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MILITARY CURRICULUM MATERIP[L&/

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

The cdurse materials were acquired ¢ evaluated by project
staff and practitioners in the-field, and—prepared for
dissemination. - Materials which were specific to the military
were deleted, .copyrighted materials were either cmitted or appro-
val for their use was obtained. These course packages contain
.currlculmn resource materials which can be adapted to support
vocatiodnal mstructlon and curriculum development.
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an activity to increase the accessibility of
military-developed curric¢ilum materials to
vocational and technical educators. ,_J‘
This project, funded by the U.S. Office of
Education, includes the identification ang
acquisition of currigulum materials in print
form -from the Coast Guard, Air Force,
Amwy, Marine Corps and Navy.

- Access to mijitary curriculumy materials is
provided through a "Joint Memorandum of .
Undemtan&ng" between the U.S. Office of
Education and the Department of Defense
The acquured matenals are reviewed by staff
and subject matter specialists, and courses
deemed applicablé to' vocational and tech-

- nical edutation are selected for dissemination.
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‘Vocational Education is the U.S. Office of
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One hundred twenty courses on microfiche

{thirteen in paper form) ‘and descriptions of
each have been provided to the vocdtional
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation. -

Course . materials include programmed
instructicin, curriculum outlines, instructor

ngi_des, student workbooks and technical

manuals.
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sixteen vocational subject areas: .
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for dissemination.
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Course Descripuon o

M y
This introductory course.provides fearners with a source of study matenals on the principles of electricity. €ach lesson 1s divided into two parts, eacH
of which contains criterion objectives and self-tests. The course provides basic coverage of atomic structures and matter; series agd parallel circuits,
measuring devices; batteries and electromagnetism.,
4

- %

Matter and Atomic Structure is divided into two parts, the first dealing with matter, covers ﬁter, volume, density, '
. weight, porosity, inertia, and impentrability. The second part focused on atomic structure co rs parts of the atom, atomic
number and weight, positive, negative, and neutral charges, and eiectron direction. . .

Lesson 1

[
Lesson 2 - Introduction to Electricity and Electrical Symbols 1s 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
A part covers electrical symbols and schematic diagrams. : *
Lesson 3 - Series Circuits and Parallel Circuits also contains two parts. Part A solves series-circuit problems for current, voitage drop
across an individual component, resistance of an individual component, total resistance, and total voitage. This section
- - also covers short circuits, opan circuits, and the use of the ohmmeter, ammeter, and voltmeter. Part 8 solves problems in
. parallel}cnrcuits for total resistance, resistance of an individual branch, total current, current flow of an individual branch,
and total voltage. It aiso covers reciprocals. . *

’ ‘ - -

-

. . ., . Y . .
Lesson 4 - Series-Parallel Circuits and Battaries, Part A, covers series-parallel circuits and i1s concerned with solving for the unknown
values of resistance, Current, and vojtage in series circuits connectéd in parallel, and n parallel circuits connected in parailel, 4
and in parailel circuits connected in saries. Part B covers batteries.

L] - -~ @ -
Lesson5  —  Magnetism and Electromagnetism and Electromagnetic Induction, Part A, 1s concerned with magnetism and covers natural N
and aruficial magnets and the laws of polanty. Part B covers electremagnetism and electromagnetic induction. N Q
The course is presented in a programmed instruction format. The information 1s presented in small steps by using frames, and s easy to read and
understand. These Materials could supplement classroom activities, be used as enrichment materials, and be heipful to the siower learner Who needs

additional heip. . . ,
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UNITED STATES MARINE CORPS
MARINE CORPS INSXITUTE, MARINE BARRACKS
) 8OX 1778
WASHINGTON, 0.C. 20013

FUNDAMENTALS OF ELECTRICITY
Lesson L

e

- Matter and Atomic Structure

-

STUDY ASSIGNMENT: Information for MCI Students. \
' . Course Introduction. ' ‘ )
MCI 11.16a, Fundamentals of Electricity, part A and B of lesson 1,

\

STUDY NOTES: 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 1s presented in small steps called FRAMES, You
should 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 slip 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 printed sample
frames. v ‘ : ’ s

. . <

»

The uriverse contains nothing but matter. The sun and
a particle of dust are parts of the universe; therefore,
each 1s'an example of

A S

MATTER . Everything 1n the universe is composed of matter.
. Undt:.rhne the rtems below that are matter,

Truth
Rock of Gibraltar .
Freedom

. Air

e, A tree

Py

The answer to the first framg question #1s 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 t'he same or
very similar tq the given answer. IF IT IS NOT, GO BACK AND READ
@'« THE FRAME AGAIN. You SHOULD NOT be worried about time. You
SHOULD be toncerned about understanding the material given. If you
find yourself having difficulty, yoy should return to where your difficulty
began gnd go through 1t again. If you follow these instructions carefully,
you will find yourself gaining a great deal of knowledge, GOOD LUCKI

A

S&ELF TESTS: 'At the end of each programn';e& booklet 1s a short self-test based on the
-7 objectives for that booklet; answer these 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 satisfigd. that you have accomplishedtthe '
lesson‘ob)ectwes . ‘i

Appnox_mu('g - 180'minutes for this lesson. :
READING TIME:

v

* .
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LESSON 1 . o oot
. . . ¢
> . : T PART A
- 4 c a . . V4 - ~
s MATTER . . .
. I R , ’
. | OBJECTIVES

1. iven a list of definitions pertaining to the words lieted belaw,

match eech word to its proper definition. v

u,‘. Matter “ a
_ \ ' a
b, Mass ) . <
, ) L ’ L, > :
ce Volume .
d, ' Density‘ .. ~ ’ R R

: “4. 'weigh t . , ) . ‘

w7 . ,,
» £, P3rosity -« .
(é. Jnertie - -
h, Impenetrability \ .
For a given body of matter, state what heppenc to 1its mnlc if its
location, volume, or state is chcnged . .
- R L 4 4

5'

Given the volume and*veight of'a body, determine its. density..

State what effect the distance an Object’ is from ‘the aurface of
the earth has on the weight of the object.
- [ 4

State the results of mat ter having the property of porosity.
¥ 6. List three examplec of the inertia of objecte (balls, aircraft,
vehicles) being overcome .
7. List the three states of matter, .
8. Select from & 1i9t of thp characteristics of matter those
characteristics pertaining to ‘each state of matter,
1.16 v~ -
lsn1; p. 2 ! 12
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INTRODUCTION

s

Electricity cannot be seen. No one can draw

a picture of electyicity nor can anyone

capture a boxful of it. Electricity and the

N iiw‘ associated ' with it are theory. You will

have to accept .this theory, as science has

lﬁone, before you can-understand any of the

rules or laws of electricity.




1. The universe ¢ r{tains nothing but matter. °The sun

and a particle of dust are parts of the universe;

—f

therefore, each  is an.example ob .
MATTER J" 2, ‘Everything in the universe is composed of matter. '
' Underline the items below that®are matter. .
~ 8, Truth l
b, Rock of Gibraltar
¢, Preedom —-
d. Air M
. ‘e, A tree s
i : —
B ;
b, ROCK OF 3. The chair in which you are sitting, the ‘pencil with
GIBRALTAR which qu are writing, and the page of the book you
d. AIR are reading are all examples of .
0. A TREB e
I . &
T :
MATTER 4,1 Since everything in ,éhe.,tmiverse has weight and
: occupies space, matfer can be defined as anything
</ that has ! and occupies .
WEIGHT 5. Defin€ matter. ) 6'
SPACE
ANYTHING THAT _ 6. All matter hasthe property of volume, Since
L4

HAS WEIGHT AND

OCCUPIES SPACE.

mAtter has volume, it will have three dimensions.

|

H
i

s T
H
3 )

L=LENGTH W=WIDTH H=HEIGHT

®

The dimensions that give matter the property of
volume are , , and




Wy

N

<

LENGTH

WIDTH
HEIGHT

-

Underline the illustrations that regresent a body

having volume,

A

4

ey

8

7. To have the property of volume, mttcr-mt\hiv‘ all |
three dimenaionl._

-

-~ Y .D . ‘ E ‘ - F
— ) .
.} ] ,
‘Y 1 4
A .8, Matter is g:fined as anything that has weight and
B ccupies space, By occupying space, it will have |-
E B the groperty of .
P . .
. (A3 i I ’
P P ~ ;
_ VOLUME - ~ :
9. Matter also has .
* AY
MASS - 10. The.mass of a given body does not change "although
its state (solid, liquid, gas) changes,
1f & given dey 1s changed from a solid to a
1iquid, what will happen to- the mass of the body?
(4
11.16 #
Isnl;p. §
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P

REMA INS
UNCHANGED .
(OR EQYIVALENT)

11,

In the illustration above, the.mass of the body
change.

(@1d/d1d not)

DID NOT 12, 7 -
/
P »
e v
_‘The state of the water (1iquid) has now been
changed to steam (gas). What has happened to its
. * mass? - -
© o ?
REMAINED THE 13.. Mass \is the amount of matter a given body contains.
SAME . ? '
’
ICE
;then meltedtinto , thenr heated to form
) STEAM ,
o " to the three different stateiﬁ@f . .
In all tHree states, the body of matter contained
the same .
11;16
1sn1;p. 8 !



The amount of matter a given body contains is its’

PR
.

Mass is the

s

AMOUNT OF
MATTER A& GIVEN
BODY CONTAINS -

<

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?

@ +
. -

Y
s

REMAINED
UNCHANGED. ~
(OR EQUIVALENT)

A baseball. hit by a batter to an outfielder would
have the same mass when caught as ‘when hit, )

. 1f this baseball could be hit to the moon, its

mass would remain

UNCHANGED
(OR .EQUIVALENT)

-

The mass of a body affected by

(is/1is not)
changing its location.

”

When-the state or location of a given bodf is
changed, the mass will remain

CONSTANT - .
(OR EQUIVALENT)

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

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

(increaseqldecreased)




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

S

Define mass,

- |
/. When_the location, state, .
or volume of a gfvex body is changed,its mass will

.
-

Volume is the space mass occupies, In the illuse

trations above, the bucket contains

feet of water, and there are yards

'of ice. These are measurements of the volume of

the two masses, Volume is always measured in
units,

The space mass occupies is its

<
.

A tank contains 2 cubic feet of gas; this is a
measure of the . ‘3 of the gas.

e




{
26, Shade the volume of the mass .in each of the
following'

¢ b}

8

gno" °

27. Volume is the .

3

3

The density of a body is the weight per cubic unit
of its volume, For example, the density of fresh
. water is 62, Sf’Bunds per cubic foot.

The density of .a body is found by dividing its
.weight by its volume: - Mm¢ﬂ53§§

e
e

ﬁensiey = %%%ﬁg% or D= %

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

Two tubic feet of salt»water has a weight of.

128 pounds. What is the density of salt water? ”

‘NOTE: Density ‘must be expregsed in weight per
cubic unit,




- ('\ ¢ . ) N
Dividing the weight of a body.by its volume will
give you the” & of that body.

.

>

L

.-
lv‘ N

Density is the weight of a unit volume of matter, |}
Iron has a.greater density than.twood. "~This means
that one cubic foot of iron weighs more than one
cubic foot of wood. The more 'matter (massj\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 materials., Circle the item that has the
greatest density, :

A 2

DENSITIES IN POUNDS
PER CUBIC FOQT

o}

MAPLE
45

]

31, A tank with a volume of 32 cubic feet is filled .
with a fluid weighing 1280 pounds. What {s the
density of this fluid? NOTE: Density must be
expressed in weight per cubic unit,

-




. 1280
327
D = 40 POUNDS
PER CUBIC
_FOOT

@ T
3

°

°32,

‘-weight of a body can be found by transposing the

When v lume and densit:y are knovn, the total

formla in this manmer:
< _ WEIGHT = DENSITY x VOLUME
. . . (OR) .«
’ iz " We=DxV

~

- Solve t:his problem - .
A tank contains.10 cubic fe&y of salt water.
What is the. total weight of the .salt water?
NOTE: The.density of salt water is 64
pouhds per cubie foot, S

-

» - -

=DxV
= 64 x 10

EEE

o

640 POUNDS

"33,

-

.

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

STEP (2)

/ ) D\JOO ) -'(-

A tank with a volume of 100 cubic feet 13 filled
with a gas which has a denait:y of 4 pounds per

cubic foot. What will be the density of this gas
if 1t: is compresaed to a vélume of 2 cubic feet?

-

a

To solve for t:he new density, follow the

steps below and fill 1n all blanks, -
- .

WeDXV

W= 4x 100 ,

W= ﬁ’oundh

'ro det:ermine ‘the rew density,” divide . .

the weight of the gas. by its new ~'

- volume (2 cubic feet), )
v , 3

D= - pounds p)'t{ cubic foot )

Gircle the nmnbet beside the stateu;ent: that 13 .
correct for t:he problem above. .

a, As yolume decreased, density decreased..

b.. As volume decrgased, denait.'y increased,

¢. As volume decreased, density remained the
same, . e oo "

’

11.16
lsnl p. 11
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I o | Y, ) . S 0. :3'3\ o= .
' : o Lo ’
‘ c%' ’ : . . - -~ " . ‘
4 " 2 ¢ I:- ‘: ® : .
.‘ .‘ A / ?‘ .’ L3 {’ (-] ‘ < "
- f ; .;; “« ,
' . . K 4 ‘ ‘
4 o :
W= 400 34,
‘v
. D = 200
~ 3 ° <
b. AS'VOLUME
\ ‘DECREASED, .
DENSITY ‘
INCREASED. '
\. ¢ .
-/
. s . .
. DENSITY o s
' 5 POUNDS,
‘ & © ¢ PER o i}
. 1o ° CUBIC ,
' A o FOOT:
’ . -] [ o d :
1~ . ‘:, '
. } - ’ L ° ’
(
g - A
¢ / . R o » ¢ ‘—-‘
. A gas with a‘density of 5 ‘pounds per cubic foot
. has a yolume of 20 cubic feet, s in item A above,
. R What 18 the density of the gas &ft:er it has been
_9 compressed as In item B? ,
20 POUNDS PER 35, o ' y Ut ;
CYBIC FOOT .
“ " ™~
e .o R
o . ’ M PR
\—— ! -
) s "MASS
-,
! N £
- 9 .
. - M » ° - .
As the bottle is filled with gas, the ynass
' . will increase but the volume will remain .
the same, while the weight and denai.ty
) - will : . )
R (i_ncre‘asefecrease)
11.16 -
‘ . ' 20
lan 1:p, 12 . . . ~2
- ) e -

.
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INCREASE

-

36. Two cubic feet of mercury have a .weight of 1692
pounds, What is the density of mercury? .

4 _—

846 POUNDS PER
CUBIC FOOT

37. Place a check mark by the correct statement.

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

© finding dMsity is D -% . Ky

b. Density is' weight per unit volume, and

the formula for finding density is D -% .

Density is weight per unit volume, and
. the formula for finding density’ is
W=Dx V., .

b.

-

38. The gravitational 'pull of the earth is six times
greater than the gravitational pull of the moon.

How much will the man on the mgon weigh if he
is mov?d from the moon to the earth?

pounds
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240 POUNDS 39, An increase’in mass will eause an increase in
- . gravitational pull, al s :
¥ . - - '
N ) -
<« .
. , 2 . Mas '
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. " ' = ,
ot~ o . L E
I N &
- ’@ - R
5 -7
1]
v :
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. , In the illuefration above, the mass' 0% the man
e ‘ ' " - . "
, “* has . -This has caused a(n) ,
. : - +
. «in his weight.
11.16 e ' Yoot !
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increases; therefore, as a
body increases its distance
from the earth, its weight

will

e
. Weight is a measure of the effect of
. on a bodf.
‘ [)
x 'GRAVJ;I'Y 41, The attractive force of the ,16<
™~ ' !-' POUNDS
earth on matter is gravity., n
. This attractive force .
’ ,-—r o
. decreases as the distance
A | . °
from the earth's surface
———— .

-, G g ; '36
: POUNDS

11,16

1sn 1; p. 15
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DECRFASE 42, . ; .
- 3
. . Al . .’
3 ’ ,
- ..
» .
.. »l ,_\..-ka-ve.;xﬁé;_. 1
. v Y T .
3
Compare the weight of t:he body (car) at: sea level :
‘ with its weigﬁt on top of the mountain, At which .
point doea L't%leigh the more? . . e

4

Weight is a measure of

’ .
~ L4
- N ~
EY N -
° . o
g - °

0 44, Ano;mpefty of matter is universal attraction.] *
GRAVITY N A D ' S, s N ‘
BOD This means that all matter attracts all other
7 ‘ ’ . P ’f
‘ . matter, )
All matter attracts all other matter., This is the
) property known as ° ) e I (‘
) / ! -
.16 : ’ ' - E % .
lsn 1; pl 16 . o 26 , C. .
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UNIVERSAL
ATTRACTION

4

45. Another property, of matter is porosity.

ATER

s

Some matter is more porous than others.

.

In the {llustration above! circle the matter that

will abdorb the smallest amount of water.

3

In the illuot;.'ation abovev, the smoke will travel

through the cloth chauoe it hes more space

fs

. between its particlé.. The smoke will not travel

through '.;hc wood because it has less

i




SPACE BETWEEN
ITS PARTICLES
HIGH PRESSURE

All matter has the property ;f porosity.

We normally think of steel, or evem wood’ as
being very aolid; but water, under high 'prunurc,
can be forced through their minute opet;ingl ‘
because they l::vc the property of

I T LA NN Y

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

1" .

property of .
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POROSITY ~-

S

\ N °

'49,

| BUCKET

¥
1 . 3

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

2<BUCKET .
CONTAINER
SAND AND
GRAVEL -
COMBINED

SAND

8

What does the 1llustration above show is possible
since matter has the property of porosity?

® >

]

3

TWO SUBSTANCES

. SPACE THAN BOTH
*| occuriED
. SEPARATELY.

-

I

CAN BE COMBINED.
AND OCCUPY LESS .

50.

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

Whac makes it posaible,to pour a bottle of water
into a bucket of sand without running it ‘over?

e
"
Ly




o~

COMB INED 51. All matter has space between its particles (mole-
- cules). This is what gives matter the property ofs
POROSITY porosity. .
R h /g";
e | S
1 ’ :
‘ ALCOHOL WATER MI'XIURE
\ N \ v : 4 i -
Complete the gtatement below concerning the above
demonstration. e - ,
Porosity permits two suhstances to be
combined and occupy less
. than both occupy .
SPACE — 52, What gives matter the property of porosity? °
SEPARATELY o -
. h A
P . ’
THE. SPACE -, 53. Porosity permits some matter to' be cémpressed. .
BETWEEN THE * easier than others. Gas is matter that can be
PARTICLES OF easily compressed, What property of matter
MATTER . ‘permits this? . .
' POROSITY . 54.
O" ‘ %
£ .
‘ -
> >
Circle the mtg%ich is the easiest_ to compress.
' 11,16 |
: Isn 1; p. 20 - 30 )
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. . 55,
. .
14 Cy
.~ What property of matter permitted the’ large -
volume of afr to be taken into the cylinder and be
compressed?
- POROSITY $6. The amount of matter e given body contains is its
Wss . s7. - Wz 7
- MASS OF .
i - ’ STEEL w
] B8
WhicH'item sbove would roguiu more force th move
it (overcoms its ipertia) ) .
. 7 z
P B ° 58, '
A v
) ! |
, {
o | . -
. . -Which truck would require more force to overcome
' Ats inertia and stop it? . .




’

59.

The more mass, the,msge force required to over- .’

come its .

60.

'The property of matter that requires an outside
force to be applied to stop or start that matter
is'inert1$.~ .

Inertia is'the property of'matter that requires

an - - to. be applied to
stop or start that matter. ”

-\
OUTSIDE FORCE

61.

A body at rest 'will remain at rest unless acted °
upon by an outside force. A body in motion will
remain’ in motion unless acted upon by an outside
gorce.

What 1s required to stop the,above man? .
- ¢ ; ‘

- ’
I

‘What property of matter requires this?

RN
L
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X . above aircraff? a.. b.
- . \
a. CATAPULT 63; - - . ‘
. b. ARRESTING . . ’
HOOK _ .
ES -

. ’ \7<=;;11, Cheiproperty of ;ﬁal done

- it again." . - : K
LY Q" *

“t

4

Y

. What two devices are be{ng‘dsed to overcome the inertia of the




0%

* INERTIA

o

_ What property of matter did the plane captain '

overlook?

© M

INERTIA

-

65.

~

Matter cannot start or itself.

»~ - «

STOP

66.

\

A11 matter possesses jthe property of gggenetrad

b111t2a
R /

. - q ‘ | i:lz
B
./C// '

V’//\\\.- .

The two vehicles could not occupy the same space
at the same time because they possess the property
Of } 3

ST

. ,
gl
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DPENETRABILITY ..

L]

As the nail is’driven into the wood, illustration
A, the grains of wood will move aside. When the
Lrregular-shaped object is.placed in the container
of fluid, illustration B, the fluid, will rise an
amount equal td the volume of the object., This js
due té the fact that no two objects can occupy the
same at the same time. .

.

What is the volume of thc 1rregulat-thapcd object?,
" - CUBIC INCHES

|.seace -
3 CUBIC INCHES

A
Impenetrahll:l.ty 1. -the proporty of utter Q'ﬁnt
will .nou no tvo objecto to

<

OCCUPY THE
SAME SPACE AT
THE SAME TIME

THs states of matter are SOLID, LIQUID, and GAS, -

Thets are - states ofenatter. .
. ' er ’

s
ol

Matter way be a LIQUID.

~

? »




L.

X 55
AN,

Al \0
s ] ]
N .
_— )
LIQUID 4
~ 'n k’ % /": . . A ’
. . {f. .. Clrele t:he letter under the 111uat:rat:£on(a) of a
; 1 , Haquid, R :
‘--' . . . ‘ ,‘; N o .
. : ® : e N .
A D ">» 72, A fluid is matter that flows easily and requires *
‘ - . a container in = .i:h to store it or keep it
. oo . confined. -
. . o .
" Liquid is a - _ . ) ‘
., FLUID
'/ .r v
& o
- : - L4 ' I
| *  Liquid.#ill asume the of the
q ;
: . (volume / ahape) .
v . y container in which it As placed (see illustracion).} *
H . LY 3 ‘/ N ' y: Q o
: : . > - - . :
11.16 -~ ’ _ 36
Do lsn 1; p. 26 ) ’ ' .
“EMC 5 S Lod ‘ ] '

. N - N 1 . o

=3




S B L > CONTAINER ~ - .°

' ]
e A liquid, as indicateq above, will not assume the
. * o * of a- hfger container, °
L .
1 e / = .

e ~ ’\ \J
I
& .
. . ) ¥
. \ - .
, N SRt
é; -
S . ‘ .
e ‘
% . ' e
o y ~ - "
; & . . )
» , “ . 2 <
b K] \
2 “ . - - . ’ .
Y : . 4
M s ) .‘ ¢ » ' \ﬂi_l—/ 4 -
O e Select the 111uctration(s) above which cprrectly .
. ik}
o : + ¢ represent(s) the trdnsfer of a liquid from one .
v container to anothef . . ’
-, . ! . ﬁ. . .
11.16 ] . S .. '
Isn 1; p. 27 . : .
¢ o @ ,"
’ 2, o -« LN
Q. '
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/. ” —
. J 7
] A B 76. A liquid will assume the i of any “ L
, container but will not assume the o 9
SHAPE 77. (\ J
Cors ,
VOLUME - (_(( ) _
B N i .
- ED ‘
i «: Y ‘ k\l—//) N
‘ !
As {llustrated above, a liquid can be changed from
¢ a 1iquid®to a .
‘.
- )
GAS -1 78,
. 0 8oy’ is this ’i
water{ice) Solid ,
. /< =
R A 1iquid .can be changed/krom a li4quid to
L 4 . . -
* [ bj
. R : Vs
SOLYD 79. Liquids can be changed to a _ . or a
a > 4
11.16. ) gy "
lsn1; p. 28 ) . e



~

. Al -
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GAS 80, A liquid,|for all practical purﬁosec, cannot be
compressed, .
SOLID ’ .
—J —— .
-
- ———ede
]
comaal
/‘T" ‘.
el ’
\
s
) -
t  COMPRESSED 81,
L .

(N

Why will the person in illustration A get better
braking action than thelone in {lfustrationm B?

N\ - .
———y

A

,.-

e’ R X_/ ‘ ]
X .

.




LIQUIDS, FOR A
PRACTICAL

PURPOSES, CANN
BE COMPRESSED.

82, Select the characteristics of a liquid, -

4

v
»

&. (Can be compressed.5

b. Is a fluid.

c. Can be changed to a gas or & solid,

d. Will agsume the volume of any container,
e. Will ashumf_sgg shape of its container,

o

83.

Matter. is anything that has wéight and -occupies
space, Gds has weight and occupies space.
Therefore, gas is N .

s

A

OXYGEN | | WATER

Circle the letter under the illustrations

representing matfer as a gas. ’
4

"85.

-

-

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

,

»
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« Jdhe molecules (pnrticleo) of a gas move freely as
~‘~cowated .to those of a solid or 1iquid, .
All matter has movemeant of its molecules
" (particlu), but, in comparison, the molecules of :
will move more freely than thooe of a

’ A ‘ .ofia or a liquid. ] -

g
3

L

e e
LR P SSE R AR
. .5

P
-

H - .
e .
- o '
25 -
; ) GAS 87. s
.,- « . . . N R
Iy . t . *
J
> -~
. AL .
~
16
¥
- FY .
X .
s [ 4
nt ~
- N .
H -
\ .
4 .
¢ - .

Fl

What chaucteriatic of a gas allows the molecules
(particles) of the perﬁmf;o £111 the entire
room? - : :

{
L i e :
S S

|-

. [

‘88, Gas will assume the shape and volume of any ’ t e
~ . codtainer in which it is placed. 1 -

i’f 22 ‘ 4
. ) - N
R e L
' , [
- . . . i .
. , 01rcle the illustution above that repteuntc the
o, | tF¥ansfer of a gas from one container to anothcr.
11,16 S L . -
lsn 1;p. 31 ' - - ) \
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«®

Cc 89. .
]
What will h.appen to the shape and volume of the- .
gas when it is released fTrom the boct_‘[e into the * '
. 1life raft? '
? '} >
’ W . - 4\_‘ 14
. IT WILL ASSUME 90, ‘ '
; THE SHAPE AND * .
VOLUME OF THE
LIFE RAFT.

s

T .

a gas will assume the

Mr. Dilbert may soon be pus

hing/ up daisies because
.. and

oi ifs container, v
A o
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lan 15 p. 33:

SHAPE .. 91, The space between the pnrticlea (molecules) of
matter gives it the property of porosity. Some

VOLUME N » Datter may be compressed because of the property

e v of .
- L '
POROSITY 92, .
{
' . SOLID
. )

1f you could s¢e_the molecules (particles) in
matter, as indicated above, the mleculesjwould
be very far dpart 1n the e -

CAS : 93, A gas ’ be compressed.

' " (can/cannoty - NN

CAN 9%. .7

/
- , -:
- s ! ‘
:- M*}"f“ ' o
The illustrations indicate that a gas can be
s M [ ]
" 11,16 .

PETS
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Fl
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> N
COMPRESSED 95, Select the characteristics of a gas,
D S W May be compressed.
b, Will assume the shape of its container, .. .
¢, Has molecules that are solidly fixed, ;
~d. Will assume the volume of any container. . .
. a e, Does not have weight, i ) . “
o : h f.. Is a fluid. ’ : ’ i
\] B N -
A,y b, d,, £ 96. There are three states of matter, .
% . e e
L4 t
s ) .
s . ¢
s, < * ° ’ %
e U :
‘e ‘ : ¢ A\
' R‘V - ('ﬂ"?«' '
£ ¢ k4
) .o ~ ¢, |
e . Matter may be a .o ' . o i ‘
- % * B N Fa |




ROCK OF
GIBRALTER

Circle the illustrations above that represent
examples of solids.

-

«

Illustration A:

Illustrat 1on" B:

Illustration C:

o !
When.a liquid is moved from one
container to ~a.nothher:, it will assume
the shige of the new container but not
its volume™ - 7

Vhen a gas is moved from é":; ‘cb}ttainer
.to another, it will assume the shape,
and volume of the new contiiner.

L . e, ; ,
When a solid is moved from one place
to another, it will maintain the same
and ) .

11,16’
1sn,1; p. 35.

)

.

.
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SHAPE 99. Solids have a definite shape. The shape of a
VOLUME solid is not changed-when moved from dne place to
another., This is because the molecules of solids
are clése together and are more fixed,
A ‘solid differs from a liquid or a gas in that the
molecules are and are
close . . ‘
° 4
MORE FIXED 100, "
TOGETHER
g ""z- Y,
6‘FL;
Fre

As illustrated above, a solid moved from SEA LEVEL

to the top of a MOUNTAIN and then to the bottom of}

a LAKE will retain its shape and volume because
+its molecules are

)8 )

MORE FIXBD AND
CLOSE TOGETHER

101.

=T Ry
{

Select the-character%stics of a aolidf

Ha, 1Its shape is not changed when moved from
one container to another,

b+ It can be compressed,
*“c. 1Its particles are more fixed and are very
e close together,: 9 e,
J .
11.16 ‘ o '
lsn 1;p. 38 "¢1€;
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102,

-

o

.. ‘
List the three states of matter in the blanks
below. Below the blanks is a list of character-
istics fhat pertain to tbc_ae states vhen they aref

moved from one contaimer to ‘another,

Place the

. : : nuzber(s) found beside each characteristic under
the state of matter to which it pertains, .

o
4 s

» -~

; (1) Wi.i“l assume the shape of N
~ '1} - . its conminer. ° "2, .
. . - N : (2) Wil auume the volume'of ko

’ *  any gonta‘iner. *’ y

o ‘ (3) Wi.ll maintgin its' shape i
and volyme. - ‘.

.
8 e ¢ ‘ .
. o ’
- - ~
- ” ¢
» T » > * .
1] e A - ’ . a
’ o Lo [ ’ o
- - o - i .
- - v N LN o R ]
’ . -
. ° -
. - "
" ) Pzl
- . 2 oy, - % L B
‘ LN - v . .. °
v ~ L]
* 4 SOLID SR - .o -
o * . q 3
- ) ' . < - . 3
MR .. . . R * s ~
v b, LIQUID® . . . L .
7 - (1 ) ) . J v, \ _
i . > 1 € -
o I A Y i -
bt . . 3 A 3 .
(& - N - .
“ﬁ‘ Co GAS - . o . .
i L §3)¢)) . : : . o
5 . . i e,
. . . j ] LI
- . - - . -~
. o 7’
. ’ " e . v . ve' 2" . . A -
* M A L4
N . °
) . . ; . . o
= ' . I . R -
““ . E .
. - - = i < & o+
- . +
11. 16 ! 4 - “ .
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LBESSON 1 }'

. PART A )
. MATTER
SELP-TEST

-
~

. L Match each vord in cﬂum A with its correct definition in
column B by plncing the letter found beside each word in the
blank betidq the approprinte*definition. , .

)l

A . B

a, Matter'’ ’ ‘That property of matter requiring
b. Mass . " an outside force to start of stop
. c. Volume ) it, )
d. Density *”  Anything that has weight and
~ e. Weight N _ + occupies space.
i f. Porosity No two bodies can océupy the same
. - g. Inertia ) ' spage at the same time. °.
.. 3 h., Impenetrability It is the space that mass occupiet.
g ‘B ’ o The amount.Gf matter asgiven bédy.
[ " ° contains, o ;
j e . Weight per unit volume;’
. : ‘ \ ) A property of matter thal specifies
" . . .S T there is space between the pirticles;
. Y of matter,
b A measure of the effect of gravit.y o
" ,on a body. o ; '

> " 2 Will the massof a given body change if it 1: moved from sea
o lével to 35 000 feet? .

v
< a3 ~

°

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

. a.} decrease and its mass,will decrease. * ) .
. b./ increase and its mass will {ncrease. '
. c. 1increase and its mass will remain constant. o

-

(4. Which of the f'ollowing is-a measure of volume?

”~

a. Square units . . < -
b. ‘Cubic units __
c. [Linear units




g e . . c e e ? 8 ! \
:j;m BN . s . ¥ Veuax
Iz . .

- ' . . ' . ’ Q . ‘- \ ) ' .
. | 5. What is the formula for finding the density of -a body?

. A body weighs 2400 pounds and ‘has a volume of 24 cubié feet;
N . what is its density?

, 0

% - .. .
. 5 Ten cubic feet of gas with a density of 5 pounds per cubie foot
) , are compressed. to 2.cubic feet; what will the new densisty be- 1

. LN

v

As an object'c distance from the earth'c curface is 1ncreued
the weight of that object will .

At which location will a given body weigh the moi'e? . e
‘ )

d 8. °On top.of-a mountdin.
b. At sea level.
» C. Weight would be the same at both a and b.

What property allows some matter to be compresaed eaaier than
others? N TR

9
{ g J
r

Ly s '
‘ . :
R Give an example proving ghat matter has. the property of porosity,

‘ . . "

. .
12. Inertia must be overcome in order to stop or atart the"movement
, . ‘ of matter,

. What is required to do this?

