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MILITARY CURRICULUM MATERIAIS

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

The course matgrials 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 omitted or sppro-
val for their use was cbtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.




Military
Curriculum Materials
Disseminationls ...

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

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

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

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

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

Project Staff: ‘)

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

Shirley A. Chase, Ph.D.
Project Director
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One hundred twenty courses on microfiche
{thirteen in paper form} and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation, -

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

The 120 courses represent the following
sixteen vocational subject areas:

Food Service
Health
Heating & Air
Conditioning
Machine Shop
Management &
" Supervision
Meteorology &

Agriculture
Aviation
Building & *
Construction
Trades
Clerical
Occupations
Communications
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service

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

How Can These
Materials Be Obtained?
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The "National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and Organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:
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+ Generating knowledge through research

Developing educational programs and
products b

Evaluating individual program needs
and outcomes

Installing educational programs and
products .

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL
Program Information Qffice
The National Center for Research in Vocational
Education
The Ohio State University
1960 KXenny Road, Columbus, Ohio 43210
Telephone: 614/48B6-3655 or Toll Free BOO/
848-4815 within the continentai U.S.
{except Ohlio)




QVERVIEW
MODULE TWO
VOLTAGE ™~
In this module of the Basic Electricity and Eiectronics Course,
“you-will study and learn what voltage is, how it is generated,

witat AC and DC voltages are and why both kinds are needed, and

how to measure voltages. i .

.

This module is divided into six lessons to help learn more
easily. These are: ’ '

Lesson |.  EMF from Chemical Action .

‘Lesson Il. Magnetism. . . + . . . . .
Lesson |11, Eleétromagnetic Induction

Lesson IV. AC Voltage . . . . . . . .
- Lesson V. The Uses of AC and DC. , .

Lesson VI. Measuring Voltage. . . . .

_Don't let any of the above new words bother you; they will be
explained as you come to Ehem in each lesson., |f you find the
explanations in the lessons are not clear to you, feel free to

ask questions. MNow turn the page and begin Lesson |. .

<
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Overview L .

OVERV I EW
+ LESSON 1
EMF From<ghemical Action

EE e e
t In addition to the Module Overview, as you start each lessoﬁ, you ’
will find a Jesson overview such as this page.. It is merely an outline
of what you will study and learn to do in each leséon. In this lesson
you will study and learn about the_followiqg:
-force and current
-EMF

-voltage

p|

-sources of EMF

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

you proceed through this 'lesson, observe and follow directions

r

carefully."“ k;

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

{

n
L]




Stuﬂy Resources

LIST OF STUDY RESOURCES
LESSON "1
EMF _From Chemical Action

To learn the material in this flesson, yoh have the option of choosing,
according to your experlience and your preferences, any or all of the

following:

STUDY BOOKLET:(E} "

Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIALS:

~

NAVPERS 93400A-1A '"Basic Electricity, Direct Current.
Fundamentals of Eleétronics. Bureau of Naval Personnel.

Washington, D.C : U.S. Government P?intfng Office, 1965,

Remember, you may study any or all of these that you feel are
necessary 'to answer all Progress Check questions correctly. Do
_not:forget that in one sense of the word your instructor is a ~
livlng resource, perhaps the best. Call him if you have any kind

of a problem. .

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

NARRAT IVE
LESSON 1 =

EMF From Chemical Action

Force and Current

As you learned in Module One, increasing the force applied to

the electrons in a wire causes current flow to increase. From

this, you may have concluded that you can change current flow

by changing the amount of force applied within the circuit; if

so, you were entirely correct; adding more cells in series in

?]circult increases the applied force and causes more current to
owW.

The force which moves electrons through the circuit is cal]ed
EMF. EMF is an abbreviation of electromotive force, which means
Titerally 'the force which moves electrons. Another name you see
and hear frequently is voltage. Voltage, while sometimes
abbreviated E, and while also associated with force, actually
has a somewhat different meaning than EMF. The basic unit of
measurement of EMF is force; however, the unit of voltage is .
volts. -

:The values of voltage which you may have to use or measure ceover
a large range, and the basic unit is very often combined with the
metric prefixes micro=, milli-, kilo-, and mega-, so that very
small or very large values can be more easily expressed.  You
will rgcall tha§ micro- and milli- were discussed ig Module One
as 10 ~ and 10 ghe prefix kilo- means 1,000 (10”) and mega-
means 1,000,000 (10 In other words, 1/1,000 of a volt Ts.

1 m|II|VOlt 1/1,000, 000 of a volt is 1 mlcrovolt, and 1,000
volts make l kilovolt. You can abbreviate these units the

same way current values are abbreviated. The letter xn(upper

or lower case) is used to mean volts; 1,000,000 volts is written
1 Mv. The abbreviation for mega- is the capital letter M and
for kilo- it is k (upper or Tower case). The foliowing table
may help to clarify these values.

4

) Numerical Power
Prefix Abbreviation Equivalent of Ten
b ! 1078
1,000,000

.

! 1073
7,000 -

3
6 -

1,000 10

1,060,000 10

12




_ Narratlve

Write the following voltages in their most convenient
abbreviated form.

. @. -Thirty thousand volts
b. four-thousandths of a volt
c. —fifteen milllon volts
d. twenty-millionths of a volt

Answers: a. 30 kv or 30 KV; b. 4mv; c. 15 Mv; d. 20 pv

- i

4

. Sources .

The, EMF ‘in the circult supplies the force to méke the electrons
do work. Whatever provides electrical force is called a source.
" So far, you have used two kinds of sources.’ The dry cell you used
in your simple circuit was the source of energy that made the
lamp glow. ¢ .

On the other hand, the source for your power supply is miles away
and the energy travels through miles of wire to reach your power
supply. While Wwe know where the 'source for the electrical energy
is located in each case and that it causes electrons to do work
for us, we still don't know why there is an EMF at the cell °
connectlons or at the outle. on the wall. C

P

Dry Céll as a Source

First, let's study the dry cell. The chemical action inside
the dry cell produces the EMF within a cell. In this case
chemical energy ls converted into electrical energy. Here, as
in all other instances, the Law of Conservation of Energy is
true. In other words, we can't get something for nothing; we
only convert energy from one form into another. :

To help you'better understand how this conversion takes place,
study the fllustrated construction of a dry cell on the next
page. Observe that this cell is baslcally a metal can filled
with a chemical mixture In the form of a paste and has a rod
extending into the paste In the center of the can.




Narrative

Positive.

Terminal . l

1ora rall

Negative
Terminal

o

Center Rod.

One connection of the dry ceil (the negative terminal} is attached
to the can or outer case and the other (positive terminal) is con-
nected to the center rod, The rod and the case are of different
materials. They react with the chemicals in the paste so that
electrons are pulled from the center post and pushed to the outside
.case. <This actfon occurs unti] the charges on the cell's terminals
balance the chemlcal forces within the paste. When this condition
exists, there is a constant difference of potefitial or voltage
‘between the case and center rod. Observe thag within a cell
electrons move from positive to negative - theé reverse of what is

true in a cirguit.
14

3




Narrative Two=1

If you connect wires and a lamp to the cell terminals, you
provide a continuous path {circuit) for the electrons to move
through. The electrons move from the negative case through the
circuit to the positive rod in the dry cell. The chemical action
moves more electrons from the center post to the case and we

have a continuous current flow.

You know, of course, that a cell will eventually wear out and have
to be replaced just as in a flashlight or a radio. The chemicals
eventual ly change in form, 1ittle current flows, and the cell must
be replaced. There are other kinds of cells that can be recharged
by reversing the movement of electrons through them; this action
restores the original chemical state. This is done by connecting
the worn=out or discharged cell to another source.

An automobile battery is an example of this kind of cell. (Tech-
nically, a battery is a number of cells connected together.) Most
automobile batteries today are made up of six cells connected iIn
series, the negative terminal of one connected to the positive
terminal of the next, like this:

Connecting Cells in Series

We will learn several ways that cells can be connected, and how
the kind of connectlon affects the source voltage. We will also
learn to recognize these connections symbolized schematically.

- Cells connected in series are wired together 56‘;hat“fhe positi?e
terminal of one cell is connected to the negative terminal of
another cell. This picturial itlus-

. tration shows three 1=1/2-volt cells
connected in series, with wires join-
ing + to - or - to +. When cells are

' connected in series, their individual
i voltages are additive; thus, we can

obtain a greater voltage from the three
cells above than we can from just one. In this case, the output.
voltage will be about 4-1/2 volts.




IIlIlIllllIIIIIIIIIIIIIIIIIlllIIIIIIIIIIIIIIIIIIIIIIIII-!IIIII!II

Narrative Two-1

The total voltage SUPPlled by cells in series is equal to the

sum of all the cells' voltages. An example is the kind of celi
used in most auto batteries; each cell has an output 6f 2 volts.
Several years ago, cars used a 6~voit electrical system, so three
n¢ells were connected in series to get the required voltage. Modern
cars use a 12-volt system, and six cells are jolned in series to
provide the proper voltage for these cars.

when cells are connected in series, they are represented schematic-
ally in this way:

Observe the symbol here shows three cells
with positive terminals connected ‘to
negative termlnals, one right after the
other.

filie

Connecting Cells in Parallel

Cells connected In paralle]l are wired so that like terminals are
joined - positive to positive, negative to negative.

+ ] I Here.ls a pictorial illustration
of three cells wired in parallel.

L5v L5v L5v

—

When similar cells are wired in parallel, the output voltage of

all the cells combined is no greater than the voltage of . any

single cell. 1In this case, with three.]- ]/2-volt cells connected
- in parallel, the output voltage is still-1-i/2 volts. Each of

the cells contributes to the total 1-1/2 volts, and they tend to

share the work load. This serves to prolong the iife of the cells.

Parallel connection of cells is of ten used aboard subﬁgrines,
where battery power is vital to all ship's operations, and It
is desirable to prolong the life of the batteries.

When three cells are connected in parallel the schematic repre- N
sentation Is as shown: :
— You can see by the symbols that posi-
' tive terminals are connected together
- ' and negative terminals are connected

1i5v]i5v Liv _ together.




Narrative

'

Cells Connected in Series Opposition

A third c&l]l connection Is called serles opposition, or serles
opposing. When cells are connected in this manner, they are
connected in series - one right after another; However, tike
terminals are connected together as shown here.

We have seen the utillity of cells connected In series, aiding
each other. 1f we incorrectly connect ceils In series with
wires going between llke terminals ?positlve to positive, and
negative to negative), as shown in the schematic,

:I: L3v

L3v

there Is no net voltage across the load, and no current flows.




Narrative

1

What would the voltage applled to the lamp be
for each of these schematics?

L
s i
e Ly

rT-LS

Your answers should be:

1. 1.5v (parallel connection)
2. Ov (series opposition tonnection)
3, 4.5 (series connection)”

AT THIS POINT, YOU MAY TAKE.THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE -OTHER RESOURCES LISTED. ‘IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORREETLY. _




PROGRAMMED INSTRUCTION
LESSON |

Voltage

TEST FRAMES ARE 15, 28 and 37. AS BEFORE, GO FIRST TO TEST FRAME
15 AND SEE IF YOU CAN ANSWER ALL’ THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.,

Recall that current is caused by the application of an outside
force. This force Is called EMF, and the EMF leads to an
associated voltage.

Current flow is caused by

EMF is the force which tends to move electrons. The component
which provides this force is called a source., A source is defined
as a device which is capable of producing and supplying electrical
energy to some type of electrical apparatus. Such sources are
sometimes called voltage sources; however, you shouid be aware that
voltage is not the same as EMF.

Which are examples of voltage sources?

ammeter

dry cell
lamp

power supply

dry ceil; d. power supply)

lettered arrow that boints to the voltage source is:

(y—"_
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k. In a dry cell, the matérials contained in the cell react chemi-
cally to produce a voltage. In other words, chemical+energy is
converted into electrical energy.. .

Which statement is true? : .

a. A voltage is generated by the chemical energy released
as a result of mechanical work on the cell.

b. As a result of chemical action, the cell is capable of
delivering electrical energy.

c. The dry cell is a voltage source because it supplies
chemical energy to an external device.

---------- - o e e M M M M s A e M @ wm M Ea a Ea Mm@ a e Em am am am

™

(b) As a result of chgmical action, the cell is capable of
delivering electrical energy.

S. The most, common type of*dry cell consists of three bas?¢ parts:
a zinc can, a chemical mixture in the form of a wet paste, and a
center rod or electrode which extends Into the paste.

Match the letters to the terms.

1. rod
2, zinc

3. paste

(l-c; 2-a; 3-b) - - ]
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6. In a dry cell the rod will probably be made of carbon. .
Check the lettered arrow that points to the carbon electrode.

\

7. The proper name for the 2inc container is the 2inc electrode.
Check the lettered arrow that points to the zinc electrode.

.2




Polo - Two-l

8. The chemical mixture or paste wacked inside the zinc container
(zinc electrode) 1s catle e electrolyte.

ICheck the letfered arrow which points to the electrolyte.

9. Match the following:

1. can a. carbon electrode
2. rod ' b. electrolyte
wet paste c. zinc electrode

{T~c; 2-a; 3-b)

i

10. Label the basic parts of the cell according to theif proper

-‘----'—.-----’--

zime electrode; b. electrolyte; c¢.. carbon electrode)

1 2o
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11. Binding posts or terminals are attached to the electrodes so that
wires may be easily connected to the cell. The carbon electrode
serves as the positive terminal of the celi and the zinc electrode
serves as the negative terminal.

Match the letters to the terms.

1. positive terminal
2. negative termlnal

+ The chemical reaction of the carbon and 2inc electodes with the
paste electrolyte causes an electromotive force (EMF) to bé pro-
duced. This farce separates electrons from atoms within the
source -.nd moves the eiectrons to the negative case. This
causes a positive charge to accumulate on the carbon electrode

~ .and a negative dharge on the zinc electrode.

