erage that the multimeter Is capable of measuring when In that
positisn. For example, if the range switch Is set at 50 na,
this means that the current range is 0-50 ua; 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
¢. 10-500 ma

e WP mE M A aE A W W W W am je WP SR je SR A mA aE W SR e W TEN AR A AL m T aE e W W am

{6) 0-500 ma

28. Look at the <urrent range switch positions again. Then )list the
current rangus the meter is designed to measure. {Any order)

aE A gR SE A aE A aE A aE am W W WA mr SR mr we mr aE W SR A mr e mR e W R o W o W W o

(0-50 pas 0-1 ma; O-i0 ma/amps; 0-130 ms; 0-500 ma) -
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" 29, The motir scale used when measuring current is the black arc that
is labeled OC (second from top). Locate the UC scale on your

- 'multimater; then check the arrow that points to the DC scale.
. é&: e W

T - h
- 4 -
sy
kN
i .
N \;?
e
" -
b C
e 4
) s
: 2 D
t Ly ‘
- e
- i
ey H
1

- .

e .

{8)

L
ThoptpAR R e

! 30. Look at the D scale on your multimeter again. Notice that thers .
£, are three rows of numbers under the black DC arc, marked 0-250,
i 0-50, and 0-10, The meter scales used for DL current measurements
2 are the 0-50 and 0-10 scales. .
; " Which diagram correctly identifies the two DC scales used for
. : measuring 0C current?
. ‘r i: '
'ﬁ
: (8} .
oo s
R .

) 4
Y L 39 4
ERI o
n 5 - n ¢
: ol W e .
. :;':‘.\,‘-',‘i.ﬁ;?.s:;'.'-);:‘_;xc;... O T e L ML Ll
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31. The positlon of the range switch (50 wa, 500 ma, 100 ma,
10 ma/amps, | ma) will determine whether the 0-10 DC scale or
the 0-50 DC scale Is used. Wwhen the range switch Is in the
50 pa positlon, the 0-50 scale !s used. :

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

H
l*’!. -

ib)

1t
v

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?

100
20 &
T ¢ M 4
9 & .
L) '
J sow
" AP

a. 103 microamps
b 23 microamps
¢. 7 microamps

“ W W W W M wk W oam Gk W B o M M W o W W M Mm W M M R W M M W M M M W e W s

(b) 23 microamps
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33. Which illustration Indlc‘ate_s a current value of 10 ua?

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

48

41

P
L T T s ] . aan o -
———
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ANSWER - TEST FRAME 33

- om oam owm W o owm W sy o e o w W M M m W om e m W O b W™ M m ow o Mmoo
]

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

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

Using ‘the illustration below, locate on Your mt.nltimetx;r the
common (~) jack and the 50 pa jack. .

(Go to next frame)

- QT
T e T PRy T F o R
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35. On the ihi.stration below, check the arrows which point to the
jacks used when making current measurements In the range 0-50 pa.

36. ~|.i£t~ the _names of ths two jack positlons used when making 0C
current measurements in the 0-50 ya range. {Any order)

a.

h.

W W o oEomomom . o momom w o w om o mte o omow m Eom W o W oM W W o o W o W o &
-

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

<y
L

3

S I AT .

&ﬁ-"min‘". .. - e e - e MLy mam e o e mar et e er mema o o Do
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~

ANSWERS -~ TEST FRAME 36
a. 50 pa jack

b. common {-) test jack

v A i e e m e e m e m e e mem %= mmemmm - mmmm = mmme.— - -
IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 44, .OFHERWISE, GO BACK TO FRAME 34 ANO TAKE THE PROGRAMMEO
SEQUENCE BEFORE TAKING TEST FRAME 36 AGAIN.
’ 37. Using Practlce Board 0-1, a 51 kR resistor, and one dry cell,

construct a series circult as shown below.

\ ' I | R1 ¥
R 5 N 2

, SIKR
A - os1
\ . =15V :

q@i— T J N

Make sure thaz switch is open.

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

(Go to next frame)}




arowto e e L 4T T vl G e - " W
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o
38. Listed below are the proper steps for setting up the mltimeter .
for measuring BT current In the 0-50 pa range. . Coa ]
v ‘f -
T 1. Set the func'tion switch at +Dc , t
2. Connect the-black test lead in the common (=) ' , 7
Jack and the red test lead In the 50 a . _ -
Jack. {Use test ieads with.clips. g i o
I 3. Set the range. switch at. 50 ya. - i
{* ' Following the ‘steps ‘1isted above, set up your multimeter, then S
9 check your meter setup aga@inst this illustration. 2 }’?f i
:—. 4 .ﬁ ! i . . »
Y . . . . * . . Ry
,%"'_, o * 3-,.\ . 4~ ¥ 1:
& - 5 X s
£ ) oo
- ' R B
, . RN L LA
AT oF Loy
""-é; ’ ;:"Aj
P ‘3
:‘% “1‘5{‘_, = © %
P .- P _/5-9' at - wE . - "-’. ‘-: :l J‘-" ‘-w- - :ml?wi ‘;. -t - - - - -‘ - - - - ;‘;“f
i » e . :‘\‘. W L [EI - .‘-.J‘{-
{60 to next framel- o B
39. Take the series circuit you have constructed and connect the meter N3
In series with the load {between T6 and Y7}, covpecting the red . N
test lead toward the positive side of the source and the black .
test lead toward the negative side. MAKE SURE THE SWITCH.IS _* o
BEFORE CONNECTING THE METER. . -
T a T __—
; AAN ;
T sin 3
I DEY
— L8V .,
L] | r
T; ' . 4 4 Ts
I o’ e :
- ’ '
. M 5‘
_{open) .
|}
. - '..
b . (1 ) ‘
. 3 nos 52. -~ h ~ )
5 N | :
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-40. Energlze circuit and observe the meter pointer. 1f it.is de-
flected to the 1éft, the polarity is opposite to that whlich was.
anticipated. De-enesrgize the circuit, reverse .the meter leads, -
and energize circuit again. {Rote: Meter polarity cannot be
reversed by using the. function switch except wheh measuring
ml 1 1iamps. ) )

(Go to the next frame.)

..'

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)

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

{Go to next frame)

-

Recall that current is the same throughout a series circuit.
Modify the series c¢circuit you have constructed as‘ indicated
by the schematic.

r

-

Toen measure current and record it in the space provided.
Clrcuit current = . Ha.

-

Do you read the same value of current as when the meter was
connected between T6 and T77
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h4. Using Practlce Board 0-1, a 62 kR resistor, and one dry cell,
construct 2 series circuit as shown below. .

- - ®
| Ts o—o" o———@—lb

Ther mesasure current ard record It in the space provided.

Clrcult current =

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

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




ANSWER - TEST FRAME L4
23-26 pa
LT .

. (Note: Th lamp will gt f1ght because the resistor,
In this Instance, greatly limlts the current flow.)

- e m m om'm e e Em o o o e Em mp e Em E o o w E mr S o W W e S me e wm

IF YOUR ANSWER WATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST C e
FRAME 48. OTHERWISE, GO BACK TO FRAME 37 AND TAKE THE PROGRAMMED ‘
ssqugn_cs BEFORE_TAKING JEST FRAME 44 AGAIN.

a, F

'kS. Complete the following chart for using the Simpson 260-5P multi-
© ‘meter as an ammeter. . R

CURRENT . FUNCTION SW. RANGE SW. METER OC . TEST LEADS POSITION
RANGE POSITION POSITION SCALE RED BLACK

- m M m s W de W om o W W R 4 W W W m a Em e B W e m M Em W O Em W = s o=

_CURRENT _ FUNCTION SW. RANGE SW. METER OC TEST LEADS POSITION
* RAMGE POS ITION POSITION SCALE REO BLACK »

0-50 ua; + D . 50 ua 0-50 50 ua  {-) common

46, When reading current befow 500 ma, the OC scale used will depend
on the positlon of the range switch. When the rarige switch Is
in the 500 ma posltlon, current Is read on the-0-50 scale.

