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ABSTRACY
| This packet, part of the instructional materials fon
the Oregon apprenticeship program for millwright training, contains
17 modules covering electricity and electronics. The modules provide’
information on the following topics: basics ‘'of energy, atomic theory,
electrical conduction, basics of direct current, introduction to ,
circuits, reading scalesf®using a Volt-O-Meter, Ohm's Law, Power and
Watt's Law, Kirchoff's Current Law, Kirchoff's Voltage Law, series
resistive circuits, parallel resistive circuits, series-parallel '

" resistive circuitw, switches and relays, basics of alternating

currents, and magnetism. Each moflule consists of a goal, performance
indicators, student study guide, vocabulary, information sheets
illustrated with lime drawings, a task sheet with answers, a final
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STATEMENT OF ASSURANCE

, . . e
[T IS THE POLICY of THE OrRecoN DEPARTMENT OF EDUCATION

THAT NO PERSON BE SUBJECTED TO DISCRIMINATION]ON THE
BASLS OF RACE, NAT IONAL ORlGIN, SEX, AGE, HANDICAP OR
MARITAL STATUS IN ANY PROGRAM, SERVICE OR ACTIVITY FOR
WHICH. THE. UREGON DEPARTMENT OF EDUCATION IS RESPONSIBLE.

3

THE“DEP&@TMENL WILL COMPLY WITH THE REQUIREMENTS OF STATE

 AND FEDERAL LAW CONCERNING NON-DISCRIMINATION AND WILL /&

STRIVE BY_iTS ACTIONS TO ENHANCE THE DIGNITY AND WORTH
OF ALL PERSONS. " . |
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'APPRENTICESHIP

MILLWRIGHT |
'RELATED TRAINING MODULES: -

L

-~

General Safety

Hand Tool Safety

Power Tool Safety - : o
Fire Safety . SR ' ’
Hygiene Safety " .

'Safety and Electricity

Fire Types and Prevention

Machine Safeguarding (includes OSHA Handbook) |

ELECTRICITY/ELECTRONICS

éasics of Energy
* Atamic Theory
Electrical Conduction

Cy

Basics of Direct Current

Introduction to Circuits.

Reading Scales Vv ; -
Using a V.0.M. '

CHM'S Law '

Power and‘'Watt's Law

Kirchoff's Current Law

Kirchoff 's Voltage Law

Series Resistive Circuits

Parallel Resistive Circuits

Series ~ Parallel Resistive Circuits
Switches and Relays .
Basics of Alternating Current;s
Magnetism

e

COMPUTERS

Digital Language
Digital Logic

Computer Overview
Computer Software

Boring and Drilling Tools

, Cutting Tools, Files and Abrasives

' Holding ahd Fastening Tools '
Fastening Devices *

Basic Science - Simple Mechanics
Fasteners .
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DRAFTING'

'I‘ypes of Drawing and views

‘Sketching ' S
Blueprint Readirq/Working Drawings o
- Working Drawings for Machines and Welding - VR

Machine ‘and Welding Symbols

Blueprint

- Blueprint

Blueprint
Blueprint

. Blueprint

Blueprint
Blueprint
Blueprint
Drafting,
Drafting,
Drafting,

Reading,
Reading,
Reading,
Reading,
Reading,

Reading, .
‘Reading,

Drafting:
Drafting:

Drafting:
Drafting:
Drafting}
Drafting.s
Drafting:

-Drafting: -
‘Machine Features -

Measurement
Visualizatlon

HUMAN_ RELATIONS

' Communications Skills

°  poilers
" Bollers

Feedback

Individual Strengths

~ Interpersonal Conflicts -

Group Problem Solving - \

Goal-setting and Decismn-making
. Worksite Visits -

Resumes -

o Interviews

Wider Influences and Respons’ibilities- g

Personal Finance

E)ILERS

Boilers
Boilers
Boilers
Boilers
Boilers
Boilers
Boilers

* LI I N

'IURBINES

~" e e . .
¢ : . - .. : .
‘ E P G
R - . . "—._!_..-_
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Fire Tube Types

Watertube Types

Construction

Fittings
Operation
Cleaning
Heat Recovery Systems
Instruments and Controls.
Piping and. Stegm Traps ..

v e
‘ v o

- Steam JTurbines - Types

‘Steam Turbines -~ Components

Basic

.

Basic
Basic
Basic

Basic
Basic:
Basm
Basic

Print Reading

S T

Print Reading,_ _

Print Reading
Print Reading:

Print Reading -

Print Reading .
Print Reading - . .

Print _Read_in_jgg"’i- s

ove

Steam Turbinés ~ Auxillaries VU
Steam Turbines - Operation and Maintenancé
Gas 'mrbines S |




‘B.mps - 'Iypes and Classification E
- .Pinps = Applications A
. ;Pumps - Construction ° S T

“Pumps - Calculating Heat' and Flow et DU
.. Pumps ~ Operation .. - 2
Pugps - Monitotring and moubleshootmg St S
Punps ~'Maintenante - . | | S e Ty
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Supplementary B ' - : o ) ‘ - '{ o . _
" Packet # - . . Descrigtion ~ . o e Related Training Module ¢ .
- . B} - ‘ ’ »‘.;'
i 1.8 . ﬂ‘Concepts & Techniques of Machine Safeguarding, U s.D.L., O. SJH As - -1 8 Machine\Safeguarding . )
12.1 3 Correspondence Course, (ecture T, Sec. 2, Steam Generators Types 7.i< Boilers, Fire Tube JType N
' of 6011ers i, S.A.L.T,, Calgary, Alberta, Canada . . ..,/ o -
. S ' . ' T _ K
C12.2 -, Correspondence Course, Lecture 2, Sec. -2, Steam Generators, Types 7.2 Boilers, Water Tube Type . .
' . + of -Boikers II, S.A.I. T Caigary, Aiberta Canada N - T
oo g12.3 s ;Correspondence Course, Lecture 2 Sec. 2, Steam Generators, Boiler 7.3 Boilers, Construction
: Construction & Erection, S AT.T. Caigary, Aiberta, Canada ) i Lo
w4 | Correspondence Course, Lecture 4, Sec. 2, Stean Genenators, Boiler. 7.4 Boilers, Fittings .
C e~ Fittings II, S.A.l.T., Caigary, Aiberta, Canada ' PRel o ]
12.4 Correspondence Course, Lecture 4, Sec. 2,,Steam Génerators, Boiler  7/4 Boilers, fittings | |
' Fitting I, S.A. I T., Calgary, Aiberta, Canada _ , T .
S - | LN . - |
¥ .12.5 ’ Correspondence Course, Lecture 10, Sec. 2, Steam Generation, Boiier] 7.5 Boi]é?s, Operation - : e
- Operation, Maintenance, Inspection, ‘S.A. T, T » Calgary, Aiberta, ' o S P ‘
. Canada , . _ . ) o v
- S 12,7 Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler 1T, Boiiers Heat " Recovery
. .Detaiis, S.A. I T., Calgary, Aiberta, Canada L . o Systems T
N . S AT | | - " puMPS N
3.1 Correspondence Course, Lécture 9, Sec. 2, Steam Generdtor, Power 9T Types & Ciassifications N S
13.2 Plant ‘Pumps, S A.1.T., Calgary, Aiberta, Canada _ 9.2 Applications '
13.4 ‘ 9.4 Calculating Heat & Flow -
13.6 9.6 Monitoring & Troubieshooting
13.7 ! . S 9.7 Maintenance |
13.3 "~ Corrdspondence Course, Lecture 6, Sec. 3, Steam Generators, Pumps; . 9{31t Copstruction ) *—'
~13.5 : . $,A1.T., Calgary, Alberta, Canada I : " 9,5 Operation - L R
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Correspondence Course Lecture 11,
Piping .II, S.A.I.T.,

Correspondence Course, Lecture 1,
1ar1es, Steam Turb1nes, S.A.L.T.,

li

Calgary, Alberta Canada

e,

\Correspondence Course, Lecture 6, Sec. 3, Steam, Generators Steam
~ Generator Controls, S A.1. T -

Sec, 2, 'Steam “Generatorsee
Calgary, Alberta, Canada

Sec. 4, Prime Movers, & Apxil-
Calgary, Alberta Canada

Correspondence Course, Lecture 4; Sec 3, Prlme Movers oSteam

Turbines I, S.A.I.T.3 Calgary, Alberta Canada

iaries, Steam Turhine Auxillar1es,_S.A.I.T.

'Canada

|

.ﬁ;‘ .

Correspondence Course, Lecture 6, Sec.

Turbine Operation & MaLntenance S. All T.

Canada -

Correspondence Course, Lecture 8, Sec.

Boilers Fired with Wood & Bark Res1dues, D.D. Junde, F.R.L.,

0 S.U., 1975

: erb1nes S A LT,

Calgary, Alberta, Canadh

9

corres pondcnce Course Lectuge 5, Sec.

- Combust1on,
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‘Treatment S.AL.T., ’ -
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'Correspondence Course Lecture 2, .Sec. 4 Prime. Movers & Auxil-
Calgary, Alberta,

3, Prime Movers, Steam .
Calgary, Alberta,

\'y
3/ Prime Movers Gas /\

2, Steam Generators, Fuel
,» Calgary, Alberta, Canada

2, Plant Servlces, Fuel

Steam Generation. Water
Calgary, Alberta, Canada 2
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. Related'Trainlng Module -

3 Steam Transport «
8 "Boilers, Instruments &
' ‘Controls

>

5 Steam Purification

1 Steam Turbings, Types

2 Steam ThMbines, Components.

P

.3 Steam'Turblnes,'Auxlliardes

\ .
\ ) . P

-

4 Steam Turblnes, 0perat1on
& Maintenance

.5 Gas Turbines

22 Combustion Types of Fuel.

7 L]

.2 Combustion Types of Fuel

!

3 Combustion Air & Fuel GaseSf

L 2

1 Feedmater, Types &
" QOperagion :

.2 - Feedwater, Mater

‘Treatments .
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- s - Correspondence Cdurée, Lecture 7, Sec. 2, Steam Generators, Boiler:
» - Feedwater Trea;ment,.S.A.I.T., Calgary, Alberta, Canada. '
48.] ‘ Correspondence’COUrse, Lecture 2, Sec. 5,'E1ectr1c1tji Direct
o Current Machines, S.A.1.T., Calgary, Alberta, Canada :
. . ' - w . . / .
. ' 18.1 . Correspondence (ourse, Lecture 4, Sec. 5, Electrigity, Alternating
18.2 Current Generators, S.A.I.T., Calgary, Alberta, Canada )
19.1 = Correspondence Course, Lecture,B,'Sec; 4,-Peime Movers & Auxil-
iaries, Ai« Compressor 1, S.A.I.T.,Calgary, Alberta, Canada v
- ) e, s - , e ‘ .o
oo | Correspondence Coursg:wkedtUre 6, Sec. 4, Prime Movers & Auxil-
S ~ taries, Air Compressors II, SeA.I.T., Calgary, Alberta, Canada
20,1 , * - Basic E]ecfronics, Poagr Transformers, EBE-51 . ‘..; ~
21.1 Correspondence Course, Lecture 6, Sec; 5, E]ectrikfﬁy; Switchgear
- & Circuit, Protective Equipment, SzQ.I.T., Calgary, Alberta,-
~ # Canada ‘ " L \L
e eme e @ b e .. COrrespondence Course, Lectuke 10, Sec. 3, Pfime Moéersm Power

“Rlant Erection & InstaTlation, S.A.L1.T., Calgary, Alberta, Canada

-

.12.3 Feedwater,-Testing

13
13.

" 15.1 ‘1ns£a11at16n Foundations

-

gglated Praining Module

i

11.1 Generators, Types &

Construction
11.1 Generators, T¢pes & - ~
Construction _ )
18.2 Generators, Operation

13,1 A{r Cdmpressofs. Types !

L .

Air Compressors, Types |
2 “Air Compressors, Operation >
& Maintenance ‘

15.4 Transformers . -

"15.3 Cfrcuit Protection |

4
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RECOMMENDATIONS FORVUSINq IRAINING MODULES

] ~

The following pages list modyles and their corresponding numbers for this
particular abprenticeship trade. As related training classroom hours
vary for ‘different reasons throughout the state, we recommend that

the individual apprenticeship commi ttees d1VWde the total packets to
f1E~the1r 1nd1y1dual class schedules.

Therewaré'oVer 130 modules available. Apprentices can complete the
whole set by the end of their indentured apprenticesh1ps Some

AN}

"apprentices may a]ready have knowledge and skills that are covered SRR
in particular modules. In those cases, perhaps credit could be '

granted for those subjects, allowing apprentcies to advance to the
> A Ce

remaining modules. .
. f

We suggest the the apprenticeshﬁp instructors assign the modules in.. ... ...
numérical order to make this 1edrning tool most effective.
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SUPPLEMENTARY INFORMATION .
/- \ | ~ ON CASSETWE TAPES -- yoo

. ¥
. - .
; - - N .
-~ . . - .
. X . 1
- . .

-

- \ . , . ’ e o } . [
) , : .
Tapé 1:. - Fire Tube Boilers f-'Water Tube .Boilers . |
and Boiler #Manholes and Safety Precautions |’
Tape 2: Boiler Fittings, Valves, Injectors, - : o\
Pumps and Steam Traps _ _ s R
' | | s
’ b . \
o . ) ' S o
Tape 3: Combustion, Boiler Care and Heat Transfer e
and Feed Water’ Types . o _ o | .
~ - . Tape 4: Bo’ilgf Safety and Steam Turbines
\ o ' . ' ’ L
N Y
: o - .
[}
| - NOTE: The above cassette tabpé are intepded as additional
~— reference material for the respective modules, as - P
indicated; and not designated as a required assignment. , i
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Goal:

.

The apprentice will be able to
describe basic]fhits of energy.

A 3

A4

21 -

BAGRCS OF ENERGY
1

4

BN I

Ty Performance Indicators:

Describe units.of measurement,

Describe conversion of ecnergy,

Describe potential energy.
Describe kinetic energy.

Describe energy efficdency.
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B . o EL-BE-02 . -
' SRR o ~ Basics of Energy
. .o i ’ . ) _k,' -' .- ' .
Objectives . - o
Given: The student will: _ o |
Definitions and explanations of So]Ve problems dealing wﬂth'ehergy'
base units, energy, work, con- : Answer ‘questions about energy
version -of energy, &nd efficiency., correctly.
’ . . » . a
v w |
) ;
Directions _ ’
. Obtain the following: .
© Calcplator ~_V:\ ' \ -
a ) ) ,.’T‘
4 [ S ¢. o /
' ’
3
R ;kl. .
ﬁ‘ ) §.
Learning Activities' -
Read the Key Words 1ist. K
" Read the Info%pation Sheets .
_ . ‘
Do Task: "Solve the Problems on the Problem Sheets.
» . Do the Self-Test., v y ,\
Do. the Final Test., * A '
. 4 @
0bta1n|F1hal Fvalgétion; . \\\
| ' -
. < \ .
- . BN
' ("% fo

'-./_




S : '
Base Unit: . The term used to indicate the amount: gf something. sAs examples:
Length is measured in feet (the foot is a base unit for lengfh) Weight is °
measured 1n grams (the gram-fs a base unit for weight) : ‘ - i
- Etficiency: The relationship between the'energy applied and the energy output
lexpressed in. percent) o | o v
- \ . :
‘Energy: The ability'to “do work. . ' b -
‘ \
Fprce; Pressure or push on an object or particle. .
J B : e
- Joule: Equal to the newton--the base unit for mechanical energy.
Load: The part of an electricaL circuit where energy conversion ta&gs place. i
Newton: The base unit for force in- the metric system~-approx1mately 224
pounds of force. ’
work:'.Force times distance. ) ) // ﬂ, _ '

~ Key Words e . - o
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Energy and Work ' L. .

% our car stalls in the street and we must pﬂ%h.it to the curb.jy hand, we
‘know that, as we are moving the car, pushing it 1s work. Nhgn’we have moved .
~ _“the car to where we want it:, the work is done. Wprk, then, is made up of two ‘ .
- things, First, there is.the push or force we place on the car in the direction
' we want it to go. Second, the car moves over a distance to a point where we
. want it to go. -Force and distance make up work. The force must be Jnough to
« . . overcome the friction of the wheels and to raise the car over lumps in the
roadway. Mathematically, the work done is equal to the force times the
- distance.. The work energy symbol Zhat we use when we calculate for work is the
upper case W. The base unit of me
joule, - 1 N N

<

sure in the metric system for work is the  °,
: : . ¥ A S \_

y .

"To find the amount of work done in joules that it took to move tﬁeqcah to the
curb, we must know. the. force used and the distance moved. If we pushed on th
L car with a pressure of 45 pounds and W@ -moved the car 16 feet, we, canofigure , .
. » out the work dope by multiplying 45 times 16. However, the joule 1%- 6 metri ' L
* ' measure, so we must convert the force and the distance to metric terms before
we can calculate the joules. | , | - '

\

~ .

/

The Metric Measuré of Distance L . ,“?' | - ,':--'

A

The meter is the metric measure of distance. One metgr is equal to approxi-
mately 39.4 inches. By converting, 16 feet is equal. to approximately 5 meters.
+ (16 x 12 =192 inches. 192 + 39.4 = 4.87 meters or approximatefly 5 meters.)
- o ‘ ' o

- -

¢ The Metric Measure of Force

,  The'metric measufé of force is the newtoﬁ; “One newton is equal tg,approiihatéiy
«224 pounds- of ‘force, By converting, 45 pounds is equal to 200 newtons. -
(45 + .224 = 200) - S -
“Now We know fﬁat:

Work in joules = Force in newtons X Dtstaqce 1qkyeters-

~
~ Let's find how many joules it took to move our car to the curb, X ' \ -
Given: Force (F)= 45 pounds or 200 newtons Lo ‘ ¢ | |
.. Distance (d) = 16.4 feet or 5 meters
- -Find: . Work (W) in joules ' . | _ .

‘Solution: Work in Joules = Force in newtons X Distance in meters —
' : W = 200 newtons X 5 meters R .
. . W =1000 joules | SR

. R
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it took.1000 jaules to mox€'our-car't° the curb. - - J B

The measure of work done is also important when electricity supplies the energy
to. do the work. An’example of work done using an glectrical circuit is using
the starter on the car. The energy from the battery must turn-the starter
sotor to crank the engine. "The work done by the battery can be expreSseu.Jn
joules. - i : . . B - .

Energy Conversion ) " ;

As was stated, potential energy 1s's£ored ehengy. THe energy is, there ready

One of the basic laws of physics states that energy cannot be «reated or
destroyed. Energy can be convegted from one form to another. Energy is -
converted from one form to anotffer in a battery. Inside the battery the
chemical action that nggfkglgge produces stored electrical energy.

N

This stored energwy is not doing any work. It %s availabl§ for us to use to do
work. We call this type of stored energy “potential energy." .

Potential Energy T : ,
. -

operate a device.. The electrical outlets in your home provide energy in t

for us to use.* This type of energy is not doing work until we use it to 5 . b
manner. as do batteries and other ‘sources of electrical energy. : L B (

To be able to uée potential energy, we must get it moving. This. is done by

~converting potential energy to moving energy. When we conhect a.lamp to.a
‘battery, the potential energy becomes kinetic, or moving, energy which lights .
" the lamp. S SR W i

r
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Shown below 1§‘ah;electr1cal cf}cu?t &emonstratfng hoy the chemical energy of ' T
the battery is converted to electrical energy. The electrical energy is moved -
to the lamp where, it is converted to l1gh? energy. The-lamp is¢an energy o,
-conve?ter and is called the load tn the c{rcuit. A - \
N ) o «« ENERG
4 - 4 ] ' P OY\ \ ‘ / ‘.
+ oD 7z
N = z
: , i ) _ \ ,; -
’ CHEMICAL | | _ ELECTRICAL OUTPUT -, N
- ARTION |~ | MOVING ENERGY L7 N\
) ) - I o v .

}( e \cowecnmlwmzs = ) s
’ ~ ENERGY SUPPLY - LOAD(ENERGY CONV§RTER) . .

Efficiency

~ With today's energy crisis, we are all concerned with conserving energy. o
UnforBunately, it is impossible to operate our machines. with no loss. -When we
talk of efficiency, we are referring to how much energy we put into a machine, °
how much.we were able to use, and how much was wasted in a form that we could
not use.i:let's take an example -of 3 very common device that we all use. It is

. the comnod, screw-in, incandescent 1ight bulb. Show below is a diagram of an

! incandescent lamp system.

ELECTRIC ‘ : | -
CENERGY . | — ‘LIGHT ENERGY - \
SOURCE AN HEAT ENERGY

. ; i )
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In"this type of system (which we all use), it is a fact that if 1,000 joules of - "
energy were applied to the lamp, we would -get only 200 joules of Tight. This’ .
means: that the other 800 joules of energy went some place elseé.- The gnergy that .

- was not converted into light was converted into heat.  The l4ight bulb makes a

~ better heater than a Tight source! To_ figure the' efficiency of this lightbulp 3
we use thefollowing formula: . ~ - ® . L e
. S o ‘_ ' SN . ‘ '_ : ‘“\ . .y:

) ) -\,, -work Ou\t'-;‘g,_ R LT B o

percent efficiency, = ~——"X. 100 % Ny . R S

AT "7 work-in - ~" . I |

oy

. L | L |
~ Given: 1,000 joules electri¢ input -~ C hew e -
T . . i e A . . -\‘f ) . . ‘ B . .- -
. 200 joules 1ight gutput ~ ~. L el . |
om0 T
Findstefficiency -~ . = .. - . e |
( Wout | | : o . S e
Known % eff = ——— X 100 % . S R S DR o
‘.'\ w 1n .' : . . ; . . ’ N .
'. ,-ai . . 4 . . . .' - :__'.. \
R | ‘200~ ) - o o |
Solution: % eff = ~—-X 100 %

b ~

. L T . . " f_ _
L ;L{I"= 2 %100% 7 IR O
. seff20% S
. Answer % eff = 20% _ SR | _'f, N o S L

. : © ¢ v -
z The other 80% of the energy in heat loss was wasted as an unwanted type of
energy. All electrical. devices do not operate as inefficiently as the light ~ ).
bulb. . The fluorescent lamp is more efficient than the incandescgent type. The
power transformers that you see on the power poles operate with over 95%
efficiency. Motors in clothes dryers, washers, etc., operate with from 50 to
70% levels.of efficiency, “By knowing the efficiency, we can make wise choices
~ of electrical devices to save energy. =~ - . \‘7’, .

"_~. ]
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' Self-Test = | - . ,
' V ’ ' ! , ' TS
. | : | . l . _Ll
1. Energy is . C o o | . N
* o (a) force. S | , | )
, pressure., _ e - R
C ¢) ability to do work . . A R RSN
' - travel. - . , . . ; '
2. The baSeAunigidg; energy is the B e e
Sa joule. - I é
b) meter. | | o
c) newton, o : ‘ . s .
d) neutron. | ' L \
‘ 3. The symbol for work done in the joule is '
o (a) Pe .- | L ‘"
. . c . ., . o
, (d) A. . e
. 4. Efficiency is measured in the ‘ ‘
a) newton. , | ‘. ’
b) meter. ' ' _
(c) percent. ~/ _ , ) | :
d) Joule. ' . .(;? Y
5. Wnich device listed helo has the Towest efficiency? ‘
S ; motor .
- (b) washing machine , -
c) incandescent Tamp
, (d) fluorescent lamp
6. The conversionfof energy states that
1, . ’
(a) energy can be created, ' v -
b) energy gan be changed into another form. . "
c) energy can be destroyed. . o oo
d) energy 1s equal to the newton, : L : J\, .
" ' ' .
} . ‘ )
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7. If you push on your car with a with a force qf 450 newtons for 5 seconds.
but the car does not move,

; the work is equal to the pressure.
no work is done. » v

. c the work 1s equal newt.ons squace . . . :

, 280 JouTes of work is done. - S :

8. To calculate for.the joule you must

Cod

(a) divide the newtons by th& force. - .\ M

} ; multiply the efficiency times the force. o el
' find the reciprocal of the number of newtons. . S L

(d) multiply the distance times the force. : T . PN

9. Efficiency of any device has to do with th@ °
a; amount of energy input compared to thé Nunted energy output.
amount of heat dissipated.
¢) amount of energy input compared. to the‘newgons applied.
d) amount of time operated
" 10. Stored energy 1s known as t A -
- (a) kinetic energy. o ‘
b) newtons. ' | Al _
(c) potential energy. . : //y/
(d joules. ;

«

1S In the elqptric circuft thdt is shown below, what device is the l1oad?

~

The battery.
The wire that is connected to the

o | battery. ~ |
. 5 g The lamp, > "
d There is no load 1n this circuit, ..

BATTERY q
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Task
Solve the problems below

much work is done 1f we ride a bicycle 1 kilometer (l 000 meters) by
apSlylng 50 newtons of steady pressure to the pedals? .

Joules

2. How much work 1s done 1f you push a car 80 metet's by pushing with a steady
force of 820 newtons? . ~ ,

20

.- “joules

3. Our flashliqht batteries produce 240 joules of chemical energy tolﬁupplx/

200 joules of ele al energy to the flashlight lamp. What is the
rgfficiency of the bat y? g , -
..._._..__.._....._s% A | . . i . !

4.. Our refrigergtor's fce maker was able to, produce 10 pounds of ice, Each
. pound of {ce’ represents 150 joules of eneérgy. Our refrigerator used l,950
joules of energy to produce the 10 pounds of 1ce, What 1s the efficiency
of the refrigerator ice maker? - f

Y )

5. The study lamp that I use gives 150 Joules of energy in the form of light.
. To produce this we have .to supply the lamp with 750 Joules\of electrical
. energy. What ts the efficiency of the lamp?. g :

C . . % | ‘t’\ | - .

YU

\




Answers

_Answers to Task Sheet

1. 50,000 joules

W=FXd
N Wa=50X1,000 .
W = 50,000 joules.

‘ 2. 65,600 joules
NefFXd

W= 820 X 80 -
W = 65,600 joules.

3. 83.3%

W out
% eff = X 140
Win '

200 °
% eff = ——X 100
200

% eff = —X.100

500
% eff « — = 83.3%

4, 76.9%

-

L eff =
% eff a e X 100

% eff = 76,9%

:O
v

L
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‘Answers to Task Sheet |
T T | .

N out
% eff w———X 100
Win

. « 150 | £ . | 3 - ' . : - {\ ! J
% eff. = — X" 100 ' : L
750 .
1000 o w L
o Hoffe—ezp > .
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" Final Test _

\ ‘1. If a lamp gives us 500 joules of 1ight energy while 1t is being supplied
with 1,200 joules of electrical energy, what is its efficiency?
% * . : . . . :
2. How much wark ‘s done if you roll a rock 5 meters with a force of 1,000
+ newtons? : ) : ’
| joules ' | .

3. How much work is done 1f you hold a 5 kilogram weight 1 meter from the
- floor for.10 minutes? T .

“joules

4. Efficiency is measured in the «

b
v BN

éa; newton, : , ‘ '

b) meter. ' . '

» (c) ‘percent. - * - ! : >
(d) volt, ’ h

C B 5. The symbol for wark {s
| “(a) D, | o ' :

| “ (b) A.
. ' c) W.
d . P [ ]

6. Efficiency is a factor of

éa; the power (used, ' - ) | <
b) the amount~of energy input compared to the energy output in the form -
| wanted, : | S
S 'éc; newtons times force,
d) the power used compared to the heat dissipated.

7. 'Moving energy 1s known as o - _"_ . .f

“DC voltage.' S )
kinetic energy. - ™\ .
potential energy. o ,
the*joules per second, : - -

Q0 oo




8.

The definition of energy is

B Ea the force applied.

b) the ability to dv work.
c) the pressure applied.
d) the travel per time.

The base unit for energy is the

WOPk. ’ . ‘\ . “ a

. (ag
.52 newton.

»

- 10.

1. .

force per second. ‘
(d) joule, . Lo

yhat‘tybe of -

fluorescent.
phosphorescent.

iridescent.

a

b
\ c{ indandescent.
..d M
The

function of the, load in an electric circult s

() energy production. ~

(b) improving efficiency.
¢) energy conversion,
no_function,

¢ ' ¢
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ghting has the worst efficiency?
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Goal:

describe the atomic theory.

The apprentice will be able to

ATOMIC THEORY

Tt

LR

-

Performance Indicators:

' i
. 1. Describe parts of an atom. .

4

» 4
2. Describe valence eiectrons.

3. Describe free.electrons:' ’ .
4. Describe insulators and
cojductors. - R B
- e - ’ . - . {
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Do thefSQIf-Test..

Do thefFi'al Test.
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Do the: Task. Y

d

Obtainxfﬁnal Evaluation. \

. EL BE-03' .
Atomic Theory*

The student will'

Draw the struc re of he atgh and

name the parts khich.deal with elec-
trical theory. - ' / e

Answer correctly questions pertaining
to the structure of the atom.
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D el

e s
e T o : o - Atomi;.Theony :
Key Words LT e
‘Atom: The smallest bit of an elementh the basic bui/ging block of ‘matter, L
'C omgoundb, Chemically united materials. N S |
Electron: 'The negative bqt of matter found in the atom in shells around the ‘
_ nucleus. , . N .
Matter: Anything”that has weight and,takes up space,’ _ )
Mixture: Combination(of materials that can be separated by mechanical means. ¢ '

kV Nucleu5° The center section ofathe atom which contains the positive charge.

Proton The positive.bit of ‘matter in thefatqm«fcund‘in the nucleus. : g;

Valerice:- The system that has to do with the bonding of atoms together to form
molecules. ' ' T '
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A

In the l&%t‘package we found that we need energy to do work. To do work was to -
apply pressure to make something move. When we use electricity to apply the
pressure to make work take place, what is really happening? Where is the

- pressure-coming from?.. What is moving? What kind of work is being done?
-Before we can answer these questions, we-have to look into the electrical

.. circuit, right into the materials of which it is Made. The materials that are
used 1n electrical circuits fall into three categories:- conductors, semicon-
ductors, and insulators. ~ _ o '

. . A} : ° .
The conductors include most metals. Copper is the most common one used,
Conductors form the pgrt of the circuit that allows the electricity to pass..
The wiring in your house, the coils in motors ‘and transformers, and all of the
© connecting cords to-ouf televisions, lamps ,-etc., are all conductors. '
The semiconductors are not as common. They are Aot good at allowing electric-
. 1ty to pass, but they do not stop it. Semiconductors are used 1A many types of
+» electronic components. Two examples of components which use semiconductors are
- di@des and transistors. i S S

-The {nsulators are very 1mportant'£o electrical circuits. This type of mate-
rial prevents the electricity from moving. The plastic covering on wires artd
the. tape that we use to cover electrical connections age insulators. Our

- “perbonal-safety depends on the use of good insulators: they prevent us from
‘ being electrocuted. S SR

< What is there abbqt these materials that makes them act as they.do in elec-
trical circuits? To answer this, let gjfﬂook into the materials themselves to .-
. see how they are put together. - N

Materials, no matter what kind, are called matter. Science tells us that
matter 1s anything that has weight and takes up space. That covers everything
from the air that we breathe to the ground that we stand on. Matter can be a
gas, a liquid, or a solid. Matter can be metal or nonmetal. But whatever o

" form or state of matter, laws apply as, to how it is put together. Some mate-
rials are found as mixtures: they are made up of two or more things. Mixtures
can be separated by mechanical means. Let's take the example of dirt in water.
To remove the dirt, we can let thé mixture settle and filter the dirt out of
thg water. In this wdy, we have separated a mixture by mechanical means.

Many materials jAfe; compounds. Like a mixture, a compound is made up of two or
more things, but they have been combined by a chemical reaction. We cannot.
separate compounds by mechanical means.” The water that we filtered is itself a
"+ " compound, If we could look at water before 1ts¥parts were combined chemically,
‘. we would see that it was really two very different kinds of materials. Two
- . gases, hy@rogen and oxygen, in the proper combination, make up water. Wateryis
not a single.materifl; we can break it down into two different materials, If
Ty we break water down'to the point just before it separates into these two differ-
ent materials, we woyld have the smallest bit of water possible. This amount of
. water would be so small that it could not be seen even with a powerful micro-
"“l' scope. This amount would be called one "molecule” of water. A molecule of
: ' - 3

- 54()
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watén. is made up of two parts hydrogen and, one part oxygen. Hz0 is the | . »
chemical formula for water, The Hy stands for two atoms of kydrogen. The 0 e
stands for one atom of oxygen. When we write H20, we mean water. We also

mean that a molecule of water is .made up of two atoms of hydrogen united with

one atom of oxygen.

Any material that can be reduced down to the atomic level (size) and still have
identity as the same matfrial is an element. Water cannot be broken down into °
the atomic level and still be water. When we break water down to atoms, we -
find two atoms of hydrogen and one atom of oxygen. Hydrogen can be brokenggown
to the atomic level and is still hydrogen. Hydrogen, then, is an element. . .
Examples of other elements are copper, gold, silver, and carbon. There are 92
natural alements. Materials that are made up of two or more elements are

called compounds. Examples of compounds that are very important 12 electrical
work are brass (made of copper and.zinc) and glass (made up of sildcon and
carbon). “Let us get back to'the elements to find out. lvow some of their ato

One of the elements that make up water is hydrogen. Let's take a very close

look at one atom of hydrogen. Always remember that the atom is so small that
we have never seen it. The only way we know of its appearance {s by experiment.
and calculation. Below is a diagram of a hydrogeh atom.. Note the name of each

part. .
ECECTRON
e O \,r—-SHELL | .

PROTON —.——@ }——‘——Nucuzus

\ ' .
/
N ~ ’ 7~

i

Notice that it looks 1ike a small solar system with-a proton in the center and
an electron in orbit around the outside. The center is called the nucleus.
The orbit is called “a-shell. An atom of hydrogen is the simplest and liqhtest
of all. Its atomic number is one. Before we go on to the next atom, let's
review its parts. ) '

“The Electron

This part of the atom is very 1ight, It has the negative electric charge and
is the part of the atom that is the most mobile. The electron is in motion
around the nucleus in a sort of orbit or shell. Some atoms have many electrons
and shells around the nucleus.

. . ' 4 ¢
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The Proton

This part of, the atom 1s heaviér than the electron. In fact, it {is over 1,800
times heavier than 4he electron. - This part of the atom carries the positive
electric charge and is locked up in the nucleus. - ,

The Nucleus' , : e o o : T )

This is not a part as such, This is the name of the area in the center of the
atom where the protons are grouped. In most tases the nucleus has more than
Just protons in it. It may contain neutrons. Remembey that the nucleus is
very dense and 1s responsible, for almost all of thgwgeight of the atom. -

The Neutron v o "“Ti““
- This pariicle'is found in the nucleus and has no electrical charge. .Elecéric-
ally, we can ignore fit, :

»
v

Let's look at the next atom (atomic number two) in the atomic series. The name )
8of this element 15 helium, Below is a diagram of an atom of helum, Study its -
parts. How does it differ from hydrogen? -~ .

ELECTRON=- ~ — '
N\ o—SHELL WITH TWO -

® ;@‘_\
| \  ELECTRONS

. 7 / ]
2 erotonsl_ D)} CECTRONs T
- | 2 PROTONS'%%NUCLEUS X L
. | . \ ,
. ! \
| - \
~ N

J—NEUTRON -~ *-

a ,
ELECTRON——D 7" :

. ) : s |

You will notice first that this atom is more complicated than hydragen.. It-has
two electrons and two protons while hydrogen and has one of each., This

bala‘ie of electrons and protons is true for all atoms in the natural state:

for edch electron in the shells around the nucleus, there must be a proton in -
the nucleus. The difference between atoms of different materials is that they

have more. or less of these atomic parts: protons, electrons, and neutrons.

As we go up the atomic scale, the atoms become more and more complicyted. Each

time there are more electron-proton pairs, the atom gets larger. More shells i
are found areund the nucleus. Each shell has a fixed number of electrons that

can be in that shell in any specific element. On the following page is a chart

showing the numbers of electrons that can be in each shell, This number of

electrons is absolute only 1f followed by another shell. If tffe shell is an

outer one, any number of electrons -is possible up‘to the natural number for

that shell, . : S :

N b .
0 e . -
' LY
. v S
: 0
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© SHELLS -

NUCLEUS

As you can see from the above chart, there are seven shells for electrons.
Depending on the material, all the/shells may not be there and may not have a
full complement of electrons. Let?s look at a heavier material. Below is a

diagram showing one atom of afuminum.
LJ - —~—
: Ly / ~< :
: 4 ‘ // /:@@\ \\\ o |
|7 SHELL: 2 ELECTRONS —/ 9/_ Ny .

A\ e‘\ o
. CMPSHELL:8 ELECTRON‘S—)\/{‘?'\ NUCLEUS :13 PROTONS

. /7 1
| NN AC -/
~ ZROSHELL:3 ELECTRONS —"\6\@ e“’ i/%/ )

S~ 4
L .
\ wme ‘/

| . ONE ATOM OF ALUMINUM
'&lem':e Electrons : - o

The outside shell of electrons of the.atom is the valence rigg. The electrons

in this group.are the ones that interact with electrons of other atoms to hold .
atom to atom. This process is called bonding. Bonding can be very complicated.
Remember -that bonding. takes place when chemical reactions take place. The :

~ trading of electrons from one atom to another occurs in this outer ring because
the electrons are not held as tightly as they are in the. {inner shells. 3'\vmen
atoms are honded together, they form structures called molecules. Because the
structure of the molecule varies a great deal, some of the vqglence electrons
are not held to others in the bonding process. These unbonded electrons are

called free electrons. -

| . - | EL-BE~03
, | : . Atomic Theory -
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Free Electrons

| As stated aagve. free electrons can be caused by the bonJﬁng structure of the
- molecule.

y force from the outside can push the free electrpns around in the
material. The force can be almost any form of energy. A few examples are
heat, 1ight, magnetic energy, mechanical energy and chemical energy. In some
materials, these valence electroris are locked into the bonding more tightly
than in others. In these materials, it takes more outside energy to force the,
electrons around. :

i'Inquators and'Conductbrs . *;

let go of their electrons nor will they take any .in. The gnly way that free
electrons can become available in such materials is by the use of huge amounts
of energy. This kind of materia] is called an insulator. Some of the common
insulators include air, plastic, and glass. Insulators stop electricity. =~
Because of this, we find insulators as covering on wires, sections of terminal
strips, and any place we need protection from electricity. .

T e
EL~BE-03
Atomic Theory -

A conductor is a'material that has fbee electrons in the bonding system. It 1§

very easy to produce electron movement in this type of material. Only small
amounts of energy are needed to move electrons through conductgrs. Conductors
are used as connecting 1jnks between electrical devices. Silver and gold are
excellent conductors, but, because of their high cost, they are not the most
frequently used. - Copper is a very good conductor and is far less costly than
gold or silver. Because of this, it is the most commonly used.

f

9




@ - Self-Test

le
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7.

The second shell of the atom can contain

a. ‘'two electrons. ‘
b. eight electrons. )

Lo

"C. any number of electrons. S

d. eight protons.

The part of the atom that‘has'the negatiVe charge is called

a. the neutron. e _
b. the nucleus. "
c. the first shell, '

~d. the electron..

Matter is described as anything that has weight and

[

a. 1s a mixture.

kes up space.

s up valence.

an element. N

eléttric.tharge.'

L)

proton has ghe o

a. neutral

b. expanded :

C. positive \
d. negative !

[N !

The nucleus. is the center seltton of the atom which

a. has the negative charge.

b. contains only neutrons. \

c. 1s the lightest part of the atom.
d. has the positive charge,

The va]ence'shell of the atom

a. 1s part of the atom where bohding takes place.

"b. 1is in the nucleus.

¢. has only positive charges. .
d. 1s always the second shell, K \\ e

The number of'electrons in any atom is equal to ~'
a, the number of protons.

b. the number of protons and neutrons.
C. the lowest energy level.

d. two plus the number in the outer shell, -

o -

+
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8. ' A mixture can be separated by

v A,
b.
Ce.
d.

chemical means.

a double reaction.

mechanical means.

adding energy.

o

A

W

EL-BE-03
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’ Task o
Draw the atom of alum1nd

AN

m and label all paris.
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Final Test

E

Mechanical means of separation will

a.
b..
Co
d.

separate atoms.

cause double reactions.
separate a mixture.
separate a compound.

(

} . .' " .
. 'EL-BE-03
Atomic Theory -

The number of protons that are found in the nucleus ls ‘equal to
the number of electrons in: the shells around the nucleus. .
the number of shells. :

a.
b.
c.

The part of the atom that has_to do with bonding is

a.
b.

d.

The part of the atom that has the positive char&e is

d.
bo
C.
do

a,

=
d.

a.
bo
Ce
do

The

b,
Ce

d.

the number of neutrons. '
d. the number of electrons plus the number of .neutrons.

the positive charge._

\che neutron.

Iways the second shell,

he outer or valence shell,

tne neutron.

the proton in the nucleus.

the electron in the nucleus.
the lightest part of the atom..

pThe electron has ?he

,neutral

positive
negative

anything that has weight and takes JB space.

only elements.
any mixture..

anytning that has valence.

»

charge{

' Scienceztellé us that matter is composed of

part of the atom that {s the lightest is

the proton.
the electron,
the outer shell,
the -neutron.

s

P
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8. The second shell of the atom can h;be_

'ao
'bt
C.
d.

)

eight electrons.

two electrons. '
any number of electrens.
two protrons.

&
|
'} |
J !
g
r
@

 EL-BE-03
“Atomic Theory

PP SV
e




IR e T EL-BE-03
- S S ; . Atomic Theory
'Final Evaluatiop
AN qn'swers‘on Final Test and ?:ompletzed drawing on Task must be 100% correct.
| 0K - - Re-Do
Task Drawing - Pfoper number of protons, neutrons |
: and electrons and proper labels
“Final Test Score Percent _ K
] S -
When all checks indicate OK, proceed to the hext learning ‘package.
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Goal: “ - . .

The apprentice will be able to
describe how clectricity is
conducted. ‘

/( . T
P .
a
/
[
‘_ f
; .
4
|
|
‘\

* Performance Indicators:

vescribe polafity.

Describe interaction of charges,

. - Describe ions,

Describe moving electrical’
charges. . ' -
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Objectives -
Given: |

A

“Examples of conductors and ‘insulators.

A test device.

-

Directions
Obtain the Following:
Materials :o test.

A c0ntinu{tyrtester.

~

o
L

Learning Activities
Read the Key Words 11st. -

Read the Information Sheét.v
Do the Self-Test. |

Do the Task.

Do the Final Test

SR

Obtain the Final Evaluation.

J

EL-BE-04"
~£lectr1cal Conduction

The student will: -

Perform a test to determine which
materials are conductors and which 4
are’ 1nsulacors

Answer correctly questions pertain-.

ing to electrical conduction,
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Key 'Words AR / o

. ‘ 1 ! '

Polaritx. Having one of two opposite charges, one positive and one*negative.

Ion: An atom which has an unbalanced charge.

