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STATIONARY ENGINEERS
REFATED TRAINING- MODULES

Digital Language =
. Digital Logic [/
Computer Overview

) Comput'er/ﬁof tware

SAFETY

General Safety

Hand Tool Safety
Power Tool. Safety

Fire ‘Safety

Hygiene Safety -
. Safety and Eléctricity

DRAWING -

Types of Drawings and Views

Blueprint Reading/Working lrawings

Scaling and Dimensioning
Machineeand Welding Symbols

TOQLS

Measuring, Layout and Leveling 'Ibols

Boring and Drilling Tools

Cutting Tools, Files and Abrasive

, Holding and Fastening Tools
Fastening Devices

ELECTRICITY/ELECTRONICS

Basics of- Energy

Atomic Theory

Electrical Conduction
Basics of Direct Current
JIntroduction to Circuits
-Reading Scales

Using a. V.O.M.

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 Circuits
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Switches and Relays
Basics of Alternating Curr:entslv

’ Magpetlsm ' "

HUMAN RELN%EONS - . , “ .
Carmumcatlons Sk1lls . . -
Feedback . ._ ' . )
‘Individual Strengths '

-Interpersonal.Conflicts .

: r%p Problem Solvmg,\Goél-settmg and Decision-making"

site Visits :

Resumes -
Interviews N

" Work Habits and Attitudes « @b

Wider Influences and Respon51b111t1es
Personal Finance

Expectations \/
'TRADE MATH : '

3

Linear - Me&sure . .

whole Numbers. - '

Addition and Subtraction of Common Fraction and Mixed Numbers
Multiplication and Division of Common Fractions and whole and
Mixed Numbers -

Compound Numbers "+ ¢V

Percent B
Mathematical Formulas :
Ratio and Propertion’ : ‘
Perimeters, Areas and Volumes
Circumference and Wide Area of Circles -
Area of Planes, Figqres, and Volumes of Solid Figures
Graphs .
.Baalc 'I‘rlgonometry . R ‘ ~
Metrlcs o

A

-

HYDRAULICS S o .

Hyqraulics - Lever : .
Hydraulics - Transmission of Foroe

Hydraulics - Symbols | ¢
Hydraulics - Basic Systems ‘
Hydraulics - Pumps

Hydraulics ~ Pressure Relief Valve
Hydraulics - Reservoirs

Hydraulics - Directional Control Valve
Hydraulics - Cylinders :
Hydraylics - Forces, Area, Pressure -
Hydrauliés - Conductors and Connectors |
Hydrauligs ~ Troubleshooting , '
Hydraulics - Maintenanee g
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12.1
12.2°5
12.3
12.4
12.5
12.6
12.7
12.8
12.9

13.1
13.2
13.3
13.4
13.5
13.6
13.7

REFRIGERATION

Refrigeration ~ Introduction
Refrigeration, -~ Campressors
Temperature antrols

Refrigeration
Refrigeration
Refrigeration
Refrigeration

L

Condensers and Evapotation:

Purge, Evacuate,
Troubleshootlng

MACHINE COMPONENTS

_Machine Components - Shaftsg
Machine Components -~ Bearings' |
Machine Cemponents - Seals and Gaskets

Machine Components - - Chain Shafts

Rechirge

’

Machine Components - Belts and Pulleys

LIJBRICAT'ION

- Lubrlcatlon - Introduction’

LUbrication - Standards and Selection of Lubrlcants

)

BOILERS '
" Boilers - Fire Tube Types .
. Boilers - Watertube Types
Bojlers - Construction
1llers - Fittmgs
Boilers - Opération _
‘Boilers - Cleaning

Boilers -~ Heat Recovery Systems _
Boilers - Instrumehts and Controls
. Boilers - Piping and Steam Traps .

~ PUMPS

-

Pumps -
Purps -
Punps -

Purips - Calculating Heat and Flow

Pumps
Pumps -

- Pumps. ~

STEAM

Steam
Steam -
Steam

Steam -~

Types and Clasmflcatlon

Appllcatlons
Construction

Operation

v

L™ bl

Monitoring and 'I‘roubleshootmg

Maintenance

“

LY el

Types

- Transport

Purification

TURBINES

Steam Turbines « Types

. Steam Turbines - Camponents

Fomation and Evaporation -
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16.1
16.2
16.3
16..4
16.5

20.1
21.1
22.1
22,2

23.1

-Stoam Turbines - Auxillaries
' Steam Turbines = Operatlon and Mamtenance

Gas Turbines , g

’
\, -

® . N

OMBUS'I‘I(_)g\j 'q‘

Combustion - Process

Combustion - Types of Fuel

Cambustion - Air and Fuel Gases .
Cambustion -~ Heat Transfer v
Combustion - Wood ’

FEEWATER

Feedwater ~ Types-and Equipment

. Feedwater ~ Water Treatments
" Feedwater - Testing

* GENERATORS N

Generators - Types and”Construction
Generators - Operation

. AIR COMPRESSORS | ‘ ,

Air Compressors Types
Air Compressors = Operatmn and Mamtenance

MISCELLANBOUS

Transformers -

Circuit Protection v
Installation - Fourdlations ’
Installation = Alignment .

Trade Terms ' 4 -
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Packet #

12.1

12.2
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12.3
" 12.4

12.4

12.5

1207

12.8
13.
13,
13,

13.
13.
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13.
13.
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Description )

‘Plant.Pumps, S.A.L.T.,

Correspondence Course, Lecture 1,
of Boilers I, S.A.I. T

Correspondence Course, Lecture 2,
of Boilers II, S.A.T. T CaTgary,
CorrespOndence Course, Letture 2,
Construction & Erection, S.A.I1.T,

Correspondence.Course Lecture 4,
Fittings II, S.A. L.T., Calyary, Al

Corresondence Course, Lecture 4, Sec.

Correspondence Course, Lecture 3,
Details, S.A.I:T.,

. Refer to reference packet 14. 3/12

Correspondence Coursev.Lecture 9,
Calgary, Al

11

* - s

Correspondence Course, Lectyre 6,
SAVLLT Ca]gary, A]berta, Canada

‘e

a

STATIONARY ENGINEER
SUPPLEMENTARY “REFERENCE QIRECTORY

-~

Sec. 2, Steam Generators, Types

CaTgary, ATberta, Canada N
Sec. 2, Steam Generators, Types
ATberta, Canada . I

R

"'A11 reference packets are numbered on-the upper right-hand’ corner of.the.respectiye c0ver page.’

| ReTated Tra1n1no ModuTe |

o ,5]2.1

f;-12;2 .BbiTers; Water Tube Type_;f ;;'“'7

Sec. 2, Steam-Generators, Boiler = =

, Calgary, Alberta, Canada.f

Sec. 2, Steam Generators, BoiTer
berta, Canada :

2, Steam Generators, Bo11er

2, Steam Generation, Bo1Ter
Ca]gary, A]berta,

Fitting I, S.A I.T., Ca]gary, ATberta Canada
- Correspondence Course Lecture 10, Sec
Operation, Ma1ntenance, Inspect1on, S.A.L.T.
Canada '

Sec.

0,

8

Sec. 2, Steam Gene

a%or,'Power :
berta, Canada '

.

r

Secr 3, Steam Generators, Pumps,
\

2, Steam Generation, Bo1Ter
CaTgary, ATberta, Canada

: 12.4 ;Boilers;IFittings'” :

Bo:Ters,,F1re Tube Type

12.3 Boilers, Construction: . -

I

12,4 Boilers, Fittings

'“'12.5_.801]£rs.;pperation

[

12 T Boi]ers Heat Recovery
RS Systems O

.-:PUMPS e T
L 130T

‘Types & Clas
13.2 App11cat)ons
13.4 - Calculating Heat & FTow .
13.6; Mon1tor1ng & Trouh]eshoot1ng
-13 7 Maintenance , ,

*ﬁcation

13 3 ConStruction ':?ﬂ?f:Tv R
13:5 0Perat1on n
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17.3 Correspondence Course, Lécture. 7, Sec. 2, Steam Gener tors, Boiler

. I Feed Water Treatment S:A.L.T., Calgary, Alberta, Canada

Correspon nce Course Lecture 2, Sec. 5, Electricity, Direct

Current Mathines, S. A l T., Calgary, Alberta, Canada
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18.1 Correspondence Course, gecture 4, Sec. b, Electr1c1ty, Alternat1ng
18.2 - Current Generateys, S. A LT, Calgary, Alberta, Canada
19.1 Corrspondence Course, Lecturg 5, Sec. 4; Prime Movers & Aux111ar1es,
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19.1 ' Correspondence Course, Lectu?e 6, Sec. 4 Prime Movers & Auxlliar1es,
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2.1 Correspondence .Course, Lecture 7, Sec. 5, Electriclty, §w1tcngear
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22.1 ' Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power Plant
[roctlon & Installation, S.A.I.T., Calgary AJberta, Canada
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L 17.3

Related Training Module B T

Feed Water, Testing = -

‘ -

Generators, Types &
Construction

. Generators, Types &
I Construction
18.2 + Generators, Operation

Air Compressors, Types
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19.1 Air Compressors, Types

19.2 Air Compressors, Operation
& Maintenance

20.1 _jransformers !

21.1 Circuit Protection_ '

22.1

Installation Foundations



RECOMMENDATIONS FOR USING TRAINING MODULES S

A / . B .
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The following pages list modules and- their corresponding numbers'fdr this
particu1dr apprenticeship trade. As related training classroom hours
vary for different reasons throughout the stage, we recommend that:
‘the 1nd1v1dua1 apprenticesh1p ‘committees divifle the total packets to

fit their 1nd1v1dua1 class schedu1es gy ‘-'. -

. ' .

Théve are over 130 modules available. Apprentices can+complete the .
_whole det by the end of their indentured appEA ticeships. Some
apprent1ces may already have knowledge and skills that are covered

in particular modules. In those cases, perhaps credit could be

granted for those subjects, allowing apprentcies to advance to the :
.remaining modules. | | B ' ‘
We suggest the the apprenticeship'inétructor§ assign the modules in

numerical order to make this learning tool most effective.



Tape 1:
Tape 2:
Tape 3:

Tape 4:

’NO'I‘E :

Fire Tube Boilers - Water Tube 8011qu . - \

and Boiler Manholes and Safety Precaltions | \/V |
- ¢
\ | |
‘Boiler Fittings, Valves, Injectors, . o
‘Pumps and Stgam Traps * . A

Cambustion, Boiler Care and Heat Tran'sfer
and Feed Water Types

\

Boiler Safety and Steam Turbines

-

¢

The above cassette tapes are intended as additional

reference material for the respective modules, as
indicated, and not designated as a required assignmept..
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BASICS OF ENERGY.
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Goal: - Performance Indicators::
The apprentice will be able to 1. Descgribe units of measurcment
describe basic units of energy. | ‘l '
- 2, Describe conversion of cnergy.
« 3. Describe potential energy.
"4, Describe kinetic energy.,
L] R 5.

Describe energy efficiency.-

”
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EL-BE-02 -

. ‘ - . Basics of Energy
- . N - ' . - » b
‘® Objectives . : | \
Given: ) The student will: T
4

Definitions and explanations of
base .units, energy, work, con-

version of e\ergy; and efficiency. |
- . - r

" correctly.

Directions
-Obtain the following;

Calculator ~ | -

Learning Activities
___ Read the Key Words 1st. ‘ A
______Readtthe Information Sheets. - | (;‘\
____DoTask: Solve fhe Problems on the Problem Sheets.
Do the Self-Test. | |
Do the Final Test.

| Obtain Final Evaluation. -

N

Solve problems dealing with energy.
Answer questions about energy




Length is measured in feet (the foqt is a base unijt for

~ pounds of force. - , o C

EL-BE-02
Basics of Energy

[

v

Key Words T | o ]

———d

" . | -
- |

Base Unit: The term uSed to 1ndicate.the amount of somethjpg. As examples:
ngth). Weight is
measured in grams-(the gram is a base unit for weight) . .

Efficiency: The relationship between the energy applied and the energy output
?exp:gssed in pefcent). h : e ]

PEad

Energy: The ability to do work..

Force: Pressure or push on an object or particle.

Joule: Equal to the newton--the base unit for mechanical energy.

4

. “ . ‘ »
Boad: The part of an electrical -circuit where energy conversion takes place.

Newton: The base unit for force in the metric system--approximately 224

Work: Force times di§tance.

-
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Energy and Work T . h . ) ~ . .
If our car\stalls in the street and we must push it to the curb by hand, we. e

know that, as we are moving the car, pushing it is work. When we have moved
the car to where we wanf it, the work s done. Work, then, is made up of two

things.. st, there 1§ the push or force we place on the car in the direction
we want 0.9o. . Second, the car moves over a d

{istance to a point where we
want it to{go. Force nd distance make up work. The force must be enough tos :
overcome the frittion/of the wheels and to raise the car over lumps in the .
roadway. Mathematicaily, the work done 153 equal to the force times the

¢ distance. The work nergy symbol that we use when we calcubate for work is the

upper case W. ,The Base unit of measure im the metric system for work 1is the\l

- joule,” ‘ N o

. . s ) '. | /\

To find the amount of work done in_joules that it took: to move the car to the , e

curb, we must know the force used apd the distance moved. Tt we pushed on-the '

car with a pressure of 45 pounds and we moved the car 16 feet, we can figure

out the work done by multiplying 45 times 16. Howevér;, the joule is a metric

measure, so we must convert the force and the distance to metric terms before .

we can calculate the joules. _ o -

v <

The Metric Measure of Distance |
‘ The meter 1-§ the metric nieasure of distance. One meter 1s equal to approxi-

mately 39.4 'inches. By converting, 16 feet is equdl to approximately .5 meters.,
(16 x 12 = 192 inches. 192 4 39.4 = 4,87 meters or approximately 5 meters: )

»

The Metric Measure of Force

The metric measure of force is the newton. One newton is equal to approximately-
«224 pounds of force. By converting, 45 pounds 1s equal to 200 newtons. | oy
(45 ¢ .224 = 200) : ' '

“Now we know that: N _ ‘

Work 1n joules ® Force in newtons X Distance in meters

Let's find how many joules it took to move our car to the curb.

Given: Force (F)= 45-pounds®or 200 newtons . E
R Distarice (d) = 16.4 feet or 5 meters
Find: Work (W) in joules T
Solution: Work in joules = Force in newtons X D;stance in meters
W = 200 newtons X § meters oy
' W = 1000 joules :
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It took 1000 joules to move our car to the curb ‘ "f | , o

,'/.

‘%he measure of work done is also 1mportant when electricity supplies the energy,
“ 5,to do the work. An example of ‘work ‘done using.an electrical circuit is using- . - .
the starter on the car. The energy from the battery must turn.the starter ' .
motor td\crank the engine., The work done by the battery cah be: expressed in ' .

joules . £ B , -

Energy Convepéfon T
_ v _
One of th basic laws of physics states that energy cannot be created or

_destroyed. Energy can be converted from one form to another. Energy is
conver d from one form to another in a battery. Inside the battery the

—

This stored energy is not doing any work. It is available for us to use to do
work. We call this type of stored energy potential energy." .

Potential Energx-‘l :
“T * ’

As was stated’ potential energy is stored energy. The energy-is there ready
for us to useé, This type of energy is not doing work until we use 1t to
operate a device. The electrical outlets in your home provide energy in this.
manner as do batteries and other - ~sources of electrical energy.

& _
To be able to use potential energy, we must get it moving. This is done by
converting potential energy to moving energy. When we connect a lamp to a
battery, the potent1a1 energy becomes kinetic, or moving, energy which 1ights
the. lamp. .

L]
9

< s

/ '

~

Y T v Y



Efficiency

- Unfortunately, it is impossible to operate our machines with no loss. When (we

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

’ / AR ’i‘)'f ) S " - ) C S ) “ 7 ¢
_ Kinétic Energy T ' ,f g T | ,._¥* ;1:fﬁ'f . T o ..”"J#“
Shown 2elow is an electrical circhit=demonstrat1hg.hbw thé-chemjoa]fénerg& 6?5\ .
the battery is converted to electrical energy. The electrical énergy is moved, K
to the*lamp where.it is converted to 1ight.energy. The lamp is an energy .
converter and is called the load in the circuit.. o LT
' __..\_.. '_ T . \ 7/ .
L o N 7
. R N g .
L T _ \
— . | . v . - E ,; o~ :
(ZHFNUCAL. S I 5 ¢ .‘C¥U_CXJTFﬁJT'_ o >, N
ACTION - MOV INi ENERGY. - : P - QO
.\{ \\ CONNECTNG WRES L=
ENERGY SUPPLY | © © . LOAD(ENERGY CONVERTER)

With today's energy crisis, we are all concerned with conserving energy. \
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. Let's take an example of a very common device that we all use. It is

incandescent lamp system, -

»
ELECTRIC  § |
,  ENERGY -~ — LIGHT ENERGY
- SOURCE a0 HEAT ENERGY
| L E
NG 2
~ .
. 7 n- nn
. 1;“ 2
/ ~
- %
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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 oply 200 joules ‘of light. This
 means that ghe other 800 joules of energy went some place else. The energy that

was not con¥erted into light 'was converted into heat. The 1ight bulb makes a’

" better heater than a light sourck! To figure th efficiency of-this 1ightbulb N
To0 Tigure Ehg "

we usé the following formula:
il . :

-
)

work out : g : ,

percent efficiéhcy = —————— X 100 %. | M
| .work g , | //;xa . SN
‘_ _Given: 1,000 joules electric input ' d ' 4.
200 joules light output
Find % "efff& ency
| W out : : _
Known % eff = X 100 % :
=
. - B ’ ]
¢ ) 200 - .. | .
Solution: % eff = — X 100-%
1,000
-9 % eff =..2 X 100 % N ' -
/ ’ : ‘
¥ eff = 20 %

Answer % eff = 20% |
. . P _
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 incandescent type. The.

“power transformers that you see on tife 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 electric®~devices to save energy. - > :



5.

6.

‘ M _ Self-Test; E - | | w ‘.

"

R |

Energy is

(a) force. “ _ -

b), pressure. . _ : i/ ‘

c) ability to do work. |, '

d) travel. ° S

The base unit ‘for energy is the :

(a;_Jou]e._ L o
meter. : .

(c) newton. . - . o )

(d) neutron, '

The symbol for work done in the joule is

[ 4

Efficiency is measured in the

§a newton.

(b) meter.
(c) percent.

(d) joule. »
Which device listed below has the lowest efficiency?

§a) motor’ 4
b) washing machine .
(c) incandescent lamp®
(d) fluorescent lamp

The conversion of energy states that

§a) energy can be created o
b) energy can be changed into another form.
C) energy can, be destroyed . "
d) energy. is equal-to the newton, b
' - '

¢

l‘-
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8.

9.

10.

- (c) potential energy.

11,

' , battery, -
N\ . § ; The Tamp.
- d) There 1S no load in this circuit

"ELATTERY'ga The battéry.

o I  EL-BE-02
' . Basics of Energy

‘ o _;?i

- If you push on your car with a with a force of 450 newtons for 5 seconds

but the car does not move,
e
(a) the work is equal to the pressure,
(b) no work is done. - .
the work is equal to the newtons squared,
2,250 joules of work is done.

To calcutaty ,or the Joule you must '; a -

(a) divide the newtons by the force.

~(b) multiply the efficiency times the force.
i ; find the reciprocal of the. number of newtons. =
(d) multiply the distance. times the force.

Efficiency of'any|devfce has to do with the _ ’
amount of- heat didsipated., x

amount of energy input compared to the newtons applied. . )
(d) amount of time operated -

Ei amount of energy input compared to the wanted energy %utput.

Stored energy is known as

a) kinetic enérgy. ' r
b) newtons. : |

(d) jOU]eS. | ) L} | (7 ' .

In the electricfcircuit that is shown below, what device is the load?

b) The wire that 1s conn®cted to the

i

P

/
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Task

Task Sheet

1.

2.

" Solve the'problems below:

How much work is done if we ride a bicycle 1 kilometer (1, 000 meters) by
applying 50 newtons of steady pressure to éhe pedals?

Joules

How much work is.done if you push a car 80 meters by pushing with a steady
force of 820 newtons? )

.
A

Joules-

Our flashiight batteries produce 240 Joulds of chemical energy to supply
200 joules of electrical energy to the flashlight lamp. What is the
efficiency of the battery? y o

L 4
% ’
' .

Our refrigerator's ice maker was able to produce 10 pounds of ice. Each
pound of ice represents 150 joules of energy. Our -refrigerator used 1,950
joules of energy to produce the 10 pounds of ice. What is the efficiency
of the refrigerator ice maker? X R

}

r .
The study lamp that 1| ese 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 is the efficiency of the lamp? ' ¢

%

Ny,

.11

2y S !
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"' AnsWers e

Answers to Task;Sheet

1,

50,000 joules
WaFXd

W = 50 X 1,000

W = 50,000 joules.
65,600’ joules

“W=FXd

W =820 X 80
W= 65,600 joules.
W out
% eff = ——— X 100
. Win
200
% eff =——X 100
2
, 5
% eff = —X 100
6 -
500
% Eff } = 8303%
6
76.9%
~ Wout .
% eff = — X 100
. Win.
1,500
% eff = w——— X 100
1,950
% eff = 7609%

|

'.'12 .

28
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Answers to Task Sheet

5. 20% ‘
| Wout .-
% eff = X 100
W in
' 150 .
% eff = — X 100
750
100
% eff o — = 20%
5 )
K

4

13

20
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Final Test

1.

2.

3.

4.

wa
5.
i

6.

7.

*

»

If a lamp gives us 500 joules of 1ight energy while it is being supplied
with 1,200 joules of electrical energy, what is its eff1c1ency?

.

How much work is done if you roll a rock .5 meters with a force of 1,000
newtons? : *

joules.

" How much work is done if you hold a 5 kilogram weight 1 meter from the
floor- for 10 minutes? . .4

Ay

joules
Efficiency is measured in the..
meter.

¢) percent. ' ' -
d) volt,

fa; newton. - )

THe symbol for work is

D. . . . . ) ' . ] »

A. S - ’
w. .. . . . .
d P. . _ )

Efficiency is.a factor of '

Ea; the power used,
the amount of energy 1nput compared to the energy output in the form

wanted, : -
(c) newtons {times force.
(d) the poweP used compared to the heat dissipated, ' . o

Moving energy is known as

(a) OC voltage,

b) kinetic energy. o _
potential energy. : - , ' o
the joules per second. , v

-, o \

d
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8. ; The definition of energy is
a; the force applied.
the ability to do work.
(c) the pressure applied.
(d) the travel per time.
9. The base unit for energy is the

work.

c; force per second. . : S -
(d) Joule. - )

x _10. What type of lighting has the worst efficiency? -

......

a;-fluoresqent. . ,
5 phosphorescent. . ' v
(c) incandescent. . . . : - . .
(d) iridescent. . .

11. The function of the l1oad in an electric circuit is

. T (a) energy production. - - \’rQ‘ | o

.(b) improving efficiency.
c; energy conversion. "
no function. _ -

¥

- " » 1 .
. : . 1
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Final Evaluation

Al1 answers on the Task Sheet must be 100% correct. Answers on the Final Test
~ must be 90% correct. '

0K Re-Do

Task Sheet Score‘ . ) i

Final Test Score

When all checks 1nd1¢ati OK, proceed to the next lehrn1ng package. ¥

I s

/

»




T
A

EL-BE-02
Basics of Energy

| 2, a .
"3 b ' "
4, ¢ -
5. ¢ '
5. b
7. b -
8. d . ’
9. a ' ’
10% ¢
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Goal: = Performance Indicators:

The apprentice will be able to . 1. . Describe parts of an aton,
describe the atomic theory. ’

2. Describe valence electrons.

- 3. Describe free electrons, -

4. Describe insulators and
conductors.

-
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. L : Atomic Theory

o Ob'ectivés
‘ J

- Given: E _ The studént wills

.This&learnidg,package. | : Draw the structure of the atom and |
. . name the parts which deal with elec-
trical theory. § S

Answer cortectly questions pertaining .
to the structure of the atom.

; o
/
Directions -~ . L
Obtéin'the following:
fhis package., "
“I’
- v
.
. B '. ' . ,
Learning Activities
Read the Key Words 1ist. o o - o i \
‘ . Read the Information Sheets. | - | =
___.... Do the Self-Test. . b ‘ 'f
— ‘Do the Final Test. ° )
-»f B® the Task. .

. Obtain Final”Evaluation.
— [
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Key Words
Atom: The smallest bit of an element the basic building block of mattfr.

'Comgound. Chem1cally united materials. ' | "/. y {.

Electron: The rnegative bit of-matter found in the atom in shells around the
nucleus. -

Anything that has weight and takes up space.
- Mixttre®: Combination of materials that can be separated by mechamica1 means.
Nucleus: The center section of'the atom wﬁich'contains the positive charge.

Proton: The positive b1t of matter 1n the atom found in the nucleus.

Valence: The system that has to do with the bonding of atoms together to form

molecules.

¢
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~ Informatioq Sheet e
_ _ | | | . : ,
~In the last package we found that we need engrgy 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 .

" %ressure coming from? What is moving? What kind of work is being donée?
~ Before we can answer these questions, we 'have to look into the electrical”
/’ | circuit, right into the:'materials of which it is made. The materjals that are

- used in electrical circuits fall into three categories: . conductors, $emicon-
ductors, and insulators. SRR : R
. ‘ .

The conductors include most metals. Copper is the most common one used.
Conductors form the part of the circuit that allows the electricity to pass.
The wiring .in your house, thef;oi]s in motors and transformers, and all of the
connecting cords. to our televisions, lamps, etc., are all conductors.

The semiconductors are not as common. They‘are not good at allowing electric-

ity to pass, but they do not stop it. Semiconductors are used in many types of
electronic components. Two examples of components which use ‘semiconductors are
diodes and transistors. ' ' ' |

The insulators are very important to electrical circuits. This type of mate-
rial prevents the electricity from moving. The plastic covering on wires and _
the tape that we use to cover electrical connections are insulators. Our , .
personal safety dépends on the use of good insulators: they prevent us from
being electrocuted. ' '

What 5. there about these materjals that makes them act as they do in elec-
tricalcircuits? To answer this, let us look intp the materials themselves to
see how they are put together. : T

Materials, no matter what-kind, are called matter.: Science tells us that
matter is anything that has weight and takes up space. That covers everything
- from the air that we breathe to the ground that we stand dn. Matter can be a

gas, a liquid, or a solid.  Matter can be metal or nonmetal. But whatever °

~ form or state of matter, laws apply as to how it is put together. Some mate-
rNals 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 the mixture settle and filter the dirt out of

- the water. In this way, we have separated a mixture by mechanical means.

Many materials are 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 1s itself a
~ compdund. -1f we could look at water before its parts were combined chemically,
we would see that it was really two very different kinds of materials. Two
gases, hydrogen and oxygen, in the proper combination, make up water. Water is
~ not a single mi al; we can break it down into two different materfals. ' If
- we break wate to the point just before it separates into these two differ-
ent materials, uld have the smallest bit of wate;(gg::jble. This amount of
- water would be 5o small that it could npt be seen eve a powerful micro- ' =
. scope. This amount would be called one "molecule" of water. A molecule of

| ERIC - o N 539
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" chemical formula for water. The Hp stands for two atoms of hydrogen., The:0: -

2 )
one atom of oxygen.

T w8 N T
. ' Atomic Theory

water is made up of f{two parts hydrogen and one‘pért oxygen. H0 1§\tﬁé?;'

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 ypited with: -
. . . . .;}” ‘1 D .. 7 . |
L : ' o NN
Any material that can be reduced down to the atonfic. Tevel (size) and 'still have
identity as the same material 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 oxylgen. Hydrogen can ‘be bioken down
to the atomic tevel and is still hydrogen. Hydrogen, theg, is an-.element.
Examples of other elgments are copperg gold., silver, and’ carbon....There are 92
natural elements. Materials that are made-up:of two or more elements are
called compounds. ‘Exé%ples of .compounds that.are very important in electrical
work are brass (made of copper and zinc) and’'glass (made up of silicon and
carbon). Let us get back to the elements to fid out how some of théir atoms
are put together. S T ’

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

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 {ts appearance is by experiment ' *

and calculation. Below is-a diagram of a hydrogen atom. Note the name of each

part. . - ' B .

: ' ELECTRON '——\@‘ : G
7 N—SHELL - N '

i . \ . ' :

' / . . . :
PROTON ~————=@ / L NUCLEUS :
\» , . A

Notice that it looks like a small solar systeﬁ 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 lightest

|
of all. Its atomic numbir”+s~6he._ Before we go on to the next atom, let's |
- | _ . |

review its parts.
.

The Electron e ' -

]
i

is the part of the atom that is the most mobile. The electron is in motion
around the nucleus in & sort of orbit or shell. Some atoms have many electrons
and shells around the nucleus. | : }

This part of the atom is very light. 1t ﬁas the negative electric charge and .
1
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_ THe Proton
This part of the atom 1s heavier than the electron. nIn fact, it 1s-.overQ.800
“times heavier than the electron. This part of the atom carries the positive
electric charge and s locked up in the nucleus.
The Nucleu;
. ° - N -_\ ' '
This is not a part as such. This is the name of- area in the center of the
atom where the protons are grouped. In most cases the nucleus has more than
Just protons in it. It may contain neutrons. Remember that the nucleus is
very dense and is responsible for almost all of the weight of the atom.
' N . L d N -
The Neut.ron s L » : . . N
This particle is found in the nucleus and has no electf}cal charge. Electric-
ally, we can ignore it. v ' v
Let's look at the next atom (atomic number two),in the atomic series. The name
of this element is helfum. Below is a diagram Lf an atom of helium. Study 1its
parts. How does it differ from hydrogen? . :
ELECTRON ———, O -
// ‘\\ . . ] ‘
- / © Ne—SHELL WITH TWO*
| -/ A ELECIR%)NS .
2 PROﬂDNS-—T——<<fgtik:::i::'NUCLEUS -7 |
/ . .®
- AN 7 NEUTRON Y

. | /
s . P
. - ELECTRON—-:'O

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

balance of electrons and protons is true for all atoms in the natural state:.
for each electron in the shells around the nucleus, there must be a proton in
the nucleus. The differegce 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 complicated. Each
time there are more electron-proton pairs, the atom gets larger,. More shells
are found around the nucleus. Each shell has a fixed number of electrons that
can be in that shell 1in 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 if followed by another shell. If the shell s an
outer one, any number of electrons is possible up to the natural number for

that shell. \ _

\
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NUCLEUS

As you can see from the above chart, there are seven shells for electrons.
Depending on the material, all the{;hells may hot be‘there and may not have a
full complement of electrons. Twt's look at a heavier materialy> Below is a
diagram showing one atom of aluminum. .

ST SHELL: 2 ELECTRONS—/ 27" "\ A Y ’

. Q!
2" SHELL: 8 ELECTRONS—/‘\,C‘?I\\ Nuusus:us PROTONS
L N\ / o
3R0 SHELL: 3 ELECTRONS —\ é@ @éj ISl |

‘ ONE ATOM OF ALUMINUM
Valence Electrons \

The outside shell of electrons of the. atom is the .valence ring. The electrons
in this group are the ones that fnteract 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
tr&ding 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. When
atoms are bonded together, they form structures called molecules.  Because the
structure of the molecule varies a great deal,-some of the valence electrons

are not held to others in the bonding process. These unbonded electrons. are
called free electrons. ' o

]
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Free Electrons | ' | | “ , o

As stated above, free electrons can be caused by the bonding structure of the
“molecule. Any force from the outside can push the free electrons 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
materialk these valence electrons are locked into the bonding more tightly
than in others. ln these materials, it takes more outside.energy to force the
electrons around. '

Insulators and Conductors

‘ Materials that have their electrons locked up in the bonding process will not
let go of their electrons nor will they take any in. The only way that free
electrons can become available in such materials is by the use of huge amounts
of energy. This kind of material is called an insulator. Some of the common

| © insulators include air, plastic, and glass. ,Insulators stop electricity.
N . . Because of this, we find insulators as cover#ng on wires, sections of terminal
- strips, and any place we need protection from electricity.

A conductor is a material that has free electrons in the bonding system. - It is
.. s very easy to produce electron movement in-this type of material. Only small

amounts of energy are needed to move electrons through conductors. Conductors

are used as connecting 1irmks between electrical devices. Silver and gold are

excellent conductors, but, because of their high cost, they are not ‘the most ‘

frequently used. €opper is a very good ‘conductor and is far less costly than o

gold or silver. Because of this, it is the most commonly used.




: S . . EL-BE-03
! Atomic Theory

f (L
o Self-Test
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1. The second shell of the atom can contain

a. two electrons. y .
b. eight-electrons.

C. any number of electrons.
d. eight protons.

2. The part of the atom that has the negative charge 1s called

a. the neutron.
b. the nucleus.
C. the first shell,
d. the electron.

N/

3. Matter is describéd as anything that has weight and

a. 1is a mixture.

b. takes up space.

c. takes up valence, *
d. 1s an element.

. 4. The ton has the electric charge.
‘I' a(//f:ftral' o T

b. expanded I
C. -positive
d. negative

6. The nucleus is the center section'of the atom which
a. -has the negative charge.
b. céntains only neutrons.
¢. 1$ the lightest part of the atom.
d. has the positive charge.
6. The valence shell of the atom

a. is part of the atom where bonding takes place.

b. 1is in the nucleus. .
c. has only positive charges.
d. fs q}ways the second shell. .

7. The number of electrons in any’atom/1§ 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 S A\

@ | / ’
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| 8. A mixture can be separatedjby ,
a. chemical means. ‘ - i -
b. a double reaction. ., . :
C. -mechanical means. o . p
d. adding energy. _ - .0
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Draw the atom of aluminum and label all parts. 1
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 Final Test + °

“Mechanical means of separation will

separate atoms. y
cause Youble reactijons.
separate a mixture.
separate. a compound.

number of protons that are found in the nucleus is equal to-
the number of electrons in the shells around the nucleus.
thé number of shells, N : ' ‘

the number of neutrons. .

the number of electrons plus the number of neutrons.,

part of the atom that’hqs to do with bonding is
the positive'charge.

the neutron.. -

always the second shell.

the outer or valence shell.

part of the atom that has the positive charge is

. the neutron.

-

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

electron has the i;; charge.

neutral

expanded
positive
negative

Science tells us that matter 1§ composed of

jo N o I © ¥ 9
L] L] L]

The

[> SN o IR = g -V
e e

anything that has weight and takes up space.
only elements., ;o | :
any mixture.

- .anything that has valence.

part of the atom that' is the lightest is

the proton. N

the edectron.

the outer shell. _

the neutron. % )

| | . | o EL-BE-03
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' §. The Second shell of the atom can have - »
a eight electrons., » | — N o v
b. two electrons. . - . : -
C. any number of electrons. . * . , . '
d. two protrons. ‘ : , ‘ - .
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. ~ Final Evaluation - - -

. Y . . . ¢ 5‘ we
1

A1 answers on Final Tést and complefed draw ng on Task must be 100% correct.
: | O ’
' . 0K Re-Do
’ . . N‘J . S —p—— .
Task Drawing Proper number of protons, neutrons

"~ - and electrons and proper labels ‘ ' o

Final Test Score Percent

“When all*checkshindicate 0K, proceed to the next learning-packgge.
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Goal

Fno‘agprentlcv will be able to
desceribe how cloctricity is 7
conducted.

(‘1'

N

[ \

‘ ELECTRICAL CONDUCTION

' Performance Indicators:

Describe polarity,
bescribe interaction of charges.

Describe ions.

'Describe moving electricgl

charges..
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Examples of conductors and insulators.

A test device, -

;- Directions
Obtain the following:

Materials to test.

A continuity testec.

W,

4
Learmng Activities

', Read the Key Words. 11 %
- Read the Information Sheet.

Do the Self-Tast.

'wq;:

Do the Task. -

Do the . Final Test

w

A

Obtain'the Final Evaluation,

- are insul

EL-DE-04
Electrical Conduction‘

The stid@nt will:

Perform a test to-determine which
materials ar conductors and which

correctly questions pertain-
ing“to electrical conduction
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" Electrical Conduction

Key Words "
o .
Polarity: Having one of two opposite charges, ohe positive and one negative,
fon: - An atom which has an unbalanced charge. ,
~4 s
w“"r.‘o

Negative ion: An atom which has too many electrons and, therefore, has a
negat{ve charge, ' ‘ )

.

Positive fon: -An atom that has a shortage of electrons and, therefore,
nas a positive charge. - ‘

Repulsion: The action of pushing away,

Continuity: An unbroken path for electron travel‘through'a1mater1al.

L
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| Information\_Speet | /..

‘ o Electricitj is produced when electrons are freed from their atoms. Electrons

in the ou;gr orbit or valance ring have the highest energy level and are the
farthest from 'the nucleus which has the positive charge. | '

Polarity

Our_idea of electric charge or polarity comes from knowing how the electric
. fields are structured around the electron and proton. The exact nature of
Her these fields is not known, but the action of these fields appears to be 1lar

L to magnetic fields. Below is a diagram of a proton and an electron show g the

force fleld around each, (Each particle is shown round; the true shape is not

known.) —— : | —~-—
~ —
f// A - /1/*\:\
-2 N
' " PROTON  ECECTRON

Notice the force field has direction. Also notice that the force fields are
opposite in-direction. In other words, the field surrounding the positive

particle goes in ong direction and the field surrounding the negative charge
goes in the owosi#( direction, , : .

Interaction of.CNarges . . B | l

Because of the direction of the fields there is a natural attraction or
repulsion that takes place, (Repulsion is the opposite of attraction; it is
a pushing away.) Study the diagram below which shows what ‘happens whenh two
positive charges are brought close to each other, ay

| @ @ _ | | [
BUCKING FIELD~ &//

| And belo&. youﬁSeg what happens when two negative cﬁirges are brought together,

\ ’

\ 7 " + REPULSION w’//’“-\\

© © v

\'\_ﬂ\-eucxme FIELD
’ _ ' .

5 56

/“

\ . '
Y J o




",. : o . EL-BE-04 V.
' Electrical Conducgion

From these two exameles 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.

4

Let‘s check'the‘last possible combination. What happens when a positive and a
negative charge are brought together? ; | '

—————— efl)————

~ ATTRACTION

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

“From this we can say that UNLIKE CHARGES ATTRACT.' ' .,

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

it to do work? The answer is to unbalance nature by producing ions. -

lons

F—

As was stated 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 the application of energy,
we can force electrons away from &n -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.

A

It is 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 if it can to regain its balance.

