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MILITARY CURRICULUM MATERL4ai

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

The course materials were acquired4 evaluated by project
staff and practitioners in the field, and-prepared for
dissemination.- Materials which were specific to the nilitary
were deleted,.copyrighted materials were either omitted or appro-
val for theiz use was obtained. These course packages contain
.curriculum resource materials whic'h can be adapted to support
vocational instruction and curriculum development. ,
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The National C enter for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:

Generating. knowledge through research

Developing educational programs and
products

- Evaluating individual program needs
and dutcomes

Installing edupational programs and ,
products

Operatinglnfyrmation systems and
'services

' Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL,
Progrkm Information Office
The National Center for Research in Vocational

EducatiOn
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone.: 614/486-3655 or Toll Free 800/

848.4815 within the continental U.S.
(except Ohio)
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an activity to increase the accessibility of
Military-developed curriculum materials to
vocational and technical educators..

This project, funded by the Office of
Education, includes the identification and
acquisition of currigulurri materials in print
form -from the Coast Guard, Air Force,
Army; Marine Corps and Navy.

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

,

The acquired material's are reviewed by staff
and subject matter -specialists, and courses
deemed applidable to vocational and tech-
nical education are selected for dissemination

The Naticinal Center fob Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire the rftterjals and donduct the project
activities. ='.

Project] Staff:

Wesley E. Budke, Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

e

.

What- Materials klow Can These
Are Available? Materials.Be Obtained?

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

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

;The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building & -
Construction
Trades

Clerical
Ogcupations

Communications

.

Drafting
Electronics
Engine Mechanics'

Food Service
Health
Heating & Aic
Gonditioning

Machine Shop
Management ,&

; Supervision
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical edutation are identified and selected,
for dissemination.
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Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to'your request directly orefer
you to an instructional materials ageney
closer to you.

CUR File-ULUM COORDIIJA flOiJ CLINI FERS

EAST CENTRAL
Rebecca S. Douglass
Director
100 North First Street-
Springfietd, IL 62777
217/782-0759

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

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

ti

NORTHWEST
William Daniels
Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753.0879

*

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

Drawer DX
Mississippi State, MS1397621

601/325.2510

WESTERN.
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 96822
808/948.7834
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Course Description

This introductory course.provides learners with a source of study materials on the principles of electricity. Each lesson is divided ineo two parts, each
of which contains criterion objectives and self-tests. The course provides basic coverage of atomic structures and matter; series aod parallel circuits,
measuring devices; batteries and electromagnetism.

4

Lesson 1 Matter and Atomic Structure is divided into two parts, the first dealing with matter, covers 1 atter, volume, density,
weight, porosity, inertia, and impentrability. The second part focused on atomic structure coers parts of the atom, atomic
number and weight, positive, negative, and neutral charges, and electron direction.

Lesson 2 Introduction to Electricity and Electrical Symbols is also divided into two parts. The first is an introduction to electricity
and covers static electricity, charged bodies, current flow, potential difference, Ohm's Law, and resistance. The second
part covers electrical symbols and schematic diagrams.

Lesson t Series Circuits and Parallel Circuits also contains two parts. Part A solves series-circuit problems for current, voltage drop
across an individual component, resistance of an individual component, total resistance, and total voltage. This section

... also covers short circuits, open circuits, and the use of Ate ohmmeter, ammeter, and voltmeter. Part B solves probleMs in
parallel circuits for total resistance, resistance of an individual brinch, total currertt, current flow of an individual branch,
and total voltage. It also covers reciprocals.

. . .
Less. on 4

Lesson 5

Series-Parallel Ciriuits and Batteries, Part A, covers seriei-parallel circuits and is concerned with solving for the unknown
values of resistance, Current, and voltage in series circuits connected in parallel, and in parallel circuits connected in parallel,
and in parallel circuits connected in series. Part B covers batteries.

Magnetism and Electromagnetism and Electromagnetic Induction, Part A, is concerned watt magnetism and covers natural
and artificial magnets and the laws of polarity. Part B covers electromagnetism and electromagnetic induction._

The course is presented in a programmed instruction format. The information is presented in small steps by using frames, and is easy to read and
understand. These materials could supplement classroom activities, be used as enrichment materials,and be helpful to the slower learner Who needs
additional help.
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UNITED STATES MARINE CORPS
MARINE CORPS IN5XITUTIL MARINE BARRACKS

' BOX 1775
WASHINGTON. O.C. 20013

FUNDAMENTALS OF ELECTRICITY

LesponL . .

Mattei. and Atomic Structure

11.16a

STUDY ASSIGNMENT: Information for MCI Students,
Course Introduction.
MCI 11,16a, Fundamentals of Electricity, part A and B of lesson 1.

STUDY NOTES:

I

t

SELF TESTS:

A PPR OXIMAK
READING TIME:

.1sn 1; p. 1

JI121

This course is presented in a form known as PROGRAMMED INSTRUCTION,
a method by which you learn the material at your own rate of-speed.
The subject matter is presented in small steps called FRAMES. You
sho,uld read each frame very carefully and then answer the question(s)
asked. Be sure to keep the answer for the frame you are working on
covered up with a slit) of paper until you have written your answer.
Compare your answer with the correct answer(s) found in the frame
below it in the column on the left side. Below we have prtnted.sample
frames.

A

.
-1. The universe contains nothing but matter. The sun

a particle of dust are parts of the universe; therefore,
each wan example of .

and

,

MATTER

s

.

2. Everything in the universe is composed of matter.
Underline the rtems below that are matter:

.

,. a. Truth
b. Rock oPGibraltar
c. Freedom

.> .d. Air .

e, A tree _

ti The answer to the first fram, question #1 is found in the frame below,
in the column-to the left of question #2. In other words, MATTER is the
correct answer to question #1. Your answer should be the same or
very similar' to the given answer. IF IT IS NOT, GO SACK AND READ

."`-'" THE FRAME AGAIN. You $HOULD NOT be worried about time. You
SHOULD be-concerned about understanding the material' given. If you
find yourself having difficulty', you, should return to where your difficulty
began and go through it again. If you follow these instructions carefully,
you will find yourgelf gaming a great deal of knowledge, GOOD LUCK i

. ..
At the end of each programmed booklet is a short self-test based on the
objectives for that booklet; answer theie to the best of your ability and
check your answers on the pages following the self-test. If necessary,
review the lesson until you are satisr d.that you have accomplishedithe
lessoreobjectives.

laminuted for this lesson.

I
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LESSON 1 .

PART A

MATTER

OBJECTIVES

1. Given a list of definitions pertaining to the words listed below,
march each word to its proper definition.

,a. Matter

b. Mass

c. Volume

d. 'Densiti

A. Weight

f. POrosity

g. Inertia ,

h. Impenetrability.

2: For a given body of matter, state what happens to its mass if its
location, volume, or state is changed.

Given the volume and weight ofa body, determine its density..

4. State what effect the distaice an object'is from he surface of
the earth-has on the weight of the object.

5. State the results of matter !miring the property of porosity.

6. List three examples of the inertia of object* (balls, aircraft,

vehicles) being overcome.

7. List the three states of matter.

S. Select from a list of the characteristids of matter those
characteristics pertaining to each state of matter.

, 1.16

lsn 1; p. 2
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11.16
lsn 1; p. 3

INTRODUCTION

Electricity cannot be seen. No one can draw

a picture of electricity nor can anyone

captuie a boii41. of it. Electricity and the

laws associated' with it are theory. You will

have to accept.this theory, as science has

'done, before you can understand any of the,

rules or laws of electricity.

r

13
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1. The universe c9ntains nothing
and a' particle-of dust are
therefbre, eachis an.example

but matter. The sun
parts of the universe;

0.6 .

Ge . .

MATTER -.1'

..,

,

/

.
.

2. 'Everything in the universe is composed of matter.
Underline the items below thavare matter.

a. Truth I

. .

i. Rock of Gibraltar
c. Freedom ,,,-. - .

d. Air
41. A tree 4

4

b. ROCK OF 3. The chair in which you are
which ou ere writing, and

aare reing are all examples

4,0
.

:'

sitting, the 'pencil with

the page of the book you
of

GIBRALTAR

d. AIR

e. A TREE

MATTER

....

. ,...j .

4.1 Since everything in,the-4niverse has weight and .

occupies space, mater can be defined as anything
-lthat has and' occupies .

WEIGHT

SPACE

. 5. Define matter. S1

,

ANYTHING THAT
HAS WEIGHT AND
OCCUPIES SPACE.

4
,.

,

0 .

6. All matter hasthe
'' matter has volume,

T

property
it will

of volume. Since
have three dimensions.

,

.OD -"Li.

WIDTH

,

H:

give matter

.k.'. W .....

HEIGHT
.

the property of
, and

L.: LENGTH W:

The dimensions that
volume are,

. .

..

11. 1f*,4--

p. 4
,,",
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LENGTH

1 WIDTH

HEIGHT

,

.

..

. ,

.

'1.

8

.

7.

.

To have the property of
three dimensions.

Underline the illustrations
having volume.

A

A 8

volume, mattermust\have

/

that re resent a

.

all

body

.

.

C

.

.

.

4

.

,

.

_ .)
.

,

l

A
B

E

.

.. . .

Metter is :fined as anything that has

pCcUpies s ce. By occupying space, it
the property of ' . -

weight and
will have

I

.

. .

('' i

VOLUME

.

9.

.

Matter also has 4

.

-

MASS
..,-.

MASS

.. 0

10. The.masi.of a given body does not change' although

its state (solid, liquid, gas) changes.

If a' given bcdy is changed from a solid to a
liquid, what will happen tthe mass of the body?

. '

.
t

. t
4

Ian 1; p. 5
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REMAINS
UNCHANGED.,

(OR EQUZVALENT)

.

.

11.

. . ICE 0. CHANGED TO 40.- WATER ,43f

-Allffr,-.____._

ker"v/6t,

MASS

rAfil

41110o
ASS :"c;V'''

, ,

In the illustration above, the.masg of the body
. change.
(did/did not)

DID NOT

. ,

.

12.
l

q S

) --.

'r-

M
1 () \ STEAM t

011___

) .

41P

Itimutat .1v .

. ,

. V ii Iii lik; 4
. D

.

.
The state of the water (liquid) has now been
changed to steam (gas). \Mat has happened to its
mass? - -

REMAINED THE
SAME.

13._ Mass is the amount of matter a given body contains.
---,

-...
.

1If is frozen into
.e.

07
GALLON /
liallat . a

k.

I C E

4
melted`into 'then heated to form,then

4..

41

,

"to the
In all
the same

STEAM 6411E11 t.

a )
,,

/ the matter has been changed

.
TL:

..e)WOW
;,.,.

three different states4f.
three states, the body of matter contained

.

.

11:16
lsn 1; p. A;
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MASS 14'.

,

,

The amount of matter a given body contains is its'
. ..

. . ,

MASS

,

:1.
.

Mass is the ,
.

,

.
.

.- -

AMOUNT OF
MATTER,A GIVEN
BODY CONTAINS-

t

16. A gallon of paint, which has a certain mass, is
carried from the basement to the second floor of
a building. The location of the paint has been
changed. What has happened to its mass?

. .

,

REMAINED
UNCHANGED.
(OR EQUIVALENT)

_ .

17. A baseball. hit by a batter to an outfielder would
have the same mass when caught as`when hit.

.

If this basebaLl could be hit to the moon, its
mass would remain

UNCHANGED
(OR,EQUIVALENT)

18. The mass of a body affected by
. . (is is not)

changing its location.
.

IS' HOT 19.
. .

When the state or location of a given body is
changed, the mass will remain .

CONSTANT
(OR EQUIVALENT)

.

..

20.

.

.

,

I

;'

When the volume of a given body changes, the mass
Qf that body remains the same.

. ..... ,,,,,,..., e

Vit , ' .7'
MASS

i4.. 0 _

SPONGE
) MASS

VS 1) 3 SPONGE : t44 ''v ,^ ,
r;fil.

.

6 _.-'".

t .

In the illustratiOn above, the mass of the sponge
remains constant, although the volume has

.

(increased/decreased)

11. 16
lsn 1; p. 7
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DECREASED

%

.

.

21.,
. .

A MASS . 8 I MASS. -

.
N Ii'talo , ..... E.,.._ 7./ A gayWt.' /,

411V
_

/"''

, . .

. In item A, the piston is in; in item 13, it is
out. Going from illustration A to illustration B,
the volume has , while mass has

.

.
. _

INCREASED

REMAINED
CONSTAR'.

.

22. Define mass.
- .,,,

0

*-

7. Whets the location, state, .

or volume of a give 'body is,changed,its mass will
' .

,

THE AMOUNT OF
MATTER A GIVEN
BODY CONTAINS

.

REMAIN CONSTANT

.

.

.

23.

.

AM
2 CUBIC

//
FEET OF

.

3 CUBIC

YARDS
OF ICE

WATER
0 .

1...
_

Volume is the space mass occupies. In the illus -
trations above, the bucket contains
feet of water, add there are yards
'of ice. These are measurements of the volume of
the two masses. Volume is always measured in

units.
. .

.

2 CliBIC

3 CUBIC

CUBIC

24. The space mass occupies is its

'..

.

i
.

MUTE

%

.

.
.

.

25. A tank contains 2 cubic feet of gas; this is a
. measure of the $. of the gas.

...

.

.

.' .
.

18
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IVOLdME

'

_
.

.

.

f _..
26. Shade the volume of the mass 4n each of the

following:

. ,

.

.

,

A- 9 .

"ss '"7- '''
-.0.. ..,

_

vcAlvA..;

4
Iir

...0"

--BOARDWATER

. .

.

.!4

- 4 CHAMPAGNE
STEEL

.
. ..

, .

.

v-,
....:.,..

A , B

.

t 1-,,,A...,

C

. .
,....,,

27. Volume is the

.

.

.
.

, \ .

,

. . .
.

, .
A,

SPACE THAT MASS
OCCUPIES

,

.

.

.

._

.

I _

. .

28. .The density of a body is the weight per cubic unit!
of its volume.' For example,. the density of fresh

_water is 62.51ounds per cubic foot.
0

.

. The density of 41.bod5> is found by diViding its
weight by its volume:

, ..6at_- - .

W4 Weight
Density - im,I

) or D -
Volume V

1

Use the formula above to solve the following
.problem. . .

- ,
..

Two cubic feet of salt.water has a weight of.
la pounds. Whist is the density of salt water? f
NOTE: Density must be expressed'in weight per

cubic unit.
.."

lbn 1; p. 9
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Dividing the weA
C'

ght of a body,by its volume will

give you the of that body.

D is 64 POUNDS
PER CUBIC FOOT

Density is the weight of a unit volume of.matter.
Iion has a.greater density than.i'iood. This means
that one cubic foot of iron weighs more than one
cubic foot of wood. The more matter (mass) there
is in a given volume of a substance, the greater
the density of the material.

Shown below are some examples of the density of
different materialb. Circle the item that has th
greatest density.

DENSITIES IN ))002:1DS

PER CUBIC FOQT

A tank with a volume of 32 cubic feet is filled
with a fluid weighing l28d pounds. What is the
density of this fluid? NOTE: iDensity must be

uexpressed in weight per cubic unit.



i2.80

32

D 40 POUNDS
PER CUBIC
FOOT .

7
4.

'32. When vfuMe and density are known,:t!le total
weight of a body can be found by transposing the
formula in this manner:

WEIGHT se DENSITY x VOLUAE
(OR)

WDxV
- Solve this problem -

A tank contains10 cubic fe& of saltwater.
What, is the total weight of the .salt water?
NOTE: The.density o salt water is 4

pounAs per cub 'foot.

.0

WaDXV
W 64,x IO-
W-. 640 POUNDS

rye

11.16
lsn 1; p. 11

4

.33. A tank with a volume of 100 cubic feet is filled
witht gas which bai a deniity of 4 pounds per
cuhip foot. What will ,be the density of this gas
if it is compressed to a volume of 2 cubic feet?

To solve for the new density, follow the
steps below and fill in all blanks.

STEP (1) Find the total weight of-the gas.

W 146$D'x V

W4 x 100
W ibundi

STEP_ (2) To determine the iew density,- divide
the weight of. the gas. try its new
volume (2 cubic feet). .

.

'D

2 \

o

D pbunds p# cubic foot

Circle the number beside the statement that is
correct for the Oroblem'above.

a, As volume
b.., As volume
c. As volume

same.

decreased, density
decreased, density.
decreased, density

21 .

,...

decreased,
increased.

remained the



I.

400

200

.11. 0 0

b. ASWOLUNE
`DECREASED,
DENSITY
INCREASED.

34.

0 60

DENSITY
5 POUNDS_

-u PER
° CUBIC o
o ,FOOT

o o v °

TO

0 P
"sari WO'

. A

.20

CUBIC
FEET

.4

A gas with Aldensity of 5'pounds per cubic foot
has a volume of /0 cubic' feet, in item A above.
What Li the density oethe as After it has been
compressed as in item. B7

5

amp
FEET

p

20 POUNDS PER .

CUBIC FOOT

0

35. 0 is

As the bottie-is filled with gas, the amass
will increase but the volume will remain
tho same, while the weight and density.

0
will

I (increase /decrease)

4%.

11. 16

len 1:p: 12
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\

INCREASEI

.
:ice .

36.

,

two cubic feet of mercury have a weight of 1692
pounds. What is the density of mercury?

ao'

/

846 POUNDS PER
CUBIC FOOT

. .

.

°

37.

.

.

Place
.

a check-.

a.

.

mark by the correct hatement.

Density is the amount of mass a given
body contains,-and .the formula for

finding dtbsity is D - .14. . '

14'

--,,

. .

Density is'weight per unit volume, and
the formula for finding density is D = !4

V

Density is weight, per unit volume, and
the formula for finding density'iS

t..

W = D-x V.
.

.

.

.

b.

_

.

.

'

b.

.

.

.

.

.

.

.

.

,

.

..

.

.

. ,

.

.

,

38.

.

_

.

.

The gravitationalpull
greater than

.

.

.
:"''

:

. -

a

MOON

of the earth
the gravitational pull

. . .

, .

.

.

..., ,

.

EARTH

is six times
of the moon.

.

_

,

.

V j)

-,........-

...
,

How much will the man on the moon
is movd from the moon to the earth?

pounds, ..

...

weigh if he

-
..

.

,
,

, -,

lsn 1; p. 13

23
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240 POUNDS

AO;

39. An increase
)
in mass will eause an increase in

gravitational pull.

. I HOUR LATER

In

46- has

the illustration aboye, the mass' oS

-This has caused

.in hii weight.

the man

a(n) r,

ot.

11.1'6

1s-ii 1; p.

24
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11.16
isn 1; p. 15

40.

Weight is a,measure of the effect of

on a bo0.
as

4

41. The attractive force of the

earth on matter is gravity.

This attractive farce

decreases as the distance

from the earth's surface

increases; therefore, as a

body increases its distance

from the earth, its weight

will

I

,16'

POIINDS

144

.0

4

41



111ECSEASE

.

.

..,

f

;

.

:*.'.-

,.......r......ti-..,."...

............-1,

.

1 .

.

,

42.

.

,

,

.

. . .

300 I

j I .-
POUNDS

_..1-_ 4 ......
,

.
.,.2 ,...-

.

.

,

.

.
. ,1

4000-,-
ma"""r`ma"""r`ma"""r` POUNDS

---44.

cintln

,

-

0
Compare the weight of the body (car) at sea level,.

.,....

with its weielt on top of the mountain. At'whiChs .

rpbint does Jot weigh the more? -

.

SEA LEVEL

- i

.

43.
e

Weight is ,a measure of
.

. .

,
.

..
.

,

I

THE EFFECT OF
GRAVITY 6N A
BOD

44.

?

Another p perty of matter is uniersal attraction.

a
This means that all matter attracts all other

matter.
$ . , .

All matter attracts all other matter. This is'the

property knaOn as°
.

4.

-

.

/ .

.

. .

ii.l6

lsn 1; p. 16 ,26
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UNIVERSAL
ATTRACTION

45. Another property, of matter is porosity.

0

Some matter is more porous than others.

In the illustration above, circle the matter that

will abiorb the sthillest amount of water.

/

f

lfin 1; p.

'CLOTH

In the illustration above, the smoke will travel

through the cloth because it has more space

.betwien its particles. The smoke will not travel

through the wood because it has less

9

27



All natter has the property of porosity.

We normally think of steel, or even wood; as

being very solid; but water,: under high pressure,

can.be forced through their minute openings

because they have the property of

"Mama, get the mop, because these walls have the

property of ."



POROSITY

I.

TWO SUBSTANCES
CAN BE COHBINM
AND OCCUPY LESS,
SPACE THAN BOTH
OCCUPIED
SEPARATELY.

4

'49. Porosity permits two substances to be combined
and occupy less space than both would occupy
separately.

2BUCKET
CONTAINER

SAND AND
GRAVEL

COMBINED

Whet does the illustration above show is possible
since matter has the property of porosity?

50. The space between the particles of one type of
matter, which gives it,,the,property of porosity,
may be occupied by particles of another matter.
The two will occupy less splice when

What makes it possible-to pour a bottle of water
into a bucket of sand without running ii-over?

11. 16

lsn 1; p. 19



COMBINED
._

POROSITY

.

51. All
cules).
porosity.

II

Complete
demonstration.

matter has

This

...

II

the

and
both

apace
is what

- - --..

I PINT

1 t

WATER

statement

-'

two
occupy

occupy

between
gives

111

its 'particles

matter the
.

- : --

1.1 ifl H

ATER f ALCOHQ
ti

MIXTURE
.

t .

below concerning

su stances to
less

(mole-

property of

.

1-QUART
'' LEVEL

.
.

.

the above

.

be
.

..,

,....0

1/ 1

I PINT

t

ALCOHOL

.

Porosity-Permits
combined
than

SPACE
.

SEPARATELY

52. What gives matter the property of porosity?

,
?

12E,SPACE.:,

BETWEEN THE'

PARTICLES OF
MATTER.

53. Porosity permits
easier than others.
easily, compressed.

'permits this?

some matter to'be compressed.
Gas is matter that

What property of
can be

matter
.

.,

'POROSITY

.

.

.

54.

.

.

,

,

.

Circle
,

the

fv.::::1.1.:1

'. WA
4/cro..-:...

....0::"..;

.

matt which

tgli

.

14

ie.

is the easiest

Q_A ;
"
,. 1.0

.

.

,

.

.

.

"
e :

to compress.

,

11. 16

lsn 1; p. 26
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1

lsn 1; p. 21

QUM°
0

JP GAS
veftst:es ,

.

040

es

55.

: 1

0
Po 01

, What property of
vol ved of sir to
compressed? .

.--

pf95,7

.

matter permitted
be taken into the

.

IS

00

thelnige
cylinder and be

POROSITY 56. The amount of matter a given body contains is its

MASS

------

57.

MASS OF
STEEL

I'

MASSMASS
OF

STEEL

A B

Whichkiteu above vould resuire more force tli, move

it (overcame its inertia)?

,

.

.
,

5S.
50 MPH 50 MPH.

CED ....
1.

CIO E111."71
w.e,

igl..
`-' 1 3 -- Jay

.
A

4 %.

Which truck mould require sore force

t

to overcome

its inertia and stop it?
. .



a

a

tr -

.A 59. The more mass, therm;e force required to over-

come its
.

-

INERTIA 60. The property of matter that requires an outside
force to be applied to stop or start that matter
is Inertia.- .

Y
0

.

. Inertia is the property of'matter that requires
an -- to. be applied to
stop or start that matter.

....

OUTSIDE FORCE 61. A body at restrwill remain at rest unless acted
upon by an outside-force. A body in motion will
remain'in =lion unless acted upon by an outside
force.

. .

0-
.

^
. . .

4\ . IPP2,11re-tic,
lli°",dr
fic

i .. ,.

4 .
.

.
.

.

, . .

.

. What
,

is required to stop the*above man? .

.. r
,

,

'What property of matter requires this?

, .

.

AN OUTSIDE
FORCE. .

.

INERTIA
.

,

.
. .

11:16
..

.1sn 1; p. 22
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0.

*

1.

r

What two devices are being' used to overcome the inertia of the
above aircraft? 44%.. b.

a. CATAPULT

b. ARRESTING
HOOK

INERTIA .

\711;ell, the property of
it again."

4144 done

/1.16

lsn\1; (301:23

11.

33

A



,

'INERTIA

.

.

.

.

.

.
---------,

..,

64.,

1,

.

.

.

LOOSE TOOLS

,

.10'.-

:r

. .

) .

What property of Matter did the, plane captain'

overlook?
, .--.\

,

INERTIA
,

65. Matter cannot start

. -

.

or itself. t

.

.

.

,

1

..

,

STOP

, 4

.

. .

OP

.

v

.

,

1

66. All matter possessesIthe
bilityp.

I'

.

.
I A\

:
.

.

, .

.

. -

\ The two vehicles es could not

) at the same time because
of

property of impenetra.d

.

11

II
,

.

1) 4
.

I'

.

.

.

.

occupy the same space
they possess the property

.

.. . ,

. sJ .,

1 n 1; .p4.44:2/4
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0

a.

L;

A

IMPENETRABILITY..

.. .

,

.1.

.

.

.

)

. .

,

.

.

.
.

67. .

,,.

1111

.

-----"/.../

.
....

.

2E.
wEET

Iti . 1".

1' ;a
".;:. ---:-It4;
'''1--..;? ,
,::.--::-::.:
-::...::

F--':7

.:...,::=-:,,,

.4111.111.

0

.. wet

t***

;7. t
er.- ,i

,:- V Y

.,... --
.......

.
.. -

A 1.......".

' .Z.%..1

.

8
CUBIC
INCHES

.... ........"

5
CUBIC
/KEES: -.

* ,

......=;:........ .::.:.

...--_-

,

. .

As the nail is'driven into the wood, illustration
A', the grains of wood will move aside. When the
1
Irregular- shaped object isplaced in the container
of fluid, illustration B, the fluid,willrise 4n
amount equal tb the volume -of the object. This j:s

due t6 the fact that no two objects can occupy the
same at the same time.

.
.

What is the volume of the irregular- shaped object ?,

. 0,
te . -

CUBIC INCHES
e

.

,

-

.
SPACE

3 CUBIC =cm
.

.

,

\ - . ,
._,

68. Impenetrability is-the property of matter That

will allow no two objects to' .,.."..

.
.

OCCUPY THE
SAME SPACE AT
TRI,SAME TIME

.

69. TWA) states of setter are SOLID, LIQUID, and CAS -

.

There are - states ofosatter.
number)

,

THREE

, .

,, i

.

,

.

.

- .

-70_ Matter say be a LIQUID.
,... , I 4

% WATER
It40

.

-
, . ,

. .

What is the state of matter In the Illustration?.
.

.

1 .A

/

11.1
1sn 1;p. 25

At

7.

I



A fluid is matter that flows easily and requires
ascontainer in 1.e.1. :h to store it or keep it

confined. .

Liquid is a

(volume / shape) .

k container in which it,is placed (see illustration).



74.

VOLUME

1 QUART

' I-QUART

,CONTAINER

2 -QUART

CONTAINER

VOLUME

I QUART.t

4;.

a

A liquid, as 4ndicate4 above, will not assume the
of alatger container.

11.,. 16

lsn 1; p. 27

75.

?'

C

Select the illustration(s) above which cprrectly
represent(i) the transfer of a liquid from one,
container to anothet.

0.

I
.



A B

. 1

76. ii liquid will assume the
container but will not assume

of any''
the

SHAPE

VOLUME

--:

i

-

)

_...---

.

77.
(-

C
(..C(

i

As illustrated above,
a liquieto a

GAS

LI04.110

/
a

\
liquid

I

ll

J
.

. .

.
.

.......;v.

can be c anged from

t \'-,
GAS

.

.

. .
.

.

.

.

.

4

.

,

78.

,

,'his

:::::::---'---

r
t

Ooyf is
kkrfet`riCe)Soliel

.

14110'''
1 --s----ak

riff

'

_

.

4,-

.................

. ,

. A liquid can be changed rom a liquid to

,

SOLD

.
.

.
.

,

79.

0

Liquids
t

can be changed

.

to

..

..-

..

a , or a

4

.

. k.

.

. i

.

.

11.16'.
1sn 1; p. 28
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I

44e

GAS

SOLID

80. A liquid, for all practical purposes, cannot be
compresse .

4s
I

LIQUID

711

When piston A es 2 inches, piiton B will move.
2 inches. Thi is because liquids cannot be

COMPRESSED 81.

LIQUID

4

GAS.

braking action than the one in illustration- B?

11.16

Ian 1; p. 29
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1

r

LIQUIDS, FOR A
PRACTICAL
PURPOSES, CANN
BE COVPRESSED.

.

. 1

82. Select the characteristics of & liquid. , -

.

'

a. Can be compressed. I .

b. Is a fluid. .
c. Can be changed to a gas or a solid.
d. Will assume the volume of any container.''
e. Will aisume__ shape of its container.

.
,

-

4
, `1 0

^
b., c., e.

.

.

83. Matter. is anything that has weight and -occupies
space.. Gis has weight and'occupies space.

.
Therefore, gas is .

.

'

MATTER ,

, -

,

.
i

4XYGEN WATER 1 SAND 1 -1 CO2 I

-

.

.

_

I ,
.

.

I

-,

I

[

3 C D,
.

)
IF 111,

. e \ ."4

Circle the letter under the Illustrations
representing matter as a gas.
_. .

.

. ( .

A D .85. A fluid flows easily and requires a container in
which to store it; therefore, both liquids and
gases are .

. .
.

,

,

-

. .

11.16
lsn 1; p. 30
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A

.

FLUIDS -

.

'86. 4he
-compared.to

molecule*

All matter has
(particles);
a will

. .

.

(particles) of a gas move freely as
those of a solid or liquid.

movement of its molecules
but, in comparison, the molecules of

move more freely than those of a
.

.

solid liquid.

.

GAS
.

.

, .

-

.
.

.

a

i
*/----,.

-----'

.

,

.

,

87.

1

.

,

t.

What
(pertiCles)
roam?

..........r--

charaCteristic

_ ........---

.

. .

. -.4

\-

'',4,7,..................,1

,

of the perful.to

.

.

, .

/-' .40.01....-..-...----

"

I
-401111.11111111-

I

.

of a gas allows

.

..............

PERFUME (GAS)

the molecules
fill the entire

.

'11.

. 111:

%
,

. ,

THE MOLECULES
,114-kEGAS Ativz

FREELY.
d.

-s-t,'
, ..' , ,

.

.

.

,

.

/
.

'88.

-

..

,

, ,

i

'

.

.

Gas will assume
dodtalnerin

-.

the
which

.

& gas

shape and volume of any
it is placed.

,

-

,

. . -....

.7.. .

.El
ISSIii

.

.

ea
wiTit A

,

. 1:-
, ...4.:,-

.

,

that represents the
to another.

.

Circle the illustration
tiinsfer of

.

above
from one container

0 S.



/fr

C 89.

DEFLATED LIFJE RAFT

What will happen to the shape and volume of the-
ses when it is released from the bTETTiinto the
life raft?

IT WILL ASSUME
THE SHAPE AND
VOLUME OF THE
LIFE RAFT.

if. lb
lsn 1; p. 32

41.

90.

Mr. Dilbert may soon be pushing/up daisies because
a gas will assume the and

Us container.

42



SHAPE,.

VOLUME

.

91.

-

.

The space'between the particles
matter gives it the property
matter may be compressed because
of

.

(molecule') of
of porosity. Some

of the property

0

POROSITY

.

.

-

.

0

92.

.

,

SOLID ILIQUID

.. . . .

..... . ...,:..;:t

g'g...-,47.4......

'A's:v:14%5, '-.

the molecules
above, the

in the

GA

(particles)
molecules1would

.

.

OOOOO dipvrra

*

.

.

,

If you could
matter, as
be very far

li

°

see
indicated
£part

t tglrol, 44
V.:::t , ....;:'

:t .4:- .

71.°17.41i:' 410..0

in

,..,' '''

GAS

1

93.

.

.

A gas be compressed.

.

(canicannot4 ,

CAN

%

,

,

.

/

,,

1

94.

,

.

fte. ......imto

A

The illustrations

-

.

10
CUBIC

FUT

.

indicate
_
e

. .

.

HREIU

that

.

a

M

gas-can

1

CUBIC
FOOT

.. . .

be

Ill '.111

.2, o 0
0 0-0°

0.00

oe 0

000 °

o 00
0
0:0 0

000°0%
00 0 ° . 0

k

11.6 .

1an 1-; p... 33
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0

COMPRESSED

Ao, b., 41,.,

95. Select the characteristics of a gas.

a. May be compressed.
b. Will assume the shape of its container.
c. Has molecules that are solidly fixed.
d. Will assume the volume of any container.
a. Does not have weight.
f. Is a fluid.

96. There are three states of matter.

WATER

Matter may be a ,

Matter may be a

. Matter may be a

OXYGEN s

STEEL

11. 16

lsn 1; p. 34
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LIQUID

GAS

SOLID

D

11.18'

Ism .1; p. 35.

97.

A

98.

TREE

I

B

ROCK OF .

GIBRALTER

WIND

Circle the illustrations above that represent
examples of solids.

4

1

CUBIC
FOOT

C

B

o4100001144010 is.
.410

elk..,oi,0.......
0: Ord

1117111r
YOOr

Illustration 4: When a liquid is moved from one
container to another, it will assume
the sh e of the new container but not
its tiblume.

Illustration'13: When a. gas is moved from onescbntainer
to another, it will assume the shape,
and volume of the new container.

Illustration C: Whin a solid is moved from one place
to another, it will maintain the same

and

4tikr, as:



O

SHAPE
VOLUME

.:.,

99. Solids have a definite shape. The shape of a
solid is not changed when moved from Ale place to
another. This is because the molecules of solids
are close together and are more fixed. .

A-solid differs from a liquid or a gas in that the
,molecules are and are

close _ -

.
.

MORE P/XED

TOGETHER

. .

0',,,....

.

...-

0

100.

.
.

r.,

/

_ .

,

.......

...-
-

MOUNTAIN

/-...,

K SEA
.

LEVEL

,.........0e....
----,..._

/

If

. -

As illustrated above, a solid moved
to the top of a MOUNTAIN and then
a LAKE will retain its shape and

-Fits molecules are

,.............

C LAKE

from SEA LEVEL
to the bottom of

volume because

t .

MORE FIXED AND
CLOSE TOGETHER

.

. ,

_

.

i

101. Select the characteristics of a solid.
1

.

Akii. its shape is not changed when moved from
one container to another.

jp. It can be compressfd. .

C. Its particles are'more fixed and are very
close together. ,e

,
:,

.

- .

11. 16
lsn 1; p. 36 4 6

I
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"#.

c, 102. List the three states of matter in the blanks
below. Below the blanks is a list of character-
istics that pertain to these states when they are
moved from one container to 'another. Place the
number(s) found beside each characteristic under
the state of matter to which it pertains.

a. 'b.

00

C-

c.

a

(1) Will assume the shape of
its container.

