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STATIONARY ENGINEER

SUPPLEMENTARY ''REFERENCE URECTORY

Note: 'All reference packets are numbered onthe upper right-hantrcOrner of the respective cover page.

Supplementary
Packet # Descriptlon

12.1 Correspondence Course, Lecture 1, Sec. 2, Steam Generators, Types
of Boilers I, S.A.I.T., Calgary, Alberta, Canada

- -

Correspondence Cotirse, Lecture 2, Sec. 2, Steam GeneratorS, Types
of Boilers II, S.A.I.T., Calgary,.Alberta, Canada

12.3 CorresOondence Course, Lecture 2', Sec. 2, Steam- Generators , Boiler
Construction & Erection, S.A.I.T., Calgary, Alberta, Canada.

12.2

12.4 Correspondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler
Fittings II, S.A.I.T., Calgary, Alberta, Canada

12.4 Corresondence Course, Lecture 4, Sec. 2,' Steam Generators, Boiler
Fittipg I, S,A.I,T., Calgary, Alberta, Canada

12.5 CorreSpondence Course, Lecture 10, Sec. 2, Steam Generation, Boiler
Oper(atidn, Maintenance, Inspection, S.A.I.T., Calgary, Alberta,.
Canada

12.7

12.8

13.1

13.2

13.4

13.6

43.7

Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler
Details, S.A.ITT., Calgary, Alberta, Canada

. Refer to reference packet 14.3/12.8

Correspondence Course?. Lecture 9, Sec. 2, Steam Gene ayr, Power
Plant.Pumps, S.A.I.T., Calgary, Alberta, Canada

13.3 Correspondenee,Course, Lecture 6, Sec.- , Steam Generators, Pumps,
13.5 S.A.I.T.; Calgary, Alberta, Canada

Related .Trainina Module,'

,412.1' Boilers Fire Tube Type

.12.2 Boilers, Water Tube Type

12.3 . oi'lers, Construction'

12..4 ,,Boilers; Fittings

12.4. Boilers, Fittings.

12.5 . Boilers operati,on

12,.7 Boilerg Heat Recovery
Systems

PUMPS

.13.1 'Types & Clas ication
13.2- ,Appl icattons''

'

13.4 .::Calculating Heat & 'Flow
13.6: Monitoring ,& Traubl,eshooting
13.7: Maintenance .."

* 13.3 Construction
13.:5 Operation
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'Correspondence Course, lectUre 6, Section .3', Steam Generators, Steam

Generator Conti!ols; S t.algary Alberta.; Canada'

Corl-epondence Course Lecture_ Sectio'n'' 2.; ;:Stearn Generator's

Piping 'Calgary,: Alberta , Canadd
t

eorrespond0x4 Course, Lecture 1, :'Sec-. 4, Movers
Ste,* Turbineg , Cal gary,A1 berta,; Canpda

.
, .

16. Cot:respondence Course, Lecture 4 Sec.,, 3, PrimOloverS, Steam

Turbines.: S.AA.T.Ytalgdry, 'Alberta , Canada:.

..Related Trainim Module

14,3 Steam; Transport
boilers ; Instruments

Controls

/14.4 Stearil, Puri ficttion

Steam Turbines , TypeS.
,.

Components

.Correpondence 'Course; Lecture 2, Sec. 4, Prime POvers &' Auxiliaries ,

Steam Turbine Calgary, Alberta., Canada
!

:CorrespondenceNCourse, Le'cture 6, Sec.. 3 , Pr*e Movers , 48tPam Turbine

pperdtion & Maintenance, S.A. I T. , Calgary, Alberta; Canada '

, .

1'5':,3 'Steam Turbines\,

,

I . ,

;1-5.4 "~:Steam Turbines , Operation &

:.-Maintenance

Gas Turbines ..

.

CorrefipondenCe )Course', Lecture 8, Sec'. -3:4-Prirrie Movers Gas TurbAes,

S.A. ; .(algar.W Alberta,: Canada

Boiler's Fi'red Vith Wood and '.,Bark Residues , klurige,t:F.R.L , 0 ,S .U.

'1975
't

Corres9pride* Lecture '5, Sec. '2, Steam Generators,

Combustidn.,., S.A.I :'f:,, Cal gary,:. Al berta , Canada ,

'6.3 ,iCOrrespondence Course,, Lectur: , Sec ..:, 2, Plant Servi ces\ Fuel

gary, Al beta ,x, Canada::
.1 r

17.;1 tOrreSe9ndPntq Coursel.:.;Lecture .12, Sec. 3, Steam Generation, Water,

Treatment;..:S.A.I'..T.., Calgary,' *Al berta, Canada.,
!

,

tOrrespondence'COUile, Lecture .12, Sect. 2 Ste'am,, Generation, Water
Treatment ;. ga,ry, A.1 berta ,(.' Canada

ct;

16.2 Combustion Types of Fuel

16.2 Corilbustion Types of Fuel
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'Combusti on; Air & Fuel

'Feed Water ,m/ypes &

Operation

17:2 Feed 'eNa ter 'Water eatments
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Related Trainiapodule

17.3 Correspondence Course .Lcture.7, Sec. 2, Steam Gener tors, Boiler

Feed Water Tr'eatment, S,A.I.T.,'-Calgary, Alberta, Lana a

18,1 PCorresponotence'Coorse,'Lecture 2, Sec. 5, Electricity, irect

Current MgEhines, S.A.I.T., Calgary, Alberta, Canada

17.3 Feed Water,-Testing

18.1 Generators, Types t.

Construction

18.1 Correspondence Course; Lecture 4, Sec. 5, El,eCtricity, Alternating 18.1. Generators, Types &

18.2 Current Generators, s,A.I.y., Calgary, Alberta, Canada i Construction

18.2 , Generators, Operation

19.1 Corrspondenee"Course, i.edtur 5, Sec. Prime Movers & Auxiliaries,

Air Compressor I, S.A.I.T , algary, Alberta,. Canada

19.1 Air Compressors, Types

19.1 Correspondence Course, LectuPe 6,Sec. 4, Prince Movers & Auxiliaries, 19.1 Air Compressors, Types

19.2 Air Compressors II, S.A:I.T.1 Calgary, Alberta, 'Canada 19.2 Air Compressors, Operation
& Maintenance

20.1 Basic Electronics, Poyer Transformers, EL-BE-51 20.1 Transformers

21.1 Correspondence Course, Lecture 7, Sec. 5, Electricity, Switchgear 21.1 Circuit Protection

& Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, Canada

22.1 Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power Plant 22.1 Installation Foundations

Erection & Installation, Calgary, Alberta, Canada
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RECOMMENDATIONS FOR USING TRAINING MODULES

The following pages list modules andtheir Correspqnding numbers'for this

particulir apprenticeship trade. As related training classroom hours

vary for different reasons throughout the sta , we recommend that

the individual apprenticeship tommittees divi e the total packets to

fit their individual class schedules.

Ji

There are over 130 modules available. Apprentices can#tomplpte the .

.whole et by the end of their indentured apprliticeships. Some

apprentices 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.

We suggest the the apprenticeship instructors assign the modules in

numerical order to make this learning teal most effective.
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Tape 1:

1

SUPPLEMENTARY INFORMATION

tr.

7441
Fire Tube Boilers -.Wa.Eer Tube Boil vs

and Boiler"Manholes and Safety Precautions

ON CASSETTE TAPES

Tape 2: 'Boiler Fittings, Valves, Injectors,
Pumps and Steam Traps

Tape 3: Combustion, Boiler Care and Heat Transfer
and Feed Water Types

Tape 4: Boiler Safety and Steam Turbines

NOTE: The above cassette
reference material
indicated, and not

4
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tapes are intended as additional
for the respective modules, as
designated as a required assignmept..
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Goal:

The apprentice will be able to
:describe basic lin1ts of energy.

Performa)nce Indicators:

1. Describe units of measurement.

2. Describl conversion of energy.

3. Describe potential energy.

4. Describe kinetic energy:

5. Describe energy efficiency.'

if
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Objectives

Given:

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

Directions
Obtain the following;

Calculator

j

tt

Learning Activities
Read the Key Words list.

Readithe Information Sheets.

Do Task: Solve the Problems

Do the Self-Test.

Do the Final Test.

Obtain Final Evaluation.

EL-BEr02

Basics of Energy

The student will :

Solve problems dealing with energy.
Answer questions about energy
correctly.

k

on the Problem Sheets.
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Key Words,

\
O

EL-BE-02
Basics of Energy

Base Unit: The term used, to indicate the amount of someth g. As examples:
Length is measured in feet (the fo4t is a base unit forIlligth). Weight is
measured in grams.(the gram is a base unit for weight).

Efficiency: The relationship between the energy applied and the enero output
{expressed in pekent).

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.
ti

toad: The part of an electrical circuit where energy conversion takes place.

Newton.; The base unit for force in the metric system -- approximately .224
pounds of force.

Work: Force times distance.



informgtion Shee

Energy and Work

EL-BE-02
.Basics of Energy

t
.

% .If our cartstalis in he street and we must push it to, the curb by hand, we.
know that, as we are nio ing the sar, pushing it As work. When we have moved
the car to where we wan it, the work is done. Work, then, is bade up of twothings st, there i the push or fbrCe we place on the car in the direction

ki;we want o,go. . Seco d, the car moves over a distance to a point where we
.want it to go. Force nd *stance make up work. The force must be enough toe.°

overcome the frittion of the wheels and to raise the car Over lumps in the
roadway. Mathematic ly, the work done is equal ,t.,o4 the force times the
distance. The work nergy symbol that we use when we calculiate for work is the
upper case W. The ase unit of4measure irr the metric system for pork is the
joule. j ,,

ei.

To find the amount of work done in,joules that it tookto moile the car to tIle
curb, we must know the force used and the distance moved. fftwe pushed onthe .

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. However; the joule is a metric
measure, so we must convert the force and the distance to metric terms before
we can calculate the joules.

The Metric Measure of Distance

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

a

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 is equal to 200 newtons.
(45 . .224 = 200)

Now we know that:

Work in 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)= 45.0ounds'or 200 newtons
Distance (0) 16.4 feet or 5 meters

Find: Work (W) in joules

A.

Solution: Work in joules * Force in newtons X Distance in meters
W = 200 newtons X 5 meters -4
W = 1000 joules

11
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It took, 1000-joules to moife' Our car to the' curb.

°The measure of work done is also important When electricitY supplies the energy,

5,6 to do the work. An example orwork:done using ,an electrical circuit ,is using,

the starter oh the car. The energy from the battery:must turn,the starter

motor t& crank the engine.. The work done by the battery,cah be:.expressed in

joules,.

Ener' Conve

One of t
destroye
conver
chemi 1

h: basic laws of physics states that energy cannot be created or

. Energy can be converted from one form to another. Energy is

dfrom one form to another in a battery. Inside the battery the

actfon that takes place produces stored electrical energy.

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 Energy

As was stated', potential energy is stored energy. The energy,is there ready

for us to use. This type of energy is not doing work 'until we use it to

operate a 4evice. The electrical outlets in your home provide energy in this

manner as do batteries and othersources of electrical energy.

To be able to use potential ener§y, we must get it moving. This is done by

converting potential energy to moving energy. When we connect a lamp to a

battery, the potential energy becomes kinetic, or moving, energy which lights

the lamp.

6
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Shown below i?an electrical circuitAemontirating.haw the chemical energy ON
the battery is converted to electrical energy. The electrical energy. isAovedto

thelamp where.it is converted. to light.'energy: The lamp is an energy-
converter and is called the load in the circuit..

it

CHEMICAL
ACTION

CAL OUTPUT
M IN ENERGY

CONNECTING WIRES

--eNER Gfr

ENERGY SUPPLY

Efficiency

With today's energy crisis, we are all concerned with conserving energy.
Unfortunately, it is impossible to operate our machines with no loss. When n

)

we
talk of efficiency, we are referring to how much energy we put into a machine
how much we were able to use, and how much was wasted In a form that we could
not use. Let's take an example of a very common device that we all use. It is
the common, screw-in, incandescent light bulb. Show below is a diagram of an
incandescent lamp system. .

LOAD ( ENERGY CONVERTER)

ELECTRIC

ENERGY

SOURCE

LIGHT ENERGY

/i// HEAT ENERGY

4

a

LAMP
(LOAD)

(xi\

-70



EL-BE-02
Basics .of Ener9y.

In this type of system (which4we all use), it is a fact that if 1,000 SoLles of
energy were applied to the lamp, we would get oply 200 joules ,of light. This
'means that he other 800 joules of energy went some else. The energy that
was not converted into light'was converted into heat. The light bulb makes a'
better heater than a light sour* To figure thr efficiency ofthis lightbulb
we use the following formula:
/

work out
percent efficiency = X 100 %

.work 1/(

Given; 1,000 joules electric input

200 joules 1104 output

Find 1:effency

W opt
Known % eff.

W in

Solution: % eff

X 100 %

200

X 100.%
1,000

% eff . .2 X 100 %

% eff = 20 %

Answer % eff = 20%

A

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
powertransformers that you see on A power poles operate with over 95%
efficiency. Motors in clothes dryers, washers, etc., operAte with from 50'0
70% levels of efficiency. By knowing the'efficiency, we can make wise choices
of electrictl,devices to save energy.

8
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Self-Test,

1. Energy is

(a) force.

q pressure.
c) ability to do work.
d) travel.

The base unit lor energy is the

(a) joule.
(b) meter.

(c) newton..
(d) neutron.

y.

3. The symbol for work done in the joule is

(c) Y.

(d) A.

4. Efficiency is measured in the

a newton.
b meter.
(c percent.
(d joule.

qr,

18"

5. Which device listed below has the lowest efficiency?

(a) motor'

(b) washing machine

(c) incandescent lamps
(d) fluorescent lamp

6. The conversion of energy states that

(a) energy cAn be created.

(b) energy can be changed into another form.
(c) energy can, be destroyed.
(d) energy is equal-to the newton.

0
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7. .If you push on your car with a with a force of 450 newtons for 5 seconds
but the car does not move,

(a) the work is equal to the pressure.
(b) no work is 'done.

(c) the work is equal to the newtons squared.
(d) 2,250 joules of work isdone.

8. To calcul.atlhr the joule you must

(a) divide the newtons by the force.
(b) multiply the efficiency times the force.
(c) find the reciprocal of thOumber of newtons.
(d) multiply the distance.times"the force.

Efficiency of any.devtce has.to do with the

a amount rf.reTyclilmtat:rpared to the wanted energy utput.

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

10. Stored energy is known as

(a) kinetic energy.
(b) newtons.

(c) potential energy.
(d) joules.

11. In the electric circuit that is shown below, what device is the load?

(( ) The battery.
(b) The wire that is connected to the

battery. '

(c) The lamp.
(d) There ir no load in this circuit.

10
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Task

Task Sheet

'Solve the problems below:

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

joules

2. How much work isdone if you push a car 80 meters by pushing with a steady
force of 820 newtdns?

joules

Our flashlight. batteries produce 240 joulfs'of chemical energy to supply
200 joules of electrical energy to the flashlight lamp. What is the
efficiency of the battery?

%.
J

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
jou)es of energy to produce the 10 pounds of ice. What is the efficiency
of the refrigerator ice maker?

5, The study lamp that 1 use gives 150 joules of energy in the form of light.
To produce this we have to supply the lamp with 750 joules of electrical
energy. What is the efficiency of-the lamp?'

p

n.



Answers

Answers to Task Sheet

1. 50,000 jooles

W -FX0
W - 50 X 1000
W 50,000 joules.

2. 65,600 joules

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

3. 83.3%

W out
% eff ------

W in
4

X 100

200
% eff = X 100

2,tr
5

% eff = X 100
6 ms,

500
% eff = . 83.3%

6

4. 76.9%

W out

% eff X 100
W in

11500'
eff = X 100

1,950

% eff . 76.9%

t

12
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Answers to Task Sheet

5. 20%

W out

% eff X 100
Win A

150
% eff X 100

750

100

% eff . 20%

5

13

29
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Final Test

Basics of Energy

1. If a lamp gives us 500 joules of light energy while it is being supplied
with 1,200 joules of/electrical energy, what is its efficiency?

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

joules.

3. How much work is done if you hold a 5 kilogram weight.1 meter from the
floor for 10 minutes?, I.

joules

4. Efficiency is measured in the,

(a) newton.
(b) meter.

(c) percent.
(d) volt.

en

5. T e symbol for work is

()D.D.
) A.

(1:1 P.

6. Efficiency is a factor of

(a) the power used.
(b) the amount of energy input compared to the energy output in the form

wanted.

(c) newtons Imes force.

(d) the powel, used compared to the heat dissipated.

Moving energy is known as

(a) DC voltage.

bc

kinetic energy.'

d the joules per second.

14
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The definition of energy is

(a) the force applied.
(b) the ability to do work.
(c) the pressure applied.
(d) the travel per time.

The base unit for energy is the

work:
0

c force per econd.

(d) joule.

_10. What type of lighting has the worst efficiency?

(b phosphorescent.(b) phosphorescent.
(c) incandescent. .

(d) iridescent.

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

(a) energy production.
(b) improving efficiency.
(c) energy conversion.
(d) no function.

tp
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Final Evaluation

All answers on the Task Sheet must be 100% correct. Answers on the Final Test
must be 90% correct.

Task Sheet Score

Final Test Score

OK Re-Do

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

1

i
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SELF-TEST ANSWERS

1. c

2. a

3. b

4,

5. c

fi . b

7. b

8. d

9. a

10'.

11.

O

17

33
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Goal:

The apprentice will be able to
describe the atomic theory.

LEA MIX MORI

5.2

ATOMIC THEORY

IN

Performance Indicators:

1. Describe parts of an atom.

2. Describe valence electrons.

3. Describe free electrons,

4. Describe insulators and
conductors.

1
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Objectives

Given:

This learning package.

Directions

Obtain 'the following:

This package.

Learning Activities

6.1.1411wallookown

Read the Key Words list.

Read the Information Sheets.

Do the Self-Test..

Do the Final Test.

NOIthe Task. .

Obtain FinarEvaluation.

EL-BE-03
Atomic Theory

The student will:

Draw the -structure of the atom and

name the parts which deal with elec-
trical theory.

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

Atom: The smallest bit of an element; the basic building block of matt r.

Compound: Chemically united materials.
(

lk Electron: The negative bit of matter found in the atom in shells around the
nucleus.

.Matter Anything that has weight and takes up space.

.Mixt et Combination of materials that can be separated by mechar\ical means.

Nucleus: The center section of the atom which contains the positive charge.

Proton: The positive bit of matter in the atom found in the nucleus.

4
Valence: The system that has to do with the bonding of atoms together to form

I
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I nformat1l Sheet
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Atomic Theory

In the last package we found that we need energy-to do work. To 'do work was to,'
'apply pressure to make something move. When we use electricity to apply the
pressure to make work take place, what is really happening? Where it the
ipressure coming from? What is moving? What kind of work is being done?
Before we can answer these questions, we.'have to 'rook into the electrical
circuit, right tilt° the!materials of which it is made. The materials 'that .are
used in electrical circuits fall into.three categories: conductors, temicon-
ductors, and insulators.

The conductorsinclUdo 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, theaicoils in motors and and all of the
connecting CordS to our, televisions, lamps, etc., are all conductors.

IThe semiconductors are not as.comon. .They are not.good at ilowin 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 wired and
the tape that we use to cover electrical connections are insutatort. Our
personal safety ddpends on the use of good insulators: they prevent us from
being electrocuted.

What ts, there about these .materials that makes them act as they do in elec-
tricat.circuits? To answer this, let us ,look into the materials themselves to
see how they are put together. .

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-
rlals 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 tompounds. like a mixture, a compound is made up of two or
more things, but they have been combined by a chemical reaction. We cannot
separate compounds' by mechanical means. The water that we filtered Is itself a
compound. If we could look at water before 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 al; we can break it down into two different materials. If
we break wate to the point just before it separates into these two differ-
ent materials, uld have the smallest bit of water le. This amount otko
water would be so small that it could not be seen eve a powerful micro-

0 scope. This amount would be called one "molecule" of water. A molecule of

33
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water is(made up of (two parts hydrogen and one part oxygen. H2O is the
chemical' formula for water. The H2 stands for two atoms of hydrogem., TheAl,
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 hydrogenloited with
one atom of oxygen.

Any material that can be reduced down to the atomic. level (size), anciptill Wave
identity as the same material is an elemeht. 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 broken down
to the atomic level and is still hydrogen. Hydrogen, they, is an element.
Examples of other ellments are coppers gold, silver, and arbon...A There are 92

natural elements. Materials that are made-u0:of two or more elements are
called compounds. Examples of.compounds that.are very important in electrical
work are brass (made of copper and zinc) andAlass (made up of silicon and
carbon). Let us get baCk to the elements to fidd out how some Of thdlr'atoMs
are put together,.

fle of the elements that make up water is hydrogen. Let's take a very close
look at one atom of hydrogen.

only

remember that the atom is so small that
we have never seen it.. The only way we know of its appearance is by experiment'
and calculation. Below is a diagram of a hydrogen atom. Note the name of each

part.

ELECTRON 40
$

,

PROTON ; NUCLEUS

I.

%. .

Notice that it looks like a small solar system with a proton in the center and
an electron in orbit around the outside. The center is called the nucleus.
The orbit is called a shell. An atom of hydrogen is the simplest and lightest

of all. Its atomic numbe y. Before we go on to the next atom, let's

review its parts.

The Electron

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

and shells around the nucleus.

0
I
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Tile Proton

This part of the atom is heaVier than the electronolOn fact, it is, over ,800
times heavier than the electron. This part of the atom carries the positive
electric charge and is locked up in the nucleus.

The Nucleus

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 he nucleus has more than
just protons in it. It may contain neutrons. RemOmber that the nucleus is
very dense and is responsible for almost all of the weight of the atom.

The Neutron

This particle is found in the nucleus and has no electrileal charge. Electric-
ally, we cAn ignore it.

. .

Let's look at the next atom (atomic number two)11in the atomic !series. The name
of this element is helium, Below is a diagram bf an atom of helium. Study its '

parts. How does it differ from hydrogen?

ELECTRON

2 PROTONS

ELECTRON

\,..-----SHELL WITH TWO'
ELECTRONS

NUCLEUS

NEUTRON

I

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 thenatural state:.
for each electron in the shells around the nucleus, there must be a proton in
the nucleus. The difference between atoms of diffe.rent 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 in any specific element. On the folloWing page Is a chart
showing the numbers of electrons that can be in each shell. This number of
electrons is absolute only if followed by'another shell. If the shell is an
outer one, any number'of electrons is possible up to the natural number for
that shell.
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As you can see from the above chart, there are seven shells for electrons.

Depending on the material, all they may not be.there and may not have a

full complement of electrons. tvts look at a heavier material: Below is a

diagram showing one atom of aluminum.

,

// AO-
sr SHELL: 2 ELECTRONS-----!..i

2 "D SHELL: 8 ELECTRON)? /
t 1 NUCLEUS :13 PROTONS

\\3RD SHELL: 3 ELECTRONS --iv\\C)'kJ./
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 interact with electrons of other atoms to hold

atom to atom. This process is called bonding. Bonding can be very complicated.

Remember that bonding takes place when chemical reactions take. place. The

telding 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 structuressalled molecules.. Because the

structure of the molecule varies a great deal ,me of the valence electrons

are not held to others in the bonding process. These unbonded electrons. are

called free electrons.
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Free Electrons

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, light, magnetic energy, mechanical energy and chemical energy. In some
materials, these valence electrons are locked into the bonding more tightly
than in others. Ihn 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.
Because of this, we find insulators as covering 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
t 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 links between electrical devices. Silver and gold are
excellent conductors, but, because of their high cost, they are not-the most
frequently used. topper is a very good tonductor and is far less costly than
gold or silver. Because of this, it is the most commonly used.

43
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Self-Test

1. The second shell of the atom can contain

a. &o electrons.
b. eight electrons.
c. any number of electrons.
d. eight protons.

2. The part of the atom that has the'negativi charge is called

a. the neutron.
b. the nucleus.
c. the first shell.
d. the electron.

3. Matter is described as an ing that has weight and

a. is a mixture.
b. takes up space.
c. takes up valence.
d. is an element.

4. The ton has the electric charge.

a( neutral
b. expanded
c. -positive,
d. negative

5. The'nucleus is the center section of the atom which

a. has the negative charge.
b. contains only neutrons.
c. iS 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. is in the nucleus.
c. has 'only positive charges.
d. is i)lways the second shell.

7. The number of electrons in any atomAs 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.

10 44
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8. A mixture can,be separated1by

a. chemical means.
b. a double reaction.
c. mechanical means.
d. adding energy.

I

*
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Task

Draw the atom of aluminum and label all parts.

c-N)

g.

4
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Final Test

. 1. 'Mechanical
.

means of separation will

a. separip atoms.
b. causetoubIe reactions.
c. separate a mixture.
d. separate. a compound.

2. The number of protons that are found in the nucleus is equal to
a. the number of electronS in the shells around the. nucleus.
b. thednumber of shells.
c. the number of neutrons.
d. the number of electrons plus the number of neutrons.

3. The part of the atom that has to do with bonding is

a. the positive charge.
b. the neutron..
c. always the second shell.
d. the outer or valence shell.

4. The part of the atom that has the positive charge is

a. ,the neutron.
b. the proton in the nucleus.
c. the electron in the nucleus.
d. the lightest part of the atom.

5. The electron has the , charge.

a. neutral
b. expanded
c. positive
d. negative

6. Science tells us that matter is composed of

a. anything that has weight and takes up space.
b. only elements.
c. any mixture.
d. anything that has valence.

7. The part of the atom that. is the lightest is

a. the proton.
b. the electron.
c. the outer shell.
d. the neutron:

w
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The second shell of the atom can have

a'. eight electrons.
b. two electrons.
c. any number of electrons.
d. two protron$.

4

EL-BE-03
Atomic Th(ory

00°
4

t0.

e



Final Evaluation

XL-BE-03
Atomic Theory

rj
All answers on Final Test and completed drawing on Task must be 100% correct.

Task Drawing

Final Test' Score

Proper number of protons, neutrons
and electrons and proper labels

Percent

OK

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

15 49

Re-Do



Answers

el f-Test

1. b

d
3. b

4. c

5. d

6, a

7. a

8. c
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ELECTRICAL:CONDUCTION

,

Goal:
.

The 'apprentice will be able to
descijbe how Oect.ricityis
conduc ted.

If

Performance Indicators:

1. Describe polarity.

Describe interaction of cherries.

3. Describe ions.

4. Describe moving electricial
charges.,
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Objectivep.

Given:

Examples of conductors and insulators.

A test device.

Directions
Obtain the following:

Materials to test.

A continuity tester.

Learning Activities

11

......1.1

co.

Read the Key Words lijo

Read the Information Let.

Do the Self4ot.

Do the Task.'

Do the,Final Test

Obtain the Final Evaluation.

a.

3

'a

EL-BE-04
Electrical Conduction

The stdUnt wi 11:

Perform a test to deOrmine which
materials ar conductors and which
are insul ors.

Ans correctly questions pertain-
in to electrical conduction.

.1.

54

a



Key Words
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4 Electrical Conduction

Polarity: Having one of two opposite charges, °fib-positive and One negative.

Ion: An atom which has an unbalanced sharge.sh

Negative ion: An atom which has too many electrons and, therefore, has a
negative charge. 4

Positive ion: An atom that has a shortage of electrons and, therefore,
has a posifive charge.

Repulsion: The action of pushing away.

Continuity: An unbroken path for electron travel through a, material.

4

4
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Information. Sheet,
Electricity is produced when electrons are freed from their atoms. Electrons
In the outer orbit or valance ring have the highest energy level and are the
farthest rhanithe 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
these fields is not known, but the action of these fields appears to be idtMilar
to magnetic fields. Below is a diagram of a proton and an electron showIlfg the
force field around each. (Each particle is shown round; the true shape is notknown.)

. W,

1' f 1/411. \

114s. 40/

PROTON ELECTRON
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 on direction and the field surrounding the negative charge
goes in the opposi direction.

Interaction of Charges

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 wheli two
positive charges are brought close to each other.

. 44;

kESUL1>APULSION

0
BUCKING FIELD-7

/
And below, yoUrtee what happens when two negative charges are brought together.

RESULT:

REPULSION

-BUCKING FIELD

5 Jai
0
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From these two examples 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.
re

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

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 is the law of electrical charges. This action of attraction and repulsion
makes itopossible 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.

410

Ions

As was stated before, in an atom there Isla 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 an atom. This will leave that atom with less
electrons than protons. Then the atom will have more positive charges than
negative charges. This charged atom is a POSITIVE ION. This positive ion will
try to steal an electron from anywhere it can. It is natural for it to try to
regain balance.

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 Ions

, 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 ions on it. If you bring your finger near a door knob,
or sometimes another person, the extra electrons will leave you with a spark,

411
giving you a shock as the electrons move from you.
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Moving Electrical Charges

How can electrical charges move through things? As you shuffled on the rug,
your shoes picked up the charge, but you lost the charge from your f4nfer. Thecharge had to go from your shoe to your finger. How this happens is quite
simple. You now hsve negative ions in your body. The charged atoms will tryto regain their balance by getting rtdoof the extra electrons. Since the shoeis picking up more electrons, they must seek anothir place to leave the body.As your finger gets close to the door knob, zap11,1-the electrons jump from oneatom to another through your bey 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 'mouse this is .where the trading of electrons takes place. %

FREE_

ELECTRON
JUMPS FROM ONE. ATOM TO ANOTHER

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

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 light, 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, it Is said that they have continuity. In other words; a material
with continuity provides a complete path for electron exchange.

In thefollowing Task.you will be asked to test materials and separate the
insulators from the conductors. Remember that insulators prevent electricity
from flowing because there are few or no freelelectrons in the bonding system.
Conductors have many free electrons in the bonding pystem so do allow the
flow of electricity.

7
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Self-Test
1. Insulators differ from conductors in that

a. insulators have more protons.
h. insulators have few free electrons.

. c. insulatorseare metals.
d. insulators are bonded.

2. Materials with continuity

a. are not conductive.
b. allow electricity to pass Through.
c, are ferrous.
d. are nonferrous.

3. An ion is

a. a metal.
b. an insulator.
c. a charged atom.
d. a lamp.

4. Like charges
let

a. attract.
b. have no force fields.
c. repel.
d. attract only metals.

5. Unlike charges ."

a. attralk.
b. are only at the north pole.
c, repel.
d. are only in insulators.

6., Electricity travels at an effective speed"of approximately

a. the speed of sound.
b. the speed of light.
c. 300'000 meters per second.
d. 120,000 feet per second.

7. ,A negative ion is

a. an atom with an unbalance of neutrons.
'b. an electron.
c. an atom that has more electrons than protons.
d. an element.

lor

8
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Task

Materials:

Piecds. of copper, brass, aluminum, iron, tin,.leadonichrome..
Pieces of string, wood, paper, rubber, plastsic, cloth.