-~

" Producing lans

.There are many ways that ions can be produced. A battery can produce ions with '
chemical action. Mechanical friction can also produce ions. If you shuffle '

~ your feet on a rug, you can pick up electrons. By picking up extra electrons,

your body pas negative fons on it. If you bring your finger near a door knob,

or sometimes another person, the extra electrons wil) leave you with a spark,

giving you a shock as the electrons move from you. .
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® Moving Electrical Charges

| your shoes picked up the charge, but you lost the charge from your fingder. The -
77" charge had to go from your shoe to your finger. How this happens 1s quite
5 - Simple. - You now have negative fons in your body. The charged atoms will try
- to regain their balance by getting rid of the extra electrons, Since the shoe

| s picking up more electrons, they must seek anoth’r place to leave the body.
\ " As your finger gets close to the door knob, zapll,”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 process better, study the diagram below. In all

: of the atoms pictured, only the outer shell of each is shown because this {is

How can electrical charges move through things? As you shuffied on thg,rug.
e

where the trading of electrons takes place. R ‘
‘ T: v 4’0 - ~ ] /)
emary LXK XX
ELECTRON Y \ o R_A sy A A

JUMPS FROM ONE ATOM TO ANOTHER

The electron that'gdes 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

* ONE IN
o 4

ONE OUT | |

] . i
v
- .

; -~ 3 -
000000000 00000
A, A A A y A A.A.A.A.‘ A.A‘
PIPE FULL OF BALLS

s

- The pipe is 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 1ight, 186,000 miles per second, or by metric measure, 300,000,000
meters per second.

In some materials the electron movement occurs in a very limited way. These
; ,materials are called insulators.'~ In materials with many free electrons the
/action occurs easily and these materials are called conductors. Because the
conductive materials allow the exchange of electrons through them from one end
to the-other, 1t {s said that they have continuity. In other words, a material
with continuity provides a complete path for elec*ron exchange. . N

 In the"following Task-you will be asked to test materials and separate the

 1insulators from the conductors. Remember that insulators prevent electricity
from flowing because there are few or no free 'electrons in the bonding system.
Conductors have many free electrons in the bonding system so do allow the

- flow of electricity. ' -

’
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Self-Test
.

Inswlators differ from conductors in that

-insulators have more'protons.
insulators have few free electrons.

a
b

€. insulators-are metals,
d

insulators are bonded.
Matertals with contihuity

are not conductive,

a. N
b. allow electricity to pass ﬂkrough
c

d

. ,are ferrous.
: are nonferrous.

An ion is

a. a metal.
b. an insulator.
C a charged atom,
d a lamp,

Like charges
a attract,

b.” have no force fields, -
C. repel.

d attract only metals,

Unlike charges *

a. attra&
b. are only at the north pole,.
c. repel.

d. are only in insulators.
Electric{ny,travels'at an effective speed of approximately

a. the speed of sound.

the speed of light.

c. 03000 meters per second. r”“
d. 120 000 feet per second., a

. A negative fon is

o
an atom with an unbalance of neutrons,

an electron.

an atom that has more electrons than protons
. an element.

) ‘EL-BE- 04
Electrical Conduction
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Task <, I T

A

Materials:

Piadds of copper, brass.'aluminum. ron, tih,'lead,nichrome..
- Pleces of string, woqd‘,paper. rubber, plastic, cloth,
. . . .

Equipment:

-

Test light unit or continuity-tegter as pictured below.

’ ' Y s ' /
LAMP—" .
\ — — MATERIAL UNDER
Procedure: BATTERIES. | - TEST

e : .
Test each piece of test material for conduction (continuity). To do this,

touch one test wire to one end of the materia)l under test and the o;her test

wire to the other end. ' ; ‘ : : '

. ~ Note the lamp. Does it light? If it lights, the material is a conductor.
If it does-not light, the material is an insulator.

|
List the materials under the proper column heading.

4

CONDUCTORS _ "« INSULATORS
' »
‘
{
‘ .
P ' |
9 o
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¢

An atom that. has qn unbalance of electrons and protons 1s

"2V En qon.

b.  uncharged.
C. an element,
d. a compound.

'Thé»effective speed of electricity is

. the speed of sound.
300,000 meters per second.
the speed of light,
twice the speed of sound.

Unlike»charges
a. attract.

b. have no action, | "
repel each other,

c.
N Nd. are unblanced.

Like charges

d. attract, .
b. .have no action. .

"C. repel each other.

d. are unbalanced.

An 1on is |
a an iron material.

b a lamp. .

C. an insulator.

d. a charged atom. ) '”

‘ .
a. said to be an insulator,
b. - said to have continuity.
C. said to have no 1ons.
d. a nonmetal. «

An insulator is
'
. a. a hetal.

/ a bonded metal.

a

ot 8

”jnb.‘ ‘a material with few free electrons.
d

.o material with many free electrons,
/ : : ;_.

. A material that allows electron exchange all the way. through is

EL BE- 04

Electrical Conduction
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-, Final Evaluation

¢
A} answers on the Final Test and Task must be 100% correct.

TaSk Score -~ %

‘ | Final Test Score %
v'.

_ _ | .'ox _RE-DOI ﬁ_#

When all checks indicate OK, proceed to the next learning package.
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Answers

Self-Test No. 1

1. b

2. b
3. ¢
4. ¢

b. a

6. b
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BASICS OF DIREC

-@oal: Lo
. .
The avprentice will be able to

describe the basic characteristics -
of direct current. : i

& ¢

;o
T CURRENT

Performance ’hdlcators:

1. Describe,polafity,
2. Describe charge.

3. Describe Qo;tage.
4, Describe current,

5. Describe resistance.

6. Describe wire sizes.
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~Objectives
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.

Information contained in this
package,

\
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B 3

The st_udent will:

Namegadd define the four factors of
electricity.,

Describe what actions take place as
values of voltage, current, and

- resistance are changed,

Directions
Complete this package.

o

Learning Activities
____Read _the Key word§ List,

Read the Information Sheets, //

’ rcesillomtran

Study tﬁe Tasklgheets.

COmpleté the Seif—Test.

CJmplete the Final Test, }/

Obtain Final Evaluation.
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. Key Words

Ampere: -The base unit of measure of glectron flow (one coulomb per second).

Charge: An electrical unbalance; the charge may be negative or positive.

18

Coulomb: The base unit of charge, 6.28 X 10" electrons,

Current: The f18W of electrons.,
. Ohm: The base unit of measure of resistance.
ity T ‘ o : _ .
' Polarity: Identification of charge; it may be + or.-. Assignment of connec-
“fons. .~ | T " |

Power;f The ability to do work.
" Resistance: The'opposition to the flow of elect(ons.
olt: The'bdse unit of measure of electrjcal force.

{ . .
The base unit of measure of electrical power. ’
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Information Sheet

.

o As you learned in the last package, electrons can move through conductive
materf3dls. This movement 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 v
battery. At one end is the positive pole, and at the other end, the negative
pole. Inside there is a chemical mix which produces large amounts of negative
ions (atoms with extra electrons) on the megative end, and positive'ions (atoms
with a shortage of electrons) on the positive end.

The action of the chemical mix takes place at a fixed speed. The result is

thdt ions are produced at the same rate. When the battery was first con-

structed, this dction togk 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, . -

Polarity \ '

Polarity refers to the direction in which electrons flow or:attempt to flow.

The battery has a positiveé polarity on one end and a negative polarity on the
other. This marking shows where the electrons. are.coming from and where they
are going, How certain devices are connected in técms of polarity is extremely
important. Diodes, capacitors, and transistors, meter$ and many other instru-
ments must be connected to the -power supply with their leads in the correct .
polarity, If these components or pteces of equipment were to be connected
backwards (with the polarity reversed), they could be destroyed.

o - * ' "')
- ’
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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 negative end of the battery, the more pressure we
get. The ;ption s something 1ike overpacking a suitcase. We keep putting
more and more in until it is bulging and no more will fit. If the latch fatls,.
the contents will pop out. The battery is 1ike this. -The electrons,igep
building on the negative side until they are so crowded that no more &an fit.
The electrons want to get to the positive end of the battery, but they cannot -
because the chemical action stops them one way, and the air stops them the
other (air is 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 normally huge, and its unit of measure is the coulomb,

w ~.k .

Coulomb

The number of electrons measured as one coulomb is extremely large. The number
fs a quantity of efectrons equal to 6,280,000,000,000,000,000. This is read
six-thousand-two-hundred-eighty-quadrillion. To be able to use large numbers
like this easily, a system called. scientific notation fs used. When this 18
number 1s converted to scientific notation, 1t looks 1ike this: 6.28 X 10"°.

This stands/for 6.28 multiplied by ten eighteen times. The advantage of this

system is Ahat 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 yqu see it. '

Joule per Coulomb

Now that we know that the coulomb is the base unit of electron charge, and we
can remember that the joule is the base unit of energy, we can come up with a
relationship to give us a measure of electrical force. This should be a measur- -
able unit to show the amount of force between the negative and the positive '
polarity. This unit 1s called the volt.

The Volt(V)' s

As shown above, the symbol for voltﬁge is V. It is used'to indicate the output
of a battery or Qg:er supply. = As an exagmple, a flashlight battery i€ rated at

105 Vo

! . LAk
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The relationship between charge, energy and voltage is:  voltage equals the
energy divided by the charge, -

tnergy W (Joules)

Charge Q (Coulomb

Just remember that voltage is the measure of the electrical push, The more '
voltage, the more push, The voltage is the prime jover of electron

Voltage (V) =

~—

To measure voltage, we use a ‘voltmeter. Tﬁe voltmeter is like a small motor
with a neadle on the end of the shaft to show the amount of rotation of the

shaft. Study the following drawing.

NEEDLE

ZERD RETURN
SPRING

MOTOR ROTATION

I\

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

stretch out the zero-return spring. So the higher the voltage shown, the more
force. It is important that the correct polarity be used when connecting the
voltmeter. " If it {s connected in the reveérse polarity, the needle will try to

go downscale, ‘

i’
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. Another way to visualize what voltage means 1s toithink in terms of Jiter ‘,
Pressure, Study the diagram below,

-

e o W.—fwxqm LEVEL ° -

“
o [ M“WATER LEVEL,

/

.,

S~RUBBER DIAPHRAM
7~ LARGER BULGE
; . $

T i ) ;/'
BULeE. RUBBER DIAPHRAM >

As you can see, the tank that has the most water 1n 1t has more pressure on the

bottom. Let's go another step. If the tank had a Qole 1n the bbttqm of tt,
. the water would flow out;.

' .A\.w‘*.j.": ’/
| AR
/ v
r~r A// . ‘ . .
. AN, WATER LEVEL '
| -FLOW _— WATER DELIVERE]
\‘ Ve - LIVERED
e%\ j)\
{ . ¢

The flow would only take place if there were pressﬂ@e on the bottom of the -
v tank. . .
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Current Symbol (1)
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In an electrical circuit, flow also takes place. In the water sys m the
material that wd$ moving or flowing was water. In the electrical circuit the'
material that does the flowing is the electron. The electron flow or current

will move from a place with more pressure to a place of less pressure., Study
the circuit below, .

LESS ELECTRON PRESSURE
~ g

Q

L1/, 7 ENERGY DELIVERED

l’,/

CHEMICAL

|\|\‘

~—FLOW .ﬂ

ENERGY |
: _ . LAMP
N_MQRE ELECTRON CONNECTING WIRES g '
PRESSURE . | , | Yo
\ RE SURE . .; FLOW

Notice that there 1s a complete path from the negative side of the battery
through the connecting wires pn through the Yamp 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 can take place.

The current flow around the circuit 1is always an even trade. What this means -
is that for each electron leaving the negative end of the battery, there must
be  one going in on.the positive end. The operation is something l1ike a pipe
filled with balls: when a ball {s added to one end, one comes out the other.
Study the fo}lowing drawing.

i

~ ONECOMES Cr/
- ouT . |

/

(XX 0 .AQI.A. (XX >
Q] A
\ A

DL D
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‘ The flow of electric current can be measured just as we can measure water:fTOW> Ry
PO in';allons per minute. The measure of electric current flow is the ampere. = X.

'\

The Ampere (A)

Y

To measure the flow of anything, all you have to.do 1s to count how much is
going by a given place in a given period of time. We know that in the electri- ‘
K cal circuit the flow is made up of moving electrons. But in the electrical NI
circuit it takes a huge amount of electrons per second to make very much S
* happen. Remember the coulomb? .Right, it was the huge amount of electrons that
we use to measure charge. So we express the amount - of current flow in t?e
number of coulombs going by per second. You must realize that 6.28 X 10 8
electrons are a lot of electrons. One ampere, then, is_equal to.one coul omb
passing one pofnt in one second. To measure current flow 1n amperes we must
put a coulomb counter in the circuit. To do this, the ammeter must be placed v
to check on all of the current flow. The ammeter {s always connected in the
circuit in series. Study the following circuit drawing.
+ .
S

. -
® v “ . .
.- A :
f§ j ‘ B LIGHT AND
— ENERGY ' o = HEATENERGY
o SOURCE _ -~ _m_A A
— s ) M
VOLTMETER I R LAMP
SRR - T
T

Fow—= LS4

»,

AMMET!ER
Notice that the current must pass through the ammeter, on through the lamp, and
i back to the battery. The voltmeter is connected across the battery to check °
oo the battery's voltage when it is 1in operation, Let's take ‘another look at tHe
¢ circuit. We know that the energy in the circuit comes from the stored energy

B ' in the battery. We also know that the energy that we are using takes the form
g : of 1ight and heat from the lamp. What is in the lamp that gives us the type of
R energy that we want? The answer is resistance. : SR
o : > ! / .
. ®
.- -
L' | ! “ ' ’ . .
. . L ' 5\ ! 10 ' . . ‘ . ’ s
| . 8 , | o [ |
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Resistance (R)

% Inside the lamp there is a tiny wire which 1s made of tungsten. Tungsten is a

metal which 1s electri¥mlly 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
- result is high heat and light. It is the resistance that converts the energy

into the form we want. Toasters, electric heaters, hair dryers, electric
stoves -and ovens are other examples of everyday devices which use resistance to

';:jconvert electrical energy to heat and light.

There is a wide range of resistance levels in materials that we class as
conductive. Iron has six times more resistance than copper. Silver is a
better conductor than copper but not by much. Aluminum is not as good a
conductor as copper but, because of its low cost and light weight, it is used
by the power companies for power lines,

How do we measure resistance? What 1s the unit of measure for resistance? .
The_ohm is the unit of measurement, & is the symbol for the ohm. To
understand what an ohm s we can look at it in two WaysS. -

!

The Ohm {1) ‘ ' v'

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 nis a battery with one volt
output to a resistance that will allow one ampePe of current to flow, that
registance.'then. is one ohm. Study the circuit below. ~

I\VOLT ‘ .._é:.._ - JAMP
| @ R, RESISTOR MUST
_ | BE ONEOHM(14)
;W aurreaf] —|

L

» i

C et

\
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The Ohm (2) = e

The other way to explain an ohm is to use a standard component that we know
has one ohm of resistance. ‘ ‘

A column of mercury 106.3 centimeters high and one millimeter square at a
temperature of 0° Celsius has one ohm resistance end to end. Study the drawing
below. . . .

| ,L' ; - ONEOH

‘r MM o () |
5 soumre - Ll / .,
gg | | —

1l .f

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

1. The material of which it {s made.
2. How long it is,’ '

3, . The crosséSettion area.

4, The temperature.

A1l of these four factors are important to review when circuits are designed to

" be sure that the connecting wires are of the right size. If the wire size is

too small, they may heat and cause damage and energy loss.
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wo i Whep w1re=1s*m§de.-1t’ts sized to a system of nwibers for the diameter of tgé _

i % copper conductor, To,understand how this system works ‘we must uhderstand hdw |

i wire is made./ Wire 1s drawn., To draw wire 15 to pull it through.a hole which - .. = -,
Squeezes 1t into a smaller dtameter and‘makes it Monger. See the Mustratign & .
below, 7 - R : e T S

. . 4 . ’ ' ‘ " : ’ [ " PR ¢ . :
5 R A o I S
. - . . . .

/ 'scoppep WIRE Rl
i |

AR — ] —— SVALLER DIAMETER ~ ©
;'/ %QUEEZE{';_\DIEWTE R

/ . ) y .

The 7éles in the die plates must be 16 a size sequénte;decréésing gradUally"SO“

that/the copper will pull through rather than snap off. " It is this sequence

that gives us the wire size number system. In the 11lustration below there is
‘  a part®f a wire drawing sequence showing four ste;;s. e

¢
N

\

J

|

\

|

|

|

J

|

|

|

- . \

\ L ’ ‘: ‘
L - ¢ . >

=—=PULL "~ o

i

\

[WIRE -
SIZE NO.4.

o Cno L Na3 T (WIRESIZE NOTTOSCALE)
! 7 ... DEY  DE4 . | },

' : ' . ‘ L . w

~ Whgn we select a given wire-size number, that number is the die numberﬁihat'ghe :
: re went through last. The dies are numbered in thé order that the wire goes
+ through them. ” This means that the hole in the #1 die is larger than the hole

N ' ‘ * 4 ' 0 (."A F Y
. N . |' ‘ :

¥
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in the #f_die. Number one size wire, then, is larger than #2. As the wire

size gets smaller, the numbers get larger. Number 0 wire is almost as large as
a penci), whereas, number 36 wire is as fine as hair, % - o
. -+ )

The amount of current (amps) that a given wire size can carry without heating
varies somewhat, but here is a chart with some examples of wire size and i

. c%:zsnt capacity. (Copper wire.) g | | .
T ¥ 6--50 ambs ' -
# 8--40 amps ) | - |
#10--30 amps - - : - - . T
#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.

_'Meﬁsurjng Wire Size with a Wire Gauge,

The wire size can be determined by the use 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, ‘ o o

14 . | ’
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- The cutout -is made up of a slot cut intd a Holésu To Bropefly\use thé’wire@v*ﬁlﬂi;

~ gauge the bare round wire is tried.into the. slots until one is found'that the *;_
wire just TIts.” The hole 1s not used for wire measurement, SRR o
» . - ) AR '.,,-’_ . A : ‘I
/._ .\. ) _ S o - L [:".' .)

. NO.6WIRE

| (, — WREQUST, L L
' FITS INTHE . T 7

SLOT NOT

ITHEHOLE) e

‘ Power and Energy

~An electrical circuit,is a system of transporting power’from one place. to -

-another. On the input end we have a Source of energy which is converted into
electricity, Thebattery does this. The chemical energy produces the e]ectri-

_ 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 heateg gives Us heat. The electric motor gives'us motion, RN
How can we measure just how much electrical ‘power we are using in a device?

. Power is explained as how fast energy is used to do work.  The base unit for R

N energy {s the joule and the base unit of -time is the second, Power, then, can AN

be measured in the joule per second. The name given to this joule per second -
measure is-the watt, So the base unit of electrical power {s the watt. The N
symbol used is W for watts and P for power, - ‘ -

15
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Po]arity Ys 1dentif1ed by '

’a}_ numbers. ”}J. *’t

bs: colpr code., '
C. ¢ .thé-shape of terminal or markings of + or -,
d. " the method of connection.

-~ 4

The 1on producer fo the -battery 1s

T a.z_ a coil of wire.
[ b aluminum ' foil,,

5.

6.

[
1.

f
£

ok

-

voodd e tungsten electrode.

. ¢
v

"d. " the power squared.

c. V a chemical mixe »
-,

Thé voltage level from one flashlight: battery is-
a. 2.5 volts,.

b. - 3 volts. '
C. } 1 volt,

d. J 1.5 volts.

' The quantity of electrons that equals one coulomb is

a. L4 x10,
b, 3.14 X ol 3 -
c. 6.28 X 1018

d. one billion..'

One ampere of current is equal to

a. 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. .

b. the resistance to electron. flow.

C. the force or pressure.

»
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If ,the volfmeter_is connected, in reverse. _j“ﬁ' ' Foot "t
a. - noydamage will result. ° T / S, L
b.  the'reading must be inverted to 2g'correct, ; . Pk P
C. - the meter pointer will go down o -scale; T . S
d- the. r qdlng will be in ohms.: .:;G: T ' B
The symbol for current is eyﬂf' N | y S S
a. /A \.’\_ / . ".‘;,""/ :
" c. P }\ ' - : S ot _ . “ o RS 4
The four chtors_that determine resiétance are. . l' f
a. ~ R TR . !!. -
C . . ' R ”. ,- I » * K
d._ ' : . ,f.'. ) o ) * .

In the wlre size number system '

a. the larger the diameter of the wire the smaller the number.
b. the smaller the wire dlametérs the smaller the number.

c. the smaller the number, the Jbnger the wire.

d.” the larger, the wire dlameter. the larger the number. -

The ohm .is the unit of measure ot

a. power, : | B

b. amperes. P vy

c. battery voltage. L

d. resistance. - .

The unit of measure of electrle‘power is the

) ‘ o \

a. * ohm, 4 |

b. watt, v ,

C. - coulomb, . ' ’a

d. ampere. . e :
o
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‘Task I oA

S | N W
The Complete Circuit T | |

The following analogy and~c1rcu}ts are provided for your study, Loé&kat each
~drawing then read the conclusions., Do yqQu agree with them? If you dop't or
. are confused, re-read the information sheets and try again. § .
: : . :

T \ : | , -
3| O e FowER h
| o o WATTS -

7"  —FLOW-CURRENT
— FLOW —= CURRENT \ AMPERES

| .

o OUTPUT(POWER)

'ﬂ’ 1. If the voltage (bressure) were increased and the resistance stayed the -
same, the flow would increase. o ! Co

2. The resistance’réstﬂ7éts the flow.‘ . . - '

3. If the resistance were decreased, the flow Qould.increase.

.4. An‘elecgrtc lampais a resfﬁtiié unit., . | . - |
‘:5. If 1he voltaﬁd'were reducéd, the’f]ow would decrease. .
'6.~ If'the voltage were increased, the power ou§pu§ would 1ncreése.  _ ' A

7. If the flow decreased-and the'voltage stayed the same,fthe resistance
would increase. ., |

-
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Complete the chart below. (Fill in the missing arrows.)
) . Y
This means that the value has increased.
This means that the value has decreased.
. This means that .the value has si{&ed the same, :
. . . a
. e )
*Example: . : - ' 3
&4 o H .
Voltage : Current : Resistance

¢

In this case, {f the pressure (voltage) increased and the current stayed
the same, the resistance must have increased to keep the current the same,

Below is the rest of the chart. Some of the problems are done'for you. Chéck
them over, then complete the chart, '

Voltage Current . Resistance

h e 2w
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3 | & A , |
r‘?\é 2 | LARGE DIAMETER
o« SMALL DIAMETER i S _ : .
"%\ ~£‘GH PRESSWQE _ LOW PRESSURE

L
3 ~ \\%

A \\ 3 \ ‘ | M : ' L)
- N\ e N ARV S o
ﬂi*“ \;2{——DEUVERV | H}-DELIVERY

¢t \ + \\l// .9W ,
: . v \ i /; ';;l
\ / > 252,
_l L5V —— L AMP ! |
3V Lo N A
+ \
° 6AMPS
\
\_

. Both circuits in A and B have the same energy output (power output).A’

2. The circuit in B wi?] operate only half as long as circuit A will, Energy
reserve in circuit A“{s twice that of circuit B,

3. Qircuit A has more energy reserve than circuit B. »

4.  There is less resistance in cjrcuit B than in cjrcuit A.

5  There is more current flow .in circuit 8 than in circuit A:,
6. ) The applied voltage is higher in circuit A tha? in circuit B,
7. fhe amount of current flow increases as the résistanée increases. - 5

8. The current flow increases .as the resistance decreases.

. .
4
. \' . . ‘ A}
. . . - “
.

20
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M Final Test . o R ‘
. | ' ’ '
* g -
.&" | .
) l. Polarity is represented by
a. the method of connection, . ‘;
b.  the shape of terminal or markings of + or }
C color code. : .
d. . numbers.
2. The fon producer of. a battery is-
a. a cofl of wire, )
b. a liquid. . -
£+ a tungsten electrode., . J
| d. a chemical mix. - 1
3. Voltage of a flashlight battery is t
4. 3 volts. '
b. 1 volt.
C. 1.5 volts.
d. 2.5 vol;s.
. 4. The amount of electrons that equals one coulomb is o
‘ \ e
a. one billion, vy
b.  6.28 X 10l
c. 6.28 X 1018 v . :
d. 3.4 X 1018. _ : e
5. One Qmpere of current 1s equal to- ' passing one point. ) |
. | - »
a. one ohm per volt
b. one coulomb per second ) .
C. one joule per second _ g -
d. one volt per coulomb _ ) ‘
- 6. Electrical factor of voltage is explained as , PO |
a. the flow of electrons.
- b. the resistance to electron flow.
c. the.force or pressure.. f
d. the power squared, .
. ')
\\‘ 7. If the voltmeter is connected in reverse,
a. the reading will be in ohms. '
b. the meter pointer will go down off-.scale, v
C. the reading must be inverted to be correct, L e
. d. no damage will result. . |
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.’ 8. A symbol for current is |
\d l- . ~ i | o ' ’ :,
a. \ ,P
b. R ; L : -

ce P~

d. H

9, The giur factors that determine resistance are .

d.
b.
C. . .
d. _ . '

b

¥

10. In the wire-size numbering system

a. the larger the wire diameter, the larger the number. - ) 1
b, the smaller the number, the longer the wire, ‘ .
C. the smaller the wire diameter, the smaller the number. : .
d.  the larger the diameter of the wire, the smaller the number. o

11. The unit of measure of electric power is the

. A, watt, ' B _ - —
A b. ampere. ' ' '
' c. ohm, : : .
, d. . ' -

lomb.,
coulom " | |
12.  The ohm is the unit of measure of
a. battery voltage.
b. resistance.

. C .‘ *-.‘ am pe res‘&-..q.,. e, ! |
d.  power. ‘ ‘ S | . %

-
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The Final Test score mast be 90% or better,

» - . S ——
Task Sheet Score S 4

| QL:B'LOS

Final Test Score ' ‘ '

When all checks indicate OK, proceed to the next learning package.
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Answers “
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Answers to the Self-Test . ’ - S
,3'1. " C o e
2 ¢ -
3. d
?4. c - ‘
5. d | | )
- BbS C R ! ) R ” . - oo
1o ¢ f ' ' L ) s
8: ',d B ! . i
9. (in any -order) mat?rial. temperature, length, cross-~section area.
. 10' a ? ,‘w ° ’ . " ]
11. " d g
012. b ]
v .
i ’ \J [
v i
]
v/ hY
) \‘
e
r
f
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Goal: ' Performance Indicators:
\ ' A .
“The appreatice will be able to - l.  Read schematic dlagrans of
read circuit dravings and diagrans, " electrical circuits,
2, Read pictorial diaggams of
S electrigal‘circuigs; )
' 3. Read diagrams qf parallel
circu1t9. . o
4. Read diagrams of agrles
L2
circuits .
v
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. Objectlves

L 4

‘
3.

Given

" Schematic or. circqit diagrams of series

and para1le1 circuits

A series circait with a missing or

- disconnected wire

A parallel circuit where one component

:nas been removed :

—~—

Rour questions nn circuits

a:g’ ) @
. ¢

erectlons
‘ Obtain the fo]]owing

1 each 82 ohm, 1/2 watt resistor

{ each

Interconnecting wires or leads

“Learning Activities

.Study Key Words 1ist.

Read Information Sheets.

v

Do the Se1f Test.

Do {asks.'
" Do the Final Test.
Obtatn Fina}‘cva1uation.t

"4 The student will:

Type #680 pilot lamp (or equiva]ent) .
each DC’ Voltage Source 5V-or 0-15V minimum adjustable

L N
. EL-BE-11
- Introduction ti Circuits

|

!

Connect the components tqgether
according to. the diagram.

. Determine whether: or notﬁthe

current i1s lost in each df the
components. 1 .

- Determine whether or not 'the

current is lost in each of the
other ‘components, :

)
Answer each question correctly?

AR 3
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Key Words

Circuit: A group of ‘electrical components and 1nterconnections arranged to
per?orm some usefu] function.

L 1Y

Circuit diagram: - ZSee below.)

The same as a schematic diagram.

Electrical components: The parts of devices that make up electrical circuits. f.

Parallel connection: Two or more components connected'together such that each
component is connected between or across the same two points in the circuit,

Pictorial'diqgram A drawing of how electrical components are interconnected
showing actual pictures or sketches of the components in the correct locations '
for assembly. . b

Series connection:. Two or more components connected ‘end to end so.that on]y
one end of any component connects to any other component -

-

Schematic diagram (schematic): A drawing of how electrical components are

Tnterconnected uSIng symbols to represent the components.

Voltage drop; The voltage across an electrical component (other than a source)

caused‘by a current flowing in 1t. , . -

[

\ ) . . .
W ) . . -




~ how they will be drawn on paper.

\ | o , | EL-BE-11
N | L Introduction to Circuits

Informatlon Sheet ' |

You should now have enough information on voltage sources and resistors to
connect them together and make a complete circuit. Before you get too involved,
however, you should learn some names for the types of circuits you will see and

~

A schematic diagram or schematic for short, is a drawing of, electrical compon-

-ents and their interconnhections to form a circuit Symbols are used for the

components, and lines are used for the interconnecting wires. A schematic may
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 detail
in the construction including position and location of components ‘and inter-
connecting wires.

IV -

=01

Pictorial Diagram

N

" A schematic or circuit diagram is used by technicians and engineers to see how

the components are interconnected. The schematic gives enough information to
allow the experienced person to calculate carrents and voltages that will: be
measured when the complete circuit is energized. In the.circuits you will be




i [ . !

‘ S o CEL-BESIL T L
X : - ~ Introduction to Circuits - - -

“

+

only schematics or circuit diagrams will be used. . ‘ _ . A -

v'/ . v,

. constructing, the details of «a pictorial.diagram will not béJimportant and

There are two d}fferent ways to intérconnect two cbmpbnénts,'séries_or para]leT; ‘
If only one end of each componeht is-connected together, they are connected in
series. -The interconnecting wire is usyally not drawn so that the ends are

just shown touching each .other. '

e
»

-

Schematic or- Circuit Diagram E oo INTERGONNECTING WIRE o

of "Two Seriés Resistors ‘ . , . o

. " or

Pictorial<Diagram of Two w | LHEH

h Series Resistors , ;; : | .
o _ o B

A

1f *the components are connected between or across the same two pofnts,fthey are

in parallel, : -

Schematic or Circuit Diagram o e YAYA

of Two Parallel Resistors -
- . _ L AAN—

Pictorial Diagram of;Two ) | : H‘HHH -
parallel Resistors =~ - , E'HHH
/ : , ,

¢

In order to power the circuit, a voltage source must be added. This will cause

current to flow. In a series circuit the voltage source 1s connected end to

end as the resistors are. The series circuit can have many more components, but
they will all be connected end to end in the same way; _ : o

In the package called Basics of Direct Current, you wdre introduced to an o,
analogy between electrical current and water flow through a pipe. The same

analogy should be helpful to you: i understanding the ideas of current’ flow and
voltage drops in simple series and parallel-circuits.. A water flow analogy of
a series. circuit is given first, R . :




.
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’

~ one coulomb per second which also equals 6,280,000,000 bi]lion electron’ p@r

» | FL-BE-11

" o I JIntroduction to Circuits”
SO RESISTANCE TO FLOW. ' o
SURE : . ‘ : .
PR “\\ UDSS<3FF”?ESSLW?E ' '
WATER , . ELECTRICAL RESISTANCE
PUMP e v VO[WVf‘DROD '
R ELECTRICAL
E — v RESISTANCE,
- T | ST VOLTAGE DROP
| WATER TANK ~
. - R . I is electrical eurrent.
E is Source of 'voltage.

The wqter pump is the source of water pressure and represents the source of
voltage, The flow rate (amount of ‘water flowing per second) represénts the
electrical current, The narrowing of the pipe resists the flow of water and

Ay

refresents electrical resistance. , : - -

In the water system for a given pump pressure, the more resistance that theﬁe

is to the flow of water, the less the flow rate wil] be.

Likewise in the electrical circuit, the more resistance in the circuit’, the. .
less will be .the currént for a given voltage of the source. .
In the water $ystem, the water is flowing at the same flow rate anywhere in the’

system. If it 'is two gallons per second coming fram the pump, then it is two

gallons per second anywhere 1n the pipe or in the return path through the water

tank,

In the electrlcal ct?il)t the current is the same everywhere in the circuit,
If it is one ampere out of the voltage, source, it will be one ampere in each -
- resdstance and in all the 1nterconnect1ng wires. Remember that one ampere is

second.

The water pressure is less in the narrower pipes. In the narrower pipes a « &
Jlesser amount of water has to flow at a greater speed to maintain the same flow
rate. . . '

The* voltage is less after passing each resistor in the elettrical cfrquit . The
cdrrent or rate of electon flow or the -coulombs’ per second stays the same.
Just as there is a loss of pressure at each narrowing of the pipe, there #s a
voltage loss across edch resistor in the electrdcal circuit,

In a parallel electrical circuit’ the voltage source is connected in parallel,
that {s, across the same two points. A water ﬁlow'ana]ogy of a parallel
circujt is given next. > ' i

) - ' ; v

~




. _ S * FL-BE-11
. Introduction to Circuits

a

- ' MORECUR
MOREFLOW- <. MORE CURRENT _ _

/= 2\ — = evoms | ==
== ( | ) £ \ 9 BETMEEN $—
NS S NS

D e o od

) LESS FLOW AAN
. : _ | HIGHER RESISTANCE
- . . LE Cf)RREJ(i
= WATER PUMP = =1 i
- - |+
. - - : ' ' o E ' '

. .
Notice that, just as the water d1v1dq5 into separate paths in the water pipes,

the electr1ca1 current divides. into separate paths in the parallel resistors,

The amount of water in each of theageparate paths adds up to- the total water
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 largest tesistance. Since
each resistor is caonnected between the same two points, the voltage is the same
across each resistor., The voltage. source is also connected between those two
leﬂLS, so the reSistors and the source a]l have the voltage of the source

across them,

A seriés circuit or a parallel circuit may be, drawn in different ways,on a
schematic or circuit diagram but still be the same circuit. The following
circuit diagrams of different ways of drawing the same series circuit and
different ways of drawing the.same parallel circuit show thjs, .

Notice that the direction of each current is determinhed by ‘the polarity of the
source, / .

Notice that the end of the resistor where the current enters always hqs a
negative polarity with respect to the other end.

.

Different Ways to Draw the Same‘Series Circuit ~
. M, < | ot
8 .. - .

: oyt -

LOWER RESISTANCE

"w
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Different Ways to Draw the Same Parallel Circuit

BL 4

’fT‘ indicates whefe wires cross but do nat touch (are not attached)

T

The dots indicate locations where the current can divide or separate into the
. different paths and are usually shown only when more than two connections are
_ made at the same p]ace.

Later on you will learn that y0u can make oiher cirguits that are combinations

. of series and parallel circuits. These more complicated circuits will not be
explained now, In a series circuit if only one interconnecting wire is.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 Christm&g\tree lights. “If one light *
burns out; all of the lights-will go out. This is because,, when a light burns
out, the electrical path through all the lights is broken, This is like a
water pipe that is plugged up so that water cannot pass through. The flow will
stop throughout the pipe. In a series electrical cifcuit when a wire is broken
or removed, the electron flow or current is ‘interrupted and current {is stopped

everywhere in the circuit, .

. N ' _[—_W ' A \ ,
T NO CURRENT . © SERIES CIRCUIT

CONNECTION BROKEN

] ! '
In a parallel circuit, however, if one of the components other than the source
Ns opened or removed, the same current will still flow in the others. The ,
total current coming from the source will change, however, An example of this
is a parallel string of Christmas tree lights, If one light burns out, the
others will remain lightéd. Another example is your household wiring, Each -
outlet-is in parallel, and when a 1ight burns out in your house, the others
stay lighted,

/
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’ " CURRENT SAME - ' |
' © CONNECTION BROKEN. ‘
NO - '
' © SCRRKNT o
PARALLEE CIRCUIT " Y I

3 . ] =
Using the water anélogy,'if one pipe in a parallel branch of pipes is plugged, the .
other pipes will still carry the same water flow. The-total flow will be less, °
however. ' “ .
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Self-Test o .
1. A circuit drawing [that uses symbols to represent electrical componénts is ) ..
called a - S | :
~ > o . ’ '
‘a. pictorial diagram.
b. schematic drawing.
c. resistor drawing. ~
d. photograph. . ' R
.2, Components in series have the same L \ }.
a. current, X
b.  color. . e -
c. voltage. S : . Lo
~d. size, ' ' : | L .
N ' & ) . . .
3. Components in parallel have the same g
a. current, y . : .
b. color. o ‘ ’ : : A ﬁ - L
c. voltage. ' ' |
d. size. .
4, In a-series circuit, if a connection is broken, the current in each "
component ' ‘
3. increases. ‘
b. stays the same,
c. 1is different. .
d. goes to zero, -

S

" R L ' ’ .
In a parallel circuit, if only one'resisgor is removed, -the currents in

the others ,

de
b.
Cl

e,

stay the same. T ‘

go to zero.
increase,
are removed.



1nstructor check that the: vo]tage‘is correct.,

S N © EL-BEAL
- . - Introduction to Circuits

)

Task A series Ci;rcuits o . - L

Use the 15 volt source.or set the adjustable squrce to 15V Have your

Connect the resistor and pilot lTamps in series as shown on the schematic using

the interconnecting leads. Have your instructor check your connect1ons
. | ’ (
Ty

- INCANDESCENT -
uMPsMBOL -
#680 . '

. B ) s ¥ . .
v . M i St K

Connegt the voltage source and notice that both 1amps are 1ighted Have your

~instructor- check that your-, connections are. correct and: that the lamps are..

- working, properly.

[
o

“"Remove any one 1nterconnect1ng wire and notice that both lamps go out Ihis —
1nd1cates that the current wa's 1ost in-all:parts of the circuit, e o

._)
4 - -
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Task B rparallel Circuit. '
.... N P N . .. ‘ " v / .

Use’ the & volt source or lower‘phe adjustable source to 5V, Have your instructor
check' that the source. you are now using. is 5 volts. - |

» - i . v

Connect ‘the resistor and pilot.lamps in parallel according to the schematic.

‘Notice that™both lamps .are .lighted when the source ‘is attached.
;- “' . N X . : RS . . - .t .

' . - ) P ]

;ﬁ’; ’:'fj“ﬂ ) :
=5V #£80
“Have your instructor check your connections and that the lamps are working
properly. Remove one of the lamps from the circuit leaving both ends of the -
resistor and the other lamp still connected to the source. '
Notice that the rematnfng'lamp i§ sti11.lighted. This indicates that the
current was lost only in the lamp tiat.was removed and not in any other parts of
the parallel circuit. 4 b
] . ‘ 4
. . . |
a
. i v
¥
' . . 3
¢
) ‘ * ) !
5 ’ . &J
. : 13
“
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® Fina Test + . N | -
1.  Components connected such that the same current flows in all of the compon--
- ents are connected in . _ ,

- 2. Components connectd such that the same voltage is across each of the
components are connected in .