Negagive ion: An'atom which has tﬂg many electrons and, therefore, has a
negative ¢ arge. - . ' :

Positive fon: An atom that has a Shortage of electrons and.;therefore.""ﬂ
-has a positive charge. <~— : ‘ .

| Repulsion: The action of pushing awa&.

~ Continuity: ~ An unbroken-path for electron travel through a material,
! _




:lnform_a,tion She_et

w - -,

Electricity is produced when electrons are freed from their toms. Electrons
in the outer orbit or valance ring have the highest energy level 'and are the
farthest from the nucleus which has the positive charge. 2 . '

Polaritx ,

Our 1idea of electric charge or polarity comes from knowing how the electtric
fields are structured around the electron and proton. The exact nature of

these fields 1s not known, but the actio®™ of these fields appears to be similar

to magnetic fields. Below is a diagram of a proton and an electron showing the

force field around each. (Each particle 1s shown round; the true shape'is not

known. ) — " - .
| SN ) -~ e
f//.,* \\\ o ' /{‘.’“ \:\
W ®; B ‘\_@ J
\ o\ / | \ /
=<t N~
PROTON , | ELECTRON

Notice the force field has direcf“on. Also notice tha% the force fields are
opposite in direction. In other words, the field sur unding the‘positive

particle goes in-one direction and the field surrounding the negative charge
goes 1n the opposite direction, ' o

N
Interaction of Charges

—

Because of the direction of the fields\there is a natural attraction or
repulsion that takes place. (Repulsion 1s the gpposite of attraction; it 1s

- @ pushing away.) Study the diagram below which shows what happens when two
positive charges are brqught close_to each other,

N * RESULT: REPULSION

BUCKING F%_)D-/ @ O

J

And below, you see what happens when teo negative charges are brought together. -

f | RESULT:
' REPULSION

B | Q\B&NG FIELD

N C | | . EL-BE-04
A | o : ., Electrical Conduction
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Frun‘these two 42;; les we' can see that when two'positive charges are brought
together, they repel each other; they push apart from one another. The very

same action takes place when two negative charges are brought -together,

From this we can'say that LIKE CHARGES REPEL..

Let's check the last possible combinatien. Nhat‘habpens when a positive and a
negative charge are brought together? , '

ATTRACTION

. _ _ ' I
As you can see, the fields are now held together. They attract each other.

From this we can say that UNLIKE CHARGES ATTRACT.

This is the law of e\ecggicaI charges, This action of attraction antl repulsion
makes 1t possible to move electrons by pushing them with other electrons .
(negative charges) or by pulling them with positive charges. This 1s the force
behind the electric current. How can we build this force so that we can use

tt to do work? The answer is to unbalance nature by producing ions. ‘

lons.

As was s%ated_before. in an atom there is a balance between electrons and
protons. In a natural atom the number of electrons (is the same as the number
of protons. But this balance can be changed. By thé application of energy,

we can force electrons away from an atom. This will leave that atom with less
electrons than protons. Then the atom will have more positive charges than
negative charges. This charged atom is a POSITIVE ION. This positive fon will
try to steal an electron from anywhere it can. It {is natural for it to try to
regain balance. . _

It 1s also possible to add an extra electron to the atom. Then there are more
negative charges than positive charges. This charged atom is a NEGATIVE ION. -
. This atom will try to give away an electron 1f it can to regain its balance.

»

Producing lons

' There are many ways that fons can be produced. A battery ﬁf" produce fons with
chemical action. Mechanical friction can also produce fons\, If you shuffle
your feet on a rug, you can pick up electrons. By picking up extra electrons,
your body has negative igns on it. If you bring your finger near a door knob,
- or sometimes another person, the extra electrons will leave-you with a spark,
giving you a shock as the electrons move from you.




e T EL-BE-04 .
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| : . | .
, . Moving Electrical Charges | - . | ‘ . |
j How can electrical charges move through things? As you shuffled on the rug,
r your shoes picked up the char%gs but you lost the charge from your finger. The
- char?e had to go from your shd® to your finger. How this happens 18 quite '
@ sipple. You now have negative fons in your body. The charged atoms will try
regain their balance by getting rid of the extra electrons. Since the shoe
s picking up more electrons, they must seek another place to leave the body.
As your finger gets-close to the door knob, zapl!, the electrons Jump from one
atom to another through your body from the shoe to the finger ,in a fraction of
a second, To understand the E:ocoss begter, study the diagrug below. In all .

of the atoms pictured, only the outer. shell of each is shown because this is
where the trading of electrons takes place. '

- - e -

[

00
: ELECTRON RS a_Mg_A_Ne ) |
JUMPS' FROM ONE ATOM TO ANOTHER T
4 :

The electron that goes in one end probably will not be the same one that leaves ,
the string of atoms, Another way to picture this is shown below. _ =

o O v ~ 77 —~ oNE vt S
PIPE FULL OF BALLS o

~

The pipe 1s full of balls. When you add a ball at one end, a ball comes out
the other. In an electrical circuit, an action similar to this takes place at

? the speed of light, 186.000'm11e§_per second, or by metric measure, 300,000,000
©© meters per second. ' - -

In some materials the electr‘n movement occurs in a very 1imited way. These
materials are called insulators. In materials with ny free electrons the
action occurs easily and these materials are callad onductors. Because the
conductive materials allow the exchange of electrons through them from one end

to the other, 1t is said that they have continuit . In other words, a material f
with continuity provides a complete path gor e%ec*ron exchange. . B

In the following Task you wil) be asked to test materials and separate the

" insulators from the conductors. Remember that insulators prevent alectricity
from flowing because thiere are few or no free electrons in the bonding system,
Conductors have many free electrons in the,bogding system so do allow the L

flow of el‘ectrhw

. ’
/

Full Tt Provided by ERIC.
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Self-TJét\f T
1.

lnsulators differ from conductors in that

a
b.
C.
d

1nsulators have more protons.
insulators have few free electrons.
insulators are metals.

insulators are bonded.

Materials with continuity e

a.
b.
C.
d

are not conductive. - o

allow electricity to pass thrpugh,
are ferrous. //”9u
are nonferrous, .

An ion is-

BN ~SE 2 I - g¥ -

Like

anooe

)

a metal.

. an insulator. !

a charged atom,
a lamp. -

charges

attract, .
have no force fields.
repel.

attract only metals.

Unlike charges

Qo oo

-

Electricity travels at an effective speed of approximately

of

~

'c.
d.

A negative ion 1is

»

attract.
are only at the north pole.
repel.

are only in insulators.

the speed of sound.
the speed of light. -

* 300,000 meters per second.

120,000 feet per second.

an atom with an gqbalance of neutrons,

an electron,
an atom that Nas more electrons than protons.
an element,

. l‘. | | | M )
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Task

. Moterials: ' ¢

'ﬁ'Procedure°"

. wire to the o

'ﬂfNote the Tamp.

E1-BE-04
Electrical*Conduction

»

Pieces of copper, brass, aluminum, iron, tin, lead ,nichrome, -,

) Equipment _ R i e ..

Pieces of string, wood, paper. rubber, plastic, cloth

Test light unit or. continuity tester as pictUred below.

~ BATTERI £

theg‘ggd.

- List the materials under the proper cdlumn heading

'.\

ofconoucroas -

" MATERIAK UNDER

LN

Test- -each piece of- test material for conduction (continuity)
~~“touch one test wire to one end of the material under test and the .other test

TEST

to do this,

Does 1t light? If it lights, the materfal is a conductor.
If it does not light,_tne material is an insulaton' :

A}

k”'fINSULATOBS ; _'_'{
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Findl Test /. =, - >
1. An atom ﬁhat has an unbalance of electrons and protons fis-
a. anfion. «~' ,
b.  uncharged, | 2 '
“C. an element, . - .
~d. & compound. : ' o ST
2. Theﬁg‘fective speed of electpicity is _ . Czl\¢
- A ! | .
a. the speed of sound. - : :
b. 300,000 meters per second. S ' ‘

C.  the speed of light. . :
d. twice the speed of sound. : e

3. Unli.ke charges | . | | : | d‘

a. attract,

b. have no action. -
. C. repel each other.
d. are unblanced.
4, Like charges n.
a, attract, - - - .
b. have no action. . : - _ v | ’
C.- repel each other. . ) |
. d.  are unbalanced, ‘ ‘ - }
. . . . ’ ) v ) ‘
5.  An ion is | |
. - . q§ ' P
. a4, an iron material’.
b. & lamp. .
C. an insulator,
t\'d. a charged atom.
6. A material that allows electron exchange all the way through is ’

a. _ said to be am insulator.

b.  said to have continuity.
‘ C. said to have no ions.

d. 3 nonmmetal.

7. An insulator is '\

a. a metal,

b. a bonded metal.

C. -amaterial with few free electrons.
d. a material with many free electrons.

P
*
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Final Evaluation S
w» . - : o A
. : oo o - ' ~
‘gAll(answers on the Final Test and Task must be 100% correct, |
| : / j
. 0K | . RE-D0 |
‘Task Score X |
Final Test Score % . ~ )
- Lo «
- . ’ / ) : ‘ » ’ ) .. &
When all checks indicate 0K, proceed to the‘nexi'learning package.
| | | ;o '
/
N J
a v
w X




R | E1-BE-g4
e | B | | Electrical Conduction

‘ ~ Answers L | .
v _ Self-Test No. 1.0 = - &

NOYU S WA —
OO0 ToT




L]

lndicagors:

The anorentice will be able to - 1. Degcribe polarity.

] ' describe the.basic characteristics .
' of direct current. . 2. Describe charge.
P 1. ' _
, / = ¥3. Describg voltage.
a~ .

4. Describe current.
‘. '

| ) . . ) . . .
C . 5. Describe resistance.

. { l ‘..’ . N
6. Describe wire sizes.:
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ot Education, furthermore, has adopted Oregon Administrative Rules regarding equal
opportunity and nondiscrimination: OARs 581-21-045 through -049 and OAR 581-22-505.

W itis the policy of the State Board of Education and a priority of the Oregon Department of
" Education to ensure equal opportuni "ail educational programs and activities and in
employment. The Department provides assistance as ed throaghout the state's educa-

tional system concerning issues of equal pportunity, and has designated the following as
responsible for coordinating the Dep_artr%snt's efforts: . !

-

Title VI—Equai Education and Legal Specialist :

Title IX—Associate Superintendent, Educational Program Audit Division, énd Equai Edu-
. cation and.Legal Specialist

Séctlon 504-~Specialist for Speech, Language and Hearing, Special- Education Seétion

Title ll—Vocational Education Equal Obportunity Specialist

Inquiries may be addressed to ihe Orégoh Department of-Education, 700 Pringle Parkway

SE, Salem 97310 or to the Regional Office for Civil Rights, Region X, 1321 Second Avenue,
Seattle 98101, © T | dack




AR S Y o ' | EL-BE-05
' T e IR . Basics of Direct Current
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Given: . _ The _studen_t will:.- _
Information contained in this - - Name and define the four facto}s 6f
package, - | electricity, '

[

Describe what actions take place as
values of voltage, current, and
' S ©  resistance are changed, o

7 .

Directions
t Complete this package.

Learning Activities o .
" e Read the Key Words Listy, -
Read the Iﬁformqgjon Sheets, ~
'-. . . . . ’ R ' .
' Study the Task Sheets. .
— ;
confete the self.Test,
Coriplete the Final Test. |
' Obtain Final Evaluation. . . |
g sy . . . ) I ’
| ‘I'._ _ . : .v~ | o

' . 3 o
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@ KeyWords . L ,, | | N
. : A ' LY .
] AmEeré: The base z::t/Of measure of electron flow (one coulomb per second).
Charge: An electr Vi:unbélance; the charge may be negative or positive, , L
Coulomb: The base unit of charge, 6.28 X 1018 electrons. | v
J Current: The flow of electrons, , : - o '
. : w ‘ ' . : ) \
Ohm: The base unit of measure of resistance. | .
'Polaritz: Identificétion of chafge;-jt may be + or -, Assignment of connec-
tions, . ! N , .
Power: The dbiltty to do work. Lo | | : | . -~

. . _ ‘ _ | _
; Resistarice: The opposition to the flow.of electrons.
Volt: The base unit of measure of electrical force.

v ' Matt: The base uﬁ%tlof measure of electrical power.

. <
¢
J
: .
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As you learned in :the last package, electrons _can move through conductive
materials. This movéhent occurs because the balance between the number of
electrons and protons has been upset. The imbalance can be caused by energy
applied to the material in ‘some way or another. An example of a common device
with an electron imbalance is a battery. Let's take a look at a flashlight .
battery. At one end is the positive pole, and at the other end, the negative
pole. Inside there 1s a chemical mix which produces 1af\ge amounts of negative .
fons (atoms with extra electrons) on the negative end,. and positive ions ‘(atoms
with a shortage of electrons) on the positive end. .

. - . + | ’
s
CHEMICAL

POSITIVE IONS

«

~NEGATIVE |IONS

>

The action of the chemical mix takes place at a fixed speed. The result is
that ions are produced at the same rate. When the battery was first con-
'structed, this action took place to bring the battery to the 1.5 volt level.
If the battery were to be used in a circuit which permits a very high current
flow, the chemical action would not be able to maintatn the surplus of electrons.
The output voltage of the battery could drop below the 1.5 volt level. So we
cannot use the .electrical output from the battery faster than the imbalance .
is produced on the inside of the cell, . A L
’

Polaritz

"Poiarity refers to the direction in which electrons flow or attempt to flow.

The battery has a positive polarity on one end and a naegative polarity on the
other, This marking shows whafe the electrons are coming from and where they
are going. How certain devices are connected in terms of polarity #s extremely
important. Diodes, capacitors, and transistors, meters and many other instru-

-mgiats must be conneqted to the power supply with their leads in the correct *

fyprity. [If these components or pieces of equipment were to be connected
SaCPvards (with the q?larity reversed), they could be destroyed.

\\/




' EL-BE-05
Basics of Direct Current -

“ | ’ L

Charge

As the negative ions are added to the negative end of the battery by the :
chemical action, a very interesting and important thing happens.. Remember how.
electrons 1ike each other? Right, they don't. They repel each other. The
more electrons we pack on the negati&e end of the battery, the more pressure we
get. The action is something 1ike ovesmpacking a suitcase. We keep putting ,
more and more in until it is bulging and no more will fit, If the, latch fails,

‘the contents will pop out. The battery is 1ike this, The electr keep
- building on the negative side until they are so crowded that no more ‘can fit.

The electrons want to get to the positive gnd of the battery, but they cannot
because the chemical action stops them one way, and the air stops them thes
other (air s a"poor conductor). This imbalance we call charge. The amount of
charge can be measured by knowing the number of electrons in the imbalance.

This number 1s 7Prmally huge, and its unit of measure ,is the coulomb. .

Coulomb

v "!.. .
The number of électrons measured as oge coulomb is extremely large. The number

is a quantity of electrons equal to 6.280}000.000.000.000.000. This 1s read
six-thousand-two-hundred-eighty-quadrillion. To be able to use large numbers

1ike this easily, a system called scientific notation is used. When this v8

number 1s converted to scientific notation, it looks 1ike this: 6.28 X 10%8, .-

This stands for 6.28 multiplied by ten eighteen times. The advantage of. this
system is that it allows large numbers to be used without confusion. At this
point don't worry about learning. scientific notation but be able to recognize
it when you see it. . . Ve ‘

Joule per Coulomb

Now that we know that the coulomb is the base unit of eléctron charge, and we
can remember that the joule is the base unit of enerdy, we can come up with a

relatfonship to give us a'measure of electrical forcd. This should be a measur- "

able unit to show the amount of force between the negative and the positive.
polarity. This unit is called the volt. "
t * .

L}
AN

The Volt(V) - . o B
¢ .

As shown above, the symbol for voltage is V. It is, used to indicate the output

-of & battery or power supply. As an exampl?. a flashlight bqttery»i! rated at

¥o5 V. ' ) L4

»

]

. 4
’ "‘)J
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The relationship between charge, energégand'voltage lis: voltagegequals the ‘,vnﬂ

~ energy divided by the charge.

Energy W (Joules)

Voltag§ (V) =
Charge Q (Coulomb)

~shaft, Study the following drawing.

4 .

Just remember that voltage 1s the measure of the electrical push ‘The more
.voltage, the more push. The voltage is the prime mover of electrons.

'ﬂ?|neasure voltage, we :use a voltmetgr, The voltmeter 1s Vike a small motor
with a needle on the end of the shaft to show the amount of rotation of the

NEEDLE

AL

CL A\ %_ ZERO RETURN
MOTOR . SPRING

MOTOR' ROTATION -

stretch out ‘the zero-return spring.

go downscale.

" Notice that the more the needle goes upscale, the more force it takes to

So the higher the voltage shown, the more

force. It is important that the correct polarity be used when connecting the -
voltmeter. If it 1s connected 1n the reverse palarity, the needle will.try. to

"
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Another way to visualize what voltage means is to think in terms of waten ‘
pressure, Study the diagram below. ° ' | .ot
' _ N\ o - ‘ ' : A' : S I8
e S | ' W"*WAT ER LEVEL.
V- ' ‘\\ .« : : !
| — WATER LEVEL | .

ey RUBBER DIAPHRAM “ S-RUBBER DIAPHRAM

~ S . LARGER BULGE -
\ . As you can see, the tank‘that has the most water ﬁlin 1t has ‘moré-pres‘sure on the
. \ bottom. Let's go another step. If the tank had a hole in the bottom .of it,

M the water would flow out.

<

:\. .
*\ WATER LEVEL _
» B ; FLOW / WATER DELIVEREQ
- . o
) '\ R
‘% ! .
'
Y
v ‘ : . - -
{ The flow\would only take place if there were pressure on the bottom of the:
f tank. N L i ' ' o
i: I‘y | | , / '
l "», :
\
\ “*. o
. \‘v | ’ . & N
© 8 v}' ’
. . .
N ‘ . 73
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Current  Symbol (1)

A 7 In"an electrical circuit. flow also takes place. In the ‘water system the
material that was moving or flowing wasrgﬁter. In the electrical cipcuit the
material that does the flowing is the electron. The electron'flowuifscurrent
will move from a place with more pressure to a place of less pressufe. Study
thé circuit below, | o o S LT
“F/LESS ELECTRON PRFSSURE | : 3 o } v 7.,;
\,l./,/r_ENERGY DELIVERED - 3
N\ ‘. . . . ‘
CHEMICAL N - : ,
ENERGY B 3
| LAMP -
» . o : -
\\MORE ELECTRON ./~ CONNECTING WIRES ) ‘ 4
. _\_PRESURE ‘
]

. Notice that there is a complete pdth from the negative side of the Wattery | o
through the connecting wiges on through the lamp through more connecting wires ‘
and back to the positive end of the battery. This complete path must be
connected all the way‘around the circuit or no current flow §an take place.
The current flow around the circuit is always an even trade.” What .this means
s that for each electron leaving the negative énd of the battery, there must
be one going in on the positive end. The operation is something 1ike a pipe

. . filled with balls: when a hall {s added to one end, one comes out the oiper.**
-+ Study the following drgwing, | . P L A

- "

| | ) ' | |
ST ONECOMES :' e 0.00000000%
- Lo S ‘. | | o )

:
'
~ ‘,.
4
el
n
:
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'. . The Ampérel(A)a' e

e wTo measure the flow «af anything, all you'have‘to'dofis to counifhow much is

“circuit in seriest - Study the followihg circuit

w0 Y N Y 4
..' N — 'A’ ’ . : 1_.,'_ ¥ o _:_'. o . ".o . o L i' 4 ,E.:L-BE'OS".
e e g Bastes of Direct ‘Current -

T T R

R BT - ) Cy e e e . R
. . , L < . . R Lo L . o o o R
’ IR - T AR
) . ' . . g ot L 0 /
. - . 4 s R L . N
o L - Lo . S RN N

The: flow of electric current can be measured just as we can measure water fiow . °. .
,in gallons per:minute. The measure of electric current flow is the ampere. S o

. e [ Lo e
. ) ! Ol !
P } . o AL . . . : o S0 ‘.1{

v
¢ .

L]
o SR \ M . | o ‘ 'f‘ £
v - CR ‘ o e
. . 'T > . . R e

RS- .

‘qoing by a given place in a given period of time. We know that in the elecgrf—-ijjd'ggﬂ“_
cal circuit the flow is made up of moving electrons. But in the electrical -~ . .i
circuit 1t takes a huge amount of .électrons per-second to make very much e o

" happen. Remember :phe coulomb? ~Right, it was the huge amount of.electronSnthatffﬂi'&:?;ad

we uge to measure charge, "So we express the amount of current flow in g”__ -

" number of coulombs. going by’ per second. .You must Tealize that 6.28 X 10

electrons are a lot of ‘electrons. One ampere, then.jis"equal to one coulomb | P ;
passing one point-in one second. To measure current flow in-amperes we must .. . .

“put a coulomb counter in the circuit. .. To do this, the ammeter must be placed N .

[

to check on all of the current flow. . The ammeter is always connected in the Tty
qrawing, - L

v
. ] “h
S ' . . . T e
+ . v
L. .
. L4 ¢
<y .
LN ’ !
E s
R ? « .
4 KRy

. 2 c P
N\ -—
t Y o oo HEATENERGY
N>— AR

Z). ENeRGY-
- '/)SQURCEA
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AN 1

. 'back ta the battery. Th metgr 1% conne C

_ the battery's.veltage whén it is: Fropi at{on.‘ﬁtetfs"take~%nother'look at: the, ¥ -
circuits We know that the ewergy ih § '
“4n the battery. We also know thi

. of light and Meat from-the lamp

.. energy tha !

,' R

: ' : o peLAMP
VQ;L,,“ “::j LTI L e

O PNAMMETER

oo ¥

S8 " . ' » -y ¥

L
k]

- ' . . . o~
'S R ' . .r . ) -

I._'
RS
e M

" voltmet d adrg he battery to check-

an S

V”Notice'thﬁtltheréurré;t; Pét'pdgs ﬁp@dﬁhﬂthe' éteéf.on through. the lamp,'énd‘x“c‘i;,5 ‘
gp ' {tgconneCt:ém"ErossN; o

$

‘circult comes from, the stored energ) - "yt “% "
"energy 'that we are using takes the form. “. -

t.th /
[ Whatyds in the,lamp that dives us the type of.
T AL TR

t we.want? . TheopudWer “is. resistance. - . PR N T

TR A N . “
e [ IRYAUIE . \.' e i‘,‘““\‘ N A T
K S R A . . SORPUIN SN .
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Inside the lamp there is a tiny wire which is made of tungsten. Tungsten is a

metal which is electrically conductive but much less so than conductors 1ike _

copper. The melting point of tungsten is so high that it takes white hot heat

to melt it. When we force current through this tiny tungsten wire, the force .
from the battery gives up its energy in a sort of electrical friction. The .o .
result 1s high heat and 1ight. It {is the resistance that converts the energy

into the form we want. Toasters, electric hea 5 hair dryers, electric

stoves and ovens are other examples of everyddy devices which use resistance to
convert electrical energy to heat and light{ = ' - |

There is a wide range of resistance leveld in materials that we class as
. conductive. Iron has six times more resigtance than copper. Silverds a *
better conductor than copper but not by much. . Aluminum is not as good a e
- conductor as copper but, because of its low cost and 1ight weight, it 1s used '
by the power companies for power lines. : .

" How do we measure resistance? What is the unit of measure for resistance?

~ The ohmi {s the unit of measurement.® is the symbol for the dhp. To
understand what an ohm is we can look at-it in two ways.

The Ohm (1) -' A o _—

From what you have read so far in this package you should know what a-volt and
an ampere are. If we hook up a circuit which has a battery with one volt - 4 V.
output to a resistance that will allow one ampere of current to flow, that \
resistance, then, is one ohm. Study the circuit below.

LT AMP

RESISTOR MUST
BE ONEOHM(I-0)

-
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" The Ohm (2)

" The other way to exptaip an bhm 1s to use a standard compbnent that we know // )
- has one ohm of resistance, : , .

A column of mercury 106.3 centimeters high and one milPimeter square at a :
/ temperature of 0° Celsius has-one ohm resistnqge_ggg to end, Study the drawing
below. | o .

- . N . —
- %,' I 751
| MM v

N
~ g Ceouare - (N
;I;ﬂt b _ ". | i

Take another look at that column of'mercury. The resistance of the mercury or-
any other material depends on four factors:

L)

”‘l’ 1. The materfal of which it is made. 3 ‘

* 2. How long it is. ) o
3. The crqss-section;area. . =
4.  The temperature;‘ |
All of these four factors'are important fo review when circuits are designed to

be sure that the connecting wires are of the right size.. If the wire size is
Yoo small, they may heat and cause damage &nd energy loss.

l\ ‘
o ks $
%
-~ ' 2 .
v ¢
. ' L i
[
L] f w
' - ‘ ‘
B : !
14 gt
6 [ ¢ ! ‘
. ! . * R \]
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When wire, is made, 1t is sized to a system of numbers for the diameter of the
~copper conductor. To understand how this system works wg must understand how
wire is made. Wire is drawn. To draw wire is to pull it through a hole which
- squeezes 1t into-a smaller diameter and makes it longer, See the illustration

. below, SN - | o
.. : o - _ " L .
s ECOPPER WIRE . f—epyL
. ' : D SQUEEZE - L——;.&MALLER DIAMETER
e W DEAATE
~ The holes in the die plates must be in a stze sequence decreasing gradually so
. -that the*copper will pull through rather than snap off. It is this sequence
that gives us thé wirk size number system. In the 11lustration below there is
‘- ~a part of a wire drawing sequence showing four steps. ‘
‘l l t f. | ‘lll. ( | !l[ .l l.
K {COPPER N = — - —=PULL
- : WIRE [l | (wiRce @l | |WIRE L{WIRE
| SIZE =15 —{9IZE SIZENO4 |
O o NO3 \‘ (WIRESIZE NOT To SCALE)
DIE DIE2 + Dl L L
) . "..
r. ' /
When we select a given wire-size number, that'numben is the die number that the.
wire went through last. The dies are numbered in the order that the wire goes
_ through them. This means-that the hole in_the #1.die is larger than the hole ' v
’ ' o
| | 13 P | L
R ‘ 3 . . ‘ o . i
\ '

7
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in the #2 die.” Number oneisize wire, then, is larger than #2. As the wire
size gets smaller, the numbers get Targer. Number 0 wire #s almost as large as -
a pencil, whereas, number 36 wire is as fine as hair.

- The ambunt"gficurrent (ampﬁ) that a given wire size'can carry without heating
~ varies somewhat, but here is a chart with some examples of wire size and
current_capacity. (Copper wire.) . - o - ‘

# 6--50 amps -

# 8--40-amps

#10--30 amps

#12--20 amps .
#14--15 amps

[n most cases copper wire comes in even number sizes. The smaller the size of

the wire, the less current it can carry., '

»
’

Measuring Wire Size with a‘Wire Gauge.

, ® | .
e wire size can be determined by the ue of a wire gauge. The name of the wire
gauge that is in general use is the American Wire Gauge (AWG). The drawing
below shows the AWG. The sizes shown start at #0 and go to #11, but' the gauge
continues to-#36. , - , ' .
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Notice the shape of the cutouts around the gauge.

Ing_gqggyt s made up of a slot cut into-a hole, To'properly use the wire
gauge the bare round wire is tried into the slots until oné is found that the
wire just Tits, The hole is not used for wire measurement.

- ] . .

\_

Co - NO.6 WIRE
e

Mewer and Energy
N~ oo : : . : _

An electrical circuit is a, system of transporting power from one place to
another, On the fnput end we have a source of energy which is converted into

WIRE JUST
Y FITSINTHE -
SLOT (NQT
THE HOLE)

=

el

electricity. The battery does this. The chemical enérgy produces the electri-. .

cal imbalance. Wires are connected to the battery which lead to the load end
of the circuit. The load converts the electrial energy into the form that we
“want. The loads can take many different. forms. A 1ight bulb gives us 1ight,
An electric heater gives us heat. The electric hotor'givbs us motion,

How can we measure just how much. electrical power we are using in a de¢vice?
Power 18 explained as how fast enérgy is used to do work. The base u -for
energy”is the joule and the base
be measured ig-the joule per second. The name given to this Joule per second
measure is th¥® watt. So the base unit of electrical power ts the watt., The
symbol used {s W for watts and P for power, -

? [

nit of time is the second. Power, then, can-

.
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Se.lf,—-Test

6.

“Nlarity is identified by

a.
b.
C,

....d.

nunbers.
~color code.

the shape of terminal or markings of +or -,

the method of connection.

The fen producer in the battery is

a. -

b.

'C,
d,

The Vo}fage ievel:from one flashlight -battery is

a.
b.
c.

d.

a.
b.
C.

d.

a coil ‘of wire. S
aluminum. foil. o '

4 chemical mix.'

a tungsten electrode.-

A

2.5 volts,

"3 volts.

1 volt. - .
1.5 volts.,

1.414 X 1
3.14 X 109é
6.28 X 1018,

one billiqn.

One ampere of current is equal to

'

9

foa

The quantity of electrons'thit equals qne.cbulohb~1s

o ' EL-BE-Q5 .
Basics of Direct Current

passing one point,

one joule per second
b.. one volt per coulomb
C. one ohm per volt
d. one coulomb per second

° - . . \

The electrical factor of voltage is explained as ) -
a., the flow of electrons. : P
b. the resistance to electron flow, '
c. the force or pressure.
d. the powér squared,

»’

<\§w~\\//; 16_'
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12.

8.

The symbol for current is_ | | L
d, A , . * \\‘- o ' : . N
b. R | SRS
C. P. _ ;S(\\_' , v
d. 1~ : - : ;
| D |
The four factors-that determine resistance are o
a. ' .
b’ . . A . ) R
do . ‘ : ‘ .
(ﬁ the wire-size number system - \\6 ,. a

c. -the smaller the number, the longer the wire.

b.  amperes. -

o

| L | S \ - EL-BE-05
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lf'thg‘voltmeter s connected in reverse,

a, no damage will result. .

b.  the reading must be inverted tq be correct. -
C. the meter -pointer will go down o{f—scalec)

d.  the reading will be in ohms, :

»

a. the larger the diameter of the wire, the smaller the number.
b.  the smaller the wire diameter, the smaller the"humber. '

d. the larger tne wire diameter, the-lqrger the number,
The ohm 1s-the unit of measure of
a.- power,

c.} -battery voltage,

d. resistance, - _
o [

The yn.i.tbfv measure of electric power:is '_'the ’
a. ohm,

bo watt. ) ‘\ .

c. coulomb,s . i o s

. Qe

d. ampere. )
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Task -
o
The Complete Circuit -

drawing then -read the conclusions. Do you

EL-BE~ 05
Basics of Direct Current

| The foiiowing analogy and circuits are provided for your study. Look at each.

agree with them? If you don't or

are confused. re-read the information: sheets and try again,

‘N OHMS

QUTPUT(P{&&R)

l. . If the voltage (pressure) were increa

same the flow would increase,
¢

2. ' The resistance restricts the flow.
3. If the resi;tance were decreased the

4. eiectric iamp is a resistive .unit,

"

1 /'“Z[ T\

(o o

FLOW —=CURRENT"

VO3 | RESISTANC XN ER

— FLOW-~CURRENT
AMPERES

.j‘:’°

(33

sed and the resistance stayed the

fiow would increase.

-

50 If the voltage were reduc he flow would decrease‘k\

6. If the voltage were increased the power output would increase.

. wowld increase,

" 7. If the flow decreased and the voltage stayed the same, the resistance
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Complete the chart below, (Fill in the missing arrows.) | <
9 g ;

This means that the value has increased,

This means that the value has decreased,— — -

¢
i

'This)means that the value has stayfd.the same. g ‘
%dep] e: R Y Vo . . .
Vol tage . Current ; ' Resistance

13

@ © O—(®
In this case, if th g%pressure (voltage) - increased and the current stayed
the same, the resis nce must have increased to keep the current the same,

Below is the rest of the chart., Some of the problems are done for you. - Check

them over, then complete the chart.

Voltage Current ' __ Resistance
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\M -~ LARGE DIAMETER
L oW PRESSURE
| .\<o' |
Wz
N
- 3 SHDELIVERY

l,

2.

3
4,

V,ggth circuits in A and B have the same energy output (power output)

The circuit in B will operate only half as long as circuit A will.- Energy —A’/,
reserve in circuit A is twice that of circuit B.
a '

E ] . . ) ) L

Circuit A has.more energy reserve .than circuit B, e

There s less resistance in circuit B than in circuit A,

There is more current flow in circuit B than 4n circuit A,
The applied voltage is hjgher in circuit N than in circuit B,

The amount of current flow increases as the resistanﬁe increases, '

© The current flow increases as the resistance decreases. S s

20
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L Basics of Direct Current
Final Test * )
Ch : ' ’ ‘ ) *
l..  Polarity is represented by ' -
a. the method of connection. : v
g D0 the shape of terminal or markings of + or -.
\V) c. cRlor codey
d,  numbers, - ) o ‘
2.  The fon producer of‘ﬁ’Battery,is' ) &
a. a coll of wire, | - *
b. a liquid, | r : .
€. a tungsten electrode. . o ‘ ._ ¥
d. a chemical mix. h ’ o '

3. Voltage of a flashlight battery is

6. . Q(;ctrical factor of voltage is explained as '

a.
b.
c.
d.

a.
b.
' c.
d.

If the voltmeter is c0nnected.1n'rever5e.

a. 3 volts.
b. 4 1 volt.
c. 1.5 volts. :
d. 2.5 volts, :
& 4 | The ambunt of electrons_that equals oné coulomb is - S
, ! - Y
a. one billion. & - / \ |
b. 6.28 X 101
¢, 6.28 X 1018
d.  3.14 X 1018, |
53 ‘One--ampere ofugyrrent 1s equal to P passing one point. '
a. one ohm per volt o -
b. one coulomb per second . .
C. one joule per second T s
d. one volt per couldmb o .

the flow of electrons. -
the resistance to-electron flow, : S .
the force or pressurae. \ — .
the power squared. |

the readlng will be in ohms,. o
the meter pointer will go.down off-scale. . .

the reading must be inverted to be correct,’

no damage will resultl : ,
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. I : . Basics of Direct Current
8. A symbol for current is o .o L : .
a. 1. \ _
. b. R
c. P '
d. H
9. The four factors that determine resistance are . Alf';;, L : , .
| 7 , . ” .
a,. . . R . e, .
. b. , , - E 4
Ce. i l r l ¢ . o v [ '.
. % , ! o T . .
e 10. In the wire-size numbéring system '
) ! , ¢ ' . A . \_‘. . ; , o
, 4. the larger the wire diameter, the larger the number. wf o o 0
' b, the smaller the number, the Tonger ‘the wire. | ..
C. the smaller the wire diameter, the smaller the number, . SRS
d.  the larger the diameter of the wire, the ‘smaller the number. e o
11, The uﬂit-of measure of electric power is the _ ;‘ , o
.a.,_FWatt. . e P
b. . ampere. . e ' ~
,‘l’ c. ohm.. ,
| 4. coulomb., - . - |
12, The ohm is the unit of measuré;crf* - - N
a. battery voltage. | . N
b. resistance. ' ' "
C.*  amperes,
d. power,
_ Fy ‘
a “ Ve ‘ £ .
oo '~ S .
. a .22 :
N/ ’ |
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Goal: -~ - " = | Performance Indicators:

.::‘V
. t ‘ L . . o, N . . A . . - B s . :-
¥ apprentice will be able S Read schematic diggrams of
read tichit.draNjngs,and,diag ams. - | electrical circuits.”

-'4\»5' ) - >

."

Read\pictorial diagrams of
elec }ical circuits.

iagrams of parallel
circuits, -

Read diagrams of series
circuits,
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S L . Introductlon to Circuits
Objectives, = . |
" Given: S _ The student will:
Schematic or circuit diagrams of series '.Connect‘the components togethér
and parallel ;;ytuits : ' ~ according to the diagram.
A series circuit with a missing or " Determine whethér or not the
dlsconnected wire {§p current is lost 1n each of ,the
-~ ' components, .
A pyrallel circuit whére one component - . Determine whether or not the
hag‘been removed : current 1s lost in each of the
- other components,
Four questions nn circuits - o Answer each question correct]y.
Dlrectlons/ A -
“Obtain the following B .

1 each 82 ohm, 1/2 watt resistor A X

2 each Type #680 pilot lamp (or equivalent) R ; ‘

1 each -DC Voltage Source 5V or 0-15V minimum adJustable | - ‘.
Interconnecting wires or leads . R

. ®

L3 ‘ -
-2
. .
a

Learnmg Actlvmes
Study Key words list.

‘Read Infdrmation Sheeﬁs;-

Do the Self-Test.
Do Tasks. .
Do the Final Test,

Obtain Final Evaluation,

. .
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| 1 \' | | ' ' - Introduction to Circuits -

'. . 'KeyWords' Lo S

* Circuft: A group of electrital components and 1nterconnections arranged to
~ perform some - useful function, g, SN 6

"(’ Circuit diagram:_ The same as a schématfc diagram. (See below. )

Electrical components: The parts of devices. that ‘make up electrica] circuits.
L « \

. Parallel connection: Two aor more components connected together such that each
component is connected betﬁeen or across the same two points in the circuit., - »*
~~
Pictorial diagram: A drawing of how electrica] components are’ interconnected
showing actual pictures or sketches of the components in the correct locations

for assembly. ‘

-\ Series connéttions Two or more components ‘connected end to end so that only
‘ one_end of. any component connects to any other .component .,

Schematic diagram (schematic): A drawing of how electricalfcomponents are
| {g:erconnectéd using symbols to. represent the components. . b
U

Itage drop: The voltage across an elect#‘?a] component (other than a source)
caused by a current flowing in it. - _ SR
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- You should now have enough information on vol

- how they wil] ‘be drawn on paper,

- Ccompanents,

;/7,_ 1 ._ "f ._ R3 o

- o EL-BE-11
Introduction to Circuits

ot

%,
Information Sheet
tage sources and resistors'to_

Before you get too involved,’
f circuits you will see and -

connect them together and make a complete circuit,
however, you should learn some naes for the types o

Y

A schematic diagram or schematic, for short, is a drawing of ‘electrical compon-
ents and their interconnections to form a circuit, - Symbals are used for the
and lines are used for the interconnecting wires.
also be called a circuit diagram. A pictorial diagram is a drawing containing
actual sketches of the components instead of symbols. These diagrams ‘are used
by assembly people to construct electronic equipment, They show every detdil
in the construction“includﬁng-posit*on.and location of components and inter-

».connecting wires, o . \\\\\\

A

" , - Ry 2o
.' i : IW . : ) ‘
. | | 5w W

Schematic or Circuit Diagram

]
. , . /

— | = o
| ;/ RI R2 R
2 . ) a:
. '.‘_ . 5
| AV J
/ Pictorial Diggram e

agram 1s ufed by tec kibians-ahd‘éﬁéiheerslto see how
The §chematHC-91ves_enough information to -
ulate,currents'and=voltages that will be

A schematic or circuit di
thé components are interconnected.

allow the'experienced person to calc
measured when the complete clircuit i

o v - Ot
! . i A

T
T

A schematig may i"

5 energized.\ In the circyits you will be o

.
+ ) N
\ . . . ] .
\ ‘ '
. - )
P




: VoL . R S lntroductton to C1rcu1ts S
. s ) . - . : . ) .-' A .'
, ‘ constructing, ‘the details af a pictorial diagram w1ll not be lmportant and
onlp schematics or c1rCu1t diagrams will be used., .
e _' "There ene two . different ways to 1nterconnect two components, “series or parallel. 7
If only one.end of each component fs connected together, they are connécted in- )

series. The interconnecting wire is usually not drawn so that the ends are , .

| /- .cJust shown toughing each other. < . - . ~
. . o : . o .
. - . |

Schematic or Circuit Diagram ’ .lNTERGDNNEQTING WIRE

of Two Series Resjstors

. q. o : v w("f' . ) .
o Pictorial Diagram of Two ; — ; /H EEH —— 4 s |
 Series Resistofs - L : i ‘
C . : . N S L
. v/
If the components are conmected between or across the same two points, they are ')
an paral]e]. .. | . C
@ e “
\ . . Schematic or Circuit Diagram

of Two Parallel Res?g¥ors

~ “Pictorial Diagram of Two _ 5 | 1 e o
Parallel Resistors -~ < 6) . ‘ : o

5 ¢ . ‘t .

a : In order to power the. circuit, a voltage source’ms{ be ‘added. This will cause
, ~ current to flow. In a series circuit the voltage source is. ®nnected end to

and as the resistors .are. The serie§ circudt can have many more.components, buf
they will. all be connected end to .end 1n the same way. .

I\\the package called Basics of Direct Currdnt, you were introduced t ‘an

analogy betE~enye1ectr1ca1 current and water £1ow thmough a pipe. ,The same )
analogy sholTtd bk helpful to you in understanding the ideas of current flow and =~~~ .
vol ge drops in simple series and para]lel c1rcu+ts. A water flow analogy of . e
séries circuit is” given firgt, . | _ . ' B
e T R
." " ‘ e . v )
. D D
: . @ *
. ' ’ ' 6 ' ”
\) (/‘l‘ . . .. . A K ' . . . P . ’
ERIC™ . S : L N o AR
it~ R . ) ) . ’ ‘:a 96' Lo . | '
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Introducfloh\to Circuits

VRCLOF pgasmm&mw" N
» . | UQE_\ LOSSOFPRESSURE ]~ 0 | o
" WATER : - ELECTRICAL RES'QTANCE
\ PSMP | S VOUWM% DROP -
, B -1 ELECTRICAL 7~
E — |T RESISTANCE,  *
o T VOLTAGE DROF
WATER TANK o - |
y _ - | - ' Iis electrical current. . : ’
v - L E is source of vo]tage.