¢ 1 Give an exnn'ple proving that matter has the property of

impenetrability. . "
) .
&
R 1 . | D -
lsn*l; p. 39" - . .
- ) L Y ,
» :; \ N
e




Liat_;hree'eiﬁmplea of the inertis of objects (balls, aircraft,
vehicles) being overcome,

i e
B

~
a,

b. “'

Ce

¢
List the three states of matter “in the blaﬁka‘.&lov., To the
‘right_ 1is a list of characteristics that pertain these states. §
Place the riumber found beside each characteristiffunder the
state of matter to which it pertains., Some chatacteristics may .
pertain to more than one state, . .. '

D

. ~

‘Is a fluid. ...
Will assume tpe shape of
* its container! -
May be compressed.
Will assume the volume®

.

ot : . , * ' of.any container.
' ) ‘ Shape is not changed ~
when moved from one
container to another,
Particles are more fixed
"and very clése together.

|
FRentr



o g ‘ b / T ‘
‘ 0 " . . 3 o L 4
S ' LESSON 1, PART A = 3
2 , » - ~ ' .
i MATTER - SELF TEST ANSWERS - - *
; \ . °
: 1. g, a, h,e, b, d, f, e
% \ \ . T )
2, No | - | 3
- . Y
¢ v > ) 3. ¢ - . -

B 4, b - -

. / .
- . DENS’[TY = WEIGHT,
A » " VOLONE '

c— 6. D =W ="24001bs - 1qg Ibs/cu ft . e
: V 24cuft ) . E
. ) 7. STEP 1, W = DXV '51bs/cu ft x 10 cu ft = 50 lba.

: STEP 2. D =X =350°1bs = 25 |ps/cu fi .
. V Zcut cu ft
‘ 8. decrease ) . ) .
N . - ‘ o e -
> . ’ 8. b o e , . :
. ) | .
: 10, porosity et : . XE
‘ 11. combining a bucket of sand and one of rocks into a th1rd pail and occupying¥

less volume than the rocks and the sand did prevmusly or any other situatio
which‘shows or proves the existance of space in between particles

.
¢

. 12, force

Lo, \ . - -

& “: v - N

%% "< 13, a nail pushing aside fibers as,it goes into wood,

v.r ‘ a pool ball knocking another b Il away so it can occupy ité space, P
d .  or any other example which shows that two thmgs cannot occupy the same -

" place o .

‘ 14. a. hitting the ball with a bat ‘ o

b. the arredting gear on an aircraft carrier stoppmg aircraft
c. a car accelerating,from a stdp

.,. L4
¥ “ .
‘

.

.
. €

oo 15. a, solid - (5), (6) , . . : .
v . b, liquid - (1), (2), L \
;3; o - 9- gas - (1.): (2)s (3)s (4) . - .

- . = .

. *GO RIGHT ON TO-LESSON 1, PART B-ATOMIC STRUCTURE |

| 11.16 IR , L
fsn 1; p. 41 | ‘ L .
B’ B . o\ -
[
»
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FUNDBMENTALS OF ELECTRICIT'P

LESSON 1
PART B
ATOMIC STRUCTURE
' OBJECTIVES

8 . * '

1. Given the terms compou’;td, 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 pa'rtg,. -

\ A S

3. Given an iflust:rat:ion of ah atom, give the atomic *fumber
and the atomic weight of that atom. ‘
» - -
4, Giv%u“aome illustrations of atoms, label each as having
a positive, nega}ive or neutral charge. N

.

S. State the name given to electrons tha{have been removed .
from their orbit about an atom. - . .

6. COmpare a conduct:or and an insulator in relatiomn to the
er of free electrons that each contains.

¥

7.' State how electricalwergy is transferred through a
- conductor. - .

8. State the direction the electrons flow when ‘an atom with
a negative charge is cont:act:ed by an atom with a posit:ive/

7 charge.

4
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- T 1. Everything in the universe that has weight and
ogcuples space is matter, Matter can be broken
- down into elements - substances which cannot be
‘ altered by chemical means.
’ N NO RESPONSE REQUIRED"
o . - I : e , .,
3 N .

2, These are pver 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 - L . ’
)~ - “ . - i
ELEMENTS » 3. Matter exists either as,a natural element or as -
. . & chemical combination of two br more different
t elmnti. This combination.is called a compound.
. . ’ g - A compound can be divided into two or K more j
. different _. C . ’
L \ . ‘ \ _
. \ .
' ) ELEMENTS 4, Some familiar examples of compounds are water, a
Lo combination of hydrogen and oxygen, and salt, a
~ e 7 combination of sodium and chlorine. Because - 'H
- b ' water and salt can be divjded into different
elements, they are / T,
. "
. COMPOUNDS s, Whe‘h compounds are chemically changed to form new
. : compounds: or vhen they are broken down into their
S . _original elements, the.action is called chemical
LT e . ® ‘action. When sweet milk is chemically changed to
' sour milk, the action is called
" o ® o . y
.
. CHEMICAL ACTION 6. When sulfuric acid, a compound, reacts with the ’
{ -1 compound lead peroxide in a battery, lead sulfate |.
is formed, 'This action between two compounds to ,
) form a new compound is called ’
. - a,
: CHEMICAL ACTION 7. The elements hydrogen and oxygen are gases.
e, , . ‘When properly combined chemically, these. etements
2 . P . , . . t B
S . . ‘" will form the compound water. Water is a 2
3“‘*’ éﬂﬂ" ‘e “f . y . I -
e (liquid/gas) = . -
g‘, ] - . - . v - v,
g’ o s ~ - \ ‘ ) h ‘. <! * N : ‘ .
A - 11,16 o Y ./ —

e . Isn 1; p. 43 .
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8. A compound will possiss 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 v - than 1its

elements. =~ - i - 1

“ .

’

PROPERTIES
B TN

t

3

4
9. Sodium, an element, will ignite on contact with
water, while ‘the element chlofine is poisonous.
A chemical combination of sodium and chlorine
forms. the -compound salt, which neither ignites
upon contact with water nor is it poisonous.

"\ This is an example showing that a compound has
diffetent than the properties
of the indtvidual making up that
compound. ‘ ' ¢

-

PROPERTIES _

ELEMENTS

LY

)

10, The properties of a compound will _clep“é{g\d on the
- chemical combination of its elements.

- 2 - L

Some examples are as follows:

a. Two.parts hydrogen axﬁd"e'part oxygen
form the compound water (H,0). . -~
R s— —r
b. .Two parts hydrogen and tvo partu'oxy'g’en ",
+ form the gon':pognd hydrogen peroxide (H,02).

C.. One part hyd;:ogen, one part nitrogen, and
three parts oxygen form the compound nitric

- RN

acid (RNO:;). > S a

PN

- These three compounds have differe‘nt properties
because of the difference in the chemical

. combination of their = ) e
— P , T -
‘ . A - . ) . i:"- .
ELEMENTS 11, When two or more different gl'emént‘é are chemicallyj-
: combined, a compound Is foyg?,, The; properties
: of the compound will depend Spivthe
ﬂcombinatiim of its*qlements. ** * .
- . ' \
— - . — = ‘ w
CHEMICAL. 12. When the elements hydrogen, sulfur, and oxygen

are properly combined chemically, sulfuric acid . |

(Hy80,) is formed.. A chemical combinawion of two

or more .different elements forms a & '

-

. - T o,
P 4

. \
. 5

L] ’
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13, Select the 'éefinitia)on of ‘a' compound.,

EE—

A cémbinntion of elements-

a,

b. A chemical combi.nation of two or more
different elements,

c. A ﬁhysical combination of two or. more-

different elemerits,

.

14, Wheén compounds or elements are combined \kno

chemical action takes place, a mixture is formed.
The compounds water (Hzo) and sulfuric acid

(HZSOA), as used in a battery, do not chemically
combine. Therefore, they form a .

-

e —tn

15.

When the elements 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 -fs a mixture composed of

d 1fferent\ . %

16.

When the compounds ‘salt and fresh water are mixed,
the result is salt water. By distillation,they.
can easily be separated and once again become salt
and fresh water. By this examplé, we cari~see that
compounds, when mixed, their

(retain/lose)
original chaucter istics.

| o

i7.

ALNICO is a mixture of elements, while salt water

is a mixture of compoundl.
compoaed of

A mixture can be,
or o

1

-

]

v ey

18. A mixture is a combinatfion 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

e . n ST [2 4 .

2/ '
’L/7

kS




ORIGINAL

CHARACTERISTICS |

Dividing a drop of water, N\

A molecule,

3

By taking 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

~

& f

21,

. °divided into atoms.

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

<

CHLORINE
ATOM

AR
"’\\\ \‘
P \. \
e
'@ J -
\\ \ /’ /! ,.
N /
-8~ _SODIUM
L N

B \\ N // /
7
~ . \\"-. //

~

-

Illustration A shows a molecule of salt.
Illustration B shows -the mplecule further
Do the substances in
illustration B still have the properties
of salt?-

56
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22,

Select the definition of .a molecule. ) -

a. The smallest particfe of a conpound -

GRS

b.__The mllut—putf'lc "of a compound which o
has "all the propetties of that compound._

c. 'rhe smallest pu'ticle of any substance.

‘b,

23.

i

HYDROGEN
ATOM .

HYOROGEN

ATOM OXYGEN ATOU

>

The {llustration above-shows that a water molecule
is made™up of oxygen atom and

number .. " (fumber) A
hydrogen atoms. ) .

°

WO

H

24,

ey
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 .

e .

ATOMS

25.

/

Atoms are the basic building material of all e
matter, All matter is made up of . -

ATOMS

.26,

[N

The atom is¥the mlleut patt:icle of an element,

. When an element is reduced to its mllest*

particle, that particle is an .

11,16
lsn 1; p. 47
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s ATOM 27.. A .
- - I/.’ ;\\‘\
,”’ \\\ I/’ -\\\ ’/ /, N \\
\ /
@ @ . @ °
e ® \ / \ / o ;o
M’ ~ e v oo~ o/
HYDROGEN HELIUM e__ @
, ATOM ATOM OXYGEN ATOM
Each of the above represents the smallest’ payticle
of an .
7z ‘ N
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 - P B
a. Compound 1, The smallest particle of
- : .. an element. .
b. Mixture . .2, A chemical combination
R ’ of two or more different
_ -co Molecule . eleéments. g
- ¢ . 3. The smallest particle of
d. -Atom - a compound which has all
' ¢ the properties of that
\ compound.
L - 4, A combination of elements
N . S or compounds in which the|
. - . elements or compounds do
: . not lose their original
v characteristics,
f 2 29. The smallest particle of an element is an atom.
5 , b, 4 The atom cannot be seen by the usual microscopic
¢ . ¥ instruments., .Although they cannot be seen, we
i d, 1 know there are many kinds of N .
ATOMS 30. THe number of protons, neutrons, and electrons
- will vary with each kind of atom, The oxygen atom
and the helium atom have different numbers of
) . _ , , and
b T b ) . e
! -* < J
L. ?@O ' N
< 11,186 C e - e - -
¥ . R .
s 1sn 1; p. 48 ’ 5%




* Helium, ' Carbon,

The illustration above ‘is an example showing

‘that  the numbers of protons (+), electtons (=), and
neutrons (N) vary with the different kinds of
‘atows, Compare the numbef of brotors +),
electrons (-), and neutrons (N) of the atoms above.}
Place the mﬂ.r, of each -in the space provided.

HELIUM ) -- CARBON - -

(+) Protons — " () Protons
" (N) Neutrons —_— () Neutrons
(=) xloctraou —_— (=) Electrons

Yor the remainder of this program, instead of
showing each individual meutron and proton in an-
atom, &he total number of each will be -shown.

EXAMPLE: (6+) will indicate 6 protons amd:(6N)
will indicate 6 neutrons.

———
———
csE—

, 32. Each of the differeat atoms is identified by an

- atomic nusber (1 through 103).’ The number of

' }‘ \\mtou‘ in in atom determines-its atomic number.
/7 -

-

N

Nitrogen.

< ;v . ’ ) %
What ‘is the atomic swmber of aach ef thé above
atoms? - ' '

. 4

-

\'\ hy ‘ l.\ ' C.




w g .
. A, 7 33; Lead is much heavier than oxygen. A lead atom
o is heavier than an oxygen atom because it contains
B. 26 more protons (+) and neutrons (N).
. The atomic weight of an atom {s determined by
c. ‘13 adding the number of protons (+) and neutrons (N)
v contained in the cemter (nucleus) of the atom,
. A B c
0//0:0‘\\
- ,” ‘.9:\ N ’ ,Pjpo%"—&‘ f}c\q ‘\ \\
. L® @)
- i v \\:6’ ::d \\ o‘ogﬁ__‘- " ,’%,pj’opll
‘~\<o°:*§;;‘3/
. Oxygen. Silver.,
) - What {s the atomic weight of the above atoms?
- A. * ‘0 c. %
. 7 :
A, 16 34, What are the atomic number and atomic weight of
each atom illustrated below?
3. 207

e w #

K

@-
i’/ AN s Ny /@'// \\Q\
' v ty/ vy / \ \
'S o ' 9O 00} ©ldi 1969
‘N ’7 ‘@‘\\\ )'/I ‘Q‘\ A ) /
U4 N
e --200 NN Ny
T ol Nt
Carbon, Chlorine, Cobalt.

Atomic number-———-Atomic number . Atomic number

Atomic weight Atomic weight Atomic weight -

. 11,10 '
;..\_ LTI lsn 1 P50
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How are thc atomic number and atomic weight
dctonimd?

f Ato-i.c number

b. Atomic weight

36.

they?

The atom {s co-gond_ of three particles. What__oagc

7
’ v

@ ELECTRON
- -~ ‘ )

-./,....—._,-

»

—PROTON °

&

NEUTRON -

NUCLEUS

©

P

The center o&lu atom is the

The center of thc atom, which contains the protons

and neutrons, is the .




° Al

]

P

3 A
NUCLRUS 39.‘
/
- ’ "‘e‘\
. v ~
: .-~ 0
® ',' / @ Q ‘
. ﬁ ol ( e .
. - \ @ . @ / II
v\ /
e S s / p
. . 3\\@",/
., A Drav an arrow pointing to' the nucleus of this
[atom, . v, T
g :@:~Q 40. The protons .of an .:X have & positive charge and
OGS ©  are-idemtified by a.plus (+) sign. A proton has
QQ é a charge: o
RSN - g
@ .
3
POSITIVE - 41. Protons are identified by s () sign,

(+) . 42, %'rhe neutrons of an atom have a neutral charge"
Y . (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 electrpns of an atom have a negative charge-
and are identified by a minus (-) sign. An
electron has a i charge.

NEGATIVE 45. RElectrons are identified \,:y a () sign. ,'

11,16 -
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(RN

L (=) 46. Electrons are im orbit about the nucleus of an

ME

. ‘ atom, and they can be in different orbital paths.
S ‘ In the atom below, how many electroms ‘are orbiting
. . ) about the nucleus? . /A

- - o ae e —— v e sma e b aaan

T ' T
SIX 47. The electrons are_in orbit about the
of an atom, '

A

NUCLEUS ' 48, Label the three particles of the atom below,

R ]

B .
. [

o

O e, gw

RIS
%




A, ELECTRON
'3, PROTON-
C. NEUTROM

49,

The nucleus of an atom has an attractive force - |
- -for its electrons, - The strength of this

attractive force will vary.with each kind of

"atom, Between the nucleus and the elec‘trom of
an atom, there is an . .

L

© ATTRACTIVE
{FORCE

. 50,

The attractive force between the nucleus .of the
copper, aton, a conductor, and its outer electrons
is lou than the attractive force between the
nucleus of the helium atom, an insulator, and its
outar electrons. Which atom, copper or helium,
would, more rudtly gin up its outer electrons?

1

51.

\ P

In the atoms of “good electrical conductors,
silver, copper, and gold, the ocuter-electrons are
readily freed from the attractive force of their

)

-

52,

A good conductor has atoms with loosely held -

,electrons.. A copper atom has loosely held

v

53.

E

N

/ .
Electrons that ar sely bound (held) to an
atom can be moved out of ordbit easily. - Electrons
of a gold atom can ba movéd out of orbit easily

because they are : o -

Sk,

Copper atoms, BN

Whén a loosely bownd electron is removed from
orbit, it is called a
(see illustration). %

11,16
-1sn 1; p. 54
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FREX ELECIROM

55.

»

Electrons removed from their orbit nbot.zt an atom
¢ N L

nr'o called

”~

A .

A ] N

.- 3
)

s6.

>

-

An insulator, such as rubber, has very few free
electrons and will not conduct electricity. A
good insulator comtains a small number of

.

FREE ELECTROWS

37.

Materials with a small number of free electrons

are good

3

®

Mg

-

58.

-

The controlled movement of free electrons through
a conductor is electrical current flow.
parison to an insulator, a conductor has a large

ammbet of

<

N

In com-

/

FREX EKLECTRONS

39.

mtorinli having a ht;o number of free electrons
are good

¢

L ° i

St

60,

e

3

\ .

Electrons removed ®¥rom their orbit are free

olcctrm

How doee a good conductor compere to

insulator with respect to the n@or of

fm cloctrou in each?

a, Conductor

b. “Insulator

-

4

x

a. NAS A LARGE
NUIBER

b. NAS A SMALL
NUMER

61,

Some materials, carbon, germanium, and silicom,
are considered semiconductors.
-they conduct less current than utnl qondnctou
but more than insulators. .
Materials that conduct less curremt than metal
conductors but more current. than insulators are

kd

This is because




-~

. SN *f”

In a éonductor, free electrons are contimull\l"

SEMICONDUCTORS |  62. .
) - .. moving from one atom to another. By controlly
B the movementpof these free electrons in one, general
direction, eYectrical energy is tranaferred through
a conductor. Electrical energy is transferred
through a conductor by the movemant §£ -
- from atom to L,
FREE ELECTRONS | 63. Electrical energy is transferred thr'o;ngh a
conductor when Sru"oloctronir are moved from
ATOM to . =~
ATOM 64,
ATOM 4 N w
AN o=~ =0\ Y O= 13NN =@t NY NN AN
Y RN NN
) / / II \ / ! / &
AN\ NNNOENTOINNUORN
’ \ é \.sa// e __~s '\.~-" \ \\.‘/ '\\\
N RN \\\\\\\ N

In the, illustration ‘sboye, the free electroms are
moving from atom to atom through the conductor in,
one general direction. The result of this will be

a transfer of & e .
T ~
~BLECTRICAL 65. How is electrical energy transferred th;:cugh a
ENERGY conductor?
- BY THE MOVEMENT | 66, The transfer of electrical energy is possible
OF FREE because an atom has a tendency to stay electrically
KLECTRONS. FROM neutral, that is, to have an equal number of
ATOM TO ATOM. protons and electrons.

Which atom below is electrically neutral?

//—@sk\ //fe\\ //’@_‘\\
—— TGN T
/I/ \\ \ ///’ \ é / AN \
iy A\ S NG
1 ! |

IQ e, c?\‘ I/G '9 1}
\ \ /é \ b // \\\ / / .
-ev\s_'_;///' - \\= \\_,//,, _\‘~—’ =

~ P ~ 3 - i -

~— - . Q- -

et Eted




67. The atoms of a comductor mlly stay electricallyj
"’ neutral becawse of the random wovemant of free
electrons. .As an atom gains am electrom, it will .
give off another oloctton in order to be elee~
trically meutral, . .
- How many electrons must thu atom givé off 1-
order éo be electrically neutral? -

An oloctttcally mtul atom is am atom that has
ait equal number of > and .

A}

-~ .

An outside source such as a battery can be used

to add addftfomal electrons to a conductor. When
these excess electrons are added, a chain reaction
"of moving electroms through the conductor is set
up because the atoms tend éo stay electtical

LA o
— . \

If an outside force adds one million electrons to
one end of & conductor, then one million electromns
must come out the other end of the conductor. The
same number of electroms that emter a coahctat
.must leave that conductor.

How uny olgcttm mist leave the conduetor bolov?
~—/

k]

+
e
100. a.ecrnbns L
. - ENTER"
CONDUCTOR ”’”

11.186
Isn 1; p, 57
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100 "~ . |~ 71. Select the electrically neutral atom.
P J &
= . <]
,"6‘4\‘ )
- L4 Ie ,’1 -—\\\ Q
1/ Ny
! é \G L
{ A .
S /@
Ay \ 7 4
\5 4 \\ \“/ // °
< %._._"09
- oy
A B o]
1A 72, An atom thaé has more electrons than protons has »
‘ an excess of elactrons. An gtom with fewer
electrons than protons has a deficiency of .
ELECTRONS ' 73. An atom tl&nt has an excess of electrons {s an
electrically charged atom. An atom that has a
deficiency of electrons is also an
charged atom, -
ELECTRICALLY 74. An electrically charged a%om is known as an fon,
An ion has an - or a ] ~
of elactrons, — S
EXCRSS ., 75. Yhich of these atoms are fons? -
DEFICIENCY : < .
/‘@~ 0\ //@\\ N /—e\'\
//_.\ \\ o~ o // I
/ ~ ” ~ .~ \\
oy \ ¢ ,P// AN 2/ \\Q.
s ' . | éq 0 \ | é 1
{ (é I é T Q1 ) ? !
\ \\~,///- \ \\“///’ . @\ \\\_',/ /e
e\*;\_/e .\@\_/@ \\\e__//
A B C
~, %
——— T ‘ ’
- 11,186 "N
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e " . &/
A~ 76. An ion'is an atom having an ‘_ora
¢ ~ of electrons.
. X . e
° ‘ ’ . A L. ~
"EXCESS 77. Match the definitions in column B with their terms
DEFICIENCY ° in column A, Place the mumber before the dcﬁnt-
: tionm in the blank buidc the. propqr term,
A B
a, Compound 1. The smallest particle of
c an element.
b.\ Mixture —oomee 2+ A chemical combination -
Mol 1 of two or more:differeat
e T s metievte
d. At . atom having am excess
Atom e or a deficiency of
e, Mucleus " electrons,
4, A combination of elements
£. Ion T or compounds in which th
. elements or compounds do
" . not lose their original
) ©  characteristics.
N T S. The center of the atom
’ vhich contains the
A~ protons and meutrdns;
6. The smallest particle of
¢ . a compound which has all
the properties of that
. . / . compound, : /
: Y~ « g °
e 2 78, Atoms that have more electrons than protons have
LI a negative ch.m A mgntivcly}h‘rm atom has
~es 6 ‘more than .
do 1 ~ . . M r :
.. s f ’ > \
L. ‘3 . . . R
. 11,16 | : SRS
- o lamlip 59
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SLRCTRONS 79. Uhich of the atome below has » negativa cherpe? i
- & . ?
PROTONS o .
/,—e-L\
/ e/ Paadt N \\ 1
. é, I/ A !
1 / Q .
\ \ s/
. 0 i
‘~e——” . 3
. s ?
) . A . 3 c ;
).} 80, An atom that has !mr alectrons than protons lau §
a positive charga. "A poaitivaly charged atcn hea
' fover . than .t
-3 H .
’ ; . r
- - KB . . . . //’ 2%
ELECTRONS 81, thich of tha atins balew has 2 positive csncvie? ';'
o . ]
“mm /’ ‘@_\\ .‘/~@-\\ « /,‘:\ - ~ :
- - o= Y ’ . s - B
. d ,/ e, ~ N \\ / - N \\ ,/ \" :
' / \ "/ 7 NN g s o :
4 6+ \ '\ / N I A - S (S Rt .
) ' 1'¢ 1§ 2, +@ ©
\\ 6N ! ; Lo\ /, (Y 6 } i
: AT @l / A 7 O A PRayi
- NN e 4 ™ 4
[§ ! '**-e“’ \\‘ ..—’, \e\\ - < !
' . - ‘.(
> N i)
e A B ¢ 3
-« N > .f'
3 ., | 82, Yabel the ats=a below as having a positive, ;
' : ’ , Degative, or neutrsl charxe. T
. =B At At i
« / - - y e o M
[ ”~ \\ \\ ./ rd N ’ rd - N _i‘f
\
\ ! ‘- [
]
i
11. 16 o ~ S .
- lsn 1; p. 60 “' . ’ N
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FIREE -5
b

2

R o

)

b3

—

By

A. NEUTRAL . 83, When a negatively chqrgod atom’ 1: contacted by a
] positively charged atom, ‘the electrons flow from
B POSITIVE the negative atom to the positive atom.
C. NECAT . When two atoms of opposite charges contact each
: other, the electron flow is from
" te .
MECATIVE 84. Which direction will the electrons tlov between
the two atoms below?
POSITIVE .
. a. From atom 1 to atom 2.
’ b, From atom 2 te atoml. 7 .
- b ey -
. ﬁ/ "\\Q /,/ o \\\
I/ ’/ \\\ \\ ,6 7 .\\\ e\
( / é \ I / ‘
! ! 10 5!
. e ! =) \ / /
RN // 4 \\ \\ ‘7
NN s? \N N’ )
N ./, *N i
s = r~0--
't .
~ 1 2
a. 85. When a negatively charged atom is contactod b
positively charged atom, electrons will -flow ! o-
- the atom to the
atom, ’
KEGATIVR ~ .
POSITIVE
. .
11.18 - j
Y .

‘. 1sn1; p. 61
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1.

3.

FUNDAMENTALS OF ELECTRICITY
LESSON 1

PART B .
ATOMIC STRUCTURE |
{

" SELF-TEST

\ w N .

Match the definitions in colusm B with their terms in columa A.
Place the number' before the definition in the blank space beside
the proper, term,

. '. . . . . ) §
A . . T T B _
a, Compound .1. The oﬁileqt’ particle of dn element.. { . .- y
b. Mixture 2. A chesifcal combination of two or more '
. B . different. elements, .. L ’
c. Molecule 3. An atom having an excess or a ’
- deficiency of electromns, \
d..Atom 4. A combination of glements or
coq:mmdl 1n which the elements
e. Nucleus or compounds do not lose their
£. Ion original characteristics.
D—— 5. The center of an atom which contains.
the protons and neutrons, N
6. The smallest particle of a compound ~
vhich has -all the properties of R 4
that compound. ) h& :
Label the three particles of the atom below. . . . T -

\ » . . -
. A4 =

‘ . L)

-

Py - -

’

Atomic nud:er

Ato-ic weight \ ‘




Ry

| 20

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

't .

g Electrons removed from their orbit asbout an atom are called

. N ¢ 3 * * [}
How does a good conductor compate to a good insulator with
respect to the mumber of free electrons in each? -

e Conductor ‘ ’ " .
Insulator ‘ ‘ .

‘ Bov is electrical emergy transferred through a cpnductor?
e ) iﬂuu a negatively charged atom i3 comtacted by a positively
ooz - charged atom, ‘electrons will flow from the

atom to the atom,
s

. 11,16
<o Isn1; p. 63
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AN . i LESSON 1, PART B
- . ':-‘- : ATOMIC STRUCTURE-SELF TEST ANSWERS
) .1, .a 2 ’
" b 4
c 8 ' _
d 1 !
& Oy '
f 3 (:1 H
2. Electron N ’
Proton ,
Neutron
3: Atomic Mumber 9
Atomic weight 19
- 4, (a) Negative .

(b) Neutral
(c) Positive

5. Free electrons -
6. Conductor - more free electrons
Insulator - fewer free electrons

P 7. By the movement of free electeons from atom to atom

8. . . . negativeé ..: . positive

v

-, x % %
11.16 ¢ .
s lsn.l; p. 64 7
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END OF LESSON 1, GO ON TO LESSON 2
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FUNDAMENTALS OF FLECTRICITY

. LESSON 2 3,3 e

INTRODUCTION TO ELECTRICITY
AND
ELECTRICAL SYMBOLS

THis is a programmed.lesson. It is designed to teach, .
not to test. You \'111 need only this booklet, a pencil,
and some time to complete this lesson. If there is
something in the program you do not umderstand, ask
your fimstructor or supervisor for assistance.

[

This lesson has been written
so that the amount of reading
necessary is minimel and yet

'most meaningful.. Therefore,

it is very importaat that you
follow these instructioms.

Read each page carefully.
Fill in each bdlank.
Keep the answer to the:

frams on which you are
working covered with a
slip of paper until you
have written your answer.
Corregt all errors yew
neke .

Yoellow .all directions
given in the program.

SUGGESTED READING TIME
180 MINUTES




LESSON 2

. PART A

“INTRODUCTION TO ELECTRICITY
OBJECTIVES
& .

e

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

2. Given {1lustrations of different bodies, label each as being
negatively or positively charged.

3.% State.the condition of two bodies when the electrona have been
physically removed from one and attached to the other.

4. Stite the primary cause of static electricity. '

Se .Selecc from a given 1ist of statements the one correctly
describtng what occurs when two unequally charged bodies contact
" each other.. ~
State the hazard produced-hy the electron flow between two
separated bodies. -
List two means used in aviation to prevent the buildup, of ‘static
electricity.
State what must be overcome by the potential difference in order
to have current flow.
Seléct from a list of terms two terms that mean the same as
potential difference.
List the three primary methods of—produeing electromotive force.
Name the correct units of measurement for measuring electromotive
force, current, and resistance.
Select from a list of instruments the ones used to measure
electromotive force, resistapce, and current.
List two types of current flow. + .
State the term used to identify materials that offer law
resistance to current. -
State the term used to identify materfals that offer high
resistance to current.
State whether the resistance of a.conductor or an insulator

~~“increases or decreases when. its ‘temperaturé or dimension ‘is
" varied. -

State what effect an increase-in voltage or resistance will have
on current. So. :
Using the mathematical formula for Ohm's law, solve three given
electrical problems.
Given the terms static electficity, charged body; currentyfléw
potential difference, Ohn's law, and - resistance, match them with
their respective definitions.

~

®

.-
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Prom studying the program om atomic structure, youw
know that electrical energy is the movement of free
electrons through a condwetor. Since these free
electrons are part of the atom, you can see that the
actual source of electrical energy is thé .

© @0 %

»
Circle the letter above the {llustration that
reprasents the source of all electrical emergy.

The source of the electrical energy found in all
matter 1is the .

Since all matter is made up' of atoms, any body of
matter {s & source of . energy.

—

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

less electroms than normel.

Label the bodies as having a balamch of.electrons
and protons, an excess of electrons, or a deficiency
»Oof electrons, T -~ ‘

Y -

4 -

[ee]’ e  [Eo
o €€ 2] ‘
' | . Ce ™ .

L2

When electrons are removed from n’bdy and
attached to another bedy, 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 known as ltag;c oloctri;city.

Select the two bedies that have a static-slectrical
clux_'go.

A S c .
eS| @ © S o |9
& & o & S 3 ® 2




A& \
B 7. Count the number of electrons (-) and protoms (+)
on the body below,
C . : -
. . B ESESNS NS
. T s < ; * »
| EDEDPOCD|
N
a, Mumbar of elsctroms:
—t b, Number of pfoconl:
a, 8 ‘8. There were eight electrons and four protcns. This
Dl b, & . means that the body had an excess of electroms; ' |
' . therefore, it has a negative charge. These
- electrical charges at rest om a body are
.Iiét 1%1”. s
". - ’ [ 'r—\
' STATIC 9. A charged body is one hevisg
o normal number of electrons («).
bodies is charged? . mr
] Siine 4
A - B
- | @ EEE :
| e @ e S
E 10. If a body has more or less than its normal amount o
- of electrons, it is knowm as a . body. )
A
) CHARGED : 11. Circle the letter above the charged bodies,
g ’ A ‘. .3 - €
> [ & o e |, |® &
) ' © 6 & e D €3 &
D ' E e . . ‘ ) -
. 10000 | D DD
- N ~ @ e -
\ 74
11,16 '
1sn 2; p, 4
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12. A body which has had some of its electrons removed
will havé a positive charge. Select the {llustra-

tions below that Tepresent a body with a positive
charge. . ro

- —

: SIUIC RN
) (6666@67) C00PD®

A 3 ¢’
- }

»

13. Circle the letter beside the true statement.

2. A body having fewer protons than electrons
is positively chgrged. "

b. A body having fewer electrons than protons
is positively charged. ’ -

—

¢. A body having an equal number of.alectrons
and protons is positively charged.

14. A body that has more electrons than protons has a
negative charge. )

Select the items that have o negative charge.

essss (23353

A 3 c

-

o

15. Select thE true statement.

8. A positively charged body is one having
fewer protons than electrons. -

b, A negatively charged body 1s one heving more
clcctrm than protons. .

A nint.ivcly charged body is one having more
protons than electrons, )

o




-,

o, -
4 ? “ &
b. 16. Label the items below as having a positive or
’ .negative charge. . .
<
A B. -
~ *‘;ﬁ ~ ,
§
x ®
2] o |©9
9
c . D.
D \
A, POSITIVE . 17. You have studied the electron and the uu'ni.ng of
B. NEGATIVE K ositive and negative charges. Now you are ready
C. POSITIVE - to é:nd out how these charges are produced. The
D, NEGATIVE =\ pri ry cause of -static electricity is friction.,
R { ‘you rub two different materials together,
e ™47+ felectfons may be removed from their orbit in one
o material and captured by the atoms in thie other
' material. This is producing static electricity by
o - . ’ .
e f-' B
11.16 .
.-l1sn 2; p. 6 .
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18.

@

When a hard rubber rod is rutbed with fur, the fur
loses electrons to the rod. The rod becomes
negatively charged, and the fur becomes poslt@vely
charged. Friction is one way of producing static
electricity. Refer to the {llustrations to cowplete
the statements bclw.

In figure A, the two bodies contain an .~ »
amount of clcetrm.
(equal/unequal) LT

After the two bodies in figure B have bgcng’
"rubbed together, their charges will be

(equal /umquils

The unequal charges that exist on the two
bodies in figure B are clcctricity.»

One wvay of cnutn; electrons to leave one
body.and be transferred-to another body is
by .