%. In a series, if a connection between two components is broken, the

goes to zero in every component in the circuft.

-4, In a parallel c1rcuit if one af the resistances is removed the currents .
in each of the other resistances . .

b

4



Final Evaluation

Task A ' ' .

Circuit is wired according to the circuit diagram’

Task B
Circuit is wired according to ‘the circuit diagram

Final Test questioqs answered correctly

EL-BE- 11
Introduction to Circults .




Self;Test

Answers

]

1. (b) schematic didgram

2. (a) current
3. . (c) voltage
4., (dY goes to zero

5. (a) stays the same

» -

v
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Goal: Vg '

The apprentice will be able to

redd scales of electrical

measurenent instruments. | g
’ ) \

<
.
‘ v
-
A
.
o
-
a
-
L
-y
) »
.
.
4
)
e

2.
a

' Performance Indicators:

-

2. Read anrreter scale,

v

1. Reud voltmeter scale.

3. Read ohmeter scale.

A
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' ' S N .. - Reﬁdi\g Scales
| . - Objectives | B .
. - Given:: N THe student will® o '
Information sheets | S Correctly record measured value,
| o fndicated by drawing of each scale.
- A volt-ohm-mill{iammeter *
C - - ' . Correctly identify what~number scale

should be used with each setting of
the range %witch.

”~ 4 °
;o , » )
% - )
. . .’ . . . ° " s
Directions ' : "
' . Obtain the following: ) h
VOM
- ' ) ! -
.
4
Learning Activities
Read Information Sheets.
. >
Do Self-Tests, L ~
Do Final Test. . ° B L j

]
Do Task.

[

Obtain Final Evaluation,
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_Information Sheet No. 1 - S

. . .
» . . . . '
. . N
. ¢

LY

“The ability to read meters properly 15 very important to the electronic techni-
ctan. Much time can be lost by hot using the meter or by. inaccurate readings.
Although reading scales is not difficult, it is wvery easy to make a mistake.

—

”, Scales you are already used to r@%djng are rulers, clocks, and automobile
speedometers. Meters are' used to measure voltage (volts), current (amperes),

_and resistance (ohms). A "“needle" or "pointe@' moves to a position over the -

markfngs on the meter che to 1nd1cate the nt of current flowing through
the meter. ’ w . .

-~

The markings on a meter ‘face are similar to the markings on the face of a
‘clock. , L _

Figu;e 1-A ' Figure 1-8

In Figure 1A, if the minuté hand 1s removed from the élock, we woulﬁ estimate
the time as being 4:30 because the hour hand 1s halfway between 4 and 5.

In Figure 1B the meter needle is pdinting thfway between the five and the next
lower mark on the face of the meter. By counting the equally spaced marks we
can assume that the reading would be 4.5 volts. It would be volts because the
name on the meter indicates this. .

I A‘ | " Y110
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Reading Seales '
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Y - . N ' )

Using Ehis reasoning, determine- the Voltages indicated when the meter needle

points to the following points:. . _ . r
» v ‘ J

‘ l

| R L ' ,
.." 5

-~ o ! B , / ' ,o ’ J *
A C : ,
: voits b L

Figure 2

In Fiqure 2, we find that pointer A is two equally-spaced marks to the left -
of the 5 volt mark. Since 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 marks represent the pointer positions for 4 blts and 3 volts.
Therefore, pointer A reads 3 volts.: Pointer B, however, is between the 4 and
5 volt marks.' By estimating, we can see that it is aboutxl/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. e - ]

voits
,

Figure 3 | | -

.0On the meter face in Figure 3, we see small marks between the largef marks.
The small marks now indicate the half-volt graduations: so we no longer have to
. guess where they are. The needle now indicates 6.5 volts. '
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EL-BE-12
. Reading Scales

Selt-Test No. 1 ( .

Give the meter readings
for each pointer.

Volte

|
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L . ' "

Checklyour answérs and mace sure you understand before you proceed VOMs or
other multifunction meters have a range switch that extends the operatfing range
of the-meter. Without the range switch this voltmeter has only a 0-10V-range. ,
A range switch might look like Figure 4. : .

P . (B) 100V .

(C)
1000V

Figure 4

We now have two new ranges, B and C. With the range jwitch at B (100V) the
meter will have a ful]-scale reading of 100 volts so multiply all of our
readings by 10; the ppinter in Figure 3 would now be indicating 65 volts.

If we switched to the 1000V range (C), the reading ‘would indicate 650 volts
(multiply the reading by 100). The range switch indicates the full scale
range or maximum reading of the meter. Current or ampere ranges follow this
same rule on ammeters. , . B

100 - 1000

~ Range = * 10°
A= 2.6V A= 26V A = 260V
B =4.6V B = 46V B = 460V
C=7 V C = 70V C = 700V
D=9 D = 93V D = 930V
[
T 17
5
R ’ “)
B
VoIt D




Self-Test'No."Z. - /

" Assume thé range switch is set as indicated for each meter. &

Tell the readings
for .each needle,

e

[¥ 4

EL-BE-12
Reading Scales

\

Range 100.
a.

b,

C.

d.

e ——— bt tleeeperees

Range 1000
a.

b.

Co

d.

———rm

Range 10
a.

._bo

C.
d.

.Range 100

a.
b.
C.
d.

_ Rangé 1000

a.
b.
C.

ettt ettt

d.

Range 100
a.
b.
CC
d.




. lnforrriation" Sheet 'No_‘. 3, .

e R R . EL-BE-12 -

A

Other types. of scales may also be printed on the face of the meter such as
resistance or ohms (Q) scale. Voltage or current meters draw the power to
operate .themselves from the circuit from which they are connectedf However, -
the ohmmeter has an internal-battery to provide current for operation:

. . ' ‘
e s s
’ . “ - . . N
. . .

P
Figure 5 : o
w

A typical ohmmeter scale would look like Figure 5. You will notice that the
distance between 1 and 2 is not the same as the distance between 4 and 5.
Because of this, we say that scale 'is nonlinear. The scale in Figure 3 is

- linear because there is equal spacing between numbers. In Figure 5 the
ohmmeterwpeedle 1s indicating 4.5 ohms of resistance. '

0 .34 3

Readinngca]es" :




’ .

Self-Test No. 3

Give the readingé'
for each needle.

'\

-

7 EL-BE-12
Reading Scales '
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- ( ' ) ' oo L . Reading Scales . :
o ‘ ' Co a 1.\\
i
1 . ¢
-~
¢
| "/ .
' xlk . | " .
\'- . B . . *
. y x100k _ , | ) - -
s ! s ! . - 4
Figure 6 /- a
. A o e ' - ' -}?
' " o \ » . Vi
An ohms range switch might look like Figure 6. , e
« . _ v N L
‘ v i
v, ;
@ ;
v
‘,‘
Figure 7
.These positions mean that any reading made on the scale should be multiplied by
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 reading of 4 5 ohms (Figure 5), would have been 4,500 ohms if the
switch had been placed as. showh above 1n Figure 6
\ Remember k = thousand, so 1k is 1000. )
. g;-'
] ' t4
4
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Self-Test No. 44

‘ Assume the ohms range switch 15‘ set as 1nd1¢ated for each meter.
*Tell the readings , :
for gakh needle. '

2. Range X100
-
b.
C.
d.

3. Range X10
a.
b.

C.

d.

*

4, Range XI1K.
a.
b.
C.
d.

5. Range X10K
a.?
ol
Co f ]
d.

a. o
b. ’
Co
ds

Ty,
s |\
L] . :

(OGS

6. Range X100K ﬁ{.
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L 4

. : v 4 : , .
Some range switches may also indicate. function {DC volts, AC volts, resistance,,
etc.). Multimeters have more tham one function. Volt-ohm-milliammetets (VOMS) =~
‘have three basic functions: . the measurement of voltage and current (AC or DC) .
and resistance. Some VOMs may not have d current function. Function may be
determined by input plugs for the test leads or a switch. '

The first thing you must know when déing a meter is.what you wish to measure, . l 0

The function of the meter must be set properly. Second, you must know where : e
the range switch is set, and last, what the scale ‘reads. - o 3

Llet's t%y'lodking at a typical small meter scale all put together. Note the DC B
scale. The lower side goes from 0-0.5 and the upper side goes from 0 to 15, - , k é

Your range switch will tell you which side to read. The AC scale also has a
lower and upper side marked. Note that the R scale has only an upper side
marked. ‘ o o

Y

VA : _ : ¥oe o
{ ° . '

. . A . * } R
Based on function and range, this reading could mean many things. If the
function were DC" volts (DCV):

o Hig  f -4m .‘119 - " | -




* To obtain reading:

» ¥

Multiply liiranée reading by .l
Multiply .5 range reading by 10,

‘Multiply .5 range reading by 100
Multiply 1.5 range~néad1ng by 100
"Multiply .5 rqngé feading by lng

If“the function were resistance (R):

{

0,5
1.5

15
50
150
500

Rx 1
R x 10
R x 100
R x ik

R x 10k

170

459
450 9
4.5k
45k 2
450k @

| EL-BE-12 o
| Reading Scales, DU
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. Self-Test No. 5

‘I' * Read the following meters according to the function.apd range 1hdicétéﬂ:‘

» 4
Py

. 1, Function DCV y
& ; Range 15 >
' Reading

2, Function R =~ .7
Range RxI

Reading =

3. Function ACV
-~ - Range 500
Reading .

.o - . . ] . -
' s0 ?nn?..“ ‘o .

- 4. Function _DCV R\
- Range 5 ' - f Qe
Reading

5. Function' R
Range RXTK
Reading

-

' Function DCV
. ' Range 150 :
: Reading - .

=}
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EL-BE-12
Reading Scales
L) .

7. Functton R - .
Range RX100
- Reading

?4 e . 55 .l | :>oo.¢~ .w _q:
8. Function R # \EP% ettt AL

Range RxI Qf 0} 24 by, O
~ Reading . & o o 2 3 %

9., Function DCV
Range 50
Reading

10. Function 'ACV
v - Range 50 ¢
' : ~ Reading

11. Fdnction DCV
Range 500 \
Reading

12. Function' DCV
. | Range 1.5
- . Realiing _




Final Test

'1.

U

6.

“ ot T | EL-BE-12
> , Reading Scales

Function R
Range X1
Reading

“iuncfﬁonmnﬂnm«m-~
Range XlU

Reading

Function R
Range X100
" Reading o

Function ' DCV
Range - 15
Reading I

Function _DCV_
Range 5
Reading

Function DCV
Range 15 v
Reading




' : | | o ) . EL-BE-12
- | : . Reading Scales
. 7. Function R .
Range X1™
' . Reading '

8. Function R
Range X1K .
Reading

9. Function ACV
Range 500
~ "Reading

= .

10. #unction R
Range X10
Reading =

11. Function R
Range _X100
Reading

"12. Function DCV
" Range 50
Reading ’ .




EL-BE-12
Reading, Scales,

'Task

There are a number of different brands and models of VOMS. Many of them have

. different scales and ranges. To become familiar with your meter you should
look over the scales, ranges, and function selection.

Obtain the following: .

- VOM

Step I ~ ' . <

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 . ohhs.s;a]e- | -
0 to | voltagéld}“cqrrent.

0 to voltage or current

0 to voltage or current

Notice how this meter uses a switch or test-lead jacks for different ranges
and ‘different functions. The functions, which are eXplained in more detail
in the following package, are usually divfded into the following areas:

- DCV: - used to measure DC voltage

ACV. - used to measure AC voltage .
- used to measure :resistance ke !
DCmA - used to measure CU{rent ‘ SR '

Within each function will be several ranges beginning with very Jow values
and ending at very high values. '

.

Step I x

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

oov | A © DCmA q

0 to . i 0 to .__. 0 to R.x L

0 to E 0 ﬁo I O‘tp | R x

0 to J | 0 to | 0 to . ' R X

0 to L0 to "0t Rx
19

. 125 .




EL-BE-12
.Reading Scales

a ¢ . . . »

Step 111

-
-

Complete the chart below by 1isting the range for every function. the number
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 volts, and your range was -
set to 150, you would fill out the chart like this:

A

“Get your instructor's evaluation of this task.

FUNCTTON RANGES <] NUMBER SCALE USED_| FACH NUMBER TS MULTIPLIED BY
DC Volts 150 V 0 to 15 10
FUNCTION RANGES | NUMBER SCALE USED | EACH NUMBER IS MULTIPLIERPBY
Ohms R x 0 to .
R x 0.to )
R x 0.to .
R x 0 to -
DC Volts v |[0to_ ,
| vV |0to |
V [0 to
| . V | 0to
' ~
~AC Volts V 10to » , .
V|0to_ o |
: 1 ) 0 to . o | | ‘ ) : . ' )
‘“, V [0to o
DCmA “mA |0 to . -
. mA | O to - - .
“mA | 0'to | . !. | B |
_mA | 0 to . - | {
Step IV : | | ' \ . |
e L P _ . P ) I I' » 'l

Xy
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EL-BE~12

? Rea&ing Scales

@ Final Evaluation

: S ~ OK - RE-DO

o Chart filled in correctly.

v~ ) \

2l
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Answers

'EL-BE-12
Reading Scales

Your answers may not be identical to these, but if they are within a 5 percent

range they will be considered correct.

~ Answers to Self-Test #1

1. a. 2.V 4. a. 2V
b'o 4.5 V . bo 4 V
c. 7V c, 1.5V
d. 10V d. 8.5V
2., a. 1.5V 5. a. .25V
b.. 3.75 V ¢ b. 1.75V
c. 71V c. 4.25V
d. 9V d. 7.75 V
.30 .ao 05 v 6. a. 4 v
b 3.35V " b. 5V
Co 7.25V c. 6.5V
d. 9.5V d. 9.75 V
Answers to Self-Test #3
1. a. 150 Q 4, a. 250 9
b. 14 ¢ b. 17 0
c. 5.58 c. 2.21 %
d. 1.19 ¢ .‘ d. .39 R
2. a. 308 5. a. 530
bo 7.8 Q . . bo 11.7 Q
Co 2065 Q ‘ c. 4.75 Q
d. .75 89 " de 1.9 0
3. a. "10.1 @ 6. a. 22,58
b. 4.5 1 b. 4.25
c. 1.68 c. l.24 R
5 0

d. .31 d. .l4

Answers to Self-Test #5
8

v
.5 Q
5V

1
°13
6

6V
32.5 k 9
90 v~
4450 9
3.5 4
. 23.5V

10, “18.5 V,,

1r. 350 V
12, 1.05 V

“Answers

'lo ao'

b.
C.
d.

2. a.

' b.
c.

d.

3. a.
b.

. C.
d.

Answers

1. a.

b.

: Cs

v d

2. a.
b.
C.
d.

3¢ &
b.
Ce
d.

+

to Self-Test #2

15 V 4.
30V
45 v
80 v

200
350

< ol <<

<l -

to‘Self—Test #4

45 a - 4.
12 R

3.8 0
1.6 0
3500 9
1500 6 "

360 0
425 f

5.

275 0 6.
74 9
21.8 0

38

b.
Ce
d.
a.

C.

'do

a.
b.
C.

d.

Q)

7.5V

~ N W
N W~
o o
< TN
-l

200 -V
350 V
650 vV
875 vV

20— W
e [ )
U N << -
- o<

OO &

2.5 0
k- Q

B8k Q
A kQ

2
7
1

750 .k 9
190 k @
60 k 0

8.25 k 0

1900 k @
1150 k @
700 k @
360" k

-
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Goal: Performance Indicators:
‘The.apprentice will be able to 1. Identify parts of a, VOM and -
use a VOM for electrical “their functions. -
measurement., o . v

, : : 2, Measure voltage with VOM.
[ ' T E
T~ 3. ieasure resistance with VOM,

\ 4, Measure current wjth VOM,

-
\
o "
. 129
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i EL-BE-13

‘ : Using a VOM. .
. Objectives
Given: R ._ . T k "The ‘student will:
Information Sheets.‘-' : . " Answer 6 tesu questions on the;basic
L - parts of the meter.
- A VOM, complete with reSistors : : : T .
and a power source. . - . Complete a Task for measuring DC voltage.

Complete a Task for measuring AC voltage.

Complete a TaSk for measuring resistance.

\\\\‘\¥ Complete a Task for measuring current.

v

Directions = - | - I
- Obtain the following:
VOM.

A resistor assortment.

A voltage source (this unit has been preassembled by your instructor).

-

Learning Activities " / |

"Read the Key Words 1ist.
Read the generai description of the VOM in'the Informntion Sheets.

Complete- the Self—Test on the basics. of the VOM., E

Complete’ a Task on measuring DC voltage. N s - - N o

‘Complete a Task on measuring AC voltage..

H

Cqmplete a-Task on measuring resistance.
Complete a Task on measuring current.

1

_.Obtain Final Evaiumon. . _ 1 o Q.

i ETTT T




L EL-BE-13
e " Using a VOM

Key Words

VOM: Abbreviation for voit-ohm-milliammetér; A_neter\than can measure volt-
age current,_and resistance.

Polarity Switch: A switch wnvpn' lects +DC or -DC depending on whether you 1

are measuring positive or negative voltage. The + 1nd1cadfs a positive voltage
and ‘the - indicates a negative voltage.

Function-Range Switch: A switch which selects the function‘of current, yo1tage;°

or resistance and the maximum amount to be measured. -

Ohmis-or- Zero-Adjust: A kngb uSédﬁto.adjust the metet when measuring resistance.

Since the battety inside your meter supplies power to the circuit when you are
measuring resistance, adjustments have to be made for the various cdhditions of
the battery.

Input Jacks: The’place where the test leads are inserted—the red lead going

into the V-g-A jack and the black lead going into the “common" jack.

Meter Scales: The,lines marked with.smaal divisions that show the amount

1s a type of scale used to measure voltage, current, or resistance.

the. meter.to ‘make a measurement.

measured. A ruler is a type of scale used to measure distance.” A meter scale

Test Leads: The wires that are.used to connect different parts of a circuit to
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EL-BE-13

Using a VOM

. “Information Sheet No. 1 X .
General'description of-the volt-ohm-mi11iammeter. Commercial mode the.
volt-ohm-mi11iammeter (VOM) multimeter are able to measure direct 1ter-

nating voltages, direct current, and resistance. Additional,functrons are
sometimes included. A wide variety of models are available.

.

RANGE ‘SWITCH SR Y '
AND, FUNCTION ~INpUT
SWITCH . UACKS

134




EL-BE-13
Using a VOM

Polarity Switch selects +bc, -DC or AC depending bn what it is you are
going to measure. (See drawing for a typical example.)

[ _' \ | .'( o

) .

MO%{ VOMS have several featqres tn common. They are the following:

( | )
o0 o0 : _ _ , ‘
. | . '
| POLARITY SWITCH ‘ ZERD ADJUSTMENT .

A= R B
N/ | o |
INPUT ax\o‘gsJ [-FUNCTION -RANGE SWITCH | L

2. 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 i
- the ranges can be selected at one time. ‘

3. Ohms Adjust (sometimes called zero ohms) is a variable resistance in the
ohmmeter circuit., It is 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 $o that the needle points to
zero on the ohms scale (usually on the right side) when the leads are : TN
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 usually be made whenever the resistance range is changed. ' f

l

]
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: o LI - . ' '
. ' N : o VI

In ut Jacks are the places on the meter where the test~leads are connected.
They are all clearly labeled, and if, theré is any question as their usage,

“gconsult the Operator's Manual for specific Anformation. Most measurements

are made by using the + and - (common) jacks.

¢
Meter Scales are. like a curved ruler and are marked with small divisions

. from WH1bh values may be read. : . N

Test Leads are the wires that are used to connect the meter to the ¢ircuit:
under test. ‘The red lead is considered positive QW). and the black lead is
negative (-)Yor common. Connectiny these leads correctly is called observ-

- ing correct polarity. Incorrect polarity in DC circuits will cause the

needle to deflect or move backwards.\and damage could result. In AC
circuits, polarity 1s not 1mportant. ‘ '

A1l VOMS have one thing in common: they have a very sensitive meter movement .
The meter's range and function are changed to measure various voltages and

currents.
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\ Usingea VOM ;
P Self-Test = s
‘ S ~ . . . . R ' . . ‘ ‘l
. ' ¥ "..
General description of the volt-ohm-milliammeter -
(Select from answers at bottom of page.) ) 'Q. - B

[ 3

; 1. Polarity Switch

| IZQ " Function-Range Sﬁitch
- 3. Ohms Adjust

4. Input Jacks

- 5. Meter Scales - | . o

'

6. Test Leads

*

4. Used to adjust the meter when measuring ohms. .. 2

. b. Wires that are used to connect the meter éb the circuit, - - R ;
c. ‘Selects +DC, -DC, depending on what you are going to measure. S
‘ _'d. ‘Marked with small divisions from which values may be read. °

“e. Selects voltage, current, or resistance and the maXimum amount to be

measured, . - . o -
< "f. Places on the meter where-the test leads are conneéted.A ' Lo

- 3 . ‘
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General procedure for using a VOM to measure voltage -

A e e

Information Sheet No. 2

The following is an'outline of the basic parts of the meter used to measure 0C
voltages and the general procedure for measuring voltage with a VOM or multi-
meter. This wikl fit the most common types.of meters with few variations.

1. Needle Adjustment . For the meter indications to be as accurate as pos-
stble, the needle should rest directly over zero on the left side of the
scale when the meter is disconnected. 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. "

2. Lead Placement Place the leads in the proper input jacks. The leads are
connected red to positive (+), and the black to negative (-) or common.

"3. Polarity Swfﬁch If your meter is equipped with a polarity switch, turn it
to the position that represents the type of voltage you are measuring (AC
or DC). If the voltage under measure is DC, have the.switch on DC+ for

_...measurements. The DC- is used only in special cases such as when you are

measuring negative DC voltages. On meters that have "AC volts" and "OC
, volts" included on the range switch, be sure to select the correct ranges .as
L well as the type of voltage. '

/

. 4, Function-Range Switch Turn this switch to the highést voltage range. This
step should be done when-medsuring any voltages unless you are definitely
sure that the voltage will not exceed the range voltage. ..

- 5. Connecting 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,®you cornect
the black lead to the most negative point of the circuit and the red lead
~to the most poSitive point. If you are unsure of the coPnection. consult. B
your instructor. ¢ - ' ' '

6. Circuit On “If the voltage reading is within a lower range (in the iower
1‘ 1/8 of the scale), turn the range switch down unti) tfe needle moves above
~ the 1/4 scale mark. Be careful not to turn down more than one range step

at a timeo . ) .

7. After the reading has been made, turn the circuit off, remove the meter,
and turn the meter to "OFF" or to the highest range to protect the meter.




e, L : - . o o EL-BE-13 |
o : : . " Using a VOM. . R

lnb RTANT

General precautions should be followed with the VOM as wlth any other meter
Some of these are as follows f,; S

When measuring voltage, the circuit 1s necessarily alive, so keep one hand
“in your pocket. This is a safety precaution. If you use two hands con-
nedting the meter to a circuit, you are placing yourself in parallel with
' the circuit and may have a short circuit through your tiody. When electri-
city passes through your heart, it can, and probably will, cause severe
shock and posslbly death. Do not be afrald of electricity; RESPECT IT! .

When measurlqggyoltage do not have the meter set to. measure ohms or mill{amps,
as you wlll damage the meter. .

| )  '15_ 139
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‘TaSKA ' .,.4 ) .. 41.‘
- Equipment: : : :
One“VOM - ' . ) ‘ | .

One DC voltage source
. Procedure:

1. Set meter function range switch for highest +DC volts range, and hobk up
test leads (red to plus and black to minus). Have instructor check.

2, Plug 1n:your voltage source and locate the "common" and 30 VDC terminals.

3. Connect your black lead to the "common" terminal and your red lead to the
“+" terminal. , ' - :
4. -Does your meter needle move? If not, you may be on too high a range.
Slowly switch the range switch to lower ranges onk at a time until your
needle moves up to the center part of the scale. DO NOT GO OFF SCALE OR i \
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 range). USE THE SCALE THAT "FITS" YOUR RANGE SETTING.

How much voltage did you mehsure?

‘ If you measured about 30 volts DC, then continue on-and measure the
- remaining DC voltages as marked on the source.- Record your measurements
in the chart below. . '

TERMINAL VOLTAGE "MEASURED VOLTAGE _ INSTRUCTOR'S 0K
30 VDG,

18 VOC

12 VOC
5 VDC

5. Get your instructor’s evaluation.

This may seem very easy to you, but it takes a lots of practice’to make
aclurate voltage measurements, and many mistakes can be made - TAKE TIME
and CARE. ~ '

¥




Task B

EL-BE-13
Using a VOM

Equipmentn|;,

One VOM R o S
One AC voltage source ', . : : : -

Procedure: ‘ T

l,

2.

— ! b

' . . /

Set meter function-range switch for highest AC range. Hook up test leads
in proper'input jacks (have 1nstructor check). - . S

-~

Plug in voltage source and locate the AC terminals.

Connect test leads to AC terminals of yOur voltage source (on AC,

polarity does not matter).

Observe scale and reduce ranges slowly one step at a time until the
needle rests in the upper half of the scale.

Record your reading and range for AC,

a

RANGE  VOLTAGE

AC ' |

Have in%tructor evélu&te.
' i ’

\

y [ 4

FAS

. 14L | ,.

T




Information Sheet No. 3 | T R}
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General Procedures for using a VOM to measure resistance ° '

The tollowing 1s an outline of the basic parts of t%e meter used to measure
resistance.

When measuring resistance with the VOM or multimeter, it is necessary to follow

_ certain general procedures. These are as follows'

l. Lead Placement Place the leads into the proper input Jacks. These will be
the + (or V-Q2-A) and - Jacks, as used for most other measurements.

2. Polarity Switch This switch is placed in the DC+ position as the meter
will not work properly when on AC or oC-.

E . R R "\

3. Meter Zero The meter must be set to zero to measure resistance. Nearly
all VOMs have the highest resistance where the smallest.:cyirent flows. ,
‘The highest resistance readings are, therefore, on the left of the scale, el
and the VOM usually does not have an adjustment for this side. The meter ’
zero allows the operator to set the meter so most current is flowing when -
the resistance is zero. This adJustment 1s made as foltows: g "

Step a: With the range switch on the resistance range desired touch the
two leads together (short circuit): -

Step b: Move the zero adjustment so the need]e points over the extreme
right hand side to zero on the ohms 'scalg. .

Step c: Disconnect the leads. Do not luava the leads shorted~together as
“ this will run down the battery 1n thﬂ@leter! =

4, Function Range Switch This switch may be placed on any rahge desired for
resistance measurements. The range switch selects the multiplier for the
meter. To find the actual resistance of-the circuit, take the.reading from
the meter scale and multiply it by the number; on: "the range. For example,
if the reading on the VOM is 2.2 and the range 1s R x 100 the value would

, be 2.2 times 100, or 220..

KN Lo , “ -

5. Read the meter scale and multiply by the number 1nd1cated on the range - :
setting, and.record the value if necessary. (If a range setting-adjustment .
s necessary for a good reading (in the center twp-thirds of the scale) he *
sure to check zero ohms again at the new range setting).

6. When finished with the readings, turn the meter to- the “OFF“ position or to~
the highest 'voltage range to protect the meter.



Task C.
‘ Equipment :. - :

One VO
One resisgor assortment (at

Procedure:

L]

You 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
. There are two things to remember:
will be in the center two-thirds of the meter scale so you want to select
the range that will get you in that area if possible.
-your meter every time you change ranges. (See step 3). -

(“’)o

1'0

.. 2..
3.

vao, , . CL=DL~=LJ

Using'a VOM

léast 10 resistors)

Insert test leads into proper input:jacks.

Select resistance range.

" Zero your meter on this range.

A. Connect leads together (short).
the zero of the ohms scale. If
zero on a.certain range (usually a )

instructor check it. You may need

Touch the test leads to each end of th

each value and chart below.

each.

!

| "COLOR-CODED VALUE

e
v

4

er range), have your

Also 1ist the color-code value for

METER READING

2) You must "

1) Your most accurate reading

zero"

B.  Slowly turn "ohms adjust" knob until the needle is exactly over
' If the n¢edle won't go all the way to

new battery in your meggg{

resistors and carefully read

-

4

P




| ln'formafion ‘Sheet No. 4

General Procedure for.Using a VOM to Measure Current

current.

LA

The'follbwing s an outline of the basic parts of ihe meter used to measure

L4

When measuring current with a VOM, it is neceséary t® folTow certain general
\ procedures. Typical procedures for measuring milliamperes are as 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

tive values of current. _

when reading these respec-

» 2.~ Polarity Switch This switéh is to be on DC+, as the VOMs do not usually

measure AC current.

3. Function-Range Switch- Turn this switch to the highest range. This step -

7’

. should be done when measur{ng any current, unless you are defimitely sure
that the current will be less than maximum for a lower range. S

4. . Meter Connection To be measured , ail.of the current that flows through

the component must also go through the meter.

To make this possible, it

Is necessary to open the circuit and insert the meter in series. Do no

connect as a voltmeter or ohmmeter or you will probably damage the meter.

. | Assume we have the circuit of Figure 1, and we wish to measure the Lurrent
at point B. - 3 ) )
‘ ]
. < A RESISTOR B
. , r—\— - 47 : '
VOLTAGE SOURCE . "
LY - ‘ + .
[ J
i Y - ——
Figure 1 ¢

Break the circuit at point B as shown fh Figure 2

A RESISTOR B - ¢

AN~ ® o~
! © VOLTAGE SQURCE j
T o
..

. ' : | \Figu_re 2

EL-BE-13
Using a VOM




y ' ’ B " | ' 3 - " v . - EL*BE"_13'
‘ ' " Using a VOM -

o

. T _ e - ] . =4
' Connect the meter“as shown in Figure 3 with the negative lead toward the

negative side of the circuit (point B,-in‘this case) and the positive lead to
the positive side of the circuit (shown as point c).

SOURCE

—o+

Figure 3 | . | - f;

‘ 5. Volta e On With the voltage turned on, the current is flowing through the
circuit. If the needle does not go above one 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.)

o~ ! : : _ »

9 ¢ SOURCE
J 1 >
14
. - Figure 4 ;
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. " U . s
“ .

‘ 6. Voltage Off Turn off the'voltage, remove the meter, and turn the meter
_TOFF™ or to the highest voltage 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. ammeter sections when
~you need them., Otherwise switch to "OFF" or to a high voltage range for
protection of the meter.
Y-

' IMPORTANT

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

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

. don't measure ANY CURRENT you are not sure is within the range of your
meter!! (One-half amp is NOT MUCH.) Another common -error is placing your
_test leads across a voltage drop (in parallel to the load). The current
furnction on your meter acts like a short circuit and must be in series with
the load, whereas your volt functions tend to act like an open switch.

., CURRENT » : VOLTAGE
" | . METER = ' | METER

CLOSED SWITCH




@ Task D

~ e | EL-BE-13
L e .~ Using a VOM

N Equipment:

One "VOM . :
One voltage source . :
Four resistors, 1/2 watt . One 1008
. : One 1k
One 10k

One 100k
Procedure: E . ‘ s | o | L o |
1. List the ranges on your meter for current (DC mA) starting with highest

fil"St. L . ’

[

HIGHEST - . ' . /

- . i

.

LOWE ST

& . .

“Now, in the right hand column, record the highest point on this scale that
~ your, needle can read to be able to switch safely 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 T0,
RANGES SWITCH DOWN TO NEXT LOWER SCALE. -

560 mA ‘ 250
250 'mA_

100 mA

50 mA

10 mA

5 mA L




4.

5.

EL-BE-13 -
Using a VOM

- The highest safe point on the 500 mA scale would be 250 so we would put 250

in the' right hand column. If the needlg goes above that point, it would
damage the meter if you switched to the-nexg,lower range. '
9 ’ . ’

Have your instructoer check your understanding of this before proceeding.

Set current function to highest ranée and place test leads in prbper-input .
jaCkSo . ‘ . . - .

Plug in voltage source and determine "common’ and 5 volt 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 proper set up of the following:

3 S Z :

Meter range and function.
Test lead connection at meter.
Proper output terminal of voltage source.

‘Correct resistor.

P p——

When approved, hook up red lead and adjust range switch CAREFULLY until you

can make your reading. : R

L g

L

Record this current: .

You should measure somewhere around 50 mA. If you do not get anywhere near

this value, consult your instructor before proceeding.

If your reading checks out, proceéd to use the remaining resistors. Record
each measurement in the chart below.

RES(I%TOR | CURRENT MEASURED INSTRUCTOR' S 0K
1008 A

Tk — , ' |
10k . N
TO0k
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® " Final Evaluation
’ .

- PROPER READINGS ON: | | 0K " Re-Do
| TASK A .

TASK B ; _ | X
TASK C

[ 4

TASK D | . -

METER STILL WORKS PROPERLY ' Y

When all checks indicate 0K, proceed to the next learning package. 'f‘ L

-




(B . AﬁSwe‘rs

"

Self-Test Answers' :

1.

I.\

C .

o,
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" Goal: =~ o | Performance Indicators: .

[}
. -
s L]
The apprentice will be able to B , 1. Compute current from given
compute eloctrical problens voltage and resistance, .
turough use of Ohm's lLaw, _ :
L ' : 2. Compute resistance ‘irom given !
M current and voltage.
s . . . ' o
' ‘ . - 3. Compute current from given
voltage and resistance,
+ ]
'

&
—
cr
¢ -
5
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® Objéctives
T Given: | B The student will: -

Ohm's Law , o 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 | ~ Complete a Task for current.
series of tasks ‘
Complete a Task for voltage.

Cbmplete a Task for resistance.

Directions
‘ ' Ogtain'the following:
one circuit board :
. two 1K resistors (1,000 ohm)
|
|
|

one multimeter _' N !?J& .

one variable voltage powerXsupply

“~

Learning Activities  ,

Study 'the Key Words 1ist.

Read the Information Sheets.

Do the exercise on memorizing Ohm's Law.
Do the Self Test on Ohm's Law problems. '
Do the Self festvon Ohm's Law equations.
Do the Task on Ohm's Law for current. - - s
Do the Task on Ohm's Law for voltage. | SR
Do the Task on Ohm's Law for resistance., ° “ | ' .
¢ Do Final Tests I and II. | |

L]
Obtaianinal Evaluation.
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EL-BE-15
. _ Ohm's Law
Key Words ’
. | /
[:- Math symbol for current )
R: Math symbol for resistance
E: Math symbol for voltage
1= E Ohm's Law equation for current when voltage and resistance are
"R known, ' L
/ . ¢ . ) .
R=_E Ohm's Law equation for resistance whén voltage and current are
_r_: known.o /‘ v
E=1R Ohm's Law equation for voltage when curﬁéﬁt and resistance are
. known. I ‘ ‘
Directly Probbrtional: A math relationship in an_eqdétion that results in a »
larger or smaller answer when the terms on the other side of the equation get
larger or smaller. : . :
Inversely Proportional: A math relationship 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 equation."
*Ohm‘s-Law Pie: A circle used to easily memorize 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 equation: I= E_ :
- _ R
* - S
> 4
I R - ‘
s .
i
\
' *
_ . :
- .
_ W
N 4 : »
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o Informafion Sheet | '

| ' Volfﬁhe resistance and current are related in a very speclal way.' This rela-
‘tionship is stated in a law of electricity called Ohm's Law. Technically
stated, the law reads as follows: “The currefit through a resistance is dir-
ectly proportional to the voltage and inversely proportional the the resis-

“ . tance". Mathematically this is expressed as the equation I = E

« R
. . ‘1 »
Since there are three terms in the Ohm's Law r at?onship, I, E and R, three
equations may be derived from this statement. “The three equations are as

follows: _
For Current 1= E (Edivided by R) (E § R)
For Voltage R =JR° (I times R) (I x R)
For Resistance R= E (E divided by I) (E 2 I)
T :

A simple rule to memorize each equation involves using an Ohm's Law pie.

© **WMEMORIZE THIS*#*

)

To solve for voltage you simply put a finger over the E and you get I x R or

L)

To solve for current, put a finger over the I and ypu get' € or I = E .
- ‘ : R R

To solve for resistance, put a finger over the R and you get £ orR = ,E .
- | T T

-

Simply cover the letter you want to solve for and the~rema1n1ng letters form
your mwaﬁonrmu-u«m-f‘-. .

A

"
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‘must use eath term as follows

I3, E is the total voltage applied to the circuit, .

A LR M O S I TN Y Y v D Aaansine o Tr— an o e
i y E L m . B BN S g . R . .
M ) : - . . S TN R 3 X . , LA

PN . Vet

The basic use for Ohm's Law is to calculate for the following:

1. The‘'voltage if we know the curréht'and.reéiétance. E = IR, *

- 2. The resistance if we know~the~current and voltage. R= E.
| - T
3. The current if we khow the resig§tance ano.voltage. I = _{%_.

In addition you need to remember that when using Ohm s Law in a circuit you

I is the current through the resisoerf

E is the voltage across the resistor,.

%T?;“?hg value of the resistor. L

***You must know two of the three terms of each equation to solve for the
third, *** : _

'CURRENT THROUGH_' |
RESISTOR |

fi|=

]

- VOLTAGE ACROSS
RESISTOR

You may look at each of the three terms another way.

1. J is the total current through the entire circuit.

’

2. "R is the total resistance of the entire circuit.

v’

-155'7 LI :iv"'l :

t/ _ - ' N .[‘ - E 'EL:BE~1§
Lo . : ] : - Ohin's Law
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Ohm's Law
o - TOTALCURRENT :
® . FROMSUPPLY ?@ | ,
- TOTAL VOLTAGE =~ —¢ | « R L‘Q’s—mme
FOR CIRCUIT - o
| o

. When solving for Ohm's Law equations remember to convert all values for
resistance,; voltage, and current to their basic units.
The basic unit for resistance is the ohm.,
| The basic unit for voltage is the volt.
| . ) i L
The basic unit for current is the ampere,
To help'jou work problems using Ohﬁ's Law, the equations will be breSented ,
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 that is measuring current (I) in amps. ‘

Now let's try'é few problems using eaqh:equations to make. sure you can follow
. ~~ the math involved. - . :

~ FOR CURRENT ™

GIVEN . I = E
E= 10 volts : R
1 R=-10000 or lk -
I = 10 '
1000 (k ohms converted
: to ohms)
; {A) ‘
e Py I = .010 amps or 10mA
UNKOWN CURRENT ‘

VOLTMETER ,
READS IQVOLTS o

IN AMMETER

0 )
14 A}




. N
FOR- RESISTANCE

IGIVEN
‘E= 20 volts
[= 20mA or .020A

&
v

AMMETER _ ‘CE)

.READS5.20 mA

VOLTMETER
- READS 20V

UNKOWN T
RESISTANCE . §

[ -

"FOR VOLTAGE

GIVEN
R= 1k or 1,000

[= 15mA or .015A

AMMETER A) ¢

READS IS mA

R= IR

L3

T

mA converted

- & = 15 vyolts

UNKNOWN
VOLTAGE ON
WQIMETER_

s 159

EL-gT1s
Ohm's Law

»

to amps)

R = .1,000 gfor 1k

E = LO15A x 1,000

k ohms converted |
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To memorize the Ohm's Law equations, work out the following problems. Check

by writing the equation and solvin
voitage will be the same as the vo

!