Which i1lustration shows the result of the chemical reaction
between the electrodes and the electrolyte?
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13, Hhen one polint (zinc electrode) is more negative than another
point (carbon electrode}, a difference of potential Is said to
exist between the two polnts.. A cell then Is cgpable qf supply- '
Ing electrical energy to an external device. 1In other words, the
EMF.within a cell causes an electrical potential. difference
which can cause electrons to move outslde the source and do
work.

o ) N s .
which of the follawing lettered arrows shows a difference of
.potential due to chemlcal action? *

14, Although EMF and potential difference are often used Inter-
changeably, remember they are different in that EMF causeS the
separation of charges and the movement of electrons within the
source, thus leading to the potential dlfferences; potential
difference or voltage is the force existing between the separateq
charges.

4
Y

Is voltage the same as EMF:

{Note: If you answered no; but are not completely suré of the
difference, review frames 1-14.)




Uk . Two-=|

15. Match the following.

- '
L e 1. also called voltage ) a. “electromotive force
. 2. chemically produced by the
' separation and movement of b. potential difference

charges, and related to work.
3. a force which tends to move v
electrons within a source

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
N : ’ * ANSWERS GIVEN AT THE TOP OF THE NEXT g#GE.) v
¥




- ANSWERS - TEST FRAME 15
b-poteéntial difference

b-potential difference

a-electromotive force

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO
ON TO TEST FRAME 23. OTHERWISE, GO BACK TO FRAME 1 AND
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 15
AGAIN.

-

16. As seen, difference of potential is also referred to as voltage.:
Although EMF, potential difference, and voltage are ofteﬁ_ﬁgsg_
interchangeably, remsmber that they are actually sllghtly dif-
ferent in meaning EMF is a . The potential dif-"
ference which is produced is actually the difference in voltage
between the two source points. Note, we can speak of the volt-
age that exists at any point, as long as we agree on a reference
standard. This refefence point Is always assigned a voltage
of zero. '

S

{force)




P.b. o Coe Two-1
17. When an eXternal clifcuit is connected to the source, a path for
ccurrent fiow is provtded. The excess electrons at the negative
electrode move through the circuit to the positive electrode
which is deficient In elactrons Vo

Which Illustratlon shows what occurs when an external clrcuit is

connected to the source?

' 1. cHE =
REAGTION - N e Rt Yon

18." Check the statements that are true.

. Current fiow outside the source is from positive to negative.

.. Current flow inside the source is from positive to negatlive.
Current flow outside the source is from negative to positive.
Current flow Inside the source is from negative to positive.

{b. Current flow inside the source 15 from positive to negative;
c. Current flow outside the source is from negative to positive.)}

1Y

2? .-..
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19, The major drawback of a dry cell is that It everftually loses its
ability to produce a potential difference. This occurs because
of chemical changes within the cell; remaining chemical energy
is no longer converted into electrical energy.

.Which is true?

a. A dry cell can produce voltage indefinitely and does
not have -to be replaced. :
b. A dry cell can produce voltage only as long as the
" chemical reaction within the cell continues.

A ——

{b) A dry cell .can produce voltage only as long as the chemlcal
reaction within the cell continues.

NOTE: There are other kinds of cells such as lead-acid cells,
which can be recharged by reversing the movement of electrons
through them, rebuilding materials In the cell. This is done
'by connecting the cell to another source. An automobile bat-
tery Is an example of this kind of cell.

Since dry cells have a limited voltage output, there must be

some method of obtaining more voltage than that available from
- one ceil - by connecting the negative terminal of one cell

to the positive terminal of another celi until the desired

voltage is obtained.. This type of cell connection is called
series aIQIng. . .

Which diagram shows a series aiding connection?
f

¥ e
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. Voltage within a circult can be increased by adding cells con- .

Two={

{serles a131n§)

. A series alding connection Is obtained by:

connecting the negatlve terminal of one ceil to the
positive terminai of another cell.
connecting the negatlve terminal of one celi to the
negative terminai of another cell.

. connecting the positive terminal of one cell to the
positive terminal of another ceil. )

(a) connecting the negative terminal of one ceil
positive terminal of another cell

. Which schématlc diagram shows the correct series alding
connection of five cells?

o rHHH-

. One cell or a comblnation of cells connected together to provide a
‘voltage greater than an individual cell Is called a battery.

Which is the schematic symbol for a battery?




2

P.

25. The unit of measure f%r voltage or potentlal difference Is the

volt (abbreviated either ¥ or v). When cells are connected In
series alding the total voltage s equal to the sum of the volt-
ages of the Individual cells.

What fs the maximum voltage that can be obtalned from the fllus-

H HH

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

26.

(b volts)

There is another type of serles cell connection called serles
opposing. You must be famillar with series opposing connections
although you wlll rarely see cells delliberately connected In
thls way. The purpose for learning this concept of cell connectt
Is to prevent confusion when In later modules you deal with
voltages that oppose each other.

A serles ophoslng connection 1s obtalned by connecting theé neg-
ative terminal of one cell to the negatlive terminal of. ancther
cell. '

Which schematic dlagram shows the correct series opposing
connection of five cells? '

A




P.1. : Two=1

27. When a cell is Connected series opposing, its voltage 1s
subtracted from the sum of all voltages connected series aiding
to obtain the total voltage available from the combination.

You will note that two of the cells are connected series aiding
and one i$ connected opposing the two; therefore, the two in
series aiding provide 3 v opposing the 1.5 v of the one cell.
Total voltage is 3 v - 1.5 vor 1.5 v,

What is the total veltage of the illﬁstration below?

(zero volts)
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28, Draw a schematic connecting s1x 1.5v cells to obtain maxlmum
voltage. Label the polarity of’each cell also.

What is the output voltage from cells connected as in the sche-
mati¢c you have drawn?

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




ANSWER ~ TEST FRAME 28

g vres —HHHHHE

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO
ON TO TEST FRAME 37. OTHERWISE, GO BACK TO FRAME 16 AND
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28

AGAIN.

29. Another type of cell connection is the paraliel connection. Cells
. connected in parallel are wired so that 1ike terminais are jolned
positive to positive, negative to negative.

Which schematic dlagram below shows the correct parallel connectlon
of three cells?

. When similar cells are wired in parallel, the output voltage of
all the cells combined is.no greater than the voltage of any
single cell.

4
Hhat is the output voltage of the cells below?

: "This type of connection serves to prolong the (ife of the cells:
because they share the work load. It is often used aboard
submarines, where battery power |s vital to all ships operatlons.

27 33 '
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31% You will recall from Module One that the greater the force
applied the greater the current.

In which circuit would a greater current flow?

b.

32. You have learned the abbreviations for electromotive force (EMF)
and volts (v}). Another abbreviation is E, which is used for _
voltage. {(Note: It unfortunately is not the abbreviation for,
or the same as, EMF.)

Write the following sentences as mathematical equatrons ‘using
letter abbreviations.’ .

The electromotive force'is 9 volts.
The circuit has an applied voltage of 60 volts.
The voltage in the circult is equal to 6 volts.

Match the abbreviations t? the appropriate terms.

voltage ‘ a. v
electromotive force b.
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Large values of voltage may be expressed as kilovolts. One
" kilovolt represents 1000 volts and is symbolized by the letters

KV or kv.

50 kv represents
3000 v represents
k.5 kv represents

(50,000 v; 3 kv 4,500 v}

Small values of voltage may be expressed as millivolts or micro-

volts.

IOne millivolt represents 1/1000 of 1 volt or 1 x 10-3 volts and

Is symbolized by the letters mv.
-6

One microvolt represents 1/1,000,000 of 1 volt or 1 x 10 = volts

and is symbolized by the letters uv..

0.0025 v represents
0.0015 v represents
0.000005 v represents

{2.5 mv; 2500 uv - 1.5 mv: 1500 uv = 0.005 mv: 5. uv)

e

Mateh the following.

25 kv . 25 volts -

5 uv 0.025 volits
0.005 v 25 kilovolts
25 mv . 5 mlllivolts
25 v - . 5 microvolts
0.005 mv - '

(1-¢; 2-e; 3-d; 4-b; 5-a; 6
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37. Match the term to its correct definition or description.

). when one point is more negative voltage source
than another point

potential difference
also called voltage

. series connection
force which moves electrons
Inside the source : volt

unit of measure for voltage ) + EMF

capable of producing and
supplying electrical epergy
to some type of electrical
apparatus

. two or mase cells joined
from the negative terminal
of one to the positive
terminal of another

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS leH THE CORRECT
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.)
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ANSWERS = TEST FRAME 37
1. - potential di fference
2. potential difference
3. EMF '

volt L

voltage source

IF ANY OF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME.29
AND TAKE THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURGCES LISTED. IF YOU
TAKE THE PROGRESS CHECK AND- ANSWER AEL—THE QUESTIONS COR-
RECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES-

TIONS CORRECTLY.




SUMMARY
LESSON |

EMF _From Chemical Action

As you learned in Module One, a force applied to the electrons in a
wire causes current to flow. The subject of this lesson is the force
inside the cell which tends to move the electrons .to one of the cell's
terminals. Electromotive Force, abbreviated EMF, is the technically
correct name for this force. \Voltage, while sometimes abbreviated E
and also assoctated with force, actually has a somewhat different -
meaning than EMF. .

-

The basic unit of measurement of EMF is actually force; however, the )
unit of voltage s that of work per unit charge or simply volts. Because
the values of voltage you may use range from very small fractlons of

a volt to very large numbers of volts, the basic unit is often used

with metric prefixes. The most often used prefixes are micro- and

milli=, which were covered in Module One, and kilo- (thousand} and

mega- {(million). The letter !ﬁ(either upper or lower case) stands

for volt, and K (either upper or lower case) means kilo-, so one

thousand volts may be written | kv. The capital letter M is used for
mega-, so 1 WV would be read one megavolt. (Don't confuse this wWith

.the Roman number M, meaning one thousand.)

The part of an electric circuit which supplies the EMF is called a
source. In the simple &ircuit of Module One, the source was a dry
cell; in your power supply, the source is the generator at the. pover
plant. The dry cell uses chemical action to develop its EMF; the
generator converts mechanical action to produce an EMF. Since this
lesson is eoncerned with chemically prdduced EMF, we will proceed to - .

study the dry cell.

Within a dry cell, the energy produced by the chemical reaction between
a paste (electrolytp)_and the zinc shell of the cell separates electrons
from their atoms and tends to move them to one of the cell terminals.
This action results In a force between these electrons at the nega-~

tive terminal and the positive charges left at the other terminal. The
force of the chemical action leads to a difference of potential or volt~
age between the. terminals. When no outside wire connects the terminals
of the cell, this difference of potential is a constant vaiue associated

with the particular cell.

If a clreuit like the one built in Module One is connected to the ter-
minals of the cell, the force {(EMF) between the charges on the cell's
terminals, as described by Coulomb's Law, will move electrons through
the circuit. The continuing chemical action will move more electrons
to the negative terminal as fast as they move off into the circuit. In

this way a continuous steady current flows.

4

You know, of course, that the chemicals will eventually change in form,
little current will flow, and the dry cell will have to be replaced.

32

38
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Another kind of cell can be recharged by applying to the cell an outside.
current flowing In the opposite direction. This reversed current re-
verses thelchemical action. Batteries made of cells which can be re-
charged are called storage batteries. This kind of battery is used in
an automobile. (Note: a battery Is just a number of cells connected
together ) i

Cells are connected together into a battery to provide greater voltage
than one cell can supply. The output of cells connected in series is
equal to the sum.of all the cells' voltages.” Since the kind of cell
used in a car battery puts out 2 volts, six cells are connected 'in
series to make a 12-volt battery.

The schematic diagram for a battery is: _.|l||._ ,» showing that the
cells are joined in series. -

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU
MAY STUDY- THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR
BOTH. IF YOU TAKE THE PROGRESS CHECK AND AMSWER ALL OF THE
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. . IF NOT, STUDY
_ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN ANSWER ALL OF THE
QUESTIONS CORRECTLY.
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OVERVIEW
LESSON 11

Magnetism

Pl

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

T “l,#) -magnetic fields
-rules governing lines of force
. ' _ =magnetic attraction

4

. ~ ~flux density

Each of the above topics wi)l bé discussed in the order listed.
As you proceed through this lesson, observe and follow directions

carefuliy.

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

-




Study Resources

LIST OF sTuby RESOURCES
LESSON 11
../‘ .
Magnetism

To learn the material in this lesson, you have the option Q# choosing, .
accordIing to your experience and your preferences, ahy or all -of the
following: . ey ' ‘

owing . ‘ P
STUDY BOOKLET:

Lesson Narrative
Programmed instruction
Lesson Summary

ENRICHMENT MATERIAL: -
NAVPERS 93400A-1A 'Basic Electriclty, Direct Current."
| Fundamentals_;f’%lectronics. Bureau of Naval Personpel.
was}ii_rgg.boﬁ,/D.C.: U.5. Government Printing .Office, 1965.

You may study whatever learning materials you feel are necessary to
answer the questions‘in the Lesson Progress Check. All your answers
must be correct before you can go to Lesson I1), Remember, your in-

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

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

* MAY TAKE THE PROGRESS CHECK AT ANY TIME.
%




Narrative

¥ NARRAT IVE
LESSON 11

Magnetism

Why Study Magnetism

Let us now consider in greater detail the source of the voltage
avallable at a wall electrical outlet. This potential difference
is dellvered from a power plant through many miles of wires to
your work table. At the power plant, huge generators convert -
. mechanlcal energy into electrical energy through magnetism.

er that a cell converts chemical energy Into electrlcal
energy. }

Generators supply all the electrical needs on board ships also.
The caring for' these generators and the switching systems that
route thelir output to all parts of a ship is the job of the EM;
however, personnel of all ratings trained in this coursé‘depend
upon and work with the electricity generated. To understand what
happens inside a generator you need to know something about mag-
netism because this is one of the basic factors involved in

the conversion of mechanical energy into electricity.

No one knows the full detalls as to what causes magnetism, but
we can see how it works and what it does. You have probably seen
magnets and know that they can pul} some things to them. |If
you've played with two magnets, you know that they sometimes
attract and sometimes repel each other.