Which meter scale Is used wher. the range swltch poslition Is 500 ma?




four=|

P.l.

. 47. If the range sﬁitch Is in the 500 ma position, the _>lue indicated
on the 0-50 scale must be. muitiplied by 10 to obtain the amount
of current. Ffor example, with the meter set up as chown below,

the current Flow would be 200 ma,
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b

500MA o,

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

i
~J

50
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ANSWER - TEST FRAME 48
b. 530 ma .

N T T I T T A I ¥

{F YOUR ANSWER KATCHES THE‘CORRECT ANSWER, YOU HAY GO ON YO 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 na position or the 500 ma
position, what meter scale is used?

a, 0-50
b. 0-10
c. 0-250

{a} 0-50

£0, 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 s In the 50 upa 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 multipiied by 10
to obtain the correct current value.
d. When the range switch is in the 50 ua position, the
value indicated on the 0-50 DC scale must be multipiied
by 10 to obtain the correct current value.

____________________________________

: (6. When the range switch Is in the 50 na 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 DU

L Y scale r)nust be multlplied by 10 to obtain the correct current
value. . '
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51. For the remaining range positions, ) ma, 10 ma, and 100 ma, the
0-10 DC scale Is used. [f the range switch Is in the 100 ma
position, the value Indicated on the 0-10 DC scale must be multi-
plied by 10.

e

What is the current reading indicated below?

b. 90 ma
c. 450 ma )
d , 8 ma

57 90 ma

52. In }he drawing below, how manv milliamps will cause full meter
deflection? ma

-y M S S S o B s m m e S e W e e mb O am M e ome B S o B T M R W mp E m e

52

P
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53, What Is the value of current indicated? ma

100 MA

- M mE et ot ot ok o mm A o Wk o o - o o o o M M e o m om om W o W m e om

(52 ma)

54, 1f the range switch '{s set on the 10 ma position, current is read
dircect)y on the 0~10 DC scale.

What would the current read!ng be for the illustration?

————————————————————————————————————
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55. What is the value of current indicate? tv the meter?

10O ma

~{5.2 ma) .

56. If the range switch is set on the ! ma position, current is read on
the 0-10 DC scale and each number is made a decimal: ©.1, 0.2, 0.3,
6.4, 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.

Ima
With the range switch on 1 ma, what is the current reading
indicated below?
-'-T'

a. b ma 100 159
- (J 3

b. 0.4 ma % o

1 [

c. b.0ma
- &% Fils

d. 4.3 ma

v
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57. What Is the value of current indicated by the meter?

. {0.52 ma)

- N .

’ 58. Match the .meter DC scale to the range switch position.

<

Range Switch Position. - ' _ Meter DC Scatle
. 1. 50 pa | a. 0-50
. 2 im
- ‘ ___ 3. 500 ma b. 0-10
b 10 ma
5. 100 ma
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59. Interpret the meter 0C scale below by matching the indicated
current to the range switch position.

unQQ ‘ »3&’9('
Range Switch Position Currept
L W= a. 270 miilliamps
s 2, 50 ya ‘ b, .54 mil}iamps
3 I m c. 27 microamps
b, 100 ma d. 54 milliamps

5. 500 ma e. 5.4 mil)iamps

- ey o Ak W o ke e B o M ke B MR SRk B M o M B R g m om om B M m B e E E w

{THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WIiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST. FRAME 59

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

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 Jjacks used for DC current measurements In the 0~} ma-10 ma-
100 ma-500 ma ranges are marked common {-) and positive {+). These
Jacks are located In the lower legt hand corner of the meter. :
: Using the t1lustration below, locate on your multimeter the common
A {~) jack and the positive (=) jack. o N

. {Go to next frame) /
}

64

57
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6}, On tha iljustration below, check the arrows which polnt to the
jacks used when making -current measurements In the ranges of
0-! ma-10. ma~-100 ma-500 ma. .

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

ANSWERS GIVEN AT THE TOP OF YHE NEXT PAGE.)
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5

ANSWERS ~ TEST FRAME 61}
"Cy &

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

IF ALL YOUR ANSWERS MATCH THE CORRECT A“SNERS, YOU MAY GO ON TO TEST .
FRAME 64, OTHERWISE, GO BACK TO FRAME ANO TAKE THE PROGRAMMEOD
SEQUENCE BEFLRE TAKING TEST 'FRAME 61 AGAIN.

62. Using Practice Board 0-), a 330  resistor, and one dry ;ell,
construct a series circuit as shown below.

T T
L ~NW- +?
RI 3300

- Eo |.5v .
T8l o o 417

- A e m my B ey e o A W W my B oy W ey ok oy my oy BB g ms W e oy oy mr ow M wy W w4 W

(Go to next frame.}

ss 66
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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 lead In the common (-) jack and the red

. test lead In the (+) jack.

3. Set range switch to the hlghest ma setting (500 ma)}. Since
the exact current flow is still unknown, starting at the ,
highest ma range-swltch setting can prevent damage to the

meter.
k. Ensure switch Is open, then break the clrcuiﬁ between T2 and
T7, and place the meter In series wlth the ad. Remember,
. polarlty must be observed. T i
-5. Energlze clrcult and observe the meter polinter. If polinter
. deflects.to the left, polarity ls opposite to that which was
*  antlclpated. De-energize the clrcult and reverse meter leads
or :urn the function switch to ~DC. Energize the clrcult
agaln
. Read the current on the 0-50 bC scale If necessary, move
.. the tange switch to one of the other ma positions untl} you
get as close to a mld-scale reading as possible. After you
have take:, and recorded your reading, de-energize clrcult and
remove the test leads from the circuit.

o *
.

Clrcult current ma

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

(approximately 4.4 ma) |

-

64. Tonstruct the serles clrcult shown below. Then measure the
current and record It in the space provlded

Bi
ck__ . Brown

\ (THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
© ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)- _

67—

60

I
|
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ANSWER * TEST FRAME €4

‘e ) Approximately 15 ma a

_ IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO UN TO FRAME
R 65. OTHERWISE, GO BACK TO FRAME 62 AND TAKE THE PROGRAMMED -
: SEQUENCE BEFORE TAKING TEST FRAMS 64 AGAIN.

) 65 Cmplete the following chart for using the Simpsoh'260-5P multl=~

« mater as an smmeter.
| CURRENT — FUNCTTON SW..  RAWGE SW.— WETER DC TEST LEADS FOSITION
» . _ RANGE POSITION PGSITION SCALE __ ~ RED BLACK
0-50 pa f
e 0-1 ma
0-10 ma
0-100 ma
0-500 ma
‘ v r . :
wmmf‘_@ﬁﬁmsm RANGE _SW. KCTER DC _TEST LEADS POSITION |
) RANGE ~ POSITION POSITION $CALE “RED BLACK
' 0-50 pa e 50 pa 0-50 50 pa (=) common
0-1ma  + or =DC ! ma 0-10 {+) (-) common
- 0-10 ma + or ~bC ’ 10 ma/amps 0-10‘ {+) {-) _commin
0:100 ma + or =bC 106 ma 0-10 (+) {-) common
’ 0-500 ma + or ~DC . 500 ma 0-50 (+) (-) common

\=p)
o
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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
mcter to do so.

. Place function switch at +DC.

. 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 mz>sured and place the meter in

series with load while observing proper polarity. Red test

lead to {+) black test lead to {-).

Energize circuit and observe meter pointer. [f 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.