3A

—_—

ﬁw

Ttag

In the folTowing circuits the

“battery
e across the resistor. c
511 3pa
AAA-
+:5v'_
Hi
¢ 6| 5k £
,/V7V}—
I’.v
I‘ S ‘
o,
—i|1}
/
7 3m_ JhL |
{ )
/
+ -_—
L \
5 :
A
AWAA
+ 9V
. Il L
lI
WA
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. . Ohm's Law
‘. . Self-Test "
~ Ohm's Law Problems |
1. Write the 3 formulas ‘for Ohm's Law. | ' | | /
e 3 4
L E-20v . L Eereov 1 E L
[ ) B T
I= I=10A I=1A \
5 fel 7
=W - 75V = E- [ Y |
= =t = R=5pa | = R=500 2
[ - (5000) " i
1500 mA T=100mA I= o
( .5A) (\1A) : ‘
| ’ \
.
X
{
{

10
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Final Test 1 -
Ohn's Law | T |

AN

Solve the following problems using the appropriate form of Ohm's Law for each'
one. The first one 1s done for you as an example.

.g.A_.'. ! '-as.n.
AAA—— r-E E_ EBV'_|JL - _AAA
3A \\ P | I-
R: |~ R § | T
3v \\\\ )
{ ! N
B M
I - .
o 2 - s S — .
o M
L I: I=
+ + — .
{ij— |-
!
- o
3 3A 3 . | 6 Shn o ’
VMN—= o s AAA
( | 4
. E: I I: —he
E _ 150V C
il | L
L L 1]

ERik? | o R e ¥ 162
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Each equation tells us what will happen to our answer as each term goes up or

" down in value. , . :

L

.Refer to the i1lustration below: -

- DIRECTLY PROPORTIONAL TERM

A, I =E (E goe¥ up and 1 goes up) (E goes down and I goes down)
- R (R goes up and I goes down) -( R goes down and 1 goes up)

INVERSELY PROPORTIONAL . TERM
se¥ B 4 A4

. [ = Current 1n amps

EL-BE-15 .
Ohm's Law.

T (I goes down and E goes down) (I gaes up & E goes up)
B. E = IR (R goes up & E goes up)(R goes down & E goes down)

BOTH. TERMS ARE DIRECTLY PROPORT IONAL
E =.Voltage in volts A -

DIRECTLY PROPORTIONAL TERM

C. R =E (E goes up and R goes up) (E goes down ahd d*Eoes down) «
' I {T goes up and R qoes down) goes down an qoes up)
)

INVERSELY PROPORTIONAL TERM | N

-]
‘n

Resistance in ohm§.

T

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 resistor. In other words when the voltage
goes up, the current goes up; when the resistance goes up. the current goes
_down, Mathematically it 1ooks like this: o .

(any term on top of the 1ine on the right side of the aquation is
: _%_ directly proportiopal to thé term on the Teft side).
{ =
) “(any term on the bottom of the line is 1nverse1y proportional to the:
o - termon the left side. .
You should be able to see that, within this equation 1f the voltaqe goes up,
the current will go up. If the resistance goes up, the current will go down.

"‘

“n




Cdnsider the following example of direct proportion,

. o

EL~BE-15"

Ohm's Law

~ B GIVEN
20V O / g =2V
' B e 0 ’ . X R B]Oﬂ
ST ﬁ R
R \ .
[ = 2A
| . A
Current‘inBis )\- . N s

- 2 times that of A

Voltage in B is
2 times that of A

fm

B. 1 .=.

&S 0

v,
10 @

4 1= 4A‘—1_

L=

Note that when the voitage'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.

A
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- . B o

Next consider an example of inverse proportion

; 4
1B -
40V
I'= 200
I = 2A -
- > v
-l : ' —- Resistance in B
Current in B is . is % that of A
2 times that of A
(v
?1%

, .
I = 4A ..J \
Note that when the resistance was cut in-half (1/2). the current increased 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 proportion. The above
equation shows current and resistance to be inversely proportional. :

‘, R o 15 166
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iy’
v
Current in B 1s _a| Resistance in B
[ = 2A™" f}times that of A . 1s ) that of A
] T
3
B. I =7 , b
L
@ .
50
;1
[ = BAun _ :
. _ - . o - |

) N o -

Note that when the resistance was cut to 1/4 in B, the current in B increased
by 4 times or by the opposite proportion. Recall from your equations package
that 4 is the opposite of 1/4; therefore, when the resistance was cut to 1/4,
the current increased by the opposite proportion of 4 times. _ '

The two éxamp]es show that resistance and gurrent are invefse]y proportional to
each other. When resistance goes down, th -current;inI'aIways go up by the !

opposite proportion.

2

Y A
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At this point, you should be familiar with the idea of direct proportion and
inverse proportion. Let's look at each formula or equation for Ohm s Law -
and state. it in spoken terms.~‘

[ - E ' The current is directly prbportional to~the voltage
For Current R and inversely proportional to the" resistance. -, e

For Volta@e E = IR The voltage is directly proportional to efither the

' current or tne resistance. , «

For Resistnnce R =_E_"The resistance is directly proportional to.the
' ~ voltage and inversely proportional to the current.

You may question why we go to’all this trouble learning about the relationships
of eack formula., Why not just do the math indicated by each equation? The
reason s that understanding Ohm's Law 1s necessary to succeed in applying it.
At this point it would be easy to show you an equation, give you the numbers to
substitute for the symbols, and let you solve for the answer. You may have to
AN leari to do this for testing purposes to be sure you can work the problems, but
. it is of 1ittle value when confronted with an electronic problem in some type
of radio or television receiver. Your skill in ysing your knowledge will be in
how you analyze the problem. You must be able to interpret the voltage,
resistance and current measurements that are different from that called for in
a schematic diagram. This is the real test of your ability. In a later unit . »
we will explbre troubleshooting using many of the ideas presented in this ‘
learning unit.
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Self-Test

DIRECTLY, PROPORT!ONAL VALUES & INVERSELY PROPORTIONAL VALUES USING OHM S LAW

EQUATIONS.
1.

2.

3.

a.
b.

€.

\
Voltage was increased.

Voltage also decreased.
Voltage stayed the same.

. o

-

EL-BE-15
Ohm's Law

The resistance in a circuit went down but the current stayed the same.
What happened?

If resistance stays the same and the voltage decreases what will the
current do? . - ,

. a.

b.
c.

-
Increase
Decrease
Stay the same

9

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

a.
b.

C.

If the current doubles through a resistor the voltage across the resistor

will

a.
b.
c.”

will

d.

b.
“C.

Resﬁstance increased.
Resistance ‘decreased.
Resistance stayed the same.

remain;the same.
be 1/2 of the original value.
be_twice the original value.

Y ¢

double in value.
be 1/2 the original value.
remain the same.

18

169

4

. If the resistance in a resistor doubles, the current through the resistor
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Task A | o | | \

‘ i STEP 1, Using Ohm's Law équation for current, solve for tﬁe current through

‘ STEP.Z. Now apply power to the circuit and record the- current measyred by the
mA .

Obtain the following: - ‘ | | \7\\\
f . | o N, ——

1 ultdmeter

1 ammeter .

2 1k fesistors

1 resistor of unknown value
1 circuit breadboard - . L ' \ ' S
1 power supply 2 ' o

CONSTRUCT THE FOLLOWING CIRCUIT: - ' o

the ammeter. (Do not apply power to this circuit. ) . mA

meter.

YOUR CALCULATED VALUE: IN STEP 1 AND YOUR MEASURED VALUE IN STEP 2
SHOULD COME ouT THE SAME .

STEP 3. Open the jumper so no current will read on the mete#. Reduée the
voltage to 10 volts. .10 volts is exaetly 1/2 the voltage used in
Step 2. Using the rule that current and voltage are directly pro-
portional, the current should be of the value measured in
Step 2. The exact amount of current should now be o _MA. ;

STEP 4. Connect the jumper so that the ammeter will measure current. Record
the current measured by the meter, mA. |

}:E CURRENT DECREASE MEASURED IN STEP 4 SHOU,D MATCH YOUR ESTIMATIONS

STEP 3.

STEP 5. Obtain your instructor's eval®ation.
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CONSTRUCT THE FOLLOWING CIRCUIT:

STEP 1. tover the face of the meter located on the power supply.

STEP- 2. Using the Ohm's Law equation for solving for voltage, solve for the
. voltage across the resistor (ER) and record the value. V-

- STEP 3., Starting at zero volts, turn the power supply voltage up until the .
' ammeter reads 10mA, Measure the voltage across the 1k resistor and.

record the value. o v
' i YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH o,
. . YOUR MEASURED VALUE IN STEP 3. ~ : ‘

STEP 4. Remove the voltmeter from across the 1k resfseqr.

STEP 5. Increase the power supply voltage udtil the current doubles or
equals 20mA, g

“Using the rule that current and voltage are directly proportional,
the new voltage measured across the lk resistor should increase by
a factor of and read volts.

STEP 6. Attach the vo]tmeter across the 1k resistor and measure the new
, voltage. _ =V » |

YOUR ESTIMAT%’IN STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN STEP 6.
STEP 7. Obtain your instructor'ﬁ evgluation.

" . .
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CONSTRUCT THE FOLLOWING CIRCUIT: .

Ca e UNKNOWN
AMMETER  RESISTOR

..n-" v ’
=F ATTACH METER
_.."""'—._J.( + TO ~AS INDICATED -

v

STEP 1. Have your instructor cbver the color code on a resistor by using
: masking tape.

. STEP 2. Install the resistor as indicated in the above diagram.

STEP.3. Starting with the voltage at zero, increase the voltage untii_the
- ammeter reads 10mA. : _ -

‘ STEP 4., Measure and record the voltage across the unknown resistor. v

STEP 5. Using Ohm's Law, calculate the value of the resistor using ‘the 10mA
current and the voltage you measured in Step 4. _

STEP 6. \Remove the resistor from the circuit.

STEP 7. Using your. my1timeter, set to read resistnnce measure and record the

value of the unknown resistor. - Ohms -
s ;.jYOUR CALCULATED VALUE FROM STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN
. STEP T, =
STEP 8.” Obtain your ‘instructor's evaluation, = . '
. ‘ . : - R . -
: R
, . [] .‘ '. . .




Final Test 2

L

2.

5,

B
C. be-three (3) times the original value,

B | : | © L ELeBe-ly
s " . - - : ' Ohm's Law

The resistance in a circuit went up but the current stayed the same. What
happened? "

A. Voltage was increased. ‘ //
B. Voltage was decreased. - o
C. .Voltage stayed the same. ' 'j/

[f the resistance stays the same and the voltage 1ncreases what will the
current do? .

A.. Increase.
B. Decrease.
C. Stay the same.

The current in a circuit went up but ,he voltage stayed the same. What
happened? ' . _ '

A. Resistance Jdncreased.
B. Resistance decreased.
C. Resistance stayed the same.

If the current through a resistor increases 3 times the voltage across the
resistor will

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

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

resistor will - _ \
. : \

A. double (X2)*1n value.

_ B be-1/2 of the original value, = . o S
.. C. “remain-the same. . o

. L .
' f g \ . .
L. / _
N T T T T A S . T S OV

=t o e gl g
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. Fin&l Evaluation |

0K . Re Do

Completed the Task on Ohm's Law for current S

. Completed the Task on Ohn's Law for voltage &
—h

Co@ﬁ]eted ﬁhe Task on Ohm‘s Law for resistance

Completed final Test I on Ohm's Law problems | o oa
._/) with 80% accuracy.—\ - :

Completed Final Test II on Ohm s Law relationships

with 80% accurﬁqx*

When all checks indicate 0K, proceed to the next learning,packhge.
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@ Answers
Answers to Exercise ‘,,1 , :
| : . b
? l. R=_E = 3V 1g . | .
B | 1 3A ‘
. | “
2. 1= E =10 = 2A
R 0
. —
3. E=1IR=3AX30 = 9y
4. 1= E = 150V = 6A.
' R 2R
, 5. 1=_E =_15 = ,005 = .005A or 5mA
. R 3,000n
62 I = E = 150V = ,03A or 30mA
TR 5,000 )
7. E = IR = .003A X 2,0000 = 6V
A ' : 2 _
| '8, R= E = 9V =30 |
® T SR
. / , '
Answers to Self—]egt #1
1. 1= E " Ra= E= IR - T
| R T e
Any orderis correct as long as the équation is written correctly. .
1= I = 20V 1= .2A or 200 maA L
\ R . 1000 _ ' 4_ \
3. R= E CR=_l20V . R=120 y
‘ T o 4 10A ' ‘
"4, E=0xR;E=1x1,0000;E=1,000Vo0r 1kV- .
5. R= _E_ R =75V ’ R= 1500 ' T - 7x
I- ) .SI . . L . .
: ' : o \
6. € = IR E = .1A x 5,0008 E = 500V
. /' e
7. 1= E 1= 5V I = 10mA or .010A ’
: R ' W ' e » ? :
o s
. | .
* 175
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Ohm's Law
@ Answers
. | i ‘
Answers to Self-Test #2
1. B. R=_E Restance and voltage are terms that are directly pro-
S portional. Therefore, if the resistance goes down, the

voltage would have to go down.

2. B, =-E_ Current and voltage are terms that are directly pkopor-
‘ ~- R tional. Therefore, if the voltage decreases, the current
would have to decrease.
3. A. R = _E Current and resistance are 1hversely proportional terms.“
*e o1 Therefore, if the current goes down, the-resistance would

have to go up or increase.

\ - ) : ' ) _
4, C.'! £E =1 xR . In this equation, current and resistance are terms that are®*
n ~ .+ directly proportional, Therefore, if the current doubles,
: the voltage will double, or be twice the original value.

5. B. I =-E_ This equation shows current and resistance to be inversely

’ R proportional. Therefore, doubling the resistance (X2) will
have the opposite effect on the current, and it will be 1/2 - .
of its value (opposite of 2 is 1/2).
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POWER® AND WATT'S LAW

\
v )".'4
- Goal: - A Performance Indicators:
. ’ ' . { .
The apprentice will be able to use 1.\_Compute wattage from given }.
Watt's Law in computing problems _ - voltage and amperage.

in electrical power, _
2. Compute anmperage from given

° : m:

) . . w wattage and voltage,
- . ’ . - . .
3. Compute VOI;ZEL from given
: L " amperage and wattage.
N
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. . : , Power/and Watt's Law

- Objectives L , o
" . | Given: ~ : . ' The student will:
Resistors of different wattage ~ Perform an experiment demonstrating
and equipment to perform a task. P, I, and E relationships using
. L Watt's Law.
Watt's Law 4
Answer a set of test questions with
80 percent accuracy. '
- . ' | | h
Directions -
v h «
‘ Obtain the following material: ;
-\ ’Circuit Board -_Q& 10 ohm 1/4 watt resistor L i
Power Supply ) ) .

Multimeter 10 ohm 1 watt. resistor

Learning Activit(es ! o ,

Study Key Words list.
Read Informatifon Sheet .
Do Self-Test on Watt's Law equations.
Do Task on Power, : ..o
Do Final Test on Watt's Law.

Obtain Final Evaluation.

: .
. ! ’ - ¢




- Key Wordé o
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Power/and Watt's Law

Power:  Work done by electrical pressuie v voltage,

att: The basic umit ot power,

p———

* Watt-hour: ~The basic unit of power multiplied by time.

Wattage: The amount of power in watls used Lo do‘work by an e]ﬁ’tPlCd] device.

”,
1

Watt's Law: P = | X t

Amphour: The amount.of current per hour avatlable in a battery.
N A———R—-— Y

Power Dissipation: The amount of heat yenerated in watts by an electrical
device d01ng work . o

ISY - . -

, B , i € .

V!
gw- .

)
g

\

. - m . |
WItt's Law Pie: \\\\\\“J' A ﬁgmory aid to 1earning Watt's Law. ) _

Dissipate: To give off energy in the form of heqt,ﬁiyﬁ

B




‘ N - S . T CLLeBL-1u
Power/and Watt's Law

e

~ Rhe basic unit ot power i the val o AL of the items that you have in your
home that use eloctiiciy will tell vou How mur”_powpr they use by telling
you how many wdatts they use, ' :

" Approximate Cost ot Operation of Applicances 7
\ r_—f:'*.m_‘""-“*wiké"TﬂVéth§“' Cst. Cost per Month
\_ | Appliance | Wattage | at $0.04 Per KWH
. |- Toothbrush . 1.1 - .003
¥ . ML Clock | 2 ~ .06 |
: Hair Dryer A\ L1 .05 ‘
Sewing Machine ! /% .04 '
Shaver | SN .04
Toaster _ P16 ‘ .13
Vacudm_tlennun, x 630 Y W15
Radiq . ) : .29
Washing Machine 512 .34 ;
Coffeé Maker. - | 894 .35 :
i W,Baw ' 44 33 .
' v, Color i ) * 1.06
Dishwasher |- Jul ' 1.21
Refrigeratory ! . 2.33 ‘
X Freezer
‘ . Manual Defrost ’
Cloth@s Uryer I 4850 3.31
Range with oven l 12,200 3.92-
o Refrigerator/ | - . 5.98
. ® _ Freezer ; !
Auto Detrost ' ! v
SRR Water Heater 4474 14,91
' | Céntral A/L ' 1e/ujton | 35,00 J

»
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Information Sheet . = | e
‘I’ ~ You will often heér the words “"alternate sources of enérgy" when describing
different sources of electricity. Nuclear energy, solar -energy, geothermal

N enerqgy, and xind power come from different sources. The energy from all these”
different sources can be used to create electrical pressure or electricity.

- When this electrical pressure does some work for us, such as light a lamp or
run 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 wfth the work that is being
done. Power is the word used to describe. the ability of this electrical
pressure to do work. Anytime electricity is used to do something, power is
also being used. The amount of power used depends upon what type of electrical .

appliangi’you are using. ’

e
I

T

T

'IIU:

)' . e

“i::

B

A stove, for example, uses more power than a TV set. The two electrical

devices in your home that use the most power dre the hot water heater and

electric heater. The size of the bill that the electric company sends you

dependi on how much power y’; use. Conserving the amount of power you use

can prove very helpful in tMing to keep the electric bill as low as possible. :

If you have ever looked at your electric bill and tried to figure out what . p
4Qakes it so high, you may have noticed tHat you were billed for the amount of ‘

itt-hours used. The amount of watts used times the time in hours the power
is used is called watt-hours. e
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"I' -~ The clearest example of the relationship of wattage used to work done is the

- light bulb. You are aware that a 100 watt bulb gives much more light than a 40
watt bulb and requires much more electricity to produce that light. Most home -
light bulbs rangg from 2% to 160 watts. The electri¢/ applianges that you have |
will average from 100 watt to several thousand watts, Your electric company
will charge you for the amount of watt-hours used. Since you are hilled only
once per month, several thousand watt-hours will be on your bill each ‘month.

4 To figure out how many watt-hours something will us%, simply multiply the
amount of power in watts ‘the gppliance uses by how mahy hours it is turned
' on. For example, if you, leave a 100 watt light bulb on for 30 days or 720
hours, vou would use 100 x 720 or 72-,000 watt-hours. This would normally be \
. expressed as 72 kilowatt-hours or 72 kwhy A '
. ) . . . N . .
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
~larger appliances. If you do not havé a device connected to the electrical
-outlet and the device turned on, then you are not using any electrical power
or energy. It is only when‘the_i;em 1s plugged in and turned on that energy
or power in watts is heing used. )

Power-is used anytfme-you have a conductor which connects one slot of the
electrical outlet to the other, The conductor forms a pathway for the alec-
tricity. The appliance or ‘the elegbﬁonic device which is plugged into the

wall represents a LOAD on the electrical service, to the house. Loads are often

s ‘ represented in schematic diagrams as a resistor and often indicated as RL - . ‘
. ‘j ’ . . ' _ *
WALL OUTLET - \ 3 : A
- ; : T . POWER CORD PROVIDES PATH FOR
. ' ' . ' 5 ELECTRICITY TO FLOW FROM ONE
| - / N L OF THE OUTLETS TO THE OTHER.
| o | I | o ,_ |
WALL ‘ . ' £
. OUTLET - |
] | . ' i .
| | *
T ¢
‘ * - HovoLTS R
3 APPLIANCE ;T -
\ ( LOAD Ry) . . Schematic DraWiv:ng
¢ ) of above pictorial.

Vi . [




as a short circuit. ~ §
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BEST COPY AVAILAGLE

Power is al'so used it you provide o connecting path between the two terminals .

of a battery,‘even ir'tne(e 15 a0 Load, Ihe battery will qo dead‘almost;"a‘
imoediately if there-is ni 1oge tu-lnnrtw" flow ot current.t Thiy 1$.kn9yn

. e 1
The Toad parts ot the clectrical system in a car, such as “headlights , radia,
.starter, provide a resistance to the flow which limits the current-drain from =
the battery. The 1yad al@b dissipates heat and light which prevents the wisds -
 from burning up. - - : o S

<

Emaabea TE T O

consider. The 12 volt flashlight battery and the 12 volt car battery each
provide 12 volt§ at the terminals. The flashlight batt ‘could never be used
to start a car because it canngt supply the amount of p required by the car

starter. . »
-~ o o
You may-have experienceq o “dead battery™ 1 oa car that would not supply enough
power to start the car but would st11] cause the headlights to light up. That
happened because the startoer requires aich more power than the headlights.

When the battery gets weak it cannots supply large amounts of power, but it
still may be able 1o Supply a swall aifount of power . ' - ;

b

“»

o1

{+ Q‘) i
’ 12 VOLE / e
o g CAR HEADLIGHT
LM%BA:IH%Y'.' - S
K\_A . /) : . R =
) S R . r '
The amoumt of power that a battery can supply ds -auch less than he'amQUntUOﬁe'& SR
power that can be suppljed by the electrical lines in your home. Ihg'amduntf;
. of power that a battery. can supply usually depends on the size and type-of the
baftery. [ e o o .
” . v
l -
4l‘
SMALL AMOUNT OF PUMER . © LARGE AMOUNT OF POWER |
The amount of voltaye that the hattery provides is not the only factor we must ?‘H*ﬁ;?f}?
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S .
‘.- Devices that get- their power fﬁom~a battery or power supply such as that used
.. 1n youi experiments state their power .requirements in AMPS instead of WATTS,
To find out "how many watts are required by a device that tells you how ruch
o current in-amps it requires will ipvolve some calculations, Determining watts
" needed (or power) is the basic function of Watt's.Law. Electrical devices that -
plug into the wall outlet will .always have. the power in watts that they require
- printed. somewhere on the devicé. A1l other products- that use power from some
type of battery or power supply usually tell -you how much current in amps theys
- require. How to convert amps Jdnto watts involves an-equation known as Watt's
Law. The law states that -1 Wat; of power is used when 1 volt of electricity

- causes: 1 amp of electrical current to' flow through a 1 ohm resistor.:

v

, bvour - ‘ ‘

} 7|  OF PRESSURE > |
- | 1 RESISTOR
- J | R |

Watt's Law is usually expressed in an equation that uses voltage and current.

The equatton for Watt's Law using'yoltage and current looks\like%thjs:

- 1

RN
: . - : . . .
o : \, - .

: a . .

. . .
) - .. R
o . - . . -~ T
- . , .
.o - . . .

ST POWER e . EQUALS - CURRENT "TIMES . VOLTAGE
e L PR [ "

. ’ .W@gts‘ V A . amps vVO]tS

’ ot equals -1 amp \' times -1 volt

Let's go back to the problem of figuring out how, much power your headlights or
car starter may--require frem the battery. ‘Due to the load resistance inside

~the headlight, 2 amps of current may flow’

when connected to a 12 volt batteny.

... The-car starter may represent a lower load
aurrent may flow whén cannected to the 12 v

L “cuqfént;thhddgh each'IQadaand ppé_vp1tdqe across each load, we Cap compute \
. the amoynt of':power; needed for ‘each device. ~ :
3 ey T RS ’
: ' , y ;' 'J
1 B T R
-~ ' 186 U
2 T Y - R i

resistance so that 50 amps of
olt battery. . Since we know the
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® - levolr AMMETER READS //“ «
: | | BATTERY =~ A . .. .:E}: oo
_ - . CAR HEADLIGHT

i._ - Ks-_ , ;4’) e >\

.
e

P=1XE P=2AX12V "~ P = 24 watts , e

D O —

g | amerEreE0s ) N

| BATTERY b Teoa CAR STARTER '
I - 4 | ‘I. | ‘ -' _} - 3:.'
P=TXE . P=SOAX 12V P = 600 watts .

S ~From the equation P = | X E, you should recognize that a1l-thé{terms“are o
. directly proportional. This means that if the value of the curremt-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 'QP
decrease. Most electrical items require a-certain voltage to operate properly
so it is not practical to reduce thegvoltage to lower the power required. A _
new small 12 volt lantern battery may be able to supply only 172 amp for 1 hour.
This means it has a rating of ‘1/2 ampere-hour. If we apply our Watt's Law .
using P = [ X E, we can come up with how many watts. it can supply. P = 1/2 amp
X 12 volts = 6 watts. Let's try the samé thing with a car battery rated at ° -
50 amp-hr. 50 amp-hr means it can supply 50 amps for 1 hour. P =1 X E or
P = 50A x 12 v = 600 watts, The total amount of energy the lantern battery -
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., :
As you.can see from thie 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 it is not how much voltage they provide but how much power and energy they -
can supply that makes the difference: ' T - i _

The type of power we have discussed so far has dealt with the amqggk:of power
. required to do a certain work in a certain time: the car battery to turn the -
starter or light the headlight, the 110 volt wall.plug to run a household
app)iances The word power can alsq be used to express the amount of heat
' ' generated in’ an electrical item. Consider your electric stove or electric
. - heater. Both of these deyices are designed to give .off heat, .

. \“
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quickly damages the parts.
work:,.heat is always generated by the work being done.
.being produced by the work being done is the light bulb.

%
: EL-BE-16
4 Power/and\Natt S Law

\ |

"Other items such ds radios or teL9v1sions we do not want to get too hot as heat
When power is‘used to do some kind of electrical

An example of heat
The light bylb is

But if you touch the bulb after it

principally designed to give off light.
has been Iifor a while, you will feel a great deal of heat coming frém the
1ight: bulb%® If you leave your hand on .the bulb for longer than a secand, you
will probably get burned. Larger wattage light bulbs which give off more 1ight
_Will also give off more heat. From this example, you can see that thg power -

requ1red b{ the l1ght bulb 1s used in two different ways: ]

2 1. The power that produces the light.
2. The power that produces the: heat.

Both of these powers are additive and. the total amount of power requlred by the
light bulb is the sumaof the poWer used in heat and the potwer used for the
light, :

Keeping parts from being destroyed by the- heat dlss1pated,1n doing work 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 amount
"~ will damage the part. Resistors are an example of this, Remember from your

study unit on resistors that they come in various wattage sizes: 1/4'watt,
' 1/2 watt 1 watt, 2 watts, etc.
, . A

' - 2WATTS :
L N 'T-" H6IN.DIA ~ N;__j L o
D [/2WATT 38IN DiA :' - I/AWATT
S ‘ IAINDIA. -

== "’§§§§§ = 1 lwarT

- | ’ ) oINDIA [

P

,Basically, the bigger the part i's the more heat it can safely dissipate. This
is 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
electronic circult .is directly proportional to the voltage and current. %
efther the current or voltage increases due to a short (a decrease in resis- _
- tance) “in our circuit, the power will also.increase. If the increase in power -
is above the poWer rating of the part, it will pfobably burn up.
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Consider the two examples below:

A,
ISWATT
20V RESISTOR
B.
: . ISWATT
20V RESISTOR

SHORTED

In example A, 10 watts is 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 same resistor rated at 15 watts now has 20 watts

Voltmeter

reads

20 volts< -

AMMETER
READS SA

1

", B

Voltmeter
reads
zp'volts

AMMETER
LREADB 1A~ .

L4

consumed in it)ang it will probably burn up.

Anytime you find a resistor burned up ig
the circuit to be sure there is no shor

-

To memorize Watt's Law and all of {ts variables, we can'use an aid similar to
The Watt's Law memory aid is also called a
=1 X E,this is usually an easier equation to remember.)

the aid used to memorize OMm's Law.

PIE. (Since P

L

a circuit, you should carefully check
which would cause excessive 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 would- increase the power con-
'sumed by the pprt. ' .

Y CURRENT
T ' "V14¢4P5

< %J ©
u n n

- POWER IN
WATTS

VOUTAGE
IN VOLTS

I x E
20V x .5A
10 watts

%

EL-BE-16
Power/and Watt's Law



To find
.and you

To find
and you

To find
and you

Let's try some example problems for each equation.

of the three

You can use the Watt's l'aw Plh'qust'l1ke you used the Uhm's Law Pt

_ EL=Bk-1b
Power/and Watt's Law -

the power, simply put your finger over the letter P

get ¥ = [ X E.

the ‘voltage, simply put your fimger over the letter E

get P ’ ’
= o

A

the current,

, simply put your finger over the letter !
get | . p / :

-
]

Remember you must knowitwo
terms to solve for the third

" Example A: To find thP?DOWPP when the voltage and current are known é
tquation P = 1 X t | . ;
- ' . :
‘ k PeExl B
Voltmeter Sex i g
’ reads P=10x1
1oV, © P =10 watts
E=IOV
. ‘Anmeter
) reads 1A-
AN
_ i , »
| , ' i Example B: To find the cu renl when the voltage and power are known _
f“‘“_ Equation [ P | i
\ [ = R X
v ‘E .
Voltmeter : I =2
RES'STOR reads ) ?0
v . _. ' .

- E-20V

-y




v

Example C: To find the voltage when the current and power

Equation £ - P

S _ RESISTOR
B2 TURING TWATT

Ammeter
reads

2A

b
q

|

. -

EL-BE-16
_Power/and Watt's Law

are known,
=P
1
1
= 2
= .5 Volts

Occasionally you will'work with products that have a horsepower rating. One
horsepower (Hp) is equal to 746 watts. A1l power equations apply to horsepower

'14.:1{)1

. rating® in watts, the same as any other wattage rating.

13
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Self-Test -

This basic circuit is h RN
used for.all of the

<

You may refer to the Infarmation Sheets for any equations.

10.

1.

o

— T ™M r— O p—

—

practice problems | E

H:n u TR T

[V T S 1]

[+

noou-

’

2]

2.

1.

-~

- P

]
T ot

l

E.

¢

P
I
E

—

[N T

"oy

11 ll’

" n

LB { I 1}

2 W

50 V
‘05 l
10 V-

".25 W
125 mA

o

,
L

12.

m
n

7 oo
o

<
11

—
a4 n

- 2 A

uon o H

CBE-16

Watt's Law

O W

25 W
5V

K

= 5' mA .

10 W
50 mA

v
4 .
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* Step 5. Reconmnect the circuit using a 1021 watt resistor.

: Step 7. How does the- operating temperature of the resistors 1h-$tep 2 and 6 .

. ot bL=Be-16
. - P ﬂ + Power/and Watt's Law

'Task ‘ '

Materials required: t .o A B

1. Low-voltage powef supply - ' :
2. Two resistors, 1/4 watt 10 q, 1 watt 10 q | Y
3. Voltmeter 0-30 VDC- o SR

N

Y

.. Procedure: - ‘ A

Step' 1. Connect the circuit as shown below using ;hg'l/4 watt resistor. .
CAUTION: Power "OFF" and ‘observe polarities. :
¢ . ‘ .

- ‘LOW.A "+ 00— N S .
o VOUTAGE | T N\
- . |bc | 0 QUOR I AWATT

a FX)M/EF?A . ¥ o s
' {suPPLy ~O— — — .. o ) !

. ‘“
P ' I ‘

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 o
* » warm. Let the resistor‘operate at this maximum condition for Several
- minutes while you note the maximum operating condition of a }/4 watt
resistor. Carefully touch the resistor with your finger to note its
‘temperature. . , . \ . v

‘

Step 3. Raise the applied voltage slowly until the resistor heats and burns
open. Note and record the'value of the applied voltage when this
happens. NOTE: When the resistor has opened ‘there will no longer be

“° a current path, current will no longer flow, -and the resfstor will
have infinite.resistance. ’ .

"Applied voltage when resistor opened: - ' ' .

Step 4. Compute and record the amount of power that the resistor was
" dissfpating at the ¢ime it opened. ‘ , .
\ : . ' |

Power dissipation at time of fajlure: |

Step 6. Apply the same Voltage which destroyed the 1/4 watt resistor in S .4,~
noting the operating temperature of the higher wattade resfstor. ‘
. : \ !

* "

compase? ‘

Step 8. Obtain the instructor's evaluation.

.
. . . ’)

s C~ ) 16 '
‘ ' : ' .15);}
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‘ . I & ’ \
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o - . o | B Power/and Watt's Law

‘Final Test: . ™ L R

v N

.
. . . . . -
N '
s . - v . , ‘
. . B
L)
. ’ L
- ' :
\ .
. v
»
’
N

The'fbllowing questions-refer to this circuit.

M ~— O p—
ELIN I H oW 1
pu—y
[en]
o 3
>
> .
-
— {7l »— T
| T { oo
(& 2]
<
=
=

nonon
~N
3
-4

LI

..‘ .,' .' "‘ ) ‘ . . ) .-.
7. A 115 V electric heater furnishes ngb W of heat. What is the operating
v " current?’ L , : ' a

.
'S . re

.+ as 1.OA b. 1.150 A co 10°A

¢

. ) \ ) . :
8. What current does~the average 115 V,108 W Tight bulb draw?

a. 087 A ‘b, .87 A e 15004 T e
\ * L
. v \
Y
\ - A b -~ .
o';‘ :
» ! ] r . '
x . - -

o K YR ~
’ l‘ - . . ) -1904 )
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. ‘ ' ' . o ' ' Power/and Watt's. Law :

' . , Date - .
. . 3 - ' '
* ) Y Name ‘...._.-... R PP
. S
' ) : ) * ) i ¢
| . ¢ A
| ® r Ve -
\ ' . . 0K ° REDO
| ' ‘ ‘.
} . “Accurately completed a task demonstratlng » .
| - P, 1,andE relationships - >
" 4 . - ’ N ot
’ ' / Answered questions on 3 Final Test with - *
| 3 o 80% accuracy .
| Pt
B l y - ’ . . ‘ ) \’_ «
.“ . ’ N @/l .

‘ »
m | T "
| o ) ‘ K v 1 " kS ’ A

) - H [ ’ ‘.
N ) |
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.. Answers

.Self-Test An§wkrsw
N -

9.

-

bW, s

6 W

a

/ZB‘V

11000 V or 1'kV

04 A or 40 WA

.

,.05 A'or 50 mA

5y

P W

100 V -
AW

2 V-
200V,
1 .J .

[

-
A
1]
>
&
A3
.V
. .
*
i
1]
1]
<
~
4
’
L 4
. ‘4
4
/
® [
1y
4

Power/and Watt's Law
. ’
R / ? -'
3
\. '
b
) .
1] '. .n
v.
!
.-
)
\ ‘ '
/ \

.
i
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KIRCHOFF'S GURRENT LAW ' ’
. v . ‘7‘ ,_.' ' -
< .
"l‘ . . . ("] .
. . / ' . * .
. - . i c . v - -
’ - N b P v
o | [
. & ‘ . . M L4
n “1. . .
L * |
- . v ’
>~ - F4 l .
- . ) ! . » rf - t’l dl. tors. ‘
Goal:., | Performance-ndicators: :
v - ' ' * » ’ . \ T . I
The apprentice will be able to 1. .Descrive Kirchoff'
use Kirchoff's Law in couputing .. .. 'Current Law., > /.
: current values of clectrical ' ) _
circuits. - ) y 2. Describe algebraic sunis.
¢ - . . \
‘ ! «. 3. 'Solve for current through .
_ . ' resistors, '
‘ L]
L
. ) N ) _
\
L4
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' 'A mu]tnmeter

. Directions'

--Given. ' L L :

_'Ras1stor9 of d1fferent va]ues

)

A circuit hreadboardvfor.
constructing simple circuits

A» power §Upply

jA Flnal Test: on K1rchhoff's Current
Law

R |
¢

. 0bta1n ‘the fo]1ow1ng mater1a]

- 1000 ohm res1stor

20,000 ohm resistor
+10,000 ohm resistor

- ‘Circuit breadboard g -

_ Fl bl-lb :
K1rchhoff S Ourrent Law

» ' v
‘- ) . .
’ -

.
' - ' : . .
The student will: ! S .

App]y Kirchhoff's Law'for curfent
in a simple circuit with one voltage *
source, .

. Solve for an unknown current us1ng
Kirchhoffls Current Law: - -
\
"Complete: a Finat Test with an
accuracy of 80%. 1

‘Power supply capable of’ prOV1d1ng 0-30 volts
Mu]t1meter capab]e of measur1ng currents 0- 300mA

- Learning Activities .

" Study the Key Words list,

. Read the Information Sheets,

Do the Self—Test{

. L - :
Do the Task for Kirchhoff's
Do the Final Test.