Magnetic Fleld

To explaln the things a magnet does, scientists use a concept
called lines of flux or lines of force. These are Imaginary lines;
you cannot see e them. They represent magnetic force. The lines

of flux around a magnet make up a pattern called & magnetic field.
The effects of this force pattern can be shown by placing a sheet
of glass on a magnet lying on a flat surface. Iron .filings
sprinkled on the glass will settle in a pattern of 1ines Jjust like
the flux llnes. Here is a drawing of the flux pattern (magnetic
field) around a bar magnet:
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The magnetic field around a horeshoe magnet, as Indicated by the
iron filings, looks 1lke this:

Rules Governing Lines of Force

Lines of flux were devised as a way to explain magnetism.

Sclentists have discovered ¢ertaln rules that seem to explaln lines
of flux.

1. Magnetic lines of force always form complete loops. Part of
each loop Is always within the material of the magnet. Look
agaln at the pattern for a bar magnet: °

Magnetic lines of force have polarity. This means they have a
direction. The ends of the bar magnet are designated N

(or North) and S (or South). By definition the lines of

flux travel through a magnet Internally, from the South

Pole to the North Polg; and externally always leave the (N}

44




Narratlve - ’ Two-11

Pole and. enter the (S) Pole even though they do not actually
flow like a stream. We can add arrowheads to the magnetic
field of a bar magnet to represent this.

Magnetic lines of force repel each other. This, together
with Rule 1, that they always form closed loops, means that
lines of force will never cross.

Magnetic lines of force always try to form the smallest possible
loop. All the lines of force around a magnet would contract
right down to the surface of the magnet if they did not

tend to repel each other. The balance of the two forces {(con-
traction and repulsion) result in the patterns prevuous1y

shown.

Magnetic lines of force pass through any kind of material.
There is no known substance that lines of force cannot enter.
There are some materials that they will enter into or follow
much more readily than others, but there are none which will
block their passage. -

Magnetic lines of force always enter or leave a magnet per-
pendicular to its surface. In the case of the bar magnet,
most of the lines of force enter .and leave the magnet at
right angles to its ends, but some still leave at right an-
gles to each side.

Magnetic Attraction

Magnets attract certain objects to them because these objects offer
an easier path for the lines of force. These objects are magnetic
materials, and-they usually contain iron, nickel, or cobalt. Some
of the magnetic lines of force enter these objects rather than air,
.- and this distorts the usual magnetic field as shown in the figure

Q on the following page.

ERIC - ° w 45
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The tendency Is for the lines af force to try to contract (Rule 4)
but stil] pass through the magnetic substance, and the substance
Is pulled to the magnet., Alternatively, we can think of the lines
of force converting the magnetic material (here the soft iron)
into another magnet. Let's see how this works.

If two bar magnets are placed end .to end with two like poles to-
gether (both N poles or both S poles), the lines of force will
repel each other and wil} cause the magnets to try to push apart.

LIKE POLES REPEL

However, if one of the magnets Is turned so that one N pole and
one § pole are brought together,-the fields from each magnet join;
the lines of force pass through both magnets, and the magnets are
drawn together so that their fields reinforce each other, (This
explains the action of the soft iron in the earlier figure;. it
behaves 1ike -a magnet with its newly formed S pole cliose to the

N pole of the permanent bar magnet.)

41 46
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UNLIKE POLES ATTRACT

Flux _Density

The total strength of the magnetic field is indicated by the flux.
A.strong field has many lines of flux, but a weak field contains
few lines of flux. A measure of the magnetic field at any polnt
- Is the flux density. Flux density refers to the number of lines
of force present through any unit of area perpendicular to the
field. We might have a square inch with just one line.of force
{low flux density) at some distance from a magnet, but near a
pole {end), the magnet might have a flux density of tens of
flux lines crossing one-hundredth of a square inch. As you can
see from the pattern of flux lines around a magnet, the flux
density is greatest at the poles of the magnet.

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION_ YOU WISH UNTIL
YOU CAN ANSWER ALL.THEQUESTIONS CORRECTLY.




PROGRAMMED INSTRUCTION
LESSON 11

Magnetism

TEST FRAMES ARE 41 AND 45, - AS BEFORE, GO FIRST TO TEST FRAME 41 AND
SEE I+ YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW. THE DIRECTIONS
GIVEN AFTER THE TEST FRAME.

You have learned that one method of producing an EMF is by chem-
lcal action,

Producing an EMF by chemical action iIs employed in a component
. {Fither order)

{cell or battery)

Looking at your power supply you can see that It receives its
energy wlthout requiring a cell or battery. This energy is pro-
duced far away by converting mechanical energy into electrical
energy utilizing magnetism,

t
-

The voltagé for your power supp}y is produéed utilizing

'(Hagnetisdﬂ_

For our purposes, magnetism is the property of some metals to be
attracted by a nearby magnet.

-1f- a metal is attracted by a’ﬁagnet, the force of attraction is
indicative of - ’ !

--u-r-----

{magnet ism)

All ma:tér can be classified as either magnetic or nonmagnetic. ..
Metals that are strongly attracted by a magnet are classified as ’
magnetic. All other matter is classified as nonmagnetic.

A wooden pencil:is-a form of . material,

- e e e e

{nonmagnetic)

-




‘NATURAL ' : ARTIFICIAL

-

A natural magnet and the so-calléd artificlial magnet are our tﬁb
sources of magnetism. The two sources of magnetism are the
' magnet: and the - magnet. -(elther order)

{natural - artificlal)

We seldom use natural magnets today, because we can produce much
better and cheaper artificial magnets. All man-made magnets are
classified as ,

jg{tificlal)

The poles of a magnet are the ends where most of the magnet force
Is concentrated. If a magnet is sprinkled with iron filings,

most of the filings will be attracted to and collected at the
poles. |If you sprinkle tron filings in the area around a magnet,
you will notice that the filings collect in a definite pattern..
This pattern Is caused by an Invisible magnetic field, and its
associated magnetic force, that surrounds all magnets.

The magnetic fleld concentrates around the end of the magnets
called. . :

_{poles)
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8. The lines formed by the magnetic field are called magnetic lines\\\
of flux (also called lines of force); a definlte, measurable
force exists between "these line§ and any magnetic material.

The magnetic force associated with a magnet defines an invisible
magnetic that surrounds all magnets.

{(field)

The withln the magnetic field are called magnetic
lines of flux. ‘ -

{lines)

Magnetic Tines of flux are concentrated at the
of the magnet.

.

\poles or ends)

A magnetic field is generally .measured in terms of fi.< density.
Flux density is the ratio of the number of magnetic lines of
flux, passing through an area perpendicular to> the lines of
force and is expressed as the number of lines of flux per unit

of area (expressed in square inches or square centimeters). The
number of lines of flux in each unit of area is the

(flux density)

12. Flux density ls the ratio of the =~ of flux to the
size of the perpendicular area.

{number of magnetic lines)

13. The greatest flux density occurs at the of a magnet.
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4. Flux denslty 1s the number of magn;tlc lines of flux in
of area.

{each unlt)

15. Flux density 1s

fthe number of lines of magnetic flux In each untt of area)

16. The compass that you ysed as a Boy Scout or camper had a perma-
nent magnet ‘as: its needle. The end of the needle that f{s
attracted to the north pole of the Earth was at-one time called
the north seeking pole. Today, the word seeking has been
dropped; it is called the north pole of the magnet. -

Any magnet that is suspended, and is free to turn, wili align
itself with the Earth's magnetic field. The end of the magnet
that points to the north is the pole of the magnet.

}\7. The end of the magnet that points to the south Is the
of the magnet. '

(south pole)

18. The greatest flux density occurs at"the
the magnet.

{poles).
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. There are six rules for magnetic flux that you should know.
The flrst rule is:

Inside a magnet, the direction of the flux lines is from the
south pole to the north pole.

inside.- the magnet, lines of flux run towards the
and away from the

Anorth - south)

. Magnetic llnes of flux are directional. Outside a magnet, by
definltion magnetic flux llnes always leave the north pole and

always enter the south pole. P

The directlon of magnetic 1ines of flux outside a magnet §s from
pole to the

Bl t ETERMITY]

Ty e o p—

w7 52
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2]. UsIng arrows, Indicate on the following magnetic field the direc-
' tion of magnetic lines of flux - both inside and outside the_—
magnet .

P

22. State the rule‘pertalning to the direction of magnetic flux
lines. : :

{Lines of flux travel from north to south outside the magnet
and from south to north inside the magnet.)

23. An electrical circuit forms a cowplgte path for current flow;
magnetic circult forms a closed loop for each line of flux.

- e e W om

- o —

Thus we have stated the Second rule.

Magnetic lines of flux form
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r,J 24, Fluqulnes are never broken. Thelr path may be altered by an
: outside force, causing the shape of the magnetic field to change,
‘but each llne‘of force wlll remaln unbroken, each forming-a

{closed loop}

25. Write true or false before each statement.

a. Lines of flux form incomplete loops.
Lines of flux.form closed loops.
Lines of flux follow a straight path.

~{a. false; b. true; c. false)

. For the third rule, we find that lines of force polarized in
the same direction repel each other. Thls repulslton Is.what
glves the magnetic fleld its expanded, uniform, or symmetrical
pattern. :

_In a magentlc fleld, the individual 1ines of force of the same
polarization < . each other.
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27. Check the lines-of-~flux rule which correctly identifies the
‘diagrams.

LTS
-

-

oF

___a. Lines of flux move in haphazard directions. ‘
___b. Magnetic lines of force cross each other. .
___c. Flux lines polarized the same repel each other. '

___d. Flux lines in the same direction attract each other.

- e W W e W W g W W o o A

{¢) Flux Yines polarized the same repel each other

28. The fourth rule of flux lines is that lines 6f force tend .to’
. make themselves as short as possible.

Select the drawing which most correctly shows the flux lines
. around a magnet. _ . : " -




P.].
29. Write true or false.
Lines of flux tend to expand.

Lines of flux tend to contract. ,
Lines of flux always trave! long distances.

(a. .false; b. true; c. false)

-

. The fifth rule of flux lines is that there Is no known. substance
which will stop the lines of force.

Which of the following could be used to block line; of flux?

. soft iron
cobalt
a copper shield
none of the above

(d} none of the above

. Simply stated, magnetic |ines of flux w!ll pass through all
_material.

" Magnetic lines of flux will pass

(through all material) -

. State the rule about insulation from flux lines.

(Magnetic flux lines pass through all material.)
. The last of the six rules is that flux lines always enter or
leave a magnet perpendicular to its surface.

Lines of flux always.
at right angles to its surface.
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- 34, Check the lines-of-flux rule which correctlf identifies the
.diagram.

Like poles attract each other.

Lines of flux always enter and leave the poles
at right angles. .

Like poles repel each other.

b} Lines of flux always enter and leave the poles
at right angles. :

35. We have Just covered the six rules pertaining to magnetic
* flux lines. Let's review them again quickly.

Magnetic flux lines always form

(closed loops)

36. Lines of flux travel from
outside a magnet.

{north - south)}

37. Similar magnetic lines of force

repel/attract
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38. Magnetic lines of force always form the
loops poss Ible. -

(smallest)

39. Magnefié lines of force pass

{through al] material)

40. Magnetic lines of force enter and leave a magnet at

(right angles or perpendicular to the surface)

L. State the six rules pertaining to magnetic flux lines.
_ Magnetic flux lines always:

(THlS'IS A TEST FRAME, COMPARE YOUR ANSWERS W1TH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)




- ANSWERS - TEST FRAME 41 * o
1. Form c!osed loops.‘- 4

2. Leave the north pole and enter the south pole.

Repel ‘each other.

" Try to form the smailest possible loop.
S

Pass through any material.

Enter or leave a magnet perpendicular to its surface.

- L]

* Answers may be in any order

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSNERS YOU MAY GO
ON TO TEST FRAME 45. OTHERWISE, GO BACK TO FRAME 1 .AND
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME .41

AGAIN.

w

42. Before we complete this lesson, let's take up the-two laws of
magnetic poles for magnetism: : : '

- Like poles repel each other.

- Unlike poles attract each other.
Consider two permanent magnets. |f you try to put the two north
poles together, they will each other.

Trepel)

If. the north pole and south pole are placed together, they will
each other.

{attract)
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44, As we sald before, these are known as the law of magnetic
‘ peles for magnetism.

a.. like poles
b. unlike _poles

{a.- like poles repel; b, unlike poles attract)

45, State the laws of magnetic poles.

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




ANSWERS ~- TEST FRAME 45
Like poles repel,

unl ike poles attract.

. IF YOUR ANSWER §S INCORRECT, GO BACK TO FRAME. 42 AND TAKE
THE PROGRAMMED SEQUENCE.

IF YOUR ANSWER 1S CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY. STUDY ANY OF THE OTHER RESOURCES LISTED. (F YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR-
.RECTLY, GO ON TO THE NEXT LESSON. (F NOT, STUOY ANY METHOD
OF ENSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUEST IONS

CORRECTLY.

Tag switthes before making repairs.




SUMMARY
LESSON 11

Magnetism

In the last lesson you studied the generation of an EMF by chemical
action; now you will take the first step in learning about how genera-
tors convert mechanical energy into EMF. Since magnetism is an essen-
tial element: in this conversion process, you must know some of its
characteristics before you can learn how generators work.

Lines of flux or lines of force are lmaglnary lines used to repre-

sent the very real magnetic field and its associated force. This

- concept helps us to explain why magnetism acts as It does. A magnet
is surrounded by lines of force or tines of flux which can be de~
tected; the pattern formed is called a magnetic field.

The shape of this field and some of its effects are. explained by six
basic rules:

].

2.

Lines of magnetlc‘force always form completé,loops.

Lines of magnetlc force are polarized. By agreement, they are
directed out of the N pole and into the $ pole of a magnet.

Magnetic lines of force polarized in the same direction tend to
repel each other.

Magnetic flux lines always try to form the smallest.hosslblq loop.

Magnetic lfnes of flux occur in any material. There Is no known
insulator against them.

Magnetic iines of fiux always enter br leave a ﬁagnet at right
angies close to its surface. .

l

Magnets attract certain matertals to them. Examples of these .magnetic
materials are iron, nickel, and cobalt. Most magnetic méterlals contain

57
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Summary

one or more of these three elements.