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

t
2

{Go to-next frame.)

Refer to’step 6 %n frawe $v. How much curren. would be fluwing
in the meter below? amps.

L

50
3

th.6 amps)

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

~ iF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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Summary Four~|

SUMMARY
LESSON ! -

Measuring Current In a Series Circuit

We have already indicated that a series circuit has only one path for

current to flow, (IT =l =1,= IH) but a parallel circuit has two or
more current paths.

//-’/ . N gt
I
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 | milliampere, O to 10 militamperes, 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 Jjacks. All DC current values are read on the scale marked
DC, using the numbers which correspond to the range switch settlng.

1 you feel you know enough about using the mu!timeter as an
ammeter, perform the exper’ments on pages 9 and 19 before you
take the preogress check. If not, study the Narwative and/or
th~ 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.
'F 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.
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OVERVIEW
LESSON ]

Voltage in a Series Circuit

tn this tesson, you will study and Jearn about the followling:

~difference in poténtial

“where potentjal 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 foliow directions
carefully.

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

66
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Study Resources . Four-1I1

LIST OF STUDY RESOURCES
T LESSON II v

Voltage in a Series Circuit

- To learn the material in this lesson, you have the option of
choosing, c.cording to your experience and preferences, any or all
v of the following: -
STUDY BOOKLET:
Lesson Narrative
Programmed Instruction

[l

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1a “Basic Electricity, Direct Current.'
Fundamentals of Electronics. Bureau of Naval Persounel.
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 g0 to Lesson III. Remember your in-
structor is available at all times for any assistance you may need.

B

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

. 67 74
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NARRAT IVE ‘
LESSON 11

Voltage in a Series Circuit

Difference in Potential

L] 4

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 potentlal exists.

You recall that this potential difference is called voitage.

This means voltage is measurable only between two points where -
one point is more or less negative t.an the other point. Keep

in"mind that if we say more negatlve, that also means less

positive; or, If we say less negative, that also-means more

positive. "

Where Potential Difference Exists in a 6ircuit

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_potentlal.

2. Wherever aneryy is being converted by the load. This is
called a fall in potential and is often referred
to as a voltage drop .

Answer this question.

| :,
- A

At what point in the above circuit does the
.i.ﬁ_m voltage drop take placa?

Answer: At the load (B)

Voltage Rize

Recal} how chemlcal action within a cell tends to cause
electrons to pile up at the outer terminal of a dry cell,
making thls terminal negative. You also know that this :

" 68 ’753
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causes the center terminal to be deficient in electrons.
The certer terminal now is less negdtive 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.

(f volfage is measured across these points, as shown in the
figure below, you will get a voltage reading of about 12 voits.
{ .

12v

This indicates a rise in potential of 12 volts or that vou have

an applled voltage of 12 volts. You wiil normally see applied
voltage cbbreviated as Ea A voltage rise may also be aEErev:ated
E, (for source vol'tage),’or E {for total voltage).

Valtage 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.

_:/—? S
e

in the circuit below, electrons have about the same amcunt of
negative potential at the top of the resistor as when they
irft the source. If you were to connect the probes of a volt-
meter to the pcints shown in the illustration, the meter wouid
read O, because almost no difference in potential exists.

B!

b

—

.'.

+

Kl

We can therefore assume that free electrons at the top of
resistor (B} are being pushed away from the negative terminaf

of the source.

69 76
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T

-

. ‘Because the load offers resistance to the electrons as they
* 'move through It, the electrons give up their energy in the

fform;pf heat. Remember, energy cannot be destroyed; it can
.only be changed from one form to another.

ar

As electrons. move through a resistance they give up tireir
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 bottom of the load reslstance
to be less negative than the top, so the bottom is designated

as having a positive polarity. N
F
- - é
+ +
.‘

A difference of potential has now been developed across che
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. $ 12V

N ‘ Dro;
+ p

-

it is Important here to reaiize that a voltage drop wiil only
be deveioped 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 1s negligible in most practical applications. In
later units we will learn how to compute voltage drops in a
circuit.

70 7r?
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Rules -for Voltage in Series Circuits

Here are ‘two ''goiden rules' that will prove to be invaluable.
This flrst rule is often called Kirchhoff's Voltage Law.

Rule 1. The total voltage drop in a series circuit wiil
always equal the applied voltage.

Answer this question.

What is the value of applied voltage (Ea)?

a. 100 v
Ov
50 v

25 v

Answer: c.

This rule holds true no matter how many resistors are ina *

series circuit.

- Note: We number the resistors Rl, R2, and R3 to d'stinguish
each particulﬂé one. '

R R2

ov 3v
fo R3
~ 12v 3v

Voltage drops, chen, are deslgnated as ERI’ ERZ’ and ER3'
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Answer this question.

!R‘
AN
12v
fa | |
e pek:
!Rs L
AN .
. ?
Which of the below is the voltage drop across R3? .
a. 2h4v
b. 6v
c. Ov

: Answer: b. 6v

The total of the voltage drops across all the resistors will
always equal the applied voltage. MNo matter how many resistors
are In a serles clrcuit, they will use the total energy put
into the clrcuit by the source. The ohmic value of each re-
sistor determines how much voltage is dropped across }x.

Another way of statiﬁg the rule is: The sum of the voltage drops
ir a serles clrcuit will always equal the applied voitage.

Rule 2. In a series clrcuit the largest voltage drop will take
place across the largest 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.

N R‘ . I
20v
to |} 100 o
. 30!.‘—' i Rz . N
' 50 ov

The 10-ohm resistor drops 20 volts whlle the 5-ohm resistar drops
10 volts. MNote the sum of these two: 10 v + 20 v = 30 v, the Ea.

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

in this schematic, Ri 1s a varlable
resistor and we can assume that because
R2 s dropping the entire amount of
Voltage that Rl is adjusted to O ohms.
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How if Rl is set to the 50-ohm position,
notice that the yoltage drop across R2
decreases to 25 volts and the voltage
drop across El'increases to 25 volts,
This is an import®nt concept to remember.
Let's see if we can relate it to our two
voltage rules.

Rule 1 ~Sum of volitage drops equals applied voltage. {It did in
both clrcuits.) Notice that E_ is 50 volts in both cir-
cuits, and that if the voltageadrop across R2 -decreases,
then the voltage drop across Rl has to increase.

Rule 2 ~Greatest voltage drop will exist across largest resistance.
Notice as the val:e of Rl increases, then the voltage drop
across it also increases. If Rl 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. |F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON. 1F NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.




P.1. « Four-1}

PROGRAMMEO INSTRUCTION
LESSON 1

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. .

~ J ’ .
1. You know from the previous lesson that current can be easured
anywhere in a sefries circuit. Voltage, however, can be measured

only between two' points where one point is more {or less)
‘negative than another point.

Voltage ‘is measurable: -~
where a difference in pgtentlai exists in a circult.
anywhere in a series circuit. ’

~

_‘(a):where 3 difference in potential exists in a clircuit.

L]

2. A difference in potential or potentiadl difference car only exist

where electrical energy is generated or where it is used by a
* load or resistance,

\ At what points in the circuit below can voltage be measured?

3

|
)

(a; b; c)

74
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3. At what places in a circuit does a potential difference exist?

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

circuit.
LT ) b. &t the conductor which carries electrical energy to the
. load .
¢. at the load which recelves and uses electrical energy \

{a. at the source which supplies electrical energy to the circuit;
and, c. at the load which receives and uses electrical eHQEQX:)

b 4. The potential difference is developed across the load by current
flowing through the load. Sinte we know that current In a circult
outside the source flows from negative to positive, the point where
current enters the load device is labeled negative and the point

s

of departure ie/)abelgd positive. ) / .
Label the voltage drops with proper pOIarit?és.
. 1
; T
4
—ANN
by
—_J.......— :'
- -1 . q
. - +
WAA

|
|
|
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L ‘5.