.6 . .

(2) Will iSsume the siolume of
any sontalner.

(3) Will maidtpin iteshape
and volt".

Ti SOLID
-755

b. LIQUID::
{1

c. GAS
71-w

,

a

4 7

4 o

6
'4

.1t.g

.

.10
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FUTTOAMENTALS OF ELECTRICITY

LESSON 1

,PART A.

SMATTER

SELF-TEST

1. Match each word in column A with its correct definition in
column B by placing the letter found beside each ord in the
blank beside the appropriate-definition.

,

4' 0'

a.

b.

c.

d.
a.

f.

g.
h.

A

Natter'
Mass
Volume
Dentity
Weight
Porosity
Inertia
Impenetrability

Will the
level to 35,000 feet?_

0

'That property of matter requiring
an outside force to start of stop
it.

Anything that has weight and
occupies space.
No two bodies can occupy the same
spaie at the same time.
It is the space that mass occupies.

The amount.of matter aogivea body.
contains,.

Weight per unit volume:

A property of matter thatispecifles
there is space between the Nirticles
of matter.
A measure of the ef ct of gravity
on a body.

mass .of a given body change if it is moved from sea

3. rf one gallon of water is changed to steam, its volume will

i

.
.

a. decrease and its mass will decrease.
b. increase and;its pass will increase.
c. increase and its mass will remain constant.

4. Which of the following is-a measure of volume?

a. Square units
b. Cubic units
c. Linear units'

I1

a'

4

ZAD

9



0
P.

4

4
5. what is the formula for findin( the density ofoa body?

6. A body weighs 240Cpounds and has a volume of 24 cubii feet;
what is its ensity?

11 <,

Ten cubic feet of gas with a density of 5 pounds per cubic foot

.
are compressed. to 2. cubic feet; what will the new density be-

8. As an object's distance from the earth's surface is increased,
the weight of that object will

9. At which location will a given body weigh the more?

a. -On top.ofNa mountkin.
b. At sea level.
c. Weight would be the same at both a and b.

- 10. What property allows some matter to be compressed easier than
others? , .

4

11. Givean example proving Oat matter has,the property of porosity.

12. Inertia must be overcome in order to atop or start the*movement
of matter.

*Am.-

What is required to do this?

13. Give an example proving that matter has the property of
impenetrability. 4

4

11.16

p. .36"

49

42' 0.- 00



14. ListthreeCexamples or the inertia of objects aircraft,

vehicles) being overcome.

a.

b.
c.

15. List the three states of.matter'In the blatikaRelow., To the
'right, is a,list of characteristics that pertain these states.
Place the number found beside each chiracterist under the
state of matter to which it pertains. Some chafacteristics may

pertain to more thanone state.

#

a. c.

(1) Is a fluid.

(2) Will assume the shape of
its container': -

(3) May be compressed.
(4) Will assume the volume,`

of,any container.
(5) Shape is not changed

when moved from one
container to another.

(6) Particles are more fixed
and very close together.

.-
g

. 1 b

lsn 1; jo, 4C.
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LESSON 1, PART A

MATTER - SELF TEST ANSWERS

1. g, a, h, c, b, d, f, e

2. No ;

3. c

4. b

.0. DENSITY,*".=-WEIGHT
VOLU

D ,.. W 2400 lbs6. = 100 lbs/cu ft
V 24 cu ft .

.

7. STEP I.,. W = D XV = 5 lbs/cu ft x 10 cu ft = 50 1134-
STEP 2. D = E = 50'lbs = 25 lbs/cu ft

V 2 cu ft

v

8. decrease

9. b

10. porosity

213

)

1,1. combining a bucket of sand and one of rocks into a third pail and occupying._
less volume than the rocks and the sand did previously or any other situatioi
whichrshows or proves the existance of space in between particles

12. force

. li. a nail pushing aside'fibers as it goes into wood,
a pboi ball knocking another ,bbl, away so it can occupy its space, a.or any other example which shows that two things cannot occupy the-same ..

place

14. a. hitting the ball with a bat
b. the arre6ting gear on an aircraft carrier stopping aircraft
c. a car accelerating,from a step

15. al solid - (5), (6)
"13. liquid - (1), (2);
c. gas - (1), (2), (3), (4)

.

GO RIGHT ON TO- LBSSO,N 1, PART B-ATOMIC STRUCTURE ,

11.16
lsn 1; p. 41
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IND

--FUNDAMENTALS OF ELECTRICITY,

LESSON 1.

PART B

ATOMIC STRUCTURE

' OBJECTIVES

1. Given the terms compound, molecule, atom, mixture, ion,

_nucleus, and a list of the definitions of these terms,
match each term to its definition.

2. Given an illustration of an atom, label its three pirts,.-

3. Given an illustration of an atom, give the atoMicAumber
and the atomic weight of that atom.

4. Givei&some illus rations of atoms, label each as having

a positive, negative, or neutral charge.

,,

5. State the name given to'electrons that
.---

have been removed

from their orbit about an atom.

6. Compare a conductor and an insulator in relation to the

4
rber of free electrons that each contains.

7.. State howelettricaltergy is transferred tbeough a

-conductor. / .

8. State the direction the electrons flow whenan atom with

a .negative charge is contacted by an atom with a positiver

charge.

J

4

A

ti

2

91,

4,
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A
1.

. .

.
. .

. .
Everything in the universe that has weight and
ojcupies space is matter.' Matter can be broken

-down into elements - Substances which cannot be
altered by chemical means.

NO RESPONSE REQUIRED 11,

0 V..
.

2.

.

,

These Ire slyer 100 known elements. Most are
natural; a few are man-made. Some natural
elements are oxygen, gold, tin; and carbon.
Hydrogen, silver, and lead are also examples of
natural -

. -

ELEMENTS

.

,

.

3.

.

.

.

. 110.. -

Matter exists either as ,a natural element or as
i chemical combination of two pr more different
element!. This combination. is called a compou d.
A compodnd can be divided, into two or, more
different .

1 .

.

ELEMENTS

.

, ,)

-

.. i

4.
.

.

Some familiar examples
.

of_compounds are water, a
combination of hydrogen and oxygen, ah3 salt; a
combination of sodium and chlorine. Because v
water and salt can be divided ihtotifferent

,

elements they are
.,,

) v .

.COMPOUNDS 5.

.

.
. .

When compounds are chemically changed to form new
compoundaor when they are broken down into their
original elements, the action is called chemical
action. When sweet;miik,is chemically changed to
sour milk, the action is called

.

CHEMICAL ACTION 6. When sulfuric acid, a compound, reacts with the '

compound lead peroxide in a battery, lead sulfate
is formed. This action between, two compounds to,
form a new compound is called ,

.
. '.

CHEMICAL ACTION

a
.

.

_

.

7.

.

4....,`

The elements hydrogen and oxygen are gases.
'When properly combined chemically, these,e/iments
will form the compound water. Water is a ig

(liquid /gas) ,

.
.

.

. 4k . /
11.16
Ifni 1; p. 48 .'
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e

4

.

8.

.

-,

A compound will posOss properties different from
the properties of the elements used to make the
compound. When two or more elements are combined
chemically, a compound is formed which has,
-different - than its

,
elements:

PROPERTIES

if,

t ,

,9. Sodium, an element, will ignite on contact with
water, white -the element chlorine is poisonous.
A chemical combination of sodium and chlorine
formike-compound salt, which neither ignites
upon contact with water nor is it,poisonous.
This is an example ishowing that a compound has.

different than the properties
of the, individual making up thaj
compound' : ,,.
...

,

.

PROPERTIES

ELEMENTS

,

1

.

4

.

,

,

.

.

10.

,

°

,

The properties of a compound will, depen6, d on the

- chemical combination of its elements.

Some examples are as follows:
... .

,.,.

a. Two.piris hydrogen a#dilpe-part oxygen
form the compoind water (H20). .

....0 .

b. ,Two parts hydrogen and two parts oxygen
fOrm the compound hydrogen peroxide (H202).

.

C.. One part hydrogen, one-part nitrogen; and
three parte oxygen form the compaunt nitric
acid (HNO). . -

,-. 00
. .

These three compounds have different properties
bediuse of the difference in the chemical

. combination of their -
!----

1

tam=
.

.

.

11.
.i;

When-two or more different elementii are chemicall
combined, a compound is formi,, Theoroperties
Of the compound will depeniYpVthe°
combinatiOn of itslelements.

i

CHEMICAL, 12.

\
*

When the elements hydrogen, sulfur, and oxygen'
are properly combined chemically,'snifuric said -
(H2804) is formed.. A: chemical combinaklon of two
or more,different elements forms a G.

.

.
.

11.16
lon 1; p. 44
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.

.

.

-

13.

,

, ,

_
,

.* .

Select the definition of a compound.
..

.

a: A combination of elements.
.

. s- .

b. A chemical combination of two or more
different elements.

,

c. A physical combination of two ot.more.
different elements.

b.,
.. .

.

14.

,

Whin compounds or elements are combined c1no
chemical action takes place, a mixture is formed.
The compounds water (Hip) "ind sulfuric acid

(H2SO4), as used in a battery, do not chemically

combine. Therefore, they form a
.

.

MIXTURE

_

15.
.

When the element* aluminum, nickel, cobalt, and
iron are combined,,ALNICO is formed, ALNICO is
a mixture; therefore, the elements do not lose
their original characteristics. ALNICO is used
to make magnets

.

, and.ts a mixture composed of
.

rmmdiffet,
.

.

.z

ELEMENTS
"

.

V

.

.

16.

.

When the compoundstsalt and fresh water are mixed,
the result is salt water. By distillationothey-
can easily be separated_And once again become salt
and fresh water. By this example, we cirllee that
compounds, when mixed, their

. . (retain lose) .
.

original,charaeieristics.
-

IRETAIN

.

17. ALNICO is A-Mixture of elements, while salt water
is a mixture of compounds. A mixture can be

.

composed of . . of .

, .

ELEMENTS
COMPOUNDS

.
.

18.
., .

.

A mixture is a combination of elements or
compounds in which the elements or compounds .do
not lose; their original characteristics. ALNICO
and .salt- water can be separated,And their elements
or compounds will not lose their

,
.--

. .

. -

`'Isrt 1; p. 45



CHARACTERISTICS

DIAtaing a drop of water.

A molecule.

By tsking one drop of the compound water and
dividIng it into smaller and smaller parts, as
shown, the smallest part of water we can reduce
it to is a

MOLECULE 20. The smallest particle of a compound, which has all
the properties of that compound, is a molecule.
The smallest particle that the paper on which.you,
are writing could be broken down to and still be
paper is a

MOLECULE

11. 16

lsn 1; p. 46

21. The smallest particle of a compound, which has all
thi properties of that compound, is a molecule.

.., 411c-...,

0-- 0 / --...- II\ \

// .\,..,
I,* - -,..'407 CHLORINE,

01 /7 \;\ 0
' i 7V- ' I

ti i / A. ,)%, \ ATOM,

ik\ .... _.... / / 1....., /
` `a - , ',r-

..... ,.

W Po i 4)N /
I , I

\
%

\
I / '

I i li i I \ 1\ . \\ II 4° I t I ; I

\ ,I 0 1
8

, ............. .
\

..
\s........2.,.........-..1,

Illustration A shows a molecule of salt.
Illustration B shows the molecule"further
divided into atoms. Do the substances in
illustration B still have the properties
of salt?

56
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NO

.

0

.

.

.

.

r.

22. Select the definition ofza molecule. _

_

a. The smallest particle of a compound.-

b,__ The smallest-partitle of ompound which ..
-_,.._

has all the properties of that compound.

c. The smallest particle of any substance.

b.

.

.

.

.

23.

. .

.
.

e

tz.,:., // . u / / ' Illr-". \ / ----'
/ N / . ., \

, A -

.... .... \ ..... .40- ' ....

,HYDROGEN f .
.

HYDROGEN
OXYGEN ATOM ,

ATOM ATOM

. .
The illustration above shows that a water molecule
is made'up of oxygen atom and

7number Y- , tus=-3.ber(1,,

hydrogen atoms.

.

ONE

TWO
,

.

.

'.,

24. A molecule is composed of two or more atoms. If
a substance is divided down to a molecule, the
molecule will,be made up of two or more .

.

-

.

ATOMS

.

25.

,----

Atoms are'the basic building material of all ,

matter. All matter ii_made up of .

.

ATOMS
.

.

_26.

.

.... _-

The atom iSA5the smallest particle af an element.
When an-element is reduced to its smalle stmo
particle, that, particle is an .

.

.

.

\
11.16

Jim. 1; p. 47
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ATOM

.

,

V 0

'

27,
0 .

.

.

.

-. -.-.....

e ° ... % ./ ...s, / / AK
/ / 1

40
yr!

i fp 1 ,,,,,,,, I MIi 0
,

/
/

\ il /
/

. , . ,. ,
, .

HYDROGEN HELIUM A__ -*
'ATOM ATOM

OXYGEN ATOM
. ..,

Each of the above represents the smillesepa ticle
of an .

ELEMENT

-
.

,

28.

,

....,

Match the definitions in column B with their
proper terms in column A. Place the number before
the definition in the space beside the proper term.

.

A , B
1

a. Compound 1. The smallest particle of
. an element. .

b. iiixture . .1. A chemical combination
of two or more different

-c. Molecule elements. ...

4,- 3. The smallest particle of
d. -Atom- a compound which has all

1 the properties of that
compound.

- 4. A combination of elements

,
or compounds in which the
elements or compounds do

.

not lose their original
characteristics..

a. 2,

b. 4

c.. 3"

d. 1

.-

.

29. The smallest particle of an element is an atom.
The atom cannot be seen by the usual microscopic
instruments. .Although they cannot be seen, we
know there are many kinds of

.

ATOMS

.

1

1

30.

. ,

The number of protons, neutrons, and electrons
will vary with each kind ofatom. The oxygen atom
and the helium atom have different numbers of

, P , and

.

.

,

11.16
Ian 1; p. 48
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PROTONS
maw,
=aims

V

IRLINNK

(+) 2

(N) 2

(-) 2

CARBON
(+) 6 .

(N) 6
(-) 6

31..

Helium.

-sur-. -4-

006
W'();©.\ '()/($()-/

s
Aso

.0,1/

Carbon.

The illustration above `is an example 'hosing
that,thenumbersof protons ( +), electrons (-), and
neutrons (N) vary with the different kinds of
'atoll. Compare the nembof'Ofmtrotots (+),
elictrons (-), and neutrons of the atoms abive.
Place the number

f

of each-in the space provided.

=LIEN

(+) Protons'

(N) Neutrops

(..) Electrons

110
CANNON--

(0 Protons

00, Neutrons

(-) Electrons

For the remainder of this program, instead of
shoving each individual'mentron and proton in an-
atom, the total number of, each will be-shown.

EXAMPLE: (6+) will indicate 6 protons asdk(611)
will indicate 6 neutrons.

/ 32.. Each of the different atoms is identified by an
R atomic number (1 through 103).'' The vambor of
h protons- in An atom determines-its atomic number.

A

' Nitrogen.

What °is the

atoms?

--e-.o e
//./

I eo eet N
/

Aluminum.

atomic nomiber of each of the above

A. 1. c.

11.16
lsn 1; p. 49
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. 7

. 26

. ,13

A. 16

E. 207

C. 107

33. LOA is much heavier than oxygen. A lead atom
is heavier than an oxygen at because it contains
more protons ( +) and neutrons (N).
The atomic weight of an atom is determined by
adding the number of protons ( +) and neutrons (N)
contained-in the center (nucleus) of the atom.

A

o:

o. /d

- Oxygen.

3

Lead.

C

Silver.

What is the atomic weight of the above atoms?

A. 3 C

34. What are the atomic number and/atomic weight of

each atom illuitrated below?

A

Carbon.

/I ee
.,

3

ooh

Chlorine.

C

-e-

Cobalt.

Atomic-lumimm- _Atomic number . Atomic number_
Atomic weight Atomic weight Atomic weight'

ti

taxi if p:50

60



A. 6
12

B. 17

.35

C. 27

58
,

35. How are the atomic number and atomic weight
determined?

T. Atomic number

b. Atomic weight

w

a. THE HUNBER--0

OP FUTONS

b. THE NUMBER.
OF PROTONS
AND NEUTRONS

36. The atom is composed of three particles. What are
. ._ ,

they? . , l.' ,4 MMllip,!

"..""' 1111
37. 1_

$ .v

:
The center oi,the atom is the

NOCLEUS

11.16

Ian 1; p. 51

38. The center of the atom, which contains the protons
and neutrons, is the



s.

NUCLEUS _

.
..

.

.
_

s. 3'

39.

. ,

..

.

.

. o ----, 'o1 . ....\
'4.

/, 1 t

e ,
/

1

,5

. / ,,
b4,__,/cs......0.....-

Draw an arrow pointing to' the nucleus of this
.atom. f,. .

A

.
_

-e-
- -

t

40.
. The protons .of an atat have a positive charge and

are -identified by a plets (+) sign. A proton. has
a charge:

.

s .
.

.

_

POSIT/ii
. s -

,
,,

41.
s .

.
.

Protons are identified by a. ( ) sign.
.

4

.

(+) \
'

42.

°

The neutrons of an atom have a neutral charge''
(no charge) and are identified-by an (N) sign.
A neutron has a charge.

. '

NEUTRAL 43. Neutrons are identified by an ( ) sigp.

(N) 44. The electrOns of an atom have a negative ,charge-

I.

and are identified..by a *isms (-) sign. An
electron has a charge.

.

ilzcATriz 45. Electrons are identified by a ( ) sign.

11.16-
lsn 1; p. 52 62
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,

46.

..

Electrons are in orbit about the nucleus of AU
atoms, and they can be in different orbital paths.
In the atoms balm, bow many electrons -are orbitins
about the nucleus?

,.
,

.

.... .............. ....
-..- . .

. () ----. 0 4
I 6 lit 1

1
1

.1 \ It N
/

..-
4

------

SIX 47.
.

.
.

The electrons arkin orbit about the
of an atm.

NUCLEUS

. ,

.

.

f.

r

.

48.

.

.

.

Label the three particles of the atop below.
, .

.

.

..-_,-

.

_

A

....e.if
/ \

I 0
I -.

C

.,-

It)
.

A: .
.

.' E _
. ..

.

C. -
. ,

The center of an stole is the . .

....

III

11.16
lsn 1; p. 53
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0

t

..

A., ELECTRON

'1. PROTON-

C. NEUTRON
NUCLEUS

, . .. .
.

49. The !molests of an atom has an attractive force
--for, its electrons.- Th. strength of this
attractive force will varydwith each kind of
atom. Between the nucleus and the electrons of
an atom, there is an -. .

ATTRACTIVE
FORCE

.

,

50. The attractive force between the nucleus.of the
copper:tato*, a conductor, and its outer electrons
is less than the attractive force between the
nucleus of the helium Atom, An insulator, and its
outer electrons. Which atom, copper or helium,
mould more readily give up its outer electrons?

COPPER

.

\
51. In the atoms of 'good electrical conductors,

silver, copper, and gold, the outeroelectrons are
readily freed from the attractive force of,their

NUCLEUS

.

.

52. A good conductor has atoms with loosely held
loosely held,electrons.. coppei atom has l

,'-,,

, . .

.

=molt
....-

52. Electrons that ar sely bound (held) to an
atom can be moved out of orbit easily. -Electrons
of a gold atom can be movid out of orbit easily
because they are

LOOSELY BOUND

.

4

-

54. .,

FREE

. --1,--- e ,e -7 -`,,e-e-e s---e----- Ar-ee./,e ....-e- `e:\ / fs,,........, *iik: \
0-,-,%0 e0 . , \ \

i I , , i 0 Qr.-- -;'\ \
1 e i 1 4";', s e ,

1 thi 411) V401A G 0
??(;) 1 li fe.

\ee.'',9.9,/ el \--%., -')) "ISe 4), -\ ..0,....e, \ `o --9-- I / .

` e-e-er/ ,,-e-e...e-,_,,. ,. '
. Copper atoms.

't
When a loosely bound electron is removed from
orbit, it is called a
(iee illustration).

$

.

. ,

-len 1; p. 54
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FREE ELECTRON 55. Electrons removed from their orbit about an atom
are called N. _ . -; '

.

-

N. N.

FREE ELECTRONS
. -

56. An insulator, such as rubber, has very few free
electrons and will not conduct electricity. Alt

good insulator contains a small number of

FREE ELECTRON 57. Materials with a small number Of free electrons
are good .., ...

, .

INSULATORS
. . ....

e--4

., .
.

58." The controlled movement of free electrons through
a conduCtor is electrical current flow. In coml.

parison to an insulator, a conductor has a large
numbet of . .

FREE ELECTRONS 59. Materials having a large number of free electrons
are good . .

_

CONDUCTORS

.

4
qi .

.

60. Electrons removedikron their orbit are free
electrons. Raw does a good conductor compere to
'a good insulator with respect to the number of
ffii(tlectrons in each?

a. Conductor

b. insulator

a. SAS A LANCE
RUNBER

b. RAS A SMALL
ROM

61. Some materials, carbon, germanium, and silicon,
are considered semiconductors. This is because
they conduct less current than metal conductors
but more than insulators.-
Materials that conduct lett current than metal
conductors but moil- curre4t. than insulators are

.
,

. ,

11.16

lsn 1; p. 55
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P.

SEMICONDUCTORS

.

. .

.

62. In a conductor, free electrons are continuall
moving from one. atom to another,_ By centrolli

the movemengef these free electrons in onegeneral
direction, eTectrical energy is transferred through
a conductor. Electrical energy is transferred
through a conductor by the moveMenf#f .

from atom to .

. °....

FREE ELECTRONS

ATOM

63.

.
- ,

Electrical energy is transferred thiough a
conductor when free'electroni .re moved from

to .
....

ATOM .

ATOM

64.

.

,-.0.0..., - A... \ -,M\C'
1.-.... N ', 'cY,.......\I -\'''......4,

I 411
1

% N
1 f
4

il\
/ i 1

. I . \ \
.1k..

10

,

In the,illustrationlbove, the free electrons are
moving from atom to atom through the conductor in
one general direction. The result of this will be
a transfer_of..0 411

...-

-ELECTRICAL
ENERGY .

65. How is_electrical energy transferred through a
conductor?

66. The transfer of electrical energy is possible
because an atom has a tendency to stay electricall
neutral, that is, to have an equal number of
protons and electrons.

Which atom below is electrically neutral?

BY THE MOVEMENT
OF FREE
ELECTRONS, FROM
ATOM TO ATOM.

.

,

.

, -0-- 4, .. -0---- .,.... -0--., ,-- . / ,---,
1 1 1 6+ 1 I10 0;01 le 1,1 1 1

\ , , 1 6 N / / \ N--,-\

e . / ., ,
.,,:- .--_-_-_,..-, \,:, -___- ,, 1-::, --_-- 9--

.1 e
,. ,,, .. ...

... ''. -:-....e.- __.--

. A B C

11.15/A
lsn 1; p.
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`f.

4!
47

i

,.

.

.

a

.

...

4

.

67. The atoms of a conductor
'neutral because of the
electrons. As an atom
give off another electron
trically neutral. , .

Row many electrons mast
order too be electrically

..

.20

. D' 6+
t6 66
\.

X), '
. ... ....-

e

.

normally
random uoverent
gains an'electron,

in order

this atom
neutral?

, __.

C31

) ) ,

V

stay electricall
of free

it will
to be else.

/
givd off in

-

,

.
.

,

.4

ONE ,14.
- 1

...

An electrically neutral
ai equal number of

,

.

atom is an atom that has.
1 and .

,

PROTONS
ELECTRONS

69. An outside source
to add additional
these excess electrons'are
-of moving electrons
up because the atoms

.

such as a battery can be used
electrons to a conductor. When

added, a chain reaction
through the conductor Ikea
tend to stay electrically--

-
k,

.

NEUTRAL

.

.

.

,

,

.

.

,

0

70. If in outside
one end of a
snot come out
soma number of
,nest leave that
Row many electrons

.

force
conductor,
the

electrons
conductor.

7,,,, le,

other

must

.

adds one million electrons to
then one million electrons
end of the conductor. The
that ester a conductor

. .

leave the conductor below?

1/4_4J.
s

.

HMELECTRONS
ENTER

CONOWYTOR

doreiciezerelrojero

GI ill -C).,Of

pr
fi,

IV

.

11.16
lsn 1; p. 57
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100

.

.

,

)

-

..

.

- 71. Select the electrically neutral atom.
., .

. .

.
. \

......e...... ....-e-.., --e-,
ed. --..., ,,,,., ,/ .--- . .,"----:19\,
/ . . --N e / \ / /

\ , / \ i el\
, , 9 4 6 , , i 94 . , 9+ 6O

-
I ION / 6 1 % ION , 6. ION / /o \ % \ tit / 1

. ---- ' et
^"0 ". ..-

0.... .., ,-e-...--e' .....II

0
. .

A B C
.

$ -

,
...

A

.

72. An atom that has more electrons than protons hose,
an'excess of electrons. An ;tom with fewer
electrons than protons has a deficiency of .

.. .

ELECTRONS 73. An Atom that has an excess of electrons is in -

electricarly charged atom. An atom that has I
deficiency of electrons is also an
charged atom. ,

- '

ELECTRICALLY 74. An electrically charged atom is known as an ion.
An ion has an , or a ,

of electrons. 'o

EXCESS
DEFICIENCY

.

. 75. Which of these atoms are ions?

. %
.---e- , -- __cp..... -- 0- -,. , ,. - \ /. ,..- ----

/ / \o `N°, \ Ey \
N0 q

1 A 3.9 I© 9+ \ 1 , (5 9+
I ti t) 1 L , ION 0 I I 9/ / \ 1 (.04 \. ION

, /\ ,, / % \ r \ \ /\ .'" -- -- / \ N.. ./ . \ N . 2
0 9 N -. 0- --e.'

A 8 C

.. t
.. .-

,

11.16
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O

C

An .

.

76.

. .

An ion is an atom having an or a

of electrons.
. 0

'EXCESS

DEFICUNCT

_

77.
--.-./

Match the definitions in column ,S with their term
in column A. Place the number before the defini-
tion in the blank beside the-proper term. .

.

.

A ` S

a. Compound 1. The smalleit particle of

0

.

an element.
b. Mixture

' 2. A chemical combination
,

1' of two or moreidifferent
c. Molecule elements. ,

d. Atom 3. An atom -having an excess
or a deficiency of

.

e. Stelae' electrons.
4. A combination of elements

f. /on or compounds in which th

,
elements or compounds do

. not lose their original
characteristics.

5. The center of the atom
.

which contains the
A. prOtoas and seutrOnsi

6; The smallest, particle of
a compound which has all
the properties of that

.

,compound. 1------
,

.0

a.

b.

L c:

d.

I.

Y.

.

2

4,

6

1

5

13

.

78.

.

Atoms that have more electrons than protons hir*
a negative charge. A negatively ''harged atom has

''1110TO than
, ,

.,

,

.

.
-

.

. .

. .

-

11.16

len 1. p 59 \
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79. Whial of the stoma below has a tegativa chteefter

/
. I

/

A 3

.

C

80. An atom that has fewer electrons than protons hos
a positive charge. 'A positively charged atcn "Ado
fewer than

,81. Which of the atom halo, has a positive thar%0

..--e-..../ . , .
" ..* -- . / --- --. . \, 9 N \ , \

el
....
N. ...

/0
,..._e_,..

/ / \ \
I / V

I G
r T /1/ I 9 //O

A

/ '''''..... ..

,

, 9 0
1 '

\ 6 ?4 / /
;

tt N.,___,,,/ /
\ %., /

.... I' ,..., .- --.'" b......... .

I

82. Label the at ?slow as having a positive,

o
negative, or nemtral charge.

.
/

, .... .

.

. .. . %

I
e \

\
\ / i

' . \ \
\ e . , --. \ ,...,

1
1 / ; 1 r 8 + )\i: I\

// e,
, _____tht_ _Lt.,'
,

t t e 1 e
/t--/

,____I

, . 9 / e \ / ,. --.. _ - , \ .....,_,...- ...,:, \ \
N ./ '`.. e ,., "'" ... ..., ". 90,

!Cl.. ........ ..e. .0 ... ...... ...., ,

A 3

11. 16
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A. NEUTRAL .

114100S1TIVE-

C.

83.

...

,

.

When a negatively charged atoevis contacted by a
positively charged atom,fthe electrons flow from
the negative atom to the positive atom.
When two atoms of opposite charges contact each
other, the electron flow is from
'to

.

NEGATIVE

POSITIVE

,

..

84.

b

,

Which direction will the' electrons flow between
the two at below? .

.

a. Pio% atom 1 to atom 2.t

_

1. Prom atom 2 to atom 1. 4'.?

awl.. .11. ........

.. , #. N

/ ,. ... i ....0 .... ...%**, \/ e . \ 0,
/ i \

I. 6+ V \e 1 I e b 1
le'? 6N / es \ t\ I ,

- . ,. . , , . , . ., .......... , .\ - --- /. ,.
. .

ti, 2

a.

.

. ,

.

c

85.
. _

.,

When a negatively charged atom is contacted by a
positively charged atom, electrons vill.flowlfron
the atom to the
atom.

.

MICATIVZ

POSITIVE

.4
..

.

,

.

11.16
lsn 1; p. 61
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FUNDAMENTALS OF ELECTRICITY

LESSON 1

PART B

ATOMIC STRUCTURE

"SELF-TEST

1. Match the definitions in colt it with their terms in column A.
Place thi numbersbefore the definition in the blank apace beside
the proper term.

A

a. Compound .1. The siallest'particle of in element.
2.A cheilcal.combinatiin of two or more

b. Mixture
different, elements.

c. Molecule '3. An atom having an excess or a
deficiency of electrons.

d.. Atoll 4. A combination-of,plements or
compounds in which the elements

e. Nucleus or compounds do not lose their

f. /on original characteristics.
5. The center of an atom which contains.

the protons and neutrons.
6. The smallest particle of a compound

which has ill the properties of
that compound.

2. Label the three particles of the atom below. .

3. What are th
below?

lsn 1; p. 62

c number and the atomic weight of the atom

-0-
e -

S+

eT 10N
A V /

Os.

3.

I

Atomic number

Atomic weight C77--11"--

r-



4. Label these atoms as having a positive, negative, or neutral
charge.,

A

,--0-.. . --0--. ,/ ,,/ / \ / / . \
/ / % / / \
re-, 0 i 1 0

/e1
1

\
/ / %

/
/ 9 O`

`
, 1e

\ -..... ......-- , .., 1\ ./ \
.... ' .... ....

C

5. Electrons removed from their orbit about an atom are called

6. Now does a good conductor compare to a good insulaprrydth
respect to the number of free electrons in tach?

Conductor
Insulator

7. Nov is electrical energy transferred through a cpnductor?

0
. When a negatiirely charged atom is contacted by a positively

------ ----------- charged atom, electrons will flow from the
atom to the atom.

r

11.16
lsn 1; p. 63



1. , a 2
b 4

6
d 1

e 5"1(
f 3 I.'

LESSON 1, PART B

ATOMIC STRUCTURE-SELF TEST ANSWERS

2. Electron
Proton
Neutron

3: Atomic fiamber 9
Atomic weight 19

4. (a) Negative
(b) Neutral
(c) Positive

5. Free electrons -

6. Conductor - more free electrons
Insulator -,fewer free electrons

7. By the movement of free electrons from atom to atom

8. . . . negative . . positive

1.1.16
lsn1; p. 64
(

END OF LESSON 1, GO ON TO LESSON 2
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a

ti LESSON 2

PART A

'INTRODUCTION TO ELECTRICITY

OBJECTIVES

._

1. 'State the source of the.electrical energy found in all matter.

2. Given illustratiOns of different bodies, label each as being

'negatively or positively charged.
State.the condition of two bodies when the electrons haVe been
physically removed from dne and attached to the other.

4. Smite the4rimaiy cause of static electricity.
5. .Select from a given list of statements the one correctly

describing what occurs when two unequally charged bodies contact

each others
6; State the hazard pioduced:hy the electron flow between two

separated bodies.
7. List two means used in aviation.to prevent the buildup,of"static

electricity. .

8. State what must be- overcome by the potential difference in order

to have current flow.
9. Select from a list of terms two terms that mean the same as

potential difference.
10. List the three primary methods of-produMng electromotive force.

11. Name the correct units of measurement foi measuring electromotive

force, current, and resistance.

12. Select from a list of instruments the ones used to measure

electromotive force, esistapce, and current.

13. List two types of current flow.

14. State the term used to identify materials that offer low

resistance to current. .

15, State the term used to identify materials that offer high

resistance to current.
16. State whether the resistance of s,conductor or an insulator

--increases or decreases when - -its 'temperature or dimensionls

varied..

17. State what effect an increasein voltage or resistance will have

on current. a.. .
. 18. Using the mathematical formufn for Ohm's law, solve three given

electrical problems.
19. Given the terms static electficity, charged bddy; currenivflOw,

. potential difference, Ohm's law, and esistance, Mitch them with

their respective definitions.

, 11.16
lsn-2; p. 2
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,

1. Prom studying the program om atomic structure, you
know that electrical energy is the movement of free
electrons through a conductor. Since these free

.electrone are part of the atom, you can see that the
actual source of electrical energy is th6 .

ATOM 2. A I

4
Circle the letter

.
represents the source

A
C

Vilik

...16

above the illustration that
of all electrical energy.

D .

0

.
.

'3. The source of the electrical energy found in all
. matter is the

ei
ATOM .4 Since all matter is MCdrup.of atoms, any body of

matter is a source of energy.

ELECTRICAL 4

cow

.

,

A

,

.

3. A
.

body of matter in a normal or balanced state will
have one electron for each proton. 'Electrons , can
be removed from one body sad attached to another
body. When this is done, one body will have more
electrons than normal and the other body grill have

. .less electrons than normal.
. .

.

Label the bookies as Having a balamca of.electroos
and protons, an excess of electzolic, or a deficiqncy,

,
.of electrons. , , ,.

. ! 60'a)
CD

.-

CB CO
. .3 020.

.

A.
I. C._ .

.,
.

A. DRICUNT
LULA=
C. EXCESS

.

.

.

6. When electrons are removed from onlObedy sod
attached to another body, one body will have an
excess of electrons while the other body will have
a shortage of electrons. These unequal charges at
rest on two bodies are as static electricity.

Select the two bodies that have a itatic-electrical
charge.

A .

C D -

VD Q571
CO GD

GD '9
9 GD.

9 9 e as

11.16

Isn 2; p. 3
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3

--

C
.

.

7. Count the number of electrons () and protons (+)

on the body below.

. ,

,._,.--

e e_ e ca-
elcli0 Ca

a. Number of electrons:

b. Number of protons:

a. 8
b. 4

.

.

.
,

'8. There were eight electrons and four protons. This

, means that the body had an excess of electrons;

that ore, it has a negative charge. These

elect teal charges at rest on a body are

elot icily.
.

STATIC

.

.

.