Two magnets wil] also attract each other If they are placed near each
other with opposite (N and S) poles close together, but they will repel
each other If one of them Is turned around (N and N or $ and S). The
law which states this effect is simllar to that Indicated by Coulomb's
._Law. It Is called the law of magnetlic poles and Is stated as: Like
potes repel; unlike poles attract. ' -

The amount of force (attraction or repulsion) a magnet can exert
depends on the strength of Its magnetic fleid. The strength of the
magnetic field at any point Is Indicated by the flux density. Flux
density Is the number of lines of force per unit area perpendicular

to the fleld, and wil} vary with the distance from a magnetic pole.
Flux density for any magnet Is always greatest at Its poles, and de-
creases as distance from the poles Increases, agaln In a manner simllar
to that described by Coulomb's Law for charges.

”

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS' CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TD THE NEXT LESSON. [IF NOT, STUDY ANOTHER METHOD °
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORKECTLY.

4




BASIC ELECTRICITY AND ELECTRONICS
INDIVIDUAL |ZED LEARNING SYSTEM

%’A) .

MODULE TWO
LESSON 111

R . 'Electrbmagnetic quuction

Study Booklet ' - -




Overview : . Two~tHi

OVERVIEW
LESSON i
Electromagnetic Induction

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

~left-hand rule for generators

-magnetic mechanical generation

Each of the above topics will be discussed in the order listed.
As you proceed through this lesson, observe and follow directions

careful ly.

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




Study Resources
LIST OF STUDY RESOURCES
'LESSON 111
Electromagnetlc {nductlon

v

To learn the materlal in thls lesson,.you have the option of choosing,

accordling to your experlence and preferences, any or all of the following:
STUDY BOOKLET:

Lesson Narrative

Programmed Instruction

Lesson Summary - -
ENRICHMENT MATERIAL:

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

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

AUDIO-VISUAL:
‘Sound/S1ide - "Electromagnetic Induction'

Remember, you may study any or ali of these that you feel are necessary
to answer all Pragress Check questions correctly: Do not forget that
in one sense of the word Your instructor is a living resourcaﬁ perhaps
the best. Call him if you have any kind of -a problem.

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




Marrative

" - NARRATIVE
LESSON 111

Ele;tf" gnetlc Induction

'Electromagnetic Induction is the action that cguses electron displace~
ment in a conductor when the conductor moves relative to a magnetic
fleld so that 1t cuts through lines of force. In other words, if a
piece of . wire is moved in a magnetic field, as shown below, the motion
of the lines of flux past the electrons In the ﬁire{tends to push the
electrons toward one end of the wire. This places a greater number
of electrons at one end of the wire than the other. The concentration
of electrons tends to form a negative charge at one end of the wire
and leaves the other end with too few electrons ‘{or positively charged).

ELECTRON
DISPLACEMENT

b

-

- Relative Motlon

We use the term relative motion to indicate that motion 1s takling
place between the conductor and the lines of flux in such a manner

" that flux:1ines are being cut. The conductor may be stationary
and the field moving or the field may be stationary and the con-
ductor moving. Both the conductor and field may be in motlon. in
any of these cases motion occurs relative to either the field or
the conductor which results in flux lines being cut. 'For
electromagnetic Induction to take place, relative motion must be
present.

Left-Hand Rule

This concentration of charges or voltage Is an 1nduced .EMF, and
. its polarity may be determined by using the thumb, index finger,
and middle finger of your left hand as follows: :

1. Hold your thumb so that it polnts in the same direction the
—_ conductor is moving.

N
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2. Polint your index finger (forefinger) in the direction of the
flux lines, from N pole to S pgle of the magnet. Your hand
should now. look like a play gun.

Now, keeping your thumb and foreflnger in this position, point _
your middle finger straight out from the palm of your hand, as .- .. -
shown below, and it will point in the direction of the electron
movement in the wire. .

You may have t6 turn you -hand around, sometimes into some Very
,awkward positions, to get it lined»up properly with the movemept
of the wire and the dlrectlon of the magnetic field,

Magnetic-Mechanical Generation

The generators {alternators) in large power plants, aboard ship,
and in your:-car change met¢hanical energy into electrical energy
through electromagnetic induction. Generators must supply the
huge amounts of energy needed to run a modern city or ship.

The amount of EMF generated varies according to the follo&lng'
factors:

&

68
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1. “The strength of the magentic field. A weak magnet will produce
few flux lines; a strong magnet, many flux lines. .

Cne flux line pushing one electron as it contacts the electron
always produces the same amount of force, so If more lines of
flux are present to push more electrons, a greater total force
will be developed.

The speed of relative motion between the flux lines and the
conductor. This Is closely related to the first factor; the
faster the motion, the greater the number of flux lines
pushing electrons in a given time, and the greater the EMF
produced In that given time,

The length of wire in the magnetic field. A longer wire in
the'magngtlc field will cause more electrons to be pushed by
the tines of force, and more EMF will result, In most gen-~
erators, wire is formed into coils or loops. This coil con-
tains many turns, thereby allowing a long wire to be
placed In a smatl space in a generator.

The magnetic field is concentrated in this small space, thus
producing a strong electrical output if the coil Is rapidly
moved. )

. AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. ., IF YOU TAKE THE PROGRESS CHECK ANu
ANSWER ALL OF THE .QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY. . -




PROGRAMMED INSTRUCTION
LESSON 111

Electromagnetic |nduction

TEST FRAMES ARE 17, 22 AND 26.  AS BEFORE, GO FIRST TO TEST FRAME 17
AND SEE 1F YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC-
TIONS GIVEN AFTER THE TEST FRAME.

1. Definitlon of electromagnet: *nduction: Electromagnetic {nduc-
tion is the action which ca:. electron displacement in a con-
ductor when the conductor moves relatlve to a magnetic field and
cuts through !lnes of force.

An EMF 1g produced by moving a conductor through a

o \ """"

\magnetic fieig} . -~

o

§tatg the definition of electromagnetic induction.

{The action which cauées electron displacement in.a conductor
when it moves relative to a magnetic field and cuts through
lines of force.




}
Figures "A'" and "B" show a conductor cutting lines of a magnetic’
field. The end view of the conductor in part B shows the con-
ductor moving at right angles to the magnetic fleld.

L
[

Is there an induced EMF in the moving conductor?

Now the conductor is moving parallel to the lines of force.
The conductor does not cut lines of force.

is there an induced EMF in the conductor?




v

Again the conductor is cutting the lines of force at a right
" angle.- This time the conductor is moving .

- down/up

- OER E E m  R E E E E B B B SR M R B ER AR My kA G - B gu SR ER ER g R R = g g W

{down)

6. is there an Induced EMF in the moving conductor in frame 5?

lyes)

Now - the conductor s moving parallel to the lines of force.

Does the conductor cut iines of force?




The fig:re shows four positions of the conductor in a magnetic
field. The conductors are moving as shown by the arrows.

In which position or positions is an EMF Induced in the

conductor?__ . .. -
In which position or positions ts no EMF induced in the

conductor?
The only time a voltage is induced in a conductor fs when

the conductor is:

1. moving parallel to the lines of force.
2. cutting the lines of force.

{(a. 1 and 3; b. 2 and-h; c. 2.)
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]0.

' Y
conductor
electron movement moves Up

A

.
-—

l!iol jon

X
The direction of electron movement is found by using the ] ef t-hand
rule for generators.

-Here's how you use the rule, Place the thumb, first-and middle
fingers of the left hand all at right angles to each other as in
Figure A.

a. The thumb points in the direction in which the conductor is

moving .- ) .
b. The first finger points in the directlon of the flux lines.

¢. The middle finger points In the direction of electron movement.

By using the left-hand rule for generators, determine whether the
direction of electron movement in Figure B above is toward X or Y.

motion

The conductor in Figure A is cutting lines of force at a
right angle.

The conductor in Figure B is moving parallel to the lines of
force.

Which conductor will have an induced EMF?
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12. Using the left-hand rule for generators, determine whether the
direction of electron movement in Flgure A Frame #11 is towards

motion

The conductor in Flgure A above is moving down through the mag-

netic field. The polarity of the induced voltage at point Y is
positive.

In Figure B above, the conductor is moving up. What is the
polarity of the induced voltage at point Y with respect to point X?

____a. positive
negative

\b) negative

. What is the direction of electron movement In Flgure B above?




The T1ilustration shows four positions of the conductor. A volt- /

age is induced In the conductor when the condyctor is moving as
In 1 and 3.

How do the polarities of induced voltage in Positions 1 and 3
compare?

a., same

{b) opposite

16. MOTION

"MOTION

The illustrations show that when the conductor changes its direc-
tion through the magnetic field, the - of the induced
voltage changes. .

{polarity)
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17. What is the direction of electron movement in this figure?

w

.
77

motion
Toward Y

quard X

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 17

a, Toward X

*IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO
TEST FRAME 22. OTHERWISE, GO BACK TO FRAME 1 AND-TAKE THE
- PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

18,

The illustration shows the conductor formed into a loop or coil.

When the black side is moving up, the white side is moving

(doﬁn)

19. The voltage induced in tHe black side the voltage
aids/opposes

induced in the white side.




in Figure A above, point D is positive with respeét to point C.

a. In Figure B, point D |s with respect to point C.

b. n Fligure A, polnt A i with respect to point B.
in Figure B, point A is

'

The illustration above shows the two sides of the coll moving
para!!qi to the lines of force.

" when the coll Is In this position, there Is voltage
zero/some
induced In the two sides of the coil because the sides -
cutting lines of force. . are/are not"

- om e oWk ™ o W o W E W o oW

- m ay m w m m -

{2ero = are not)
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The flgure above shows four positions of the coil.

5L In which position or positions is there no induced

voltage? .

The polarity of the white side of the coll at the end
nearest you in A is positive with respect to the.
opposite end. What is its polarity with respect to the
opposite end in C. _

What is the polarity of the black side of the coil at the
end nearest you with respect to the opposite end in [
The coil makes one complete rotation. How many times
.does the induced voltage change polarity?

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




ANSWERS = TEST FRAME 22
1. B and D
negative

positive

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YbU MAY GO ON
TO TEST FRAME 26. OTHERWISE, GO BACK TO FRAME 13 AND TAKE
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 22 AGAIN.

A

N ‘S

One factor affecting the magnitude%f EMF produo&d is the strength
of the magnetic field. Since @ flux line reacting with an electron
causes the electron to be displaced, it stands to reason that more
flux llnes cutting a conductor will displace more electrons and pro=-
duce a higher EMF.

The above 11lustrations show the relative strength of two magnets.
Which illustration will produce the greater amount of EMF?
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24. Another factor affecting EMF |s the speed of relative motion __.
between the flux lines and conductor. The faster the motion,
the greater the number of flux lines cut per unit of time, and
the greater the EMF produch in that given time.

Time required for conductor ' Time required for ctnductor
to move through the field Is to move through the field ls
5 seconds. . | 1 second.

Study the [)lustrations above. In which case (A or B) will
the EMF produced be the largest?

25. The last.factor affecting EMF is the length of the conductor
within the magnetic field. {ncreasing the length of the con-
ductor within the field Is done by making the coil out of a plece
of wire as 1lustrated. below.

A

T
I

/
/-

Wwhich illustration will cause more electrons to be pushed by
the lines of force and result In a greater EMF?
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26. The three factors that affect the strength of an induced
EMF are: :

strength of the field,
relative motion, and the length of
magnetic field. .

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




ANSWERS - TEST FRAME 26

Magnetic - speed - wire

IF ANY ‘OF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 23 AND
TAKE THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,

OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU .. .
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY,
GO ON TO THE MEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUC-
TION YOU WISH UNTIL YOU.CAN ANSWER ALL THE QUESTIONS CORRECTLY.

8
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- SUMMARY
LESSON 111

Electromggnetic Induction.’

Electromagnetic Induction is the action which cjuses electron displace-
ment in a conductor when lines of force move thfough it. The lines of
force moving with respect to electrons within the wire push the elec-
trons In a direction we can determine by use of| the Left-Hand Rule for
Generators. To position your hand for this rule hold your left hand in
front of you with the thumb pointing up, the forefinger {(Index finger)
pointing to your right, and the middle finger pointing straight toward
your chest. The three dlrections should be at rlght angles to each
other, Keeping your hand in this position, point the thumb in the

dlrection of the conductor's motion through a magnetic field, the fore-
finger in the direction of the magnetic flux iines, and your middle
finger will indicate the . direction of electron movement in the wire,
The amount of EMF produced by this electron displacement is determined
by three conditions. These are:

1. The strength of the magnetic field. A stronger field produces
more EMF,

2. The relative motion between the conductor and the magnetic
field, Faster motion generates more EMF,

3. The iength of the wire in the magnetic field. More wire being
cut by the lines of force wiil produce a greater EMF.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.

IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. [IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. &

80 &5
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OVERVIEW
LESSON 1V

Generating AC Voltage

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

~generation of alternating voltage
-amount of EMF

-graphing AC

~frequency

-more AC quantities

Each of the above topics will be discussed in the order listed
As you proceed through this lesson, observe and follow directions
careful ly.

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




Study Resources

LIST OF STUDY RESOURCES
LESSON 1V

- J

Generating AC Voltage

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

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

STUDY BODKLET:

: o
Lesson Narratlve

Programmed Instruction
Lesson Summary '

EMRI CHMENT MATERIALS:
NAVPERS 93400A-Ib ‘'Basic Elecfricity, Alternating Current."

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

You may study whatever learning materials you feel are necessary to
answer the duestioné in the Lesson Progress Check. All your answers
must be correct before you can-go to Lesson V. Remember your Instruc-

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

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

3
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NARRATIVE
© LESSON 1tV

Generating AC Voltage

As you may already know, there are two different kinds of
electricity. The electricity used in your car [s not the
same as the kind used in your house. The car uses direct
current, the house uses alternating current.

Direct current (DC) is the type of electricity we have been
dlscussing-so-far. DC {s the movement of electrons in only
one direction through the circuit’ path. Batteries generate

DC from chemical action, and the associated EMF does not ch;hye
in polarity; also, the value usually ig constant. In other ~
words, a DC voltage remains in the same direction and usually
in value al1 the time. Recall the schematic symbol for a DC

source [s: _,.||.__ or _.|I|I_ .