Which clrcuit has a difference in potential across the load?

A

In a circuit with an open switch, there will be some mcvement of
electrons within the wires of the circuit. This movement will

continve unti! 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 ex:sfs across the switch in the circuit
‘illustrated below?

{The same as the source or 12v)

" 7. Between what points in the circuit below does a potential

differerce exist? c
A and B
B and C
C and D

D

(a. Aand B; c. C and D}
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8. A potentlal iifference across a source is ¢>'led a voltage rlse
or rise In potential.

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

L I L R . - T T T N .

a)

9. The plac2 In the circuit where voltage !s used by the load is
referred to as the voltage drop or fall In potential.

At what polats in the circuit betow does a voltage drop exist?

!

e ¢
|
e (ap C)
% 10. Match.
* 1. where energy is being used a. voltage drop
by a load
—__ 2. where voltage is being app!ied
- to the circuit at the soufce b. voitage rise
p . Y 3. rise in potentlal

k., fail in potential

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

At what polnt does a voltage rise exist?
At what points does a voltage drop exist?

El. h, ¢) (2. b, d, e, g)

12, Match the letters on the schematic to the corresponding voltage

' concepts.
| !
1]

.1

1. voltage rise
2. zero (0) difference In potential
voltage drop
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13. The woltage rise at the source is often abbreviated Es (for
source voltage), Ea (for 2pplied voltqgg}, or ET {(for” total
voltage). |, "

Which circuits are correctly labe'ed?

. A voltage drop is often abbreviated just E, but if there are
several voltage drops in the circuit, each is labeled as ER)’
ERZ’ etc., for differentiation.

Check the circuits that have the voltage drops correctly labeled.

-

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

A B
- +WVT_ 1 _m
&y £
. _|_!. !

-
Polarities are labeled negative to positive across the
. 16ad in the direction of current fiow.}

L]

719 86
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16. tn a dry cell, chemical energy is cunverted and produces electrical
potential energy. When an electricai iscad 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 ene"gy¥ within
the load. The wnange to a different furm of energy causes t-°
electrical enery, to decrease. This decrease in electrical energy
within the load is called voltage drop. For example, if the potential
energy gi‘ven to free electrons, as they are moved by the EMF within
a cell, is 1.5V, then the same amount of energy, 1.5V must be given
up by free electrons as they pass through the load.

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

(3 volits)

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

What is the voltace dropped (ERB) across R3 in the circuit?

1.5 v

45 v éER‘
2v




POls FOUI‘-“

18, 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 voitage drop (ERZ) across R2 in the circuit below?

v. ﬁﬁ \
ER: 6v

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

!,

|
e
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20. Study the schematic, then check the statements that are true.

Fl

-LER2 | ke
L 3 — 9 -
+ K

Epy sy

_M+ F

a{. a. The voltage rise is equal to the sym of the voltage drops.

. b. 'The total voltage dropped is 13 volts. .
’ c. Tre voltage drop across Rl is greater than the voltage
O drop across R2.

d. The voltage rise at the ‘source is & volts.
- e. The {otal applied voltage is 13 volts.
f. The rise In potential is 9 volts.

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

The polarity indicated for Em Is correct.

(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 20
a. The voltage rise is equal to the sum of the voltage drops. \

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

f. The rise in potential is 9 volts.

9. The polarities indicated for both voltage drops are
correct. ‘

h. The polarity indicated for Epy Is correct.

AF e o M W W o m W e oap E m E o M o o B o B A Em Em E W A e e T mm

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

=7 21, The second rule for a series circuit is:

In a serias circuit, the largest voltage drop will take place
. across the greatest resistance.

Which resistor will have the largest voltage drop?

. N
R3 R}
‘ ___a. Rl S100 150
b, R2
___¢. R3 .
v R2 250
. b} R2 .
]
83

S0




vP.‘.‘

22. Study the schematic below.

20v
AN

' Er3
Which resistor has the largest ohmic value?

-

a. Rl
R2

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

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

I - R R I R . T

n

(b) resistor with the highest ohmic value.

Circle the resisto. in each scheratic that will have the largest
voitage drop.

|||L
I |

Ea 15v ng

ANSWERS GIVEN OM THE TOP OF THE NEXT PAGE.

TTT{THTS 1S A TEST FRAME. COMPARE YOUR ANSNER? WiTH THE CORRECT

E) 3

-

31




ANSWERS - TEST FR'ME 24

A

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

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGKESS CHECK, OR
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE
NEXT LESSON. IF NOT; STUOY ARY METHOD OF INSTRUCTION YCU WISH
UNTIL YOU CAN ANSWER ALL THE QUESTIOMS CORRECTLY.
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SUMMARY
. LESSON 1)
¢ Voltage in a Series Circuit )
- . & " . —

"0f fference in potential, you wifl recall, is a difference in the
amount of charge between two points. This means that one oF the
points is more negative (or less pnsitive) than the other.

A potentlal differeace exists at the source where there is a rise -

in potential, and at a load where there is a voltage drop. The

voltage rise at the source Is often labeled E_ (for source voltage),

E. ‘for applied voltage), or E_ (for total or terminal voltage). ’

ASvoltage Jdrop is often abbreviated simply €, but if therc are

several voltage drops in tk circuit, they moy be marked ERI’ ERZ’
' 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 clircuit con-

, ditions; it is actually an electronic equivalent of the principle -
* of conservation of energy, and is known as Kirchhoff's Voltage Law.

Thus: . ‘
} THE TOTAL VOLTAGE DROP IN A SERIES CIRCUIT WILL ALWAYS EQUAL
' THE APPLIED VOLTAGE.
ERy what |Is the voltage drop (E.,)
. 12v R2
_f:;_;gv 1 across R2 in this ¢ircuit? ¢
. Er2 .
) (Answer: 8 volis) - .
. : No matter how many resistors are in a serles circuit, the total | T e
' applied voltage will be divided among the resistors, and all N-.
- the voitage wlll be dropped. The resistance value of each resis- y
- ;‘ tor actermlines what portion of the applied voltage will be dropped !
' . by tt. The resistor with the greatest resistance wlll get the

largest share of the voltage, the second-largest resistance will
get the second-largest voltage, and so on down the line to the
‘smallest‘rasistance. The second rule for series circuit Is::

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

.. If you place In series a varlable resistor, @ flxed resistor, and
T a _source, the voltage drop across the variable resistor will increase

.
- “ -

3

Q ‘ . ’ 86 9 3
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or decrease as the resistance gces up or down, and the fixed re~ o
sistor wlll always drop the rest of the applied voltage.

The diagram below illustrates the circuit at three different sefkjngs
of a varlable resistor. )

1%

AT THIS POINT, YOU MAY TAKE THE LE5SON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIYE 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 ANOTHCR MEFHQD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY,

.
v
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OVERVIEW ' -~
LESSON 111

r | Using the Multimeter as a Voltmeter

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

“meter connections

~interpreting fae 0C voltage scale

~practical measurement of OC voltage
{0-30v)

-measuring 0C voltage (30-1000v)

~-measuring AC voltage (0-1000v)

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 i#!ST OF STUOY RESOURCES
ON THE NEXT PAGE.

90
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LIST OF STUDY RESOURCES
LESSON {1

Using the Multimeter as a Voltmeter

To jearn the material in this lesson, You have the option of choosing,
according to your experlence and preferences, any or all of the following:
STUDY BOOKLET:

Lesson Narrative

Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1a 'Basic EJ?ctriclty, pirect Current."
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, D.C,: U.S. Government Printing Office, 1965.

AUD10-VISUAL: ¢
Sound/S11de Presentation - '"Measuring Voltage With a Multimeter."