- ‘\ . ’ . ¢ AN
[N oo . : R
The water pump/is the source of water pressure and represents,the source of o
\ voltage. The flow rate (amount of water flowing per Second) represents the i
> - electrical current, The,narrowing of the pipe resists the flow of . water and: _ o
represents electrical resistance. .11 : " .i

)

S *In the water system for a givens/pump pressure, the moge resttance that there :
is to the flpw of water, the less the fiow rate will be. _ ‘

v A

. Likewise in the electrical circuit ‘the more resistance in the circuit, the R
less will be the current for a given voltage of the source. ' - :
' In ghe water system, the wéteQ is flowing at the same flow rate anywhere in the ‘
- system, ° If it is two gallons per second coming from the pump, then it is two ..
. gallons per second anywhere An the\\ipe or in the return path through the water .
tank . . S _ ) :
. In the electrical circuit, the current is the same everywhere in the circuit ‘ N

If it .is one ampere out of the volthge source, it will be one ampere in‘each,
resistance. and in all the intercdnnecting wires. Remember that one “ampere is
one coglomb per second which also equals 6,280,000,000 billion electrons per v
_ ~ second, . ?Q _ - . , L
- ' ' ¢
.+ < The water pressure is less in the narroweb- pipes.y In the narrower pipes a.
’ lesser amount of water has to flow at a g(eater speed to maintain the same flow
rate, , _ . _
' wl " ' y) .
The voltage is less after passing each resistor in the electrical cifcuit. - The o S
current or ratgvof .electron flow or.the coulombs per second $tays the same. L
Just as therg is a toss of pressure at each narrowing of the-pipe, thgre is* a
"voltage lass across each resistor in the electrical circuit, =
*In a parallel eléctrical circuit the voltage source is connected Yn parallel, .
‘ that is, .across the same two points.. A water flow analogy of a pardllel Ny
cirtuit s given next, :

. . ) [} \ o .
oo . - . v
. . . . {
) . ‘ . ) V( , .
. . N
. ) ’ S C . ¢ -
. . . . )
’ .
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e LOWER RESSTAGE

.. MQREFLOW 7 e ”—WRENT*

== =] ns =

sy ol

‘ LEEESIQJShV

] HIGHER RSN

LR _ I CURRENT /V,'.-_y
& == - | WATERPUMP| . == / E'T / |

4

Notice that just as the water divfdes 1nto separate paths 1n the water pipes,

~the electr1ca1 current d1v1des into separate paths in the parallel resistors,

2

© The amount of water in each of the'separate ‘paths adds up to the total water p

entering or leaving. Less water flows into the narrower pipe; it has more .
resistance to the flow. Likewise the electrical current in each of the paral-
lel resistors adds ‘'up to the total current entering or leaving the parallel’

 circuit. Less current flows.in the path with the Nrgest resistance. Since

each resistor is connectéd between the same two points, the voltage is the same _
across each resistor. The voltage source-is also connected between those two .

points, so the resistdhs and the source all have the voltage of ‘the source ' , ,
across them, | : . _ _ . oLt

| ) L :
A series circuit or :Jbarallel circuit may be drawn in different ways on a
s¢chematic¢ or circuit diagram but still be the .same circuit: The following
circuit diagrams of different ways of drawing the same series circuit and _ .
dlfferent ways of. drawing the same parallel circuit, show this. | S

Not1ce that Ohe d1rection of each current is determined by the polarity of the ’ \J) , -
source, . . :

*

Notice that the end of the resistor where the current enters always has a '
negative polarity With ‘Pespect’ to the other end. , s :

t B
1)
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:Different'Nays bo Braw the Same Parallel Circuit &

. - .
. ) N i '3

i—-—/’1\—ﬂ;;— indicates where wires cross but do not touthf(are.not'attached)
- . * : } ' * . ’ a . . Lo

‘The dots ' 1ndicate locations where the curre&t can divide or separate into thes,

different paths and are usually shown only hen mdre than two connections are

. Vmade at the same place.

‘ ' . Lt -
Later on you will learn that you can make other. c1§cufts that are conbinations

: of .series and-parallel circuits. These more compl! cated circuits will not be
. explained now. In a series circuit if only’one 1nterconnect1ng wirg ds broken
or removed, the current will go to zero in all of the components in the circuit,
An example of this is a series string of Christmas tree lights. If one light
A burns out, all of the 1ights will go out. This isibecause, when a light burns : )
fout, the electrical path through all the lights is broken. This 1s like a - . '
water pipe that is pluyged up so that water cannotipass through. The flow will =
stop throughout the pipe. 1In a series electrical tikcuit when a wire is broken: o
or removed, the electron flow or current is- 1nterrupted and qurrent is stopped ' a

everywhere in tgg cfrcuit. . e

i - J?-*AV\P —NJV*
T NO CURRENT

CONNECTION BROKEN

LI .

' SERIES CIRCUIT. |

In a parallel circuit, however, ‘i e of the components otﬁ%ﬁ than the source
is opened or removed, the same curr will still flow in the others. .The "
total current comjng from the source will change, however. An example of this
is a parallel string of Christmas tree 1ights. If one 1ight burns out, the
others will remain 11ghted. Another example 1s your household wiring. Each
outlet is in parallel, and when anight burns out in your house the others

@ sty Hghted, | ,
9 = )




| '_°"3 o . ELeBE-1I -
‘ ' ‘ ' Introduction tg,CirQV)ts -

- CONNECTION BROHEN
e~ . T. "
BREEEN r -
o S PARALLEL CIRCUIT
. . J | - - ,
+ Using the water analogy, 1f one p1pe in.a parallel branch of pipes is plugged the
o other pipes will still carry the same water flow. The total flow w1ll be less.
however, , <. A . A i
e S . - . " o s
‘ L]
. . \ , ‘ ] . .w
. i |
’ ¥ T .
»
1 ' . - ~N
]
- !
’ ’ ' ; !
|
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leda -, d : SRS T
Lpictorial,diagram?t . o f.;i_ C
‘'schematic drawing, - S S
resistor drawing. - o T B
photograph. B

b

Components 'in series have thefsame'

Components in para]leTohgvé.thé.sqmef

In

componént

a.
b.

“C.

d.

In

the

a.
b.
C.
e.

-
-
[
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3
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o . . / A )
L ¥ : i
. . 7.
- y .
A .
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current.
color. o . .
voltage, = A ' L
size. _ v v

-

*

current. : I L
color. S A B ¢
voltage, R -

size,

a series c1rcu1t

increases. P B
stays the same, ' - C
is different.
goes to zero.

a paraliel circuit

others o . o
tay the same, - o - - A o
o to zero. o - - 0’

increase. S « o 7 2.

are removed.

Introduétlon to

if a connection is broken, -the tubrent in each

if only one resistor is removed, the current$ in

. e LN .
] N L. . LA , i
- ! . . s .
. . . L .
'] ",. "Al -t ’ . E R
. " ‘ 1 .,
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-;ﬁL -BE- 1&
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A circuit drawing that uses symbols to represent electrical components 1s
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o
-
N
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':hConnect the re51stor and pilot 1amps “in’ series as shown on the schemat1c using’ 3,"{":
‘the interconnecting leads.,

%fRemove any-one 1nterconnecting wire and notice that QOth lamps go out
1ndicates that the current was. 1ost dn’ a]l parts of the cirCuit. o

- R IR L --'._-__ Introductlon to C1rcu1ts,

"Series Q%icoaté-*' L e

Task A.

Use the 15 volt source or set the adjustable source to 15V “Have your . - S
'1nstructor check that the voltage is correct S _u.-'_-;-g_sg__ EE RV EL

VR . - e ° . ) ':..:_E.,

Have your)instructor check your connectlons o T

®6BO - e

- o . . . . . . ) et ﬂ e N . . e LI
. : N . PRI o K
. . . . E) -

“'| 2 . . . o .- Lo

Connect the. voltage source. and notice that both lamps are, lighted

HdVE _youp. : ._.4’ 3
instructor check that your connections are correct and that the 1amps are - i

: "_worklng properly. . _ - _ . R s _w:_f_}_ﬁﬁﬁ‘ngg"

e
~

'.p
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. . _— : . f'v- Introdoct1on to”CirCuits : ','-

’f

B Para”ew frtu_‘tt' T T R A S TR

LT ’

Il

Use the. 5 vth source or lower the ad;ustable source to 5V Have your instruetor;h' S

check that thé sOurce you are how using ds 3 volts. '?.L', e e

e Connect the re51stor and p1lot lampé in'parallel accord1ng to the schematic.nr |
LB . R ’

Notice that both lamps are.l1ghted when the source is attached ‘1 ,‘;i“ L

g : Have your instructor check your conhections and that the lamps are working _
 _.iproperly. Remove one of the lamps from the circuit leaving both ends of the . -
T resistor and,the other lamp still connected to the: source.l | .

Notice that the remaining 1amp s sti11 lighted This 1ﬁdicates that ‘the - |
current was lost only jn the lamp that was removed and not in any other parts of _
the parallel c1rcu1t y . _ , R

' . . . L . .
& Lo A - . . . o ) ) - .
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‘_'; wh'i according to the circuit diagram o o
' . . B - — I

rrcuelt: 1s wired according to the circuit diagram B . C

e«..-;?f"‘inal Test questions answered correctly : o ' . | B
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@ Answers -~ - o \ ,
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v ) ' '\. -, g ‘ . - . t
Self Test ’ S . y . )/_ :
' 1. ,-(p) schematic diagram coa o, Lo r~~ ; S,
. ) . , Y ) - Lo S » v

2, (a) current ~ ) f; s o S | ' ‘
< o e e
~ 3., (c) voltage - N T S . . :

o’ S o . L, N . ,.'Q' a ) ’ o I 2 ." _ ._
4.~ (d) goes to zero o }r?l\ el ;‘ e -

5.4 (a) stays the same - [ O e . ‘
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Goal:

1
The apprentice will be able to
read scales of electrical
neasurenent iidstruments,

A

Performance Indicators:

X

1. Read voltmeter scale.

2. Read apneter scale,

[]

[N * .
| - ’ ) , 3. -Read owneter scale.
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T Given:

Objectives ' - '+

Information sheets | .

A volt-ohm-milliammeter -
. ~ - .

[

Directions - ¢

_Obfa\p,the following:
VoM . e

© W

Learning Activities

" Read Information Sheets.
Do Self-Tests, |
Do Final Test.. ' |
Do Task. »

- Obtain Final Evaluation.

-

~
.

| fhe-studént will:

X
.

[ o Ir'

EL-BE-12
Readingv5cales

S

Correctly record measured value

indicated by dwing of each scale.

Correct)y 1dent1fy what number scale
should be used with each settinq of
the range switch,

. .
" . .
' -

.

T T VY
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R : o SN AU .. Rédding Scales .
.~."  Information Sheet No. 1- - T e ) '

o R -
| - The ability to read meters properly 1s very important to the electronic technj-  *
clan. Much time can be lost by not using the meter or by inaccurate readings.
Although reading scales 1s not difficult, 1t 1s very easy to make a mistake.

K, |

Scales you are already ‘used;to reading are rulers, clocks, and avtomobile  #
speedometers. Meter; are used to measure voltage (volts). current (amperes),

~and resistance (ohms A "needle" or "pointer" moves to a position over the
markings on the meter face to 1ndicate the amount of current flowing through

the meter. -7 . . . efé? -

! The markings on a meter face are similar to ¢he cmarkings on the face of a
clock. _ A _ .
N N X ‘ “ - L g '
’ o ' / . .
. . g | 0 “ A -
b v L ' s
v # E
' ‘I' ° . YOLTS * \
. ’ . o\ . R
. . ' . . ! g t - |
:. . ) v L . ' r‘ . . ) f\
Figure 1-A . Figure 1-8 | R . |

‘e

' In Figure 1A, 1f the minute Land is removed from the clock, we' would estimate
’ the time as being 4:30 because the hour hand s halfway between 4 and 5.
“ W oo
In Figure 18 the meter ne le.Jj pointing halfway between the filve and the next
lower mark on the face of the meter. By coynting:the equally spaced marks we
can assume that the reading would be 4.5 volTts, It would be volts because the
name on the meter 1ndt;;ces this. o .

¢
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L, | o L ~ Reading Scales

. . | ) ) o o .
. [y . ) . v . . .
. ) . . . .
\

e Using this reasoning, &eteqmine the yoltqges'1nd1cated:when'thé meter needle
points to.the following points. " i A e ‘

4 ’ ‘ f J

.* ) Ve 1_ A‘ .
’ i ’ ;
’ T % T : 4

o . 5

) | 8
e | . - vorts . | f J
Figure 2 J | o :

]
"f-ln Figure 2, we find that pointer A is two equally-spaced marks to the left
of the 5 volt*mrk.  Sinceé there are ten marks between the zero and ten, each
mark equals 1 volt. Counting from the 5 volt mark to the left, we see that
. the first two markssrepresent the pointer positions for 4 volts and 3 volts.
: Therefore, pointeﬁ*x’reads 3. volts. Pointer B, however, is between the 4 and
5 volt marks, By estimating, we can see that it is about 1/4 of a division
greater than 4 volts. This voltage can be estimated as 4.25 volts. Pointer C
is half a division above 7 volts or at 7.5 or 7 1/2 volts. Pointer D is at
the ninth division and indicates 9 volts. . :

| (\ | . | | ‘ Voits
Figure 3

On the meter face in Figure 3, we see small marks between thd larger marks.
The small marks now ifdicate the half-volt graduations so we jno longer have to
‘I’ﬁ/;'guess where they are. The needle now indicates 6.5 volts.

.
L

o . Y
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Givéfthe meter r§ading§
for, each pointer.
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TN _'_. L ; “’/'Readjng Scales
- Information Sheet No, 2 . -~ - L

Check your answers and méke sure you understand béfore ybu proceed. VOMs or
other multifunction meters have a range switch that extends the operating range
_ _ of the meter. Without the range switch this valtmeter has only a 0-10V range.
L ; A_rangq switch might Jook like Figure 4.. _ v -
BN L ~(B) 100V
» \

(A) P, .
cLodov ' -
;
o . ‘ ._.' R Cam !1
1 Figure 4 = ; j
. . I « ; .
. We now have two new ranges, B and C. With the range switch at 8 (100V) the
meter will have a full-scale reading of 100 volts se we multiply all of our .
-readings by 10; the pointer in Figure 3 would now be indicating 65 volts,
If we switched to the 1000V range (C), the réading would indicate 650 volts
(multiply the reading by 100). . The range switch indicates the full scale . .
range or ?ax1mum reading of the meter. Current or ampere ranges follow this . ‘
same rulel on ammeters. . - R4 : ; : -
_ : . . ‘iy
Range = 10 100 1000 - : e -
A=2,6V. A= 26V A = 260V ' '
B=4,6V ~ B = 46V B = 460V
2 C=7.V  C=70V C = 700V -
" D = 9.3V D = 93V D= 930V




Self-Test No. 2 | _
‘ . Assumé the ‘Fange switch is set as indicated '_'.fog each meter.

- Tell the ‘readings o _ . o
for each needle. ' :

'l

'4._ Range 100

5, Range 1000

amn 7 5 o
L3 DN . . s
reoL Ty . . e )

' S

EL-BE-12

"Reading Scales .

1. - Range 100
‘A
bo .." .

2. Range 1000

e
“Coe " . ’ .
d.

3. Range 10 - . -
' a.
b
C. .
d.

1 D S —

a.

" b.
Ce
do

a.
b.
€
d.

i

st ety ioetipmts
)
L3
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' ST U & S T Reading Scales

-

.Other types of scales may also be printed on the face of the- meter such as”

resistance or ohms (&) scale. Voltage or current meters draw the power to. .
operate themselves from the circuit from which they aré connected. However, S
the ohmmeter has an interna1 battery to provide current for operation. el

B Figure 5 o '3;'.Q_7}'__.nfv *T“f' _;1' Co
A typical ohmmeter scale would look 1ike Figure 5. You Will notice that the |
distance between 1 and 2 .is not the same, as the distince between 4 and 5. e
Because of this, we say that scale is nonlinear. The scale in. Figute 3 is = y

- linear because there 1s equal spacing between numbers. In Figure 5 the

= ohmmeter need]e is fndicating 4.5 ohms of resistance.

“
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Self-Test Na 3 AL ;o N e Lo
. “Give the reaQings o 3 EP ‘

for each needle, | 'L o\ :




. ELcBE-12
Reading §cales.g'

S ( LI
x100k_ "“'!'“
- : ' . » LEe
. Figure 6 o -:i i Co"”
An ohms range switch might l1ook like Figure 6. . C Y
. . . ) _ A .
' - 4 S

s : . -

+ _ I Figure_?

. - These positions mean that any reading made‘pn the scale should be multiplied by ‘
L ~ the number of times indicated by the range switch. (x1 = times 1) (x10 = times .
©10; whatever the meter,reads times ‘1, 10, 1000, or 100 000, etc.) =

.Our former read1ng of 4, 5 ohms (Figure 5). would haVe been 500 oth'if'tho _ -
switch had been placed as shown above in Figure 6. > R

..A.Remember k = thousahd, so 1k is 1000.
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Self—Test No 4
v

Assume the ohms -range switch is set as 1nd1cated for each meter.
Tell the- readings _
_for each needle.

" FL-BE-)

2. ‘Range XlOO
Toal -

b,.

do

4, Range XlK '

d.

b.

.g- . -
L4 . -\

5. ~Range. X10K

-
b.

au___

b.
¢,
d.

B e Y

| Reading‘écqles.u“ij

6. Rarige X100K -

7
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‘the range switch is set

T RSB
| o S : o  Reading Scales

« S - . X e~ -:, ..‘.

,Somé‘ramgg switches may also indicate function' (DC volts, AC volts, resistance,
-etc.).. Miltimeters have more than one function. _Volt- ohm~m111iammeters (VOMS) .

have three basic functjons: “the measurement of .voltage and current (AC or OC)

.and resPstance. Some VOMs ‘may not have a current function. ﬁspction may be- T‘.fﬁ

determined by input plygs for the test leads or a switch. - S f\,' N

The first thidﬁkyou must know when using a meter i$ what you wish to measure. T e
The function of the metfr must be set properly. Second, you must %know where
and last, what the scale Jéads. L x

Let's try looking aﬁ'a typical smal] meter scale all put together. Note the DC
seale. The lower side goes from 0-0.5 and.the upper. side goes from 0 to 15, . -

“Your range switch will tell you which side to read. 'The AC scale also hasra - "j ~
lower and upper, side marked. Note that tie R scale has only an upper side o,
‘marked. : " o v ) ) : T
\77 . ‘ - -

[} . \
R

Based on function and range , this reading could mean many ﬂhings. If the

function were D? volts (DCV)

.“_ 120 - 'h‘ g o




'.@ultiply_151range rgddiné by .1
Muteiply
T Multiply
| Multiply
Multiply.

If the function were res

N

-

¥

S

'To obtain readiny: .

t

.5 range reading”py 10

.5 range reading by 100 " |
1.5 range reading.by. 100 - -

.5 -range reqding by 1000 500

istance (R):=R x 1 .

- R x 100.

14

50
150 -

R x 1k

R.x 10k 2

- ® n.n
S - P -
,O‘_ ;z_'\ S . O O .
L J
o D
, 2 . .% .

121

A

s ELBEn1?
© " Readipg Scales
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SelfTestNo.5 .

‘ | Read the following meters according to the function and range 1n_,d1canted. -
. . . , . 0 . ) * ‘

1. Function OCV -
. Range 15~
Reading

2.

5.

Function

R

Reading

Range Rxl1 .

Function ACV -

. Reading

Range 50 .

Funétion DCV
Range 5
Reading

- Range. R
Reading

4

Function R

Function DCV
Range " I

Reading -

Py




9.

1.

- Range- RxI_

Function DCV

.Function ACV

- Reading

. Realding

_Function DCV

Reading Scales

1

Function
Range RXIUU
Reading  __ _

iy

Function R

Reading =

Range §0 :
Reading

Range 50
Reading

Fqution DCV
Range 500

Range 1,




_ . EL-BE-12
| ﬂ ' o _ _ _ Reading Scales
Final Test R o\ o
-_‘,. ° e ) )
1. Function R

- Range X1°
Reading

*

-~

2. Function R
* Range X10
Reading

. -l
~k¥)'

3. Function R
" Range X100
Reading

~

4. Function DCV_ |
Range 15 .
Reading .

' 5.+ Function DCV
| ™ ~~  Range 5
o ' Reading

Function DCV
Range 1
Reading

7
*

.
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[
L)

L R T EL-BEA12
-\ \ Reading Scales

"7. Function AR
Range X1 7

Reading

’ 4

.

Y

8. Functioh R
Range XIK <
Reading :

9. Function ACY :
Range 500 )
Reéading

O

w

10.  Function R
... Range X10_
Reading "

11. Function R
« Range X100
Reading )

o

12.. Function DCV
Range 50
Reading

L 4

!
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o - | . ' _ Reading Scales
- Task | ’

. : W
“I' /. There abe a num;}rof different brands and-models of VOMS. Many of them have éf\
different scales and ranges. To become familiar with your metepiyou should '
.look over the scales, ranges, and function.selection. ' _
Obtain the following:
VOM .
Step | ' e : . | -
- Study the four top scales on the meter. Write in the space below the set of
numbers that indicates the full scale reading-for each range,

‘0 to ohms scale | IR .
* . . . . A . :"{ 1“
0 to _ voltage or current . -
0to ) voltage or current ' v :
. 0to voltage or current -

Notice how this meter uses a switch oriﬁest;lead Jacks for different ranges
and different functions. The functions, which are explained in more~detail
% in the -following package, are usually divided 1ntoathe following’areas:

- . _ DCV - used to measure DC voltage ke
' ' ACV used to measure AC voltage ) e A
‘{>" used to measure resistance - . e i =
~ DCmA - used to measure turrent - S : h

~ Within each function will be several ranges beginning with very low values
and ending at very high values, -

5 - N o
Step 11 ' : . ,

List the ﬁymbec of ranges for each function from your meter.

0

) . ’ ’ . ) oy
T AV DCmA  \ R | N _

 ——

1 ¢ to 0to R x A_i |
a0t 0t | Rex ’ i

i

]'~ 0to |- ot . Rx\
| ..

I
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o~ o o ... Reading Scales
Step 111 - . - £

Complete the chart below by 1isting the range for every function, the ﬁumber
you would use on each range and how you would modify the number to fit each
range so that the number would indicate the correct value of measurement.

Example: Say your meter has a scale of 15 on DC vo}ts and your range was
set to 150, you would fill out the chart like this:

- FORCTION | RANGES T UWBER SCALE USED | EACH RURGER TS WOLTIPLTED BY

DC Volts 150 V C 0tols Ny
£ ' S ]
; FUNCTION RANGES | NUMBER SCALE USED . EACH NUMBER' IS MULTIPLIED BY
: I | 0 - ' ‘
; Ohms Rx___ 0to - )
- , ‘R x "1 0 to '
o R X ] . .| 0to
' RXx_. 0 to
‘ @ | ocvoits VvV ]oto |
| V[0t ‘ N : | -
: V|0to '
‘ 2
1
AC Volts v-|ote S , o .
| V0ot . <
v 0
; vV ]oto , '
. I
\ VYV ]0to
“ DCmA mA {0 to
' “mA | 0 to g
Ny m | 0to |
mA | 0 to_ A\
| 'QEL ’ |
. Step IV "k

g .
Get your ‘nstructor 's evaluation of this task..
|

A
—_—
>




Final Evaluation

4

Chart fi]led in correctly;

4 ' v

\

-

*

EL-BE-12

Reading' Scales -.




Lo | . . - i |
e e T T g2
S v _ R . S B .~ " \Reading Scales =
. AﬂSWGfS e | v S ' (\' .»_v . '
: | i Lo
o Your answers may not be idéntical to thes& bu; if they are wifhin a 5 percent
range they will be considered correct. « . be g
Answers to Self-Test #1 o -.1' ' ArfsWers ko:SelﬁfTest 72
1. a. 2V 4. a.2V ~ 1.,a. 15V . 8.8, 7.5V
b. 4.5V  _  b. AW - b. 30V . T b. 37.5V
. c. 1V c. 7.5V - ¢c. 45V . " ¢, 53,5 W
. - do 10V d. 8.5Vv d. 80 V- . d. 25V
- 2, a. 1.5V 5, a. .25V . 2. a.c 200V 5. a. 200V -
b. 3.75V - b 175V .. b, 350V | b.. 350V~ .
"K_C‘. 7 V ‘c. 4.25 V ) . C. 6001V ‘ C. ’ 650 V .
. do.' 9 V ,d. 7.75 V ) S ) .d., 850 V \"i d.. 875 V.” - ',.
K1 , . _ o o g
O~ 3, a. W5y 6. a. 4V 3. 4. 2.5V 6. a. 15V :
' b, 3.3V b, 5V b, 4.5 b. 41v o
oy C 7.2V~ - ¢c. 65V . - o ¢, 7 VJV\‘\ . €. 68,5V B
7 ds 9.5V d. 9,75V . de. 9V - de 94,5 V aggr ‘
l‘ ' . ] . . - ) ‘. - . ' (N ) ‘ .
Answers to Self-Test #3 . | Ans<frs to Self-Test #4 B '
1. a. 1509 ° 4, a, 2508 . 1. a. 459 4. "a. .22.5 9
" s bo 14 9 v ' 'bo 17 n ' - bo 12 ﬂ ' o‘ ’ 6. 7 k Q ‘
) ¢c. 559 : c. 2.21 9 ., €. 3880 - . c¢. 1Bk
d. 1.19 9 ©de W39 8 d. 1,68 d. 4 ka- _
2. a. 309 5. a. 5§3.9 . 2. 8. 35008 5, a. 750 kR °
- b. 7.8 8 b. ‘11.78 _b. 1500 & b, 190 k 8
C. 2.65 0] c. 4.750 : C. 360 ! ’ C. . 60 k n \
do 075 Q- do‘ 1.9 ! . do‘425 n - ' . do 8.25 kn
3. a. 10,18 6. a. 2258 3, a. 27158 6, a. 1900k
b, 4.5 0" b. 4.25 Q b.. 74 & b. 1150 k
c. 1.68 , c. l1l.24 8 . c. 21.810 c. 700 k o
d. u3 ! ) - d. 0145 Q . do 3 n : ) do 360 k Q
Answers to Self-Test #5
1. 8V
2. 1,54
3. 135v . ,
4, 6V ‘o )
5. ' 32.5 k @ B
6. 90V
7. 4450 R
8., 3.5 axs o L
9, 23.5 ¥ .
10, 18.5V -
110 350 V E '
12. 1.05V
. 22
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USING A VOM

® T e - T

Goal: Performance Indlcators:

The appréntice will be able to. 1. Identify parts of a VOM and- -
use a VOM for electrical - ' . their functions,
measurenent. ' ' - ' I

<

. S / ' - - 3. Heasure resigtance with VOM.

k\ S 4, Measure current wjth VOM. ' ‘\\ ;

" . . 2. Measure voltage with VOM,
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Using a VOM

" Objectives

Given:. ‘ " The studeﬁt-will' | |
Information Sheets. : \ - -Answer 6 test questions.on the b;fi;
! o parts of the meter.
A VOM, complete with resistors
and a power source. _ Complete a Task for meaSuring Dc voltage.
; Complete a Task for measuring AC voltage. |
- v ‘Camplete a Task for measuring resistance.
LA _' 5_' ] | - Complete a Task for measuring curreht. |
_ ] AT _ | ‘
Directions S K R o
~ Obtain the following:. i o - . o o o

VOMo . . e I ) s . | ] _. _ " - Jl
A'reslstor assortment . R j S e %
A voltagée source (this unlt4ﬁas‘been preassembled-ﬂgiyour instructor).

7 \ j K2 .

» .

Learning Activities

P2

. . . \
Read the Key Words list. ‘

Read the general description of the VOM in the Informat ton Sheets.

- Complete the Self-Test bn the basics-of the’ VOM.
Complete 2 Task on measuring DC voltage.
Completera Task on measurfng'AC voltage.
Complete_a Task on measuring_reslstanoe. "

Complete a Task on measuring current. .

EEREEN

Optain Fina) Evaluation.




,Key}l'Words, AT G

' age, current, and resistance.

'Polarity Switch: A switch which selects +DC or -DC depending on whether you

cd
I

EL-BE-13
Using a VOM

VOM ‘Abbreviation. for volt- ohm-milliammeter. A meter than ‘¢a measure velt-

v

o ° are measur1ng positive or negative voltage. The + indicates a positive voltage
- and the - indicates a negative voltage.

. . S
Functiqn Range Syitch A switch which selects the function of current. voltage,|
or’ resistance and the maximum@gount. to be measured. :

Ohms -or Zero-AdJust A knob u 0 adjust the meter whén measuring resistance.

Since the battery inside:your mdWer supplies power to the circuit when you are

- ‘'measuring resistance, adjustments have to be made for the various conditions: of
the battery._ .

=~"5:;':'Input Jacks: The place where the test leads are inserted—the red 1ead going -

'§finto the V-n-A jack and the black, lead going into.the “common jack.

Meter Scales Tﬁ tnes marked with small divisions that show the amount.

- measured. A ruiet,

Test Lead;,ﬁ

‘15, & type of scale used to measure distance. A meter scale
ts a type of scale usad to measure voltage current, or resistance.

The w1res that are ‘used to connéect. different parts of a circuit to
the metergto ‘make a measurement. ;

-

. 4
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o  Information Sheet No. 1

General description of the volt-ohm-mi111iammeter. * Commercial models of the ' :

volt-ohm-mi11{ammeter (VOM) multimeter are able to measure direct and alter- A
2 nating voltages, direct current, and -resistance. Additional functions are.

‘somet imes included. A 'wide variety of models are available, -

L]

RANGE ‘SWITCH Rt | "
. AND FUNCTION INpUT ' A
SWITCH  JACKS : e
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N Most VOMS have several features in Common. They-are the following: .

7 ¥ . i e
~ 1. Polarity Switch selects +DC, -DC or AC depending on what it is you are

'3,

going to measure.. (See drawing for,a typical example.)

ol

N

_ | L
o0 00 ;) N

A

| _POLARITYSWHCH 1-ZERO ADJUSTMENT

A - -
INPUT dAclf\es-N _ L‘—FUN_CTION ~RANGE SWITCH

s

Function-Range Switch selects the function (current, voltage, or resis-

tance) and the range to be measured (100 mA or 10 mA, etc.),” Only one of
the ranges can be selected at one time. - S

Ohms'Adjust (sometimes called zero ohms) 1s a variable résistance in the

ohmmeter circuit. It 1is used to adjust.the meter when measuring ohms to

“allow for changes. in the voltage of the internal batteries. It is adjusted

with the range switch on any resistance range so that the needle points to
Zero'on the ohms scale (usually on the right side) when the leads are
touched (shorted) together. The meter is-adjusted to zero because at this
time there is no resistance between the leads of the meter. This adjust-

~ment must ysually be made whenevéx the resistance range is clranged..

| SR o '
l |
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( | : T ¢
AR -4, Input Jacks are the places on the¢ meter where the test leads are connectef. ’;//
They are all clearly labeled, and if there is any questfon as their usage, o

information~—hﬁost*measurements —
‘are made by using the + and - . (common ) ®yatks. . , -

5. "Meter Scales are like a curved ruler And are marked with small divisions

from whigh yalues may be read.
s

'6.'_Test Leads are the wires that are used to connect the meteﬂ'to the circuit IR
under test. The red'lead is considered positivé (+), and the black lead is

negative (-).or common. Connecting tiese leads correctly is called observ- S
" ing correct polarity. Incorrect' po)arjty in DC circuits wi1l cause the -
needle to deflect or move backward nd damage could result. In AC ° o

". circuits, polarity is not importan .

AT VOMS have one thing in common? "they have a very sensitive meter movement .
Jhe meter's range and function are changed to measure various voltages and ‘
currents. 5 Lo
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. ‘ Self—Test -
« o R . . { . ' ' . . | »

General descriptifn of the voltiohmfmilliammeter

bSelect'fr99 answers at bottom of page.) f

l. Polarity Switch

2. Function-Range Switgg_

3. Ohms Adjust

o

4. Input Jacks B

- . "
. 4 - . . -

5. Meter Scales —

6. Test LJ&ds -
' A ' )

a. Used to adjust the meter whe; measuring oﬁms. k B : I :
b .ires that are used to éonnec; the meter to the circuit. C::::%’]_ -
c. éelects +DC, -DC, depending on what you aré go}né to measure.

d. Marked with small divisions from which values may bé read.

e, Selects voltage, current, or resistance and the maximum amount to be

measuyred. : _ _ ——

f. Placwks on the meter where the test‘ieads are connected,

] : /
.
Al 1
.
»




- General procedure for using a VOM £o measure voltage

. ]

“The following is an outline of the basic parts‘bf,the meter used to measure DC

voltages and the genera?\procedure for measuring voitage with a_ VOM br multi- -

meter. This will fit the most Common types of meters with few variations.

!

3

[

2.

.‘1.'

Needle Adjustment For the meter indications to be as accurate as pds-
sible, the needle should rest dire€fly over zero on the left side of the
scale when the meter.is disconnectéd. If. the needle does not sit directly
over zero.on the left, it should'be adjusted only by someone who knows the
proper method of setting the meter. ' ' '

‘Lead Placement Place the deads in the proper input ja ks. The leads are

connected red to poditive (+), and thé black to negativd (-) or common.

Polarity Switch If your meter is equipped with a polarity switch, turn,it
to the position that represents the type of voltage you. are measuring (Rt
or DC). If the voltage under measure is DC, have the switch on 88+ for
measurements. The DC- 1is usSd ﬁnﬂy in special cases such as when you are
measuring negative DC voltages. On meters that have “AC volts" and “DC

volts" included on the range switch, be sure to se)ect the correct ranges as

well as the type of voltage.

Function-Range Switch Tu¥n this switch to the highest voltage range. This

step should be done MNeN measuring any voltages unless you are definitely
sure that the voltage will not exceed the range vol;age. ' '

'Connecfing the Meter Always turn off the power when making a connection to

provide for perSonal safety. The leads are connected across (in parallel

-with) the part of the circuit under test. In DC measurements , yoa connect
- the black lead to the most negative point of the circuitr and. the re

d lead
fo the most positive point. If you are ursure of the ®onnection, consult
your instructor. T

*

Circuit On If the voltage re&dihg,js'within a loWeb‘range (in the lower

174 of the ‘scale), turn the range. switch down until the needle moves above
the 1/4 scale mark. 'Be careful not to turn down more than one range step

9t_a time,

After he'reading'has been made, turn the circuit off, remove the meter, ‘
and turn the meter to "OFF" or to the highest ;ange to protect the meter.

v

q" . " | ., . ot .,.; .‘.. . EL_,BE_13 '
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| ‘ - lnformatio'n -Sheet 'Np; _{2
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lMPORTANT

Generat precautions should be followed with the VOM - as wlth any othec meter.
Some of these are as follows. : ™.

" When measuring voltage the clrcult fs necessarily alive, so keep one hand

in your pocket. This is a safety precaution. If you use two hands con-
necting the meter to a circuit, you are placing yourself in parallel with -
the circuit and may have a short circuit through your body. When electri-
city passes- through your heart, it can, and probably will, cause severe
shock and possibly death. Do not be afraid of electricity; RESPECT IT!

When’ measurlng vol__ﬂe do not have’ tﬁe meter set to mgasure ohms or mllllamps.

as you will damag

e meter.

L/

-~
<
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Equipment: : ;,_' “;g':; s ; o ‘ | y
One VOM S B
One DC voltage source - . = T !

. . '_ . . ' . : e ’\

Procedure: - - T I T " | Y

A \ . , .‘ N V‘l oy o l
1. Set meter function range switch for highest +DC volts range, and hook up .-
test leads (red tp plus and black to minus). Have\fﬁstruqtor,check.]j | _/ .
"y Pldg in your volkage source and locate the.fcommonﬁ and 30‘VDC'term1hél§.”:‘

3. Connect your black Yead to the "common" terminal and your red lead to the
"+ terminal. : | ' ' | ' i
-4. - Does your meter needle move? If not, you may be on too high a range. ,
Slowly switch the range switch to lower ranges one at a time until your - R
N - -heedle moves up to the center part of the scale. DO NOT GO OFF SCALE-:OR - -~ =
> YOU MAY DAMAGE YOUR METER!! (When the needle starts.to move up onto the '
- scale, stop and read the value to make sure it does not.exceed the range
of the next‘lower.rangexgj USE THE SCALE THAT "FITS" YOUR RANGE SETTING.

How much Mge did you measure? 3
. , . . . v } \ .
‘ - If you measured {about QO volts DC, lthe'n continue on and measure the
T remaining DC voltages as marked on the source.. Record your measurements
in the chart‘$elow. = | -
. ‘ Sl | | S
'TERMINAL\VO%IAGE : _ MEASURED VOLTAGE INSTRUCTOR' S 0K
T " ]
" 30 VOO o :
18 VOO |
12w - o - '
*\S ‘ 5vpe -
5. Get your fnstrqctoﬁ's evaluation, . o - SR
‘ .This may seem very easy to you.,bht 1t'take?'a lots of practice to make . o
accurate vpltage measurements, and many mistakes can be made - TAKE TIME S
and CARE. o - : ) S
-
’
- 'v
v ' ' ‘) |
. ‘ 117, 141
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Task B IR
l'Equipment:' # '\\g/(f’. !
R One VOM , C
\One AC voltage source - - | B o
Procedure. BT - | |
1. Set meter function- -range switch for highest AC range. Hook up test leads |

in proper 1input Jacks (have 1nstructor check).

2 Plug in voltage source and locate the AC termina?s.- ‘
3. Connect test leads to AC terminals -of your. voltage source (on AC
polarity does not matter), _
4. Observe scale and reduce ranges - slowly one step at a time until. the M
~ needle rests in the upper half of the scale. v A
: 5. Record your reading and range for AC.’ '
‘ ' " ‘ A . "
~ RANGE ) VOLTAGE 4
: A | ‘
Have 1nstructor_e9aluafé¥;@a
CA A a
r\\ _ .
. .
A '\
o ‘\v
4 ,12
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General Procedures for using a VOM to measure. resistance -

The fg)lowing is an outline of the basic parts of the meter used to measure
‘resisfance. _

~ - When measuring resistance with the VOM or multimeter. it is necessary to follow
certain general procedures. These are as follows: ' oy

l.

2.

3.

4.

5.

60'

'Lead Placement Place the Jeads into the proper input jacks. These will be

‘the + (or V-1 -A) -and - jacks. as used for most other measurements.

Polarity Switch This switch is placed in the DC+ position .as the meter |

will not work properly when on AC or DC-.

Meter Zero The meter nust be set to zero to measure resistance. Nearly _

"all VONs have ‘the highest resistance where the smallest current flows..

The highest resistance readings are, therefore, on the left of the scale,
and the VOM usually does not have an adjustment for this side. e meter
zero allows the operator to set the meter so most current is flowing when
the- resistance is zero., This. adJustment is made as follows. :

'Step ar—With the range switch on the resistance range desired touch the

two Jeads together (short circult)

3

'Stepob: Move the zero adjustment so the needle points over the extreme

_right hand side to zero on the ohms.scale.

Step.c: .Disdonnect the leads. Do not leave the leads shorted together, as '
this will run down the battery in the meter!

Function Range Switch This switch may be placed on any range desired for

resistance measurements. " The range switch selects the multiplier for the
meter. To find the actual resistdnce of the ¢ircuit, take the reading from -
the metér scale and multiply it by the number on the range. For example,

if the reading on the VOM is 2.2 and the range is R x’ 100 the value would

‘be 2.2 times 100, or 220.

Read the .meter scale and multiply by the number lndicated on the range
setting, and record the value if necessary. {If a range setting-adjustment
is necessary for a good reading (in the center two-thirds of the scale) he
sure-to check: zero ohms again at the new range setting)

When finished with the readings, turn the meter\to the "OFF" position or to

the highest voltage range to protect the meter
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S - S
__Equipment: _ r , i
C o One.yom o - -

One resistor assortment (at least 10 Aeststors)
o Procedure - f o o '. o « |

'iYou are going to measure the resistance of some resistors that may’ have a-
wide range of values. NOTE: A1l the ohms ranges go from zero to infinity

~(w). There are two things to remember: 1).Your most accurate reading

- will be in the center two-thirds of the meter scale so you want toﬂwelec

. the range that will get you. in that area if possible. 2) You must zero
your meter every time you change ranges. (See step 3). -

1. Insert test leads 1nto proper.inpotljacks:, . I f
2. Select resistance range.. '
3. Zero~your. meter on this range.;m;
A. Connect leads together (short).
B. Slowly turn “ohms adjust" knob untii the needle is exactly over
: . the zero of the ohms scale. If the needle won't go all the way to _ \
- zero on a certain range (usually a lower range), have your . :
- instructor check it. You may need a new battery 1n your meter.
4, TQ&ﬁh the test leads to each end of the resistors and carefully read
L Ch value and chart below, : Also 1ist the color-code value faor

each. O _ - t
) -\

COLOR-CODED VALUE METER READING

E X o d Have-your“1nstruttor‘evaluat8-4 oo
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. +Information Sheet No. 4 = .
' . . - N : "’ .
. General Procng‘e‘for Using a VOMito Measure Current .

' : i . S
. The following is an outline. of the basic parts of the meter used to measure )
current, ' : ' , o ‘ : . '

. 'Nheﬁ measuring current with é'VOM, it is hecessary to follow certain general
- procedures. Typical procedures for measuring mil11{iamperes are 1@ follows: - -

1. Lead Placement Place the leads in the proper input jacks. Usually the
"~ leads are connected to the + and ~ jacks, as before for milliamps. Other
Jacks for amps or for microamps are available when reading these respec- - -
» tive values of current. : Lo . ' !

2. Polarity Switch This switch is to be on;DC+, as the VOMs do not usually .
- measure AC current. . oo

 3. Function-Range Switch Turn this switch)to the highest ran e.. This-step~ :
- should be done when measufing any current, unless you are definitely sure -
that the current will be less than maximum for a lower range, .

4. Meter Connection To be measured.'all of'the currqht that flows through
the component must also go through the meter.’ To make this possible, it

1s. necessary to open the circuit and insert the meter in series. Do not . -
- connect as a voltmeter or ohmmeter or you w probably damage the meter.

Assume we have the circuit of Figure 1, and we wish to measure the current

at point B. ) e
A RESISTOR B | ' |
VOLTAGE SOURCE '
) . . :
»
——

Figure 1 =

E Break the circuit at point B as shown in Fligure 2




: Fo _ ', Usigg a VOM -

T " Connect the meter as shown fn Figu?e 3 with the negative lead toward the

negative side of the circuit (point B, in this case) and the positive ead to
the positive side of the'circuit (shown as point C). >

- : | \ 1 | - o _ .

BLACK

A B

Rfeg\s“mn | ' ]
|- 4 |vomase L
® SOURCE .
r

-Figure 3,. : : | 3 . | \\_

» . 5. Voltage On With the voltage.turned on, the current is flowing through the -
’ .‘ ci rcu%t. If the needle does not go above oene quarter of the scale, turn "

the range switch down one range at a time until the needle moves into the

middle or upper half of the scale. (Figure 4.)

: 1
y | , /'
— . |vouoAcE - . : ’o,
‘ e & |SOURCE o g
| .
i ’ .
- Figure 4 .
| . ’ .

L Lo e 14
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o ‘6. Voltage Off Turn off the voltage, remove the meter, and turn the meter * ..
- "OFF" or to the highesf Vottage range ‘to protect the VOM. Switching to the
highest voltage range switches out the ohmmeter and the ammeter sections of

- the VOM. Both the ohmmeter and ammeter sections can be easily damaged by

~ external voltages. Only switch to the ohmmeter or ﬁmmeter sections when
you need them, Otherwise switch to "QSF“ or to a high-voltage range for
Drbtection of the .meter. . - o e

. IMPORTANT - " .

Since it is very easy to damage the meter when attempting to measure _
current, it is important to use extreme caution when using the current

' function. Many meters measure only -up to 1/2 amp (500 milltamps). So

- -don't measure ANY CURRENT you are not sure is within the range of your -
~~ " meter!! (One-half amp is NOT MUCH.) Another commo# error is placing your = ~

test leads across a voltage drop (in parallel to the load). The current A"“‘_~
function on your meter acts like a short ctrcuit and must be in series with |
the load whereas your volt functions tend to act }ike an open swttch.