Equipment:

Test light unit or continuity tester as pictured below.

0

MATERIAL UNDEB,,,>-'

Procedure:
BATTERIES TEST

Test each piece of test material for conduction (continuity). To do this,
touch one test wire to one end of the material under test and the other 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.

CONDUCTORS

9

60

INSULATORS
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Final Test

1. An atom that has In 'unbalance of electrons and protons is

a. an ion.
b. uncharged.
c. an element.
d. a compound.

2. The effective speed of electricity is

a. the speed of sound.
b. 300,000 meters per second.
c. the speed of light.
d. twice the speed of sound.

Unlike charges

a.

b.

c.

attract.
have no action.
repel each other.
are unblanced.

4. Like charges

5.

a.

b.

c.

d.

An

a.

b.

c.

d.

attract.

.have no action.
repel each other.
are unbalanced.

ion is

an iron material.
a lamp.

an insulator.
a charged atom.

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

a. said to be an insulator.
b. said to have continuity.
c. said to have no ions.
d. nonmetal.

7.'" An insulator is

a hetal.

/ a bonded metal.

a material with few free electrons.
vmaterial with many free electrons.

go
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Final EViiluation

All answers on the Final Test. and TaSk must be 100% correct.

.
.

.

OK

,

RE-DO

Task Score ,
.

%
,

Final Test Score %
v

When all checks indicate OK, proceed to the next learning package.
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BASICS OF DIRECT CURRENT

The apprentice will be able to
describe.the basic characteristics
of direct current.

Performance !hdlcators:

1. Describe, polarity.

2. Descri charge.

3. Descr be voltage.

4. Describe current.

5. Describe resistance.

6. Describe' wire sizes.



4#

BASIC ELECTRONICS

Basics of Direct Current
ELBE-05, 0

Test Draft
September 1981



Acknowledgment

Funds for this project were provided by the Governor's Grant, Comprehensive Employment
and Training Act (CETA). The activity is a State Education Agencyundertaking. The opinions
expressed herein 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 `or the U.S. Government should be inferred.

Project DirectorJohn W. Havery, Specialist, Oregon Department of Education
Coordinator and EditorBarbara Edge
Writers: Douglas Draper, Portland Community College, Portland, Oregon

Vernon Hakshorn, Mt. Hood Community College, Gresham, Oregon
George McElmury, Cleveland High Scho I, Pprtland, Oregon
Donald Wardwell, Mt. Hood Community C lege, Gresham, Oregon

Graphics: George Kraus, Salem, Oregon

Statement of Assurance

Federal law prohibits discrimination on the basis of race, color Or net nal orrgin (Title VI of
the Civil RightsAct of 1964); sex (Title IX of the Educational Amendme is of 1972 and Title II
of the Vocational Education Amendments of 1976); or handicap (Sectio 504 of the Rehabili-
tatio Act of 1973) in educational programs and activities which recei federal assistance.
Or on laws prohibiting discrimination include ORS 659.150 and 659.030. The State Board
of ducation, furthermore, has adopted Oregon Administrative Rules regarding equal
(*) ortunity and nondiscrimination: OARS 581.21-045 through -049 and OAR 58142-506.

It s the, policy of the State Board of Education and a priority of the Oregon Department of
E ucation to ensure equal opportunity in all educational programs and activities and, in

ployment. The Department provides assistance as needed throughout the state's educe-
onal system concerning issues of equal opportunity, and has.designated the following as
esponsible for coordinating the Department's efforts:

I Title IIVocational Education Equal Opportunity Spedeliel
Title VIEqUal Education and Legal Specialist
Title IXAssociate Superintendent, Educational Program Audit Division, and Equal Edu-.

cation and Legal Specialist
Section 504-a-Specialist -for Speech, Language and Hearing, Special Education Sectidn

1

(Inquiries May be addressed to the Oregon Department of Education, 700 Pringie Parkway
I SE. Salem 97310 or to the Regional Office for Civil Rights, Region X, 1321 Second Avenue,
Seattle 98101.

0



ti

Objectives

Given:

EL-BE-05-
Basics of Direct Current

The student will:

Information contained An this Name and define the four factors of
electricity.package.

Directions
Complete this package.

MON

Learning Activities
Read.,the Key Words Li'st.,

Read the Information Sheets.

Study the Task Sheets.

Complete the Self-Test.

COmplete the Final Test.

Obtain Final Evaluation'.

Describe what actions take place as
values of voltage, current, and
resistance are changed.

Oft
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Key Words

Ampere: the base unit of measure of electron flow (one coulomb per secopd).

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

Coulomb: The base unit of charge, 6.28 X 1018 electrons.

Current: The figs of electrons.

Ohm: The base unit of measure of resistance.
4,44,41v

Polarity: Identification of,charge; it may e. +

Power: The ability to do work.

Resistance: The opposition to the flow of electrons.

Volt: The base unit of measure of electpcal force.

Watt: The base unit of measure of electrical power.

f 4
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Infoi-mation Sheet

As you learned in the last package, electrons can move through conductive
materAls. This movement occurs because the balance between the number of
elecitrons and protons has been upset. The %balance can be caused by energy
applied to the material in some way' or another. An example of a common device
with an electron imbalance is a battery. Let's take a look at a flashlight
battery. At one end is the positive pole,'and at the other. end, the negative,
pole. Inside there is a chemical mix which produces large amounts of negative
ions (atoms with extra electrons) on the inegative end, and positive Ions (atoms
with a shortage of electrons) on the positive end.

POITIVE IONS

NEGATIVE IONS

The action of the chemical mix takes place at a fixed speed. The result is
that ions are produced at the same rate. When the battery was first con-
structed, this action took place to bring the battery to the 1.5 volt level.
If the battery were to be used in a circuit which permits a very high current
flow, the chemical action would not be able to maintain 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 refersto the direction in which electrons flow or attempt to flow.
The battery has a positivf polarity on one end and a negative polarity on the
other. This marking shows where the electroncare coming from and where they

110

are going. How certain devices are connected in tows of polarity is extremely,
important. Diodes, capacitors, and transistors, meters and many other instru-

ments must be connected to the power supply with their leads in the correct
polarity. If these components or pieces of equipment were to be connected
backwards (with the polarity reversed), they, could be destroyed.

.
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As the negative ions are added to the negative4end of the battery by the
chemical action, a very interesting and important thing happens. Remember how
electrons like each other? Right, they don't. They repl eachlother. The
more electrons we pack on the negative end of the battery, the more pressure we
get. The action is something like overpacking a suitcase. We keep putting
more and mote in until it is bulging and no more will fit. If the latch fails,
the contents will pop out. The battery is like this. The electrons keep
building on the negative side until they are so crowded that ndmore tan 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, is normally huge, and its unit of measure is the coulomb.

et

Coulomb

The number of electrons measured as one coulomb is extremely large. The number
is a quantity of electrons equal to-6,280,000,0006000,000,000. This is read
six-thousand-two-hundred-eighty-quadrillion. To be able to use large numbers
like this easily, a system called, scientific notation is used. When this 10
number is converted to scientific notation, it looks like this: 6.28 X 10".
This stands for 6.28 multiplied by ten eighteen times. The advantage of this
system is hat it allows large numbers to be used without confusion. At this
point don t worry about learning scientific notation but be able to recognize
itowhen y u 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
relatiopship 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 is called the volt.

The Volt(V)

As shown above, the symbol for voltage is V. It is used to indicate the output
of a battery or power supply. As an eximple, a flashlight battery 140 rated at
1.5 V.

I
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The relationship between charge, energy and voltage is: voltage equals the
energy divided by the charge.

-Energy W (Joules)
Voltage (V) -

Charge Q (Coulamblt,

Just remember that voltage is the measure of the electrical push. T4e more
voltage, the more push. The voltage is the primeolover of'electron

To measure voltage, we use a'voltmeter. The voltmeter is like a small motor
with a, ftesolle.,on the end of the shaft to show the amount of rotation of the
shaft. Study the following drawing.

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 Is connected in the reverse polarity, the needle will try to
go downscale.

71 4
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a

Another way to visualize what voltage means is toithink in terms of Lter
pressure. Study the diagram below.

WATER LEVEL

RUBBER DIAPHRAM

LANGER BULGE

As you can see, the tank that has the most water in it has more pressure on*thebottom. Let's go another step. If the tank had a Ole in the %aim of it,
the water would flow out.

411

WRIER LEVEL

FLOW WATER DELIVERED

The flow would only take place if there were pressOIe on the bottom of thetank.
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Current 'Symbol (I)

In an electrical circuit, flow also takes place. In the water sys'm the

material that w$ 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.

+f LESS ELECTRON PRESSURE

, I , A-ENERGY DELIVERED

CHEMICAL

ENERGY

\\,
N1,,N1QRE ELECTRON

PRESSURE

LAMP

Notice that there is a complete path from the negative side of the battery
through the connecting wires pn through the lamp through more connecting wires
and back to the positive end of the battery. This complete path must 40
connected all the' way around the circuit or no current flow can take p146e.
The current flow around the circuit is always an even trade. What this means

t 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 like a pipe
filled with balls: when a. ball is added to one end, one comes out the other.
Study the following drawing.

M.

Si

ONE COME5

OUT

ADD ONE

fa MO EOM 0:044
1 iphi,

vitik

tdik

.46YleyAgaivargvargilragaggi
11,011/AmiewANIF.owAINIAInwAw*

,

BALL MOVEMENT
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The flow of electric current can be measured just as we can measure water flo0-,

in gallons per minute. The measure of electric current flow is the ampere.

/ .

The Ampere (A)

To measure the flow of anything, all you have to,do is to count how much is

going by a given place in a given period of time.' We know that in the electri-

cal circuit the flow is made up of moving electrons. But in the electrical

circuit it takes a huge amount of electrons per second to make very much

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 ttle

number of coulombs going by per second. You must realize that 6.28 X 1018

electrons are a lot of electrons. One ampere, then, is ,equal to,one coulomb

passing one point in one second. To measure current flair in amperes we must

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

to check on all of the current flow. The ammeter is always connected in the

circuit in series. Study the following circuit drawing.

Notice that the current must pass through the ammeter, on through the lamp, and

back to the battery. The voltmeter is connected across the battery to check

the battery's voltage when'it is in operation. Let's takg, 'another look at tMe

circuit. We know that the energy in the circuit comes from the stored energy

in the battery. We also know that the energy that we are using takes the form

of light and heat from the, lamp. What is in the lamp that lives us the type of

energy that we want? The answer is resistance.

J..

N4.

10
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(

itesistance (R)

Inside the lamp there is a tiny wire which is made of tungsten. Tungsten is a
metal which is electrfibily conductive but much less so than conductors like
copper. The melting point of tungsten is so high /hat 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
convert electrical energy'to heat and tight.

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 is the unit of measure for resistance?
The.ohm is the unit of measurement. n is the symbol for the ohm. To

understand what an ohm is we can look at it in two ways.

The Ohm (1)

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 as a battery with one volt
output to a resistance that will allow one ampeie of current to flow, that
resistance,then, is o9e ohm. Study the circuit below.

.1*

RESISTOR MUST

BE ONEOHM (I II)

Notice that there is one ampere of current flow with one volt applied.

t
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The Ohm (2)

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.

1'
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411,

mm

SQUARE

011,0)H .

171

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

1. The material of which it is made.

2. How long it is.'

3. The cross-section area.

4. The temperature.

All 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.

12
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itli re Size
i 'I

I '

When wireisAlide.' it: is sized to a Aystem. of nueibers for the 'diameter of t4
, .. .r

copper cOnductor. To4understand how this system works 'we must understand hdw
.00e iS .made.! Wire iS drawn. To draw wire ,is tp pull it through:a hole. which
_squeeze's it into a smaller diameter anC makes itlpnger. See the illustratiOn.

.

'below.
/

SQUEEZE

0- FULL
SMALLER DIAMETER'

DIE FtATE

The les in the die plates must be in a size sequence odecrebsing gradualty 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 illustra,tion below there is
a part of a. wire drawing sequence showing four steps.

COPPER WIRE

1_ WIRE

SIZE

NO I.

DIE 1 DIE 2

WIRE

SIZE

NO.2

PIE

WIRE LIWIRE
SIZE SIZE NO.4
N0.3

( WIRE SIZE NOT TO GALE)
DIE1

vi.444ppn we select a given wire-size number, that number is the die number that the
wire went through last. The dies are numbered, in. the order that the wire goes
through them.' This means that the.hole in the #1 die is la4rger than the hole

13
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in the # 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. 41

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
current capacity. (Copper wire.)

# 6--50 amps
# 8 - -4ar amps

#10--30 amps
#12--20 amps
#14--15 amps .

In most cases copper wire comes in even number sizes. The smaller the size of
the wire, the lesst current it can carry.

Measuring Wire Site 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.

14
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Notice the shape of the cutouts around the gaU46.

Hat
HOLE

. .1

The cutout.is made up of a slot cut intea holes. To properly 'use the wirp.!'*4;:i
gauge the bare round wire is tried into the, slots until, one is found'that trie
wire just fits. The hole is not used for wiretmeasurement.

Power and Energy

WIRE JUST

FITS IN THE

SLOT (COT

THE HOLE)

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. The-battery does this. The chemical energy produces the electri-
cal imbalance. Wires are connected to the battery which lead to'the load end,
of the circuit. The load converts the electrial energy into the form that we
want. The loads can take many different forms. Alight bulb gives us light.
An electric heate; gives as heat. The electric motor gives'us motion.
Now 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
energy is the joule and the.base unit of.time is the second.. Power, then, can
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 is the watt. The
symbol used is W for watts and P for power.

15
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..polarity is iden'tified.by

a. numbers.
colbr code.

c.c the-shape of terminal or markings of + or -.
d.' , the method.tif connection.

2, l; The ion producer in the, battery is

a.c a Coilof wire.
aluminum foil..

a chemical mix,
d.1: a tungsten electrode.

EL-BE-05
Basics of Direct Current

Th4.01tage.level from one flashlight battery is

a'. 2.5 vblts:
b. 3 volts. %

c. 1 volt.
d. 1.5 volts.

The quantity of electrons that equals one coulomb is

a.

b.

c.

d.

'1.414 X 1Qx

3.14 X 401°.
6.28 X 1018.
orre billion.

5. One ampere of current is equal to passing one point.

a. one joule per second
b. one volt per coulomb
c. one ohm per Volt
d. One coulomb. per second

6. The electrical factor of voltage is explained as

a. the flow of electrons.
b. the resistance to electron.flow.
c. the force or pressure.
d. 'the power squared.

r
4 16

8 0



If 4the voltmeter is connected, 1n rever

a. no30 mage will resul
b. the' eading must be
c. the ter pointer wi
dl the r ading will be

The symbbl for curr1ent is
a. A ti

b. R

c. P

.d. I'

t.

inverted to b
11 go down o
in ohms.,
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se,

correct,,

1- scales

The four fdctors that determine resistance are

a.

b.

c.

d.

10. In the wire-size number system

a. the larger the diameter cf the'wfre, the smaller the number.
b. the smaller the wire diameteri, the smaller the number.
c. the smaller the number, the longer the wire.
d. the larger, the wire diameter,the larger the number.

1^1. The ohm is the unit of Measure of

a.

b.

c.

d.

power.

amperes.

battery voltage.
resistance.

12. The unit pf measure of electric power is the

a. '

b.

c.

d.

ohm.

watt.

coulomb.
ampere.

L
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Task

The Complete Circuit

EL-BE-05
Basics of Direct Current

The following analogy andcircuits are provided for your study. Loo at each
drawing then read the conclusions. Do you agree with them? If you dOp't or
are confused, re-read the information sheets and try again. A

ILVOLTS

+f-C

--et CURRENT
OHMS

6116410.110101

FLOW CURRENT AMPERES

ROWE R

RESISTANCeTTS

OHMS \

If the voltage (pressure) were increased and the resistance stayed the
same, the flow would increase.

The resistance restericts the flow.

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

4. An electric lamp Is a resistive unit.

5. If the voltage'were reduced, the flow would decrease.

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

.

7. If the floW decreased'and the voltage stayed the same, the resistance
would increase.

r

18
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EL-BE-b5
Basics of Direct Current

Complete the chart below. (Fill in the missing arrows.)

*Example:

This mean's that the value has increased.

This means that the value has decreased.

.1#

This means that the value has si yed the same.

4
Voltage Current

O CJ

)

Resistance

In this case, if 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. Check
them over, then complete the chart.

2.

3,,

6.

Answers:

Voltage Current Resistance

, 83
19 I



oc SMALL DIAMETER
HIGH PRESSURE

OLL_

DELIVERY

-BE-05
Basics of Dir ct C rept

A

LARGE. DIAMETER
LOW PRESSURE

DELIVERY

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

2. The circuit in B witl operate only half as long as circuit A will. Energy
reserve in circuit Als twice that of circuit B.

3. Circuit A has more energy reserve than circuit B.

4. There is less resistance in circuit B than in circuit A.,

5. There is more current flow, in circuit B than in circuit A.,

6. The applied voltage is'higher in circuit A than in circuit B.

7. The amount of current flowincreases as the resistance increases:

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

20
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Final Test

1. 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 ion producer of-a battery is

a. a coil of wire.
b. a liquid.

(c. a tungsten electrode.
d. a chemical mix.

Voltagelbf a flashlight battery is

411

b.

c.

d.

3 volts.
1 volt.

1.5 volts.

2.5 volts.

EL-BE-05
Basics of Direct Current

4. The amount of electrons that equals one coulomb is

a. one billion.
b. 6.28 X 101
c. 6.28 X 1018.
d. 3.14 X 1018..

0

5. One smpere of current is equal to- passing one point. 4°.

a. one ohm per volt
b. one coulomb per second
c. one joule per second
d. one volt per coulomb

6. Electrical factor of voltage is explained as

a. the flow of electrons.
b. the resistance to electron flow...
c. the.force or pressure..
d. the power squared.

7. If the moltmeter is connected in reverse,

a. the reading will be in ohms.
b. the meter pointer will go down off-scale.
c. the reading must be inverted to be correct.
d. no damage will result.

21
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8. A symbol for current is

!a.

b. R

c: P

d. H

\..

EL-8E405
Basics of direct Current

9. The our factors that determine resistance are

a.

b.

c.

d.

10. In the wire-size numbering system

a. the larger the wire diameter, the larger the number.
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.

11. The unit of measure of electric power is the

a.

b.

c.

d.

watt.

ampere.
ohm.

coulomb.

12. The ohm is the unit of measure of

a. battery voltage.
b. resistance.
c. amperes._
d. power.

er
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Final Evaluation

The'Final Test score mast be 90% or better.

Task Sheet Score

Final Test Score

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

4ILBE-05
Basics of Direct Current

OK Re-Do

4

23
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Answers

Answers to the Self -Test

, 1. c

2. c

6 3. d

4. c

5. d

6: c

C

8.

9. (in any order) material, temperature, length cross section area.
10. a

11. d

12. b

0

' EL-BE-05
Basics 'of Di rect Current.

4
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Goal:

The apprentice will be able to

Performance Indicators:

1. Read schematic diagrams ofread circuit.drawings and diagrams. electrical circuits.

a

2. Read Tictorial diagliams of
electrical circuits.

3. Read diagrams of parallel
circuits.

4. 'Read diagrams of Aerie's'

circuits. ,
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Introduction to Circuits
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Objectives
4.

Schematic orcircyit diagrams of series
and parallel circuits

A series circuit with a missing or
disconnected wire

A parallel circuip where one component
,h4s been removed

Four questions on circuits

tiirections
Obtain the following:

1 each 82 ohm, 1/2 watt resistor
each Type 080 pilot lamp (or equivalent)

1 each DC'Voltage Source'Wor 045V minimum adjustable
Interconnecting wires or leads

,.

Introduction

The student will:

EL-BE-11
Circuits

Connect the components together
according to the diagraC

Determine whether or not the
current is lost in each cif the
components.

Determine whether or not the
current is lost in each of the
other components.

Answer each question correctly)

Learning Activities

Study Key Words list.

Read Information Sheets.

4

Do the Self - Test..

Dolasks.

Do the Final Test:

Obtain Final Evaluation.

3

0

j

1
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Key Words
.1

EL-RE 711

Introduction to lircuits

Circuit:. A group of,,electrical components and interconnections arranged to
perform some useful function.

Circuit diagram: The same as a schematic diagram. (See below.)

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

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 diagram: A drawing of how electrical components are interconnected
showing actuaT pictures or sketches of the components in the correct locations
for assembly.

Series connection:. Two or more components connected 'end to end so.that only
7 one end of any component connects to any other component.

c

.

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

interconnected using symbols to represent the components.

Voltage drop: The voltage across an electrical component (other than a source)
caused by a current flowing in lt.

4
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Information Sheet

EL-BE-11
Introduction -to Circuits

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
how they will be drawn on paper.

A schematic diagram or schematic, for short, is a drawing of,electrical tompon-
.ents and their interconnections 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 circUitodiagram. 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.

E
12V

111101101=111110M

2W 50
5W

P24

R3 270-n-

Ry
100A

I/2W

Schematic or Circuit'. Diagram

Pictorial Diagram

i.

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 currents and voltages that will be
measured when the complete circuit is energized. In the circuits you will be

40
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EL -t3 1'1

Int'roductioo to,Ciroults

1

constructing, the details ofga pictorial diagram will not be important and

only schematics or circuit diagrams will be used.

There are two different ways to inWconnect two cOmponents, series or parallel.

If only one end of each componeht is-connected together, they are connected, in

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

just shown touching each.other.

Schematic or Circuit Diagram INTERCONNECTING WIRE

of .Two Series Resistors

Pictorial,Diagram of Two

Series Resistors

or

1111111111 111111'

rthe components are connected between or across the same two potnts,.they are

in parallel.

Schematic or Circuit Diagram

of Two Parallel Resistors

Pictorial Diagram of. Two

Parallel Resistors

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 is 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.

In the package called Basics of Ditect'Current, you were introduced to an

analogy between electrical current and water flow thrOgh a pipe. The same

analogy should be helpful to you'iti understanding the ideas of currentflow and

voltage drops in simple series and parallelcircuits..... A water flow analogy of

a series. circuit is given first.

A

6
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14,-)OURC E. OF

PRESSURE RESISTANCE TO FLOW_
LOSS OF PRESSURE

IL-10-11

Introduction to Circuits"

4

E ri""

ELECTRICAL RESISTANCE,
VOLTAGE-DROP

I RESISTANCE, ,

ELECTRICAL

VOLTAGE DROP

--.
. I is electrical current.

E.is source ofivoltage.

The waiter pump is the source of water pressure and represents the source of
r voltage. The flow rate (amount orwater,flowing per second) represents the

electrical current. The narrowing of the pipe resists the flow of water and
represents electrical resistance.

In the water system for a given pump pressure, the more resistance that there
is to the flow of water, the less the flow rate will be.

Likewise in the electrical circuit, the more resistance in the.circuit% the
less will be.the current for a given voltage of the source.

In the water System,, the water is flowing at the same flow rate anywhere in the'
system. If it.is two gallons 'per second coming from the pump, then it is two 0
gallons per, second anywhere in the pipe or in the return path through the water
tank.

In the electrical circuit, 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-
resistance and in all the interconnecting wires.- Remember that one ampere is
one coulomb per second which also equals 6,280,000,000 billion electroWs pgr
second.

The water pressure is less in the'narrower pipes. In the narrower pipes a - e
lesser amount of water has to flow at a greater speed to maintain the same flow
,rate. - ..

.

L

Thevoltage is less after passing each resistor in the electrical cfrquit. The
current or rate of electron 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 e4gh resistor In, the electrical circuit.

In a parallel electrical circdit the voltage source Is connected in paraliel,
that is, across the same two points. A water Clowanalogy of a parallel
circuit is given next.

4

P. 7,



MORE FLOW

FL-BE-11.

Introduction to Circuits

LOWER RESISTANCE
MORE CURRENT

E VOLTS --4:-=10 BETWEEN
POINTS

HIGHER RESISTANCE
LESs CURRENT

=== 1

1.-1 I 1 +
E

4 , .

Notice that, just as the'water dividv into separate paths in the water pipes,
the electrical current divides, into separate paths in the parallel resistors.

The amdunt of water in each of t
N

he separate 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-

III
lel resistors adds up to the total current entering or leaving the parallel

circuit. Less current flows in the path with the largest resistance. Since
each resistor is connected between the same two points, the voltage is the same

across each resistor. The voltage. source is also connected between those two

ports, so the resistors and the source all have the voltage of the source
'across them.

A series circuit or a parallel circuit may be, drawn in different waysoon 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 this.

Notice that the direction.of each current is determined by.the pola.rity of the

suurce.

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

1

- R24.

Different Ways to Draw the Same 'Series Circuit

8
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EL-BE-11

Introductioly to CircOits.

Different Ways to Draw the Same Parallel Circuit

indicates where wires cross but do flot touch (are not attached)
MI

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 place.

Later on you will learn that you can make other circuits that are combinations
of series and parallel circuits. These more complicated circuits will not be

explained now. In a series circuit if dnly one interconnecting wire is.broken

or removed, the current will go tozero in all of the components in the circuit.
An example of this is a series string of ChristMA'tree lights. 'If one light

burns out; all of the lights-will go out. "'his is because,,wheda 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 circuit when a wire is broken
or removed, the electron flow or current is Interrupted and current is stopped
everywhere in the circuit.

T NO CURRENT .

)(
CONNECTION BROKEN

SERIES CIRCUIT

In d parallel circuit, howe'ver, if one of the components other than the source
:5 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 lighted. Another example is your'household wiring. Each

oUtlet.is in parallel, and when a light burns out in your house, the,others
stay lighted.

I a

9
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CURRENT SAME
as RE*

1114/

EL-BE-1L
Introduction to Ci'rcuits:

CONNECTION BROKEN.

CURRENT
NO

PARALLEL CIRCUIT'

Using the water analogy, 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.

0-

1. 10

-
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Self-Test

EL-BE-11
Introduction' to Circuits

4

1. A circuit drawing that uses symbols to represent electrical compOnents is

called'a

a. pictorial diagram.

b. schematic drawing.

c. resistor drawing.

d. photograph. .

2. Components in series have the same

d. current.
b. color.

c. voltage.

d. size.
St,

3. Components in parallel have the same

a. current.
b. color.

c. voltage.
d. size.

4. In a series circuit, if a connection is broken, the current in each
component

a. increases.

b. stays the same.
c. is different. '

d. goes to zero.

5. In a parallel circuit, if only one resistor is removed, .the currents in
the others, t'

a. stay the same.
h. go to zero.
c. increase.

e. are' removed.

,10

11
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EL-BE 211-

Introduction to Circuits

task A Series Circuits

Use the 15 volt source, or set the adjustable source to 15V. Have your
instructor check that the:-voltage*ts correct.

Connect the resistor and pilot lamps in series as shown on the schematic using
the interconnecting lead's. Have your instructor check your connections.

a

INCANDESCENT

LAMPSYMBOL

It 680

Connect the volOge source and notice that both lamps are lighted. Have*yOur
instructor, check that you:,connections are, correct and: that the lamps
morking.properly.

01,

:Remove any one interconnecting wire and notice that both lamps 'go out. 'JOS
indicates that the current was lost-in. all.parts of the circuit,

12 101
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EL-BE-11

Introduction to Circuits

Task B Parallel Circuits

Use' the 5 volt source or lower, the adjustable source to'5V. Have your instructor

check that the source. you ere now uSintg is 5 volts.

Connectthe resistor and pil.ot,.lamps in parallel according to the sChematic.

Notice that- both lamps .aretighted when the. source is attached.

e

'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

esiftor and the other lamp still connected to the source.

Notice th'at the remaining lamp is still lighted. This indicates that the

current was lost only in the lamp ttrat.was removed and not in any other parts of

the parallel circuit.

102
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EL-BE-11-
Introduction to Circuits ,

Final Test
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 seHes, if a connectionbetween two components is broken, the
goes to zero in every componept in the circuit.

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

14

103
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A

Final Evaluation

Task A

I I

Circuit is wired according to the circuit diagram

Task B

Circuit is wired according to 'the circuit diagram

Final Test questioRs answered correctly

15 104.

EL-BC-11
Introduction to Circuits

OK Re-Do



EL-RE-11
Introduction.to Circuits '

Answers
Self-Test

1. (b) schematic diagram

2. (a) current

3. (c) voltdge
.01

4.. (d) :goes to'zero

5.
(

) stays the same

M

16
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ifb

The apprenrice Will bp able to
re(ld scales of 6-lectrical

measurement instruments.

Performance Indicatois:

1. Reid voltmeter scale.

2. Read ammter scale.

3. Read ohneter scale.

4
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Objectives

Given:

Information sheets

A volt-ohm-milliammeter.

Directions

rObtain the following:

VOM

Learning Activities

...M...1

liw. -

I

Read Information Sheets.

Do Self-Tests.

Do Final Test..

Do Task.

EL-BE-12
R44.10 Scales

?le student wills

Correctly record measured value,
indicated by drawing of each, scale.

r.

Correctly identify what number scale

should be used with each setting of
the range twitch.

01' .d
9

Obtain Final Evalmation.,

40
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Information Sheet No. 1

EL-BE-12.
Reading Scales

'The ability to 'read meters properly is: very important to the electronic techni-
cian. Much time can be lost by not using the meter or by: inaccurate readings.
Although reading scales is not difficult, it is very easy to make.a.Thistake.

Scales you are already used to reading are rulers, clocks, and automobile
speedometers. Meters are'used to measure vol ge (volts), current (amperes),
and resistance (ohms). A 'needle" or "pointe moves to a position over the
markfings on.the meter face to 'indicate the nt of current flowing through
the meter. OP

The markings on a oeterlace are similar to thb markings on the face of a
clock.

12

Figure 1-A

er;

VOLTS

oa,

Figure 1-B

In Figure 1A, if the minute hand is removed from the clock, we would estimate
the time as being 4:30 because the hour hand is halfway between 4 and 5.

In Figure 1B the meter needle is pointing hAfway 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.
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6 EL-BF-12
Reading Scales

.
Using this reasoning, determine the voltages indicated when the meter needle

points to the following points'. p,

Figure 2

In Figure 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

111
the first twa marks represent the pointer positions for 4 1101ts 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 about41/4 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.

V0011

Figure 3

On the meter face in Figure 3, we see small marks between the larger marks.

The small marks now indicate the half-volt graduations. so we no longer have to

111
guess where they are. The needle now indicates 6.5 volts.



Self Test No. 1
41

Give the meter readings
for each pointer.

EL -RE -12

Reading Scalps

1. a.

b.

,

iNs

a.

b.

c.

d.

5. a.

b.

c.

d.



Information Sheet No. 2

Check/ your .answers and make sure you understand before you proceed i .V Ms or

other multifunction meters have a range switoh that extends the operaAng range
of the-meter. Without the range switch this voltmeter has only a 0-10V-range.
`A range switch might look like Figure 4.

EL-BE-12
Reading Scales.