1

Alternating current (AC) moves first in one direction, then
the other. Magnetic-mechanical generators produce AC, and the
assoclated EMF changes in polarity at intervals and changes in
value constantly. Stated another way, an AC voltage is always
changing in value and periodically changes in polarity. The
schematic symbol for an AC source is a sine wave in a circle -
as shown: -

Generation of an Alternating Voltage

You wlll recall that when an EMF is generated by electro-mag-
netic induction, three directional quantities are present:

1. Lines of force, directed from the N pole to the S pole.

2; Motion of the wire with respect to the magnetic field
(relative motion).

3. Movement of the electrons within the wire.

The left-hand rule for generators indicates the directions of
these values. Applying this rule to a straight wire moving In

a magnetic fleld is a simple task, but most generators use coils
or loops of wire, and the rule is siightly more difficult to
“apply. The following drawing shows this mbre clearly.

In this drawing, the loop of wire {s ratating so that the part
of the wire between A and B is moving downward through the mag-
netic field near the N pole of the magnet. Applying the left-
hand rule to this part of the loop shows that electrons are
moved from A toward B as shown by the arrow. This means the
EMF must be positive (+) at A and negative (-) at B,

(See drawing next page)

59
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INDUCED
POLARITIES

The section of the wire between C and D Is, at this same time,
moving upward through the magnetic field by the S pole. The ~
left-hand rule used here shows that the electrons are pushed
from C toward D, In the opposite direction to the current flow
in section AB of the loop. The EMF induced here is. positive (+)
at C and negative (-) at D. both Induced voltages tend to move
electrons around the loop in the same way. -

As the loop continues to rotate in thgimagnetic fleld, it will

reach a point where the wires do not cut through the flux lines,
and no EMF will be induced In the coil. .

D
>

* - A
This Is because the wires are moving paraile]l to the lines
of force at this Instant and are not cutting through them.

As the loop rotates farther, the electrons start to move again.
Checking their direction of motion with the left-hand rule shows
that they are now moving from D to C and from B to A, directly
opposite to their earlier direction in the wire. One-half turn
after our starting points, the loop will be In this position:

S0
5

4
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INDUCED
POLARITIES

A is now the negative end of the loop.and D the positive end,
the exact opposite of: the first situation. This reversahof
polarity is the difference between AC and DC.

As the loop continues to rotate, it cuts through flux lines
until it reaches this position: A

Here the motion of the wire is again parallel to the direction.
. of the flux iines and no EMF is generated.

As the ioop keeps turning, it will return to its starting po-
sition ar ! repeat this cycle of operation so long as some me-
chanlcal force keeps it moving. :

ﬁmount of EMF

You have seen that the generated EMF Is zero at two points during
each full revolution of the loop, and that EMF is generated first
in one direction then in the other as the ioop makes a compiete °
turn, This EMF wiil be maximum at the two points where the wire

loop is cutting through the flux lines at a right angle. This

Is because the wire will cut more lines in a given instant here

31
8
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than in any other position. The EMF then varies gradually from
zero volts to maximum voltage twice in each revolution, once
in one direction, once in the other.

Graphing AC

One way to see how much EMF is generated at each moment is to
graph the voltage produced by the generator against time. This
graph has the shape of a sine wave. in the first block, the

loop Is shown in the zero voltage position. The time s also
shown as zero. in the second block, the loop has turned 45°

and the voltage has increased as shown on the graph for Time 1.
This time fine shows that time has elapsed as the loop has turned.

A

N
N

- YIME . O 3 TIME

Times 2, 3, and 4 show the voltage output at 90°, 135" and 180°
of revolution. With each successive graph, more time has elapsed
as the loop turned. . .

N +o

. N
Q 135° Y
S

-8 . -@ -e
YIME 2 $ YIME 3 TIME 4

- _l

At 180° the wires of the loop are again moving parallel to the
lines of force, and no EMF is generated. Further rotation of
the loop causes electron motion to commence once more, bit now
the electrons move through the wire in the opposite direction,
as indicated on the graph by the plot of voltage appearing in
the negative portion of the graph. The block for Time 5 shows
the result of 225° of rotation, with more time lapsing.

+

32
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-8
TIME §

In the three flnal blocks of our graph,-the cbll rotates back
to 1ts beginning position and is now ready to repeat the cycle.

M

\
1

+8

N\
-/

-
TIMES M7
<

AC Quantities

There are several names you need to know and use $o that you'll
be able to talk with others In your rating about AC. Cycle Is
one of these words. One cycle of the sine wave represents a
complete rotatlon of the 1Q0p in the magnet!c fleld as shown by’
" the graph at Time 8. .

%

Frequency

The frequency (f) of AC is the number of cycles per second, :
that fs, how many times each second the electrons complete thelr
pattern of flow, In first one direction, then the other. Cycles
per second is usually cailed Hertz, abbreviated Hz.

At the two zero points In a cycie, no EMF 1s being génerated,

and o current can flow. Since the lights in the room you are

in operate from an AC supply, they actually flicker on and off
twice during each cycle of the generator. The AC supplied is .
60 Hertz and the flicker is so fast (120 times per second) that

youivszggfgannot detect it.
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The frequency of the voltage from a generator depends..upon the
speed of rotatlon of the loop. The faster the‘ loop revolves,
‘the more cycles each second, and the higher the frequency.

A hlgher frequency can also be attained if additional palrs

of magnetic poles are added to the generator. The following
drawing Is ‘of a four-pole generator with a graph showing its
output. Only one slde ot the rotating loop Is shown.

o 1 " Ja s
Y

In rotating from position, or time, zero through one complete mech-
anical revolution, the generator has produced two complete cycles.

To sum up, frequency is affected by two factors:

1. the speed of rotation of the wire'coil.
2, the number.of palrs of magnetic poles.

-

More AC Quantities . i ’

P

Another word you will need to know Is alternation. An alter-
nation i§ either the positive or negative half of a cycle.

+ _ +

f‘

"Positive Alternation ve Alternatioﬂ

ﬂmlltude > /

‘jbhis is another .term you will often hear. This is the number

f volts (or amps) at a given time. This is probably easiest
to see on a graph. The amplitude of the graph is the distance
from the, zero line -to the sine wave at any point; for example,
In the fllustration on the next page, the amp!itude of this sine
wave at timddzero is zero; at time 3 msec, it is 5, and at '
time 27 msec, it is negative 10. -

89 34




Q
What 1s the amplitude of the
sine wave at time @ msec? At
time 33 msec? !

-

ANSWER: 10 ?; . .

The value of 'voltage~(or current) found at any given instant )

of time in @ sine wave {s known as the Instantaneous value of -
3 voltage (or current), and Is symbolized by the lower case

letters gﬁfbr voltage and i for current.

Some points of particular importance on the sine wave are the

maximum (peak) ampl)tude (eithey positive or negative) and the
peak-~to-peak amplitude. These are shown on the sine wave below.

t e ===
. 3 ’
MAXIMUM (PEAK) : 1
POSITIVE AMPLITUDE

PEAK TO PEAK
AMPLITUDE

MAXIMUM (PEAK)
NEGATIVE AMPLITUDE : .

Althodgh you will often need to know the maximum of peak~-to-
peak values for AC, the value most often glven is the effective
{or RMS) value. This value s used because It Is directly com-
parable to D values. Ten volts of “C will do exactly the same
amount of work as 10 v@lts of effective AC. The effective value
Is less than either the maximum or peak-to-peak values, as it
i : is an average of the work done throughout a cycle. If we were

" to determine the work done over one alternation and average it, we
could find the effective value of that alternation, and because
each alternation '
has the same shape,
this is the effec-
tive value of the

"AK oL ‘ . ’
EFFECTIVE (70.7« OF PEAK) :

sine wave.
° o :
. Nearly all AC meters are callbrated in effective values so that
‘ the values used In AC will be consistent with the values in VC

- circults.,

AT THYS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. 1F YOU TAKE THE PROBRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. (IF NOT,

- STUDY .ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE

ESTIONS CORRECTLY. . - ;
Q‘-J—_‘ ) 9o ' 95




- PROGRAMMED INSTRUCTION
LESSON IV

.Generat[gg_Aé Voltage -

TEST FRAMES ARE 8, 33, 63 and 92. AS BEFORE, GO FIRST TO TEST
FRAME 8 AND SEE IF YOU .CAN ANSWER ALL THE QUESTIONS'JHERE FOL- -
LOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

Recall that direct curfént (DC) usuaily f}ows at a {constant/
variable) rate and always in only direction.

{constant; one)

DC is produced by a cell through

i T
{chemical)

. Since DC is known.as direct current, you-may Infer that current
which alternates in its flow would be called _ _current.

{alternating)

Alternatlng current (AC) is current which perlodlcal!y chenges
- 1ts direction of flow.

The alternating_ln alternatlng_current comes from the fact

(periodically reverses direction}

As the AC reverses directlon It must go through a maximum value of
voltage to zero to maximum and back to zero.

o a
The magnitude of voltage Is:

. constant,

. fluctuating.
. direct.

. alter *ting.

{b. fluctuating and d. alternating)

91
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AC is commonly produced by converting mechanical' energy to elec~
trical energy by electromagnetic Iinduction.

State the method used to produce AC.

{Electromagnetic induction.)

The component used to generate AC is known as a generator or
alternator. The schematic symbol for an AC generator is ._fg}_

Mechanical energy is converted to electrical energy by electro-
magnetic induction in a/an represented schematically by

{alternator or generator: —&)—

Match the type of current to the appropriate descriptive phrases. '

electrons moving in only one a. Direct Current
direction

electrons always moving at a fluc-

tuating rate

electrons usually moving at a con-

stant rate : b. Alternating Current
can be generated by chemical

action )

generated by magnetic-mechanical

action

electrons reversing direction

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




ANSWERS - TEST FRAME 8

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO ON TO
TEST FRAME 33. .OTHERWISE, GO BACK TO FRAME 1 ANO TAKE THE
PROGRAMMEO SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN.

A B

[RE 3D

Generators have two major parts:

1. A stator (non-rotating part)
2. A rotor (rotating part)

A basic, single conductor generator looks like illustration A. _ . ..

It can also be represented as in illustration B, The circle at

point C represents a rotating in a stationary mag-
netic fleld.

{conductor)

N ~ S
N

Note the conductor rotation indicated on the above illustration;
as determined by the left-hand rule for generators, the direction
of conductor current flow is the page.

into/out of

{into)




Starting a graph of voltage vs. conductor position at the point
shown above is stanuard practice.

At 2ero degiées, the path of the conductor is parallel with
the lines o

force. Lines of force are cut.
‘ being/not being

Al .
In the illustration, is there an induced current flowing
. in the conductor?

. R I e . L IR I N

_{not being; No)

-

I2. w

/

)
/
\ /

v;

By moving to the 30° position, as indicated in the above
figure, the conductor's path has become more nearly
to the lines of force.

parallel/perpendicular

--n-’"--;---q\-----'-----

b

/

E LY
¢ -

(berpendiculér]
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s 13. In frame 12, lines of force being cut

al'; are not

and an EMF being generated.

tare; is)

/
A

B
NE 2
S

At the 60° position, the path has become
nearly perpendicular to the lines of force.

From the 30° to the 60° position, the induced EMF has

increased/decreased/remained the same

conductor; 2. Increased)

\‘h__ s
SEE2
S

At the 90° position, the conductor is traveling perpendicular.
to the lines of force, and the induced EMF is

the same/minimum/

(maximum)
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16, In frame 15, at the 90° position, /the current in the

conductor is flowing the page.
into/out of ' X
[H]
linto) - P . .
> -}
17. Maximum lines of force are being cut at the degree .

position of the conductor.

(90°} ’
18. N
¥
f M
\ ,' o 90 120 180 270 360
# ;‘ *

Moving to the 120° position, the conductor is at the same
relative cutting angle as at the 60° position. Induced EMF
at the 120° position compared to that at the 90° position
has .
increased/decreased/rema|ned the same

~ {decreased)

19. In the above figure, at the 120° position the conductor is
cutting fewer lines of force than at 90° because it is more
nearly ' to the magnetic flux.

perpendicular/parallel "

S mr M ma WA ma e e A M mA mA mE mA mE mA R W e mr M mr W mA mA mA mA mA = e & A o A

{parallel)




,r-
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20. In which drawing would the greatest amount of EMF be generated?

90 156 180

Continuing to move the conductor In the same direction to the
150° position, we find that Yines of force
are being cut. : more/ less/the same

Refer to above drawing. At the 150° position we find that the
induced EMF has

increased/decreased/remained the same

(decreased)




/\”

) 90

Now, let us move the conductor another 30° to the 180°
position. The induced EMF at the 180° position is

Refer to the above drawing. During the first 180° of rotation,
max i mum |nduced EMF was generated at the position,

laa\qgo 270

1“‘;’1"
S

_ Move the conductor another 30° to the 210° position as in-
dicated. Again the conductor ¢is starting to.cut some lines
of force. Induced EMF is in the
polarity. increasing/decreasing

same/opposite

{increasing - opposite}

r
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26. With the relative position of the conductor at 210°, as in-
dicated in the above figure, the current flow in the conductor
the page. :

'35‘{0 270
|

i
Continuing the’ movement of the conductor through the magnetic
field to the 240° position, we find that
magnetic lines of force are being cut. more/less/same

Moving the conductor another 30°'td the 270° position, induced
EMF becofes equal but opposite in polarity to the EMF generated
degree position.
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[y -

29. During the second alternation, maximum induced EMF was achievéd
degree posision, :

During the rotation from the 270° to the 300° position, the
induced EMF has . .
increased]Hecfeased/remaTned the same

_Taecreased)

With movement of the conductor to the 330° position, induced
EMF will decrease, because’ . - lines of force are being




*Moving the conductor another 30°, to the 360° position, we have
completed one cycle. . List the position(s) in one cycle where
maximum induced EMF is generated.
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33. Match the sine graphs with the appropriate loop positions.

[ W
v,

~ (THS 1S A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT i
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) -

»




ANSWERS - TEST FRAME 33

=

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST
FRAME 63. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN.

“On the aBlove figure, label the position(s) where max!mum in-
duced EMF, is achieved by placing an X upon your selection.

(k-and ]0).