CURRENT . C vomace | )
- METER = | S

CLOSED SWITCH
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. Equipment: .

One VOM : .
_ One voltage source _ ¢
Four resistors, 1/2 watt One 100§ -
- One 1k
One 10k
- One 100k . , N
Procedure: I - R o //_

1. List the ranges on your meter for current (DC mA) starting with highest

first. \
HIGHEST "
. LA™
ST LoMEST ‘
S (0 | o
Tt Now, in the right hand column, record the highest point on this scale that
your needle can read to be able to switch jafely to the next lower range. '
For instance, say you have ranges 500 mA, 250 mA, 100 mA, 50 mA, 10 mA, 5 mA.
HIGHEST SAFE READING AT WHICH . TO | |
. RANGES __SWITCH DOWN TO NEXT LOWER SCALE.
‘\’\‘ " . 500 mA 250 |
250 mA 4
100 mA o
L ,’ .
© 50 mA
10 mA | .
5 mA
. . =\‘ )

T O




2.

3.

o D T 1 95 5
L , T " - Using a VOM

' L w

The highest ‘safe point on the 500 mA scale would be 250 SO we would put 250
in the right hand column. - If the needle goes above that point, it would ‘ R
damage the meter if you switched to the next lower range. .

Have your- igstructor check your understanding of this before proceeding.

Set current function to highest range and place test leads in proper input
Jacks. v

Plug in voltage source and determine 'common' and 5 voit DC 'terminals.
Connect your 100 resistor to the 5 volt terminal and your black test lead’
to the common terminal ‘of your voltage source. DO NOT CONNECT YOUR RED -

. TEST LEAD. Call instructor to check propér set up of the foilowing. '

¢ o=
3

Meter range and function.
-Test lead connection at meter.

Proper output- terminal of voitage source.
T
Correct resistor,

————— "W

When approved, hook up red lead and adjust range switch CAREFULLY until you
can make your reading. ,
Record this current: __ , . :

You should measure somewhere around 56 mA. If you do not get anywhere near -

this.value, consult your instructor before proceeding.

W

" If your reading checks out, proceed to use the remaining resistors. Recordt .

each measurement in the chart below.

~ RESISTOR CURRENT MEASURED ~ ~  INSTRUCTOR'S OK .4
1000 ' | .
Tk
T0k
100k
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‘ .+ Final Evaluation , p @
@9 ) ! . -
PROPER READINGS ON: _Re-Do.
TASK A
TASK B . K S
[}
TASK C
' TASK D _ - .
METER STILL WORKS PROPERLY gl
When "all checks indicate OK, proceed to the next learning ba_ckage:
H ‘
. | ;
! . : @ ' )




| ‘ _Answers_

© Self-Test Answers

1.

2.

S
L
-
[
!
&
[

21
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Goal

The apprentice will be able Lo,

comput e eloctrical problens

< tarough use of Ohn's Law,

2.8
OH'S-LAW | y

Performance Indicators:

1. Coapute current from given -
' voltage and resistance.

2, Compute resistance irom given

" . current and voltage.
' 3. Compute cdrrent from given -
‘voltage and resistance.
[ " N
» ’ ¢
! ¢ .
e S A
- L — ‘M v
.' _‘ '
\ p 10 ,
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Ohm's Law
' @ opjectives S reos
-, Glven: .. . The student will: \
Ohm's Law - _. ~ _ ~ Complete a Final Test solving Ohm's

Law problems with 80% accuracy.

: 'Complete a Final Test on Ohm's Law
{ . | : relationships with 80% accuracy.

Materials to perform a - ' - C_omplete.a Task for current.
serfes of. tasks —
' Complete a Task for voltage.

Complete a Task for resistance,’

- Directions
Obtain the foliowiog:
. one circuit board
. ~two 1K resistors (1,000 ohm)

one multimeter

‘one variable'voltage power supply

Learni‘ng Activities |

A .
1\\Stzudy the Key Words 11st.

Read"the'lnformation Sheets.

Do the exercise on memorizing Ohm's Law,
Do the Self Test on Oho:s Law problems.

Do the Self Test on Ohm's Law equations.

Do the Task on Ohm's Law for current.

Do the Task on Ohm s Law for voltage.

| I- (NEN

. Do the Task on Ohm's Law for resistance.
: . | 0 Final Testsil_ and 11,

Wopiliedhtiiviiir et

’
Obtain Final Evaluation.

-
-
N |
- Ut
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2 - ‘ | ~ Ohm's Law

‘lg Math symbol. for current . o L
'R: Math symbol for residtance ' -

E: Math symbol for voltage
I'= E  Ohm's Law equation for current when voltage and resistance are
"R known. . Y

R= Et Ohm's Law equation for resistance when voltage and current are .

ol known.

E=1R Ohm's Law equation for voltage when current and resistance are

1
¥

Diréctly Proportional: A math relationship in-an equation ‘that resultY in a
targer or smaller answer when the terms on the other side of the equation get

larger or smaller. o

Inversely Proportional: A hath relatfonship in an equation that results in a
smaller answer when the terms on the other side of the equation get -larger, or
a larger answer when the terms get smaller on the other side of the equationy

Ohm's Law Pie: A circle used to easily'memoriie each of the Ohm's Law equa-
tions.” To find "I" you would put a finger over the "I" term and the remaining
part would form the equatfon: I= E . .




'
y

.. tance". Mathematically this\is expressed as the equation I » E_

A sinple rule to’nemorize'eqch eqdation,involves using an Ohm's Law pie.

| ‘lkisolve for current, put a finger over the 1 and you get _%_ or [ = £

- o ) ) ) . ' . : .
o M‘( ;, o L.:..l, D A o o ‘ ,‘_.u-.,__ -.‘.._ _.....‘:A._A;u_;‘, . ,_.,A;.‘._"__A,:ﬁ_‘l._:__a.‘..-l;a_ MMA.“MM;@,AMM

N I R EL-BE-15
. | l n. . . o .- o j . Ohm's_Law
hﬁonnaﬁon Sheet R o T,

Voltage, resistance and current are related in a very Specf51 way. This rela-
tionship is stated in a law of electricity cdlled Ohm's Law. Technically
stated, the law reads as follows: "“The current through a resistance is dir-"
- ectly proportional to the voltage and inversely proportional the the resis~
»

Since there are three terms in the Ohm'* s Law relationship, I, E and R, three
equations may be derived from this statement The_three_equations are as

follows _ - ' ' T
. . : ) . . . ’ , e
For Current - I = E (E divided by R) (E 3 R). o
’ SR I I
For Voltage - E=IR (I times R) (I x R}
“For Resistance . R= E (E divided by I) (t 2 I) -

HHRHMEMORIZE THIS**+

¢ "_ ) . "

To golve for’ voltage you simply put a finger over the E and you get I x R, or
E = 1R : :
. . .

R

To solve for resistance, put a finger over the R and you get € orR = E , -
- A - - T T
- . TR L L - ' - y
7 ' ' ’!‘
Simply cover the letter you want ‘to’ solve for. and the remaining letters form :
your equation. . .

k
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The basic use for Ohm's¢ Law is to calculate for the following. . %
s / -
l'y The voltage if ue know the current and resistangﬁ&\\E = IR. . —
2, The resistance if we know the current,and voltage. R = E . o
‘;w o X '-: . . '. .‘ ‘ —T_ ' © »
2 3. The-current if we know the reSistanceeahd.veltage. -1 = E. e
. | P el i
In addition you need to remember that when using Ohm s Law in a circuit you : ;rj”
must use each term as follows S L . e
" Iis the current;throug_;the_resister;,- N . T, - e
Eis the voltage across the resistor. : ' | '
.  . - R is the value of the resistor. S . '
- v You must know two of the three terms of each equation to solve fpr the
third wAN | . - 3
CURRENT THROUGH-
R RESISTOR :
RESISTOR - (E) VOLTAGE ACROSS. .- -
K RESISTOR -
o — . . o
t .
You may look at each of the three terms another way. : S
) 1. I is the total current through the entire circuit. .
. \( . o . e
2. R 1s the total,resistance of the entire circuit. ‘
J. E is the'totai voltage applied to the circuits
- ’ 4 . : . " ’ ) - ¢
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TOTAL CURRENT

_ | L
© FROMSUPPLY ?@ o -
N .
FOR CIRCUIT T o, B

. ® ../.
- When solving for Ohm's Law equations remember to convert all values for °
resistance, voltage, and current to their basic units. -
| o | | | o= .
The basic unit for resistance is ipe ohm,
The basic'unit for voltagé;ds the volt.
- The basic unit for current is the ampere.
To help you work problems using Qhm's Law, the/ equations widl be presented
showing all conversions to ohms, volts, and amps necessary to solve each ‘
* equation, In\the following circuit diagrams the symbol(A)is used to represent
" the ammeter thdt is measuring current (I) in amps . R

Now let's try a few pfoblems using each equations. to make sure you:can'follow'
the math involved. : o ' '

FOR CURRENT

GIVEN. o | = E

“E= 10 volts | o - R
R= 10002 or 1k | . : A : _
‘. . I= 10 |
L | - 1000 (k ohms converte
} , : : o ‘ ~to ohms)

(A} . -
A '~ I'=.,010 amps or 10mA

UNKOWN CURR § - VOLTMETER

v L
L

IN AMMETER READS IOVOLTS ) K
- ' ¥ \ ' :
2 ' \
/’ ‘: \ i

N




T T RLpEels
: : : T Ohm's Law - - U

FOR RESISTANCE ~ » - | . T

IVEN o i - \ o R= E " . ;
. E= 20 volts | ' _ R | | o [
I»:20mA or Q200 ¢+ _ S

‘“U?ﬁﬁ" (20mA converteﬂ

. : ' to amps) /!

!/
/

“ T AMMETER S R - 1,000 o
R AMINIE . | = ,1,000 o or 1k /
L " READS 20 mA (A)" R L -/

/

F—
\j

UNKOWN |
-t RESISTANCE . SE

. . . . |
° o ,

T
¢

e | Mome S A |
/‘ N ‘i' ) M v' . . . )

i

GIVEN . T | - E=fIR
-~ |I= 15mA or .OISAW - :
< [R= 1k or 1,000 , ~ E = .OISA x 1,000

 AMMETER
'READS 15 mA A>
¢

UNKNOWN
VOLTAGE ON

R: IR,
VOLTMETER
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To memorize the Ohm's Law edﬁhtions. work out the following problems.
by writing the equation and solving.
voltage will be the same as the voltage across the resistgr.

.l:

i

~Ohm's Law

Check -

In the following circuits the battery

CEL-BE-15 .

3, Sl 3pa
, AN~ St -
3V 3 sV - l. T
- + - .
i— | all B
I I _ ' . : A
AN ' VAL ,
. | _ I
410V _ Y ( -“ OSOV'
J,l — i ||l
o | o
' : " ' o »
3A _ 3a 7 j_mrs  orn .
— AN 3- e AAN
- o + - .
fil— | — it |
{ * . ~.‘ .
| / 6 3 . . : . | .. - .
- 25-n *’-ﬁi—~ R ' -
'*v‘V_V‘ ® ‘ AAA . | L
' o i
+ 5V _ W~ |- |
- il ‘ . 1l o
NN U L L
> 9 o




o y o .- . 7. Ohm's Law
Self-Test =~ S

e | . | : _ _.

~ ‘Ohm’s Law Probems |
1. Write the 3 formulas for Ohm's Law. -

e

=75V = E-= R=5h . = ESV
= endl = JL ol .-
s R= T 5k =
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. Final Test 1 o -

Ohm's Law . . .

~ Solve the following problems using the appropriate form of Ohm ] Law for each
-one. The tirst one is done for you as an example. '

£
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B & " ‘h

3 . N 1 ’ ) . ‘ ‘ o
' ‘ . L . N . 12 | ’{t . L .. | . . A ' . :x 3
B I . | ' . " 6 4 . ‘ o ‘ - ‘ \ .
. ,, ez = . ‘, . . . ‘ . f / - oo ‘ ~
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. Each equation tells us wﬁﬁt will ha
down in value.

Refer to the illustration below:

A.

I =

o;BECTLY PROPORT IONAL TERM

ppen to our answer as each germ

v R goes up and [ goes din) ( R goes down and

E*EE goes up and l.goes-up)~ (E”gpes down and 1f?oes down)

i

= Current in amps

' ,',~r,f,'3:

EL~BE-
Ohm's L

goes up or

goes up)
" INVERSELY PROPORTIONAL TERM | S

16
Wy

(I goes down and E goes down)(I goes up & E goes up)

IR (R goes up & E goes up)(R goes down & E_goes down) . B

BOTH TERMS' ARE DIRECTLY PROPORTIONAL

Voltage in volts

-~

C.

DIRECTLY PROPORTIONAL TERM :

E (E goes up jand. R goes up) -(E goes down and zfgpes down )
I g},gges up‘and R goes down) goes down and R goes up)

INVERSELY PROPORTIONAL TERM

R = Re&stance in ohms. | o .
. ‘~ A ' . . o . ) * .

, Remember the basic way Ohm's Law was stated: The ' current through a resistor is
directly proportional to the voltage across the resistor and inversely pro-

portional to the resistance of the resistpr;
goes up, the current goes up; when the resistance goes
down. Mathematically it Tooks 1ike this:

I =

You should be able to see that; within this

3
£

_\'.

‘(any term on top,of the line 6n the right side of the equation is

directly proportional to the term on the left side).

{any termwon the bottom of the line {s inversely proportional  to the

term on the left side.

.

equation, if the voltage goes up,

the current will go up. If the resistance goes up, the current will go down.

¢

v

In other words when the voltage
Yﬁ;,_phq current goes




A

Consider.ﬁhe,following example df'dirgct proportion .

I_=4gA -

o
'3

[ x40V
0 ¢

1 = 4A g

£ 1Y

-

Current in & is

] 2 times that of A

-«

i ey
; v

EL-BE-15 -

Ohm's Law

e

Voltage in B is

2 times ihat of A

~ Note that when the Voltage increased by 2. times the current increased by 2
times, or by the same proportion. Therefore, we say that the voltage and the

current are in direct proportion.

)

4

-
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Next consider an-example of inverse proportion .
" » ¢ » S" )
. ﬁ, ' . N
- £ |
A. 1 R

R N
'. ...... ™1 Resistance in B

Current in B is SRR ¥ | is )5 that of A ,
2 -times that of, A _ - " ) Sme e

B.’I'-J% . L |

Note that when the resistance was cut in half (1/2), the_ current 1ncreased by 2

times or by the opposite proportion. Recall from your equations package that 2
© is the opposite.of 1/2; therefore, when the resistance was cut in half, the '
. current doubled, or increased by an opposite or inverse proportton. The above

equation shows current and resi stance to be 1nversely proportional. A
X o . R \

Y

a - .
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of inverse proporffﬁn.

_Let's consider another exampl

-

Current in B is
4 times that of A

‘Resistance in B.
is )% that of A

Note' that when the resistance was cu
by 4 times or by the ‘opposite proportion.

/

t to'1/4 in B, the current in B increased
Recall from your -equations package

that 4 is the-opposite of 1/4; therefore, when the resistance was cut t
the current increased by the opposite proportion of 4 times.

each other. When resista
opposite proportioni:

The two examples show that resistance and:current are inversely proportipnél to
nce goes down, the current will always go up by the




. At this point it would be easy to show-you an equation, give you the numbers to

| learning unit.

> I * EL-BE-15
: o ' - : ~ Ohm's Law o,

%

g""f b

At this point, you should be familiar with the idea of‘dirett proportion and \ .

inverse proportion. Let's look at each formula or equation for Ohm's Law
and state it in spohen terms.

L] e ‘g_ The current 1s directly proportional to the voltage
For Curren R and inversely proportional to the resistance.

Fog,Voltage'E = IR .Thk'voltage is directly proportional to either the |
- | current or the resistance."

>

For R . 'E_ The resistance is directly proportional to the
| ?r esi;tance R - voltage and 1nvqrse1y proportional to the current,
You may question why we go to all this trouble learning about the relationships
of each formula. Why not just do the math indicated by each equation? The ° .

reason is that understanding Ohm's Law 1s necessary to succeed in applying it.

substitute for the symbols, and let you solve for the answer. You may have to
learn to do this for testing purposes to be sure you can work the problems, but

it 1s of little value when confronted with an electronic problem in some type

how you anplyze the problem. You must be able to interpret the voltage,

resistance and current measurements that are different from that c¢alled foM dn
RSemavic diagram. This is the real test of your ability. In a tater unit
e will explore troubleshooting using many of the ideas presented 1n this o .

»

of radfo or'television receiver. Your skill in using your K:g;ledge will be in
h
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Self—Test ST ! - -, |
DIRE%TLY PROPORTIONAL VALUES &/ lNVERSELY PROPORTIONAL VALUES. U;E}G OHM'S'LANT'
EQUATIONS. C | | . | .
,1. The resistance in a circui ent downvbut"the current,stayed the.same.
Nhat happened? . “Jf L o e -
a. Voltage was increased. S - - ] .
,- b. Voltage also degreased. -~ S »
c. Voltaye stayedsthe same.‘v | : S .-

. "

current do? i v

*

2; If resistance stays the same’ and the voligx:*decreases what will the

o A5 N )

a. -Increase -
b. Decrease \ , N o
c. Stay the sames TS . _)( 0 .
3. The current in a circlit went down but the voltage stayed the same. What -
: happened? . : , _ - L
3. Resistance. increased. L e
\ﬁﬁjag Resistance decreased. - T
c!* Resistance stayedsthe same. ' S
4, If the current doubles through a resistor the voltage across the resistor
will ' ’
a. remain the same. L e : S
b. be 1/2 of the original value S - S
c. be twice the original value. a . - .
5. If the resistance in a resistor doubles the current thr‘igh the resistor S
will ¢ ' _ . P | .
} ~ \ .: o : o b : ;
a. double in value. , B " S .
B. be 1/2 the original value. S s
c. remain the same. . S
) - . | | ) ¢
) - . _ w ! ] 'fi ‘
' - Lo il A’V 4
.;' " ) _Wa k (r, B g N
‘ | e -
' l.‘ o ) . 9 “‘
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Obtain the follbwind: ” ) '
1 multimeter ¥
1 ammeter
2 1k resistors
1 resistor of unknown value o
-1 circdit. breadboard. - - o | | o
1 power supply S . o R S , L

consrnucr Jue]ro;LouxNe CIRCUIT:

- STEP 1. Usfng,Ohm s Law equat*on for current, solve for the current through
~ the .ammeter. (Do not apply power to this circuit,) ' mA -

‘Now apply power to the circuit hnd record the current measured,by the

ter. mA o oo TR . \\

.. YOUR CALCULATED VACUE IN STEP 1 AND YOUR nensuneo VALUE IN STEP 2 * .. " '\
7, SHOULD COME OUT THE SA¥E.. ‘

STEP 3. .Open the Jumper s0-no current will read on the meter. Reduce’ the

: voltage to 10 volts. " 10 volts. is exactly 1/2 the voltage used in
Step 2. Using the rule that cérrent and voltage are directly pro-
portional the Current should be of the value measured in
Step ‘2. | he exact ampunt of current should now be - mA. :

PaaLCE

STEP 4. Connect the jumper: so at the ammeter will measure current. Recapd- ff ST

the current easured the meter. A,
_f& }:E gggRgNT DECREASE MEASURED IN STEP 4 'SHOULD MATCH YOUR ESTIMATIONS
S R . |
1 N . b A .

STEP 5. Obtain your 1nstructor1¢ evaluation. . | .

o
3
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Task B

CONSTRUCT THE FOLLOWING CIRCUIT:

| ' » '
|
‘ .
L
| ’
N . ‘ (
STEP 1. Cover the face of the mgter- located on the power supply. .
'STEP 2. Using the Ohm's Law equation for solving far voltage, solve for the
voltage across the resistor (Ep) and record the value. v
STEP 3. Starting at zero volts, turn the power supply voltage up until the
, ammeter réads 10mA. . Measure the voltage across the 1k. resistor and
| record the value. v ) B .
. c "YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH LT
YOUR MEASURED VALUE IN STEP 3. | RERRA \
(STEP 4. Remove the voltmeter from across the lk resistor. - f"a - :RM,.' -
<~ l ‘ '\..., " 1
STEP 5. Increase the power supply voltage until the current doubles Qr \L - , ’!».W. '
_ equals ZOmA. S G ;fif' S

. Using the rule that current and’ voltage are dlrectly proportional L
: L. ‘the new voltage measured Across the 1k- resistor ‘should 1ncreasefby A
P TR ”ga factor of and reod volts._;gﬂ K ey

-—-n--u-{- ’
/

Attach the voltmeter across the 1k resistor and measure the new

9__
g
©
'oa

T A -.-'__--'-voun Esnnm m sm 5 snouw uAmH voun ueAsuReo wuuc LN srep 6. o

SIEP 7 Obtalnlyour 1nstructor s eveluation. -f}fQ ‘.gﬁf"

avr !
£
e
ot
3
v
: Are
o \
3 - u . .
- . “
) »e ’
ST ,
. [4 . I
\. . ‘
A
L
+




'TEMBk:(D

CONSTRUCT ‘THE FOLLOHING CIRCUIT

STEP..

80."

Y“oody

'

kT—

ATTACH METER'

I|1]
m

n

+ TO - AS INDICATED

R UNKNOWN
P . AMMETER REsSTOR

Have your instructor cover the color code on a resistor by using

masking tape.

Install the resistor as 1nd1c&t§d in the above diagram.

Starting with the voltage at zero 1ncrease the voltage until the

ammeter reads IOmA.

‘Measure and record the'voltage across the unknown resistor. .

Using Ohm's. Law calculate the value of- the—resis%orvusing—the—40mA-—ﬁ-»‘-~'
current and the voltage you measured in. Step 4, : '

Remove the resistor from the circyit.,

N .
Usipg your multimeter set to read resistance measure and record the
_____Ohms :

value of the unknown resistor.

pbtain'yourrinstructor's evqluatiom.ff

\

\

¢

EL=Bt-1o
Ohm's Law

I

“YOUR CALCULATED VALUE FﬁpM STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN
STEP 7.
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Final Test 2

The resistance in a circuit went up but the ﬁrrrent.scaj:? the same. What

happened?

Ao'

8.
C.

Voltage was 1ncreased.
Voltage was decreased.
ydltage stayed the same.

0

. EL-BE-ly
.Ohm‘s Law

S . o :

»

_If the resistance stays the same and the voltage 1ncreases what will the
current do? ot . . N

A.

L'y

C.

—

T~ o
Increase. I
Decrease. - - '
StaY'the .same,

The current in a circuit went- up but the voltage stayed the same. What
happened? .

A

8.

- C.

Resistance increased.
Resistance decreased,
.Resistance stayed the same.

v

L

If the'current through a resistor 1ncreases 3 times, the voltage across the _'
resistor will :

A.
B.
C.

If

remain the same.
be 1/3 of the original value.

be three (3) times the‘original value.

the resistance in a resistor decreased by 1/2, the current through the

0 resistor wisll -

A.
B.
C.

double‘(XZ) in value. :
be 1/2 of the original value.
remain the same. g

-
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. Final Evaluation

0K Re Do

Completéqithe Task on Ohm's Law for current

| e Completed'the Task .on Ohn's Law for voltage

‘ ) '\e

B Completed the_Task on Ohm's Law for resistance

\‘Qompleted final Test I on Ohm's ‘Law prob1ems
with 80% accuracx.

— : —
. Completed Final Test IT on Ohm S Law relationships
with 80% accuracy. _

-

When all cﬁécﬁs indicate OK, proceed to-the next learning package.
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@ Answers
~Answers to Exercise #l-

1, R= € = 3V 1g . o _ S
-T- SK _II . T S ap . '

L 2. 1= E =10 =2A, A L .
- < W T T e o

= IR =3AX30 =9y .

- Cad
°
m

4, 1=_E = 150V =6A -

LN
®
&£ gt

= E = 15 = ,005 = ,005A or SmA o - . .
" R 7,000 o . |

6, 1=, = 150V = .03A or .30mA o .

74 E ="IR = .003A X 2,0008 = 6V T P \
8. R= E = 9V =30 3 o

® T

Ahswers.to Self-fést #1

1. 1= E | R=E, . - E=I.

L - T
'Any order is correct as fong as the equaijon 1s written corbectly. .

2. 1= E 1 = 20V I ~ .2A of 200 mA |
v lnﬁﬁ . . - . "

‘ R
.3. “': E o | R "'1203/ ' . R = 129 ' ) ,

4. E=0xR;E=1x1,0000;E = 1,000V or 1kV

5. Re E - - R = 75V .~ R= 1508

6. E=IR' E = .14 x 5,0008 'E,= 500V

A , o o,
7. 1= E . Is_5 “I « 10mA or ",010A -
B 50 |

'
n : . iy

:é4i‘176
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4. Answers ': S B \ ‘“\

Answers to Self- Test #2

'\\'1. B. R =.E ‘Restance and voltage are terms that are directly pro-
;T portional. Therefore, if the resistance goes down, the
voltage would .have to go down.
[ = E . Current -and voltage are terms that are directly propor-
R tional. Therefore, if the voltage decreases ‘the.current
. would have to decrease. - _ : L~

3. AL R W E Current and resistance are inversely proportional terms.-i
Se Be RUTTT Therefore, 1f the current goes down,. “the resistance would .
-~ have to go up or increase,

4, C. E=IxR In this equation, current and resistance areiterms that are i
- directly proportioqal. Therefore, 1f the current doubles. '
the voltage will double or be twice the original value. - -

5. B | [ = £ This equation shows current and resistance to be inversely A
* TR proportional. Therefore, doubling the resistance (X2) will //

- have thé opposite effect. on the current, and it will be 1/2 /o
of its value (opposite of 2 is 1{2)

'
. R
‘ . ! . . : ——
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Performance ,lnc‘lcato,ks:

Goal : ‘

A

~ -

i The apprentice will be able to use - 1, Compute wattage from given ‘
Watt's Law in computing problems 1 . voltage and amperage. ° Te
in electrical power. & S ‘ s - . .
N . ’ _ ‘ % Compute amperage from given ‘

e ‘ ' e - 7. wattage .and voltage.

: , , : 3. Compute voltage from given ‘
N . . \ _ E S _ - amperage and wattage, . . T

!\ : ."

>
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o ' . : | | } Power/and Watt's Law
.~ Objectives | - o | | .
. - h R | . - o H‘% .';
. ‘ Given: I The student wille °

Perform an experiment demonstrating
P, I, and E relationships using
Watt's Law.

Resistors of different wattage
P and equipment to perform a task, -

i

 Watt's Law

Answer .a set o tesdquestidns with
80 percent accuracy.

[

[ . -
A
v , . .

- " Directions

!

. Obtain the following material :

-Circuit Board T 10 &Rh I/ﬁ watt resistor
Power Supply _ ' S AU
Multimeter - a 10 ohm 1 watt resistor
; (//
L N ‘ | |
m .
L A - : | . S R |
Learning Activities A NS
A . -,
Study Key Words. 1ist. | '
. - \Read Information Sheet,. . , -
, - Do Self-Test on Watt's Law equations. ™
j —— - -
' Do Task on Power. . B
‘Do Final Test on Watt's Law, ’ | B
'Obtatn Final Evaluation. S S 4
o ‘
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- T Powvr/and Watt's Law
| ‘Key Words -~ o | .
' h’i lf_ggg_g: work done by electru.al pre:,ammlm \}Itage. CEEE ' >
N 'Eg££k The basic unit otwpuwor nr: i
Natt~hour: The basic unit of power mult1pl1ed hy time. . _ o
" “ Wattage: .The amount ot power in watts used Lo do work by an e}ectrical devfce. '
\). \NattsLaw P=1XtL \ '

.

' Amphour Ihé’;hount of turrent per hour available in a battery.

t

Power Dissipation: The amount. of heat'generated in watts by an electrical
- device doing work , \ ' ' . .

R}
\

A
i

v

Watt's Law Pie:

A memory aid to learning Watt's Law.
{ .
‘ . Dissipate: .To give off energy in the, form of heat. L
.- . .
\
"
/.
®




\ ' P oo N R LleDL=dy
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.7 The basic unit of power is the watt, AL ot Lhe it d, Ve I your !

-home: bhat use electricity will tell vou how mich powbr they. use by telling

1670/t on,

you how many watts they use. o Lo
. : : o - ¢ -
- Approximate Lost of Uperation of Applicances '
- 7 Average "Jtst. Cost per Month% .

Appliances | Wattage | at $0.04 Pgr KuWH -
Toothbrush Sl .003
Clock i 4 .06

‘Hair Dryer ' 3l .05
yewing Machine ! Y .04 .
Shaver ' Y .04

| Toaster . il46 ¢ R X
Vacuum Cleaner = 630 ' .15
Radio . , 71 .29
Washing Machine 512 T .34
Coffee Maker . 894 - 35
TV, B & | 44 .33
TV, Color | 144 .1.06
Dishwasher | Jeul . 1.21
Retrigeratury, -1 - \ Y2.33

Freezer : - T
. Manual Defrost ‘
' Clothes.Urfer | 4856 3.31

Range wit en ,I 12,200 3.92
Refrigerator/ | - 5.98
g Freezer - . ! '

.- Auto Defrost ’ S } :
Water-Heater ~ 1. 44 M : 14,91
Central A/C | l 35.00
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" ,. electric heater. The size of.the bill that the electric company sends’yoﬁr;-
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c _ g N . 'Power/and Watt's law o
Information, Sheet~ = % o e o
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< You will often headﬁfhe words "alternate sources of eneqgy" when describing. -~ . Y
© _ different sources of electricity. Nuclear energy, solar ‘energy; geothermal T e
- energy, and wind power Gome from different sources. The energy from all these -
‘dillerént sources can be*used to create electrical presstre or electricityd - . . .
When  this electrical pressure does some work for.us, suc as light a lamp or * '~ |
» fun a TV set we are using some ,of the energy. The amount-of energy we:use will .
' depend on the type of work being done by our electrical pressure,” ‘In this unit ,
- we are not concerned with the energy itself but with the work':ithat-is being.':; '
done. Power ts the word used to describé the ability:of this electrical . . -
~ pressure to do work. Anytime @lectricity 1is used to do*something, power s °
also being used. The amount of power‘used depends upon what' type:-of electrical-

.app}iance you are using, ' L BRI A ,“ SR
’ . . . .__ g '. o ‘ ' . . |
’ . e ;
. T o) G‘
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i st Thnine e ’ |
] il ; s
i B ’ X
: | . N
it " F | »
HRUHIE i v
! ' |
i |;” »
: ol ' "’ | ‘” " ‘ |; e o : :
M, ' . L :
gl ”’ . . f
i . vt
,I” | 3 B _;"! .
‘v » : Xt o
\ . o o] ‘ ;t
- v Ll
°- L. " [ e

A stove, for example, uses'more powdr than a TV set. The two electrical +:
devices in your home that use.the most power are the hot water heater-and . .-
o>-depends on how much power you use. - Conserving the amount. of power you'use . ..
.Can prove’ very helpful ip trying to keep the electric bill as low as possible. i, ,*
If you have ever looked at your electric bill and tried to figure out what - = . ot
makes it so high, youymay have noticed that youpwerg-bj]led'fonvthe,amount'of,t-w; L
watt-hours used. The amount of Watts used times thé.timg-jn hours, the power.. . ' . .
is used s called watt-hours. . - R S S L
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T . - : S Powef fand Watk's Law -
) . . " L e v ; N !,‘ A . ‘_::‘. I ge _".._
. ' 5 ‘ b . S ¢ AR T S '

‘ .. The clearest example of the relationship of.vgéftt'agéiﬁ'éé}i;'td wq-?l.iz:_doﬁeji"ﬁf'ﬁ‘hé :
B ~light bulb. You are, aware that.a lga‘watt_bu]p~giv@5 much more: 1ight:than a 4@~ ' .
ricjty.tojproducgrthatﬁngh§¢:£Mosﬁfhome;‘”“_"

Y. watt bulb and requires much mbre el ; _ EAT

. light bulbs. range from 25 te 150 watts. *The g¢lectric appliances tha you ‘have.:i 1
.« .will average from 100 watts to several thousand watts. ~Yoltr electri compatiy .7 L
e " will charge you for the amount of watt-hoyrs used. Since you are hikted poty " ¢
' -~ once per month, several tQSUSand-watt-hpu?sfﬁill)be onyour bil1 dach-ponth, L

To figure out how many watt<hours something will use, -simply muTtiply the ™ -
. - amgunt of power in watts the-appliance uses by how many hours .it "is turned S e
UL on. For example, 1f you leave.a 100 watt 1ight bulb on for 30"days.or 720 ~° R
- . hours, vou .would use 100 x 720 ar 72,000 watt-hours. «This would normally be - X

expressed as 72 kilowattshours:or 72 kwh. . = - PR T, S o

LT

.. e y SRR SN RGP
The electric company charges a fixed amount for .each kilowatt-hour used. The

- electric lines usually supply 120 volts for small appliances-and 240 volts for .~
B . . . larger appliancel. If you do not-haye a device .connected to:gfhe electrical S el
. " outlet and &he device turned 0p, .then you are ngt using any.electrical ipower .~ .. .

or energy. It is only'when the item-is plugged.in and tuhped‘Onvthat»enehgy:.«’;. : ﬂ
or power in watts is being used. . - e T

Sy . . . [
o T e ~ ~
i ' - cewy

. Power.-ts used anytime you have g conductor which connectg .one- slot: of the ~
- electrical outlet to the-other,. The conductor forms-a;p‘fhWayfforfthggeléc~ 
. .~ ‘tricity. The apptiance or the electronic device which is'pluqged dnto -the -7
| . wall represents z’LOAD'on the electrical service to the Ho@;&i -Loads, are“often
. represented in schematit di-agrams-_as_-]a resistor and often if#dcated as Ry, o

l‘ .
4
. Q’
. \ .
.

r

’

o

CWALLYOUTLER L e —
S S | TPOWER CORD PROVIDES PATH FOR .-
ELECTRICITY TO 'FLOW FROM ONE " °* 7
OF . THE. OUTLETS. TO THE OTHER,

o

A}

M iy
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J'pf i%fhu may have exberientéu a e

r

’

o,
o

» :

Power is also | :
.;-of-a battery, éven“ir-¢ner@:ns'ho~tQau;'ilhn
.o immediately if .there s nisloan to it fhe
uias asshort circuit. R

"fjfTheiioﬁ

Y

poo

E

) d]partS;of?tﬁ%*pleéLﬁ¥cal;syStem in. @ -car, such’ as head)
'stagten,{proyide'a4Fesisnance to: ' '
~ thelbattéryi
f;‘Om bu m !ng up‘ o

: : ” o . .-:v‘.' B ) ) o .
»
.

S . ‘, } . . . u s ) _. R ”‘ R o .‘., . q : ' . e - -
used it yiu. prav;ﬂeﬁa“aunnggying,pdtn:bénwgen thq;@wo tgrmln:;;*- pi
battery will go dead:aliost . '

A£low il current.  This {s known

PEN ; o X : R
oo E b ; PR

51§ Ganc the f[QWfWhich,ﬂimits_;hefcurrgnt3dpain_from S
The“Jvad aJ§QSULsQipd§es’hEat-andjlight;which prévents. the wiFes_”ﬂﬁﬁ"
o O I Pt R TP S ST

dghts, -radiq, T

i

Lo

| A\

The amourit of power that a battery can sy

power that can be supplied by the electri

'_gffpower’thatf@”batgeby can supply usuall
battery.: . - ' P |

e e el . <

. u!--.'
& 'l'.l L . . L .;:5/:‘ . . .:- i
Dplyﬁﬁs_nuthfless'than_@be amgunt-of .. CE
caq l,‘i ne 55" y,(JUr‘ home‘ Y\rhe’-,-:*am()unt-} B -k
Yy depends on the Silef?nd\Qerfof‘the .

;star‘ter‘h.-

power to start ‘the carbut wpuld still cause the. headlig
- happened because the sfarter
~- When the battery gets weak , i
- sti)) may be able 10 supply

. SMALL AMOUNT OF PuWER
L ;o

. The amount of vo
, consider. " The ‘12 volt flashlight battery and the 12 vo
' provide 12-v

to start a car b

Z-volts

'

| TLARGE ‘AMOUNT.OF POWER =~

Vo

1taye that Lthe battery provides is pot

» AL SO
the .only ‘factor we
: 1t car battery each -
at the terminals. The flashliqht?batternybuld_hever;be-used_ A
gcause it cannot supply the amount of pawer. required by the car .:

ms't;.‘:‘. - ".;.

. o .- -
. . N . L v .
. . ;

| ts to-1{ght up. That*
fquires wach nore.power than the headlights, .
ciannot - supply large amount's of power, but it «
i ynal t amuunt.ot‘poer.g3j"1J;;_-,; ) C
| " : A R

.dd battery" {4 car: that anu1pqnbtisupp]y.énoughg*
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S - ,Ppwerf./and.bldtt's_; Law

. L, -'../_'___,..” "'»"-'.:'1"""“._ N t’ - . ‘ ‘ . '_~.'..-"l' . C ' ) - . : e, S . ."', ./ .
s Devices that- get their ‘power’ from a’ battery or power supply.-such as that used , o
' tn your experiments $tate. their power< réquirements in- AMPS instead of WATFS,

w7 To findeout how mapy watts are required by a devicg that tells you how much'™ ./ .
current: in”amps -it requires will involve Some-calculations, Determinist watts
*needed (or power) 15 the basic function of Watt's haw,_-, Electpical-devices that
plug into ',}he.wé-l‘f outlet will alwdys have the powlr in watts-that they require
_printed spomewhere on the device.  All other products that-use power from some
type of battepy or péwer suppl y usually tell you how much "’"Eurrent.. in-amps they-
‘ require,” How'to convert amps into watts nvolves an.equation .known'is Watt's
G “Ldw.. The law states that 1 watt of "poiér is used when 1.volt.-af electricity
D causes ) amp of .eTectrical current to flow through a1 ohm resistor.: oy, -..: .
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S Watt is 1_a_.._w;;,~'is usually expressed 'in;an equat iof Jthap .,u?és,vd]tage and-currepts . " R
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“két's go back to the.problem-of f-.i'gupi.ng' out how ‘much powenyou r\chéadﬁ'gh:_tyor .
. Carf starter fiay require from the.bhattery. ‘Due to the load fesistance inside .
- the headlight, 2 amps of current may flgw when comnected to a 12 volt battery, -~ = : .
Thi caristarter may refresent a lower load resistance 4o.that 50 amps of - - g
- cultent shay flow »w,h‘n connected to."the 12 volt batteryl.” Since we Know the - '
current .thraygh each load and-the voltpge across each Vdad, we can, compute
. -.._(thg;-amp’u_-ry;t_;;_i_?‘of_._gow\_err needed for each device., .. . . 3 L
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S ‘_;,,-:. ~ ‘;\- .  P?wer/and Watt's Law
ST B VS ( ,) -
a” ] .®'2v0LTO AMMETER:EADS : '/\R" R
o | s earttry [ 7 a4 .7&)1/
B D -  CAR HEADLIGHT _

U A e

oo EL-BE.i6

s
e | . . o |
P = L\x!i P=2AX 12 V P = 20 watts ;ﬂ &N

B e nOJC A o
| éﬁT‘/%g\; AMMETER READS ] - |
| - 50A .} CARSTARTER =
| AN _ .
P=LXE P=50AX12V' P= 600 watts

From-the equation P = I X E, you should recognize that all the terms are
. directly proportional. This means that if the. value of the current or voltage
- increases, the power will also increase... The opposite is also true. If either
.. the current or the voltage decreases, then the power used by the item will also
.’ ~decrease. Most electrical items require a certain voltage to operate properly AN
so 1t is not practical to reduce the voltage to lower the' power required. A. .
new small 12 volt lantern battery may be able to supply only 1/2 app for 1 hour.
This means it has a rating of 1/2 ampere-hour. If we apply our Watt's Law
using P = I X E, we cah come ‘up with-how many watts it can supply. P = 1/2 amp
X 12 'volts = 6 watts. 'Let's try the same thing with a car battery rated dt S |
-5Q amp-hr. 50 amp-hr means it can supply 50 amps for 1 hour., P + I X E or - " .
Pw 50A x 12 v = 600 watts. The total amount of energy the lantern battery - ' S
can supply is 6 watts X 1 hour. or 6 watt-hours, but the total amount of energy '
the car battery can supply is 600 watts X 1 hour or 600 watt-hours.

ARs you can see from the examples above, the smaller battery cannot supply very
much energy, only 6 watt-hours. The larger car battery can supply 600 watt-
hours. Since they are both rated as providing 12 volts, you should recognize .
that-1t is not how much voltage they provide but how much poWer and energy they
can supply that makes the difference. : S ' coo o

The type of power we have discussed so far has dé¥1t with® the amount of power
required to do a certain work in & certain time: the car battery to turn the °
starter or Jight the headlight, the 110 volt wall plug to run a household
appliance. The word power can alsd used to express the amount of heat
LT generated in an electrical 'item. Consider your electric stove or electric
‘I' , heater. Both of these devices are designed to give off heat. :

< ¢ .