¢ A > B
) : v ' -
a. RQUAL. 19. Friction between two bodies “will cauuse bothybodies
b. UNEQUAL " to become charged-- one pdsitively and ome -
*c.  'STATIC negatively. Therefore, tRese two bodies will have
d; rucnon an attraction for each other. For example, when
£ you run & comb through your hair several times, the
1 ¢ comb and the hair develop unlike charges because of
ke . . the friction involved., Now, if you hold the comb
‘. over your hair, your hair will be attracted to the
0. Cﬂ. > N s
~ 7 . ¢ .
Lo From the informatiom above, we. are given one of the
. s lawa pertaining to charged bodies. This law states
- that bodies with unlike charges will
* each other. .
3 y - ’ s
ATTRACT 20. - o
P °
A v
a v “ .
’ -
" ¢
. Select the law that correctly explains why the
Lo man's hair is attracted to the cowb,
. ’
. a. Like i‘cl\u'gu attract. o .
b. Unliko chargef_repel. - .
' ¢. Like, chargés Yepel. . -
9 d. Unlike charges attract.
d. 21, 1If two unlike-charged boalu, one negative and one’
- positive, are brought togcthor, they ‘will attract
each other.
Select the two bodies that will attract each other.
» B ’ -




-

hi B "
A 22, The léw of charges states that unlike charges will
. CL each other, : '
ATTRACT 23, The law of chir;og states that’ {f two 1ike-charged, -
) - - bodies are brought together, they will repel (move
I ad | " “.away) from each other. Circle the letter above the
‘ . +. bodies that will repel each other, " -
A ) - g
| DD
c ' 24, Circle the letter above the bodies that will rcp‘l
- each other. K *
v , N N A !, _i} N c .
A 25, The law éfgchargu states that 1like chnrgoi will,
A ;
- REPEL 26. The law_of charges states that ;:haggeo ‘
- repel and charges attract,
LIKE-- 27, A body that iq;p:uitinly chagged has & lack of
o ., ,- ' elactrons.- This body coyld then be subject to -
UNLIXE . Beining electrofia, It would get these electroms
' from a body that {g<megatively charged or has an
excess of electroms, ..~ . : .
\ . ‘THerefore,. . s ‘ :

.8, & body that {s positively charged {s subject
to electrons flowing _ .~ - “ =" “fe,

b.- a b;dy that is megatively éhnjcd is oubject _
to electrons flowing : ic, L T

ap—

awgpte.

28, “1f bodies with ua.oqua’l,chnrg;u‘_contnct each othor,:

F-}

‘the electroms will lesve the negative-charged body .
and- flow™into the ._-charged body umtil

L ———
their charges.aze equal., o )
o . . —~ - . ! v
s 4 P - : . [
o . , -~ & .-
. e Y < ;{ ~ « - '
v . & t
~ . . ;‘
. B . -
» ‘s
=~ *
5 ‘a ’ ~‘».§"~:: coe
- L4
N [Py 4R N P
- y * ! ®
* ' P 4 ~ .
; > A x 5 o T, .
. ‘ La 4 s
[ © hn ¥ e
- D at .
;" - ";, ey 5 .A'--; 0'/}"
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o

‘.

’

o . . ) - ’ 3 - ‘
POSITIVE 29. Unequally charged bodies in contact' will equalize
their charges by a flov of between
oo them,
EKLECTRONS 30. Select the statement that correctly describes what
.t occurs when two umq\ully chnrged bodies contact
. . . each other,
. = . . . . X . A Y
. .. a. The electrons flow from positive to
. e -» negative until the bodies cqullize
their charges. '
) b. The electrons flow from negative to
. positive until the bodiu equalize
g - ] their charges.
- > - &
. ’ N " c. There 1s no flow of electrons because
’ . _nnlike charges repel uch other.,
% ’ ‘ ) ;
. St . : d. The electrons flow from one body to « /
. : . : the other as long as they are in conuct.“-
\ et
b. ’ 31. When two oppaa}tc charged bodies ate ‘brought near

each other and the difference in their charges is
great enough, there will also be lﬂ electron flow .
between them., Choose the illuotration in vhich the
electron flow ‘would most likely occur,

. , A

&

A R . ée%fz

o

" e

\
. ) ,The electron flow between two separated bodies will
5 . ' - be in the form of & spark. What could be the result
o ’ , of a spark between the two bodies 1n this 111“-‘
‘ . tration?

11.16 L
‘18n2;p. 10 R S ' .

o Provided by ERIC v




PIRE, EXPLOSION,
OR ANY SIMILAR
ACTION.

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

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

Anytime there is friction between bodies of
different materials, such as fuel flowing in a

- hose or an aircraft flying through the air, opposite
charges will build up on the bodies. If the charges
become great enough, .an electron flow will occur in
the form of a - .

When the difference in charges between two parts on
an aircraft is great, there is danger of a spark
jumping between the parts. A bonding wire (con- %
ductor} 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 betweeh various parts on an aircraft, a

~g .

) is used,

*

Various parts of an aircraft are connected by bond-
ing wire to permit a free flow of electrons between
them. This flow keeps their charges balanced. To
prevent the buildup of static-electrical‘charges,
parts that are insulated or separated from each

" other are connectdd by 2 , .
e I ‘ . g

b

38, Iﬁ%’cuin&g,pfﬁthu aircraft .are mounted on rubber

+ ~—~shock @oynts. However, it does not have a buildup
of static electricity becsusé of several of these

parts. . | £ e

- e

- name of this part is. a

11,16.5 - -
lsn 2; p. 11,




1

To connect parts of an aircraft to prevent the
buildup of static-electrical charges, a
is used,

———————————

\
Another device used to prevent the buildup of

_ static ol.ctricfgy is a ground wire. A ground wire

‘allows .a constant dissipation of electrons and

preyents a body from becoming charged., The chain

hanging from thg back of a gasoline truck is sn
example of a .

A ground wire 1is used to connect nircrnft ard fuel
trucks to the earth during refueling. Label iteme
A and B below,

s2,

To maintain a balmcd "charge botv«n an aircraft
and the fueling truck, four grounding. connections
must bé nade, tch -each letter in the illustra-
tion below with the statement which describes that’
grounding connection. o
Truck to ground

_"Puel nozszle to nircrnft
" Truck to aircraft
Aircraft to ground

!




What are two means used in aviation to prevent the

buildup of static electricity? .

4

.I
b.

a

Static electricity has no real use to us; we only
want to control it. KNow let's study about elec-;
tricity we can use~ dynamic electricity, Select .
the item that must be moved from one point to. 7=
another point to produce.electricity. C &

/ .
a. Proton ;

b. Electron
¢. Neutron

’

Electrons fiow from a point having an excess of
electrons to a point having a lack of electroms.

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

: ¥
_46, The electrons. that are moving are free electrons. |
g These -free electrins are in a random movement in a,
conductor all the time; but yhen we can get them
to drift or move -in one direction; we will have '
current flow. ‘

2

Which i{llustration represents curt;cnt flow?




47,

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

A force is nedded to move these electrons in one
direction. One term used for this force is
potential difference. X
difference in the attractive force between unlike
charges.

N
Which {llustration repraseiits the gr.ater potcntial
difference? '

Potential difference is the:’

1 49.,

To have current flow, the poteﬁ%ial difference must
be great enough to overcome resistance. Resistance
is an opposition to current flow.

In which {llustration will:current flow occur?

®

U;I/ o e .‘ '-———-

&,

.

50,

Before“current can flow, the potegtial diffirence -
mist be groat ono:gh to overcome . .

|Rms1STANCE

51,

v
.

Since potcntial difference is forcing ox clulin;
"eurrent flow, then the greater the poccntial
ditfcronco, thc greater tho*& .

11,16 ®
sn<2; p, 14




The drift. or movement of clcctrono through a
conductor is known as < .

-

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

O bl

The diffarcmc in the amount of electrical energy
bct:\,!v«n two bodies is p d .

,b .

T
Potential difference is the™Force that causes °
electrons to move from one point to ancother.

Potential difference is also known as electromotive
force (EMP).

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

, Mxr, Porce abovc is called by three differcﬂt terms;
what are they?

Another term used for potential difference and
electromotive force is voltage.

a.
b.
c.

-
o

c. VOLTAGE

3

. What two tcm negn the same &8s potential
] ditfercncc? , . .o

.a. \ ¢

b. -

11,16

LT 1sn2p. 15,
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a. ELECTROMOTIVE | 58, The common term used for potential difference and
FORCE electromotive force is .
b. VOLTAGE: " ,
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 60. One of the methods of producing electromotive “force
FORCE (EMF) is the thermal (heat) method. When a metal,
OR EMF such as copper, is heated, the electrons tend to
: b . 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,
s -
R .
- The method used to produce EMF in the 111ustration
above is the method,
r .. '.
11,186. : )
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THERMAL
(HEAT)

Another method.of p;)d

> ucing electromotive force
(EMP) 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 rugt. 1In some cases, thé losg or gaining

of electrons in this manner produces EMF, .,
¢ . A 1 *

t

The method of produ:i.ng‘ EMF illustrated above is
the method,

i

62,

Shown below are two methods of, producing EMF. Wha
method of producing EMF 13 shown in each illustra-
tion? -

A. CHEMICAL

B. THERMAL

63,

. & magn tic field, you are producing EMP,

So far you have learned two methods of producing
‘“EMP-- thermal and chemical. Now, let's learn a -

little about a third method of producing EMP-- the

mechariical method. An?'f’i’ine you moVe a conductor in
Producing
EMF in'this manner is an example of the
.method

3

Lok,

11.16.. .
lsn 2; p. 17
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-

MECHANICAL

64.

Generstors and magnetos produce EMF 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 EMF.

a. -

] i

| a. CHEMICAL
b. THERMAL

¢. MECHANICAL

66.

. The EMF produced by each of-the-methods must be

known, or measured, so that it can be used to full
advantage. The volt(V) is the unit of measurement
of .

EMF .

a

67.

The EMF produced by some methods {3 extremely weak;
however, in sll cases the EMF can be measured. "The’
unit of measurement for EMF is the volt(V).
the unit of messurement for EMF in the space below.

Write -

4

. 5!.




VOLTS

68,

‘l‘oamuurc the EMP, an instrument which indicates
volts is used. As shown in the 111uatration, this
instrument {s called a .

' »

- <

’

VOLTMETER 69. The unit of measurement for EMP is the
: The instrument used to measure EMF is the
VOLT 70. The number of electrons the voltage can move past
. & point din a period of time is a meagure of current

VOLTMETER flow. One volt moving a given number of electrons
.in one second past a point. having one ohm of
rﬁaiatamo is one ampere (amp) of

. i \

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. Becsuse the elect\m is too small a unit to use in

measuring the amperage, a larger unit i{s used. This.
lar;.: unit {s the cwloﬁ (6,280, 000, 000, 000, 000,000
electrons). The coulomb is used as thc unit which
one volt must cause to flow 1n one second to obtain
& current /(tlov of one .




1N .
[ENSUPL o
Y

!

AMPERE: (KMP)

13,

@

By increasing the number of coulombs per second,
s =
How many

current flow (amps.) will increase; two coulomb
.two amps, three cowlombs = three amps.
amps ,are floving in this {llustration?

ONE* OHM .
RESlSTANCE

1

@’ N , . .

74,

- flow?’

What must occur to have one ampere of current

&

o JCe

»

s

»

£ —
O%E VOLT MUST _

L)

o<)~
Q.

75. Since such a large number of elactrons are moved
MOVE ONE to obtain only one amp, an instrument must be used
COULOMS THROUGH | to measure curremt flow, An ammeter is the instru-
oz oHM Or ment used to measure .
RESISTANCE IN | R .
ONE SECOND. .
i A :rw v - g ! i
CURRENT FLOW 76. Current flow in a circuit may be measured by using
an ) .
- . §
AMMETER 77. The unit of measurement for current flow is the
* ] . The instrusent used to measurs
cerreat flow 1s the . .
)
AMPERE (AMP) 78. Thera ars two types of.current flow, One type is
. current flow produced by a battéry. This type T ~
AMETER \ flows in only one direction, This type is usually
referred to as D.C, or direct - " | .
[ iy 4
11,16 !
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79. What type of current flow would the circuit 1n the
illustration have?

DIRECT. CURRENT
(p.C.)

80. A modified type of direct currcnt, in which the
current flow is interrupted periodically, causing
it to pulutc, is called P.,D.C, or puluting

DIRECT CURRENT

81. The ignition system of cars and some aircraft usJ a
eaker points to interrupt the current flow. This
.-, type of ignition system produces-a

v cirrent,

A

PULSATING
DIRECT

82. 1If the switch in the 111uztration wére opened and

closed -rapidly, the direct current of the circugt
would then be

. . . &

. . N ‘ »
A ‘ S ‘

' p
X ‘ .. p
- » - '
B >
a . . - ’

AAAA

~

DIRECT CURRENT
(r.D.C.)

PULSATING -

83. The second typa ‘of current flow is the Zype which

" alternates its direction of flow. The type of
, current which flows first in-one directidn abd then
in the’ opposite direction is A.C. or )

11.16 2 . .

lsn 2; p, 21




ALTERNATING - 84, D.C. flows in only one direction; A. c. poriodlca‘ 1y
. CURRENT (A.C.) changes its , of flow,
2 S
h * § DIRECTION 85. What are the two types of current flow? .
» ’ &, : N . ’ ]
-, ‘ b.
s, D /c_’l\ '86, Symbols are uaed extensively 'in eloctricity, ‘ -
. ‘ ENT usually to represent a cowmponent in a circuit.’
> (D.C.) However, the symbol () . (the Greek letter Omega) X
b. ALTERJATING is used to represerit-ohms. As an example, 10 /) )
. CURRENT : {s read as .. . \\ )
(A.C.) 3 ’ ’ . )
(ANY ORDER) : 1/ ~ .
TEN OHMS ‘I 87. The ohm is the electrical unit of fdsistance; it '@Zb )
is represented by this symbol: . gk '
* §8. whnt is the .ecictnnco of the light bulb in tho
IaY 111\utrntion?
. El [
. < e Ay G
: S \\/3 AMPS . :
[ . oty 4 . AN »
, : , —I5V | .y .
N T 5N ' ,,
P - 4 . N - @
< ° S i .
|5 omMs 89, 1If the resistance of a tircuit or an electrical
) device {s'unknown, it can be measured with an
) .~ohmmeter., An instrument that {s used to determine
<o - the resistance of a circuit is the %
‘ R . N
, OHMMETER 90. What is the resistance of the eircuit below? .
o e * ~ . L]
_ The 1mtrmunt: used to measure this resistance is
‘ cnlled an _ . . ”
. J
, . g >
: p
\ { :
.o . r' "

11,18
b 1sn 2} p, 22
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91.

-

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

.92,

' depending on whether they have high

All materials have some resistance to curreat flow,
and they may be divided into two basic i:lnuu,
or low '

.
L4

93,

Conductors are materials that offer little

opposition to cufrent flow and are classed as
materials having low .

5

9%,

L3
v
.

Some materials that have low resistance to current"
flow are silvet, copper, and aluminum. These
materials are all good . '

©

Ps &

95.

N

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

', 1s the best conductor, sinde it has the least
resistance. Copper is next, since it offers

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

L4

4

-

Eilver @nd -copper have different resistances

se they are made from differqnt

»

-
<

..

96, .‘ Silver, .becai,ue of its cost,

hag a limited use as a
e cond_tict:oi":“ “Copper 1is ‘readily lvtilnblesnnd is
the type of material uswally used as a ° .

A\

97. The type of material is ong . factor affecting
resistance. The size (length and diameter) of the
. . material is another factor, The greater the
" distance the-current must travel, the greater the
. voltage must be. .This indicates that as the length
of the conductor increases, its resistance .
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g
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98, Which conductor below has the greatest resistance?

!1
. . Ny L.
A " 3 [

‘

99, The resistance of a conductor increases as its .
length increases. However, an increase in its
dismeter has the opposite effect. As the dizmeter
is increased, the resistancs will .

@

,

100. When ‘the length of a conductor is increased, its.
resistance . s when its dia-.tgr is
increased, its resiatance .

[
1~4

A

101. Temperature, tﬁc third !sctor: has the same effect
as length. An increase in the iumperature of a
- conductor will ‘ _ its resistance.

-~ N

102, List the three factors affscting the resistance
of conductors.

L
.. ~o

b. .
—

e

_ TYPE OF MATERIAL
SIZE (LENGTH

TEMPERATURE
(ANY ‘CRDER)

of '
103, Conductors are materials that have low resiatancs.
Insulators are materials that have

* -

c7

ng

BIGH RESISTANCE

104, Materials which have high resistance and Arq'
oftan used to shield conductors are

*

~

,
' as Lo
b4 -




5oy ) + | INSTLATORS 105, The purpode of an insulntor is to oppode current i)
<0 ‘ B flow, The best type of material for. an insulator -
N D - . wvould be a material having r?fiatance.
.-w - ) ' . . i 4 < <
P o ' , . .
X ’ “HIGH 106, Some matérials make better insulators thin others,
S L One factor-that affacts an insulator's resistance ,
. s the type Bf . . ’ .
¢ ) )
'@; \ /HATéRIAL 107. One factor to be considerad in gelecting an

. insulator 1is the - / .

“TYRE OF 108. The aige (thickness) of an insulator will affect

MATERIAL its resistance, If the indulation on a conductor

¢ allows curtent to flow through it, it indicates )

the size (thickness) of the insulation should ‘be

* -

S [

- ‘
.t

‘INCREASED ~ 109, Increanihg‘the size of an ingulator ug}&
its resistancé. : .

INCREASE 110. *Temperature will‘i&&o affect the resistance of an

Y insulator, Glass, an insulator, when heatsd will.
. conduct electi&city. Thiz indicates that an

increase in temperature will cauge an insulator's

. ' ‘resistance to * .
B . o ’ . a ."a . ‘ 3
' DECREASE . +{111, .What would be thg effact on the rasistance of an

. 1insulator if its

c.  a, size qu: increased? :

A . . - b,  tesperature.vere {ncreased?

N ~

—
. 4. INCREASE 112, The factors affecting the resistance of a conductor
. ' also affect its relationship with current flow.

b, DECREASE The relationsghip between resistance, current flow,

and electromotive force is explained by Ohm's law.’
There is a close connection between resistance, * ) ,
\ current flow, and electromotive force which can be
B - . found in law, -

—p——

a5 K]
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L
, .
. N N
) .:.- 3’-__ ._x —— e . u‘aun‘.-ux'-‘mu-..*._-xu-n...- K 3, Sl ot 1 N - .
: N . . :
’ 3 CHM'S U113 cha's law oivua the close tilea’ betvean et
o
X,
.. . . ~ . H o ?
? 4 < . > -9. -2 erd :
? \ : . . . §
- » —.‘ s .f
T ' A
ELECTROMOTIVE 124, 2as: of Ohm's law statss that current fluw i3 §. 0t “
. P dirazcly srowortlonal to BMF, 1A3 you ipevease ‘the i
. > woltege or EMP, you will also increasa curren: flow
~ CURRENT FLOM . |, P18 » 7O P BLen mherRINY SO
. an eousl or groportionsta rmonps, | Selact the . L N
~RESISTANCE i staaeant belew ther is coxzaed. P
AMY ORDER i - %
(ANY ORDER) { 2, Tf soltage is imereased by 1/2, curreac 7§ o -
H dezre=sza iy /2, % 5
~ 7 . b, TF wolcage i3 -s:c*u:mei by 1/2, syurcant i
) X i incrences by i/2. ' }
- g. = velrage is in«ran zd by 1/2, curranr wemalas i
: ypaiengad, 3
. d. Hene of these ia corract
) . . i
B I_ “ ;
N b. . 115, When EMF¥ 1incréases, currant flow alzo iu creasee. :
) .- . - Thiz zoct shoua that the curtent f).cm {2 di g .
. pra};\/ nai to . . . L E
L Y-
- A ’ . R -
™ - 116, If current flow wiil incr°ase as ”“ﬂ. 1s increasad, 3
e e 3 flecreosce in EUF will prodice s ) - e
o . in curvant flow, . - . i .
. ; . . % .
i om= i
. 5 ,
DECREASE : h7. ‘e fivst pavt of Ohm‘a la:7 shows how curvent. Sisw ¢
+ and M7 are ralatad. The szcond part d\:‘ it ahev s
. | hey curcent flow and reslitance era relatad, It -5
s i~ gaz3 thar curvent fisw 13 irnveriely proporciizal 1
- ) t2 vesistans2, This msone that a chut}ge in 3
. o tasisedace, eithar-highsr or 1fwer,  will arsdece, ? .
. : . tha oppoalts change in cnnTent flow. . Selees the, b .-
> } : sorract pcatemsnt bslow, o,
- . ,'i ¢ 8. As resiztance incraspzg, currenc flou dagragses. 5 )
’ H b, Ag reslstauce incra2ases, current flow Trereasas),
) -
: i 2 43 weslutnnzy luerwasss, sngwant flow ramilas ] .
- : 4 5 - : :
: ! -,\;4-1_“4,...63&‘.. . . ] -
. }’_ ;u . * ¢ é ’ “
] 1 - ~ 1 -
X : L. i
ot 110, Al rigiusecs incceaswa,, curvant fiow decruagag, o
- i 3 *Ihls uzesgr that currenc Ziow is inversely i
D T groporslonal wuth i o :
3 i 3\ : .3 .7
. o 3 . . s ‘
. 3 b ’ . 2 N
. > H ’ N - . 9
.‘ E-“ 3 'r o T T Tk 0T W S B, LIRS LA Toie - s“’\r ' i sum-rn P A R N Th'l-.x-‘l‘l "
A l 1, 16 ‘ 4 N . ) \
. . ‘ y ! * : ¢
. 13n 2; pg 28 . ’ . * .
. ‘ . o . -’ . \ '
3 100 ’ . . |
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Current flov is 1nnrhly ‘proportional with
‘ ruint‘anco. This means ‘that as ro(htaneo is
dccruud current flow will . . .

: 3

7 * »* - *
Ohm's law states that current flov is

. proportional to EMF and . proportiou
to resistance. x

Coqleto the ntatcinntn below. - - - \ ¢ - h
e, When resistance is incroiud -cunont flow
".Ll o ..

"b. When voltage: is 1ncruud,; current flow will

hnad . . ,
- »
. .

-

M \

Ohw's law in the nn_t{nen'ntical for-xl:a looks like

N,

., \ .
] thu.,' . The hbrizont\al bar 'in the circle,

@ , means to d_{.vic}o, In ordptl to find I, you

T

‘ E by R.

The horizontal bar, @ , means, to - .
T " "

. The vertical bar in.the circle, | , Weans to
mltiy'lr. If you mt; determipe E by thc Ohu's

ln-uthmtic for-xla ’ you .

T by R, .
n~ U :_ .~" B ..z

-

- The yhrcical bar in ;ho'.circl'o, @ , means to

& "

-




H

Solve the problem

i!ov. when given some iniomtion, you can insert
the known values in place of the letters in the

. circle and perform the indicated mathematics to

solve for the unknown valug.

given below by using the Ohm's
lav formula. ° ~ ° : .

1 =2 amps. = ' ‘\\

R = 6 ohms
E=?

-

127.

In order tp find E, you must

R.

BN

128.

‘Solve for the unknown in the problems below.

. ‘B.

A . * 2

. ?
' - e )
G . A

 B'w 24 volts |

£ = 12 volts , . _
I=3 amps. _ R= 6ohms
. R= - ohms 1= amps.

129. In order o solve fof"gifhcrol or R, you must

13

— te

130. Draw.the utheﬁéicai formsla for Ohm's law,

° -

hat <




-

131,

In using the nnéhenntical formula for Ohm's law,

' represents voltage. The letter R represents —_—

E b, Amperage

you probably noticed that letters are used to
represent the various values. The letter E "

resistance,and the letter I represents the intensity
or rate of current flow, Match the letter with the
item it represents. Place the letter in the proper

space beside its true meaning. .

3

R . -a, Electromotive force

1 ‘ c. Re:intance

I

Solve for the unknown vilue in figure' 2,

The comparison between figixres A'Land B proves
that as voltage increases, current flow

4 -
’ kS

.

‘>0

E g

7 11,16

©" 4<1sn 2;-p, 29 ~-
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FUNDAMENTALS OF ELECTRICITY
LESSON 2 -

PART A
INTRODUCTION TO ELECTRICITY
SELF-TEST

1, What is the source of the electrical-energy found in £11 -ntéor{ J
] = ~ '-Q
2
2. Label the illustrations belov as being pooitively or nzgatively
charged bodies.

“:. " 3. B. c. N Do'

‘a | |

If clecfroni are removed from one body and sttached to another
body, the two bodies would be in a céndition.

€

What is the primary cause of static electricity? - ﬁ

-~ . 1v.
~ - ~ ¢ \

Select the statement thatcorrocsly describes vhat occurs when
two unoqually charged bodies contact each other,

The electrons will flow from positive to nngative until
, the bodies equllizc their charges.

.The olocttonn.uill flow from. negative to pooitive until
tho bodies oqualizo thoir chatgeo. v

-

Thorc will be flow of electrons because unlike .charges
repel each othér.. .

The electrons will flow from one body to the other as
, long as they are in contact. '
What 1is producod that could be ha:araouo vhen there.is an
electron flow between.two separated bodies?

-~
v

.
E]

- , . . .

" What are two means ﬁped in aviation to prevent ine buildup of
static electricity between two bo{ioo or objects?

11516, - o SRR . " )




? -
>
4 3 . ' . »
" .

Vh;t mst potential difference anteou\ in order to have current q 7 '
flow? . ’ : . L

° ~

el ~
> .

FY

Select two terms that mean t_hq' same as potential dittoru_lco.

a. Resistance
- ‘b, Electromotive force

¢. Current flow

d, Voltage X i
“‘e. Static electricity o

Wg:t are the three primary tho.dt of prod:aeﬁlg electromotive
fotce? . . T .

-

»
L T

b. _
c. - N

S BS

List the correct uni; of measuremsnt for:

ELECTROMOTIVE FORCE (EMF) -

>

- RESISTANCE

Select the correct instrumenf wsed to measure:

) , © & ORMMETER
————— b. VOLTMETEX"

RESISTANCE" > . 4 "

A ——

“"List two types of current flow.

b. *

What are materia}s calied that offer low resistance to current
flow?, . . \

~
I4




-Whit are materials called that dffer high resistance to current
flow? ) .

- ) /

>

.
7 -
@

‘What effect (increuc/decreues does the following have upon the .}
resistance of a conductor?- . y :

Inctease its length, and its 'resistance

' Increase its diameter, ‘and “its renittn\neo

Increase it{ temperature, and its resistance

' What effect ‘(increase/decrease) does the (glloving have upon the
resistance of an insulator? . ¢ .

)
'Ipcrcuo-itl thickness, and {ts resistance

. N ) f
- Increase the temperature, and its resistance

[}

Complete these statements about Ohm's law.

’

When resistance is increased, current flow will.

When yoltage is increased, c,u’rront glov will

z

Using thé mathematical formula for Oha's lav, soive these
problems, ) ’

11,166 .
-+dsn 2; p, 32« - A : - .




Match each electrical term below with its correct definitionm.

. ELECTRICAL TERMS T . DEFINITIONS
‘ a. Current flow 1. Electrical charges at
b. Static electricity . Test.

2. Oue having more or less

C. Resist
Resdstance * . than its normal number of

R ‘do A charged body

) . 'electroms.
. ¢. Potential difference 3. The drift or movemant of
) f. Ohm's law : . *  electrons through a
’ i conductor,

4. The difference in the-
amount of elsctrical
esnergy of two bodies,’

“ < et " ? __ 5. The opposition to current
\ . : : £flow, ;
X B ) +6. Current is directly
- [ .~ ‘proportional to the EMP

o .. and inversely proportional
to the resistance,

¢




P
s L. The agom
T 2. (a). Positive
- .(b) Negative
*. (cy Positive
. . (d» Negative
* .0 73, Charged
- 4. Friction .
- 5 b i
. 6. Aspark - .
) ‘7. ' (a) Bonding wire
! () Ground wire:
' 8. ;Resistaﬁce
o :
.- ™9 pd*
10.
11, Volts
Amperes
Otha
-]
12, bf
, ¢C
N . a
= +
S 718, (@) a.c. g
. ' (b) d.c.”
14, Conductors
' 15. Insulators
) . 16, Increases
- - Decreases ™
V' Increases
i‘” . ’ E
; 11.16
: - 1sn 2; p, 34
) ~ -
) ’

4 ?

LESSON 2, PART A

INTR ODUCTION TO ELECTRICITY-SELF TEST ANSWERS

Chémicél,'—thermal, mechanical

17.

s 18.

o,
19.

20.

PS

P

Ha(‘efam » Ao

\
E :=IR = (28) (8n) =

DD W N

GO RIGHT ON TO LESSON 2,
. PART B - ELEC”PRICAL SYMBOLS

Increasgsr

Decrease
. 3 I d

Decrease ..

M
+ Increase
" E . 24v *_

I=R 8n 3 amps
E 24v o .

R=1 " 4A = 6 ohms,

16 vol‘is

,
o



" FUNDAMENTALS OF ELECTRICITY
{ - «
LESSON 2,

PART B
ELECTRICAL SYMBOLS

OBJECTIVES
Given:.a list of electrical symbols and a st

¢

of electrical components, match the coqonentl

Y

to their relpective symbols,

9

Given a list .of statements pertaining to
schematics, lelec'; the statement that dglctﬂ:el

a schematic diegru.

‘s

. 11,16 LN o -
1Bn. 2;p. 35 . " . ’

e

[

MR
G
WHERErY, *&m ¥




Pl
-

Whether you are in OFll or 0F13, a knowledge of
electrical diagra-n is necessary. The diagram used
the most is the schematic ‘diagram.’ The schemhtic
uses syabols to represent the parts of the circuit,
and a single line to represent the connecting vtrcg.

Thio is & typical schematic diagram.
e

Parts are illustrated in a schematic by
) \

4 )
.

E Thé arrangement, of the parts in a schematic is by

electrical priority. This is to say, the parts

appesar in the order in which they receive electrical}

-Qa\ur. -

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,

11,16

1sn’2; p, 36

i

In schematic diagra-, the parts are represented by
, and they are arranged in
order,

119 -



To be able to'read a schematic, you must first
know vhat_the symbols used {n them represent.
Below are eight basic shapes. Prom these shapes,
or a combination of them, most electrical symbols
are conntmcted

Study these basic shapes; then proceed to the next 1.
frm. -

Ay

These basic lhlp;l may appear at different angles vhen used in combina-

- tion with others, and straight-line shapes may appear with a bend in
them, )

mw: ‘ | ,
- ° ) s :l - .

L

5. The lyd:ols below are made up of basic .shapes. "Break each symbol

down inte. its basic shapes by drawing its basic .h_aau in the dotted
boxu. Do not just recopy the sywbol,




K

IS

You may be wondering vl;y you should know these
basic shapes; they are the starting point for
ich they make up.




( There nro two groups of electrical symbols .that.are
3. . nhaﬁ somevhat alike.

-

4
* The two groupn are:

- RESISTORS _ AND COILS (or- II!DUCTORS)

. Notice that ‘the lines " The linu in both of
: G A in the resistor form these types of coil -
) a zigzag, nyﬂ:ola are coiled.

4

Remember this symbol by The symbols nhw how
. thinking, "The zigzag a coil 1is made uwp of
lines in the resistor coiled wire.

- . symbol look like

- mountains, and mountains

resist travel."

3

Now, label these symbols.

-

B. c.

.
-

’ Al
&.: Lines in a resistor symbol form a

b. Lines in a coil symbol are usually

Coils are made up of

Label the symbols below.

11,16
.18n 2; p, 39
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9. A transfornnr 1s used either to step up or to step
down voltage. Since a transformer is constructed
with coils of wire, it seems reasonable that a

symbol for a transformer should contain the coil

shape.

Bélow are some symbols for transformers.

Q00 (2990

Aflr-core Iron=core
trans former, Efansformer.

Varfable
transformger.

Which trannforunr sy-bol has an arrow running ~
through {t?

b, Which transformer syubol has nothing between the!

‘coils? °

cl Which transformer symbol has‘jenvy lines between]

the coils?

-

The heavy lines between the coils represent an iron |

dore. The iron core is simply a piece of iron
around which the coils are wrapped. An arrow -
running through the coils of 'a transformer or <

through a resistor meens the transformer or resistor]

"is variable.

v

Label ‘the symbols bdelow.




. 1?. Label the symbols below as coil;, transformers,
resistors, variable resistors, or variable trans-
formers. o

v v

11, Draw the symbols for these psrts.

‘a, Iron-core i 5. Variadle ru,ioto:;.~
transformer

v v
o]
e TE

i
o G R RSy o2 S e TSRS




11,16
1sn 2; p. 42.°

12,

Perhaps some explanation of the term variable

resistor should be given. _The term variable simply §

means the resistance of a resistSr can be varied. |
. The rheostat is a good example of a variable
“resistor. ) '

' Variable resistor

rheostat-~ the potentiometer. The main difference
between the symbols is the number of terminals
(shown as dots) which lead from each onej The
rheostat will have two agd the potentibmé\ter will
have three dots in the symbol. ) N

./,_‘_4\ d

Potentiometer symbol.

Draw the uyﬁoh for the parts illustrated below.

Air-core transformer

-

Iron-core transformer

.
¢ .
.

- ﬁéliltor

‘An arrow througl: a resistor symbol or a
transformer symbol indicates that it is a
resistor or transformer.




13. Now, some symbols ‘that wse — and- "‘
shapes. The simplest is the ninglo cell,

' ‘rho battery is merely a combination of cells; so
the symbol for.a battery is a series of cell
nyi»oh pnt together as showm below., —

kY

' < a.‘v'
""M""I'l'j‘

- . ’
»

A &ctiﬁ.&r 1.. & device that changn altomttng
current to direct current. Below are two symbols
, ;for the rectifier. . Bithor of these symbols uy be

.ﬂ ~off

-y -

mt Jo these cynboh upunnt?*

-3 -

ey Lo
bt

“ N
. .
D. E..
= — .
s

-
.

Uttng‘ the ih'npu -% and |-— * ", .draw the
ny-bolc for thou parts. ’ .o

a, ccu~ \ b. Battoty g

¢. Rect ifier




md,_ -

" These thtee .{e'cngcci:ou.