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

NARRAT IVE
) LESSON 111

Using the Multimsier as a Voltmeter

You have learned to use the multimeter to measure rasistance
and direct current. We are now gbing to use it to take DC and
AC voltage readings. The settings and connectlions to use

the multimeter as 2 voltmeter will be different than the ones
used when using it as an ammeter or ohmmeter.

‘ A Word of Caution: Always connect a voltr.:ter in paratiel

. {across} the potential difference to be measured, never
.in series, Recall that this Is exactly oppostte to the way

we connect an ammeter.

—l— never

S
like this — like this

-©

A Littte on Voltmeter Theory

. If we think In terms of current {the flow of electrons} being
the only electrical quantity.that moves within a circelt, then
all meters must operate on current flow. {n other words, some
amount of current causes ali meter pointers to deflect. In
the case of a voltmeter, it operates on a very small amount
of current bHut 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 multipiier 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 thé meter movement.

99
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Interpreting the DC Voltage Scale

You witl use the black arc 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 dlrectly under the DC arc will be
used to measure values of voltage. The row used wili depend
on the position of the range seijector. |f the range switch

is set on 2.5 v, simply put an imaginary decimal polnt before
the last two digits on the 250 row. You are actwally dividing
by 100. If the range switch Is set on 10, you read the 10 v
scale dlrectly; if set at 50, you read the 50 v scale directly.
When the setting is 250, you read the 250 v scale 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.

r—

(See illustration on next P?é;-) N

&
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. "In this Tllustration, the meter reads 2 volts.

Measuring DC Vol tage (0-30 Vol ts)

B4 E

i. Using Practice Board 0-1, a 100 2 resistor, and four dry
cells, construct a series circuit as shown below.
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NOTE: Before you wire the variable resistor into
the circuit, adjust it-to 0 ohms. ‘o do this, set
the multimeter 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 0.
Connect R2 into the circuit.
~
Set up multimeter as voltmeter to read 0-50 volts.

(You know ihe source voltage is 6 v.)

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 IO v position.

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

d. Observe the correct poiarity and piace meter
leads across 7] and T8 and measure applied voltage.
If pointer 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. )

. '-.a\_/
Energize the clircuit and place meter range switch In
<he 10 v position.

4k, Read voltage on black DC arc. Record

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

1

5. To read the voltage drop across [2, connect meter
probes. across T6 and T5.

6. Read and record

You should nave read 0, because the resistor is set at
0 and there is no voltage across it. It Is

acting like & straight piece of wire in the C|rcu|t and
has no difference in potential.

7. Place probes across T2 and T3 to read the voltage
drop across Ri. Remembsr to observe polarity.

8. Record

102
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The voltage drop across Rl, whlch we designate as E,,, Is
' approximately 6 v -~ the amount of voltage applied Q& the
. circuit. All of the applied voltage is being dropped
across Rl because we consider 1t as the only opposition
to current in the circuit.

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

o
—
-

Cunnect the probe cllps across R2.

2. Slowly turn the knob on the variable resistor to
tncrease reslstance.

3. Observe the meter.

k. Turn the knob until RZ is at full resistance tas far
as knob will turn}.

5. HMtisEm? .

o

You read that E 2 is approximately- 2 v when R2 is at
. its maximum res?stance value and is in series with RI.
As RZ Is now about 502 and Rl is 100 Q, this demonsirates
that the greatest voltage drop takes place across the
greatest resistance.

6. Leaving RZ at maximum 50 R, connect probes across 2I.

7. ERI equals

& | then is approximately & volt, demonstrating that the sum
o? the voltage drop equals the applied voltage. HNote that
these values {2 v and % v} are not exact because we need

¢ to allow for meter and circuit tolerances.

-

8. Reconnect probes across RZ and vary resistance again
untit you read approximately 3 v on the meter.
9. Then read E,, to see If you alsp read approximately

3 v there. RI

. You have observed that as the vaiue of RZ increases,
3 increases and E_, decreases. The reverse is alsso

grde. As R2 decreagés, E,, decreases and ER increases
do that the sum of the vo*%age drops equais lhe applied

voltage. '
3

;i "; . i 96 1 O :3
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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 precautlons and you might encounter high voltages.

Your power supply has an AC source, so you wil]l be measuring an
- AC voltage for- the first time.

bt " -

WARNING: Be extremely careful. Do not touch the.meter or test
leads while power is on in the circult being measured. B8e .
sure power !s off when conmectlng and. disconnecting test leads.

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

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

Fl
. .
-t

a. Set function switch to AC. v-
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 ysual. .

. 3. As we are measuring AC, poiarity need not be observed X
Connect leads-across 11 and T3 (nowhere else}. —

k. Plug power supply into wail outlet and energize by closing
the switch, - )

5. Record meter reading. "Read the red arc marked
AC and yse the black figures immediately above’ the arc .
that corretates with the position of the range switch.

We are in the 50 v position so we use the 0-50 flgures.
You should be reading approximatety 30 v AC.

6. De-energize circuit and remove test leads.

LY

Measuring DC Voltage {30-1000 Volts) v

Yoy will not actually measuré voltages above 30 volts while in
this -school because of safety considerations. However, you
shou'ld understand how to set up the meter to do so. The im-
portant thing to remember, here is that you wlll not touch

the metey leads or meter whlle it is conpected, to an energized
circuit if the voltage to be measured is above 30 volts.

C . You have already learned the Jinitial steps in setting up the
meter. . ‘
You alsv know how to set the range in any of the five positions.
When In doubt, use the highest voltage range.” Observe the
meter reading. |f the voltage is within a lower range, the
switch may be set for the lower range to cbtain a more accurate
reading.

97 . g
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Nqte: De-energlze the circuit prior to turning .ranje.switch.

When you energize the circuit to be tested, if the pointer
deflects to the left of 0, the circuit polarity is
t _ opposite the anticipated polarity. Tufn the circuit power off,
Set the functlon switch at =DC, and tyrn the power on.’ This
will correct the polarity as applied to the meter. Read the
. Vvoltage on the black arc marked DC. Turn the circuit power
of f before disconnecting leads.

&
1

#Measurlng_ﬁc Voltage (30-1000 volts)

. " Warning: Here again If the voitage to be measured is above 30

voits, do not touch meter cr its leads while they are connected
. to the energized circuit. The circuit must be de-energized when
. making meter conrections.

r 1 L]

AT THIS POINT, YOU MAY TAKE THE PROGRESS CIIECK, 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 ARZ READY TO TAKE‘THE MODULE TEST. SEE.YOUR INSTRUCTOR.

IF YOU DECIDESNOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF \
YOU_MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD. OF INSTRUCTION .
YOU WISH UNT!L YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE-

1 TEST. . .
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» PROGRAMMED [NSTRUCTIOM
' LESSON t11

»

-
hd Using the Multimeter as a Voltmeter

Fl

TEST FRAMES ARE 7, 14, 31, 34, 43, 44, 52, AND 56. AS BEFORE,
GO FIRST TO TEST FRAME. 7 AND.SEE IF YOU CAN ANSWER ALL THE QUESTIONS
THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

7/

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

A and B <
C and D
B and C

A and F

{a. Aand B; ¢c. B and C; e, D and E)

]

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

Which meters are correct]y connected for measuring voltage?

Meter #1
Meter #2
Meter #3
Meter #b
. Meter #5 |

2, Meter #1;*_c. Metér #3; e.
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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 ma;sured?
o
___a. 0 ohms
__b. function switch.

{b) function switch

When measuring DC voitage, polarity must be observed.

!

&)

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

Which schematic shows the multimeter correctly installed fo.
DL voltage measurements?