! b

]
v

10
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. Other “items ‘such® as radios or televisions we do not want to get too hot as heat,
quickly dahages the parts. When power is used to do some kind of electiicgl
» work, heatlis always generated by the work being done, An example of heat
- being prodjced by the work being done is the light,bulb. The light bulb is .
principally designed to give off light, .But if you touch the bulb after it i
has been on for a while, you will feel a great deal of heat coming from the '
1ight bulb. If you leave your hand .on the bulb- for longer than a second, you
will prol.bly get burned. Larger wattage light bulbs which give off more 1ight
' will also giwe off more heat. - From this example, you can see that the power #
"[/ " required by“thé light bulb is used in twe differént ways: '

1. The .power that produces the light.
2. The power that produces the heat.. -

‘A,
[ 4 3y

Both of these powers are additive and the total amount of power required by the,
11ght bulb is the sum of the powegiwused. in heat and the power used'f%f the- .0
- 1idht., Sl " o TR RS B

. . R . B q ‘

Keeping parts from being destroyed ‘by the ;:!§3dissipated in doing wark in a- |
radio or television receiver is of major importance to the technician. To
assist.us in selecting parts that will not overheat or burn up; the parts-

manufacturers will many times give us the amount of power .in watts that the”
part can dissipate.or throw off in. the form of heat. More than that amoynt

~will damage the part. Resistors dre an example of this. Remember from your

~ study unit on resistors that they come in various wattage-sizes: 1/4 watt, .
@ zwatt, Luwate, 2 wates, etc, & . a9
) . ~\“:v . . . . . h'S
| .ﬁ\ i | awArs ,' —
. _ _, /l6IN.DIA R
’ . |/2WATT 3BINDA ' S - o 1/AWATT
- T IAINDIA.
COIWATT T -
' - . S/l6IN.DIA . - :
—OB— o
N . . _ _ ? » \\\. - . ' | . ‘
> e : - : o
| : B
Basically, the bigger the part is the more heat it can safely dissfipate. fhis
s true for almost all electronic parts. Remember our power equation P = I' X E ,
- tells us that the amount.of power-used to do work and dissipate heat in our w
: ‘electronic circuit is directly proportional to the voltage and current., If
‘ either the current or voltage increases due to a short (a decrease in resis-
‘ “tance) in our tircuit, the power will also increase. ' If the increase in power
Is above the power:rating of the part, it will probably buen up. =~ .
¢ t | | ',
o o e -1
ERIC




\\\ L | L CEL-BE-18
N I o Powerfand. Watt's Law

Consider the twa examples below: .
A [ - _Voltmeter P=1xE | -
_ ’ reads = | - -
- 'Swm . | 20 VO].tS . P ~.2’0V X .HbA .
20V RESISTOR o P=10 wa‘tts
.« ~ AMMETER
;{ READS .& . ;| . A . s
" v ' :
ISWATT Voltmeter - P = xE .
‘reads - o
- av RESISTOR 0 volts P = 20 watts - -
| SHoRTED AMMETER . = T
READSIA - < '
* : @ a\ e o .-

'

"In example A, 10 watts 1is consumed by the resistor. ‘Since the resistor is
-rated at 15 watts, it will not burn up, although if you touch it you will feel
some heat. In example B, the current has increased to 1 amp and.the power
increased to 20 watts. That sarfie resistor rated at 15 watts now has 20 watts,
consumed in it and it will robably burn up. ' : :

Anyt ime you find a resistfor burned up in a circuit, you should carefully check
the circuit to be sure tHere is no short which would cause ekcessive current
to flow. Remember, a short means that the resistance has decreased to a low .
value. From Ohm's Law, a decrease in resistance would mean an increase in :
current. It is this increase in current that woiild increase the power con- .
-sumed by the part. ' - : - : -
To memorize Watt's Law and all of its ariables, we can use an ald simtlar to
.the aid used to memorize Ohm's Law. e Watt's Law memory aid is also ca led-'a
PIE. .(Since P = | X E,thk} is usually an easver equation to remember,)

POWER IN
WATTS

. . o

< VOUAGE |
INvoos - - &4

13

| o | A - P
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 You can use the-Watt's Law PIh'JUst 11ke you uévdithe Lha' s Law PIF:

"To find the power, simply -put: your flnqer over the letter P L
and you get P = | X E. _ . . o -
<Jo find the voltage, simply put your f1nger over the letter t ho
. and you get E et o .
‘ 3 I ’
To find the current,. simply put your fmnger over the Ietter l
and you get | P . . _
“TE _ - .
. ] q
Let S try some examp1e problems for: each equation. Remember you must know'two ';..
of thg three terms to solve for the third, ‘ " ' o
~ Example A: To find»the power when the.voltage and ‘current are known
-, Ekquation P = I Xt ° | | o ¢«
Voltmeter P=txl
reads. . . P=10x1
. : 10V : P =10 watts,
EzlOV - ~
‘ t [ )
Amrmeter
_ reads 1A
¢ . '
Example B: To fxnd the currént when the voltage and power are known.
; | hquation N | -§~’
‘ - ' Voltmeter
RESISTOR reads
" USING 5 WATTS 200y
. U -
E20V
- w_
' | . ‘ 145
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Example C: To(Yind the voltage when;the curreht and power are known.

. -

Equation . i .
~ | Ee71
' ) . .
’ Ll —
\ \- ’ ,“E = R ~
.- o I
N "- . ‘Eﬁzz .
, ﬂ _. ESISTOR B .5 volts
- E:?f USING I WATT | ' .
- B Ammeter* v o, - -
, , . . reads 2A+ | ) p
-~ . ‘ . . [ § * o
s ) ! i /
. . ” ,
‘t‘ » . o L] ,\‘ y ) R '
0ccasional1y you will work‘With products that have a horsepower rating. One
horsepower (Hp) is equal to 746 watts. Al1 power equations appiy to horsepower Ny
ratings in watts, the same as any other wattage rating. ) - .
v e " . v ' h
+ i . -' v .
”»n : \
/ s » ". - ! ¥
.. v , - 1
A \ . ' .
. !
v 4' ¢
o >
. . ( ’ o
J_ % ‘ . ¢ o !
. l 6 I \
[y R} ' _ \' N . )
) S - \' . 7 s 3 : o
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This basic. circuit is | - O
used fogr all of the
practice problems. .
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You'may refer to the Information Sheets “for any equations.”
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1. = P = e p o=
I =2A 1 =.5 [ -
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| ,=st8p 5. Reconnect the circuit using a 1081 watt resistor.

. ® temperatu re.

LT Power d1551pation at-time of failure:

e, ' LL-BE-16

. | - - Power/and Matt's Law
Task -~ .
, Maperials'required: . - .
1. Low-voltage power supply ' e ’ \ S ; ‘
2. “Two resistors, 1/4 watt 1 , I'watt 10 q - Y . . w
3. - Voltmeter 0-30,VDC | :
8 . r " -~ Y ) S '
Procedure: . ' ORI | 4
.‘ !
Te —Step 1, Connect the circuit as shown below using the 1/4 yatt PeSIStOP.
: CAUTION: Power "OFF" and observe polarities. ) .
- ' L
.. “oree . ’ .\) .
LOW +@
VOUAGE
DC lCF“I/AVWATT
- |Power - | > | . .
\l _ . JSuPPLy TO — L C -

‘e

\l . . — o ' . o \\\\“ .2'

Step 2. with the voltage control at minimum turn the power switch to “ON" and

: slowly-raise the applied voltage until the resistor begins to get
warm. Let the resistor operate at this maximum cquition for several
‘minytes while you note the maximum operating condition of a 1/4 watt
resistor. Carefully touch the resistor with your fﬂnger to note its

Step 3. Raise the appl?ed voltage slowly until the resistor heats and burns
open. Note and record the value of the applied voltage when this
hgppens. NOTE: When th® resistor has opengd there will no longer be
a current path, current will no longer flow, .and the resistor will » .
have, 1nf1njte resistance. Y O \ ) ©

Y Applied voltage‘when resistor opened: ) e

S;ep‘ﬁ. Computg and record the amount of power that the resistor was .
dissipatﬁng at the time it opened .

Y Cad

Step 6. Apply the same vol tage which destroyed the 1/4 watt ésistorlin Step 4,
noting the operating temperature of-the higher wattqﬁe resistor.

Step 7. "How does the Operating temperature of the resistors in Step 2 and’ 6
g compare? ‘ . .

Stepr 8. Obtafa thJﬂ}nstructor‘E‘evaluation.
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-//~  o . : e , ' .° e ' S LL=BL=1v

‘Power/and Watt's Law

Final Test.. o y : ’ | .
A , . A _ . .
The foMowing questiohs refer to this circuit. o a R
N . ) . “ .
‘ | ‘.
, E ~ (.
- . . -
| e ,
1. pi*zwL b N 4, P = 25 W - -
I =1m . . =
E = . E =250V
'3 o ' : - " R ) .
2 P=2M : . 5. P = N -
[ = ,05|A - @ 1 =50 mA .
b= . B =500V A
~ LU | . v ..
w30 P=20W 6. P = 25 W . , Y
[=.5A Cl=2mhs \
£ = . ’ £ = ’ . ‘ ‘:‘
’, . ' ' ‘ R ’ - ‘ |
7. A 115 V electric heater furnishes 1150 W of heat. What is the dyerating °
current? £ 7 - . b
' : e . \
a. 1.0A = - b. 1.150 A S e 10A
8. What current ,does the average 115 V 100 W light bulb draw?
_a. .087 A g ~ b. BT A c. 1500 A
.
e ¢
1
o
> “ r ’
[
n‘ N (- ) ’
\ XN
1/ - J
. 195 ‘ )

=~

.
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.. Final Evaluation - - Y S
. . N B - ;' v LY ) N . . . . “ ) ) a 'q k . '.. ‘
” ../ . '.-, » ) ’ . v ' _ ol T \...-J, '«'
v / : v ) hd ,~ _Date — I S -
“q - ! _ R
. g Jﬂame . SO N
, . . . A .
) ‘ ‘ . . - . '
' | Lo 0K ~ REDO
. - \ - - \

Accurately ..complete.d a task demdr)s'tr-at'{ng . |
P, I and E relationships | ) P .

Answered:questions on a Final Test with - -
80% accuracy " A S . ‘ ;
. : . W \ i . & o v

L { 4
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I. Self-Test Answers i | - . o .

LY ) / ) . . ’
l ) i . » N - "‘

\ 2. 6W . -~
. ' Ly ’ ' . - ) L'
o 5..\_2;/.;25 V_ o | o . - ' .
s 4, 1000 V‘offa'k¢ '
. A N . ]
l - N . ®
5. 04 Aor 40nmA, .. . . ‘ ' - .
¢ ' . ' \'
6. .05 A oQS?U mA _
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Goal: ~ {_, Performance Indicators:
® . ’ _ [ ] ’ : . A
Tﬁv“upprentice will be able o 1. Descr1oe Kircggff'
-use Kirchoff's Law in couputing ' Current Law. ﬁ‘-
current values of electrical -
circuits.- : 2. Describe algﬁbraic suns,
. ‘ - : / . : -
P ' . 3. .Solve for current through
* resistors, ' .t '
_ . i ,
L] ' A
¢ . .. R . D
t ,
Y
. ) \ '
: 4 . / - 7 ] '
‘ \.r) ) - A
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hﬁf;g-rchhoff 9 Current Law
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'AppT' K1rdhho?f & Law for current'«":;,
in-a simple. dircuit ‘with. one vo]tage;.f
saurc.e. RS O

P Comp]ete a Fwnal Téét w1
,jf'",.; ;accuracy of ?2;;,

FW

A.Emar] Test cm Kirchhoff:s 'lerrent
Law o ;

én~

. , "
W ':DlréétiO'ns o

,.;.fA¢ 7fl; 0bta1n the-following materrpl

coe 100g;ohn resistor 3f,.75“
ST P 00 .ohm. resistor -

o o, 10,000 ohmordsistor R
' " Circuit breadbgard : et

~-Power supply capab]e of prow1d1ng~0-30-
Mu1t1mgter capable of: measurlng

: o1ts .
?currents 0-300mA

P
- b - a '
a 0 . : R .
. .
. . . >
2 N . . ) ' e r
o - " -
. T N :
L . i . -
B . o \.'. Lv e
¢ . e ! ¢ ‘ :
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'Kwrehhoff g Current Law.IP"The algebrawc.sum of the currents entering any point

andvﬁeav1ng any po1nt st edua] ZErO. " T

o A"" . -

f

"'li»higebra1c sun’ The: result: of add1ng pos1t1ve ‘and/or negatlve numbers. - In.
[

'Hfﬁplectrwta1 c1rcu1ts*' "_Q&;; .c",s B e IS S

IJA X Currents entering a,point ?re ass1gned a posit1ve va1ue ( J Tt S
_Bg';.urrgnt 1eav1ng a. po1nt are ass1gned 2 negative value (~). | '
e | IR Symbo] which représents current f]ow through a res1stor (notice the R' , .
”r_ls wr1tten 1n a Iower pos1t1on) 1xe R ) oL o _wl :
IR ¢ current f]owing through res1stor Rl , ’
1 -
?}ﬁ' = current flowwng through res1stor R, e
Symbol wh1ch spec1f1es a certa1n res1stor. i e., o T,
':gﬂfl ffﬂi”'ig:Rl > re51stor number 4 1n the c1rcu1t o ' h Lo,

Ry, ﬁnreststor numben 2 4n the circuit L >

. ;.{.’_ ] R w . - |
A R3,%<reSﬁstor.number 3.1n the circuit S : : \\



- .

.

&

¥

’ ’_,._._v.".ﬁ . P T : ‘ ' LBE]B ﬁ

’

e e . , i ‘ - K1rchhoff 'S Current Law

’ ) N .
‘. T E ' ¢
. ; N ) .
.0 ) . . \’,.‘ R . VoL, - |
. ‘
v .‘ :
.

Information Sheet = - ',

., . ) . - ’

About Kirchhoff's Laws - ' | o
J ' F g
K1rchhoff s Laws are very useful in learnlng to work on electronic products.
The usefulness results from a common- senk; understanding of the laws and not
.just béing able to work out peoblems: ply stated, Kirchhoff's Laws say
that you cannot - get more VOltage or current out of a c1rcu1t than you put into
i o - . .
' . . . '

Assume "that you are measur1ng a bC voltage of -about 50 volts.tn a circuit that
operated from a 25 volt 'supply. An"error light" should come on in your mind -
saying, "Hey, if I only started out with 25 volts, then that's the most I can

‘ measure so my reading .of 50 volts nust be incorrect S

v ’ )
A similar condition could occur whi /haklng a current measurement. If you <.

are measuring 75 milliamps ,in pay of a circuit that has a total supply current
~of only 50 milliamps, thep again the ltght should come om and say, "Hey, 1§ the

. whéle circuit only draws 50 m1ll1amps. then that is the most that can be

' shorts (Shorts, or- less resistance, .create more current ) .

measured." . . -
The unl1kelj read1ngs'you may obtaiq'for the two examples above should tell you
to recheck. your instrument readings or further examine the circuit ‘for poss1ble

Klrchhoff s Laws keep us on track by rem1nd1ng us - that the max1mum values we

can. measure w111 depend on the'maximum voltage‘and[current supply1ng our . T
c1rcu1t . . S
These next two learn?hg packages will make you fam1liar with two of the more Lo
popular aspects of -Kirchhoff's Laws: one package Kirchhoff's Law for current, )

and one package, Kirchhoff's Law for voltage using one voltage supply .

- »

Kirchhoff's Current Law for One Voltage Sourcé

Kirchhoff's Law for current can be stated technlcally "The algebraic sum Qf R
the currents entering any point and leaving any p01nt'1n a circuit must equal

zero." Let's try to restate the Jaw in plain language. "The total current
entering a circuit must be equal to the total amount of current leaving the
circuit." Study the illustration on the fo]lowing page. C

e ¥
v
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. | Figurew] " x | \ 5 .
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The term "algebraic sum" in the original technical explanation refers to adding
positive and negative numbers. By marking the currents entering our circuit
"positive values" @nd marking the currents leaving dur-circuit "negatiye .
values" and then adding them, we should arrive at the answer "zero." Af both

' . | of these current values are equal, then, by using a basic rule+ésaddition that -

states "when two equal but- opposite numbers are added, they cancél and equal
zero," you can easily solve the problem.. Examples of equal but opposite num-

P ey

bers are +5 and -5.

Using the circuit above asian|example. notice that. the current leaving the power
supply and entering point A, the input to our circuit, is 5 amps. Since this is
the current entering the point,,we will mark this value +5A. by

I = -4 A, -By taking the sum of these 2/currents (-1) + (-4) = -5 A, we can

Ne mark two currents Teaving point AwiﬁZ/hegative values: I, =-1Aand
- state the’ total value of the two current

leaving the point A as. -5 A.

Now, if we ad& the current'entering the;point'A (+5 A) to the Ehrrent leav-
ing the point A (-5 A), we get zero for an answer. (+5 A) + (-5 A) = 0. You
have just taken the algebraic sum of two values which equals zero. This is an

important step to the understanding of Kirchhoff's Current Law.

Lets use point B of the same circuit in Figure 1 as another example. The
< currents entering point B-we will label as Iy (+1 A) and I, (+4 A). The total
- current entering point B is I, (1 A) + I, (4 A) or + 5A. The ammeter M, shows
g amps leaving point B; this can be written as -5 A. The current leaving point
is now -5 A, ’ b - : )

‘Now, we check by adding: (+5 A) + (-5 A) = zero. K\/;/ P

6 |
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That part of Kiwchhoff's current 1aw that states "entering any p01nt and leaving,
rany point" can also refer to a résistor branch and cpuld be restated: "entering"
any parallel resistor byanch and Tea ng any paral!iﬁ resistob branch." Now

- the law could look sométhing 1ike th "the algebraic sum of thé currents
entering 4 parallel resistor branch and leaving that same parallel branch must
equal zero.!, Study the 1]1ustrat10n below. °

~

( " Figure 2

Observe that the curvent enter1ng this resistor “network s cequal to 1 amp. The
current leaving point A is split into 3 different current paths. But since
they are all ledwving, you can mark all of them negative values as follows:

I, = -6A, I, =-,2A, I;=-.3A, "The total amount of current at point B
could be expressed as -1 amp, by adding: (-.5) + (~.2)+ (- 3) = -1,

~Now take the ‘algebraic sum of these two current va]ues, the entering cur%en& of
+1 amp and the leaving current of -1 amp. (+I A) + (-1 A) = 0. This is just

another application’ of Kﬁrchhoff s Current Law. .
Let's try pnother application. Study the ?ﬁ]ustration on the fo]fbwing page.’
. L ,
- ’ h B Q“
- s ‘lﬂ .
. f “ ‘
. ( L 4
7 ‘
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Kirchhoff's Laws can also be used to solve for an unkndwn current.. The problem
ts to find the value of current path I,. See if you can follow along with me

and come- up wikh the same answer as I do.

[

1. If It. or the total current entering the branch of point A is +2A, then.

-2A must leave the branch at point B. , + »

2. Currents add in paral]el circutts. we can account for -.9A of the total
-2A by adding current I, and tyrrent I (-.5A) + (-. A) = -.9A. Since

e these are currents ﬂeavin? the branc“ at point B, we can mark the total

current at this point as, (-.9A + x), the.x representing the unknown cur-

- rent I,. . L . i
3. Now we can set up an algebraic equation like this: "
'It+x+12+'l3='0 . | " ' N
[f we substitute our known values for the symbols in the equation. it .
reads: , .
t 4
+2A+x+(- A) + (-.4A) = 0 - _ .
+h +/(-.9A) + x =0 j ‘ .
+1.IN + x = 0 ' ' )
= LA N
. . .' . . " ‘. r" v v
¥ 8
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' . 4. For proof, we can substitute the values.
Lt hd L+ 10 7 I |
. , N | : p : |
- N +2h + (-1.1A) + (%.5A) +'(<.4A) = 0 . : L - \
ﬂ ) N ' _ . . ' . a _w'
, +2h + (-2A) = 0. } | - '
VAN S

NG e , ‘ ' T
5. By inserting the value (-1.1A) for«x,.or the unknown I,, we have written
. an equation ‘which repeats our working.statement. of Kirchhoff's Law: "The '
algebraie sum of the currents entering any parallel resistor branch and
the currents leaving that samd parallel resistor branch must equal zero."

Consider the next application by Studying the diagram below.

—
— =
l
y

b

P

. — . — . — -5 ‘
Our problem in this application is to find the current entering the béSth that . '
would be measured by meter M,. oy . . ] '[/

The currents leaving point A and dividing between the three resistors in
parallel are indicated by the metersai,, M, and M,. Since these currents are
leaving point A, they will all have negative values. By adding these together,
(1) + (-.5) + {-.7) we get -2,2 or -2,2 A,
: ' 13
By remenbering that the total current entering a resistor branch and leaving a°
resistor branch must be equal in value but opposite in polarity (+ instead of -) !

Fwe know that meter M, will have to read +2.2 A. Let's try the final proof by ‘ '
taking the algebraic sum of those two values. (-2.2 A) + (+2.2 A) = 0. It
. checks out so 2.2 A is then the gcurrent value for meter M,. "
= o, ) fe
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Kirchhoff S Current lLaw

Self—qut " S o
0 1. Using Kirchhoff's Cucrent ‘Law, perform the addition that will sHow the ’ .

‘e, ebra1c sum of the gurrents entering any point and 1daving any point are °

' ‘ ] to zero. o ) .
- - -1, ‘
\/ . / |
1 ' ]
3 9 -

o S =10

al - . ' )

.3A=300mA

- =
R "} .2A=200mA S = |
1 UA:I0OMA 7 ' . /
(] H ‘. 7 . - ’
| L e S —
- s L : -
2, Usi?g§§1rchhoff s Currefit Law, solve for the current thrdugh resistor
-Ry (M . .
k.ﬁ(.
4
' | Ire
1Sk,
M3‘ ’)

=

3. Use the diagram in question #2 and the value you arrived at for question #2
> to solve for what meter M, will measure.

N

3
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~ Step 1. Construct the following circuit on your breadboafﬁ._ s

Step 3. Set your multimeter to read 250 or 300 MA.

T | S | EL-BE-18" s

« o4

| | L o . » ' K1rchhdff’s Current Law
Task A R

Jumper wires will be labelled with the letter J, They will connect two termin-
als. Thevterminals are labelled with letters A through M. Remember] that the +
and - refer to the way you Eﬁ]] conqect the meters when you remqve the jumper

.
4
LY "

' e a

v

——

- SET SUPPLY
=, 20VOLTS

‘ . R \ g ' ¢

10002

O NN C) L B LT

Step 2. Make sure all jumpers are in place. #
[ s ‘

7

Step 4. Remove jumper J, and install your meter between the two points "A!
apd 'B.' .Be sure to observe correct polarity when installing your
. ammeter_ Polarity is marked for each jumper,

Step 5. Sep your power ‘supply to,+?0 Volts D.C.

Step 6. Read the current enteringvthe thrée resisdors. | . mA.

Step 7. Replace jumper J,. . ¢




‘- .. ' - ‘ J\ . -. | ] v ) | - ', .
N . ‘\» g b N EL-BE-18
. AL _ ‘ - Kirchhoff's Current Law :

. A : - o . C \
N , .- | | Y ‘

. ° | . ' ) . | °, ' : | b.

St%p 8., Remove jumper Js and ‘install your meter between hbints 'L and ‘M.

] . . . - ) ‘ o
Step 9. Read the current leaving the resistor network.. "~ mA.

,’ a

-

DISCUSSION: The cyrrent entering the resistor networ shouldtequal the current
aving the resi$tér- network. If your" read1ngs in.Stép 6 and Step 9 do not - . e
tch consult your instructor for-assistance. ' - _

Step 10. Replace Jumper Js. | ' N , ﬁ%

Step 11. Remove jumper’dz and <insert. your meter to measure the current through

R, and record. the value. mA. ; ' N : '

Step 12. Remove Jumper Jooo- : N 1' . f'_

.

Step 53. Remove Jumper Jy ahd insert your meter to measure ‘the cuh(ent through
' R, and recorg, the value. ¢ mA".

Replace Jumper Jy. _ R o T o

Remove jumper U, and insert your meter to measure the current through
resistor Ry and record the value. mA. 2 o

Record the currents .measured.for each resistor below from steps 11, {;.
and 15. } A

From Step 11, current through R, mA _
) From Step 13, current through R, mA - : S
t From Step 15, current through R3 mA , _ ~

Step .17. ATota] all three currents and record the value. mA,
, N
Step 18. Record the current eﬁtermg #he network from Step 6. « - mA.

Step 19. Record the current leaving the network from Step 9 - mA.

. Step 20. Did the three currents for R, R,, and R3 equal the current entering
' the network and leaving the network?

’ : .
DISCUSSION: The total amount of current flowing through all three resistors
should equal the amount of current entering the three resistors and leaving the
three resistors, Due to the resistor tolerances:and the exact way you read
your meter, your answers may vary plus or minus 10%.

-

'Step,21. Obtain your instructor s evaluation for Task A. | -

. 3 e
. T
" L2V ’
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A . . ' Alil |. "q'l;l;“ ‘ ' ) . . o . '. E , [l-“l" l“ . i
. PR o - Kirchhoff's Current law -

%Task B’ .

L

. 4 i , . S . .. '

Jumper wires will be labelled with the letter J, - They will connect two terminals.
The terminals are.labelled with letters A through M. Remember that the + and -
refers to the way -you #ill connect the meters when you‘remove the Jjumper wires.

o= "Jl )
I = + : o
I -
"
" ~ b
B (—:ﬂ SET SUPRLY I ' ‘ el s
- == Toi5vaT5 | A
‘j‘ + - _ , , . . | . v _ . L
- R, 200007 © Ry .SI0000% R; S 10004
) " . 1 - S - | AR
¢ 0l * ;'* N .

: RTINS S . : :
Step 1. Construct the same circuit that you used for Task A as illustrated

in the diagram abovg.
Step -2. ,Maké sure all jumpers are in place."
Step 3. Set ybur{mu]tiﬁeter to fead.250~300 mhf"“ : .
‘Step 4. RemoVe ju%per J, and instéil'your meter bétween the.two boints At

and 'B.' Be sure to observe the correct polarity when installing yogr
-ammeter. Polarity is marked for each -jumper. . ot .

® . . . o
Step 5. - Sgt your ‘power supply to read 15 VODC, , : ‘
Step 6.° Read the current entering the resistor network., __ mA.
' toa R . . . ) *
Step 7. Replace” jumper V. o . .\ - v
LT o L L l




'Step 12 Replace jumper J,. .;

- Step ]6; Record the currents leaving point;N that were measured. in Steps 11

AL B »-

el

N R T
| e T _ Kirchhoff's Current Law
] '“ ) . . ot - t' . ‘. ‘.' v ' .

i Step 8.. Remove Jumper Jbland insial},your meter Sétween-points ‘L' and 'M.'

Step 9. - Record the current ledving the resistor network. . mAT The
“current entering the resistor network should equal the current leav-
ing the resistor network. If your readings in Step 6 and Step 9 do
not match, consult your instructor. . | o '
] . . : ®

Step 10. Replage jumper J,. - o

Step 11. ' ReMdve jumper J, and insert y6ur meter to measure tﬂafcurrent_through

‘*t -~ Ry and record the value. mA. = . . I o -

’
]

~ Step 13. Remove,jdmper Jj3 and ipsert your meter to measure the currént through-

resistor R, and record the. value. " mA.

:H.:j$tep 14, Rep]dce Jumper Js. S L ~ //

3 Y

"'Stgp 15. ‘Record the total current entering the resistor branch that was -

. -Measured in Step'6.

and 13. .

*:Current through resistor R, from Step 11 mA.
Current through resistor Ry from Step 13 mA..

Steo 17. Total the known currents leaving the branch at point N by adding the
‘ : mA. _ .

two values in‘Step 16 - above.

- DISCUSSION: The total current entering the branéh or entering point 'H' is -

measured at jumper J;. Two of the three currents known to be leaving point .'N'
were measured at J, for R, and at J; for R,. To visualize these currents, it

~is begt to pencil. in those values directly on the circuit diagram used for this
tas:g Since you know that’ the enterTng current must equal the leaving current, .

you ¢an reason that the difference between the known entering currents and the
leaving currents must be the amount of current leaving point 'N' and
going through resistor Rj: s

kno

~ Step 18. Subtract the:two known currents lle,qving point 'N' from the entering i oo

current measured at J, and record the value: mA.
. ' . Y - - |
Step 19. Rerove jumper J, and insert your meter to measure the cur#env Teaving
- point 'N' via resistor Ry and record the value. _ mA.

~DISCUS$IONf Steps i8'and 19 should be close to the same value. In this task

- we chose to take a common-sense approach to solving for the unknown current.

It 1§ possible to use Kirchhoffls Current Laws to solve this problem. However,. .
you spould always try to visualize .the solution first., This will be of the
gr‘itest benefit when working on an electronic circuit., In the information

. sheets you will find the method used to solve for this kind of problem using

the math in Kirchhoff's laws.

Step 20, Get'your 1nstructor'5‘evgluation.

N‘ . N g ~ » ' ’ SR
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Final Test ' ~- B o , R

T e
) L~ . . : K1rchhoff s Currént Law RS I

. o Ll
. /’." R “ e : I ;.'v.l'
. ) . 5

.qg :
. Using Kirchhoff's Current Law, perform the addition. that will show the i
algebraic sum of the turrents entering any poﬁnt and Jeaving any point N
are equal to zero. L 3

e il M T

2.

3.

\ ' v

Using Knrchhoff s Curnent Law. solve for the current through resistor
R 3 (M3) ‘ : N ) .‘ .
'4 — . / . y
. “e R
: : . “
' A . . ¥
. - .t_~ e,
. I ’. ? . ‘-‘ .
., I’} ~
L W .

.. l .MI ;"

‘Use the diagram in questqon #2 and the value you arr1ved ‘at for question PR
#2 to solve for what meter,Mu wi]l measure.. T C A ~.“x.,ff~4735 :

4l

. .1' wA, / . N . :\“‘-
e o ) : : . "h‘..'
. -1“"‘. \\' N
. IS AT v . - N
” ot P 3 . . . . o
: " * o N T a Y ooyt . [
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B T U AR e &1rchhoff's Curvent. Law SRR

'1Completed Final Test with an accuracy o
~of 80 percent L

. .
> : . . et Aot e . R U

Completed Task'A - ,,-" o -f.f | A_if, o - .".‘_ T
on Kirchhoff's Current Laws. » . | e e

' J-Cbmpleted Task B S SRR ' S N o '””‘;‘--‘-g T
' on K1rchhoff g Current\Laws ‘ -(fr__ I . i o S

R AT U \. v . h . _ . v " B ’ .
- v ) . . 3 . i : . . ) - . . .
T b T o T N ‘/ o L . - -
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. ‘% Answers Y BT R
oy JR' B T
S ) +( 2£\) *3Ao AR P

' ; ‘2. My Current_ equa],s'_]_.6A’1§h _ R .);
A '*Algebrajc pr.oofl‘option'ail' | L
T i, tA=0 A e
SR SLY ) +NIg sz 0. \* L
C '( 4K§’+ 2 =--1 S S S

vt
P

I _IRz. 16A S

P

3. M, = 2A e

.
.

*Current i3 'the same in all parts of a series circuit.

. ‘ . *Current ént_ering the branch will. equal the current) leaving the branch.

T e LT e e R N T e g
a e R T B Krirchhoff s Current Law- .
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 KIRCHOFF'S VOWTAGE -LAW

Performance Indicators:

o

will be able to use L 1.v Describe Kirchoff s Voltage

‘xn sodV1ng voltage ’ Law.

)

2. Solve unknown voltages througu:
the application of Klrchoff p
Law.
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" et -+ “Kirchhoff's Voltace Law
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.. jectives i .
: }
- Given: o “The student will b '
Resistors of different values . Mark the correct polarity across
_ ' resistors in a series cjrcuit.
) A multipeter .
~ % T Apply Kirchhoff's Voltage Law in a
+ A circuit breadboard for constructing simple circuit w1th one voltage
"simple circuits © gource.
A power” supply | . Solve for an unknown voltage using
- Kirchhoff's Voltage Law, '
A Final Test on Kirchhoff's Voltage ® )
Law 3 , " Complete a Final Test with an accu- L
o . - racy of 80 percent o
Directions o | . .
Obtain the following: T } | \
2 each 1000 ohm resistor L | L "
1 each 100 ohm resistor . ' o -
1 each 470 ohm resistor ' | L N
A multimeter | : : ' ‘
A power supply capable of 3OVDC §
~ A circuit breadboard _ “~ E . i
\ . ~ o - . k¢ -
. < ) ‘
Learning Activities |
'Study the Key Words list, . - . A _ | .
. ‘Readythe Information Sheets. \3.' . |
Do the Self-Test. " S S
’ ' . i A R \ ] |
- ,f! Do Task A for Kirchhoff's Voltage:Law y .
. Do Task B for Kirchhoff's Voltage Law. "
‘- Comple' Final Test. '
et . Y
—e... Obtain Final Evaluation.. , ) '
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s : Kirchhoff's Voltdge Law

| ") ifey, Words o

Kirohhoff'é Voltage Law: The algebraic sum of thé voltage sources and IR drops -
must totai zero around any closed path. . | | :
A]gebraic Sum ‘The result of adding positive and/or negative numbers In _ *(/i
electrical circuits: '

-

~?

| Ai Voltage drops are assigned a negative value ?-).
B. Voltage sources are assigned positive. value +)

Closed Path: Another name for a circuit that makes a complete loop between
the plus (+) and minus (-) points of a voltage source.

. IR. Dro :™ Same meaning as voltage drop.” (Notice the 1 and R are on the same
Tine When E = T x R applies to the..voltage across a resistor. the 1etters
IR may be used to mean voltage drop.:

' S AL IR = ‘'voltage drop across resistor R,. \\\—’ ' ' |
~ B. IR2 = voltage drop across resistor Rz. ) S

" Remember that.I, (the R dropped betow the I) stands for current flow through a
resistor. R : _ '

t
.

R: (symbol) Specifies a certain rgsistor‘ : = 1( o
‘ . Ry = resistor number 1. in the circuit. R " A

R, = resistor number 2 in the circuit. . . i -

o .
L “ . ' « ‘f-t"““"
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. ' ' Kirchhoff's Voltage Law

Information Sheet . ' - - e

: . » \
KIRCHHOFF'S VOLTAGE LAWS FOR ONE SOURCE |

Kirchhoff's Voltage (aws are of particular importance because you will use a
_voltmeter more often than an ammeter in-analyzing a circuit. Hence, you will

be working with voltages. Technically stated, Kirchhoff's Voltage Law Says: .
"the algebraic sum of the voltage sources and IR voltage drops must togtal.zero
around anp closed loop." Stated more simply, if you add all the volt e drops -
together in a series circuit, the total voltage drops will equal the applied

> voltage. Oh, oh, that word algebraié\sum again.

Remember that we can do an algebraic sum because we assjgn either positive or "
negative vValues to our numbers. "Voltage- drops are assigned negative (-) .
values and the voltage sources positive (+) values. . , -
In the following'illustration; the .voltage drops will be marked as fo‘lows:
IRI = -2V, IR2 =_‘:&V,. IR3 = -6 and IRQ_’ -8V. .

0

When you begin with an applied positive voltage and then have a series of  *

voltage drops,' each drop will cause the voltage at the end of a particular

- resistor to be less positive, or negative, as compared to the applied voltage.

This cgn'be more easily seen if you consider the direction of electron current
flow through the four series resistors. Electron current always travels from a
negative value to a positive value. With this in mind we are able to mark the

~polarity of the voltage drops acoss each resistor by -starting with a (-) value

at the bottom of resistor R, since it is hooked dirfectly to the (-) terminal of -
our voltage source. We then follow with (-) to (+) markings across each .
resistor until we get to the positive terminal of the voltage source. To get a
better idea of this concept, study the following i1lustration. '

fo ;

l .
-
—— 20V
T - t
’ .
‘ L S
LDIRECTI()N OF CURRENT— \
5
{
221

A ke
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. o _Kirchhoff's Voltage Law .

. | . - R :

This next 111ustrat§on is showing what the actual measured voltdge would be at

the end of each resistor. The meters M, - M, would read as follows:

20 volts less 0 drop or 20 volts :

20 volts less the 2 volt drop across R, or 18 volts
18 volts less the 4 volt drop across: R, or 14 volts
14 volts less the 6 volt drop across R, or 8 volts
. AN ——

=
—
N o

g n

o vt e P

£ 4" |

—e-DIRECTION OF CURRENT FLOW -

LY

Notice that the meter in each case in the chart above measures what vbitage 1s_',’

left over after subtracting the .voltage drop. Be careful not to confuse the
measured voltages with the voltage drops. The voltage drops are the values

" that would be read on a meter if the meter was placed directly across (in
parallel with) each resistor. The polarity sians (+) and (-) indicate how you
would place the peter pfobes when making these measurements: the (-) side of

the meter to the (-) side of the resistor”and the (+) side of the meter to the |

(+) side of the resistor.. This type of circuit is often referred to as a -
voltage divider because the vo1tage;is divided up between the different
resistors. : . -

Now, let's get back to the problem of taking the algebraic sum SO- we can prove
‘Kirchhoff's Voltage Law. - B .

Let's add up all the voltage drops in this series circuit on the following
page and see what we get for an answer.- - - ¥

IR, = 2 volts, i | |
IR, = 4 volts o - : .
IR; = 6 volts ' : _ _ .

IR, = 8 volts - |
20 volts total (Does this number look familiar?)

6
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.

¥

,Twenty volts is the same value as the applied voltage from our battery. You may
be getting ahead of me, but let's try to app]y Kirchhoff‘s Voltage Law for this

; ‘
. circuit.

Renember the law states that the “a]gebraic sum of the voltage drops plus the
~applied voltage must equal zero." . .

’

. Getting back to an earlier rule involving-the numbers. remember that the drops
‘. will be assigned (-) values and the applied voltage (+) values. '

The drops total -20 volts and the source +20 volts. Let’s add them together. .
(- 20) + (+20) = 0. Thig proves that Kirchhoff's Voltage Law works in our circuit.

Let's try another example of how we can apply Kirchhoff's Law by considering
the following circuit.




' CEL-BE-19. -
Ktrchhoff's Voltage Law

. With a thrae volt drop across R,, what is the voltage you would measure hetween
point B and the negative side of the battery? Did you guess seven
volts? You are correct if that is the value you picked. The ten volt supply
less the three volt.drop across resistor R, equals seven volts left. NOTICE
the measuring from B to the negative terminal of the battery is the same read-
ing that you would get measuring across R, as the bottom of R, is connected _ ]
directly to the negstive terminal of the battery.,

Let's try a little more difficult circuit and see if you' can use thqdbame rule
to solve- for an unknown voltage. - ' : o

Study the circuit below:.

t
-~ \
. : ’
REMEMBER the drops are considered | o - ,,‘“:;J,:;
negative and.the.source positive. - . . Ce A L L
First, let's try a little simpler % - <ot U Y A S
_approach to this pr lem by putting . T T P A . .
down some figures thal we know CoET T e w\ B i
- about_this circuit o v“g_;fs AR ,'f'*: L o RREN
First: lkdd up the\known voltage drops. ( 5) + (- 3V) --8V* S F {;4fﬁ
¥ *Be careful.to. 1ngJude only one 3V drop ‘when adding all the drops together Pogr 1 .
- Voltage drops across para11e1 resistgrs are. NOT separate drops L o
'-"-. ’l- ) St ;Iv.
. -~ Second: Let s add the voltade drop. tota{w}o ‘the source. _ ffi: ” 3 - ‘
. (- gv) + (+zov) ) ]zv T \ R
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- \ - ' @ .
:‘l. Third: "we knpw that the algebraic sum of thosq two values should equal zerg; '
' - therefore, the extra 12 volts must be the drop across resistor R, E

prove it by adding that value to our voltage drops Ve need
add up the drops: (-5V) + (-3v) + (-12V) = -20V. Next add this
Y value tefour voltage supply of +20V, , - '

Fourth; Le

v/ , , |
Adding, we get (-20V) + (+20V) = 0. Since the albegraic sum now equals iéro.
the 12 volts must be the correct’ drop across_R;. Algebraically it could be

written as follows: - o , . ;f/’ﬂ”
| 5- ' (IRy) + é—av + (+20V) = 0 .
- (-8v IR,) + (20v) = 0 . 4 -
. (-8V) + (20V)=="-IR, ~ \
o T (+12v) = -IR, R .
e, o IRy = -1y : S -

The above mathematfcs is an algebralc proof (which may be c0nfusing 1f your

algebra is slipping), but the answer that took all the math is the same answer ’

that you got just using some common sense. Perhaps you can see why we stress
~understanding the problem first and always trying to visualize a common sense

approach before beginning the mathematical approach. In this way, when you'do- Do
more complicated math, you will have an idea of the correct answer before you '5\*\\c¢~"
begin. | | O\

. Kirchhqff's Laws can be expanded to include many more complicated circuits.

some inCluding tvo voltage sources. These you will learn in a later course

if you decide to cont1nue your electronics training, N .
. : . /

$ o8

L 3

¥
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\ ; . . . o |

- 1. Using Kirchhoff's Voltage Law, perform ihe addition that will show the

- algebraic sum of the voltage source and IR drops will equal -zero around
f ' any closed ‘path. . )

2. Using Kirchhoff's Voltage Law, ‘solve for the voltage drop across R,.

N\ —™ ,‘.'\IS(_QA.

. o . ) . . ?IR'.:_BV

r/'/' _ v- R' <,
= 20\0LT. <\

L~ Teey RS Rer .

Pd
Ry < )

3. Using Kirchhoff's Voltage Law, solve for the voltage of the baitery.

[ € .

. .” \ .'
* R ‘/IRL:G’%
\

OTAGE=? R, & IRs I12VOLTS
| > -

il
U s+




o ’ Kirchhoff's Vbltage Law‘..
o Answers )
1. ( 4VIR ) + (- 2w{h ) ¥ ( 6VIR ) + (IZV) = o
- ( 12V) + (IZV) =0
. - S 'o"
i P » |
R T (A T \
‘*Mathematic proof optional |
. Possible approach could be simply .to use the rule that the sum of aII;
voltage dropslmust equal the supply voltage.
(-tVlR ) + (L@ ) - QVIKJ, + 20 = 9
' < (=12V) + (20V) = -IR, &
| 8V = -IR, -
. -8V = IRZ_

’ ' 3. The battery voltage = 18V,
~ .

drops has to. equal the supp‘y

Mathematical proof;

(- 6VIR ) + (-12VIR,) +V =0
. 8V V=0 e
| N S
) \. ‘ _:'/ R ' - ‘ . oL A | y o ».
Do o
| 3 . , .
, o | - -
, ' . ‘ (—\ . —_ - ”' ) | .
. - | | ) ]] 2 . ) . . :.‘ ' “
S LR Voo
. ¢ —mﬂ

EL BE - 19

/“

The sinplest approach' would be to consider that the sum .of the voltage -

*
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S . Lo - - { S kirchhdff‘s Voltage Law
- Task A . o . | '
. | ~ Obtain. the fo]lowi'ng: | '
« ~ 1 each 100 ohm resistor - = - . o | oo
2"%h 1000 ohm resistor . 3 _ .
1 e¥ch 470 ohm resistor 7 - :
1 each multimeter oo
1 each power supply capable of +30VDC
1 eachrcircuit breadboard S t
‘Construct: the following é1rcuit on your bréadboprd:
' Ry o IR ‘
- .
- E /’ Ra IRa . .
. . e~ { : <:::>"/ "
. . . ry
K , LON
. _J-.+ 3 : yA 3 )
‘ pa—y v RN
G __‘; o ’ —~ -
'* * R - Ry IRy
” o L----'--ELE'CTFION FLOW —e e O'/ ‘
IV‘ v Vs - o ’ ' ’

f Step 1: Determine ‘the correct polarity (+) and (-) acrass each resfstOr and mark .
the correct symbol at each end of each resistor on the above diagram. -

- Discussion: Remember to begin at the negative end of R,; That is the end of
.~ - the resistor. connected directly to the (-) side of the voltage supply. Voltage
' drops are always marked from (-) to {+) across each resistor in the direction

of electron current flow. - I o ‘ -

Step 2: Obtain your instructor's-evalqatﬁon.