(A)

10V

. (B) 100V

Figure 4

(C)
1000V

We now have two new ranges, B and C. With the range stitch at B (100V) the
meter will have a full-scale reading of 100 volts so Oe multiply all of our
readings by 10; the pbinter 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 ru)e on ammeters.

Range = ' 10' 100 1000
A = 2.6V A = 26V A - 260V
B ='4.6V B = 46V B = 460V
C = 7 V C 70V C= 700V
D.= 9.3V D = 93V D = 930V

7 113
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Self-Test No.'.2

Assume the range switch is set as indicated for
Tell the readings
for each needle,

each meter.

EL-BE-12
Reading Scales

14 Range 100
a.

b .

c.

d./(....+

2. Range 1000
a.

b.

C.

d.

3. Range 10
a.

b.

d.

4. Range 100
a.

b.

c.

d.

5. Range 1000
a.

b.

c.

d.

6. Range 100

a.

b.

c.

d.



Information. Sheet No. 3

EL-BE-12
Readin%.Scales'

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 connected./ However,
the ohmmeter has an internal- battery to provide current .for operation:

Figure 5

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 As nonlinear. The scale in Figure 3 is
linear because there is equal spacing between numbers. In Figure 5 the
ohmmeteryeedle is indicating 4.5 ohms of resistance.

ri
9 115
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Self-Test No. 3
411 Give the readings

for each needle.

..11D

11b

° EL-BE-12
Reading Scales

1. a.
.4.44-4-4.44 4

b.

C.

d.

2. a.

b.

c.
d:

3. a.

b:------
c.
d.

4. a.

h.

c.

, d.

5.. a.

b.

c.

d.

a.

b.

c.

d.
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Inform4tion Sheet No. 4

p

xl

x10

.111100

xkk.

EL-BE-12

Reading Scales

x100k

Figure 6,

An ohms range switch might look like Figure 6.

A

Figure 7

I

.These positions mean that any reading made on the scale should be multiplied by
the number of times indicated by the range switch. (xl u. 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 in Figure 6.

Remember k = thousand, so 1k is 1000.



Self-Test No. 4
Assume,the ohms range switch is-set as
Tell the readings, 4

5 4
for needle.

1

ir

indicated for each meter.

3

12 .118

ELLBE-12
Reading Scales

1. Range X1

a.

b.

c.

d.

2. Range X100
a.

b.

c.

d.

3. Range X10
a.

b.

C.

d.

4. Range X1K.
a.

b.

c.

d.

5. Range X1OK
7

a.

c.

d.

6. Range X100K
a.

,
b.

C.
d.

,



EL -BE -12

Reading Scales.

Information Sheet No. 5

Some range switches may also indicAte.function (DC volts, AC volts, resistance'
etc.). Multimeters have more than' one function. Vb1t-ohm-mil liammetef.s.(VOMS)
have three basic functions: the measurement of voltage and current (QC or DC)
and resistance. Some VOMs may not have a current function. Function may be
determined by input plugs. for the -test leads or a switch.

ft

The first thing you must know when using a meter is. what you wish to measure.
The function of the meter must be set properly. Second, you must know where
the range switch (is set, add last, what the scale Teads.

Let's try looking at a typical small meter scale all put together. Note the DC
scale. The lower side. goes from 0-0.5 and the upper side goes from 0 to 15.
Your:range switch will tell you which side to read. The AC scale also has a
lowdr and upper side marked. Note that the R scale has only an upper side
Marked.

/

4'

0, 0
1

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

13
. 119
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a. ; EL-BE-12
ReadingnIg Sc al es ,

To. obtain reading:

1.

Multiply 11prange reading by .1

RANGE

0s5 = 0.17V

1.5 5V

Multiply .5 range reading by 100. 5 = 1. 7V

15 = 5 V

'Multiply .5 range reading by 100 50 = :17 V

Multiply 1.5 range -reading by 100 150 = 50 V

`Multiply .5 range reading by 109Q 500 170 V \,=
0

.4

If'the function were resistance (R): R x 1 = 45 0.

R x 10 = 450 0

41'

R x100 = 4.5k

R x lk = 45k0
rf.

R x 10k = 450k

14 120
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Self-Test No. 5
J

Read the following meters according to the function,apd range indicated'.

EL-BE-1?
Reading Scales

1. Function DCV

Range 15

Reading

2. Function R

Range

Reading

Function ACV
Range 560----
Reading

4. Function DCV
Range 5

Reading

%o

5. Function R
Range Ray---
Reading

6. Function DCV

Range 156

Reading I

.

4'

15 121
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41.

7. Function R

Rang RX100
Reading

EL -BE -12

Reading Scales
4

'11

1041:14000000.3.4011}10.17C1

8. function R

Range Rxi----
Reading

r>

9. Function DCV
Range 50

Reading

10. Function 'ACV
Range 50

Reading

0.o

11. FUnction DCV it
Range

GL.Reading

12. Function' DCV it
kange. 1:5----
Reeling

16 122

0
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Final Test

'1. Function R

Range X1

Reading

a

Range

Reading

3. Function. R

Range X1M--- P-cp
o

Reading
0

EL-BE-12
Reading Scales

C`.

vs.

4

. lb q (k,

4. Function. DCV
Range 15

Reading

5. Functio% DCV

Range 5

Reading

6, Function DCV

Range 15.---7

Reading

I

4

17 *1.23



7. Function R

Range Xf-----
Reading

8. Function R

Range X1
Reading

9. Function ACV

Range 500

Reading

10. Function R

Range

Reading 1M

11. Function R

Range X1700

Reading

12. Function DCV

Range 50

Reading

EL-RE-1,2

Reading 'Stakes

18 124



Task

EL-BE-12
Heading, Scales.

There are a number of different brands and models of VOMS. Many of them have
A 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 1

Study the four top scales on the meter. WritOin the spaCe below the set of
numbers that indicates the full scale reading for each range.

0to ohMs scale

0 to voltage or current

0 to voltage or current

0 to voltage or current

Notice how this meter uses a switch or testlead jacks for different ranges
and different functions. TheTOaions, which are eXplained in more detail
in the following package; are usually divided into the following areas:

DCVI - used to measure DC voltage
ACV - used to measure AC voltage

- used to measure; resistance .,

DCmA - used to measure current

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

Step II

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

DCV I ACV DCmA ri

Oto , Oto Oto R x

0 to 0 to ' 0 to

0 tO 0 tO 0 tO 1 R x

0 to 0 to 0 to R x

, 19
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Step 1p

Complete the chart below by listing the range for every function, the number
you woulchuse .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.

EL-BE-I2
,Reading Scales 1

411

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:

FUNCTION RANGES % NUMBEVSCALE DSED_ EACH NUMBER IS MULTIPLIED BY

DC Volts 150 V 0 to 15 .
10

FUNCTION RANGES NUMBER SCALE USED _EACH NUMBER IS MULTIPLIEOPBY

Ohms R x 0 to
.

R x 0 to

R x 0.to ''.

R x 0 to

DC Volts V 0 to

.

.

.

,

.

V Oto

V 0 to

."
V 0 to

AC Volts V 0 to

. .

,

V b to
,

V 0 to

V Oto

. _._

DCmA mA 0 to

.

.

$ .

mA 0 to

mA O'to

.

mA 0 to
,

.

.

0 _Step IV

Get yoyr instructor's evaluation of this task.

20 126



Final Evaluation

Chart filled in correctly.

21
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Reading Scales

OK RE-DO



EL -BE -12

Reading Scales

Answers

You'r answers.may not be identical Co these, but tf they are within a 5 percent
range they will be considered correct.

Answers to Self-Test #1 'Answers to Self-Test #2

1. a. 2.V 4. a. 2 V 1. a. 15 V 4. a. 7.5V
b. 4.5 V . b. 4 V b. 30 V b. 37.5 V
c. 7 V c. 7.5 V c. 45 V c. 53.5 V
d. 10 V d. 8.5 V d. 80 V d. 75 V

2. a. 1.5 V 5. a. .25 V 2. a. 200 V 5. a. 200,V

b.. 3.75 V b. 1.75 V b. 350 V b. 350 V
c. 7 V c. 4.25 V c. 600 V c. 650 V
d. 9 V d. 7.75 V d. 850 V d.

at
875 V

.5 V 6. a. 4 V a. 2.5 V a'. 15 V

b. 3.35 V b. 5 V b. 4.5 V b. 41 V

c. 7.25 V c. 6.5 V c. 7 V c. 68.5 V

d. 9.5 V d. 9.75 V d. 9 V d. 94.5 V

Answers to Self-Test #3 Answers to'Self-Test #4

1. a. .150 SI 4. a. 250a 1. a. 45 a' 4. a. 22.5 SI

b. 14 0 b. 17 a b. 12 0 b. 7 k

c. 5.5 a c. 2.21'a 3.8 a c. 1.8 k a

d. 1.19 a d. .39 a d. 1.6 a d. .4 k a

a. 30 SI 5. a. 53 a 2. a. 3500 0 5. a. 750,k 0

b. 7.8 a b. 11.7 1 b. 1500 a b. 190 k a

c. 2.65 a c. 4.75 a c. 360 a c. 60 k a
d. .75 a d. 1.9 a d. 425 a d. 8.25 k a

3. a. "10.1 a 6. a. 22,5 a T. 4. 275 a 6. a. 1900 k a

b. 4.5 si b. 4.25 a b. 74 a b. 1150 k a

c. 1.612 c. 1.24a c. 21.8 a c. 700 k a

d. .3 a d. .145 a d. 3 a d. 360'k a

Answers to Self-Tes #5

1. 8 V

2. 1.5 a

3. *135 V

4. .6 V .

5. 32.5 k a

6. 90 V

1. 4450'0
8. 3.5 0
9. 23.5 V

10. 18.5 v4,

it. 350 V

12. 1.05 V

22 128
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USING A, VOM

Goal:

'Tne,apprentice will be able to
use a VOM for electrical
measures:tent.

os

tw

Performance

1. Identify parts of a,VOM and
their functions..

2. Measure volta3e with VOM.

3. Measure resistance' with VON.

4. Measure current with VOM.

129
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Objectives

.Gi yen:

Information Sheets.

A VOM, complete with resistors
and i power source.

Directions

ELRE-13
Using 'a VOM.

The student will:

Answer 6 test questions on the.basic
parts of the meter.

Complete.a Task for measuring DC voltage.

Complete a Task for measuring AC voltage.

Complete a Task for measuring resistance.

Complete a Task for measuring current.

Obtain the following:
b

VOM.

A resistor assortment.

A voltage source (this unit has beenpreassembled 'by your instructor).

I

Learning Activities

Read the Key Words list.

Read the general description of the VOM in the Information Sheets.a0
Complete the Self-Test on the basics of the VOM

Complete a Task on measuring, DC voltage.

Complete a Task on'measuring AC voltage..

Complete aTask on measuring resistance.

Complete a Task on measuring current.

Obtain Final Evaluation,

5 132
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11421/ Words

lir
VOM: Abbreviation for volt-ohm-milliammeter. A meterthan can measure volt's-
age, current, and resistance.

$

Polarity Switch: A switch WOO lects +DC or -DC depending on whether you
are measuring positive or negatt voltage. The + indicalifs a positive voltage
and the - indicates a negative voltage.

EL-BE-13
Using a VOM

Function-Range Switch: A switch which selects the function of current, voltage,'
or resistance and the maximum amount to be measured.

Ohm-or Zero-Adjust: A knob used. to adjust the meter when measuring resistance.
Since the batt6y inside your meter supplies power to the circuit when you are
measuring resistance, adjustments have to be made for the various cdhditions of
the battery.

Input Jacks: The"place where the test leads are inserted the red lead going
into the V-0--A jack and the black lead going into the "common" jack.

Meter Scales: The lines marked with small divisions that show the amount
measured. A ruler is a type of scale used to measure distance." A meter milt,
is a type of scale used to measure voltage, current, or resistance.

Test Leads: The wires that are used to connect different parts of a circuit to
the meter.to make a measurement.

0

I

N-

0
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EL-BE-13
Using a VOM

Information Sheet No. 1

General description of-the volt-ohm-milliammeter. Commercial mode' the
volt-ohm-milliammeter (VOM) multimeter are able to measure direct lter-
nating voltages, direct current, and resistance. Additional,funct ,ons are
sometimes included. A wide variety of models are available.

RANGE SWITCH
AND, FUNCTION
SWITCH

INPUT
+

JACKS

M'S
28R0
ADJUSTMENT



EL-BE-13
Using d VOM

Mo t VOMS have several features in common. They are the following:

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

RDLARITY SWITCH ZERO ADJUSTMENT

INPUT JACKS FUNCTION -RANGE swarA

2. Function-Range Switch.selects the function (current, voltage, or resis-
tanc41.and the range to be measured (100 mA or 10 mA, etc.). Only.one of
the ranges,can be selected at one time.

3. Ohms Adjust (sometimes called zero ohms) is a variable resistance in the
ohmmeter circuit. It is used to adjust the meter when measuring ohms to
allow for changes in the voltage of the internal batteries. It is adjusted
with the range switch on any resistance range so that the needle points to
zero on the ohms scale (usually on the right side) when the leads are
touched (shorted) together. The meter is adjusted to zero because at this
time there is no resistance between the leads of the meter. This adjust-
ment must usually be made whenever the resistance range is changed.

135
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Using a Vom

,f;

4. Input Jacks are the places on the meter where the, test.leads are connected.
Tbey are all clearly labeled, and if:there is any question as their usage,

,consult the Operator's Manual for specific information. Most measurements

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

Meter,Scales are like a curved ruler and are-marked with small divisions
from which values may be read.

6. Test Leads are the wires that are used to connect the meter to the circuit.
under.test. `The red lead is considered positive t+),,and the black lead is

negative (-).or common. Connettilifthese leads correctly is called observ-

ing cor-rect po'arity. Incorrect polarity in DC circuits will cause the
needle to deflect or move backwards,:and damage. could result. In AC.

circuits, polarity is not' ..important.

All VOMS have one thing in common: they have a very sensitive meter movement.,

40 The meter's range and function are changed to measure various voltages and

currents.

qb.
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Self-Test

General description of the volt - ohm- mllllammeter

(Select from answers at bottom of page.)

I. Polarity Switch

2. Function-Range Witch

3. Ohms Adjust

4. Input Jacks

5. Meter Scales
.

4

6. Test Leads

p.-BE-13
Usingo VOM

4

4 lir

I

a. Used to_ adju_st_the _meter_when_measiaring. JAMS._ _

b. Wires that are used to connect the meter o the circuit:

c. Selects +DC, -DC, depending on what you are going to measure.

d. Marked with small divisions from which values may be read. a

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

Places on the meter where-the test leads are connected.



. EL-BE-13
Using a VOM

Information Sheet No. 2

General procedure for using a VOM to measure voltage

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

1. Needle Adjustments For the meter indications to be as accurate as poi-
sible, the needle should rest directly over zero on the left side of the
scale when the meter is disconnected. If the needle does not sit directly
over zero on the left, it should be adjusted-trly by someone who knows the
proper method of setting the meter.

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

3. Polarity $wftch If your meter is equipped with a polarity switch, turn it
to the position that represents the'type of voltage you are measuring (AC
or DC). If the voltage under measure is DC, have the.swich on DC+ for
measurements. The DC- is used only in special cases such as when you are
measuring negative DC voltages. On meters that have "AC volts" and "DC
volts" included on the range switch, be sure to select the correct ranges.as .

well as the type of voltage.

4. Function-Range Switch Turn this switch to the highest voltage range. This
Step should be done when-meisuring any voltages unless you are definitely
sure that the voltage will not exceed the range voltage._

4

5. Connecting the Meter Always turn off the power when making a connection to
Provide for personal safety. The leads are connected across (in parallel
with) the part of the circuit under test. In DC measurements,'you connect
the black lead to the most negative point of the circuit and the red lead
to the most potitive point. If you are unsure of the connection, consult
your instructor.

6. Circuit On If the voltage reading is within a lower range (in the lower
ti 1/4 of the scale), turn the range switch down until die needle moves above

the 1/4 scale mark. Be careful pot to turn down more than one range step
at a time.

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

/38r o



EL-BE-13
Using a VOM-

IMP9RTANT

General precautions should be4followed with.the VOM as with any other meter.

Some of these are as follows:

When measuring voltage, the circuit is necessarily alive, so keep one'hand
in your pocket. This is a safety precaution. If you use two hands con-

nedting the meter to a circuit, you are placing yourself in parallel with
the circuit and may have a short circuit through your body. When electri-

city passes through your heart, it can, and probably will, cause severe
shock and possibly death. Do not be afraid of electricity; RESPECT IT!

When measurinq voltage, do not have the meter set to-measure ohms or milliamps,
as you wilT damage the meter.

t
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Task A

Equipment:

pne'VOM

One DC voltage source

Procedure:

EL4F-13
Using a Vom

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

2. Plug in your voltage source and locate the "common" and 30 VDC terminals.

3. Connect your black lead to the "common" terminal and your red lead to the
"+" terminal.

4. .Does your meter needle move? If not, you may be on too high a range.
Slowly switch the range switch to lower ranges one at a time until your
needle moves up to the center part of the scale. DO NOT GO OFF SCALE OR
YOU MAY DAMAGE YOUR METER!! (When the needle starts to move up-onto the
scale, stop and read the value to make sure it does not exceed the range
of the next lower range). USE THE SCALE,THAT "FITS" YOUR RANGE SETTING.

How much voltage did you measure?

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

TERMINAL. VOLTAGE

30 VDC

18 VDC

12 VDC

"MEASURED VOLTAGE INSTRUCTOR'S OK

5 VDC

5. Get your instructor's evaluation.

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

4 0



Task B

Equipment:44

One VOM
One AC voltage source

Procedure:

EL-4E-13

Using a VOM.

1I

1. Set meter function-range switch for highest AC range. Hook' up, test leads

in properInput jacks (have instructor check).

2. Plug in vgltage source and locate the AC 'terminals.

3. Connect test leads to AC terminals of your voltage source (on AC,
polarity does not matter).

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

5. Record your reading and range for AC.

AC

aa

RANGE VOLTAGE

I 4,

Have instructor evaluate.

a
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Using a VOM

Information Shseet No 3

General Procedures for using a VOM to measure resistance

The following is an outline of the basic parts of tte meter used to measure
resistance.

When measuring resistance with the VOM or multimeter, it is necessiri, to follow
certain general procedures. These are as follows:

1. Lead Placement Place the leads into the proper input jacks. These will be
the + (or V- 0-A) and - jacks, as used for most other measurements.

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

4

3. Meter Zero The meter must be set to zero to measure resistanC4et.Nearly
all VOMs have the highest resistance where the smallesterent flows.
'The highest resistance readings are, therefore, on.the'left of.the scale,
and the VOM usually doei-not have an adjustment fOr this side. The meter
zero alloWs the operator to set the meter so most current is flowing when
the resistance is zero. This adjustment is made:As:follows':

Step a: With the range switch on the resistance range desired, touch the
two leads together (short circuit11.

Step b: Move the zero adjustment so the needle, points over the extreme
right hand side to zero on the ohnis'scale.

Step c: Disconnect the leads. Do not leaxe the leads shorted together, as
this will run down the battery to thaeterl

4. Function-Range Switch This switch may be placed,on any range desired for
resistance measurements. The range switch ,selects the multiplier for the
meter. To find the actual resistance of' the: circuit, take the:. reading from
the meter scale and multiply it by the number.on'the range. For'or example,
if the reading On the VOM is 2.2 and the range is R x'100, the value would
be 2.2 times 100, or 220.

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

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

V
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Task C

Equipment:..

One VOM

One resistor assortment cat!least 10 resistors)

Procedure:

LL"Ut..-1J

Using 'a VOM

You are going to measure the resistance of some resistors that may have a
wide range of. values. NOTE: All the ohms ranges go from zero to infinity
( .), There are two things to remember: 0 Your most accurate reading
wilibe in the center N6-thirds of the meter scale so you want to select
the range that will get you in that area .if possible. 2) You must "zero"
your meter every time 'you change ranges. (See step 3).

1. Insert test leads into proper inpajacks.

2. Select resl,stance range.

3. Zero your meter on this range.

A. Connect leads together (short).

11. Slowly turn "ohms adjust" knob until t e needle is exactly over
the zero of the ohms scale. If the n edle won't go all the, way to
.zero on a:certain range (usually a 1 er range), have your
instructor check it. You may need new battery in your mete

4. Touch the test leads to each end of th resistors and carefOly read
each value avid chart below. Also lis the coloccOde value for
each. e.

COORCODED VALUE METER READING

ft

Have our instructor evaluate.

14 143

,

4.
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Information Sheet No. il

General Procedure for. Using a VOM to Measure Current

The: following is an outline of the basic parts of the meter used to measure
current.

When measuring current with a VOM it is necessary td follow certain general
+ procedures. Typical procedures for measuring milliamperes are as follows:.

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

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

Function-Range Switch Turn this switch to the highest range. This step
should be' done when measuring any current, unless you are definItely sure
that the current will be less than maximum for a lower range.

4. Meter Connection To be measured, all of the current that flows through
the component must also go through the meter. To make this possible; it
is necessary to open the circuit and insert the meter in series. Do nob
connect as a voltmeter or ohmmeter or you will probably damage the meter.
Assume we haVe the circuit of Figure 1, and we wish to measure the,gurrent
at point B.

Figure 1

Break the circuit at point B as shown th Figure 2

A RESISTOR B C
41110--1\A/L-1-4

VOLTAGE Sous(

I
$.0fiwritomor

Figure 2

N

1
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I

Connect the meter shown in Figure 3 with"the negative lead toward the
negative side of the circuit (point B,.fh'this case) and the positive lead to
the positive side of the circuit (shown as point C).

Figure 3

Voltage On With the voltage turned on, the current is flowing through.thee
circuit. If the needle does not go above one quarter of the scale, turn
the range switch down one range at a time until the needle moves into the
middle or upPer half of the scale. (Figure 4.)'

Figure 4
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/

Voltage Off Turn off the'voltage, remove the meter, and turn the meter
''0F'' or' to the highest yoltage range to protect the VOM. Switching to the

highest voltage range switches out the Ohmmeter and the ammeter sections of

the VOM. Both-the ohmmeter and ammeter sections can he easily damaged by
'external voltages. Only switch to the ohmmeter or. ammeter sections when
you need them. Otherwise switch to "OFF" or to a 'high voltage range for

protection of the meter.
11

IMPORTANT

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

. function. Many meters meatureonly.up to 1/2 amp (500 milliamps). So

don't measure ANY CURRENT you are not sure is within the range of your

meter!! (One-half amp is NOT MUCH.) Another common error is placing your

jest leads across a voltage drop (in'parallel to the load). The current

function on your meter acts like a short circuit and must be in series with
the load, whereas your volt functions tend to act like an open switch.

11

CURRENT

METER



Task D

Equipment:
10

One 'VOM

One voltage source
Four resisto.rs, 1/2 watt'

Procedure:.

One 100Q,
One 1k

One 10k

One 100k

EL- BE,-13

Using a VOM

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

first.

HIGHEST

LOWEST

A

Now, in the right hand column, record the highest point on,this scale that

your, needle can read to be able to switch safely to the next lower range.

For instance, say you have ranges 500 mA, 250 mA, 100 mA, 50 mA, 10 mA, -5 mA.

HIGHEST SAFE READING AT WHICH.T01

\ANGES SWITCH DOWN TO NEXT LOWER SCALE.

5 mA 250

250 'mA

100 mA

50 mA

10 mA

5 mA

18. 1 4

a
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Using a VOM,

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

in the' right hand column. If the needke goes above that point, it would

damage the meter if you switched to the next/ lower range.

Have your instructor check your understanding of this before proceeding.

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

jacks.

3. Plug in voltage source and determine 'common' and 5 volt DC terminals.

Connect your 100 resistor to the 5 volt terminal and your black test lead

to the common terminal of your voltage source. DO NOT CONNECT YOUR RED

TEST LEAD. Call .instructor to check proper set up of the following:

3

Meter range and function..

Test lead Connection at meter.

Proper output terminal of voltage source.

Correct resistor.

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

can make your reading.

5. Record this current:

.You should measure somewhei'e around 50 mA. If you do not get anywhere near

this value, consult your instructor before proceeding.

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

each measurement in the chart below.

RESISTOR
100A

k

100k

CURRENT MEASURED INSTRUCTOR'S OK
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Final Evaluation

PROPER READINGS ON:

TASK A

TASK B

TASK C

TASK D

METER STILL WORKS PROPERLY

.7
4

OK Re-Do

LL-BC-13
Using a VOM.

g.

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

%.

444

149
20

9

4

so
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Answers

Self-Test Answers

1. c

2. e

A 3.

4. f

5.. d

6. b

n

11

a

21

150

.40

4

EL-BE-13
Using a VOM
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Goal:

The apprentice will be able to
coripule olctrical problems
thruu3h use of Ohm's law.

5.8

OWN' S LAW
b

Performance Indicators:

1. CompUte current from given
voltage and resistance.

2. Compuie resistance"Urm given
current and voltage.

,3. Compute current from given,
voltage and resistance,

to,
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Objectives

Given:

Ohm's Law

Materials to perform a
series of tasks

Directions

Obtain the following:

one circuit board

two 1K resistors (1,000 ohm)

one multimeter

one variable voltage powerssupply

Learning Activities 0

Study 'the Key Words list.

Read the Information Sheets.

Do the exercise on memorizing Ohm's Law.

Do the Self Test, on Ohm's Law problems.41.111.1111.

0
4

EL-BE-15
Ohm's Law

The student will:

Complete a Final Test solving Ohm's
Law problems with 80% accuracy.

Complete a Final Test on Ohm's Law
, relationships with 80% accuracy.

Complete a Task (or current.

Complete a Task for voltage.

Complete a Task for resistance.

4.*1.0111001.0111

Do the Self Test on Ohm's Law equations.

Do the Task on Ohm's Law for current.

Do the Task on Ohm's Law for voltage.

Do the Task on Ohm's Law for resistance.

Do Final Tests I and II.

Obtain Final Evaluation.
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. Ohm's Law

Key Words

1: Math symbol for current

R: Math symbol for resistance

E: Math symbol for voltage

I . E Ohm's Law equation for current when voltage and resistance areir known.

R = E Ohm's Law equation for resistance when voltage and current are-r known.

14

E = I R Ohm's Law equation for voltage when curreit and resistance are
known.

Directly Proportional: A math relationship in an, equation that results in a

larger or smaller answer when the terms on the other side of the equation get
larger or smaller.

'no

Inversely Proportional: A math relationship in an equation that results in a

smaller answer when the terms on the other side of the equation get larger, or
a larger answer when the terms get smaller on the other side of the equation.

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

I,

,S

.46

.0
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Information Sheet

LL -91 -15

Ohm's Law

VolniVe, resistance and current are related in a very special way. This rela-

tiorvhip is stated in a law of electricity called Ohm's Law. Technically

stated, the law reads as follows: "The current through a resistance is dir-
ectly proportional to the voltege and inversely proportional the the resis-

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

R

Since there are three terms in the Ohm's Law'rqjatilnship, I, E and R, three

equations may be derived from this statement. "The three equations are as
follows; 0

For Current

For Voltage

For Resistance

I = E (E divided by R) (E R)

E .44R, (I times R) (I x R)

R= E (E divided by I) (E I).-r
A simple rule to memorize each equation involves using an Ohm's Law pie.

j

***MEMORIZE THIS **

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

E = IR.

To solve for current, put a finger over the I and ypu gee E or I = E .

R R

To solve for resistance, put a finger over the R and you get E or R = .

Simply cover the letter you want to solve for and the remaining letters form

your equations
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Ohm's Law

iF

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

I. The.voltage if we know the current and resistance. E IR. 4°

2. The resistance if we know.the current and voltage. R E .

3. The current if we know the resistance and voltage. I = E .

In addition you need to remember that when using Ohm's Law in a circuit you
must use each term as follows:

I is the current through the resister.

E is the voltage across, the resistors_

R i e value of the resistor.

***You must know two of the three terms of each equation to solve for the

third.***

CURRENT THROUGH

RESISTOR

VOLTAGE ACROSS

RESISTOR

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

I. ; is the total current through the entire circuit.'

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

3. E is the total voltage applied to the circuit.

^fr
6
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TOTAL CURRENT

NOM SUPPLY

TOTAL VOLTAGE

FOR CIRCUIT

'EL-BE-15

Ohm's Law

When solving for Ohm's Law equations remember to convert all values for
resistance, voltage, and current to their basic units.

The basic unit for resistance is the ohm.

The basic unit for voltage is the volt.

The basic unit for current istheampere.

TOTAL

RESISTANCE

To help you work problems using Ohm's Law, the equations will be presented
showing all conversions to ohms, volts, and amps necessar to solve each
equation. In the following circuit diagrams the symbol is used to represent
the ammeter that is measuring current (I) in amps.

Now let's try a few problems using each equations to make. sure you con follow
the math involved.

FOR CURRENT

GIVEN
E.,. 10 volts
Ria-1000 n or 1k

UNKOWN CURRENT

IN AMMETER

E

I.. 10
1000 (k ohms converted

to ohms)

I = .010 amps or 10mA

VOLTMETER
READS 10V01...Th

158



FOR-RESISTANCE

GIVEN

E. 20 volts
I. 20mA or .020A

AMMETER

READ520 mA

UNKOWN

RESISTANCE

FOR VOLTAGE

VOLTMETER

READS 20V

EL-d -15

Ohm's Law

00

20

.020A (20mA converted
to amps)

R= .1,000 0 or91k

GIVEN E IR

I. 15mA or .015A
R= lk or 1,000 = .015A x 1,000

UNKNOWN

VOLTAGE ON

VOLTMETER

8 5 9

mA converted
to amps

E . 15 Volts
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Ohm's Law

To memorize the Ohm's Law equations, work out the following problems. Check
by writing the equation and solving. In the follIming circuits the battery
voltage will be the same as the voltage across the resistor.

0

3A

3V

-5 Si

+ 10V

I l I

fl 3A
3 .

I""0.4

-* 25 -A

150V

I

6

312
:A.NA

15V

51e4-

O

e

9 160

3A

+ 9V
----ill'
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Self-Test

Ohm's Law Problems

Write the 3 formulas for Ohm's' Law.

EL-BE-15

Ohm's Law

E:20V

I=.500 MA
( .5A)

R=100-ft

Rz

E= 120V

Ir. 10A

6

IzIOOMA
1A)

R=51a-n-
(5000)

E=

1000

I= lA

fa

Ez5V
Rr 500



a

Final Test 1
.I

Ohm's Law

EL-BE-15

Ohm's Law

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

in=momr."~

3V

.4111

I
5-Q.

10V+

[.3] 3A _n_

yes/v.

E:

5A

t-n-

i.

4

4

6

Y

n 162

5h
11"0"011=147MMI.

I5OV



3mA

1731 Ir 2A

9

3V

I= 10A
R=3-'z.

E

LO]

12 163
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Each equation tells us what will happen to our answer as each term goes up or
down in value.