. Up to this point in the program, we have used a single conductor
to demonstrate the development of induced EMF. However, a single
conductor that moves through a magnetic field is not practical
for producing a usable voltage, because the induced voltage Is




The action of a conductor cutting a magnetic field forms the
basis of GENERATOR operation. For example, here's a simple
AC generator consisting of a permanent magnet and a coil of
~ wire. When the coil _ the magnetic field, a
is induced in the coil.

Part A shows just the ends of the permanent magnet. Actually,
the magnet is continuous, as in part B.

The permanent magnet provides the
in which the coll rotates.

\magnetic field)

s 4
o N

The black side of the coil is moving down through the magnet}é
field, The polarity of S with respect to 52 is positive. What
is the polarity of S2 with respect to S1? - . Current

flows from the white side of the cofl, out of S§& through a load
and back in Sl.




When the coll is In the position shovn, the sides. of the coil
are moving to the lines of force.
parallel/at right angles

Therefore, voitage s induced in the coil.

“{parallel, zero}

The black side of the coil is moving up through the magnetic
field. Current flows from the black side of the loop, out of
through the load to the white side of the loop.




oy

it

When the coll Is In the position shown, there s no current
flow through the load because the sides of the coll are moving

to the lines of force. Therefore,
voltage ts induced In the coil.

{(parallel = no)

=

[ )] 2

Part A shows the black side of the coll moving down. Current
flows from B2, through a load, to B]. Part B shows the black
side moving up. Write the correct polarities in the boxes
next to Bl and B2.

{81 + and B2 -)

. What would happen to the polarity If the direction of the
coll rotation were reversed?
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44, On each i)lustration indicate polarity bétween the points listed.
{(+, -, no polarity)

=

with respect to B. . respect
with respect to A respect
with respect to 0 ) respect
with respect to C respect

- respect
respect
respect
respect

In part A the black side of the coil is moving down. 1In B,

it is moving dF-TFFbugh the magnetic field. Current flow

through the coll is in the - direction in A and B.
' same/opposite

{opposi te)




bg.

A . . [ '
/—
N S N S
In parts A and B; the sldes of the coil are moving parallel
to the magnetic fleld. Is a voltage belng Induced?

[No. The conductor |s not passing through the lines of force.)

. The circuit below shows an alternating voltage from an AC
generator applled across an external circuit (marked load).
The current through the load follows the same shapa as the
alternating voltage sine wave. Draw the sine wave for the
current through the load In the space provided,

~ 4
AU é\f)m Ltoap]

N . LOAD
R , R

GENERATOR LOAD
VOLTAGE CURRENT

48. Because the amplitude of the current varies continuously and
reverses dlrection just 1lke the alternating voltage, the cur-
rent that flows In a ¢lrcuit as a result of an alternatlng
voltage Is called current,

{alternatlﬁg)
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49. Oraw a sine wave of alternating voltage in A below. In part .

B, draw a sine wave of alternating current. finclude polarities
ln your drawings.

a AC VOLTAGE “b AC CURRENT

AC VOLTAGE AC CURRENT

+

50. When a coil rotates in a magnetlc field, it makes a complete
circle called &Tevolution. A circle conslsts of 360 degrees.
The symbol for degrees is a small circle like this (°). Thus

2%0 degrees s written as 360°. When a coil makes a complete
circle, it has gone through one Coor .

One complete revolution is 360%. How many degrees are in
1/2 revolution? .

{revolution; 3507
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. The figure below shows a sine wave representative of the gen-

erator output voltage. Write in the number of degrees the
¢oil has rotated at each position (marked A through I.)

The sine wave represents {how many) revolution(s)
of the coll. The voltage reacﬁes the highest positive value"

at degrees and a negative maximum value at
degrees.

+ MAX /-\

/

{1 revolution; 90°; 270)

+ MAX

O VOLTS

! REVOLUTION HOW MANY REVOLUTIONS ?

-

&

VAR

When a ¢oil is rotated in a magnetic fleld, the voltage {n-
duced -is represented by a sine w3ve. The sine wave in Part

A represents one revolution of the coll. How meny revolutions
does the sine wave in Part B represent?

(two revolutions)




f\
: VA

| | HOW MaNY nwowﬂonse
1 REVOLUTION IN | 1 SECOND
ra—— 1 SECOND —»y

Assume that it takes a coi] one second to make a complete re-
volution. Part A shows the sine wave of voltage generated in
one second. How many revolutions per second does the sine
wave in Part B represent?

(two _revolutions per second)

AWANA
U U U U

—— 1 SECOND

1 SECOND
2 REVOLUTIONS

Thé sine wave in A represents two revolutions of the coil

in one second. .How many revolution% per second does the
sine wave in B represent?

(four revolutions per- second)

.‘Hertz,'abbreviated Hz, represents cycie per second. So If a
coil makes four revolutions per second, then it has made four

“{cycles per second or Hertz)

-
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56. Another way of saying that a coil makes 10 revolutions In one
second is that the coil makes 10 per

{cycles per second)

7. If a coil completes five revolutions in one second how many
cycles of voltage has it generated?

“{five)

58. How many cycles of voltage does a coil generate when it
completes 60 revolutions in one second? —

- e B s Em a8 W W @ Em B E o Em W W E B m m w @ E o W Em W O m om oW o w W om o=

(DN

59, The number of complete cycles generated in one second ls called
the fr%guenc¥ of the generator. The word frequency is used ~ . : ’
to tell how frequently the generator produces a vo‘tage cycle .
Frequency is abbreviated f, '

So If a cofl. comptetes 15 revolutions per second we say its
is 15 Hertz.

(frequency)

| \\// \\// \\// |
~ je——1 seconp — ——1 SECOND '
fh;“fregdenc¥‘of'the sine wave In Part A is ' .
What Is. the frequency of the sine wave in Part B? .
PO R I I I I T I AN R -

. (2 Hertz; & Herfif

‘ ._ R o2 117
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61, A coll completes 30 revolutions In one second., |(f the speed of
the coll is doubled, what -is the frequency generated?

{60 Hertz)

62, The number of cycles completed in one second is called

{freguency)

63.
Q

L/’-i\\ - //’_;\\ : :
L& 'I SECOND \4 ﬂu SECOND U

‘ H -
x

1 SECOND _ L— v::onu

Referring to the above flguresJ‘Qhat is the frequency In each
case? .

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




ANSWERS - TEST FRAME 63

a, 3 Hz
6 Hz
8 Hz

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME
92, OTHERWISE, GO BACK TO FRAME 34 AND TAKE TI'IE PROGRAHHED SEQUENCE
BEFORE TAKING TEST FRAME 63 AGAIN.

ANA

i—— 1 SECOND

The sine wave ahove has.a freq‘uency of 2 Hz,

This means that
there are two compiete cycles each second. How long does
It take the coil to complete just one cycle? -

1/2 second)

- P

g —

"1 SECOND

The frequency of the sine wave above is & cycles per second.
How much time does it take to complete one cycle?

{(t/4 second)




»
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66. The time the coil takes to complete one cycle is called theé
period. What Is the perlod of the sine wave shown below?

—— 1 SECOND —_—

] (1/2 second)c

. The frequency of a sine wave is given in Hertz. The time of
one cycle is called the ‘

. The sine wave.below has a period of 1/2 second. . How many cycles
are there in one second? What is its frequency?

vE

& 1,2 SECOND —»!
H———— 1 SECOND ——H

(2 2Hz)
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£9. The dif .rence between frequency and period is that frequency
and ‘period means

tﬁﬁhber of ¢cycles per second; the time of one cycle)

. The sine wave of voltage below Indicates that the voltage rises
from 0 volts to a maximum value of +5 volts and then falls to O
volts again. This.rise and fall of voltage In a positive direction
Is called the positive alternation of the sine wave. By the same
token, the rise and fall of voltage in a negative direction® Is called
the

+5 VOLTS

POSITIVE

' Ammqnon
ovorrs L —

{negative alternation)

. Here's the sine wave of voltage again. How many degrees of ro-
tation does the coil go through in the positive alternation?
How many degrees are there in the negative alternation?

How many altsrnations are there in one cycle?

- =% VOLTS

5% 180°; 2)
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72." Notice below that voltage reaches its maximum posit]ve value
at 90°. When does voltage reach lts maximum négative value?

d . 4

+8 VOLTS |
l‘

/
O VOLTS

~SVOLTS }

73 Peak has the same meaning as maximum. What .is the peak vol-
‘tage reached during the positive alternation of the sine wave
betow? What Is the -peak voltage reached

during the negative alternation?

+5 VOLYS

O VOLTS

{45 volts; -5 volts)
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74. The peak voltage of fhe,posltive alternation of the sine wave
below is volts. What is the peak voltage of the

négatlve alternation?

+25 VOLTS B '

-2SVO|.'S WEETELLL P TR T Ry g,

75. In a slne wave,'the pesltive peak value and the negatlve peak
value are always .

alike/ditterent

(alfke)

76. in the sine wave below, what Is the total voltage between the
positive peak and the negative peak. - {bisregard the polaritles.)

+100 VOLTS

(200 volts) _
(From +100 to O equals 100 volts and 0 to -100 equals. 100 volts. Thus,

the total is 200 voits.)

-
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77. What is the total) voltage between the positive peak and the.
negative peak of the sine wave below?

+30 VOLTS

I e e

(iﬂﬁ_voitql

" 78. The total voltage between the positive peak and the negative peak
Is called the peak-to-peak voltage. What is the peak-to-peak

voitage of this sine wave?

+H50VOLTS POSITIVE
ALTERNATION

NEGATIVE
ALTERNATION

-150 VOLTS

{300 volts) _
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79. The peak-to~peak voltage of thls sine wave is

+20 VOLTS

{40 volts)

80. Oraw a sine wave with a peak-to-peak voltage of 60 volts. Indl-
cate which part of the sine wave 1s the positive alternation and
which part is the negative alternation. Also lable the peak
vol tage and Indicate where it is on the sine wave.

+30 VOLTIS

POSITIVE
ALTERNATION

~

. 8;---"

" NEGATIVE .
ALTERNATION

L4




P.1. Two~ IV

81. Another term you will need to know Is instantaneous value
This is the value of voltage or current at any instant of
time during a sine wave.

What is the instantaneous value of voltage 3 msec after the
start of the sine wave?

Ov

v

l.--"n-.-ul

82. ﬂhat would be the Instantaneous value of current at a time of
msec.

4o

83. The magnitude of voltage in a sine wave found at any glven
instant of time is known as the

{instantaneous value)
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84. Lower case letters are used to symbolize the instantaneous
values of current or voltage.

Select the symbols used to indicate the Instantaneous values
of voltage and current.

85. Find e at 9 msec:

86. Find l_af 6 sec.
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87. Now you'll apply what you've learned to some practical examples.
The lamps in the circuits below require § amperes of current to
light brightly. Circuit A is a DC circuit in which a constant
current of § amps flows. Circuit B is an AC clrcuit In which
the peak current Is § amps. In which circuit does the lamp light

brighter? © Why?
N 2 9
'S AMPS . 5 AMPS
BATTERY AC GENERATOR
el L e

- o o am o a7 W oy o et e o Ay T o i W ™ m e @ ™ om E W o o @ S W = oW =

{Circuit A because the 5 amps DC is constant.)

88. To determine the worth or to tell how effective an alternating
current or voltage is, we compare the effect of the AC against
the effect of DC. Nearly all AC meters are calibrated in ef-
fective values so that the values in AC will be consistent with
the values in 0C circuits. For example, if an alternating cur-

rent produces as much heat as | amp of direct current, then, we
say that the AC is as as ! amp DC.

-y W o o M o M W e M W um R e Sn o M U g o EF M o M M e v o o e o e e

{effective)

89. The effective value, also called RMS value, of an AC voltage
or current has the same heating effect as an equal value of
direct current. So [f a peak current of 7 amps AC produces
the same heating effect as § amps DC, then. 5 amps is the

value of 7 amps AC {peak value).

cEm = Em Em mm W R M M mm W oy M o M g M S T gy o E o o M o Sy o e o = W o o

(effective)

9D. A peak AC voltage of 10D volts produces the saﬁe heatin§ effect
in a load as 7D volts DC. Therefore, the value of
the -AC voltage is volts,

- o Em R mm MR e Em R e Em g Em M Em o Em Em oy M e M o Em Em o Em T M e e e e e A

(effective; 70 volts) ‘




.
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9. For\;\i;ne wave, the ROOT MEAN SQUARE (RMS) or EFFECTIVE
© _VALUE 0.707 times the peak value.

The RMS value is computed as the square root of the average
of the squares of the InstantaneOus ampl itudes for one
complete cycle,

Let's look at the effective (RMS) value of a slne wave
which has a peak value of 100 V.

W--—--I--
Effective Volue 70v...../......\..-..707% of Peak

Select the lettered arrow which shows the effective value
of voltage.




C Pl ' Two- IV

92. Match the lettered parts of the graph to their appropria;;ﬂ\\
terms.

RN |

sine wave

cycle (Her tz)

alternation

negative peak amp]itude

positive peak amplitude

zero EMF

W D o~ WM o oW N

effective value (RMS)

peak to peak ampl itude

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

4

125 130




ANSWERS - TEST FRAME 92

L3

uow-qc-\\.n.rwp:—-
JO O TN o

IF ANY OF YOUR ANSWERS 1S INCORRECT, GO BACK TO FRAME 64 AND TAKE
THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR
YOU MAY STUDY ANY OF THE OTHER RESOVRCES LISTED. |IF YOU TAKE
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON
TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOV
- WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. '




SUMMARY
LESSON IV

ﬂbnerat!ng;ﬁc letagé

The electriclty you have studied 'so far has all been dlrect current
(bC). In DC, the movement of electrons Is always In one directlion
through the circuit and usually the voltage remains constant. The
EMF generated by batteries leads to DC-type current. C

Alternating Current (AC) Is a somewhat dlfferent form of efectriclty.
AC moves_?%}st In one directlon, then the other, and the assoclated
EMF s always changing In value. _Magnetic-mechanical generators,
represented schemat cally ls—@— » produce AC. You are now
ready to study thls'method of dev&lopling an EMF. ;

The left-hand rule for generators fs easlly applied to a strafght

wire moving In a.magnetic field, but most generators use coils of

wire and the rule is a little more diffi;g!t to use. The two sides

of a coil move through the magnetic field of a generator In opposite
directions as shown below, but the voltages developed in each side "
of the coll tend to produce current flow In the same direction

through the wire. ' : : '

INDUCED
. POLARITIES

.

imagine the number of magﬁEtic lines of force being cut at varfous
posittons of the coil. As the coll rotates in the magnetic fleld, the
output voltage wili change in.vaiue and polarity as shown in the
sketches on the following page. - Because the waveform of the output
varies as the sine of the angle of the loop's rotation, It Is called

a sine wave. ' \\




G

-2
s

TIME 6 TIME 7 TIME 8

The EMF Is zero when the wires of the coil move parallel to the lines
of force, for no relative motion exists between them here (Time O,
Time 4, and Time 8). The output is maximum when the wires cut the
greatest number of lines of force In a given instant; i.e., when their
motion is perpendicular to the lines of force (Time 2 and Time 6).