®
_ R
12
... 228
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EL BE 19
S S\ . : : Kirchhoff‘s Voltage Law -
4 Task B _' ] T |
. ) ‘ L]
Use the same circuit constructed-for‘lask A.
Step 11 Set your power supply to +20V0C. o \ |
Step 2: . Measure the voltage drops across each resistor and record in the chart
below. : i} o - : . ' .
1R, B v
. . - IR, - !
Remember to put the meter : P
probes across each resistor S IR; _ v
according to the polarity ' ' _ '
~ you marked on the diagram. , - IRy V

Step.3: Total-all(épe voltage drops in Step 2 and record ' , Vv

Step 4: Record the voltage supplied by the power supply ) P
Step 5: Do Steps 3 and 4 match? - o, ‘

Discussion: Your answer should be 193. You may notice a stght difference due
to rounding off the numbers or slight méasurement error. All the Jpltage drops .
should add up to equal the applied voltage in any series circuit or closed
loop. .

f

Step 6: Complete a mathematical proof using Kirchhoff's Laws that prove the
"algebraic sum of the voltage drops plus the applied voltage equal zero."”
‘Remember to assign negative values for the drops and positive values for the
applied*Voltage. Put your answer in the space provided below. - -

Step 7: Obtain your instructor S evaluation.
L]
&- ~
.. & ‘/
\ /-f
|
N
S | P
’ I,
: oy 13 , _ S
o ‘ 229 TR

o _.___\__...________;4____.‘..’...‘_;_.._.._.‘_&.
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| o ‘ o Kirchhoff s Voltagd Law

| Task C | S
‘ | Use: the same c1rcuit used in Tasks A and 5. o R ;
Step l. Reduce the applied voltage to 15vVDC. 4 | // ,
Step 2: Measure and'recorh the following voltage drops. L [
. L e nr o ) 4
| - {.j-: | Rp /
Step 3: Total all.the voltage:drops from Step 2 #Ad record. . v
- Step 4: Record the applied voltage from the power supply. v

Step 5: Do the voltage drops total to equal the applied voltage?
Step 6: -Explain why the two value ! ; voltages are not- equal.

| ‘ i _/ ’
Step 7: Nithout measuring the IR drops With a meter. estimate what the voltage.
drop should be across resisitor Rs3. . V. g

‘ - Step 8: Using a meter. to measure the voltage drop across R3. measure and
‘ record the voltage drop : | | | _
Discussion: You should recognize that when ALL the voltage drops are added :
together they will equal'the -applied voltage. You should be able to estimate
the ‘unknown value :of IR, by taking the difference between what you know to .be
the total applied. voltage and the known voltage drops. :
Step 9: Using the value of 1IR3 obtained ‘from Step 8 above. add up all thé - |
voltage drops and record below. N ) | v
I R IR, v
| - IRy _ v
IRy ___ v
e | Total of deps Volts . ! '

" The new value of the total drops should equal the applied voltage in Step 5
' because all resistor drops are now included in the answer;

&

Step 10: - Obtain yogn instructor's evaluation;




: - o L SR Kirchhoff*s Voltage Law

Final Test  ° = " . .«

. . 1. Using Kirchhoff's Voltage Law, perfo.m.th\e' addition-that-will show the

algebraic sum of the voltage soyrce and IR drops will equal zero around °

. any closed path, Show all work.
f . T e s —
RN i -
: . oadmes D-
1 - — 20Y0TS
. j;?, N
o — e . o
2 U;ingfkirchhoff‘s Voltage Law, solve for the VOltage drop ‘across R,.
-+ o e
— 12vaUs
{ B |

a
N 1 >'.
|
|

A} ]

Y
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¥ B Fmal Evaluatuon
. [ f'[ -

Completed - Final Test with an accuracy
of 80 percent

Completed Task A
Completed Task B
'Completed'Ta§k c

. EL-BE-19
)Kiﬁchhoff S Voltage Law

0K Re-Do
"~ ‘ l

- .
e ——r———————

. ] L] _ - . .y
' When all ‘checks 1nd1caxe 0K, proceed to the next learning package.
.Al Yy
j
- Loy
. o
L | 'y
i St
3 ‘-
e
Q&w)l_ .
&
N a
R
: N\
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Goal:: - ‘ - Performance Indicators:
‘ The apprentice will be ‘able to o . 1. Conpute current,
compute voltag§, current and
resistance in & series circuit, .|, 2, Compute .resistance.
'A . " 3. Compute voltage.
h . 4
i ! 4o
. , ,
| ~\\ » ’
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Objectives
g ‘I’ ) [P
| - Given: 7

A power supply and four
resistors connected in°
- series '

.Questions and problems

Connect a circuit consisting of the

.pf 85 percent.

EL~BE-~20
Series Resistive Circuits

The student will:
Calculate the total resistance.

Calculate the current in the circuit.

" Calculate ‘the voltage across each

resistor, '

Connect the ¥frcuit together and
mdasure the current and the voltages.

power supply and a single resistor of

equivalent valug and remeasure the
current,
j

Complete a Final Test with an accuracy

\ .
v ,C
Directions |
' . Ob-tain the following material: ¢
B NC power supply | )
Resistors (1/4 H,IZ%)* 1330, 470, 1k, 1.5k, and 3.3k ohms ; -

Any 0C viliﬁeter and ammeter (separate meters or a Combination.meter)'

'

Interconnecting leads or wires to connect thesparts

Learning Activities

Read Key Words list
Read InforTation Sheets
Do-Sel f-Tests
.Do Task
Do Final Test

it ettt
sy ettty
A ————— >
Attt bttt
Lmanne mn T8 TSRO

Obtaih Final Evaluation

’
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. Serfes Resistive Circuits

o keyworss 0 Sreneteteg

| Absorbed energy/power: Power or energy.consg?ed by an electrical component or

o clradity

Charge (to): To supply power to a device that can store enerqy such as a- -~ .
_battery. . ‘ v

Equivalent circuit: 'An electrical circuit that is éqﬁf@alent tg_ﬁnothér more
complicated circuit in the sense that it draws the same amount of current, from
) a yoltage source as does the original circuit.

\ ~ ‘Equivalent resistance: A single resistance equivalent in value to thé combina-
i- . tion-of two or more other resistors. ' ) '

IR drop: The voltégé drop associated with a resistor.

Power dissipation: Power absorbed in an electrical component .
Series connection: A method of conne&ting electrical components so that one
end and only one end of each component connects to each of the other components.

Supplied or delivered power/ener%¥: “Power or energy produced or given ug by a
ke

source such as a voltage source a power supply or battery.
_ : : ’

Voltage drop: A decrease in voltage caused by an electrical. component) absorb-
‘ .1ng energy or.power; current entering thd more negative end of thie component
results in a voltage drop across the ¢omponent in the circuit. '
\ . \ /.
Voltage rise: An increase in voltage’caused by a source supplying enerqgy or M
power to a circuit,’ ] :

%

@ v

f'—"-*

!




; | A 3 " EL-BE-20 .
! : .' I T B ! Series Resistive Circuits
Information Sheet No.:1 - :

“When two or more’ resistors are connected end to end, they are in series.” One
lead of one resistor tonnects to only one lead of the next resigtor and so on.

; The current leaving one resistor 1s exact1y the same current that enters the

[ next resistor.  So the current is always the same for any resistors in series

g with each other. In Figure 1 the current {s 12.5 mA "in.each of the three

. resistors and also in the voltage source. :

- .
| ‘] Suppose you were not told what the current was. You only know the resistance

values and the source voltage. You can solve for the current by knowing how
\\ res?;tors combine when they are in series.

o ;4}/3 L IlZSmA |
; _ +'

) +
' EiOV.::.':.lI-I?SmA | R?-' TI l25mA

:n)

IlZSmA

! o (/14”’?igure»1'
Resistance 1n'5eéies Adds L e

r

Suppose a; piece of wire is cut from a spool of wire, and then a second piece is

as the first. Also, two pieces of the same length connected together in series
will® have twice the resistance of each of theisingle pleces.
\
In Figure 1, the total resistance in the-circuit (called Ry) 1s®the sum of
the resistances of all the resistors.

¢ + R
Ry = 100 f, Rg = 200 a, R3 = 500 n.so Rt = 1&0 + %00 +7500 Q
; Re = 800 0

N

The total resistance of resistors ins ies is always LARGER than-the resis-

tance of any one of the resistors; .

To find the current in the circuit replace all of the resistors by a single

resistor with a value equal to the total resistance. This resistance is called
the equiva ent alue of resistance or just equivalent resistance.

cut that'is twice as long. The ‘second piece will have twice as mich resistance

L1
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-

. . figure 2 is equival,ent: to Figure 1 1n the sense that the same cqrrent flows .
- from the vo]tage source.,

Apply Ohm's 1aw %o the .1rcuit of Figure 2.
o~
U S o o - | .
. R . - o IFi25mA
v - ; / R o
[ = mﬁ _ . . . : o ‘ v + : | . + ,
.' . o o B T . é Ry =
1 =0.0125 A ='12,5 mA . " 1oV -I- = 12.5 mA 8oo A
. .. - ./. ‘ )
v . : - . Figure 2'
| Example 1 ( ‘
+ :
E= -k Ry = 30R
50V ---T .
{ ) | I . .
f o . ~ Equivalent Circuit ,
- Rt = R} + R2 + Ry + Ry oL . - |
' Rt=25k+75k+5k+15k 2
,,&‘h R¢ =-30k | . _ . . S 1
[ £ CE 1SV R &30k .
® LRy .
T LI S
o 30k C . O\
| iy o ¥ ‘ : : .
_ You should remember from the Metric Prefix package k = 1000 and m = Tﬁilm = 0,001,
N 150V 1 onk ' o e
S.O [ = X » 0.005 A -, 00001\.* 5'.., 5 mA l v
| o 150V 150 . o N | L !
s RMst, o ™M 5 m since k = ——and m & wp— p
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Series Resistive Circuits_ N

. Self-Test No. 1

. : L A

1. - -Four resistors are connected in series. JTheir resjstances are 125, 250,
15, and 300 ohms respectively. What is fhe equivalent value of resjstance
for the serie$ combination? o _ R . ce

2. Determine the value of current in each resistor and the sougce. .
| R e L A G
J-ZZ-EW | ‘~f IR .
_I R .
| — VW ~ !
' 2
‘ [
: ‘ u;; "
: ! | L (
~ . ,
. —
L
4
' o
4 . '
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lhformation Sheet No. 2 .

< I « -

: EL-BE-20
Series Resistive Circuits A

Review b KVL R e
Now that you have'lear ad how to calculate the ;urrent in a series circuit you -
can prove Kirchhoff's{voltage law still works. '

Going back to- Figure 1 before the example, you can calculate each of the A

" voltage drops. . The current was 12.5 mA-in the circuit of Figure 1, P
N | | T XR=E
For Ry which was 100q , the drop is IR1 = (12,.5mA) x (IOqu) = 1 25 volts
For Ry 2009 , IRz = (12.5mA) x (2002) = 2.50 volts
For Rj 5009, | . IR3 = (12.5mA) xq(500$7) = 6,25 vqlts
The total voltage drop s . ) 10.00 volts .

The source voltage is E = 10 volts. s0 the source voltage minus the voltage
drops is 10V - 10V = 0 volts.

Also, in Example 1, I =5mA and,

IRy = '(5mA) x (2.5k) = 12,5V Ry = 2.5k
‘IRz = (5mA) x (7.5k) = 37.5V Rp = 7.5k
IR3 = (5mA) x (5k) = 25V ' 'Ry = 5K
.¥iR4 = (5mA) x (15k) = _iﬁ!__ Rg = 15k
Total drop . 150V CE = 150V f .
50, £ = 150 = 150 - 150 = 0, and KVL 1¢ again demonstrated. - ™

Voltage Sources in Series -
-~ . &

- Voltage sources in series-add in the same way as resistors, with one additional

concern. The polarity of each source must be the same before the values are
added. If the polaritydis opposite then the value must be subtracted instead _ '

of added. _ ' o
1oV e Vi | ;i i
For example . '?4'Ik7"3i'|f:" “lis equivalent to |||,__
wma T oV 2& h i ival 8v |
and 'S equivalent t
- ~+l'|h:':ﬂ|| + S nem e ll
B
. ' .
* 2 ‘ “ -
[ \ 8|' _ T ' ;
2 .
24 l - ; '\\ f\ - » .
. \\ L . - : ! .
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0 ! B S - Serfes Resistive Circuits
.p’ ) : . P | ' ' ‘ . . . ,
. ~ Here are two examples to*s‘vow how to solve series circuits with more than one
voltage source. S , | '
Example 2: | ‘s o |
. -, | i I : . , .I,
T F - . : :
WAME— — -
&= R T I80n Ry 700N + 4
1oV = R.= Ey "= : > Ry
o | | {3 5V T | = 15008
Ep = Rs = 300 IFQ¢: 100 2502 : i
5\/ — . . . .v
r—"_‘_ VWV =VVE ) ,

s . . : " Equivalent Circuit

~In the equivalent circuit
- Eg=Ep +E2 and Ry =Ry + Rz + Ry + Ry + R
o 16V'= 10V + 5V . 1500 2 = 150+ 700 +°250 + 100 + 3008

- £ | S \

S0 I = —— = where E¢ = 15V and Ry = 15009

15V .
! ='mﬁ-ﬁ' =.0.01 A'= 10 mA

KVL also holds for series circuits with more than one soufce. but it must be
modified slightly. . . ' )

The sum of voltage’RISES from voltage sources MINUS the sum of voltage DROPS
equals ZERO or the sum of voltage RISES EQUALS the ‘sum of voltage DROPS.

S . )
The voltage rises are always due to a source.  If the current enters the (+)
positive end, it is a voltage rise. C '

L]

The voltage drops are almost alhays due to resistors (IR drops), but may also
- be due to a source that is charging, which means absorbing energy rather than
supplying energy. If the current enters the (-) negative end, then it is a
voltage drop whether it is a resistor or a source. .

“In this example (Example 2) there are twb'voltage rises, E] and E2. Notice
that the current is entering the (+) end of each source.

~

E] = 10V and Ep = SV, 50 the total voltage rise ‘is 10V + 5V = 15V,

242
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n There are five voltage drops. Remember that IR means voltage drop. Notice the ®
. ~ current enters the (-) end of each: one. e | e
Ry = (0.0A) x (1508) = 1.5V I =001 A Ry =150
IR2 = (0.01A) x (700q) = 7.0V Ry = 7009
IR3 = (0.01A) x (250R) = 2.5V K - " R3.= 2500
IR4 = (0.01A) x (100R) = 1.0V - *7 Rq = 1008
IRs = (0.014) x (300%) = 3.0 . - R = 3000
Total drops =150v S
andsgeu see that'sotal rise (15V) equaIS'total'drog (ISV); |
o Example 3: -
AN ||l+ -1 | —— /_/ )
‘. L——Rn IOOO!& gs- | ‘§$f—£_ - SR LI
Sl S Tk wa
‘E3:lOV R :lsobﬂ - “ | 1 . . '
-—,|l|-+ j;V\- | ~ Gauivalent Circuit
=R1‘+R2+R3 Et'-'E1+E2-E_3 :

Ry =.1000 + 500+ 1500 = 30000 E¢ = 20 + 6 - 10 = 25 - 10 = 15V
18y |
I:—E— . = .005
o Ry, = 35557 = -005A
s since 30 = 3*
[ = 15V -l mﬁ = SmA |

The sum of the voltage rises is only Ey # Eg since current is entering the (- )
end of E3. \\ _

So voltage rise edua;s 20V + 5V = 25 volts o o . e
The voltage drops are: ' | v, ; . # |
IRy = (5mA) x (1900R) = &V ,
IRy = (5mA) x (Zzon) - 2.4V 3 | o , |
/ka///1R3 - §5mA) x (15000) = 7.5V  and because tﬁe current {s entering (-) end of Ej
S E3e | o P o ‘
‘total drops | ; = 25V ‘Mhith‘equuls the total rise of 25 volts.

".'.10 2\43
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" Self-Test No. 2

'1, Calculate E¢.

2. Calculate Ry.

fTJ;? Déterm1ne the value and direction
" of. the current .in each element.

Lot
2

1

. EL-BE-20 .
Series Resistive Circuits’

.

i
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N
Y
v
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Informatign Sheet No. 3 -

&

) . Power_inySerles Circuits ' ' | " . .

The total power absorbed -in’ any circuit 1s the sum of the powers absorbed in
each element of the circuit. It doesn't matter how the elements are connected .
s0 they can be connected in other arrangements besides' in series.

“The law of conservation of energy says that the total energy supplied mst - : o’
equal the total energy absorbed.

This means that the total power supplied by all of the sources that are
supplying power must equal the total power absorbed by resistors (or sources)
in the circuit. If a source is charging, it is absorbing power. It is charg- -
ing 1f the current enters the (-) end as it does in a resistor.

Review the formulas from the POWER/WATT'S LAW package. The necgssary formulas
are repeated inh the REVIEW OF FORMULAS section below. .

Refer back to Example 3 to demonstrate the use of these formulas 1n series L
circuits. : : /
ExI=.pP : '

E; is supplying Ej x 1= (ZOV) x (5mA) = 100 oW

E2 is supplying Ep x [ = ( SV) X (SmA) = 25 mW E; = 20V ' CIRCUTT]
. ‘ Total power sup_plied - 125 oW | t2= SV VALUES
o o | Je3=10v
E3 is absorbing €3 x I = (10V) x (5mA) = = 50 mW 11 = 5mA = ,005A
Ry is absorbing 12 x Ry = (5mA)2.x (1k) = 25 md 1 Ry ='1000 = 1k
. . ~ . v »
~or (.005)2-x (1000) = .025W ‘(25mM) - : [ Rz = 500 = 0.5k ¢
Rz is absorbing 12 x L (5mA)2 x  (.5k) = 12.5mW R3 ’1i500 - 1f5k
- N
R3. is absorbing 12 x R3 = (5mA)2 x (1 5k) = 37.5m . | -
Total . power absorbed M S =125 W dwhich-equals total power
supplied

-«

REVIEW OF FORMULAS?FOR SERIES CIRCUITS .

Ry = Ry + R%_f R3 +.and so on

~Et'= El qug + E3 + and so on; + means + or - depending on polarity
S '

P =E x I°for sources or resistors

. . . f : ] . -
R ; E? o Qr resistors only | | S | . - ;
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S'elf-Test No. 3 o | .

]

."‘I' | _ ) . o » . i
. _
' - 1. Calculate the power supp]ied or absorbed in each of the elements in Self- .
Test 2, .

2. Show that tﬁe power qbsorbed equal; thg/power supplied 1n_guestion'l. ' o

o

L
I4 ) ‘
v
. v
&
13 2 4 8 .9 v .
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Self-Test No. 4 / |

",1. When two or more resistors are in serdes they have the same

a. voltage, b. current. c. power, “\d. value. ' Y -
A |
2. To find the equivalent value of resistors in series, the resistances ‘.
mst be - _ e '
‘2. added.  b. subtracted.. c. mitiplied. . divided. | f,
3.aTo find the equivalent valie of’ batteries in series, the voltages must b
3. added.  b. subtracted. | -
*.--ce either added or subtracted depending on-polarity. ! .o~
‘d. either multiplied or divideq‘ ) _ ' ’
3. - Four resistors (100, 200, 500, and 50 ohms) ere in series. The equivalent

resistance is

a. 150 ohms.  b. 500 million ohms. . c. 850 ohms.  d. 1300 ohms.

. . , .
‘5. Solve for the value of current: - o L
t'?.‘\ ~ ' ]
a.f 3.3 mh. . :
' 4R 2k
b.] 5 A ‘ + -+ -
c.!l 5 mA . Iﬂ/\/\, M . L5R
d.' .05 A ‘ . - e
: : 50V — +
. | "T 2.5k 7R
6. .Solve for the value of current: " 4RDJL~3/\/\15§ -
B - ' + - - + .
N +[VW iPp—
~ 5,03 mA / \ - - %a:m
ao . m . b _ . —-. .
b. 25 mA | T I A1
c. 1.05 mA - T 18R
d. 1.05 A . PR
' | .

7. Solve for the power supplied by the 50 V battery in question #5.
| CN—— !
a. 250 mW b. 50md c. 25W  d.0 150 nW
8. Solve for the power absorbed by the circuit in question #6.

a. 5m b, 15m c. 75m  d. 126 mi
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9. Find the total;equiyalent,voltage of the sources:

Yoy

- t . : a - | 9V 6V
/] . .
a3V b, 6V c. 9V d. 18V A - lllu = l|l:ﬂ‘
A. L . ! oV o
. : ) ‘ B. __l|||+ +I||...
B- - . ! .
»
TN
'
, . . \
10, Find the equivalent value of resistance and voltage in the circuit; then
-« solve for the value and dlrectlon pf current.
, , ‘ .
300 1507
® N , \ 45V+::‘: ::‘.-:ZOV :
-.———-—I ”
% e——— AN AANN——

| - 24,3 .
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4

| ' | Given a power supply and the following resistors all connected in series, 330,
470, 1 k, and 1.5 k ohms each. Set the supply to about 9evbits. Measure the
supply voltage with the voltmeter. . '

Calculate the total or equivalent value of resistance. - V : o

v ' Cé\culate the value of Currenx that would flow in the circuit if they were all,
connected in a closed (unbroken) circuit in series. See the figure..
, ' )
Calculate'}he voltage that would exist across eachsresistor in the circuit.
_Connect the ‘complete circuit according to the f1gufe using the interconnecting
leads and including the afmeter. Measure the current with the ammeter.

Disconnect the ammeter and measure the voltage across egch resistor with the

" voltmeter. Remember to replace the ammeter with a short circuit to complete
the circuit. :
Obtain a single resistor of value equal to the value calculated for the total
resistance. Connect this resistor alone with the ammeter to the power supply
and measure the.current. Remember the resistor, ammeter, and battery~must be
connected 1n a closed SERIES circuit.

A1l of the-currénts calculated or measured should be the same. The reasons
‘ they may differ are:

1. The meter causes errors in measurgment.

2. The actual values and printed values of the parts may differ.
3. You may have made an error in calculation or measurement.

Have your instructor check your results.

-~
Arrangement for ~ Acrangement for
measuring current . measuring 1.5 k
(note polarity) . resistor voltage
~ (note polarity)
+ 3307 - \
. . .__j:a ) | |
ET POWER+ ’ SR
oVt B T T VOLTMETER
~ IR
.0
( lp [}

y 249 f | .
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Final Test _ '
1. When resistors or other electrical components are connected 1n series, the -
current in each of the components will always be
’ b. the same. c. different.

_ _ ¢
.1 ~ 2. Five resistors are connected in series. Two of the resistors are 50 ohms
each, and three of the resistors are 20 ohms each. What is. the equivalent

A

resistance? :
» s, V- AW _
‘3. Solve for the equivalent resistance . 3.3R 4,TR
“in the circuit. o B .
- | 50V — | 1lz
4. Solve for the current in the circuit. __]j ,
" : ‘ 1.5R IR
. A%

5. What is the total equivalent voltage 8V 7,
of the two sources connected as shown? '14"*‘“#4"*“'

v

6. What 1s the tota) equivalent voltage .

' . - Vi, IOV
of ‘the two sources.connected as shown? _Ei{ lF___4| }_s_
. ) _ | +l'-'.-~'+ . .
. 1
7. A 5k resistor and a 25k resistor are connected in series to a‘::T?EGG >

source. Which resistor is absorbing the?greater amount of power?

Calculate the power in the 5k resistor 1T the voltage source is 10 volts.

Calculate also the power delivered by the 10 volt source. Remember to
~solve for the current first! -

r

25R -
A

IOV:Efl o | 5r

8.\'Solve for the value and direction of thé’current. _— - 50

. | | — 3OV - 50N
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* Final Evaluation T

@ Calculated resistance and current. o
Calculated voltages.
7 ' Cdrrent measured in original circuit.
Voltages:measured in original circuit. '+ -
Curreht measuredv1n.gquivalént-circuit.

Final Test 85%.

v

When all checks indicate OK, proceed to the next learning

AR

l (
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1. Ry = 750 ohms; Ry = 125 + 250 + 75 + 300 ohms

2. The current is the same for all series elements.

I =2 mA ot 0.002 A;,lr - ﬁ% 3 Ry = 2ke+ 1k + 6k or Ry

- v 1w égl or I = 2 mA

[

] aso 1 - §%§%- or 1 = 0.002 A or 2 mA

Answers to Self-Test #2
l. E¢ = 10V (same polarity as 25V source); Ey = 26 - 15 volts

2. R¢ = 400 0; Ry = 100 + 2500 .
3. 1 =0.025 A or 25 Nf in each element; - Direction: 25V

o . 500
S A (1 : B -1
R s 000 ‘ ' . 100

R . EL-BE-20
%~ Series Resistive Circuits -

Answers ‘ ‘ o - | AR :
/ - | . oy, : :

Answers toASelf-Tést‘#l BEN

= 9k

2500

Answer§ to Self-Test #3.

»

1. Pagy = 0.6268 . supplied since current §s leaving (-) end

Plsy = O.375W

4
Psoy = 0.3125W

absorbed since current is entering (-)
P1ooy = 0.0625W | L

-

P250y = 0.15625W

Qnd

down

to left
to left
up

to right

‘

Equations.used; For sources (either'supplying 6r.absorb1n9) P = ExI

for resistors P-= 12R

[ = 0,025 A 1n all cuSGS'“E“or R depending on value for source or resistor

considered. -

2. Total power supp!ied = 0,625

Total power absolcbed = 0.6254 = 0.3125 + 0, 0625 + 0 16628 + 0,375

o~

Pabsorbed = Psupplied since
0.6250 = 0.626W

KT
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Answers to Self-Test #4 » | . | -
1. b. current () . " e

2. @. added | N - -7 | ,
R TS ...either\add__ed or sutztractgd depending on polarity , .
, 'Ahﬁ c. 80omms : T : - |
S 5» mA : o e - ._ : ‘ . . | | "
6. a. '5.03 mA -

r. . 250 mi = ExI = SOxSmA | -
.o also = §24k + 122k + 1215k + 12,25 + 122, 25k . 1210k
' © since power’ supplied equals powbr absorbed '

8. d. 126 mW = 12(4970) = (25V)xx " .‘. o -/

9. A.d. 15V = 6V + OV —~
B, a. 3V =09V -6V
10. Ry = 300 + 150 + 500 + 50 = 1000 ‘
i 1= -2 40,025 A = 25 mA o PN
- 10m . - | |
/.
. Fad -
~ “' ”‘ . v
" . 7 ‘
_— .
- ‘ "

I PO v P LA T T T P P
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Goal: o | Performance Indicators: =
The apprentice will be able to, - 1. Calculate*otal resistance, ‘
calculate .current. and resistance : ' |
in a parallel resistive circuit, )l . 2. Calculate total current, ‘ i
‘ ' ~ -
| o .
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Objectives

Given:

‘A.power supply and 4 resistors -

connected in parallel

An ammeter.and voltmeter

A resistor equal in value to
the 4 parallel resistors:

Questions and problems .

:

Interconnecting_leads or wires to connect the_part§

Learning Activities

Do the Self-Test.
Do the Tasks.

—————
D ———
D ———
Attt eegis
b i ettt

Do the Final Test..

|

Study the Key Words Tist.

. »
- Read the Information Sheets.

Obtain Final Evaluation.

A
)

S *%1/4 watt minimum._Z% suggested- tolerance -

- ~ EL<BE-2]
Parallel Resistive Circuits

_The stddent will:

Calculate the total résistance.

Calculate the current in each
resistor. :

Ca1éhlatéAthe‘total supply current.

Connect the circuit'together and .

measure the currents.

Connect the supply to_a'single

resistor of equivalent value and

remeasure the supply current.

_CQmplete a Final Test with an
accuracy of 85 percent.

Directions- L
Obtain the folipwfng materials:
A DC power supply | , v X
Resistors (1/4 W, 2%)* 1k, 2.7k, 3.3k, 4.7k, 8.2k ohms
Any~Db voltmeter and ammeter (separate ngﬁfg§”5u;jucombtq§gion~mete )




- EL-BE-21
Parallel Resistive Circuits -

Key Words

-.Conductance (G): The property f a component that allows current to flow:
the Targer the conductance, the arger the current; the opposite of
resistance.

. Mho (B): A unit for conductance: "1 mho equals 1 amp divided by 1 volt,

Parallel connection: A method of connecting electrical components between or
across ‘the same two voltage points in a ciﬁcyit

Parallel circuit: A circuit where all the components.are,connected-in
parallel. :

Sieman (S): Ajmore modern unit fob conductance, equal to a mho.

Short circuit: A condition where the circuit resistance is zero.
N

N

L 25
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~allel circuit. The current which the .

" recombine at point B to provide the same

“conne®ted to the rest of the parallel
circuit at points A and B.. : -
. . 13 . . —
In Figure 2 the currents in each of the -
resistors and the total current are the g =

N &Y

Are——.

| . PR EL-BE-21
. o . , o Parallel Resistive Circuits
Information Sheet Q

¢

A parallel circuit is one in which a1l of the components are connected in - ‘

parallel. That means that each component is connected between or across the
same two. points, Figure 1 shows a parallel.circuit and the two points are ,
labeled point A and point B. As you can see, the voltage supply is also con-
nected between the two points and determines the voltage between points A and -
B. The voltage across each and every component has to be the source voltage,

and for ‘this reason there is only one

voltage, ‘the source voltage, in a par- BRI : ,

source produces divides at point A into
the separate current paths through each
resistor. These separate currents

current entering the source as that .
leaving the source. As you learned in E =_
the Kirchhoff's Current aw‘package. : &N-T

I, =1, + I;7+ I3 or in this casffily .

[, = 0.5, I,.= 1A, and I5 = 2

3.5A

0.5A + 1A + 2A or ‘

® : ' .
3.5 IR ' . Figure 1.

"

3.5

Many-timeS'a.parallel'circuit will be drawn or actually connected together so

. that there are more than two points in the circuit. In Figure 2, resistors

R, and R3 are connected together first

to farm points C and D before they ar - 1 -
0 3{: PO nes an efore ey A e If B I2+I3(3A)C -‘]Eé(zA) :

same as they are in Figure 1. The
voltagg in each circuit is also the same.

The only difference between the two circuits
is that extra current paths have been made
between points-A-and D and between B and

C. If you-measured the current in each of
these extra wires you'would measure the

‘sum of the currents in R, and R3 or ,

I T - "~ Figure 2-

" In other words, connecting the parallel circuit tn this way divides the total

current from the source in stages rather than all at Once, First I, is sub-

. tracted from I, at point A. What is left is lt - I; which also equals I, +

t

This remaining current divides at point D into the separate currents 1, and I;.

K

5. !
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S (7 equatio ,
Iy = Iy + 1 + 1y ‘-.h ‘
I, - L= + I+ 13- 1) ' subtracting I, from both sides of ‘the .
| . . equation

I, - =1, + 1 cancelling the Il terms |
3.5A - 0 5A = 1A + 2A X 2 for the values of Figure 2 |
3 = 3A o I S

0f course the currents add back together in sggges, firgt at point C to form
I, + I, and finally at point B to form Iy + Ez I,-which equals It

If it makes it easier for you to. work only with the parallel circuit drawn as !

in Figure 1, it 1s all right to redraw Figure 2 so that it looks 1ike Figure 1. :
Just combine points A and D into a single point.,and combine points B and C

into a single point. I ,

. In Figures 1 and 2 suppose you were not to]d that the voltage was 6 vo]ts. and \
that all you were told was the value of each resistor and the total ¢urrent of
3.5A.. You can solve for the voltage by knowing how resistors combine in
parallel. But before you do that, you should know what conductance is.. Con-

. | ductance is the exact opposite of resistance. ‘,l A S _0 ‘
~>”"// A resistor with a large value of resistance has® small va]ue of conductance.
and a resistor with a small valuegf resistance has a large value of  conduc-

tance. Conductance is the property of a component to allow-or to accept current
from a source, but resistance is the property to dppose or to. restrict current

flow. The symbol for.conductance is G and mathematically, G --%.

- For a resistor with a value of resistance equal to R ohms, its conductance G is ;
~ one é;f‘yded by the value of R. That is the same as §aying that conductance is -
the feciprocal of resistance. Likewise resistance is the reciprocal of con-
ductance. Review the package on Equations if you are having trouble under-
standing reciprocals. The unit for conductance is the mho. More recently the
unit has been changed to the Sieman or just S, but many people continue to use

the mho since it is ohm written ba The mho 15 a viate the ohm
symbol written upside down . Fpr the three resistors in Figure | o

® = ]ﬁl 4Gy = %2 Gy %—3 and R, = 120, R, = 68, Ry = _39 y o
| . . o . |
TR 5 ' / : - -
6 " m. 627 52 93 ; %n - . L
\ i i ’ \ | . L3 I
G, = 0.083s 6, = 0.1678 G = 0.3338

-ERIC »
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Going back to the original problem, given the\resistances and the total current,
solve for the voltage. First combine the parallel.resistors into one equivalent
or total resistance. For parallel resistors you add their conductances.

°CONDUCTANCE IN PARALLEL ADDS

Placing additional components in parallel adds to the total current and

“increases the conductance of the total circuit. Two resistors of equal value

placed in parallel across a voltage source will draw twice the current as either -
one alone, and the total conductance will be twice the conductance of either
one. S _ o o

v
. Q .

In equation form, G, = 6) + 6, + G3 and so on for parallel resistors.

” In Figures 1 and 2:

6, = 0.0830 + 0.1676+ 0.333u " ‘Since the values for G;, Gy, and G, were
. o , ¢ - already calculated as 6 085 0.167, and .
. 0. 333u. -
G, = 0.583U D _
. t RN | L e »72 . I* = 3.5A )
Rt = Gt; . + . .
: '.E: '—:_-- 2 G+: O.%s
Rt = 07583 AR Ry: L5 -
= 3_.5A ' ' i
R, = 1.7150 Iy = 35
t . -
M t N . . .

The total or equivalent resistance of resis- Equivalent Circuit of Figures
tors in parallel is always (€SS THAN the 1 and 2 .

resistance of any one of the resistors. It

is therefore always smaller than the smallest

one. Notice that 1.7152 is less than the ' _ FIGURE 3-
smallest resistance of 30., Figure 3 is an B :
equivalent circuit for both Figures 1 and 2. The voltage can how be solved by
applying ohm's law to the equivalent C1rcu1t ’

E= T x R

E = 3.5A x 1.7160 ‘
E 6'5 - 4 . - | ' ] N l J-' - .‘() . \‘V‘
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EXAMPLE 1; Four resistors are in parallel and the total current {s 44.4 mA.
t=61K62+63+Gl,‘ By = 1K Ry = 2, Ry = 5K, Rl.=05k [, = 44.4mA
Fn + ﬁz Fa ﬁ“ o Calculate R and E.
N R 1 ~ _ . )
Gt T Bk + T * UTSk | remember k 1000 m = 0. 001. and m K
G, = 0.001 + 0.0005 + 0.0002 + 0.0028 Als0 Gy = Tn + 0.5 + 0.2n + 2my
6, = 0.00378 or 3.7 my ~
: '
- ‘ '
Rt Gi 2702 or 0.27kn :
E = It X Rt | "
E = 0.044A x 2700 . Talso E = 44.4 A x 0.27k
E =12 volts | E = 12 volts since k x ﬂ- 1
You can double check Kirghhoff's Current Law by calculating the currents in
each resistor using Ohm's law.
. . “I = E I =
Fﬁ- & A ﬁé Ry v ﬁh
1 ::lZ-Y- I :.-.lz.v. I .-..lg.! I, = ]zv :
17 Tk 272 378k - “ 7 0.5k
I, = 12mA! I, = 6mA Ig = 2.4mA . I,.= 24mA )
It =T, + I + 13 + ] .
I =124 6+ 2.4+ 24mA
[, = 44.4mA | | o . .
. .
If the source voltage were known' instead of the source current, you could J

solve the problem in the same way, and divide E by R, (or multiply E by G, ) to
find I Instead you could solve .for each of the 1nd1v1dual resistor currents
directly and add them to find I

E !

Ry - Ry .
If you ar, ' inding the equivalent resistance of two resistances only, an :
alternatfiifrmula can be used.
Ry for\two resistanﬁes.
: | J . |
' v, . L ‘ ) '
262 - o
N o '__m______i,m;;u__k____._“__—__—.______;..__._..;.;_.



EL-BE-21
Parallel Resistive Circuits

' . ~»- .

‘h X
’

L
.' In words the formula states that the total or equivalent resistance gf two 1
resistors in parallel is the product of the two resistances divided y the sum .

_ . , ‘

|

'of the two resistances.

Actually you can use this formula when there are more than two resistors if you

combine the resistances in stagéds two at a time. Examples 3 and 4 will show how
« this is done. . ‘ . ]

EXAMPLE 2: Find R, . | .

t . | T ‘
: '/ |
Ry XR A
= —L-—,J. ~ AT |
Rt = R+ R, 7. .
. . | S
_ 200 X 300° - o '
Rt = mﬁﬂwm. cee _ R|.n : RZ E 3 .
. o 200 3005 . w
_ 60000 | “ .
R¢ = 500 ‘ '
Ry = 1200 o -\ | - | 1
EXAMPLE 3: Find Ry C ‘
' v
R = R X Ry '
‘l', ot Ry Ry | , ’ o
o : . g R 2 .'\ ’
R = 2000 X 4000 _ R ig' - Ra 3 o |
t, 2000 + 4000 1000 2000 - 4ooO P ;
'Rt, = }333 U L
Ry X R | R g Ry
t | 4 .
R = . S W n . ;
t YR, : 1000~ 1333
ﬁ t B ' Ry=57L4R <

1000 X 1333

R¢ = 1000 + 1333 ©

] T W
o Ry =571.4,0
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EXAMPLE 4: S o - "
Find R - Two different ways of combining qﬁfistors two Jt a time are shown as .» |

well as the method using conductances. Compare the methods to see which you
prefer. It doesn't matter which two resistors you combine first. Method 1
and method 2 are different only because different resistors are combined ~
first. Method 3. combines conductances:-.

) RI Rz . Rg
600% oo

; o . ‘
. Wethed T ~Wethod 2 ~Wethod 3
_RIXR RyXR - RIXR, R: XR . ._
. ‘. - ’Rfl 1Rz Btz RatRy Rtl Ri+R, th R2*R3 84761462+65%6,

R 600X400 1200X1000 600X1000 400X1200 SN I R R
Rt "E00+400 Rt,"TZ00+1000  "t, 600FTO00 "t,"#00FTZ00  Ot°R, 'R, 'R, 'R,

_ i} | . : ] L I P .
Rtl 2400 th 545 .50 Rtl 3750 th 3000 _ Gtﬂgun*zﬁa*Tzﬁﬁ*Tﬁﬁa - ;Tﬁ

®  rx SRR, . | |
. Rtﬁl R, R 7 ~ | 6,=0.00167+0.0025+
. o t, 0.00083+0. 001 |
24ox545 5 375x300 R i
Rt 2a6+5a5 5 t 37§¥§Uﬁ : . Gt 0.006u . i
| o B | - i
n . | 1, .
Ry = 166.7 9 o Ry<166.72 | Rtwﬁt 166. 70 /

Batteries are generally NOT connected in parallel. If two batteries are placed
in parallel, plus side to plus side and minus side to minus side, usually one
battery wil] be supplying power, and the other will be absorbing power. A very.
-large current will flow if thé batteries do not have the same voltage The same -
is true for other voltage sources., : '

A pattery'thqt~is absorbing power is being charged.

This can cause damage to the batteries unless done under controlled conditions

which include the following: .

i 1. Charging only rechargeable f&pe batteries. ) - o |
L 2. " pbse;ving propér polarity. _ 'fi IR - N\ |
. ‘I’ /f%. Manually o; automatically cohtro]ling the currént that f]owS. N o
. |
’ ‘ i L ] , S _ | Akﬂ | \“Eiiiigih

7 264,
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1]

The battery with the EEE$1Q§ voltage is
being charged. If it is reghargeable, -
+ + its voltage will increase, and the vol-
, tage of the battery supplying power will
decrease, Charging will stop (zero

current) when the two- battery voltages

' A | are the same.

Batteryl#Z is being charged

If the two batteries are placed in
parallel, plus s4ide to minus side and
m1nus side to plus side, both batteries
will be short circuited by each other.
This will cause excessive current, and

it will destroy the batteries.

Excessive current flows

Batteries Shorted and Damaged

+REVIEW OF FORMULAS FOR PARALLEL CIRCUITS

| —
~

G =

I

=Gy + G + 63+ Gy +and soon

o
L}

"\_1* 11
t .ﬁl ﬁz ﬁh f aﬂd so on

M <p!
'

.

= %T—éﬂgg for two’resiStors in parallel ,
. Sl ‘

L
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E*25V"'

O Y ‘T.

[ . . -I. - ,‘ \"" )
| = | &R *Seoon
E= . | T N
L 4
[oFls )

o0 éon

t l _ - . ot
.Rt - ’ G
Five resistors are in parallel. Ry = 2k, R, = 3k K} = 10k, R, =.3% and
= 100 q. Calculate the equivalent resistance Rt . /
Rt = . | | |
. \
“ ' ) : 4
. ' q ' |
P
L] . ‘v i
.'\2 l""' : N

s

Self-Test PPN R j EER
lf‘ Two or more resistdrs in parallel have the same

a. voltage. b. current. e, .power - d. value.

2. gg find the* equivalent value of resistors jﬂ)parallel'the resistances must

a. added. b. subtracted. c. ;sded then inverted. =~ '

d. inverted thén added and the result inverted.

3. The equivalent value of parallélfrésistors is .
| é. smaller than b. larger %ﬁ‘:cf-‘rc. 'equal to d. twice

the vilue of the smallest resistance. b '

4. A 600 ohm and a 300 ohm reslstsk are in parallel ,lhe total resistance

is ,

a. 900 ohms. b. 300 ohms. c. 200 oms. d. 0.005 ohm, .
5. Four resistors are in par&llel.‘a 1k, 2k, and two 4k s. Ry is “ *
: a, 571 ohms. b. 500 ohms. ¢. llk.aﬁ.'lk\.

6. SolVebfor the. voltage € o . L TN
. 7 Solve for L and Ry
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| P * . Parallel Resistive Circuits

. 9{' Batteries can be placed in parallel without danger or damage to the
;gz' ' batteries . | . S e ,
a. no matter how they are connected. | |

b, 1if the one that is o‘prging 1s properly connected and is a recharge-
able type.’ . .

C. - under no circumstances

10. The total resistance of three paralle] resistors is 100 ohms. One of - - e

- the resi'stors is 200 ohms and another is 460 ohms. Find the third value. * e
Use the conductance method. ) ' ot & S

. R3 = . * ‘;-}.‘u . -Aa
17, Which battery is being charged
: '(absorbing energy)?

'd

" 12. Determine thé”value of the
* unknown' resistanee Rx'

5
10 Q
510

. o A R‘l
- .R?

TR T £




~Given a bower supply
3.3k, 4.7k, and 8.2k.

Measure the su
- the equivalent value of resistance,.

and the following resistors connected in parallel, |
PPly voltage with the voltmeter. Calculate

Calculate the value of current that will flow wh

Use the measured value of supply voltage.

~ Connect the circuit using the interco
- ammeter in series with each resistor.

of the resistors. See the Figure.
Also connect. the ammeter in serie
See the Figure. .

Obtain a single resistor of value e
Connect this resist
together in SERIES and meas

resistance.

Also the calculateéd and measured val
be the same. The following are reas

- Calculate the current #hat will flow in ‘each resistor.

