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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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%0.] Basic Electronics, Poger Transformers, EL-BE-5] ,
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

/

»
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| 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.
— [




- EL=BE-03
Atomic Theory

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.
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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
’ _ ' .
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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.




ERIC

Aruitoxt provided by Eic:

b

¥

A
.

EL-BE-05.

" Test Draft
September 1981

A

Basics of Direet Cu‘freht




\" . ’

‘\“%‘\

N

-~

Acknowlodgmpnt

Funds for this project were provided by the Governor's Grant, Comprehensive Employment
and Training Act (CETA). Tho activity is a State Education Agency undertaking. The'opinions
expressed hersin do not necessarily reflect the position or policy of either the Oregon
Bureau of Labor and Industries or the Oregon Department of Education, and no official
endorsement by the State of Oregon Ya( the U.S. Qovernment should be inferred.

Project Director—John W. Havery, Specialist, Oregon Department of Education

Coordinator and Editor—Barbara Edge . -~

Writers: Douglas Draper, Portland Community College, Portland, Otegon
Vernon Hartshorn, Mt. Hood Community College, Gresham, Oregon
George McElmury, Cleveland High Schodl, Portland, Oregon
Donald Wardwell, Mt. Hood Community College, Gresham, Oregon

N\

" Graphics: George Kraus, Salem, Oregon ‘ - | -
S \

. Statement of Assurance

Federal law prohibits discrimination on the basis of race, color or natibnal origin (Title VI of
the Civil Rights‘Act of 1964); sex (Title IX of the Educational Amendments of 1972 and Title II
of the Vocational Education Amendments of 1976); or handicap (Sectioh 504 of the Rehabili-
tation Act of 1973) in educational programs and activities which recaive federal assistance.
on laws prohibiting discrimination include ORS 659.150 and 659.030. The State Board
ducation, furthermore, has adopted Oregon Administrative Rules regarding equal
ortunity 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 dpportunity in all educational programs and activities and. in
ployment. The Department provides assistance as needed throughout the state's educa-

' responsible . for coordinating the Department's efforts:

/ ';-'“'ritle ll—Vocational Education Equal Opportunity Specialist

“I:" Title VI—Equal Education and Legal Specialist

fﬁ Title IX-—Associate Superintendent, Educational Program Audit Division, and Equal Edu-

. cation and Legal Specialist ‘

: / - Section §04«-Specialist for Speech, Language and Hearing, Special Education Section
[0 gt : : - . ,

! "[lnquifr'ios fmay be addressed to the Oregon Department of Education, 700 Pringle Parkway

. | ISE, Salem 97310 or to the Regional Office for Civil Rights, Region X, 1321 Second Avenue,

i Seattle 98101, *

’ .,

w

onal system concerning issues of equal o rtunity, and has designated the following as *©
ys 9 eq PO ty 9 ’ .OM

. [

[




Given

~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)

\ -
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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. e ! o
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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
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“

+

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

~
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- ' 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

|




N o  EL-BE-12
: v ! o ~ Reading Scales:
lnformation Sheet No. 2 . . ' |

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 '




T R | e EL-BE-12 &\ . -
- ( ' ) ' 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{.




- EL-BE-12 |
' v _Reading Sca1es§
Information Sheet No. 5 ‘ '

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 - .

=}




AL A

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
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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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USING A, VOM ° i
X ~ : y
. . ?
o *

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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