0

.Refer to the illustration below:

DIRECTLY PROPORTIONAL TERM

A. I . E E god up and I goes up) (E goes down and I goes down
R (R goes up and I goes downy ( R goes down and I goes up

INVERSELY PROPORTIONAL TERM

= Current in amps

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

BOTH TERMS ARE DIRECTLY PROPORTIONAL

E . Voltage in volts

WECTLY PROPORTIONAL TERM

C. R= E E oes u' and R r oes u E s oes down ahnd R

goes own angoes up an goes ownt
INVERSELY PROPORTIONAL TERM

Resistance in ()Ms.

oes down
goes up

Remember the basic way Ohm's Law was stated: The current through a resistor is
directly proportional to the voltage across the resistor and.inversely pro-
portional to the resistance of the resistor. In other words when the voltage
goes up, the current goes up; when the resistance goes up, the current goes
down. Mathematically it looks like this:0

(any term on top of the line on the right side of the equation is
E directly proportiopal to the term on the left side).

(any term on the bottom of the line is inversely proportional to the
term on the left side.

You should be able to see that, within this equation, if the voltage goes up,
the current will go up. If the resistance goes up, the current will go dOwn.



CogTher the following example of direct propdrtion.

A. I 3

20V
a

10

I = 2A-0/0-,

E

GIVEN
Els a 20 V
R 10

1

Current in B is

2 times that of A

GIVEN
E = 40V
R.= 100

a,.

EL-BE-15*

Ohm's Law

Voltage in B is

2 times that of A

Note that when the voltage increased -by 2 times, the current increased by 2
times, or by the same proportion. Therefore, we say that the voltage and the
current are in direct proportion.

165
14
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Next consider an example of inverse proportion,

A. I =
R

40V
I 20n

I =. 2A 441-

Oa

I = 4A

.4h

Current in B is
2 times that of A

Ovr

GIVEN
E = 40V

R = 2on

GIVEN
=40V

10a

mimmelip

EL-BE-15
Ohm's Law

Resistance in 8*

is 1/2 that of A

Note that when the resistance was cut in'half (1/2), the current increased by 2
times or by the opposite proportion. Recall from your equations,package that 2
is the opposite of 1/2; therefore, when the resistance was cut in half, the
current doubled, or increased by an opposite or inverse proportion. The above
equation shows current and resistance to be inversely proportional.

15
166



Let's consider another example of inverse proportion. -

4

EL -BE -15

Ohm's Law

Resistance in B
is 4 that of A

Note that when the resistance was cut to 1/4 in B, the current in B increased

by 4 times or by the opposite proportion. Recall from your equations package

that 4 is the opposite Of 1/4; therefore, when the resistance was cut to 1/4,

the current increased by the opposite proportion of 4 times.

The two examples show that resistance and urrent are inversely proportional to

each other. When resistance goes down, th4 current will always go up by the

opposite proportion.

1 167'
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At this point, you shoirld be familiar with the idea of direct proportion and

inverse proportion. Let's look at each formula or equation for Ohm's Law

and state. it in spoken terms.

E The current is directly proportional to,the voltage
For Current I

R and inversely prOportional to the' resistance.

For Voltage E IR The voltage is directly proportional to'either the

0 current or the resistance.

For Resistance R E
'The resistance directly proportional to the

--T voltage and inversely proportional to the current.

You may question why we go to'all this trouble learning about the relationships
of eacicformula. Why not just do the math indicated by each equation? The

reason is that understanding Ohm's Law is necessary to succeed in applying it.
At this point it would be easy to show you an equation, give you the numbers to
substitute for the symbols, and let you solve for the answer. You may have to

learri to do this for testing purposes to be sure you can work the problems, but

it is of little value When confronted with an electronic problem in some type

of radio or television receiver. Your skill in using your knowledge will be in

how you analyze the problem. You must be able to interpret the voltage,
resistance and current measurements that are different from that called for in

a schematic diagram. This is the real test of your ability. In a later unit

we will explbre troubleshooting using many of the ideas presented in this

learning unit.
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Ohm's Law

Self-Test

DIRECTLY, PROPORTIONAL VALUES 81 INVERSELY PROPORTIONAL VALUES USING OHM'S LAW

EQUATIONS.

1. The resistance in a circuit went down but the current stayed the same.

What happened?

a. Voltage was increased.
b. Voltage also decreased:
c. Voltage stayed the same.

% 2. If resistance stays the same and the voltage decreases, what will the

current do?

a. Increase

b. Decrease

c. Stay the same

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

happened?

a. Resistance increased.

b. Resistance decreased.
c. Resistance stayed the same.

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

will

a. remain,the same.
b. be 1/2 of the original value.
c.b be twice the original value.

5. 11f the resistance in a resistor doubles, the current through the resistor

will I

a. double in value.,
b. be 1/2 the original value.

'c. remain the same.
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Task A *

Obtain the following:

1 Alt4meter
1 ammeter

2 1k resistors

1 resistor of unknown value
1 circuit breadboard

1 power supply

CONSTRUCT THE FOLLOWING CIRCUIT:

Ammeter -

JUMPER

E Itt

-EL-BE4.15

'Ohm's Law ,

'STEP 1. Using Ohm's Law equation for current, solve for the current through
the ammeter. (Do not apply power to this circuit.) mA

STEP 2. Now apply power to the circuit and record the-catrent measured ,by the
meter. mA

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

STEP 3. Open the jumper so no current will read on the meter. Reduce the
voltage to 10 volts. .10 volts is exaely 1/2 the voltage used in
Steil 2. Using the rule that current and voltage are directly pro-
portional, the current should be of the value measured in
Step 2. The exact amount of current should now be mA.

1

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

THE CURRENT DECREASE MEASURED IN STEP 4 SHODUD MATCH YOUR ESTIMATIONS
IN STEP 3.

STEP 5. Obtain your instructor's evaluation.

I

01'

1

13

a

....1L_,
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Task B

CONSTRUCT THE FOLLOWINVCIRCUIT:

r.

eft

Rz I 1?-a

,EL-BE-15

Ohm's Law
!

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

STEP2. Using the Ohm's Law equation for solving for voltage, solve for the
voltage across the resistor (ER) and record the value. V

STEP 3. Starting at zero volts, turn the power supply voltage up until the

ammeter reads 10mA. Measure the voltage across the 1k resistor and

record the value. V

a.

YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH

III .YOUR MEASURED VALUE IN STEP 3.

STEP 4. Remove the voltmeter from across the lk resist9r.

STEP 5. Increase the power supply voltage until the current doubles or

equals 20mA,

Using the rule that current and voltage are directly proportional,
the new voltage measured across the 1k resistor should increase by

a factor of and read volts.

STEP 6. Attach the voltmeter across the 1k resistor and measure the new

voltage. V

YOUR ESTIMATE4IN STEP 5 SHOULD MATCH YOUR MEASURED VALUE IN STEP 6.

STEP 7. Obtain your instructorlst eOluation.

r



Task C

CONSTRUCT THE FOLLOWING CIRCUIT:

1_

UNKNOWN

AMMETER RESISTOR
.4. VALUE}

ATTACH METER

TO -As INDICATED

Ohm's Law

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

masking tape.

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

STEP,3. Starting with the voltage at zero, increase the voltage until the

ammeter reads 10mA.

STEP 4. Measure and record the voltage across the unknown resistor. V

STEP 5. Using Ohs Law, calculate the value of the resistor using the 10mA
current and the voltage you measured in Step 4.

STEP 6. Remove the resistor from the circuit.

t.

STEP 7. Using your multimeter, set to read resistance, measure and record the

value of the unknown resistor. Ohms

YOUR CALCULATED VALUE FROM STEP 5 SHOULD MATCH YOUR MEASURED. VALUE IN

*STEP 7.

STEP 8.- Obtain your Yinstructor's evaluation.

21 -172
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Final Test 2

LL-BL-lb

Ohm' s Law

The resistance in a circuit went up'iwt the current stayed the same. What
happened?

A. Voltage was increased.
B. Voltage was decreased.
C. Voltage stayed the same. 1

2. If the resistance stays the same and the voltage increases, what will the
current do?

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

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

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

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

A. remain thd same.
B. be 1/3 of the original value.
C. be_ three (3) times the original

4
value.

5. If the resistance in a resistor decreased by 1/2, the current through the
resistor will

A. double (X2)1 in value.
B. be.1/2 of the original value.
C. remain the same.

22 173
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Ohm's Law

Final Evaluation

OK Re Do

Coni leted the T sk on Ohm's Law for urrent

** Completed the Task on Ohn's Law for voltage
00, .

Conipleted the Task on Ohm's Law for resistance

I

A

Completed final Test I on Ohm's Law problems
with 80% accuracy.:-_,

Completed Final. Test II on Ohm's Law relationships
with 80% accurtcy.

When all checks indicate OK, proceed to the 'next learning_package.

0

1 74

p
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'Answers

Answers to Exercise

1. R = E = 3V 10
f

2. I = E = 10 a 2A
-Tr 117-

3. E= IR Vs 3A X 30 =9V

= E = 150V = 6A/
R 250

I = E = 15 .005 = .005A or 5mA
3,000o

64. I . E = 150V = .03A or 30mA
-V '5,000

7. E = IR = .003A X 2,0000 = 6V

8. R = E = 9V . 30

I IT
Answers to Self -Test #1

1. I = E E= IR

EL-BE-15
Ohm's Law

Any order .is correct as long as the equation is written correctly.

I = E

R

3. R = E

I = 20V

1000

120V

7b7

I = .2A or 200 mA

4. E= 0 x R; E= 1 x 1,000n; E= 1,000V or 1kV

5. R = E

= IR

I = E

R

R = -75V
-71T-

E = .1A x 5,0000 E = 500V

120

R= 150st

I= 5VOn I 10mA.or .010A
a

75
24
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Ohm's Law

Answers

Answers to Self-Test 02

1. B. R . E Restance and voltage are terms that are directly pro-
-1 portional. Therefore, if the resistance goes down, the

voltage would have to go down.

2 B. I

Ts

.Current and voltage are terms that are directly pOopor
tional. Therefore, if the voltage decreases, the current
would have to decrease.

3. A. R a
Current and resistance are inversely proportional terms.
Therefore, if the current goes down, the-resistance would
have to go up or increase.

4. C. E = x R In this equation, current and resistance are terms that are
directly proportional.. Therefore, if the current doubles,
the voltage will double, or be twice the original value.

5. This equation shows current and resistance to be inversely
proportional. Therefore, doubling the resistance (X2) will
have the opposite effect on the current, and it will be 1/2
of its value (opposite of 2 is 1/2).

S.,

25
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POWER' AND LAW

Goal:

The apprentice will be able to use
Watt's Law in computing problems
in electrical power.

Performance Indicators:

1. Compute wattage from given
voltage and amPerage..

2. Compute amperage from given
wattage and voltage.

3. Compute voltage from given
amperage and wattage.



^n

s.

BASIC ELECTRONICS

a

Power and Watfq Law
EL-BE-1

4

Test, Draft
September 1981

11



f .

Aciellbwledgment.

Funds for this project were provided by the Governor's Grant, Comprehensive Employmentand Training Act. (CETA). The activity is a State Education Agency undertaking. The opinionsexpressed herein do not necessarily reflect the position or policy (*either the OregonBureau of Labor and Industries or the Oregon Department of Education, and no officialenddrsement 6y the State of Oregon or the U.S. Government should be inferred.

Project DirectorJohn .W. Havery, Specialist, Oregon Department of EducationCoordinator and EditorBarbara Edge
Writers: Douglas Draper, Portland Community College, Portland, Oregon

VernoapHartshorn, Mt. Hood Community College, Gresham, OregonGeorge McElmury, Cleveland Hig School, Portland, Oregon
Donald Wardwell, Mt. Hood Col munity College, Gresham, Oregon

Graphics. George Kraus, Salem, Oregon

Statement of Asoprance 0

Federal law prohibits discrimination on the basis of race, color or national origin (Title VI ofthe Civil Rights Act of 1964); sex (Title IX of the Educational Amendments of 1972 and Title IIof the Vocational Education Amendments of 1976); or handicap (Sectiop 504 of the Rehabili-tation Act of 1973) in educational .programs and activities which receive federal assistance.Oregon laws prohibiting discrimination include ORS 659.150 and 659.030. The State Boardof Education, furthermore, has adopted Oregon Administrative Rules regarding equalopportunity and nondiscrimination: OARS 581-21-045 through -049 and OAR 581-22-505.

It is the policy of the State Board of Education and a priority of the Oregon Department of
Education to ensure equal opportunity in all educational prpgrams and activities and in
employment. The Department provides assistance as needed throughout the state's educa-tional syStem concerning issues of equal opportunity, and has designated the following asresponeiye for coordinating the Department's efforts'

Title IIVocational Education Equal Opportunity Specialist.
Title VIEqual Education and Legal Specialist
Title IXAssociate Superintendent. Educational Program Audit Division, and Equal Edu-cation and Legal Specialist
Section 504--f-Speci-alist for Speech, Language and Hdaring, Special Education Section

Inquiries may be addressed to the Oregon Department 'of Education, 700 Pringle ParkwaySE, Salem 97310 or to the Regional Office to Civil Rights, Rion X, 1321 Second Avenue,Seattle 98101.



Objectives

Given:

Resistors of different wattage
and equipmebt to perform a task.

Watt 's Law

1

Directions

tts

e Obtain the following material:

/Circuit Board
Power Supply
Mdltimeter

Learning Activitkes

EL-BE-16
Power/and Watt's Law

The student will:

Perform an experiment defflonstrating
P, II and E relationships using
Watt's Law.

Answer a set of test questions with
80 percent accuracy.

'10 ohm 1/4 watt resistor

10 ohm 1 watt, resistor

Study Key Words list.

Read Information Sheet.

Do Self-Test on Watt's Law equations.

Do Ti;isk on Power.

Do Final Test on Watt's Law.

Obtain Final Evaluation.
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Power/and Watt's Law

Key Words

Power:. Work done by electrical pres sulk ul vidtdye.

Watt: The basic unit of power.

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

Wattage: The amount of power in watts used to do'work by an electrical device.

Watt's Law: .P -1XL

Amphour: The amount.of current per hour available in a battery.

Power Dissipation: The amount of heat generated in watts by an electrical
device doing work.

Watt's Law Pie:

4h

iiii0ory aid to learning Watt's _Law.

Dissipate: To give off energy in the form of heat.

4

a

4'

1'81

4 1,



power/and Wait's Law

The basic unit of ower the wet,. All or t.hJ itew, that you hove in your
hbmP the use 1A,will tell you !cow mucq power they lice by telling
yoO how many-watts they use.

Approximate'Cost of Operar ion of Applicances

Average

WetaueAppliance.
Est. .Cost per Month
dt $0.04 Per KWH

.Toothbrush 1.1 .003
4A Clock .06

Hair Dryer 381 .05

Sewing Macuioe it; .04

Shaver I) .04

Toaster 146 .13

VacuLim;Cledoel, 63() .15

Radio 71 .29

Washing Machine 512 .34

Coffee Maker. 894

TV,Uf4W eth .33

IV, Color 1.1'1 1.06
Dishwashel j/01 1.21

ROO gerotoi / 2.33
Freezer

Manual Defrost

Cloth* Dryer 4856 3.31
Range with oven 12,200 3.92

Refrigerator/ 5.98
Freezer

Auto-Defrost
Water Heater 44/4 14.91

Central A/C lb/0/ton 35.00

182
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BEST COPY AVAILABLE
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Power/and Watt's I dt./Inforriiation Sheet

You will often hear the words "alternate sources of energy" when describing
different sources of electricity. Nuclear' energy, solar-energy, geothermal
energy, and wind power come from different sources. The energy from,all these"
different sources can be used to create electrical pressure or electricity.
When this electrical "pressure does some work for us, such as light a lamp or
run a TV set we areusing some of the energy, The amount of energy we use will
depend on the type of work being done by our'electrical pressure. In this unit
we are not concerned with the energy itself but with the work that is being
done. Power is the word Used to describe the ability of this electrical
pressure to do work. Anytime electricity is used to do something, power is
also being used. The amount of power used depends upon what type of electrical
appliantyou are using.

00W 010 i
111111111111111111111111111111111111111111111111111111ii

((C.C.)))

1,1111111;11114111,1illilillIII1
11111111,11.11111111111111111111V0111,

I 1101111

A stove, for example, uses more power than a TV set. The two electrical
devices in your home that use the most power are the hot water heater and
electric heater. The size'of the bill that the electric company-sends you

;depends on how much power use. Conserving the amount of power you usei
can prove very helpful in t ing to keep the electric bill as low as postible.
If you have ever looked at your electric bill and tried to figure out what

zakes it so high, you may have noticed Witt you were.billed for the amount of.
lktt-hours used. The amount of. watts used times the time in hours the power
is used is called watt-hours.

183
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Power' dnd wds Low.

The clearest example of the relationship of wattage used tO w4rk done is the
light bulb. You are aware that a 100 watt bulb gives much more light than a 40
watt bulb and requires much more electricity to produce that light. Most home
light bulbs rang from 2S' to 160 watts. The electric/appliances that you have I

will average from 100 watt to several thousand watts, Your electric company
will charge you for the amount of watt-hours used. Since you are billed only
once per month, several thousand watt-hours will be on your bill eachmonth.

To figure out how many watt-hours something wtll use, simply multiply' the
amount of power in watts the opplianCe uses by how maty hours it is turned .

on. For example,.if you, leave a 100 watt light bulb on for 30 days or 720
hours, you would use 100 x 720 or 72,000 watt-hours. This would normally be
expressed as 72 kilowatt-hours or 72 kwbv

The electric company charges a fixed amount for each kilowatt-hour used. The
electric lines usually supply 120 volts for small applianceS and 240 volts for
larger appliances. If you do not have a device connected to the electrical
outlet 'and the device turned on, then you are not using any electrical power
or energy. It is only when the item is plugged in and turned on that energy
or power in watts is being used.

Power-is used anytime you have a conductor which connects one slot of qe
electrical outlet to the other. The conductor forms a pathway for the glec-
tricity. The appliance or the electronic device which is plugged into the
wall represents a-LOAD on the electrical service,to the house. Loads are often
represented in schematic diagrams as a resistor and often indicated as RL.

WALL OUTLET '

1

WALL
OUTLET

1 1

4

APPLIANCE
( LOAD Rt..)

POWER CORE) PROVIDES PATH FOR
ELECTRICITY TO FLOW FROM ONE
OF THE OUTLETS TO THE.OTHER.

Schematic Drawing
of above pictorial.

/
1844
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.Nworlafld Watt's Law
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Power is also used it you pioviqe a (mnuectluu path between the two terminalsof a battery,'even irthei.o 1'; Wad, Ihe battery will go dead'almostimmediately if there is no- 10(1,1 to-lim/tIlp flow of current.' 'Mit ls.knOnas a short circuit.
*

1

The load parts of the electrical system in a cat', such asieadights, radid,.starter, provide a resistance to the flow which limits the airrent:drain fromthe battery. The load al4111)dissipates
heat and light which 'prevents. the wir4sfrom burning up.

Voi.1:

(,AR

6

CAR HEADLIGHT

The amodfit of power that a battery can supply a s 'much less than the amount.df,power that can be supplied by the electrical lines in your home.. The 4mOunt',..of power that a battery CAM supply usually depends on the sizeand typeT,df thtbat'tery.

SMALL MOUNT OF POWER
LARGE.AMOOT OF POWER

The amount of vol taste that the battery provides is not the only factor we mustconsider. The 12 volt flashlight liktery and the 12 volt car battery each
provide 12 volt's at the terminals. The flashlight battlw:dowld never be usedto start a car because it cannOt supply the amount of pilW required by the'carstarter.

You may=tave experlenceo d "dodo. battery" HI a car that would not supply enoughpower to start the car but would still cause the headlights to light up. Thathappened because .the starter requires much more power than the headlights.When the battery gets weak, it cannot. supply large amounts of power, but, itsti11 may be able to supply a alunt, of power.
/

85



A

. Power/and Watt's law
I

Devices that getjheir power fr'ionta battery or power supply such as that used
in your experiments state their power .requirements in.'AMPS instead of WAIFS,
To find out how many. watts are required by a device that tells you how much
current in.amps it regUires will iovolve some Calculations. Determining watts
needed (or power) is the basic function of Watt'sjaw, Electrical devices that
plug into the wall outlet will .always:have.the power'in,watts that they require

. printed. somewhere on the device. All other-products-that use power' from some
type of battery or power supply usually tell you. how much current in amps they.. require. Now to convert amps ..into watts involves_anequation known as Watt's
Law. The law States thatl Watt of power is used when. 1 volt of electricity
causes. 1 amp ofeleWiCal current t&flowAhrough.a ohm'resistor..

I-a RE5140f

OP

Watt's Law is usually expressed in an equation that uses voltage and current.
The equation for Watt's Law using voltage and current looks like "this:

POWER.

in'

Watts

EQUALS CURRENT
. in

amps

Iftwoloammr.

TIMES . VOLTAGE
in

volts

.11

eaLet's go baCktci the .problem of figuring out how much power your headlights or
car starter may require from the battery. Due to the load resistance inside
'the headlight, 2 amps'of current may flow when connected to a 12 volt battery.
The car,starter may represent e lower load resistance'so that 50 amps of
current may flow When connected to the 12 volt-battery. Since we know the
cuocent Arm* each.load- And the voltage across each load, I can compute 1
the amount of:.poWerneeded lot 'each device.

U



12 VOLT

BATTERY
AMMETER READS

2A

EL-a-16
Pqwer/and Watt's Law:

.r

L./ R4";

CAR HEADLIGHT

0\

12 VOLT

BATTERY
AMMETER READS

.50A

P = I X.E
. 50A X 12 V P = 600 watts

' . m:the equation P = I X E, you should all .0K/ term's: are
o recognize that

.

directly proportional. This means that tf the value of.the turreht-or vol6ge
increases, the power will also, increase.' The opposite is also true. If either.
the current or the voltage deCreases, then the power used by the itemiwill also 1p
decrease. Most electrical items require ctertain voltage to operate properly
so it is not practical to reduce the44oltage.to-lower thee power required. A
new small 12 volt lantern battery may be able to. supply .only 1/2 amp for 1 hour.
This means it has a rating'of 1/2 ampere -.hour. If we apply our Watt's. Law ,
using P = I. X E, we cab come up with how many watts. it can:glipply. P = 1/.? amp
X 12 volts 6 watts. Let's try the same thing with car battery rated at
50 amp-hr. 50 amp-hr means.it can supply 50 amps for. 1 hour. P = I X E or
P = 50A x 12 v = 600 watts. The total amount' of energy the lantern battery
can supply-is 6 watts. X 1 hour or 6'waft-hours, but the total amounV of energy
the car battery can supply is 600 wattsX 1 hour or 600 watt-hours.

.

As you ..can see from the examples above, the smaller battery cannot supply very.
-much energy, only 6 watt-hours. The larger car battery- can supply 600 watt-
"lhous.'" Since theyare both rated as prOviding 12 volts, you should recognize
that it is not how much voltage they provide but how much power and energy they
Can supply that makes the difference.'

4

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

0

10
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Power /and Watt's Law

'Other items such as radios or telivisions we do not want to get too hot as heat
quickly damages the parts. When power,IsNUsed to do some kind of electrical
work%,.heat is always generated by the being done. An example of,heat
.being produced by the work being done is the light bulb. The light bulb is
principall designed to give off light. But if you touch the bulb after it
has been for a while, you will feel a, great deal of heat coming frO the

ci
:'

light.bulb.° If you leave your hand on .the bulb for longer than a second, you
will probably get burned. Larger wattage light bulbs which give off ore light
will also give off more heat. From this example, you can see that th power
requiredbl the light bulb is used in.twodifferent ways:

..

1. The power that produces the light.
12. The power that produces thebeat.

B'Oth of these powers are additive and. the total amount of Rower required by the
light bulb As the sum.of the power used in heat and the poPer used for the
light.

Keeping parts from being destroyed by the. heat dissipated'in.doing work -in a
radio or television receiver is of majorimportance to the technician. To
assist 4.us in 'selecting parts that will not overheat or burn up, the parts
manufacturers will many times give us the amount of.power in watts that the
part can dissipate-or throw off in the form of heat. More than that amount
will daMage the part. Resistors tare an example of this. Remember from your
study unit on resistors that they come in various wattage sizes: 1/4 watt,.
1/2 watt., 1,watt,'2 watts, etc.

1/WATT- 3/ii1N PIA

2WATT5

111161N DIA

9/16IN DIA
I WAIT I

1/1 WATT

1/4111,DIA.

Basically,. the Ogger the part A the more heat it'can safely dissipate. This
is true-for Ombst all electronic parts. Remember our power equatimP=IXE
tells us that the amount of power used to do work and dissipate heat in our
electronic circuit As directly proportional to the voltage and current. III

either the current or voltage increases due to a short (a decrease in resis-
t4nce) 'in our circuit, th'e power will also. increase. If the increase in power
is above the power rating of the part, it will Otobably, burn up.

188



Consider the two examples below:

EL-BE-16
Power/and Watt's Law

A. o. Noltmeter 'P=IxE
reads . 20V x .5AI5WATT 20 vol ts

20V RESISTOR

B.

15WATT

20V RESISTOR
SHORTED

AMMETER

READS .5A

Voltmeter
roads

2p volts

mmdrEr4
EADS IA .

P = 10 watts

P =IxE
P = 20V = lA

P = 90 watts

In example A, 10 watts is consumed by the resistor. Since the resistor is
rated at 15 watts, it will not burn up, although if you touch 'it you will feel
some heat. In example 8, the current 'has increased to 1 amp and the poWer.
increased to 20 watt. That same resistor rated at 15 watts now has 20 watts
consumed in it) an4 it will probably burn up.

Anytime you find a resistor burned up to a circuit, you should carefully check
the circuit to be sure there is no short which would cause excessive current
to flow. Remember, a short means that the resistance has decreased to a low
value. From Ohm's Law, a decrease in resistance would mean an increase in
current. It is this increase in current that would-increase the power con-
sumed by the piftrt. .

To memorize Watt's LaW and all of its variables, we can use an aid similar to
the aid used to memorize am's Law. The Watt's Law memory aid is also called a
PIE. (Since P = I X E,Ihis is usually an easier equation to remember.)

CURRENT

IN AMPS

POWER IN

WATTS

12

189

VOLTAGE

IN VOLTS



Power/dnd Watt's LAW

You can use the Watt's Law PIE just like you used the Uhm's law PIF:

To find the power, simply put you'r finger over the letter P

.and you get V I X E.

To find the voltage, simply put your finger over the letter E

and you get
E

P .

To find the current, simply
and you get

I

P .

.-1

put your finger over the letter I

Let's try some example problems for each equation. Remember you must know two

of the three terms to solve for the third.

Example A: To find the power when, the voltage and durrent are known

Equation P I X E

Example B:

1 P =Exl
Voltmeter
reads P = 10 x 1

10V.
P ..10 watts

Ameter
reads 1A'

To find the cu re't when the voltage and power are knoWn.

Equation

E 2.0 V

RESISTOR

US/NG 5 WATTS

R1 V
Voltmeter
reads

20V

I =-
2 0.

I = .25 amps
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Power /and. Watt's Law

Example C: To find the voltage when the current and power are known.
Equation c P

I

RESISTOR

? USING I WATT

Ammeter
reads 2A

j

E y

1

E.= 2

E = .5 Volts

Occasionally you will'work with products that have a horsepOwer rating. One

horsepower (Hp) is equal to 746 watts. All power equations apply to horsepower
rating in watts, the same as any other wattage rating.

lc 191
0.
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Self-Test

This basic circuit is
used for.all of the
practice problems

lbw

L -RE-14
Power/and W'att's Law

You may refer to the Information Sheets for any equatioh.

1. P

I = 2 A

E = 3 V

4. P 1W .

I = .001 .

E

7, P = 10 W

I = 2 A'

10. P

I 4 20 mA
E = 20 V

2. P

I sc .5 A

E. 12 V.

5. P W

I-
E = 5'0 V

8. 'P

'I = .05'

E = 10 V

11. P - .25 W

I - 125 MA

=

!

1 9 2

1'

3. P - .5 W

I - 2 A
E

6. P .25 W

I-
E = 5 V

9. P = .5 W,
I =5mA
E

12. R = 10 W

I = 5.0 mA

E

I
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Task
1

Materials required:

1. Low-voltage ['lower supply
2. TWoresistors, 1/4 watt 10 P, 1 watt 10 w
3. Voltmeter 0-304VDC

\

Procedure:

Step 1. connect the circuit as shown below using the 1/4 watt resistor.
.

CAUTION: Power "OFF" anti 'observe po'laritie's.

LL -BL -16

eoWer/and Watt's Law

A

LOW. + o
VOLTAGE

DC

ROWER

SUPPLY "4.0

I' ,

.10-A 1 /4 WATT .

11

Step 2. With the voltage.control at minimum, turn the 'power switch to "ON" and
-slowly raise the applied voltage until.the resistor begins to get
warm. Let the resistocoperate at this maximum condition for Several
minutes while you note the maximum operating condition of a 1/4 watt .

resistor. Carefully touch the resistor with your finger to note. its
:temperature.

Step 3. Raise the applied voltage slowly until thi resistor heats and burns
open. Note and record the'value.of the applied voltpge when this
happens. NOTE: When the'resigtor has opened there will no longer be
a current path, current will no longer flow,.and the resistor will
have infintte.resisance.

'Applied voltage when resistor opened: e

Step 4. Compute and record the amount of power that the resistor ,was
dissfpating at thelgime it' opened.

.....

Power' dissipation at time. of failure:

Step 5. fiecomnect the circuit using a 10W I watt resistor.

Step 6. Apply the same voltage which destroyed the 1/4 watt resistor in116 4
noting the °Orating temperature of the higher watta4e resistor.

4

IP

0

.Step 7. How does theoperating temperature of the resistors in Step 2 and 6
. ` compare?

IllStep, 8. Obtain the instructorl,s evaluation.

16
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'Final Test : +kb

The f011owing questionsrefer to this circuit.

1. P 2,W

1 = 1 mA

E=

2. P = 2 W

1 = .05 A

z
3. P = 20 W

1 = .5 A

E.=

E

.P

1

s

.25 W

250 V

5. .P =

I = 50'mA

E 500 V.

6. P = .25 W

1.= 2 mA

E

Powt;'Nand Watt's Law

7. A 115 V electric heater furnishes li'6b W of heat. What is the operating

current?'

a.- 1.0 A b, 1.150 A c., 10-A

8: What current ddeSt'the average 115 V',100 W light bulb draw?

pt

a. .087 A b. .87 A

o

V' 0

c.. 1500 A

4'

I a

/
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- Final Evaluatiob

PO,

a
Name

LL-BE-lb
Power/and Wart's. Law

Dale

Accurately completed a task demonstrating
P, 1, and E relationships

Answered questions on 4 Final, rest with .0

80% accuracy

(

.1 .

/r

0K 'REDO

F

18 195
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. Answers 4

El...-BE-16.
Power/am] 'Watt' s Law

t.