/).S Here ire some -orc cyiaolc using the shapes %

i

' , vﬁx an ‘arrow through it means
riable capacitor.

v -

ArarE-

.ERI

g

e




s .
A ¢ /
o . CAPAC ‘ ”
. . Fo CAPACTTOR When the cyuhol. above are used, you will nluauy\
G. RECTIFIER
: . see the symbol for an electromagnet uud with
R them-- indicating a‘relay.
X ~ . - .,
— '&Ss:ﬁ 1—- .
° ~ Y @
Eléctr&mgqet . Relay,
s
! <
pr
-
[y & (A)
" b. Draw the symbol for thé following: e
- N > "
N 1) Battei 2 c. acitbr
- i ‘ (1) Leety U (2) cap (
:. . ’
. - ‘ Vi v e C ) -
S > - I
. » o - < — . O
(3) Contacts T (4) Electromagnet
* \ _ . .
> \\‘, N
,: ' .
5 -
' , (5) Relay_
Ry




N

CONTACTS
.VARIABLE
CAPACITOR
CONTACTS
ELECTRO-
MAGNER,
‘RELAY

1
—MIM?w

(2)
1

Now, let's look -at some symbols using the O
shape.:; These should be no problem to
remember. .Look fdr the ,lejt:er within the~gircle.

Below are ee;reral symbols; they are aelf-.e;cplanet:ory

’ ~ '@- Ammeter

N ‘@ Voltmeter
@ Ohmmeter @
-@- Mot:or
Generator

Milliemmet:er

) @

As you can see, the letter {s "the identifying marlg
The symbol for the lamp is the exception,

O @ D e

Motors and genei"et:grs have some varietiqns.

Ao @

. Mot:or symbols, - Generator ,symbols.

Draw the symbol for the follohing'

a. Ohmmeter .

Mill ivolt:met:ef

~.

b. Ammet:er




’ ¢ r ~
‘ . e -~ ¢ C ' o
. 1. Voltmeter |
; ‘ :
a & . .
2. Relly -
, s
[ '3. c‘ll .
i 4
] " 4. Resistor
- 04 1 ' s — : . N . - ‘
) . . . — . , . s ™ g
: B~ —A , . 5. Electromagnat
¢ LN C < ‘\ ‘
’ . | T'l(_ . 6. Rectifier
§ G. 50350y - 7. Capacitor 5‘;5 R ¥
- ' - . z . ’ ‘ﬁ\k{\ &
F ? . ’ " , | N
< * 8. Battery
Y ﬂ ___5 : . I .
R 9. Contacts
[3 . ‘e .
- ] 10. Rheostat
N '. . ' (G . \ . I )I I I . . . ‘
S I & 'MT’i'f‘i 11. Ironecore
f B ’ ' i transformer -
) 12. Air-core
, , . transformer
- d . ) =AW~ T
c - ' 13. Asmater




-, .
—~ 7 ]
. ' - -’T. * ¢
\\ ! . ’
v ‘ ol
- \ A, 12 _ 19. Let's study switches next. Since an electrical
) \ B. 5 . . circuit {s a pathway for current to flow through, a
' c. 8 « - | break in this pathway would stop current flow. B
: \ p. 1 - Switches are simply ways to break this .pathway or
. \ B. ™9 _»  to control the flow of current, '
ot :' 1{ v Below are some gymbols for switches.., . _,
. . . » Y
. B % 1* * snex-pox, — ' -
. 1. . 3 SMLE-THRW ‘i,_‘i. _ . ~—Co—
J. 13 : . SWITCH M
* "K. 2 . - .
Lo -\
M. o0 SINGLE-POLE,
» DOUBLE-THROW
SWITCH
. . .’ DOUBLE- POLE,
s SINGLE-THROW
. : . SWITCH.
: S DOUBLE- POLE,
: , . DOUBLE- THROW R
| © ¢« SWITCH ‘
To remember these switches, think of the pumber of
. poles as the m'qber of vireo coming to either side
, of the switch. Tha throws ‘can be €hought of a# the:
' number of on politiono. ,@' .
. Exaqlp: ‘ g .
o7 ‘\ SINGLE-POLE, SINGLE- THROW SINGLE-POLE, DOUBLE - THROW
) ’ ) : ) . —°~L O i
9 ! v i . . E 4 )
; ——  Or e —T0 O
. . | > .
: o
% ot 1 ¥ 4 . . \
R . ONF WIRE, ONE ON POSITION | ONE .wmz, TWO ON POSITIONS 8
N ° - " 3 - ’
’ ‘, | ] e ~ J : hd Il i 2
7 v -
’ a. The mnber of wires coming to uch side of a™
. » ~double~pole pvitch is .
) b. The number of on positions a, double-poTo sin.gle- o
‘ ) " " throw switch has is - ’
T, ' ‘. €. .The number of on positions a double-pole double-§
) thrav switch has s ° ,
11,16 .
1sn 2; p, 48 -




oSl 3: 2
>‘~

From the ducrtptim bolov; name the switch and
draw the symbol for f{t, R .

EXAMPLE: Has one vire connected to each side of the
switch and has one ;g, ,position. .. '

b

BT

shore,

single-pole, —{o—-
sin_glo-throv _
NAME SYMBOL

" Has one wire connected to each side of the
switch and has two okt positions.

’ N

b. Has two wires connected to each side of the
‘switch and has one on position.

<

-

c. Has two vires connected to each.side 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. Bm:h,«~
of these are safety dcvi.cu_. A circuit bresker ' =
« amounts to nothing more °then a fuse that can be
* reset, .

Below are the fuse and circui.t breaker and the
symbol for each.

.JUSE N m

5 A
» e
=
S..A

" Both of these devices protcct the circuit by
breaking the pathway for current flow.
‘Label these symbols.

-—? [ S
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22. The ground symbol is the most often used lynbol in
electrical diagrams. This is the symbol for ground.

-

——
-

-

In an ai:‘-ernft, as in your cnr,° 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 lock at a grounded
circuit, °

[ "~ SWITCH :
< POWER SOURCE

f’r‘f BATTERY ~

= FRAME =

L : J

In the circuit above, current flows from the
2 battery, through the switch, to the motor, and .then |
to ground. Since both the battery and the motor arel
grounded to the frame, there 13 a complete circuit.

Make the circuit below a complete circuit by
putting in the ground -yd:oll.

NI

T I

The oily thing shown 1u an electrical diagram is
the ground symbol, 'rhe ground (frame) is nn\nnd

to be there..

<

P

Place a ground symbol vhorﬂer 1t 1s needed in the
dugtu below, ) .

56




Coumnection oydola represent gminnt connections
such as soldered connections connections to
terminals (screws and lugs). Below are soms -
counection symbols you may see.

T

>You will notice that each of the {llustrations above
has dots at the {ntersection of the lines. The

dot is the actual connsction of the wires. .
Shown below are syabols known as "no connection."
In other words, these ulmtutiou merely show
wires that cross each other but an not connacted,

"\ —-’-. -+— MIC! NO DO!

Label the oylbolo below as "conncction" or "no

/

+ 7 A

A. B.

——————
»
.. o
" .
»
°
————

[

D. E. r.

R ——
B

*

25. Draw the symbol for each of these éoqmntc.

o /_&

c. Singlespole,
_single-throw ~
switch




) Below are two more symbols for connections.. These'
e, °  gymbols represent connections which are frequently
. connected or disconnected. The first is called the

connector (camon plug). .

Looking at the symbol for the connector, you can
easily see its use. The connector is used for
multivire ‘installations. The letters identify
the wires. ~ 2 N ¢

+ \\ The next symbol Tepresents the disconnect.
e. * - v
—>>

1
oOwr

AS

-

p Again,the symbol shows how it il uud. \
. . disconnect is. for single-wire installations.) You
have probably seen this type on your car.

Label the symbols below.
' —_>




The lnt two symbols are the spark plug, as used

in your car, énd the spark igniter, as used in a jet
engine. Pirst the spark plug. This symbol is
composed of the ground symbol and two atrows facing
esach othor. Below is the spark plug symbol,

—>é-“l

AsTyou can see below, the spark igniter uses the

ground symbol also,but it has '3 circlo and cross in -’

place of the. two arrows.

> |

Label the symbols below.

¥ o
= """ -} b..SPARK PLUG
:‘ “ Ce S?m :

<
=AM
e

g
’
.

B
Tyt
o+

11,16

" You have seen a lot of symbols separately, Now,

let's put them in a schematic and sée if you éan -
identify them.

,

"Label the mumbered symbols in the schematic below. -

* ot

<5,

k
4 ‘5&
;
-
LY
.
g

19

5,




SPARKX PLUG
CAPACITOR

IRON-CORE
TRANSFORMER
GROUND
MOTOR
BATTERY
AMMETER

Generator

g. Resistor

¥

%

h. Disconnect

-
°

i. Spark glug
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Label each symhiol- shown below. .
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. _ FUNDAMENTALS OF ELEGTRICITY .
L - ) LESSON 2, PART B x o
£ ) . ELECTRICAL SYMBOLS :
¥ i ‘ 7 SELP-TEST .} *
" \— 1. Match the w.of each component vith 1its respective oylto}. by
o < placing the number before the ccqomnt in the box beside {its .
. ) respective symbol. . :
~ W
= o
\
2. .~"' so ] - ro‘ 14 f' .uo
A 1. F @-} [
: s sl
v R Ve AAAA— =
;‘.-i,f,;f . - * < " .
% . 1. Ground ) ) . 15. Disconnect .
"2, Lamp .2 16, Single=-pole, tiugh—throv u‘dtch
3. Connection 17. Single-pole,double-throw switch
4. Mo connection - "18. Push-pull circuit breaker - -
5. Cell ) 19.-‘Capacitor . , Co
6. Battery '20, Air-core transformer -
7. Puse T 21. Iron-core transformer’ it
. 8. Genetator . , 22. Relay. -
9. Motor /' . 23, Rectifier
10. Ruiotor . 24, Spark igmitor
"11. Rhcootat , . 25. Spark plug
12, Voltmeter ~ - : 726, Connector (camnon plug)
13, Asmster . ' . T o
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Which statemsnt describes: s schematic dugn-? -
—-\ Al » * .
B Parts are tnutrltcd with pictures and arg- arranged .
) by’ thci.r phﬁtcal locat*on. . A
‘b.o Parts are illustrated with pietures and are arranged - §
in the order in wh:lch they: rocoiﬂ ohctucal‘pmr. _ 3. .
L . .
. - Parts are upmcntcd by tyﬁolr and are arranged fn o s
‘the ordor in vhg;h they recaive .cloctricu power. .o .
. x
« °
;,??37! t\clévux" L i ~"{' +
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LESSON 2, PART B
EI}.‘ECTRICAL SYMBOLS-SELF TEST ANSWERS
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1.

.Solve series=circuit proﬂféms for the fqlloding:

’
.

‘ -
LESSON 3

PART A

SERIES CIRCUITS S

h a . .
— OBJECTIVES . N .

3

From a 1ist of statements pertaining to electri ;locircuita,
select the statement that correctly describes an electrical
circuit. '

ST

"From a list of statements pertaining to electrical circuits,
select the statements that correctly describe a geries

circnit. o

a, Current .

b. Voltage drop acros: an individual component
c. Resistance of an individual component’

d; Total resistance - ‘

e. “Total voltage . . . ) .

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

4 %

Given a list of ltatemenés concerning'the.ohuneter, ammeter,
and voltmeter, match each statement with the meter:to which
it appMes, ., i A '
From a list of statements pertaining to circuits, select the
atatemedks that apply to a short circuit,

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

“ i
««gj -




SO Y S [ o _ s
. " * - . DE R / &
: eI . @ . -~
1, Ther® Are three configurations (types) of circuits '} R
\ used_ in electri®al work, If you were building a .
. - com;:lex electrical device,rhow' many different types . ’
k of electrlca’l -circduits could you possibly use® B
8 e v
\ ° A, .-
. THREE 2, One of the three.types of circuits is the series ' -
. s ' ¢ircuit, 'In electrical work, oite type of circuit - .
- w " you can use is the eircuit,
.;;. :E’ . k - . ’
:1:. B - ~.§ - \ - ) . &, ;‘
o SERIES ' 3. Electric current must have a means of getting from .
F 1 its source {to the point where it is to be used and ¥
o ® back again. This is accomplished with'a cireuit, !
X ‘ A circuit provides a continuous 8lectrical pathway
g::'fs ) 3 - ) . i for . - - e ’ ¢
o . CURRENT- ) 4. The illustration below represents a ¢ircuit because o
: it.has a continuous pathway for curremt to flow
- . . from the source, through the ught bulb and back
L N to the source. .
',::."%M ’ * ' i ‘ ‘ . : - '
o ’ ) % .
: AN
& f
|
- - . - A
X * -1
:;:; ) . 8
) . e, R v »N ,
S (9 A . . y 4
If the wire between points A and B is dj..conncctcd
" will the light contimc to burn?
’ . . ( 4 N
- A
L™ - ) )
: {'jﬁ‘g’s&@” §t:§éu i f& & ::._. ‘.,: g r.‘;‘?**@f&r}w ;i o i ! ) :“L;-::\




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

J [

1.

*
'

6. A series circui} has only one cont {nuous pach\;ay

A
thfough which turrent may flow.. Other types of
circuits have more than one pathway. A circuit
i ¥ 0 that has ‘only one path.for current is known 18 &
SR . . . ,  circuit, . '
- [ 3
2 . A o
— . — i
ERIES “¢ .| .7. A series circuit ia a ci? eyit having only one
’ - pathway for current, -
%‘f a8 ,J' e ! o. ‘
Y S SR
(e, ‘————’V\/V‘—"—' .
p . I Y o -,
- PO . -
EY e o e 4 —— .
oo N S . T .
C " o
P i . ' P
;o VW .
st . ' A "
. . . N e N
S t - * . *
* ikl . < ’

Circle the letter below the illustratfon cum
repreuntl a series cireuit,. ° '

-

92Tl il 2

r



Wyl a)
r ‘/ L
. i 4
8. Select the correct- answer. .
- A series circuit has
) a. at least two paths for current. .
' b. any mmb:r of continuous electrical
pathways for current, . : .
%‘f;g,‘. only one path for turrent.. v .
. L - ' : e ’ ‘
c. ) 9. 1In a series circuit, there is only one path for
current; therefore, current is the same any place
/ - in the circuit. Curremt at any point. in a series
i circuit will be : : b .
& ® :
f;‘ THE SAME 10; Current in a.series circuit is constant throughout. ,
i ‘ (CONSTANT) Current {s the movement of electroms.
2’3 L0 .
AR GPPOO00
7
- 10,000 ELECTRONS
ENTER HERE ,
. . .§
R , * ) 5 e
I;,;t were possible to count the electrons in a b
series circuit, the same number of >lectrons would )
be flowing across any point in the circuit. . .7
- How many ‘eléctrons would leave the positive side of i
the circuit {llustrated above? :
‘a. 10,000, ‘ ‘
; b. Less than 10,000. '
€. More than 10,000. .
d.
. -
#‘}0 . .. h ’\ P - 0 v :
;g?"s - . . o
%’% ; ey ws . . 5
;4"-‘3 3 . N o - , 'r
T . .
?}f’ A ) ' ) ¢ R ‘ he B
?ﬁ ) i
:“;“ - - ey




0

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

. current in any other part of the same circuit
(It - Il - Iz - I3 XXX )a

NOTE: GO TO PAGE 39% UNFOLD THE FOLDOUT SHEET,
READ," AND KEEP OPEN FOR REPERENCE,

©
. )
.
\éfyf ANV -
R s
|
.
. Y
nha
—_—
. N— ) -
-1 P
L3
.
g R:Z )
R 7 b "AAA
.
: . . . )
< ‘

What will tha current be across R; and R, in the
circuit above?

¢
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12, -Select the correct answer.
.. An electrical circuit is a -
° ﬁﬁ}« o X s
%,gw . - ' 2. continuous electrical’pathway for voltage - ’
Y ., ] ficvﬂ . . -
L ‘b, minimum of two ﬁach\uyl for curremt. .
e . g Co con;ctnmgl electrical pathway for current. -
: Splict the two correct answers. e '
) A series ci,rcui‘.c /hu . ¢
‘ ) ‘ a. only one pathway for current, .\ 7
I3 . L. ."‘ . . - ‘«“‘ﬂj’
e b. wmore than one pathway for current, £
T : ' - ’ . ‘ﬁz
o " ‘. .current that will vary throughout the
A circuit,
“ d. - constant current throughout the circuit,
- B s — N ‘ \\ y -
a S 14, Ina series circuit, there is only one path for o
: > current, and the current is constant. The ciitrent 2
d. =~ | will floy from the negative side of the power. . L
>~ - . source, through the: circuit, and dack to the e !
positive side of the power source. The amount of. ;
- ‘ current is measured with an asmeter. An smmeter
‘ indicatés amperes, - ’ t :
@A)
a.- Drav arrows in gl;c 11luatedtion above to B
. 1indicate the direction of currémt, .
b. What type of ‘méter As, repfqa’c“ﬁ‘éid by items A s "ﬁ
and B in the"illustration above? . ~
‘ . ' K § ’ 1 4
R
\
o
: 5k . <
ZFRICq: , -
4};,';: o ' f

e
e b, P
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11,16

% lsn 3;p. 8

Provided

15.

C\n‘t.nt cen be measurad bv an ammetsr, or it can be
datermined mathematically by using Ohm's law, The
formule for Ohm's law is illustrated in the m:xgic

cirele,

The letters in the magic circle represent specific
factors: E = voltage, I = curremt, and R = resiu-
tance. To use the magic circle, simply cover the
unknown factor with your finger and you can ses
vhat you need to do to find th& unkncwn, Exampla:
To find current, cover the I, a , and you
can gee that you divide X by R. rwp
" One way of determining current @,
in a series circuit is Dy using the total values.
The totel voltage (source voltage) divided by the
total resiatance will give you currant, Complate,
thé steps belov and geternine the current,

Ry
(3

rmn

Step 1

Step 2 ‘
= |
l------~-‘—‘---~—----_~§ ‘}
A _, ~ .
o . . . S
1 . - : { ‘
: . 3 X . |
-4V ) 24N ! |
<> N |
> i |
. \ ] » |
. . . \\ i :

‘——-Mf\lw-———‘ o -

LY WU - ; o

S Step 3 26 + 12 = I )
I = amps. .

r—————

A



‘Current i.n a series “efrcuit can be found when total
AR . values are not.known. When the amount of voltage
i E - drop across_ an individual component is known and the , .
By s i I “resistante of that component is known, we can divide
3”§~5 o0 F : " the voltage drop by the resistance and find the O v |
y{g . . 5 current. Remember, this value will be for the |
PEEIGAN - .
«‘:ggg : @ entire circuit,because current is constant. .
S0 : " In the ulustration below, you.will notice there are
i . . : no.total values given; however, the voltage drop ‘
‘ o \ across Ry and-the resistance of R are given, ) T
B Using these values, we can find cuttent.
) Complete the steps below. \ :
: g
Step 1 ’ ~
N
s Yoo
O -
La . :
Step 3 1244 = 1
R
S §
L L
s ¥
S . E
2 f‘;ti‘-g ,,:‘g‘.f) . ”é
3%-[ lC e L 3
€¢\ ‘ff%’ ﬁ’-* 3 31‘?%“ b e B
nw&« ?m. 240 rw 4}% »es’ﬁg é;&g. ’Sﬁv\; o - el "q'?ff}. ‘} 1 - _:\’;{::
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b,

d.

Ce.

N 0w

18, Yot previously found current by dividin; the voltage !
dyop across a _component by“the resistance of that
Eqvon_ont. Now, let's see how this voltage drop is
found, To find the voltage, dfop across an individ-
ual component, multiply the: resistance of ‘that com-
ponent by the curremt through it.

Follow the steps in the illustration below and find

E (voltage drop across resistance number two).
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19, Using thjo information in the

ol

2

X

R

:6\ X
s

P

Lkt
e
54,

o
R
Wy

3

23ateh

LOgXEety
e
(g

s k3

.

{52
'}f:m
P

7

5%

5
s

s

A"

Ly
R
S

<

s

{3

af
i

3
b

Vi

¥
s

T

A
5
e

&

”
pe A
s

)

o

R

2he
P
w

FIATEL]

2

%

b
!

”‘5\‘%%:%‘;?”# %3

SR

Wi S5
G Py

¢f

%A‘:

S

24

Ty

e
/A
S

7R

29, L obars
Pk

R
3

'ilj.unt_nti?ﬂ below, complete the . '
.steps and ‘find-E; (the voltage o
_drop across resistance mumber one), -
Ay . ~ e
Coy Step 1 N
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21.

— . .
résistédnce of a component. To find this resistarce,

#ind the resistance of R;.

Now that. you kndéw how to ‘find a voltage. drop -across i'

a component, let's use this voltage drop to find the

divide the voltage drop across-the component by the
current through ie¢.’ .

. £ - Ly

Féllow the steps in the illustration below, and

Step 1

Step 2

. 12 -
-.—n-vw"w——-—n
- Step 3
'L »

-~

i

/4
b




23, Solve for the tec_ist:ancy R. ..
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25. . After determining the resistance of the individual
components,; it is a simple task to find Ythe total

. resistance of a series circuit.
resistance states: The total rzt

L4

series circuit {s equal td the

‘ {ndividual resistances o; the ci

(Rg =Ry + Ry + Ry oone
& go‘lote the following txaqio.

’ E <t Sﬂv -
° ) A'A"'A'A' “‘ -
§ Rl ’
- R
g 2
» ' ‘ : R3-
‘v%_

A A A AAY

JRLT

The law bf
tance of a ’

%:
reuit

of. the

)Rz = 10 ohms

100

/
/
’

R3 = 15 ohms

—._ ohms

A%
fR]

R SN

S, e .y
ek

R ]
N
i Gda s

i
S

5

Find the total resistance (Rt)‘ of the following

edreuits,
4if

|

»

D
Ll

26, fotii resistance (Ry) of a series circuit is
by the individual resistances.
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Previously, you added 1ndividua1 resistances to r‘nd
the total resistance of a series circuit; hevever,
this is not the only way it can be found. When
total voltage and current are kmown, we .can divide
total voltage (E,)eby current to defermine total
resistance (R.). Complete the following example.
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Complete the steaps and find the total ‘eaiutancn
(Re).

T Step 1‘

- }
. - oarw miw -




S
LI

AS

St
7 £y
ST

z

0

T
o)
%

ey

.
X7
P

3 A

3 3;::}“

~ N

oy
R0

43

he u

‘30, Solve for t

gn

‘g.

\,{e,v,,..m,ﬂ.,_‘
PR,
e

:‘f; <

%54 3455
3

e

7 ﬁ{m’“ﬁfmww"
BT
DR

X
v

e

4

it

RN

7

P SRS

S R A
DS eﬁ?&




R

P

ey,

W -

R TORT p ne

o

ﬁe . ‘ < : »
»> . !
a., 4 OHMS 31, Byﬁﬁow,you shouild have a good understanding of how
-t . - to fifd resistance in a series circuit, K A little :
b, 12 oHMS_ ;.-review of'current i3 in order at this point. -
% l
~fe. 8ouMs l
It the magic circle, it looks like this:
Solve for current in the circuit below.
- ) .
“» : 3 s v
I = 4 AMPS. 32, In ordeA to work with series circuits, you must
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know how|to determine total voltage.

You can
determine total voltage (E;) by multiplying curreant

. by total resistance (R.).

Complete the example below.
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- 33 .,%jtng the information in the 11ldstration below,
: - complate the steps and determine the total voltage

‘”*j(xt).

A= : Step 1 .
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_°  individual dompanent by multiplying the resistance

35. Previously, you found the voltage diop of an

of the component by the curreat through it.

The law of voltage#states:. The total voltage of a
series circuit is equal to the sum of the {ndividual
voltage drops of the circuit (By = Ey + E3 + E3....).

' This total voltage is equal to the source voltage.

Complete the example below. -

: AE, = 9V
4 = 6V :
y ‘ = 9V |
AN ° = " volts
. - o, F
; " 7 % . . M ! g - K
{E, = 24 VOLTS {36. Find each, individual voltage drop and the total ag

voltage in the circuit below.

‘ 1
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‘E, = 18 VOLTS 37. 'In a series circuit, the 'sum of the individual

i ' voltage drops is total voltagﬁ (E ). The total
Ey = 12'VOLTS voltage (E.) is equal to the source voltage., It
' .should be underctood that the sourcejvoltage and
E3 = 6 VOLTS _the total voltage in a series circuit have the
“same value. Source Vvoltage is the voltage of the
E. = 36 VOLTS . batter¥ or othe? fource potential; total voltage is

the sum of the voltage drops ‘in the cireuit and
equals the value of the source.

'“““‘M“*;'gifx...m‘f” RN SRS - - R
- . Corup).ete the example below.

Ey = « volts

Ep = “  volts
o - _ VoM
+ Eg = ___volts
) | %&gurce -
J\ZIJAL voltage = volts

E; = 16 VOLTS | 38. Solve for ‘unknowns in the. circuits below.

-
Ly

"Ey = 8 VOLTS a. 2N
‘Wﬂn‘l .
24 LTS .
E, = VOLT. Ry | - °
’%w. T 1' L
SOURCE VOLTAGE - R3% 14~ .
= 24 VOLTS . + Z:F | Eg = volts
° R - -
@B—wv—.
T A ‘
"~ . J b. - ' - -
S B
% .
) . Ry | E, = volts
3 >
: - R,
. : + 2:»
S R . ’
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b. 28 VOLTS
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39,

o -
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 a certain amount of
source voltage to be'uséd because there is
resistance to.current within it. This is volfage
«drop. Source voltage will be expended by moving
the current through the circuit., -

In moving current through ‘a series circuit, the
. Sburce voltage will be completely . - , . .

§ EXPENDED
(USED UP)

-

} AL

le“lo‘l-ﬁé._.___ -
1sn 3; p. 22
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' 40.

.

Source voltage will be totally expended while
moving current through a series c1rcuit but only
‘a portion of the source voltage will be expended
moving current through each component, as shown in

the illustration below.
> -

2. What is the total amount of voltage expended by
moving current through Ry and R2 above? )
— valts

- ~
L]

b, What is the source voltage .of the circuit
above?
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4l. 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
ownsghagg‘qomn: is known as the voltage drop across
that individual component. The voltage expended
4t a component is known as :

A
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42, Voltage drop, resistance of a ‘component, and curreit
through a component can all be used in the formala
for'Ohm's law, .You can find the voltage drop of a
component by multiplying its resistance by the
current through it, FPind the voltage drop (Ey) in
the eircuit below, '
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43. To find the resistance of a component, divide its
A=  voltage 'df¥ép by the current through i{t., Find the
3 resistance of R; in the circuit below,
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Label the statements, below true or false,
. W-‘ v .

#

* -
a. ALl of ‘the source voltage will be
qexpended by moving currenﬁdthrough
7 g circuit. “

/

b; All of the source volt:age will be
sﬁexpended across each res e in
“ & circuit having three resiacancétvm
c. Total voltage is equal to the source
voltage,

Source voltage and total voitage are
not equal. . 3

€. -Only a portion of source voltage will
be expended by moving' current through
the circuit, . ) —_
. . s . 1)
f. Voltage dtop .is the amount of@voltage
expended by moving current through a
Xesistance. = - \ :




NOTE: THE CORRECT ANSWERS FOR THE REMAINDER OF THIS PROGRAM ARE
. FOUND ON PAGE 33. :

—_—

\

If you work arqund electrical circuits, you will be using various
meters. Yow need to know how to connect these meters in a circuit
and know whét each meter measures after it is connected. A voltas.
meter is connected parallel with a gircuit. A voltmeter is used
to measure the potential difference between two points. This
potential difference is the voltage d:op across a resistance,

iile

J

: Using the iﬂforﬁ;tfon and the illustration above, answer these
questions,

)

a. The potential difference (voltage drop) is measured in .
"b. A voltheter is connected with a circuit. .
c. If 6 volts are available at point A, how many volts would be -
available at point B? ,
.. d. A voltmeter measures the p d between two
points.

-

46. -An ammeter is connected in series inh a circuit and measures the
curreht in the circuit. All current in a series circuit must 80
. through the ammeter, e [ e

4., Current is meas¥tired fn ? ° o, *
b, An ammeter is connected in ° in a circuit,

€. An ammeter measures the . in a circuit,

11, 16 . ) ]
-1sn 3; p. 25 '




An ohmmeter is e meter used to measure the resistance between any
two points, The ohmmeter has its own power source and is. connected

in series with thecomponent to be measured. Since the ohmmeter has § ' .
its own power source, the circuit ‘power nmust be off while testing §- /.
a ‘circuit with an ohmmeter. Failure to turn off circuit power

could result in damage to the ohmmeter. . :

Ohmmeter in series with .the .

component to he checked. Currendd Y
flows from the ohmmeter through §

the part of the circuit to be
checked and back to the 4
ohmmeter. The chmmetar is
measuring the resistance
between point A and point B, T

Using the information abox;e; angwer these questions,

[y

a. An ohmmeter measures the between two points,
b. An ohmmeter is connected in with the circuit teo be
Vv measured. ; -
¢. An ohmmeter has its own source, - )
d. What must be off when testing a circuit with an
ohmmeter? : '

a., The voltmeter above is indicating the potential difference .
between what two points? E
b. The voltmeter above shows a vol.tage drop of 1 volt across
the number bulb.
c., How ia a voltmeter connected with a circuit?
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In the 1llustration above, curt"e.e is being measired with an

o ® -

, The current in ‘the circuit sbove i# amps.
c. An ammeter is connected in ‘o in & circuit, -

L)
o\

IR R

e,
25

- . \

. 8. The ohmmeter above is uuuring the resistance between'what
two points?

b." What must be done
~ vwith an ohmmeter?
c. An chmmeter has its own source,
d.  An ohmmeter is comnected in vith the circuit to

" be measured, ‘
e. What two meters are connected in series?

=
w

with circuit power vheyiftuting a circuit

P

11,16
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Match each metér in colimm’ A with the statemént(s) in colum B, _
Place the letter beside the meter in the blank beside the
appropriate statement, A statement may apply to more than .

one meter, .

% [

A B )
a, Ammeter 1. Measureas potentia'l difference
b, Ohmmetar between two points,

¢, Voltmeter 2

: < 3. Comected in serfes.

4, Circuit power must be off when
using. '

5. Has 1its, own power source,

6. Measures resiatance betweean two
points,

7. Measures current, .

. Connected in parallel.,
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52. A circuit condition frequently encountefed around electrical
equipment is a short.circuit. A short circuit occurs vhen
current takes a-path short of its intended circuit, ,

Illustrated below are two examples of a ghc;rt circuit o

e
CYin

%

o

H
9

v - re
g Improper wiring. . Bare wires touching, <
i Ohn's law states that vwhen resistance decréases, current increases.

A " In a short circuit, the current takes the path of least resistance;

=. " therefore, a short circuit will result {n greater than normal

f;‘ current. Fuses and circuit breakers are examples of safety devices

= to protect against short circuits, . =

& . e )
5 Using the previous information, answer the following.

d a., Which of the circuita below indicates current taking a path

' of least resistance because of- short circuits? ’

: . v L.-.:.“ .__.‘J : °

) + Which of the following circuits illustrates the current taking .

{ ° a path short of its intended circuit?

) _ (2) N
I 3 =

N '
N1

=

3

Tgh

c. Which of the following circuits will have the greater amount
of current? .

(1) (2)

v
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\ "3, Complete the following. .
\ . b
.8, Ina lhort circuit the current will take the path of |

least ° . -
b, In a short Fs<:i.r:<:nit the ‘current will take a path short of 5

Uy its : circuit, .
- c. In a short circuit, the _current will be — than
. normal. * ;
| - : - :

L U e oy

S4. /Salect the ltatementl that apply to a short circnit.

a. Current will take a pat’h short of its intended circuit.
b.. Tt—4¥ a form of an.open circuit. \
. F* It results in greater than normal current.
. . d! Current will take the path of greatest resistance. S
3 ’ : .

P . -

3

Ay

55. ‘A grounded circuit is a circuit that uses something other than a

wire as part of the circuit. We can form a grounded ¢ircuit by -
~ using the fuselage of an aircraft as one,part or ome path of the

circuit. One side 6f the power source would be connected to the
fuselage while the other side would be connected to the equipment
to be operated. The equipment would also’be connected to“the -
fuselage.; The cutrent path will be from the power source via a
wire conductor to the equipment and back to the source via the

¢ metal frameyork (ground). The metal framework acts as a

conductor,

A-.'._._.______,____'.'C

- 2

In the {llustration above the path formed by ground {8 from

points i .
a. A to B. ' V .
b. B to C. . ‘

c. C toA.
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The last citcdic condition is the vpen g:ircuit. An ofien circuit
is an opening or break in-an electrical circuit, ;

(1) _ :
=N I ["‘SW!TCH OPEN | ' T SW'TCﬁgCS'L;QSED
A : +
l . . N T l o
. ‘ * KRS ce
j ' '.a. which of the illustrations abov'e shiows an opejf circuit?

The open circuit cen be intentional such as ix the case, of

. . the light switch above, or it can be unintentio 1 vbwlggn
. y vire in a circuit is an-unintentional open. ¢ireu nwgml

- the broken end does not touch another conductof., An open_in_

& series circuit will affect the entire circuit, since there“ -

is only one path for current, .

'3

- . .
b, Which circuit above.contains an open circuit?

rl

——————————

v
—

57. Using the previous informtion, complete the following.
8. An opening or break in an electrical circuit 4‘!.c an example
of an eireuit. R '
\ . b, An open circuit created by oming a switch 1is an example of
what type of open circuit?