9. A charged body is one having ie or less than

normal number of electrons (). .
SO

bottles is charged? . .
---'

A
.. D

%., G9 CE9

,G:3 ea
.

,4

30 9 9
0 9 C3

. .

'

10. If a body has more
of electrons, it

or less than its normal amount

is known as a body.

CRANED

.

11. Circle the letter above the charged bodies.

A AI C
.

EE.9 3
e e- et

ea e
ED et ED

. Q9 4D
ea ea

.

D N
.

-

.

CD CD IT CD
ED

nee 9
e

.

A .

. .
- .

11. 16
lsn 2; p. 4

J

S



A
2
0
2

.

..r

_

12.

.

A body Which has had some of its
will have a positive charge. Select
tious below that represent a body
charge.

._ -.._

m[1:111404:lic

.1:

.

...,-- A,.
115..

(eeeeee0

electrons removed
the illustra-

with a.positive

i

ete(094$
ee ee e e

A 1

C

r

13. Circle the letter beside the true statement.
. .

a. A body having fever protons than electrons
is positively charged.

b. A body having fever electrons than protons
is positively charged.

../)c. A body having an equal number of .electrons
and protons is positively charged.

b.

.

____

.

14. A body that has more electrons than
negative charge.

protons has

charge.

a
.

Select the items that have a negative

itarazt

III 0999999)
Ili:

_

eases®
assess

C2

C
13.

.

Select this true statement.

a. A positively charged body is one having
fever protons than electrons.-

,-
b. A negatively charged body is one having more

electrons than protons.

c. A negatively chased body is one having more
protons than electrons.

.

.

11.16
Isn p. 5
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s-1

ti

16. Label the items below as having a positive or

_negative charge..

A. B.

C. D.

A. POSITIVE
E. NEGATIVE
C. POSITIVE
D. NEGATIVE

t.

17. You have studied the electron and the meaning of

positive and negative chairs, Now you are ready

Av to And out bowthese charges are produced. The

primary cause of-static electricity is friction.
IOnv rub two different materials together,

jelecdoits may be removed from their orbit in one
material and captured by the atoms in the other

material. This is producing Static electricity by

11.16
-1sn 2; p. 6

I
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4.

"73
nuTtce

.0.

4

1R. When a hard tubber rod is rubbed with fur, the fur
loses electrons to the rod. The rod becomes
negatively charged, and the fur becomes positively
charged. Friction is one way of producing static
electricity. Refer to the illustration* to complete
the statements below.°

Figure IS

a. In figure A, the two bodies contain an
amount of electrons.

(equal aim)

b. After the two bodies in figure B have been
rubbed together, their charges will be

A

(equal /unequal)

c. The unequal charges that exist on the two
bodies in figure B are electric ity .

d. One way of causing electrons to leave one
body.and,be transferred-to another body is
by

11. 16

lsn 2; p. 7
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- r 0

O

C.

V
t.

a. IQUAL.,
b. UNEQUAL .
°c.'- STATIC

d. nicrion
i'-' ,

, t

e
4

A

A zr

.4 7

. 0

.

.

. .

._

19.

.

-

Friction between two
to become charged--
negatively. Therefore,
an attraction for each
you run A comb through

.

comb and the hair develop
the friction involved.
over your hair, your
cosh. -

From the informationabovs,
laws pertaining to
that.bodies with unlike
each other.

.

bodies9Will cause botbabodies
one pdsitively and one

tlese two bodies will have
other. For example, 'when

your hair several times, the
unlike charges because of

Now, if you hold the comb
hair dill be attracted to the

a

4
.

we,are given one of the
charged bodies. This law states

will .
.

ATTRACT

..

.

v -

'.1t$

A

20. i)Ili'lq

.

. ,

/

.

le

%./.

1
',/-'

1,
Select the law that
men's hair is attracted

.

a. Like4harges attract.
1/4,

b. Unlike charge<repel.
c. LIke.charges. tape'.
d. Unlike charges

.

1!, iii - 4

,,
..

,//
/ I/

i'i I

ii

.

'
JJJ

i .
IT

..
i

/
correctly explains. why the

to the comb.

- a

.

.

attract.

d.

.

....

.

21.

.

- .

If two unlike-charged boles, one negative and one
positive, are brought together, theyawill attract
each other.

.. ,

Select the two bodies that will attract each'other.

A 11 , C

ED e EI) 0 ee
, .

11.16 "4

ban 2; p. 8 82
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.

A
.

.

22. Thd law of charges states that unlike charges-will
--.itch othet.

.

,

ATTRACT

°

. .

.

..

.

23. The law of charges states that' if two like-charged,,
, ..- bodies are brought together, they will repel.(nove

:Away) from each other. Circle the letter above the
,, bodies that will repel each other.

-

,.. -

A - B - C

ee ee ®®
C

.

.
. .

24. Circle the letter above the bodies that will repel
each other. *.

A 11 C -

,

,..

A 25. Thole', of, charges states that like Charges wills
. -

-)$$$$$.. \

-

Atkpli.

,

.

26. The law,of charges states that charges
repel and charges attract.

LW--

ITIBLIKE

.

. .

c...

!'

,

. ,

-1.2 A body that is- positively chatged has aack of
electrons.- This body could ihed be subject-to .

. gaining electrons. It would get these electrons
from a body thatIiisigatively charged or has an
MCCOMB of electrons..-. - ' .

,

Therefore, .

$ .
,,

,

,a. a body that is positively' chargetis Subject
_ to elecirOns flowing "-''''''' ' -5.-' 'it.' .

.

b. a body that.is negatively charged is subject
to electrons flowing it. 4*e_

.

.a. MTV
,0 111C.(6 ..

'-
. ,

.1
,... ..

-28. '1f bodies with uniqual_charges_contget each other,
the electrons- dill lei!' the negative-charged body .

abd,floWtinto the . -charged body until
10 their chargen--ari equal.,

. - .
,, , -, l

I lgn 2; ;R. 9



r

Ti

Co.

'POSITIVE

-

. _

.

29. Unequally charged bodies in contact' will equalize
their charges by a flow of between
them.

,

. .

ELECTRONS
.

.

.
.

-...,

.

.

o

30.

.

Select the statement that correctly, describes what
occurs. mhen two unequally charged bodies contact
each other.

.

A, Tiii electrons flow from positiVe to
negative until the bodies equalize
their charges.. 1

b. The electrons flow from negatiVe to
positive until the bodies equalize
their charges.

P

c: There is no flow of electrons becaese
unlike charges repel each other. .

1

d. The electrons flow from one body to 6 i

the other as long as they are in contaci.
-,1

'.
.

.

3,. .

,

.

.

.

When two opposite charted bodies are
each other and the dif ereacein their
great enough, there will also be ae
between them. Choose the illustration
electron flow'would most likely occur.

A 1

.

,

,

'brought eear
chirges is

electron flow
in which the

* 4
;1_a

i 44
i

..._.......

.--'

.

,

:

.

.

.

3Z.

.

.

The electron flaw between two separated
be ln the form of t spark. What Could
of a spark between thtwo bodies in
tratioe?

bodies will
be the resul

this illui,

.

.

4.
. -

-
.. I

9
(J r.

ED

MEL

.
ED _

11.16
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TIRE, EXPLOSION,
OR ANY SMILAX
ACTION.

33.
Aft

- - -

0e99 1'.. 9 G\ .

Il

What is created by the electron flow between the
separated bodies above?

SPARK

(
.

34. What is produced that could be hazardous when there
is an electron flow between two separated bodies?

SPARK

":,?...
e

35. Anytime there is friction between bodies of
different materials, such as fuel flowing in a
hose or an aircraft flying through the air, opposite
chargei will build up on the bodies. If the charges
become great enough,,an electron flow will occur in
the form of a .

SPARK J36.

v

.

When the difference in charges between two parts o,
in aircraft is great,.there is danger of a spark
jumping between the parts. A bonding wire (cos. 1!

ductorY is a safety device used to connect these
parts on an aircraft. This gives a path for
electron flow between the parts. To prevent a
spark heweeit various parts on In aircraft,' a

is Used.

BONDING:WIRE

.

37. Various parts of an aircraft are connected ky bond-

. ,.

inswire to permit a free flow of electrons between
them. This flow keeps their chargesbalenced. To
prevent the buildup of itatic.electricaPcharges,

.
part$ tat are insulated or separated from each
othei are connected by .

' 7 A .

SCMDING WIRE .

._

I

S"
,, . _, _. .

0

.

.
a.,

4 .,
.

38. Thl,engintsof this aliciaft.sie mounted on' rubber
- --shock deutte. 'However, it does not have auildup

of static electricity because of several of these
' ,parts . ..

,
.

fir The
.. . .

' * name of this part is ai
.

.

I

Ill --1M1111.113

,

1

1

. .

Y
; 1

16

-;.,,. *
I

.

ia. .

.
p --*

4

, ;1

. .?

77
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BONDING WIRE 39. To connect parts of an aircraft to prevent the
buildup of static.electrical charges, a

is used.

BONDING WIRE

I

'40. Another device used to prevent the buildup of,
static okluctricte'ii a ground wire. A ground Wire
'allows,a constait dissipation of electrons and

precuts a body from becoming charged. The chain

hanging froze tha back of a gasoline truck is en

exemp/e of a

GROUND WIRE 41. A ground wire is used to connect aircraft and fuel

trucks to the earth during refueling. Label items

A and I below.

A. camp WIRE
B. GROUND WIRE

000

O

.4'

42. To maintain a balancidcharga between an aircraft .

and "the fuelingitruckt.four grounding. connections

suit be Sod.. Match each letter in the i/lustra:

tion below with the statement which describes that'

grounding connection.

040, .0wIldm

a. Truck to ground
.b.:PUel nozzle to aircraft

c. Truck to aircraft ,

d. Aircraft to ground

Ilt 16

lsn 2; p. 12.,
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a. D
b. A
c. C
d. I

.
.

43. What are two means used in aviation to prevent the
buildup of static electricity?

bb

a
b.

BONDING HIRE

b. GROUND WIRE

'

.

.
44. Static electricity has no real use to us; we only

want to control it. Now let's study about elec-f v

tricity we can use.- dynamic electricity. Select.,
the item that mast be moved from one point to '''''-%,

another point to produce electricity. . ':*

.
/ ,

a. Proton
b. Electron
c. Neutron

1
...

b.

.

.

.

,-

'45. Electrons flow from a point having an excess of
electrons to a point having a lack of electrons.

Draw an arrow between A and B to indicate the
direction the electrons will flow.

.

4 a
.

......

- .1.-- :LT ...:T=Tc.rz-my- ,

else . e
Ge 999

. . .

.
,.

....

...,

,

/-111,
A B

.

_46.

.

t

The electrons.
These .free

conductor
to drift
current

Which

A

e e
e 9

electrOns
all

or
flow.

illustration

.

/-.

.

that

the
movein

.

ee
®e

,

are moving
are in a

time; but phene
one direttioni

represents

-

.

,

.

are free
random

vs

currant

-

glw
a 12.1

mip

ee

electrons.
movement
can get
will

flow?

.

--.....1.---

in.a..

them
have

\ .

() eee

,

'

11.16
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47. A drift or movement of electrons in one direction
through a conductor is called .

CURRENT FLOW #

t .,

...._

w

t

4

.

,.... .'
. .

.

48. A force is needed to move these electrons in one
direction. One term used for this force is
potential difference. Potential difference is the'
difference in the attractive forcibetween unlike
charges. .

Which illustration represeAts the greater potential
difference?

. .-
.

A B
.

till :160lik
e 6,. ,,L, a,

.

-

.

. .

.
''

,..
.

.

.

. .

. ,,

49., To hive current flow, the potential difference must
be great enough to overcome resistance. Resistance
is an opposition to current flow.

10

o' /a which illustration willcurrent flow occur?
., 6

.

-

A

RRR ...i"" rtZ Os...4..es01-_....m...._. .

. ..-. .

_ ..-.... .

. .

A
.

A

.

50. liefore'current can flow, the potential diftlrence.
vast be great enough, to overcome _

,

RISISTANCE
'

.
'

51. Since potential difference is forcing or causing
'current flaw, then the greater the potential
difference, the greater the' .

.

t
. . o

11.16

p. 14

0



,

CURRENT FLOW 52. The drift.
conductor

.

.

or movement of electrons through a
is known as .

CURRENT FLOW 53. What must
to have current

C

potential difference overcome in order
flow? . ,

...--..

RESISTANCE 54.
0

The difference
between two

in the amount of electrical energy
bodies is d

POTENTIAL
DIFFERENCE

,

-.55.

1

Potential difference is theltOrca that causes
electrons to move from one point to another.
Potential difference is also known as electromotive
force (EMP).

List, two names for the force that causes current
flow.

.

a.
.

b.

a. POTENTIAL
DIFFERENCE

b. ELECTROMOTIVE
FORCE
(METIER ORDER)

..,

v

.

'

56. Another term
electrouotivi

.

. 0

Mr. Force
what are

used for potential difference and
force is voltage.

-
\

.
,

0111111/111.M.

.

.

.

.

above is called by three differetit.terls;
they?

,,,,

--- -

, qvb.
.

,

c. ,

% .

a. POTENTIAL 157.
DIFFERENCE %

b.

.'FORCE _

c. VOLTAGE
1.

.

-

,What two terms mein the seam as potential
difference?\ ,

, .

a.

b.

.
I

,

11.16

lsn 2; p. 15 .
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a. ELECTROMOTIVE
FORCE

b. VOLTAGE'

58. The common-term used for potential difference and
electromotive force is

VOLTAGE 59. There are several. methods of producing electro-
motive force (EMF). We shall only concern our-

,

selves with three of the methods: thermal,
chemical, and mechanical. Thermal, chemical, and
mechanical are three ways to produce

ELECTROMOTIVE
FORCE
OR EMF

9-

.

60. One of the methods of producing electromotive force
(EMF) is the thermal (heat) method. When a metal,

such as copper, is heated, the electrons tend to
move away from the heated end towards the cool end.
In other metals, such as iron, the opposite is true.
The electrons move from the cool end to the heated
end. If these two metals are connected at the
heated end, the flowing electrons will cross at the
junction point.

The method used to produce EMF in the illustration
above is the method.

11.16.

lsn'2; p. 16
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THERMAL
(HEAT)

ct

CHEMICAL

A. CHEMICAL

B. THERMAL

61. Another MethoCof ppiducing electromotive force
(EMF) is the chemical method. When the molecules
of a substance are altered, the action is referred
to as chemical. For instance, when the molecules
of air come in contact with bare iron,.they combine
and form runt. In some cases, the lost or gaining
of electrons in this manner produces EMF. .

v.

The method of producing EMF illustrated above is
the method.

62. Shown below are two' methods of. producing EMF. Wha
method of producing EMF is shown in each illustra-
tion?

A.. B.

63. So far you have learned two methods of producing
thertaI and chemical. Now, let's learn a

little'ibout a third method.of'producing EMF-- the
mechanical method. 'AnYeNe you move a conductor in
a magnItid field, you are producing EMF. producing

EMF in this manner is an example of the
.method.

11. 16.. .

lsn -p. 17
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11

40 *of

MECHANICAL 64. Generators and magnetos produce Fla by rotating a
large number of conductors in a magnetic field.
This is an example of producing EMF by 'the

method.

MECHANICAL

.

.

65.
,

List the three primary methods of producing DT.

h

4.
b.
c. .

.

0 .
.

a. CHEMICAL

b. THERMAL

.

c. MECHANICAL

- .

66. The MP. produced by each ofthemethods must be
known, or measured, so that it can be used to full
advantage. The volt(V) is the unit of measurement
of

, ,

.

EMF .

.

, .
.

.

.

x

..

.
.

67.
. .

The Ete produced by some methods s extremely weak;
however, in all cases the EMP can be measured. The
unit ormeasurement for DIF is the volt(V). Write
the unit of measurement for EMI? in the apace below.

-

, .

.;
,

.

**NN.,11111
. °

. ' s°

. .

.

. . 0.
11. 16

lsn 2; p. 18
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VOLTS

-

68. To measure the EMI,
volts is used. Asshown
instrument is called

.

an instrument Which indicates
in the illustration, this

a
,

4,8V ..

VOLTMETER

.

,

.

4 r 0

VOLTMETER 69. The unit of measurement for EMF is the
The instrument used to measure EMF is the

.
.

VOLT 70. The number of electrons the voltage can move past
a point in a period of time is a measure of current

VOLTMETER flow. One volt moving a given number of electrons
,in one'second past a point having one ohm of .

Isistance is one ampere (amps) of

\'

CURRENT 71. Measuring the number of electrons one volt can
cause to flow through one ohm of resistance in one
second is the method used to determine one ampere

--_..,of

..

CURRENT 72.
_

Because the elecii0 is too, small a unit to use in
measuring the amperage, a larger unit is used. This
larger unit is the coulomb (6,280,000,000,000,000,000
electrOns). The coulomb is used as the unit which
one volt must cause to flow in'one second to obtain

. , a current/11am of one

.

1

11. 16
lsn 2; 19
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AMPERE (ANP) 73.

.

o
,

,By increasing the number of coulombs per second,
current flow {amps.) will increase; two couloibs

two amps., three coulombs three amps. How many

amps,are flowing in this
`illustration?

. ,

CD .

t

0 5 COULOMBS
ONE OHM . . P R SECOND.

RESISTANCE E)

4
.

FIVE

,

74.

.

,

What must-occur to have one ampere of current

'flow?' .

-

..
.>

ONE VOLT MUST
NOVI ONE
COULOMB THROUGH,
ONE OEM OF
RESISTANCE /N
ONE SECOND.

.

75.

-

Since such a large number of electrons are moved

to obtain only one swg.,, an insprument must be used
to measure current flow:. An ammeter is the instrup_

meniused to measure .

,

.

-

CURRENT FLOW 76. Current flaw in a circuit may be miasuted by using

an .

ANNETTE 77. The unit of measurement for current flow is the

. The instrulent used to measure

current flow is the . .

.

AMPERE (ANE)

mem. \

78.

.

There are two types of, current flow. One type is

current fLoVritOduced by a Battery. 1Mitutype
flows in only one direction. This type is usually

referred toes D.C. or direct

, -,

11.16
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.

,.

79. What
illustration

type of current flow would the circuit in
have?

the

.

.
,

BATTERY Cl

8,
%

ill

A AMPS

DIRECT. CURRENT
(D.C.)

80. A modified type of direct current, in which
current flow is interrupted periodically,
it to pulsate, is called P.D.C. or pulsating

the

causing

DIRECT CURRENT 81. The
wreaker
,irype

:.,

ignition system of cars and some aircraft usds
points to interrupt thecuirent flow. This

of ignition system' produces -a

current.

,

PULSATING
DIRECT

,

-1 -

A.........

.

82. If
closedrapidly,
would

.

the switch in the illustration wire opened and
the direct current of the circ4t

then be
1 .

SIMI

I

,

,

.

m

11 .

. ,

MUM

PULSATING '4'

DIRECT CURRENT
(P.D.C.)
-

83. The
'alternates

r current
in

second type of current flow is the lips Which
its direction of flow. The type of

which flouts first in'one direcift and then
the opposite direction is A.C. or- .

11. 16

lsn 2; p. 21
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ALTERNATING
CURRENT (A.C.)

84.
,.)

D.C. flows in only one direction; A.C. periodically
changes its of flow.

DIRECTION 85. What are the two types of current flow?
.

a.

,

b.
.

.

a. DIAE
CURRENT

. (D.C.)
b. ALTERVATING

CURRENT
(A.C.)

(ANY ORDER)

'86, Symbols are used extensivelyin electricity,
usually to represent a component in a circuit.'
However, the symbol 11 (the Greek letter
is used to represent-ohms. As an eiample,
is read as .

Omega)

10.11.

.

TEN OHMS 87. The ohm is the electrical
is represented by this

:_,..°,,,,

unit of ihsistance; ' fak

symbol: .
. _

1-1

,

88.

....--- ..--.
What is the .esistance of the light bulb
illustration?

in the

1 ,

i 3 AMPSt 5n.'
MIIIIII

-7::.15V

5 OHMS 89. If the resistance
device is'unknown,

,-ohmmeter. An instrument
the resistance of

of a Circuit or an electrical
it can be measured with an

that is used to determine
a circuit is the

\t °

OHTRR

.

-90. What is the resistance of the circuit below?

to measure this resistance
.

isThe instrument used
called an ,

.
.,-

-,

-._

5.n.

.

,=30 30 V

. 6 AMPS.

_ ,_...

. o.



5 qFms

OSMIUM
.

. .

4

91.

.

.

To have current flow, voltage must overcome
resistance. The resistance of a materiel.
indicates its degree (high or low) of opposition
to flow.

.

.
.

CURRENT 92.

.

.

All materiels have some resistance to current flow,
and they may be divided tnto two basic classes,
depending on whether they have high or low

.,'

RESISTANCE

0 '

.

93.

4

Conductors at materials that offer little
opposition to cuk-reit flow_and are classed as
materials having low

. .

.

.

RESISTANCE

.

,

94. ,

Some materials that,have low resistance to current'
flow are silver, copper, and aluminum. These .

materials are all good
. . .

.

.

CONDUCTORS

.

.

4.

,.e.

95.

I

.
. .

The,resitance of conductors, in general, is
affected by three factors: type of material, size
of material, and temperature of material. .Silver

., is the best condUctorosinde it has the least
resistance. Copper is minct,since it offers

',slightly more resistance. 'Conductors made 'of .

rtillimi-copper have different resistancesMse they are made from different

............

V, .

Ttli itS O '
MATERIAL 7

,

96.
,

..

Silver, because of its cost, hag a limited use as a
conductoic,topporisereaculyimillabulAcin is
the'type of material itsual.ly used as a

CONDUCTOR

,

. .

.

. °
.

- -

97.

..,

.1

,
....

The type of material is bne.factor affecting
resistance. Tke size (length and diameter) of the
material is.enother factor: The greater the
distance theocurrent must travelothe greater thi
voltagnsust be. This indicates that as the length
of the conductor increases, its resistance

.

q ,
.14' .

.
. ..

,

.

.,., ..

11.18 .
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INCREASES 98. Which conductor below has the greatest resistance?

I

20 FEET 10 FEET 20 FEET
I SILVER I ICOPPERI COPPER I

A ' (-4 C

99. The resistance of a conductor increases as its
length increases. However, an increase in its .

diameter has the .opposite effect. As the diameter ,

Is increased, the resistance viii

DECREASE 100. Nhen4the length of a conductor is increased, its
resistance ; when its diameter is

increased, its resistance

INCREASES

DECREASES

101. Temperature, the third factor, has the,same effect

as length. An increase in the 1.mperattre of a

conductor will its resistance.

INCREASE 102. List the three factors affecting the resistance
of conductors.

a.

b.

c.

TYPE Of PLATER

SIZE (LENGTH
AND DIAMETER)

TEMPERATURE

(Arf own)

103. Conductors are materials that have low resistance.
Insulators are materials that have

ardii RESISTANCE 104. Materials which have high resistance and are
often used to shield conductors are

11.16

lsn 2; p. 24
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IISTILATORS

.

105. The purpos of an insulstor is to oppose current
', flow. The best type of material for. an insulator

would be a material having
-

.

-HIGH

k..

106. Some materials Make better insulators thin others.
One factor hat affects an insulator's,resiitance
ft the type f 4

'MATERIAL 107. One factor to bsconsiderad in selecting an
,insulator,is the

.

TYPE OF
MATERIAL

....

108. The size (thickness) of an insulaio, will affect
its resistance. If the insulation on a condUctor
allows current to flow through it, ,it indicates 1

the size (thickness) of the insulation should'be

. .

INCREASED

.

.
.

1109. Increasing'the size of an insulator w44
its rpsistancd.

. .

INCREASE
-

..,

.

.

.

110. Tespeiature will-Ao affect the resistance of an
insulator. Glass, an insulator, when heated will.
conduct electilcity. This indicates that an
increeie in temperature mill cause an insulator's
'resistanceresistance to '.:

DECREASE

. .

,

:
.e .

111. ANhat would be thmffact on the resistance of an
. .insulator if_sii

,

....../
. , a. size wee increased?

. b. ,tikaPera&reowere increased?
.

,

a. INCREASE

b. DECREASE

.

I

,

. * .

112: The factors affecting the resistance of a conductor
also affect its relationship with current flaw.
The relationship between 'resistance, current floa,
and.elettromotive force is explained by Ohm's law.
There is a close connection between resistance,
current flow, and electromotive force which can be

. found in
--r------

law. .

.

.

A 4 P

1!
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Ailmi.,...01.1.....AN .J1IIMM ...An- KiaatAW r./2.4.. manad,MIK*WIMM 1

OPAIS 113. Ch.sl'a taw cilit,-.03 the'cloue tiea'bet-oesn

`

...........
. ------ -

%
.

. .

.
. . ,

-\

-
ELECT110. OTIVE 1;14.' Pa::: vf Ohmia law ntatec then, current fl ...w ii

F direttly pro:tort-1mA to M . lAa you increaaerthe

CUR

1

7o?..ttge' or Ea, you will also increane currant slate 1

RENT 111,014
on .ccinA, or proportionAta :.mount. , Selsct the 1

-RESISTANCE #
qtlr....lat bslo th...t in colf.:1c:f..

t
I

(ANY 011OVER)
r
2, I! Toltags is increased b7 1/2, current

dezre7:caa 'y 1/2. ..

i b, Ilf -Joltaze. is =created by 1/2, currant
- 1inereAct'a by 1/2.

c-. ::: wAtage
.

is intrtt-,Bd by 1/2, currant 'remain:,

unc:%cngsd.

d. Note of thee is correct. .
.

i

Ao...stalativoY0Ai 1 I so. a .....0

. . ..

b. 115. When EMY incrAaaoa, current flow also iucreeses.

,
This faet pho/a that thil,currsnt fXou is .di.vect17. i

.

.
,

pro ortional to . . .

;.

10=0.+1NLYIMOOT
' , I

. .

EN! . 116. If Current flaw will incraase as ,Tie Is thereatJed; 1

* 4ecraace in E? "will yeadil:te a ....:....4.......L- I

in cur:ant flaw. , .

.
j

i
DECREASE i.\-.7. '.rt.e firat 114rt of Obm'a 1t4; dhows how current:713w 4

3nd '2,":11? are related. The necond pert Oif it :11:f.:41 j

how ourTent flow ant resictance ars related. It .1

. :- sa7a that current How is invarvely proportnnal ,1

.a
t2 resistance. This is...12ne that A chunga in

i

.

. rsaisticce, eithst-high,x or lfl:wer,w111 oesduce,

the oppoRits change in zmn".271t flaw.. Select tht, i

cotreCt ttstallat..nt

; a. A.;.racistance

b. Ac reeL,tance
resist :n:1:3

incraacee, current
increuse,'eurrent

fInt71ftt

fiou sialreases,j

flco r=lina 1

!

arMurmM... Ar.o...ft wO

i It" ',. 11:I. .,....1 2.-:!cip.acc..1 intze:xsee, car:ent qrsw dsct.-,as..ka...
4

I 4
4

Th1,0 ,..:.-aavle that current t:ow in inveruoly i

. i
7+T :r )r: :::7)::n1 wIth
(,,

i
3

$ i
.. r a 1

. .....0r-rd.............FrIst.,, ..n,....p..m...,....xx.rra. --sus, 01.0....... .... ,-0.nz- .4.0 ...-0.....m. 0,u 0,... .w . ...A.- nanewslue.aw
Y

4

100
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RESISTANCE

.

119. Current flow is inveritely proportional with 's

resistance. This meanq'that as resistance is
decreased, current flow will

/

..,

INCREASE

. .

. .

120. Ohm's law states that current flaw is
proportional to MY and . proportions

"-

to resistance. It

bIRECTLY

INVERSELT7,

.

, .t..

r

121.. Complete the statements below. -

,,

a. When resistance is incredsedicurrent
- win': t+ .

- ,

flow

...

flow will

t

4

'h. When voltage` is increased,- current
.

a. DECREASE
.

b. INCREASE
. .

122. Ohm's lair in the mathematical formula
. \

N
. this, 1111511k The Worizontal harin

loots like
,

the circle,

find I, you

.

aQV
, means to divide. In order.to

Eby R.

.

DIVIDE 123. The horizontal bar, weans,
.

to .v

DIVIDE

I

124. The vertical bar in.the circle,

multiply... If you must determipevE by

lawmathematic formula®
means to

the Ohm's,

.
,'you

I by R. . .

. . . . .-
.

'MULTIPLY"

.

1

125. -The vertical bar in the circli, , means to

,

.

.

.

.

.
.

.

,

t.

.

11.16

lsn2; 1:). 27
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I

,

MULTIPLE ..,

,

.

126. Now, when given some information, you
the known values in place of the letters

solve
circle

for the unknown
and perform the indicated mathematics

known value. '

'Solve the problem given below 1.,ty using

. law formula.
- Ali 11rI ow 2 amps.

v©R 6 ohms

E ?
.

can insert
in the

to .
.

the Ohm's

volts

._

.
. t E

..,

12 VOLTS

C A

127. In order tp find E, you must
\

1 by

R. 0.. .

MPLTTYLY

.

*

-

Is

.

i \

' . . . . ..

128. Solve for the unktichm iit the problems

Ali,P
It 24

6

below.

B '
..

1

.

. .. 117
A

,

.
.

.

12 volts - K

1 3 amps. R

R . owns 1 al

volts

ohms -
amps.

A. R ". 4. OEMS

B. / 4 AMPS.

I .

129. Ili order to solve fot Other I or
- .

R, you must

,,
.

.

DIVIDE-

*,

. .

. .

130. Draw.the mathematical formula for Ohm's law.
. ., , .

' \,

- . .
-

.
..... .

,.. ,''

, ,_\ '9

. .

,

s

.

11.16
lsn 2;°p. 28 1.02
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.

All
I lirf

_

.

.

,
.

131. In using the mathematical
you probably noticed
represent the

-represents voltage.
resistance,and

. or rite of current
item it represents.

space beside its
.

.

.

R

E

I
.

.

. .

formula for Ohm's law,
that letters are used to

various values. The letter E
The letter R represents

the letter I represents the intensity
flow. Match the letter with
Place the letter in the

true meaning.

,
.

fa. Electromotive forte

.

',

the
proper

.

b. Amperage

c. Resistance
.

i

a. E
a

.

. It °

-

.

.

,

.

-

, .

132. Solve

,
.

E = 12V

;

The
that

for the
, -

.

%110\
Figure A

comparison
as voltage.

unknown value in figure 2.
,

1 =2A

.
-,

.

E= 20
Figure B

.

,
,

between figures A'and B proves
increases, current flow

. .

.

4

INCREASES.

.

,

,

.

,
-

.

..

-

.

.

.

..

..-

.

.

.

.

.

. . C .

,

....

,

. .

.,,
.

t
.

.

.

.

-.

'

.

103
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FUNDAMENTALS OF ELECTRICITY

LESSON 2

PART A
1

INTRODUCTION TO ELECTRICITY

SELF -TEST

1. What is the source of the electrical energy found in 111 matter?

'a *

.

2. Label the illustrations below as being positively or negatively
charged bodies.

A. B. C. D.

3. If electroni are removed from one body and attached to another
body, the two bodies would be in a condition.

4. What is the primary cause of static electricity?

5. Select the statement that_correcly describes what occurs when
two unequally charged bodies contact each other.

a.' The elentrops will flow from positive to negative until _

the bodies equalise their charges.

b. The electrons -will flow from.negepive to positive until
the bodies equalise their charges.,

c. , There will be no,floi of electrons because unlike charges
repel each other.. .

d. The electrons will flow from one body to the other as
long as they are in contact.

0

6. What is produced that could be hasartious when there.ii an
electron flow.between.tvo separated bodies?

"s.

7. What are two means used in aviation to prevent unit buildup of
static_ electricity between two bodies or objects?

a..

b.

114:16, -

lsrt 2;4). 30
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'1

.8. What must potential difference overcome in order to have current
flow?

11

.

9. Select two terms that mean the same as potential difference.

a. Resistance'

1). Electromotive force

C. Current flow

d. Voltage

'W. Static electricity

10. What are the three primary thods, of producing electromotive
foie*?

a.

b.

C.

11. List the correct unit of mealurement for:

ELECTROMOTIVE FORCE (ENF)

CURRENT FLOW

RESISTANCE

12. Select the correct instrument used to measure:

ELECTROMOTIVE 7ORCE INSTRUMENTS

CURRENTnay
ofteTER

b. WOLTMETEr

RESISTANCE' c.ANN4TiR

,13. List two types of current flow.

a.

b.

14. What are materials called that offer low resistance to current
flow?. .

11. 16

Lsn 2; p. 31
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1

15. What are materiali called that'offer high resistance to Current
flow?

16. 'What effect (increase/decrease) does the following have upon the
resistance of a conductor?.

Indiease its length, and its'resistance

Increase its diameter,"and-its resistance

Increase it temperature, and its resistance

17.' What affect (increase/decrease) does the tllowing have upon the
resistance of an insulator?

4t.

"Increase .its thickness, an'its resistance .

Increase the temperature, and its resistance

18. Complete these statements aboUi Ohm's law.

When resistance is increased, current flow sill-
\'

When yoltage is increased, ctirrent flow will

19. Uiling thS mathematical formula for Ohm's law, solve these .

problems.

4 AMPS

24V

8r

11.16
.1.sn 2; p. 320
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20. Mitch each electrical term below with its Correct definition.

ELECTRIC4I. TERMS

a. Cutrent flow

b. Static electricity
c. Resistance

d. A charged body

e. potential difference

f. Ohm's law

4

DEFINITIONS

I. Electiical charges at
rest.

2. One hiving more or less
than its normal number of
electrons.

3. The drift or movemsnt of
electrons through a
conductor.

4. The difference in the-
amount of electrical
inergy of two bodies.

S. The opposition to current
flaw.

.6. Current is directly
proportional to the EMI
and inversely proportional
to the resistance.

11..16

ism 2; p. 33
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- LESSON 2, PART A . ,

INTRODUCTION TO ELECTRICITY -SELF TEST ANSWERS

1. The atom

2. (a) . Po'sitive
.(b) Negative
(c)' Positive

. (d). Negative
. ,

3.. Charged

- 4. Friction

b
6: A spaik

3

17. Increases
Decrease

18. Decrease
. Increase.

- 19. E _ 24v '
I = R 8n 3 amps

E 24v '_
R = I 4A 6 ohms,

E = IR = (2A) (8g) = 16 volts

7

20. b 1

"7. (A) Bonding wire .d 2

(1i) Grotind wire- a 3

e 4,
8. Resistance 'S; 5

-. , .3.
f 6'

1:s .-
9. b, d'*

10. Chemical, -thermal, mechanical 00 RIGHT ON TO LESSON 2,
PART B - ELECTRICAL SYMBOLS

,Volts
A peres.
Ohms.,

.12, b
c
a

.e

"' 13. (a) a. c.
(b) d. c. a

14. ConductDrs

15. Iniulators

16. fneTeases
Decrease6
Increases 1 08

11.16
I.sn 2; p. 34
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'FUNDAMENTALS OF ELECTRICITY

LESSON 2 .