©. - EL-BE-21°
.Parallel Resistive Circuits

en the supply is tonnected,

nnecting -leads, and alternately connect the

In this way measuve the current in each

s with the supply/to measure the total current,

qual to the value calculated for the total

or alone with the ammeter and ¢

&the current.

The current measured with each single resistor shoul
measured for the ori
for total current.

AMMETER |—

ter Conngction to Measure I, -

14

he supply all
See the Figure. -

equal the total current
ginal circuit. It should also e al the calculated value

ues of individual resistor currents.
ons why any of them.may differ:

The meter causes errors in measurement.
The actual and printed values of t
You may have made an error in
instructor check your results.

should

he parts may differ.
calculation or measurement, Have your

‘Anmeter Connection to measure I
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..

Flnal Test

1._ Wihen electrica1 components are connected in- p&rallel.

the vcltade across
each and every component w111 be : :

d. zero. b. equal to the current ~ c. different from each other.

~d. the same as each other ¥

>

2. To combine parallel resistances you add

a. condubtances b. resistances ¢, yvoltages, , . .

3. The equ1valent value of" res1stances in paral]el w111 afways be less than N
v t he : . A ‘?gc

a. largest resistance. b, -smallest’ res1stance - ;
" Targest plus smallest resistances, ',

4.. Four resistors are. connected in- para]lel Rl t 100q, R, = 1504, Ra = 509,
and Ry = 2009 Calculate the total resistance Rt ]
5. The equivalent resistance of three resistors in parallel is R, = 500, One

of the resistors is 1k and another is 2k. Find the value of the third.
Use the method of conductances. '

6. Solve for the voltage in the circuit.  ==I;= 0.0IA .
T QR Qlor >R,
7. Which battery, A or B is being L .
charged? What limits the current | y [ NV 1+
from charging too fast?l - h A — N B T .

- . f 12,1V f-'l-"" | 128‘4"']::

8. Solve for I, and Rtf

e

. | . Ez |85V _—_ .2001\ 3004% IOO“"

./ﬂ

i
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: B Wl ~ " parallel Resistive CYrcuits:

Ar}wers e o
RPN Vo]tage. | '

;’ ﬁ. 1nvertedothen adged and the result inverted

2
. 3. a. smallér than ‘ ' | - ‘ ' “\\\\\
; -4, c. 200~ohmsE | T ' - = ,

. b. 500 ohmsi . - o Sy

——
o o

6}volt;. ' o : I
7.7 4375 A | | o
8. Re=8%.820. T . o T -

79, b, if the one that is charging properly connected and is a.recharggable
' type. . 3

10, 4000 3150 6y = 6, -6, -Gz B I
- | .01 - /005 - 0025 &

fr .

"« Q3 .
® 63 =.0025p | I

63

[ep]} L]
(F%)
L

=
Y
k1]
A

Ry = . 0025 AT Y S
] o g W

_ R3:4009 o
11. Battery B. 1155V) is being charged § ~

t-=Gl+c£+G '5'U G, = Ts'u Gy = WU

12. R, = 308; G
X
Gy —GI-GZ. a¢=-o§s G, = 0.06671, Gz=016

e

"

0.2 - 0. 0667 - 0 1,

0 03338 ' -

-x .. ' . ’ .

e
(I I
"

=
"
r
S

a

. X
-

‘ A‘ i " -
‘. LT T YPEPY S *
NP - - o o
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® * Final Evaluation

Calculated Resistance

Calculated Currents

Measured Resistor Currents

Measured Total Current -

Current Measured in Equivalent.Circuit ., | = o

Final Test

\
-
. . - . ' a ". !

When &11 of the checks indicate OK,.proceed to the rext learning package. )
s ‘ - ) : |
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The apprentice will be able to

Pe

l

.

/.
, , &
. 2,]4
L | | SERIES-PARALLEL RESISTIVE CIRCULTS
- . .
x ' -,
\
’
% .
| y
_ ‘ .
’ N 9 ol

rformance Indicators:

) . .,' o 1. Calculate resistance.
calculate cyrrent and resistance _ ' : N .
in a series-parallel combination 2. Calculate current. -
circuit, Y . ' ¥

: 3. HMeasure current with ammeter.
! |
Y’ R
. »
o - \
\, . ' w |
N\
N / N\ )
‘\ . - - . y -
v fJ\\ ) ’ / 2 '7 )
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Objectives /

Given:

| A voltage source and resistors
: arranged in series-parallel
combinations

A voltmeter and ammeter or
combination voltmeter-ammeter

4

Questions and problems
e bt
+ Directions
" Obtain the-following:
A OC power supply

: Re51sfors 1/4 watt, 2%

330, 470, 1k, 1. 8k 2.2k, 2.7k,

3.3k, 4. 7k ohms

." A DC voltmeter and ammeter (or combina-

" tion meter)

Interconnecting wires or leads

Learning Activities

£ Sfudy.theery_Nords.]ist;.

Do the Self-Test.
Do the Task.
) Takg'the Final Test.,

RERN

Read the Information Sheets.

Obtain Final Evaluation,

¥

EL BE-22
Serfes-Paralle\ Resistive Circuits

The student will:

Calculate the equivalent Value of
resistance for the series-parallel
combination., ,

. Calculate the current drawn by the

¢ircuit with the source connected.,

Measure the current with the ammeter.

‘Measure the current with the circuit
,replaced byé}he quivalent resistor,
i

Comp\ete a €inal Test with an accuracy®

of 85%. s

275
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: . _ Series-Parallel Resistive Circuits’
Key Words o L o

L 4
r

Kincnoff's'volt e Law:/ The law that states that voltages add in series or

‘that the sum of the voltages around a clqsed path is zero.

Kirchoff's Current Law: The law that states that currents add in parallel or

that the sum of the currents entering ‘and leaving a 'point js zero,

EAB‘ A symbol to represent the voltage between points A and B in a circuit.

Series connection of components: A method of connecting electrical components

so that one end but only one end of each component is-connected to each- of the

other components; series components always have the same current.

-

Paralle) connection of components: A method of connecting electrical compos

nents so that they are connected between or across the same two paints 1n a

cireuit; parallel components always have the same voltage.

]

T~
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. ..+ Series-Parallel Resistive Circuits
‘Information Sheet ' L

4

Most circuits are connected so that there are both series and parallel combin-

atyons of resistors, The circuits can be simplified by\ combining either series
dombinationg or parallel combinations of resistors. Usually the combination of
either serias dr parallel resistors will change the circit in such a way that

additional series or parallel combinations result. The ufg can then be
further simplified, and the original complicated circuit can b& reduced to a j

simpler one by a series of repeated combfnations of resistors,

Using the process of repeated serieﬁ and parallal combinations jlist described,
we can often reduce the circuit to an equivalent circuit of only a single
resistor.’ The important thing to' learn 1s how to determine which -resistors, if
any, are actually in series or which, if any, are in parallel. You must be

-careful not to combine resistorslthat are not actually dn. series or in

parallel. ;e .

It should be helpful to'you to review the packages on senies and.ohiparallel ~

resistive circuits .to remind you ‘how components are connetted in series or in
parallel. It may also be helpful to go all the way back ty the package “Intro-
duction to Circuits” in which series and parallel connq&}i s of components
were first defined. ‘ 1\

restated. : - o
: " 4

Series connection--components are in seriesfif they are connected}g?ﬁ/to end

" such that one and only one end of each

component is connected to another compo-
nent. Another way to.identify series v

components 1s to look for components with ;
the same circuit current. Components in - """\M"—'VV\'."W_."'
series will always have the same circuit - .
current. I * SERIES CONNECTION

Parallel qonﬂectionQ-components are in parallel if they are connected_betweehA;
or across the same two voltage points in o ~AAN '
a circuit. ‘Anothér way to identify par- \ ,
allel components is to look for components < ANy
with the same circuit voltage. Componeq;s R
in parallel will always have the same f AN
circuit voltage, : . ~ PARALLEL- CONNECTION
A special case occurs when there are only two compoﬁentsgnn the ciréuit. The
two components are both in series and in parallel since they have the same
current and the same voltage.' ) 5 ‘
'
4

13 " -

. ' - ./

" Before an example is worked, the rules for series and parallel connections are

\

- ’



" In the figure, which resistors are in

_resistor has resulted in the ‘parallel

O

Ry = Ry + Ry

-R* = 300

Y ﬁz/* RX , ;

EL~ BE 22
Series~Paralle1 Resistive Circuits -

" "'Q | - - .

Here are some examples to help you recog— _ \) ' Y i . E and R are
nize series §nd parallel combinations. - ~ -~ 1 .both in series

" and in parallel.
series and which resistors are in parallel?

Ry and R, are in series. They both have ' 1 R
T

the same current, 13. flowing in them.

There acéﬂNO resigtors in pirallel. No - 4 | o
two resistors are*‘onnected between the _ '

seme twd points in'the circuit. Rl 1s ¢ R.30R

between points A and B, R2 between™B and D, o

A,
R, between B and C, and R, b ¢ and D 2=
3 between B an and R, etween G and D. 1 T 18

The source E 1s between points A and D. ANl * .
four points. are separate goints and cannot | E 1- -
be combined since each is separated by at - "Rz 20+
least ‘one componedt rather than a wire con- — |5 ¢
nection. So the only thing you can do 12V T+ . .

is to combine R3 and R4 into one equivalent

, D
resistor which could be called R and redraw ' I, T —
the circuit. ) v

Rx Q 20 + 109 N
. -

Notice that point C is eliminated when the S I, - I3
equivalent circuit is drawn. - Notice also o _— R2 Ry
that combin-ing Ry and R4 into a single IZV—_* 158 29 V2305

combination of two resistors R, and. the T eI, T f
new resistance Rx‘ Rz and,Rx are both | X

between the points B and D and ar® in . Equivalent Circuit 1

paryllel. No two resistors are in series
ore. . S ' 3

W you can combine R2 and R into a single equivalent resistance. call it
and redraw th€ circuit.

)

R2 X Rx\




- I . / l - . EL"‘BE"Z? :
Series~Parallel Resistive Circuits.

| | | . B

‘I’ In the second eqdivalent circuit, the only two resistors left are'1n'§erigs.

- Combining those two into‘one final total resistance for the entire circuit,

Rt' you have ' ' A

R, =R, + R’ | | =
Ty ~ | F— I Ry
"R, = 30 + 100 : 1V v N40R
ot ' / >
- Ry = 408 o - ~ Final Equivalent Circuit

5}

*

Now that.R, has been dgtermingd{*fl can be found, - '

P, = S | | o B
! ﬁt e . : L I N
[ w12V |
1 40q

| Il = 0.3A ) R

: : Lo
You can solve .for all of the other currents and_voltages in the original cir-

cuit by going back to the other equivalent ctrcui%sl.'Using equivalent circuit 2, ;A;f; :

. . ' the voltage,ac;qsso. R=Epg=I %R, and the" vo}tage ,,\(frbss RZ;EBb-IIny

14 EAB'0.3AX3OQ ‘ _ﬂ' . EBD.O'an‘IOQ o N | v ‘
' EAB-9 vplts | - ' | ..EBD'3 volts
Notice that Eyy + _an “Epp " E Kirchhoff's Voita?e Law.
9V + 3V = 12V by '
Going back to equivalent circuit 1, o ' _—
E - E - i
. 8D, 4 1= B0 W -
, . . 12 N%‘ and 13 ! ﬁ;- but EBD ha; been fqud .
 ay. a3 PR , |
..‘t:o bg 3V 50 Iz 1t and 13 W0 k N
o 12 = 0¢2A '. 13 = 001A I » : . ‘..{" i ."
Notjce that I, + I, = L Kirchhoff's Current Law f | :f
0.2A + 0.1A = 0,34 : “




‘l ' . v_ . | . | ' . . ‘:‘- - SN . : . EL BE 22 .‘- : . P
. o ) : -' Series—Paralle1 Resistive Circu1ts .

. | F‘"d“y. using the original circuit, S AR B
_ the voltage across Ra EBC - 13 X R3 and dqross R4' ECD 13"‘" R@
¢ - - o "Eaé = 0.1A x 209 T By 0.1A X 100 "

w. ) L . R , e
v * I SR .
. . . ' . . o

U . v ’

ST L e T T
n "' - Notice th@t EB-C + ECD - EBD K V'C.hhdff-'s letag’e*’Law . ' o o X .. .

. o~ o B ._.‘." . “
|

F1nally, all’ of the currents and vowages have been ﬁound. and Kirqhoff‘s, Laws S s
have been usgel as a double check. . | LT Ty
| P RaSOJ?- Rgloo& Lt
Examgl S - 5_3:‘ B I e A A\ AN N
~FRind R, and solve for al] of the cur-" : I Iy C. o I' T T,
rents and 'voltages .in thé Q«it | RY o0R
_Which res1stors _are in. ﬁﬁe wnly N - A s D
L Rx - 50 + 100
. .
. 1500

Whigh resistors are in parallel?

ﬂ . .
N .ﬂ'

R5XR6

OnLyR andR.ﬁoRy m
" 75 7 76

LT g W d00 X 200
A ‘UU-* 200

Py . 2

©o R .= 133 .
- -,; I 13 v

N . , r~,
. b [y . . o
I il ity
. . [N

R,.= 1000 = , ° ‘ o Equjvalent tircu!tf-l"ﬁ;_‘."-.f*

B . ' * y
N ' g ’

v
o r
. )




N T T I Series-%ra]lel Resisti\’e Lircuits
r‘ ' 4"1 Lo ” : _".a ! /'- . l ‘ L . o , ) . . ‘\ L3 ‘ - - . t

' ., mey Rl' R, and Ry are 1in series 50 that R R1 +R, +R

At v

of - - .
« Y . . .
-' ' .'ﬂ ) : ¢ . ( ! " ) ‘

| AX. . T Lok <, S
.”'wSFRt5Qf4@¢J§Q-

) e . b | L "‘:""q' '.
T Ry =000
9 . . 4 / '

- tr ; . .
Al . v *
YE o k ‘ . " " , < .- -t ¢ . . " ’
o ‘-". j . ! ) i i o
' b . L L) N ) ., hd C
1 » » - »

b

Egy = 0.5A x 1000 - 'EDE- = 0 5A x 1339 o
R LR
AT SR | S
oLt Lty
S s : 6 |
l

.~ 6 v : .é‘“ : . 6 v' ‘A “
2 C, Tavowoa T latcmmes

B : . e : . .

(Tp = Q67A L L. Iy = 0.1676A ., = 0.336A .
‘ _A' ‘ ' ..: ' . AN = | .-. . . ..‘ - ~ -
: ,ECD-IIXh 3 | . - . . T
o 'W'ﬁEco-"°'33“'* 1909 B ,
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‘"‘;_' R ’ff. o BN Series-Parallel Resistive Circuits
R A ' " v~ :i_‘ik'
.g It was al ready stated that some circuits do:not’ have any combinations of !
| . v - resistors that are either in series or 1M parallel. These circuits cannot be ..
el . simptified by the method presentéd here. One example of suchva circuit is the _ . “

. ridg circuit. Notice that no two resistors are either in series or in
' . parallel. Each of the resistors and the source is between a different set of
., . points in the circuit. Also-there is a different current in each resistor and '
' “the source since the gurrent divides at each of the points, A, 8, C, and D.
Methods used to calculate the voltages and: currents are a subject for a more - ,
advanced course in electronics.. . '

13

E . Component Between Points -
A 12 resistor - A48 -
| S - 30 resistor . A&C
N , source ALD : T
| E: — ‘ 4q resistor B&C ;
\%V | 2q resistor B &D ,
‘ | 1.50 resistor - C& 0D
Cy o . s
] . ' -K g f
e s, BRIDGE CIRCUIT e N "
"Power 1in a series-parallel resistive circuit is. calculated in the same way as- | o

{t is in less complicated clrcuits. :

"The total power supplied by sources equals the total power absorbed by resistors
(or otngf sources if they are charging)..' ,

The power ‘absorbed for each resistor 1s calculated once you have determined v f oy

either the gurrent or voltagé for the. resistor.
Using thé'resistor current <P -‘I2

" LA ) s 2 ) . . ‘

‘ Using the resistor voltage =~ P = &—' A1l three\ formulas give

' e " - the same answer. ’
#Usingiﬁoth-current‘and voltage : ' o e .
for the résistor. - / C P=Ex I ‘
The power sdpofied by a source is calculated by the formula ’

| R = PeExT

’:’,‘.- : .
© .. where E and I'art;“‘the values of voltage and current for the source., If the.
g~‘l’y © current 4s leaving thg plus (+) terminal.of the source instead of the mihus 5

v () terminal, the-fortuia gives the pawer bggrng" by the source.

¥

£
SN
:

|
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Self-Test B T I

. ~ For the circuits in questigns 3-11% it will probably be helpful. to assign

: letter labels to each of the separate points as was done in the examples,

What may.look like:two different points will be the same point if they are
connected by a piece of wire. Also two resistors may be connected todether
, . Without drawing a connecting dot, but a connection f{s nevertheless made so
. . that a letter should be assigned to-that connection or point. Draw your own ~
dot 1f it 1s helpful. " Letter l4bels are already assigned for the first two .
figures in ordér to help you understand the procedure. o ,

* .

- 1. Serfes resistors,always'have the same

a. voltage. o | : - S X
b. “current. . - , .
IC. powero - .. ; ’ . ' ' B
d. resistance value. L . - /
§ . 3"' - - ) . [
2. Parallel resistors always have the same

a. voltage.

b. current.

C. power. . -
M 'd. resistance value. “;’.:~ -

. e ) ,' 5 : '
: . .. 3. Determine which, if any, resistors are in
. T series and find -the equivalent .value,

4. Detérmine which resistors, if any, are i’
~ parallel and find their'equivqlent value.

L}
"6, Solve for the total equivalent. resistance
*  for the circuit in questions 3 and 4, °
: 6. ‘Determine which residtors, if -any, are ip
o series and find the equivalent value.
I betenninevwhich resistors, if any; are in

parallel and find their equivalent value.

8. Solve for the total equivalent resistance
for the circuit in questions 6 and 7. |

(Circutt for questions 9-11 on following page.) Circuit for Questions 6-8 . .

v .

9. Solve for the equivalent value of resistance for the total circuit (Ry). \ R
- " 10, Solve for the currents and voltages fn each of the resistors, qlli- 'mmy |
b . | . )_ . . . | . . i . _" '\‘
| )1, Solve for the power supplied by the source. -
. . ' \,{ t',«' EN ": " R K , . '. o ) ‘u
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Task. ..

' Qalculate the ec uivalent value of resistance for the circuit shown.
4 ,
J S 1.8K K 330
Y = Ry ~q 22 1i::2::::/\_._]r TK
”Lo\w}f\ﬂ(}
Zt, Measure the Sburce voltage Use this value to calculate the. current

" drawn from the source.th the circuit connected.

3. Check with your instruttor that you have calculated the correct values.
Then. get a single resistor equal in.value to the calculated circuit value.

4, Connect the cfrcuit and measure “the current with the ammeter. Connect

' also the single resistor alope and measure the current with the ammeter,

' were low-tolerapCe types, the results could be considerably off Check

5. A1l three curr::é; sh0uld be close to the same.value. If your resistors
with your instfuctor to detennine how well -you did. A

6. Calculate the equivalent value of resistance for the re-arranged circuit -
as shown. ; | o )

h "‘% : . A JUMPER WIRE g -

: 1 A Connect a Jumper
wire between

7. Calculate the curreq*;gpen a9 volt source is connected to the circuit.

8. Connect the complete circuit and measure the current.

. 9. Connect a single resistor of equivalent value as calculated and measure -
. the curragt in the ‘single resistor with the ammeter.

'10. Have your instructor check‘your calculated and,measured results.

o .
N : )

_ *Po ts A ande are indicated as separate points ] ly to indicate where to

tach an interconnecting. wire or Jumﬂf When this, jumper is connected, the
two points begpme the same point in the circuit. The circuit can be drawn a
different way by placing the 2.2k resistor to the right of the 1k resistor, -
but:an interconnecting jumper is still needed. "In both cases the 2.2k and 1k
resistors are 'in parallel and connected between the same two points in the -

. Circutt, - ! S . ‘
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- Final Test s | . |

. 1, Qetermine which resistors, if any, are in series.
2. 6etenn1ne which resiétors. 1f,ahy1-ue in parallel. -’
, . 3. Solve for the' total equivalent resistance,

4. Solve for the currents and ‘y'ol tages in each of the components. .-

v S _ - v
5. Solve for the power supplied'& by the source,
: ) ‘ 50*“-
» —¢ “ PV 7~ .
N . oL 1
. RR AR '
25V _—_ . | 2
. ’ . % ’
T .. - %
‘ : ’ 115 :
4
-~ “ ‘. .
3 . .
\ o k
\ .
14 o
- . ( -
| 286 -, L
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~ Final Evaluation =~ . o e
. i ‘ y ' | & - RE-DO ‘.

B

A . ' v : . ¢ . .
Calculated Resistance ' ' — .
Calculated Current , -
Measured Current i - | S
' Current Measured in -Equivalent Resistor ’ _ )
Final Test8s% ~  , - L
- When. all of thé checks mdj&(_;_g'te 0K, pr‘,oéeed ,to-the next learning package. R
. . . e Y ) ' | B)
® ' |
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1
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2.. a. “voltage.
3
4

A | | R s EL-BE-22
- : : Series—Parallel ResiStive Circuits.

Answers

[ 4 - : . .
. b. current, R . .

3

' 4+
. No resistora(are in series.

3759, 3k, and 1k ‘are all in parallel. All are between points B and C.
» . 3 . ,‘c,o‘ .
G ¥ whon tTho < 00040 MHO--(u)

, AR N (inverted ohﬁf—g)

le é-- UT%Ui.’ 25007 ) equivalent value . ‘ |
5. 2k’ and 2500.are in series equalling 2000 + 250 = 22500 o
6. 8d.and 4n'arg in series equalling 8 + 4 = 120 5 ' 3 o
50 and'7n are;in series equalling 5 + 7 = 12g J'

9 x 3

53 99 and 3n are in paralliel equalling = 2,250

8. 129 and 122 are in parallel equalling 60

ZQ 69, and 2. 259 are in series equalling 10. 25n A

9. Circuit is drawn with letters asslgqu _ | o

0‘1'&_’_ / ,/\ 102 / X’,._\\ . e

w ®
oV =7
; :

:C*“. NNN—— _ 7 1\
3 S _ -/ \ in-parallel

: 'cqoﬂ/-,%?

between points
} B and C

» 1n series, point C
'is eliminated when
combined '

in parallel be“een
points B and D ‘
\ . . ;‘

’
.

Y oo
. 288 ~




P
v »

oV -
. 1 , 290 equivalent resistance E = IR .
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Series~Parallel Resistive C\rcu1t

! A

1n series R = 10 + 20 + 100

a0 l‘- .25A in bdth 109'resistors and

LA
U8 L= &
o\
083 = 5= 167A = %‘{ﬁ
\ -4
E’= IR

20 1.67V = .167A x 100
. 3.33V = ,167A x 20p

3
¥ \ °5§_A_‘ ‘
ok
ke / 6O 3.33V
oy =" . ( \A~ .1l1A.e
. T, .
‘ TR 2,33V J086A = FEo=
‘ o - ol AR
dVAVAL ‘ . ‘{\/\/‘ .
\ ; 17 '
Y ¢ 288 -
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Final- Evaluation * T B - | .
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. . . -~ ty N ' .
I P . ' . - v R
o . | o . ok  Reo %
‘. . d.. . » V . . .
, Calculated Resigtance ‘ L, o —
) , o . - , . ° ¢ »
Calculated Turrent ' R S
Me ~
) N easured Current . | _ L ———
) * ~ \ ~ l
- Current Measured in Equivalent Resistor "
. . / . b . [N
Final Test 85% X . - ’
¢ i .
. - When al] checks indicate 0K, proceed to the next learning.package, . T o
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Goal: | | | J Performance Indicators:
' o . . J ' ' ~N
The apprentice. will be able to ' 1. Identify cghmon types of
describe types of. switches and . r switches. :
 relays. i
2, Describe relays.
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An assortment of switches and reiays .

. Questiohs on switches and relays

P e

/ Directions . - . .
.Obtain the fol}owing

. Assortment of switches.
A relay . .
Connecting devices S

.'Learnmg Activities
Study Key Words list.

i 7 Read the Infonmation ‘Sheets.
| R ' Complete Task circuits 7nd drawing
e .
E Do SeifﬁTest L

Do Final Test.

Obtain Final Evaluation. S

.- Connect circutts USinb kwitches to
operate lamps infdifferent mades.
. Draw operational circuit diagrams - ;i

' Complete a Final Test with an accu-- '

R /
'/. . I

",f . ‘ ¢
i
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Switches and Relaye | =-.‘. i
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The student will“ ~ '_f"_-" | f;'

Identify the different types of "
switches.., - |

Y . o

usjng switches and relays.?,~

racy of/90% .




AL Ny o e s
| T e LA T s s
u‘ e oy ;? e T SRR ~Bwitches ‘and Relays. - -
Lo ‘ ‘1 . ,, . . S - "“.;w - L ‘ .
Key Words o ,'4 I R R T
l“. 3 i B _,., . _ ) A\
e tArc A discharge of electricity through a gas (such as air) ‘
ST b
DR Close A closed loop. a complete path' a connected circuit L

v NG Nonmally closed. clo‘ed in the rest position. ST e B

S T

‘fﬁgi Normally open- open in the rest position,“;'

o p n.a An open loop not connected. not operatipnal discohnected :
Pole The part of the swi tch that has the moving contact on it N ]
otagz A sw1tch that is turned with a knob which can select any one of mbny
contacts. RIS | B - o e
' Throw The part of a switch which has the stationhry contact on it.
'Hydraulic Jétioh Devices that are operated by fluid flow.. (Example thee
brake system‘in the automobile ) \
y ) oo .

Bametal action: “A strip of. 2-layer' metal ‘that bends asfheat is applied
The bending of the strip cah activate switthes. etc.

} ) -~ ’ ' ’ s .
U * ,.
/
~. A
. ’ . '. . “ . ) /
. ‘. .‘-_ .- . . I‘ ' '\‘
' o ' . d '
Symbol for rélay = .
.- . . ¢
. A . . \
- R T )
, ‘ t . ) . . ’
' . '| . - . ) ' -~ a
| , - . POLE : IR B oy ‘ ]
: - Symbol for switch ';___;:1_——2?..___ | _ : S
- . . - | | ‘ ‘.‘7 . THW . I- ‘_- ‘ . | ) | . ) .I_ .
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The switch is one of the most common electrical devicés.. We. use switches

_every day to turn off ‘or on our lights, appliances, .and machines. Some

switches are very simple. One example is-the light switch that is on the wall
of a home. Some switches ape very complicated, These include multi-heat
switches on the electric range and rotary switches that are found in radios, TV
sets, and stereos. ‘ ' « o '

' : » e ~ . S . U
LeY's start with thes most simple switch, called the SPST switch. The SPST
stands for single-pole, single-throw. Below you see the symbal for a SPST

switch. Next to the symbol yod see what the switch looks 1ikd (pictorial).

h Y
[

POLE— "~ L-THROW

SYMBOL

PICTORIAL

L

Notice that on the symbol there are ont pole and one throw. Because there s

" only one of each, there are only two places to connect wires. On the pictorial

you will notice that there are only:-two terminals. This will help you identify
a single-pole, single-throw switch. Now let's hook this switch into a circuit.

‘We will use symbols for, the circuit components. Study the symbols and pictor-

ials below. - Be sure that you_canviqentjfy_each-of them,

’ . L W
+ o, - -
R
T BATTERY T
| »
L K 5297
,0 ' v o oo, e,

_ Switches and Relays
[
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. s S 4 v
: ‘ " Here are two circuits. They are the same except that the first gne is shown - T
' with the switch open and, the secend with the switch closed ' :

.

L open CLOSED -
_ K
g

No currént flow. ._H.. o Cuprent.flow. . | .

»

{ . o

A S .
The circuit that is open 1s/broken; there cannot be any current flow The ¥
circuit that is closed has-a“complete path for current, Jhis makes it opera- -
tional. This 1s the type of c1rcuit that is found in the common flashlight.

As you have 1earned, switches are identified by the nuniber of poles and throws.
Let's look at a single- po]e, double-throw switch.

. o £ weows .

3

?
, The SPST switch was gaod for turning one lamp off and on with one switch,
" How can we turn one lamp off and on with two switches?' The SPDT is the switch
+ for the job. Study the next drawings. Notice that no matter which position
the switches are in, it is possible to turn off or on fhe_lamp from one position
or the other, o v

™~

cwmcHl — SwITTH

__f R

" . | +1h|a‘ . )
. LA

le

Closed =~ ”; \ o \lﬂ Open
When this type of circuit is used in a home, it'{s called a ihree~way §witching.
hook-up. t : . )

-




There are other switches'which'make it possible to turn off or on a lamp from

. closed- type (NC). Pictured below are the momentary-contact-type switches. <.

e - IR  EL-BE-23

. L : N " Switches and Relays

‘three or more positions.  The following shows the, first two “switches we have -
studied. and two other switches that you may See. ' '

, .
s . . . . ‘

— . ' »
. - N ' . |

b .

<

¢

SPST - SP[_)T | . DPST * DPDT . 4

There are some switches that are made.so- that they return-to the same position
when they are released by the operator. These are called momentary-contact
switches. ' They are normally spring loaded so that they flip back when released.
Momentary-contact switches can be the normally open type (NO) or the normally

-

 J

[APUSHWILL  _ APUSHWILL
. OPEN THE CLOSE THE CIRCUIT,
a_fc; 0 o B

NC ' | NO

Another type of switch that is very common and sometimes very complicated is '
the rotary switch. The rotary switch may have many sets of poles and multiples
of throwss The following aré a few rotary-switch symbols and their names. The R

. second P stands for position; 3P3P.stands for three-pole, three-position,

» : ¢

"f ) -. . . ‘. §\ro B .. | _‘.'
llu . ”'---o | AITHREEPOLES .
L - o™ WORK TOGETHER
: ~ . [ ' . - :
sPsp - Lo N
SINGLE\POLE 8\0 T S
" 5POSITION 0 |
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- Another switch which .T's .less common but very important is the reed switch. -
is sealed in a glass tube -and is operated with a magnet. What' it looks like is
.Shown below. | : . : . . : : '

e D RN

'

. ’ . ' . . I. "
» : - .

, LEAVES . ) b : |
GLASS TUBE;* -SEALED BOTHENDS - . . IR
S =S THE MAGNET ISBROUGHRBGUOSE THELEAVES SNAPTOGETHER
@.«w\ma‘ ~ S e
) /. Iy - ' W ' . . o
- AT . SPST-NO, . T A |
k ' - s ‘ a v ‘ : | ) Rd . . Ce

The outside appearances of switches Vary as to their anlication and.mounting
method. Below are a few of the most common typd® and tRéir names.. The names.
refer to the mechanisms which activate them, -

*” . S
-~ *
P N
Toggle Rocker - ~ Push Button | (
Switchgs are given ratings for their current and vol tage cépabilities.' To ,

understand why this is done, remember that whenever an electric circuit is:
.broken, an arc occurs. This hot arc burns awaﬂhat the contact points. The

more current or the more voltage, the greater the arc. The contact points take
most of the beating as the switch is used. These points are made of metals that
are very hard and will not burn or a material that is conductive even after it

is burned. The points in a car are of tungsten, a very hard material, . The
points in a water heater are made of silver. Silver is conductive afteg it has *
been burngd. Some switches have snap actions which switch very quickly. The
fast switching reduces the arc and saves the contact points. . ; "
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The relay is nothing more than a switch
‘operator, a time clock, adadio or even

L4

at is operated from a distance by an

computer.

Have you every wondered

what turns the bell off and on at the beginning and end of the class time? y g

A “Right, a relay is the switch' that does the job. The time clo¢k turns an’the . a ‘
L relay and the.relay turns on the bell. You may ask, "Why do we need a relay? ‘ .
Can't the time clock turn on the, bel1?" If you think about it for a while, you, =,

will realize that there'are many bells in the school building, Just think of -

‘the arcing_on the eontacts in the .clock. Wouldn't it be better to divide up the

switching jnto ‘several switches for different parts of the building? Right ’

again, The clockswill last much longer if we don't overload the -small timed

switch inside the clocy S : ” :

But just how does the retay work?  Mast relays work'%n electromagnetic action,
There are a few special. types that use air, hydraulic action or even bimetallic
action to do the switching. Let's consider the magnetic type. ) -

Vo

" The magnetic relay, as the name says, uses magnetic energy t6 operate the switch
contacts. The magnetism is produced by the electric current from the coil. This
closes the gwitch and closes the circuit. When the current is off, the magnetic
field collapses, which allows the return spring to 11ft the arm and open._the

switch., Study the cirguit below. Notice
off by a remote SPST switch, b

that the electromagnet is turned on and

»

L, | "~ RETURN SPAING .
e 'MAGNETIC POLE FACES— - ~ -
e T P
REMOTE CONTROL -
SWITCH )

ELECTROMAGNETIC COIL -

| f—

¢

A T

When the SPST.switch is closed, the arm of the electromagnet is pulled down

against the pole face with a snap. When the control switch is open (as shown),
“the magnetic pull stops, and the arm 1s pulled off the pole face by the return

spring. It is this up-and-down -action.that is used to close and open contacts
- in the relay. The following circuit shows a practical set-up with a relay used .
» to turn on-and off a motor on an industrial elevator, .

-
) ™

L

R 1Y B o
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\'_ o e Y R & N\=MOTOR . o
" ELECTRICUINE ir o
ELECTRO ,/  RELAY
~ MAGN(T|C— -
ol L "
SMALL - '_ ~ DUMP ’
WIRES  MATERIAL . —
| :c a ZOONEVER BET— &
: | 200F o
SWCH 0- | .

There 1s an advantage in using the relay to turn the motor off ahd on: small
wires to a small-switch.can control large amounts of energy.- '

The construction of relays differs somewhat, but all of them use similar
action. The drawing below shows the construction of a typical relay. Notice the
+set of contacts. Which ones are normally open? Which ones are nomally closed?

s

- - [SWITCHING CONTACTS
~ POLE FACE(AC TYPES AISOHAVE DRING) 1y /3 N )
‘ HW}E_ Dx‘ 4 ' ’
o LY = 5
..\e, 3
RETU&Q‘_ 1 o ’ :
SPRING - | f
ELECTROMAGNETIC /'—'—"v—'
| . COIL
o | Relay with Parts Latelled ' | 24
You are‘right! Contacts 3 and 4 are normally open (NO). -Contacts 5 and 6 are N
normally closed (NC).  Connections 1.and 2 hook to the electromagnetic coil. -
: : L &
] . . .
' »
10
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Another switch that you should know about i$ the mercury switch. This switch
is a position switch.  When one side is up, the switch is off; when the other
side 1s up, the-switch is on.. Study the drawing below. Is this a SPST .or SPDT?
How 15 the contact made? |, =~ » o -

-

+ ' Closed Pp;itionﬂ” | . Open Position

Right!‘ It ¥s a‘SPST switch. It has only two conflections. Right again! The
contact is made by the conductive mercury touching the wires in ane end of the
bu1?. . . 1. ) L u.~
You may have seen one of these switches in action on the trunk of a car. When
the 11d 1s open, it Aurns on the 1ight, When the 11d 1s closed, it tilts the
switch which turns off the light. e - L

I
N
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+ Self-Test
Choose the correct, answer “33&' R
'  ‘1; The A/C relay has’ a speciah on the pole face.
- v.. a., washer o ) ' e ;
v b, Rring '_ W e | ' P
. ¢. D ring Hf v . \ ' Co v A
,\d. A ring, K1Y ‘ - o ¢
. o . ' £
“The magnetism in the relay is prbViQed by
- . the coil. " ’ ‘
“ b{ ‘the contact. S
. C. uhe terminals. R
d.” the' return spring., , o _ o .
> This push,button is a _ % . type. .
i ' a . SPST . i 1 l I .‘, N 7 v
“\» \ b, RO . » ‘
o c.  closed '
SR de NG —o o~
SN\ . S _
4. is symbol- is for a type, switch. . °
- N Ya. sesT o .
. : % *b. .DpD? —Oegr . . .
. ¢ SPSP Y. S - '
. ved.  5PSP O o ! :
A P ' O . . .
5. Ildent’ fy the switch in this schematic. ‘ : : .
' a '-‘: " SPST ' )
b‘ 5 .SPOT
- *-0poT, —_— 3t
d.. opsr 0”0 :
. 6. In this dramng S; ig)a | type switch.
' a, twgw o —_—
b. rod$er - g i
: c. SPD v T :? ‘ Lo
\ d.  DPDT\ | :
7. SPST stands for w' type switch, 3
R a. single<pqle, single-toggle ; S
b, single-pole, single~throw : T e
: c. any rockgh; . S L :
d.  snap 1 wt" s ' C - g e
8. The snap action on somd switches |
a. . helps the operator know when the switch 1s activated.
. - b.  increases the hrc. » . . . ' '
, Cc. decreases the axc. ' . : _ o o
_ d.  means that the sqitch is new. - R :
‘}.‘ ¢ “ ) A . . .
- . ]2 oy’ ' v ' B ,* . | .
Q et 030 B T j ' .
ERIC . e
[AFuiTox provided by ERIC "‘., . FOIFES . ’, ' )

AR L e




v .
. ! - ? )
.\. S T
..« .9, The mercury in’ the mercury- switch provides
. a.  the electrical contact.
S S b. . weight control,
) ' . ¢, indication of switgh position..
‘ . d. improved appearaice.
| o T : -
' 10. S1lver 1s used on some switch contacts because of
S a.w.,appeanance,
~b. lower contact resistance even 1f burned.
~¢. smoother action,
* - d, high expense.
R
. /""’. .0 . . '
] .
.b.\
4
} 5 _t | ’
o
' .
» ] R
i,
y \
13 . ,
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Task - B o

. | \
Construct and test the following circﬂuts. |
Cireuit |, . o ' N

- Construct a circuit-td turn on and off one lamp with one SPST switch,
(Use schematic as a guide, ")

A}

A
)
R ' " LNE |
. ' . . y’c .
Circuit 2 | - «
Construct a circuit to turn off or on a lamp from two locations using : e T
two SPDT switches, (Use schematic as. a guide.) , ; .
LNE . - Ny
' L _ ;Y1:_‘, ' -0 | :
\] . ! o ‘ : .
« ' i i .
Circuit 3 o to o |

Construct a circuit to turn off or on one lamp with a relay controlled
by a SPST 'switch. (Use schematic as a guide ? )

_o/o._.___j" &RELAY | :

R 'SPST |

A\

LINE

'Circuit 4 dl

Complete this drawing (schematic) using a rotary switch as a selector
to connect any one of the .following to an amplifier.

TURNTABLE [ |— ag SRR __{k::]SPEAKER
* 0 : . <
'TLWER Lm__ o ANPUF,ER : .0
7, NI
TAPE PLAYER =
}(‘ | o / : |
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Final Test S o
" SPST-stand$ for’ R .
a. Single-position, s1ngle toggle. 3 f -
b. Single-pole, single-throw. - | - . S
C. pecial-position, single-throw. . X : U
d. ny’toggle switch, x‘ \_ . ; S L a/%? -
- In this circuit dravdng S2isa o S2 : o
a. a toggle switch. . o————-%_‘__ o ot
b. 4-way switch,. *--—<>\c,________<) o R
c.  SPDT switch, o . e o
d. a rocker sw1tch.'L o @ 0 ' . '
3. In this drawing S, is a ’ ‘ ' -
a. SPST, " %
b.  QPST. N .
¢c. SPDT. '
d DPOT.
4,' This symbol is for a | type switch.
_— a. - SPST _
b. 5PSP . ' i)
c. SPsP -—-—o'l
d. DPST Q)
| —0
—_—O
5.  This push button is a _ type. “
a. NO - - . ' :
b. NC o .
c. SPST EJ“E
d. closed ‘ .
6. The coil in a_reléy provides .
a. D-ring mount.
b. magnetic energy.
c. heat, -
d. return action. r
7. The D ring is found on =~ . ,
) a. SPST switches. )
b. normally open switches,
4 C. AC relays. , . '
(, d. = DC relays. | o -
8. Wny are some switch contacts made out of silver?

a. It makes the switch more expensive. .

b.> The silver keeps its conduct1v1ty even though 1t 1s burned.
¢. The action {is smoother, :

d. Less heat is developed. - \

Switches “and Reﬁays '
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9, //%he me#cuny switch is a - . T
~ 4. “position switch, o o o J( - : /
‘b., DPDT switch. B g , : ‘ , _ .
¢, themmo switch, - Lo
d. NO switch,

10 Some switches have snap action
_ a. ’so th erator. can hear the snap.
? b. to 1nmse arcing. _ n, |
c. to reduce ohm rating, ' , . e

.

d.. - to reduce arcing and heat. . = L .

. L4 t
. ]
v . »
. e
\ )
’ ' {
L]
1
f : ‘ : .
. . s .
t , '
~ ; B " . . - ~
;
’ . A\
- 0 ‘
Y N »
¢
o S |
» :‘ |
) o
' . 16 S
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- Fihal Evaluation

- >

Check sheet. - T Wl T e

£ . Al cirtuits 100% operatfonal‘- : A -

- A1l drawing. 100% correct. - Co
:A score of 90% or better on the F1na1 Tést co
> ZA ’ .

T ey s e

‘Circuit construction
" Circuit drawing .

¢ Final test _ %

. R N . . a

When all checks are OK.-broceed to the next package;"

Sy
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- Self-Test

— - . ]. c'
‘ ..: ' 2; aA
!}._ < '3, Ty o
Yo 4. ‘c
, 5.7 d.
' 6. ¢
- 7. b
DR - R
o 9. a |
1o.g;b
—|

c

y ' ®
_ > ~Answers -
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.
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4
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BASICS OF ALTERNATING CURRENT, N

’
L 4
-~

13

.Goal:

The anprentice will be ‘able to
describe the basig¢ concepts of
alternating current,

.

K4

v

Ay

) Pér_formance.-' Indicators: -

Describe flow of electrons. =
. L4 ) '
Describe wave*forms.

Déscribe-cycles and frequency.

Describefpeak and RMS voltage.

Describe 'audioggeferator.
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_  EL-BE-2%
o * S Baslcs of Alternatlng Current -
. Objectives o |
' ‘ - Given: | " The student Qlll: | _
o < g : T
! A series of questions on basic AC Answer 9 of the lQ questlons.correctly.
Ten problems dealing with RMS and Solve 9 of the 10 problems correctly.
" peak voltages - S
¢ _ An audio generotOr and head phone Jseﬂ up and operate ‘the audio generator

properly.

l/ ' _ ’.."." ) bt

- Directions - A A

. Obtain the follawing:

+An audio generator
Hedt phone set (with connecting wlres)

N

Calculator . | N

’ Learnlng_Activities o

'
ettty

%

A —————t—t—
i ————,

Obq;lnwFlnal'Eyaluatlon.‘

Study the Key Words 1ist.
Read\the Infonnatlon Sheets.
Conplete the Self-Test A
" Solve the problems on the problcm sheet, e A | - .
Do the Task. .. | | |

Do the Fipal Test,

S L
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" . Basics of Alternating Current

Key Words | E B |

- AC: Abbr::iation for alternating current Symbe1: f\J

Altern ' .One half of a cycle; it can be'nos1t1ve or negative.