¢, An open circuit created by a broken wire il an example of
what t:ype of open circuit? 5

AS

b e, What cfrcu:.t arrangement is involved when an open circuit

i 4ffects all the branches?
e e o e T e ‘";;:"r’--w——~

L} ¢ . - v

. L .
11,16
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d. An open in a series circuit will affect the circ?x”ftf )
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. 59. Select the statements that apply to an open circuit. -
2 - N B = Y
- ¢ , [ 2 - .- . ¢ o
o a. Tt will affect the entire series circuit, . v E
ot b. It wil¥ affect all the branehes in a series circuit.
R .a G+ It will not affect the entire sexies circuit, BN
. . d. Current will take a path short of its intended circuits :
) e. It is a form of ‘short c1rcu1t. . . - .
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b. PARALLEL ¢ : b. (2)
c. &4 VOLTS c. (2)
d. 'POTENTIAL DIFFERENCE :

53. a. RESISTANCE

b. SERIES : " . GREATER :
o
47. a. RESISTANCE
. b. SERIES .
#*c.’ POWER
d. 'CIRCUIT POWER

48. a.. POINTS B AND C ° - Co
b, 2 .56, a. (1)

€. PARALLEL

49, a. AM‘I‘E!; 57. a. OPEN. -,
b..2 b. INTENTIONAL
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1. Ah“eléccrical circuit is a

FUNDAMENTALS ‘op_~ ELECTRICITY
LESSON 3
‘ _ BART A
v SERIES CIRCUITS
SELP-TEST -

n

e

R,

a, éatﬁwayforqu by a conductor between two resistances. e § -
. b. complete elect‘mlo pathway for current, .
¢. .continuous elec‘trical pt:hw;y for voltage. )
2, ‘A series circuit has (select two) ' '
a., two or more paths for cu;'re;xt. .
b. constant voltage throughout the 'circt‘xit:. R :
c.  only gpe pathway for current. : , \
d, ‘coustant: current thx:oughout the circuit. . : R
e. constant reii;,tance throughout the circuit. )
£f.. current that vill v'ary throughout the circuit, -
3" Tolve fot. the unknowhs 1n the probléms below, e - *
‘a. . ‘ RO '
A . :
e A—— ‘ |
oy 1 ) :E . .
12V :: “ Total resistance = ____ - ohms
—@—w_— ) . ) ) g -
.~ T ’ : ' . y

K
-

11,16

, fnfSh 357p. 34




AT %
e D

$h

© AN e
i

%“i‘

e

e

ESRT
Les
S e,

L2

Lo
B
&t

VR RS | R SN NTR T TIATE et ks <
Lo A AR IV R N
.ot B A S

) ,sjﬁﬁq‘rv.;". 3.
@

o

Voltage drop
across Ry =

Q.
ERIC::
Pravmenea e B AN

s IR RN ]
:m»w&i*ﬁ%lﬁ%{dﬁw%;’mé

Pl * A
5 Ao AN v I O P
e 7 S A e e AT




A S A > . .
A SR AT e S - ) ! \

o
s
%

. .

e

-

Total voltage =

11, 16" . o
’15n35.§:’:¥*’ 36 | 169 A - O




i\‘,p‘ T 1:‘ R

4. Which statements below are correct concerning source voltage

- _in a series circuit? . .

i

%
R

S

£

!

i
i M
.'}i
A
]
|
|
;
|
i
|
ol

g 8. All the source voltage will be expended i:oving current
.. through a circuit. '

k!

b STAAN et

‘ -~ . -, "&b, C;ni.y a portion of source voltage will be expended moving
£ _ current through the circuit. ' ) .
1 €. Total voltage is equal ‘to the source voltage,
\ ‘ \,d. Source voltage and total voltage are not equal, - N
o % ’ ) -
: e. All the source voltage will be expended across each v
" resistance in a circuif hwing\three rgsistances.
e 5. Match each meter in column A with the statement(s) in column B.
Place the letter found beside each meter in the blank beside the
. . appropriate statement. A statement may apply to more than one
meter, ’
. N - o
A . B -
- 8. Ammeter 1. Measures potenéial differencef
. ‘ " between two points, h
b. . Ohameter .. .
- c. Voltmetar
= 4. Circuit power must be off .
£y \? » vhen using. . -
; : ' 5. Has its own pover source. &

i tn——
6. Measures resistiance between
- ' * two points. :

7. Measures current.

A




o

6. Which statements apply to a short circuit?

" a, Current will take a path ghort of its intended cireuit,

b, It is a form of aﬁ'open circuit,

¢, It will result in greater than normal current.

A d. Current will.take the path of greatest resistance,

.

e
.

7. Which statements apply to an open circuit? %,
a., It will affect the entire aerieo’éircuit.

b. Current will take a path short of its intended circuit,

c. It is a form of short circuit.

Py T




To be able ¢t 'i:,ilk sbout circuits or solve problems dealing with
. circuits, weljiave to be able to {dentify the various components

and their functions in the circuits. This will be done by using

capital letters and subgcripts, The subscripts will consist of

nunbers or .lowver-case.letters.”

The capital letters will be E (voltage), I (current), and

R (resistance), . ’

"

Any time you see ore of the designations, say the full weaning of
it to yourself, Example: If you ue'the designation E), say to
yourself, voltage drop across resistance number one. This will
get you used to the designations, and you vill learn them a lot
faster, Study 'the examples below, - )

-

Ep = Totqlivoltage of a circuit,

- 'rota"l\ current in-a circuit,

- Tot;l'renistance in a circuit, -

- Vfoltii;e drop .u-:réin resinta_nc; nupber o?iea -
= Voltage drop across resistanée mnbe;' two,

= Resistance of component number one.

°

‘= Resistance of component. number two.
= Current through resistance. number one.

2 = Current through resistance mmber two.

<

' If more than two resistances are in a circuit, the subscript numbers
or letters will be in numerical or alphabetical order.
Examples below, -

- < : »

Bl ’ 32 ’ 33 ’ Bl; s €Qtc,

RI’RZ_’ R3 , R4 , ete,

=

’E.,Bb,!c,gd,etco




E %&‘* SERIES &TRCUITS - SELF TEST ANSWERS
L b ) .
) 2, ¢,d
; 3., . v, 12- s on . ’
) a Ry, [ - 3ohms .
: b. Ry = Rj+ Ry+ Ry =10+7+%8=25 ohms . .
. c. Stepl, RT=R1+.R2+R3.='2'4'-2+2=60hfns R
Step2, I=V =12 =2 amps .
3 ‘ R a ' ‘ ¢
.\‘, ~ T .
g:" . . Q, a‘ - . v
< d. I=V =12 =2 amps
L R 6 : e
Note: Current is the¥same throughout a series circuit. ' \\
/ e, Vo = 1R, = (8)(3) = 24 volts | . . v '
. f, R3=V3=1355_=90hms .. -
T . N ’ ‘ - S P
. = . = l , = ) ‘ - a e
g. ‘V'I‘ Vl + V2 + V3{ 20+ 25 + 15 69 Vol/ts )
. 10 -= + + ) 4 -
h, Step V’I‘ V1 \.’2 V3
Step 2. V) = IR, = (3)(6) = 18 v .
R
;] = = . = b ,
g \’2.' IR2 (3)(2) = 6 ..
ﬁ ) * - V3 = IR3 =(3)(8) = 24
VI =18+ 6 + 24 = 48 volts o .
+ERIC:

2 ke
T
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“FUNDAMENTALS OF ELECTRICITY

LESSON 3

PART B

>

PARALLEL CIRCUITS

AT
S AR

OBJECTIVES

Y

v,

Ze,
£

1. Prom a list of statmnu pertaining to circuitsy
select the statements which apply to paullel
circuits,

2, Solve problm in parallel circuits for the
following: )

a. Total resistance .

b. Resistance of an individual bnnch

c. Total current

d. Current flow of an individual branch

¢, Total voltage . .

[

RS N Y

Given a list of mmbeu, determine the reciprocal
of each.

- 11,16° \
.+ 1sn 3; p. 439




1.

"

Resistances side by side and with, their ends

To»

. connected '{4 - are parallel-conrected, !

o
o

1f the resisziﬁheo in a circuit are so connected,

the circuit is known as a .

circuic,

N
{

PARALLEL

2,

3 . -
The resistances in a parallel circuit are connected
parallel to each other., Each of these resistances
will be a branch, If ve-volt battery, was the
source voltage of a parallel circuit, the voltage
in each branch of that parallel circuit would also
equal twelve volts. The voltage of each branch of
a parallel circuit equals the voltage.

- s
SOURCE

3.

The voltage in each branch of a parallel circuit
will equal source voltage.

AAAAN

A A A A s
l
S

. What is the source voltage in the circuit above?
volts .
S

-



& & PARALLEL CIRCUIT
12v $ (2v) 3 LAW FOR TOTAL
- 2 3 VOLTAGE -
+ B p

| ——ng
} . -
In the illulti‘ltioﬁ above, the source voltage and
+ branch voltages are

®o

(eml/ﬁeml)

?
i
i
i

5. Put the x, 4 +, or = sign in the parentheses to
make the statement correct. :
Since source voltage (total voltage) and branch
voltages are équal, the parallel circuit law for
total voltage is Ep() 21( ) By( ) E3( ), etc.

i

.

R . -
6. The voltage is the saie across each branch of a
parallel circuit, and the voltage of each branch
equals source voltage. \

LR %
.

EE
i

-

’wh;t‘ is the voltage in branch A and what is the
voltage in branch B above?

. .
N . \
Ao ntm— b ] .
* “
- . o M i - ) »
o R
R ——————
- * '

L - , i
] . 26 $ $ °
4V b3 b 3 !
. ) . ‘; ‘; N -
t | ] A

A"




e

A.

* "2 VOLTS

. 26 VoLTS .

What {s the voitage in branch A'?
£ o

What &10 the source voltage? '

.

Nov that you know that all the branch voltages and,
the source voltage are equal 1n a parallel circuit
‘you will £ind that solving for total (source)

. Yoltage is relatively easy. You can determine total
* voltage. (source voltage) in a parallel circuit by-
< applying Ohm's law. If you ‘multiply the current
of a branch by the ﬁnutance of that branch, you ‘
will.determine the s o

i -
N Y

.o T,

4

SOURCE VOLTAGE

By,

[

‘9: Total voltage in a paullel circuit.can be deter-

. OR mined by multiplying the current of a branch by the -
TOTAL VOLTAGE resistance of the same branch. Complete the example
OR below, . - : ' < s
BRANCH VOLTAGE ro-

7 (THEY ARE ALL » .
EQUAL.)
° “ ~ 4
- 11,16 - ]
lsn 3; p. 46 . X
R 178 ‘




/f «<€¥x
§ m Tk

vk

W N R o
- W
3
.
]
i
.
s

Vo
&

Yy,
AR
3
.

w«
Y
B >
v
.

Fy f‘);.g“_f
A
\d

WO
L]
»

’
e
.

!

Using t:he infomtion in the illustration below,
complete t:he st:eps and find total voltage (E.).

~

Step 3 '---

:x Fay

P
kY

N 5

I
e

e
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RERREAT e

- STEP 3 -
= 1 3‘X 4- E&
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- Faxe=g,
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- X

»
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120 VOLTS

aa

12, As you probably have noticed in this program, the
difference between a parallel circuit and a series

.+ » clrcuit is that a parallel circuit has two or more
paths 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.,

b. TWO OR MORE

'é. BRANCH B

—  — gy ' ’
r.[ A . B . c 1 i VYV
« ¥ R Vi 4" Ll | A L
2 B 3 B 2
- -+ . ) " " . "
- | e
. » -L ’_ Q_JL— —— L et b e
. Figure 1 Pigure 2
. ‘ * a, 'Which of the illustrations above shows a
®  parallel circuit?
b. A parallel circuit has . ] or _
“ paths for current. X ‘
c. Which branch of the parallel circuit above
contains-an open? .
a. FIGURE 1 13. . What effect will the open in branch B have on the

light ‘?ulz‘:,m@,bx_'anch A?

LI P

a., The bulb will
‘ burn brighter,

 b.'The bilb will
B get diomer.

'~ Co No effect,”




Ce

/73

14. The reason the open has no effect on the bulb An -

branch A i{s that an open in a’parallel circuit
affects only the or :

in which the open’ occurs,

BRANCH OR
BRANCHES

PN

15, Draw arrows to indicate the path of current flow
in the parallel circuits below.

-

.
. T i .
= ]
f
' - .«

é% ks

16. Since a patrallel circuit has two or more paths for
current flow, the amount of current in each branch
may be different. Tq find the total current (I )

in & parallel cttcutt, add the current of each
btanch

Current
Divide 5A,
\\1l|

PARALLEL CIRCUIT =
. LAV FOR TOTAL -
CURRENT-"

I LIS SRS

1 2 3

W
.

» ‘ & -.‘ g £
) urrent -
- Combine
' To f!hd total current (I ) in‘a" patallel
. citcutt, the .current of a11 the; branchet " :
: o ahould be . & ‘

3’ i . 4 . |

' b.: Find the total cutgent (It3 tn the ctfcuit .h'f‘ . o
o lbovo._ It -, F - amps, .o




. oot e
Ny e
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17.

If current in each individual branch is known,
total current (I,) in a parallel circuit can be
determined by the current of

» the indiv‘idual branches.

L]

;
[ 2
DDING 18. What is the total current for the parallel circuit
below2 I - amps, * - ¢
+
s |
I, = 15 )AMPS, 19, Pind the total éurrent in -g:he circuits below.
a, s
SN "Q Ji
o~
+ .
: . /) 1
* R
It -.
% Ce
’ 1
& R .

L




R

s, It:' 14 AMPS, 20. There may be times when branch cu.rtent is unknowm N

oo in & parallel circuit, Determining branch current
L b. I,= 16 AMPS. is’ a simple application of Ohm's law.  If you
divide the applied voltage by the resistance of.a
c. I,= 25 AMPS, branch, you will determine the branch 4
° o .
* 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
. the current for branch 3 (13).
E I 4
Step 1 ww- R
Step 2 cnm
. . . : ................ Se~o -<. - +
1 - ) =
} R X . .
1 * °
f NP,
Lo .o 3in
. . . ' -+ Ra@ 2 n..---.\ ......
- ' \ 1 ¢ . ‘
.
L)
! N e 3 | ' . ¥ had
. / ,Steg 3 cew —_— I3
i - ° . -
[ . . . I3 - .m!.
’ \\
.~ ' ' -
a . . 1‘ -
°. . r. .
1 s ’ .
.1s E o T Ay
1sn 3; p, 51 N . Co
. . ~ . i A c‘
-~ . "’ . L Q_';
= 183
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' ' \
Using the information in the illustration below

determine the current for branch 2 (12).
P g

Step 1 -—-

LR B R e e e

Step 3 ~ee
Izo\ -

-
-

L 11,16 7
@ 1lsn3; p, 52
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23. PFind 12 in the circuit below.

|
A

. Rag :
100

2

|

»
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N A 4R

" 24, N You have been solving for current in the preceding
‘frames by dividing the applied voltage by the
resistance, Look at the 1illustration below and

study the relatiomsship between current and resis-

tance in each branch,’ .

1
bl g’
¢

You can readily .;ec that as resistance becomes
larger, current becomes smaller., As resistance
decreases, current .

25. Current in uch branch of a parallel circuit

depends on the in that brtnch.
§

RESISTANCE

>

26, Pinding the resistance of a branch in a parallel
circuit is similar to finding current. When you
divide the applied voltage by the curtent of a
branch, you determine the of

that* branch.. _ . -~ - R

7
RESISTANCE

11,16,
lsx;\ 3;.ps 53

27. :In order to determine the resistance of-a branch

. "+ in a parallel circuit, ‘divide the applied voltage
by the current in that branch. Gomplete thé steps
in the example below, ‘and determine the ruistance
" of branch R}. .

Step 1 ~--

T D W e ww W e Baw - w e

e




/

§ STEP 3

iZ + 4 =R

Rziam

: STRP 3 28. From the information given below, complate the
‘ T steps and find R,. :
12°'+ 2 =Ry .
0R3'60
’ Step 1 ---
‘agf -----------------
A
y - P A
i <12y Rl Step 2 cee
RpS R
. C+
Step 3 -« + = R2
] . ~ ) Rz -_ ohms
’ )
STEP-2 - 29. Using the current, voltage, and resistance laws *

‘you have learned thus far, determine the values
for the circuit below.

o4V REZ en ’ F?4 8n
+
| Ry, R3
S - hms e
/ Ry - ohms B, = volts
) = amps. I, = amps.

186 .




K,Rl = 12 OHMS '30. Before we start finding the total resistance of .a
S parallel circuit, her¢ is someth to remembjer.
The total resistance of a parallel circuit will

=4
&»

[ ]
W
Py

a

* e B The total yesistance of the circuit abovg will ﬁbe

S ' T a. 6 ohms.

Lt N R b, 12 ‘ohms. ' >
. ‘s ; ¢. less than 6 ohms, .
d,, more than 6 ohms,

- 3

]

3

. c. 31. Resistances in parallel are like water pipes in

i . parallel. In each case,vhen the total size is

) increased, then the total resistance to current

- - . flow is decre“ed. Two vater pipes of equal size

/ / ~ <+. ' placed side by side carry twice as much water as a
) / = ‘single pipe of the same size; and equal resistances
o copnected side by side pass twice as much current

. as a-single resistance. This greater curremt flow.

! in a parallel circuit indicates. that- total resis~

: ‘ N .tance 1is than that of a single

resistance. °

¢ )
LESS - .32, When you figure the resistance values in a paul‘iei
* | (SMALLER) circuit, you will find that total resistance is

*  alvays smaller than the resistance of the mllnt
\ : ' br‘mho

- .!. ' 4o T
p. Total Tesistance =_ 3 ohms
R24; 6“ ’ ‘

AAN
A A A o

e / " - ' ", . In tht ulmtution xabovc, the total reoiotance is
- ® . ~ ‘than the omllut branch rniotance.

11,16 R , . /-
18n-3; p. 55 . 7

et A




Since you now know that total resistance in a
parallel circuit is less than the resistance of
the smallest branch, 'it is easy to see that you
cannot add indivgdual resistances to find total
Tesistance., Pinding total resistance is another .
application of Chm's law. If you were to divide
" total voltage (E.) by the total amperage (I, )y you
would deternine .

-

s

- TOTAL
RESISTANCE

3
[+

-

34, One way of finding the total resistance (R,) of a

parallel  circuit is to dtvide the total voltage (Et)

by the total current (I.).
to determine total re.istance (Rc)

(5
N©,

. - ,Step’l caw

—’-.‘.--—-

Steé 3 ——-

Complete, the»a&epa—halcﬂ
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35. Using the information in the illustration 5310-,
find the total resistance (Rt) of the circuit,

»

(2
|- | Step 1 --- ‘r‘

- o ® e ww - -

.

6n
¢ Step 2 «-e

L \
LN Pod N

N\ -\ <

?
\ _ - . - '__
"\*-----.." _’-----.'

»

Step 3 «w- *
. R o Rt - .

»

L 36. Find the total resistance

(R,) of the circuit
belov. f

~ ¢

-
o

T o -
- Y S 3 & . —

. |
. l : y ..




®
g § R, = 37 OHMS 37, Select the l;atement. that are true if branch C of
» the circuit below develops an open.
. ) . “
s - a, Total resistance will 1ncreale
, b, Total resistance will decreass,
v c. Total current will increase, . |
" d, Total current will decrease, ,
- —
" a, 38. Let's review 'some things we have learned about
pacrallel circuits., Select the statements below s
d. that are correct concerning parallelfcircuitl. i
) a, Voltaﬁe 1s the same across each branch of a
parallel circuit,
b, Source voltage.and 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 i
. the sum of all the branch resistances,
. . e. Total resistance of a parallel circuit is
o . alvays less than the resistance of any branch.
a. 39, when the only values known in a parallel circuit
are the btanphes' resiatancel, total resistance can i .
. c. be determined by the reciprocal method;
e, °

What method can be used to determine R, in the - ]
circuit above? !

— » ¢




In order to find total resistance in a parallel -
circuit by the reciprocal method, you must first .
: understand what is meant by reciprocal. The :
5 reciprocal of a mumber is that mumber divided into
:é . one, ) g
- - Example: ?1pd-che reciprocal of 2,
. étepjl =ve Set.up the problem to 1. 2
¢ : e divide the mmber into 1 * 1
; L.
: Step 2 <== Invert-the divisor and 1 1
change division sign 1%X2
to a multiplication
sign.
o / Step 3 -=- Multiply, 1.1
' 1 . I*2
3 = the reciprocal of 2 .
’ *:“ E " .
w: Pind the reciprocal of 4 by dividing it into 1.
A
" e ‘
) o _ . = the reciprocal of 4 Lo
- : ‘1 - 41. '.T-E'e easiest way cvo find the reciprocal of & whole
R % 4 . .number {s to meke it & fraction by giving it a f
u . . N numerator Gf one. When you do this, you have the °
. ’ R . . reciprocal. without performing a division process, -
P . ' : Ce e ; :‘mle:‘\ ‘' Pind the reciprocal of 4,.
oL 1 .. 1 - " Give the whole 1 numerator .
RS E . " " number a numeritor 4 denominator bt
” . ' . ) ?1 ’ R . of .10 ‘
L N | < -?% S N the recigroca(l of 4
) ,l;«.‘ . . ,~~, kel . T m . i B .
% ~ ) = s, *. ~Find the reciprocal for the following mmbers:
L ¢ Y X B o ’ ‘ e
%{-‘ ~r 3 ‘? - ; R ~ ) ‘-. 6 . b._ ‘_8 . 3 cO 10
2 § 11,164 )
A . . 18n.3; p, 59 ’
CL ‘ -5 .
- . - ? m
191 : ‘

’
N v e t
O *
¢ ~etonl 0 2 .




s <«
S e Tyt

. % ' 42,. Giving“a vhole number a mumerator of one gﬁres the
. for that whole number,
- E b‘y l ’ o e #
. 8 3
~ 1“ 2 . ¢
. Ce 1'5 . ( ’
. ﬁ A B
- RECIPROCAL 43, §¥ind the reciprocal of these vholé numbers.
d > PR e. 88
“b. 9 £, 12 -
e 15 g 3
v ? <
d. 40 he 5 .
3 . ) )
* i, 6 .
, :
a. .;. 44, To find the reciprocal of a fraction, simply:invert
, +  the fraction and reduce to its lowest term.
' 1 . . '
. b. 9 . *.  Examples % inverted becomes % « Reduced to
en A its lowest t?-n it becomes 2, Then,
. L 2 is the reciprocal of% . )
:" d 1 = i} * -
| 40 Example: %winntted bec'ous% . Reduted to its |
| e, 3%- ” law“t term it becomes ,,1% « Then,
e\ [ 1 ) ) )
'y . 1 , 1 3 is the *teciptOCC’l of 3,
. * 12 i ; ' ».9&‘;}' ’
' . - r SF?'
. 1 Find the recipfocal of the following fractions.
a» 3f 3 ;t hl= =2 ) L
1 ‘a. 3 b, -2 - ,
‘ h. é g 5 ‘—-_T- . -ﬁ e — H S ——
o § o
.-' . io \ % )
: ' )
H .a oy o
» ) ) - g e -
. 11,18 - 2 1qr ]
o 1sn 3; p. 60 J 192 . ,
ERIC 0 o~ Loy ‘
‘,: i o ] . . Az i f PR :; \\ P:( ;




45, The reciprocal of a fraction will be a
number or a mixed number. .
The reciprocal of a whole number will be a
.- t

/85

P

46, Find the reciﬁrbc\al of these fractions. =

a1 g 1

3 S —————— N 6

. f .

b. . 3 o A . l . .

7 e ———— \, 9 _T—

3 - 4
Ce ‘5 N f: 9 -

4 PR RN
f

) a, 12 :
S e 3
:E : N e b, §
A - .
; c. 12
i WHOLE
. .PRACTION v
.’o '
N
& i . ’
4
\\
€
* . <& !
i“?'. q
'E‘o P) 3 .
. b, 31
. 2 '
o ~ -2. e
3

47.. To find the total registance (Rt) of a parallel -

circuit wvhen the only.known values are the resis-
- tances of.the branches, uses \thc

. method,, '
! - .
K4 ]
L
* .
?
o
o :
i
. 7
» .
vl
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L4
- hd -
. 7 *
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13
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11,16 .
1sn 3; p, 62
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48.

Now, let's use the reciprocal method to find the‘:

total resistance (R,) of a' parallel circuit oy
following the steps below.

Parallel circuit . v
law for total 1.1 .1 .1
registance: N R.t Ry R2 R3
b 4
“Step 1 ~-= 1 =141l 41
2P Re 2 3 &4 1
r' ‘ t 41
. [ i 1
- R ZQ'L-"-L--------—-' o ' N
1 4 S ] ! >
Ry 30 -— ===z oo
+ ‘..R-j‘pl&ﬂ-—---—--—_-_'
l \ s

. Step 2 --- Pind the lowest

+ common denominator

’ © and add,

t
1 _ 6 3
ReTTZTTZTT2
&
hj”’“""{‘“"‘ l I- 13\ P

] LR 2 ,

Step' 3 <=« The sum of- the'

resistances is the
reciprocal of R,

and it must be
inverted.

: , 1.1
. R TT2




.

49. Find the totel resistance (R.) of the parallel
" eireuit below. by completing the steps.- . ‘

et 1

Step 2 --~ Find the lowest
common denominator
and add. .

1
-R- -.‘-—+—+—

t’ &~

*

‘Step 3 ~=e The sum of-the
resistances is the
reciprocal of R,

.-./// - and it must be
' inverted.

ohms

11,16
Isn 3; p.
A |

83




50. Find the totﬂ reliatnuce of the parallel circuit

11 1 below by conpleting the lteps. .-
s R L
TEP 2
¥ 5 ' 1
t,- -i-s 15 +TS- : . Step 1 Ll E . W s P e P o
¢ (A f N 6’ .., 2 t . v
STEP 3 R1¢ o0 fag 4
— S ..
- 12 oms + ) :; Ry %30 < Step 2 ee- 1l L JP .
l ) \\ ’ t
Step 3 -e- Ry = . ohms
STEP I 'mLSI.- Find the total resistance of the parallel circuit
’ below, - A . .
1. 1 1 1 - . .
R, "8*titL . : . |
t. 5 )

T
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Solve for-the u;kn5§h {n each of these problems.

A parallel eircuit-has (sélect three)

FUNDAMENTALS OF ELECTRICITY
\ LESSON 3 -
PART B -t
PARALLEL CIRCUITS\
SELP-TEST

.

only one path for current,

voltage that is the same "across each branch .
voltage that varies between the branehes. -
two or more paths for cyrrent, f g, .

a total resistance smaller than the resistance
branch. ' . ,

current that is constant throughout. »

[}

\

Resistince of
‘branch 2

?0

«

Total resiscadce -

of any‘

- ohms

[
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Current
through R, =

-

Current -
through Ry =

.
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3. Detetﬁing the }ecip

- 5

11,16 -
Isn 3; p."'67 .

~ .

P =

»
i

o

'a

3

. + 6n g4n ¢ 3In .
) _l . . . .Total voltage

®

.

-
~

Total voltihe -
$

rocal of each of these nunbeis. .

cey

- volts

- volts

*
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_ LESSON 3, PART B L
: - \ .
) PARALLEL CJRCUITS-SELF TEST ANSWERS
1. b)a, e . o3 :
'3, (a)' Step 1. Recall voltgge is equal to the source vgltage across each
, branch. : - '
. \ Vo 120
) Step. 2. Rg =I2 .= 30 = 4 ohms R
Vp .120 . _ . ..
) Rp=1 = ;10 = 3 ohms o e
@1 .1 L 1 1 1 1 2 1 3 8
Riw= Ry + R2 +R3=3 +6 + 2 =6 +6 <+ 6 = 6
- N ’ l - » "
Rp = 1 Ry =1 ohm
(@ I, =¥ 24
. Ry = = 4 amps S L e
a * ) Lad -
' Ip =V 2¢
y Ky = 8 = 3amps .
() IT =1y +I3+I3=4+3+2=9amps ' v
. {f) Vp=I1;R1.=IgRy = I3Rg . ' :
v ‘ = (2)(6) = (3)(4) = (4)(3) =12 volts
’ (@ Stepl. 1 - 1 =21 1 5 1 1
o Ry =Ry .+ R, *+ Rg =15 +15 + 15
! - L. . ’
- R A :
\. . /\- T =, 5 : 5 . T? - ;
o " ostep2) Vi< ppRy =,05) (6) =75
- 3.5 15 I S 1/2 2
. 10 1/10 : . °25  1/25
8 1/8 . .. 1/4° 4
° -~ . ) .. ’ , ’
. END OF LESSON 3, GO ON TO LESS@N 4
: 11,16 " L ' .
e T 1sn 3; p.. 68 * * * ,
& . ) * * s J
},:a.‘ . . . ,
. 200 °
.: ’ » . S J a
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.+ LESSON 4
PART A . . -
SERIES-PARALLEL CIRCUITS .

. OBJECTIVES

'

.1. From a list of statements pertaining to electrical

circuits, select those pertaining to series-parallel
circuits. ’ ‘

2. Given a battery and four é%hisdhnces, draw in connect-

ing lines to form two series circuits confected in
\

parallel, >

3. Given problems with series circuits connected in.

parallel, solve for the unknown values of resistance,

current,, and voltage, * -

4.7 Given a-battefy and four resistances, draw in connect-
ing lines to’form two parallel circuits connected in
series. - o s "

‘e
& - v

S. Given problems with parallel circuits connected in
series, solve for the unknown values of resistance,
current, and voltage. . .

N . ~ -
‘.

~

.y



. 1. A series-parallel circuit may consist of series circuits éonneéted
in parallel or it may consist of parallel circuits connected in
series? You have had the necessary laws and formulas needed to
solve seriesasparallel circuit problems. The important thing to _
. remember is that when working with resistances connected‘in series,
use series-circuit laws; and when,working with resistances

connected in parallel, use garallel-clrcuit laws,

- The following formulas are based on the laws of series circuits,

N .

Total resistance. equals ‘the sum of the individual resistances.
»

*ﬁt - Ry f R2 + R3 ... - Tt .
Current flow is the same across ' vlvv

each resistance. L R <
Ipn=Ip =Ip= I3 .00, . = LB 25;
Total Qofizge qugla‘the sum of the R3 T

voltage drops across each resistance, ___~hﬁ¢v&-—-(§:r-—-
Et -.EI+EZ+E3 oo‘oo‘ R .

The following formulas are based on the laws of parallel ct%cuits.

Total resistance is deterﬁ}ned by the réciprocal method.

1 1 1 1 ) -
: - + + - s e
- ~

Ry - Rl Ry <R3
Total current is equal to the I
sum of the current of gach’ )
branch, ] E Ry
“~ It -'I +\‘Iz + I3 LRCI N ) M

ffotal foltage is equal to the* i .

voltage of each branch., ° t =

Ex =/E; = Ep = E3 .... Eaf '
1

4. A series-parallel circuit is a combination of . .. and §
- circuits. : S .
b, A series-parallel circuit may consist of circuits
'conngsgsd in paraltlel,

¢. A series-parallel-ciréuit may consist of - circuits
connécted in-series. , )
-fﬁ When working with the portion of series-parallel circuits
- having resistances connected in series, use ’ -
circuit*laws, . T P
T e, When-working with the portion‘of series-parallel circuits
. having resistances tonnected in parallel, use T - ' 3

——————————

circuit laws. Lt




SERIES
PARALLEL,
SERIES
PARALLEL
SERIES
PARALLEL

2. The circuit in figure A consists of tWo serfes

"Figure B shows resis-

' .from' the battery.

Rza
+
| "
.. N\ . ;
Figure D %
Refer to figure D. * . g
a. How many series circuits are in this circyit?
b. How many paths are there for current? )
~ ¢, How are these serfes circuits.connect2d4?
PR

circuits connected in parallel across a battery.,

-

- .Rl
+. R2
r l L‘
Figure A °

tances Ry and R, .
connected in series with
each other ‘to form one
path for current’

Figure C/shows resise
tances Rj .and R,

connected ih series to

form a second path for 4
current from the L

battery.

a

v———
T
+
-
-

an




PR

RN e

paeey

I

b, THREE -

¢. PARALLEL

3. Draw connecting lines. between the following

components to.form two series circuits connected
in parallel.,: -

$

< an

o— 0 s o o

1 4. "No new formulas are needed to find the values of

»

series«parallel circuits. Instead, a simplified
circuit is made of the original series-parallel
citcuit, and the necessary circuit laws are used for
' the simplified circuit. °
* The circuil in figure A below is electrically the
same as the circuit in figure B,

THE_SAME CIRCUIT DRAWN AS

ORIGINAL CIRCUIT ~
- A SIMPLIFIED CIRCUIT

Rge 100 Rbs 100

Pigure A *'. [Figure 3

‘In figure.A,~Ehe circuit has two paths for current;
each path (branch) has a total of 10 ohms
" resistance, Ri + R, gives the total resistance of
. the first branch. - R3 + R, gives the total
resistance of the second branch.

Figure B is the simplified circuit of the circuit

in figure A, To solve for Ry in figure B, use
-circuit laws.

(series/parallel) :




PARALLEL S. Simplified circuits are very useful when solving
. . series-parallel circuit problems.

5 OHMS B .
Draw and-use simplified circuits when solving the, -
problems in this program. .« T

Figure B is the simplified drawing gfjéhe circuit in
o figure A. To solve for the total resistance of the

circuit below, first, solve for' the ‘combined resis-

tance of the series network R, Ry, and Ry.’ This
) comhiped value is réprésgyted in the simplified

o - circuit as Rs. Second, solve for the combined value
of R, and\gs.. This combined value.ls represented
. in the aimplified circuit as R§.
4

! ORIGINAL CIRCUIT . SIMPLIFIED CIRCUIT -
. D
.
\ Ry 50
R4:§ k1] @}
- — )\
] ) ‘.&’ !R R
R,S100 2 b
- —_ —N
. XQ! -
~ . +_ Rs S 701 /4 /4
Figure A ‘ Figure B
., 8. The circuit in figure A consists of
series circuits connected in parallel.
' b. R, in figure B represents which resistances-in
§ figure A?
. ” -6
* ;T LI c. Ry in figure B represents which resistances in
e . . . figure A? _ t \
i ) d. What is the value of R,? . *
. . ) ‘ _e. What is the value of Ry?
. : £. RC- ‘ .ohms, * «3
g 11.16 , : -
.1sn 4;p. 6 . Cs

SO g s T W T
R B u

R3S

-

-




? -
JThe total current (I.) in series circuits connected
4dn parallel is "equal to total voltage (E,) divided

"by total resistance (Re).. ‘ / r

"Total current is also equal to 'the sum of the branch

currents, .

e

. . g
- 4
.