Self -Test Answ r$.
s.:\

1. 6 W,

2. 6 W

3. .25V

4. 1000 .V or 1) kV

5. .04 A or 40 riTA

6,. ). 05 A or 50 mA

7, 5. V

8. W

9:. 100 V

a

r

.

10. '.4 W

11.. 2 V,

1.2. 200 V

e

9 ^

or

19 196
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KIRCH&P'S CURRENT LAW

F

J

0

Q r.

/*/

Goal:

40

The apprentice will be able to
use Kirchoff's Law in computing
current values of electrical
circuits.

k

Performancetindlcators:

;

.Describe Kirchoff4
'Current Law. k"--

2. 'Describe algebraic saris.

3.. Solve for current through
resistors:

197
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I programs and activities and in

throughout the state's educe-
as designated the following as

od

It is the policy of the State Board of Education-and a p
Education to ensure equal opportunity in- all education
employment. Th1) Department provides assistance as n
tional system concerning issues' of equal opportunity, and

. responsible for. coordinating the Department's efforts:
4

Title IIVocational Education Equal Opportunity Specialist"'
Title VI Equal Education and Legal pecialist
Title IXAssoCiate Superintendent ducational Program Audit biVision, and Equal Edu-

cation and Legal Spa list
Section 504Specialist for Speeoh, Language and Hearing, Special Education Section

Inquiries may be addressed to the Oregon C:partment of Education, 700 Pringle Parkway
SE, Salem 97310 or to the Flegional Office; for Civfl Rights, Region X, 1321 Second Avenue,
Seattle 98101.
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Objectives
Given:

FL-B1-18.
Kirchhoff's Current Law

The student will:

Re'sistors of different values. Apply Kirchhoff's Law, .for current
in a simple circuit with one voltage

A multimeter source.

A circuit tireadboard for

coqtruCting simple circuits
Solve for an unknown current using
Kirchhoffs Current Law. :

.

.

AP power supply Complete,a Final' Test with an
...

- ,

accuracy of 80 %.
A Final Test on Kirchhoff's Current 1

Law .

v

Directions 4'

Obtain; the following material:

1000 ohm resistor
20,000 ohm resistor
-10,000 ohm resistor
Circuit breadboard
'Power supply capable orproviding 0-30 volts
Multimeter capable of measurin1 currents 0-300mA

Learning Activities , .

Study the Key Words jist.

Read the Information Sheets.

Do the Self-Test.

Do the Task for Kirchhoff's Current Law..

Do the Final Test.

'Obtain Final Evaluation.

3

a,
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Key Words

Kirchhoff's urrent L "The algebraic sum of the currents enrrilt4

and leaving any point st equal zero." .

.

Algebraic Sum: The re,.ult of adding pcOtive and/or negative numberst
electrical circuits:

A. Cureents'entering 4point areassigned a positive value ( +).

B. Currents leaving a- toint are - assigned a negative value (-).

IR.: Symbol which repreqibts current flow through a resistor (notiCe.th
is written in a lower plition).,

I

RI
= current flowi through resistor R;

I

R
= current flowin ;!through resistor R.

R: Symbol which specifie certain resistor; i.e.,

RI = resist number 1 in the circuit

= resisto number 2 in the circuit

R3 = resistor number 3 in the circuit

4

201
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,,Kirchtiaff's .LaWs, are very useful:11v learning to work on electronic prodUct5.
T-he,':usefulness results from ascommon-'senSe, understanding of the taws,. and not

being able to work out :problems.1.Simply s,,,tated, irchhoff's Laws- say
cannof.getmore'.voltage or current out Of a:circuit than you cut. into

. I

that-"yolk arc pleastiring a

operated from a',..25 volt
-saying , Hey: f k-'only stanted
,measure so my reading Of. 50' wilt

DC voltage-of about 50.volts in a circuit that
An:"ei-rpr.ilight"..should come on In your mind

out with, 25 voltt; then that's thee Most ...I can
s.must be. :incorrect.'"

1

4
00 1 i t I,A' 5imilar con ition coil d occur wh le makmga curr,ent measuremen . If y.

are 'measuring 75 mil liemps in part ":of a circuit tifat has a total supply current
-.of,,,oivly 50 nal IT iampS, 'then again the light'should come' on and say, "Hey, if the

. ,. whole circuit only draws' 50'milliamps, 'then that is,-.the .most that can be
c measured +,

', 7 ". .. ,----A

I

-

.

n

:

The unl I kely tad ngs you may obtain- for the two 'examples ;above should: tell you
to recheck your instrument readi or further 'examine' the circuit, for po 'blei :; ,

shorts. (Shorts, or less 'resistance; create more current, )

Kirchhoff'vLaws keep us., on' track by reminding us that the. 'rnaximum value'S.w
can, measure will.'depend",.On the maximum Voltage arid. current.supplyitg out

:

These next two' fearning ,packages will.make you familiar
popular ,aspects of Kirchhoff's Laws::'6 one package, Kik
and,,one package, KirchhOff's law for voltage usiiig one

,

Kirchhoff'5 Ctirrent Law for Oheloltage Source
.

Ki rdhhOff' s Lqw for current -.can, be"stated technical ly:
the currehts.'enter'ing any 'pent: and l'eaVifig':any point i
zero ." Let' s..try to restate the ,in plain language.
enter,:ing a cirttiit.raust be equal to the'total amount of

t.k" Study the: illustration. on. the following pdge

A

A

5

20

with .two of the more
hhotf' s Law for current,
voltage supply..

"The algebraic sum4pf
n a circuit must equZ1

"The total current
current leaving the

r

a

am,

IP



.s EL-BE--.18

Kirchhoff's C4rent Law

Thp term "algebraic sum" in the original technical explanation refers to adding
'positive and negative numbers. By marking-the currents entering our circuit
"positive values" and marking the currents leaving our circuit "negative
values' and then adding them, we should arrive at the answer "zero." If both

410 of these current values are equal, then, by using a basic rule of addition that
states "when two equal. but opposite numbers are added, they cancel.and equal
zero," you can easily solve the problem. Examples of equal but opposite num-
bers are T5 and -5.. 0

.Using the circuit above as an example, notice tWat the current leaving'tte power--
supply and entering point A, the input to our circuit, s 5 .amps. Since this is
the current entering the point, we.will lurk this value +5A.

. We mark two currents leaving point A with negative values:. I1 = -1 A and
12 = -4 A: By taking -thb sum of these ? currents (-1.) + (-4) = -5 A, we can
state the total. value of the two currents leaving the point A as -5 A.

Now, if we add the current entering the point A (+5 A) to the current leav-
ing the point A (-5 A), we get zero for an answer. (+5.A) + (-5 A) . 0. You
have just taken the algebraid sum of. two values which equals zero.: This is an
important step.to the' understanding of Kirchhoff's Current Law.

Let's use point B of the same circuit in Figure 1 as another example. The
currents entering poillit B,we will label as (+1 A) and 12 (+4 A). .The'total
current entering point B (1 A) + 12 (4 A) or + 5A. The ammeter I14 shy
5 amps leaving point B; this can be written'as -5 A. The current leavingpoftt
B is now -5 A.

.Now, we -check by adding: .(+5 A75 A) = zero.

6

2O
A
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EL-BF -18

Kirchfioff's Current Laws

,

III.' .
-

.

--. That part of Kirchhoff's current law that states "entering any.point and leaving
any Point" can also refer to-a- resistor branch.and could be restated: ."entering
any parallel resistor branch ancrleaving.any parallelresistor branch." Now
the law could look something like this: "the algebraic sum,of the currents

.

entering a parallel resistor branch and leaving that same parallel branch must
equal zero." Study the illustration below.

/

#

Figure 2

eve that the current entering this resistor network is iqual to 1 amp. The
rrent leaving point A is split into 3 different current paths. But since

they are all leaving, you can mark all of them negative values as follows:
II - -.5 A, 12 = -.2 A, 13 A. The teal amount of current at point B 4

could be expressed as -1 amp, by adding: 114:5) + (-.2) + (-.3) = -1.

4.1441:3w take the algebraic sum of these 'two current values, the entering current of
+1 amp and the leaving current of -1 amp. (+1 A) + (-1 A) = P. ;his is just
another application of Kirchhoff's Current Law.

. Let's, try another application. Study the illustration on the following. pq .
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Kirchhoff's Current Law

ex

41. I MI 1.111.11/ somilm anwrimew ammo Ww01.1P . ommmillmo

1

ale

Kirchhoff's Laws can also be used to solve for an unknown current. The problem
is to find the value of current path See if you.can follow along with me

and come up with the same answer as I do.

qk

1. If It, or the total current entering the branch.of.point A is +2A, then

-2A must lebve the branch at point B.

Currents add in parallel circuits. We .car account for -.9A of the total

-2A by adding verent 12 and current 13. (-.5A) + (-.4A) F -.9A. Singe
these are currents leaving the branch at point Bv we can mark the total
current at this point as (-.9A + x), the x repelesenting the unknown cure
rent

.

3. Now we can set up an algebraic equatio;01A0 this:

I' + x+ 12 + 13 = 0

If'we substitute our known yalues for tie symbols in the equation, it
reads:

+2A +1011;9(-.5A) + (-.4A) = 0

+2A + A) + x 0

1+1.1A + x = 0

x -1.1A



s

.

4. For proof, we can substitute the values.

It + I) +, 12 + 13= 0

+2A + (-1:1A) +-(-.5A) ( -.4A) = 0

.

+2A + (4A) I. 0.

0 . 0 .

,

,5. By ins4htng the,value. (-1.1A) r or1the unknown I1, we have written-

an equation which repeats our w9King statement of.Kirchhoff-'s Law: "The

algebraic sum of the currents entering any parallel resistor branch and

the currents leaving that same /parallel resistor branth must equal iero."

EI-RE-18
Ktrchhoff's Current Law

-t

A

Consider the next application by'studying the diagram below.

iP

Our problem in this application is to find the current entering the branch that

would be measured by meter M1.

the currents leaving point A and dividing between the three'resistors in

parallel are indicated by the meters M2, M. and M4. Since these currents are

lsavIng point A, they will all have negative values. By adding these together,

(-1) + (-.5) + (-.7) we get -2.2 or.-2.2 A:

. By remmbering that the total current entering a resistor branch and leaving a

resistor branch must be equal in value but opposite in polarity (+ instead of -)

we know that meter MI will have, to read +2.2 A. Let's try the final proof by r
taking the algebraic sum of those two values. (-2.2,A) + (+2.2 A) . 0, It

checks out 'so 2,2 A is thence current value for meter M1.

206 <,
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Self-Teat

.1

A

,s EL -BE -l8

,Kirchhkf's.:Curr tt Law

11 Using 6rchhofCs Qurrent Law, perfo'r'm the addition that will show the
algebraic se) of the currents entering any point and leiving any point are
equal to zero.

WON

j

3A:.300MA
. 2A: 200MA
.IA z 100MA

0441. .1.141111101.444.444=444=11.1111

2. Using Kirchhqff's'Current Law,.solvPfor the current through resistor
R3 (M3). V

I

Use the diagram in question #3 and the value you arrived at for qUiestion #2'
to solve for what meteeM4 will measure.

V

10

207
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Task A .

EL-BE-18
16rchhoff's Current Law

Jumper wires will be labelled with the letter J. They will connect two termin-
als. The terminals are labelled with letters A through M. ReMember that thej
and refer to the way ybu.will connect the meters' When you remove the jumper

.wires.

; 1
Step 1. Construct the following circuit on 'four breadboard:

ti

4.

SET SUPPLY
------- TO 20 VOLTS

ir7-J.5

(L)

Step Z. Make sure all jumpers are in place.

Step 3. Set your multimeter to read 250 or000 mA. .1

Step 4. Remove jumper Jr and install your meter between the two points 'A'
and 'B.' Be sure to observe correct polarity when installing your
ammeter. Polarity is marked for each jumper.

Step 5. Set your power supply to-4-20 Volts D.C.

Step 6. Read the current entering the three resistors. mA.

Step 7. Ilepi-ace jumper J1.

f

4

4 4 11

208

A .
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FL -BE -18

Kirchhoff's current Law

4

.

Step 8. Remove jumper J5 and install your meter between points 'L' and 'M.'

Step 9. Read the current leaving the resistor network. mA.

DISCUSSION: The current entering the resistor network-should equal the current
leaving the resistor network. If your readings in ftep 6,and Step 9 do not
match, consult instructor for assistance ..

,

'
.

.

Step 10., Replace jumper J5.
,

A
et, . .

.

Step 11. Remove jimper J2 and insert your,meter to measure the current through

R1 and record the value. mA.

Step 12. Remove jumper J2. 1

Step 13. Remove jumper J3 and insert your meter to measure the current through
R2 and record the value. mA.

Step 14. Replace-jumper J3.--

4

Step 15. Remove jumper J4 and insert your meter to measure the current through
resistor R3 and record 'the value. mA.

It

Step 16. Recordthe currents measured for each /resistor below from stepi 11, 13,

and 1,5.

From Step 11, current throughR1 mA

From Step 13, current through R2. mA

From Step 15, current through R3 mA

Step 17. Total all three currents dnd record the value.

Step 18. Record the current entering the network,from Step 6. mA.

Step 19. Record the current leaving the network from Step .9.

Step 20. Did the three.currents for R1, R2, and R34equal the current entering

the network and leaving the network?

DISCUSSION: The total amount'of current flowing through all three resistors
shbuld equal the amount of dirrent entering the three resistorsand leaving the
three resistors. Due to the resistor tolerances and

.

the exact way yob read

your meter, your 'answers may vary plusor minus

Step 21. Obtain your instructor's evaluation for Task. A.

209
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Task a.
II-BL-10

(!(irchhoff's current law

Amper wires will be labelled with' the letter/ J. ,They will connect two terming
Thd terminals are labelled with lettitrvA through M. Remember that the + and
r4fers to the way you will connect the'*terswhen you remoye the jumper wire

/*

011111MO

SET SUPPLY
TO 15 VOLTS

-4-

/7N
Js

. ,0
-

.

Step 1. . Construct the same circuit t at youdused for Task A as illustrated
.. in the dit gram above.

. /
Step-2. Make sure all'jumpers are in place.

Step 3. Set your multimeter to read 20-300 m4Ir
, 4

0 .

Step 4. . Remove jumper J1 and install your meter between the two points 'A' .

and 'B.' Be sure to observe the correct polarity when installing yoUr
ammeter. Polarity is marked for each jumper.

Step 5. Set your power supply to read 15 VDC.

step-. 6. 'Read the current entering the resistor network. mA.

Step 7.' Ppplace Sumper

13

2,10
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AL-BE-18:
KirchhoTs Current Law

4

Step 8. Remove jumper J5 and install your meter between liOints.,'C' a'r411,1
. ...

Step 9. Recoil the current leaving the resistor network. ',. Ar..,: file

curre4 entering the resistot network should equal,the.lcur'rint leav-i
\- ing the resistor netArk. If your readings in Step 6.'hnd Step Tdo.

not match, ,consult your instructor.

Ste;10. Replace griper
4

Stu 11. Remove jumper j') and insert your meter to meastWthe:Cuerent through
RI and- record the va-lue.

.

.mA.
n

:;:,.
...

.

,:
. .;

I
b

Step )2. Replace juniper J2.

.t
. ;

. .

Step 15. Remove jumper 03 and insert your meter to mea'sureithe.current:thirougto

f resistor R2 and record thevalue. mA:

Step 14. Replace tjumper J3.

Step 15. Record the total current entering the'resistor branch that was
measured in Step 6.

Step 16

Silo 17

Record the currents leaving point N that were measured i
and 13..

Current through resist* R1 from Step 11. mA..

Current through resistor R2 from Step 13 mA..

Steps 11

. Total the *nown currents leaving the branch at point N by adding the
two values in Step 16 above. mA,

DISCUSSION The.total current entering the branch or entering point '1' is

measured at jumper J1. Two of the three currents known to be leaving point 'N.'
were measured at J2 forR1 and at J3 for R2. To visualize these currents, ft
is best to pencil in those values directly on the circuit diagram used for this
task. Since you4now that the entering current must equal the leaving cureent,

. you can reason that the difference between the known entering currents and the
known leaving currents must-be-the amount of,curreht leaving point 'N' and
going through resistor R3.

. Stop 18. Subtract the two'known currents leaving point 'N!'from the entering
current measured at J1 and record the value. mA.

.Step 19. Remoye jumper J4 and insert your meter to measure the current leaving
point 'N' via resistor R3 an& record the value. mA.

DISCUSSION.: Steps 18 and 19 should. be close to the same valve. In this task
we chose tprtake a common-sense approach to solving for the anknown current.
It is possible to use KirchhoTs Current Laws to solve this problems However,
you should always try to visualize the solution first. This will be of the
greatest benefit when working on an electronic circuit. In the. information

sheets you will find the method used to solve for this kin(of problem using
the math in Kirchhoff's laws.

Step 20. Get your instructorls evaluation,

14
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Final Testi

1. UsinOirchhoff's Current Law, perform the addition that will show tt4
algebraic sum..of the currents entering any pointjand leavi69 OnY point
are equal to iero.

E

.8A =800fnA

3A :300 mA
.5A :500 MA

O

4 .

4.4 '4 I
a: Using Kirchhoff's Current Law; solve for the current through, resistor

R3 (M3).

11=,
*

Vii

M3

Use the diagram in question. #2 and the value you,arrived at for question

#2 to solve for what meter M4 will measure ,

I \
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cbilipteted :F final Tes0.01.th.- an accuracy
,

Completed.Tas
on.Kitclihoff' ewq rent :L'aws

Tas
-'on *KirCht1Oft rAirrent Laws

,/

When all ck's indicate OK, proCeed
. .

e

AL-BE-18'.
Kirchhoff's OU'rrent Law

OK. Re: [)o'.

the next learriing package.
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Angwers

. 1. IR. +11 + .3A = 0

wk'

(-.1A) + (JA) + .3A 0

M3 current equal's .1.6A*

*Algebraic proof option44

I' + 1, + 2A f 0
RI, K2 .'

(-4A)+ 1R2

(-.4A) 2A = -I

1.6A =.-IR2

'I = -1.6A
R2

O

EL-BE-18
Kirchhoffis,Current Law

= 2A

*Current is the same in all parts of a series circuit.

4

*Current,entering the branch will equal the current leaving the branch.

WA

17

4

S
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KIRCEOFF'S VOLTAGE LAW

.0"

Goal:

The apprentice will be able to use
Kirchoff's solvi4 voltage

,p.ohlems.

Performance Indicators:

1.- Describe. Kirchoff's

Law.

2. Solve unknown voltages through
the.application of XirOoff's
Law.

'.4
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Objectives

Given:

s of difttrent values .

4 multimeter

, Apply Kirchhoff's Voltage Law in
A circuit breadboard for constructing. ,A simple circuit with one voltage'
simple circuits. source.

A power syky

A Final Test on Kirchhoff's Voltage
,

Law S.

EL-BE-19
Kirchhoff's Voltacie Law

4

The student will:'

Mark the correct polarity across
resistors in a series circuit.

Directions'

5:Tn the following:

p2 each 1000 phm resistor
1 each 100 ohM resistor
1 each 470 ohM resistor
A multimeter

A power supply capable of 30VDC
A circuitobeeadboard

p

1

Learning Activities

Study the Key Words

Read the information Sheet:

Do the Self-Test.

1

Salve for an unknown voltage using
Ki chhoff's Voltage Law.

Comp ,tea Final Teitwith an. 4Ccu-
racy 4 80 percent.

Do Task A for Kirchhoff's.Voltage Law.

Do Task B for,Kirchhoff's Voltage Law.g

Complete Final Test,

Obtain Final Evaluation.

4,
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,key Words

"Kirchhoff's yoltage Law: The algebraic sum of the vdltage sources and I ,irops
must total zero around any closed path.

Algebraic Sum: The result of adding positive pnd/or negative numbers..
)electrioal circuits:

A. 4. Voltage drog4 are assigned a negative value %'( -).
B. Voltage sources are assigned positive .value (+).

Closed Path: Another'name for a circuit that makes a complete loop between
the plus (+) and minus (4pointi of a voltage source.

IR Drop: 'Same meaning as voltage drop. (Notice the. I and R are on the same
WhenE=IxRapplits to the voltage across a resistor, the letters

IR may be ,used to mean voltage drop.
' #

A. IR', . voltage drop across resistor R1.
'B. 1112 g voltage drop across resistor R2.

Remember that IR (the R dropped below the I) stands for current flow through a

0 resistor.

R: (symbol) Specifies a certain resistor.

RI ..resistor number 1 in the 'circuit.,

R2 = resistor number 2 in the circuit.

$

V

w-
41,X.

4
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EL-BE-19
Kirchhoff's Voltage Law

Information Sheet

KIRCHHOFF'S VOLTAGE LAWS FOR ONE SbURCE

Kirchhoff's VOltage,Laws..are of particular idibortance because .you will use a
voltmeter more often than an ammeter in'analyzing a circuit. Hence, you will
be working with volIages. Technically statedi-Kirchhoff's Voltage Law says':
"the algebraic sum of the voltage sources and IR voltage drops must total zero
around any closed loop." Stated more simply, if you add all the voltage drops
together in a series circuit, the total voltage drops will equal the applied
voltage. Oh, oh, that word algebraic sum again.

Remewber that we can do an algebraic sum because we assign either positive or
negative values to our numbers. Voltage drops are assigned negative (-)

tvalues and the voltage sources positive (+) values.

In the following illustration,'the Voltage drops will be marked as follows:
IR1 = -2V, IR2 = -4V, IR3 = -6V and JR4 = 48V.

When you begin with an applied positive voltage and then have a series of
voltage drops, each drop will cause the voltage at the end of a particular
resistor to be less positive, or negative, as compared to the applied voltage.
This can be more easily seen if you consider the direction of electron current
flow through the four'series resistors. Electrpn current always travels froni,a
negative value to a positive value. With this in mind we are able to mark the
polarity of the voltage drops acoss each resistor by starting with a (-) value

Aft at the bottom oforesistor R4 since it'is, hooked directly to the (-) terminal of
our voltage source. We then follow with (-) to (+) markings across each .

. resistor until we get to the positive terminal'of the voltage source) To get a
better idea of this Vcept, study the following illustration.

p.

ca.

20V,

ti

LDIRECTION OF CURRENT-

m%'\ 1R1

2 you DROP

IR z
Li VOLT DROP

1R3
GVOLTCRDP

IRS

8 VOLT DROP

5
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EL-BE-19
Kirchhoff's Voltage Law

This next illustration is shdwing what the actual measured voltage would be at

the end of each resistor. The meters M1 - My would read as follows:

M1 = 20'voltsies,s 0 drop or 20 volts
M2 . 20 volts less the 2 volt drop across R:or 18 volts
M3'' 18 volts'less the 4 volt drop across R2 or "InTORT
M4 14 volts less the 6 volt drop across R3 Or g volts

-a-

20 VOLTS

...Ir.. 4.44

I

DIRECTION OF CURRENT ROW... 0

Notice that the meter in each case in the chart above measures' what voltage is

left over after subtracting the voltage drop. Be careful not to confuse the

I. measured voltages with the voltage drops. The voltage drops are the values

that would be read on a meter if the meter was placed directly across (in

parallel with) each resistor. The polarity signs (+) and (-).indicate how you
would place the meter probes when making these measurements: the (-) side of

the meter to the (-) side of the- resistor and the (+)-ti.ide. of the meter to the

(+) side of the resistoP This type of circuit As, often referred to as a

voltage divider because the voltage is divided Urbetween the different

resistors.

Now, let's get back to the problem of taking the algebraic sum so-we can, prove

Kirchhoff's.Voltage Law.*

Let's add up all the voltage drops in this series circuit on the following

page and see what we get for an answer.

IR1 f 2 volts
IR2 = 4 volts
IR3 . 6 volts

TRJ, = 8 volts
2Q volts total (Does this number leak familiar?)

<NI
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ELBE-19
'Kirchhoff's Voltage Law

Er 20v

2V011 DROP ,

z4 VOLT DROP

VOLT DROP

8 OLT DROP
.41LOIRECTION OF ELECTRON

J.

ff,

Twenty volt; is the same value as the applied voltage from our battery, You may
be getting ahead of me, but let's try to apply Kirchhoff's Voltage Law for this
circuit.

Remember the law states thit the "algebraic sum of the voltage drops plus thd
applied voltage must equal zero."

Getting back to an earlier ule'involving the numbers, remember that the drops t
will be assigned (-) values 'and the applied voltage (+) values. 0

I

The drops total -20 volts and the source +20 volts. Let's add them together.
(-20) (+20) 0. This proves that Kirchhoff's Voltage Law works in our circuit.

.Let's try another example of hew we can apply Kirchhoff's Law by considering
the following c#rcuit. 4

+44.-

3 VOLT DROP

7 VOLT ()ft

= ioVar5

0

Re.

7101,I METER '0

7.

2.22
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Ki.rchhoff's Voltage Law

ti

With a three volt drop across R1, what is the voitige you would measure between

point B and the negative side of battery? Did you guess seven

volts? You &re correct if that is he value you picked. The ten volt supply,

less the three volt drop across resistor R1 equals seven volts left. NOTICE

the measuring from B to the negative terminal of the battery is the same read-

ing that you would get measuring across,R2 as the bottom of R2 is connected

directly to the negative terminal of the battery.

Let's try a little more difficult circuit and see if you can use the same rule

to solve for an unknown voltage.
')

Study the circuit below:

TO.

2.0V11

:110.

REMEMBER the drops are considered J
negative and the source positive.
First, let's try a little simpler .

appfoach to this problem by putting
dowh some figures that we know

,about this circuit.

First: Add up the known v ltage drops. (-5) + (-30 = -8V*

*Be careful to include only e 3V drop when adding all the drops together.

Voltage drops across parallel resistors are NOT separate drops.

Second: Let's add the voltage drop toal to the source.

(-8V) + (+20V) = 12V

4

8

223
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'EL-BE-19

Kirchhoff's Voltage Law

We know that the algebraic sum of.those two valuesPshould equal zero,
therefore, .the extra 12 volt. must be the drOp.across resistor R2.

ourth: Let's prove it by adding tha value to our voltage drops. 411e, need

to add up the drops': (-5V) + (-3V) + (:)2V) . -20V. Next o:Id this

value to our voltage supply of +20V.

Adding, we get (-20V) + (+20V) = 0. Since the albegraic sum now equals' zero,

the 12 volts must be the correct drop across R24 Algebraically it could be 'm

written as follows:
. I

+ (IR2) + (-3V) + (+20V) A.- 0

-8V) + (IR2) + (20V) . 0
(-8V) + (20V) = -1R2

(+12V) = -1R2 9

IR2 - -12V
Mr

The above mathematics is an algebraic proof (which may be corgusing if your
algebra is slipping), but the answer that took all the math,to the samevanswer

that you got just using some common sense. Perhaps you can see why we stress
understanding the problem first..and alwayt trying to visualize a common sense

approach before beginning the mathematical approach. In tlyis way, when youdo

more complicated math, you will have an idea of the correct answer before you

begin.

Kirchhoff's Laws can be expanded to include many more complicated circuits, ,r
some inclbding two voltage sources. These 'youyill learn in a later course

if you *icide to continue your electronics training.

r..

et
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Self-Test

'EL-BE-19

Kirchhoff's Voltage Law

1: Using Kirchhoff's Voldage Law, perform the addition that will show the
algebraic sum of the.vo)tage source and IR drops will equal zero around
any closed path.

8,

+
12 VOLT

SUPPLY

iA\

+RI: 14V

Re/
T

IRa :2V

R3I +1\
I R3 GV

2. Using Kirchhoff's Voltage Law, solve for the voltage drop across R2.

co.

4.

1- 20 VOLT
SUPPLY

ro

3. Usifg KOJNthoff's Voltage Law, solve for the voltage of the battery.

+

VOLTAGE : ?

6VOLT5

ZRZ

.01

i2VaLT5
.01
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Kirchhoff's Voltage-Law

Answers

1. (-4VIR1) + (-2VIR,) +1(-6VIR3) + 1.?V) = 0

(-12V) + (12V) 0

2. IR2 7". 8V*

*Mathematic proof optional

Possible approach could be simply to'use the yule that the sum of all
voltage drops must equal the supply voltage.

+ (IR,).+ k-9.v1k3), + 20f 0

(-12V) + (20V) = -IR2

.8V = -IR2

.-8V = I R2

The battery voltage. = 18V

The simplest approach would be to consider that the sum of the voltage
drops has to equal the supply.

Mathematical proof:

(-6VIR1) + (-12VIR2) + V = 0

-18V + V = 0

V = 18 volts

1
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Kirchhoff s.Voltage Law

.,. Task A

Obtain the followin0:

1 each 100 ohm resistor
2 each 1000 ohm resistor
1 each 470 ohm resister
1 eactismultimeter
1 each power supply capable of 1.3ovac
1 each circuit breadboard

Construct'the following circuit on your breadboard:

Step 1: 'Determine the correct polarity (+) and (,) across each resistor and mark
the correct symbol at each end of each resistor on the above diagram.

Discussion: Remember to begin at the negative end 'of R. That is the end of
the resistor connected directly to the (-) side of the voltage supply. Voltage.'
drops are always marked from (-.), to (+0 across each resistor. in the direction
of electron current flow.

Step 2: Obtain your instructor's evaluation.

Ail

12

227
q

-

41.
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Use the same circuit constructed for Task A.

. EL-43E-19,

Kirchhoff's Voltage Law

6'

Step ): Set your power supply to +20VDC.

Step, 2: Measure the voltagevldrops across each resistor and record in the chart
-below.,

1R1. V

. 1R2 V

Remember to put the meter
probes across each resistor 1R3 V

according to the pqlarity
you marked on the diagram. 1114 V .

Step 3: Total all the voltage drops in Step 2 and record.

Step 4: Record the voltage supplied by the power supply. ,

Step 5: Do Steps 3 and 4 match?

Discussion: Your answer should be yes. You may notice a slight difference due
to rounding off the numbers or slight measurement error. All the voltage drops
should add up to equal the applied voltage in any series circuit or closed
loop.

1

Ste 6: Complete a mathematical proof using Kirchhoff's Laws that prove the
"algebraic sum of the voltage drops plus the applied voltage equal zero."
Rdmember to assign negative values for the drops and positive values for the
applied voltage. Put your answer in the space provided below.

Step 7: Obtain your instructor's. evaluations

1

4

13

22S

4
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'Kirchhoff'Voltage Law

Task C

Use the same circuit used in Tasks A and 5.

Step 1: Reduce the appleg voltage to 15VDC:

Step 2: Measure and record the following voltage drops.

IR1 V

1R2

IR4

V

Step 3: *Total all the voltage drops from Step 2 and record. V

Step 4: Record the applied voltage from the power supply. V

Step 5: Do the voltage drops total to equal the applied voltage?

Step 6: Explain why the two values of voltages are not equal.