PART B

ELECTRICAL SYMMS
4

OBJECTIVES

1. Given,a list of electrical symbols and a list

of electrical components, mate' the components

to their respective symbols.

2. Given .a list .of statements .pertaining to

schematics, select the statement that describes

a schematic diagram.

1.1;16

2;p. 35

C.;

.' .

109
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I. Whether you are in OF11 or OF13, A knowledge of
electrical diagrams is necessary. The diagram used
the most is the schematicAllaus. The schemittic
uses symbols to represent the parts of the circuit,
and a single line to represent the connecting vir,I.

This is i typical schematic diagram.J

Parts are illustrated in a schematic by

2.; Th6 arrangement, of the parts in schematic is by
electrical priority. This is to say, the parts
appear in the order in which they receive electrical
toner. -

The schematic diagram is arranged by

a. electrical location of parts.
b. physical location of parts.
c. neither A nor B.
d. both A and B.

3. In schematic diagrams, the parts are represented by

, and they are arianged in

order.

11.16

I lsn'2; p. 36. 110
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SYMBOLS

ELECTRICAL

4. To be able to'read a schematic, you must first
know what_the symbols used in them represent.
Below are eight basic shapes. From these shapes,
or a combination of them, most electrical symbols
are constructed.
Study these basic shapes; then proceed to the next
frame.

wl>. C 4

0 H,
These basic shapes may appear at different angles when used in combina-
tion with others, and straight-line shapes may appear with a bend in
them.

EXAMPLE:

5. The symbols below are made up of basic,shapes. Break each symbol
dawn int/Lite basic shapes by drawing its basic shares in the dotted
boxes. Do not just recopy the symbol.

EXAMPLE: AAA"e=

A

,C

ID,

1

,11.16

lsn 2; p. 37

\

A



3.

D H

6... NOW, DO THE SAME WITH THESE SYMBOLS.

A

'C

11. 16

lsn 2,; p. 38

D

H
tl

I

7

-I
I ,..

__ -

e-

_

You say be wondering why you should know these

basic shapes; they are thesta its point for

learning the syeibois ich the sake up.



9

e)
M

A
0

..ni\AAAr"
A

C

(Toro
E

7. There are two groups of electrical symbols that are
shamed somewhat alike.

The two groups are:

A.

RESISTORS AND COILS (or4INDUCTORS)

Notice that the lines
in the resistor fora
a zigzag.

7/YVVs.-

Remember this symbol by
thinking, "The sigmas
lines in the resistor
symbol look like
mountains, and mountains
resist travel."

Now, label these synboli.

The lines in both of
these types of coil
symbols are coiled.

The symbols show how
a coil is made up of
coiled wire.

C.

A. COIL
11, RESISTOR

C. COIL

/

S. a. Lines in a resistor symbol form a

b.

C.

Lines in a coil symbol are usually

Coils are made up of wire.

d. Label the symbols below.

0.)

i)
(2)

14.16

laAl 2; p. 39
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A

a. ZIGZAG 9. A transformer is used either to step up or to step
b. CO down voltage. Since a transformer is constructed
c. with coils of wire, it Teems reasonable that a,.

) RESISTOR symbol for a transformer should contain the coil
(2) COIL t shape.

Below are some symbols for transformers.

ksussu umu
rismr). -rpm)
Air-core Iron-core Variable

/60

transformer. transformer. transformer.

a. Which transformer symbol has an arrow running
through it?

b. Which transformer symbol has nothing between the
'coils?

c. Which transformer symbol has heavy lines between
the coils?

The heavy lines between the coils represent an iron
core. The iron core is simply a piece of iron
aroundWhich the coils are wrapped. An arrow
running through the coils of 'a transformer or
through a resistor means the transformer or resistor
is variable.

Label the symbols below.

?.
--NAAA/vr. tsu o

A. B.

C.

E.

D.

11.16

lsn 2; p. 40 )1 4 00.
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4

a. VARIABLE .1
b. AIR-CORE
c. IRON-CORE
A. RESISTOR
B. COIL
C. COIL
D. AIR-CORE

TRANSFORMER
E. IRON-CORE
, TRANSFORMER

Label.the symbols below as coils, transformers,
resistors, variable resistors, or variable trans-
formers.

A.

C.
60,

D.

F.

E.

G.

4

A. Con
B. VARIABLE

RESISTOR
C. AIR-CORE

TRANSFORMKR
D. COIL

IRON -CORE

TRANSFORMER
F. VARIABLE

TRANSFORMER
RESISTOR

gZ-

.11.16

lsti 2; p. 41

11. Draw the symbols for these pArts.

b. Variable resistor-4. Iron -core
transformer

4%V

II 5

1



a. (WU

c. room

2

11.16

lsn 2; p. 42.

12. Perhaps some explanation of the term vOiable
resistor should be Oven. The term variable simply
means the resistance of a resist% can be varied.
The rheostat is i gOod example of a variable
resistor.

Variable resistor

There is another symbol which looks similar to the
rheostat-- the potentiometer. The main difference
between the symbols is the number of terminals
(shOwn as dots) which lead from each one The
rheostat will have Wo aid the potentitomeer will
have three dots in the symbol.

)

\ A A Nt

Potentiometer symbol.

Draw the sytbols for the parts illustrated below.

a. Air-core transformer

b. Iron -core transformer

MMINICED11.11

4

c. Resistor

d. An arrow through a resistor symbol or a
transformer symbol indicates that it is a

resistor or transformer.

S".

116 ;
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a.

b.

d. VARIABLE

13. Bow, sous symbOls that wig and.
I .

shapes; The dimplest ithe single cell.

J.

.

The battery is merely a combination of cells.; so
the symbol fora battery is a series of cell
symbols put.together. as shown below.

IP
,

-111111111111-

A rectifier is srdMiice that changes alternating
current to direct current. Below are two symbols

.'sfot the rectifier. Auttier of these symbols may be
used.

. 1,. '

40_

Whit 6 these symbols represent?,

t 7T- IL: f7-

. ..

''. 1 *.. .1.

OMENEM i

T.
._

A. -D. C. D. 1.
.

' .

A. =L.
B. BATTERY
C. RECTIFIER
D. Warm
I. RICTIPIER

14. Using the shapes -7.-74ib and I-- ',.drawthe
symbols or theme parts.

a. Csll / 4 NS° b. Battery '1.

/

11.16
lsn 2; pt 43.

4

c. Rectifier

eic

/

/17

o

-,

/01
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_

.
r

..)1tit;),

0 s

, 0

a. --I Fe,

b..--11111111--
1,

t

Sere are soles sore. eyehole Using the shapes --->
end .

These three aKe 'capacitors.

THIS SYMBOL

wilh an:arrow through it means
ariable capacitof.

Variable capacitor.

Label the symbols below.°

110

a

,

B. D.

-5

F. G.

0

CT

'1i.16

Isn 2; p. 44
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A, 'CELL

E; CAPACITOR .

C. RECTIFIER
D. CAPACITOR
E. BATTERY

0F. CAPACITOR
G. RECTIFIER

..

.5

J.

V

16. Contacts may be illustrated by the symbols below._

A

When the Bribe's abd4e as used, yUu will usuallA
see the symbol for an electromagnet used with
them -- indicating &Isla.

tej--YTT1=5
Electromagnet.

'a. Label the symb blow.

r

Relay.

(1) (2) (1)

(4) (5)

b. Draw the symbol for thli'following:

(1) Eattety

o

0

(3) Contacts

(5) Relay.

ts.

(2) CapacitOr,

(4) Electromagnet

11.16
4 'Isn'2; p. 45



a.

'(1) CONTACTS
(2)- VARIABLE

CAPACITbR
(3) CONTACTS
(4) ELECTRO-

MAGNEt
(5) -RELAY -

b:

(1)

.

(0)

(4)

17. Now, let's 1ook.at some symbols. using the
shape.? These should be no problem 'to

remember. .Look far the letter Within` the-circle.

Below are several symbols; they are self,explanatory

Ammeter

Voltmetir

Ohmmeter Tilit)

Motor

Generator.

MilliaMMeter

Millivoltmetet

etter is th
mp is the e

As you can see, the le identifying mark.
'The symbol for the l'axception.

Lamp symbols.

MOtors and geilefitOrs have some variations.

. Motor. symbols.:

Draw the symbol for the fo1lo4ing:

a

Generator ,symbols.

a. Ohmmeter a

6.

U. Ammeter

C. Voltmeter d. Lampe,

11.16
lsn i; p. 46
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4

a.

b.

3
d.

4

f

18. Match%eadh component with its respective symbol.

A.

B.

C.

E.-

L.

a.

WAR) c
rtrinfln 1. Voltmeter ,

:

(19.(in
0001==.0001.

t

04A/VV4--

2. Reify

-3. Cell

4. Resistor
-

. .

5: Electromagnet

6. Rectifier

7. Capacitor

8. iiittery

9.- Contacts

10. Rheostat

11. Iron -core

transformer

-

L2. Air-core
transformer

13. Ammeter

4.

- 11.16_

isn 2; p. 47
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.

1

A. 12
B. 5

C. 11

D. 1

E. '9
P. 7

G. 11

H.- 46
It 3

J. 13

X. 2'
L. '4

M. 10

11,16

lsn 2; p. 48

1,

19. Let4sstudy switches next. Since an electrical
circuit is a pathway for current to flow through,
break in this pathway would stop current flow.
Switches are simply ways to break thispathway or
to control ,the flow of current. 1

Below are some symbols for switetes,

SIII0LE-POLE,
SINGLE -THROW

SWITCH'

S/HGLE-POLE,
DOUBLE -THROW
SWITCH

DOUBLE-POLE,
S INGLE- THROW

SWITCH,

DOUBLE-POLE,
DOUBLE -THROW

. SWITCH

To remember these switches, think of thelpumber of
poles as the nOeber of wires coming to either side
of the switch. The throws 'can be thought of at the
number of on positions:

01* ..

Example: ' 1

SINGLE-POLE, SINGLE-THROW SINGLE-POLE, DOUBLE-MOW

OFF.

ONE WIRE, ONE ON POSITION

4

The number of wires coming to each side of a--
double -pole switch is .

The number of on positions cdoubie-pole,single-
throw switchlhaa is
The number of on positions a double-pole,double-
throw switch has is

-0 0-10--
4

ON ON

ONE WIRE, TWO ON POSITION§

122



D

a. TWO

b. ONE

c. TWO

a.

SDELF.-POLE,
DOUBLE- 'THROW

--o 0---

b.
DOODLE- POLE.
SOME- THROW

0

20. Prom the descriptions belowi name the switch and
draw the symbol for tt.

EXAMPLE: Has one wire connected to each side of the
switch and has one onposition.-:

a

single -pole,

single-throw
NAME

C/0"""'

MOM
a. Has one wire connected to each side of the
. switch and has two oh positions.

b. Has two wires connected ,to each side of the
'switchi and has one on position.

c. Has two wires connected to eachside of the
switch and has two on positions.

21., Two other devices which can control current flow
in a circuit are circuit breakers and fuses., Both.:
of these are safety dirvices. A circuit breaker*"

. amounts to nothing more °then a fuse that can be
reset. f

Below are the fuse and .circuit breaker and the
symbol for each: 4.40

Cne!ii2:1-FUSE -"cr\.A...

DOUBLE- POLE.
DOUBLES -THROW

MOH=
BREAKER '--° °---

4

Both of these devices protect the'circuit by
breaking the pathway for current flow.
Label these symbols.

---o 0---

D. C.

ammimer.0Nra

rs,

123



1

A. DOUBLE-POLE,
NOBLE-THROW
SWITCH

FUSE

C. CIRCUIT
SREAKER

p

22. The ground symbol is the most often used symbol in
electrical diagram. This is the symbol for ground.

In an aircraft, as in your car: some components are
grounded to the frame. This type of installation
is known as a grounded circuit. This means that
the ground (frame) is the return line for current
back to the power source. Let's look at a grounded
circuit.

SWITCH OMOTOR

POWER SOURCE
------- BATTERYtlt

FRAME

In the circuit above, current flews from the
battery, through the switch, to the motor, and then
to ground. Since both the battery and the motor are
grounded to the frame, there'll a complete circuit.

Hake the circuit below a complete circuit by
putting in the ground symbols.'

-r-

r

The only thing shown in an electrical diagram is
the ground symbol. The ground (frame) is assumed
to be there..

23. Place a ground symbol wherever it is needed in the
diagram below.

-T-

12,1



A. NO
CONNECTION

B. CONNECTION

°CONNECTION
D. 'CONNECTION
E. CONNECTION
. CONNECTION

11:16

lsn 2; p; 51

. Connection symbols represent psrnanent connections
such as soldered connections di connections to
terminals (screws and luso). Below are some'
connection symbols you may see.

A.

You Mill notice that each of the illustrations above
has dots at the Intersection of the lines. The
dot is the actual connection of the. wires.
Wolin below are symbols known as "no connection."
In other mckds, these illustrations merely show
wires that cross each other but are not connected.

NOTICE NO DOT.

Q

Label the symbols below as "connection" or "no'
connection."

B.

+°
D.

4111

2&. Draw the symbol for each of these components.

a. Circuit breaker b.. use

d Connect ion

c. tingle - pole,

single-threw "--
switch

e. No connection f. ''Ground

/17



b. -4r\-0-.

C.

26. Below are two more symbols for conilections., These'
symbols represent connections which are frequently

.connected or disconnected. The first is called the

connector (cannon plug).

A.

D.

Looking at the symbol for the connector, You*can

easily see its use. The connector is used for

multivirs'instellations. The letters identify

the wires.

1,\The next symbol represents' the disconnect.

t

Again,the symbol shows how it is used. The

disconnect is. for single-wire installations You
have probably- seen this type on your car.

Label the symbols beloir.

-41111111-

B. C.

minalow

It. 2.

pit

126
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A. CONNECTION
B. NO

CONNECTION
C. DISCONNECT
D. BATTERY
E. GROUND
F. FUSE
G. DISCONNECT
N. RECTIFIER
I. CELL .

27. The last two symbols are-the spark plug, as used
in your car, ind the spatk igniter, as lied in a jet
engine:. First the spark plug. This symbol is

,

composed of the ground symbol and two strove facing
each other. Below is the spark plug symbol.

Amiyou can see below, the spark igniter uses the
ground symbol also,but it has a, circle and cross in
place of the. two arrows.

Label the symbols below.

a. ---o b. --> <di!

C.

a. CIRCUIT
BREAKER

b.. SPARK PLUG
c. SPARK

2 .' You have seen a lot of symbols separately. Now,
let' put them in.& schematic and see if you Can
identify them.

Label the numbered symbols in the sChemati below.

11.16

1-1Dzi -2; p. 53
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(1) SPARK PLUG 29. Draw the symbol for'each of the components below.
(2) CAPACITOR I/



11;

--(1111111- 30. LabSi oschjsysibol shown Imlay.'

t.,

A. B.

C.

2 11. 16
24K-"5-5

.

Mr

D.

H.

1

1.29

s'

1--

-xt



a.

A. RECTUM

rug-CORE

TRANSFORMER

C. PUSH-PULL
CIRCUIT
MAKER

D.0101STER

E. SINGLE-POLE,
SINGLE-TMLOW
SWITCH-

AMSTER

C. RELAY.

N. CONNECTION

1. GROUND

,

31. Label each sympol-sbowa below.

A. H.

A
B
C

C. D.

UAW
(61111p

E. 1P.

11.16

0
4

--0

C. H.

A. CA/ACITOR

N. RHEOSTAT

14,'SPARE
IGNITER-

D, CONNECTSI-

E. I91-CORE
TRANSFORM

F. SINGLE-POLE,
DOONLE-THROW
SWITCH

C.; VOLT/STU

R. NO
CONNECTION

(rT

- fan' 2; p. '56
4-4
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FUNDAMENTALS OF ELECTRICITY

f LESSON 2, 4RT B

ELECTRICAL SYMBOLS
SELF-TEST

1. Match the nams.of each component with its respective symbol by
placing the number before the componeni in the box beside its .

respective symbol.

t
A.

.
B. + C.

.
.

.
.

11.- --"1111111): ,

.

C. R. 0 -° I.
--.11,>---.

/-

J.

,

X.

/ CI
C .

:m. N. . O. , .

it---.

Wall.)
7#1 1 1

.

alngl. IIIaing).:
T. Ai

C

M

larU. *I I I

4. ...4--
LJ

r 1

14* ...NwiN.- 4::7034

t It I 0
ItSZt-3.7 -t-i

.

A '

Y. Z.

er .-

......4 I...-..r

1. Ground
-24 Lair
3. Connection--
4. Do connection
5. Cell
6. Eatery
7. Fuse
8. Generator
9. Mbtor /.
10. Resiitor
11. Rheostat
12.1foltme'ter
13. Ammiter

..

1.4

wt

.15. Disconnect
16. Single-poleosingle-throlvsItch
17. Single-poleodouble-throw switch

loushimll circuit breaker. °

19.JCapscitor
'20. Aircore traniformet 2
21. /roncore-transformer
22. Relay.
23. Rectifier
24. Spark ignitor
25: Spark plus

%.26. Connector (cannon plug)

6z9

L



, 2. Ifhtch statement describes'. aoschematic, diagram?

I.

-.a. Parts are illustrated with pictures and are_ arranged
by'their phyiica/ location.

b.,

.

Parts are illustrated with pi'sewes and aro arranged
4

,in the order in which they receive eltetrical'power.
.0

c. -sParts are: represented by symbols:- and are arranged iii

the order in whis.h they receive .electrical- power.

3

4

I.

I

4. 4

I.

1.

A

. 4

0

O

S

11.16
lsn ,k-O. 58

) 32'

11.

4.



1."

et-

qui

1,

2.

LESSON 2, PART B
ELECTRICAL SYMBOLS-SELF TEST ANSWERS

A 3

B 4
C 23
D 1

E 6

F 16
G 17
H 12
I lie.

-c

J 9 , S 1.9
K 13 T 26*

L II 24
M 8 V 18`
N 14 W 10'
0 .11 X 22
P 25 Y 5

21 Z 2 41
R 20 1

<4

.4.. 'END OF LESSON 2, GO-ON-TO LESSON 3.-
:IA "'. 4 1 ,

.. 0. t 1.--,..;:' . AC. * * I A

1 0 ..40.; .1'. ..
1 :
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O

I

0



,e 'UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE MARINEISARttACKS

SOX 1775
WASHINGTON. 0.0. 20013

FUNDAMENTALS OF ELECTRICITY

LESSON-3

SERIES CIRCUITS

AND , ,

-PARALLEL CIRCUITS

INSTRUCTIONS

11.16a

4

This is a programmed lesson. It is designed to teach,
not to teat. You will need ply this booklet, a pencil,
and some time to,completi th4.n.leison. If there is
something-in the propel you do not understand, ask

'your instructor or supervisor for assistance.

REItelfiER -

This lesson has been written
so that the` amount of reading

necessary is minimap and yet
most meaningful. Therefore,
it is 4very - important that you .

follow these instructions.

d.;

- Read each page, carefully.

-,Fill-in:each blank.
- Keep the answer to the
frame on which you are

. working covered with *
slip of piper until you
have"written your answer.

- Correct all errors you
ueke.

- Follow all directions
given in the program.

SUGGESTED READING TI4
180 MINUTES

74.
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LESSON 3

PART A

SERIES CIRCUITS

44
OBJECTIVES

1. From list of statements pertaining-to electrIpil.circuits,
pelect the statement that correctly describes an electrical
circuit.

2. 'From a list of statements pertaining to electrical circuits,
select the statements that correctly describe a series

circuit.
.

t

3. .Solve serjels=circult probtems for the following:

a. Current
b. Voltage drop across an Lividual component

c. Resistance of an individual component'
Total resistance

e. -Total voltage .

4. From a list of statements pertaining to source voltage, select
the statements that are correct concerning source voltage in
a'series circuit.

-5. Given a list of statements concerning the ohmmeter, ammeter,
and voltmeter, match each statement with the,uster.to which
it app es. -.4 .

6: From'i list of statements pertainingo circuits, select the
statements that apply to a short circuit

7: From a list of statements pertaining to circuits, select the
statements that apply to an open circuit. -

4

/

. -

1



:

1. Ther three configurations (types) of circuits
used,in electrital work: If you were building, a
complex electrical device, owmany different types
of electrical - circuits cou you possibly use?-,

1 SERIES

.

2. One.of the three types of circuits is the series
circuit. -/n electrical work, of type of.circuit
you can -us is the circuit.

CURRENT°

se

3. Electric current alit have a means of getting from
its source to the poiit where it if to be used and
back again. This is accomplished with'i circuit.
A circuit °vides a continuous 4electrical pathway

- for \tfiv

4. The illustration.beiow represents a' eircuit because
. it.hu a cotinuous pathway for current to flow

from the source, through the light bulb, and back
to the source._ .

r

between point& A and B is dpconnected,
will the li t continue to burn?

-f

isn 3; p. 3, '

0,

°



1. Circle the letter under the illustration that
correctly represents an electrical circuit.

A

A series circuit has only one Continuous patiniay
thibugh which current may flow., Other types of /ler'

circuits have more than one pathway. A circuit
that has 'only one path .for current is known as a

circuit.

e"'"

.7. A series circuit is a cLicult having only one
pathway for currant.

S

a

A

. r.

Circle the lettbr below the illustration
represents a series circuit..

137
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,

.

,

'S. Select the correct- answer.

#
A series circuit has

a. at least two paths for current.

b. any number of continuous electrical
pathways for current.

I
only one path for Current..

r.

C.

.

9. In a, series circuit, there is only one- path for

current; therefore, current is the seas any place
in the circuit. Current at any point,in i'series
circuit will'be'

°.

.

-
,

THE SANE
(CONSTANT)

.

.
.,

.

.

,.. .

-
.
.

.

,

.

10. Current in a,series 'circuit is constant
Current is the movement of electrons.

throughout.

.

t

.
.

:
in a

plectrons would
circuit.

positive side of

..

.

.

-

irr-1';'v -7,-.
i-

r..-ir
. 10,000 ELECTRONS

ENTER HERE

,

- .1:alT:oul,

4,ii: were possible to,count the' electrons

series circuit, the same amMber of
be flowing-across any point in the

- How many 'electrons would leave the
the-circuitillustratnd above?

.

'a. 10,000.
b. Less, than 10,000.
c. More than 10,000.
d. None.

a



11. The law of current states that the current in
any pare of a series circuit is equal to the
current in any other part of The same circuit

(It Ii 12 13 ) *

NOTE: GO TO PAGE 31 UNFOLD THE FOLDOUT SHEET,
READ'AND KEEP OPEN FOR REFERENCE.

O

What will the current be across R1 and R2 in the
circuit above?

:

*R2:

0

,./.144.+14..

11.

lsn p. 6
1'49



s.

12: 5 AMPS

.

._

' 12. 'Select the correct answer.
.

.

An eleitrical circuit is a,
0

a. continuous electrical pathway for voltage ,

lfow..

j). minimum of two pathways for current. .

: c. continuous electrical pathway for current;

. c.
,

4,

,

,

.

.

. ,

13. Select the two correct answers.

_A series circuit has .
i

\a. onli one pathway for current. .

b. more than one. pathway for current,

c. ,curreit that will vary throughout the
circuit.

d. 'constant current throughout the circuitl.,

d

__

.

4
.

.

-,,t,

.,

.

.

-

4

,

.

14. /nit
'-- current;

will
,"source,

positiveitide:Of.ifie;poa*r
currint'isymmaiured
indiciiis

.

s

a. Draw
.-,.: indicate

b.- ghat
and

series circuit, there is only one path
and the current ii constant. The

flaw .ftmathe negative side of the.peisr
threugh the-ciretiti and back to

source. The .amount
with in ammeter. An

aMperee.

.

for
*rent

the
of,

ammeter
,

.

to

'

items A

.

,

qi)
_ A .

.

.

. 0
arrows in the illuattition above

the diiection7074urrant.

. ,,.
type ofireterisrepresedted by

B in theillustration above?

.

.

.
.

t

11;16

"-isn- 3; p.



e,

4A

b. AMMETER-

15. Currant can be maaeured br an,ammeter, or it can be

determined mathematically by using Ohm's law. The

formula for 0%es law is illustrated in the magic

circle.

NIP
The letters in the magic circle represent specific

factors: E voltage, I le current, and R resis-

tance. TO use the magic circle, simply cover the
unknown factor with .your fingec and you can see

what you need to do to find th1 unknown. Example:

To find current, cover the"I, , and you

can see that you divide E by R.
'One way of determining current
in a series circuit is by using the total values.
The total voltage (source voltage) divided by the
total resistance will give you current. Complete.

the steps belosi andidetermine the current.
-

MIS w011o .1=11 Ile 40

4n.
NeV

Step l°

Step 2

4f1

Aga

4n.- \414, .....

4g
Step 3. 24 4. 12 ...I

I * amps.

11.16
Isn 3;-pi, 8'

.47

1 4 1
,s

i33



.16. Current in a series circuit can.belound when'total
Values are not.known. When the amount of voltage
drop across, an individuil component is known and the
resis.tante of that component is known, we can divide
the voltage drop by the-resistance and find the
Current. Remember, this value will be for the
entire circuit,because current is constant.
In the illustration below, you.will notice there are
no.tdtal values given; however, the voltage drop
across R2 andthe resistance of R2 are given.

Using these values, we can find-current.

Complete the steps below.

4

Step,,,1

Step 2

Step 3. 12'4. 4 /

i. amps.
t

fit

11,;11
.>



.

)3 -C

17. Find the current in the series circuits below.

. 3

. 6

amps I = amps-
'

18. Yon previously found current by dividing the voltage
gop across a component by'the resistance of that
Omponent. NOw, let's see how this voltage dr-op is

found. To find the voltagmedrop across an indiv.id-
ual component, multiply the resistance ofthat coo.,

7.
2

4

ponent by the current through it.

Follow the steps in th e illustration below ina find
E2 (voitage drop across resistance number two).

a.

Step 1

Step 2

3n

Step 3 2 x 3 a E
2

E2 in volts

11.16
lsri 3; p. 10 143



the information, in the
411ustratiOn Wait complete the.
.stips alidlind-E1 (the voltage
drop across resistance another

r- '

one),

Step 1

`Step 3

STEP 2

a

x volts/
E2'= volts

20. Solve for voltage drdps E1 and E2.

STEP 3 '''

40t
4 /

°VOLTS;

as' 12 .3,01.TS

t-

*..fr

El volts,

E2 volts

.

e

f



.

S.

19'

1 go_12 VOLTS

E2 .420 VOLTS

21. Nowihat, you know how to-fifid a voltage.diop across
a component, let's use this voltage drop to find the
resistance of a component. To find this resisterce,
divide the voltage drop across'the component by the
current through it.'

Follow the steps in the illustration below,, and
)find the resistance of R1.

Step I

37

7: 6

Step 3:

t 1.

6 + 2 RI

RI ohms

la 3 OHMS 22. Complete the steps and find the resistance of

11:16,
isn 3 ; p.; 12

a

a

IR..

Step, 1 ,

)

Step 2

Step 3

145





.

1 at 2 OHMS

as 4 OHMS

r.

24. Solve for the unknown. k

a.

b.

S C.

4

0

2A

3n
R3

4n

o

I \

4n.

RI

1

R3.

6

R2.

411

R3

It amps.

E
3

sr. volts

R2 ohms

/37

Al. 16
.101.31°0:.--. 14

.
1



-

a. 3 AMPS.

kb. 12 VOLTS

c, 2 ORNS

O

r
25._ After 'determining tbe resistance of the individual.

components; it is a simple task to find he total
resistance of a series circuit. The law f

., resistance. states: The total rqb stance of a
series circuit( is equal td the 4 of. the .

individual resistances og the Air it
(at -'R1 + R2 + R3 ..*. )1..

* Complete the following example.
v,

---+ R1

k.

5 oh ms

R2 10 ohms
ton

R3 al 15 ohms

Rt

isn.- - - - - -/
1.1

ohms

26. Totil resistance (Rt) of a series circuit is fpumd
by the individual resistances.

Find the total resistance (Rt) of the following
Circuits.

a. 311

211

b.

4

Rt . ohms

R-t
.

ohms

11.16
Isn 3; p. 15

.

rL
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27. Previously, you added:windividual resistances to find
the total. resistance of a series circuit; however,
this is not the only way it can be found. Nlien

total voltage and current are ktown, we can divide
total voltage (Et).rby current to determine total
resistance (Rt). Complete the following example.

Step 1

Step.2

Syr

Step 3 12 .4- 4 = R
t ,

Rt onms

I 3 OHMS 28. Complete the steps and find the total resistance
(Rt).

".

Step 1% .

Step 2,

. Step 3: = Rt

t
,:hm9

e



I

4,1

6
V

$4

4,10

-So

461
0

80

0

/,

I.

4
0

1.

0 o .
'

0 .0' . .

1

p

,

I
I

k

Z



MO°

. 4 OHMS

. 12 Oelk

8-OHMS .--

visarormumer' wrosumen;

It By now,you should have a good understanding of how
to fifid resistance in a series circuit.. A little
review of'currentis i order at this point.
Remember, current-cirb --found 14dividing-total
voltage by total resist ce.

/ft the magic circle, it looks like this:
Solve'for current in the circuit below.

1S1

311.

2ri

/3

a/

I amps.

4 AMPS. :32. In order\ to work with series circuits, you must
know how\to determine total voltage. You can
determine total voltage (Et) by multiplying current
by total resistance (Rt).

Complete t e example below.

i
3

i

') 4,

Step 1

Step 2

11.16

lsn:3; p. 18
. 6

Step 3

law

4 x 6 = E
t

, E.
t

'volts

0

O



STEP 2 --

Ala

STEP 3 --

3 x 8 MB Et_

E. 24 VOLTS

kA

Wog the -information in the illustration below,
complSie the steps and determine the total voltage.

Step.,1

Step 2

4n _ mo ma mos

Step 3 x a Et

34. Solve for total-Voltage (Et)..

211

1

311

3n

volts

Et a volts

- -

1152



35. Previously, you found the voltage-a.pprof an
individual Compohent by multiplying the resistance
of the component by the current through it.
'rite law of voltagefIstates:_ The total-voltage of a
series circuit is equal to the sum of the individual
voltage drops of the circuit (Et El + E2 + E3....).

This total voltage is equal to the source voltage.

Complete the example below.

E
t

= ' volts

a 24 VOLTS )36. Find each individual voltage drop and the total
voltage in the circuit below.

0

NikEl = volts

7e-illoE2
'sr

volts

volts
3

E
t

= volts

lsn 31 p.*20 1 5 3 (.1



18 VOLTS

E2 12.VOLTS

E3 6 VOLTS

Et 36 VOLTS

37. In a series circuit, the sum of the individual
voltage drops is total, volta0 (Et). The total
voltage (Et) equal:o the source voltage. It
.should be understood that the source voltage and
the total voltage in a series circuit .have the
same value. Source 'Voltage is the voltage of the
batter? or °thee source potential; total voltage is
the sun of the vOltige drops 'in the circuit and
equals the 'value of the source.

. Complete the example below.

El V 0 t S

E2

.Source
voltage

38. Solve for unknowns in the. circuits below.

a. 2n

11-1.

Et

b.

114. 16

1= 3; p.

,,1/4:43.':.

154

Et

volts

volts

volts

volts

volts

`



. 18 VOLTS

b. 28 VOLTS

EXPENDED,
(USED UP)

I
39. The values, of source voltage and total voltage are

equal.. The value of source voltage will diminish
as.you progress through a series circuit.

Each component will cause &certain amount of
source voltage to be,used because there is
reKstance toscurrent within it. This is voltage
drop. Source voltage will be expended by moving
the current through the circuit.

In moving current through 'a series circuit, 'the
source voltage will be completely , .

4.

'40. Source voltage will be totally expended while
.

amoving current through a series circuit, but only
'a portion of the source voltage will be expended
moving current through each component, as shown in
the illustration below.

0

a. What is the total amount of voltage expended by
moving current through R1 and R2 above?

volts <

b.-- What is the source voltage .of the circuit
above?

A

lsn 3; p. 22
15 5

1

a



a. ,24 VOLTS

b. .24 VOLTS

.

.

41. As you now know, there is a certain amount of source
voltage expended or used at each component in the
Circuit. The amount of source voltage expended at
each.,ciMponent is known as the.voltage drop across
drit'ildividval component. The voltage expended
at a component is known as . -. ,.

,..,,,.

VOLTAGE DROP

,

. .42. Voltage drop, resistance of a component, and current
through a component can all be used in the formula
for'Obm's law. :You can find the Voltage drop of a
component by multiplying its resistance by the
current through it. Find the voltage drop (E1) in
the circuit below.

. .

.

.

2i1
. Ali

.,

i

.

,

2 NIP

.611
0

. El . _ volts

.

,
.

..1

8 VOLTS

.

.

.

,

43. To find the resietenca_of a component, divide its
yoltage-d-roily the current 'through it. Find the
resistance of R1 in the circuit below.

111111 AN
.

.
M

. .,. ..I'Is
0

. .

,

R1 ohms

.

.

.PA"
,

.

.

11.16.

1sn 3; p.

15G
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vi

7.%

.- 3 OW

a

a.'

b.

c.

d.

e.

f.

art,

44. Label the statements-below true or false.

4 *
a. All' of'the source voltage will be

#expended by moving currenfvthrough
a'circuit.

b; All of the source voltage will be
expended across each iiiistenotin
a circuit having three resistancdtw,

d.

e.

f.

Total voltage is equal to the source
voltage.

Source voltage and total voltage are-
. Anot equal.

-Only a portion of source voltage will
be expended by moving'current through
the circuit.

a A

Voltage dtop.is the amount ofeoltage
expended by moving current through a
resistance. - 4 -
.

v

11.16'
. lsn 3; p. 24

1'57

(

4,

4

111

6

a

t



NOTE: THE CORRECT ANSWBIIS FOR THE REMAINDER OF THIS PROGRAM ARE
. FOUND ON PAGE 33.

.045. If you work around electrical circuits, you will be using various
meters. You need to know how to connect these meters in a circuit
and know whit each meter measures after it is connected. A volt-
meter is connected parallel with a Circuit. A voltmeter is used
to measure the potential difference between two points. This
potential difference is the voltage drop across a resistance.

r[11

Using the information and the illustration above, answer these
questions.

a.

`b.

c.

d.

The potential difference (voltage
A valtieter is connected
If 6 volts are available at point
available at point B?
A voltmeter measures the p
points.

drop) is measured in
with a circuit. ,

A, how many volts would be

d between two

46. -An ammeter is connected in series th a circui =t ind measures the
current in the circuit. All current in a series circuit must go
through the aiiteter..

a. Current is mettUred
b. An ammeter is connected in
c. An ammeter measures the

11

1ln

in a circuit.
in a circuit.