One complete set of voltage variations from zero to maximum positive
to zero to maximum negative and back to zero is called a,cycle. The
frequency of any AC Is the number of cycles per second generated. The
basic unit of frequency is Hertz (Hz) and one Hz is equal to one cycle
-per second {cps). -

The factors which determine the frequency of a generator are:
1. The speed of rotation of the armature {(coil of wire),
2. The number of palrs of magnetic poles in the generator,

128

T 133
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Increasing elther of these wlill Increase the frequency of the generated
AC.

Some other characteristics of a sine wave will be Important to you in
your study and work wlth electric¢ity. Amplltude or the value of the
waveform at any Instant Is one of these quantities. The value of a
waveform at any instant of time Is known as the [nstantaneous value
or voltage or current and is symbol{zed by lower case letter for
voltage {e) and current {1). The maximum or peak valye of a sine
wave %elther positive or negative) fs the greatest voltage {or current)
present during a cycle, and the
ak-to-peak voltage Is the algebralc
70.7% EI??erence of the positive and
= s fm OF — N~ — EFFECTIVE ' T negative peak values. You will
PEAK PEAK Probably use the effective {(or RMS)
10 value more often than any other,
PEAK for It is directly comparable to
DC values. Ten volts of DC and
10 volts of effective AC can do the
same amount of work. Nearly all
AC meters are calibrated in effective
values, and any AC quantity which -
is stated without specifying the
type of value is given in effective
values.

This sketch of a.sine wave may clarify the values for you.

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

OVERVIEW o
LESSON Vv

Uses of AC and DC

In this iesson you wll] study and learn about the following:

-AC generators
-uses of AC ,and bC

Each of the above topics will be discussed in the order listed.
As you proceed through this lesson, observe and follow directions
carefully. | '

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

L]

ON THE NEXT PAGE. : o




‘Studv Reasources

LIST OF STUDY*RESOURCES
LESSON V

|/b

| Uses of AC and DC

-

To fearn the material In this lesson, you have the option bf\

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

STUDY BOOKLET:

Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL:

'NAVPERS 93400A-1a 'Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personnel,
Washington, D.C.: U. S. Government Printing Office, 1965.

NAVPERS 93400A-1b "Basic Electricity, Alternating Current.
Fundamentals of Electronics. °‘Bureau of Naval Personnel.
Washington, D.C.: U. S, Government Printing Office, 1965,

NAVPERS 10086-A ‘''Basic Efectricity.' Chapter 8.

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

AUD)O-VISUAL: ,
Sound/Stlide - “AC & pC Generators"

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

to answer all Progress Check questions c0rrectly; Po not fOrget,_that‘

in one sense of the ;ord, your [nstructor -is é living resource, perhaps
. the best. Call him If you have any kind of a problem.

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

TAKE THE PROGRESS CHECK AT ANY TIME.
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Narrative

NARRAT i VE
LESSON V.

Uses of AC and OC

L]

AC Generators

\\ - A machine that converts mechanical energy to electrical energy
) utilizing magnetism Is cailed a generator, and generators that
produce A( are often called by the special name alternators.
The simplest form of an alternator is very much Ijke the loop
of wire you have seen rotating in a magnetic field. in fact,
the only change needed to make it an alternator is a practical
way to connect the EMF produced to a circuit.

These connections are usually made from the rotating part of

the alternator (armature) to the statiomary circuit. This is
done without twisting and breaking the wires by use of

slip rings and brushes. The slip rings are copper sleeves
which rotate with the armature, and the brushes are.carbon
blocks held against the slip rings to make a good electrical
connection. The diagram below shows the parts of an alternator.

ROTATING LOOP
RMATURE)

' CIRCUIT POLES
A generator can be designed to provide direct current instead

of alternating current. This is accomplished by using a
commutator in place of the slip rings. The commutator rgverses.
the armature connections to the external circuit each t the
polarity of the EMF changes, and current then flows In the same
direction in the external circuit all the time. A drawing of
such a generator and a graph of its output appears on next page.
The output graph shows that both alternations are in the positive
direction because the commutator reverses the loop connections

to the circuit at the time the generators output is zero.

% 13s




Narratlive

ARMATURE
COMMUTATOR

Uses of AC and DC

You probably wonder now why you should have to learn about two
different kinds of current fiow. The answer is that both kinds
are used very wldely. You are probably most familiar with AC

for it Is commonly used to supply homes and ships. [t ls wideiy
used because it can be transmitted over long distances more
economically than DC and it ls more efficient for driving motors,

DC is used when voltage fluctuations and direction changes

cause trouble. Many circults In radios, television sets,
phonographs, and instruments which use ampljflers will not work
properly on AC. You know that your house current is AC and your
radio and TV operate when they are plugged into your house
current. How can these things be true? The secret is that

both the radio and TV have power supplies which convert the

AC from the wall socket Into DC for use inside the set.

You have finaily found out !hjt your power supply dcas; ali
we Ihave to do now is find out how It does it.

AT THIS POINT,- YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. [F YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE MEXT LESSON. [F NOT,
STUDY ANY METHOD OF INSTRUCTION YOU HISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON V

Uses of AC and IX

TEST FRAMES ARE 10 AND 27. AS BEFORE, GO FIRST TO TEST FRAME 10
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.

1

}. Recall from the previous lesson that AC is generated by a

{generator or alternator)

¥

The generator has two major parts: (1) a stator and (2) the
armature.

The part of the generator which does not move is the:

a. armature.

(b) Stator

The armature in the generator consists of the rotating loop
and Its frame.. _

Select the arrow showing the armature.




Two-V
Let's continue and see what else makes up a generator. Some
method must be avallable to make use of the induced EMF.

Here's an illustration of the basic AC generator again. Notlice
that the ends of the coll are connected to two metal rings.

These rings rotate with the coil. They are called sllp rings.

- 81 is the for the black side of. the coll.
Notice that the black side of the coll passes through $2 without
touching it. 52 is the for the white side.

{sllp ring; slip ring)

The slip rings are firmly attached to the free ends of the
rotating loop to provide a contact point from which to pickup
the voltage developed. The sliding contact Is necessary to
prevent the leads from tangling as the armature turns.

That portlonlof'the alternator which provides a plck-up point
for the vo]tage developed in the loop is the .

{slip ring}

Connected to the ends of the coll are two metal rings, called
When the coi} rotates, the two metal rings

L;l[g_rings; rotate or move)




The figure shows two small blocks, called brushes, placed
against the slip rings. The brushes are usually made of carbon
or graphlte. The purpose of the and

is to connect the voltage generate&_1n the
an external circult.

{slip .rings; brushes; col1)_

The brushes, which are normally made of carbon, press against
the slip rings. They pick up the voltage from the slip ring
and transfer it to a load in an external circuit.  These brushes
are stationary. They slide on the slip rings as the loop turns.
The parts of the alternator which pick up the voltage and.apply
it to the load are called the




P , Two-V

9. Here Is the basic AC generator. Label the parts In the boxes
provided,




P.o Io‘ ! ¢ . ‘Tm-'v

10. Match the lettered parts In the diagram to their appropriate
names or functlions. "

1. armature
slip rings

brushes - ' ) . _ v

2
3
. . -, -rotat"l ng loop
- 5. creates lines-of-flux
] .

- e e W M e M A W W e W W W W o W W W w'w W W W W W W W W W W W W W W oW

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

114 I
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ANSWERS - TEST FRAME 10

IF ALL YOUR ANSWERS MATCH THE. CORRECT ANSWERS, YOU MAY GO ON
TO TEST FRAME 27. 1F NOT, GD BACK TO FRAME 1 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST. FRAME 10 AGAIN.

11. There are two methods of removing power from a generator,.
depending .upon the type of generator (AC or DC). We have
seen on the basic single-loop generator that, in order to make
use of the EMF induced in the rotating coll, the two ends of
the coi) are connected to two

SLIP RINGS

OUTPUT VOLTAGE

{slip rings)

12. Each riﬁg is continuous, and is insulated from -the shaft and
from the other

{slip ring)




P.I.

13.

Two-V

The two carbon brushes:-(X and Y in the figure, frame 11)
which are connected to the load (lamp) rest on the

{slip rings)

. As the coil is rotated, the brushes make sliding contact

with the , completing the circuit at
all times. :

(sllp'ringéf

. Alternating current Is described as current which periodically.

reverses direction. The EMF induced in a rotating cotl is '

alternating, and through the use of slip rings, the output
voltage Is also . .

(Eiternatlgé)

. An AC voitage is taken from an AC generator by the use of

{s1ip rings and brushes}

. STip rings are used in ) generators.




P.l. - ’ Two-V

18, Slnce the EMF induced in any rotating coil is alternating,
“slip rings cannot be used in a DC generator to conduct direct
current from the coil to the external load. Instead, one split
ring {or commutator) is substitated for the two sllp rings.

As shown in the figure below, each half of the split ring is
temporarily making contact with one side of the generator colt,
As shownsbrush X 1s positive with respect to brush Y.

DIRECTION OF
ROTATION

INSULATING
MATERIAL

R

\
. ‘
\ OUTPUT
~ VOLTAGE
AN

As the armature turns so that brush X is wiping the commutator
section attached to the white side of the armature, what is the
polarity of brush X to brush Y?

BASIC DC GENERATOR

_(positive)

As you can see, as the armature .rotates, brush X shifts from
one side of the armature to the other side. This shift causes
the output voltage to be of constant :

shift is accompl?shed by use of a’

_a _(polarity; commutator)




P.1. ' Two-V

20. A is used to keep the outside circult
current flowing continuaily In the same direction in a DC
generator.
. (commutator) i ’

21. Both AC and DC generators produce alternating current in
their armature colils. By using a commutator, the output of
a generator is a volitage.
AC/0C

_(bc; DC)

22. As we foqnd earlier In this program, another name for an AC
generator s alternator. Siip rings are used in an .

{alternator)

23. List the two methods of collecting EMF from a generator,
along with the type of generator in which each method is uded.
{elther order)
are used in generators.
_ c
are used In generators. .

‘ lgummutators - EE; slip rings - ACJ

24. As you recall, direct current flows in one direction only. The o )
type of current which reverses direction periodicaily Is called “
alternating current. . '

Alternating current can be described as: L

a, current which flows in.one direction only.

b. current which flows in both directions at once,

¢. current which periodically reverses direct’-:n.

d. current which never changes direction. . ;

- owr W m W o oam W W o @ oW W Em M om om om o ow om @ oEm oEm B W W W s T oamoEa m & W oA om

(_f'currgnt which periodlcally reverses direction

ERIC S - 198
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25. 'Why go to all the trouble of having AC and DC? AC Is usually
used. to transmit ‘energy over great distances because the
losses are low. Low voltage DC transmission is more iikely
to be used for:

a. long distances.
short distances.

-(b) short distances

. AC voltages can also b2 increased or decreased in magnitude
with very little loss. This Is done in your power supply by
the . transformer

State the purpose of your power supply transformer.

" {To_increase or decrease the voltage)

27. Write, as ;pproprlate. AC or DC in the space provided.

Usually used for transmlsslon over great dlstancos
with tow loss of energy.

The output generated does not vary In direétion
ahd magni tude. .

Generator has lts contact ring divided into segments
{commutator).

Generator has slip rings which transmit EMF to
the load. .
Voltage may be increased or decreased In value
with a los loss of energy.

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




-4

ANSWERS -~ TEST FRAME 27

a. AC-

b. DC

c. OC

AC

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

iF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON
TO FRAME 28. IF NOT, GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 27 AGAIN.

-~

. The use of DC is limited, especially around the home. : About
the only place It is found is in a radio or televislon. But
are not both the radio and television plugged into the AC
outlets? They sure are! 50 how do they get DC power from an

AC 1lne? Very simple. Remember your power supply? Inslde

your radio and televislon are power supplles very similar to

" the one you buitt. They contain especially designed circuits

that convert AC into DC. The DC is then supplied for the circuits

irlng it.
requiring ‘ @

Power supplies convert to

W B B E W @ W mom W Om % B R m.m ® B B = = = -

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

(AC to DC) -

. The primary purpose of the power supply is to:

i S a. step up voltage.
b. .convert AC to OC.
: - step down current flow.

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

_{b) convert AC to DC .
(NOTE: While it is true that voltages may be stepped up in a
power supply, this is not the primary purpose. ‘

{F YOU FEEL YOU UNDERSTAND THES MATERIAL, YOU .MAY TAKE THE PROGRESS
CHECK, OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU

TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO

ON TO THE NEXT LESSON. 1F NOT, STUDY ANY METHOD OF INSTRUCTION You
WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON V

Uses of AC and BC

An AC generator is usually called an alternator, indicating that its
output is alternating current. The simple machine which produced
the sine wave in the last lesson needs only a method for connecting
its output to a circuit without twisting and breaking the wires to

be an alternator. This Is done by the use of brushes and slip rings
as shown here: .