ORIGINAL CIRCUIT SIMPLIFIED €IRCUIT

¢

.
- .
. ¢

I




Rb = 36 OHMS
v R, = 18 OHMS
It = 2 AMPS,
)
Ve

P

EIETICTIAN

el

Complete the simplified circuit.

«

Label the two branchés in the simpljfied

" circuit as R, and Ry. ,
Use the ccmpleted simplified circuit to solve
for I,. .

Remember, the, current th}ough each branch of a

parallel network is equal to the voltage across
the branch divided by the total resistance of

‘ the branch. ‘

"

v

£

ORIGINAL CIRCUIT SIMPLIFIED CIRCUIT

LY

1. RsSain , _l :
RS 90 -
622 }
2wy R2an . L
P RSN
R + ’ !
3in o

L

e

AR




A

L
=

4

e 20/

8. Draw connecting lines between the following

v

components to form two series circuits conneqped
' in parallel. .

p) C o

<

Ed ’

1|3

~

The total volfage (E¢) applied to series circuits

connected in parallel

is equal td I, times R,. E,

is also equal 'to the voltage across either of the

parallel branches:

ORIGINAL CIRCUIT

The simplified circuit
parallel; the voltage
is equal to the applie
law), '

EC-E‘ E‘-I‘X

Ig = ampg..

Ry = ohms
volts

volts

.

SIMPLIFIED CIRCUIT

shows two resistances in
across either parallel branch
d voltage (parallel voltage

Rq

A




2 AMPS,
24 OHMS -
48 VOLTS

\
48 VOLTS

The ammeter in the circuit below indicates the
total current in the circuit., Complete the

simplified circuit:. and solve for the values

P

listed below.

—_

ORIGINAL CIRCUIT

. Ohm's law?

ohms

.

ohms

'
ohms

g
<

SIMPLIFIED' CIRCUIT

o

<&



s o
.

&} = 30 omss
Ry '= 60 OHMS

Reg = 20 omMs®

It - Z\AHPS.

.40 VOLTS

s
o
i

ORIGINAL CIRCUIT"

“11. Draw a simplified circuit of this cireuit, and
solve for Re.

SIMPLIFIED CIRCUIT

=1 G w

lsn 4;p, 11
T

- P-ﬁ'

-




R AR R

PO

13. <Solve for tn‘e vr}ue of> Et.

(?QQ Riepléq

volts

-

E, = 80 VOLTS

3

14. Solve for the value of It'

a

Ry

t - amps,

&, A series-parallel circuit is a combination
. of . and - circuitas,
b. A series-parallel ¢ircuit may consist of
circuits connected in par{llel.
c. A seriec-parallel eircuit may consist of - -
. . T circuits connected in series,
d. When working with the portion of . a series
" parallel ‘circuit having resistances connected
in series, use -circuit laws,
. When working with the portion of a series
parallel eircuit having resistances connected
in parallel, use -circuit laws,.:

You have complcted the secti{on-on series circuits
connected in parallel, Ne&t we will cover parallel
circuits connected in ,series.

o0 0

o




. ke

IR viaary

16.

connected in’ series. *

Re;igtancee Ry and R
one parallel network,
Reeistgﬁhee‘R3 eed‘RQ
one parallel network.

N

The paralleL network Rl and Rz end the parallel

network R3 and R, are- connecced in

The circuit~below consists of two gaiellel circyits

- . -

-

17;

-

. L4

‘Draw connecting 1ines between ,the following
components to form two perallel circuits g
connected in series.

P

"/
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» .
» > c- S
o o -
M -
o ; B
.
. PRI oq«u - -
4 .
v \ “ ¢ a
- - .
. 3
. e ' oa .
.
¢ L . o
* °
N

There are many ‘combinations of parallel circuits

-connected" in series. . .

3 - ..

. Ky

>
f
» , 3
s »
L]
-
A M .
) - .
.
N
-
. . " -
. -
’ EN
¢ o
.
@

ey

componetts to -form two pardilel circuf.s
connect in se’ries., LR ~

., °
. st
. - - -
R .
.
= - 214
. .
N . . ¥ R © ‘v@‘
~ - .
- ~ S ot « -1 4

'_ o Which gf the -circuil‘s abov(e are combinations of
‘parallel circuits connected in series?
¢ )“ N ‘E‘ \ ' ) -
- - _ R P -
- - : : ' » A . i, ¢
19." Draw connecting lines betwee.n the following

4




20, Solving probiems with pa;'allel circuits ‘connected
¢ in series is made easier by drawing. simplified
- cirqxit:s. ]
‘Remember, wheén working with mésistances conaected
in parallel, use parallel-circuit laws; and when
working with resistances connected in\ser_ies, use
' serles-circuit laws, . "

ORIGINAL CIRCUIT - SIMPLIFIED CIRCUIT

rigure A Figure B

‘ The simplified \circqit is a series circuit;
\therefore, R, is found by adding the values

of B‘a and Rb (series-c,-ig‘bui_t‘ law for total

P
resistance), _ STt

0 ‘ Ld
The circuit in-figwre A consists of
parallel circuits connected in series,

NUI'E

—

& - = “
R, (figure B) represents the combined value
of the parallel network of which resistances?

<

Ry, (Eigure B) represents the combined value
of the parallel network of which resistances?

What is che‘vqiue of .R,?

What is the value of Ry?




“"?3’;;51 . - R . . . a

Find the total resistance_of the original circuit
below by: J - -~y

a, ;Ihding the total resistancé of-'the ﬁarallel
network of Ry and R;. Represent this in the
simplified tircuit as Ry, -

Finding total resistance of the parallel
network of Ry and R,. Represent this in the
simplified circuit -as Ry

. |
|

Totaling the values of Ra‘ana Ry to get R,.

2

ORIGINAL CIRCUIT * _  SIMPLIFI#D CIRCUIT

s ap




h |

' [
22. This illustration shows current, flow through a

. " Ry = 2 OHMS' . .
N ) . parallel circuit connected in series. )
: . ‘

ave b

- « B
-
a 4 N

‘ i * At what points can total current be measured in
‘ , ————} the circuit above? - ’,"’ .
$ « - ©

. . T S 8, Points A and B only,
T b, Points A and C only, .
' , - ¢. Points C and B only, .
*d, Points A, B, and C.' ° :

.; 2

A

‘o
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‘ERI!

Aruitoxt provided by Eric:
0 £

LT W,

e

P
3

11,16
*1sn 4; p, 18~

s % alA

23.

. ¢. Divide E; by R, to get ‘I..

Y

24V 3 * ~ N

e " P - Py - N g

'fdfil\current s .equal to the total voltage divided §
by the total resistance. To solve for I, in the
circuit below: ~ . F

| . . A
a, Solve foxr the value of~Ra’and Ry

J \ v 4 Ty : d

E, 1s the source voltage.

L © |

» -

_ORIGINAL CIRCUIT S IMPLIFIED

— e

CIRCUIT

b. Solve for‘Rt. ¢ . . oo I

©,



R R Ty ey e £ T T - - :
e, o .:"‘i\. v 4«;~. g ;
X o ;
, I, = 4 AMPS, , )
‘a‘p
5 . : L R, 8
e B : 'S R< 8N
. B ; . 48y ¢
o + ‘RyS 16N :
. R 160
3 . . " >
- ¢ o
D -
B n
A .
}E:‘,‘ ql “ \’
g.};;’ iftz;.».&,r -
s Draw connecting lines between the following .
. components to-form two parallel circuits .
I, =4 AMPS, . connected in series, ,
- S
o 'i;”
L,

: b s A, T
AT Vs S,

Sl
R :

o RS

md 3 ~€§i‘!
B nanord o Ve

e T
RiZ e e T AR T R o
R &f& R et

e

Pl
afe Sa s

L

f? .
!




L
|

1
]

o

26. ° The total voltaée in a circuit is equal to total -
cutrent multiplied by total resistance
(Et = It X Rt)°

In the circuit below, I, equals 6 amps. Find
total resistance (R,) and source voltage (Et)‘

>

Ry = 8 OHMS

E, = 48 VOLTS

0

27. Solve for the value of E_ in the circuit below.




In a series-parallel circuit with’the parallel

. ¢ircuits connected in series, total voltage (E.)
is equal to the sum of the voltage drops across
each parallel network.

€

3

T ST

H
e

¢ TSR ST el Y L v rii

l ;
|

-

« > s

-4

Tﬁe total voliage (Et) of the circuit above is
volts.

-

#9. - The voltage dcross each branth of a parallel
network is the, same,
~

. .

A

i

A P e s 2 sl ot

R

>

In the illustration above,, '
&, fvoltage across branch A is volts,

b, voltage across branch D is = ° volts,

- L d

€. total voltage is - . voits,

3‘”%131:.;1*6 ﬁ ‘
- lsn 4; p, 21
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a

30.

» B3

a. 10 VOLTS

b. 14 VOLTS

y

¢. 24 VOLTS

22.

3 'Ps

§ E, = 36 VOLTS

1sn 4
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FUNDAMENTALS OF ELECTRICITY

ey

5.
.

AT

' LESSON 4

3

A

PART A - T
AN
) sznms-gé«mu.m. CIRCUITS
SELESTEST

e

E‘g_w‘v:.\sg

&
3

=

4+

“
L9

Circle the letter beside the statements that pertain to
series-parallel circuits. ‘

TORG

.

&, When working with.the portion of the circuit
_having the registances connected in parallel,
use parallel-Eircuit laws. .

i:r»r B r‘r::.((,, F

. . . . ] '
The total values can be determified by multiplying
the sum qf the series portion by the sum of the
parallel portion. ’

v

AT R Sl

When working with:the portion of the circuit
having the resistances connected in series, use
series-circuit lavs. ’

o v

d. A leries-parafigl éiréﬁtf’f?\i*gqmbiﬁation of
series and plullel-cir.cuitg--_‘,-._;w\_ e

¢. "The total values can be dc;érnined,by divi@ing
. - the sum of the series portion of the circuit by
the sum of the parallel portion of the circuit.

.£J You may use either eeriei-circuit‘lawc or parallel-
circuit laws, regardless of how the resistances are
connected, '

2. Draw connecting lineg,between the following components to
form two series circuits connected in parallel,
‘ } Y

-

| 9

’

& :;:.3‘ g

AR




. .r . . ., i
\ -’
_ ) rr
. M :
\ )
i -~ - . ‘
' - .
i ’
S: ; ¢ 'S 5 R
: 3. Solve for the urknown in each of these problems. ) .
s ' a. . k
v - 2Q : Zn .
[ . ¥ * ¢ e
s 3
! + 40’ In p
i . l T :
¢
. ' :
: \ . . Total resistance = -chms
\ A ¢
. - P
- A ]
s -
b, , ~
N -
& »
' ' x' .
H ’ +
:{" AN I ] . o
J . . / 7
z Total current = amps,
. T
. 5 .o /
i . ‘ 7
3 J g ’ L
-/ ) . c. "
b ' 3 -
: ] [ [ ! .
::‘ ‘ . ‘ - @ ’ ‘ |
A { - :
I\ * 4 ' .
. | | | ‘
T » + o
. | - / :
o, - :
. Total voltage = volts #&
s PR e . © g
. B o
. o '
g - - . ',

11. 16
lan 4+ n 24
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I resy

Py
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4. ‘Driu conn‘%ftng linec!betweQn the following components to form '

=N . -

#

connected in series.

° twosparallel circuits
' . . \ *

-
.

. L7

5. Solve for the unknowﬁ in ‘be follbwing problems,

a. 2
. 10N

00 (. ' .

2/

o

WYL PR A

i

IR
e

AT

11.16 A
o len d;p 25,

& Wk -

oG,




volts

.
.

Total voltage =

i

> : m
e > .
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LESSON 4, PART A °
SERIES-PARALT.EL CIBCUITS-SELF TEST ANSWERS

Sealy

-
’

.

i1, a, e, d -, . . . -

-

1]

L N £ D% W FICE WD LT 0
N - Pl .

=Y

,.%\"’.«

P a2

w Vee

i

(c) Remember: 1. Add voltagei together when thevtare-in series
g - 2. 'Voltage.is The same over paralle] branches

= VIAVy - V3 o+ ¥y

1C+4 = 6+8 - 14 volts

T .
211,16
Isn 4;'p. 27
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. ' Rj,. 100 * 10 " 10 5 ~ -~
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v
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]
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.

>

b S gi ey
T A F NG

. T T P ST
: . Ry.o¢ »= 20 + 20 = 20,.= 10 .
— ~ > ° N ¢
R1,2 = 10 T o ) :

’ ) o~
;}}i . & e e e el el % .
& . ot - ) . x
5?5» e N\ R3a 4 - 15 P - .
X.’::’l,‘ » ) - <
O /7 PR, . v .
. c .

WY

T ! =L.”_..50' . : l . | «
. RT :,25 = 2"amps ' ]

..

- . . oL .o . -~ - i . ,
. (c) Remember: (]) That voltage is the same over branches of a circuit. - = - .
. (2) That veltage over a series circuit is the sum of all voltages /

around it. * - -

.
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LESSON 4

PART B -
BATTERIES

“OBJECTIVES

PR R

Define a cell. ‘ .

% 1.
Sy i ’ By “ N .
; . iagram of a cell, label its two basic parts.
| -
St:at:e thé difference between a primary ce11 ax}d a secondary i
. cell .
7. ' ?
2:“ . JJ.. *
g} ot )
,\ ) e1ectfolyt:e. .
L
) State the reason a discharged lead-acid cell will freeze .
ol B exposed to subfreezing temperatures, - ¥ .-
: - T s o -
- ¢ 8, Define a battery. ’ . - . ¢
~" 9, state how cells are cohnected to produce maximum Jolt:age. . » .
* 10. State how cells are connected to produce mhximun; current, -
e ) . Lo . '
- 1l. State the. damage that wil) result from spilling battery acid on
7 * aircraft metals. \
‘ 12. State how battery terminals d cdble clamps can be protected - !
2 frém corrosion. ’ S T :
: ?
i , ]
’  near batoterxes. ’
K ﬁuﬂ\‘f'ﬂ""‘: A .2 <
E o ; ‘ %
- - ‘5\ .. ) . ° -
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1. 1If a piece of metal {s suspended in acid, a
chgmical action will take place. , The acid witl”
attack the metal. A piece of zinc dropped 'in a
certain acid will cause a ___ action,

o

/

.

2. Chemical energy is released when-;n acid attacks
metal., By utilizing thig energy, an elsctric
. current can be generated, Chemical energy can be
“‘changed into energy.

t3

.
“

3. Any device which changes chemjical energy inro '
* electrical energy is called a cell. A flpshlighz/
cell changes ) energy into

" energy.

¢ o e

4, piece of zinc and a strip of copper immarsed in a
solution of sulfuric acid will cause a chemical: !
action to take place. The acid will start eating
the zinc and an electriec current will be produced.
This device which is changing chemical energy into
electrical energy is called a . Y

———————————— f

T -

Sulphurié
Acid -

—

5. 'A devicé which changes . /
into L energdy is

.

11,16

U -lsn 4:p. 30
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6. Define a cell,




. g f'f" _(/ ¥ ) - \
PRI ;
i € A DEVICE WHICH| 7. Here is a diagram of a simple cell,” Two metal
LCHANGES : plates are suspended in a solution of water and
T CHEMICAL acid. The metal plates are called electrodes.
1 . ENERGY INTO The solution is called electrolyte. .
§. - ELECTRICAL . /
g ENERGY. '
‘ ) Electrodes * . ‘
:t - - ™ * .
* \ ——Electrolyte
s - S The metal plates A\ave called L .
9 - ‘ The acid solution B is called . .
’ ELECTRODES /8. An electrolyte is a chemical compound, such as an
: ’ acid solution, which will conduct an electric
' : ELECTROLYTE current. A mixture of sulfuric acid and water is
. ' commonly used as an - - .
’ ELECTROLYTE 9. ~When mixing a fresh electrolytic solutiom of
—_—— - e T “sulfuric acid and distilled water, do not pour_ the,
3 0 . water into the acid, since this may cause/eafcegsive
— . heating and splashing of the mixture. Tomix
B i properly an’ electrolytic aolution, pour the
‘ . Xinto the . . i
- (HINT: A before W) °
i\ @ o . . : i . *
g ACID - 10. To produce an electric current, a cell must have
San £
S - two or more electrodes suspended in the electrolyte,
7 WATER T An electrode is one of the plates or poles of the
;.; \ ! cell. . Lead plates are commonly used as .
3 » : s e ——————————
"2} - N S ' . A
# - | \ELECTRODES 11. The chemical energy created by the ele¢trolyte
¥ - \ . c attacking thevelectrodes is changed into
W v . . energy. : .
. |- ",
BN ELECTRICAL 12. If either the elegtrodes or the electrolyte
. ‘ becomes exhausted (used up), the cell.will no 1
. - longer produce a current. The two basic parts of
S a cell are the - and the )
o \ - - ;r ’ - 1
‘ )
u‘ . i ' ,
11.16 .. ’ -
“# lgn 4;'p. 31
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§ ELECTRODES

‘ELECTROLYTE

.c\
.o~

a cell’

G »

.1 13, \’From this diagram, identify the two baslc parts of

I a.  ELECTRODES

1 b. ELEQTROLYTE

14.

‘A commonqtlashlight cel

known as'a primary cell,
normally not rechargeab
will increase their out

time. Therefore, commo
at . volts, for al
cannot be

1, rated at 1,5 volts, is

Primary (dry)’ cells dre
le, but sometimes heating
put for a short period of
n flaghlight cells, rated
1 practicable purposes,

.

*

4

. 5 |

|

2 |

| |

. |

. |

b |

3 .

..

LY
-

. sl

15.

This is a cutaway
drawing of a -
cell, The negative
electrode is made of

¢ Yy e
The positive electrode,
is mage of .
The electrolyteJis a

;OEGATWE TERMINAL
POSITIVE TERMINAL

~N var
//"br.ALlNG WX

ZINC CONTAMER
“I AND NEGATIVE
RODE
ET PASTE %
e Q\ CrROLYTE®
b |_— CARBON ROD,OR *
- POSITIVE
» . “ELECTROOE
R N

11.15

lsn 45p..32 7 .

4 PRIMARY (OR 16, The chemical action that takes place between the’
3*DRYY : ““alectrodes and the electrolyte cqntinues to produce
§ 2INC . a current‘until the zinc electrode is exhausted, or
g ° —‘3 H until the electrolyte becomes ¢ry. " :
CARBON '

! After the zinc cas® has been eaten away, the cell
‘| WET PASTE, ; is not capable of producing any more current and
j ' > cannot ‘normally be recharged Primary cells cannot

be . .

3 RECHARGED 17. Secondary cells (wet cells)y the type used in auto-

mobile battaries, are constructed with materials
that make recharging poeaible.

be recharged,.while

Secondary cells can
cells cannot

7

normally be recharged.
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Th ommon lead-acid cell, the type found in auto-
-t .mobfle batteries, consists of an electrolyte com=
° . posed of sulfuric acid diluted with water and )
o ) eleétrodes made of lead. The common lead-acid type
_ of*¢ell can be recharged. It is, therefore, a
o cell, . .
. k=) — . i
1 S
: . ”. . i ¢ -
SECONDARY 19." The main-difference in primary and secondary cells
L T ’ is that one type camnot normally be recharged while
B . the other type can‘be recharged. The type of cell
K that can be rechargsg is the cell,
‘SECONDARY 20, What is the major difference between a secondary
cell and ‘a primary cell? \
: — _— A -

. ) —
SECONDARY 21, The amount of current (amoeres) a cell will produce
CELLS CAN BE and the length of time it will produce that current
RECHARGED, are expressed in . aggere-hours. -A-flow of one ampere
. "o, for one hour is one ampere-hour. Two amperes of
’PRIMARY CELLS -current flowing for one hour would be
CANNOT NORMALLY] ampere~hours, .
~BE RECHARGED. )

' s 52 l(_; .
eo j ‘ 7-' . -
TWO 22. The amount.of current (ampere-hours) a cell delivers
» depende on its size., The larger the cell, the more
. current it will produce, The total amount of

) R current a cell“wi]l deliver depends on its .

- - N
SIZE . 123, The gize of a cell has no effect on the voltage but
S - + does habe an effect on the Jamount of

. ie will deliver, - % °
CURRENT *** 24, The voltage of a cell depends on the composition of
the electrodes and electgolyte. The amount of

¢ . current a cell will produce is determined by its
" SIZE . .- 125, What determines the total amount of current a cell

T B .
~ < will produce’ i
. " - ——
11;16 Vs « U . .
1siiv4; . '33. . ? :
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STHE AMOUNT OF
CURRENT A CELL
HWILL PRODUGE.-

26.

‘ ‘?\5’ a% R o, ¢ a3
- ¢ hd
b 4

To recharge s secoadary cell, & current is forcad
through the cell in a reverse direction. Forcing
current through a cell in a reverse direction

the cell. ' \ .

L]
&

27.

T

A}

4
v

L

e

*aguxomrsé ,

3

# CHARGES . Charging a cell reverses the cpgmicalﬁéction.
B (RECHARGES) 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 : . .
o
CHEMICAL ACTION! 28. The recharging process changes the‘water back to g
J acid and changes the composition of the lead plates
to their original condition. Recharging a cell
changes the electrolyte from to
dWATER TO ACID 29, How is a cell recharged?
. s
_ * ;
BY FORCING 30, 1If the electrolyte in a cell is strong Wwith acid,
4 CURRENT THROUGH it indicates the cell is charged. TIf the slectro-
8 THE BATTERY - IN lyte *through chemical action 'is reduced to water,
§ A REVERSE the cell is considered discharged. The condition
# DIRECTION. of a cell can be determined by the cenditicn of b
- P . the -
' A :
# ELECTROLYTE +31, The most convenient method for determining the 1
. : charge of a cell is by using a hydrometer. The -
v , specific gravity of a cell's electrolyte is ’
j?t’ determined with a - . .
i i adl ) - N .
32. The specific gravity of a liquid is an indication

of its density. A water-acid solution is denmser
than water, ‘A fully charged battery contains
approximately 27 .percent sulfuric ‘acid and 73 _~
percenf water\. A fully discharged battery is »
practically all water. Therefore, the bulb of"a:
hydrometer-will sink in the solution from a
discharged battery, but in the sofution from a . .
fully charged battery, it will —_-_ higher, «

.

- !‘ e .

o

o e
oy Fh e

PPy



The strength of the acid solution of the electrolyte
in a cell determines its speciftc ‘gravity. The
specific gravity can be detérmined by using a

Lt

N LRSI ARG A

-
A

s

34,

?%%he'hydrometer reading of a fu11§ charged cell is

about 1.300. The elecfrolyte in a discharged cell
will read about 1.100. . If the hydrometer reading
.of a ce11 1s 1,100 or less, it indicates the cell
18 M - .

<

3.1
'n

a7 B

N T A b ey
P

/35.‘

The operation of a cell depends—en the chemical
action the electrolyte produces within the cell.
The chemical action of the cell depends on. the acid
contenty or strength, of the .

s
2!
)‘ A

e
4

A RE

Since the acid content of the electrolyte determines
the -amount of chemical action within the cells, the
condition of a cell's electrolyte is best determined
by using a ‘e .
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37.

B

Which hydrometer shows a charged cell?
Which hydrometer shows a discharged cell?

a,'
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38.

v-x,kw-‘gw? 0 [

What instrument is used to.determine the condition
of a cell's electrolyte? .- .

39.

.. . ,_é 3
The chemical action, which accounts for the current ]
.1n a lead-acid cell, causes an exhaustion of both
“the- lead plates and the acid,
cell is not capable of producing an electric

o

A chemically 1nact1vei

40,

-As a'lead-acid cell digchatges, the acid gradually
changes to water. The electrolyte in a discharged
-cell is practically all . - .o

Y

410 j

emperatures because the electrolyte has changed

from . to* .

B

!
#discharged cell will freeze if sudbjected to low j
;
|

42,

A discharged lead-acid cell wffl freeze if exposed
to subfreezing temperatures because -

- .

| THE ELECTROLYTE
S TURNED TO
WATER

3

g

A battery consists of two or more cells ;onnected
.together, i

AY

"The illdstration above shows a ‘

with- cells,
(number),

B

%

- BATTERY
©os FQUR

44.5L&he difference between a cell and a

4
battery is
that a battery consistg of __ - or more !

4
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Two or more cells connected together make up ‘a

e ¢ It

Define a battery.

A GROUP OF TWO ¢ This diagram represents an automobidle battefy cone
‘OR MORE CELLS sisting of three cells connected in series.

CONNECTED , .
TOGETHER. . g ~

ot &E&o

SR Gl D

TR Do

OO

i

®

1f the cells are connected so that the positive (+)

terminal of one is corinected to the - .
terminal of the mext, etc., the cells are connected

in . e .

T <"

&
%

T

AN
A

.

NEGATIVE (=) The cells 'in,an automobile battery are connected

) in series ‘to get maximum voltage output. To get

SERIES the most voltage from a group of cells, they should
: .be connected in o8

T Ao
A
R

%

~ESY

:ﬂ;{ 5

SERIES A secondary cell is ratedxat two volts, An auto-
) ‘mobile battery with three secondary cells connected
in series would be rated at . * volts.

PV

. -

. v

.

e S R - o

P .
50. A 12-volt automobile battery has how many c;}ls?.
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o, SIX 51. The cells in 111ustram’t}n‘A are connected in :
' parallel, e .
= : + The cells in illustration B are connected in .
:"‘z N . N ‘ *
‘ I :
: , . 7
n . , .
. R
- ;
‘-W ' ¢
;a \.‘
n . ’ ?
’~ N i
-

, ! 7 Which sef of cells has the greater \;oltage\ output,
A or B?,  (Underline one.)

SAB. i me

.

SERIES 52. Connecting a group of cells in series will give a

. < maximum output of amperage, voltage) resistance. 3 . ‘
4 B - , “ (Circle the correct answer.)
A A
.
I . , ;
N N

VOLTAGE | 53. How can a group' of cells be connected to get
' maximum voltage?
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CELLS CONNECTED 54. The cells in the diagram below are connected in
N SERIES WILL - * parallel.

GIVE MAXIMUM '
VOLTAGE OUTPUT.

By connecting posifive terminals together and by '
connecting negative term{nals togéther, a maximum
output of current will be’ supplied. To get -maximum
current output from-two or more cells, they must be
connected im

These 9ells are connected in o
for maximum : ,ggtput.

¥

NS I BT St e

oL
&

;

ope X

56. These cells are connected in
output.

S FN N TSR
o N %

s

ihe senw LTI T R et B s W

' SERIES 57. To get maximum.current
VOLTAGE .., should be connected in ___

I'i’: ’1’64‘7;":‘372 N
1sn 4; p. 39:

éo\fe
%ﬁk§§k~ﬁagﬁ%§y§%ﬁ

X &3




B
ry
-
£

%

o

3,
)

Yoy g
4

{1 PARALLEL

~
Y

»

{

58.
maximum current output?

. How should a grouprof' cells be eonnected for

.\

~

.

IN PARALLEL.

~

59.

L3

Sulfuric.acid spillage from airecraft batteries is

highly corrosive to metals and should be removed

as soon as possible,

Flushing the affected arca

with a.solution of sodium bicarbonate and fresh

water will prevent

action from

- taking place..

CORROSIVE .

60.
«will cause corrosion,

——

Acxd sp111ed from a battery onto metal surfaces
Therefore, spilled acid

should he removed as soon as possible by flushing

+ with a mixture of

4nd

| - -

4

/ .

———
——"

{ SopIUM™ 61. Frezhent cleaning of battery acid spillage areas
BICARBONATE will prevent excessive ’ .o 5
FRESH WATER R ° r
A . . .17 —— '
CORRGESION %2. Spilling battefy acid onm aircraft metal surfaces {

o < will cause, . i
: "\ - |
Y . ‘
+ N R - . / . " E
CORROSION 63. fBattery terminals and cable clamps will corrode i
unless some method is used to prevent jt., Periodic i
: intenance is therefore necessary to prevent Z
. ’ — _ o S 1
* - A = .
< o - . - ;
CORROSION 64, Corrosion of terminals and cable clamps can be % &
. prevented by firat cleaning and then coating them i
with petroleum jelly, Coating terminals and cable ¢
clamps with petroleum jelly will help prevent v
h) . ‘ f:
v :
65. How can battery terminals and catle clamps be -
protected frém corrosion? L
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Periodic mafntenance of e;reraf{ batteries also
includes checking the level of the electrolyte in
each cell, When the leved of the electrolyte is
‘below-the top of the plates (elegtrodes), distilled
water should be added. When necessary, the elec~
trolyte level can be brought to normal (approx- .,
* imately 3/8"<above the plates) with the addicion of

” ~ —

DISTILLED

When handling electrolyte (battery acid), wear
protective clothimg, such as face shields, gloves,
footwear, and aprons. To avoid splashing or
spilling electrolyte on the skin, persondel shall
wear- : . .

oeA
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This man used the ‘ )
correct gubber
bucket to carry ~
the electrolyte,
but he forgot
to wear any
protective
clothing. - He

* could have
saved those -~
fingers if he

‘: had remembered
to wear his
chemicallyt

{ resistant

ar

I
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69,

B clothtvg

o . -

SN

PrfetvrLaLine

sIn case of

- to sick bay.

[

Occaslons may arise®hen acid will

It may be neutralized (c
by flushing with a solution of baki
This will prevent deterioration of the

wvater,
cloth, *

~

In ogder to counteract” any posstQ}e acid injury,

_or zinc ointment,
If acid comes in contact with_ the
eyes, flush inmediately with plerty of Eresh watel(
and report directly to sick bay. o

rsonal contact with battery acid
there are_certain basic first-aid measures t“at
must be Eollowqd to prevent germanent iwjury. If
acid cbmeé in contact.with the skin,
‘affected area with plenty of fresh water, apply
vaseline, boric acid,

ARSI AT S I

lustk the

and report

spilled on
eracced)
soda and

LA

Y

measur2g nust be raken,

cectain
ey

’
1] . -~

-
e
.

> kJ

The flrst aid procedur#s ro folow when acid comés ;
{n contact with the skin g ro. flush- thh oLentj

» 2PPly o PR ,

oE frash -

. -
e 1

aad report to :

WATER

VASELINE, -
BORIC ACID,
OR* ZINC

OINPYEYT,

- SICK “BAY ,7

71.°

1f Butterv .acld were to come ‘in con*act with the

°eyes,“tmmedtately

. and rveport. directly to

)
1Y

with

‘
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:USH

FRESH WATRR
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SICR BAY

e
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1116 ,
;- lsn 4; p. 42

4% prevent deterioratig of clothing If batté*y

acid should be spIN

on them, tmmndiatelv flush

or soak the affected area with a eolutton of
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Mat:ch the meuurel toﬁ:bg%tlken, column B, ‘to the” :
F B condit:ions\listed‘ in column A. . . N
SN R \ L ‘ .

- ’ ‘ A \ _,/'/ ’ B -3 .
L a, Acid on-cloghing 3 (1‘) Flush with. fresh .

SNy i » ter and report :

. , b, Acid on the skin to sick bay. . :
" Lo s : (2) Flush with fresh N o
1 €+ Acid in the eyes ‘water, apply a
' « medication, and ) ,
: : . report to sick bay. "
- - : 4 (3) Flush with baking v i
N P ‘ , soda-and report to E
L4 o L O [ - ' . . sic bay. 1;
' 1. - (4) Flush with baking 2
« . L . soda and water. v
S s - ) . - . ‘
T 74, \What .meuurea are to:be taken when battery acid g;
L comes in contact with the following? . - ]
i wodo. 4 . ;
i . . * 4. The eyes: : “ N
- ¢ - ki, ‘ - . cd
. L L
* b, ) The akin: ) ¥

- . :"‘;
c. Clothing: ~

; —— e — — )

a. FLUSH WITH F?S. Extreme care must: be taken to avoid creating sparks L e

"FRESH WATER [ in th vicinity of airzcraft batteries; qat:urally, &

AND REPORT ' smoking is°- “not. permitted eround them, Even with ’ 3

TO- SICK BAY. gpbd\yentilati n, the hydrogen and oxygdn Jjases

) o . " produced by the\ acid 'will concentrate above the 2. ‘

b. FLUSH WITH ‘cells in explosive amounts. When k{é}g‘gith or: . ‘.< g

FRESH WATER, - near aircraft batteries, the “safe cautions e

APPLY A t:hat: must be observed aré: -do not create any .

4 . MEDICATION, . i , and obgerve the NO ) h LA

- AND REPORT § , rule_. . b

. T0 SICK BAY : B L .

c,’ FLUSH WI’i’H - : . . . ‘ . -

OLUTION ‘ K . S ;

O -BAKING o - . A ' ' .

SODA AND X

e

v 'vm«,%
I e g
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76.

3 -

Avoiding the création of aLankb" and "NO SMOKING" ~

are the two major gafety precautions that must be
observed when working with or near aircraft
batteries. Failure to observe these safety
precautions could result in an S

of the hydrogen gases present. ‘

Y . -

v

.

77.

3

What are the two safety precautions that must be
observed when working with or near aircraft

_battgrieé?

‘

a. : W ot

b. . . .

: 3a. AVOID THE

: .. - CREATION OF
- ( SPARKS.
b:«NO SMOKING.

 (ANY<ORDER)
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. FUNDAMENTALS OF ELECTRICTY . . “‘ ., ’
. LESSON 4 - :
, . PART B , ‘ .
: - BATTERIES v < e .
2 . 3 . SELP-TEST " : .
gﬁf: . 1. What is the definition of a cell? < % o
2oik .
Z{"‘ . - W .
B . L 2.’ Label the two essential parts of the cell. i . ’
2 ) ; 0B - : . ;

L
) A A Bo _ : . R . -

. . ' At g

[
o

. ) . 3
:' : 3. thf is the difference between a primary cell and a secondary
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How is a battery charged? . s ' .
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6. What is the ndme of the instrument used to determine the X !
- condition of a cell's electrolyte? _ ... 5 . )
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12, How can battery terminals and cable clamps HBe protected from .
~ corrosion? _ * . ' % T
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13. What are the measures ‘to be taken when bAttery acid com% tn®
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The e;ec‘:troly'te has turned to water. 7
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- LESSON 4, PART B .- '

-

-BATTERIES- SELF TEST ANSWERS

Cell - A device which changes ch&mical enetgy into electrical energy.