11.16

Lsin 3; p. 25
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47. An ohmmeter is a meter used to measure the resistance between any
two points. The ohmmeter has its own power source and is,connectedi
in series with thecompbnent to be measured. Since the ohMmeter has f
its own power source, the circuiCpower must be off while testing 1 .

agCircuit with an ohmmeter. Failure to turn off circuit power
could result in damage to the ohmmeter.

Ohmmeter in series withthe
component to he checked. Curren
flows from the ohmmeter through
the part of the circuit to be
checked and back to the
ohmmeter. The ohmmeter is
measuring the resistance
between point A and point B.

Using the information above; answer these questions.

a. An ohmmeter measures the
b. An ohmmeter is connected in

measured.

c. An ohmmeter has its aim source.
d. What must be. off when testing a circuit with an

ohmmeter?

between two points.
with the circuit to be

4

48..

a., The voltmeter above is indicating the potential difference
between what two points?

b. The voltmeter above shows a voltage drop of I volt across
the number bulb.

c. How is a voltmeter connected with a circuit?

11.16

Isri 3; p. 26 159
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O

a, In the illustration aboVe, current is being measured with an

12: The current tit the circuitabove Li amps.
c. An ammeter is connected in- in a Circuit.

50.

, a. The ohimeter above is measuring the resistance between what
two points?

b.' What must be done withith circuit power when!testing a circuit
with an ohimeter?

c. An ohmmeter has its own source.
d. An ohmmeter is connected in with the circuit to

be measured.

e. What two meters are connected in series?

11..16

1811'3; p. 27

160



51. Match each meter in colOmn'A with the statement(s) in column B.
Place the letter beside the meter in the blank beside the
appropriate. statement. A statement may apply to more than
one meter.

A

a. Ammeter 1. Measures potential difference
b. Ohmmeter between two points.
c. Voltmeter 2. Connected in parallel,

3. .Connected in serfes.
4. Circuit power must be off when

using.
5. Has ita,own power source.r 6. Measures resistance between two

4 points.
7. Measures current.

va.

1

161

O



.

.

52. A circuit condition frequently encounteild around electrical
equipment isa.short.circuit. A short circuit occurs when
current takes a-path short of its intended circuit.

>

Illustrated below are two examples of a short circuit*.%.N

Improper wiring. . Bare wires touching.

Ohm's law states that when tesistince'decreases, current increases. '

In a short circuit, the current takes the path of lealt resistance;
therefore, short circuit will result inAreater than normal
current. Iftses and circuit breakers-are examplfs of safety devices
to protect against short circuits.

Using the previousinlormation, answer the following.

a. Which of the circuits below indicates current taking a path
of least resistance because of short circuits?
(i (2) ...SHORTS

Which of the following circuits illustrates the current ;eking'
a path short of its intended circuit?
(1) (2)

11111

c. Which of the following circuits will hive the greater amount
of current?
(1) '(2)

11.16

lsn 3; p. 29
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53, Complete the following.
.)/

a. In A short circuit, the current will take the path of
least

b: In a shoraircuit, the-current will take a path short of
its circuit. .

c. In a short circuito'the 'current will be
. than------------

normal.

54. Select the statements that apply to a short circuit.

a. Current will take a path short of its intended circuit.
a form of an.opeh circuit.

pt It results in greater than normal current.
Current will take the path of greatest resistance.

IIYI.b..ImM.I.all...K.SM,.

55. 'A grounded circuit is a circuit that uses something other than a
wire ae.part of the circuit.' We can form a grounded circuit by--
using the fuselage of_an aircraft as onexpart or one path of the
circuit. One side of the power source WoUfd,be connected to the
fuselages while the other aide would be connected to the equipment
to be operated. -thi7equipment would alsebe connected Wthe-
fuselage.4,The current path will be from the power source via a
wire conductor to the equipment and back to the source via the
metal frameyprk .(ground). The meta framework acts as a
conductor.

01.

e.

0

In the illustration'above,the path formed by ground is from
points 1

a. A to B.
b. B to C.
c. C to A.
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56. The lest circuit condition is the open circuit. An open circuit
is an opening or break In an electriCal circuit.

11) , .
. (2)

.0/
I t SWITCH OPEN

tREAT5StOPEN.
CIRCUIT

SWITCH CLOSED
CIRCUIT

COMPLETE,

t

a. Which of the illustrations above shove an ope cifeUit?
The open circuit can be intentional, such ae, the case of
the light switch 'above, or it can be unintentio

1;. A-14A04,2%-
./, wire-in-a circuit-is an- unintentional open.circu as-to is
/, the broke end does not "touch another conducto?: An openan.

a series arcuit.will affect thOntire circuit, since there-_,a.
is only one path for currant. -

b.. Which circuit abovecoptains an open circuit?
a

57. Using the previous information, complete the following.

" 11.16
isn 3; p. 31

a. An opening or break in an electrical circuits an example
of an circuit.

b. An open circuit created by opening'a switch is an example of
what type of open circuit?

,c4. An open circuit created by a broken wire is an example of
what type of open circuit? '

d. An open in a series circuit will affect the

e.

ti

circuit.

What circuit arrangement is involved when an'open circuit
ffetts all the branches?

16

ca.

e
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A

ma,

C

58. Which of the following illustratei*an open circuit?

..
.

. _ ,

59. Select the statements that apply to an open circuit.

a: 1t.,will affect the entire series circuit.
..,,, b. It will" affect ell the branches in a' series 'circuit.,

.

0 C. It will not affect the entire -series circuit.
d. Ctirrent will take a"path short of its intended circuit:
e. It is a form of short circuit. ---

O

165



ANSWER PAGE

FRAiE NUMBER:-

45. VOLTS 6
b. PARALLEL
c. 4 VOLTS
d. 'POTENTIAL DIFFERENCE

46: a: AMPS
b. SERIES
c. 'CURRENT

47. a. RESISTANCE
b. SERIES

410wc.. pOWER
d. CIRCUIT POWER

48. a. POINTSS AND C
b. 2

c. PARALLEL'

49. a. AMMETER
I.

., 2

t, SERIES

50. a. POINTS C AND.D.
b TURN IT OFF.
.cc trona
d.. SERIES

.

a. AMMETER AND OHMMETER

11.16

'.lsn 3; p. 33

52.

53.

a.

b.

c.

a.

b.

c.

(2)

(2)

(2)

RESISTANCE
INTENDED
GREATER

54;

I

a

C..

55. ce

56. a. (1)
b. (1)

57. a. OPEN. .

b: INTENTIONAL
C. UNINTENTIONAL
d. ENTIRE

e. SERIES CIRCUIT

..__ _c,'

58. B
C

59. a.

b.

I
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FUNDAANTALS,OF ELECTRICITY
44,

LESSON 3

PART A

SERIES CIRCUITS

SELFTEST

1. Ah electrical circuit is a

a. paeirway.formed by a conductor between two resistances.

b. complete electrical pathway for current.

b
c. ,continuous electrical pathway for voltage.

.2. A series circuit has (select two)

a. two or more paths for current.

b. constant voltage throughout the circuit.

c. only Ape pathway for current.

d. constant current throughout the circuit.

e. constant retistance throughout the circuit.

f, current that will vary throughout the circuit.

a.

fft. 11111-111a110iftiatfifokleass

7.12V
Total resistance B

tc?

. 4.16
lsn :3;'`f.p. 34
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11.16
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e

N.4

f.

4-
Resistance of R3

111VTotal voltage volts

ohms

h.
6n

n
- Total voltage volts

s

8

11.16%

lsn 3; p1,1, 36 169
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4. Which"statements below are correct concerning source voltage
in a series circuit?

a. All the source voltage will be expended moving current
through a circuit.

. Only a portion of, source voltage will be expended moving
current through the circuit.

C. Total voltage is equarto the source-voltage.

\d. Soiree voltage and total voltage are not equal.

e. All the source voltage will be expended acrbss each
resistance in a circuit' havinvbree resistances.

5. Match each aster in column A with the statement(s) in column B.
Place the letter found beside eadh meter in the blank beside the
appropriate statement. A statement may apply to more than one
meter.

A

a. Ammeter

b. Ohmmeter

c. Voltmeter

igt

1. Measures potential difference
between two points.

2. Connected in pars lel.

3.7Conmected in eerie

4. Circuit,power must be off
when using. .

5. Has its own power source.

6. Measures resistance between
two points. .

7. Measures current.

/G2

11.16

Isn 3; p. 37
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6. Which statements apply to a short circuit?

a.. Current will take a path short of its intended circuit.

b. It is a form of alopen circuit.

c. It will result in greater than normal current.

d. Current Mill. take the path of greatest resistance.

7. Which statements apply to an open circuit?.

a. It will affect the entire series circuit.

b. Current will take a path short of its intended circuit.

c. It is a form of short circuit.

ti

11. 16

lsn 3; T. 38
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To be able t abaft circuits or solve problems dealing with
bi'able to-identify the various. components

and their functions in the circuits. This will be done by using
capital letters.and subscripts. TheisUbscripts will consist of
numbers or.lOwer-ease.letters.-

The capital letters will be E (voltage), I (current), and
R (resistance).

Any time you see one of the designations, say the full meaning of
it to yourself: Example: If you see the designation El, say to
yourself, voltage drop across resistance number one. This will
lot you used to the designations, and you will learn them a lot
faster. Study'the examples below..

Et wTotallvoltage of a circuit.

It Total current lava circuit.

Rt Total'esistanoe in a circuit.'

°El - Voltage drop across resistance towbar le.

Ei -.Voltage drop across resistance number two.

Ri .8 Resistance of component number one

R2 Resistance of component. number two.

/1 w Current through resistance.nuebei one.

12 - Current through resistance number two.

.'If more than two resistances are in a circuit, the subscript numbers
or letters will be in numerical or alphabetical order.
Examples below.

-

<-
.44e

El , E2 , E3 , E4 , etc.

R1 , R2, R3 , R4 , etc.

' Es 9 Eb Ec , etc.

v

11.16 .

1:311 3; p. 39
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LESSON 3, PART A
SERIES CIRCUITS - SELF TEST ANSWERS

1. b

L. c, d

3., V 12
a' RT .-4 = 3 ohms

b. RT = R1 + R2 + R3 = 10 + + 8 = 25 ohms

c. Step 1. RT = R1 +. R2 + R,,,= 2+ 2+ 2 = 6 ohins
,

Step 2. I = V =12 =tamps
R.I. 60

d. I = V = 12; = 2 amps
6

4

4

Note: Current is the4isame throughout a series circuit.
%tor,

e. V2 IR 2 = (8)(3) = 24 volts

f. R
3

= V
3

r 45 = 9 ohms
3

4

g. VT, =NT
1

+ V2 +V =20+25715 = 60 volts

h. Step 1. VT-= V1 + V2 + V3

Step 2. V1 = IRl = (3)(6) = 18

V
2

= IR
2

= (3)(2) = 6
.

. V3 IR 3 = (3)(8) = 24

-V"`= 18 + 6 + 24 = 48 volts

4; a, c

t-

173

C

C- -4



5, c
c2

ab 3
b4

:b5
b6
a7

6. a, c

7. a, c cs

4

GO RIGHT ON TO LESSON 3, PART B - PARAI I El CIRCUITS

V4'

174
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/7
-FUNDAMENTALS OF ELECTRICITY

LESSON 3

PART B

PARALLEL CIRCUITS

OBJECTIVES

1.,Fros a list of statements pertaining to circuits;
select the statements which apply to parallel
circuits.

2. Sblve problems in parallel circuits for the
following:

a. Total resistance
b. Resistance of an individual brlinch
c. Total current
d. Current flow of an individual branch
e. Total voltage

3. Given a list of numbers, determine the reciprocal
of each.

11. 16-

lsn 3; p.
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,
.

. .

.

1.
,

Resistances

.connected

If

27\4

4--
L..

the resistances

side

.-.._

the

by side and with.

are parallel-conriecied,

circuit are

.

is known

.

.

ends

.

so connected,

-

as a .

in a

circuit

.

e
circuit.

PARALLEL 2.

c .

The resistances in a parallel
parallel to each other. Each
will be a branch. If a..tmOve-valt
source voltage of a para1141
in each branch of that parallel
equal twelve volts. The voltage
.a parallel circuit equals the
k

circuit are connected
of these resistances

battery,was the
circuit, the voltage

circuit would also
of each branch of

voltage.

.

a

SOURCE

.

.

.

3. The voltage
will equal

0
-.--

.

in each branch of a parallel
source voltage.

.
.

Circuit

. ,

.

.

What is the
volts

. .

source voltage in the circuit above?
.

,

. .

. .

44

17G

/43
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O

24 VOLTS 4.

PARALLEL CIRCUIT
LAW FOR TC/AL
VOLTAGE

E E
t 3

In the illustratiofi above, the source voltage and
branch voltages are .0

(equal/unequal)

EQUAL Put the X, +I' +, or sign in the parentheses to
make the statement correct.
Since source voltage (total volt's.) and branch
voltages'are equal, the parallel circuit law for
total voltage is Et( ) El( E2( ) E3( ), etc.

riE

. The voltage is the sale across each branch of a
parallel circuit, and the voltage of each branch
equals source voItage.

/61

24V

I

-.

Whitt is the voltage in branch A and what is the
voltage" in-branch B above?

A.

3.1;16'

ts11-3; p. 45
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.Y24 VOLTS

. 24 'VOLTS.

7.

A. What is the voltage in branch A?

b. What
t
is the source voltage?

OLTS

. 6 VOLTS

,

8. Now that you know that all'the branch voltages and.
the sodtce'voltage are equal' in a parallel circuit,
-you will .find that soliiing for total (iource)
voltage is relatively easy. You can determine total
voltage.(source voltage) in a parallel circuit by-
applying Ohm's law. If youmultiply,the current
of a branch by the Otsistance of that branch, you
will determine the

SOURCE VOLTAGE
OR

Tdr. AL VOLTAGE

OR
BRANCH

(THEY ARE ALL,
EQUAL.)

"

9. Total voltage in a parallel circuitaxen be deter-,
mined by multiplyint the current of a branch by the
resistance of,the same branch. Complete the example

I 4.

',Step 1---

Step,275:

Step 3--- = Et

E = volts

11.16

lsn 3; p. 46
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STEP 3'

4X 6 7Et

E '24 VOLTS6 A

10.' titling the information -in the illustration below,
Complete the steps and find total voltage (EtY.

O

Step I

611

Stip 2

00 MI MI

Step 3'---
NMIN

X E
tWPM

EE volts''t- ig

'

STEP 2 II. Solve for total voltage Lathe
(S

parallel circuit
'below.

STEP 3

3'x 4. Et

"OR'

2 x'6

Et 12 VOLT&,4
";41,

tb

/

.

-71,
(.11 *4)I

4

E
t

volts

%7/.

"



120 VOLTS

Oa

a. FIGURE 1

b. TWO OR MORE

'C..BRANCH B

12. As you probably have noticed in this program, the
difference between a-parallel circuit and a series
circuit is that a parallel circuit has two or More
pathi for current. Knowing this, you can now
understand why an open in a parallel circuit only
affects the branch or branches'in which the open
occurs.

Figure 1 Figure 2

S. 'Which of the illustrations above shows a
parallel circuit?

b. A parallel circuit has or

paths for current.

c. Which branch of the parallel circuit abo;re
contains open?

13., What effect will the open in-branch B have on the
light bulb44p,branch A?

4

a. The bulb will
burn brighter.

b.The bilb will
get dimmer.

c. No effect.'

11.16

lsn 3; p. 48

a
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c. 14. The reason the open has no effectson the bulb ,in
branch A is that an open in eparallel circuit
affects only the or
in which the opeoccurs.

.

. . .-

BRANCH OR
BRANCHES

.

NN

15, Draw arrows to indicate the path of current flow
in the parallel circuits below.

.

1111
V

1

Ea

16. Since a parallel circuit has two or more paths for
current flow, the amount of-current in each branch
may be different. T9 fins the total current XI-t)
in a parallel circuit, add the current of each
branch.

Total
Curre

Current
iVide 5A,

.
.

1.,
,..

.
. i

, ,
.... A 'PARALLEL ciRcuri

11100011

Iiii1011,1iii

!JO%
Iiii1110111

-,-- 511 LAW FOR TOTAL
. ,-7, . .-

.... onworr rm....min .
.

. ,
,

A"' It I
1
44

2
+I

3'
...

1

$

tak ViiP

L,
ots urrent

..

.
Current Combine

.

4 t
f

a._..TO and total current (Id) ina'parallel
1

,

- aircurtv the.current of all thc,branches4
should be

06

0011

_

. . . t

. b.. Find the total cuiTent SIt.) in the ciicult.

.

: above. I go ...' , asys. -* t.. .
.

11,16 .

lin 3;45.419

is

ti

1.

.,

r.

A,

"t



..

5

ADDED

. It l2 AWE.

17. If current in each individual branch is known,
total current (It) in a parallel circuit can be
determined by the current of

A the individual branches.
6

tu

'DING

.

. .

,

f

18. What is the total current' for the parallel circuit
amps.belaw2 It

,

oCI.

.

.

It i 15 tAMPS,

,o.:.

.
.

J

.

.

,

.

.

.
___.

19. Find the total current in the circuits' below.

,
a. . ob;

(Dili
... .

.... ED a .

.

o

. lb
c

. amps It " amps.

. ..

c.

. oMml

.

.

0 8A 1) (f)

, .

it in . amps:
.. - ..

. .

11. 16
lsn 3; p. 50
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e

C. / 14 AMPS.

b. Its 16 AMPS.

C. Is 25 AMPS.

ns
20. There may be times when branch current is unknown

in * parallel circuit. Determining branch current
is'a simple application of Ohm's law. If you
divide the applied voltage by the resistance of.a
branch, you will determine the branch

CURRENT 21. In order to, find the current of-a branch, divide
the applied voltage by the resistance of that
branch. Complete the steps below and determine
tilt current for branch 3 (13).

Step 1 OD MI.

Step 2 ---

,Step 3

13

'

13

_dampf.

11. 16-

lsn 3; 17. 51

me
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STEP 3

12 + 2 13

13 6 AMPS.

22. Using the information in the illustration below,
determine' the current for branch 2 (/2).

Step 1 ---

. Step.2

1 1.16 ,

lsn 3; p. 5 2

1,84

tor



11 AMPS. . You have been solving for current in the preceding
Items by dividing the applied voltage by the
resistance. Look at the -illustration below and
study the relatioeship between current and resis-
tance in each.branch."

You can readily see that as resistance becomes
larger, current becomes smaller. As resistance
decreases, current

INCREASES 25. Current in each branch of a parallel circuit
depends on the in that branch.

RESISTANCE 26. Finding the resistance of a branch in a parallel
circuit is similar to finding current. When you
divide-the applied voltage by the current of a
branch, you determine the of
tharbranch

RESISTANCE 27. ..:/n order to determine the resistance ofa biench
in a parallel circuit, divide the applied voltage
by the current inthat branch. Complete th4 steps
in the example below, rend determine the resistance
of branch

( Step 1 ---

:. --

4

Step 3 --- + R3

R3 ohms

/7,7

185



o

11.

STEP 3

12 + 2 *

oR3 * 6 0
O

28. From the information given below, complete the
steps and find R2.

Step 1 ---

tr

Step 3 --* + * R
2

R
2

ohms

STEP.-2 29. Uiing the current, voltage, and resistance laws .
4 you have learned thus far, determine the values

for the circuit below.

STEP 3

12 4 R2

R2 a 3 OEMS

.11

R1 me ohms

R1.4* ohms

o 12 amps.

amps.

volts

amps.

lsn 3; p. 54 186



R1 12 OHMS

R3 011 24 OHMS

-I2 4 AMPS.

14 n AMPS.

E4 gs 24 VOLTS
.

It go 10 AMPS.I

.

.

''

.

.

.

Before we start findiog.the total resistance of .a
parallel circuit, here is spmethjig toremealier.
The total resistance of a tiralfel circuit will
always be, less than the smallest branch sistance
'of the circuit.

.

, °24V

4-

The total

a. 6 ohms;
b. 12 ohms.

c. less
d., more

.

' .
611

R 6/1

4::, 41:)

resistance of the circuit above will be
,

,

'than 6 ohms.
than 6 OHMS.

w

c.

,

_ _

/

a,.

'

31.

.

.

Resistances
parallel.
increased,
flow is
placed side
'single pipe

connected
as a,single
in a parallel
.ance is
resistance.

in parallel are like water pipes in
In each casetwhen the total size is

totthen the al resistance to curre_ nt
decreased. Teoweteepipei of equal size

by ride carry twice as much water as a
of the same size; and equakresistances

side by side pass twice es each current
resistance. This greater current flow.
circuit indicates. thattotal reels. ,

than that of 'a single

LESS'
.

(SMALLER)

,
L

.

4 .
.

12.

.

When you figure the resistance Values in a parallel
circuit, you willfind that total' resistance is
always smaller than the resistance of the smallest
branch.

.

.

-

24V
6t1

, Total 'resistance ,3 ohms

A `s

4-
R2 6r1.

. ,

.
.

il - . .
In the

.

illUstretion 'above, the total resistance is
.....,,

than thiissallest branch resistance.

.11..106

16n:3; p. 55
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SMALLER 33. Since yO4 now know that total resistance in a
(LESS) parallel circuit is less than the resistance of

the smallest branch; it is easy to see that you
cannot add indivOual resistances to find total
resistance. Finding toial.resistance is another
application of Ohm's law. If you were to divide
total voltage (Et) by the total overage (It), you
would determine

_TOTAL 34. One way of finding the total resistance (Rt) of a
RESISTANCE . parallel circuit is to divide the total voltage (Et)

by the total current (It). Complete,-the st-epsbilow-
,g to determine total resistance (Rt).

0

Step'

Step 3 mo.

R
t

lsn 3;' 4. 56

133
,

I

I.



°

STEP 3
0

24'4. 8 Rt

R
t

3 OHMS

4
33. Using the information in the illustration below,

find the total resistance (Rt)' of the circuit.

Step 1

Step 3 Rt

Rt ohms

STEP 2 36. Find the total resistance (Rt) of the circuit
helm/.

STEP 3 1

24 +6-R

R .4

11.16

lsn .0; p. 57
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r

o

t.

.110

Is 3' OHMS 37. Select the statements that are true if branch C of
the circuit below develops an open.

A C

24V

a. Total resistance will increase.
b. Total resistance will decrease.
c. Total current will increase.
d. Total current will decrease.

6

38. Let's reviewsome thingeie have learned about
paiailel circuits. Select the statements below
that are correct concerning parallelcircuits.

. ,

a. Voltage is the same across each branch of a
parallel circuit.

b. Source voltage4and branch voltage are never
equal in a parallel circuit.

c. A parallel circuit has two or more paths for
current.

d. The total resistance of a parallel circuit is
the sum of all the branch resistances.

e. Total resistance of a parallel circuit is
elver, less than the resistance of any branch.

39. When theonly'values known in a parallel circuit
are the branchee' resistances, total resistance can
be determined birthereciprocal method;

.

4

What method can be used to determine R
t

in the

circuit above?

11.16

lsn 3; p. 58
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.. 5.

RECIPROCAL 40.. In order to find total resistance in a parallel
circuit by the reciprocal method, you must first
understand what is meant by reciprocal. The
reciprocal of a number is that number divided into
one.

Example: Findthe reciprocal of 2.

Step/ 1 Setup the problem to 1 2
divide the number into T. *1
1.

Step 2 ..- Invert -the divisor 'and 1 1

change division sign 1 X TL
to a multiplication
sign.

Step 3 --- .Multiply. 1 1 1
X

the reciprocal of 2

Find the reciirocal of 4 by dividing it into 1.,

a

the reciprocal of 4

41. .The easiest way to find the reciprocal of' 4 whole
Inuniber is to make it a fraction by giving it a
numerator 'of one. When you do this, you have the
reciproCaL without performing a division process.

jEgamplei 'Find the reciprocal of 4..

Give the whole .1 numerator
number a numerator 4 denominator
of A.

1
the reciprocal'of 4

4,1nd the_ reciprocal for, the following numbers:

6 b... c. 10

191



5:: r

44.

\

E
a. ..g

1. 1

8

C.
10 .

-

42..

,

.

Giving whole number a numerator of one gives thegives

.for that whole,number.

e

,

,

RECIPROCAL

,-,

,

.

.

,

,

r

43.

.

, . .
.

6
find the reciprocal of these whole numbers.

a. c7 e. 88

b. 9 f. 12 iv

c. 15
,

1. 3

!,

.

d. 40 h. 5

.

i. 6

....

a.
1

b. 1
9

.

c. 1

15

,d.

e.

1
llr

1

f; 12

1
a. 3

h. . 4

i . 1 .

.

44.

._

To find the reciprocal-of a fraction, simply.invert
the fraction and reduce to its lowest term.

Example: .i
T

inverted becomes 2 Reduced to
2

its lowest to irm it becomes 2. Then,

2 is the reciprocal of .1
2

Example: 2- inverted .7
3-ierted becomes Redu(ed to its

3
lowest term it becomes A 1 . Then,

4
1 I is the reciprocal of .R2 .

-.- ,4
j $

Find the racipeocil of the following fractions.,

a. 4 b. 4 . e ill
5 4

,

... ,

4

11.11

lsn 3; p. 60
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a. 1 2
4 3

b. 5

c. 12

45. The rsc procal of a fraction will be a
number a mixed number. .

The recip ocal of a whole mmmber will be a

WHOLE

FRACTION

I

46. Find the recifioca of these fractions.

a.

b. 2

3 6

1

, .

7

-'
f.

4
C.

3

o

3

b.. 3
2

c. 2 4_

. 6

e. 9

47.. To find the total remistance (Re) of a.parallel

circuit whin the only.knovn values are the resis-
tances of.the branches, use
method.,

O

. 2 1
, 4

11.16

lsn 3; p. 61
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48. Now, let's use the reciprocal method to find the
total resistance (Rt) of tparallel circuit by
following the steps below.

Parallel circuit
law for total 1 1 1 1

resistance: Rt RI R2 R3

11;16

lsn 3; ID, 62
D

*IV

Step 1
..

11111

Step 2 --- Piild'the lowest
, common denominator

and add.

1 1 1 1

Rt 'a 2 + 3 + 4

1 6 4
.Rt 12 12 12

1 13,

.Rt 12

Step- 3 --- The sum of-the
resistances is the
reciprocal' of Rt
and it must be
inverted:

1J4 .

1 13

R
t

Rt ohms

.

I



^

o

12
OHMS

13

11. 16

lsn 3; p.

4'

49. Find the tote]. resistance (Rt) af the parallel

circuit below by completing the steps.-

1 1 1 1

it 1.1 R2 R3

111Step + + 1

Rt t t
I I

15n

Step 2 --- Find the lowest
common denominator
and add.

I. .0. -I.....
Rt

Step 3 --- The sum of-the
e resistances is the

reciprocal of Rt,
and itmust be .

inverted.

Rt

/".

ohms

(195



STEP 1

1

t

STEP 2'

1 5

175 +13 4"Ts

1

STEP 3
--

1
2
OHMS

3

50. Find the total resistance of the parallel circuit
below by completing the steps.

Step l --- 1
Rt'

Step'2 ---+
Rt

Step 3 --- Rt . ohms

STEP

1 . 1 1 ,

3 +

STEP 2

1 1 2 3\+ + 7
t

STEP 3

1 OHM

51.. Find the total .resistance of the parallel circuit
.below.

111
a

Rto " 0 IDS

0'

11.16

lsn 3; p. 64
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FUNDAMENTALS OF ELECTRICITY "1."' ,1-,11.1111.11mlir / 3'1
LESSON 3 *

PART-13

PARALLEL CIRCUITS.

, - SELF-TEST
. /

A parallel Circuit has (select three)

a. only one path for current.

b. voltage that is the sameacross each branch.

6. voltage that varies between the branches.

d., two or more paths for current,
.

e. a total resistance smaller.than, the resistance of any
branch:*

,f, current that is constant throughout.

2. Solve for-the unkn& in each of these problels.

a.

b.

\°

120V
Resistance of
branch 2 ohms

* Total resistance ohms

11,16
lsn 3; p. 65
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ff

a.

4

c.

e.
0

2C1

Total resistance ei ohmi

8n
Current
through RI us amps.

Current
through R2to amps.

oe,

Total current amps.

lsn 3; p. 66
1 9 3

/9
to&
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'

f.

T$.

15n.

.Total voltage an volts

Total volVige volti

3. Determine the 'reciprocal of each of these numbers.

5

10

F
8.

1/2

?5

7 1/4

3

/

A



LESSON 3, PART B
PARALLEL CIRCUITS-SELF TEST ANSWERS

b,' d, e

(a)' Step 1. Recall voltage is equal to the source v91tage across each
, branch.

VT 120
Step. 2. R2 = I 2 = 30 = 4 ohms

VT 20
(b) RT = I = 40 = 3 ohms

(b) 1 1 1 1 1 1 1 2 1 3 6
R-kr.= R1 + R2 + R3 = 3 + 6 + 2 = 6 + 6 6 = 6

Ris,* ,= 1 RT = 1 ohm

(d) I1 =FPr 24
R1 = 6 = 4 amps

12 = VT 24
Tr2 = 8 = 3 amps

(e) IT = +12 + 13 = 4 + 3 + 2 = 9 amps
*al

(f) V.I. = I2R2 = I3R3
= (2)(6) = (3)(4) = (4)(3) --,12 volts

(g) Step 1. 1 1;. 1 ®1 1 .1. 1., Rfr =R
1 '

+ R
2 s.,

+ R3 = 15 + 15 + 15
1 . ,

3 1
.-

R x 15 is- 5 .--
T R''. = 5.

Step 2. VT ; ITRT =,(15) (5) = 75

03: 5 1/5 1/2 2

10 1/10 . j25 L/25
8 1/8 1/4 4

-. ... ,

ENI5 OF LESSON 3, GO ON TO LESSQN 4
: -
* 4.' *

11.16
lsn 3; p.s 68
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I. UNITED STATES MARINE CORPS
MAarliIE CORPS INSTITUTE. MARINE BARRACKS

BOX 1775 .
WASHINGTON. D.C. 20013

FUNDAMENTALS OF ELECTRICITY

LESSON 4

SERIESPARALLEL CIRCUITS AND BATTERIES

INSTRUCTIONS

11.16a

.

This is a programmed lesson. It is designed to teach,
not to test. You will need only this booklet, a.pencil,
and some time to complete this lesson. If there is
something in the program you do not understand, ask
your instructor or supervisor for assistance.

1

- REMEMBER, -

° This lesson has been written'
so.that the amount of reading
necessary is minimal and yet
most meaningful. Therefore,.
it is very important that you
follow these instructions.

- Read each page carefully.
- gill in each blank.
- Keep the empier- to the

frame on whickf.iou are

working covered with a
slip of paper, until y6t:

have written your answer.
- Correctail.errdrs you
, .sate.

,- Follow all directions
given in the p

z

SUGGESTED READING TIME
180 MINUTES

a

V.

lsn. 4; p. 1
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LESSON 4

PART A

SERIES-PARALLEL CIRCUITS

OBJECTIVES

From a list of statements pertaining to electrical
circuits, select those pertaining to series-parallel
circuits.

< , ,

2. Given a battery and four risis6ances, draw in connect-
ing lines to form two series circuits connected in
parallel. ' .

3. Given problems 41th series circuits connected in.
parallel, solve for the unknown values of resistance,
current and voltage. '

.

4.° Given a battery and four resistances, draw in connect-

,

ing lines to'form too parallel circuits connected in
series. A

.

5. Given problems with parallel circuits connected in
series, solve for the unknown values of resistance,
current, and, voltage.

E

111111MMID

11.16
lolsn 4; Ia. 2

202
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a

1. A series-parallel circuit may consist of series circuits connected
in parallel or it may consist Of parallel circuits connected in
series/ You havehad the necessary laws and formulas needed to
solve seriesftparallel circuit problems. The important thing to
remember is that when working with resistances contiecteein series
use series- circuit laws; and when,working with resistances
connected in parallel, use parallel- circuit laws.

The following formulas are based on the laws of series circuits.

Total resistance, equals 'the sum of the individual resistances.
ttt + R2 + R3

a

Current flow is the same across
each resistance.

1t' I. 12 "1 13 E'
t

Total voltage equals, the sum of the
vo drops across each resistance.
Et is*E1 + E2 + E3

The following formulas are based on the laws of parallel circuits.

Total resistance is determined by the reciprocal method.
1 1 1 1.

Rt RI R2 . R3 I- 41,

Total Current is equal to the
sum of the current ofieach'
branch.

. It I +,12 + /3 ....

Cote' oltage is equal to the
volta of each branch.
Et E2 El ....

Et

a. A series - parallel circuit is a combination of and
circuits. l4

10. A series-parallel circuit may consist of
'connegted in parallel.

c. A series-parallel-cirauit may consist of circuits
connected in-series.

circuits

.d. When working-with the portion of series-parallel circuits
having resistances connected in series, use
circuit'laws. .

e. Whe- working with the portionof series-parallel circuits
haling resistances Connected in parallel, use
circuit laws.

O

11. 16

Ist01; p.
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A. SERIES
PARALLEL',

b. SERIES
c. PARALLEL
d. SERIES
. PARALLEL

11.16
lsn 4; p. 4

4

t

i

)

2. The circuit in figure A consists ort4O-serfes
circuits connected in'parallel across a battery.,

O

Oa.

Figure B shows resin=
tances R1 and R2

connected in series with
each othei to form one
path for current'
.frowthe battery.

Figure C/itrows resis-
tances R3 Ind R4

connected iY1 series to
form a second path for
current from the
battery. L

Figure B

, t

_Figure C

Figure D

Refer to figure D. .

a. How Many series circuits are in this circuit?

b. How many paths are there for current?
c. How are these seges circuits,connestad? .

204.

111

i.

,



a. THREE, 3. Draw connecting lines. between the following
b. THREE = components to.form two series circuits connected
a. PARALLEL in parallel.,

,11111001110.

AvIMM
1111,T

*.No new formulas are needed to find the values of
seriesaParallel circuits. Instead, a simplified
circuit is made of the original series-parallel
circuit, and the necessary circuit laws are used for

' the simplified circuit. '

The circuit in figure A below is electrically the
same as the circuit in figure B.

ORIGINAL CIRCUIT THE SAME CIRCUIT DRAWN AS
A SIMPLIFIED CIRCUIT

Figure A , Figure IS

lon

'In figure A, the circuit has two paths for current;
each path (branch) has a total of 10 ohms
resistance. R1 + R2 gives the total resistance of

the first branch. R3 + R4 gives the total
resistance of the second branch.
Figure B is the si lified circuit of the circuit
in figure A. To solve or Rt in figure B, use

-circuit laws.
(series/parallel)

Rt ohms

205
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Simplified circuits are very useful when solving
series-parallel circuit problems.

Draw anduse simplified circuits when solving the.

problems in this program.