Step 7: Without measuring the IR drops with a meter, estimate what the voltage
drop should,be across resisitor R3. V.

Step 8: Using a meter to measure the voltage drop across R3, measure and
record the voltage drop.

Discussion: You should recognize that when ALL the voltage drops are added
together they w411 equal the applied voltage. You should be able to estimate
the unknown value of IR3 by taking the difference between what you know to.be
the total applied voltage ancrthe known voltage drops.

Step 9: Using the value of IR3 obtained from Step 8 above, add up all the
voltage drops and record below..

. 'RI

IR2 V

IR3 V

IR4 V

Total of drops Volts

The new value of the total drops should equal the-applied voltage in
because all resistor drops are now included in the answer: --

Step 10: Obtain your instructor's evaluation.

14

223
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Final. Test

EL-Br-19

Kirchhoff's Voltage Law

S 1. Using Kirchhoff's Voltage Law, perform the addition that will show the
algebraic sum of the voltage source and IR drops will equ41 zero around
any closed path. Show all work.

2. Using Kirchhoff's Voltage Law, solve for the voltage drop across R2.

1,6

oth

ES

3. Using Kirchhoff' Voliage Law, solve forlrhe voltage of the battery.

15

'230
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Final Evakiation

Completed final Test with an accuracy
of 80 percent

Completed Task A

Completed Task B

Completed Task C

J
EL-BE,19

Kirchhoff's Voltage Law

OK:. Re-DO

(MP puCiall,

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

16

231
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SERIES'rR63SISTIVE CIRCUITS

Goal:

The apprentice will be able to
compute vatage, current ana
resistance in a series circuit.
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Objectives

Given:

A power supply and four

retistors connected in
series

Questions and problems

S

,EL-BE-20

Series Resistive Ctrquits "

The student will:

Calculate the total resistance.

Calculate the current in the circuit.

Calculate the voltage across each'
resistor.

44

Connect the circuit together and -co

measure the current and the voltagese

Connect a circuit consisting of the
power supply and a single resistor of
equivalent value and remeasureethe
current.

Complete a Final Test with an accuracy
of 85 percent.

Directions

Obtain the following material:

DC power supply

Resistors (1/4 W, 2%)* 330, 470, 1k, 1.5k, and 3.3k ohms

Any DC voltmeter and ammeter (separate meters or .a combination meter)

Interconnecting leads or wires to connect the parts

Learning Activities

Read Key Words list

Read Information Sheets

DO SelfTests

Do Task

Do Final Test

r

Obtain Final Evaluation

*1/4. watt minimum, 2 percent suggeated tolerance

3 235



EL-BE-20
Series Resistive Circuits

Key, Words

Allsorbe0 energy power: Power or energy consumed by an electrical component or

circuit.

'Charge (to): To supply power to a device that can store energy such as a

battery.

Equivalent circuit: An electrical circuit that is equivalent to another more
complicated circuit in the sense that it draws the same amount of current from
a voltage source as does the original circuit.

Equivalent resistance: A single resistance equiialent in value to the combina-

tion of two or more other resistors.

IR dropik.The voltage drop associated with a resistor. ,

Power dissipation: Power absorbed in an electrical component.

Series connection: A method of connecting electrical components so thit one

end and only one end of each component connects to each of the other components.

Supplied or delivered.powerienergy: Power or energy produted or given up by a

,source such as a voltage source like a power supply or battery.

Am. .Voltage drop: A decrease in voltage caused ty an electrical component absorb-

ing ener* or power; current entering the more negative end of the component
resdlts in a voltage drocross the component in the circuit.

Voltage rise: An increasilin voltage caused by a source supplying energy or .

power to (circuit.

49



EL-BE-20
Series Resistive Circuits

Information Sheet. No. .1

When two or more Oesistors are connected end to end, they are in series. tie
lead of one resistor connects' to only one lead of the next resistor and so on.
The current leaving one resistor is exactly the same currenethat enters the'

next, resistor. So the current is always the same for any resistors iniseries

with each other. In Figure 1 the current is 12.5.mA in each of the three

resistors and also in the voltage source,

Suppose you were not told what the current was. You only know the resistance

values and the source Voltage. You can solve for the current by'knowing how
resistors combine when they are in series.

Oa

1712.5mA

+ 111;100-n-

R&:POV rz I 2. 5 mil% rIZ

-T .52)3.1114

Resistance in Series Adds

4

Isr12.5mA

Figure 1

t1:125mA

Suppose a piece of wire is cut from a spool of wire, and then a second piece is

cut that is twice as long. The, second piece will have twice as much resistance

as ale first. Also, twO pieces of the same length connected together in series
will have twice the resistance of each of the sinbrb pieces.

%

In Figure 1, the total resistance in the circuit (clled Rt) is the sum of
the resistances of all the resistors: ,

44 a R1 + R3
RI x 100 a, R2 x 200'n R3 500 A, so Rt 1001 + 200 500 A

Rt a 800 0

The total resistance of resistors in series is alwaysLARGER than the resis-
tance of any one of the resistors.

To find the current in the circuit replace all of the resistors by a single
resistor with a value equal to the total resistance. Thii resistance is called
the equivalent' value of resistance or just equivalent resistance.

.?3 7
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Series Resistive Circuits

Figure 2 is equivalent to Figure :1 in the sense that thee same current lows
from the voltage source.

Apply Ohm's law to the circuit of Figure 2.

I= E

Rt

T lOy
= -grai

I . 0.0125 A n 12.5 mA

Example 1

E=is._
F24.:, h R

O

Rt Rl + R2 + R3 + R4
Rt = 2.5k + 7.5k + 5k + 15k
Rt . 30k %

E
I

Rt

150V
=

) E = 150V; Rt 30k

= 12.5 mA

gir

E
150V

Figure 2

41.11110

T I -11°-
Equivalent CircOit

You should remember from the Metric Prefix package k, 1000 and m .'100

So I
150V

. 0.005 A . 0.001 x 5 5 mA30 x 000 n

Also,
k=1 150

mA * 5 mA 1
since k and m

623.8
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Series Resistive. Circuits

SeIf -1`e No. 1 .

.

1. Four resistors are connected in series. Their resistances are 125, 250,
75,.and 300 ohms respectively. What is the equivalent value of 'resistance
foq the series combination?

2. Determine the value of current in each resistor and the source.

4.

It

a
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EL-BE-20
Series Resistive Circuits

Information Sheet No. 2

Review of KVL V

Now that you have leirned how to calculate the,current in a'series circuit, you
can prove Kirchhoff's voltage law still works.

Going back to Figure 1 before the example, you can calculateieach of the
voltage drops. The current was 12.5 mA in the dIrcuit of Figure 1.

IXR=E

For R1 which was 100g ,, the drop is IR1 - (12.5mA) x (100 n) 1.25 volts

For R2 200n , 1R2 = (12.5inA) x (200 11) = 2.50 volts

For R3 - 500 IR3 * (12.5mA) x (500A) = 6.25 volts

The total voltage drop is 10.00 volts

The source voltage is E = 10 volts, so the source voltage minus the voltage
drops is 10V - 10V = 0 volts. 0,

Also, in Example 1, I = 5 mA and,

IR1 = r(5mA) x (2.5k) - 12.5V
°

IR2= (5mA) x (7.5k) 37.5V

1R3 - (5mA) x (5k) = 25V

'1R4 = (5mA) x (15k) al 75V

Total drop 4) = 150V

R1 2.5k

R2 * 7.5k

R3 * 5k

R4 it 15kt

E 150V

so, E - 150 - 150 - 150 = 0, and KVL is again demonstrated.

Voltage Sources in Series

Voltage sources in series Add in the same way as resistors, with one additional
concern. The polarity of each source must be the same before the values are
added. If the polarity is opposite, then the vplue must be subtacted instead
of added.

101/Iiii ZVI
For example

-3111r7-71111:7--

and

111 .4.11117.7

is equivalent to 4.41111--...

is equivalent to 8V
41

1 1
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EL-Bt,20
,Series Resisti'vg Circuits

Here are two examples to show how to solve series circuits with more iiiidqme
voltage source. t

Example

)0V

Ea

5V

In

a

the equivalent circuit..

So I

I

Et El + E2

15V . 10V+ 5V

Equivalent Circuit

and Rt = RI + R2 + R3 + R4 + R5

1500 11-x 150 + 700 + 250 + 100 + 300o

= where Et = 15V and Rt = 15000

15V

156011
0.01 A .4 10 mA

KVL also holds for
modified slightly.

The sum of voltage
equals. ZERO or the

-4

series circuits with more than one source, but it must be-

*
RISES from voltage sources MINUS' the sum Of voltage. DROPS
.sum.of voltage RISES EQUALS the sum of voltage. DROPS.

The voltage rises are always due to a source.
positive end, it is a voltage rise.

If the current enters the (+)

The voltage drops are almost always due to resistors (IR'drops), but may also
be due to a source that is charging,, which means abiorbing energy rather than
supplying energy. If the current enters the (-) negative end, then ,it is a
voltige drop whether ht is a:resistor or.e source..

Nk

'

In this example (Example 2) there are .two voltage rises, El E -;lotice
that the current is entering the(+) end, of each source.

E1 10V and E2,0 5V, so the total voltage rise is 10V + 5V 15V.

244
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There are five voltage drops. Remember that IR means voltage drop. Notice the
current ,esters' the (-Fend of each one.

IR' . (0.01A) x (15001:: 1.5V I = 0.01 A RI - 1500

1R2 0 (0.O1A) x (7000) = 7.0V R2 7000

IR3 * (0.O1A) x (2500) 2.5V R3 = 2500

IR4 . (0.01A) x (1000) = 1.0V R4 = 1000

IR5 = (0.O1A) x (3000) = 3.0V R5 = 3000

Totalldrops = 15.0V

and you see that total. rise (15V) equals total drop (15V).

Example 3:

I I

loPOjt E2:

5V
V

E.3.:(011

: A

11

Rt

. Rt 1000 + 500 + 1500 = 3000 a Et = 20 4: 5 - 10 = 25 - 10 = 15V

= R1 + R2 + R3

R2-

011I

Ji.
Ei. -..:...

. Rt
15V ,

'I 4,

Equivalent Circuit

Et. = El + E2 - E3

T E 15V=
Rt a. 3000

also since 3000 0 = 3k

= .005A

15V 15
tiA

I " Jr mA
5I

The sum of the voltage rises is only E1 + E2 since current is entering the
end of E3.

So%voltage rise equals 20V + 5V = 25 volts

The voltage drops are:

. (5mA) x (10000) = , 5V

IR2 = (5mA) x (5000) = 2.5V

IR3 . (5mA) x (15000) =',...7.5V and because the current is entering (-) end of E3

III E3 . loy

1

total drops 25V which equaiLthe total rise of 25 volts.
_ w!-g

10
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Self-Test No. 2

1. Calculate Et.

2. CalculateRj.

3. .Determine the valueland direction
of the current in each element.

z

EL-BE-20
Serid Resistive Cir cults

243
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Series Resistive Circuits

Information Sheet Np. 3

Power in Series Circuits

The total power absorbed 10 any circuit is the sum of the powers absorbed in
each element of the circuit.. It doesn't matter how the elements are connected
so they can be Connected in other arrangements besides in series.

The law of conservation ,of energy says that the total energy supplied must
equal the total energy 4bsorbed.

This means that the totals power supplied by all of the sources that are
supplying power must eqUal the total power absorbed by resistors (or sources)
in the circuit. If a source is charging, it is absorbing power. It is charg-
ing if the current enters the (-) end-as it does in a resistor.

Review the formulas from the POWER/WATT'S LAW package. The necessary formulas
are repeated in he REVIEW .OF FORMULAS section below.

Refer back to Example 3 to demonstrate the use of these formulas in series
circuits.

ExI. P

E1 is supplying E1 x I (20V) x (5mA) 100 mW

E2 is supplying E2 x I ( 5V) "x (5mA) 25 mW

III Total power supplied 125 mW

E3 is absorbing E3 x I = (10V) x (5mA) = 50 MW

R1 is absorbing12 x 111 = (5mA)2 x (1k) = 2540W

or (.005)2 x (1060 = .025W (25oW)

R2 is absorbing 12 x R2 a (5mA)2 x (.5k) 12.5mW

R3 is absorbing la x R3 = (5mA)2 x (1.5k) 37.541

Total power absorbed a 125 mW which equals total power
supplied

El 20V CIRCUIT

E2 5V VALUES

E3 10V

I 5mA = .005A

R44, 1000 1k

R2 500 = 0.5k

Rx 1500 1.5k

REVIEW OF FORMULAS FOR SERIES CIRCUITS

Rt R1 + R2 + R3 + and so on tat

Et E1 t E2 t E3 ± and so on; ± means + or - depending on polarity

P = E x I for sources or resistors

40 P 12 R A_
,2 for resistors only

P
R

12

244
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EL-BE-20
,Series Resistive Circuits. A !

Self-Test N9.

1. Calculate the power supplied or absorbed in, each of the elements in Self.
Test

4

1

Show that the power absorbed equals the power supplied in question 1.

VAL

C, ,

I

13 245
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Series Resistive Circuits

Self-Test No. 4

When two or more resistors are in series gey have the same

a. voltage. bl current. c, power. d. value.

2. To find the equivalent value of resistors in series, the resistances
must be

a. added. . b. subtracted. c. multiplied. d. divided.

3. To find the equivalent value of batteries in series, the voltages must be

a. .added. b. subtracted.
c. either added or subtracted dependingon polarity.
d. either multiplied or divided.

4. Four resistors (100, 20Q, 500, and 50 ohms) are in series. The equivalent
resistance is

a. 150 ohms. b. 500 million ohms. c. 850 ohms. d. 1300 ohms.

5. Solve for. the value of current:

a, 3.3 mA
b. 5 A .

c. 5 mA

d. .05 A

4

Solve "Of,the value of current:

a.N 5.03 mA

b. 25 mA
c. 1.05 mA
d. 1.05 A

7. Solve for the power supplied by the*50 V battery in question 05.

a. 250 mW b. 50 mW c. 25 W d. 150 mW

8. Solve for the power absorbed by the circuit in question #6.

a. 5 mW b. 1R5 mW c. 75 mW d. 126 mW

14
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Series Resistive Circuits

Find the total equivalent voltage of the sources:

a. 3V b. 6V c. 9V 15Voh

A.

B.

9V 6V

B.

.6..411 9V+

10. Find the equivalent value of resistance and voltage in the circuit; then
solve for the value and direction of current.

ty

r4

3004.
1."

1-1
7.:720V5V=7.

+1-

15

247
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Series'Resistive Circuits

Task

Given A power supply and the following resistors all connected in series, 330,
470) 1 lc, and 1.5 k ohms each. Set the supply to about 9 volts. Measure the
supplyioltage with the voltmeter.

Calculate the total or equivalent value of resistance.

Calculate the value of current that would flow ill the circuit if they were all
connected in a closed (unbroken) circuit in series. See the figure.

Calculate the voltage that would exist across each resistor in thdeircuit.

Connect the complete, circuit according to the figure using the interconnecting
leads and including the ammeter. Measure the current with the ammeter.

Wsconnect the ammeter and measure the voltage across each resistor with the
voltmeter. Remember to replace, the ammeter% with a short circuit to complete
the circuit:

Obtain a single resistor of-value equal to the value calculated for the total
resistance. Connect this resistor alone With the ammeter to the power supply
and measure the current. Remember the resistor, ammeter, and battery must be
connected in a closed SERIES circuit.

All of the currents calculated or measured should be the same. The reasons

411

they may differ are:

1. The meter causes errors in measurement..
`2. The actual values and printed values of the parts may differ.
3. You may have made an error in calculation or measurement.

Have your instructor check your results.

SET FOWE
SUPPLY
TO 9V

Arrangement for
measuring current
(note polarity)

Arrangement for
measuring 1.5 k
resistor voltage

(note polarity)

21
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Series Resistive Circuits

Final Test

When resistors or other electrical components are connected in series, the
current in each of the components will always be

a.. zero. b. the same. c. diffen)

2. Five resistors are connected in series. Two of the resistors are 50 ohms
each, and three` of the' resistors are 20 ohms each. Whai is the equivalent
resistance?

3. Solve for the equivalent resistance
in. the circuit.

Solve for the current in the circuit.

.....4\11Aell\AP6"".."111V
3.3tt .11,7k

+

I.5R 11A

5. What is the total equivalent voltage
of the two sources connected as shown? 241.

Iltr-111

6. What is the total equivalent voltage
of the two sources connected as shown?

7. A 5k resistor and a 25k resistor are connected in series to a voltage

source. Which resistor is absorbing the greater amount of power?'
Calculate the power in the 5k resistor if the voltage source is 10 volts.

Calculate also the power delivered by the 10 volt source. Remember to
solve for the current first!

25k

4,

51?

8. Solve for the value and direction of the current.

17 219
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Final Evaluation

4

Calculated resistance and current.

Calculated voltages.

Current measured in original circuit.

Voltages measured in original circuit.

Current measured in equivalent circuit.

Final Test 85%.

41

EL-RE-20
Series Resistive Circuits

OK RE-DO 40

,.....m. m-Y
M.111.1.+101.14.,

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

18 250
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Answers

AnsWers to 'Self-Test *1

1. Rt R 750'ohms; Rt . 125 + 250 + 75 + 300 ohms

2. The current is the same for all series elements.

I = 2 mA or 0.002 A; I = rct. ; Rt 2k + 1k + 6k or: t . 9k

I =1TIF- or 1 = 2 mA

18V
also I = moo or I - 0.002 A or 2 mA

Answers to Self-Test *2

1. Et . 10V (same polarity as 25V source); Et 0 25 - 15 volts

2. Rt = 40042; Rt = 50 + 100 + 2500

3 1 0.025 A or 25 mA in each element; Direction: 25V down

500 to left
Et 10V 15V to left

I Rt ; TUUP 1000 up
2500 to right

Answersito Self-Test *3

1. P25V - 0.625W

P15V = 0.375W

P50V = 0.3125W

SlOOV = 0.0625W

P250V 0.15625W

supplied since current is leaving (-) end

absorbed since current is entering (-) end

Equatfons used: For sources (either supplying or absorbing) P = Ex!

For resistors P = 12R

I = 0.025 A in all cases; E or R depending on value for source or resistor.

considered.

2. Total power supplied is 0.625W
11001 power absorbed *.0.625W = 0.3125 + 0.0625 + 0.15625 + 0.375W

Pabsorbed = supplied since '

0.625W = 0.625W
4

19
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Answers to Self-Test #4

b. current,.

2. a. added

3. c. either added or subtracted depending on polarity

4. c. 850 ohms

5. c. 5 mA

6. a. 5.03 m4

7. a. 250 All= Exi x 50x5mA;

also I24k + I22k + I21.5k + I2.25k + I22.25k 1210k

since power supplied equal's power absorbed

8. d. 126 di 12(4910) (250x1

9. A. d. 15V = 6V + 9V

B1 a. 3 V . 9V - 6V

10. Rt x 300 + 150 + 500 + 50 1000.A

25V
0.025 A * 25 mA

1000n

4
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5.13

PARALLEL RESISTIVE CIRCUITS

Goal:

The apprentice will be able to

calculate current. and resistance
An n parallel resistive circuit.
7 .

Performance Indicators:

1. Calculate total resistance.

2. Calculate total current.

4

253



BASIc ELECTRONICS

Parallel Resistive Circuits
EL-BE-21

le

Test Draft
September 1981

254



Aoknowhidgmont

Funds his project were provided by the Governor's Grant, Cgmprehensive EMPloyment
and Tr n ng ActICETA). The'itctivity is a State Education Agenofundertaking. The opinions
exprossedvherein do not neceitsarily 'reflect the position or policy of either the Oregon, ,.
Bureau of; Labor and Industries or the Oregon Department of Education; and: no official
ondorimoment by the State of Oregon .or the U.S. Government should pe inferred,

Project Director -John W. Havery, Specialist,. Oregon Npartment of Education,
Coordinator and EditorBarbara Edge , ,

Writers: Douglas Draper. Portland Community College, Portland, Oregon
Vernon Hartshorn, Mt. Hood Community College, Gresham, Oregon
George McElmury, Cleveland Hi School, Portland, Oregon
Donald Wardwell, Mt. Hood.Comillunity College, Gresham, Oregon

Graphics: George Kraus, Salem, Oregon,

itatomont of Assuianco

Federal law Prohibiti discrimination on the basis of race, color or national origin (Title. VI of
the Civil Rights Act of 1964); sex (Title IX of the Educational Amendments of 1972 and Title t1
of the Vocational Education Amendments of 1976); or handicap (Section 504 of the Rehabili-
tation Act of 1973) in educational programs and activities which receive federal assistance.
Oregon laws prohibiting discrimination include ORS 659.150 and 659.039 The State Board
of Education, furthermore, has adopted Oregon Administrative Rules regarding equal
opportunity and nondiscrimination: OARS 561.21445 through -049 and OAR 581.22 -505.

It is the policy of the State Board of Education and a priority of the Oregbn Department of
Education to ensure equal opportunity in all educational programs and activities and in
employment. The Department provides assistance as needed throughout the state's educa-
tional system concerning issues of equal opportunity, and has designated the following as
responsible for coordinating the Department's efforts'

Title ilVocational Educatibn Equal Opportunity Specialist
Title VIEqual 'Education and Legal Specialist
Title IXAssociate Superintendent, Educational Program Audit Division, and Equal Edu-

cation and Legal Specialist
Section 504Specialist for Speech, Language and Hearing, Special Education Section

Inquiries may be addressed to the Oregon Department of education, 700 Pringle Parkway
SE, Salem 97310 or to the Regional Office for qivil Rights, Region X, 1321 Second Avenue,
Seattle' 98101



/

At

Objectives
Given: .

A power supply and 4 resistors
connected in parallel 41

An ammeter and voltmeter

A resistor equal in value to
the 4 parallel resistors

Questions and problems

Directions
4

,EL-BE-21
Parallel Resistive Circuits

'The student will:

Calculate the total resistance.;

. Calculate the current in each
V resistor.

Calculate the total supply current.

Connect the circuit together and
measure the currents.

Connect the supply to a.single

resistor of equivalent value and
remeasure the supply current.

Complete a Final Test with an
accuracy of 85 percent.

Obtainilphe following materials:

A DC poweh supply

Resistors (1/4 W, 2%)* lk, 2.7k, 3.3k, 4.7k, 8.2k ohms

AnyDC voltmeter and ammeter (separate meters or a combination meter)

Interconnecting leads, or wires to connect the parts

*1/4 watt minimum, 2% suggested tolerance

Learning Activities

Study the Key Words list.

Read the Information Sheets.

Do the Self-Test.

d°0 the Tasks.

Do the final Test.

Obtain Final Evaluation



..'a-.

Key Words

EL,BE.:21

Parallel Resistive' Circuits

Conductance (6): The property of a component that allows-current to flow:
the larger the conductance,, the larger the current; the opposite of
resistance.

Mho (u): A unit for conductance: 1 mho equals 1 amp divided by 'f volt.

Parallel connection: A method of connecting electrical components between or
across the-same two voltage points in a circuit.

Parallel circuit: A circuit where all the components are connected in
parallel.

Sieman %(6): A more modern unit for conductance, equal to a mho.

Short circuit: A condition where the circuit resistance is zero.
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Infivernation sheet .

A parallel circa is one in which all of the components are connected in
parallel. That means that each component is connected between or across the
same two points. Figure 1 shows a parallel circuit and the two points are

labeled point A and point B. As you can see, the voltage supply is.also con-
nected between the two points and determines the voltage between points A and

B. The voltage across each and every component has to be the source voltage,

and for this reason there is only one
voltage, the source voltage; in a par-

allel circuit. The current which the
source produces divides at point A into
the separate current paths through each
resistor. These separate currents
recombine at point B to provide the Same
current entering the source as that \
Ar ving the source. As you learned in

t Kirchhoff's Current Law package,

I
t 1

= I + 12 +-13 or in this case:

II = 0.5A, 12 = 1A, and I) = 2A sop,

3.5A = 0.5A + lA + 2A or

3.5A = 3,5A

Many times a parallel circuit will be drawnddrractu

that there are more than two points in therOtcuit.

R2 and R3 are connected together first
to form points C and D before they are

connected to the rest of the parallel
circuit at points A and B..

In' Figure 2 the currents in eau0 of the
resistors and the total current are the

same as they are in Figure 1. The

voltage in each circuit is also the same.

The only difference be een the two circuits

is that extra curr paths have been made

betOeen points A nd D and between B and

C. if you me red the current in each of

these extra Tres you would measure the

sum of the currents in R2 and R3 or

12 + 13.

In other words, connecting the parallel circus

current from the source in stages rather than

tracted from I
t

at point A. What is left is I

Figure 1

connected together so
Figure 2, resistors

13.

This remaining current OVides at point D into the separate currents 12 and

Figure 2

t in this way divides the total

all at once. First is sub-

- I1 which also equals 12 t



In equation form,"

I = I + I .v 13t 2

It 11 = 11 12 13 11

I t - I
1

= I 2 + I 3

3.5A - 0.5A= lA + 2A

'EL-BE-21

Parallel Resistive. Circuits cc

subtracting
equation

cancelling the

for the values

from both sides of the

terms

of Figure 2

3A = 3A

Of coarse the currents add back together in stages, first at point C to form
12 + 13 and finally at,point B to form '+ 12 + 13 which equals It.

If it makes it easier for you to work only with the parallel circuit drawn as
in Figure 1, it is all right to redraw FigUre 2 so that it looks like Figure 1.
Just combine points A and D into a single point, and combine points B and C

into a single point.

In Figures 1 and 2 suppole you were not told that the voltage was 6 volts, and
that all you were told was the value of each resistor and the dtal current of

3.5A. You can solve for the voltage by knowing how resistors bine in

parallel. But before you do that, you should know what conduc is. Con-

ductance is the exact opposite. of resistance.

A resistor with a large value of resistance has a small value o nductance,

and a resistor with a small value of resistance has a large value of conduc-
tance. Coriductance is the property of a component to allow or to accept current
from a source, but resistance is the property to oppose or to restrict current

flow. Thesymbol for conductance is G mathematically, G - R.stance

For a resistor with a value of resistance Oual to R ohms, its conductance G is

'one divided by the value of R. That is the same as saying that conductance is
thereciprocal of resistance._ Likewise resistance is the reciprocal of con-
ductance.. Rexiew the pack e on Equatpni if you are having trouble,under-

sta : 4g reciprocals. The unit for conductance is the mho. More recently the

uni ha been changed to the Sieman or just S, but many people continue to use

the m < since it is ohm written backwards. The mho isabbreviated by the ohm

siu. written upside down u. For the three resistors in Figurel or 2:

1

R2

1

-6R

1
G.3 n -/T3 and RI = 12R, R2 = 60, R3= 3a

G
1

u 3

G1 = 0.083u . G2 = 0.167u G3 0.333u

25g
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I.

Going back to'the original problem, given the resistances and the total current,
solve for the voltage. First combine the parallel resistors into one equivalent
or total resistance. For parallel resistors you add their conductances.

CONDbCTANCE IN PARALLEL ADDS

Placing additional components in parallel adds to the total current and
increases the conductance of the total circuit. Two resistors of equal value
placed in corallel across a voltage source will draw twice the current as either
one alone, Ind the total conductance will be twice the conductance of either
one.

In equation form, Gt = GI + 62 63 and so on for parallel resistors.
/

In Figures 1 and 2:

G
t
= 0.083u + 0.167u + 0.333u

G
t
= 0.583u

R
t Gt

1

0.58Iu

R
t
= 1.715o

Since the values for GI, G2,, and G3 were
` already calculated as 0.083, 0.167, and

0.333u.

It 'L" 3..5A

:- 3.5A

1.715

The total or equivalent resistance of resis- Equivalent Circuit ofligures
tors in parallel is always LESS THAN the

, 1 and 2
resistance of.any one of the resistors. It

is therefore always smaller thalt the smallest
one. Notice that 1.715n is less than the FIGURE 3
smallest resistance of 3n. Figure 3,is an
equivalent circuit for both Figures rand 2. The voltage can now be solved by
applying ohm's law to the equivalent circuit.

E= It x Rt

E = 3.5A x 1.715Q

E 6 volts

O

7

tr

.260
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EXAMPLE I: Four resistors are in Parallel and the total current is 44.4 mA.

G
t
= Gi + G2 + 63 + 64 RI = lk, R2 = 2k, R3 = 5k, R4 = 0.5k, It = 44.4mA

_1 1 1

Gt RI W3
Calculate R

t
and E

- 1 4 / / 4. 1

Gt `k remember,k . 1000; m = 0.001; and m A

Also lm +10.5m + 0.2m 4. biuG
t

= 0.001 + 0.0005 + 0.0002 + 0.0020 t

Gt.= 0.0037u ors3.7 mu #

1

Rt = = 270o or 0.27ko
`It

E = It x Rt

E = 0.044A x 270o also E = 44.4 mA x 0.27k

E= 12 volts ) E= 12 volts since k x m 1

You can double check Kirchhoff's Current Law by calculating the currents in
.

each resistor using Ohm's law.

G =

E E

11
12 = A-2..

12V . T 12V
I1 .2

A3 -
E

12V
1
3 5k

14 =

T 12V
= 0:31(

II - 12mA 12 =.6mA 13 - 2.4mA 14 = 24mA

I

t 1

= I + 12 4. Ty +14

I

t
? + 6 4. 2.4 4. 24mA

t
44 4mA

k 14.

If the source voltage were known instead of9ihe source current, you could
solve the problem in the same way, and divide E by Rt (or multiply E by Gt) to

find It Instead, you could solve for each of the individual resistor currents4
directly and add them to find It.

That is I 1
E E

12 and so on.
RI R2

If you are finding the'equivalent resistance of two resistances only, an
alternate formula can be used.

R
= R1 X R2 for two resistances.

t RI + R2

'261
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In words the formula states that the total or equivalent resistance of two
resistors in parallel is the product of the two resistances divided by the sum
of the to resistances.

Actually you can use this formula when there are more than two resistors if you
combine the resistances in stages two at a time. Examples 3 and 4 will show how
this is done..

EXAIPLE 2: Find Re.

RI_X R2
R
t R1 + R2

200 X 300'
R
t 200 + '00

60000
R
t 500

Rt
1200 o

EXAMPLE 3: Find R
t

c?,

R9 X ill
Rt1 R2 + R3

4

et

2000 X 4000 0 RI

Rt 2000 + 4000 1000-n-

R
t,

- 1333

RI X

Rt

Rti

t R1 +.R

1000 X 1333
Rt

1000 +' 1133 "

R
t

571.4 u

I

R1

200

26,2

0
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EXAMPLE 4:

Find Rt. Two different ways of combining resistors two at a time are shown as

well as the method using conductances. Compare the methods to see which you .

prefer. It doesn't matter which two resistors you combine first. Method 1
and method 2 are different only because different resistors are combined
first. Method 3 combines conductances.