(a). ‘E'lectnqde‘s‘ Lo \

(b) " Electrolyte | _ ) .
Primary cells cannot normally be recharged, Secondary cells can be
recharged, )

Tts size N ‘ oy .

- A battery.is charged by forcing current through a cell in a reverse
direction, - ° .

-
.
by, ’

Hydrometer -

1/ v

-
-

Battery * A group of 2 or nﬁore\cells connected together.

Series =~ _ o e

Parallel  ° oL . " - '
Co‘f‘réqs’ion . ’ i R
Cleaniné and coating with-petroleum,ii‘e_l‘ly.: — T

. Y
(a) The eyes' flush thh fresh water and report to sick bay . ,as

(b) “The skin: flush with fresh water, apply a med1cat1on and report -

-to sick bay .
(c) Clothmg flush with a. solution of bakmg 'soda and wafer .

,.‘_ - M -
1

(a) Avoid the creation of sparks : _—
o smoking - : S,

=

¢ . '
. : Haky
ot
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. uma#e<END OF LESSON 4, GO ON TO LESSON 5 -
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“FUNDAMENTALS OF ELECTRICITY
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,

g

and some time to complete this leszon. 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 eaih page carefully.

Fill in'‘each blank.

Keep the answer to the
frame on which you are-
working covered with a.
slip of paper until y
have written your ans:Sr
Correct all errors you
"makes:

Follow all directidns
given in the program.

SUGGESTED READING TIME
170 MINUTES
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LESSON 5
PART A

MAGNETISM

OBJECTIVES

°

Given a list—of statements pertaining to magnets, stare whether

each statement applies.to a naturdl” magnet or an artiftetal

magnet.

- -

®
<

Given a listof materials, classify each as being either magnetic

or nonmagnetic.

‘Given a list of true and false

statements about magnetic lines. of

flux, select the true statements.

3

Given an illustration of a magnet, with the direction of the flux

lines shown, label the poles of the magnet.

. ©

Given illustrations of magnets, select the one that shows where
<the ,greatest concentration of flux lines occurs.

State the laws of polarity.

-

° N
&

Given 111ustrationsl§howing dlfferent molecullr arrangements in
a maghetgc material, label each as being unmagnetized, partially

magnetized, or sattrated.

*

Giyeh.the terms résidual magnetism, magnetism, retentivity,
permeability, transparency, saturated, induced magnetism,and a .
list of-their definitions, match each term with its definition.

List three yays. of magnetjzing

lStat@ whether the permeability

retentivity is high or low for
magnets, -

State whether the permeability
retentivity is high or low for
magnets., 2 ’

Given a‘list of metgls select
magnets and the one(s)“hsed to

an iron bar, N
is high or low and whether the -

metals used to make permanent -
,%@;»

is high or low and whether the @
metals used to make temporary

the one(s) used to make permanent
make temporary magnets. .
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When a metal attracts a magmetic
metal is said to have magnetism.
be defined ds -having the ability
magnetic materials. g

material, that
Magnetiam can:
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*  Because the- magnec in the illustration gttracts

the nails, it is said to have

.

.

MAGNETISM

Magnetism is~defined as having the ability to

—

.

ATTRACT
MAGNETIC
MATERIALS

i
'K‘

Everyday mngnetis

. of some model ‘cars use a magnet.

practiecal magnets are artificial magnets.

"affects us in some way,
*large generatoriwwhich provide electricity for
lighting our cities and homes and the small motors

7

The

These very.ms.
Motors,

.-generators, and magnetos use
*magnets.’ ’

they are man-made,

produced by .

Artificial magnets have many practicél uses and,
The magnets used “in electrical
motors and magnetos are artificial; they are

o

K

S

Since these magnets are used in various applica-
tions, -they must be made in different shapes and
sizes; and because these practical magnets are

produced by man, they are called

4 -

B O -

R
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ARTIFICIAL
MAGNETS .

1‘-'

7:2_There are two kinds ‘of magnets:

.

. &, 3 An artificial magnet which is produced’by/?an.
* ]

, - -This magnet is called a

[3

-

magnet.

.

<

14
bo'

1’ 8. What are the twb kidﬁs/of magnets?

\ >

‘b, A magnet fdund in a natural magnetic condition. §

8. ARTIFICIAL

b. NATURAL

Magnetite is a materjal found in a magnetic

condition,
condition, it is ‘a

i

magnet.’

Since magnetite is found in a magnetic

NATURAL

10,

Although magneti¥e is found in 2 magnetic

condition, it has no practical use.

Would

magngtite be used as the magnet in a motor or

generator?,

NO
>

11.

I .

Becausejof the difficulty in obtaining desired
sizesianh\shapes from magnetite, it has™no

‘practical use as a

v .

IR

MAGNET

Jl12,

. Select the correct statement.

Magnetite is the only type of iron ore found
It has no practical use in

magnetic condition.

motors or generators, but it was used in ancient

times as a crude compass.

a, Magnetite is a type of iron ore.

.

4

_&. Neither A nor B is true,

ﬁ_ﬁ?\%‘ X
d. \@oth A and B are’true.

b, Magnetite ‘was used as a crude compass.

e,
in a

13.

Because magnetite was used as a compass, it is

called lodestone.

Lodestone means leading stone.

From its early use as~a compass, magnetite is

often referred to as

e

v

* 251

et
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Select. the names which apply to'the type of iron
ore that is a natural magnet.-

a,

Magnesium

b. Lodestone

Manganese

d. Magnetite o o o

e, Még net O«

MACGNETITE
(LODESTON! )

15. What is the only type of iron ore found in a
’ magneti¢ condition?
e e § ]
NN [
16, -There are many materials which can be made into i

artificial magnets. There is only one that is a
nat ural magnet; it is called

R IaE »
: MAGNETIE - 17. Circle the létter beside each’ statement that 5
& (1L.ORFSTOM) " pertains to an artificial magnet. ]
;i‘ [} : - 3
?f ® a. It is called lodestone. 5
t ¢ . b. It {s a magnet produced by man.
Ey il ’ - 3
5 ¢ C. It has the greater application.
. d. It"is the magnet with the least practical use.
e e, It is the most practical magnet.
b. 18. - ’/, 1
o S - . a
w < pL. 4 §§ 3
e. L - :
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11 16 .

N S

MNC=TH

SOYTH NORTH SQUTH
Pt POLE POLE POLE .
NATURAL ARTIFICIAL - —
MAGNET MAGNET =
‘ LT ~

sm—

All magnéls,
natural,
pole.

whether they are artiftcial or
have a ‘ and

e o s




19.

7

X

All magnets have two polesw- a _ and
a pole. ‘

———————

NORTH

SOUTH

20.

'~
N,
s

Some materials aré not -affectéd.hy magnetism. -
. These materials are classified as nonmagnetic.
Brass, aluminum, copper, -and magnesium are some of
‘these materials, and they would be classifiéd as

*

. : ]
A4 L4

s

'NONMAGNETIC ",

S

Any material that cantot be magnetizeg-is ciassi- = .

‘fied.’as nonmagnetic. Bfasqfand cdpper cannot be
used as magnets and are clasgified as

»

L]
R

- .

NONMAGNETIC

22,

L

Aircraft parts made of aluminum or_ magnesium are
not affected by a magnet, and ’ )
classiﬁ}ed-as'non@agnetic.°

(are/are not)

k3

.
2

23.

<

s
Materials are classifiéd as being either magnetic
or nonmagnetic. Those materials affected by a
magnet are classifiqg as

s -

Ly

L

MAGNETIC

24,

Magnets have an attractjon for magnetic materdals.
Alnico and ‘iron are attracted by a.magnet and are
classified as materials.

-

o

MAGNETIC._

- 25,

’

Cobalt and permalloy are magnetié materials,
What is the effect on these materials by a magnet?

T3

-

THEY ARE - °
ATTRACTED.

26,

\\\ ,)(,
Circle the letter beside the materials that are
classified as nonmagnetic.

4. Aluminum Alnico

b.’ Permalloy Cobalt

¢. Iron Copper

d. Brass Magnesium

|
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(ﬁrcle the letter beside the materials .that” are
classified as magnetic. " o

Lt 2,’{’ ”

25
%

a.” Copper 4 Permalloy

e 45
(fa\"n

a‘g"gf 4

b., Cobalt . £, Brass

23
AT

¢y Magnésium Aluminum

d. Iron

%

-

28. Magnetic materiais; -when attracted to or even near
a magnet, will become magnetized.. This indicates
that materials affected by magnetism are easily

he ’

et X N4 2

MAGNETEZED -
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« In the i—ll'iiiz'r:acfanfiﬁw'o,h-’tﬁ”é objects
.- - by the magnet become- . .. . . ’
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30, ﬁagqetilm. produced in a material by the presence
> of-a magnet is induced magnetism. If you were

- wearing a watch near a strong magnet and ft became
magnetized, the magnetism in the watch would be

rr i AR
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INDUCED
MAGNETISM

31. ' SOFT IRON_ BAR .

et

- v \Auem FIELD

Magretism induced in the iron bar by the magnetic
field is - .

INDUCED
MAGNETISM

-

32, Magnetism {nduced in a material by the presence
of the magnetic field of a magnet is-

- .

F ]
° - s
& .
INDUCED - * } 33.
MAGNETISM
L s i\ .
)
4s, .
‘ ' e e
- = IS 40F FLux -
L ,
of

In the illustration, the magnetic field, which
produces induced magnetism, is made up of
of . o , © °

-
S

. . ‘/ .
34. .All magnets have a magnetic field; therefore,.all
magnets have : of . ’

v

N



Thééﬁagnetic fleld cannot Q; seen; however, a .
* visual representation~oﬁ this magnetic field

around a Jnagnet can be obtained by placing a

sheét of gla‘d%gver a magnet and sprinkling iron
«*f1lings on the glass as illustrated below.

s e
g
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Iy oy
';72'5-%{) fad
g .

o

-
N

What do the iron filings 1n the illustration
. :egresent?‘

|

\ 13

B4 A
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7,
E

f
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"MAGNETIC FIELD{ 36, The lines o% flux, which make up the magnetic
(LINES OF " field, were not affected by .the<sheet of glass 4
‘FLUX) because it is a nonmagretic material. A non=--- .

) magnetic materjal is said to have the property of

' transparency because it does not affect the >

of . .

ATy, WY f
£ -

P
?

‘LINES OF FLUX | :37. Just as glass is transparent to light and allows
o light rays to pass through it, a nonmagnetic .
“  material is transparent .to 11nes of flux and allows
- the flux lines to pass thtough it..
A material that has no,effect on the lines of flux
has the property &f .

o

e

- .

TRANSPARENCY 38. Transparency is a property of all
: -~ . materials.

4%
B4

Sl
FaRE

TSR
S

39. Because the flux lines are not affected by
nonmagnetic materials, they cannot be insulated.
Lines of flux readily.pass thgough, all nonmagnetic
materials- for this reason, flux lines cannot be

R

»’%‘%"

-
e ¥l A B b, ae + €y, U e
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INSULATED

1/ o« =~ ‘/
] 1/
GLASS chPER " WOOD ALUMINUM

Will any of the materials above insulate lines of
flux? .

»

-

g -

Why will the watch in the illustration become
magnetized by“fhe lines of flux’

&

LINES OF FLUX
CANNOT BE
INSULATED,

Which of the following statements are true?

Lines of f}ux cannot be 1nsulateé.

Ltnes of fluX are Mot dffected by
nonmagnetic materials.
&>

Neithef A nor B is true.

Both A and B are true.
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w.434_q515b6ﬁ§h “thé slines of flux cannot be 1nsu1ated

equipment can be shielded by using a magnetic
. material to direct che lines of flux, .

AN\

In the illustration above, the soft iron acts as
a .
nml——

v

Lines of flux traveling outside the magnet will:
seek the path of least resistance. If two paths
exist, one air and one magnetic material, the
flux lines wilgﬂftavel through the magnetic
material, even though it may be the longer route.
This shows that magnetic” material offers the path
of

~LEAST
_RESISTANCE

C

K

Why do the lcwet flux, lines travel fhe path,
shown? " : b .

T
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FLUX LINES 46. — . 4
SEEK THE PATH . 9
OF LEAST . 1
RESISTANGE, . g - = i )
AN'%‘ . SOFT IRON
A
) {1 -7 S
‘ SOF T IRON g
1. 1y ,
S N
' - SOF T IRON

Which illustration shows the path the lines of s

flux will travel through magnetic and nonmagnetic .

materials? s

, b : , \,
c. . 47, ol . '
S
g :
) - - L4
. -
o Why is the watch not aff’ected by the lines of
’ T flux?
‘ *
- . M
12 - = -
: — 259 <
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e o 8 THE WATCH IS 48. Select the statement that states how to protect an’ . e
B L e SHIELDED BY : mstrument from lines of flux. , \
R 1HE_SOFT-IRON- .. J
% ’ MATERIAL, ~oa,. Insulate the instrument with a nonmagnetic y
3 LINES OF FLUX A “material. .. Yy
"TAKE THE PATH o y . . .
OF LEAST' .. b. The instrument cannot be protected from lines a
RESISTANCE, of flux, « ¢ . .
- . - -5, s - . e . N - r . 2
Va - . ~ . 3
i | . .. C. Usea shiela of magnetic m&terial,. - ) .8
- ' . - d., Protection is obtained by the use of a glass
. = g face. 1
£ . K , .. Pas y
. \ . .
. - ™ . A * d -
Rl y, “§ee 49. The lines of flux't t:rave outside the" magnet from - .
‘ ' N . thehx:::;hrgole to the south pole and never c;?ss
2 ‘ \ eac er. . ' - .
L = |
N = . ~ : i Q___)
. - “ . \———' @ . : » ’ o
i - , A SR
N )
< f
s"'ks‘) - - Qﬁ ( g : y
f'; r‘ s - s N ) ®
B e e o Q = i
[N . . ‘ N
e N
?-‘;“ s B "—"T—I’ .
o ' S . -
'fs” . Which illustratl/ion correctly shows how the £lux
g; lines traVel oultside the magnet?
LA — s
SN . . -] :
C. 50. -Complete the {illustration below by drawing the -
lines of flux. Use arrows to indicate the
. . direction of travel;. ‘remember lines of flux
. " “never cross. . . . T
- . . ~ R M o .
11.16 . -
Isn 5; p. .13 ; | e % ' o
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. - N
oy
. Although the magnetic field surrounds the magnet,
' , the greatest concentration of flux lines is at the
i P /5'-—:}": . poles. Circle the area(s) where the greatest e
== concentration of flux ‘lines occurs. .
- . -
' NS - ‘ :
L L S, '
e ——————— s
N “ ——————————p Z
+ A’ @
2 A
I \ ;e
L 4 P
52. Because the poles have the greatest concentration
of flux lines, the ‘greatest ,strength of the magnet
T is at the . .
—— ————————————n— . . .
’ POLES 53, . , )
- ) ) e /
r~ . aon .. - .
N sE— - N S
‘e - . /‘ \ -\ .
: A. B. C
R ° N Sl . - . N S| -
. i * " CV..;‘ h -~ ' . 'D-
. . The illustration which correcclv shows: vihere the . -
% greatest concentration of flux lines occurs 1is -
¥~ -
11.16 R s R
. ' 4 M ’
o Isn 55:p. 14 . 2{) i . .
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4.

L7

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? '

/

55.

‘

o

-

We know that both natural and.artificial magnets
have a north and south pole. There are two laws of
polarity concerning these poles.

B

a,  Like poles repel (north repels north and
south repels south). o ’

.

b. Unlike poles attract (north attrac south‘

and gouth, attracts north).

Place the letter representing the law (a or b) under

the illustratbon to which it applies.
ol

)

P

t11:16 -
lsn 5; p. 15
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%,
. s
This {llustration demonstrates one o.f%t(:?_t}e laws of
polarity. This law states that poles
., . S
- VIKE 57. When the unlike poles of two magnets are brought
. KEPEL near eaci other, flux lines join and cause an
attraction between them. : o
o *
' T et
i ; The illustration ibove shows the othér law of
. ) polarity. This law states that , ) :
v . . -
e -
UNLIK: POLES 58. .
! ATTRACT
S
- ' A
‘i : ,
i In illustration A, the south pole will .
) the south pole, 1In illustration B, the north pole

(will ; the $outh. pole.

g . 283

e & . . § P
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REPEL 59. State the laws of polarity.

ATTRACT
- (‘;:: a,

sl

Fo21

e b

b'

RN A 2

v

a, LIKE POLES’

. 7%g. REPEL, .
"b. UNLIKE ,)
POLES 21 .
s> ATTRACT. ) ' N : -3 . : E
: ; «

vz;;:’ JITaE e

-

(ANY ORDER)’ . OLECULES
: POLE

{

., BN ﬁe.,,

.
Ay

.t

- o Q - 4 ’
The molecular theasy of magnetism is based on the
theory, that each molecule of a magnetit mdterial
is a magnet. In the iYlustration, each molecule '
is a ' . .

N -

.

T . , :
61. When the molecules are not aligned, the material
is said to be unmagnetized. Tt

i hot,cil- TLY3
E.b JB‘\ (.“)-\‘Q

b het B ' ® N,

N

A

-

Which illustration shows a' material that is not
gaghetized? . ) \

The reason is (circle the 'letter beside the correct
statement) . TN SO

a. the moleéules are aligne

the molecules are not aligned

o g,

11.16
lsn 5y p. 1T




. . A
There are three ways of aligning the molecules of a

material and making it a magnet,

These awe: ..

<

a. Stroking the material with a magnet .
b. Placing the material in a direct-current coil.
¢. Placing the material in a magnetic field.

Which method is being used to align the molecules
in the soft iron bar? o

63.

A material can be magnetized by a magnetic field.
This causes the molecules to be aligned with their
north poles in one direction and their south poles
“in the' opposite direction. Magnetism is induced in
a materia]l when the molecules are caused to be
aligned by a ’ .

MAGNETIC PIELD*
. ~

64,

i

-

i

By placing a, material in a magnetic field, we - induce
nagnetism, This will align the molecules of the
material,

Draw the arrangement of the molecules in the

soft iron par,
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STEEL BAR

ALWAYS STROKE IN ONE DIRECTION ONLY

The method of aligning molecules by stroking is
shown in the {llustration. What does the illus-
tration show that must be remembered when using
this method?

a

ALYAYS STROKE
IN ONE
DIRECTION ONLY.

-

L
-

v

66, o :
- R AS I SoE T akie]
NN pe M WP o
AL R A -
A. UNMAGNETIZED' .- -
‘ EEE Y e
= s §e | ! e I K= |
gaafﬁ‘ﬁ&’%zgag
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s . (s Jo Jo Is }s o §s Ju Ju fu e }s |
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C. FULLY.MAGNETIZED (SATURATED)

-

B S

Stroking a material in"one direction with a magnet
will align the molecules as 1in iltustration C,
During the stroking procedure, prior to reaching a

__ 8 )

J2¥
S, 1
A T A
e m’;i&":’?"ﬁ”l

,mater{al will be in a

condition.




PART IALLY
‘MAGNETTZED

The best methdd of obtaining a saturated condition

-in a material is by placing the material in a coil

carrying a direct current.

Which illustration shows the best method of fully
magnetizing a material?

ALWAYS STROXE IN ONE DIRECTION ONLY

A B C

o A
“
—~ ¥
68.
A.
o
Zawms‘ STROKE IN ONE DIRECTION ONLY o
2 R 7
. ¥
C.

e =

Label each illustration as to'the method being
%used to mignetize the material.

A. STROKING
WITH A
MAGNET

B. PLACING IN
. A MAGNETIC
FIELD

C. PLACING IN
A COIL WITH

DIRECT
CURRENT

11.16 X
lsn 5; p. 20

69.

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 ' .

‘
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Aﬁmaterigl*gben saturated is fully magnetized, and

the strength of the magnet cannot be increased.

\

Write the wor
fully magneti

- -

S| ¢

d saturated by the materxal that. is
zed . ) .

.

?

71.

4

A material th
_disarranged.
magnetized t

at i{s unmagnetized has its molecules '
As the material becomes partially
he molecules align themselves near the

ends of the material causing the magnetic poles to

develop. -
- .
ROACE - L 4 {BURE M
] ’\’2 :"1110 .o
s B - BRWE
Almaas s S
B’ B ¥ &' 3. W BB RN :
A EARN EIDBE:EN| { .’
‘B.B°'B R UE R NE DR R
. Cl»esainsnsmnnonm
MO N Ry
e R R o .
BlfSyua ot
- ‘ \
‘ - ~ .
in illustration A is

The material

- A -
.

w -
(saturated7hnmagnet1zed/pertially magnetized)

The material

{n " illustration B is ... -

=

(p&rtially magnet1zed/unmagnetrzed/saturated)

A

__,WL.Ihe_material }n illustration C is . ' R

@ 4

) Ty
(unmagnetized/saturated/partially magnetized)




A

A PARTIALLY |72, |S . s ms&xmsmem f
MAGNET IZED, R N
B UNMAGNETIZED! CCUN 34 ¢ SO CLKL g
| SEETyyNL EBE
C SATURATED caice e MM neaB, -
. NI N E N TV '
=g RN n|9¢f:‘a;35;£ LK
tutu N aee *Tarng o
Label’ the magnetic condition of the materials as '
" beigg unmagnetized, partially magnetized, or
saturated. .
® *
A, SATURATED |73. What are three ways of producing a magnet?
B, PARTIALLY ) L .
MAGNETIZED | . a. S, — ' :
C. UNMAGNETIZED| = . 25 Bl
b, . ‘
) c. SRR ’
.4& z .
a, STROKING 74. There are also three ways'a magnet‘can°5; ~ .
* WITH A demagnetized. Since aligning the molecules of a i
MAGNET. material causes it o become magnetized, disarrang-
b, PLACING IN . ing the alignment of the molecules would cause che -
A MAGNETIC . . - material to become
FIELD. i .
¢, PLACING 1IN . ,
A COIL >
CARRYING A e '
DIRECT”
CURRENT, \ ' L
DEMAGNETIZED 75. Three ways a magnet can become demaéngtizéﬁ are:

&y "By dropping or jarring.

L]

b. By heating. .

C. By using a coil carrying alternating current,

Which one of the three ways of demagnetization
could result from careless handling?’ .

’ o
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76, * Instruments such as an ohmmeter or a voltmeter
" depend on a small magnet for their acciirate.

operation. By dropping or jarring these .

instruments, their accuracy could be affected by

the magnet becoming - .

-~

-~

i

77. When a magnet is exposed to extreme heat, such ‘as
a 'welding torch'flame, the magnet will become

SR ———— : o

s -

\73f/fﬂeating will demagnetize a material but may destroy
the desired properties of that material. The best
way to demagnetize material intentionally is to use
a coil carrying alternating\current. To demagnetize
purposely a material, the best way would be to

o . . J

1

79. Three ways a material may be demagnetized are;
. K

a, Dropping or jarring,

b. Heating, o

. -

c. Using'é coil carrying alternating current,

Which of th;se is the most desirablef

ey
» *

80. Residual magnetism is the magnetism that remains
after the magnetizing force is removed. A soft {iron
bar, “when removed from a magnet, will attract iron
fillings for a short period of time because it
contains magnetism, :

1

- »

8l. The magnetism remaining in a material after the
magnetizing* force is removed is called.

wr

-

<

¢ DEMAGNET IZED
; .
_ § DEMAGNETIZED
: S
1 USE A cotL
- CARRYING
ALTERNATING |
CURRENT
- t ’
" * %
~' 4
R Ce
e -1 RESIDUAL
‘RESIDUAL
A

MAGNETISM #

82, Some materialé retain their magnetism longer than
others, Retentivity is the ability of a material
to retain its " .

A 4




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.

3

2
-~

b. it loses 1its magnetism easily,
c. it does not demagnetize with heat. .

d. it is not affected by a magnet,

N

84, The ability of a material to retain its magnetisf>}
is .
RETENTIVITY 85. A material that remains magnetized for a long period
' of time hag . retentivity; however, a
(high/Tow) .
material that remains magnetized for a short period
of time has- retentivity,
(high/Tow)
86,

Another property of a material is Eermeabilitk-- 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
mag, and hardened steel have retentive
- -7 / (high/low)
ity; therefore, they/would have

. * (high/low)

perme-

<
L

Y

Lol S

ability,
P .
87. A material that allows thé easy passage of lines of
) . flux has high permeability; however, the material
= would have retentivity, B
. .- —(high/low)y ——— -~ — "~~~
t .
4 N A -
88. A magnetic material that does not allow the easy

passage of the lines of flux has lowApermeabilfty,
but when magnetized, will retain its magnetism for
a period of time,
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89. - If we wanted to produce a permanent magnet, uz

a i

-

‘permeability and a

would select a magnetic material with a

(high7lou)

retentivity.

oo

(high?low) .

- T
Alnico, nipper mag, and hardened steel have high- .
retentivity #nd low petmeability. These materials -
are used to make . magnets., .
o T

N——

I - )

Which of these metals would be used to make
permanént magnets? Place the letter P in the
blank beside -the metals which would be used to
make permanent magnets. .
a. °  Permalloy d.

b, ‘ Alnico . e.
Ce . Soft iron f.

Mumetal
Hardened steel

Nipper mag

po—

Where magnetism is required constantly, as in a
magneto, a permanent magnet is used, When magnetism
is to be used temporarily or turned on and off, like
the .magnet used in loading scrap iron into railroad
cars, the magnet used is a magnet,

»

TEMPORARY

'Materials used to make temporary magnets must lose

their magnetism quickly. Soft iron and Mumetal make

good temporary magnets because of their
retentivity. (high7kow) )

e

In the 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 loses {its o,




MAGNET ISM

95.

s i °

Metals such as permalloy, soft iron, and Mumeéal are
known for their properties.of high germeaEiIitz and

low retent{vity. Because of these properties, they

are used as gnets, W

a

el

K]
The desired properties of metals used to make good
temporary magnets are permeability and
(high?low) .
retentivity,

(high7low)

-

97.

" a, Permalloy . d.
b. __ Alnico e, Hardened steel
c, Sdft iron £, Nipper ﬁag

Place the letter

by the metals that are used to
make permaneint magnets., - o '

Place the letter T by the metals that are used to
make temporary magnets. N :

Mumetal

4
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LESSON 5

PART A

MAGNETISM_
SELF-TES®

-

1. Below is a list of stateménts about magnets. In the blank

beside each statement, place the letter N {f the statement

. . Ppertains to a natural magnet or place the letter A if- the»
. - statement pertains to an. arbificial magriet. X

4 . DY

X a; A magnet produced*b? _man Q . . )
j i ) * b. It is alsg c;lledbmagnetit;: . - il%ﬁ .
S . c.& The m‘«t 'p;actical magnet o
/ K - “ d. It is somet imes caued lgeston%. . | .
’§ £+ -The magnet with least practical . s % .
1- ' . . . use o '“’: _m ——— T

vg
¢

L f. Has the greater application.
N - o

2. Label these q’terials as being either magnetic or nonmagnetic.

s

<
]
"

LRI

N

v

' 3

- . H J
Brass » ' ' » S - s

&
e

3T
P
(.

Iron

Aluminum

. Alnico.

Magnes {'um

Permalloy

Copper

Cobalt

. 11,16 S ] : _ §
Isn’5; p., 27 o : ' ~

S
L 52 gt e

2t

PRy

"
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NP

T L

Pt

1=

"
s

11.16%

3. Below.are somé true and false statements
, flux,

L 8
° b,

ﬂ‘ -
C.

4, Label the poles of this magnet,

ot o

Lines
Liﬁgs
-Lines
Lines

Lines

Lines

of flux
of flux
of flux
of flux
of flux

of flux

.
R -

.

about,maénetic lines of

rCircle the”letter beside the true statements.
cannot be shielded.

‘never cross each other.

create a magnetic field,

can be insulated.

A
travel outside the magnet from north to south.

~

N

are affected by nonmagnetic matérials.

.

AR ‘ :
A ) "
o .
b - ) L) b + # *
B o, 3 T e -
. ‘ T L/ G ‘ -
.-, . - } - . .
LR LAY ¢ A Ky - . .
5, & A ) H »
&5 \ " PP , N
e Ty : . oo ‘ 9 T
& . .
f . ¢ Y ‘ ¥ N P
- L~ . . ] . o
. [ Iy €

.




N

5. Which illustration correctly shows the 'concentra:tion of flux,

lines? — .

6. State theclaws of “polarity. .
a,
b. - S o s

. T~

7. Label the materials below as being unmagnetized, partially

magnetized, or saturated. ° . '

-

A
R
w.ﬂﬂwﬁwu T oA L N 4
s et
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80

10.

16

column B,

Match the terms in column A wicﬁ Eheir correct definition in
Place the letter beside the term {n the space

proyided beside fts definition.

Ce

e,

£,

80

-,
C.

The required propercies of metals used to.make, good pqgmanenc
magnets are .

A

o

& e
]

Residual magnetism
ReCentf%ity
Permeability
Trangparency

A

Saturated

K] .

Induced magnetism

Magnet ism

(1)

" have no effect on lines
HOf flux,

(2)

(3)

. (4)

-&
(5)

————

.field.

(6)

¥4(7)
<«

~s

N C . - .
whacsareAchree ways oﬁgmagnecgzépg an iron bar?
* . N,

“magnetic materials.

Ve

-

The property of
nonmagnetic materials to

Magnetism that remains
after the magnetizing
force has been removed.
The ability of a material
to permit or oppose the
pasgssage of lines of flux,.
The ability of a material
to remain magnetized.
Magnetism produced in a
material by a magnetic

The condition of macerxal
that\is fully magnetized.
Has the ability to attract

-0

S

& -

magnets ‘are > pe

]

permeability and

. 1L The~requf¥ed propercies of metals used  to make good tqp;orary i
rmeabilicy nd, >

i,

reCenciVLCy
-

.
- Y

retentivity. :

Q\I’.
-3

v
2
@Q
»
Y
%
- 1] &%
w




State whether the metals below are used to make temporary .
magnets Or permanent magnets.; Write temporary or permanent
in the space provided,

s

a. Permalloy

b‘ N AlniCOz

c. Sofc_iron

14

d. Mumetal

Hardened tteelv

Nipper mag

11. 16
. Isn 3; p. 31
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5 LESSON 5, PART A

~ MAGNETISM-SELF TEST ANSWERS

B 1. (@) ] " IR :
b) 9. (a) Stroking with a magnet

A
. . N
e, Poe) A (b) Placing in a magnetic f1eld
(d) N ) ' (c) Placing in a coil carrying a
N
A

! (e) direct current
(£) 10. low
‘ 2. (a) N . hieh ,
(b) NI . d
. () N : 1. :“gh ,
@ M ’ ow
(e) N 12, (a) T
(f) M . ®) P
e X . | () T
- .- M \ <
A (@ T
.o ’ ) (e) P
‘ 3. b, ¢, e. = )P
. 4 L : . .
T S R
s 4 GO RIGHT ON TO-LESSON .
\ o - 5, PART B - ELECTROMAGYETISA =
- 6. (a) Like pole&¥repel AND ELECTROL\‘IAG}:ETIC INDUCTION
- (b) Unlike poles attract R . )
% 7. Unmagnetized . v ° : -
i Partially magnetized sl ;
Saturated . ‘ . >
3. d (1) ' ‘ e N
, . a (2) L e . . ) . . .
c (3 : ) _ - . . .
b- (4) ° - .1‘ -
. v (5) _ .
s‘i" e (6), . . ' ) . r, B
IR g (1) / . , 8 .
KT a Al -
.:: . " lj\) . AR
L ~
. 32 o "
< N g




FUNDAMENTALS OF ELECTRICITY
’ LESSON S

o . PART B

G ke . ELECTROMAGNETISM, .

) . AND :

; ‘ ELECTROMAGNETIC INDUCTION

g N OBJECTIVES

3 1. Givén three illustrations of sfkraight conductots carrying

2 ‘ current and three statements .describing the illustrations,

] . match the true statement with\the correct illustratipn. .

1 \7’“> -
2. Given the terms core, soleuoid, relay switch, and electromagnet,

and a list of their definitions, match each term to its .
definition. -

?J 3. Given an illnstration of a solenoid and an electromagnet, label

- %{ each illustration as being either a solenoid or an eltectro-

P magnet ., ‘ ’

= ’

B 4, List the three factors that affect the strength of an electro-

magnet .,

5. Given illustrations of-two types of relay switches, label them
-as be1ng either the solenoid and plunger type or the armature
type.

6. Defifie electromagnetic induction.

+ 7. .Givefr illusfrations and statements pertaining to induced EMF;
’ _matph each statement to {ts correct illustration.

8. List the three requirements for induced EMF.

9. Select, from a list of- ‘gtatements pertaining to lines of flux,
“'" 7" the factor(s) that determine(s) the number of flux linesqﬁpt

; per second, .. o

: - q - '

7 10. ¢ Given three -illustrations of electrical circuits, select the

2’ . one ‘having the requirements needed “for induoed current. N
: . . 11, Given an illustration of an induction coil,, label the components’

of the cg}l as being the primary coil, the secohdary coil sthe
interrupter or the gore. . .

-

12. Given a:lxst of statements about inductlon coils, select the
true statements. - . .

- .

13. Given.an.illustratxon of an inductxon coil -and its circuitry,
gtate in your own words how the low input voltage is changed
to a high putpué.voltage

14. Given a ‘list of sdatements about trangformers and indection .
+ . coils, state.whether each ,statement pertains to transformers,
induction coxls, or both, =~ * *

g




4

: 1. \A compass, when near a magnet, is affected by_the

magnet's magﬁatic fie}d. A compass is also affectedf
when it ,is near a straight conductor carrying

current., This indicates that a conductor carrying
current has a .