\\Figure B is the simplified drawing p the circuit in

figure A. To solve for the total resistance of the
circuit below, first, solye for'the combined resis-

tance of the series-network RI, R2, and R3.' This

combined value is represented in the simplified

circuit as Ra. Secon4, solve fOr the combined value

of R4 ankR5.. This combined value...is represented

in the simplified circuit as Rt.
4

ORIGINAL CIRCUIT SIMPLIFIED CIRCUIT
1

The circuit in figure A consists of
series circuits connected in parallel.



a. TVO

R2, R
3

C R 4 , R5

d. 100 OHMS
e. 100 OHMS
f. 50 OHMS

6

f
6. :The total current (It) in series circuits connected

in parallel is'equal to total voltage (Et) divided
'by total resistance (Rt),.

'Total current is also equal to'the sum of the branchcurrents.

ORIGINAL CIRCUIT SIMPLIFIED CIRCUIT

Using the illustrations above,solve for:

Ra ohms

Rb ohms

Rt ohms 4--

amps.

'N.

11.16
lsn 4; p.
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0206
vorrommilercErmessamilmowsirarl

Ra 36.0HMS 7. a. Complete the simplified circuit.

Rb PE 36 OHMS b. Label the two branches in the simplified
circuit as Ra and Rb.

18 OHMS

It 2 AMPS.

c. Use the completed simplified circuit to solve
for It.

Remember, the, current through each branch of a
parallel network is equal to the voltage across e-

the branch divided by the total resistance of
the branch.

Ia

I
b

Ea

Ra

Eb

Rb

I t
I + Ib (\a (\

ORIGINAL CIRCUIT

It amps.

SIMPLIFIED CIRCUIT

11.16
lsn 4; p. 8

J



NIL

. 4

I

cao/

It 6 AMPS.

A

8. Draw connecting lines between the following
components to form two series circuits connected
in parallel.

.1.
aml111
NIID

. The total voltage (Et) applied to ser ies circuits
connected in.parallel is equal td It times Rt. gt
is also equal to the voltage across either of the
parallel brancheis

ORIGINAL CIRCUIT

4/1

8n.

SIMPLIFIED CIRCUIT,

The simplified circuit shows two resistances in
parallel; the voltage across either parallel branch
is equal to the applied voltage (parallel voltage
law).

/4Et w Ea Ea Ia x Ra

Ia amps,.

Ra ohms

Ea volts

Et. volts

11.16
lsn 4; p. 9
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2 AMPS.

24 OHMS

48 VOLTS

48 VOLTS

10. The ammeter in the circuit below indicates the
total current in the circuit._ Complete- the
simplified circuit and solve for the values
listed below.

.
ORIGINAL CIRCUIT SIMPLIFIED, CIRCUIT

400

Et

20n +

11.16: ,

isn 4; p: LO

Ohm's law: Et x Rt

Ra ohms

Rb m ohms

Rt ohms

ft amps,

Et volta

. .

a

fi



4

Ris 30 OHM

Rb = 60 010iS

Rt 20 OM%

It = 2, AMPS.

tEt .40 VOLTS

*11. Draw a simplified circuit of this circuit, and
solve for Rt.

ORIGINAL CIRCUIT' SIMPLIFIED CIRCUIT

R4

10f1

.5011

12. Solve r the value of It.

"4'11.16

lsn 4;11). 11
44.

R4

It

R6

Slaps.

t



S

,..

It me 6 AMPS.

I .
.

! ,4
d

1.

. .

. .

. .

13. -Solve

4

.

----

for the v tie of%E
t' .

.

.

5f1

'.

5f1

, .

loll
..

.

,

.

Rln

R2

R3

17 C1 R

14n R5

26f1 R7

.

volts.-

.
.

.

.

.

E
t

gs 80 VOLTS

.

14.

.

.

.

Solve

-

.

.

for the value of It. .

-

.

1 Rltl
-

60V -
1

4-

/ . R3
. ,

511 R
4

-

5N.,

? R
5

ICU

811 -R
6

:.R.7

711

R
8

10c1

10(1

10(1

It ,m amps.
.

..
.

I
t

10 AMPS.

.

1-

-
.

,

15:

-. ,

.

a.

b.

c.

d.

e.

f

A series-parallel circuit is a combination.
of . and .. circuits.

of

of

."

laws.

A series - parallel.,

. circuits
circuit may consist

connected in par411el.
circuit may consist

connected in series.
the portion 'of.a series-

haVing resistances connected
-circuit laws.

A series-parallel

-.4,. circuits
When working with

-paraliel.circuit
in series, use
When working with
parallel circuit
in, parallel, use

,

the portion of a series-
having resistances connected

-circuit

a. SERIES
PARALLEL

b. SERIES
_c. PARALLEL
d. SERIES, ,.

e. PARALUL

,.
. .

1

r
.

.

You have completed the sectionon series circuits
connected in parallel. Neit we will cover parallel
circuits connected in series. .

.

.
.

.
.

.
,

,

. .

...

212
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A'

SERIES

a

11..16

Pan p. 13

7

The circuit 'below consists of tiio parallel, circuits
connected in .series. '

t

4

Resistances R1 and R2 form
one parallel network.

Resistakess R3 and R4 form

one parallel network.
.

e,
C r

The parallel, network R1 and R2 and the parallel
'-

network R3 and R4 are connected- 1.n

17: 'Draw connecting lines between the following
components to form two parallel circuits
connected is series.

Jr .

. to,

4



r

t

18. There are many combinations of parallel circuits
connected-in,series.

A. S.

A,
B

a

11.16
lsn 4.'p, 14

. -
47111,ah Of thecircuiN'abo4e are combinatiorit of

,parallel circuits connected in series?

19.- Draw connecting lines between thR following
components toform two,parfillel circuits
connected in series:. n

\

2

.

1



r
4

8

4

et!

04

.

7

r

,

V ..

. . . .

20. Solving problems with parallel circuits'cosnected
' to series is made easier by drawing simplified

cirwits. -fs, ..

. 'RemeMber, when working with mesistances connected
in parallel, use parallel-circuit laws; and when
working iJah resistances connected inveries, use
'series-circuit laws.

,

ORIGINAL CIRCUIT SIMPLIFIED CIRCUIT

,.

Figure'A Figure B

NOTE. 'The simplified circuit is a series circuit;
.\therefore,'Rt is found by adding the values

of Ra and Rb (series-c# uit.law for total

resistance).

a. The circuit in-figure kconalsts of
parallel circuits connected in series.

.

bt, Ra Mgure B) repreients the combined value

of the,paralleI network of which resistances?

c. Rb (figure B) represents the combined value

of the parallel network of which resistances?

d. What is the value of.R ?
... a

e. What is the value of Rb?

IV'
4. , R

t
ohms

t

11.

lsn 4; p. 15
.

16
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1,1

4. Two

b. R1, R2

C. R3; R4

#d. 5.041S
e. 10 ORMS
f. 15 '0,144S

21. Find the total ;ftsistanCe,of ttie original circuit

below by:

a. F?lding the total resistance ofetie parallel
network of R1 and R2. Represent this 'in the
simplified Circuit as Ra.

b. Finding total resistance.of the parallel
network of R3 and R4. Represent this

simplifipd circuit ,as Rb.

c. Totaling the values of Ra and Rb to get Rt.

in the

: -

ORIGINAL CIRCUIT ST1415LIFILIt CIRCUIT

Ra = ohms

Rb = ohms

Rt ohms

1

lsn 4; 16;
216

r,
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41,

z

Ra OMB'

Rb 4 OHMS

Rt mi 6 OHMS

f

22. This illustration shows current,flow through a
parallel circuit cConnected in series.

4

Current
' "Divides

Current
Coibines

At what points can total current be measured in
the circuit above?

a. Points A and B only.,

b., Point' A and C only.

C. Points C and B only.

'd. Points A, B, and C.*

1111,

11.16
lsn 4f p. 17
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23. Toiiiicurrent it -equal to the total voltage diviided
by the tot LA resistance. To solve for It in .the

circuit below:
)

' a. Solve for the value of R a-and Rb.
- ""

b. Solve for Rt.

c. Divide Et by Rt to get -I,..

Et is the source voltage.

*.

,ORIGINAL CIRCUIT SIMPLIFIED CIRCUIT

11.16
lsn 4; p. 18

amps.

4

."1

0,

f

o



,Rt 6 OHM

I
t

4 AMPS.

Rt 12- OHMS

It 4 AMPS. .

24. Solve for the values of Rt and It.

1

an

160

O

ohms

amps.

O

25. Draw connecting lines between the following .

componentsoto-form two parallel circuits
connected in series.

-

gil



a

O

26. °The total voltage in a circuit is equal to total
cutrent multiplied by total resistance
(Et am It x Rt).

In the circui.o. below, It equals 6 amps. Find
total resistance °(Rt) and source voltage (Et).

----1R3 6T--

R4 12f1..

Rt ohms

Et volts

Rt mi 8 OHMS 27. Solve for the value of Et in the circuit below.

Et is 48 VOLTS

2451

12 CI

Et volts

ti

O

, 1.16

Isn,4; p. ZO
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'f

'if 75 VOLTS

36

28. In a series'parallal circuit with'tha parallel
. circuits connected in series, total voltage (Et)
is equal to the sum of the voltage drops across
each parallel' network.

The total voltage (Et) of the circuit above is
volts.

A

The voltage icross each branth of a parallel
network is tfie.same.

;re

o

In the illustration above,"

ti a. 'voltage across branch A is
°

b. voltage across branch D is

c. total voltage is , volts. .

volts.

volts.

22.1

0V3

vxt



A

e-corri=rrmunimmannemornsiewt=no

30. Determine the total voltage of the circuit below.

7

volts

lsn 4; p. 22
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FUNDAMENTALS OF ELECTRICITY

LESSON 4

TPART it

SERIES - LLEL CIRCUITS

SEW/EST

1. Circle the letter beside the statements that pertain to
series-pirallel circuits.

a. When working with.the portion of the circuit
having the resistances connected in parallel,
use parallel- 'circuit laws.

b. The total values can be.determfded by multiplying
the sum of the series portion by the sum of the
parallel portion.

8. When Working with the portion of the circuit
having the resistances connected in series, use
series-circuit lasts.

d. A series-parallel eireuit-a7a-combiUation of
series and parallel-circuits-,----

.----

e.--The total values.can be determined, by dividing
the sum of the series portion of the circuit by
the sum of the parallel portion of the circuit.

J. You may use either series-circuit laws or parallel-
circuit laws,regardless of how the resistances are
connected.

2. Draw connecting linnebetween the following components to
form:two series circuits' connected in parallel.

1

4111.

411111,T

11.16
lsn 4; p. 23,



r

the unknown in each of ybl'se problems.

I

11. 16
1Qn 4. n 24

C
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s.

4. Draw connecting lines'between the following components to form
two parallel circuits connected in series.

1r
1 ,

I

T

5. Solve for the unknown in the following problems.
,

10(1
Total resistance . -

20(1

Total current

c.-7/7

amps.

11.16

lsn 4; p. 25

Alt
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Total voltage .. volts

t.

t.
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4'

3

A

LESSON 4, PART A

SERIES-PARA1.LEL-CI13CUITS-SELF TEST ANSWERS

"::1

(

I, 1. a, c, d .

. 2.-

.1 , 1 ' 1
(a) TT1 = R1 = 2 + 4'ref 9 + 1

1 _ 1 3

RT, 6 3 6

4 RT = 2.2

(b) I.I. =. Il + 12 = 4,+ 6 = 10 amps
%(c) Remember: 1. Add voltage l together when they4are"in Series7v 2.. iVoltage.is the same over parallel branches

V.I. = V1 +\V2 VB + V4 ft,

4
1C + 4 = 6 + 8 = 14 volts 0

4.

(-3

.

0

, ,

-0- It
lsn 4; 27

Yde

;'227



ti

I

0,41°

-T,5. RT =

.1

I

1

2

4

1

R3,4 -=

RI, 2 + -R3, 4

1 ° "*. 2 1.
RI.,. 10 + 10 10 =

R r 5

1 1, 2- 14,
20. + 20 g = -TT = 1 0

' ,

J

R-3, 4 = 10

RT. = 1,2+ R3,4

5 +TO = 15 ohms
, 12.
(b) Step 1. T/ = RT

Step 2. RT = R1, 2" 4 133, 4
,"

1 1 1 2 1

20 + 20 = 20.. = 10
o,

R1,2 = 10

1 I 1, 2 1

,Fti, 4 = 3C .30 = 30 = 15

R*3-, 4 "
RT = 10 4 15 = 25

I,, = V .Z0

-RT /25 2:arrips

11-

aaa

.

4

6

r: 6 . -
01. 5:., ,

(c) Remember: () ',That voltage is Elie same over branches of a circuit.
(2) That voltage over a series circuit .is the sum of all voltages
around it.

11. 16
Isn4.4;'p. 28

+ V2 = 60 4: 30 t. 90°'/Olts

GO RIGHT ON TO LESSON 4, PART B - BATTERIES

I
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LESSON 4

PART B

BATTERIES

OBJECTIVES

1. Define a cell.

2! aGiven iagram of a cell, label its two basic parts.

4 .
3. -State the difference between a primary cell and a secondary

cell.
,

4. State w7latt termines the amount of current a cell will produCe.
A3.

a ,

5. State how a ce I is charged. ,
0

6. .Name the idstru nt used to determine condition of cell'scels
electfolyte..

7. State the reason a discharged lead-acid cell will freeze if
exposed to subfreez ng temperatures.

° 8. Define a battery.

9. State how cells are TO nected to produce maximum vo ltage.

\*4 10. State how cells are connected to produdt maximum current.

. 11. St ate the. damage that wil result from spilling battery acid on
1 aircraft metals:

12. State how battery terminals d cable clamps can be protected,
from corrosion.

13. , tate the measures to be take when battery acid comes in,
contact with the skin, eyes, a d clothing.

/

.14. State tim.aagpty precautions to bserve when working with or

/

tneir batteries.
. t

,

I

4

I

11.16
.1sti-4.; p. 29
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1. If a piece of metal is suSpended, in acid, a

attack the metal. A piece of zinc dropped -in a

116

chemical action will take place. .The acid vill'

certain acid will cause a action.

f 40

CHEMICAL

. .

2. Chemical energy is released when an acid atticks
metal. By, utilizing this energy, in electrid
current can be generated., Chemical energy, can be
'changed into energy.

.......
.

..-

ELECTRICAL
,

.
,

.

3. Any device which changes chemical energy into .

electrical energy is called a cell. A flashlight/
cell changes energy into/

' energy.

.

CHEMICAL

ELECTRICAL
.0;

.

4. E\ piece of zinc and a strip of copper immersed in a

solution of sulfuric acid will cause a chemical
1

action to take place. The acid will start eating
the zinc and an electric current will be produced.

'toThis device which is changing chemical energy into '

electrical energy is called a .
. ..'

.

.

,

Zinc

.

.

Copper

t

.

i
*

.

.

Sulphuric
Acid j

\
t

.

; .... .

.
. . :

r,. .

.

CELL

s/

,

. s.-

V"5. °A device which ages . energy
,

into ene y is cal led 1 .

, 0
.

. * i a.

.

1 ,

.

CHEMICAL
.

ELECTRICAL

CELL'

.

. , t ,

6. Define a cell. . 1

. .

.

.

230
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C.

O

A DEVICE WHICH
,CHANGES
CHEMICAL , :

-ENERGY INTO
ELECTRICAL
ENERGY.

.

.

. .- j
.

-------

7. Here Is a diagram of a simple cell; Two meter
plates are suspended in a solution of water and
acid. The metal plates are called electrodes.
The solution is called electrolyte.

Electrodes ,_

/,'''

..

41

B

i .

, .

Electrolyte
. .-

,

The metal plates Ada called .

The acid. solution B is called
N.--r --.

ELECTRODES

ELECTROLYTE

.

.A. An electrolyte is a chemical compound, such as an
acid solution, whiO will conduct an electric
current. A mixture of sulfuric acid and water is '

commonly used as an , - .

ELECTROLYTE
__

U
.

,9. When mixing a fresh.electrolytic_solution of
_

--Sulluricicid and distilled water, do not pour the,.
cause

- ..

water into the acid, since this may /et sive
4' heating and splashing of the mixture. TI 'ix

properly an'electrolytic solution, pour the .

into the .

(HINT: A before w)
.

ACID
. .

WATER

.
.

. 4

10. To produce an electric current, a cell must have
two or more electrodes suspended in the electrolyte.
An electrode is one of the plates or poles of the
cell. Lead plates are commonly used is

f .

.--

ELECTRODES

\'
'' '

,

11. The chemical energy created by the electrolyte
attacking theelectrodes is Changed into

energy. ,

ELECTRICAL
-

..

12. If either the electrodes or the electrolyte
becomes exhausted (used up), the cell.wilInO

I

longer produce a current. The-two basic parts of
a cell are the

,

and tille .-
,

,.-
0

. 1

. 1---, .

,

.
11.16
lsn 4; p. 31
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t 6
4

,.7

J

7111111ft

ELECTRODES .

,

ELECTROLYTE
.

.

'1.1.1.111.m..11.mmi,
o , .-.../

13. From this diagram, identify the two

it cell:

a. . .

basic
.

parts of

1

ii

,

b. - .

i

....

A°
,

, ,

a.ELECTRODES

.

b. ELECTROLYTE
"

.

. '

o
.

14.
4

A common flashlight cell, rated at 10 volts, is .

.known as'a primary cell. Primary (dry)cells dre
normally not rechargeable, but sometimes heating
will increase their output for a short period of

time. Therefore, common flashlight cells, rated

at volts, for all practicable purposes,
. / _

cannot be -

1.5

RECHARGED

.

NEGATIVE TERMINAL

15. This is a cutaway POSITIVE TERMINAL .

drawing of a - -- ,

cell. The negative

sik electrode is made of
t

if
-

741 ' i.,.. doh&

;4 -16-

.,. ..0
0-..,

'7*

1,,,-

.

...r.
'

-.
.

--,,,,
..

N..,---EALING WAX

ZINC CONTAINER
AND NEGATIVE
ELECTRODE

ET PA STE 1.,,
E EC MOLY T E '

CARBON ROD,OR

The positive electrode.
is made of .
The electrolyte) is a

N
.

. .

POSITIVE
'ELECTRODE

. .. .

.
PRIMARY (OR
IIR15

,.

ZINC
0

CARBON

WET PASTE ..

i,

.

16. ,,,Tife chemiCal action that takes place between the

3'.1ectrodes and the eleCtrolyte.cuntinues t produce

- a current'until Ole zinc electrode is exhausted, or

until the electrolyte becomes dry. l '

After the zinc cast has been eaten away, the cell
is not capable of producing any more current and
cannot' normally be recharged. Primary Cells cannot

4 f
be .

1

. .

I RECHARGED

. '

.

1

-

.

17. Secondary cells (wet cells); the type used in autu-
,

mobile batteries, are constructed with materials
that make recharging possible: Secondary cells cam

be recharged,. while cells cannot .

- normally be recharged.
. .

11.1:5

lsn 4;i p.. 32 ' .
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.t

a

.e

'41M001ARY

.
.

,

18. Thd,pommon lead-acid cell, the type
m6btli,batteries, consists of an electrolyte
posed of sulfuric acid diluted with
electrodes made of lead. The common
of"eli can be recharged. Iris, therefore,

cell .

found in auto-
corn-

water and
lead-acid type

a

.

SECONDARY

i

19.
.

.

The main=difference-in primary and
is that one type cannot normally be
the other type canbe recharged. The
that can be recharged is the

-
secondary cells
recharged while

type of cell
dell.

SECONDARY

.
,

20.

...
,..,

What is the major difference between
cell and 'a primary cell?

a secondary

. .

.
.

SECONDARY
CELLS CAN BE
RECHARGED.

°BRiMARY CELLS
CANNOT NORMALL

;-aE RECHARGED.

21.
.

The amount of current (amperes) a cell will produce
that current
of one ampere

and the length of time it will produce
are expressed in aMpere-hours. -A-flow
for one hour is one ampere-hour. Two amperes of

be-current flowing for One 'hour would
ampere-hours.

.

TWO -

- .

. ,

- 1

22.
1.-.

The amotint.of current (ampere-hours)
depends on-its size. The larger the

$ .

current it will produce. The total
current a celrwill deliver dePeods

.

.

4 cell delivers
cell, ,the more
amount of
on its

.

SIZE .
6 .6,-

. --

6
. ,

-6,;,'

23.

. . .

The Ore of a cell has no effect on
'does he an effect on the amount nf
it will deliver. .4

.. ,

.

the voltage but

,.
,

CURRENT 's

i
..?

1

1., .

24.

.

The voltage gra cell depends on the
the electrodes and electTolyte. The
current a cell, will produce is determined

.

'composition of
amount of

by its

.

- ,

.
.

SIZE
- As-Iw

,

2:

25.
o-

-

.

What determines the-total amount of current a cell:
will produce?

.
.

,

,

.

. 11; 16 /
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s
THE AMOUNT OF
CURRENT A CELL
WILL PRODUCE.-
'IS DETERMINED
BY ITS SIZE.

26. To recharge a secondary cell, a current is forced
through the dell in a reverse direction. Forcing
current through a cell in a reverse direction

the cell.
\

'

,

.

(CHARGES .

(RECHARGES)

k

.

27.

.

Charging a cell reverses'the chemical action.
FOrcing a current through in a reverse direction
restores the chemicals to their original form.
Forcing a current through a cell in a reverse

/direction reverses the - .

i

,

CHEMICAL ACTION
'

28.
,,

The recharging' ptlocess changes the water back to
acid and changes the composition of the lead plates
to their original condition. Recharging a cell
changes the electrolyte from to

g

WATER TO ACID 29. How is a cell recharged?

,

.

BY FORCING
CURRENT THROUGH

'THE BATTERYIN
A REVERSE
DIRECTION .

,

30.
i

If the electrolyte in a cell is strong With acid,
it indicates the cell is charged. If the electro-
lyte' through chemical action is reduted to water,
the cell is considered discharged. The condition
of a cell can be determined by the condition of
the . 4

ELECTROLYTE Ai. The most convenient method for de'termining the
charge of a cell is by using a hydrometer. The'
specific gravity of a cell'S electrolyte is
determined with a - .. .

41YDROMETEI

,

,

s,

.

-
,
,

.

3 .

.

The specific gravity of a liquid is an indication
of its density. A water-acid solution is denser
than water. 'A fully charged battery contains
approximately 27.percent sulfuric-acid and 73 /,..-.

percen£ water:C.A fully discharged battery is ,a
praifiCally all water. Therefore, the bulb of,
hydrometer will sink in the solution from a
discharged battery, but in the SbAtion from a
fully charged battery, it will .. higher.

. .

2').4t) .



FLOAT

,

33. The strength of the acid solution
in a cell determines its,speciftegravity.

_,,,,...,

.
specific gravity can be determined

.

of the electrolyte
The

by using a
.

,

HYDROMETER 34. The hydrometer reading of a fully charged cell is
about 1.300. The pIecetolyte in a discharged cell

. will read about 1.100. /If the tvdrometer reading

,

.of a cell is 1.100 or less,
.

is -, .

it indicates the cell
.

. *

DISCHARGED /35.

......-r.

The operation of a cell depends-en thee chemical
(DEAD) action the electrolyte produces within the cell.

The chemical action of the cell depends on.the acid

, .

content. or strength, of the .

ELECTROLYTE 36. Since the acid content of the electrolyte determines
the-amount of ch mical action within the cells, the
condition
by using

of a cell's
a .

electrolyte is best, termined

HYDROMETER 37.
1.100

.

.,..

.

,L300 .

. .

.
-

.
.

.

k

I

.

.

. ,

.
.

..

.

A B

Which hydrometer shows a charged cell?
Which hydrometer shows a discharged cell?

4j. 16
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CHARGED B '38. What instrument is used to. determine the condition
of a cell's electrolyte?

DISCHARGED A
At

,

0
.

HYDROMETER 39. The chemical action, which accounts for the current i

in a lead-acid cell, causes an exhaustion of both
. - . the4ead plates irnd the acid. A chemically inactive

cell is not capable of producing an
,
electric

, .

.N _

,

CURRENT . 40. As alead-acid cell dischatges, the acid gradually
. changes to water. The electrolyte in a discharged

-cell is'practically all , - .

WATER 41. : discharged cell will freeze if sdbjected to low
emperaturesbeciause the electrolyte has changed
from , to .

i

.

: ACI 42. A discharged lead-acid cell will freeze if exposed
to subfreezing temperatures because

WATER '.. ,

. THE ELECTROLYTE 4 . A battery consists of two or more cells connected
}tS TURNED TO ;together. ,

WATER c
.4.

-
.

-,
0 V 0 ,. -

1. 1r

.1 , ,
.i ....' '4

.1', '

1

el
' 0

. ... .
w .

.
. .

The illdstration above shows a ,

.cells.
'.

(number), .

)

.
,,

BATTERY ,. . 44. the difference between a cell and a battery is
F(MR that a battery consists of or morn

. .

.

-

.

1
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TW 45. Two or more cells connected together make up'a

CELLS

BATTERY 46. Define a battery.

A GROUP OF TWO
OR MORE CELLS
CONNECTED
TOGETHER.

a

, NEGATIVE (-)

;

,.;

SERIES

47. This diagram represents an automobile battery con-
sistingof three cells connected in series.

®±8

If the cells are connected so that the positive (+)

terminal of one is connected to the-
terminal of the next, etc., fhe cells are connected
in

48. The cells automobile battery are connected
in series 'to get maximum voltage output. To get
the most voltage from a group of cells, they should
be connected in

SERIES

SIX

49.. A secondary cell is rate4#at two volts. An auto-
mobile battery with three secondary cells connected
in series would be rated at volts.

30.

=.1".

A automobile battery has how many cells?.

it"--"""4:PaZilkin. P"....4.i" ,OrIAMI=111111111001111111111111.10111,111P"

lsn 4titr. 37:
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I.

51. The cells in illustratlittn*A are connected in
parallel.

The cells in illustration B are connected in

Which set of cells has the greater voltage output,
A or B?, (Undefline one.)

02 30

rt

SERIES

B

VOLTAGE

52. Connecting a group of cells in series will give a
. maximum output of amperage, voltage; resistance.

(Circle the correct answer,)
t

53. How can a group'of cells be connected to get
maximum voltage?

t

"IP

lsn . 38



CELLS CONNECTED
IN SERIES WILL-
GIVE MAXIMUM
VOLTAGE OUTPUT.

-544. The cells in the diagram below are connected in
parallel.

By connecting positive terminals together and by
connecting negative terminals together, a maximum
output of current will be suppled. To getmaximum
current 64tput from-two or more cells, they, must be
connected in-

PARALLEL

CURRENT

56. These cells are connected in
maximum output.----------------

for -

4.

.- 14- .
SERIES
VOLTAGE

lsn 4; p. 39:

_ 4

57. To get maximum.current from i battery,
should be connected in

--3-

the cells

- . . -43.-

4
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PARALLEL
,

, .

58. How should a groupoficell's be connected for
maximum current output? ,

IN PARALLEL.

.

t

.

acid spillage from aircraft batteries is59. Sulfuric
highly corrosive to metals and should be removed
as soon as possible. Flushing the affected area
with asolution of sodium bicarbonate and fresh
waterlwill prevent, action from

taki.ng place.
.

CORROSIVE

.

. 60. Acidspilled from a battery onto metal surfaces
will cause corrosion. Therefore, spilled acid
should he removed as soon as possible by flushing

4 with a mixture of

,

And
/

. '

.
,

SODIUM
BICARBONATE

FRESH WATER
.

61. Frequent cleaning of battery acid spillage areas
will prevent excessive .

N

*
. 1

. .

CORROSION
.

I

y
. .

62. Spilling battei acid ow aircraft metal surfaces
will

.

e, .

.

,

IY

CORROSION

..

.

, ..

63. battery terminals and cable Clamps will corrode.

thit

/ .

unless some method is used to prevent IA. Periodic
intenance is therefore \necessary to prevent

. .,
r

.

. .
.

.

,. -

CORROSION

.

.

,
<

64. Corrosion of terminals and cable clamps can be :

prevented by first cleaning and then coating them
with petroleum jelly. Coating terminals and cable
'clamps with petroleum jelly will help pigrent .

4

?

.
,

.

'CORROSION
,

.

.

.

55. How can battery terminals and cable clamps be
proteCted from corrosion?

,

.

i

. .

,

..

11. 16
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CLEANING AND
,COATING WITH
PETROLEUM
JELLY. /7."'

/
'

x`66.

.

6 .

Periodic. maintenanCe ,of aircraft batteries ails°

includes checking the levelof the electrolyte 'in
each cell. When the level of the electrolyte is
,below the top of the plates, (electrodes),'distilled
water ihould,be added. When necessary,the elec-
trolyte level can be brought to normal (approx-

,

imatelYA/8"above the plates) With. the addition of
. . .

. .

,--!,-4
.

When handling electrolyte (battery acid), wear
protective clothing, such as faCeshields, gloves,
footwear, and aprons. Tq avoid splashing or
spilling electrolyte on tote skin, personnel shall
wear

DISTILLED
WATER \

-,,,

PROTECTIVE
'CLOTHING,'

.

68.

.

. .

This man used the
correct .rubber
bucket to carry -...,

.

.

the electrolyte,
.

but hejorgot
4q '

to wear any 01 ,0

protective 6 ,

clothing. ,He .44-1,40

'could have
.......

saved thode. -- '- v.o.
fingers if 'he AMP)
had remembered 0 I

to wear 'his
. .

chemicallyl- u Ag* .
resistant

1)

.

,

,

,

,

- -

t-4-1,00.4-

.

14,

.

ik, .
. t

4-0,,.: .

. .

:

, -.'4'4 -.
, .

1
.

4 ..-
. .

. .
t .

. 'A
A

.

. .

lan 4; p. 4i
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-GLOVES 69. case of rsonal contact With battery acid,
there are,certain basic first-aid measures that
must be followed to prevent permanent injury. If

acid comes in contact.with the skin, flush the
'affected area with plehty of fresh water, apply,
vaseline, boric acid, or zinc ointment, and report
to sick bay. If acid comes in contact with,,the
ewes, flush immediately with plenty of fresh water
and report directly to sickbay. .

Occasions may arise
a
when acid will spilled on

clothin%. It may be neutralized (c erected)

by flushing with a solution of baki soda and

water. This wi11 -preven6 deterioration of the

cloth.

in ocder to counteiact'any possible acid injury,h

131,

certain . measures must be taken.

rl

Om.

1R8r-AiD
g-,0

6.

70. The firsts-aid procedures ro foklow when acid come;
in contact with the skin is toflush'wtth plenty
of fresh apply .4
and report to

WATER

VASEftNE,
BORIC ACID,
OR
OINNTe

SICK °BAY

7l.°.If Vattery.aciA were to comein contact with, the

oeyes,'immediately with .

and report,directly to
4.1*.

Ot0SH

FRESH WATER

0
D

C.

72. 46. prevent deterioratisp_of clothing if battery
acid shohld be sPhlei on them, immediate19'flush
or soak the affected area with a solutionof

and

SICK BAY

11:16
Isn 4; p. 42 24?
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0_

BAkING,SODA
AND WATER

a. (4)

.

c.

a. FLUSH WITH
'FRESH WATER

AMD REPORT
T0- SICK BAY_

b. FLUSH WITH
FRESH WATER,
MP A
,MBD/CATION,
AND REPORT
TO SICK1&4Y-
.

c: FLUSH Wlill

A FOltUTION.

T-BAKINo
.SODA' AND .

'.WATER

73. Match the measuresto-,bteken, column B,theo th
conditionslisted'in coluMn A.

a.

b.

C. Acid in the eyes,.

AN
Acid on-cloEhing

Acid on the skin

7.

MINIM 11111 O.

I
(3)

(4)

Flush with. f esh

*per and report
to sick bay.
Flush with fresh
`water, apply a
medication2and
report to sick bay.
Flush with baking
soda,and report to
sick bay.
Flushyith baking
lode and water.

74..4fiat.mersUres are tn,be-taken when bittery acid
comes in contact with the following?

a. Zhe "yes:

,.b.) The akin:

6t,

c. Clothing: \

75. Extreme care must be taken to avoid creating sparks
in theoricinity of aircraft batteries; naturally,
Imakintisimit permitted around them, ,Even with
golidNyentilatiV11. the hydrogen and oxyginpses

'produced by*thi\aciewill,concentrate above the
:cells in explOsive amounts. ,Whenx8F14g_with or,
. near aircraft batteries, tihe'safety-ricautions

that must be.observed are: -do. pot create any
. . , and Observe the NOmr-

6

11-:: 16
1sii-4; is. 43'

-4
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4.

SPARKS 76. "Avoiding the creation of 4arkit" and "NO SMOKING"'
are the two major Itfety precautions that,must be

SMOKING observed when working with or near aircraft
batteries. Failure to observe these safity
precautions could result in an
of the hydrogen gases present.

EXPLOSION 77. What are the two safety precautions that must be
observed when working with or near aircraft
batteries?

a.

b.

4

36

dor

11.16
lsq 4;'11. 44
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FUNDAMENTALS OF ELECTRICTY

LESSON 4

4 PART B

BATTERIES

SELF-TEST'
7

1. What is the definition of a cell?

2.' Label the two essential parti of the cell.

A.

B.

3. What is thg difference between a primary cell and a secondary
ce 1?

4. What determines the amount of current a celt'will produce?'

5. How is a battery charged?

6. What is the name of the instrument used to determine the
condition of a cell's electrolyte?

a

...11=

-23,`

Alb

7. 'Why willa discharged lead-aCid cell freeze-if exposed to sub-

,

freezing temperatures?

4:7

8: What is the deAinition of a battery?

-;

all. 1S

thn 4; p. 45
3
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-9. How iy)e

72110112.43.271111111ITILIELIM1251=13.1.3fr..f_VM CV&

0S
cells connected to vt maximum voltage output?

..4.4.4444440

10. How are cells' connected td get maximum currentcoutput?

11. What dttmagh may
metals?

result fvm spilling battery

4111101..YO.101100*WIND

12. How can battery
corros-ion?

term1001s,and cable clamps

.....1.

acicr.on

11, 11

I

2

aircraft

A

protected

13; What are ehe measures 'to be taken
contact'with thefollowing?.

a. The eyes:

when battery acid comes in
11

b. The skin

, -

c. Clothing: 1010.11.11.

g

14. List two safety precatOons that must be'Observed wheAlerking
With or near aircraft batteries.

a.

4

.44.4........!=44...........444...4b.
I

GZECIO1111121TMCCOISIZTVIIIIIMMILIMINIMIt

`6 U

41044.1114

fl

1 V

0'

1.
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- LESSON 4, PART B

.BATTERIES-SELF TEST ANSWERS

1. Cell. - A device which changes cheThical ene \'gy into electrical energy.

(al _Electrccie's'
(b) Electrolyte

2,
O

3. Primary cells cannot normally be recharged. Secondary cells can be
recharged.

4. ft s site

5. A battery.ischarged by forcing ctrrrent through a cell in a reverse
direction.

6. Hydrometer

7. The electrolyte has turned to water.
1/

I
8. Battery = A group of 2 or more cells connected together.