‘ROTATING LOOP
(ARMATURE)

CIRCUIT .

sThe brushes are made of a soft material, often carbon, and slide
against the rotating slip rings to make the electrical connection

' from the alternator to the lamp. A variation of the slip rings

can be used to change the generated AC to DC. This device
(commutator) keep- one brush connected to the positlve end of
the loop at all times. A commutator and its output waveforms are
shown below. Notice that the brushes are arranged so that the switch
is made when th%;output of the loop is zero,

(See next page)




ARMATURE

COMMUTATOR

. The reason we must deal with both AC and DC flow, is that-each one
has certain very useful characteristics. AC is more economical to
transmit over long: distances, and It s more efficlent for driving
motors. On the other hand, DC must be used in radios, TV sets,
hi-fi’s, etc., for the voltage changes of AC would ruin their sound
or picture. A power supply is used In these sets which converts

AC to DC. Now you know what your power supply does; all you have to
learn is how it does it,

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
‘STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON. {F NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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- Overview

OVERV I EW
LESSON - VI

He;suring Voltage

In thls lesson you wlll study and learn about the followlng:

-where voltage can be measured

~the voltmeter -

-measuring voltage in a clircult .
Jmeasuring voltage of cells In series
-measuring voltage of cells in
parallel '
-measuring cells connected in serles
‘oppositlion '

-measuring cells connected in serles
and In serie§ opposition

Each of the above topics will be discussed In the order fistedp
As You proceed through this lesson, observe and follow directions ~
carefully.

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

1




Study Resources

LIST OF STUDY RESOURCES
LESSON VI

Measuring Voltage

To learn the material in this lesson, you have the option of choosing,
according to Your experlence and your preferences, any or all of the
following:

STUDY BOOKLET:
' Lesson. Narrative
Programmed Instruction
Lesson Summary

ENR{CHMENT MATERIAL:
NAVPERS 93400A-la ''Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of MNaval Personnel .
Washington, D.C.: U.S. Government Printing Offlce, 1965.

AUDIO-VISUAL:
Sound/S$lide - "The Voltmeter"

YOU-MAY NOW STUDY-ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF fHIS
LESSON YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERING
ALL THE LESSONS IN THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS
IF YOU WISH.




Narrative

NARPATIVE
LESSON VI

Measuring Voltage

Where Voltage Can Be Measured

You learned earlier that voltage Is measured in units called
volts, and that the alphabetlc symbol for volt is V. Another

' term you have come across Is dlfference of potentlal. Voltage
can. be measured only between points that have a difference of
potentiti; one way for this to occur is to have a difference In
the electrical charge associated with the two points. This
potential difference can exlst in parts of a clrcuit where there
Is an EMF generated {voitage rise) or where voltage is being
used {voltage drop). .

Energy (the abllity to do work)} is added to a circult at the
clrcult's source, that Is, battery, dry cell, or generator.

Energy is put to work In the circuit by the load - light bulb,
toaster, radio, etc. Load is a general term for anything using
energy in an electrical cil circuit. In a circuit using two dry cells
and a lamp, voltage differences can be measured between (A}, the
terminals of either cell, (B}, across both cel]s, or {C)}, across
the load.

Voltage usually cannot be measured across a closed switch 6r be-~

tween two points connected by a wire because there is almost no
dIfference In the potentlal between these points.

Electrical energy is usually nelther added nor used between
such points. . : ‘

Voltmeter

The device used to measure voltage is called a voltmeter.
Remember that the schematic symbol for an ammeter was a

circle with an A in It (—@—). The voltmeter's schematic

symbol is almost the same thlng. It is a circle with the letter

V inside (“1:::)-0

The ammeter was connected in series with a circuit component
so that It could measure the current through that component.

152 15§




Narrative ‘ Two-V |

Measuring Voltage of Cells in Series

Because the voltmeter measures the difference in potential
between two points, it is connected between those points, and
the circuit is not opened to make this connection. We say
that the voltmeter is connected in parallel with the component
across which we want to measure voltage. The diagram bBelow
shows @ voltmeter connected across a Jight bulb to determine
the voltage dropped by the light bulb.

I .. S
— v

+

-~

Polarity must be observed in DC circuits; voltmeter probes must
be inserted in the voltmeter jacks with red probe in red jack
and black probe in black Jjack. '

When you measure voltage there are several steps in making
the reading. The method given here is to be used when measur-
ing low voltages (30 v or less) only. : B

I. Hold the probes by the insulated plastic handles only.
Gripping any other part of the probe or wire may make
you part of the circuit - not a comfortabie or safe
situation.

2. Always be certain the meter can measure the voltage in
the circuft. |If the voltage is too high for the meter,
it will damage, possibly destroy, the meter.

.3. DC voltmeters are polarity sensitlive just tike DC _
ammeters. Connecting one in reverse may bend its pointer
or jam the meter. Always connect the negative {black '
or -) probe to the point nearest the negative side of
the source and the positive (red or +) probe to the
peint nearest the positive terminal of the source.

4, Read the voltage on the face of the meter.
5. PRemove probes from the circuit. .

Earlier in the module you learned that if cells are connected in
different ways, different voltages will result. HNow you can prove
this to yourself by taking actual measurements.

F

Get a voltmeter from the resources center.
Connect three 1=1/2=-volt cells in series.
Touch the positive meter probe to the positive terminal of
the cell which has no wire connected to it.

Touch the negative meter probe to the negative terminal of
the cel) which has no wire connected to it.

5. What does the voltmeter Indicate?

- w b —

You should get an indication of approximately 4-1/2 volts, proving
that voltages of cells connected in series are additive.

1535’?




Narrative

Heasuring Voltage of CeIT§ in Paral!el

Connect three 1-1/2-volt cells in parallel as Jndjcated by
the schematic representation. I I I

T T T
. . Touch negative meter probe to the negative termlnal of
any cell.
Touch positive meter probe to the positive tgrmlnal of
any cell.
Hhat is the meter Indlcation?

The meter indicates approxlmately 1-1/2 volts proving that cells
connected in parallel have the same output voltage as one cell,

Measuring Vol tage of'Cells Connected in Serles Opposition

Connect two l-llz-vblt cells in serles oppositfon as the

schematic representation indicates.
|——||—-

Touch negative probe of meter to the positive terminal of

either cell.
Touch positive probe of meter to the positive terminal of

the other cell, .
wWhat is the meter Indication?

The meter Indicates 0 vol;s; pr&ving that when cells are connected
in series opposition, the voltages are subtractive. ’

Measurling Voltage of Cells Connected in Serles Aidina
and in Series Opposing . _

Connect two 1-1/2-volt cells in series aiding and a third
1=1/2-volt cell in series opposition to the first two.

-

2: Touch negative meter probe to terminai b.
3. Touch positive meter probe to terminal a,
4. what does the voltmeter indicate?

The meter indlcation is 1-1/2 volts. This is explainable
because you connected two cells in serles providing 3 volts
between them. Then by connecting another cell in series
opposition, you have cancelled 1-1/2 volts of the 3 volts.
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Narrative

"Now let's take measurements in a clrcuit.

Measurling Voltages in a Clrcult

Using PB 0-1, two dry cells, and connecting wires, set up a
clrcult as show by the schematic diagram.

b |

oo

Ts

Using your voltmeter and test leads, ‘measure voltage in the
clrcylt as follows:

1. Connect red positive probe to T8. {(Touch only red plastic
sleeve of the probe.)
2, Connect black negative probe to TI1.

3, a.
b.

c.

d.

Record voltage between T8 - T1.

Measure and record voltage between 18 - 12.

Measure the difference in.potential between T 5 and the
negative terminal of cell 2.

What is the voltage between the negatlive terminal of
cell 2 and T1?-

Close switch. . :

Read and record voltage between T2 - T7.

is it a voltage rise or a voltage drop?

. With switch closed, what is the difference In potential

between T7 - 782 _
Are the cells In this circuit connected in series or
parallel? :

Check your answers with those on the next page.

Answers:

o

Recall that meter readings are approximate because tolerances
must be consldered. .
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Narratjve

3.

a - oo

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

IF YOU DECiDE~NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF
.YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTiL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUEST3ONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE ‘MODULE
TEST. -




PROGRAMMED INSTRUCTION
LESSON VI

Measuring Vol tage

TEST FRAMES ARE S5, 13, 15, AND 18. AS BEFORE, GO FIRST TO TEST
FRAME 5 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW
THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

Recall that the units of potential difference afe

tvolts)

t-

The alphabetical symbol for a volt is:

. To measure voltage, a difference of potential must exist.

Which letters Indlcate where a difference of potential exists?

v — % T3




Two=V1

In a complete electrical clrcult, a difference of potential
can occur only:

1. at the terminals of a source.
. 2. at the terminals of a load.

Clrcle the letters that Indicate where a difference of potentlal
can occur. s

5.

indicate the point or points where a potential difference exlIsts.
G

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




ANSWERS - TEST FRAME 5

a, b. c, d, e, and f

IF ALL YOUR ANSWERS MATCH’ THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 13, OTHERWISE, GO BACK TO FRAME ) AND TAKE THE PRO~—"

GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN.

Ll

Which of the following meters would be.used to measure voltage?

ammeter
voltmeter

(b) voltmeter

The symbol for the voltmeter is a circle with a v inside it:

Draw the symbol for a voltmeter.

A voltmeter, unlike the ammeter, must be hooked across (in
paralle} to) the difference in potential to measure voltage.

Which voltmeter is correctly installed.




Two-Vi

" Draw a schematic dlagram for a simple circult (cell, conductor,
lamp, and switch) with a voltmeter measuring source voltage.
hY

ACCIDENTS
don’t ust
mmws a&'&’m'

Wbt sdari chma [,




Two-=VI

cérrectly Instailed.

4

q---------'-h-------n;—s'---—n-----b---

r
»

5 and C)_
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11. The voltmeter like the ammeter is polarity sensitive.

. Several precautions and steps must be taken when measuring voltage.
They are: '

Hold probes by insulated plastic handles only.

Ensure meter has the range to measure the voltage expected
in the clircult. '

Ensure correct polarity.
Read voltage from meter.
Remove probes from circuit.

ill in the blanks:

Hold probes by insulated only.

.- Ensure meter has the - . to measure the voltage expected
in the circuit.

Ensure correct C,
voltage from meter.
from circuit.

plastic handles; 2. range; 3. polarity; &.
probes)

16g .
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P.i. . Two-VI

13. Write the steps and precautlions used to measure voltage.

1.

(THIS §S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THZ NEXT PAGE.) o




ANSWERS ~ TEST FRAME 13

1. Hold probes by Insulated plastic handies only.

2. Ensure meter has the ranbe to measure the voltage
. expected in the circuit.

Ensure correct polarity.
Read voltage from meter.

Remove probes from circuit.

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON
TO TEST FRAME 15. OTHERWISE, GO BACK TO FRAME 6 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN.

if you have not done the Narrative, turn to page 162 of this iesson and
perform the measurements .in the followlng:

-Measuring Voltage of Cells in Series - Page 153

-Measuring Voltage of Cells in Parallei - Page 154 .

~Measuring Voitage of Cells Connected in Series Opposition - Page 154
-Measuring Voltage of Cells Connected in Series Aiding and in

. Serles Opposition - Page 154

-Measuring Voltages in a Circuit - Page 155

After you have performed these measurements, go to frame 4.

14, Take the power supply you built in Module Zero and a voltmeter.
Measure and record the voltage between the switch and 76 {across
the famp).

{§ to 8 voits)




P.I. Two=VI

15. Build a simple circuit according to the schematic below.

e
I3

Measure and record the following voltages:

. at the source.
.’ across the load.
across open switch.
across straight wire between points B and F

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




ANSWERS ~ TEST FRAME 15

{F ALL YOUR ANSWERS MATCH THE CO&RECT ANSWERS, YOU MAY-GO ON TO
TEST FRAME 18. OTHERWISE GO BACK TC FRAME 14 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN.

16. in frame 15, you read 0 volts between points B and F because there
was '

a difference of potential.
a voltage drop.

no difference in potential.
a voltage rise.

(c) no difference in potential

17. Since there was no current flow and therefore no voltage drop
» imn the circult, source vojtage was present across the open switch.

With no current flow there can be:

no voltage rise,

no voltage drop. .

no difference in potential across the load.
a difference in potential across the load.

(b. no voltage drop; and c. no difference in potential across
the load)

18. Check the statement that is correct.

a. Voltage registers across a closed switch because of a

voltage drop.

Voltage registers across a closed switch because of a
rise in potential. ‘
Voltage registers across a load because of a voltage

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT

ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE._{W.
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ANSWER = TEST FRAME 18

c. Voltage registers across a load because of a
voltage drop.

IF YOUR ANSWER 1S INCORRECT, GO BACK TO FRAME 16 AND TAKE THE
PROGRAMMED SEQUENCE. .

IF YOUR ANSWER 1S CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU
HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE HODULE
TEST. SEE YOUR INSTRUCTOR.

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

In this frame se?uence you learned (1) the steps for voltage

measurement and (2) how to use a simple voltmeter.




SUMMARY
LESSON VI

Measuring Voltage

Voltage can be measured only across points between which there

is a difference of potential; the usual way for thls to happen

is for the two polnts to have different amounts of electrical
charge associated with them. This condltior exists in par.s of

a circuit where there is an EMF generated (voltage rise) or energy
loss (voltage drop).

Energy is put Into @ circuit at its source and used by the load,
for example, the light bulb, toaster, radio, etc. " Voltage can be
measured between the ends of a source or a‘load, but it usually
cannot be measured between the ends of a piece of wire connect-
Ing these parts because usually there is almost no voltage rise
or drop through a conductor.

The devlice used to measure voltage is called a voltmeter., I[ts

schematlc symbo) is —@— , and it Is always connected

between two points when you want to know their potential differ-
ence. Unlike current measurement, the circuit does not have

to be broken to measure voltage. The steps in using a voltmeter
for low (30v or less) voltages are:

. Hold the probes by the insulated portions only.

. Be certain the voltage Is not higher than the meter can
measure.

. Observe polarity when measuring DC voltages.

. Read the voltage and remove the probes from the circuit.

If you feel you need more informatfon about measuring voltage,
continue studying lesson VI; if not, perform the experiment -
Measuring Voltages at the end of the Narrative for this lesson.

NOW YOU MAY TAKE THE PROGRESS CHECK OR STUDY ANY OTHER OF THE
RESOURCES LISTED. [F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL

~ THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY -
TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR.

{F YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT TH!S TIHE, OR IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE
TEST. .