‘Obtain Final Evaluation.

a - )
Current Law. . -'“
-/
g \ , ‘
. ..
&
’ -
t -
"
.
3 / '
' . Y
} . |
2-&}0 '




' /yjzlrchhoff s _Current Lﬂx: “The algebra1c sum of the currents en rlng;ahﬁ
- = and leaving any po1nt';ust equal zero." . . o B B 3t

~Algebraic Sum: The re:ult of adding po§1t1ve and/or negat1ve numbers.fii”i
electrical circuits: i : . L
. ? _ . o
A. Cur¥ents’ entering a p01nt are'ass1gned a positive value (+).
B. Currents leaving a o1nt are.assigned a negative value (-).
]

'Rt Symbol which repreﬂkhts current flow through a resistor (noti&é't7b§?

o is written in a lower pa§1t1on i.e. §
. ‘ . . ‘. i
IRl = current flow1é§ through resistor R/ " . BN
-,‘ . / -b_n
I = current fTow1nL%through resistor R; - /
2 ik | . : b
i . b
R:- - Symbol which specifie ‘a Certa1n resistor; i.e., ’ t
Ri = resistdy number 1 in the circuit | B
R, = re51st6‘ number 2 in the circuit L T
.- . . . ) ; 'l " - B . o
. - . Ry = resistor number 3 in the circuit
- N
) o A -~ !
. y)
1 ) ' . .
' . N { y
s RN i . ’ “
* . . I N » 4
\3 -
—— a N
L] - Y
.~ 3 . . ’ .
& . . L) { e
- \ 4 . ’ )
-2 ¢ ' @ )
e ( .o
- . b
' [} . y ol , '
» ¢ [ ! o ! - 4
’ 4 ' . ! O \
- 7 ) ' 201 ' . ‘




;;5KTrChh0ff s Current Lawei'

o,

dmt . . ._ ' R _-~_.._ B /' L. FHEN :. ...‘. ‘
;_:Klrchﬁoff S, Laws are very useful in: 1earn1ng to work on electron1c prpducts e

.The jusefulness resylts from a, o COMTON-SEnse, undergtand3ng of the’ lawseand not - EEREI
e'vaust berng"abge to work -out problems .Simply statéd, Kirchhoff's Laws: say A ‘
L tgat YOu cannot get more voltage or current out of a, cincu1t than you put 1nto o
¢ v 41 4' ."-""::"' o ,,‘:". T . o CL | '

C T et T B _,_ __,1, R ,_ o . ‘ ) ._ D R

s ASSume that‘you are measurlng a DC veltagefof about 50 vplts in-a carcu1t that'?
{hmv‘_ operated from @:25:volt supply.. An- “error«l1ght“ should come on n your mind -

: *-‘saynng,_“Hey. if 1 only stanted. out with 26 volts, then that's the most I can )

measure 50 my read1ng pf'50 vo1ts nust be incorrett o ,1"3:-n,_ s ;,- "

L A szm1lar cbnpitmpn cod1d ocgur whi]e mak1ng a current measurement If yoy -'.-p-

' are measurigg 75 milliamps in. part "of ‘a circuit tHat Was a total supply curyent ™ -
of.only 50 milliamps, ‘then again the light should- come' on and say, ”aey, 1f the v,
whole circuit only drays ‘50 m1111amps, ‘'then that is.the most that'can-be - .= o -

;S M e . Y . S /)n S : . ."w .(n . ! ' : o
The un11kely réed1ngs you. may obta1n for the two ewamples abdve should tell you L -
- to recheck your 1nstrument readings or further ‘examine’ the circuit for po-k;b1e R

shorts (Shorts, or . less re51stance create more: current )

. .

T «measured e

) ',-' N
0

_ K1rchhoff s Laws keep us. on track by rem1nd1ng us that the max1mum vp1ues we S
‘can measure w111 depend ‘on the maximum voltage and current supplyfﬁg\ou . ¢
c1rcu1t; . o L o e C
o These next twor learning packages w111 make ybu fam1]1ar w1th two of thq mbre
vnw, ‘popular.aspects of Kirchhoff's Laws ;" -one package, K1rchhotf s ‘Law for current,'
and*one package K1rchh0ff s Law for VO1tage uswng one vd\tage supp1y .

'.O

K1rchhoff‘s Cdrrent Law for One Voltage SOupce mi -b;?e.'lr'

ST K1rthhoff”s qu for current -can; be stated techn1ca1ly "The algebraic sum pf

2:£j7‘” ‘the gurrents ‘éntering any point-and 1éaving any point in a circuit must equ 1
LErh rero. U Let's try torrestate the Naw in plaln-Tanguege “The total current
i entering a circuitimust be equal te the "total amount of current leaving the

.p cwaU1t‘“_ Study tbe 111ustrag1on on. the foT]ow1ng page ' .

;] _ ‘

' ' ‘ g
' h . U w
é r
;.
\ ‘ N ) « '
~ ) 5 ) .
..u-“. \ \ ' R : | a

. : . ‘ ® 202
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- R . Kirchhoff's Current Law:

. The ferm "algebratc sum” in the original technical exp]anation'refers to adding
"positive and negative numbers. By marking-the currents entering our circuit_,._.

- We mark two currents leaving point A with negative values:.

. .Now, we -check by adding: (+5 A3\¥~(;5 A) = zero.

"positive values" and marking the currents leaving our circuit "negative
values” and then adding them, we should arrive at the answer "zero." If both -
of these current values are equal, then, by using a basic rule of addition that

‘states "when two equal. but opposite numbers are added, they cancel and equal
'zero," you can easily solve the problem. Examples of equal but opposite num-

bers are ¥5 and -5.

Using the circuit above as an example, notice that the current leaving the-power—-- ~

supply and entering pojnt A, the input to our circuit, is 5 amps. Since this is
the current entering the point, we will -mark this value +5A. . iy

_ Il = -1 A and
I, = -4 A, By taking the sum of these 2 currents (-1) + (-4) = -5 A, we can
state the total value of the two currents leaving the point A as -5 A.

* Now, if we add the current entering the point A (+5 A) to the current 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.

Let's use point.B of the same Circuit in Figure 1 as another example. The
currents entering poigt B.we will label as I, (+1 A) and I, (+4 A). The’total

' current entering point B is I, (1 A) + I, (4 A) or + 5A. The ammeter M, sho

5 amps leaving point B; this can be written as -5 A. The current leaving po.int
g is now -5 A.. ' A

/
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Kirchhoff's Current Law, S
",

L]

That part of Kirchhoff's current law that states "entering any .point and leaving

any point" can also refer to-a resistor branch and could be restated: Mentering

any parallel resistor branch and leaving -any paralle¥ resistor branch.” Now

the law could look something like this: "the algebraic sum, of the currents _
entering a-parallel resistor branch and leaving that same parallel branch must "
equal zero." Study the illustration below. : / ’

/

" ’
T L N '

N T

Figure 2

exve that the current entering this resistor network is iqual to 1 amp. The
rrent leaving point A-is split into 3 different current paths. But since
they are all leaving, you can mark all of them negative values as follows: .

I, = -5A, I, =-,2A, I3 =,-.3A, The tgtal amount of current at point B
could be exprgssed as -['amp, by adding: gﬁ%ﬁS) + (~.2) + (-.3) = -1. |

. 1 v
Now take the algebraic sum of these two current values, the entering current of- C
+1 amp and the leaving current of -1 amp. (+1 A) + (-1 A) = 0. JThis is just '
another application of Kirchhoff's Current Law. - _ -

- ? .
.. Let's try another application. Study the illustration on the following.ugge; ’ '
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, ~ Kirchhoff's Laws can also be used to solve for an unknown current. The problem
' ~is to find the value of current path I,. See if you.can follow along with me
and come up with the same apswer as [ do. ’ .

1. If I, or the total current entering the branch.of point A {s +2A, then
* %' -2A must leave the branch at point B.

2. Currents add in parallel circuits. We can account for -.9A of the total
~ -2A by adding ewrrent 1, and current I3. (-.5A) + (-.4A) = -.9A, Singe
o ‘ these are currénts leaving the branch at point B, we can mark the total
current at this point as ? J9A + x) the x rep?esenting the unknown cure O

rent Il .
3. Now we can set up an“algebréic equation this:

) 3 . A “:A

RIEE RN I3=0 ’

‘ < If'we substitute our known values for tﬁé symbols in the equation, it.

reads: - | .

+2A + g+ (<.5R) + (-.4A) = 0 g

+2A + A) + x =0 .
ALLIA+ x =0 .

{ X = "].]A 'S




P

Kirchhoff's Current Law
. CLs
,‘ 4. For proof, we can substitute the values.
[, + I, + 1, + 13°=0 o : L | -if )
©42h + (-171A) +(-.5A) + (-.4A) = 0 Y ‘

1

+2A + (-2A) = 0_ |
* 0=0 RN - .

&. By 1nsérting the,value' (-1.1A) fr x, or(the unknown I, we have written *
an equation which repeats our working statement of ‘Kirchhoff's Law: "The
algebraic sum of the currents entering any parallel resistor branch and
the Currentg leaving that same/parallel resistor branth must equal zero."

. L .
.- Consider the next application by 'studying the diagram below.
¥ , < ' - —. Me.

EL-BE-18

-

‘\‘//’

_____
-
4
¥
1
X
¥
L]

: e w—— cll— —— e - - —— ol

[ —

Our problem in this EBBiication is to find the current entering~the‘363;ch that
would be measured by meter M. - '

&he currents leaving point A and dividing between the three” resistors in
parallel are indicated by the meters M,, My and M,. Since these currents are
13aving point A, they will all have negative values. By adding these together,
(51) + (-.5) + (-.7) we get -2.2 or.-2.2 A: ‘

. By remembéring-that the total current entering a resistor branch and leaving a

- we 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 thengghe currerft value for meter M. ,

\ . [} [} . . .

/

, resistor branch must be equal in value but opposite in polarity (+ instead of -)

o

I‘"




Self-Test

, ‘
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) . EL-BE-18
:

' P

.1, Using Kgrchhoffts Current Law, perfotm the addition that will show the -

"algebraic suh of the current
equal to zero.

s entering any point and leaving any:point are

* Kirghhoff %% Cur%nt, Law

. J *
Use the diagram in question #3 and the value you arrived at for question #2'
to solve for what meter®M, will measure. '

4

| JA 5 ,
' T '
L "_m"—“/ﬂ Q\ . ’ ‘ e =
) '| [ .-.L '3A *\ ? - BA
I.' ’8 . . - _ *
:"‘" - f\\ . ' ._, .
— 3A - 300mA Re on Vo _1. o
~'+ 2A: 200mA -- o !
I JA:I00mA ) : '
[}
L -:-..‘Ar \ bl
e ~ - g
2. Using Kirchhqff's ‘Current Law,.solvg‘for the current through resistor
R3 (M3). 1 .
"[IR{
3.




'Task.AJWN (“\_ T - I E

-wires.. _ )

- )

. & . E . . . ¢ "
.

Lo . . s EL-BE-18
¢ SR ' Kirchhoff's Current Law

/

a

y Lo, | : L
Jumper wires will be labelled with the letter J. They JR]] connect two termin-

als. The terminals are Jabelled with letters A through M. Remember that the +
and - refer to the way jbu,will connect the meters when you remove the jumper

‘- )
v )
» l
. . . \
". . . ’l

Step 1. Constru;t the folfowing circuit on your breadboard/

. ~ R ' '

.

(j) Ji ‘!’ , | (:) VR - b . ~: - \<h

= + * ,

el . el -
| Je 37 Jq ) e

: ’ . » J
Y Y 0y

B ¥ . X v

= SETSUPPLY
= T020VOLTS

*

¢

- + :
» RS 2000% R SI0000% R3S, 10007
;/ . . - ) o
I ‘ #
. *‘© @a' '. .’ .
. - NS

‘ Step 2. Make sure all jumpers are in place. '

Step 3.  Set your mu]timgter to read 250 ory 300 mA.n ., - : \,

+

~ Step 4. Remove jumper J, and install your meter between the two points 'A' -

and 'B."' Be sure to ohserve correct polarity when installing your
ammeter. Polarity is marked for each jumper.

. (4
" Step 5. Set your power supply to”+20 Volts D.C.
‘ ) . '\_\ . ~ -
Step 6.  Read the current entering the three d@sistors. . mA,” R
Step 7. ‘Reptace jumper J,. . |
- 1 .
CoL 208 ‘




Step 9.  Read the current leaving the resistor networkA\ .

*? Step 21 Obtain your instructor's eva]uat1on for Task A.

" .

- - S |  EL-BE-18
.o _ » o Kirchhoff's Current Law

¢

¢ : \ . - v T ‘
Step 8.  Remove jumper Js and install your meter between points ‘L' and 'M.!

4

DISCUSSION: The current entéring the -resistor network’should equal the current
leaving the resistor network. If your readings in ftep 6 and Step 9 do’ not
match consu]t!&our 1nstructor for ass1stance‘

Step-]O. Rep]ace Jumper Js ) A ’ ' A o B -7
Step 11. 'Remqve jumper J, and insert your meter to measure the current through
< R} and ‘record the value.. mA.

Step 12. Remove Jumper Jo. | " - « ’

,

' 1
~Step 13. Remove jumper J; and insert your mgter to measure the current through

R2 and record the value.

N 4

Step 14, Rep]ace'Jumper Jy. -~ o . ‘ .
L} ¢ -
Step 15. Remove jumper J, and insert your meter to measure the current through
. . resistor Ry and record ‘the value. . mA. . .
Step 16. Record-the currents measured for each/resistor below from steps 11, 13,
and }5, . ' ' :
From Step 11, current through R, mA : .
From Step 13, current through R,. mA b
From Step 15, current through R MA
%tep 17. Total all three currents and record the value. B - mA.
Step 8. Record the current entering the netwerk  from Step 5. | <'ml\. ¢
‘Step 19. Record the current leaving the network from Step 9. -~ mA.
B

Step 20. Did the three-currents for R, Ry, and R, equal the current entering -
the network and leaving the network? ~

DISCUSSION: The tota) amount of current flowing through all three resistors

should equal the amount of clurrent entering the three resistorsqand 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%.

._-
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o Task Be : ' . ' ) _'
o S - e i o

, ( Jlunper wires will be labelled with the letters J. .They will connect two termina}s.“&.
The terminals are labelled with letterimg through M. Remember that the + and7z

L4
’ -

réfers to the way you will connect the ters-when you remoye the jumper wire
/ R . . * ’ : 7 R . ' -

@ \).l ‘ | . o .
} g . ol . o +
N , RO
’ _ 1 ‘. J2 / f. .
.+@ - \\,'
—r T - ) N *, ' ‘ - ‘ - . o .
—— SETSUPPLY - . R ' e
",  — Tol5vous . b ~ . . o
v T L S S \ N
) R, Z0,000'”- -Rz S.OO'OJ‘ R3 1000%
. 7 ; .. . “ ° ‘ | 2
“ N e h : W . L T

-~

p . . - L) ’ . . > ) . -
> Js : . e S
f o '*@ \,®_ .o . 'fy
: g ) . v - X '
N ' ’ * A . \t ligv .
- Step 1. . Construct the sqﬁe circuit that you'used for Task A as illustrated:
- in the diagram above. S .
Step-2.  Make sure al]'jumpefs are in place. - @& py
N v-\. .
' ¢+ Step 3. Set your multimeter to read 256-300 m%ﬂ!g.- .
. Cy A t \ .
Step 4. . Remove jumper J; and install your meter between the two points 'A' .
and 'B.' Be sure to observe the correct polarity when installing your
ammg}er. Polarity is marked for each jumper. .
~ . Step 5. Set your power supply to read 15 VDC. ,
, Step:6. *Read the current entering the resistor network. mA.
.'. Step 7.° Replace j'u;npe‘r . - « i
13
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; g . . o A ' . \ ’ K1rchhoff‘s Current Law
S ce : \ fv“'xjﬂar et n i
. : J - _’ v -‘:‘,1} : .‘._:.
'”Step 8. ‘Remove Jjumper J, and install your meter between pOlnts ‘L and 'M ' y
Step 9 Recdhd the current leaving the resistor network B fh Al o’ rhe
, currenf, entering the resistot network should equal thefcurrent leav-lzl
A ing the resistor netwbrk. If your readings in Step 6 and Step 9"do.
not match, consult your instructor o e
Step 10. Replace jumper Jﬁ. | | L *“fl} f;ﬂ . v_f‘
. ] - . - ’ ' \
‘Step 11. - Remove jumper J3 and insert your meter to measurb the. current through
' Ry and-record the vaJue. _ o 5.,3 o __,;,, B
Step 12. Replace juniper J2 _ f' 3 : ﬁrrﬁzwglfﬁi,if:f 1:?§-f_[; -

Step 15, Rempve Junper J; and 1nsert your meter to measurd the current through
¢ resistor R, and record the’ value mA. .
. - ‘ '

‘ §tep 14. Rep]ace Junper Jj. .. ' | ‘;.Q;-,' T

Step'ls. Record the total current entering the resistor branch that was

. measured in Step 6. _ o o ,7_" e
Step'16. Record the currents leaving po1nt N that were measured in- Steps 11
and 13. . ' W N
" Current through resistd¥ R, from Step 11. mA. .

Current through resistor R? from Step 13 mA.

)

Stev 17. Total the known currents 1eav1ng the branch at point N by adding the

. two values in Step 16 above. mA, )
DISCUSSION: The total current entering the branch or entering point 'H' is
measured at jumper J,. sTwo 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 best to pencil in those values directly on the circuit diagram used for this .
task. Since you-know that the entering-current must equal the leaving current,
. you can reason that the difference between the known entering currents and the.
known leaving currents musd- be -the amount of , current leaving point "N and
golng through resistor Rj.

Stfp 18. Subtract the two known currents leaving point 'N’ from the entering .
' current measured at J, and record the value. ’ | mA. ‘

.Step 19. Renoye Jumper J, and 1nsert your meter to measure the current 1eaving
point 'li' via resistor Ry and" record the value. . mA.

DISCUSSIONr Steps 18 and 19 should. be close to the same val e. In this task

we chose tgrtake a common-sense approach to solving for the Unknown current.

. It is possible to use Kirchhoft's Current Laws to solve this problem. However,

you should always try to vi'sualize the solution first. This will be of the .

greatest 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, -

L

2 * . u i

Step 20. Get your instructorﬁs evaluation, : ¥

]4 * ‘ ] | ' LI

w11, - .




' ' ' Lo S K1rchhoff 5. Current Law '-Y.- o

-i Copr Vo o . ) oo ’ o i g
. ‘“ e . gt R »,\\ . _ . ; Y .lf

he "”@ 1 Uszng Kirchhoff S Current de, perform the add1t1on that w1]l show the'”' T
L '_"'@_r algebra1c sum.of the currents enterwng any pownt»and leav1ng any po1nt-*,
R _are equal to zero. ' : A

R

'?‘I"f _'-~2; Us1?g §1rchhoff S Current Law' solve for the current through res1stor a . a
L R (M i | | SR
. . o : . L I4

. - .J’/éA\V ) ]

R
R
4 : . .
v v
. I \
Y \d
¥ - -
p .
»
~ 1
\ \
- Y ..
I e .
LY N\ )

3. Use the d1agram 1n quest10n #2 and the value you. arr1ved at for quest1on \ _
#2 to solve for what meter M will measure. . - . i - ,-;J~ )

X . .
' L . . . .
IO 1 A S § N R
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e (SOA) (-eA) e 3= 0

2, M, current equals '1.6A*
*Algebraic proof optiondl
. : M
IR1,+ IRz.t ZA_ ;9
(-9A) + I + 20 =0
- . D . V
(".4A) + 2A = "'I "

168 = Iy
g, = <1468
3. M, = 2A

T O P

.\‘A

* . EL- BE 18

| Kirchhoff s Current Law

*Current is the same in a]] parts of a series circuit.

*Current enter1ng the branch w11] equa] the current 1eav1ng the branch.
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The apprentice will be able to use ) 1. Describe Kirchoff's
Kirchoff's Law in solving voltage . ) Lawv, : o

problems. ' : : | .
: 2, Solve unknown voltages through
o - s ..+ <the application of irchoff's -
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Kirchhoff's Voltage Law

_ | - _ . | _ | '
Objectives - | I -
Given: - | B The student will: - | A
- Resist rs of difdferent values . : Mark the correct polarity across L
o - ' .~ resistors in a series circuit. ;g'aﬁ”“”
multimeter o~ i
. Apply Kirchhoff's Voltage Law o i
‘A circuit breadboard for constructing: s A simple circuit with one voltage R
simple circuits: _ source, :
A power §y¢$1y— o .. Salve for an unknown vo]tage using
Kiychhoff's Voltage Law. ! _
A Final Test on K1rchhoff S Voltage S
‘. lawl _ . CompTate a Final Test with an. accu- Lo
_ . racy Qf\80 percent. - o LT
" _ ) 8 . . . A ba ) - \' '
Directions: <L |
UL )
WETain the following: A , ,
n ' , A _l-. - \, " o k8 . i .
- ®2 each 1000 ghm résistor > N . . .
1 each 100 ohm resistor S ST
1 each 470 ohh resistor . o . ‘ ) '
_ A multimeter ' , ’ - : l( )
‘ A pawer supply capable of 30VDC - S
‘ A circuit*breadboard .
v K ’ .
| 4
“ ’ . . :v. ~ L]
5 v 4
' ' )
\ ' P
~ ) N
Learning Activities "
o . Study the Key words b?st
__ Read the 1nformation Sheets:
—p—. Do the Self-Test. | _ -
. .’ ‘ i . . \ --—/ N [ ..
. Do Task A for Kirchhoff's Voltage Law. ‘ co"
Do Task B for-Kirchhoff's Voltage Law.q . ‘
. Complete Final Test., ’ . 'i

Obtain.Final Evaluation,
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e e e ,"5{“3 Kirohhoff s Voltage Law .
-.".i*Klrchhoff s Voltage Law: The algebraic sum of the vdltage sources and leQrops | h
~ must ‘total zero around any closed path L ,_“ _
" Algebraic Sum: The result of addlng posltive and/or negative numbers. I \
, electrieal circults: ' Vo L e
-1:& . o f A. - Voltage drops are assigned a négative value ( ), - [v o
o B, Voltage sources are assigned positive value (4). T
o Closed Path Another name for a circuit that makes a complete loop between
the plus (+) and m1nus (- ) points of a voltage source.- _— .
IR Drop: - Same mean1ng as voltage drop. (Notice the I and R are on the same
~7>line. When E-= I x R applies to the voltage across a resistor. the letters
‘IR may be used to mean voltage drop ‘ L
_ W
.~ A. IRy = voltage drop across resistor R,.
"B, IRZ = voltage drop across resistor R,. _
SRR Rem@moer that IR (the R dropped below the 1) stands for current flow through a
‘ reslstor _ , .
. R: (symbol) Specifies.a certain resistor, . e e
_. v Ry = ,reslstor number 1 in the circuit. X
Ry = resistor number 2 in the circuit. . . - ‘
\:‘ ¢ [}
. » [
) “ . ’
A
© el .
¢ ’ ' b
. ’ .
4 ’
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" Kirchhoff's Voltage Law

Information Sheet

o KIRCHHOFF'S YOLTAGE LAWS FOR ONE SOURCE

Kirchhoff's Voltage, Laws.are of particular inPortance 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:
N\ "the atgebraic sum of the voltage sources and IR voltage drops must total zero
around any closed loop." Stated more simply, if you add all the voltage drops
together in a series circuit, the total voTtage drops will gqual the applied
voltage. Oh, oh, that word algebraic sum again. .

/

Remeriber that we can do an algebraic sum bécause we assign either. positive or
negative values to our numbers. Voltage drops-are assigned negative (-)
/f values and the voltage sources positive (+) values.

-:}// In the followingﬂillustration.5the voltage drops will be marked as follows:
: IRy = -2V, IR, = -4V, IRy = -6V and IR, = k8V.‘ .

’ . ~
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 can be more easily seen if you consider the direction of electron current
flow through the four series resistors. Electrpon current always travels from,a
negative value to a positive value. With this in mind we are able to mark the
S -polarity of the voltage drops acoss each resistor by starting with a (-) value
: at the bottom oferesistor R, since it is-hooked directly 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 Egjhept. study the following illustration.

.

y B

q‘\ IR,

2 yOLT DROP

&
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This next 11llustration is showing what the actual measured voltage would be at
the end of each resistor. The meters M, - M, would read as follows:

M, = 20'volts Tess O drop or 20 volts

M, = 20 volts less the 2 volt drop across R,"or 18 volts
M, = 18 volts less the 4 volt drop across R, or 14 volts
My, = 14 valts less the 6 volt drop across R, or 8 volts

\
8 - .

. . . o R, IR =2V’ ' "
,,_.. , \_“ ; L, - o )

| _:+r M, Ra IR2:4V o |

. L 20005 - | | < Y

= V) — v -
T ~ + Ry SIRyz6V’ . S
o 18V ) M, 3__ 3 | |
@ | Ry OTR=8V T j
= DIRECTION OF CURRENT FLOW. _ } ,, | |

Notice that the meter in each case in the chart above measures what voltage is
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 resisgor. The polarity sians (+) and (-). indicate how you
would place the meter probes when making these measurenents: the (-) side ot 4
the meter to the (-) side of the-resistor and the (+)-aide of the meter to the
(+) side of the resistor) This type of circuit .is often referred to as a
voltage divider because the voltage is divided up*between the different
resistors. ‘ ' |

Now, lat's get back to the problem of taking the aigebraic sum so-we can _prove
Kirchhoff's .Voltage Law.®

 Let's add up all the voltage drops in this series circuit on the following -
page and see what we get for an answer. ",
2 volts (\
4 volts
6 volts
8 volts | , .
2Q volts total (Does this number look familiar?) .

¢ | ) % .: .. W §m . ) | .
. _ | , ‘
Co- | 1o e

—t Pt >t
0
ad NS e
T 3 0 -

.
Fﬁ
¥
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.*.
¢ D TN
- 2VOLT DROP
- o«
— + W, AN
= Ereov - 4VOLT DROP .
¢ ’ — ;‘/
- ~
oI DROP
3
v B 2. N
_J 8\ DROP
o | “oiRecTion oF ELECTRON S o
N : ! _ . '\

g

Twenty volts is the same value as the applied vo1tage'from our battery,  ‘You may
be getting ahead of me, but let's try to apply Kirchhaff's Voltage Law for this

‘ circuit,
*

Remember the law states that the "algebraic sum of the vo]tqge drops plus the
applied voltage must equal zero.

A

| Getting back to an earlier qgae 1nv01ving the numbers, remember that the drops »

will be assigned (-) values and the applied voltage (+) values.

The drops total —20 volts and the seurce +20 volts. Let's add them together.

“Let's try another example of how we can apply Kirchboff's Law by considering
the folﬁowing ctreuit. - ‘

o | R 3?:09

.

_—

\

(-20) + (+20) = 0. This proves that Kirchhoff's Voltage Law works in our - ¢ircui

t.
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. _ . . ‘ e :
With a three volt drop across R,, what is the voltage you would measure between

Y

,'point B and the negative side of the battery? Did yqQu guess seven

volts? You are correct if that is,£he value you picked. The ten volt supplyt
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
dir%ptly to the negative terminal of ‘the battery.

tet's try a little more difficult ciicqit'and see 1f you can use the same rule
to solve for an unknown voltage. : . .

. \ ,
. Study the circuit below:

R

*77|“
| R, IR,=? QL
: CURRENTS COMBINE "9;
ol i '
| R ) 1 ! +(::}R x .
»* 3: oo
I w3 Sl ISR .
S5y
4 —r -;-.- " :—"‘ wd - ’ i
4 . 3 N »
REMEMBER the drops are considered ~
negative and the source positive. ' -
First, let's try a little simpler . . [ .
appfoach to this problem by putting _ - o -
dowh some figures that we know ' .
about this circuit. ‘ ‘
' First: Add up the knownizitagg drops. (-5) + (-3V)';'-3v* | . | | T\\\\\
*Be carefu1 to include only_one 3V drop when adding all the drops together. e

¢

Voltage drops across para]le] resistors are NOT separate drops.

Second: Let's add'the'vo1tage drop total to the source.
_ . (-8V) + (+20V) = 12V " .
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;1hird: We know that the algebraic sum of.those two valuesrshould equal zero;
- therefore, the extra 12 vqji:>?mst be the drop. across resistor R,.

Fourth: Let's prove it by adding that/value to our voltage drops. (e need
to add up the drops: (-5V) & (-3Vv) + (-12V) = -20V. Next add this .
value to our voltage supply of +20V, 4
_ ‘ . )
Adding, we get (-20V) + (+20V) = 0. Since the albegraic sum now equals zero, °
the 12 volts must be the correct drop across Rj. A]gfbraically it could be

written as follows: ) 7 P
}~5V) + (IRy) + (-3Vv) + (+20v) =0 : -
-8V) + (IR,) + (20v) = O R . ‘ ‘
(-8v) + (20V) = -IR, - B
~(#12V) = -IR, ‘ . :
IR, = -12V : o , : e

The above mathematics is an algebraic proof (which may be coxﬁusing if your
algebra is slipping), but the gnswer that took all the math-~te the samevanswer
that you got just using some common sense. Perhaps you can see why we stress -
uriderstanding the problem first.and always trying to visualize a common sense
approach before beginning the mathematical approach. In this way, when you do
more complicated math, you will have an idea of the correct answer before you
begin. ’

L4

Kirchhoff's Laws can be expanded to include many more complicated circuits,-

- some inclhding two voltage.sources. These you will learn in a later course

if you gecide to continue your électronics training. - .o .

~ ;

‘

-~ i &
/ * .
‘.
&
hd -
1.
K3
. .
: . y;
%
7
4 .
™ . 1] !
. ’
o '
/‘
y \ : “ ]
. - ¢ 7‘,-‘
¢ 9

N 1323<i" | L
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Self-Test - , - .. ST
1.” Using Kirchhoff's Volﬂhge Law. perform the addition tha't will show the - e
algebraic sum of the.volg¢age source and IR drops will equal zero around
any closed path. " _ .
’y .

Using Kirchhoff's vOltage'LaQ; solve for the voltage drop across R,.

o> IRV

= 20\0LT IRANE \ Y
= SUPPLY | R, < IRp=? -

IR3‘—'—9V T ‘ " )
>,/ ,

L
N

Usiﬁglk;nthoff‘s Voltage Law, solve for the voltage of the battery.

IR, éVoLTs

e 2’ "
= 2\ |
—-Y LTAGE ¢ R, & IR,= 12VOLTS

T 2 .4/
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o A - Kirchhoff's Voltage Law
@  Answers
1. (-4VIR;) + (-2VIR,) +3(-6VIR,;) + (12V) = ‘
. («12V) + (12V) = 0 S ‘ .
2. IR, = BV Ce . .
*Mathematlc proof 0ptiona] . | | ,

Possible approach could be simply touse the fule that the sum of all
voltage drops must equal the supply voltage _ ,

C(-OVIRp )+ (IR)) .+ (=9VIKk,) + 20§ 0

(-12V) + (20V) = -IR, -

BV =Ry L
'8V = oIRz
. - 3. The -battery Voltage 18V | ) _ -

The simplest approach would be to consider that the sum of the voltage
. drops has to equal the supply.

"4

Mathemat1ca1 proof
(-6VIR1) + (-12VIR,) + V =0
-18V + V=0 S .

V=18 volts * . | - » .

o . . “ : . " 226 | ‘ -
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v TaskA T, e

Obtain the followiny:

each 100 ohm resistor ' .
each 1000 ohm resistor - : .
each 470 ohm resistor _ o | | '
each  multimeter : Lo : .- '
each power supply capable of +30VDC -~ ' - .
each circuit breadboard : ' '

» Construct’ the following circuit on your breadboard:

.
o
..‘.
/’?/.
9
i 2

. “< -

—de +

——ie e

B Ry
o L-céELECTRON FLOW > —— [

\

Step 1: "Determine the corréct polarity (+) and (+) across each resistor and mark
~- the correct symbol at each end of each resistor on the above diagram. ‘

Discussion: Remember to bégin'at_the négative_eng‘of»Ru. That is the end of
the resistor connected directly to the (-) side of the voltage supply. Voltage,
drops are always marked from (-)- to (4) across each resistor.in the direction -

of electron current flow. "
¢
Step 2: Obtain your dnstructor's evaluation.
" .

.
‘, . .
.
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Task B

‘._ Use the same circuit constructed for Task A.

.‘._ [\3

§£gp 1 Set your“power supply to +20VOC;

Step 2: Measure the vol tagg drops across each resistor and record in the chart
“ below., : ' o : : :

‘ . IR2
Remember to put the meter
probes across each resistor .- IR3
according to the polarity

you marked on the diagram. : ) IRy _ ‘ ., | (

Step 3: Total all the yoltage drops in Step 2 and record. . | v

Step 4: Record‘ﬁhe voltage supblied by the bowér-supply. . v

J

~Step 5: - DoSteps 3 and 4 match? _____ - . | -

Discussion: Your answer should be yes. You'may notice a slight difference due
to rounding off the numbers or slight measurement error. All the voltage drops
‘ should add up to equal the applied voltage in-any series circuit or closed
Toop. ’ T ' ‘ :
| | )
1

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."

Rémember to assign negative values for the drops and positive values for the <
~. applied voltage. Put your answer in the space provided below. * i ‘

Step 7: Obtain your instructor's evaluation,

];Big;‘ : | N - - 228 L )' A &
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Task C
Use the same circuit used in Task§ A and 5.é

» Step 1: Reduce the appliéﬁ voltage to'15vpc,

Step 2: Measure and record the fgjlowing voltage-dqoﬁs. S
‘ | | ) 'Iéﬁ I, |
IR, _ | v
‘ '« IRy V¥
Step 3: .ﬁotal all tﬁg Voltage_drops from Step 2 and fecord. . '
M '5332_1: Record the applied voltagé from the bbwer supply. o | v

J Steg 5: Do the voltage drops totallto equal the'applied voltage?
Step 6: Explain why the two values of yolfages are not e&ual. -

I\a

Step 7: Without measuring the IR7drops with a meter, estimate what the voltage .
rop should be across resisitor Rj. V. _

._ ~ Step 8: Using a meter to measure the voltage drop across R, measure and o
' record the voltage drop. . - Do e

togethér 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. C _

Step 9: Using the value of IR, QEtained from Step 8 above, add up all the
voltage drops-and recdrd below.. . o - |

& .'_ IR
IR,

|
| Discussion: You should recognize that when ALL the voltage drops are added

IR,

<< << < ' o«

| o Ry
_ | Jotal of drops | _ Volts
The new value .of the'tbtai drops should equal the-applied voltage in
because all resistor drops are now included in the answer: ‘——_

Step 10: Obtain youF instructor's evaluation. °*

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

L f‘ L - @by,
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Final Test Co |
. 1. Using Kirchhoff's Voltage Law, perform the addi'tlon that will show the
algebraic sum of the voltage source and IR drops will ‘equyl zero around o
‘any closed path. Show all work s
. R o ' |
’ —r , / ) ' |
s_ + R,_- IR|:5V .
— 20YoUTS L 1 .
. T o \
- . R{l QQW oemrsesds
- Ra‘ R4-8V :
| —_— e — — —— —— ' -
> .

2. Using Kirchhoff's Voltage Law, solve for the‘Volt&ge drop across R,.

3.
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Final Evaluation ®
oK ~ Re-Do
“Completed Final Test with an accuracy
‘of 80 percent -
Completed Task A e I
Conpleted Task B o ,
Completed Task C . o
When all checks indicake OK, pr"oceed' to the next learning package.
‘ s
." \
“j L 1y -
o
% -
\ ‘o
/ 1
J.
16 |
.\ ) 231 ,




SERTES-RBSISTIVE CIRCUITS

P
: .l‘_

§ . : BN . . - §
. : . ‘ ) o . . ’ B ‘4 «
<) . ' : . .
. ,
Goal: Performance Indicators: |
. ) - < C A |

The apprentice will be able to 1 1. Conpute current,

compute vqQltage, current an

resistance in a series circuit. _ 2. Compute resjstance.
v /, 3. Compute voltage,

] : '
“%
. -
| 1
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- Objectives - B | o o
‘ Given: ' : The student will: _
A power suypply and four . * Calculate the.total res{stance. :
registors connected in : e
series ; . Calculate the current in the circuit,
_ Calculate the voltage across each’
— , ) ' S resistor, - -
- X " Connect the circuit together and e o
‘ | \ measure the current and the voltages,
Connect a circuit consisting of the
power supply and a single resistor of
) equivalent value and remeasure the
A (/ ‘ - current.

Complete a Final Test with an accuracy

Questions and problems
: . . of 85 percent.

Directions

DC power sdpbly

. . Obtain the following material: | ’ - | - "
Resistors (1/4 W, 2%)* 330, 470, 1k, 1.5k, and 3.3k ohms
Any OC voltmeter and ammeter (separaté meters or a combination meter)

Interconnecting leads or wires_to connect the parts
Learning Activities - o \ ' ™~

=~ ___*__ Read Key Words 1ist

Read Information Sheets

00 Self-Tests | . - J '
Do Task

- Do Final Test ' | ? :
o | el
Obtain Final Evaluation .

. W ! ) .‘ A}
: ) . k\ ' |

*1/4 watt minimum, 2 percent suggested tolerance * W * }-" i
u

Q N / . : ¥
ERNIC ‘ . 3 235 |
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! Key Words .~ | |

Absarbegd enerqy/power Power or energy consumed by an electrical component or '

- circuit o u -
‘Charge (to) To supply power to a device that can store enerqy such as a
bﬁtery. - :

Equivalent c1rcu1t An electrical circuit that is equivalent to another more
complicated circuit in the sense that it draws the same amount of current from
a voltage source as does the original c1rcu1t.

Equivalent resistance: A single resistance equivalent in value to the combina-
tion of two or more other resistors.

IR drop# " The voltage drop associated with a resistor. ,

Power dissipation: Power absorbed in an electrical component.

Series connection: A method of connecting electrical components so thft one
end and only one end of each component-conneqts to each of the other components.

- :
Supplied or delivered .power/ener Power or energy produced or given up by a
~source such as a voltage source | ke a power supply or battery.

.' . Voltage drop: A decrease in voltage cause‘ﬁy an ejectrical component absorb-
ing energy or power; current entering the more negative &nd of the component
resu]ts 1n a voltage dro&;across the component in the circuit.

Voltage rise: An increase in voltage caused by a source supplying energy or -
] power to a c1rcu1t. .

b

W }
o




Information Sheet. No. 1

_tance of any one of the resistors.

- Series Resistive Circuits

. | A g '

When two or more fesistors are connected end to end, they are in series. One
lead of one resistor connects to only one lead. of the next resistoc and so on.
The current leaving one resistor is exactly the same current’ that enters the
next resistor. So the current is always the same for any resistors ip.series
with each other. In Figure 1 the current is 12.5 mA in each of the three
resistors and also in the voltage source

-

b . {

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
resistors combine when they are in series.

IﬂZSmA
+ - .
A -
EAOV = r-nz 5mA Ra- L12.5mh
__a_ﬁwn
) - I=]2. 5mA
Figureql-
Resistance in Series Qeds ~_ ot
i BN '

e
Suppose a piece of wire is cut from a spool of wire, and then a second piece is
cut that is twice as long. The second piece will have twice as much resistance
as the first. Also, two pieces of the same lengtg connected together in series
will have twice the resistance of each of the single pieces.

In Figure 1, the total resistance in the circuit (c%lled R¢) is the sum of
the resistances of all the resistors.. «w
+ R
Ry = 100 g, Ry = 200° n R3 = 500 fl, s0 Rt - 160 + %oo + 500 @
. Ry = 800 q
_ * L
The total resistance of resistors in series fis always-LARGER than the resis-

) "'.. . . ‘.

’

To find the current in the circuit replace all of the resistors by a single v,

rgsistor with a value equal to the total resistance. This resistance is called
the equivalent:value of resistance or just equiva]ent resistance, .