. Alternating current: Current that changes polarity at a regular rate,

.
Audio genefator: A device“that produces alternating current which can be changed
in frequency, wave shape, and output level. This pagkage will cover frequencies
whith are in the range of the human ear. “

VCxcle: ‘A set of positive and negative alternations of an AC voltage.
: - ijLTERNAﬂC»l'

oaE] (T -ALTERNATION

Frequency: The number of tycles‘in a given period of time. As an example,

?

a frequency of 20 hertz means 20 cycles per second.
' »

Hertz: The measure for the/number of cycles per second. (Hz)

Peak: The furthestpoint from the center that a wave form reaches in e1ther h
the negative or positive direction, - - .

e 4

PEAR  —o '
UA-—- PEAY

Rise time: The amount of time that it takes for a voltage to get from O up
~t0 peak, ' - | o :
Rick 4

_ T'ME / . ':_ ’ S o

N

RMS Short for root mean Square: It 1sAa value that is 70.7% of the peak value
.707 times peak. ' o '

f Sine wave: A 'smooth, ‘ever changing. wave fonm. A pure frequency

Examp1e of a s1ne wave-\-l) %_.

" Square wave: A wave form that changes -abraptly from @ to peak v&lue. holds

at peak and then abruptly goes back to @, reverses to a peak and returns to 0.

' T ExampIe of a square wave-«




/ \ . ~ . Basics of Altgrnating Current

-// - Information Sheet .,
/ . AC and the Oscilloscope - ’ - ' o

In the last package you learned how to set up the osci}losc0pe and use it to
take DC voltage measurements. Although taking DC measurements with the scope

. 1s important, the real advantage of using an oscilloscope is to look at voltages
that change value at a fast rate of speed. Before we worry about how the scope
sees these changing voltages, let's take a look at what AC really is,

éastcs of AC | ' o . | -‘i

[

We know that DC (direct current) flows in one direction. The electrons leave

the battery from the negative pole, pass through the wires and the load, then

return to the battery's positive pole. The electrons are going in only one

direction. Study the-circuit below.
L . _ | ..

-~ FLOW % DC MOTOR LOAD
B - Romnou |

. ) . A ‘
‘. . - i , »
€ ’ .
Ead . .
. .
. ,

From this circuit you should recognize that:

P This s a OC circuit. - | e
i 2. The DC motor is the gircuit load. .
3, The mot® is turning clockwise. - : .

"The motor can be reversed by changing‘the polarity of the voltage source '
connected to it, thus reversing the direction of the currentithrough the load.

[f the battery were to be turned one-half turn, the motor would go counter-
clockwise. See the circuit below. '

. , - r
v : v

! L ?
e FOW___— - DCMOTOR LOAD .
: | Al }sumnomnou " N\
FLOW' | | |
\
: . | o
5 |
. 316

\
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N{Frqm the last drawing you should recognize that:

RINGS

.
-

’ | | EL-BE-25
" Basics of Alternating Current

b
\—\/"/-" "
1. The battery is connected with the polarity reversed.

2. The current flow is in the opposite direction. )

3. The motor is now turning in a counterclockwise direction, V4
4;' The DC motor can be reversed by changing polarity,

Now let's go ‘a step further, We will set up a circuit that will switch polarity

of the battery. Study the circuit drawn below. . o

METAL HALF o ¢ p—MOTRTUNSINCOCKWE

' sonearsy ([ .

)

“ PHONOGRAPH TURNTABLE _,

". Now the polarity has been reversed and the motor shaft direction has also been
~reversed. The action that -takes place is one of the motor changing direction

- - alternating current (AC) because it a

As the battery rides around and around on the furntablk: ihe’spring brushes
sldde on the metal half-rings which connect the motor to the battery. Llet's
look at the circuit again after it has turned one-half rotation,

ROTATION

over and over. The faster the phonograph turntable goes, the faster the motor
must change directions, This changin? of direction of current.flow is called
ternates polarity,’ '
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‘ To really see what is happening in an alternating current circuit we must be

able to recognize the changes of voltage and polarity in relation to time.
This sounds 1ike a big order, but if we construct a graph to show these rela-
tlonshﬁps. it becomes much simpler, To get an idea of how this graph should '
Took, let's go back to-our turntable-AC current producer and connect a graph-
-drawing attachment to it. Study the drawing below.

PHONOGRAPH

From thé drewing above, you should be able to regognize that:

1. As the battery rides around on the turntable, a current that is

-(' changing polarity is fed to the .motor, BN .
2. As the current changes polarity, the motor: changes shaft dirgctioh.
?'
3. As the motor tries to turn, 1t is 11m1ted by the springs. - R
4, The pen'draws a 11ne on the moving paper which shows the d1rect10n
of motor shaft rotation,
The next steplis to study the graph that the pen made en the moving paper. The -
drawing follo ing shows the graph and what happeneq in the circuit to cause it. e

v
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PER SEﬁDN

S |
AMOUNT OF -
MOTOR PULL _|
CCW
- | MOTOR OFF SWITCHING TIME [ INCHES
> - PAPER MOTION
AMOUNT OF | S TIME—~—-.
MOTORPULL + >, ' Z .| |
W 'E-C§E - , » ‘
Lggre L | L -
- Y - ) t_j__J . o
| E%g J P MOTOR'ON 'CW
N

This graph (called a wave fomn) can give us much 1nfonmation about the circuit,.

Study the followi 1ist:

1.

We can tell how much voltage was applied t0 the motor by the amount of
motor pull, If the battery had more voltage, the peak wave would be
"higher because the mo tor would turn more. (The higher the wave form, the
more the voltage ) ,

We can tell the current direction (polarity) by the direction of the wave

* from the off 1ine. Above the off.1line is normally positive and below is

-normally negative,,

'If we know how fast the paper was moving (inches per second), we can
tell how many changes of polarity took place per second.,

The pen cannot get from the center (zero point) to the top of its swing in
.zero time. This slight delay makes the vertical lines slanted by just a
.small amount, The time that it takes for the pen t9 go from zero up to

peak is called rise time. The amount of rise tim& can . be‘neasured on this

graph if we know Eow ?a t the paper was traveling.

.
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The Sine Wave

Most wave forms don't look like the .one made by our battery turntable device.
The most common wave form is the sine wave. You may hear it called the pure
form of any frequency. ‘The alternating current that we get from the power
company has this sine shape. The drawing-below shows a sine wave similar to
the ones produced by the power company. The amount of time span shown is only
1/60 of g_\econd This means that 60 of these take place in ane second

PEAK 691 '
RMS 120 ; \

‘t_ J N
s

' \ . .
. . v R . * ! : B
R 2 . oL
. . — . R -— '(
4

ool PR
o PEARIEST— NS - co

<
From the drawing of the sine wave you should be able to recognize that:
1. The sine wave is alternating current ‘because it changes polarity
2. The sinegwave shows a smooth change of voltage from zero - up to ‘s peak value

-positive. then back down to zero. From zero it goes up to a peak value
negative then back to zero. This all took place in a 1/60 of a second.

" 3. .. The 1i'st of events that took place in 2 4bove is called a cycle. Each
cycle is made up of one positive‘alternation and one ,negative alternation.

4, We can measure alternating current by the number of cycles per second

.5, Tne peak voltage is the very top of the wave«fonm.

6. The amount of time that it takes for a voltage to get from zero up to
peak ts called rise time. . . v

7. The RMS voltage is slightly less than the.peak value. (70.7% of peak. )
An explanation of RMS voltage follows in the next paragraphs.

L]
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' . ~ Frequency in Hertz | .

) . e ¢
As was stated before, we can measure alternating current by the number of cycles
.per second. The measure that is used 18 called frequency (how frequently a cycle Y
takes place). Remember that frequency in hertz deals with the number of cycles '
: ?er_second, no other time interval, As an example, the frequency of the power
ne 1s bU Hz, The cycles per second is understood. 60 Hz = 60 cycles per second. “

Peak and RMS Voftages . | | : - N

When ‘AC voltages are measured, we have a different problem from what we had

with DC. The DC voltage was the same as long as the circuit was on. With AC
both the negative and the positive voltages go up and down. Why not measure .. -
the voltage at_its highest point (the peak voltage)? This might sound like a- .
good way to do 1t, but there is a problem. The voltage is only at the peak for.
Just an instant. Because of this, the amount of power from a 100 volt AC Circuit
ts less than from a DC 100  volt circuit. It was found that 100 volts peak AC
produced as much power as a DC voltage of 70.7 volts. A1 AC voltmeters don't
measure peak, but they do measure ,707 times ‘the peak. This measure is called
RMS.voltage. If we know the peak value of an AC voltage, we can find the RMS.

.. RMS = 707 X peak _
" Let's say that we checked the 1ine vogage and found. that it was 160 volts peak
value. What would be the RMS voltage? I

. RMS = 160 X .707 ; B o
| s «113.1 volts™ | ' | . -
AC voltages are almost always expressed in RMS. - The line electrical outlets.in ~
our homes are called 110 volts. This 1s really a RMS voltage. If this is so, ‘
what -is the peak 1ine voltage? To figure this one we need another magic number
Tike the .707, . This time the number 1s 1.41421." This one you can find with
your calculator if it has a square root sign (v——) on it. 1.41421 1s the
¢ square root of 2. - ' ' .

The formula for finding the peak voltage 1f the RHS_js known s

~Peak = RMS X 1.414 . " ‘
‘Let!s finish JBrAproblem. We said that the line vdl;age was 110 volts.RMS. This
- means that | o ' o .
Peak = 110-X 1,414 - IR

Peak = 155.5 volts.
) )

~If you are unsure about how to do this, read it again because the test will’
-have problems dealing with RMS and peak. - Refer to the sine wave figure as shown
in the beginning of ‘the discussion. =~ s T
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" Basic of Alternatihg Current

. " The Audio Generator

When there is need to test a OC circuit, it is a simple matter to use a battery

~or a power supply. ‘The AC circuit is a different matter. In the AC circuits - o,
it may be necessary to change not only voltage but frequency and wave shape as N
well. The device to do this is called an audio generator. As the name implies, ' - »
it generates audio frequencies. The audio frequencies include the frequencies R
that can be heard with the human ear. The audio generator must include. fre-
quencies from 20 Hz to 20 kHz. ‘ ' '

Audio generators differ somewhat deﬁending on the manufacturer. but the controls :
are very similar. The following.drawing is of a typical audio generator. Study =
~the controls so you can explainswhat each of them does. :

- FINE FREQUENCY ADJUST
- PLOT LIGHT— = — OUTRUT TERMNAS
POWER SWITCH—1—=@) _ | | s .
| L B\ » ‘ . . ) . |
E | D semmewe  {—{——OUTPUT voLTAS cONTROL
FREQUENCY —— e M
- SWITCH T -
| - “WAVE SHAPE SELECTOR
| oo
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Problem Sheet

']0

4-10,

The line voltage was measured to be 117 volts RMS with a voltmetép. . :
What is the peak value? ' . F

~While working on a power supply the peak .AC Qoltage wés measured with an

oscilloscope, The voltage was found to be 155.5 volts peak. What was ‘the
RMS voltage? ' : o '

While working on the water heater in my houSé.‘I found that. the voltage " d
across the element was 225 volts RMS. What was the peak value? o

k4

]

The table befow represents a series of line voltages taken over a period
of one week at ‘the peak load time. Some of the readings are peak values

~ and some are RMS values. ‘Complete thé¢ table so that both peak and RMS

values are given. . )

N g
' -I_’eak ____RMS a - . | ' "9
4 |sun ] aes ’ '
- . &
(5 |Mon ] 150 .
. . \

6 |Tues 109.5

7 |Wed 146

8 |Thurs 113

9 Fri 142

10 [Sat 110, 2 o
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‘Self-Test . S
' 1. To rev"erse most DC motors you must . R -
' a. switch the shaft end to end. : ot

- _ b. invert the motor, " .

R C. reverse he polarity of the connections

B \<r d - give the shaft a twist in the opposlte directlon

2. The difference between AC and DC is tnat AC .
- .8, flows in one direction, ' : S
b.  switches on and off, ‘ - R o '

'c.  switches polarity. _ T N
d. has onlyrposltive alternations, C . ' B
3. The rise tine is' | o
a. the time ‘it takes for one cycle of AC.
b, the time it takes for the voltage to go from 0 fo the peak value
C. the time it takes for one.turn of the motor. :
d.- the lag between cycles.

A}

- .1,,/.( . 4 o ' ' . ’ 4
o 4. The sine .wave is . . ‘
- .~ a. a smooth pure wave.form.
b... an abrupt changing wave form.
c. a triangular sHaped wave form. - . ' |

d.  a sawtooth typ& wave form,

- 5. Ore cycle is . . a S
‘ a. equal to RMS times peak '
) ~ b:; one positive alternation and one negatlve alternation. -
€, a span of 1/10 of a second.
d. equal to RMS minus peak.

* 6. < RMS voltage is : _
) a. higher than peak. .
b. - equal to the square root of two. o ‘
- C. ,equal to .707 times the peak value. ;
. equal\to 1.414 timés the peak value., - , L

: ~ 7. The audio generator produces slgnals in the frequency range of .
- L a..- 10 hz to 100 kHz. :
o - b, 20 hz to 20 kHz. R | ' . R

c. 400 cps to 5 kHz, - _ : S o .
d. any electric organ.

8. The audio generator's output can be controlled to
a, change frequency.
b. change reslstance. ' . -
C. change wave shape, voltage, and frequency. ' | e
d. change wave shape, resistance, and voltage.

9. ~The AC voltmeter measutes . ’ : L ]
a. , peak value, ‘ » ’ -
b. - 1.414 volts less than peak. . . , - “F ot
. c. RMS voltages.. . S : S ~&
o d. ~.707 of the RMS voltage. o |
- . ; ©
;13 '
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Task - | R

¥

. ~ Set-Up and Operation of the Audio Geherator

For this task you will need the following matelials:

!

One audio generator
One pair of head phones .
~ One set of-connecting wires

Set-Up |
Refer-to this drawing for all steps in this task, .|

-

~

(A1l audio gerferators are,nqt"alike,ibut they will have comparable controls.)

-

RN -

o
&
N\

B Ay® ) S .
B | e

o & R | 1
With the audio generator in front of you ' | _
IDENTIFY the following controls: , ' _ . o, ,{ _
. N ' 4 * Y . '
1. O0ff-on switch S 7~ | TOHEAD PHONES
| 2. Pilot e | L
3. Coarse frequency adjust ° '
4, F1né frequency adjust . - . L
, Y 4 N o S Vo
‘ 5. MWave f?;mﬁswitqp - | , | o o
o 6. Output level control - = ™ | o L
| ' /
iy 14 !




" e

EL-BE-25
Basics of Alternating Current

. | ’ . 7. Output ter-'mina_ls_ | | |
L 8. Power cord ) o ‘-‘i/ | . B

Operation of the audio generator

l.:;Plug in power cord.

2;¢;$w1toh unit on (check pilot).
j %#” Adjus€'¥ine frequencymcontrol .to 1000 Hz.
. =4 Switch ¢coarse frequen cornect band for 1000. Hz (B).' "
_ _f s, .Switch wave form to sine position, "
; ) ' 6...Connect head phones to output terminals, e
’ .o, . Nk t
v T Place the head phones on your head with the phones slightly off ears
T “(to av01¢ﬁloud blast). - . ‘ : ’
L 8. ; _pot*level control so you. can hear the sound (called a signal)
9. Turn. ﬁne?frequnncy controls to different settings. (Notice how the
- . pltth in the phones goes up as the frequency is increased.) What- is
. _ - _ _._,;the ‘highest fregquency you can hear?

Answer the questions below.

1. what is the lowest sine frequency that you can hear? (not feel)

S . _Hz
2. '?Qna; 1§itne highest sine frequency that you can -hear? .
Ch ‘ L | - Hz
ST / ' | — . =
3. How does the square wave sound different from the sine wave?
_ . Instructor check e

< ' ’ o r. ; : )
P
LY

15

. I T



oy Eegss
- :  Basics of Alternating Current

‘Final Test ‘ S ®
"1. A smooth, ever-changing pure-wave form describes
S a, A sahfooth wave form.- '
, b a triangular wave ‘form. :
~ ¢, a sine vave form. ' | | .
~d. a trapezoidal wave form.

~ 2, In an AC wave form, the time that it takes for the voltage to.go from
.0 to the peak value is known as : ' ’
~a. "' one cycle. ' : S
b. an alternation, ‘ _ : . . .
C. _the rise.time,
d. the fall timey

3.~ AC is different ‘from DC because AC
~a. flows in one direction. .
b. switches on and off,
C. switches polarity.

d has longer;cycles,
* 4. To make a DC motor reverse directions
- a. reverse the polarity of the connections.
b. invert the motor.
C. - reverse th@ motor shaft end to end."
d. give the shaft a twist in the reverse direction.

5.. The major advantage of the ohcilloscope 1s its ability
- a.  to measure DC power levels. .
b. - to see changes that happen at a fast ‘'rate of speed.
C. to measure DC voltages. : : '
d.  to measure DC current level.

6. The output of the audio generator can be changed
3. as to its voltage. ! h '
b. as to i1ts voltage and-wave shape. ' R '
C.” as to its voltage, resistance, and wave shape, .
d. as to its voltage, frequency, and wave shapes.

7. The normal AC voltmeter measures
a. RMS voltage. : . o
b. peak voltage. * , : .
C. .707 of the RMS value. - : ' .
d. 1.414 times the peak value. - = . o

8. The }requency range of the audio generator includes |
.~ 20 Hz to 20 kHz. | , o

a. o :
b. . 10 Hz to 400 Hz. o o : ~
c. to 10000 kHz. - ' : R T .
q _
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'S 9.

9. RMS voltage fs | R

RN
- b,
c.
d.

7Y

equal to -.707 times the peak value. - - - = _ \
equal ‘to 1.414 times the peak value,

equal to the square root of two.

the same as the peak value. e

10. One cycle of alternating current is | T

a.
b.
c.

-

one span of 1/10 of a second. . o TR
equal to RMS times peak. = ¢ = .
one positive’ alternation and one negative alternation,

equal- to RMS minus peak.
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| . S 0Ky TS=de=s RE-DO.
Completed Task " - » o~ /\ S
Completed problem sheét.with 9%0% or better . % S | N
“Completed Final Test with 90% or better - -
When all checks indicate 0K, proceed to the .ns)st" learning package.
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. Answers to Problem Sheet: ' _ ,l
165.5 V peak . ' .
109.9 V. RMS | . | ' " ‘
318 V peak, 4 . (/

177
106 -
155 ; | -
160 . _ '

100 ‘

. 156 *

-

OO SNANAN NN o
L ] » L ]

—

> 'Mh_

Answers .to Self-Test;_

1. ¢
2. ¢ ‘
3 b h
' 4. a . Y
sl b .
6. ¢
7. .b !
‘I'; 8. ¢ . | -
9. ¢ °




| Goal:

The apprentice will be able to
describe permanent and

electromagnetisnm,
bt

2.17

MAGNETISN,

-

Pe(%ormaﬁce Indicators:

T

Describe permaneat magnets.
Describe magnetic fields.

Describe laws of repulqlon -
and attraction.

~

Descrﬁbe=magnétic flux,

Dedﬂ%i?e electromagnetism,

‘ ' l- ’
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Objectives oo

Given:

A 1ist of questions about basic
permanent magnetism and
electromagnetism.

A set of magnetic equipment.

- Directions

Obtain_the following:

Set of magnets. o
Compass .
Magnet ic cores
#18 wire :
Paper!or cardboard tube
Power supply

Box of nails '

Learning 'Activities *
A

\

Study Key Words 11st.

Do Self-Tests.
Do Task A,

Do Tasks B and C.
Do Final Test.

“an accuracy of 90 percent,

Read Information Sheets.

Obtain Final Evaluation.

EL~BE -45

T B Mignet ism
F
The student wiélz ' ' . |

AnSwer questions on the final test with

Identify magnets and magnetic polarity.
Wind a solenoid and an electromagnet
and test each.

T TR R . » N 8
. 4 . L . : . Lo e Lo
a : Co
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| ;,’Key. Words-' o

Em

~ Line of force., Referring,to the magnetic Flux.

e | . EL-BE-45
' BN . -Magnetism

A spiral winding of wire.

Coil
The c'nter part of ‘a totl} made of a magnetic material or air.

Domain: Very tiny magnetic aree in iron; nickel, or cobalt.

Electromagnet A coil of wire poweredvpy a source of electricity.., s
Field: ‘The magnetic flux argund a magnet.

Flux: The lines of'magnetic;force around a magnet.
. r

| Gauss A unit that is usedito measure the amount of magnetic’ force.-

Kee er: A piece of iron across the poles of a magnet placed there to prevent -
Toss of ' _

magnetism when the magnet 1s 1n storage.

Magnetic metals: Iron, nﬂckel, and colbalt.

'Y

.. Magnetic polarity' Referring to the north- and south-seeking ends of a magnet.

3 Magnetomotive force. The magnetic push.

Pole The end of the m?gnet. where the magnetic force is greatest.

'ResidUal'magnetism Th magnetism that remains 1n a meta]‘after the magnetic

force has been removed., '

- Saturation:, The point et which a piece of magnetic material cannot be further
- magnetized. - ‘ :

'Solenoid: A coil without a core. A sucking coil.
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“Information- Sheet No. 1
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Permanent Magnets

-
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'

. Magnetism is involved in a great number of electric and. electronic devices
such as motors, solenoids, transformers, meters, etc.
principles of magnetism is 1mportant for undecstanding the operation of these

- devices.

There aré only'three~magnetic mater1al§ oni earth.
material that can be attracted by a magnet. -

.and colbalt,
they are magnetic,

The simplest magnet is é bar magnet.

" .the other end js labeled S.

make a compass.out of the bar magnet.

and the end which points south is stamped S.

3

Oné end of the magnet 1sﬂlabeled N and )
A1l you have to do to understand the N and § is t&

A knowledge of the basic :

A msgnetic material ks a
These materials are iron, nickel,
Materials like steel are alloys that contain iron; therefore,

W

The end that points,north is stamped N

a magnet, we mean the north-SEEKING end. What makes a
- north and south? No one has the answer to that question.. The exact nature

of magnetism is not really known, but we are aware of the actions of magnetic
[f we 100k into a piece of iron with a magnetic eye, we will see.
a lot of tiny magnets called domains, pointed every which way all over inside

materials.’

the material..

materials:

known, but we will picture it as a tiny bar.
around in the material.

iron, nickel, and colbalt.

magnetized iron bar.

/.

‘ -

<

So when we say the north end of

magnet want .to point

Remember that these domains -are only in the three magnetic

The shape of the domain 1S not really Yy

' NON -MAGNETIZED

.- TRON BAR"

. Notice that the domains are pointing every which way.

- MICROSLOPIC
m.sAMPu: -

These domains can turn and spin \
The drawing below is a domain grouping inside a non- - ’

'The total effect is that

the N end of each domain is facing a S end of another domain. This cancels out
the external magnetic force so the bar of iron is not a magnet. :

PN

L
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{

' If the"‘bar of unmagnetized iron were put into a magnetic‘ field (next to a “=*" ‘
magnet), the domains inside of the iron would align themselves with the <«
magnetic field. Study ﬁhe drawing below. ! ! - . : ‘

NS wonow

MAGNETIC FIELD(INVISIBLE)

The magnetic domains in the iron are lined up so that the S ends are pointing
~toward the N end of ‘magnet. This causes the magnet to attract the iron and.
makes a temporary magnet out of the iron bar. (Notice the dotted S and N
’ indicating that the magnetism is temporary.) When the magnet is removed from
the iron bar, the domains will spin around to cancel out-the magnetism. ‘The -
fron turns back to the nonmagnetized state. " ' -
If there wege some way that the domains could be Jocked into the magnetized ,
condition, the iron bar would remain a magnet. This is impossible with soft ot
pure iron. The addition of carbon, copper, aluminum, colbalt, and nickel to’ 3 C
the iron produces gn alloy which will lock the domains so they cannot turn.
This means that a permanent magnet is a special alloy of metals. The magnet
mst -have special handling because heat or jarring will tend to unlock the
domains, which will destroy the magnetic effect. "o - ' '

v

The Magnetic Field

The magnetic field, sometimes called a flux field, is the invisible force
around a magnet. This force is very common. Because the earth is a magnet ,
we live in magnetic fields all the time. When we walk, we are going through
these ‘magnetic lines. How can we détect or see magnetic lines? One way is to
take a bar magnet, place a sheet of paper over it, and sprinkle iron filings
on the paper. The following drawing shows what the result wodld 1ook like.
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IRON—FILING PATTERN OVER A BAR-MAGNET'

A}

‘From the 1ron-f111ng pattern, it is hard to 'see the full picture of the lines

]
of force. _what can be seen is that:

The. ends or poles have most attracfion.

1.
2. There are two poles.

3. There seems to be no magnetic a tion in the center.
4

The force field seems to be in lines from one end to the other.

*

In the following drawing the magnetic flux 1s shown again, but this time it is
shown more clearly than could be done with the iron filings. {Only a small

‘, amount of lines are shown to make the drawing clear )

\_/

f ///-—w;
- 55 ' Pq .—«”

/- . ' o . _ ht _
This drawing shows that there are distinct lines of magnetic flux. Each has . 4
direction from the N end of the magnet to the S end. These lines are also e
complete (continuous) from the north to the south end. ) | ; s

1 . , o . S
CON
. " \
. C
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~ The Magnetic Laws of Attraction-apd Repulsion -

: From\ he drawings you know that:

As was stated before, the N end of the magnet tries to .point north. This means
that there is an attraction to the north pole of the earth. This makes the
compass (which makes use of a-magnet) very important for navigation. What is
happening to the flux Vines during the attraction? Study the drawings of the
magnets below, SR ' -

——
5 N S N

i ] '— . ' : | ' . :

Attraction ’ o Repulsion; s

North to South* " North to North |

o ' / " g o
I's ' L - :"
_ ~ - | : .
. . Attraction, . . Repulsion .
5 South to North v South to South . .
- ’ . \

&

A\
9

Xnowledge of the directions and form of these magnetic fields is very important
- for understanding the ,operation of devices such as speakers, tape-recording

heads’, etc.
\ -

)

1.\\Unlike magnétic poles attract. (North and a South or South and a g
North)

5

2. Likevmagnetic poles repel. (North and a North or South and a Sou'th)

3. Nhen.the poles attract, the flux“]inés from one magnet combine with
the flux lines from the other magnet. . '

A}

‘4. .When the poles repel, the magnetic flux lines do not combine.

A /‘\
\ , L
A n o N
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Keepers . . - o | | o
The maﬁnetic flux passes “through materials with different amounts of resisiénce.
As an example, the magnetic flux passes through iron much more easily than
through air, plastic, etc. For a magnet to last a long iime, the gap between

the north and south poles should be as small as posstble. When the magnet is
not in use, it is wise to place a bar of soft iron between the poles. This bar

- . ;v MECE NS
Cr le | In A = m

Magnets with Keepers

of iron is called a KEEPER, The magnets pictured be]ow hﬁvg\iiiiers on them,

‘ ; S
MeasuriggﬁthevMagnéticaFlux

How strong a magnet is depends on many factors. Some of these factors are the
following: - | '
"The mass of the magnet (amount of metal).
- How well it is magnettzed.

.- The alloy of the metal.

. Its shape or form.

o A4
2 J

. The .more 1lines of magnetic flux-pef area, the more magnetic effect we can gét.

The measure of magnetic flux concerns the number of lines. There are at least
three systems- of measurement of magnetic flux: Gauss, Maxwell, and the Weber.
Gauss is a measure of the number of lines of a magnet. The Weber has to do

with the amount of flux change per second to produce®one volt induction. As a

point of comparison, the earth's field is less than one Gauss while 4 small pr- .

horseshoe magnet could have 200 Gauss! o e

The - Square Law Magnetic Relationships

\/ .
Study the drawing below ‘that shows tests of magnetic pull,

ONE SHEET OF PAPER TWO SHEETS OF PAPER

anwas -

b Lb

Ho)—w TO PULL
OFF .

, 4 Lbs
=010 PULL MAGNET N[
.  OFF ,

-~ arvan
SISO LTSI I S Fr s s o

E vt

Each fimé that you double 'the distance between the magnetic pole of thedmagnet

‘and the magnetic material, the magnetic pull decreases by the square of the

distance. This means that as you move awdy from a magnet, the flux level drops

at a fast rate. This is very important when dealing with tape heads of a tape

recorder. A\very small amount of dirt can hold the tape far enough from the

head to make She tape unit completely. inoperative. Keeping the magnetic gap

clear on a tape head is very important. o : 1
340




Self-Test No. 1.

l.

2.

7.

a.
" b.

. EL-BE-45
Magnetism -

g "

The magnetic field is sometimes called

a. magnetic force.
c. firon filings, . :
d. north and south. r
The direction of magnetic fields’ is
a. around the magnet in a crosswise direction. ’
b. from the north pole to the south pole. - . _ s
c. from the south pole to the north poles Co
d. along the sides of the magnet.
- The law of magnetic attraction and repulsion states that
a. like poles repel and unlike poles attract.
b. 1ike poles attract and unlike poles repel.
c. the south pole attracts another south pole.
d. the square of the north pole equals the square of the south pole,
If a block of soft ron is 1 c'\\rom a magnetic pole and then moved to 5
cm, the force betweeR them will Ve
a. double, ' 4 _ .
b.. halve. . N .
€. quadruple. : o
d. triple.
- The flux lines around a magnet are
a. in both directions. )
b. more dense as you move away from the pole.
C. complete from the south pole to the north pole.’
complete from the north pole to the south pole.. ' X
£
The strength of a magnet in the center sect%on -hal fway between the poles is !
a. equal to the square of the north pole. _ v ’
zero. o L,
c. four times stronger than at the poles. ‘
-d. weaker in larger magnets.
The strength of a magnetic field 1s measured in '
volts per inch. ‘ A
Gauss or Weber. . ‘ . : .
c. flux line diameter. . . A S X
d. the square Maxwell, ' : o 1.3“1
The following materials are magnetic |
a. ]ead, tin. and Z'IﬂC. A A o . 5 ’ . LK
b gold, silver, and copper.
c. aluminum, chromium, and platinum.
d.

iron, nickel, and colbalt. - ' . W
. ‘, Q.
'w 341
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There is a relationship between magnetism and electricity. One of these
relationships is that whenever current is passed through a conductor, a

magnetic flux is set up around the conductor. The form that the magnetic flux
lines make {s one which surrounds the wire in a sheath, Study the drawing of e
the current- carrying conductor. : ‘ B

3

FLUX LINES

CLNQRET¢T D"RECTKDN

S

The Magnetic Flux around a Wire '

‘ From the drawing you should be able to recognize that

: 1,' The current-carrying COnductor has A magnetic flux, around it. .
2. The magnetic flux is around t ‘wire in a crosswise direction. R
3. The magnetic flux is continuous all along the wire. '

If you know the direction of the current flow through the wire you can tell
the direction of the magnetic Flux “around the wire by the use of the LEFT-HAND
RULE The following drawing shows this- method. '

_ ”\__

f.

o

- ~ FLOW DIRECTION
‘\\-F144X(3NQBCNCMV

. J

Grasp the wire with the left hand with the thumb pointing in the direction of
~ - .the current. flow, The fingers will wrap around the wire in. the direction of
" ‘the magnetic flux lines. Also, if the fingers we(p to be wrapped around in the
. direction of the magnetic flux, the thumb will point in the direction of the
. current fiow. d
’ ' A
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The amount of magnetic flux around one wire is quite small. To make a stronger .

flux field, we can concentrate the wire by winding i1t into a coil. To picture
- how 0”9 coil can concentrate the flux,.study the drawing of the coil below.

» .

R

——— [y

| CURRENT [

. FLUX FOR ONE TUR
»
“The flux lines go from the
north end to the south end on -
. the QUTSIDE of the coil.

wo ¢ombined flux lines for the coil

1

From the drawing it can be seen that the flux lines around each turn of the

coil can combine with the flux lines from the next turn. All of the flux lines
will combine to form a magnetic flux for the coil. Check it out with the left-
hand rule. The more turns of wire in the coil, the stronger the magnetic
effect. Notice from the drawing that the magnetic polarity is shown. This too
can be seen. Remember that the flux lines go from the north end of the magnet -

A

. “to the south end ON THE OUTSIOE OF THE MAGNET.. Check it out on the drawing.

The Ele;tromqgnet

Now that we k:;§ how the coil works, we can make an electromagnet. First, we .
need a core. The core should be a magnetic material. Iron is the strongest of
the three and also the most inexpensive. Because we want to turn the magnetism
off, we need a form of iron that won't let the domains lock up. Remember, soft
iron is the best choice here because the domains are free to spin around and

cancel the external flux lines. The iron will concentrate th@lines close to

the coil to give us the best magnetic effect. . \ -

4

e
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© Study the drawipg of the electromagnet.

| ' , | EL-BE-45
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‘To constryct the electromagnet we wind the w&re around the core in a neat
spiral of insulated wire so the windings will not short from one to the other.
\‘ B

e oo Wy vm—— iy '
“_-..—-"‘. -_‘§_..

] A T—MAGNETIC FLUX
. S ( N
¢ SOFT |RON CORE
- -
SWITCH - : : v
=" BATTERY -
+ .

The Electromagnet
' »

The ‘-magnetic action in and around the eiéctromagnet is much the same~ as that of
the permanent magnet except that the electromagnet can be turned off and on and
can be many times stronger.

‘The Solenoid

:Another type.of e]ectromagnet which 1s very useful 1s called a solenoid. The

solenotd is an electromagnet without a core. The part that makes it inter-
esting is that it seeks or attracts a core when it is turned on. To motp a
solenoid you wind the insutated wire around a hollow ponmagnetic tube., “The
tube.can be made of paper, plastic, or even a metal such as copper or brass.

~ Study the drawing of the solenoid below,

L

When the coil {is turned on,

-[ - _ j . ‘ ‘ ' the core will be sucked to

the center of the.solenoio.

“’ . jThe Solenoid "Sucking Coil"

+

d

_é’fause of the mechanical travel that the solenoid can produce it is used to

the following things: ~ .
[ .
. Turn switches off and on.
. Control draft and air flow in heating and ventilating systems.
Shift gears. . . .
" Operate door chimes.
Start or stop machines.

’ -

D LN
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"

Factors of Magnetism

There are many measures and factors of magnetism. Included here are a few of .
the most important omes. : o~ . -
- .ﬂ’ ! *

Magnetomot i ve Force (MMF )

Magnetomotive force is exé;jzned as the force needed to produce a dhetic :
field. This force can be made strongdr by increasing the number of urns .
of wire on the coil or by increasing the amount of current through the coil, - o
“The ampere turn 45 used with magnetomotive force as a unit of measure. .

‘ 4
Saturation. C
) . T L . ¢ - :
Saturation refers to the state of a core which cannot be further magnetized.
More magnetomotive force will not increase the amount of magnetism of a sat-
urated core. This condition takes place when all of the domains in the core
are lined up. It is at this point that more energy cannpt increase the domain
alignment so the core is said to be saturated.

- - .
.

Residuale”EQnetism

"Residual magnetism is the magnetism that remains after the magnetomotive force »
is removed. This condition is caused by a few of thé~domains staying logked in :
one direction. This residyal magnetism can cause problels. As an example, a

‘relay can stay stuck down after the current 1s turned off. '

A " : .
Demagnetizing o ‘ - S

.
. -

Demagnetizing is the process of nembving the magnetic effect from a material -
or device. Many times tools will become magnetized and will need to be
demagnetized. Tape reoorder heads.often need to be demagnetized.

The device that 1s used to demagnetize is nothing more than a large ¢oil with

no core. The power to operate the coil is AC. To operate the unit the power

is turned on to the cnil. This produces a magnetic field that switches polar-
1ty back and forth. The object to be demagnetized is placed into the coil.

The object is forced to be magnetized first one way and then the other. The
object {s then slowly removed from the coil. The strength of the back~and-
forth reversing field becomes less and less. This leaves the object with no

- residual magnetism, o , 4 L < , v
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o o | . S , Magnetism. ;
- Self-Test No. 2 . | . S
" 1. If a current is flowing through a wire '
a. a magnetic field-around the wire will be present.
b. no magnetic action {s present,
_C. ‘one end of the wire 1s north and the other south. .

7 . d. the heat from the wire destroys the magnetic effect.

2. Electromagnets are made by winding wires into coils because (
. . a., 1t produces less heat.
b. the core is easy to install.
c. the leads are easy to connect.
d. it concentrates the magnetic field.

‘3. The left-hand rule for conductors

a. 1s used for checking wire temperature.

b. is used so the right hand is free to write voltage readings.

c. shows the flux direction if the current direction is known.
\Z d., 1s more accurate than the right-hand rule..

4, A solenoid is sometimes called L - 'z

' . a. an electromagnet. |
" b. a sound generator. .
"~ c. a sucking coil. _
di" a long cored coil. b

5. Saturation is | o : )

a. the point at which more magnetomotive force cannot produce more

magnetism from a core.
b. the point at which the coil cannot pick up moisture from the air.

c. the peak voltage point. . , |
d. caused by the residual magnetism. ¥ . ’ - .

' 6. A solenoid is used for

a. heating soldering irons.
b. controlling temperature.
c.’ mechanical movement of pulling.
d. measuring resistance.-

o 7. Demagnetizing is best done wlth
a. a hammer. ' . )‘
b. a strong light.

. C» a large AC coil.
. d. twisting the metal one half turn north,

v

. 316 o . | -
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| ‘Task A - S

" Given: Four unmarked magnets, a COMPasS.

o 1. Identify the north- and sOuth-Seeking ends.

‘ (Use masking tape to make labels.) - ‘ ’ | :

When using the compass, keep it at least one inch away from thq,magnets

poles.,
I

[J Instructor's Check | o,

Given: Two bars of iron with nb‘markings: , . .' - V ’

~ one unmarked magnet _
one unmagnetized iron bar - R P ~ \

_\\ : 2. You must present the magnet to the instructor in five minutes.

. ' Rules: 1. No other métal object may be used.
-, 2. No compass can be used. - ' .
: 3. You may not try to make a compass from the bars. o .

»

0 Instructor's Check
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Task' B | - | e

! . A

Given: :lron core, paper tube, #18 magnet wire, and a heavy power supp]j.

o _ l
1. Cohstruct the following solenoid;

f wind 30 turns of #18 magnet wire on the paper tube, The wire must be
closely w0und in a neat spiral, -

Leave 10 inches of wire at each send of the coil for leads. (Tape .each
end of the coil to hold the wire.) " RS
Strip qge -half inch of insulation off the end of each lead. .

;o |" STR|p ) , '
S S i p IH2'STRIP

L4

Apply 3-5 volts to the coil fdgr\ife power supply. (Don't overheat the

.coil.) . , -
" N e
- + ) L
4
With the power applied §q the coil, place the core into the coil. .o
. : .
\ ' . [
- !
N ’ @ g At en ket b van i emamb VS8 L o L oea . ”l
ExpTain what happened. o
O qutructdr's Check - ,
N ¢ 4
[ ] :
\./‘ . .
o

‘-121 348 |
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| Task C - ' . . o . -
Given: Iron bar, #18.magnet wire, small box of nails, and a power supply. .
o , ’ ' ' )
. 1. Wind 40 turns of wire on the 1ron bar in two layers of 20 tyrns each.
’ Leave 10 inches of wire. for leads. : |
Strip ends as 1n Task B.: )
- ) Al
' Tape the coil to -hold the wire. N
3 . . "— [\ I(I‘)RE'
v Iron nails vad ' o
_ o M o , . ‘
l Y . - ’ o
N\

2. “ Apply power as. called for in the chart below.’

\

3. Count the nails that it is possible to pick up with the coil at each
voltage level., .

4

Volts Number of Nails .
: iy NI .
.', :‘ . s . - s
5V o g | »
1V | ' ,
. sy : B
’ . N ‘-&‘ . ] ) ~
v " . : o -
; . o . Work fastg the coilYwill become hot! . el
4, Did the'core become saturaged?' .
O tmgructor's Check’ o " . po
4 ) ' .

18 N
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Final Test ' | |
i. The Gau;s and the Neber are both measures of
a. current levels: in a coil, .° S R
b. magnetic force. ' , ,
Cc. the Maxwell. S - . C %
d. volts per inch. o : ’ ng\\.
. -' ) : ' . ) , .
2. The lines of magnetic' force have direction from ' ..
a. the, south end to the north end of a magnet.
b. the poles to the center of the magnet. ' '
C. .the north end of the magnet to the south end. . "
d. * the-center of the magnet to the poles. :
"3. The three magnetic metals .are ' . | _ | é‘ o
a. 1rdn, copper, and zinc. -~ ' (

b. iron, aluminum, and nickel.
c. 1iron, colbalt, and tin, ¥
d. 1iron, nickel, and cqlbalt.

4. If two magnets are brodght together; the following action could resu}t:

a. the like poles will repel _ : _ v

b.”” heat will be produced. - . : | .
c. the two north-poles will attract. " -

d. no action will take place.

. 5. if an iron bar 1s brought to within one inch of a magnet and then. moved
: to two inches away, what will happen to the pull?

a. It will doubl
b. It will be reduded by four times.
c. It will be reduced by one-half.

. d. It will be the same.

6. The left hand rule for.cqnductors is used to

a.  check wire temperature. ' . '
b.: show the direction of magnetic flux. : :

¢. measure voltage. .

d.. count the flux lines\

7. A solenoid is-a coil that’

- .a. provides'heat.‘: - -
"0 b. is used as a holder soldering irfons.

. . ‘ c. pulls the core to t nter of the co‘ll.
: d. has a permanent fron core, = ° ,
o : : .

e
s




Magnetism .

y . 8. Coils of wire are used for electromagnets because . Y

A a. they produce less heat.
: .b. they hold, the core better.
c. the leads are easy to connect. o .
d. they concentrate the magnetic flux.: - a J

9. If the core of an electromagnet becomes saturated
~a. it must be thrown out.

b, 1t cannot be magnetized to a higher level.
C. it must be dried out.

d.. 1t has reached the domain level. [
/ _ Lo - ¢
- 10, To demagnetijze a tool -or part " '
‘a. a largé.AC powered coil- is used.
b. a heater must be used.
c. a sharp hit with a hammer wi]l do it. _
d. a strong light'will do it. ,
A
PR
A ‘ : "‘
o A
- %
: ~
I ' /
‘ ‘ e 9
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. . Final Evaluation R o o

- 0K RE-DO R

Completed Task A B SRR ,, | N

Completed Task' B o . b .

Completed Task C ) S " ' . o .

~ Completed Final Test with 90% score - %
- | ‘ T A : .
When all checks indicate OK, proceed to the next learning package.
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Answers

PO

Answers'to Self-Test #1

"lo b

v
s
3. a

. . . \

to Self-Test #2

o=

o

- ) !

b
v
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