9. Series

10 Parallel

11. Co'rrOsion

12. Cleaning and coating with-petroleum-jelly._

13. (a) The eyes: flush with fresh water and report to sick bay
(b): The skin: flush with fresh' wate'r, apply a medication and report

to sick bay,
(c.) Clothing: flush with a. solution of baking soda and wafer
.

-141 (a) Avoid the creation of sparks
.(b),No smoking

Nix

.00.000.4,..END OF LESSON 4, GO ON TO LESSON 5

'11.16
. Isd4; p. 47.
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UNITED STATES MARINE CORPS
MARINE CORPS:INSTITUTE., MARINE.BARRACKS''^

BOX 1775
WASHINGTON. D.C. 20913

``FUNDAMENTALS OF ET,ETRICITY.

LESSON 5

,MAGNETISM AND

ELECTROMAGNETISM:AND ELECTROMAGNETIC INDUCTION

INSTRUCTIONS

This is a programmed lesson. It is designed to teach,
not to test. You will need only this booklet, a pencil,
and some time to complete this lesson. If there is'
something in the program you do not understand, ask
your'instructor or supervisor for assistance.

- REMEMBER -

This lesson has been written
\so that the amount of reading
necessary is minimal and yet
most meaningful. Therefore,
it is very important that you
follow these instructions.

- Read ea4h page carefully.
- Rill in each blank.
- Keep the answer to the

frame, on which you are-

working.covered with a.
slip of paper until yov
have written your answer
Correct all errors you
imaker

- Follow all directiOns
given in the program.

SUGGESTED READING TIME
= 170 MINUTES

lsn
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LESSON 5

PART A

MAGNETISM

OBJECTIVES

1. Given a list-:of statements pertaining to magnets, stare whether
each statement applies.to a naturtrmagnet or ansrtifttra
magnet.

2. Given a list'of materials, classify each as being either magnetic
or nonmagnetic.

3. 'Given a list of true and false statements about magnetic lines. of
flux, select the true statements.'

4. Given an illustration, of a magnet, with the direction of the flux
lines shown, label the poles o.f the magnet.

5. Given illustrations of magnets, select the one that shows where
,the4reateit concentration of flux lines occurs.

4. State the laws of polarity.

7. Given illustrations, showing different molecular arrangements in
a magnetic material, label each as being unmagnetized, partially
magnetized, or saturated.

8. Given the terms residual magnetism, magnetism, retentivity,
permeability, transparency, saturated, induced magnetism,and a
list of.their definitions, match each term with its definition.'

.9. List three gays of magnetizing an iron bar.

10, State whether the permeability is high or low and whether the
retentivity is high or low for metals used, to make permanent
magnets.

11. State 'whether the permeability is high or low and whether the
retentivity is high or low for metal's used to make temporary
magnets.,

O

12. Given a'list of metals,\ select the one(s) used to make permanent
, magnett and the one(s) used to make temporary magnets, ,

249
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. .

,

1. When a metal
metal is said
bi defined As
magnetic materials.

attracts a magnetic material, that
to have magnetism. Magnetism can.
having the ability to

V,

ATTRACT,
4? a

2. .

.

-n,_MAGNET

IIs

TS'

Because themagnet
the nails, it

il°1441- -,

.

,

.

.

NAILS-

.

in the illustration ttracts
is said to have

MAGNETISM
.

.

3. Magnetismiie'llefined as having the ability to
. -

ATTRACT
MAGNETIC
MATERIALS

"Azikts

4. Everyday magnetisaffects
'Urge generatorevh4ch
lighting our

. of some modelcars
practical magnets
-generators,
"magnets:'

us in some way, The
,,/

provide el ectricitY for
cities and homes and the small motors

use ajmagnet. These very...,
are artificiil magnets. Motors,

,

and magnetos. use
./

ARTIFICIAL
.

.

G.

.....0*,,,

,

T.. Artificial magnets
they are man-made.
motors and magnetos
produced by

...

have many practical uses and.
The magnets usedin electrical
are artificial; etsey are

.

'

MAN:

.

6. Since these
tions,-they
sizes; andbecAuse
produced by

magnets are used in various applica-
must be made in different shapes and

these practical magnets are
man, they are called

._, __________ .

, ,
.

.

2



V.-

'17

ARTIFICIAL
MAGNETS.

. -

..

7. There are two kinds 'of magnets:
.2 ,

. a. .... An artificial magnet which is produced by Tan.

'b. A uagnet found in a natural magnetic'condition.

. This magnet is called a . magnet.
° :

NATURAL

..

)

8. What are the ,trio kinds/of magnets? ,,--- i

. .

a. .

1 .

b.-
.

a. ARTIFICIAL

b. NATURAL

.

9. Magnetite is a material fmnd in a magnetic

condition, Since magnetite is found in a magnetic

condition, it is 'a magnet.'

. . .

NATURAL 10. Although magnetite is fond in. a magnetic
cond4tion, ii has no practical use. 14ould

magnptite be used as the magnet in a motor or

geherator?. .

NO 11. Because /of the difficulty in obtaining desired
sizes:ank.shapes from magnetite, it has-no
'practical use as a

":

MAGNET

.

....,

1 . Magnetite is the only type of iVOn ore found in a

magnetic condition. It has no practical use iill
motors or generators, but it was used in ancient

times as a crude compass.

Select the correct statement.

a. Magnetite is a type of iron ore:

. .

b. Magnetite°was used as a crude compass.
-

c. Neither A nor B is true.
---

d."--sNi3oth A and B are"true.
.

-d4,

.

.

13. Because magnetite was used as a compass, it is

called lodestone. Lodestone means leading stone.

From its early use aana compass, magnetite is
often referred to as

.

. 11.16
lsn 5; p. 4
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E 14. Select.the names which apply to*the type of iron
ore that is a natural Magnet.

a. Magnesium

-1). Lodestone

-c. Manganese

d. Magnetite

e. Magneto-)

4

15. What is the only type of iron ore found in a
magneticcondition?

111.11MI

a

MACNETIIT.
(LWSTON!-)

ta

16.There are many materials which can b* made into
artificial magnets. There is only one that is a
natural magnet; it is called

MAr,NETI'E- . 17. Circle the letter beside each 'statement that
(LonFsTo) pertains to an artificial magnet.

a. It is called lodestone.

b. It is a magnet produced hysman.

C. It has the, greater application.

d. It'is the magnet'with the lest practical use,

e. It is the most practical magnet.

e.

18.

1

("V

NORTH
POLE

SOUTH -

POLE

NATURAL ARTIFICIAL
MAGNET MAGNET

All megne-Es, whether they are artificial orr nr/tural, have a and
pole.

ort4aPft '.V/!..."4P MORK
11.16
Isn 5rp.. 5

aa
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NORTH
SOUTH:'

.tea,

19. Al? magnets have two poles.- a .
and

a . --__- pole.
.',

NORTH

SOUTH

.

20. Some materials are not 4ffeceen=4,x magnetism. -,

00These materials are classified as nonmagnetic.

Brass, aluminum, copper, -and magnesium are some!of

these materials, and they would be classifteci as

t

'
*

tNONMAGNETIC ',

, .

X21. Any material that cannot be magnecize0.is ciassi- .

ied:as nonmagnetic. Dr.assfand copper cannot be

used as magnets and arecjai:Etified.as d g

.

NONMAGNETIC

emr,

22. Aircraft parts made of aluminum or tnagnesium are

not affected by a magnet, and
.

classifted-assnonmagnetic. (are/are not)

1 '

.

-

ARE

.

23. Materials are classified as being either magnetic

or nonmagnetic. Those materials,affected by a
magnet are classified as .w

-
-

..

MAGNETIC
.

.

24. Magnets have an attraction for magnetic matetAals.

Alnico andiron are attracted by a,magnet and are

clastified as matei.ials..
-..

MAGNETIC_

.

'25. Cobalt and permalloY are magnetic materials.

What is the effect on these materials by a magnet?

-\\\ ,-)r
.

.

,

THEY -ARE
ATTRACTED.

_

.-_,

.

.

26. Circle the letter beside the materials that are

classified. as nonmagnetic.

a. Aluminum e. Alnico

b.. Permalloy f. Cobalt

c. Iron g. Copper
.

d. Brass h. Magnesium

.

lsn 5; p. 6
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.

a. , -

d. :
g.,

h. "''

,

.

)

-

..

.

.

27. Circle the letter beside the materials tha are
_°

classified as magnetic.
_ .

. '
a. Copper e. Termalloy

.

b. Cobalt f. Brass

-
.

.
ct Magnesium g. Aluminum

,
d. Iron % h. Alnico-

. -, .

---,

i. -
..4.

attracted to or even near
become magnetized This indicates
affected by magnetism are easily

-d.

e..

K.

28. Magnetic materials;When
a magnet, will
that materials

.
.

. -

Ai.
-

MAGNETIZED-

J-

.

A

. . 2.

. ,

o

.

o

.
-

29. ,

6.

.

.

s

. -
.

/
.: /n: the ilius-tratiOu-abovit

by, the, magnet
.

. .

,
. .

,.

S ,.

.

.................. NA IL.S0004.,
a .

.

-.64 objects attracted'9
becomes ,_ --. .

.

.

'

.

'MAGNETIZED

.

.

.

....-

/

.

. ,

.,-- - .
.-

..

in a material by the presence .

induced magnetism. If you were

_____

30. Magnetism. produced
__!,--- o-a magnet is

_Wearing Lwatch
magnetized: the

. ...,

near a strong'magnet and it became
magnetism in the watch would be,

.

.

. .

4

.

.
. .

.
1r

.
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INDUCED
MAGNETISM

31. SOFT IRON BAR

MAGNETIC 'FIELD

Magnetism induced in the iron bar by the magnetic
field is

INDUCED
MAGNETISM

32. Magnetism induced in a material by the presence
of the magnetic field of a magnet is-

.

INDUCED
MAGNETISM

33.

>LINkS
`. OF FLUX
.1

. -

In the illustration, the magnetic' field, which
produces induced magnetism,. is made up of

of

LINES OF FLUX

. _
:11.16

Isn 5; p: 8

y/
34. ,All'magnets have a magnetic field; therefore,. all.

magnets have of

255



re-

bLINES OFFLUX

.

. - .

a.

35.

. ,
The magnetic field cannot b, seen; however, a .

visual- representation- ot. thrs field,magnetic
. around .4(..magnAt can be obtained by placing a

sheet of glass over a magnet and sprinkling iron
.474,6=

°-`filings on the glass.as'illustrated below.

.

..,,,,...:,/.1 .V,' .
. *

.'- v
'?

-7..ig';.. J. \ GLASS.-- ,

.:.:.pe
.tt, ...: .::. ,

- .,;.:t144$;. \ IRON
6 ::.7.;-=';:_i'v' FILINGS/.-

. .
, . .

'4
. . ..

What do the iron filings in the illustration
. represent ? -

.

MAGNETIC FIELD
(LINES OF
LUX)

36.

.

.

The lines o flux, which make up'the magnetic
*.field, were not athcted tythegsheet of glass 4,
because it is ,a nonmagnetic material. A non---..

magnetic material is said to have the property of
transparency because it does not affect the

of .

,

LINES OFFLUX

.

.

.

'37.

'.'

Just as glass is transparent to light and allows
light rays to pass through it, a nonmagnetic .

material is transparent.. to lines of flux and allows
the flux lines to ppass through i

,it.

A material that has no,effect on the lines of flux
has the property 0 .

f

.

TTANSPARENCY
--

38.

r,

Transparency is a property of all
materials. ,

_

iicipmAdritqc 39.

.

Because the flux lines are not affected by
nonmigneticmaterials, they cannot be insulated.- ;

Lines of flux readily:pass tigough,all nonmagnetic
materials; for this reason, flux lines cannot be

. .

.
.

...
.

.

3

kt
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00.

INSULATED

NO

GLASS COPPER WOOD ALUMINUM

Will any of the materiali above insulate lines of
flux?

GLASS FRAME

Why will the watch in the illustration become
magneti;ed the lines of flux?

LINES OF FLUX
CANNOT BE
INSULATED.

42. Which of the following statements are true?,

a. Lines of flux cannot be insulated.

a- flux are no affected by
nonmagnetic materials.

c. Neither A nor B is true.

d. Both A and B are true.

Ian 5; p. 10 257



so

,
_ ..__

-0:-

.

_

.

.

Althaii&
equipment

.
,material

.
.

In
a

.
. .

-the lines of -flui cannot
-.0

b e

_,-

insulated,
can be shielded 'by using a magnetic

to direct the lines af flux.

_. , .

4,,,,, SOFT IRON
'..c.---,

.

.,

as

..,

-
-...

...
...k. ...

. ..... .

the illustration above, the soft iron acts
.

MELD 44. Lines
seek
exist,
flux'lines
materiaLoeven
This
of

.

of flux traveling outside the magnet
the path of least resistance. If two
one air and one magnetic material, the

will travel through the magnetic
....*

though it May be the longer route.
shows that magnetic material offets the

will
paths

,path

.

'

.
.

LEAST
RESISTANCE

""-
,

..,

57---

SOFT
BAR

N'

Why

shoiont

A

.

.

.

......".
it:E.1-

.
...........

IRON , r I
---........40, .....v4.

,..1 .

. ,
.

do the lower ,flux, lines travel the path.
,....:

,

.

..
.



FLUX LINES
SEEK THE PATH
OF LEAST

,f4

SOFT IRON

0.

Which illustration shoWs the path the lines of
flux will travel through magnetic and nonmagnetic
materials?

SOFT IRON.

1



-

THE WATCH IS
SHIELDED BY
THE SOFT-IIION1-

MATERIAL.
LINES OF FLUX
TAKE THE PATH
OF LEAST'-A,

RESISTANCE.

. 9

48. SeleCtthe statement that 'states how to protect an
instrument from lines of flux.

ry

a,..Insulate the instrument with a nonmagnetic'
material.

m

b. The -instrument cannot be protected from lines
of flux. ...

,

-- -

c. Use a shield Of magnetic material,.'

d. Protection is obtained by thg use of a glass
face.

49. The lines of flux-ftave outside the magnet from
the,north pole to the sou ,h pole and never cross
each "other. Mr

B.

0111111111190

A.

S N
41111111111110

C.

. Which illustration correctly shows how the .flux
lines travel outside4he magnet?

0

50. Compltte the illustration below by drawing the
linet of flux. Use arrows to indicate the
direction of trave4'remember, lines of flux
never cross.

N S

4.,

11.16
lsn 5; p. 13
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C

---

I

4

51. Although the magnetic field surrounds the m#15,61k,
the greateit concentration of flux lines is at the

poles. Circle the areas) where the greatest
concentration of flux lines occurs.

'

4a.

52. Because the poles have the greatest concentration
of flux lines, the'greates,t strength of the magnet
is at the

POLES

The illustration which correctly osows,Wliere..the
greatest concentration of flux lines occurs is

.

11.16
Isn 5;..0. 14 t.



A..

.

.

-,,

.

54.

.

,,

,
The greater the concentration or intensity of flux
lines In a given area, the greater the strength of
the magnetic field. Which area has the stronger
magnetic field, A or B?

4

,

(-------- 410
B

iggf

r 1

Al
SQUARE .

INCH\., -=I

r
.

.
r

1
.

. SQUARE
.

INCH
, .

B

-..

....,

.

55.

.'N

.

We know that both natural and,artificial magnets
have a north and south Pole. There are two laws of
polarity concerning-these poles.

4R,

a., Like poles repel (north repels north and
south repels south).

,...,
,

.=
.

b. Unlike poles attract (north attrac south
and fouth.attracts north).

.

:-,

.

. ,

,

.

Place the -letter representing the law (a or b)-Under
the illustration to which it applies. .

.

.

ow
.,0 , <:.-..7 --..,1100

7,49-t. _ Of
.

_
i

...--

.

1

d

.".1-11,
N.

) (2)-----
.

.
,

( .

- ..

.

/ fl

lsn 5; p.15
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Q?

(1) a.

(21 b.

56.
.

;\ ,4

.,. 7
.- 4--

,.

.

,
i.

/4ir -_ - -
- ,

/* -(1- - - - - ,A\xI , - -0.- -
"s* N_--_--------- -:7---....

..... -

k , - --. - -41- -- ) )//:.! I ( -- -- -0-- :- -- ) ' \ '

.....s. _ .... 404 ........---

.......,- -.4_._ 7 _- ,.. ,...--... --1.-- _- ---- ;
ilk ...", ---- .0.---' -. . ..-- --

.. -" -- 7 -.- ---- ..".

-7 -- -- ...--.

This illustration demonstrates one of the laws of
polarity. This law states that poles

TAKE 57. When the unlike poles of two magngts are brought
KEPEL near eac1 other, flux lines join and cause an

attraction between them.

-4- 4-
-I-- -

-- --
( .4..

... ,
--- ...

, A

,... 11t_ ------11-___ - ,-:--.
\ -- I. s*- --...

----jp.- i, , ;
-__. 40._ --..- -4- -

...- --- 1/-.. --- --- *----_. ......... --1111..

The illustration Above shows the other law of
polarity This law states that .

UNLIKE POLES
ATTRACT

58.

B

In iLluetration A; the south pole will
the south pole. In illustrioion 13', the north pole
will 4 the south. pole.

11.16
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REPEL
ATTRACT

59. State the laws of polarity.

a.

b.

a. ,LIKE POLES

,REPEL. .

b. UNLIKE
. POLES
f' ATTRACT.

(ANY ORDER)'

60.

11,111.11L.:11 a,
111.11'111,111 O.

a 11.11.11;11:11:11.1.111LI
S

THE DARKENED END OF THE MOLECULES
, f REPRESENTS .THE NORTH POLE

#

(

The molecular theory of magnetism is based on the
theory. that each molecule of a magnetic mdterial
is a magnet. In the illustration, each molecule'
is a .

MAGNET

11.16

Isn 5;* p. 17-

61. When the molecules are not aligned, the material
is said to be unmagnetized.

c tl * a
itl

111

1111 ?

1'*;Vatitit

Which illustration shows a. material that is not
magnetized?

41;he reason is (circle tht 'letter beside the correct
statement)

a. the molecules are aligned\

b. the molecules are tigt_alignerL.

264



b.

62. There are three ways of alignir4 the molecules of a
material and making it a magnet.

These are:
, -

a. Stroking the material with a magnet.
.

b. Placing the material in a direct-current coil.

c. Placing the material in a magnetic field.

S

SOFT IRON BAR

Which method is being used to align the molecules
in the soft iron bar?

63. A material can be, magnetized by a magnetic ij.eld.
This causes the molecules to be aligned with their
north poles in one direction and their south poles

the'opposite direction. Magnetism is induced in
a materia. when the molecules are caused to be
aligned by a

MAGNETIC FIELD 64. By Placing a,material in a magnetic field, we induce
Magnetism, This will align the molecules of the
material.

Draw the arrangement of the molecules in the
. soft iron oar.

x I

11.16
isn 5;p. 18
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02
65.

,

.

.

The

shown
tration
this

,

./
/ //).

,
./.....

/e,/ / i4., ......,

....-.

_

, ,
.

.,

,

ONLY

is

the illus-
using

.

.

_

./A
,

.

z..

. -%

.,

f -r ,'
ir, Ii.J,-

,

\Soy //////11/111.411poliii,,,

71.11011..1.1.1.11.1.16
STEEL BAR .

STROKE IN ONE DIRECTION

aligning molecules by stroking
What does

must be remembered when

ALWAYS

method of
in the illustration.
show that

method?

,
.

ALWAYS STROKE
IN ONE
DIRECTION ONLY.

. .

66.

A.

B.

.

C.

.

Stroking
will
During

.

.4 gi ilt:,;, t.clicar as At) 549'

co
WIC

8 i, '2" AP °tit SIeaWIC 11%11'4 t-la __.

.

a

UNMAGNETIZED-

PARTIALLY
.

FULLY.MAGNETIZED

a material
align the
the stroking

, .

.
TO Pis 4 ta.ecitz*gi CAN 3
mai al c* ,,,±K) u a: ce al cs
aim al ono ($34rICID. cal cae cm

MAGNETIZED

.

.

-
in-One

molecules
procedure,

.

1311:1111431011131011C11011131131101011
131 CII 1711C11131 01 011 CII ON 01011 Ca
CI OM CM Cll 01 011 at Ca MOMS all
1:11C11 CII C1 ._11 CI CS Cill Ca MOO 01

(SATURATED)

,

direction with a magnet
as in illustration C.

prior to'reachiqg
.

.

.

T''''''''''"-...,...._:, ,

,material will be in a

condition.

,

.

.

. .

11.16
lsn 5; p. 19
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PARTIALLY
'MAGNETIZED

67. The best method of obtaining a saturated condition
in a material is by placing the material in a coil
carrying a direct current.

it- Which illustration shows the best method of fully
magnetizing a material? .

tALwAyS STROKE IN ONE DIRECTION ONLY

A B C

68.

ALWAYS STROKE IN ONE DIRECTION ONLY

A.

B.

C.

r

Label each illustration as to'the method being
.4used to magnetize the material.

. STROKING 69.

WITH A
MAGNET .

. PLACING IN
.A MAGNETIC
FIELD

. PLACING IN
A COIL WITH
DIRECT
CURRENT

When a material is saturated, which means it has
been fully magnetized by one of the three methods,

all its molecules are aligned. A material,
when fully magnetized, with all its ,..olecules

aligned is said to be

1

11.16 t.

lsn 5; p. 20
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a



y.

. .

1

111111W a

_SATURATEb TO. kmateriil when saturated is fully magnetized,. and
the strength iifehe-Agnet cannot be increased.

. OP

0111-1111,111 1.11 C111111( WCZCIII8 ti
CIF11111111111(lL111(110C11011111
011 C11 UV ra cm CI( X 011 Ca La
al 03 OS CR DI 01011 OB 001 011

r311 i4 ,*( /wl as r--a
ci
ca ta a0 8 co &la 3:

ci ca tatscl Lioc*- a ca as as

A

B.

8

4 Rik, c,,,tcsalc,:c'co,r4cat-. roc,
k>celis3 Cosi C

Write the word saturated by the material that, is
fully magnetized.

a

A% SATURA ED' 71. A material that is unmagnetized has its molecules
disarranged. As the material becomes partially
magnetized, the molecules align themselves near the
ends of the material,caustng the magnetic poles to
develop:"

<q*

a

B

CB firj 4-,-4 tors :a ripC
,110 !!! .311

01 011 C SO _0 '., IC, onus oil as

C

11:7 c-'110 (aisec,*z7 46,4 ab
'ac so' .1.! at

Mr* a U MAI Mr M*111"111
1.3 111.11 11,1 12.411 WMIry ,11. 1

7 -11-11.111:111-211 111-M.U,711

. The material in illustration A is

(saturated/unmagnetized/partially magnetized)

,

The material' in illustration B is

(pattally magnetized /unmagnetized /saturated)
-

ThP mArerial in illustration C is

unmagnetized/saturated/partially magnetized)

11.16
lsn 5; p. 21
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_

A PARTIALLY
MAGNETIZED

B UNMAGNETIZEb

C SATURATED

,

,

72. lu a; et : a- C IN Ir Ir 1.; IC 10 ICa al'irecilLK.i.11iCw2a1
I 1111111(11L'CILIK-1111:11-C

w.oca,w-,icialir.oricii.-. A
...

A
'FA-, - ir lb .ft. 0 olVir, IC II3JIC
It II - .. tf.: ..- --a ,-.. it it' IC IC IC
IL: C C w . \ C C CNE, a: ic.: ir-- Ir 1.:' I: 10,11.-: B.

°-

zis i ,, ...,1-X, II: ,-31 it)11.\
:111,.-31.16k "11 0'....5,i1:4 .711 4

...A4
C.

.

. .
.

0
Labels the magnetic condition of the materials as
belitg unmagnetized, partially magnetized, or
saturated.

A. SATURATED
B. PARTIALLY

MAGNETIZED
C. UNMAGNETIZED

.

_____

73. What are three ways of producing a magnet?
4 .

a. ,

,

. .

b.

c.
. .

..-

a. STROKING
WITH A
MAGNET.

b. PLACING IN.
A MAGNETIC.
FIELD.

c. PLACING IN
A COIL
CARRYING A
DIRECT'
CURRENT.

.

.

.
,:

74. There are also three ways'a magnet-can be
demagnetized. Since aligning the molecules of a
material causes it to become magnetized, disarrang-
ing the alignment of the molecules would cause the

.material to become

.

t

.,
6

DEMAGNETIZED
..w..-

75. Three ways a magnet can become demagnetized ire:
.

.

,

s -..

.. ....

a. By dropping or jarring.

b. By heating.,

c. By using a coil carrying alternating current.

Which one of the three ways of demagnetization
could result from careless handling? t

.
.

Esn 5; p. 22
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,11,1111111

. 76:

.

' Instruments such as an ohmmeter or a voltmeter
'depend on a small magnet for their accurate,
operation. By dropping or jarring these
instruments, their accuracy could be affected by '

the magnet becoming

DEMAGNETIZED /7.

1

When a magnet is exposed to extreme heat, such 'all
a'welding torch'flame, the magnet will become

. .

DEMAGNETIZED

q

78. Heating will demagnetize a material but may destroy
the desired properties of that material. The best
way to deliagnetize material intentionally is to use
a coil carrying aLternating\current. To demagnetize
purposely a material, the best way would be to

.
. - )

USE A COIL
CARRYING
ALTERNATING. .

CURRENT
°

...---c

.

79. Three ways a material may be demagnetized are:

. .6'

a. Dropping or jarring.
,

b. Heating.
.6.

c. Using a coil carrying alternating curt'ent.
,

Which of these is the most desirable?

c. 80.

. . .

Residual magnetism is the magnetism that remains
after the magnetizing force is removed. A soft iron
bar,4when removed from a magnet, will attract iron
fillings for a short period of time because it
contains magnetism.

1

h

RESIDUAL 81. The magnetism remaining in a material after the
magnetizing' forte is removed is called,

,

'RESIDUAL
MAGNETISM

82. Some materials retain their magnetism longer than
others, Retentivity is the ability of a material

,

to retain its
.

.
.

12-ne
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4,

MAGNETISM 83. A mixture of ALuminum, Nickel, and CObalt, known
as ALNICO, has a, high retentivity: The reason is
(circle the letter of the correct response)

a. it remains magnetized for long periods of
-time.

b. it loses its magnetism easily.

c. it does not demagnetize with heat.

it is not affected by a magnet.

re*

d.

cz.2

84. The ability of a material to retain its magnetism
is

RETENTIVITY 85. A material that remains magnetized for a long period
of time has retentivity; however, a

(high n7
material that remains magnetized for a short period
of time has' retentivity.

(high low)

HIGH

LOW

86. Another property of a material is permeability-- the
ability of a material to permit or oppose the
passage of lines of flux. A material with low
retentivity has high permeability. Alnico, nipper
mm, and hardened ste have retentiv-

(high low)
ity; therefore, they would have perme-

v (high low)
ability.

HIGH 87. A material that allows thi easy passage of lines of
flux has high permeability; however, the material
would have retentivity.

---(high- low)

LOW 88. A_magnetie material that does not allow the-04y
passage of the lines of flux has low,permeability,
bpt when magnetized, will retain its magnetism for
a period of time.

11.16
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LONG

LOW

HIGH

89. If we wanted
would select

'permeability

to produce a permanent magnet, we
a magnetic material with a

(high low)
and a retentivity.

TE.7171;77.

. -

90. Alnico, nipper mag, and hardened steel have high
retentivity gyla low pettheability. These materials
are used to make magnets.

91. Which of these metals would be used to make
permanent magnets? Place the letter P in .the
blank beside the metals which would be used to
make permanent magnets.

Permalloy * d.a.
b. Alnico .

Soft iron

e.

f.

Mumetal

Hardened steel

Nipper mag

b.

e.
,

f.

92. Where magnetism is required constantly, as in a
.

magneto, a permanent magnet is used. When magnetism
is to be used jemporarily or turned on and off, like
the.magnet used in loading scrap iron into railroad
cars, the magnet used is a magnet.

.

TEMPORARY

,L.

93.
. .

Materials used to make temporary magnets must Ilse
andmagnetism quickly. Soft iron and Mumetal make

good temporary magnets because of their

retentivity. (high low)

.

LOW

,

-
.

94.

.

.

.

.

.

1110001°. iliiiiiii
.

.

.

.

\ 1.- -----

..
.

. .

--'-',

.

In She illustration above, the core becomes a
temporary magnet when current is flowing through
the coil. When the current stops; because the core
has low retentivity, it loies its .

272
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MAGNETISM 95. Metals such as permalloy, aoft iron, and Mumetal are
known for their properties=l1EpermeENTUITand
low retentivity. Because of these properties, they
are used as miagnets. 4*

TEMPORARY

HIGH.

LOW

96. The desired properties of metals used to make good
temporary magnets are permeability and

(high low)

retentivity.

(high low)

97. Place the letter Zby the metals that are used to
make permanent magnets. . O

Place the letter T by the metals that are used to
make temporary magnets.

a. Permalloy . d. Mumetal

b. Alnico e. Hardened steel

c. Soft iron f. Nipper mag

a. T

b. p

c.

d. T

e. P

f. P

f1.16
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LESSON 5

PART A

MAGNETISM,

ELFTES1

Below is a list of statemitts aboit magnets. In the blank
beside each statement, place the letter N if the statement

.- pertains. to a natural magnet,or place the letter A if-the.,
statement pertains to an - artificial magnet.

Tp
v.

.

a. A magnet produced'by mangy y
. ,

.

,o b. It is also calledomagnetite. ,-
. tt

. , ,,

c. The most practical magnet 4

O

d. *It is sometimes called ?stoner

44
e. The magnet with least practical

use
,

f. Has.the greatel-Application.

N

2. Label these mfterials as being eitheT magnetic or nonmagnetic.

a. Brass,

b. Iron

c. Aluminum

d. Alnico,

11. 16
lsn-5; p.5 27-
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3. Below4w some true and false. statements about.magnetic lines of
flux. ;Circle theletter beside the true statements.

a. Lines of flux cannot be shielded.

Lines of flux.never cross each other.

-Lines of flux create a magnetic field.

d. Lines of flux can be insulated.

e. 'Lines of flux travel outside the magnet from north to south`.

f. Lines of flux are affected by nonmagnetic materials:

4. Label the :poles of this magnet.

er

-r-

ft %,W

.

(

4,

11.16-4
Asn 5; p. 28
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5. Which illatration correctly shows .the concentration of flux.
lines? .

O

4

6. State the'laws of'polarity.

a.

b.

7. Label the materials below as being unmagnetized, partially
magnetized, or saturated.

3

11010.1113[11111111111rin1 i11
13UJO3131111111111311111,111111
1011011.11110 NJ WO CI 1113
11111101111101111.11[11111111113

a
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A

8. Match the terms in column A with their correct definition in
column B. Place the letter beside the term in the space
provided beside its definition.

A

a. Residual magnetism (1) The property of
nonmagnetic materials to
have no effect on lines

b. Retentivity 4,f flux.

(2) Magnetism that remains
after the magnetizing

c. Permeability force has been removed.
(3) The ability of a material

to permit or oppose the
d. Transparency passage of lines of flux.

(4) The ability of a :material

-c to remain magnetized.
e. Saturated (5) Magnetism produced in a

material by a magnetic
-field.

f. Induced magnetism (6) The condition of material,

that is fully magnetized.
(7) Has the ability to attract

g. Magnetism 'magnetic materials.

1

ss,

9. What; are .three ways of ttagnettqng an iron'bitr?.

a. F
t. .

10. The required propertiesof metals used tomake.good plimanent
magnets are..41.. permeability and retentivity,,

U. The-required, properties of metals used,to make good tA0orary
magneps'are permeibility rnd.

4

2`-.!

pj. a

4

1.

A.f.16 1 '

lsn S. ..
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12. State whether the metals below are used to make temporary
magnets br permanent magnets,4 Write temporary or permanent
in the space provided.

a.. Permalloy

b., Alnico,

c. Soft iron

d. Mumetal

e. Hardened steel.

f. Nipper meg

fit

0

4 '4,

O

14. 16

. lsn 5; p. 31
4

.
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1 (a) A
(b) N
(e) A
(d) N
(e) N
(f

2. (a) N
(b) M
(c) N
(d) M
(e) N
(f) °M
(g) N.

(h) M

3. b, c, e.

4.

0-

LESSON 5, PART A
MAGNETISM-SELF TEST ANSWERS

5. A
,

6.- (a) Like poles'epel
(b) Unlike poles attract-

i. Unrnaghetized
Partially magnetized
Saturated

3.

-

9. (a) Stroking with a magnet
(b) Placing in a magnetic field
(c) Placing- in a coil carrying a

direct current

10. low
high

11. high
low

12. (a) T
(b) P
(c) T
(d) T
(e) P
(f )

GO RIGHT ON TO-LESSON
5, PART B - ELECTROMAGETISM
AND ELECTROAIAGNETICINDUCTI9N

d (1)
a (2)
c (3)
b (4) 1

f (5)
e (6). 1*

(7)

lsn p. 32

2 7 9

ctiQ

C

..

7
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FUNDAMENTALS Or ELECTRICITY

LESSON 5

PART

ELECTROMAGNETISM.
AND

ELECTROMAGNETIC-INDUCTION

OBJECTIVES

1. Glyen three illustrations of straight conductois carrying
current and three statements.describing the illustrations,

4
match the true statement with the correct illustration.

2. Given the terms core, solenoid, relay switch, and electromagnet,
and a list of their definitions, match each term to its
definition.

3. Given an illustration of a solenoid and an electromagnet, label
each illustration as being either a solenoid or an electro-
magnet.

4. List the three factors that affect the strength of an electro-
magnet.

5. Given illustrations oftwo types of relay switches, label them
s being either the solenoid and plunger type or the armature

type.

6. Defitle electromagnetic induction.

7. Given illustrations and statements pertaining to induced EMF,.
match each statement to its correct illustration.

8. List the three.requirements for induced EM'.

9. Select, from a list ofstatements pertaining to lines of flux,

,,,

the factor(s) that determine(i) the number of flux lineiS,Q1F ut
per second. ..

0 ,
t10., e: alGiven three - illustrations of lectric circuits, select the

. ,
one having the requirements needecl'for indnoed current.

11. Given an illustration of an induction label the components
of the c4il as being the primary coil, the secOndEiry coil,,the
interrupter .or the 4ore.' 4 ,

12. Given at list of statements about inductioilcoili, select the
true statements.

13. Given .an. illustration of an'induction coil and its circuitry,
state in your own words how the low ihput voltage is changed
tq a high outpui.voltage. :

14. :Given a-list of statements about transformers and indiction.,
c01s, state- whether each,statement pertains to transformers,
induction coils, or both.



1. A compass, when near a magnet, is affected byythe
magnet's magnetic field. A compass is also affected
when it near a straight conductor carrying
current. This indicates that a conductor carrying
current has a/.

MAGNETIC FIELD The fact that a conductor carrying current is
surrounded by a magnetic field may be proved by
using a compass. Move.the compass around the wire.
At arty place along the conductor, the needle will be
deflected.:

NORTH .
It: .:

SOUTH I
.