*

. | o - . , EL-BE~20"

o



AL A A

¥

EL-BE- 20
Series Resistive Circuits

! ( \

Figure 2 1s equivalent to Figure.l in the sense that the same current flows
from: the voltage source.

oW : .
g . . .
Apply Ohm's law to the circuit of Figure 2.
. | | -
[ = £ | | .
. TR L= 12.5 mA
| =
1oV
L= 300q + v o .
. Es ' Rt =
I =0.0125 A = 12.5 mA - v T I=125m _.f goos
Figure 2 )
) _ ‘ -4-“
Example } “
-+ : .
E= ot + Ry = 30R - '
150V -jr- . '
* I— .,
, , - '% qu!.y‘a]_e_pt Circait
Rt = Rp + R2 + R3 + Rg
Rt = 2.5k + 7.5k + 5k + 15k L
R = 30'( . ) ‘ ‘
- / E = 150V; Ry = 30k SR T ~
R | L .
. 150V ~ .
fou should remember from the Metric Prefix package k = 1000 and m =105 * 0:001.
So b= e O 0,005 A = 0,001 x 5 = 5.mA P ]
Also, K= 450V L 150 . (06 n since k = L and m = ) o
NI T : nce -’-n-an m X .
¢ . | -

- N . . ".\.
v _~‘_‘A_‘_~___‘____~_~_________‘__________J________.__~
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Self-TestNo.1 . . :

1. Four Pesistors are connected in series. Their resistances are 125, 250,
' 75, .and 300 ohms respectively. What is the equivalent value of ‘resistance
fq' the series combination?

. | /
2. Determine the value of current in each resistor and the source.
, . 2R
| g S i—L. --— A -
- l.::;gW' f IR
_'I‘- GR '
' I A\A/\:_
.S
S,
4 .
= . i
1 e
N
w L4
: _ '
\
Y < :
' v
. as
® :
N
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. Review of KVL '@ . y
— ; . . 6.
v Now that you have learned how to calculate the current in a'series circuit, you

-can prove Kirchhoff's voltage law stil1 works,
Going back to Figure'l before the example, you caﬁ‘calculatereach of the
" voltage drops. The current was 12.5 mA in the circuit of Figure 1.

v ' /' I XR=E
For Ry which was 100q , the 'drop is IRy = (12.5mA) x (1009) = 1,25 volts U
For Ry 2000 , IRz = (12.5mA) x (200 2) = 2,50 volts _
~ForR3 - 500Q, IR3 = (12.5mA) x (5008) = 6,25 volts - ‘
‘ The total voltage drop is B - 10,00 volts
The source voltage is E = 10 volts, so the source’ voltage minus the voltage
drops 1s 10V - 10V = 0 volts. ‘ . _ -,
| A |
Also, in Example 1, I = 5 mA and,
IRy = (SmA) x (2.5k) = 12.5V Ry = 2.5k
CIRY = (5mA) x (7.5k) = 37.5V Rp = 7.5k - L
. IR3 = (5mA) x (5k) = 25V R3 = 5k ' - )
' ‘IRg = (5mA) x (15k) = 75V Rg = 15k o . 5
Total drop 4. = 150V E = 150 | ' :

" 50, E - 150 = 150 - 150 = 0, and KVL is again demonstrated.

Voltage Sources in Series °

. Voltage sources in series,add in the same way as resistors, with one deitional
concern. The polarity of each source must be the same before the values are
added. If the polarity is opposite, then thé value nust be subthacted instedd \
of added. ' L

>

| | oV ' ' vy
For exanple 1'||h7-:i'lk:- is equinlent to ‘|.+|||-~ .
and - Iov 2V, 0.t - is.equivalent to 8v | p
S ][ [ s equival All=—
. '\..
8 , | * L -
:Y‘ o 4()' , ; - : : | &ﬂ’
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Here are two examples to show how to solve_ser1e§ circuits with more tbaﬁ.gne X

" voltage source; : : b

-

Example 2:

I _ -— ]
+ — - S s A
T 'R‘ = 150+ Rp= 700 + . 41 & +
Jov = @ Rus y T— Ry
ﬁ;[;- S 3 L =f 15004
_— = - 100 | 250

e

Equivalent Circuit

In the‘equivalent circuit .
’ N .

n -

Et ='E} +E2  and Ry =Ry * Ry + R3 + Ry + Rg

15V

10V + 5V 1500 @ = 150 + 700 + 250 + 100 + 3008 o

S0 1 = —~ = where E¢ = 15V and Ry = 15009
15V . | ' A L RIS
I = Tg3gg~= 0.01 A = 10 mA | | | e

KVL also hdlds for series circuits wttﬁ more than one source, but it must be
modified slightly. : - :

. . L) | " . . ‘ . . .
The sum of voltage RISES from voltage sources MINUS the sum of voltage DROPS _
equals. ZERO or the sum of voltage RISES EQUALS thg_sum”of voltage DROPS. ' i \\

‘The voltage rises are always due to a source; If thélcurrent epters‘the‘(f)

- positive end, it is 4 voltage rise.

The voltage drops are almost always due to resistors (IR drops), but may also
be due to a sdurce that is charging, which means absorbing enerqy rather than
supplying energy. [f the current enters the (-) negative end, then it 1s a
voltage drop !E?ther it is a'resistor or a source. R

In this example (Example 2) there &re.twm voitagé riSes.lﬁlia Eg;f;NotiCe ,
that the current is entering_the*(#) end of each source. o T .

£ = 10V and Eg'= 5V, so the total voltage rise fs 10V + 5V = 15V.

! o




So: voltage rise equals 20V + 5V = 25 volts - L . )
The voltage drops are: : ’ ‘ - ///
IRy = (5mA) x (10000) = . SV L R ~ 7

EL-BE-20" "
Series ResiStive Circults ‘

There are five voltage drops. Remember that IR means voltage drop. Notice the'

. current epters the (-) end of each one. -

IRy = (0.018) x (1508)= 1.5V [«0.00A Ry = 1500
IRy = (0.01A) x (700g) = 7.0V i} Ry = 7000
IR3 = (0.01A) x (2508) = 2.5V . | Ry = 2500
IRg = (0.01A) x (1002) = 1.0V o \ ‘Rg = 1008
IRs = (0.01A) x (3008) = 3.0V K Rg = 3008
Totalldrops = 15,0V ’ |

»

and you see that total rise (15V) equals notal drop (15V)

Example 3: | |
AAA A1|||+ s 'f’—’I
- ¥t . ’ + . ’ . ’ : t
E ) + R' - lm gs_ - ‘ "t . E* —d: ._‘ Rf A
- F E3: ‘OV | I ——l—
| | + Ry=1500-1 o Equivalent Circuit

Rt = Rl + Rz + Ry CEymEp +Ep-E3

. Rt =.1000 + 500 + 1500 = 30009 E¢ =20 ¥ 5 - 10 = 25 - 10 = 15V
3 15V o |
jl = Tt- - W "_ .005A
also/since 3000;2 = 3k
LT L ~ - _:>

|
The sum of the voltage rises is only E; + Ep since current is entering the (-)
end of E3.

L} . //

IR2 = (5mA) x (5009) = 2.5V
IR3 = (5mA) x (1500Q) = =7,5V and because the current is entering (=) end of E3
E3 = 10v |

. ) '
total drops = 25V which equa‘i‘;re total rise of 25 volts. ‘

R Y
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® Self-Test No. 2 : |
. : , o -3 |
| B S o » ‘
1. Calculate E¢. . ' TV )
2. Calculate E} +_;

3. Determine the value-and direction ‘ -T ' 250-"-

of the current in each element. 2A A -
, & [ .
/v
o /
' 1]
_ ) /
® *~
’).
ST “ |

A 1
o

'\\‘ .. . . '

\!\
\
\
&0 r
5 ’ .
' : . \
\ .
, \ .
‘ o ! /
| \I‘ R A ) 7 - ; /
| 11 "
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Information Sheet N, | | |
!

‘ Power in Series Circuits /j

The total power absorbed 1#vany'c1rcu1t ts the sum of the powers absorbed in
each element of the circu}%._ It doesn't matter how the elements are connected
- $0 they can be c0nnectedj

n other arrangements besides in series.
The'law of ‘conservation 6f energy says that the total energy supplied must

4 M
equal the total energy Jbsorbed.

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 necessary formulas. _.
are repeated in gre REVIEW .OF FORMULAS section below. - :

Refer back to Example 3 to demonstrate the use of these formulas'in series

circuits. S
_ _ ExI=P | '
Ey is supplying €3 x I = (20V) x (5niA) = 100 mM ' B
| E2 is supplying E2 x I = { 6V) x (SmA) = 25 mi E] = 20V CIRCUTT
' ‘ Total power supplied o = 125 oW E2 = S5V~ VAFUES :
. T E3 = 10V
E3 is absorbing E3 x I = (10V) x (5mA) ~ = 50 mW . [ = 5pA = .005A
Ry is absorbing-12 x Ry = (5mA)2 x (lk) = 2533“ - ﬁl‘* 1000 = 1k
or (.005)2 x (1000) = .025W (25m) o R2 £ 500 = 0.5k
Ry is absorbing 12 x Ry = (5mA)2 x (.5k) = 12.5m¢  LR33.1500 = 1.5k
Ry is absorbing 12 x R3 = (5mA)2 x (1.5k) = 37.5nW |
. y . {
Total power absorbed = 125 mW which equals total power
) e . ’ _ o supplied

REVIEW OF FORMULAS FOR SERIES CIRCUITS

. \
R¢ = Rp + R2 + R3 + and so on ¥ .

E¢ =_E1 + E2 + E3 2 6nd $O on; + means + or - depepding on polarity

P=FEx I for sources or resistors

"lb P=12X%R “ | -
£2 for resistors only
: L el

12
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~ Self-Test No. 3 _ | |
o \ |
.Y 7 .1. Calculate the power supplied or absorbed in each of the elements in Self-
: Test 2. : : ' ‘ - ‘

2. Show that the power absorbed equals the power supplied in question 1,

s
/
.
L./','\ o )
/s :
. qh
Ny .
B\ } _
® ~
-
' I
A
/
¥
A
¥
/
. . ]
W 4
N
' .
o ‘*
‘ ¥
.’.";'. -
. . A3
! > )
L_ .




Self-Test No. ¢ &

a. 5w b, 15 c. 75m  d. 126 W

<

EL-
Series Resistive Circuits

BE-20

A

e

. - )
1. When two 6r more resistors are in series fﬁ%y have the same
a. voltage. - b, current. Ce power. d. value.
2. To find the équivalent value of resistors in series, the resistances
must be :
. a. added. « b. subtracted. c. miltiplied.  d. divided.
3. To find the equivalent value of batteries in series. the voltages must be
a. added. b, subtragted.
c. either added or subtracted depending on polarity.
- d. either multiplied or divided.
4. Four resistors (100 200, 500, and 50 ohms) are in series. The equivalent
resistance is : ‘
a. 150 ohms.  b. 500 mil1{on ohms. c. 850 ohms. d. 1300 ohms.
5. Solve for, the value of current: ,
a, 3.3 mA
b. 5A . .
.C. 5 mA - o 7 -~ '.
de .05 A 4 - SR
C . 25R
6. Sol%e“fégethe value of current:
) 7 '
'.\' - w 207R
a.\ 5.03 mA
b. 25 mA
c. 1.05 mA
d. 1.05 A # I
7. Solve for the power supplied by the 50 V battery in question #5.
a. 250 md b, S50m c. 25W d. 150 mW |
8. Solve for the power absorbed by the'ciréuit in question #9.
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. _ 9. Find the total equivalent voltage of the sources: 76V

. : g v

. W b, .9V ¢, 15V A, ||P—"'_ l'|F".

a. Wb 6 e 9 g 18V, -~ = "
T ) » “B..'Tfil‘.+ 4.||F::'

B.

-~

1 4

10. Find the equivalent value of fesistance and voltage in the circuit; then
solve for the value and direction of current.
) AN——AAN— | o
h 3004 1504
= | = oo
® | 45V+_:-:_ | T~
-‘-—I
‘___‘___Avav\_d___J\/\/L.___a
- , 504 500
L4
{ -rte
.9
) ” 15 |
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Task S ,

- I / _ |
!l' Given a power supply and the following resistors all connected in series, 330,
47Q, t. and 1.5 k ohms each. Set the supply to about 9 volts. Measure the
supﬁly oltage with the voltmeter. .

t

Calculate the total or equivalent value of rgsistance.

Calcuiate the value of current that would flow in the circuit if they were all
connected in a closed (unbroken) c1rcu1t in series. See the figure.

Calculate the voltage that wouYd exist across each resistor in thd'rarcuit.

Connect the complete circuit according to the figure using the interconnecting
leads and 1nclud1ng the ammeter. Measure the curreat with the ammeter.

Disconngct the ammeter and measure the voltage acrOss each resistor with the
voltmeter. Remember to replaceathe_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 SERIKES c1rcu1t.

- A1l of the currents calculated or measured should be the same. The reasons
‘ they may differ are: o '
. .

, 1. The meter causes errors in measurement. ‘
2. The actual values and printed values of the parts may differ.
3. You may have made an error in calculation or measurement.
¢ [}

o

Have your instructor check your results.

-

Arrangement for . Arrangement for'
measuring current . measuring 1.5 k
(note polarity) resistor voltage
: (note polarity)
+ 330% - \
. _ \
ET POWER + : : ' | |.5RA
%UPPLY ——  AMMETER: - . : _
/ OV - ' | - A* - " \OLTMETER

R

N
<248
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FinalTest

1. When resistors or other electrical components are connected in series thg»
current in each of the components will always be K
a.’ zero. b. the same. c. different.} ' ;_ ~
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
resistance? .
R N ‘ NNV— A/

3. Solve for the equivalent resistance 3.3R 4TR
in. the circuit. | R :

50V —.
54, Solve for the current in the circuit. -
‘ ' ' ]i IR

5. What is the total-equivalent voltage . av &
of the two sources connected as shown? 'QJ'IE:'iill*"“

A

6. What is the total equivalent voltage ‘

V 5vY 1oV
f th S s connected as shown? I I
0 e two ource n . | .1F+|'F:_;j l}j?'
) - .

7. A 5k resistor and a 25k resistor are connected in series to a voltage
source, Which resistor is absorbing the greater amount of power?”
Calculate the power in the 5k resistor if the voltage source is 10 volts.
Calculate also the power delivered by the 10 volt source. Remember to
solve for the current first!

. ; | %
25k M
4A%A : i
lov".:'.'-.T-:'."l . <5R
\ v
v )
8. Solve for the value and direction of the current. 50
¢ . + [ AN
e 3OV
- 1oV
11l .
A1}
| 1 R49 .
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Final Evaluatibn'

0K  RE-DO ¢

Calculated resistance and current. -

Calculated voltages. ¢

Current measured in original circuit.

.Voltages measured in original clircuit,

Current measured in equivalent ¢ircuit.

Final Test 85%,

When all checks indicate 0K, proceed to the next learning package. -
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- Answers - N .
‘. - | ’ ’ .r

Answers to ‘Self-Test #1

- hY
1. = 750-ohms; Ry = 125 + 250 + 75 + 300 ohms - “ |
; 2. The current is the same for all series elements. l\\}t
- [ =2mAor 0.002A; I= ﬁ%‘ "3 R % 2k + 1k + 6k or Ry = 9K
. ;
18V . _
[ = -g-k-— or I 2 IIlAl.
18V : '
also I = 5566_ or I = 0.002 Aor 2m
. ’ L]
Answers to Self-Test #2 ' . )
1. Ey = 10V (same polarity as 25V source); E¢ = 25 - 15 volts
2. Ry = 400.2; Ry = 50 + 100 + 2509 |
34 1= 0.025 A or 25 mA in each element; Direction: 25V down
. , - 509 to left
- S (] 15V to left |
, "Ry ;  T00e 1009 up S |
v - . 2509 to right ¥
Answers 0 Se]f-Test #3 ) |
1. Pagy = 0.625W supplied since current is leaving (-) end
Pisy = 0.375W o | ' L
Psoy = 0.3125W - | ' | A .
absorbed since current is entering (-) end ' ’
flOOV = 0.0625¢ : A '
. o
Pasov = 0. 15625 . \
. Equatfons used: For sources (either suppl&ing or absorbing) P = ExI @
! | [ \

For resistdrs P = I2R

}A [ = 0.025 A in all «cases; E or R depending on value for source or resistor
.considered.

i 2. Jotal power supplied . 0.6250 -~
a1 power absorbed = -0.6254 = 0.3125 + 0,0625 + 0.15625 + 0. 375

Pabsorbed = psupplied since ! ' ) .
0,625 = 0,625W - *' . - | ‘

-%




. . Answers to Sé]f—Test #4

\
2.

3.

4.

b. currenq'

a. added .

«

c. efther added or subtracted depending on polarity

'c.. 850 ohms v

c. 5mA - e

a. 5.03 mA

. . : "o o
Lt ’ S I FORE

ca. 250 md = ExI = 50x5mA;

also = 124k + 122k + 121, Bk + 12 25k + 122,25k = 1210k
since power supplied equals power absorbed

d. 126 W = 12(4970) = (25V)xI’

6V + 9V
9y - 6V

A. d. 15V
B, a. 3V

Ry = 300 + 150 + 500 + 50 = 1000 @

1= BV . 0.025A = 25mA

100

[NV RTINS

c EL-RE-20 .
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PARALLEL RESISTIVE CIRCUITS: . ' '

Goal:

The apprentice will be able to
calculate curgent and resistance
‘n n parallel resistive circuit.

/

-

-Performance Indicators:

)

1. Calculate total resistance.

2. leculate total current.
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Objectives
Given:

A power supply and 4 resistors
connected in parallel *

" An ammeter an¢ voltmeter

A resistor éqdal in value to
the 4 parallel resistors

<
Questions and problems

’

Dh@cﬁonqﬁ

dbtain,}he following materials:
A DC power supply

- LEL-BE-2]
- Parallel Resistive Circuits

‘The student will:

Calculate the total resistance.,

. Calculate the current in each o
¥ resistor. /

- _Calculate the 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. /

Complete a Final Test with an
accuracy of 85 percent.

.
4

—.

Resistors (1/4 W, 2%)* 1k, 2.7k, 3.3k, 4.7k, 8.2k ohms

Any:DC voltmeter and ammeter (separate meters or a combination meter)

Interconnecting leads or wires to connect the parts /

*1/4 watt minimum, 2% suggested tolerance

Learning Activities

3 ' Study the.Key Words list.
Read the Information Sheets.
Do the Self-Test.
Do the Tasks.

Do the Final Test.

Obtain Final Evaluation

/

/

/ - |
. . : . L}
- -lé
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' _ Parallel Resistive Circuits

Key Words R R

gonductance (G): The property of a component tnat allows current to flow:

<

the larger the conductance, the larger the current; the opposite of

- resistance. .

Mho (1): A unit for conductance l mho equels 1 amp divided by T/volt :

Parallel connection: A method of connecting electrical components between or
across the same two voltage points in a circuit.

“Parallel circuit: A circuit where.all the components are connected in

parallel.

* Sieman (§): A more modern unit for conductance, equal to a mho.

Short circuit: A condition where the circuit resistance is zero.

\ .
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® .lnfbr.mation Sheet

A paraltel circuit is one in which all of the components are connected in

parq]le]. 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-
allel circuit. ' The current which the

. source produces divides at point A into
the separate current paths through each: -

~ resistor. These separate currents .

" recombine at point B to provide the same
current entering the source as that 7/ +_1
Aeaving the source. As you learried in E =
tﬁg\ﬁirchhoff's Current :Law package, NV=-T

L de= it I, +-13 or in this cﬁse; '. N

< 1,.=0.54, I, =1A, and I3 = 2A so,.

3.5A

.\ ' A
‘ 3,54 3;_5A . ) | Figure 1
Many times a parallel circuit will be drawn dr’ actually connected together so
_ that there are more than two points in the gfrcuit. ‘In Figure 2, resistors :
% R, and R3 are connected together first i - o
g IpfT3(3A) T3(A) -
. . .o

0.5A + 1A + 2A or

R .

to form points C and D before they are

connected to the rest of the parallel

circuit at points A and B. . »
!

In Figure 2 the currents in each of the
resistors and the total current are the
same as they are in Figure 1. The
voltage in each circuit\is also the same.

The only difference bepween the two circuits

is that .extra curr paths have been made
between points Agnd D'and between B and

C. 'If you megsdred the current in each of
 these extra~Wwires you would measyre the

sum of the currents in R, and Ry or

12 + 13- - )

‘ : . .

In other words, connecting the parallel circuit in this way divides the total .
current from the source #n stages rather than all at once, First I, is sub~- .
tracted from I, at point A, What is left is I,'- I, which also equals I, * T

Figuré 2

—

1.

‘I'  This remaining current divides at point D into the separate currents 1, and 1. | 4
|

|




. s o | . EL-BE-21
. . S Parallel Resistive Circuits ,

" hd .

In equation-form,f .
L=hLt L # 13 | ‘
L-h=h+hL+Ily-1 o subtracting I, from both sides of the
- equation

I, - I = 12 + 13 | | . cancelling the I, terms
3.5A - 0.5A = 1A + 2A - for the values of Figure 2

' o v w . * :

. 3A = 3A

of codrse the currents add back together in stages, first at point C to form
‘. 1, + 1, and finally at point B to form I, *+ I, + I, which equals I,

If it makes it easier for you to work only with the parallel circuit drawn as
in Figure 1, it s 411 right to redraw Figure 2 so that it looks like Figure 1.
Just combine points A and D 1nto a single point, and combine points 8 and C
into a single point. ‘

In Figures 1 and 2 suppJ;e you were not told that the voltage was 6 volts, and

that all you were told was the value of each resistor and the total current of -

3.5A. You can solve for the voltage by knowing how resistors @mbine in -~/
. e parallel. But before yoy do that, you should know what conduc '

ductance is the exact opposite of resistance. : -

A resistor with a large value of resistance has a small value of ¢ nductance. -
.and a resistor7w1th a small value of 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 oppose or to restrict current
A . 1 _

flow. The symbol for condggsance is G and mathematically, G = ¢ p

For a resistor with a value of resistance ggual to R ohms, its conductance G is ~
*one divided by the value of R, That is the same as saying that conductance is -

the: reciprocal of . resistangg;) Likewise resistance is the reciprocal of con-

ductance “Reyiew the pack on: Equations if you are having troulsle under-
g reciprocals. The unit for conductance is the mho. More recently the
hay been changed to the Sieman or just S, but many people continue to use
since it is ohm written backwards. The mho is abbreviated by the ohm
written upside down y. For tbe three resistors in Figure'l or 2:

| } K
62 R, 63 = 72'3 and R, b 122, Ry = 5_9._’13__' 3n |
L .1 . ]
T %276 65 = 3,
0.083u = 0.1678  G3 = 0.3330 ‘ @
x ‘6 -— .
k59 el




" In equation form,'G

| 3 06 volts

EL BE-21
Parallel Resistive Circuits

o | . R \
, .

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,

) ’ s
CONDUCTANCE IN PARALLEL ADDS ,, -

Placing addittonal components in parallel adds to the total current and
increases the conductance of the total circuit. Two resistors of equal value
placed in Qgrallel across a voltage source will draw twice the current as either
one alone, and the total conductance will be twice the canductance of either
one, .

¢ " G, + G, + 6 gn%rso on for parallel resistors.
1 ‘ .

In Figures 1 and 2:

'Gt =0.0838 + 0.167U + 0.333v : Since the values for G,, G,, and G; were
o ‘' already calculated as 6 83, 0.167, and
S 0.333u,
G, = 0.583% ' . ' '
t | . ' . = 3.5A
O - i I}...__.
. ] * | . . . 'E—_;-.\ _:.:- i G+:90%3
= . S V'o _— M
Re = 05830 ‘ B R = ITIS.
. - : - A
R, = 1.7150 \ b 3_5
The'tdta] or equivalent resistance of resis- Equivalent Circuit of Figures
tors in parallel is always LESS THAN the o and 2 _ !

resistance of. any one of the resistors. It

is therefore always smaller thaf the smallest ) ‘

one. Notice that 1.715Q is less than the _ FIGURE -3

smallest resistance of 30, Figure 3_is an :
equivalent circuit for both Figures fand 2. The voltage can now be solved by
applying ohm's law to the equivalent circuit. '

E:IthRt | . . | |
E = 3.5A x 1.715q . o/

o . E !v
f . . N

v
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~alternate formula can be used o

L | EL-BE=21
" Parallel Resistive circuits .

K Bane RN
™ -

EXAMPLE T Four resistors are in parallel and the total current is 44.4 mA ‘\k
t = Gl + 62 + 63 + G“ = 1k, R, = 2k, R3 = 5k, Ry = 0.5k, It = 44, 4mA
G, = Fx + F} ﬁa ﬁt : Cnlculate R, and tiﬁ . |

G, = }k + %k + %k U'Sk | remember -k = 1000; m = 0.001; and m a-% ‘

G, = 0.001 +0.0005 + 0.0002 + 0.002u A150 6 = 1 +10.5m+ 0.2n + 2ny

Gt_:? 0.00375 or*3.7 my ; I '_ '

R, = &t = 270 or 0.27ka |

E = {t_x Rt | o -

= 0.044A x, 2700 also E = 44.4 mA x 0.27k .

E = 12 volts ~ ) E ==".12 volts since kxme=] “

You can double check Kirchhoff's Current Law by calculating the currents 1n
each resistor using Ohm's law.

I =-§l \ I, = ng.. s - %5 B %b - BT
R A TR [« 12
Tk 2 " 2% 37 5k ~ 0.5k .
o=laA L =6mM Iy =240 I, = 26m8
o= 1)+ Iy + Ty + 1,
[, =12+ 6+ 2.4+ 24nA

44, 4mA

..,'

If the source voltage were known 1nstead of‘the source current, you could
solve the problem in the same way, and divide E by Ry (or. multiply E by G ) to

find It Instead you could solve for each of the 1ndiv1dual resistor currents
directly and add them to find I o

E LK S
-That is I, = R, I, R, and so on. |

If you are finding the equivalent resistance of two resistances only, an

%l-l—El for two resistances .
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In words the formula states that the total or equivalent resistance of two

resistors, in parallel is the
of the tWo resistances. *
/ .

'Actuafﬁy you can uyse this formula when there are
combine the resistances in stages two at a time.
this is done. ‘\

EXﬁrPLE 2: Find Rﬂr

product of the two resistances divided by the sum

more than two resistors if you
Examples 3 and 4 will show how

_ R XR
' Ry = R, + R,
R = 200 X 300
t 200 + 300 Re
. 3001\.
_ 60000
Rt = 500 @ L
_Rt = 1290 9!
EXAMPLE 3:  Find R,
. ’ (¥l
R = Ra X Ry
t, R, *+ Ry - «
. - L R R
_ 2000 X 4000 R 2 3 9
Rtl 2000 + 4000 © |(nyJL:% 2000 L4OOO N
Ry, = 1333 2
R, X R R, | Ry
t | |
R, = 7=zl n
t R, +R I1000% 1333
| ! tl . ~Rt25n4'ﬂ
R, = 1000 X 1333 :
.t 7000 + 1333
4
Rt = 57]f4 Q
‘ .
&
e
' A
:~\\ : | y
9
62
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EXAMPLE 4: n - ' "

Find Rt' Two different ways of combining resistors two at a fime 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.

—— - - : |
00" 4Hoo# 200" | <' | , .
| _ \

L Eethed T Wethod 7 T Wethod 3
Ry XR R4 XR R XR R XR Cn
Rtl RitRy th R3+R, Rtl Ry+Ry th R*Ry 6¢761%6,+64+G,
600X400 1200X1000 600X1000 400X1200 1 100
e, "t T20071000 e 600+TO000 Re,aooezo0 SR RRRL
) ’= i = ‘ = | . = ] ] ; ] ]
Rtl 2400 Rt2,545f59 » Rt,l 3750 . th 30090 Gt'EﬁU*IﬁU*TEUU+TUGU
Ry KRy | . RN ,
R Ry e 2 G,*0.00167+0. 0025+
Ry *Re, t Ry, R, 7 t70.00083+0.001
, .240X545.5 ) 375%300 N o |
"t2A0+5I5 5 - Re=375e300 - §yn0-0060
_ . o 1,
R, = 166.7 0 R 166.70 | | Rt'Gi 166. 70

Batteries are generally NOT connected in parallel.’ If two batteries are placed
in parallel, plus sidé to plus side and minus side to minus side, usually one
battery will be supplying power, and the other will be absorbing power. A very
large current will flow if the bitteries do not have the same voltage. The sape
is true for other voltage sources. ' e : ~

1

A battery that is absorbing power is being charged, g : N

This can cause damage to the batteries_unless done under controlled conditions
which include the following: .

1. Charging only rechargeable type batteries. ’
. 2. Observing proper polarity.’ |
3. Manually or q'tomatjcélly controlling the current that flows.

’ R

o

H,_

¢




4

G ; 1. + ! +‘] + 1 + and so on
t . 751 .ﬁz -ﬁ3 ﬁq

_ Ry XR .
R, = ﬁf—;—ﬁi for two resistprs in parglle]

. " EL-BE-21
Parallel Resistive Circuits

[} "
Small resi it o The battery with the smaller voltage is
¥ ma ! res}iﬁﬂﬁfe,to Hm curr nu being charged. If it is rechargeable,
N MA— L its voltage will increase, and the vol-
-1 1) 10 =k ‘ tage of the battery supplying power will
=3V oV ( decrease. Charging will stop (zero
- ' ]:' . current) when the two battery vo)tages
| . . are .the same, ;
Battery #2 is being charged
. | ) . ‘
If the two batteries are placed in '
parallel, plus side to minus side and
minus 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)pamaged
REVIEW OF FORMULAS FOR PARALLEL CIRCUITS |
= ] .
G R )
Gt-‘Gl + Gy + Gy + Gy + and so’on " -
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Self-Test

)

~a. voltage. b, current. c. power. d. value, ﬁf~ffn% A"

‘a. 571 ohms. - b." 500 ohms. .c. k. d. k.

T £ — -
-7 - E-—- 2R %(DOO-W»
E= v : —

R =

Two or more resistors. in parallel have the same

To find the equivalent value of resistors 1n parallel the resistances must
be _ v

a, added. . b. subtracted. C. added then inverted.
d. inverted then added and the result inverted.

-

The equivalent value of parallel resistors’is

a.  smaller than. b. ‘larger than c. equal to d. twice
the value of the smallest resistance. .

A 600 ohm and a 300 ohm resistor are in parallel The tdta] resistance
is. ) ,

/

a. 900 ohms. b.' 300 ohms. .c. 200 ohms. d. 0.005 ohm.;

. Four resistors are in parallel, a 1k, 2k, and two 4k's. Rt.is .

Solve for;the voitage E
: , ‘

’ o V

Solve for I, and R
o t
E:25V'- 201 4on B Y[eEL
It =
- v
Ry

. Five’ resistors are in parallel. R, = 2k, R, = 3k, R3 = 10k, R, = 5k and

Rs = 100 Q. Calculate the equivalent resistance R,

4

t ———

. . r v
. ,
i g,
. ' . '
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Y atl

S | " N

9, Mtteries cah be placed in parallel without danger or damage-to- the
batteries -

a. no matter how they are connected. ~
b. 1{f the one that is charging 1is properly connected and 1s a recharge- .. .
~ able type.

c. under no circumstances.

10. The total resistanée of three parallel resistors is 100 ohms. One of
' the resistors 1s 200 ohms and another is 400 ohms Find the third value. - \
Use the conductance method. o g

o | A dia
11. Which battery is being charged 132 ]. u ln:=Llu7V,-
(absorbing energy)? } - '[ -
.. _ a 0
12. Determine the value of the - ?ﬁf’

*?’ .

unknown resistance R . o . .
[ X . _ . R R _

R, = 15 @ - ‘ _'§ < - ‘V%

R, = 10 @ S . g -
Rt=59 R : ‘ " . ' L L. : .
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Task. = | . . ,‘ .

‘I' ~ Given & bower supply and the following resistors connected in parailel.‘2.7k;
3.3k, 4.7k, and 8.2k. Measure the supply voltage with the voltmeter. Calculate
the equivalent value of ‘resistance. o : . .

Calculate thé value ‘of current that will flow when.the supply is connected.
Use the measuregyvalue of supply voltage. _ :

Galculate thé current that will flow in each resistor.

,Cdnnect the circuit using the interconnecting leads.\and'alternately connect 'the
ammeter in series with each resistor. In this way measure the current in each
of the resistors. See the Figure. * :

Also connect the ammeter in series with the supply to measure the’totai currentT
See the Figure. o ‘ . : 0 J
.Obtain a single resistor of value equal to the value calculated for the total
resistance. Connect this resistor alone with the ammeter and the supply all
together in SERIES and measure the current. See the Figure, .

fhe current measlred with each single resistor should equal the total cyrrent

measured for the original circuit. It shoyld also equal the calculated value .
for total current. . . :

f

- Also the calculated and measured values of individual resistor currents. should
. be, the same. The following are reasons why any of them may differ: -

1. The meter causes errors in measurement. ‘“£ \
2. The actual and printed values of the parts may differ, - C

3. Yau may have made an error in calculation or-measurement. Have you . \
instructor check your results. . ! ' . \.
_ / » : . - -

12,.' 10—t ammerer = | I/, ¥ AMMETER |— \
I | /
- n
- + l
Ry ° ;.
_J.

| . Ammeter Connection to measure 1t~"'
v \ ’ ’ ‘ ) ’ - ! .
. o _ . \‘ . -

14

'.’Y. P 267
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Final Test

8.

.- When electrical components are connected in parallel the voltage across'

each and every component will be

a. zero.  b. equal to the current. c. different from each other.
d. the same as each other. .

To combine parallel resistances you add

a. conductances b. resistances. ~ c. voltages.

. The equivalent value of resistances in parallel will always be less than
the '

a. largest resistance. b. smallest resistance;
c.. largest plus smallest resistances.

Four resistors areconnected in parallel. R, * 1008, R; = 1505._R3 = 50Q,.
and R, = 2000. Calculate the total resistance R,.
The'equivalent resistance_of three"resistors in parallel is Rt = 500, One

of the resistors is Lk;hnd another is.2k. Find the value of the third.
Use the method of conductances.- , '

Solve for the voltage in the circuit. =-1I;= 0.0A

E—= 5R S ok
Which battery, A or B is being S Y
charged? What 1imits the curfent o + | i 'A'A 1+

from charging too fast?

Solve for It andvRt.

15

2638

2004 ‘3&04% 500 1004
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10.

1.
12.

—

D N S EL-BE-21 - ¥
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|9 .

a. Voltage. | |
d. inverted then added and the result inverted.
a. smaller’ than | | /
c. 200, ghms.. |
6. 500 ohms. S : a
6 volts. | |
4.375 A.

= 89.82q.

b. 1if the one that is charging properly connected and is & rechargeab]e
type. o :

4007 also Gy = G, - G, - G,

.01 - .005 - 0025 ©

o -
w -
H

= .0025 u

=
G3

] et e ————————— et e s e« 1 et

Ry = o025
3 = 4000

- - B>
2 L)
§ t

Battery B (11.7V) is being charged. SN )

= 4 = ' = I ™ ]" ] U e
RX 30Q| Gt Gl + GZ + Gx’ Gt 'SU’ Gl w; Gz % TUU ' :o _
=Gy - Gy - 6a Gy = 0.25, Gy = 0.06670, Gy = 0.1v
0.2 - 0.0667 - 0.1

K2 o o>
i

10,0333

>
[}
—
g——-

o Np
3

" it

w

o -

n %
Fe)
g
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oK RE-00
U \
o » ":. |
Meé%ured Resistor Currents
. C rrent Me suréd'ii-‘Eq_u,ivalent!Circuit .
--Whqua 1 of the checks indicate 0K, proceed'to the next learning ﬁackage.
\/ o o | ' | e
. \ y
N e : '
T
b‘;' '
1 ] .
U ' ' i
17 ' .

. ..
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AR
A ‘¢ ® )
; o - v o
- Goal: '- Performance Indicators:
. : ._ . i “ ‘ . .
" The apprentice will be able to . 1. Calculate resistance.
calculate current. and resistance : : - S
lin a series-parallel combination - -2, Calculate current. \
circuit. . s ' o .
' ' 3. HMeasuré current™with amneter.
o
o &_’ .
»> ' oY
": S ¢ ,
. t .u o a 2
’
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-Objectives

Given: -

A voitaée.source and resistors.
arranged in series-parallel
combinations .

A voltmeter and ammeter or

| @ i3 EL BE- 22
: Series Raralyel Resistive Circuits

' . ‘H_

t 4

The student wilik
Calculate the equ*kalent value of

.. resistance for the ﬁeries-parallel
, combination.

.Caiculate the current‘hrawn by the

, combination vol tmeter-ammeter .

Learnmg Actiwties’ | SR

circuit with the source\;onnected - . :

o o . VMeasure the current with the ammeter.
- ] ' \
' : Measure the current with tht circuit
replaced by the equivalent rqsistor.

' S\
Questions and problems Compiete a Final Test with an accuracy . ‘

__ : | | of 85%, |
Directions - - - . SO .
Obtain the folldwing:' . . . .<ﬂ '

\“Rv

A DC power supply B . o

Resistors 1/4 watt, 2% o ' - ‘ .
330, 470, 1k, 1. 8k 2.2k, 2.7k, ' -
3. 3k 4. 7k ohms L ,

A Dc voltmeter and ammeter (or combina- o _ ' = o )
“tion meter) .. o, o . . - vl

Interconnecting wires or leads U .

("

Study the Key Words list . | T | .

Read the Infonmation.Sheets; |

Y ) - o

Do the Self-Test. - - *
N . ) * -

Do the"Task.

Take the Finai Test.

-Obtain Finai Evaluation.




. | _ | o ‘ L |

' . -‘ . ) ’ . * “‘ . . . ' A

L * B . . - EL-BE-22 - -"!'
- Series-Parallel Resistive Circuits .

"Key Words

li;!!.. ~ Kirchoff's Voltage Law: The lga.that states that voltages add in series or
) "+ that the sum of the voltages nd a closed path is zero. ‘ '

Kirchoff's Current Law: The law that states that currents add tn parallel or.
that the sum of. the currents entering and leaving a paint is zero.

.
Epg: 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 gomponents always have the same current.

* : ' .

' . a* : .
Parallel connectipn of components:/ A method of connecting electrical compo- ,
nents so that they are connected petween or across the same &wo points in a i
~ Circuit; parallel components always have, the same voltage. !

.(1\’

- . . , . . ) ‘

. oW

w .
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- were first defined.

. ) EL-BE-22
Series-Parallel Resistive Circuits

Information Sheet | o ) o

Most circuits are connected so that there are both series and parallel combin-

~ ations of resistors. The circuits can be simplified by combining either series

combinations or parallel combinations of resistors. Usually the combination of
either series or para)lel resistors will change the circuit in such a way that
additional serias or pafallel combinations result. The circuit can then be
further simplified, and the original complicated circuit can be reduced to a
simpler ane by a series of repeated combindtions of resistors,

Using the process of repeated series and parallel combinations .just described, ..
we can often reducé the circuit to an equivalent circuit of only,a single '
resistor.  The important thing to learn is how to determine which resistors, if
any, are actually in series or which, 1f any, are in parallel. You must be

- careful not to combine resistors that are not actually in series or in\

parallel.