— A . —C

-\
N\

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

o a. Voltmeter #1 ) +

___b. Voltmeter #2
c. Voltmeter #3 ——




Four-I Ik
6. When.used to measure AC voltage, meter polaritv does not have

to be observed. Which schematic shows the meter correctly
installed for AC voltage measurements?

A

7. #acch:

1. ’ . AC voltage meter
connection

) . DC woltage meter
connection

|
YQLIAGE )
SOURCE incorrect voltmeter
connection (AC & DC)

I
{THIS 15 A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

LY
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»
-

ANSWERS - TEST FRAME 7 ‘ (‘
L ' _
2. a¢ .
. 3. ¢ ‘ :
4., a

tF ALL YOUR AHSNERS MATCH THE‘CORRECT ANSNERS YOU MAY GO OR TO TEST
FRAME 14, OTHERWISE, GO BACK TO FRAME 1 ANO- TAKE THE PROGRAMMED

SEQUENCE BEFORE TAK!NG TEST FRAME 7 AGAIN.

8. The 1ltlustration below shows the meter scales and controls that
are used with the voltmeter sectlon of the Simpson 260-5P multl~
meter. Compare the [llustration with the meter provided, then
match the letters to the parts of the multimeter.

1. funcgtioh switch —_ 5. DC voltageé scale
2. (+J\test Jack —_ 6. AC voltage scale
3. rapge switch i 7. 2.5v AC scale

4. common (=) jack

el I R A R I T R S L T T L I )

(1 d; 2. f; 3.9.'+_e,5 a; 6. b; 7. cj
p 102 109
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9. Wwhen 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?

+0C
~BC AC

\

a, ¢

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

{+DC, -D. depending on the polarity)
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11. When setting up the multimeter to read DC voltage, the function
switch 1s normally placed In the +DC position. Remember DC
voltage measurements require that polarity be observed.

i‘ Which drawing shows the multimeter correctly connected for
£ measurling DC voltage?
;" &
B A
. |
=
3
‘ -
. R
d
R é LI ’
b 2

--4--v----h-wﬁ---ddn--nﬁ--.--‘--n-

A}

111

s - :ﬁ.:.:-_,«‘..__-,x.- CET 47"« P L S
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12. The polnter of the multimeter 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. B. C.

——

-

‘;,w $ s w\z\ '/:;,.'x-"f'”“"::j W
) =| .." : I ‘_,f‘ - ' : \

- odm R oa em odm e dm B ke R o o g dm wr oam a4 m mk dm wr wr mk owr we M M e o W
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13, if for some reason the meter Is connected Improperly, the functlion
switch can be used to change the polarity of the meter without
_removing the meter leads from the clrcuit under test., The
Hlustration below shows an improper meter connection. Check
the function switch position you would use to ¢orrect the meter

connection,
L
+D¢ o +DC +0¢
«~DC AC -o¢ | AC -DC AC
~N 5 ~ v
¢ A [ C
Qa) '
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14, Check the statements that are true.

_a’ ____a. When me55uring voltage, the function switch must
always be in the +0C position.

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

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

d. Meter polarity <an 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. -

o o odm e de o de oy S gk G e A o W o mk ode e omk e e ok e T R W G W dm m a dm

(TH41S 1S A TEST FRAME, -COMPARE YOUR ANSWERS WITH THE
CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

114
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-

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 -OC.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSﬁERS, 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 beiow just
as they are marked on your meter.




Po[’o A - . FOUI'"!‘

16. Each voltage rarge-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 range is 0-50 v; if the
range switch is set to 10 v, the voltage range would be 0-i0 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.)

e Em M E s T W M W O E W S e e S M Sy o Mm W A S e o M W o o A e W oM

{0-2.5 v; 0-10 v; 0~50 v; 0-250 v; 0-1000 v/5000 v)

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

PAT. MO, 2AILMY MADE iy U85, BY BNPION ELECIRG OO, CRCAD, 1L,

. ov':lmo PROYECTED PR
- VOLT «Obtwt « MLLIAMMETER '
"“'3}.1“.‘.'.‘ 'o‘..'.ﬂ‘ MO0 AN DL 8.0M 6/ AL u.¥ ::Nc-t. & 3: a
{b) ‘
" 109

|
I




P.1. Four-I11

19. Look at the DC scale on your multimeter egain. Notice that there .
are three rows of numbers under the black arc calibrated 0-250, .
0-50, and 0-10., All three of these meter scales are used for
DC voltage measurements. The position of the range switch (2.5 v,

10 v, 50 v, 250 v, 1000/5000 v} will determine which DC meter

scale to use.

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

(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?

LU
!
___a, 1.25 volts b3 %
____b. 12,5 voits P 4 d ‘;‘?0
___ €. 25 volts ‘?,, s
. d. 250 volts EXA
. Quo% . . 5;,% 2
205 e
- (a) 1.25 v - .
I
- 110 11 (
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21. Which illustration indicates a voltage value of 0.5 voits
on a Simpson 260 meter.

- o W o W s G A am M W o M mk M oam M b M my W W M s M fn M e e o o

*

100
P13
- % +
3
NN
2.5v
T 0.2 v ol)
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23. If the range switch _is in the 1690 v position, use the 0-i0 DC

scale and nm!tiply by 100, o
., What would the vo!tage reading be for the iliustration? o~
s )  AAARSAS '
0o 15
20 30 ﬁh,
o & ) 300
E # .
. o ’
& Vo gé% ¢
The voltage indicated is v DC . .
< =
(540 v DC) N

24, Which iliustration could indicate a voltage value of 460
volts on the Simpson 2607

-
>y

114

112°
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. 25. What |s the voltage indicated? - 2 v 0C
- - \Méter jacks for 0~1000 v are In use.)

%ﬂ go >
Y 909 !
5o
\ .
, 55,%0(.
—. -
1000V
(200 v OC) -
'
260 MatCh. . N '
Meter Scale C. Range-swltch Setting
_ 1. 0-10 x 100 . ___a. 2.5v
2. 0-250 = 100 . ___b. 1000 v
{t. b3 2. &)

N

27. If the range switch !s set on the 10 v position, voltage Is
read directly on the 0-10 0OC scale.

- "

What would the voltage reading be for the illustration?

109 ! )
ﬂm .

___a. k6 v oC i F:
" b. 230 v.0C S 20
€. iv [1]¥ i g
d. 4.6 v DC
—_— : v,
< QQ 6%'350(\
. 10v
{d} 4.6 v 0C
113 12?0




Four-1ff

26. If the tange switch is set on the 50 v position, voltage is
rzad direotly on the 0-50 DC scale. .

* What would the voitage reading be for the illustration?

-_'. ) re
a @ 130 v de by %

N - b. 26 v OC MY 4 » 4 27,

: __C 52vd b P

i __d. 35 v0C . .

v QQQ /o"gbo("
. . . X 50v
""""""" -tTsTn.TTTTETrTETEEEAI e I . u
. (b) 26 v DC

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

) " What would be the voltage reading for the §llustration.

’ . Ny 'S
. ‘a. 135 v DC gg g? 'ﬁ7$*7
::: b. 5.4 v DC 4 4 20y
__ ¢ 270 voC
__d. 54 v DC

- e e W m m E M om m m m W om o4y M m m ® m m m om m m o m om .

(a) 135 v DC
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“30. Match the meter DC scale to the rangs switch position. Meter
leads are connected to common (-) and (+) jacks in every case.

Range Switch Position Veter DC Scale s
{
2.5 v a. 0-50
10 v’ b. 0-10
5 v c. 0-250
250 v
1000/5Q00 v

interpret the meter DC scale below by matchlng the indicated
voltage to the range switch position,

K
%

(,,Q
L~ Q

Range Switch Position BC Voltage

.