) . ‘% .
&
.

- ¥
Lo

MAGNETIC FIELD

/

2. 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 any place along the conductor, the needle will be

deflected, '
NORTH RO
. 7 e
é o :>
N\ :
SOUTH .
COMPASS §
]
_ .

As loﬁg as current is fléwing, the needle of the
compass will be deflected at -any. point along the .
conductor because of the presence of the

*"

]

" [ , .o
3. - As shown in the previous frame, the magnetic field
the straight. conductor

(runs parallel/circles)

/ when
. ' '

is flm‘ingo .

+




The ménetic £ield around the conductor may Hé
g o : illustrated like this,

P

+—fHLASS

IRON FILINGS

The magnetic field about the conductor is in the
shape of a .

—,

. ) Aithough a magnetic field surrounds a current-
R i carrying conductor and will affect a compass, it
does not have polar!fty. .

L e 1 ’ This means - -

- o a. it does not hdve a north and south pole,

f)‘;”‘_ - b. .it does have a north and south pole. .

’g’ c. 1t has a north pole orly. ’

: ‘ d, it has a sgouth pole on,ly.‘.'-

4 6. Which illustration correctly shows the magnetic
field about a straight conductor?

I"
';:":r‘ '< * ) . . > R .

1." . ’ ’ .
. . . . . . . -




=3

° ) o °

>

The illustration shows that when a loop is formed
in a straight conductor, the lines of flux enter
at one side of the loop and exit at.the other side.

E This results in a ' and'. pole.

¢ e o

S

NORTR | . 8. Although the loop does have polaricy, it has Jlittle
magnetic strength, If several loops were made in -

SOUTH ° the conductor and a coil were formed, the lines of’
flux for each loop would join, and the coil would

(ANY ORDER) have a greager . .

l
MAGNETIC 9. )
STRENGTH )

Look at the“illustration above.
the lines of flux join, travel through the center
of the coil (core), and form a weak .

when current flows, ¥

1

e T




P SN AN

8o

b8 -

10. Although the coil has greater magnetic strength than
the single loop, it's still a weak'magnet because
its center area or.core is composed of air. -

'Thgdcenter\area;of the—solenoid -is known as the

3

(curxent-carrying coil with air core).

Solenoid

11. A, current-carryin

.

0

L)

g coil with an air core is a




13.

The lines of flux traveling through the air core
of the seolenoid 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 .

LINES OF FLUX

14,

Air, with a low permeability, is an inefficient
core. Soft iron is a more efficient core because
it has permeability. s ’

. (high/Tow)

HIGH

"The ‘most effiofent core is one gf

-

T
»

. - - Ahighllow) —. —4.

HIGH

PERMEABILITY

J

16.

' temporary magnet when current is flowing.

A core material bf high permeability becomes a,

ng ..

. —
Which illustration represents the strongest
temporary magnet?

-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-
mggnet {is ;nzghe substance used fior the

29

4

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

AT

77
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ELECTROMAGNET

- A coil with an air core is a

An electromagnet has a core of

A, SOLENOID

B. ELECTRO-
MAGNET

~ e
SOLENOID 520. Label the {llustrations as representing either a
@ N solenoid~gr an electromagnet, .
SOFT IRON e _
(MAGNETIC B T
MATERIAL) J
P G
ya///,
\ECN”
l‘}:;
NN
\\1\:'
" - -
— el e
& .

21, Electromagnets have many uses, They can be very
small, such as the.ones ysed by doctors to remove
metal. splinters from a patient's eyes; or they can
be very large and capable of lifting tons of .metal,
Because of these varied uses, it 1s necessary to

have some means of changing the strength of an

' .

S -
3 . B

o

ELECTROMAGNET.

‘22, The strength of an electromagnet i{s determined by
three factors. One of these factors {s the type
of material used in the core. An electromagnet
with a Gore of low pérmeability would not be as
stron an electromagnet with a core of

perme lity. :

HIGH -

11.16
lsn 5; p.- 39"

=

“23: Permalloy has’ a higher permeability than soft iron.
* Whith electromagnet is stronger’

SOFT IRON PERMALLOY ’ &
. CORE CORE _,
s ?D?))
M A ' '
- ‘ 14

L
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24, Another factor that determines the strength of an
electromagnet is the number of turns or loops in
thes conductor~- the more loops or turns,the greater

;its strength, )

D

']
o

PERMALLOY
" CORE

B

L

SOFT IRON
CORE-

C

SOFT IRON
EORE

A

Which electromagnet is the weakest?
a‘.]

Which electromagnet is the strongest?

A WEAKEST

B STRONGEST®

S

25, Two. of the, factors that determine the strength of
an electrOmagnet are: -
<

91

k3
.

a. TYPE OF
CORE
MATERIAL

b. NUMBER OF
LOOPS OR
ASTURNS OF
THE COIL

26. The third factor that will affect the strength of
the electromagnet is the amount of current,

The greater the current, the

the
electromagnet's strength,
, creng

-

/I

GREATER

27,

{-

Thesthree 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

-»




. ) AMOUNT OF | 28, X o
. CURRENT ~ ' SOFT IRON  PERMALLOY  PLRMALLOY  PERMALLOY :
] . CORE CORE ccﬁ X . CORE =
D ] N
" .
A [ mw s wau»l .
) : N ‘ |
: 11 !!!llk —-ﬂ!l'l— ! IH 2
i 12, 12V v
. 24 IA 2A (Y
[ A EY B. c T D
¢ - * ! »
( . A Which electromagnet is stronger, A or C?
Why? ' - 9
b. Which electromagnet is stronger, B or D? L
2 4 o _
: . Why? ‘ .
B c. Which electromagnet is weaker; D or CAN_ .
o * Why? __ . N
. ) ! 2 “"‘: ,
. o ,
a. C 29. The three factors that affect the strength of an” ° §
BECAUSE OF - electromagnet are: | ’
TYPE OF CORE " e '
» MATERIAL USED, a, - . - .
a be D ' iR
o, NUMBER OF b, . ) ] . .
TURNS OR LOOCPS \ . . .
. IS GREATER, . e :
':: t; D o | )
LT HAS LESS . S ’ boog /‘,\
5 : GURRENT . o - ‘ P
© &. TYPE OF 30. This is an illustration of .a simple relay switch,
. CORE . The illustration shows a common use for an . i
! }"ATERIAL S ’ T e . (
o . N - ]
b b. THE NUMBER . v .
. ' OF. TURNS OR — N
. LOORS OF : 5 o TT= ¥ : S
‘ - *THE COIL f} -, o '_é__ L .
;J : ¢ i ’ o « 4
o c. AMOUNT OF 1}~ P o ‘ - '
v * CURRENT 5 : : K
b . o I‘[ -




ELECTROMAGNET

31.

One of the main uges of.electromagnets is in relay j
switches. The magnetism used to actuate a relay ?
switch is obtained by using an )

4

o hd .

v
ELECTROMAGNET } 32. A relay switch is a device used to contral remotely
an electrical circuit, By using a relay switch, a
‘. “small aigount of current can be used to control a ;
' circuit ‘with a large amount of current.
~
§ . K
hd ) |
- - - 4
CIRCUIT 8 1
. 24 Y54 2 SWITCH
Ld C ‘( -
‘ ) - i CIRCUIT A (77005058280 000 004 V )
=24y i i L ‘
: — !OOOA . o @ .
) I .

B . . . . .
‘ In the illustration above, high amperage is needed:
~— « .for the starter operation. "Device C allowsycircuit
» B to, control circuit A.;wDevice C is a
. " e .t <, - i —_—"
- ’ ’ p L. :
) ~ 5 ) - g
RELAY SWITCH 33. A remote-control device used to control electrical
circuits’ is a ' .
¢ ’ A RS ? . ) '

[a

>

N
.

34, There are.two basic types of relay switches.

v

N .
e, .

The
'‘method by which electfomagnetism is used to actuate
the contact points will identify each type of

-

)

<

-




xn

RELAY SWITCH

]

35.

One type of relay switch is the solenoid and
plunger, It has a solenoid with a movable.plunger
held partially out of the coil. When current flows,
the plunger is drawn into the solenoid by the '
attraction of the magnetism,

i >

a

_Look at the illustfation above. ~When switch A is
closed, in which direction will the plungerf;B,

move? , <,
. -

S

36.

The type of relay switch in which the plunger is
free‘Jo move is the - " and t.
type. , ™= o

°

SOLENOID AND

PLUNGER

t
'

.

® -

37.

i c .
The.second type of relay switch is the armature,
The coil of ingulated wire is wrapped around the
core.  The core is not movable; and when .current R
flows, the core becomes magnetized and attracts
the armature. . .

¥$—/ . 120v@>" :

. Hle—nmmature . '~
g S— T .

- ’ ! "‘ﬁ ¢

= o \&\5

Refer to the illustration above,

When the switch is .closed, current flows to the
coil. The armature moves and the
(UP7¢own)

2

* . points will g L

(close/open) :




“. . ]
« . = . . \
~ ) ") A
-~ . . \
. A
. 1 - . -t
\ 38, The relay switch with a fixed core is the A
) P type. / .
CLOSE v
. 2 >
. . . E , 1 E
* ARMATURE' 39, The two types of relay switches are: e
4 ¢ ™~ ° ) ‘
A. » a. * -
b . a8 . f
7 . — = \
a. SOLENOID * { 40, ° - '
- AND PLUNGE . )
b, 'ARMATURE -} ~ o . s '
- (ANY ORDER) +
> - '
i < -~ {
{
] - ?
. '
4
2 .- . ‘
.~ L] ¢ .
- ) - ' [
El v =
N : ' . \
\- . : ' |
. Iliustration A shows ‘an’ ‘ __“type
of relay switch, . -
t \
“ !
Illustration B shows a and :
. type of relay switch.
]

IToxt Provided by ERI . - .

N v \) | = =
X ..' 13@ 5; p. 44
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A& ARMATURE

B SOLENOID
" AND PLUNGER

We have seen hpw electricity can be used to produqe
magnetism, Thls is called electromagnetism,

Ye can do the oppoéite and.use magnetism to
produce electricity. To do this, the flux lines

. must be cut by a conductor through relative motion.
N

This is cBlled électromagnetic induction.

®

When conductor A is moved rapidly up and down across
the magnetic field, meter B will show that elec-"
tricity’ is being produced This action is known as

4 L4
- M . .

[
-

ELECTROMAGNETIC
INDUCTION

=

e ~
Electromagnetxc inductiLn is the action involved in
producing elegtricity by the use of a

field, a . s and relative -
between them., =~ ’ 7

MAGNETIC,
CONDUCTOR
MOTION

Producing electricity b& using a magnetic field, a
condiictor, and relative motion is called

o

N r L§

AR

ELECTROMAGNET IC
INDUCTION

2] : 1

Electromagnetic inductjon’ is. producing e1ectr1c1ty
by using a .. , a
; and .

between them,




MAGNETIC FIELD

What is electromagnetic induction?
:CONDUCTbRic ' l
{RELATIVE MOTION{.
= <
!
ELECTROMAGNETIC| 46. An EMF (electromotive force) is induced An the
quCTION IS conductor when the relative motion between the

L

45,

PRODUCING ELEC-

d4TRICITY BY THE

JUSE OF A "~ parallel to the lifies, of flux, no flux lines &re
JMAGNETIC FIELD, - cut @nd~@p induced EMF locetr.,
JA CONDUCTOR, . " . (will/will not)
JAND RELATIVE N . E
JvoTION BETWEEN. \ N\
dTHEM, _ . 3
ILL NOT 47. In which {llustration will induced EXF not be )
' «  produced in the conductor? .
- J
b
. . .
]
r . .
: . = R
& i 48. An EMF is not produced when the flux lines are not, 1
' cut by-;be conductor. Eor induced EMF, the conauccor
must move so the are cut, ’ .
— - — = " — N
FLUX LINES %9. 'To obtain induced .EMF in che#&bnductor, the best
) - method to follow is to cut.the flux lines at .right
. - angles (perpendICUlar)..
s
.t . . \
Which 1llustration éows the most efﬁicienC\@éthod 3
- of producing an 1nd ced EMF in the conductor 1
11.16 .
Isn 5; p. 46 . ) .

, ;conductor and the lines of flux causes the 'flux
lines to be cuti With the conductor moving

™~

P

<&




;d:z Relgtive motion is the motion of the conductor or
the magnetic field; that is, the conductor can be

. moved*to cut the flux lines of the magnetic field,
- or the magnetic field can be movéd so that flux
, lines are.cut by the

CONDUCTOR -~ 51, What‘vill result from the action shown 1n the
) 111ustration? )

ry
.
, ¥

INDUCﬁh EMF IS 52. To have'1nduced EMF, there are tgiee requirements'
PRODUCED WHEN J. a mlgnetic fipld,“a conductor, and relative motion’
A MAGNETIC ° between them. , _ ‘
FIELD MOVES, When flux lines’are cut by the relative motion

ACROSS THE ° between a magnetic field and-a conductor, there
CONDQC?OR{ e will be an -. " EMF in thg codductor. d

INDUCED® 53 Which»tllustrations: indicdte that EMF will be
- induced in" thq conductor?.




ToNe e

A . 54, What are the three requirements for induced EMF?
D ’ ae ' ’ ) ‘ \
b. ‘ e N R s ' §
. é. ‘ L » :
a, CONDUCTOR 55. The strength of induced EMF is dependent on the

number of flux lines cut per second. ' When the g

b. gggggwlc number of flux lines cut per second is increased, |
. the strength of induFed EMF will =~ . &,
le. RELATIVE . - -
MOTION “ . . i
. M Y \
INCREASE - 56, There are three factors that will affect the number

‘of flux lines cut per second., One of the three

factors is the flux density (number of flux lines
per unit area). . &

Which illustration shows the stronger induced EMF?

v

|

HAS A GREATER
FLUX DENSITY.

"$7. When the magnet useé.in a’magneto loses part of its

Y

‘ Why does this'hégpen?

e

’

-strength, the EMF it produces will decrease.

s

4

.



.

3
«
<

o

fee
.

The~-second factor which will affect the number of

THERE IS A 58.
, B DECREASE 1IN flux lfnes cuteper second is the number of turns 7
FLUX DENSITY or loops of the conductor,
(NUMBER OF e 4 - .
FLUX LINES), The device in illustration A is capable of producing
* twice the-amount of induced EMF as the device ia
o illustxation B. : -,
- Why? . . Y
N A N . . [
L) u ’
s ..
- S
< N GV
@ ' , t
» 4 | i
N / 1 Q§_/)
° * \ !
\ -3
PR N B ’
\ /!
L] L
“ e
] . . , . . ,'
THE COIL 59. Two factors which affect the number of flux lines
(CONDUCTOR) 1IN cut per second are the flux density and the
ILLUSTRATION A number of loops_or ' of the
HAS TWICE THE ~- . N
+ B AMOUNT OF .
LOOPS OR TURNS ' -
AS THE COIL IN
. ILLU?TRATION B. 4 .
) \f
. 60. How can irduced EMF be increased vithout increasing N

TURNS o ¥
CONDUCTOR )
(COIL)

.

flux density?

. . : .




R4

4 INCREASE THE

.
LN

A 61. Induced EMF is dependent on the number of flux lings:
| NUMBER. 0 «’ cut per second. If one hundred million flux lines |
§ TURNS OF are cut in one second, an induced EMF of one volt iai

CONDUCTOR produced; but if -two hundred million flux lines are d
(COIL), . cut in one second, an induced EMF of two volts is . &
. produced. Other than flux density and nymber of

turns ‘of the conductor, what is the third factor

- that .affects the number of flux lines cut per “

. second?”® ¥
- . . 3
. N
L]
RATE OF SPEED |'62. The strength of infuced EMF is dependent on three
§ OF.CUTTING THE - factors, L.
§ FLUX LINES, . : .
They are: . -
[ N 4 °
‘ a,. s
) ‘ bo * ’ ) {
i T C; . v * E
. - o ]
FLUX DENSITY. 63. When'a conductor is moved through a magnetic field,
an EMF is induced; however,,there 1s no induced

g NUMBER OF TURNS{ ~ . curreat (electron flow) unless there is a closed

g OF THE path’or circuit.. To have taduced current, *there 1
CONDUCTOR | must be a closed .
¢coiL) - e % * .

§ RATE OF'SPEED | | ’ ,

(] . L 4
§ (ANY ORDER) . '

. ;. 4
) - Y L a— @

§ CIRCUIT 64, Up E% this point, we have only discussed how an EMF

5 is induced. Using this induced EMF, we can get an
; induced curfent. . ,

. ' You must realize there is a difference between

- induced EMF and ipduced wcurrent, .
! c.

| . { An induced EMF is potentfal energy. When the b

N : ,~ circuit is closed, this potential epergy causes 'E
. electron flow in’ the circuit and this &lectron .
flow s known as | . . g

£ b . 1

% INDUCED CURRENT| 65. To have an induced current, two conditions muet-be
‘ met. There must be an aud
U} ' .
. —— ¥ " \) . .
) Ve - ' -’ [
.16 ' i} - ’
1sn 5; *
5; p. 50 . . ]
- ol °
' ¢ N -




INDUGED EMF

CLOSED CIRCUIT|

-

at

When a coriductor 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.

hia Y8
Lrena

L e st o

Illustration A will have

3 °

(1) inducéd EMF,

(2) induced currunt,
"(3) both. |

(4) neither.

Illustratiqn B willxhave

-
§

(1) induced EMF,t -
(2) ' induced current.
(3) -Dboth: . :
(4) neither.

Illﬁstration C will have

(1) ‘induced EMF.

(2) induced current.
(3) both. |

(4) n;ither.




a. 3) "
b. (1)

c. (&

s "

67. According to Ohg's law,when the voltage (EMF).of a~
circuit changes (increases or decreases), the ~
.current changes in the same dinection (increases or
decreases), Therefore, the thfee factors which
affect induced EMF- will also affect

N

INDUCED
CURRENT

~
»

68. A generator in which all three faciérs are incorpo-
rated will produce any desired voltage.

However, weight, space, or a system which requires
different voltages will limf€ the design. The
eleetricals system of a car is an example. The
1ights 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 whlch will greatly )

EMF. )

F——

Y

r ~ -

69. When it is necéssafy to increase a low source
voltage (EMF) to a-higher output voltage, the
device used to cause the increase is an

‘ * cbil,

! Doucton

’

v

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 thé magnetic field of an
" induction coil is obtained by using a moving

"A

Y

I

E
E

MAGNETIC FIELD

”3

‘ . ~

7Y The moving magnetic fxeld of the induction coil {is
obtained by using a ¢oiled conductor with.a:
pulsating direct current @.D.C.). Thil pulséting

©'s d{rect current is producéd by using an interrupter

switch ’
Because the type of direct current used in the
.1nducjion coil is periodically interruptéd, it is
calle

— L .
~

- . -

S\

.. PULSATING
-DIRECT .
CURRENT

72, A pulsating direct current flowing through a coi&ed
cmagne.i~

conductor produces a

|




r N
: MOVING
" - | FIELD
A
B ‘ — . . ‘ . ': Ve <> - e
* . A R e
. > R ‘If the ‘sWwitch (interrupter) at point A were opeged " I
- e s . and closed rapidly, the magnetic field woGld build R
) o up and collapse. Thisiproduces a moving - ) DA
-~ ‘ ; '~ ’ bl \ t} -
. ? HAGXIIETIC FIELD{ 74. . An induction coil is made up of a primary coil and . P
.  a secondary coil, N o . L
. The primary coil teceives the low ihput P.D.C, . ' .
: The other coil, which is the output gil, produces 4 - - .
.. . the ‘high induced EMF and is ca}led the "\ .
- ( : ' ’ - * “ 2 k3
’ - g re -
SECONDARY COIL| 75. In the basic design of an induction cpil, two coils .
. ' are used; these coils ar@& the ¢ .. _coil .
' < and the : ' coil, N
5 4 v N 4 < . . R ‘ -
C " f§ PRIMARY » # [ 76, . T.oe . .
3 ‘*‘ T . /. * . - *
! e SECONDARY . . .
. . : ' — SECTNDARY. CCi = .
: . Jecose -,
! A * N i )
, RS ’ A ¢ i M
~T e ' . / : . . ’ L—— oR14ARY COIL .. .
. - 4 ; . . ‘e , b R :’
¥ ek ’ =3 pwessmegr L -
; Y ™, o ° g’ ’
» ) T , A\, ;
) > . } Although the primary coil and “the secondary coil
) ¥ s are separate coils, the illustration above- shows
R ' ' . - they are both wound on a common _ . .




. . ! - g
CORE 77. Insulation is used to prevent an electrical %
connection between the two .conductors. An induction
- coil dces hot have an electrical connection between
the primary coil and the secondary coil,since the ,
primany’coil is - from the

secondary coil, "

e N

INSULATED 78. Each turn or loop of the coil is insulated to

: prévent an electricalec connection between turns,
- To prevent an electrical cennection between the
- coils, the primary coil and secondary coil are
‘ . - from each other. y

>

IGRL A, XA

N -

INSULATED 79.« In a basic 1nductéon cofl, 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.

SO SCTal T,

P
-T r

s {
INSULATED » | 80. 1In an inductidn coil, the primary coil and the

secondary coil are both wound on the same core.
) The peiMary coil always has fewer turns than the de

secon aJ‘coil.
4

P

S
s
IS Vs e A

? I
; )
. W
| : , s
* In the {llugtration, A is the 3
) (primary/secondary)
§ coil and has turns than B,

(more/iess)

" lsn'5; p. 54 ' : i
Q .l
RIC - - 301
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PRIMARY In an induction coil, the coil that always has the
. greater number of turns is the
LESS, coil, , : ¢

\ <

SECONDARY Label the primary coil, the secondary coil,.and
Vo " core.

[ 3
A. SECONDARY

B. CORE

C. PRIMARY

In the illustr;tion, which coil is receiving the
low inp7ﬁ voltage?

(primary/secondary)

-

84. In an induction coil, the low ipput voltage is
always received by the , ’ :coil,




wh

1 _ e h&ﬂh_._<->;.hgﬁg

<

. The source voltage for an induction coil- {s direct
current which is changed to pulsating direct current
LI

by an interrupter switch.

Label the interrupter switch, primaryAcofl,
secondary coil, and core.

al 1

N 8. .
L}

1

3
. | i N
. ’ N
, « ! )
. . | . ]
[N I - - - . -
’ * IL s
. K
. L4
N4 v ’
'
H
\ B -
~

} .
A, CORE 86. The P,D,C, in the primary coil causes a mcving
.B. SECONDARY magnetic field.,
COIL ~
c . - This moving magnetic field will be. cut by the
+ - INTERRUPTER larger number of turns of the '
SWITCH (CO i1, . ¢ '
D. PRIMARY . : '
COIL » g
SECONDARY 87. The purpose of an induction coil is to
) EMF,
(decrease/increase) \ -
The incréased EMF is induced in the coil that has -
. . . the greatest number of turns. This is ‘the - ('
‘o coil,
INCREASE 88. The secondary coil cuts the .moving magnetic field
and induces EMF. This induced electromotive force
SECONDARY ) in tne secondary.coil is increased because the -
secondary coil has a¥ number of
: (gredter/lesser)

turns than the primary coil,




.

¢

GREATER

89.

Relative ‘motion between the moving magnetic field (
and the turns of the conductor of the secondary

coil will cause gn increased EMF to be induced in

the coil.

r

SECONDARY * *

90.

In the illustration above, di current comes
from point A. This low inmput- dir t current is
changed to P,D,C, at B by the .
This causes a moving magnetic field around C which
is the . The relative motion
between the increased number of turns of the

‘ ) coil and the moving magnetic field
wil% cause an. EMF at D.

, - * -

INTERRUPTER
PRIMARY COIL
sacoun?m )

INCREASED

91.

,direction constantly, will also cause a moving

For the operation of the basic induction coil,'a
P.D.C, was required to produce a movihg magnetic
field, Alternating current (A.C.), which changes

92,

The type of, current that can be used to produce a
moving magnetic field and does not need to be’
interrupted is current,

Gr

G

ALTERNATING

11416 -

Isn §; p. 57

—
93.

E S LS N aden

N
A device that uses alternating current to produce
a moving magnetic field is the transforme?.
Since the transformer operates on alternating
current (A,C,), there is no need ‘for an

N

T ——t




. INTERRUPTER

A

PRIMARY E =% SECONDARY

SCFT tRON CORE

TRANSFORMER

E_._-_in_ i

The voltage transformer is similar to the induction ;
coil except the interrupter switch is not required
because of the type of current used. As shown in
the 1illustration, the transformer has a .
coil and a coil,

'

PRIMARY

d SECONDARY

A
.

Transformers may be used to step up (increase)
voltage. Transformers used for this purpose will
have gore turns (loops) on the secondary coil than
on the primary coil, , R
NOTE: The primary coil of a-transformer, like the-
primary coil of an induction coil, will
always receive the input voltage. ’

N

s




VG RS e T,

é

rs may be used to step up (increase)

96. Transfor
voltage, or they may be used to step down (decrease)
. voltage; however, when they are used to stép down |
F voltage,) the primary coil will have more°tutns\than |
" ' 7 the secondary coil. - . X \
A - B ’
: Label the illustrations as being eithet a steg-uz or
' a steg-dow type of transformer.
! \
A STEP-UP 97. The secondary coil of a transformer ﬁseﬁ to increase

B STEP-DOWN'

-

»

(step up) voltage has more turns than the primary
coil, ’

A ttansformet used to decrease (step down) voltage

has more turns on the coil than .\\
s the cofl, - _
PRIMARY - § 9s. The basic transformer does not have an electtical
’ . . connection between coils sincg the .
SECONDARY
- - (citcle letter bes(de correct answet) © .
- i -
1 a. primary coil is insulated from the secondary-
. co}l.
‘ " b, primary coil is not insulated from the T
, . secondary coil,
a. 99, ~In a transformer, either step-up or step~down, the

11.16

1sn 5; p. 59

EMF is always induced in the secondary’coil,
Therefore, it*is the output voltage coil. The
. input voltage coil of any transformer is always, the

° .

uw»,m!wi.‘)&.' L

i
R o B, kwu




PRIMARY COIL

In a transformer, .the input voltage coil is the
- , and the EMF (output)

voltageffis always induced in the

PRIMARY COIL

‘SECONDARY COIL

101.

-

Below are some true and falee statements about °

transformers. . v
Cirgle the letter beside thettrue st;tements. R |

a. Transforme;sKuse A.C.
b, Transformers may be used to 1ncrease or .
decrease voltage.

IR

¢. Transformers will have induced EMF in
the primary coil, -

d. Transformers will only be used to step up
voltage.

e. Transforriers always have more loops on the
primary coil, .

f. The secondary coil 18 always the output

coil,
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FUNDAMENTALS OF ELECTRICITY - .
. LESSON 5 /7 =~ <
- PART B .
*ELECTROMAGNETISM ’ .
AND - )
ELECTROMAGNETIC‘INDUCTION. .

\ SELF-TEST , o
5 - ' v ) <
- o .

Which statement correctly describes the magnetic, field about T
a straight conductor carrying current? 'Place thé number of

the correct statement under the illustration that correctdy .
shows this magnetic field, -

4. A magnetic field encircles a current-carrying
conduwgtor. ' . R

b. A magnetic field runs parallel to a current-
carrying conductor. / .

c. A magnetic field surrounding a current-carrying -
conductor His‘g“&efinite fixed polarity.
§

) ‘ - |
/
Y - - & :
Match the terms in column A with their definitions in column B, ﬂ“ -
Place: the 1etter from column A in the space provided in column . R
B' - . /
, i 1 ‘ . ' ! * . e -
A ; y B P .
N . \ .' ‘ f
a, Core ) \,(1) A device used to control
. electrical circuits t.
b. Solenoid . . . remotely, :
e (2) A coil carrying a current,
c. Relay switch (3) The center area of a coil,
. (4) Coils of wire wound on a -
d, Electromagnet soft iron core. v
I3 ) , \ o »
. " i
A i z ‘
ﬁ""%’. . ¢ .

o
-

ot 4




. <, B ) R N
14 “ - M . v
. Da— . B 'y . h

i
. . - . v ~

. N . Q? -
’ Labe) the illustratfons as being either a solenoid or an
electromagnet. t. N -
. 1 4
. , .
-~ L] N .
\:/ ‘:' —
\
R > P .
[ "‘= : .
R \.\\ . \
; 2 \\‘ B -
: “y o
) ~ . N . ¢ -
Ae _ t B, - >
i . . . ¥, g
4, List three'factors that affect the strength of an electro- 9 .
magnet . . ~ . .
.o ) - .“. b ‘- b
‘e, -~ . L .
o K r bo ' . * : '3 ‘ .
c. _ - , :
5. Label each~ 111nstration -a8 either the solenoid and plunger ) L
ot - t:ype of relay switch or the armature t:ype of relay switch, e
] . .
v € \l 4
£ .
N . .
v v
N
7 ISP

, L 03 L -
. 3 . S \




fe A ° N < -

. hd

A
. . 4‘ .
: A
* Y
' v B ) . ° ‘ !
. S ) i
e . to t:he 111ustration to which it aPPIies.
¢ . N . -._ e ”—_‘
* R ’ < « _c ., ::4.;‘ N
) 5
: ) « . - . o Q . : T ! ) .
- - < L - - ..»—‘—~\ .
Jlze:Ts] - Dleewic |
Pl o - - - R - - ~———-
G S y .. ’ St .
E’f‘J . * _'-—' ' - B _‘ . : ,C at—
: . N~
- o - . s e ‘ g‘;’ , ( ’ ~ )
¢ : . .
a. No 1nduced EMF 13 produced when t:hg. conduct:or 19 moving
. . -parallel to the linea of* flux. . -
< » . . . o . ;}. .,..m—a"‘"‘”.m
B} N b.. No 1nduced EMF is produced uhen here 13 no mc;t:—ié"qa K Y
= the conductor .or t:he magns}:fic field. 4 ¢
e . / ° 4 S S
e . €. Maximum 1nduced EMF- 13 prodiced. when the conduct:or {s
. 1. moving perpendicuhﬁra t:hrough the lines. of flux.
, A8 - . J. . . ¢ ) . . ’. . .
S — -
8. - The three requirements for 1ndhced EMF are a o R
' T a . : ..and there must be

—

;elat ive : *% obetween’ t:hem.~ ' .




1)

Circle the letter beside the factors which have an effect on
the nimber of flux lines cut per second.

a. Moving the cénductor'barallel to the liﬁes of £lux

b. changing the rate of speed betveen the magnetic field
and the conductor

——

-

. €. Making- a cloéed c{rcuit - /

d. Increasing or igg{géﬁing the number of curns‘of the .

.

coil. (conducto

e. Changing the flux density .

What would be the effect.on induced EMF if the numpgf of flux

lines cut per second were increased? 2 N
¥ (4D

- Circle che lettér under the illustration that shows the require-
~ments .for -induced current; .

Label the primary eoil, tﬁ% secdndary coil, the core, and the

interrupter., -
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13, Circle the letter(s) beside the true statement(s) pertaining ¢
to induction coils, . e !

a. An induction coil will not increase EMF.

b. A moving magnetic field 1is used in aa 1nduction‘c011
€. An induction coil uses a pulsating direct current.

d. An 1nduction ENIJ has a primary and secondary coil,
e. An 1nduction coil uses A, c. only. -~

£. Input voltage always goes fo the primdry coil.

8. The secondary coil receives the 'P,D,C,

..

State in your own words how the low voltage at point A'is
Jboosted to a high voltage at point D.
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These statements pertain, to transformerg and/or induction
coilss Place the letter T beside those statements which apply
to transformers;, the 1etter&; beside those thag apply to Y
induction coils, and the letters TI beside ‘those stetemegts
which. applx'to both. T . ¢
[ ’ .a‘-/ " \-‘ ¥
&, Has a primary and a secondary coil.,
May be used to increase voltage.
May be used to decrease voltage.
May haVe more turns (loops) on the primary
coil than the secondary,
'EMF is always induced in the secondary coil,
"The'%econdarx,coil‘is insulated from the primary
coil, . - v

Uses A.C. oﬁli.

-
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; LESSON 5, PART B oh
ELECTROMAGNETISVI AND ELECTROMAG’\'ETIC :
£ . ) INDUCTION-SELF TEST ANSWERS . “
B - M IS ' a ) - .
\1' Aa ) v .. ) : N A '
2 : ' - '
- | / . : . .
’ j 2. C (1) . e * . . S— ) : -
' b ¢2) ‘ . : :
a (3). /-, : o o
. - d (4)- i .2 . S . | 4
l 3. (af” Electromagnet s- 7 .o
‘(b) Solenoid "). . , )~
. ' . ‘ . ’ »
4. @) Type of core matemal .
. * (b) Number of turns br loops of the coil’ ~
(c) Amount of current :
- 5. (a) "Armature type , , £
6 (b) Solenoid an.d plunger e -

6. . Electromagnetlc induction lS producing electricity by the use of a magnetlc

field, a conduetgr, and relative motion between them,
‘ .

7. (3) c > : .
b) b . — .
Cle) . ‘
¢ i 3 o ‘.
8. Corxducto.z:.\~ ' .. ' . .
. Magnetic field P

- Relative‘motion .

-

9. b, c (instantaneously only, motion. is necessary for a continuous effect), d

10. It would increase - . . . N ' -
ud inerease - - g r

= 11, a, ) o . !

- o .. * °
-~ 712, .(a) Coré . v
o (b) Secondary coil -

I {c) Interrupter switch -

(d) Primary coil . -
.13..b, c, d, f *
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; ~* «_ .14 Dirgct current comes fromi point A.* . This is changed to P.D.C. at R

- . by the 1’nterrupter_. This'cduses a moving magnetic field,around C which -
i is the pmfnary coil. The relgti% motion between the increased fumber

of turns of the secondary coil and the moving magnetic field will cause -
o , ~ .an increased EMF at D, - !
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