.

It should be helpful to you to review the,gackages on series and on. parallel
resistive circuits to remind;you how compdorients are connected in series or in

‘parallel. It may also be helpful to go all the way back to the package “Ingro-

duction to Circuits® in wQ%fh_series and parallet connectiods of components

Before an example is worked, the rules for. series and parallel connections are
restated. ° SR L '

Series connection--components are in series if tffy are connected end to end

such that one and only one end of each _ .

component is connected to another compo-

nent. Another way to identify series -

components s to look for components with '

the same circuit current. Components in VI O— AN N-—AN/—0—

series will always have the same circuit - ’ g
¢ - SERIES CONNECTION

current. o
Parallel connection--components are in parallel if they are connected betwee
.or across the same two voltage points in - AN ‘
a circuit. Another way to identify par-
- allel components is to look for components —— N ———
with the same circuit voltage. Components
in parallel will always have the same M VAVA
circuit voltage.. PARALLEL CONNECTION

A special case occurs wﬁ@ﬁrihere are only'two.compOnehts in the circuit. The
two components are both in series and in parallel since. they have the same _
current and the same voltage, | | \

© e

7;,




" is. to combine Ry and R, into one equiva]e

L]

Here are some examples_t6 help you recog-
nize series .and parallel combinations.
In the figure, which resistors are in

 series and which resistors are in parallel? .

R3 and R4 are in series, They both have
the same current, 1., flowing in them, \ -

. There are NO resistors in parallel. No

two resistors are.connected between the
same two pQints in the circuit, Rl is
between points A and B, R2 between™B and D,

| EL-BE-22 - &
Series-Parallel Resistive Circuits

. E and R are

both in series
and in parallel,

= S
— E R
) T

~

R3 between B and C, and R4 between € and D.
The source £ 1s between points A and D.{ AN

four points are separate "points and canpot E JL"

be combined since each is geparated by at
least one component rather than a wire con- -
nection. So the only thing you can do % 12V

resistor which could be ‘called Rx’ and\red aw

the circuit, ' B \

!

Rx ) R3 R4

Rx = 20 + 100 o ‘ | S
Rx = 300

Notice that point C is elﬁminated when the E 47 n Iz “_mI3 R

equivalent circuit is drawn, Notice also e

that combining R and R4 into a single | 12V

resistor has resulted in the parallel
combination of two resistors R2 and the.

new res*s{ance‘Rx.' R, and Rx are both

between the points B and D and are in
parallel. No two resistors are in series

anymor‘e. : . 1 ] [

- Now you can combine R, and Rx into a'single-equivalent resistance; call 1

Ry and redraw the circuit. j

‘ I 2

Equivalent Circift 1 %

Equivalent Circuit 2 e
. v
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In the second: equivalent circuit the 6nly two resistors left are in series.”
Combining those two\Jnto one fina] total ré istance for the entire circuit,
Ry » you ‘have , A

= + . ' . : ' . Ke
R, * R, R, - e d I Ry

&\ ) - . D
Rt = 400 _ Final Equivalent Circuit

Now that R, has been determined, ;. can be found.
E A .. »
I, = |
L K o | .
P v | , - v
1 302 |

I

R = 0.3A -

You can solve for all of the other currents and voltages in the original cir-
cuit by going back to the other equivalent circuits, Using equivalent circuit 2,

the voltage ai;oss R1 AB'I le and the voltage across Rz EBD-leR
. .
g - . EAB-0.3Ax309 | FBD-0.3Ax}On
. ‘ ,'EAB'g volts ¢ | | 580-3 volts -
'"ﬁ“‘““Notice-thaxﬂgAB-+ Egp EAD = E - Kirchhoff's Voltage Law k
oV + 3V s 12V . o | -

Going back' to equjivalent circuit 1,
' E

I, = 50 and 1, = <50 - but E,, has been found
- 2 R, 3R °BD. .
| EY L o
to be 3Y S0 12 * 1t and 13 " 30n
. “ . . N
\ 12 0.2A : 13 = 0,1A
/ Notice that 12 + 13 = ll Kirchhoff's Curkent Law

' ~ 0.2A + 0.1A'= 0.3A

78




. Finally, using the original circuit, .

.

-

EL-BE-22

Series Parallel Resistive Circuits

the voltage acrqss Ry = Ege = I3 x-Ry and across R,, ECD = I3 X R4.

. Eac

EBC" = 2V

Notice that Eg. + ECD - EBD Kirchhoff's Voltage Law

2V + 1V = 3V

¢ Finally. all of the currents and voltages have been found and Kirchoff s Laws

~have been used as a-double check.

- {
E5amgl : q\:

Find R, and solve for a]i of the cur- o
rents and voltages in the circuit. Ry 300%.- ’
Which resistors are in series?’ Only ‘B AAN QT ‘
R2 and R3. SO R = R2 + R3 ‘ L -— To &
Rx = 50 + 100 R - lI} . | ST
' "R = 1500 o s hd s Ro
‘l’ X . 400 200
Which resistors are in'parallel? N
R _ E At L 13 14
' ‘* Rg x Re \SOV ]
| Only RS and R6’ SO R_Y B W E]\
| R« 400 x 200 ° -- . ‘
Y + Ry 1505
. ~\N\\=
R, = 133 -1
In equivalent circuit 1, R and R, are in parailel. T WI&'. -9
. R X R4 . - (D?"n' ‘ | ’ ! .R
R ; Y
. R + R A
.t ) \ £ L 1, | S1334
o . 150 x 300 SOV T |
Y X T 15 ]
R, = 1000 Eqdivalent Circuit 1
o - ‘
» , '\ ,
N . RE
o ~ 27y

= 0,.1A x 2090

ECD = 0.1A x

¥

109 -

—— AN {

o~ —



: ) - | . EL-BE-22 -,
. Series-Pdrallel Resistive Circuits
' ‘/l | » |
. Finally Rl. fRz‘ and Ry are in series so that Rt, = R1 + Rz.t Ry | N
R, = 67 +100 + 1330 " / i
\ .
‘ Rti 300q
R |
[ =%
! t 'ﬁt -
; I . 150y
; L0t
‘ ) A,%,{ . . : .
-'It = 0.5A *  -Equivalent Circuit 2 Final Equivalent Circuit
' 2 ’ ) ) { :
Eap = It X Ry fgp = Iy xR, - Epe ',‘..‘t.;,"'R‘_
‘ . . . .?\ 1» |
: . - Epp = 0.5A x 670 7 Eap - 0..'5'A X l(-)OQ_ Epe = 0,§A..x 133q
" Epg = 33V L Egp = 5OV Epg = 67V ,
) ¥ By . S [ CDE
L X 2 R;_ c 3 R_‘.';_ .4 Wé_
R 1 [« 50V 1. . SN ~ [ . 6NV
» 11 ® 150w | o8 . Y3 " 300n 4." 7008
. . . v . i r N t, -
I, = 0.33A I, = 0.167A I3 = 0.1675A ‘ 1.4,- 0.335A
fac = 1 X Ry DBl xRy )
R . :
EBC = (0,33A x SQQ : ECf) - 0.33A x 1000
Epe = 16.5V . Epp = 33V
., B¢ co \
\‘.. ) . -
' ? 250\/ .



'Using both current and voltage

g S - ' EL-BE-22 -
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It was already stated that some circuits do not have any combinations of .
resistors that are either in series or in parallel. These circuits cahnot be

" simplified by the method presented her' ne example of such a circuit is the

bridge circuit, Notice that no two resistars are either in series or'

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 current divides at each of the points, A, B, C, and B. R .
Methods used to calcdfMdte the voltages and currents are a subJect for amope’ .
advanced course in electronics. :

Component tBetween Points
W B

19 resistor
7730 resistor AsC :
4T source -~ A&D
b= 4q- resistor B&C B 1..
S R 2q resistor B&D

4
1.50 resistor©~ C& D

] A it

’- K . \

Power in a series-parallel resistive circuit is calculated iin the same way as
it is in less complicated circuits.

‘ _ . . _
The total powenr supplied by sources equals the total power absorbed by resistors
(or other sources if they are charging). ‘

BRIDGE CIRCUIT | .

The power absorbed for each resisgor is calculated once you have determined
either the current or voltage for the resistor. .o . _

Using the resistor currept P 12 x R , ) 4! B
' h ! . . 2 . ’
Using the resistor voltage P = §~ ' ALY three formulas give

the ‘same answer, . ‘
for the resistor - . P=ExXxI oo
he_formula

4

whére E and 1 are the values of voltage and current for the source. If the
current is leaving the plus (+) terminal of the source instead of the minus
(<) terminal, the formula gives the power absorbed by the source,

The power supplied by a source is calculated by 't

. o p = E x I

4 o . T
‘ .‘.
" ¥

» 10 e ) ) . -" : \-‘h,' :‘.
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. Self-Test | e S

°. -- ' . S B . Ve . . ) £ . o : . .
D nqg;;io;;_Solvg'for the currents and voltages in each of théjnesistors.

I

. " For the circuits in questions 3-11, it wiil'probably be hel«pfu'i'tO'assign |

- letter labels to each of the separate points as was done-tn the examples, '=:¢};_:_ g

‘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 together”’ R

without drawing a connecting dot, but a -connection is nevertheless madeso - .

that a letter should be assigned to-that connection or point. Draw your owm

dot 1f 1t is helpful. " Letter labels are already assigned for the_first two .

figures in order to help you understand the procedure. LT '
_ . e g L _

1. Series resistors always have the same '
a. voltage, : - o .
“b. current. _ _ S g - Vo
L . C. power, C . _ e,
.o . d.. resistance value. S | i '
2. Parallel resistors always have the same o . c
| o ' ‘ o
a. voltage, '
b. current. g
C. power, . - | S | |
.d. resistance value, . e -

o 3. Determine whﬁ:h. if any, resistors are in A 2K .
. @ f e -AAN—g8

series and find tI £quivalent value.|”

* U 4. Determine which r istors, if any, are in 4 315 K"
~ parallel and find their equivalent vilue. E = S
: o - . v _ T de
5. Solve for the total equivalent resistance ~ - - ¢ :
“for“the circuit in questions 3 and 4. ~ - Circuit for Questions 3-5 -
; ., 6. 'Determipe which resistors, if any, are in- j;"“{\(k?‘“‘ A .
. + séries and find the equivalent value. & sn
s 7. Determine which resistors, if any, are in = o " Co
- . parallel .and find their equivalent valde., B
" 7’ . N : .f. n
oo, 8. - Selve for the total equivalent resistance ) 7.
-7 & “for the circult in questions 6 and-7. [,
%,5- ;ﬁi*f_{“(cirbuﬁi fd?éﬁﬁestions,Q-ll dhéfollowing-page.) Circuit fd(,Questions 6-8
}'.. .. A‘ . .- ﬁ.a-'"-A'. - - . o . PO . . . A h X . ,..;_-.

' ;?iffflggﬂ:Solyéffor-the qqu1gé}eﬁ} val@é of reéistanééy?or'the-tota} cjrﬁait (Rt). :

’

.iﬁfltl:g$olya'fgt‘the'bOng_guppljed‘by the source;';&_,;~»%_’%fﬁ_.  -'-< oy “f]
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Series~Parallel Resi tive Circuits

Task

. 1. Calculate the equivalgnt value of resistance for the circuit shown.
o *' ' | 1.8K % l H< 33042|

2f7K

,‘..r-l. 47OJ'Z .
A !
T Jbasure the sdurce voltage. Use this value to caleulate tLe current

3drawn from the source with the circuit connected. S - o

3. Check with your instructor that you have calculated the cokrect values.
’Then get a single resistor equal in value to the calculate circuit value

- 4, Connect the circuit and measure the current with the ammeter Connect
&fialso the'single reslstor alone and measure the current with .the ammeter

. 5. Al three currents should be close to the same ]\'alue If your resistors
@ . were low-tolerance types, the results could-be considerably off. Check
{ with your instructor to determine how well you did. R

6 Calculate the equivalent value of resistance f6r the re-arranged circuit
~ . as shown. |
L o 18K . ' A JUMPER WIRE
= _ 1‘ _ * Connect a jumper
wire between

4104 X, Ppoints A and B
B %EO ' as shown.
202K Y ’

L N

7. Calculate ‘the current when a 9 volt source ts connected to the circuit. .

8. Connect -the complete circuit and measure the gurr ent

\Connect a single resistor of equivalent value as calculated and measure
the current.. in the single resistor with the ammeter.

—- .

R IQ}' Have yourlinstructor check'your calculated and measured results.

- : - S N
*Points ‘A and B gge indicated as separate points only to_indicate where to /
attach an interconnecting wire or jumper. When this jumper is connected, the. -
two points become. 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 #nterconnecting 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 ~
~c1rcutt . g
e ;o




Final Test® .
N
¢ 2

o

;Ser1es-ParalleT Resistive
|

Determine wﬁich'résistarg, if any.'arg“in series.

Déterhdne whfcht5631%tors¢ if any, are in parallel.

.
Solve for the total equivalent resistance.

4. Solve for the currents and voltages in each of the components.
5. Solve for the power supplied by the-source.
. 4oOSE
" }i : ) ‘ l. »).
7 —Q " + W T
o Lesed
asv — ¥ < _{L
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. o Series-Parallel Resistive Circuits.
. Final Evaluation | T N
.o . - FE T ~ RE-DO
Calculated Resistance | ' | _ o .
Calcwlated Current - N
Measured Current’ ' ' - |
) : § .o . ' . o ) s .
Current Measured inhﬁquivalent’ResistorI _ . -
Final Test 85% ~ *
Nhen all of the checks indicate OK, proceed 'to the next learning package.
_ ‘ y
d | | f‘b
} -
ok
. ]
' . 5. "
. 1
o )
\ ~ 4 .
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1.
2.

3. -

4,

R o S S . o

. . . ‘l' . ( - . .
i a . . o EL-BE~22
; Lo : . Series Parallel Resistive Circuits

‘Answers - O

b. .current. -«

‘a. voltage. : R

No resistors are in series, | _
3750, 3k, and 1k are all in parallel. Al are between points B and C, -

! S
1+ 3%66 + I%UU = o.oo4u . MHO-=(3)
(1nverted ohme=q)

R = éf- UT%UI = 2509 : nda valeqt value
.. 2k and 2509 are 1n series equallibg 2000 + 250 = 22509

82 and 4% are in series equalling 8 + 4 = 129

¥
50 and 7a are in series equallingi5 + 7 = 12

92 and 30 are in paraliel equalifhg-%—ﬁf% = 2,250
120 and. 122 are 1in parallel equalling 6Q

20, 6q, and 2.25q are in series equalling 10,250

. Circuit is drawn with letters assigqu.

oy —

in parallel
between points
B and C

in series, point.c B
1s eliminated when
comb ined

. 1n parallel.betweén' .‘ \
- “points B and D ;
" 5

4
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N o | . T EL-BE-22 .. 4
' - Series-Parallel Resistive Circuit

¢

C. .
. .
° - . .
. .
. . N .
. .
. ) »
+ .
.
'

4 -
B\
\ | *
.\« in series R, = 107+ 20 + 109
520 | R, = 400
*
/. ,
l‘ D /
" o« N
10. b ¢
’ . ‘/ V |
5V , . 7 o 1
I = .25A in both {0q resistors and
. 202 equivalent resistance E = IR ,
| ' 3 5V = ,25A x 200
o D 4

= E “
) g 5V
083 = 0 .167A = b 117]
. L
.()v — : ¥ . ' E ‘? IR
‘+ éw“ 3 207 1,67V = .167A x 100 i
L ' 3,33V = .157A x 200
v Toods . )
IOw "
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’ ‘ . Series-Parallel Resistive Circuit
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L. P e = 10V X 0.25A = 254 ° K y | - “
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Final Evaluation

Calculated Resistance

* .. Calculated Current

Measured® Current

" Final Test 85%

- Current Measured in Equiv

1lfn Resistor N

EL- BE 22 °

Series-Rara1lel Resistive Circuit ' ' ) ;
o\ {
0K *RE=DO | \

\ ,
N 7 |

~—

e N

When all checks Jhdicate 0K, proceed to the next learning package.
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. Goal: .

The apprentice will be able to
~ degcribe types of switches and
reaays.

\

\Pe'rformance_ Indicators:

+

"\
1, Identify common types of

. .8witches. )
t R N

-2, Describe celays. *
\ .
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Objectlves

' Given

R {' ’ ":".
An assortment of switches and relays

A

v

Questions on switches and relays

Dlrectlons
Obtain the fol]owing

T,

”

e Assortment of switches
A relay :
Connecting dev1ces
Lamp :

. an

Learmng Activities
Study Key Words 1ist.-

~> KN Read ‘the Information Sheets.

:Dohrinal-Test.*f S

/" Obtain Final Evaluatign.
. S 4 AR

‘.'Complete Task circuits. and drawing Qo
Do Self-Test. o4

o  EL-BE-23“
. ‘ Switches and Re]d]

-

The student will:

~_ Identify the different types of
switches.

COnnect circuits using"switches

operate lamps in different modes.

to

Draw operational circuit diagrams

using switches and relays.

_Complete a Final Test with an, accu-

racy of 90%.

:}
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. o S Lo ' Switches and Re]ayf

Key Words © ~ . = . Tuo.-

’, ; _A_r_g 'A..d'i.schdr‘ge'ofl-el,ectric'i.._t\-y through a"ga_s (suoi\ as a_ir)l.f:'
: Ciosed: A closed.loop. a comolete path; a cohneéted.circuit; i
‘. NC: . Nonnally closed; closed 1in the rest position. |
NO' Nonmally open; open in the rest position._.
ﬁg_ﬁ " An open loop not connected’ not operational disconnected

Pole: The part of the switch that has the moving ‘contact on it

. Rotary: A switch. that is turned with a knob which can selecttany one of many ‘
. contacts. - | o S : :
| Thfow: The'part of a'switch which'hos the statiOnafy-cohtact_on'is.
* Hydraylic actien: Devices that are operated by fluid flow. (Examplei sthé .
~-brake system in the automobile ) . | L o
Bimetal action: A strip of 2-layer metal that bends as heat is applied
Tﬁé‘Béndihg of the strip can act;yate switches. etc. .
. ‘ o P
P . . . v ‘l . '
foe .. Symbol for relay |
’ . I - . \‘( »
. o - SR e ‘ - .
. s : ' i o <
\’L_Symbol for switch ——R—T— - R o S
o \ i




ot ‘“,;--‘”' S o "~_f_’"']--f | | ELeBE-y
e . Co : Switches and-Relays:

wﬁonnanon Sheet *f;*f*.opki-;

o ‘I’--; -The switch is one of the most common ‘electrical devices 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 areyvery complicated, These include multi-heat S
 switches -on the electric rang and rotary- switches_that;are found in radios, TV ,

- sets, and stereos., i f“ _ - o T S .
Let's start with the most s1mp1e switch called the SPST, switch - The SPST
- stdnds for single-pole, single-throw. Below you see the symbol for a SPST .,
switch, . Next to the symbo| you_see what the switch looks like (pictorial).

" - . - . . . » ¢

POLE'tjr_J L

SYMBOL . - - ' PICTORIAg~

THROW -

A

L Natice that on the symbol there are one pole and .one throw. Because.there is
. “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 switéh into a circuit,
We will use symbols for the’ circuit components. Study the symbols and pictor-
1als below. Be sutre that yOu tan 1dent1fy each of them.

s A

P ' -, . N -t
, '_ . . !\
o~ + _ ) -, . ,
l * : ' + . ' l l . Y ¥ . :
‘ . "‘ .. » 2 —J;q;.. . ' A} ' ’ "
o~ T —— . r® : o v ’ - o .
| . @
" . ol . -‘-T i Y . . . ' e N
- R . / — . v ' . ’ - ] .
. BATTERY . o LAMP
¥ . , P
v
> . - ® . -
. . . .
q ‘ ’ . ;'«: ’ ’
1 . N .
R ?
. , ' o
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. . S ~ - SwWitches and Relays

. . Here are two circuits. They are the same except that the first“one 1s shown
. ‘with the switch open And the second with the switch closed

L CLOSED

v .
. - .
. . t
—
T ’ 7’
s . o ]
A ) v
A .
s Tl
o
v

Ne current flowg"i' | o . Current flow.

The circuit that is open is broken; there cannot beany current flow The
circuit that is closed has a complete path for current. This makes it opera- . \
tional. This is the type of circuit that is fBunq in the common flashlight.

As you have learned, switches are 1deht1f1ed by the number of poles and throws .
Let's- look at a single pole, double throw switch o B

. ”- . m.Ec_ - ..‘\ t . ' .\_._"

|

- :
The SPST switch was good for turning‘one lamp off and on with one- switch
J 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 o
- the switches are in, it 1s possible to turn off or on the lamp from one position oy
\ s or the other. , ) ' : '%.
0 TowmHl T SwITTH
- o S 2 :
:% 7 . o .
. e Ul I+ L
v ' ~ Closed " o T Open . } _;‘_- . \ )
When this type of circuit is used in a home, it is called a three-way switching
) hook-up. | . i , ) -
’ ' | ~ .{& . .
. , 6 v ) '




studied and .two other switches that you may -see.

- SPST

’.

" JThere -are other switches wh
“three or more positions.” The fol lowi

.-.-'l_ ~.‘.‘. } .'1
',;—4}”’22-— T o 0

»

v
I 4

e

SPDT

when they are released by the .operator.

switches. .They are:nomally ‘spring loade

Momentary-contact

: ‘Anothér type of switch that is very
~ the rotary switch,
", of throws.

second P sta
/

The following are a few rota

, tches can be the normall
closed type (NC). Pictured below.are the

ich make it possible to tucn'off ot o
ng shows the first twd swit

. ‘ ‘

DOTTED LINE

»

There are some switches that are made so that they

c zg::L%BE~23

Switches

na lamp from

ches we hzéé::::\\;;d/
' [] \

ANS
HER : ‘
-0 o
—a o—-

4
-

return to the same positionf

These grg called momentary-contact

[d

The rotary switch ma

o’

. .

e

d so that théy fl1p back when released:
y open type (NO) or the normally
momentaryscontact-tyge switches.

R

common and sometimes very,compliédted.is~

y have many sets of poles-and multiples

ry-switch symbols and their names.

nds for posftion; 3P3P stands for three-pole, three-position. -

) ]

L]

1144

PSP
SINGLE ROLE
5POSITION

'Y

I T

O

o

oo work

o) .: '

P ’ '

.
3P3p .

TOGETHER

| Al THREE POLES

-

The *

and Relay:

¥
- A ggsf# WL APUSH WILL, 2
' ' - CLO :
| OPEN THE e SE THE CIRCUIT
v ) . O O~ .
, ‘ NG ~ NO- _
-NC ¢ NO SWITCHES CAN LOOK ALIKE

w
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v

Another switch.wnich is less commoﬁ"but very important. is the reed switch, It
is sealed in a glass tube and.is operated with a magnet. What it looks Tike is
shown below. : ' o ' ‘

L 4

!

LEAVES .

GLASS TUBE; - 4 VS SEALED BOTH ENDS | |
T A5 THE MAGNET ISBROUGHT CLOSE'THE LEAVE'S SNAP TOGETHER
; . MAGNET ) / . ) | . . . . ©a
I ST N0

. . . "
14 - . . . o

v T . . v
L . Y ’

The outsi&p,appearances of switches vary as to their applicatioh and mouhting
method, Below 'are a few of the most common types and their names.” The names
refer ta theggchanisms which activate them.

-

., ’ ’
A 5 ) .
s 0 B
[
: ]
n . * ‘ . . ’ -
Toggle Rocker ‘PuSh'Button‘A- ~ Lever

Switches'are given ratings for their current and voltage capabilities, ‘To
understand why this is done, remember that whenever an electric circuit is
‘broken, an arc occurs. °‘This hot arc burns away at 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 .:'; o

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 after it has

been burned. Some switches have snap actiofis which switch very quickly. The~

-fast switching reduces the arc and saves the contact points. '
. 2 ' . ] - , *
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o+ Relays L. L R - . - -
_The relay is nothing more than a switch that is operated from a distance by an’
’, operator, a time clock, a radio or even a computer. . Have you every wondered - :

'+ .. What turns the -bell off and on at the beginning and end of the class time?
Right, -a- re}ay "{% the switch -that does the job. The time clock turns on the
relay ‘and the relay turns on the bell. - You may ask, “Why do we need a relay?
Cah'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 Contacts fn the clock. - WouTdn't it be better to divide up the -
switching into several swjtches for different parts of the building? Right
again. The clock will last much longer if we.doh't overload the small timed
¢ switch' inside .the clock, .~ . ' s : , -
.But just how does the relay work? ‘Most-relays work on electromagnetic action.
There aré a few special types thatsuse air, hydraulic action or even bimetallic
. action'to do 'the switching. Leét's consider the magnetic type,.

The magnetic relay, as the name says, uses magnetic energy to operate the switch
contacts. The magnetism istproduced by the electric current from the coil. This
closes the switch and closes -the circuit. When the currént is off, the magnetic
field collapses, which allows the return spring to 1ift the arm and open the _
. switch., Study the circuit below. - Notice that the electromagnet is turned on and

. ‘ off b§ a remote SPST switch., _ .

h T .; - J-ReTURN SPRING

:  MAGNETIC POLE FACES

- }$ ¥ - ]RJLL ‘ ARM
. ~ REMOTECONTROL - 1o
S \>SWITCH, - | | .
- : | ELECTROMAGNETIC COIL

- | — ~ ~ |

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 (4s shown),
_ the magnetic pull stops, and the arm is 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. ' o

WV
." -
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- {HEAVY WIRES :

L L ' MOTOR
® " EECRCUNE L | 3
. . . . I "\ ’ r .
‘ . ‘ \ | - o Y A
ELECTRO
MAGNIC—" )
(I)l L. - P
- i ' _SMALL o [XJhMD : '
, | L WIRES  MATERIAL - —
. L T BUCKE — |
A R I , L ZCONVEVER BELT— &
L N 200F, ., |
OPERATOR. ‘.
SWITCH. /o

. . - /
-There is an_advantage in using the relay to turn the motor off and on: small
wires to a small switch can control large amounts of energy.

| | - The constiuction 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 normally closed?

' ' | SWITCHING CONTACTS
" POLE FACE(AC TYPES ALSO HAVE D RING) /3 .
| I o = = 5
) ’ RETURN . v
* ' - e o .
D . SPRING 72 f '
. ELECTROMAGNETIC , v |
“ | 5{' wIL™ .

Relay with Parts Latelleds
t .

You are right! Contacts 3 and 4 are normally open (NO). Contacts 5 and 6 are
normally closed (NC). Connections 1 and 2,hog§ to the electromagnetic coil.

—
L 3
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. " ARother switch that you should know about is 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. Stuqy the drawing below . 1s this a SPST or SPDT?
How is the contact made? ; .

Closed Position o - Open Position -

Right! It js a SPST switch. It has only two connections. Right again! The

contact 1s made by the conductive mercury touching the wires in‘qne end of the
bulb. . , . e

You may have seen one of these switches in action on the trunk of a car, when
the 11d is open, it turns on the 1ight. When the 1id 1s closed, it tilts the
. switch which turns off the light. ‘ ‘ '

‘ , - : | | N 0303
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| Self-Test . . « o
Choose the correct answer. oo \,‘ . ‘ - . .
1. The A/C relay has a special ' | on the pole. face.
. .. a. washer .t , . _ '
) b, Rring , ’ : o Y
~ c. yD.ring - _.\ - ' ?.
tood. A ring . - ' o N
2. The magnetism in the relay is provided by ' { ’ : 'P B
' a. _ the coil. | :
. b. the contact. ro '.u) .
C.  the termminals. N ) . > *
d.  the return spring. ‘ |
3. This push button is a type. :
-a., SPST
b. NO . L : . :
c.. closed - ' ' . : ) ' 0
d. N - Toor o * \
4, This symbol is for a ~__-type switch.
- a. SPST S 5 v '
. b. DPOT —Oa , ot . ' L
9o . d.  5PSP o— -
| @
5. Identify the switch in this schematic.
a.* SPST ' . . - !
b. SPOT ' .
c. DPOT — y L
d. DPST R T O—r v
6. In this drawing Sr is a type switch.
a, toggle .
b. roc%er ' ——te " g)
¢. SPD ' e :? Lo
d, DPOT ‘
.ot _ L_ O-—ﬁ_osa # L
7. SPST 'stands for a B type switch.
: a. single-pole, single-toggle "
b single-pole, single-throw
C. any rocker
d Snap .~ . . '
8. The snap action on some switches
a. helps the operator know when. the switch is activated
b. increases the arc. : _ h
c. decreases the arc, C ~ _
el d. means that the switch is new. o _ ' , ,
. . . . { ' . + )
' 12 , «
, 303
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L
The mercury in the mercury switch provides e
‘a. the glectricel contact. ' . e
b. ght control. ' _ '
/G, ndication of switch position.’ CL : o
d. fimproved appearance. A <y ; '
A s \ . -
Silver is used on some switch contacts because of -, .
. a. appearance. - ' s
b. lower contact resistance even 1f bu rned. ‘
.C. smoother action. _ - .
g. high expense. , PN
. . i !
x
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Constnﬂct and test the following circuits.

¢

Circuit |8

_Construct W c1rco1t to turn on and off one lamp with one SPST swffzh
(Use schemaxic as a guide.) -
s .‘ .<

LINE

Circuit 2

Construct a circuit to-turn off or-on a lamp “firom two locations using
two SPOT switches. (Use schematic as a guide. ) '

| iJNE - Agylf- —O0\,.

o— - 0

Circuit 3

by a SPST swiych (Use schematic as a guide,

: NO
> . LINE ). . <r/1>4
o Bl ey
* - SPST | '
Circuit 4

Complete this drawing (schematil) using a rotary switch as a selector
to connect any one of the following to an amplifier,

"0
]

. TURNTABLE [ —
TUNER | ol i

. | aweuFiER :
— o ’
TAPE. PLAYER [
- b
14

Construct a circuit to turn off or on ong. lam?/with A relay contrblled

) 0 ‘_.MSPEAKER
e T MR

" EL-BE-23
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Final Test

SPST stands for [ o
a.  Single-pgSition, single-toggle.
' 1

b.-, Single-pdle, single-throw.
o C.* Special-position, single-throw.
d ¢ Any toggle switch,,

In this circuft drawing S2°is a . 5| 92

. a, a toggle switch.
b. 4-way switch. .
c. SPDT switch,

d. a'rocker switch, - mB Ajzp

'In.this drawing S] i's a

a..  _SPST. ‘ -0

b. TDPST..- - 5
c. SPDT. '
d. DPOT. o0

This symboi is fora . “type switch,
a. SPST . . _ o ’
b. 5PSP ¢ _0 |
c. SP5P —0 ‘l .
d.” DPST . —Q X

¥ ——()
-0 !

This push button 1s a type.
a. NO T .
b. NC ‘ - "
c. SPST EJ‘E '
d. closed '

The coil in a relay provides ks

a. D-ring mount.
b magnetic energy.
¢. heat.

d. return action

The D ring is found on _//>
a. SPST switches.

b. normally open switches,
c. AC relays.
d. 0OC relays.

-

Why are some switch contacts made out of silver?
- a, It makes the switch more expensive.

S EL-BE 23
Switches and Relays

b. The silver keeps its conductivity even though 1t 1s burned.

c. The action 1s smoother,
d. Less heat is developed.

5
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Kl. | 'l ‘ ’

' .‘. 9. The mercury switch 1s a T AN
- L position switch. ‘ Lo . S

DPDT switch. J . >
. T, thermd switch.. S : ~ "
o ot switch. ' , . | ;- T
’ . . . ' N - “ . ~ °
‘ “' » 10. "Some switches have snap action . !’ "/
-« - 50.the operator can hear the: snap. . g ' '
, to increase arcing. , ' -
to reduce ohm rating. ' B E .
. to reduce arcing and heat
. o . /
. - » :
. ' -4 !
( ' |
‘ t
- —
-
R ‘ ' g \
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, f / Lo Sii tehes and Relays
Fom, BT R R L
’ a4, A u.,.,'ll.. , '.-“:'\. B o - -‘. . ..‘.‘...’.-, ~ “o o ) h‘. &
. "/ F'nai Evalua_tﬁon t'__ !:.-..;- L ¢ e ..‘: . . K ;l - N .
Check sheet. : ST ST S R
' /4 Q_- : 1 . .‘. ; w i . :'

All circuits 100% operational T | B L c
o A1) drawing 100% correct, ¢t - e
0 A score .of 90% or better on“the Final Test . T "

LA .

) DI e o .7 _REDO’

. K T
| Circuit construction N Lo . ‘ . : .
' . e A ' " : ' _ ' ! '
. Circuit drawing : , ' —

. *  Final test 9 o : ) ) - .

AT ) -. ‘ i \

- When all checks are 0K, proceed, to the next package.
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*Goal:

) The apprentice will be able to:

describe-'tpe basig concepts of
- alternating current.

\

Performance Indicators:

1. Describe flow of electrons.

2. pPescribe wave forms.

4
.

Describe cycles-and frequency.

. 3
t?‘. Describe peak an‘?MS' voltage.
- 5. Describe.audio generator,
/ o )
) : T ‘C .
N | -~
5 ' ;
. S
Ja ’ \

310 ’

.. t




—~—

| BASIC ELECTRONICS. -,

[

Y .

| ~ Basics of Alterﬁating Current -
P " EL-BE-25

~J

| | ‘Test Draft
o S September 1981




Acknowledgment _ .

»

Funds fos, this project wero*providod by the Governor s Grant, Comprehensive Employment
and Training Act (CETA). The activity is a State Eddcation Agency undertaking. The opinions
. expr?eed herein do not necessarily reflect the position or policy of éither the Oregon
Buresu of Labor and Industries or the Oregon Department of Education, and no official
endomment by the State of 6regon -or the U.S. Government should be inferred..

Proiect Director—John W. Havery, Specialist, Oregon Department: of édumtion ‘

Coordinator and Editor-—Barbara Edge

Writers: Douglas Draper, Portiand Community College Portland, Oregon
Vernon Hartshorn, Mt. Hood Community College, Gresh regon

George McElmury, Cleveland High School, Portland, Or ‘ N\

Donald wArdwell . Hood Community College, G rego"n
- Graphics: Geqrge Kraus, Salem, Oregon

Statement of Assurance

Federal law drohibits discrimination on the basis of race, color.or national origin (Title VI of
the Civil Rights Act of 1964); sex (Title IX of the Educational Amendments of 1972 and.Title Il
of the Vocational Education Amendments of 1976); or handicap (Section 504 of the Rehabili-

. tation*Act of 1973) in educational programs and activities which receive federal assistance.
Oregon laws prohibiting discrimination include ORS 659.150 and 659.030. The State Boatd

of Education, furthermore, has adopted Oregon Administrative Rules regarding equal

opportunity and nondiscrimination: OARs 581-21-045 through -049 and OAR 581-22-505.

It is the policy of the State Board of Education and a priority of the Oregon Department of
Education to ensuré equal opportunity in all Qducational programs and acfivities and in
/amployment. The Depertment provides assistance as needed throughout the state's educa-
tional system concerning issues of equal opportunity, and has designated the following as
respo'nsible for coordinating the Department's efforts:

" Title Il—Vocational Education Equal Opportunity SBQcieliet
Title Vi—Equal Education and Légal Specialist
Title IX~—Associate Superintendent, Educational Program Audit Division, and Equal Edu-
cation and Legal Specialist .

Section 504—Specialist for Speech, Language and Hearing. Special Education Section -

Inquiries may be addressed.to the Orégon Department of Educatlon. 700 Pringle Perkway

SE, Salem 97310 or to the Regional Otfice for Civil Rights, Region X, 1‘321 Second Avenue '

Seattle 98101.




e

LY

Directions
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o . o R  EL-BE- 25
| . Basics of Alternating Current
- Objectives | I R
Givpnr’ | ) | L :“ + The student will: ‘
‘A series of questions on basic AC ‘f N Answer-g'of-tpe'lo quespions corréctly

peak voltages

~ Ten problems dealing with RMS and " Solve 9 of the IO problems correctl%~v////4

An~audio generator and'head'phone' Set up and operate the audio generator
- v ' properly. 3 v

. . N -
, : . ” . . .
i . . : — .~ : .o
: ] ' . . ¢ . '

Obtain the following: - | '

An audio generator
Head phone set (with cOnnecting,wires) N , _ .
Calculator ' | . : . I *

“ . . | - . L) . . ) ’_ . -. . -.1 B “

u .
\é, . 3

Learning Activities - e
Study the Key Words 11st.
Rea&_the Information Sheets.
Complete the Self-Test. - _ | | @
Solvébthepproblems on the problem sheet.

Do the Task.-
Do the Final Test

Obtain Final Evaluation.

R L 313




L B o o ) o : ' + EL-BE-25
L .o . - e - Basics of Alternating Current '

o ' T4

. 'Key Words o Lo
. AC: _Abbreviation for alternating current. Symbol: f\f".

,..A]ternatioﬁ: One half of a cycle; 1t can be positive or negative.

. ” :
AMlternating current: Current that changes-polarity at a regular rate.

: Audio generator: A device that produces alternatiﬁg currqnt which can be changed .
' in frequency, wave shape, and output level. ATh1s package will cover frequencies
Which are in.the range of the.Muman ear, . :

Czcléf ;A_sesfy# positive and negative aiternqtion§'of‘an AC vdltage. ¢
. L -+ ALTERNATION L
| CVfLE"] 4= —ALTERNATIO

' Frequency:” The number ofycycles in a given period of time. As an example, .
a frequency of 20 hertz means 20 cycles per second. S : ; »

. - Hertz: The medsure for the number of cycles per second. (Hz)

#  peak: The furthest Qoint.from the cengpr-ihat a wave form reaches in either
fﬁirnegative or positive direction. ' - . L

L4

PEAR  —e ’ ' '
. ) ) * [
O&—- PEAK . ‘ : oo

’

=  Rise time: - The.amount of time that it takés for a voltage to get from 0.up,

. _R|5E1[|> N T :
- TIME : | | | ‘
’ R . ’

S | . . IS L4

~RMS:  Short for root mean square. It is a value that is 70.7% of the peak value
"o or 707 ‘times peak. ' ' :

*Sine wave: A smooth, ever changing wive form. A pure frequency.

. 'Exdmple of a sine wave-- li¥:7_15 . _

Square,wave: A wave form that changes abruptly from P to peak value, holds =~ .
at pgak and then abruptly goes back_to @, reverses to a peak and returns to §.

Example. of a square wave-- e
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Information Sheet .
‘ AC and the Oscilloscope

. In the last package you learned how to set up the oscilloscope and use it to
_ take DOC voltage measurements. Although taking DC measurements with the scope
| : is 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 ghanging voltages, let's take a look at what AC really fis.