10 v 540 volts

SO v 135 volts
27 volts

1.35 volts

tTHlS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSHERS GIVEN ON THE TOf OF THE NEXT .PAGE.)
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b .
f N S ANSWERS - TEST FRAME 31 _
, 1. e | )
< 2. ¢
f;,:f 3. d .
4 b
v ,
¢ 5. a .
i; . at
IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
* FRAME 34. OTHERWJSE, GO BACK TO FRAME 15 ANO TAKE THE PROGRAMMED
K- SEQUENCE BEFORE TAKING TEST FRAME 3! AGAIN. .
R
«  32. When using the multimeter to read'OC voltage, the common (-} .
SN test jack and the (¥) test jack are used.
L
. : A Using the illustration below, IOcate on your multimeter the common
{~) jack. and {+) jack. :
. f
o ‘(Eo to next frame ) -
) . e ¢ . L .
116 123 |
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33‘.- On the I1lustration below, check the arrows which polnt to the
. - Jacks used when making DC voltage measurements.

-

YTy

o 1t

&rp- WAL AN R, T,

e
LA
'3
P

"
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- m w P oo M om M mom o omow P oEm N om Em EmEm oo W E omow o s oW o ow e om
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34. Check the controls, jacks and scales that are used for

' Lo, measuring DC voltage, between 0-1000V.
. . h '
| .
. / ;::-‘:" -
o
it;'f\ . - -
I ¢ -
A ;
) g
7;:‘ [ }.3
. G | . :
p
5 = DRl
-
(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS -GIVEN AT THE TOP OF THE NEXT DAGE.)
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ANSWERS - TEST FRAME 34
8, E, F, G, H, L

- M O O s W W M AR M e e e o B o i o S o e o W e @ W = om om om wm W m

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 PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 34 AGAIN,

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

T T T T
" o2 et — ot
R; 1000
L5v
— L5v
L5V
— 1.5v
R2
¥ 0 300

. .
s Ty 6 5 égfk

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 0. Connect R2 into the
circuit, “If a review of the -ochmmeter function of the multimeter
is needed, refer to Module Three - Lesson [V,

------ e W OB EB B W E m W m S m W O Em O Em W & S o W W O W m Wk W

OV R TPy D [

ne 12¢
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36. Listed below are the.proper steps for setting uw the multi-
meter for measuring DC voltage.

W m

1. Set the function switch at +DC.

2. Plug the btack test lead inco the common (~)
Jack and the red test lead into the (+) jack.

o 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
: midscale.) :

Following tﬁe steps listed above, set up your muttimeter, then
check your meter set up against this illustration.

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

lGo 0 next frame.,

120
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37. Energize the series circuit you have constructed, and cbserving
correct polarity {red test lead to positive side of the source
and black test lead to negative side), place the meter leads
across T1 and T8.

- T T B ¢ Ta.
) J ’2 _‘v‘ma —.4
Ry 1008 .

Ty

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 tne 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?

- o W G s oge o S e A M M o oy s e o o T e M e o M g o W o e

{10'v position)

39. Read the voltage on the black D 0-10 scale. What Is the
« value of the applied voltage (Ea) in the cireuit?
volts.

- i A e G ok mk dm EE dm Em o Em o e e o G s Em o o o o A o ey mm A o mm Mmoo o

(Ea = b v approximate)

40. Place the test probes across T5 and T6. What is the voltage
drop across R2 {variable resistor)?

(€., = 0 volts) Because the resistor Is set at 0, there will be
no voltage dropped across it. The resistor is acting like a piece
, of wire in the circuit and has no difference in potential.

) 21 12s

1
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k1. Mext place your probes across Rl {between T2 and T3). What Is

the voltage drop across Ri? v.

M vt M M  oam W MY o owe M am My e o ow M am o omm e e T o M T e o e M o e o

. (Eg, = 6 v spproxImate) Recall that the sum of the voltage drops
t equal the applied voltage (Ea); and in a series clrcuit, the .
greatest voltage drop takes place across the greatest reslistance.
In this .case, ER! (6 v) + ER2 {0 v) = Ea (6 v).

>

L ““’:‘%f“;‘."-‘
A

~

42. For your next measurement, connect the probe clips across Rl
and increase the resistance ~ R2 by turning the knob. Observe
the meter. The voltage drop across Rl should decrease as the
resistance of R2 increases. Remember,.the sum of the voltage °
drops must equal the applied voltage. |f the voltage drop
across Rl Is decreasing, then tl.e voltage drop across R2 must
be increasing. Connect your test cllps across RZ2 and see if
thls 1s true. Add the two voitage drops, the+ uld equal

E.. {(Remove test leads and de-energlze the cl..Jit.)

L I - T T T I R L I A e . e

{Go to next frame.)

43. The dlagram below Illustrates a circult with a variable re-
sistor, a flxed resistor, and a source connected In series.
The variable resistor Is shown at three different settings.

Check the statements that are true.

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

b. The voltage drop across the variable reslstor s always
greatest. ]

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

d. The voltage dropped across a flxed reslistor always
remains the same.

e. The sum of voltage drops always equais the applled voltage.

T T e e T T T . T S N L

— (THTS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
" ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS ~ TEST FRAME 43

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

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

m oW W R W W O®m W W™ W W™ W W™ W W W B W W W W W A I R W W omk o om M W B o

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 PRDGRAHMED
SEQUENCE BEFORE TAKING TEST FRAME 43 AGAIN.

UsIng Practice Board 0-1 and components available in the resource
center, construct a serfes circult as shown below. .

n T2 08, I3 200
R1 R2

v
w ——

_I_/ N 4,7::

Energlze the circult then measure and record DC voltage at
the points indicated below.

a. Test points T2 to T3. volts.
b. Test polnts T3 t- T&. volts.
c. Test points T to 78, | volts.
d. Test points T] to T8. volts.
e. Test polnts T1 to T8. volts.

De-energ!ze circuit and measure and record voltage at:

f. Test polnts T7 to T8. _ . volts.

m W E W B B W = @ @ B B W B B s B O E W s W B OB B T o om o Em W W o o= oaow

{THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME &b

a. 1.3 volts

b. 2.6"volts

c. 0.6 volts "~ (A1 answers are approximate)
d.. 0 volts -

e. 4.5 volts

f. 4.5 volts

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

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

L5, -Modify the series circuit you have just constructed as indicated
by the schematic. Ty Ty Ts

| " Ry208 Ry 228
L5v

.._"'_"'_ 15v
L5v

| v 33 479 Iy,

Energize the circuit. Read and record voltages at the polnts
Indlcated.

a. wvvivage Tl to T8 . volts
b. Voltage T2 to I3. volts
c. Voltage T3 to T4. volts
d. Voitage T5 to T6. volts

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

(ApproxImately: a. b volts; b. 2.6 volts; ¢. 2.8 volts;
d. 0.6 volts)
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46, Mod!fy your circult as Indicated by the schematic.

n Ty .’a T4
_T_ L5v 7
mantly X%

g ¥V
—— 1.5v¥ R

— M —er Ts

Ts , 17 :

With variable resistor Rl adjusted to 30 ohms (use ohmmeter
to adjust for 30 ohms) meausure and record:

Circul*t Energized:

___a. applied voltage
b, Eg
- C. ERZ

" With varlable reslstor set at 40 ohms (use. ohmmeter to adjust
for 40 ohms) measure and record: B

Circult Energlzed:'

. d. source ‘vol_tage
e ERl
f. ERz

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

(Approximately: a. & volts; b, 4.5 volts; ¢. 1.5 volts;
d. 6 volts; e. 4.8 volts; f. 1.2 volts)
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47. Again, modify circult as indicated by the schematic.