Xethod 1

Rei%A
I 113(000-g 260-'4

.RIXR, ,R3XR4
t1 t2 K3+R

R
00X400 .1200X1000

t2 1200+1600

R
t;

=2400 R -545.50
t2

R XR
R ti t2

t R +R
ti t2

Method 2

R XR
R 4
t1 R14414

600X1000
"ti106+TOM

11

wil2XRA

t2 R2013

R ,400X1200
"t 400+180

R .3750 R .3000
u2

R
t1

XR
t2

RtrR
;11

t1 t2

_240X545.5 0 ,1375X300
t 240445.5 "t 375+300

R = 166.7 0 R ;0166 70

ile0od 3

GtG 1
+G2+G 3+G4

G+4 41 41 41
"i."2 "3

1 1 1 1
G
tgUete1200+1,600

G .0.00167+0.0025+
t
!0.00083+0.001

Ge0.006t,

1
R.ar *1,6.70
u ut

Batteries are generally NOT connected in parallel. If two batteries are placed
in parallel, plus side to plus side and minus side to minus side, usually one
battery will be supplying power, and the other will be absorbing power. A very
large current will flow if the batteries do not have the same voltage. The save
is true for other voltage sources.

A battery that is absorbing power is being charged.

This can cause damage to the batteriesfunless done under controlled conditions
which include the following:

1. Charging only rechargeable type batteries.

2. Observing proper polarity:

3. Manually or automatically controlling the current that, flows.

0

IA

10 263
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0

#r
Small resistance to limit current

+1_
4/1 st2

'"

Battery #2 02 is being charged

EL-BE-21
Parallel Resistive Circuits

The battery with the smaller voltage is
being charged. If it is rechargeable,
its voltage will increase, and the vol-
tage of the battery supplying power will
decrease. Charging will stop (zero
current) when the two battery vo)tages
are the same.

If the two batteries are placed in
parallel, plus side to minus side and
minus side to plus side, both batteries
will be short circuited by each other.
This will cause excessive current, and
it will destroy the batteries.

REVIEW OF FORMULAS FOR PARALLEL CIRCUITS

G R

6t = G1 +62 + G3 +G + and. so'on

(1, 1 1*
G + + + and so, on
t "1 R-2 T3 k

fi

R
RI X R2

for two resistors in parallel
t RI + R2

11

Excessive current flows

Batteries Shorted and Damaged

2 6 4

gr.

a.

I
4.
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Self-Test

). Two or more resistors in parallel have the same

a.. voltage. b. current. c. power. d.. value.'

2. To find the equivalent value of resistors in pa'rallel the resistances must
be

a. added. , b. subtracted. c, added then inverted.
d, inverted then added and the result inverted.

3. The equivalent value of parallel resistors'is

a. . smaller than b. 'larger than c. equi) to d. twice
the value of the smallest resistance.

4. A 600 ohm and a 300 ohm resistor are in parallel. The total resistance
is

a. 900 ohms. b. 300 ohms. .c. 200 ohms. d. 0.005 ohm.

Four resistors are in parallel, a lk, 2k, and two 4k's. Rt is

a. 571 ohms. b. 500 ohms. c. 11k. d. lk.

Solve for the voltage E
1

4

E = V

Solve for I and Rt

It
e,

=15mA

E
ZIZ (000

Ex25V=. wit . 10-n-

Rt =

8. Five' resistors are in parallel. R1 * 2k, R2 u 3k, R3 u 10k, R4 = 5k and
R5.= 100 Q.' Calculate the equivalent resistance Rt.

R
t

I

12

265
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'9. Atteries cah be placed in parallel without danger or damag he
batteries

a, no matter how they are connected,
b. if the one that is charging is properly connected and is a rech

able type.
c. under no circumstances.

10. The total resistance of three parallel resistors is 100 ohms. One of
the resistors is 200 ohms and another is 400 ohms. F4nd the third value.
Use the conductance method.

R3 w

11. Which battery is being charged
(absorbing energy)?

12. Determine the value of the
unknown resistance R

x
.

R1 15 0

R2 10 0
R
t

- 5 0

J
6

A

R

`13.2Vf-

T

13

yA

Its
113V

ir

266
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Task .

Given power supply and the following resistors connected in parallel, 2.7k,
3.3k, 4.7k, and 8.2k. Measure the supply voltage with the voltmeter. Calculate
the equivalent value ofTesistance.

Calculate the value °of current that will flow when the supply is connected.
Use the measure4value of supply voltage.

Oalculate the current that will flow in each resistor.

Connect the circuit using the interconnecting leads,, and alternately connect
ammeter in series with each resistor. In this way measure the current ineachof the resistors. See the Figure.

Also connect the ammeter in series with the supply to measure the total current,.See the Figure.

J
Obtain a single resistor of value equal to the value calculated for the total
resistance. Connect this resistor alone with the ammeter and the supply all
together in SERIES and measure the current. See the Figure.

The current measured with each single resistor should equal the total current
measured for the original circuit. It should also equal the calculated valuefor total current.

Also the calculated and measured values of individual resistor currents, should0 be, the same. The following area reasons why any of them may differ:

.

1. The meter causes errors in measurement.
2. The actual and printed values of the parts may differ.
3. You may have made an error in calcullation or measurement. Have you

instructor check your results.

Ammeter Connection to Measure 14

I
14

216

d

Ammeter Connection to measure 1
t
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Final Test
1. When electrical components are connected In parallel, the voltage across

each and every component will be

a. zero. b. equal to the current.

d. the same as each other.

2. To combine parallel resistances you add

a. conductances. b. resistances. c. voltages.

The equivalent value of resistances in parallel will always be less than

the

a. largest resistance. b. smallest resistance.

c. largest plus smallest resistances.

c. different from each other.

4. Four resistors are ,connected in parallel. R1 =, 1000, R2 = 1500, R3 = sop,.

and Ry = 200n. Calculate the total resistance Rt.

The equivalent resistance,of three resistors in parallel is Rt = 500. One

of the resistors is land anotheris.2k. Find the value of the, third.

Use the method of conductances., ,

6. Solve for the voltage in the circuit.

7. Which battery, A or B As being

charged? What limits the curi.ent

from charging too fast?

8: Solve for I
t
and R

t.

0.01A

R3

A

sativ T

'15

268.
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Answers

1. a. Voltage.

EL- BE -21.

Parallel Resistive Circuits

2. d. inverted then added and the result inverted.

31 a. smaller than

4. c. 200, ihms.

5. 6, 500 ohms.

6. 6 volts.

7. 4.375 A.

8. te = 89.82o.

9. b. if the one that is charging properly connected and is a rechargeable
type.

10. 400o also G3 = Gt - G2

G3 = .01 - .005 - .0025 u

G3 = .0025 t3

1
R3 = 63

1

R3 .0025

R3 = 400n

11. Battery B (11.7V) is being charged.

12. Rx 30A; Gt s G1 + G2 + Gx, Gt $ -u, GI

Gx = Gt - GI - Gzf, Gt = 0.2u, G

Gx = 0.2 - 0.0667 - 0.1t3

G 0.0333u

Rx
1

x,1

Px 0.0333

Rx 30

* Ira U2

0.0667u, G2 a 0.1u

Vta
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Final Evaluatio

Cagculated Resist nce

Calculated Curr nts

Measured Resis or Currents

easured Tot 1 Current

U7ent Me sured iiiquivalent, Circuit

Final Tes

EL-BE-21

Parallel Resistive Circuits

OK RE-DO

When a 1 of the checks indicate OK, proceed to the next learning Package.

b., 17 r.,
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SERIES-PARALLEL RESISTIVE CIRCUITS

0

Goal:
411

The apprentice will be able to
calculate current and resistance
in a series-parallel combination
circuit.

4*.

re

Performance Indicators:

1. Calculate resistance.

2. Calculate current.

3. Measure current'With ammeter .

.
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Objectives
Given:

A voltage.source and resistors
arranged in series-parallel

combinations

A voltmeter and ammeter or
combination voltmeter-ammeter

Questions and problems

Directions
Obtain the follOwing-:,

A DC power supply

4.

Resistors 1/4 watt, 2%
330, 470, 1k, 1.8k, 2.2k, 2.7k,

3.3k, 4.7k, ohms

AsDC-voltmeter and ammeterkor combina-
stion meter)

Interconnecting wires-or'lads,

Learning Activities

.11

..

9

Study the Key ,Words

Read the Information Sheets.

%

, Do the Self-Test.

Do the.Task.

Take the Final Test.

Obtain Final Evaluation.

EL-8E-22
4

Series-Rarallpl Resistive. Circuits

The student will\

Calculate the equalent value of
resistance for the series-parallel

combination.

Calculate the currentrawn by the
circuit with the sourceconnected.

.MeasuOe the current with the ammeter.

Measure the current with this circuit
replaced by the equivalent rssistor.

Complete a Final '.Test with an accuracy

Of 85%. ,

43

ti
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EL-BE-22
Series-Parallel Resistive Circuits,

-Key Words

thatVoltage Law: The lAuthat states that voltages add in series or
that the sum pt the voltages and a closed path is zero.

Kirchoff's Current Law: The law that states that currents add in parallel or.
that the sum of the currents entering and leaving a polpt is zero.

% 14N-0

EAB.. A syMbol to represent the voltage between points A and B in a circuit.

Series connection of components: A method of connecting electrical components
so that one end but only one end of each component is connected to each of the
other components;. series umponents always have the same current.

. 40P *
Parallel connection of components: A method of connecting electrical compo-
nents so that they are connected etween or across the samettwo points in a
circuit; parallel componentsalwAys have, the same voltage.

0

1

ai
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EL-BE-22
Series-Parallel Resistive Circuits

Information Sheet

Most circuits are connected io that there are both series and parallel combin-
ations of resistors. The circuits can be simplified by combining either series
combinatidns or parallel combinations of resistors. Usually the combination of
either series or parallel resistors will change the circuit in such a way that
additional series or pahallel combinations result. The circuit can then be
further simplified, and the original complicated circuit can be reduced to a
simpler one by a series of repeated combinitions of resistors.

Using the process of repeated series and parallel combinations just described,
we can often reduce the circuit to an equivalent circuit of only,a, single
resistor. The important thing to learn is how to determine which resistors, if
any, are actually in series or which, if any, are in parallel. You must be
careful not to combine resistors that are,not actually in series or ihl
parallel. I

Lt should be helpful to you to review thekages on series and on.parallel
resistive circuits to remind: you how comp°bents are connected in series or in
parallel. It may also be.helpful to go all the way back tb:the package "Intro-
duction to Circuits" in vikth series and parallel connections of components
were first defined. 1

Before an example is worked, the rules forseries and parallel connections are
restated.

Series connection--components are in series if tfty are connected end to end
_ such that one and only one end of each
component is connected to another comp-
nent. Another way to identity series
compohents is to look. for components with
the same circuit current. Components in
series will always have the same circuit
current. .t SERIES CONNECTION

Parallel connection--components are in parallel if they are connected between
or across the same two voltage points In
a circuit. Another way to identify par-
allel components is to look for components
with the same circuit voltage. Components
in parallel will always have the same
circuit voltage.. PARALLECCONNECTION

A special case occurs wt(etic-40ere are only two components in the circuit. The
two components are both in series and in parallel since.they have the same
current and the same voltage.

$ 5 >276
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EL-BE-22
Series-Parallel Resistive Circuits

Here are some examples, to help you recog-
nize series.and parallel combinations.
In the figure, which resistors are in
series and which resistors are in parallel?
R
3
and R

4
are in series. They both have

the same current, 13, flowing in them.

There are NO resistors in parallel. No

two resistors are,connected between the
same two points in the-circuit. RI is

between points A.and B, R2 between 'B and 0,

R
3
between 8 and C, and R

4
between C and D.

The source E is between points A and D. All

four points are separate'points and can of
be combined since each is wparated by
least one component rather than a wire
nection. So the only thing you can do
is. to combine R

3
and R

4
into one equivale t

resistor which could be R and, red aw

the circuit.

Rx R3 + R4

111
R
x

- 20 + 10o

R = 30O

Notice that point C is eliminated when the
equivalent circuit is drawn. Notice also
that combining R3 and R4 into a single

resistor has resulted in the parallel
combination of two resistors R

2
and the.

new rests6nce-R
x

R
2

and R are both

between the points B and D and are in
parallel. No two resistors are in series
anymore.

.E and R are
both in series
and in parallel.

A RI 30-54

13

I

A 1:1120-11

Equivalent arcOli 1

Now you can combine R2 and Rx into a single. equivalent resistance; caTrl

R and redraw the circuit.

R2 x Rx
R
y R2 + Rx

15x 30
R
y + SO

41, R . 10U

a
0

6

27'7

Equivalent Circuit 2

110



EL-BE-2?
.Series-Parallel Resistive Circuits

P I

In the secondieqUivalent circuit, the only itwo resistors left are in series!'
CoMbining those tw(Nnto one final total resistance for the entire circuit,
R
t'

you have A

R * R + R . E
i

...........,-

t 1

Oil-
-. I pt

i042

D

Final Equivalent Circuit

R% * 30 +

Rt

Now that R
t

has been determixd,

I
1
=0.3A

c'an be found.

You can solve for all of the other currents and voltages in the original cir-
cuit by going back to the other equivalent circuits. Using equivalent circuit 2,

the voltage aiross R. E and the voltage across R.=E 1oRy
iss -Be

E
AB

*0.3Ax3OP E
BD

*0.3Ax10Q

E
AB

*9 volts E
BD

*3 volts

-Notice that E7AD.. E
BD

E
AD E

Kirchhoff's Voltage Law

9V + 3V * 12V

Going back' to eqkavalent circuit 1,
E
BD

E
BD

12 A---
and 11 * 5-- but E

BD.
has been found

4' nx,,
. w

3V 3V
2 Br' and W Writo be 3V so 1

1

2
* 0.2A

4

* 0.1A

Notice that I
2

+ I
3 1

Kirchhoff's Curl"ent Law

0.2A + 0.111.- 0.3A

7 278'



Finally, using the original circuit,

the voltage across
R3 EBC

13 x R3 and

En 0.1A x 200

EBC = 2V

EL-BE-22
Series4araliel Resistive Circuits

.

ti

across R4, ECD 1
3
x R

4

E
CD

id 0.1A x 10Q

Notice that EBC, + E
CD EBD

Kirchhoff's Voltage Law

2V + 1V 3V,

Finally, all of the currents and voltages have been found, and Kirchoff's
have been used as a double check.

E
CD

a 1V

DcomPle:

Find R
t
and solve for all of the cur-

rents and voltages in the circuit.
Which resistors are in series?' Only
R
2
and R3, so Rx R2 + R3

R
x

- 50 + 100

R
x

1500

Which resistors are in'parallel?

ol
Only R5 and R6, so R

Ry

R
5
x R

6

R
5

+ R
6

400x200
400 + 200

R s 133Q

In equivalent circuit 1, Rx and R
4

Rz

Rx x R4

R 4. 'R4

Rt i56 + 300

R n 100Q

150 x 300

r

Ra 50-12- R3 100-r1-

C

of Ri4 3902'

R;

674-

150V

are in

A

t

Laws

rall--- I 2.

2nou,0

parallel.

279
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Equivalent Circuit 1
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EL-BE-22
Series-Pirallel Resistive.Circuits

Finally itz and Ry are in series so that Rt R1 + Rz.* Ry

R
t

67 + 100 + 133a

Rt 300 0

E
isIt

K t

150y
It TOMI

I

t
= 0.5A -Equivalent Circuit 2

Ry
la3A.

.1'

Final Equivalent Circuit

EAB - It x R1 .

= 0.5A x 67o
EAB

E
AB

= 33V

E
BD

is It x- Rz

Et; 0.5A x 1000

E
BD

50V

EDEsItxR

EDE in. 0.5A x 13311

EDE 67V

E
BD

5 OV

mrn

I1 0.33A

E
B

50V
3000

EDE
13

5

67VI =
3 TM

0.107A 1
3

0.1675A

IA

67V

0.335A

E
BC

II x Rat

E
BC

- 0.33A x 50a

ECD I1 x R3

E
CD

0.33A x 100a

E 16.5V
ECO 33V
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EL -BE -22

Series-iacallel Resistive Circuits

It was already stated that some circuits do not have any combinations of
resistors that are either in series or in parallel. These circuits cannot be
simplified by the method presented'hen, One example of such circui is the
bridge circuit, Notice that rip two resistors are either in series or".in
parallel. Each of the resistors and the source is between vidiffereneset of
points in thetircuit. Also there is a different current in each resistor and
the source since the current divides at each of the points, A, B, C,and
Methods used to cataftte the voltages and currents are a subject for'amope'

.

advanced course in electronics.

BRIDGE CIRCUIT

Component Between Points

10 resistors A & B

-3a resistor A & C

source A &

C 40-resistor B & C

2a resistor' B & D
4
1.5a .resistor C &

E

Power in a series- parallel resistive circuit.is calculated in the same way as
it is,in less.complicated circuits.

The total powers, supplied by sources equals the total power absorbed by resistors
(or other sources if they are charging).

The power absorbed for each resistor is calculated once you, have determined
either the current or voltage for the resistor.

Using the resistor current P * I
2
x R

2'
Using the resistor voltage P

Using both current and voltage
for the resistor P*EkI

Al T three formulas give
the same answer.

The power supplied by a source is calculated by the fOrmula

P *ExI

014re E and I are the valUes of voltage and current for the source. If the

111
current is leaving the plus (4) terminal of the source instead of the minus
(-) terminal, the formula gives the power absorbed by the source.

4

10 .
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Self-Test

EL-8E-22
'Series-.ParallerResistive Circuits

For the circuits in questions 3-11, it, will probably be helpful to-assign
letter labels to each of tht separate points as was done.In the examples..
What may look like two different points will be the same point if they are
connected by a piece of Wire., Also twor resistors may be connected together':
without drawing a connecting dot, but a connection is nevertheless made so
that a letter should be assigned to that connection or' point. 'Draw your oWni
dot if it is helpful. 'Letter labels are already assigned for theiirst two
figures in order to help you understand the procedure.

Series resistors always hive the same

a. voltage.*
*b. current.
C. power.
d.. resistance values!.

2. Parallel resistors always hive the same

a. voltage.
b's current.

c. power.
A. resistance value.

3.. Determine which, if any, resistors are
series and find t 4muivalent values\

in

Determine which resistors, if any, are in
parallel and find their equivalent vIlue.

5. Solve for the total equivalent resistance
for'the circuit, in questions 3 and 4.

6. Determine which resistors, if any, are in:
series and find the equivalent value.

N.-

Determine which resistors, if any,,are'in
parallel and find their equivalent value.

Solve for the total equivalent resistance 1

'for the circuit. in ,questions 6 and. 7.

Circuit for Questions 3-5

(Circuit for 9-11 on following page.) Circuit fOr Questions 6-8
04

Solve for the equilalent value of resistance., or"the OW circuit (Rt
4

10.' Solve for the currents and voltages in each of the resistors.

11. .Solve for the power supplied by the source:

I

IK

5s1

a
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EL-BE-2
Series - Parallel Resistive Circui s

A

Circuit for Questions 9-117

110
.12

28

ti

.1
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.
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EL-BE-22
Series41aralIelResi tive Circuits

Task
1 Calculate the uivalgnt value of resistance for the circuit shOwn.

9V

.......
i

2..'4.1easure the 's rce voltage. Use this value to calculate t e current
drawn from the source with the circuit connected.

3. Check with your instructor that you have calculated the co sect values.
Then get a single' resistor equ-al in value to the calculate circuit value.

Connect the circuit and measure the current with the ammeter. Connect
also the'single resistor alone and measure the current with the ammeter.

All three currents should be close to the sameklalue. If your resistors
were low-tolerance types, the results could'be considerably off. Check
with your instructor to determine how well you did.

61 Calculate the equivalent value of resistance Mr the re-arranged circuit
as shown.

1.81i
11 I A JUMPER WIRE

Connect a jumper
wire between

3.k)
pc points A.and B

as shown.

Calculate 'the current when a 9 volt source is connected to the circuit.

connect the complete circuit and measure the currenti

,Connect a single resistor of equivalent value as calculated and measure
the current in the single resistor with the ammeter,

10. Have your instructor check. your calculated and measured results.

.1

*Points:A and B re indicated as separate points only to indicate where to
attach 'an interc nnecting wire or jumper When this jumper is connected, the.
two points become. the same point in the circuit. The circuit can be drawn a
different way by'plaCing the 2.2k resistor to the right of the lk resistor, ,

but an interconnecting.jumper is still needed.; In both cases the 2.2k and 1k
resistors are in parallel'and connected between the same two points in the
circatt. -,

4

II

13
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EL-BE-22
.Series-Parallel Resistive Circuits

Final 1"st

Ditermine which resistors, if any, are'in series.

1p 2. Deteriline which.resiStors, if any, are in parallel.

3. Solve, for the total, equivafent resistance.

4. Solve for the currents and voltages in each of the components.
b

5. Solve for the, power supplied bythe,source.

LW-51-s

V\P

ti

.1.1111..

25v v:

ti

1/5-st

100

.



Final Evaluation

Calculated Resistance

Calculated Current

Measured Current

Current Measured injquivalent Resistor

1.0.0.60
EL-BE-22

Series-Parallel Resistive Circuits

Final Test 85%

OK RE-DO

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

15 286
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EL-BE-22
. ,Series-Parallel Resistive Circuits

Answers

1. b. current.

2. a. voltage.

3. .No resistors are in series. . .

4. 3750, 3k, and 1k are all in parallel. All are between points B and C.

G a

ti

+ 0+ 1 = 004u.73-

1000

1
R =

1
D-70-0-4 = 250s1

MHO--(u)

(inverted ohm 0)

e4Uivalent value

5. 2k and 250o are in seOes.equall4g 2000 + 250 = 22500

6. 80 and 4s2 are in series equalling;',8 + 4 a. 120

5o and 70 are'in series equallin0 + 7 . 120

90 and 39 are in parallel equalfthg.9 = 2.25c

120 and_12o are in parallel equalling 60

2o, 612, and 2.250 are in series equalling 10.250

Circuit is drawn with letters assigned.

A 10-R

E 10-0

4
........-N"'.. ''''......"..

400\% iat:::"Peolints
1 B and C

/

1

/

in series, point C
is eliminated when .

combined
st. 1

in parallel between
points B and D

o
r
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A i'10

10V-7-7.1

1- \

\ 104

10V
10. f 4.05. - .25A

2:.5V

Po-sz

EL-BE-22

Series4uallel Resistive Circuit

\, in series R, - 10'+ 20 10o

2154 ) Rt 40Q

)

* F
I .25A in both ifio resistors and

20c equivalent resistance E IR

5V .25A x 20a

.167A a gir

E IR

20 1.67V - .167A x 10s2

3.33V .1t7A x 201

71
17 288

.i
.111A

3 3V
1.077.-.

.33V
.055A

3



11. Psource = 10y x 0.25A = 2.5W

V

t

4

4s.

EL-BE-22
Series - Parallel Resistive Circuit

f

18' -28J
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Final Evaluation

Calculated. Resistance

Calculated Current-
,

MeasuredsCurrent

Current Measured in Equiv. len Resistor
1\

Final 'Test 85%

,EL-BE-22
Series-Parallel Resistive Circuit

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

1.

9

A

,

0

,
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SWITCHES,AND RELAYS

1

it

Goal:.

The apprentice will be able to
describe., types of switches and
relays.

ki

r

Performance Indicators:

1, Identify comnon types of
,switches.

2, Desch Ex, re. lays.

a
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Objectives
Given:

An assortment of switches and relays

. e

V

Io EL-BE-23'
Switches and Relay.

The student will:

Identify the different types of

switches.

Connect circuits using switches to
operate lamps in different modes.

Draw operational circuit diagrams
using switches and relayS.

16

Questions on switches and relays Complete a. Final jest with an accu-

racy of 90%.

Directions
Obtain the following:

Assortment of, switches
A relay
Connecting devices
Lamp

Learning Activities
Study. Key Words list.

Read the Information Sheets.

Complete Task circuitt:and drawing..

Do SelfTest;

Do.final Test.

Obtain Final Evaluatiqn.
. f

air



LL-tit,-Z.J,
Switches and Relays

Key Woits

Arc: Adischaege of electricity through a'gas (such as air).

Closed: A closed loop, a complete path; a connected circuit.

NC: Normally closed; closed in the rest position.

NO: Normally open; open in the rest position.

Open:' An open loop not connected; not operatiOna4 disconnected,.

Pole: The Part of ;the switch that hos the moving contact on it.

Rotary: A switch that is turned with 'knob which can select, any one of many
contacts.

Throw: The part of a switch which has the stationary contact on 1.

Hydraulic action: Devices that'are operated by fluid flow. (Example! the

brake system in the automobile.)

Bimetal action: A strip of 2-layer metal that bends as heat is applied.
The bending of the strip can activate switches, etc.

I

Symbol for relay

Symbol fo'r switch

et,

'FOIE

THROW

or



Information Sheet

Switches and- Relays

The switch 'is one of the,,mosti common electrical devices. We use switches
every day to turn off or on our lights, appliances, and machines. Some

.switcheS"are- very" simple. 0 e example is the light switch that is on the wall

of a home. Skime switches ar very. complicated. These include multi.-heat

switches on the electric rang and rotary switches that are found in radios, TV
sets, and stereos..,

Let's start with the most simple switch, called the SPSTswich, The SPST

stands for single - pole,. single-throw. Below you see the symbol- for a SPST

switch.. Next to the symbol you see what the switch looks like (pictdrial).

0.

RILE

SYMBOL

0

PICTORIAL

Notice that on the symbol the are one pole and.one throw. Because,there is'

only,one of each, there are only two places to connect wires. 'On the pictorial

you will notice that there are only two terminals. This will-help you identify

a, single-pole, single-throw switch.. Now let's hook .this switdh into a circuit.

We will use' symbols for tho' circuit components. Study the symbols and pictor-

ials below. .Be 'su're that Au can identify each of them.

/

BATTERY

e

.

5
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EL-V-2a .

Smitches and.Relay

Here are two circuits. They are the same except that the firstiSne is shown
with the switch open and the second with the switch closed.

No current flow. Current flow.

The circuit that is open is broken; there cannot be-any current flow The
circuit that is closed has a complete path for'current. This makes it opera-
tional. This is the type of circuit that is NO in the common.flashlight.

As you have learned; switches are identified by the number of poles and throws.
Let's)ook at a single-pole, double -throw switch.

ROLE .0
THROWS

The SPST switch was good for turninvone lamp off and on with one switch.
How can we turn one lamp off and,on with two switches`? The SPDT is the switch
for the job. Study the next drawings. Notice that no matter which position
the switches are in, it is possible to turn off or on the lamp fropone position
or tn6 other.

SWiTCH I SWITCH
2

Closed

4

Open
4,

When this type of circuit is used in a home, it is called a three-way switching
hook-up.

N

1
4
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There-are other switches, which make it possible to turn off or' on a lamp frbm
'three or more positions. The folloWing shows the first twb'switChes we have
studied and _two other switOes that you may-see.

SPST

os

DOYTED LINE I4p111.5.
POLES WORK m7t1 HER

0-
.

DP3T
t

rOPOT

There are some switches that are made so that they 'return to the same position
when they are released by the .operator. These art called momentary-contact
switches. They areynormally'spring loaded so that they flip back when released:
Momentary-contact *itches can be the normally open type (NO) 'or the normally
'closed type (NC). Pictured below are the momentarp=contact-type switches:

4

1 A PUSH WILL A PUSH WILL .' ii.
tr-OPEN THE CLOSE THE CIRCUIT
I CIRCUIT____0 0............ ............0 0..............

NC, NO.. ,

NC 0 NO SWITCHES CAN 1..001.i ALOE

r
Another type of switch that is very aiiiimon and sometimes very, complicated is
the rotary switch. The rotary switch may have many sets of poles.and multiples
of throws. The following are a few rotary-switch syMbols and their names. 'The '
second P stands for position; 3P3P stands for three-pole, three-position.'

411

.0019..0

J

SP5P
SINGLE POLE
5 FOS/TION

298

8ro
0 1

An THREE POLES

$5.1*" WORK "TOGETHER
0

0
310,3P f 4

t
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Another switch which is less common 'but very importint_ is the reed switch. It
is sealed in a glass tube, and.is operated with a magnet. What it looks like is
shown below.

GLASS TUBE;
LEAVES

SEALED BOTH ENDS

AS THE MAGNET I 5BR000HT CLOSE' THE LEAVES SNAP TOGETHER
MAGNET

SPST NO
'3

o

The outside.appearances of switches, vary as to their application and mopnting
method. Below'are a few of the most common types and their names." The names
refer to_tne4z1chanisms which activate them.
,

.

Toggle Slide, Rocker Push' Button

1 .

Lever

Switches'are given ratingS for their'current and voltage capabilities.. 'To
Understand why this is done, remember that whenever an electric circuit is
broken, an arc occurs. 'This hot arc burns away. .at the contact points. The
more current or the more voltage, the greater the arc. The contact points take
most of the beating as the switch used. These points are made of metals' that
are very hard and willpnot burn or a material that is conductive even after it
is burned. The points in a car are of tungsten, a very hard material. The

4pOints_in a water heater are made of silver. Silver is conductivq after it has
been burned. Some switches have snap actions which switch very quickly. The-
.fast switching reduces the arc and saves the contact points:
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. %

Relays.

The relay is nothing more than a switch that is operated from a distance by an
operators a time clock, a radio or even a computer. :Neve you every wondered
what turns the bell off and' on at the beginning and end of the class time?
Right, -a. rqjay'll the switch that-does the 'job. The time ,clock turns on the
relafand the.relay turns on the bell.- You may ask, Nhy do we need a relay?
Cah't the rime clockturn on the bell?" If you think' about it fora while, you
will realize that there. are many bells in the. school biildinT. Just think of.
the arcing on the dontacts in the.clock. Woul'dn't it be better to divide up the -

switching into several switches for different parts of the building? Right
again. The clock will last much longer if we:doh't overload the small timed
swttch'ipside.the clock.

But just how does the relaj work? Mostrelays work on electromagnetic action.
Ttlere are few special types thatose air, hydraulic action or even bimetallic

. action ,to do the switching.' Let's consider the magnetic type..

The magnetic relay, as the name says, uses magnetic energy to operate the Switch
contacts. The *magnetism istproduced by the electric current from the coil. This
closes the switch and closesthe'circuit. When the current is off, the magnetic
field collapses, which allows the return spring AZ lift the arm and open the

. switc4. Study the circuit below. Notice' that the electromagnet is turned on and
off bf a remote SPST switch.

MAGNETIC FCLE FACES

REMOTECENTROL
SWITCH

ELECTROMAGNETIC COIL

When the SPST switch is closed, the arm of the electromagnet is pulled down
against the pole face with a snap. When the control switch is open (is shown),
the magnetic pull stops, and the arm is pulled off the pole face by the return
spring. It is this up-and-down action that is used to.close and open contacts
in the relay. The following circuit shows a practical set-up with a relay used
to turn on and off a motor on an industrial elevator.