Basics of AC .~ : N

We krow 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. M _

4 —‘-———-me' + DC MOTOR LOAD .
.‘ S ROTAT!ON o
-_ ‘ ' |

2

| . \Fro&n this circuit you should recognize that:

, X
. 1. This is a DC circuit. X
. 2. The DC motor is the circuit load. ‘
: 3. The motor is turning e%qskwise. _ .
T The motor can be reversed by changing the polhqity of the voltage source |
connected to it, thus reversing the difection of the current through the load.
If the battery were to be turned one-half turn, the motor would go counter-
clockwise. See the circuit below. :
S ——» FLOW - DC MOTOR LOAD
— 7 |
+j5HA‘FTROTATlON
':) . L] | ] v . 4 | "
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From the last drawing you shoyld -recognize that:

]
2. The current flow 1s in the opposite direction

3. The motor 1s now turning in a counterclockwise frection.
4. The DC motor can be reversed by changing polar

.+ The battery is connected with the polarity reﬁﬁgfed.

Now let's go a step further. We wifl set up'a circuit that will switch polarity

of the battery. Study the circuit drawn below,

METAL HALF MOTOR TURNSIN CLOCKWISE

RINGS | DIRECTION

[
L

PHONOGRAPH TURNTABLE

a -

As the battery rides around and around on the turhtable. the spring brushes
slide on the metal half-rings which connect the motor to the battery. Let's
lTook at:the circuit again after it has turned one-half rotation, '

' >

ROTATION -

Now the polarity has bien reversed and the motor shaft direction has also been
- reversed, The action that takes place is one of the motor changing direction
over and over. The faster the phonograph turntable goes, the faster the motor
must change directions. This changing of direction of current flow is called
alternating current (AC) because it alternates polarity.

[ 4
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To neally'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-.

tionships, it becomes much simpler,

To get an idea of how this graph should

look, let's go back to our turntable-AC current producer and connect a graph-
drawing attachment to it. Study the drawing below. ' ' :

t

‘.

~PAPER

-

Basics of Altérnating_Current '

-~

MOTOR ARM j

From the drawing above, you should be able to recognize that:

1.

2.
3.
_?:4.

»

v
As the battery rides around on the.turntablgi.a current that is

changing polarity is fed to the motor,

The pen draws a line on<the moving
of motor shaft rotation, v

As the current changes polarity, the moton‘changes shaft direction,

As the motor tries to turn, jt is limited by the springs.

paper which shows the direction

The’next step is to study the graph that the pen made on the moviﬁg paper. The

drawing following shows the graph and what happened in the circuit to cause it.

(

(¢]
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A : : ) . . . . . ' )‘ .
- ] — . MOTOR ON CCW | |
® e L = |
¢ v f- . o . .. ' l
' AMOUNFOFk/ ‘
MOTQRPU 4°
CCwW '
. MOTOR OFF SWITCHING TIME INCHES |
- 5 ' | e PAPER MOTION|PER SECON
AMOUNT OF ] ' | TIME —= .
| R AN i
- MOTOR PULL A sz ‘

' ' ? - .

,“MMAM-i;y¢_K—§%%g§§§§‘ o
= o
£ oxs o R
| <& —— MOTOR ON €W 3
= ! oo
This graph (called a wave form) can give us much information about the circuit.
Study the following list: :
_
1. We can tell how much voltage'ha applied to the‘mg:or by the amount of
#0% 'motor pull. If the battery had more voltage, the peak wave would be"
, . "~ higher because the motor would turn more. (The higher the wave form, the
. more the voltage.) . .

2." We can tell the current direction (polarity) by the direction of the wave
from the off 1ine. Above the off 1ine is normally positive and below s .
normal ly,negative. 5/ - . ) .

. 3. If we know how fast the paper was moving (inches'pef second), we can

. - tell how many changes of polarity took place per second

4.. 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 to go from zero up to

.peak 1( called rise time. The amount of rise time can be measured on this
graph if we know ﬁow fast the paper was traveling.
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‘A

. The Si'he Nave.. ik'

Most wave forms don't look 1ike the one made by our battery turntable device.
The most common wave form 1§ the sine wave., You may hear it called the pure
form of any frequencys 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 \a second. This means that 60 of these take place 1n one second,

v, , _ |
' | PEAK 1691 S g -
) -, RMs R0/~ e . \
Y | .
- .VOUfNC 0 — ——— M —~
RM3120+ A— / | |
N A B e _
——— ) CYCLE /0 SEC— s " '

. . ) v . .
® « | .
From the d‘éwing of the sine wave you shod1d be able to reéognize that:

1. The sine wave is alternating chrrent because 1t changes polarity,
e

2. The sine wave shows a smooth change of voltage from | ro up to a peak value
posizieén then back down to zero. From zero it goe up to a peak value
+ ~ rnegative then back to zero. This all took place 1 R a 1/60 of a second. '

3. "The list of events that took place in 2 above is called a cycle. fach _
) cycle is, made up of one positive alternation and one negative alternation. p

4. We can measure alternating current by-theqqumber of cycles per second.

5. The peak voltage is the very top of the wave form. .

6. ‘ The amount of time that it takes for a voltage to get from zero up to
peak is called rise time.

.0 7. The RMS voltage is slightly leﬁs than the peak value. (70.7% of peak.f ,
] An explanation of RMS voltage follows in the next paragraphs. ' o '

1 ) . \
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Frequency in Hertz

nAs was stated before, we can measure alternatﬁhg'current by the number of cycles
per second. The measure that is used is called frequency (how .frequently a cycle
takes place). Remember that frequency in hertz deals with the number.of tycles

: ger second, no other time interval. As an example, the frequency of the pawer

ne 1s 60 Hz. .The cycles per second is understood. 60 Hz = 60 cycles per second.

.

. ) \ ,
Peak and RMS Voltages - o - - \

[ g

When AC voltages are measured, Qe have a different problem from what Qe 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 it, 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

s less than from a DC 100 volt circuit. It was found that 100 vd¥ts peak AC

. produced as much power-as a DC voltage of 70,7 volts. A1l AC-voltmeters don't

l\

- {n the beg

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 cam find the RMS.

RMS = .707 X peak

Let's say that we checked the line voltage and found that it was 160 volts peék
value. - What would be the RMS voltage? _ .

-

RMS = 160 X .707
CRMS = 11301 volts .
) N / b
AC voltages are almost always expressed in RMS. The 1ine electrical outlets in
our homes are called 110 volts. This is really a RMS voltage. If this is so,
what is the peak 1ine voltage? To figure this one we need another magic number .
like the .707. This time the number is 1.41421. This-one you can find with . -
your calculator if it has a square root sign (v—) on.it. 1.41421 is the
square root of 2. S

) .

e, . & .
The formula for finding the peak voltage if the RMS 1s known is
Peak = RMS X 1.414

Let's finish our probleh. We said that the line voltage was 110 volts RMS. Th1§
means that . '

Peak = 110 X 1.414 | , :
- Peak = '155.6 volts * . ' ¥4 ‘ . e

If’you are unsuye about how to do this, read 1¢fagaiﬁ?3ecause theAtesk Wil
have problgms gdealing with RMS-and peak. Refer to the sine wave figure as shown
ng of the discussion, S '

.

. Y S
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‘A:fio generators differ somewhat depending on the manufacturer, but the controls
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Bas1c of . Alternating Current’

The Audio Generator - '

When there i3 need to test a DC circuit, it is a simple matter fo use a battery
or a power supply. The AC circuit is a different matter. In the AC circuits

it may be necessary to change not only voltage but frequency and wave shape as
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
that can be heard with the human ear. The audio generator must include fre-

- quencies from 20 Hz to 20 kHz.

& w

e very similg;. The follawing drawing is of a typical. audio generator. Study

the controls 'so you can explain what each of them.does. .. ...

3

—1— FINE FREUENCY ADJUST

PILOT LIGHT——=® e ouTPUT TERMINALS |

oRE | D semewe | ——0urpuT vorrase conRoL
FREQUENCY— T ' o
SWITCH. — T — ,
o WAVE SHAPE SELECTOR
,
N ,. :
s ’ “ ‘
AR N
/ : b |
o

N

.
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Problem Sheet
1. The line voltage was measured,to be 117 volts RMS with a voltmeter.
- -What 1is the peak value? ' o

2. While working on a poWér,supply fhe peak*AC voltage was measured with an
oscilloscope. - The voltage was. found to be 155.5 volts peak. What was, the
. RMS voltage? 0 . - oo o

3. While working on the water heater in my house, I found that. the vol tage

> across the element was. 225 y0lts RMS.. What was the peak value?

4-10. - : _ _
The table below 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. Comp)ete the table so that both peak and RMS

values are given, v
..' .. . . "
- Peak = RMS
4 |Sun - 125
‘l’ | 5 |Mon 150
6 |Tues 109.5 i
7 |Wed: 146
'8 |Thurs | ns
. 9 |Fri 142 . | o
. , 7y
. 10 [sat | me.2f .
SN
‘o
' '

2 322
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Self-Test A | L

B
. 1. To reverse most DC motors you must !
S a.- switch the shaft end to end.
. b, invert the motor.
€. reverse the polarity of the connections.
d. give the shaft a twist in the opposite direction,

2. The difference between AC and DC is that Ac f - '
: a, flows in one direction. Sy | : .

b. switches on and off. '

C.. switches polarity,

d. - has . only poSItive alternations, . - ' Ly v

3. The rise time is
a. the time it takes for one cycle of AC.

b the time it takes for the voltage to go from 0 to the peak value. :
‘ C. the time it takes for one turn of the motor, : ot
R : - d, the lag between cycles. : : - .
, . . ' ' ’ . * A
4. The sine wave is e B

a. a smooth pure wave form.,
b. .-an abrupt changing wave form.
c. a triandular shaped wave form.

o .+ d.  a sawtooth type wave fonm._
, 5. One cycle is , o v
‘ L ~a.  equal to RMS times peak , |
_ - b. one'positive alternation and one negative alternation. )
° : ™ - 'c. a span of 1/10 of a second. R . ,

d. - equal to RMS minus peak.

s 6. RMS voltage is
a.  higher than. peak.
b. .equal to the square root of two.
,C. equal to .707 times the peak value. ¢/
d, equal to 1.414 times the peak value. -
7. The audio generator produces signals in the frequen;y range\oieyf
a. 10 hz to 100 kHz.
b. 20 hz to 20 kHz.
c. 400 cps to 5 kHz.
d.” any electric organ.
8. The audio generator's output can be controlled to
a. change frequency.
b. change resistance, .
C. ~ change wave shape, voltage, and frequency.
3 d change wave shape, resistance, and voltage.

9. The AC voltmeter measures
~a.  peak value, N
_ b. 1.414 volts 1egs than peak
C ) c. RMS voltages.
_ d. " .707 of the RMS yoltage.

13
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Task

. Set-Up and Operation of the Audio Generator |
For this task you witl need the following materials: o~

: One audfo generator
One pair of head phones
One set of comnecting wires

Se t"UE o ) . ] . '- I
Refer to this drawing. for alY steps in this- task.

S (All audio generators are not alike, but they will have comparable controls.)

LY O I g -
A X - aNemF:Jsome .
@ . * 5) ', ' 3

r

) ‘With the audio g@EeratOr in front. of you
IDENTIFY the folldwing controls: -

witch . o : ’(

Ff-o . . TOHEAD PHONES

Codrse frequency adjust
4, Fine frequency adjust - -

A 5. Mave fom switch L
.. | . 6. Output level control '




7.

|

8.

’ Qperatipn of the audio generator

SR ' EL-BE-25
S - Basics ‘of Alternating Current

Output terminals

Power cord

ﬂ‘ ]..

2
3.
4

.~ Connect head phones to output terminals,

Plug in power cord. ' oA
Switch unit on (check pilot). . .

Adjust fine frequency control to 1000 Mz,

. ,Switch coarse frequency to correct band for 1000 Hz (B).

Switch wave form to sine position.

. -
Place the head phones on your head with the phones slightly of f ears

"(to avoid loud blast).

Adjust output level control s0_you can hear the sound (called 3 signal)

Turn the ‘frequency controls to different settings (Notice how the
pitch in the phones goes up as the frequency is 1ncreased ) Nhat is
the highest frequency you can hear?

Answer the questions below.

1.  What Hs the lowest sine frequency that you can hear? (not feel)

.\‘ ’
| Hz
2. What is the highest sine frequency that you can hear?
| ' | Hz
3. Heu does the‘square wave soungd different from thé sine wave? . /
!
. * Instructor check | ' S

15
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- Final Test. ~ ~
. | ' o " \
1. A smooth, ever-changing pure wave form describes _ "'f"
a.” a sawtooth wave .form. R ' /
b. a triangular wave form, L o
C. a sine wave form. a f
» d. a trapezoidal wave form.
2. In an AC‘wave form, the fime that it takes for the voltage to 90 from
0 to the peak value is known as : “- ,
a. one cycle. | : ' |
. b. an a]ternation. . . . S e e e ,..,....ﬂ.,f_.'..‘:..f_,_.
C.  the rise time, _ . B
d. the fall time, :

AC is different from DC because AC _
~+ a4, - flows in one direction. - S » - -
b switches on and off. . : ’ Co

c switches polarity.
d has longer cycles,
4
4. To make a DC motor reverse directions .
~a. reverse the pQlarity of the connections.

b. -invert the motor. .
, C. reverse the motor shaft-end to end.
. _ d.  give the shaft a twist in the reverse direction,

5. The major advantage of the oscilloscope is 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
a. as to its voltage. v
b. as to its voltage and wave shape. '
+C. as to its voltage, resistance, and wave shape.
d. , s to its voltage, frequency, &nd wave shapes. -

7. The normal AC voltmeter measures .
' RMS voltage. : - ' . .
peak voltage. _ . ' _
.707 of the RMS value,
1.414 times the peak value,

20 Hz to 20 Y
10 Hz to 400 Hz. -
1Hz to 10000 kHz.

a.
b.

c

d

8. The frequency ranEe of the audio generator includes = : IR Do
a ' :

b

¢

d 1kHz to 2kHz.

4
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-

. 9. RMS voltage is i - \_
a. equal to .707 times the peak value. ;
"b.  equal to 1.414 times the peak value.
C. equal to the square root of two.-
d. thg}same As the peak value,

|
|
| /
104 One cycle of alternating current is
a. one span of 1/10 of a second.
S o, b. equal to RMS times peak.
- c.
d.

., one positive alternation and one negative alternation.
equal- to RMS minus pefak. . .

| I
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Completed Task | - , . _
Com;TBtsg_ang]em sheet with 90% or better S, |
Completed Final Test with 90% or better ______% | N :

When all checks indicate OK._procegg:tpxthe next l!%rning package,

o e -

N . o

S _. | " |
' v 328




Answers to prblem Sheet:

Answers to Self-Test:’

~

. ff??P’:‘

OOTNHNTBBOoTOO

o E~NOW;m
e e o

1. 165,5 V peak
2. 109.9 v RMS
3. 318 V peak

4, 77

5. 106

6. 155

7. 103

8. 160

9. 100

10. 156

gl

Basics of'A]ternatﬁng

LR
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The apprentice will be able to.

describe permanent and
cloctromagnetism,

S5.17

MAGNETISN - o

\

I¥ Performance Indicators:

-

!‘ . .
’ 1. Describe permanent magnets.

2, Descpibe magnetic fields.

3. Describe ‘laws of repulsion
and attraction.

4. Describe magnetic flux:
(

5, Describe electfomagnetism.

330




’ i\ .

1,  BASIC ELECTRONICS

- | Magnetisni
e = ELBE4s

| Test Draft
® - September 1981

L]
e \ . ' .
' » \ 4
. ,' . ’ '

331




"'"‘r"""”"'m‘,"‘mmm
. . ~ - . . . . v .

J
Acknowledgment

S

Funds for this groject were propided by the Governor's Grant, Comprehensive Employment
and Training Act (CETA). The attivity is a State Education Agency undertaking. The opinions

expryased herein do not necessarily reflect the position o6r policy of either the Oregon
Buredu of Labor and Industriss or the Oregon Department of Education, and no official -

endorsement by tho State of Oregon or the U.S. Government should be inferred.

Project Director—John W. Havery, Spacialist, Oregon Department of Education
Coordinator and Editor—Barbara Edge ' '

+ Writers: Douglas Draper, Portland'Commuriity College, Portiand, Oregon

- Vernon Hartshorn, Mt. Hood Community College, Gresham, Oregon
George McEimury, Cleveland High School, Pqrtland, Oregon
Donald Wardwell, Mt. Hood Community College, Gresham, ?ﬁ'on

/
' i

. Statement of Assurance -

»

Federal law\;}oohlblts discrimination on the basis of race, color or national origin (Title VI of

the Civil Rights Act of 1964); sex (Title IX of the Educational Amendments of 1972 and Titlell .~

of the Vocational Education Amendments of 1976); or. handicap (Section 504 of the Rehabili-
tation Act of 1973) in educational programs and activities which receive federal assistance.
Oregon laws prohibiting discriMination include ORS 659.150 and 859.030. The State Board
of Education, turthermore, has adopted Oregon Administrative Rules regarding equal
opportunity and nondiscrimination: OARs 581-21-045 through -049 and OAR 581-22-505.

It is the policy of the State. Board of Education and a priority of the Oregon Department of
Education to ensure equal opportunity in all educational programs and activities and in
employment. The Department provides assistance as needed throughdut e state’s educa-
tional system concerning issues of equal opportunity, angihq, deaignate .the following as
responsible for coordinating the Department's efforts ', » y i, . ‘

(4 : BECTY .

»’,
v AR

Title I—-Vocational Education Equal OM&OS‘MMM
Title VI—Equal Education and Legal Speoial 7 '
Title IX—Associate Superintendent, Educational Program Audit Division, and Equal Edu-
cation and Legal Specialist ' : - , '
Section 504—-Specialist for Speech, Language and Hearing, Special Education Section

inquiries may be addressed to the Qregon 60partmont of Education, 700 Pringle Parkway

- SE, Splem 97310 or to the Regional Office for Civil Rights, Region 3( 1321 Second Avenus,

Seattle 98101.

e




EL-BE-45

K \) . 'I - o _i " Magnetism
| ® Ob,jec§tives - " ;
Given: © The student will: .
K 1ist of questtons about basic = = Answer questions on the final test wtth
permanent magnetism and Ce an accuracy of 90 percent.
electromagnetism, ' )

o ) | -
Identify magnets and magnetic polarity.

Wind a solenoid and an electromagnet
.and test each.

A set of magnetic equipment.
W

Directions . ). R
Obtain the following:

Compags

Set fgfmagnets . L .
. Magnetic cores o , , | ©

‘ - #18 wire |
Paper or cardboard tube ° ! S o .
. Power supply - ‘ : . e
Box of nails B

’

S aa

'Leaming Activities

i

Study Key Words list,

Read Information Sheets. e

Do Self-Tests. _ ' “

,l

Do Task A,.

™ Do Tasks B and C.. . .‘ ’
. Do Final Test.
- Obtain Final Evaluation. . D et




.1

Magnetic metals: Iron, nickel, and colbalt.

' oL . EL-BE-45

S ' < | N . : Magnet ism

Key Words ~"’ - LA . |
oil: A spiral winding of wire.  * T Voo

. . /] ;
Coret. The center part of a coil, made .of a magnetic material or atr.

Domain: Very tiny magnetic area in iron, nickel, or cobalt. L

Electromagnet: A coil of wire powered by a source of electricity. ////-

Field: The.magnetic flux around a magnet.
Flux: The lines of.magnet?E force around a magret.
Gauss: A unit that is ngd to'measurerthe‘amount'of magnetic force. T

o p——

Keeper: A piece of iron‘across the poles of a magnet placed there to prevent
loss of magnetism when the magnet is in storage. :

Line of force:. Referring to the magnetic flux. -

»

Magnet.ic polarity: Referring to the north- and south-seekihg ends of a magnet.

Magnetomotive fo(ce: The magnetic push.

§

Pole: The end of the magnet, where the magnetic force is greatest.
== v u

Residual magnetism: The magnetism that'remains’ih&g;metql after the magnetic
force has been removed, . o e

§g§ggg£19g:' The point at which a piece of magnetic materfal cannot be further
magnetized. Ty S

.
LA

. . : ‘. w0y IR I | Aot
Solenoid: . A coil without*a;%orn. ‘Aasuckipg coil.

-
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Information '_'S}heet.Nq. 1 N,

- Permanent Magnets | |

- . ¢

Magnetism is,involved in-a great number of electric and electronic devices
d’s, solenoids, transformers, meters, etc. A knowledge of the basic.
principles of magnetism is important for.understanding the operation.of these

-
o
»~

‘ There are 6nly'three magnetic matertals on earth. A magnetic material is-a .

material .that can be attracted by a magnet. These materials are iron, nickel,
and colba¥t, Materials like steel are alloys that contain iron; therefore,

> they are magnetic.

The simplest. magnet is a bar magnet. One end of the magnet is labeled N .and .
the other.end is labeled S, All you have to do to understand the N and S is to
make a compass out of the bar magnet. The end that points north is stamped N
and the end whjch points south is stamped S.. So when we say the north end of
a magnet, we mean the north-SEEKING end. What ‘makes-a magnet want to point
north and south? No one has the answer to that question. The exact nature

of madﬁ@kism is not really known, but we are aware of the actions of magnetic

materials. If we look 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
the material. Remember that these domains are only in the thrfee magnetic

"materials: iron, nickel, and colbalt. The shape of the domain is not really

known, but we will picture it as a tiny bar. -Tpese domains can turn and spin
around in the material. The drawing below is.a domain grouping inside a non-
magnetized iron bar. - . ' : ‘

- |

/
! [)

NON-M-AGNETIZED : d ;_QQ—!CRO&(DP\C
IRON BAR ' SAMPLE  w=

Notice that the domains are pointing every which way. The total effect is that -
\ N end of each. domain is facing a S end of another domain. This cancels out
zzfxternal magnetic forte ‘so the bar of iron is not a magnet.

L
.
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. If the bar of unmagnetized iron were put into a magnetig field. (next to a
magnet), the domains inside of the iron would align the se}ves with the

i magnetic field. Study the drawing below.

. r~
\
~

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

iron turns back to the nonmagnetized state. . ¢ ] '
[f there were somé‘way that the domains could be locked into the magnetized
condltlon. the iron bar would remain a magnet. This is impossible with soft
pure iron. The addition of carbon, copper, aluminum, colbalt, and nickel to
the iron produces an alloy which will Tock the domains so they cannot turn,
This means that a permanent magnet }s a special alldy of metals. The magn?t
must have special handling because heat or Jarring willﬁtend to unlock the
dqmalns. which will destroy the magnetfc effect.

‘The Magnatic F[gld ‘

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 1fve in magnetic fields all the time. When we walk, we are going through o
-these magnetic lines. How can we detect or see magnetic lines? One way is to - N
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 would look like.

N
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';IRON—FILING-P&ITERN‘OVER A BAR MAGNET
From the iron- filing pattern, it is hard to see the full picture of the lines
of force. What can be seen is that:

l. The ends or poles have most attraction. A - | | ot
2. There are two poles. - . - :

3. There seems to be no magnetic -action 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 is-shown again. but this time it is
. shown more- clearly than could be done with the iron filings. (Only a smal) .
amount’of lines are shown to make the drawing clear ) _

v //// .

’f%}“m& I
N N o

. ’ ) v
‘\ —___’// ) ?
\\‘\\e,/,////

) %
‘ /

This drawing. shows that there are distinct lines of magnetic flux. Each has

direction from the N end of the magnet to the S end. These lines are also

complete (continuous) from the. north to the south end. .

l ; . . N
B
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' ‘The Magnetic Lgws of Attraction and Repulsion

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 1ines during the attraction? Study the drawings of ‘the
magnets below. . ‘ -

Vo

p— dﬁ
- —— D
) N S N
. Attraction Repulsion
_ North to South -~ -North to North
= —= = -
N7 oE=HN sk
. ’ -
Attraction . | " Repulsion
s South to North, ' South to South

Knowledge 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. - y o , . S
From- the drawings you know that:- \\T‘ - ' -
| : .
1. Unlike magnetic poles attract. (North and a South or South and a
/ North) o :
2. ‘Like magnetic poles repel. (North and a North or South and a South)
3. When the poles attract:, the flux lines from one magnet combine with /{
/ ' the flux l1ines from the other magng}. v , /

‘ S

4, When the poles repel, the'magnetic flux lines do not combine.




- o , , _ : - ) Magnetism
"Keegers - , - ’ : - _ £
The magnetic flux passes through materials with different amounts of resistance.
As an example,,. the magnetic flux passes through iron much more easily than !

through air, plastic, etc. For,a magnet to last a long time, the gap between
the north and south poles should be as small as _possible. Nhen_the magnet is
not in use,/it is wise to place a bar of soft iron between the poles. This bar
of iron is called a"KEEPER. The magnets pictured below have keepers on them.

. l 3 ) .
- . S ) ,’.
& ’ “. "..‘ N - " N S Nms

N : A . K
,'w .

]

le . Magrets with Keepers

Measuring the Magnetic Flux
@

How strong a magnet is depends on many factors. Some of ihesp factors are the

following: . S .
v - ' ' v *
l. The mass of the magnet (amount of metal). ,
' 2. How well ‘it is magnetized. ‘
' - 3. The alloy of the metal. -~ = =~ .
_ 4. Its shape or form.
Py ’ . &

The: more lines of magnetic flux per area, the more magnetic effect we can. get.
The measure of magnetic flux concerns the number of lines. There are at least
three systems of measurement of magnetif flux: Gauss, Maxwell, and the Weber,
Gauss is a measure of the number of 1ines 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 a small toy
horseshoe magnet could have 200 Gauss!

: _The ‘Square Law Magnetic Relationships - ~ '

. Study\kge drawing below that shows tests of magnetic pull. : ’
N ONE SHEET OF PAPER - ' TWO SHEETS OF PAPER
j 4 Lbs ‘ - BT
MGNET N i FO-ToPuL  MAGNET N | {)-—-j 1O PULL

, OFF , N
g . |

Each time that ybu double the distance between the ‘magnetic pole of the magnet

 and the magnetic material, the. magnetic pull decreases by the square of the -
. distance. This means that as you move away ¥rom a magnet, the flux level .drops o
- at a fast rate. This is very imgodtant when dealing with tape heads of a tape. o |
recorder. A very small amount of dirt can hold the tape far enough from the | 1}
head to make the tape unit completely inoperative. Keeping the magnetic gap . S

clear on a tape head is very important. . . o
\ ’ ) . . A 339 ' “ | .
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Self-Test No.'1

3 : .
. - ;o
. 2 - .
. . ,
. ] N :
<t

1. The magnetic field is sometimes called

a. magnetic force.

b, flux lines. .

c. iron filings. . »
d. north and south.

2. "The direction of magnetic fields is

a. .around the magnet in a crosswise direction.‘ o 1 .
- b. from the north pole to the south pole. ~ '

c. from the south-pole to the north pole.

d. along the'sides of the magnet.

3. The law of magnetic attraction and repulsion states that

- a. like poles nepel and unlike poles attract. . .

b. like 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.

4, If a block of soft iron is 1'cm from a magnetic pole and then mqved to .5
cm, the force between them will X .
_ ~a. double, ’
-‘l' b. halve. -
N _ C. quadruple.
E d.: triple.
5. The fluxdlines around a magnet are

a. in both divections. ,

b. more dense as you move away from the pole.y

c. complete from the sodth pole to the north pole.
d. complete from the north pole to the south pole.

6. The strength of a magnet in the center section halfway between the poles is
a. equal to the square of the north pole.

b. zero.
N c. four times stronger than at the poles. .
) - d. weaker in larger magnets.

7.. The strength of a magnetic field is measured 1n

a. volts per inch, - . _ ”-
b. Gauss or Weber. ‘ . .

c. flux line diameter.

d. the square Maxwell. , : R v

8. _The"following materials. are magnetic :

.‘ a. lead tin, and zinc.
b. gold, silver, and copper. .
c. aluminum, chromium, and platinum.
d. 1ro‘r|~ nickel, and colbalt.

10340
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Electromagnetism

There is a relationship between magnetism and electricity. One of these . »
relationships is that whenever current is passed throigh a conductor, a
magnetic flux is set up around the conductor. The form that the magnetic flux
lines make is one which surrounds the wire in a sheath. Study the drawing of

- the current- carrying conductor, ’

FLUX LINES
CLHRRET¢T DNRECTKDN

The Magnetic Flux arounJ a Wire

From the drawing you should be able to retognize that: ~

“l. The current-carrying conductor has a magnetic flux around it.
2. The magnetic flux is around the wire in a crosswise direction. ,
3. The magnetic flux 1s continuous all along the wire. : L
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 LUX DIRECTION

L]

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 were to be wrapped around in the
direction of the magnetic flux the thumb will point 1n the direction of the ¢
current flow. ‘

11 . ' 2

. | | A 341 : . ‘i

—{ ' N e - |
- m':*:*ZZEEff§::5§=‘£ “ \ FLOW DIRECTION

v

3,
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» 1" " The amount, Of magnétic flux around one wire is quit® small. To make a stronger

v

flux field, we can concentrate the wire by winding it into a coil. To picture . .

~how the coil can concentrate the flux, study the drawing of the coil below.

———————

CURRENT [C

The flux lings go from the ==~ combined flux lines for the .coil
north end to the south end on ' . ' _ _ .
the OUTSIDE of the coil. ‘ :

From the.dﬁawing 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 inghe coil, the stronger the magnetic
effect, Notice from the drawing that the magnetic polapity is shown. This too
can be seen. Remember that the flux lines go from the north end of the magnet
to the south end ON THE OUTSIDE OF THE MAGNET. Check it out on the drawing. .

'

The ETectromagnegh
" N\

- . ' : ’ :
"Now that we know 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

off, we need a form of iron t 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 the lines close to
the coil to give us the best magnetic effect.

the three and also the most”;ggxpensive.' Because we want to turn the magnetism




) ,
. .

To construct the eTectromEgnet we wind the wire around the core in a neat
spiral of insulated wire so the windings will not short from one to the other.
Study the drawing of the electromagnet.

n
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R DN —MAGNETIC FLUX  “®
- S\:-‘( :rf:‘_ ' '
€ . SOFT |RON CORE
[‘—O” O- —— . e e T
' SWITCH . :

“— _ BATTERY

+ ;"' \i | l - ‘; | v)>?

1

‘The Electromagnet

4

The magnetic action in and around the electromagnet 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 I o o ;o

: Another type of electromagnet which is very useful is called a solenoid. The
‘ solenoid 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 make a
solenoid you wind the insulated wire around a hollow nonmagnetic 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. v {
]

| l o~ O/ - | ~ > When the coil s turned on,
- , _ . - the core will be sucked to -
. ‘ | - S the center of the solenoid.
_ "

" The Solenoid "Sucking Coil"

k\

Because of ‘the mechanical traverhfhut the solenoid can proabce, 1t is used to.
do the following things: ) _ _ '

1. Turn switches off and on.
2. Control draft and air flow in heating and ventilating systems.
- : 3. Shift gears. ;
. 4, Operate door chimes.
5. Start or stop machines,

@
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Factors 'of Magnetism - /

There arge many measures and factors of magnetism. Included here are a few of
the most 1mportant ones.

|}

Magnetomotive Force® (MMF)

Magnetomotive force is explained as the force needed to produce a magnetic

~.field. This force can be made stronger by increasing the number of tuagl
oil

of wire on the coil or by increasing the amount of current through the

The ampere turn 1s used with magnetomotive force as a unit of measure.

'Saturation

Saturation refers to the state of a core which ¢annot 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 cannot increase the domain -

alignment so the core is said to be saturated.

)

Rgsidual ﬁagnetism

Residual magnetism is the magnetism that remains after the magnetomotive force
is wremoved. This condition is caused by a few of the domains staying locked in
one direction. This residual magnetism can cause problems. As an example, a
relay -can stay stuck down after the current is turn8d off. ‘

¢

" residual magnetism.
./

Demagnetizing | " ' ' .

Demagnetizing is the process of removing the magnetic effect from a material
or device. Many times tools will become magnetized and will need to be
demagnet1zed. Tape recorder heads often need to be demagnetized.

The device that 1s used to demagnetize is nothing more than a large coil with
no core. The power to operate the coil is AC. - To operate the unit the pewer
is turned on to the cnil. This produces a magnetic field that switches polat-
ity back and forth. The.object to be demagnetized is placed into the coil.
The object ¥ forced to be magnetized first one way and then the other.  The
object is then slowly removed from the coil. The strength of the backwand~
forth reversing field becomes les$ and less. This leaves the object with no -

.

14
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Self-Test No. 2

w
l. If a current is flowing through a wire
a. a magnetic field arqund the wire will be present. e
b. no magnetic action s present. v _

‘c. one end of the wire is north and the other south.
d. the heat from the wire destroys the magnetic effect. '

2. Electrbmagnets are made by windfnb‘wires into coils because

a. it produces less heat.

b. the core is easy to install.
'C.~ the leads are easy to connect. .
d. 1t 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.
, Shows the flux direction if the current direction is known.
* {s more accurate than the right-hand rule.

4, A solenoid is sometimes called

|
. a. an electromagnet. . _ ‘ "
' b. a sound generator. : - e
c. a sucking coil. '
d. a long cored coil. ' |

5.  Saturation is

a. the point at which more magnetomotive force cannot produa’4more
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 | o i

a. heating soldering irons.

b. controll1ng temperature. =

c. mechanical movement of pulling.
d. M™easuring resistance.

- 7. Demagnetizing fs best done with

a. a hammér.
b. *a strong light.

' c. a large AC coil.
. ‘ 'd. twisting the metal one half turn north.

ERIC Y s
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Task' A B L ‘

Given: Four unmarked.magnet53 a compass. s

l. identify the north- and south-seeking ends. >
(Use masking tape to make labels".) . 4
When using the compass, keep it at least one inch away from the magnets
poles. ' , .
[] Instructor's Check ' - _ ~'_ n

¥ .
Given: Two babs of iron with no markings:

one unmarked magnet
one unmagnetized iron bar

2. You must present the magnet tOfthe'instructor in five minutes.

. Rules: 1. No other metal obj ay be used.
' ' 2. No campass can be u : .
' : 3. You may not try to make a compass from the bars.
i }_

dJ lnstructor}s.Check

16
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Dl.ﬁWtor‘s Check - B -

e T © EL-BE-45 *

. Magnetism
. ' . .
_Given: Iron core, paber tube, #18 magnet'di?éu;and a heavy power supply. !
Construct the following solenoid -
Wind 30 turns of #18 magnet wire on the paper tube. The wire must be -~ '
closely wound in 2 neat Sp1ral. . N
Leave 10 irches of wire at ‘each end of the coil for leads. (Tape each
end of the cofl to hold the wire ) T e
' Strip one-half inch of insulation offf-the end of each lead.
U e s r
A . nsxmp o '
. 2"1 - u@“snmb
' 2
App]y 3-5 volts to the coil from the power: supply., (Don t overheat the
coil.) . , ) )
+
b
LI L.
| . <>
t \

Explain whag‘happened.
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Task C D o . S
TRy y . ) , ,
o - - o
Given: lron bar, #18 magnet wire, small box of nails, and a power supply. "
o%o

l. _NUnd 40 turns of Qire on the iron bar in tto layers of 20 turns each.

Leave 10 inches of Qire fore leads. | _ ' ’

Strip ends as in Task B.

‘ *
- Tape the coil to hold the wire. P
,. ‘ Al t(()RE
® Iron nails —va$
A v _
Yy \ - . ‘ ¥

}
2. Apply power as called for in the chart belﬁm

3. Count the nails that it is possible to pick up with the coil at each
voltage tevel.

| | | L ° |,
. _ Volt_s Number of Nails \“ o ,

_/
5V p '
¥
1V |
5V
10V . , : - .
—* _ = MWork fasts.the coil will become hot! - v
15V ' : ) v ) '
. , ‘ SR
4., Did the core become saturated? ' A .
0. Instructor's Check ; ‘ ' ) ‘
e .
Y ( N
° "
‘
) :
- .
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~ Final Test .
cal ; .
l. The Gauss and the Weber are both measures of R §
~a. current levels in a coil, -
b. magnetic force. g L L

*¢c. the Maxwell. ' . : ‘ . A
‘d.  volts per inch, - . R -

| 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. o

3. The threezmagnetic metals ‘are . o D

a. firon, copper, and zinc.

b. iron, aluminum, and nickel.

c. iron, colbalt, and tin. _

d. 1iron, nickel, and colbalt. B

4. If two magnets are brought together,’the foliowing action could result:

‘ . a. the like poles will repel. - oot ‘ Lo

b. heat will be produced. )

c. the two north poles will attract. B
d. no action will take place. ‘

5. If an iron bar.is brought to within one inch of a magnet and then moved
to two inches away. what will happen to the pull?

a. It will double. "

be It will be reduced by four times.

c. It will be reduced by one- -half.

8. It will be the same. o .

6. The left hana“?ule for conductors is used to

a. check wire temperature. ' - . /.

b. show the direction of magnetic flux. : '
c. Measure voltage. . _ ~ : ,
d. ‘.count the flux lines. : ' .

S 7. A solenoid is a coil that

a. provides heat. | ‘ . .
'b. s used as a holder for soldering irons. - . . | ¢
. ‘ c. pulls the core to the center of the coil. | |
‘ d.. has a permanent iron core. : .
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10.

b.
C.
d.

d.

b.’

C.
d.

£

Coils of wire are used for electromagnets because

'they produce less heat. .

they hold tha core better.

the leads are easy to connect.

they concentrate the magnetic flux,

the core of an electromagnet becomes saturated
*
it must be thrown out.
it cannot be Magnetized to a higher level.
it must be dried out. .
it has reached the domain level.

demagnetize a tool or part

" a large AC powered coil is used.

a heater must be used. )
a sharp hit with a hammer will do it.

a stronﬁ 1ight will do it,
L I
) _.-\'. R 5 t"‘vglf' ‘:“:'
! o SECO S L* «’“,; ; :""
..'
N\
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@ Final Evaluation o B oy

' \‘ | | - 0K RE -DO

Completed Task A - | |
. . . ' 4

‘Completed Task B

Completed Task C

~ Completed Final Test with 90% scdre %

When all checks indicate 0K, proceed to the next iearning package.
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| Answeré '
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Answers to Self;fest ¥l ' B - | | . i
Ly coo | - ;

2. b - R I o S
3. a . : | ' ., : . ' : f

Ce )
5. q . _-, ../’ Y.\,
s ! A "’§ "3 //
o L] ;

" Answers to Self-Test #2

1. a° . ' o S

. 4. d .. , | ) ' | . o ‘/‘

. . yl . N . \
. . ' \ '
o ¢ . . < o : \ :