% & 3, I
NSO
I Ry 229
. 'SV x .
.- . =SV
: ’ — Y5y
o — LSV
:I Ry - .
; 0 50¢[y.
E' . 's
- . ) 8 Iy () .
/5 , Energize Circuit: ’ N
f/ c Measure and record the voltage drops between the foilowing points:
- £ Tl to T2. volts B
P . b. TZ to T3, volts
;’/ o c. I5to T7. volts ' o
+ X '

{Approximately: a. 0 volts; b, 1.6 volts; c. 4.5 volts,

48, Listed below are the steps for measuring 30-1000 volts 0C. We
will not actualiy measure voltages above 30 volts while in the .
school because of safety considerations. However, it is itwportant
that you understand how to set up the meter to do.so. The most
Important thing to remember |s that If THE. VOLTAGE TO BE MEASURED
IS OVER 30 VOLTS, NEITHER THE TEST LEAOS NOR THE METER SHOULO BE
TOUCHEO WHEN THEY ARE CONNECTEO TO AN CIRCUIT.

1. Set the function swltch at +0C.

2. Plug black test lead inco commen (=) jack and the red
test lead Into the {+) jack.

3., Set the range switch In any of the five voltage-range poslitlons.
When in doubt about the voltage, always use the highest voltage
range. Observe the meter reading. |f the voltage is wlthln a
lower range the switch may be set for the lower range to obtaln
a more accurate reading. {(NOTE: Oe-energlze clrcuit before
turning range switch.)

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

5. Turn on the power in the circuit to be tested. |f the polnter P
deflects to the left of 0, the actual polarity is opposite the
.anticipated polarity Turn off the power In the ¢ircuit. Set
the function switch t¢ ~0C and turn the power on. This will
correct the polarity as applied to the meter.

6. Read the voltage on the black arc marked 0OC.

7. Turn off the power in the clrcuit before disconnecting leads.

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

g M i . T .- L A L B ~ R 4t vt e i,
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k9. The Simpson 280-5P multimeter is also capable of measuring R

AC voltages. For AC voltages, the function switch must be
placed in the AC position. :

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

& S \ /
'HTC '
-DC <
iy b. bt
+DC
AC
=DC , //,
s C. '

327
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i 50 _When measuring AC.voltage, the polarity of the meter does not

“haveto be observed, for the applied voltage changes polarlty : ,
% - , periodically. . hhich drawing shows the multimeter correctly .

EL connected for measuring AC voltage?
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51. For reading AC- voltages above 2.5v, the ted arc marked AC and the
three rows of numbers dlrectly above the red arc are_used. Whlch
dlagram correztly ldentifieg the AC scales used for sieasuring
AC voltage? N

t

(8]

i

1

52. Check .the statemgnts‘thap are true.

a. Polarlty does not have to be observed when measurlng
AC voltage.

i

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

c. The black OC arc |s used for measuring AC voltages.

] t

d. The flgures below the red AC arc are used for measuring
DC voltages.

.

‘¢, The flgures below the réd AC arc are used for measuring
AC voltages. ‘ .

W e M W a Em 4 dm dm a A M s m e 4 W Em M m m Wm o omow - - =
-

A———

L3 by h L3

‘ (THIS IS A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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AﬁSHER§ ~.TEST FRAME 52

a. Polarity does not have to be observed when measuring
AC voltage.

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

. IF ALL YDUR~ANSWERS MATCH' THE CORRECT ANSWERS, YOU MAY GO ON TO

FEST FRAME 56. OTHERWISE, GO BACK TO FRAME hs AND TAKE THE PRO-
sweo SEQUENCE BEFORE TAK!NG TEST FRAME 52 AGAIN.

2y
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53. The meter is interpreted the same way for AC as for OC except
that the red AC scales are used.

Range switch on 2.5 v = read the value directly on the
red scale marked 2.5 vac only

on 1000 v -~ multiply indicated voltage on
the 0~10 AC scale by 100
on 10 v ~ read voltage on 0~i0 AC scale
. directly
on 50 v ~ read voltage on 0~50 AC scale
directly
on 250 v - read voltage on 0-250 AC scale
directly

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

I@ S
o o 8
oY & 100
N -
L@ A
5‘0 » 4
2K} \9
QPQQQ -] Y 2
O s
v ool 7 S'; hon
S > o
] 9 axfres or
. COVERLOAP PROTECTED v ensots ABD 13 08
11RO 09 romts tevts HoL T mumecamnd
Range Switch Position ¥ Voitage AC
1. 1ov a. 500 volts AC
.2 50v b. 125 volts AC
3. 25v c. 25 volts AC
_ b4 250 v d. 1.3 volts AC
5. 1000 v e. 5 volts AC

O R T R e R N . . T T T I B Y ]

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

1. DO NOT TOUCH THE METER OR TEST LEAOS {EXPOSED HETAL) WHILE
’ POWER 15 ON' !N THE CIRCUIT BEJNG MEASUREC.
2. BE SURE IS OFF WHEN CONNECTING AND OISCONNECT ING

TEST LEADS.

{POWER) 1 38
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55. The voltage you wili be measuring is at one point in your
power supply. Measure only as instructed; otherwise you will
be disregarding safety precautions and might encounter high
voltages.

( I—

CHl>

Be sure power supply Is unplugged from the wall outlet.

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,
s0 place the range switch in the 50 v position.

¢. Piug the black test iead into the common {-) jack
and the red test lead into the {+) jack. -

3. Since we are measuring AC voltage, polarity does not have
to b§ observedvuhggpnect leads across Tl and T8 (nowhere
else}.

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

» the swltch.
" B. Record meter reading: volts AC.

6, De-energize circuit and remove test leads.

T —
. .

{Step 5: voitage reading should be approximately 30 v AC)

132

134




P.1. Four~111

!

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

60

LTI N

NOL. ADD 13 DY
MLE, ACD T4 0f
ANGE. ApD 46 DY

§83ﬁ

Lt

L3l J
b2 3

HYO 09 POWLE (EVIL
IH WAIT 880 OHMT MM DT

. 10 v voits AC
2. S0v volts AC
3. 2.5v volts AC
k., 250 v volts AC
5. 1000 v volts AC

- W o am am am am am Mm am m W m m m m W m A am W oam om w e

{THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN ON THE TQP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 56

1. 7.2 VAC
2. 36 VAC
3. 1.82 VAC
4. 180 VAC
5. 720 VAC

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

IF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 53 AND TAKE THE
-PROGRAMMED SEQUENCE.

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

14]
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SUMMARY
LESSON i

Using the Multimeter as a Voltmeter

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

Basically, all meters utllize 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 voltage which causes current to flow through a multiplier
resistor. The internal multiplier resistor determines the max%mum
voltage the meter can read and llmits the meter current to a safe
value. The -range swltch 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.wWhich of the three rows of numbers you read will de-
pend on the range-switch setting. Some scales will require you to
move the decimal point mentally to get the correct vaiue,

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
reading .the 2.5 v AC range are the cnly 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 is set at a
larger value than the voltage you expect to measure before you touch

your probes to the clircuit., 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 thegvoltage being measured.

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

HiGH VOLTAGE MEASUREMENTS REQUIRE SPECIAL CARE TO PROTECT YOU FRO
INJURY OR DEATH.

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

Always de-energize the circuit hefore touching_the meter, meter
leads, or any part of the circuit.

1‘35‘ 142
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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 functlon and scale as required. Check
that connections are correct.

4. Keeping well away from the meter, lcads, and cireuit,
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 anad disconnect ine meter.

If you are sure you understand how to use the multimeter safely
as 3 voltmeter and you intend to take the progress cCheck immed-
fately following this summary, perform the experiments conptained
in the Narrative {pages 9#*975. 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 [NSTRUCTION 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.

I¥ YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS T ME, 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. ’