COMPASS

SS

As long as current is flowing, the needle df the
compass will be deflected atany. point along the
conductor because of the presence of the

41-

,

MAGNETIC FIELD 3. .As shown in the previous frame, the magnetic field

the straight. conductor

(runs parallel/circles)

when

1 *
is flowing.

lsn 5; lr. 34 .Q 4
SJ 1.

_273'

440

t

O

0

4.
4



CIRCLES

CURRENT

.

.

0
0

.

4,

0

The magnetic
illustrated

_L

field around
like this.

.

.

the conductor

.

may Vi

.

o

is in the

%110

L,.,,, ._,LASS

IRON FILINGS

The'magnetic
shape of a

% ....,./

'

.

conductor

.

<4..................1

, .

field about the
.

.

OCIRCLE,

.,,

.

1

5. Although a

carrying conductor
does not have

This means

a. it does

b. ...it does

c. it'has

d. it has

magnetic field surrounds a current-
and will affect a compass, it

polarity.

-

not hive a north and south pole.

have a north and south pole. .

a north pole ottly.

a south pole only0,

a.

.

.

.
.

.

.

6. Which illustration
field about

l

- -.--
. -..-:-...---

Correctly'Ahows
a straight conductor'?

I1 l

...., ti ,,,,i
k ..:,

...-/

.

,

the

.

,7
tiff

L,,,,, ; _.:...

'-'"i/ ; =:"-- LI--
.7_._ /

.

, .

.

magnetic

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

11. 16
lsn, 5; p. 35,

S
2,82



tr"

NORTH

SOUTH'

(ANY ORDER)

4

MAGNETIC
STRENGTH

7.

O

The illustration shows that when a loop is formed
in a straight conductor, the lines of flux enter
at one sidg of the loop and exit at.the other side.

This result's in a and'. pole.

8. Although the loop does have polarity, it hastlittle
magnetic strength. If several loops were made in
the conductor and a coil were formed, the lines of
flux for each loop would join, and the coil would
have a gre4er

,. / -... ....
.." , - - .1- \ ,

, - .. .
)

51. .-gilv.. ,..

.., .
...

7, 4._ ,

4

.

Look at the'Illustration above. When current flows,

the lines of flux-join, travel through the center
of the coil (core), and form a weak

11.16 '4!

Isn 5; p. 36 .
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Isn 5; p. 37

..276
MAGNET

. ,

,

.

10. Although
the single
its center

.

(current-

The-center

the coil has greater'
loop, it's still
area orscore is

-
_.---4.-

-- . -, ..,,

,
.... - ...

. ------- \
i ii 10'

\
,

S.

\, I 0 ;
411.N. At Alb +1,

.
i ' i

II , /. - - _ --r.....". ....

.... _ _ ..... - -

magnetic strength than
a weak'magnet because
composed of air. -

. .

\
1

' ./

\
, i .

air core).

known as the

.

Solenoid

carrying coil with

area-,of the-so-l-eno-i-d-is

.

CORE

.

11. A.current- carrying coil with an air core is a

.. .

SOLENOID

.

i .

.

s.

4

\

.

.,..4

.

12.

.

.

I 1

N

r ,
1 %

Which

\

-.-
..". .41,/ .."

11'

....

.4

1, f;
I

*
....

......6.

- - - ....
.., .."'

....,..k \' Ix

4YAlt AP ..%. / , ..,, ,.. --

i-, -,...t-r-

/ r ,., \ , - - ,..
..... --".

...

.

.

0.

, .

03/4.
C°

g

..
. ,

A. -

.

_ A

RI _.Ij

,, .
g..

.

.

.

.

of

11.
... '

A .
3

.

).

the illustrationd shows a solenoid?

, ,

lI
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,.,

13. The lines of flux traveling through the air core
of the solenoid are opposed by the air. A core
of magnetic material placed in the air space will
concentrate and offer an easier path for the

of .

.0 .

LINES OF FLUX 14. Air, with a low permeability, is an inefficient
core. Soft iron is a more efficient core because
it has .

permeability. 0

(high/low)

HIGH
4.

15. The most effiolent core is one gf

----- , ---khislaLow ) -.

HIGH
PERMEABILITY

.

'

16. A core material bf high permeability becomes a,
temporary magnet when cuerent is flowing.

..

.
.

.
. .

.
.

't?' )
s

4/

, -

. :`

.

.

*41111i===j . MI 1111

A B C

------. .

Which iltustration represents the strongest
temporary magnet?

.

1

B

.

1

- 17. When the coil has a core of a magnetic material,.
it is known as an electromagnet.

.,

The difference between a solenoid and an electro-
magnet is in..,trhe substance used fior the .

.

.

CORE

.

.

18. The magnetism produced in the soft -Iron core by

the, electric current is called electromagnetism.
The temporary magnet, .a coil with a magnetic core,
is called an .

\- ,

.
, .

. .



\ ,
.

ELECTROMAGNET

/.,,
.

19.. A coil with an air
,

core is a

An electromagnet has a core of .

SOLENOID

SOFT IRON
(MAGNETIC

MATERIAL)

.

.

j 0. Label

solenoidor

: r
\ '

I i

N

,

the

-
... -

- ............

. .--

I

`. ii tft

1.4

..,\ -
....;_. --

...

illustrations as
an electromagnet.

- -, - -
..

,- ., - ,
\

0 , /
.4* 44 ii --, . / , ....k

S
'

0 1 "'
I

../ 031 \
/-... -- ....../ ., V.- -- /

-...

. ,

representing

-

---
I

--

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

IL lk.
i.- -.... -.- -IP I_ _ .--.1

-.- -1. -

-

0
either a

. , ,, .
-V,1

, - )
.--. ,....

*

.

_

A. B.
--.---,

A. SOLENOID

,

B. ELECTRO-
MAGNET

- ..

21. Electromagnets have many uses. They can be very
) small, such as the.ones used by doctors to remove

metal. splinters frqm a pat,ient's eyes; or they can
be very large and capable of lifting tons of.metal.
Because of these varied uses, it is necessary to
have some means of changing the strength of an

ELECTROMAGNET:

,

e.

.

. . .

'22. The strength of .an electromagnet is determined by
three factors. One of these factors is the type

.

of mat rial used in the core. An electromagnet
with-a ore of low permeability would not be as
strop an electromagnet with a core of
perme lity.

. ,

..

HIGH .

r
.

.

'23: Permalloyhas
$

a higher permeability than soft iron.
Which electromagnet, is stronger? -

. '

SOFT IRON PERMALLOY O.
. CORE COR.E

, ..
A

lei.) ....,
9)

B

.

11.16
lsn 5; p.' 39.
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24. Another factor that determines the strength of an
electromagnet is the number of turns,or loops in
the!conductor-; the more loops or turnsithe greater
its strength.

SOFT IRON
CORE

A

___J

PERMALLOY SOFT IRON
'CORE CORE-

B C

Which electromagnet is the weakest?
a,

Which electromagnet is the strongest?

A WEAKEST

STRONGEST'

25. Two. of the factors that determine the strength of
an electe6Magnet are:

a.

b.

a. TYPE OF
CORE
MATERIAL

b , NUMBER OF
LOOPS OR

ITDRNS OF
THE COIL

GREATER

26. The third factor that will affect the strength of
the electromagnet is th'e amount of current.

The greater the current, the
electromagnet's strength.

t

27. Therthree factors that affect the strength of an
electromagnet.are the type of core material, the
number of loops or turns,of the coil', and the

11.16
lsn 5; p. 40
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11111
(.2

AMOUNT OF
CURRENT

.
.

(

.

..

.

28.

.

,Iii

ra.

SOFT IRON
CORE

12a
2A

A
-

Which

.

PERMALLOY

!

,

v

electromagnet

CORE

Mill

6v
la

B

I '1

PERMAL
CAE

1 1,101)))1/

12V
2A

is stronger,

LOY .,PERMALLOY
, t-

ll

I

C

,

, CORE

it)114111

- or
IA

D

A or C? .':.

Why?
-

b. Which' electiomagnet is stronger, B or D?

Why?

c. Which electromagnet is weaker; D Or C._
" Why?

.

.

9 ,,*

a. C

BECAUSE OF
TYPE OF CORE
MATERIAL USED.

"b. D

NUMBER OF
TURNS OR LOOPS

''IS GREATER.

. D

}AS LESS .

,CURRENT.:

29. The three factors that affect the strength of an
electromagnet are:

I

. ,
.

a.
.

.

b. .

, .

"-C.' ,

.
a

I-
4. TYPE OF

CORE
MATERIAL ..

.

b. THE NUMBER
OF. TURNS OR

LOOPS OF
,

° THE COIL r

,

c. AMOUNT OF
CURRENT

,

.

30. This is an illustration of .a simple relay switch.
The illustration shows a common use for an

.

,

. .

. . .

.
.

4 .

.

,,,

, .

. -,

1
P .

'...4

1

,

..

-

. .

,

,

288
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ELECTROMAGNET 31. One of the main uses of electromagnets is in relay
switches. The magnetism used to actuate a relay
switch is obtained by using an

ELECTROMAGNET

19.

32. A relay switch is a device used to control remotely
an electrical circuit. By using a relay switch, a
small amount of current can be used to control a
circuit with a large amount of current.

4)

CIRCUIT A

" 24 V
1000A

h..

CIRCUIT B

24r5A

a

e

SWITCH

In. the illustration above, pizh amperage is needed'
.for the starter operation. Device C allowa1circuit
tB to, control circuit A. Device C is a

0

RELAX SWITCH 33. A remote-control device used to control electrical
circufteis a .

P.

RELAY SWITCH

,.60
34. Ther# are -two basic types of relay switches. The

'method by which electiomagpetism is used to actuate
the contact points will identify each type of

. .

.11.16

lsn 5; p. 42
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$

RELAY SWITCH J

. .,

.

35. One type
plunger.
held partially
the plunger
attraction

.

.

'
,..,

.

,Look at
closed,
move?

.

of relay
It has

is.drawn
of the

,

switch
a solenoid

out of the
into

magnetism.

.

is the solenoid and

l

with a
coil.' When
the solenoid

.

movable.plunger
current flows,
by the

.

0

.

switch A is
plunger,. B,

0

,

1

=
MI- .

.

above. -When
will the

.

r------igiliR .
'ZOO,OZOA

To

A ---o---

the ilLustiation
in which

-
...

direction

.,

DOWN .

°
1

.

36. The type of relay
freeito move is

id li

switch in which the plunger is
the , .

and
type. /

SOLENOID AND
PLUNGER

e

.

. .

./

.

.

.

/

37. The.second
The
core.,
flows,

the

POW

SMTP.Ali-L-Ea

-_,.L...---'

coil

armature.

TS.-4,Lj

1

. g'.
type of relay switch is

of insulated wile i's wrapped
The core is not movable; and
the core becomes magnetized

the armature.
around the

when current
and attracts

.

..,/

120v ®..g .

..

9

t' ARMATURE

above.

current flows to the
and the

6V
T.------...M.

Refer
When the
coil.

.points

.

to thi illustration

switch isclosed,
The armature moves

will -

(up down)

.

,

(close/open)
. .

,11.16 ,

lsn 5; p. 43 .
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4,

DOWN

cuisE

IMP

38. The relay switch with a fixed core is the
type.

ARMATURE'

a. SOLENOID
AND PLUNGE

39. The two types of re4.ay switches are:

a.

'ARMATURE

(ANY ORDER)

40.

44.

I

IL--

Il1ustration4A shows'an'
of relay switch.

Illustration B shows a
type of relay switch.

'type

and

lsn 5; p, 44

6.2 t3

.)



.SOLENOID
AND PLUNGER

ELEUROAAGNETIC
INDUCTION

41. We have seen how electricity can be used to produce
Y.

magnetism. This is called electromagnetism;

We can do the opposite and.use magnetism to
produce electricity. To do this, the flux lines -

.must be cut by a conductor through relative motion.

This is cgllesi electromagnetic induction.

4?"

r

When conductor.A is moved rapidly up and down across
the magnetic field, meter ,B will, show that eaec-"
tricity'is be'ing produced. Thisaction is known as

...,_

42. E lectOmagnetic indUctibn is the action involved in
producing electricity EIS' the Use of a
field, a , , , 'and relative
between them.

MAGNETIC, ,

CUNDUCTOR

MOTION

43.

.

Producing electricity by using a magnetic field, a
conductor, and relative motion is called

.

ELECTROMAGNETIC
INDUCTION

.

44.

o

Electromagnetic induction'is,producing electA.citY
...---

by using a . , i
; and .

,between them. .

v ,

isn 5; p, 45 c.
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4

MAGNETIC FIELD

.CONDUCTOgit

'RELATIVE MOTION

45. What is electromagnetic induction?

,

t

ELECTROMAGNETIC
NDUCTION IS
PRODUCING ELEC-
:TRICITY BY THE
USE OF A
.MAGNETIC FIELD,
A CONDUCTOR,
AND RELATIVE
MOTION BETWEEN
THEM.

46. An EMF (electromo.ti,ie force) is induce((ln the
conductor when the relatJAre motion between the
Conductor and the lines of flux causes the 'flux

'l lines to be cut: With the conductor moving
.

parallel to the lines, of flux, no flux lines are
, cut and-an induced EMF iocctir.

. (will/will not)
.

,

,
\

. \

.
\. .

.

ILL NOT

-

.

47. In which illustration will induced EMF not be
. produced in the conductor? .

,
. '

-:, , t

r

,..

4liffira, a.....4:17. ..4....
..... MNIIIIMW" II.I.F, ,-,::-

-,-

- ,
8

.

A
. 1

. .,:-

48. An EHF is nos produced when:the flux lines are not.
cut by- the conductor. For induced EMF,., the Conall-to
must move so the

. are cut:. .

"....,
FLUX LINES

'

i .
. .

a
i . a

.

.

: .
..

,

t

,

.e...
49.. To obtain IndZiced,XMF in the4Onductor, the best

' method to follow is to cut.the flux lines aright
angles (perpendicular). . ,,

6 ,
a lk Ili

-"--411111Pr ..z-:-'- . .. .

3!ri.....--.4
jj:42L ............. .....-!-7.=, s

. .. .

. .
.

.., .
,

.,
A

Which Illustration Illows the Most efficient\method
of'producing an indficed EMF in the conductor'?

11.16
lsn 5; p. 46 .
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.

. .

v).

-
,

.
- ,-
Re18tive motion is the
the magnetic field;

, moved#to cut the flux
or the magnetic field
lines are.cut by the

.

motion of the conductor or
that is, the conductor can be

lines of the magnetic, field,
can be moved so that flux

, 7

CONDUCTOR
,

.

_

..

. -
,

0

e_.

51. 'What *will result

illustration?
from

---...--.

TCONDUCOR
STATIONARY

the action shown in the

.

4
.

MAGNET
MOVED

UP ft DOWN

b \,

V..
.

.

.
,

.

----.. \
T

INDUCED. EMF IS

PRODUCED WHEN
A MAGNETIC
FIELD MOVES,
AgRots THE
CONDUCTOR.

52.

"

.,,

-

To have - induced EMF, there

a magnetic field,,-la conductor,
-

between them. .
.

Wheil, flux lines 'are cut by

between a magnetic field
.

will be an --. `, EMF

are th ee'requirements:
an relative motion'

. .
the relative motion

and -a conductor, there
in the conductor. .

to . .

.

.

INDUCED'
.

-

..t

1 "
.,.

.

. . .
.

53

.-.

Whichi-1.1tistrationS!

induced in'thel.canductor?,
- .

-4

,.,-
v.:.

-
.

indictte

_ _ _ _

B

-
:.: -:..si
_fit__ ,_

-

that EMF will be'

,

.

.

. _ _ , -

um: ".1:_:.1 j Wd#ti 3
...

, ,

t.
.

-:S

. .

. .
.

.
.

..
- -..._

_
ar- -

.

-

.

X94

-r.

r(a

e)

.



54. What'are the three requirements for induced EMI'?

a.

b.

c.

.

a. CONDUCTOR

b. MAGNETIC
FIELD

c. RELATIVE
MOTION

55. The strength of ,induced EMF is dependent on the
number of flux lines cut per second.' When the
number of flux lines cut per second is increased,
the strength of induced EMF will .

INCREASE 56. There are three factors that will affect the number
'of flux lines cut per second. One of.the three
factots is the flux density (number oflflux lines
per unit area).

s

Which illustration shows the stronger induced EMF?

Why?

N

v!
A'

10.

r

_ -_

B

HAS A GREATER
,FLUX DENSITY.

b

57. When the magnet used( in a°magneto loses part of its
strength, the*EMF it produces will decrease.

Why does this hiippen?

ti

Isrf'5; p. 48
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ist

a
a. 0

.

0

THERE IS A
DECREASE IN
FLUX DENSITY
(pled OF
FLUX LINES).

.

,

1

.

.

, .

. *

.

_

58.

o

'

.( .

The second factor which will affect the number of
flux lines cut,per second is the number of turns 1

or loops of the conductor.
. .

The device in illustration A is capable of producing
twice the amount of induced EAF as the device in
illustration B. .

.

Why?

...

.

...-

.,,
....-

.
. A,./

.....-.1

geg- ....-.....-

.......

gra
.......-------

...
,.......0,...

k

.

CtS

,

.

. ,
.

....

THE COIL
(CONDUCTOR) IN
ILLUSTRATION A
HAS TWICE THE
AMOUNT OF
LOOPS OR TURNS
AS THE COIL IN
ILLUSTRATION B.

59.

.

.

,

m
Two factors which
cut per second

. .

number of loops_oro

.

affect the number of
are the flux density and

of

-

flux line's

the

the

-

.

.4. 1,

.

.

-

..

TURNS (-..."

/

CONDUCTOR
(COIL)

.

t

-N

'

.

.

.

60.

'''

.

.

- '

,

.

How can indticed EMF be increased without increasing
flux density? '

,
.

,

. .

..

,
. .

.

.

e
1. lb

lsn 5; p 49
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1

;

INCREASE THE
,NUMBER.0
TURNS OF
CONDUCTOR
(COIL).

.

i

.
.

.

.

. .

61. Induced EMF is dependent on the number of flux lines
./ cut per second. If one hundred million flux lines

are cut in one second, an induced EMF of one volt is
produced; but iftwo hundred million flux lines are
cut in one second, an induced EMF of two Volts is,
produced. Other than flux density and n4mber of

. turns'of the conductor, what is the third factor
that.affects the number of flux lines cut per,-
second?'

w .

RATE OF SPEED
OF.CUTTING THE
FLUX LINES.

.

,

-,

..,

'62. The strength of induced EMF is dependent on three
, factors.

4 .
,

They are:
.

.

o

-a.

b. *
-

c.
.

FLUX DENSITY.

NUMBER OF TURNS
OF THE
CONDUCTOR :

(COIL) ,

RATE OF 'SPEED

(ANY ORDER)

63. When'a conductor is moved through a magnetic field,
an EKE' is induced; however,, there Is no induced

. current (electron flow) unless there is a closed
path'or circuit.% To have induced current,°there
must be a closed . .

.

:.i
. .-

-
r

4.-

-

a.

CIRCUIT

.

.

.

..,

64. Up '16) Chi's point, we haVe only discussed how an EMF
is induced. Using this induced EMF, we can get an

' induced current.'
,

a

.
'

You must realize there is a difference between
induced EMF and ijiduced current.

R

.
A

An induced EMT' is potential energy. When the
- circuit is nosed , this potential energy causes

e
>

1

electron flow in the circuit, and this plectron
flow ks known as , .

INDUCED CURRENT
.

. , .

65. To have an induced current, two conditions mustbe
met. There must be an and
!a .

[1.
. "N1 .

mWm1/ . . 4

11.16
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INDUCED EMF 66.

CLOSED CIRCUIT
.t

it>

*

When a conductor is moved, cutting the flux lines,
an induced EMF is set up in the conductor; and 'as
long'as the circuit is closed,'an induced current
flows, as indicated by the meter.

0

lsn 5; p. 51

a. Illustration A will hive

(1) inducdd EMF.

(2) induced current.
'(3) both.
(4) neither.

b. Illustration B will\have

(1) inducedEMF,c
(2) induced current.
(3) -both*.

(4) neither.

C. Illustration C will have

(1) .indiaced EMF.

(2) induced current.
(3) both.
(4) neither.

298
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4.

44*

a. (3)

b. (1)
.

c: (4

* ..

67. According to OhQ's law,when the voltage (EMF)..of a'
circuit changes (increases or decreases), the
.current changes in the same direction (increases or
decreases). Therefore, the three factors which
affect induced EMF will also affect

. .

INDUCED
CURRENT .

\

/ .

,

0 .. .

68. A generator in which all three factors are incorpo-
rated will produce any desired voltage.

Howevel., weight, space, or a system which requires
different voltages will limes' the design. The
el.etricallsystem of a car is an example. The

1

.-----
lights require only a low voltage; whereas, 'for the
ignition system, the EMF must be greatly increased.
This increase in EMF is accomplished by using an
inductioh coil which will greatly

EMF. f

s

1
INCREASE,

.

.

. _. _ .

.

69. When it is necessary to increase a low source
voltage (EMF) to a-higher output voltage, the
device used to cause the increase is an

. cbil.
,

INDUCTION

. .

70. The higher induced EMF of the induction coil is
caused by a moving magnetic -field which is being

cut by conductors. The relative motion between
the conductors and the magnetic field of an
.induction coil is obtained by using a moving

.

. , . ,
-

MAGNETIC FIELD

.

.

.

.

,
. ,

.

-

.4

7t The moving magnetic field of the induction coil is
obtained by using a coiled conducto.r. with -as

pulsating direct current (P.D.C.). This pulslting
...

current'dfrect urrent is produce'd by using an interrupter

switch. .

,

,
Becadse the type of direct current used in the

.
induct/ion coil is periodically interrupted, It is .

.. .

called a

'

.

_PULSATING
'DIRECT .

CURRENT
.

vq,

.

72: A pulsating direct current flowing through a coiled

conductor produces a magnetic

, .
. .

.

.

.
I

11.16
lsn 5; p: 52 o
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MOVING

FIELD

73.

t . ,

INTERRUPTER

'If thesWitch (interrupter) at point A were opeted'
and closed rapidly, tk, magnetic field would build
up and collapse. ThiprOduces a moving -

.

MAGNETIC YIELD 74. , An indtiction coil is made up of a primary_ coil and
a secondary coil.

The primary coil receives the low ihput

The other coil, which is the output mil,' produCes
thehigh induced EMF and is called the

SECONDARY COIL
.

75. In the basic design of an induction coil, two coils
are used; these coils art the c . . coil
and the coil. ..

PRIMARY

SECONDARY

1

.4

76.

Although the primary coil and-the secondary coil
are separate coils, the illiiitration above-shows
they are both wound on a common ,

11.16
Isn '5; p.053
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77. Insulation is used to prevent an electrical
connection between the two ,conductors. An induction
coil dces hot hive an electrical connection between
the primary coil and the secondary coiltsince the
primaDy'con is from the
secondary coil.

78. Each turn or loop of the coil is insulated to
prevent an eledtricalf connection between turns.
To prevent an electrical connection between the

- coils, the pr,imary coil and secondary coil are
from each other.

c.,09,3 .

79.' In a basic induction coil, the primary coil and
the secondary coil are both wound on the same core.
To- protect the primary coil and secondary coil from
having an electrical connection, they must be

from each other.

f

80. In an .inauctiOn coil, the primary coil and the
secondary coil are both wound on the same core.
The ALM-Toon alwas has fewer turns than the
secondikrcoil.

-

In the illustration* A is the
(primary/secondary)

coil and has turns than Bs

(more/less)

11.16
lsm5; p. 54

301

9.4



\
.

.

PRIMARY

LESS,

81. In an induction coil, the coil
greater number of turns is the
coil.

'

that always has the
.

.

"

a.

SECONDARY
...

e

.82.

,

Label
core.

the primary coil, the secondary coil,and the

)

.

.

. .

.

.

.

111111.

4

.

t).., 0 .

A. SECONDARY
\.,

B. CORE

C. PRIMARY

..."

. .

.

83.

a

.46. c;7----

0691:01gArifars

IN

f
i0 L - -

In the illustration,

low input voltage?

.

--< , ..

$111111111 II1N

MIMI i

---

.

% .

.

..

which coil is receiving the

(primary/secondary)

4
PR NARY

.

.

.

/

84. In an induction
always received

coil, the low input voltage is
by the .coil.

.

,

1 ,
.

4
a

11.16

Isn 5; p. 55
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C

ao,

O

Sys
/

PRIMARY
.

85. The source voltage for an induction coil-is direct
current which is changed to pulsating direct current
by an interrupter switch. 4,

I.

Label the interrupter switch, primary coil,
secondary coil, and core.

A. CORE

B. SECONDARY
COIL

C.,

SWITCH

PRIMARY

86. The P.D.C. in the primary coil causes a moving
magnetic field..

This moving magnetic field will be. cut by thet.
larger number of turns of the

/coil.

SECONDARY 87. The purpose of an induction coil is to
EMF.

(decrease/increase)

The increased EMF is induced in the coil that has
the greatest number of turns. This is 'the -

coil.

INCREASE

SECONDARY

88. The secondary coil cuts the,moving magnetic field
and induces EMF. This induced electromotive force
in tne secondary.coil is increased because the
secondary coil has air number of

(greater/lesser)
turns than the primary coil.

°

11,16

lsn 5; p. 56
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I
GREATER

.

.

89. Relative'motion between the moving magnetic' field
and the turns of the conductor of We, secondary
coil will cause in increased EMF td be induced in
the coil.

,
I

.
.

SECONDARY'

.

.

.
.

. :\

,.-

.

../

90.

.

,;17------C,-7.=

swiNfeffigai

.

P

0 250V .
,

,
c

INUIDIN
c --Pk

4

In the illustration
from point A.
changed to P.D.C.
This causes aovingmagnetic
is the

. .

__--, -- ----

N
A 254

'

above, ai current' comes
This low input, dir t current is

at B by the
i

.

field around C which

. The relative motion
between the increased number of turns of the

. coil and the moving magnetic field-
will cause an

i

EMF at D.

.
,

INTERRUPTER

PRIMARY COIL
-,

SECONDARY

INCREASED
.

91.

.

For the operation of the basic induction coil, a
P.D.C. was required to produce a moving magnetic
field. Alternating current (A.C.), which changes
,direction constantly, will also cause a moving

-

.

MAGNETIC
.GELD

92. The type of,current
moving magnetic
interrupted is

that can be used to produce a
field and does not need to be

..

current.
.

. .

. ,

ALTERNATING 93. A device that
a moving magnetic
Since the transformer
current (A.C.),

uses alternating current to produce
field is the transformet.

operates on alternating
there is no need or an

-1146
lsn 5; p. 57
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.INTERRUPTER 94.
Of

A

.2q7

PRIMARY

B

SEC:NCARt

SOFT IRON CORE

TRANSFORMER

The voltage transformer is similar to
coillexcept the interrupter switch is
because of the type of current used.
the illustration, the transformer has
coil and a 6/1.

the induction
not required
As shown in
a

PRIMARY.

SECONDARY

95. Transformers may be used to step up (increase)
voltage. Transformers used for thii purpose will
have more turns (loops) on the secondary coil than
on the primary coil.

NOTE: The primary coil of atransforme, like the
primary coil of an induction coil, will
always receive the input voltage.

....]kiDiftS1
1144111

itttLN
VAN

Which transformer is Used to step up voltage?

_
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F6

So.

J
,

'C

.

.
,

.

.
.

...

r

I.

.

. . .

96. Transfor rs may be used to step up (increase)
voltage or they may be used to step down (decrease)
voltage; however, when they are used to atlp down
voltage, the primary coil will havemore.turnssthanethe.secondary coil. ..

'
.

F
.

Illttlk I 111"...ilk:- -----. =.- - - - -w__ 7

.

0
4.. .

,.

A .. B

. .
Label the illustrations as being either a step-up or
a step-down type of transformer.

A STEP-UP

B STEP-DOWN

4

.

97. The'secondary coil of a transformer used to increase
(step up) voltage has more turns than the primary

coil.
.

- .

A transformer used to decrease (step down) voltage
has more turns on the . coil than

tl co4fl.
. '''

PRIMARY

,"r
SECONDARY

...

-

-

-

'' '. .
98. The basic transformer does not have an electrical

connection between coils since the .

.

>r r .

(circle letter besione correct answer)

1 a. primary coil is insulated from the secondary-
coil.

g

b. primary coil is not insulated from the
. secondary coil. -

A.
.

.

,.

99. *--In a transformer, either step-up or step-down, the
EMI' is always, induced in the secondary' coil.

. Therefore, ie'is the output voltage coil. The
input voltage coil of any transformer is always,the

. .

.

11.16
lsn 5; p. 59
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PRIMARY COIL

.1%

100. In a transformerr.the input voltage coil is the
and the EMF (output)

voltage induced in the

PRIMARY COIL

SECONDARY coil,

11. 16

lsn 5; p. 60

101. Below are some true and false statements about
transformers.

Circle the letter beside the true statements.

11.

a. Transformers use A.C.

b. Transformers may be used to increase or
decrease voltaje.

c. Transformers will have induced EMF in '

the primary coil. )
d. Transformers will only be used to step up

voltage.

e. Transforters 'always have more loops on the
primary coil.

f. The secondary coil is always the output
coil.

3;; '1

'4.
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FUNDAMENTALS OF ELECTRICITY
L4SSON 5
PART B

'ELECTROMAGNETISM
AND :

ELECTROMAGNETIC'INDUCTION
SELF-TEE

1. Which statement correctly describes the magnetic field about
a straight conductor carrying current? 'Place tht !lumber of
the correct statement under the illustration that correctly-
shows this magnetic field.

a. A magnetic field encircles a current - carrying

condutor. .

b. A magnetic field runs parallel to a current-
carrying conductor.

c.
1

A magnetic field surrounding, a. current-carrying
conductor His "definite fixed polarity.

Match the terms in column A with their definitions in column B.

Place the letter from colUmn A in the space provided in column
B.

,A

a. Core-

b. Solenoid

c. Relay switch

d. Electromagnet

1

\ (1) A device use4 to control
electrical circuits
remotely.

(2) A coil carrying a current.

(3) The center area of a, coil.

(4).Coila of wire wound on a -

soft iron core.

11.16:
lsn 5; p. 61
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Mr

7

N.

V
3. tabek the illudtrations as being either a solenoid or an,

electromagnet.

`ate ,
_

\ 14 k
,

).\ I /
Alr

..410

oy

4

114
A'4*** ...."--- AN

I 441

f,', -Rs 4C. ...,.

N
A

I ' -I
\ -\- \

1 4 % A i

.... ,_ )\ . ' ,. .... --
.....,, s
".-- 41..... ..-'

A. B. -

4. List three factors that affect the strength of an electro-
magnet'.

b.

c.

4.

.5. Label each.illustration.as either the solenoid and plunger

,'
type ofj relay switch or the armature type of relax switch.'

4.

A. B.

VIIMMI:%1W

il: 16
lord r. RO

a..

4o.
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- xt 30.?

. Electromagnei,c induction i&

t

.a

4'

,

-

1. Matcheach ifatgment co the illustration to which it applies.,

6

K.

O

a

C.

, ., , ,
,,

i

o

I .'. - ,

a. ,No induced EMF Is' produied 'when the conductor id moving
.parallels.to the lines of Flux.

b . No induced,EMF As produce. Oen here is no meta' n ot ,'
-..

. .
.

..

...

_

'14. ,540919
m1 ..

the conductor.orsthe magneitsfi ld. 11
i

Q .3 ','_.f ,

c. Maximum induced EMFAs producedwhenthe conductor fi
moving pertiendieua through the lines,4).,f flux.

i *
.

e

8,. The three requirements for induced EMF are a
/- a , ,and there must be

jelative .t joetween'them.-

. .

. 11.16
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f,

r-

CirCle the letter beside the factors which have an effect on
the number of flux lines cut per'second.

a. Moving the conductor parallel to the lines of fluX

b. Changing the rate of speed between the magnetic field
and the conductor

Making a closed circuit

d.

e.

Increasing or decre sing the number of turnseof the
coil.(conducto

Changing the flux 'density

10. What would be the effect.on induced EMF if the number of flux
lines cut per second were increased?

e

11:- Circle the letter under the illustration that shows the require-
-ments.for.induced current.

12. Label the primary soil, t5e'secdbdary coil, the core, and the
interrupter.

Go.

ORMAN
witowc.0

13.16
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13. Circle the tetter(s) beside the true statement(s) pertaining
to induction coils.

A>

a.

b.

c.

d.

e.

f.

An induction coil will not increase EMI':

A moving magnetic field Is used in an induction' coil:
An inductioncoil uses a pulsating direct current.
An induction ial has a-primariand secondary coil.
An indUction coil uses A.C. only.
Input voltage always goes to the primary coil.
The secondary coil' receives theP.D-.C.

14. State in your own words how the laW voltage at point A pis
.boosted to a high voltagl at point D.

'fy

-

-

15, These statements pertain,to transformers and/or induction
coilc, Place the lettei T beside those statements which apply
to transformers; the letter 4 beside those thkr apply to .4

induction coils, and the letters TI beside .those statemepti
which .apply both.

a.

b.

c.

d.

4%.

Has a primary and a secondary _coil..

May be used to increase voltage.

May be Used to decrease voltage.

May hi'Oe more turns (loops) on the primary
coil than the secondary.

C. INF is always induced in the'secondary coil.

f. -The'vcondary.,coil is insulated from the primary
cojJA

g. Uses A.C. only.

11.16'
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LEssop 5, PART B
ELECTROMAGNETISM AND ELECTROMAGNETIC,

INDUCTION-SELP\TE'ST ANSWERS

1. Aa
1

2. c (1)
b f2)
a (3)
d (4)

3. (a)'` Electromagnet
'(b) Solenoid

d

4. '(a) Type of core material
(b) Number of turns br loops of thecoil'
(c) Amount of current -

aer

I -

5. (a) Armature type
(b) Solenoid and plunger ,

6.. Electromagnetic induction is producing electricity by the use of a magnetic
field, a condtmtyr, and reltive motion between them.

4

7. *(a) c.
'(b) b

(

8. Conducto.r.--______
Magnetic field
Relative:Motion .

+4,

9. b,, c (instantaneously only, motion. is necessary foe a continuou effect), d,. e

10. It would increase -

11. a,
0

12. (a) Core
(b) Secondary coin
-(c) Interrupter switch'
(d) Primary coil

13. b, c, d, f

4



9?),
--7 (4.°,

Dir9ct current comes frtiffli point A.' .This is changed to P. D. C. at R
by the interrupter, This-causes a moving magnetic field,around C which
is the prirnary coil. The relative motion betv;t`een the increased number
of turns of the secondary coil and the moving magrietic field will cause
an increased EMF at D. .

15. TI a.
TI b..
T c.
T d.
TI ,e.
TI
T -

4

qs

END OF LESSON 5. Mail Form Enclosed Fof ir'inai Exam.
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