9
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HEAVY WIRES

ELECTRIC LINE

Switchesand Relays ,
0

ELDER()
MAGNMC

GAIL

4

There is an advantage in using the relay to turn the motor off and on; small
wires to a small switch,can control large amounts of energy.

The construction of relays differs somewhat, but all of themsuse similar
action. The drawing below shows the consteUctiOn of a typical relay. Notice the
set of contacts. Which ones are normally open? Which ones are normally closed?

ROLE FACE (AC IYPES ALSO HAVE D RING)

.

RETURN
0

SPRING 2

ELECTROMAGNETIC

SWITCHING CONTACTS

3

5

6

I

COIL

Relay with Parts Labelled,

You are right! Contacts 3 and 4 are normally open (NO). Contacts 5 and 6 are
normally closed (NC). Connections 1 and 2 holi!c to the electromagnetic coil.
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ARother switch that you should know about is the mercury switch. This switch
is a position switch. When one side is up, the switch is off; when the Other
side is up, the switch is on. Study the drawing below. , Is this a. SPST or SPOT?
Now is the contact made?';

MERCURY WIRES "

Closed Position

MERCURY

Open Position

Right! It is a SPST switch. It has only two connections. Right again! The
contact is made by the conductive mercury touching the wires in' ne end of the
bulb..

You may have seen one of these switches in action on the trunk of a car. When
the lid is open, it turns on the light. When the lid is closed; it tilts the
switch which turns off the light.

3 02



Self-Test
-

Choose the .correct answer./

r
1, The A/C relay hai a special, on the pole face.

a. washer .

b. R ring .

c. pD.ring
d. A ring

k,.,44

Switches and Relays

*

2. The magnetism-in the relay is'provided by
a. the coil. ,

b. the contact.
c. . the terminals.
Id. the return spring.

3. This pUsh button is a type.
a. SPST
b. NO

.

c., closed
--0

d. .NC

4. This symbol is for a
a. SPST
b. DPDT

c. SP5P4
d. 5PSP

type switch..

0- 4

0---
0.11MIN

5. Identify the switch in this schematic.
a. SPST
b. SPDT
c. DPDT
d. DPST

6. In this drawing 51, is a .type switch.
a. toggle
b. rocker
c. SPDf
d. DPDT

\
4'

7. SPST stands for a type switch.
a. single -pole, single-toggle
b. single-pole, single-throw
c. any rocker

.

d. .snap

8. The snap action on some switches
a. helps the operator know When. the switch is activated.
b. increases the arc.
c. decreases the arc.
d. means that the switch is new. 41

0

12

4
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The mercury in the mercury switch prov,ides
a. the 1 riCV1 contact.
b. ght control.
ce ndication of twitch position:
d. mproved appearance.

10. Silver is used on some switch contacts because of
a. appearance.

b. lower contact resistance even if burned.

EL-BE-23
Switches and Relays

,c. smoother action,
d. high expense. 1,4

00
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Task

Constp(ct and test the following circuits.
)

Circuit 1.
Construct 'b.circewit tb turn on and 04 one lamp with one SPST swf ch.
(Use scheina.tic as a guide.)

#

'4

EL-BE-23.

Swi tches and Relays

I

Circuit 2

Construct a *circuit toturn off oron a limp_ from two locations using
two SPDT switches. (Use schemitic as a guide.)

UNE

110 Circuit 3
Construct a circuit to turn off or on one. lam with .a relay controlled
by a SPST swirh. (Use schematic as a guide.

SPST
Circuit

Complete this drawing (schematie) using a rotary switch as a selector
to connect any one of the following to an amplifier.

TURNTABLE

TUNER

`TAPE PLAYER

C1/4.**%0

0
AMPLIFIER
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Final Tept
1. SPST stands for

a. Single.:p ition,.single-toggle.
ts.6, Single-p le, single-throw.
c." Special-position, single-thrim.
d.r Any toggle switch./

2; In this circuit drawing Sris a
a. a toggle switch.
b. 4-way switch.
c. SPOT switch.
d. a rocker switch.

3. III this drawing Si A's a
a., SPST.

S1

b. MPST...
c.

d. DPDT.

SI ,SZ

4 This symbol is for a type switch,
a. SPST
b. 5PSP f

c. SP5P =0' '

d." DPST . 0
111

5. This push button is a type.
4

A a. NO
t . r

b, NC a
c. SPST
d. closed

6. The coil in a relay provides
a. 0-ring mount.
b. magnetic energy.
c. heat.

d. return action.

7. The D ring is found on
a. SPST switches.
b. normally open switches.
c. AC relays.
d. DC, relays.

3

" EL-AE-23

r
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,

I

8. Why are some switch contacts made out of silver?.
a. It makes the switch more expensive:.
b. The silver keeps its conductivity even though it is burned.
c. The action is smoother.
d. Less heat is developed.

15
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c

The mercury switch is a
positiori switch.

b. OPDT switch., ''.'

c. t4ermb switch.i
14 d. NO switch.

0, 0. Some switches have snap action
\A. sothe operator can hear the-snap.

b. to increase arcing.
c. to reduce ohm rating.

to reduce arcing and heat.

16
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,
A11 circuits 100% operational. -$

All drawing 100% Orrect. *.,

A score of 90% or better on' the Final Test.

Circuit construction
400
Circuit drawing

test

-t

a

When all checks are OK, proceed to the pexf package.

I

4

17
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Answers

Self-Test

1. c

:0 2. a

'3. b

4. c

5. d

6,

7. b

8. c

9. a

10. b

I.

gr.

18

N
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BASICS OF ALTERNATING CURRENT
OPP

Goal:

The apprentice will be able to:
describet'pe basic concepts of
alternating current.

VI&

Performance Indicators:

1. Describe flow of eledtrons.

2. Describe wave forms.

3: Describe cycles.and frequency.

Describe peak isms voltage.

5. Describe. audio generator.

4.
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Objectives

Given!'

- 'A series of questions on basic AC

Ten problems dealing .with RMS and
peak voltages

,

An' audio generator and 'head phone
,

Direcifons

Obtain the following:

An audio generator
Mead phone set (with.cOnnectinglwires)
Calculator

Learning Activities

'p

EL=BE -25
Basjcs of Alternating .Current

Th!. Vudent will:

Answer 9 of the 10 questions correctly..

Solve 9 of the 10 problems correctly.

Set up and operate the audio generator.
properly.

Study the Key Words list.

Read the Information Sheets.

Complete the Self-Test.

Sol4the problems on the problem sheet.

Do the Task.

Do the Final Test.

Obtain Final Evaluation.

3*.13
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Key Words

EL-BE-25
Wasics of Alternating Current

AC: _Abbreviation for alternating current. Symbol: Ar

Alternation: One half of a cycle; it can be positive or negative.

Alternating current: Current that changqspplarity at a regular rate.

Audio generator: A device that produces alternating current which can be changed,
in frequency, wave shape, and output level. Whis packagewill cover frequencies
Which are in the range of thelbman ear.

Cycle: A ,set409$ positive 'and negative alternations of an AC voltage.

:t-ALTERNANKNS

ALTERNATIO

'frequency: The number ofvcycles in a given period of ti e. As an example,
a frequency of 20 hertz means 20 cycles per second.

Hertz: The measure for the number of cycles per second. (Hz) .

Peak: The furthest point from the cener that a wave form reaches in either
Wirnegative or .positive direction. J'

PEAK

46-..11WAK

.1

Rise time: The .amount of time that it takes for a voltage to get from 0 up,
to peak.

RMS: Short for root mean square. It is a value that is 70.7% of the peak value
or .707'times peak.

°Sine wave: A smooth, ever changing wave form. A pure frequency.

Example of a sine waVe-- I:kft

S ua e,wave: A wave form that changes abruptly from 0 to peak value, holds
at p.ac and then abruptly goes back to 0, reverses to a peak and returns to 9.

4

Example. of a square wave--

4
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Information Sheet

AC and the Oscilloscope

In the last package you learned how to set up the oscilloscope and use it to
take DC voltage measurements. Although taking DC measurements with the scope
is important, the'real advantage 'of using an oscilloscope is to look at voltages
that change value at a fast rate of speed. Before we worry about how the scope,

sees these Oanging voltages, let's take a look at what AC really is.

Basics of AC

We kdow that DC (direct current) flows in one direction. The electrons leave
the battery from the,. negative pole, pass through the wires and the load, then
return to the battery's positive pole. 'The electrons are going in only one

direction. Study the circuit, below.

a

FLOW DC MOTOR LIAO

SHAFT ROTATION

From this circuit you should recognize that:

1. This is a DC circuit.
2. The DC motor is the circuit load.

3. The motor is turning ollkwise.

The motor can be reversed by changing the polar,ity of the voltage source
connected to it, thus reversing the direction of the current through the load.

If the battery were to be turned one-half turn, the motor would go counter-

clockwise. See the circuit below.

5

to*

)
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From the last drawing you shoyld -recognize that:

1. The battery is connected with the polarity re
2. The current flow is in the opposite direction
3. The motor is now turning .in a counterclockwise
4. The DC motor can be reversed by changing polar

Now let's go a step further We will set up a circuit that will switch polarity
of the battery. Study the circuit drawn below,

rsed.

,Itly.vection.

METAL HALF
RINGS

MOTOR -WRNS IN CLOCKWISE

DIRECTION

PHONOGRAPH TURNTABLE
a

As the battery rides around and around on the turntable, the spring brushes
slide on the metal half rings which connect the motor to the battery. Let's
look at,the circuit again after it has turned one-half rotation.

Now the polarity has 'nen reversed and the motor shaft direction has also been
reversed. The action that takes place is one of the motor changing direction
over and,over. The faster the phonograph turntable goes, the faster the motor
must change directions. This changing of direction of current flow is called
alternating current (AC) because it alternates polarity.

6
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To really see what is happening in an alternating current circuit we must be
able to recognize the changes of voltage and polarity in relation to time.
This sounds like a big order, but if we construct a graph to show these rela-,
tionships, it becomes much simpler. To get an idea of how this graph should

, look, let's go back to our turntable4C current producer and connect a graph -
drawing attachment to it. Study the drawing below.

wR

From the drawing above, you should be able to recognize that:

Ale"
1. As the battery rides around on the turntabl , a current that is

changing polarity is fed to the motor.

2. As the current changes polarity, the motor changes shaft direction.

3. As the motor tries to turno.it is limited by the springs.

4. The pen draws a line Wthe movtng paper which shows the direction
of motor shaft rotation.

The next step is to study the graph that the pen made on the moving paper. The
drawing following shows the graph and what happened in the circuit to cause it.

7 317
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MOTOR ON CON

MOTOR OFF SWITCHING TIME (INCHES
PAPER MOTION PER SEWN

TIME

MOTOR ON CW

This graph (called a wave form) can give us much information aboyt the circuit.
Study the following list:

I. We can tell how much voltage wa applied to the motor by the amount of
,motor pull. If the battery had more voltage, the peak wave would be

111
higher because the motor would turn more. (The higher the wave form, the
more the voltage.)

. o

We can tell the current direction (polarity) by the direction of the wave
from the off line. Above the off line is normally positive and below is
normally.pegative.

3. If we know how fast the paIr was moving (inches per second), we can
- tell how many changes of polarity took place per second.

i

The pen cannot get from the center (zero point) to the top of its swing.in
zero time. This slight delay makes the vertical lines slanted by just a
small amount. The time that it takes for the pen to go from zero up to
,peak i4 called rise time. The amount of rise time can be measured on this
graph ff we know how fast the paper was traveling.
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The Sine Wave

Most wave forms don't look like the one made by our battery turntable device.
The most common wave form i the sine wave. You may hear it called the pure
form of any frequencyl The alternating current that welet from the power
company has this sine shape. The drawing below shows a sine wave similar to
the ones produced by the power company. The amount of time span shown is only
1/60 of \$) second. This means that 60 of these take place in one second.

PEAK WA

t ----INS 120

.voas A/c

was 120 -

AAKI6a7r

/ CYCLE 1/60 SE---1-1

TIME go-

From the Jiwing of the sine wave you shot:11d be able to recognize that:

1. The sine wave is alternating current because it changes polarity.

2. The si e wave shows a smooth change of voltage frolfro up to a peak value
post e, then back down to zero. From zero it goe 'up to a peak value

negative then back to zero. This all took place i4 k1/60sof a second.

The list of events that took place in 2 above is called a cycle. Each

cycle is, made up of one positive alternation and one negative alternation.

4. We can measure alternating current by the number of cycles per second.

5.

6.

7.

The peak voltage is the veritop of the wave form.

The amount of time that it takes for a voltage to get from zero up to
peak ts called rise time.

The RMS voltage is slightly lels than the peak value. 0:1.7% of peak.)'

An explanation of RMS voltage follows in the next paragraphs.
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Frequency in Hertz

As was stated before, we 'can measure alternaeng current by the number of cycles
f` per second. The measure that is used is called frequency (how.frequently a cycle

takes place). Remember that frequency in hertz deals with the number oftycles
per second; no other time interval. As an example, the frequency of the power
line Is 60 Hz. .The cycles per second is understood. 60 Hz = 60 cycles per second.

A

ti

Peak and RMS Voltages

When AC voltageS are measured, we have a different problem from what we had
with DC. The DC voltage was the same as long as the circuit was on. With AC
both the negative and the positive voltages go up and down. Why not measure
the voltage Let its highest point (the peak voltage)? This might sound like a
good way to do it, but there is a problem. The voltage is only at the peak for
just an instant. Because of this, the amount of power from a 100 volt AC circuit
is less than from a DC 100 volt circuit. It was found that 100 vdtts peak AC
produced as much power-as a DC voltage of 70.7 volts. All A0foltmeters don't
Measure peak, but they do measure .707 times the peak. This( measure is caned
RMS voltage. If we know the peak value of an AC voltage, we can find the RI40.

RMS = .707X peak

Let's say that we checked the line voltage and found that it was 160 volts peak
value. What would be the RMS voltage?

RMS = 160 X .707
RMS = 111.1 volts

AC voltages are almost always expressed in RMS. The line electrical outlets in
our homes are called 110 volts. This is really t RMS voltage. If this is so,
what is the peak line voltage? To figure this one we need another magic number
like the .707. This time the number is 1.41421. This-one you can find with
your calculator if it has .a square root sign V--) on. it. 1.41421 is the
square root of 2.

The formula for finding the peak voltage if the RMS is known is

feak = RMS X 1.414

Let's finish our problem. We said that the line voltage was 110 volts RMS. This
means that

Peak = 114 X 1.414
Peak =.155.5 volts

Ie

If you are unsu e about how to do this, read tt again'because the test will'
have probl ms ealing with RMS and peak. Refer to the sine wave figure as shown
in the beg ng of the discussion.

10
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111
e The Audio Generator

When there is need to testa DC circuit, it is a simple matter too use a battery
or a power supply. The AC circuit is a different matter. In the AC circuits
it may be necessary to change not only voltage but frequency and wave shape as
well. The device to do this is called an audio,generator. As the name *plies,
it generates audio frequencies. The audio frequencies include the frequencies
that can be heard with the human ear. The audio generator must include fre-
quencies from 20 Hz to 20 kHz.

4

Audio generators differ-somewhat depending on the manufacturer, but the Controls
very similar. The following'drawing is of a typical audio generator. Study

the controls 'so you can explain what each of than.does..d.

PILOT LIGHT .
'4 POWER SWITCH.--0-9

ARSE
FREQUENCY

$

I

SINE

WAVE SHAPESHAPE SEAR)

11 321
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'FINE FREQUENCY ADJUST

OUTPUT TERMINAL

OUTPUT VOLTAGE CONTROL
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Problem Sheet
*

I. The line voltage was measured,to be 117 volts RMS with a voltmeter.
What is the peak value?

`IP

2. While working on a poWer ,supply the peak AC voltage was measured with an
oscilloscope.' The voltage was. found to be 155.5 volts peak. What was; the

..RMS voltage?

While working on the water heater in my house, I found that, the voltage
; . across the el eMlIt....Wa.a..223..Nolts. RMS. _ What .was the peak val ue?

4-10.
The table below represents a series of line voltages taken o'ver a period
of one week at the peak' load time. Some of the readings are peak values
and some are RMS values. Complete the. table so that both peak and RMS
values are given.

eak RMS

4 Sun 125

5. Mon 150

6 109.5_rues

7 Wed 146

8 .Thurs 113

9 Fri 142

10 Sat 110.2
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Self -Test

1. To reverse most DC .motors you must
a. switch tae shaft end to end.
b. invert the motor.
c. reverse the polarity, of the connections.
d. give the shaft a twist in the opposite direction.

2. The difference between AC and DC is that AC
a, flows in. one direction. a

b. switches on and off.
C. . switches polarity.
d. has .only positive alternations..

41.

3. The rise time is
a. the time it takes for one cycle of AC.
b. the time it takes for the voltage to go from 0 to the peak value.
c. the time it takes for one turn of the motor.
d. the lag between cycles.

4. The sine wave is
a. a smooth pure wave form
b. an abrupt changing wave form.
c. a triangular shaped wave form.
d. a sawtooth type wave form.

5. One cycle is
a. equal to RMS times peak.
b. one"positive alternation and one negative alternation.
c. a span of 1/10 of a second.
d. equal to RMS minus peak.

/ 6. RMS voltage is
a. higher than, peak.
b. ,equal to' the square root of two.
c. equal to .707 times the peak value.
d. equal to 1.414 times the peak value.

7. The audio generator produces signals-in the freq0eacy range
a. 10 hz to 100 kHz.
b. 20 hz to 20 kHz.

c. 400 cps to 5 kHz.
d. any electric organ.

The audio generator's output can be controlled to
a. change frequency.
b. change resistance. ,

c. change wave shape, voltage, and frequency.
d. change wave shape, resistance, and voltage.

The AL voltmeter measures
a. peak value. \
b. 1.414 volts 141$ than peak.
c. RMS' voltages.
d. .707 of the. RMS voltage.

13
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Task

EL-BE-25
Basics of Alternating_Current

Set-Up and Operation of the Audio Generator

For this task you will need the following materials:

One audio generator
One pair of head phones
One set of connecting wires

Set-Up

Refer to this drawing.'for alf steps in this-task.

(All audio generators are not alike, but they will have comparable controls.)

?P

With the audio terator in front. of you
IDENTIFY the oll wing controls:

*

1. ff- o witch

2. Pilo

3. C..rse frequency adjust

4. Fine frequency adjust

5. Wave form switch

6. Output level control

14
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7. Output terminals

8. Power cord

Operation of the audio generator

fi
1 . Plug in power cord.

2. Switch unit on (check pilot).

3. Adjust fine frequency control to 1000 Hz.

* EL-8E-25
Basics 'of Alternating Current.

4 . Switch coarse frequency to cortrect band for 1000 Hz (8).

5. Switch wavenform to sine position.

,6., Connect head phones to output terminals.

7. Place the head phones on your head with the phones slightly off ears
'(to avoid loud blast).

8. Adjust output level control so you can hear the sound (called 4 signal).

9. Turn the.freqUiency controls to different settings. (Notice how the
pitch in the phones goes up as the frequency is increased.) What'is
the highest frequency you-can hear?

Answer the questions below.

1. What 11s the lowest sine frequency that you can hear? (not feel)

Hz

2. What is the highest sine frequency that you can hear?

Hz

3. How does the square wave soung different from the sine wave?

Instructor check

15
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Final Test

I

ELBE-25
Basks of Alternating Current

1. A smooth, ever-changing pure wave form describes
a. a sawtooth waveform.
b. a triangular wave fam
c. a sine wave form.
d. a trapezoidal wave form.

2. In an AC wave form, the time that it takes for the voltage to go from
0 to the peak value is known as
a. one cycle.
b. an alternation,
c. the rise time.
d. the fall time,

3. AC is different from DC because AC
a. flows in one direction.

, b, switches on and off.
c. switches polarity.
d. has longer cycles,

4. To make a DC motor reverse directions
a. reverse the Warity of the connections.
b. -invert the motor.
c, reverse motor shaft end to end.
d. give the shaft ia twist in the reverse direction

5. The major advantage of the oscilloscope is its ability
a. to measure DC power levels.
b. to see changes that happen at a fast rate of speed.
c. to measure DC voltages.
d. to measure DC, current level.

6. The output of the audio generator can be changed
a. as to its voltage.
b. as to its voltage and wave shape.
c. as to its voltage, resistance, and wave shape.
d. as to its voltage, frequency, And wave shapes.

7. The normal AC voltmeter measures
a. RMS voltage.
b. peak voltage.
c. .707 of the RMS value.
d. 1.414 times the peak value,

8. The frequency range of the audio generator includes
a. 20 Hz to 20 kHz.

'b. 10 Hz to 400 Hz.
c. 1Hz to 10000 kHz.
d. 1kHz to 2kHz..4

16
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Basics of Alternaiing Current

9. RMS voltage is
a. equal to .707 tines the Peak value.
b. equal to 1.414 times the peak value.
c. equal to the square root of two
d. theisame AS the peak value.

10.E One cycle Pf alternating current is
a. one span of 1/10 of a second.
b. equal to RMS times peak.
c. , one positive Alternation and one negatiye alternation.
d. equal. to RMS minus peak.

41#
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Completed Task

Comp le ed 'blem sheet with 90%:Or 'better'

Completed Final Jest with 90% or better

EL-BE-25
Basics of Alternating Current

0

MITMON4=41.

9

OK RE -DO

When al 1 checlo indicate OK,. proceed:to:the next ltarning package.

M1

r- ;

.4

4

4



Answers to Problem Sheet:

1. 165.5 V peak
2% 109.9 V RMS
3. 318 V peak
4. 177

5. 106

6. 155

7. 103

8. 160

9. 100

10. 156

Aniwers to Self- Test:`

1. c

2. 'c

r. a

5. b

6. c

7. b

8. c

9. c

EL-BE-25
Basics of Alternating' Current

, r

329
19

fft

4



4

Goa

Wr

ra

anwascoonaa. ummtsa maim

The apprentice will be able to.
describe permanent and
electromagnetism.

S

A

5.17

MAGNETISM

9

Performance Indicators:

# 1. Describe permanent magnets.

2. Deschibe magnetic fields.

3. Describe laws of repulsion
and attraction.

Describe magnetic flux:

5. Describe electromagnetism.
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Objec5tives

Given:

elist of questions about basic
permanent magnetism and

electromagnetism.

A set of magnetic equipment.

Directions

Obtain the following:

Set of agnets

Compa s
Magnetic cores
#18 wire

Paper or cardboard tube
Power supply
Box of nails

04144%,

Learning Activities

.11...1../..

I

EL-BE-45
Magnetism

The student will:

Answer questions on the final test with
an accuracy of 90 percent.

Identify magnets and magnetic polarity.
Wind a solenoid and an electromagnet
and test each.

o

Study Key Words list.

Read Information Sheets.

Po Self-Tests.

Do Task A.,

Do Tasks B and C.

Do Final Test.

Obtain Final Evaluation.

4`



Key Words

Coil: ,5 spiral winding of wire.

11

Core: The center part of a coil, made..of a magnetic material or air..

Domain: Vett tiny magnetic area in iron, nickel, or cobalt.

Electromagnet: A coil of wire powered by a source of electricity.

Field: The-magnetic flux around a magnet.

Flux.: The Ilnes of magnetic force around a magnet.

EL-6E-4
Magnetism

Gauss: A unit that is used tomeasure the amountof magnetic force.

Keeper: A piece of iron across the poles of a magnet placed there to prevent
loss of magnetism when the magnet is in storage.

Line of force: Referring to the magnetic fluw. -

Magnetic metals: Iron, nickel, and colbalt.

Mainetjc polarity: Referring to the north- and soyth-seeking ends of a magnet.

40
Magnetomotive force: The magnetic push.

Pole: The end of the magnet, where the magnetic force is greatest.

Residual mainetism: The magnetism that remainsinta metal after the magnetic
force has been removed.

Saturation: The point at which a piece of magnetic materlal cannot be further
magnetized.

o ; .

, ! 1.4
Solenoid: ,A coil without ritore. fioucking coil.

4
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Information fleet No. 1

Permanent Magnets

Magnetism is involved in.a great number of electric and electronic devices
such as Motdif's, solenoids; transformers, meters, etc. A knowledge of the basic
principles of magnetism is important for.understanding the operation..of these
Ovides.

V

.00

EL-BE-45

Magnetism

There are only three magnetic materials on earth: A magnetic material is s-a

material .that can be attracted by a magnet. These materials are.iron, nickel ,

and colba/t. Materials like steel ire alloys that contain iron; therefore,
they are magnetic.

The simplest magnet is a bar magnet. One end of the magnet is labeled Nand
the other.end is labeled S. All you have to do to understand the N and S is to
make a compass out of the bar magnet. The end that points north is stamped N
and the end'whjch points south is stamped So when we say the north'end of
a magnet, we mean the north-SEEKING end. Whatlmakes.a magnet.want to point .

north and south? No one has.the answer to that question. The exact nature
of magliaism is not really known., but we. are aware.of the actions of magnetic
materials. If we look into a piece ''Of iron with a magnetic eye, we will see
a lot of tiny magnets called' domains, pointed every which way all over inside
the material. Reinember that these domains are only in the three magnetic
materials:. iron, nickel:, and colbalt. The shape of .the domain is not really
known, but we will picture,it as a tiny bar.'-TOese domains can.turn and spin
around in the material.' The drawing below is.a,domain grouping inside a non
magnetized iron bar.

NON -MAGNETI ZED
IRON BAR

ice that the domains are pointing every'which way. The total effect is that
N end of each.domain is facing a S end of another domain. This cancels out
external magnetic foRte 'so the bar of iron is not a magnet.

*.
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t
04 If the bar of unmagnetized iron were put into a magneti field-(next to a

magnet), the domains inside of the iron would align the se)ves with the
magnetic field. Study the drawing below.

I

The magnetic domains in the. iron are lined up so that the S ends are pointing
toward the N end of magnet. This causes.the magnet to attract the iron and .

makes a temporary magnet out of the iron bar. (Notice the dotted S and N w

111 indicating that the magnetism is temporary.) When the magnet is removed from
the iron bar, the domains will spin around to cancel out the magnetism. "The
iron turns back to the nonmagnetized state. . c

If there were some
4$

way that the domains could be locked into'the magnetized
condition,. the iron bar would remain a magnet. This is impossible. with soft
pure iron. The addition of carbon, copper,, aluminum, colbalt, and nicker to
the iron produces an alloy 'which will lock the domains so they cannot turn.
This means that a permanent magnet fs-a'special alloy of metals. The magnet
must have special handling because heat or jarring will-tend ,to unlock the
doRains, which will destroy the magnetic effect.

The Magnetic Field

The magnetic field, sometimes called a flux field, is the invisible force
around a magnet. This force is very common. Because the earth is a magnet,
we live in magnetic fields all the time. When we walk, we are going through
these magnetic lines. Now can we detect or see magnetic lines? One way is to
take a bar magnet, place a sheet of paper over it, and sprinkle iron filings
on the .paper. The following-drawing shows what the result would look like.

.1%
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-IRON - FILING' PATTERN OVER A BAR MAGNET

.0-PAPER

EL-BE-45
Magnetism

From the iron-filing pattern, it is.h#rd'to see the full picture of the lines
of force. What can be seen is that:

1. The ends or poles have most attraction:
2. There are two poles.
3: There seems to be no magnetic action in the center.
4. The force field seems to be inlines from one end to the other.

In the following drawing the magnetic flux ls.shown again, but this time it is
shown more-clearly thin could be done with the iron filings. (Only a smal)
amount' of lines are shown to make the drawing clear.)

I

t I

This drawing,shows-that there are distinct lines of magnetic flux. Each has
direction from the N end of the magnet to the S end. These lines are also
complete (continuous) from the north to ,the south end.

7
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The Magnetic Liws of Attraction and Repulsion

As was stated before, the N end, of the magnet tries to point north. This means

that there is an attraction to the north pole of the -earth. This makes the

compass (Which makes use of a magnet) very important for navigation. What is

happening to the flux lines dur$ng the attraction? Study the drawings of:the

magnets below.

Attraction

North to South

Attraction
South to North

Repulsion
North to North

rt

Repulsion
South to South

knowledge of the directions and form of these magnetic fields is very important
for understanding the operation of devices such as, speakers, tape-recording

heads, etc.

From the drawings you know that: '7

1. Unlike magnetic poles attract. (North and a South or South and h

North)

2. 'Like magnetic poles repel. (North'and a North or South and a South).

3. When the poles attract, the flux lines from one magnet combine with

the flux lines from the other magnet.

4. When the poles repel, the magnetic flux lines do not combine.
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Keepers

IIMThe magnetic flux passes through materials with different amounts of resistance.
As an example,, the magnetic flux passes through'iron much more easily than
through air, plastic, etc. For,a magnet to last a long time, the gap between
the north and south poles should be as small as\possible. When the magnet is
not in use,/it is wise to place a bar of soft iron between the poles. This bar
of iron is called eKEEPER. The magnets pictured below have keepers on them.

S

N

af - Magnets with Keepers

Measuring the Magnetic Flux
0

How strong a magnet is depends on many factors. Some of these factOrs are the
following':

I. The mass of the magnet (amount of metal;
2. How well At is magnetized.
3. The alloy of the metal. '

4. Its shape or form.

The' more lines of magnetic flux per area, the more magnetiC effect we can,get.
The measure of magnetic flux concerns the number of lines. There are at least
three systems of measurement of magnetiEiflux: Gauss, Maxwell , and the Weber.
Gauss is a measure of the number of lines of a magnet. The Weber has to do
\wi.th the amount of flux change.per second to produce one volt induction." As a
point of comparison, the earth's field is less than one Gauss while a small toy
horseshoe magnet could have 200 Gausi!

The kquare Law Magnetic 'Relationships

Studythe drawing below that shows tests of magnetic pull.

c*:-. SHEET OF WER

41 LboS

MAGNET TO PULL

OFF

Each time that you double the distance between.the'magnetic pole of the magnet0 and the magnetic Material, the magnetic pull decreases by the square of the

distance. This means that as you move away from a magnet, the flux level drops

at a fast rate. This is very important when dealing with tape heads of a tape

recorder. A very amount' of dirt can hold the tape far enough from the

head to make the tape unit completely inoperative. Keeping the magnetic gap

clear on a tape head is very important.

339
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Self-:Test No.'1

The magnetic field is sometimes called'

a. magnetic force.
b. flux lines.
c. iron filings.
d. north and- south.

2. The direction of magnetic fields ts

a. around the magnet in a crosswise direction.
b. from the north pole to the south pole.
c. from the south pole to the north pole.
d. along the sides of the magnet.

te

The law of magnetic attraction and repulsion states that

a. like poles 3epel and unlike poles attract. .

b. like poles attract and unlike poles repel.
c. the south pole attracts another south pole.
,d. the square of the north pole equals the square of the south pole.

4. If a block of soft iron is l'cm from a magnetic pole and then moved to .5
cm, the force between them will

a. double.
b. halve.
c. quadruple.
d., triple.

5. The flux lines around a magnet are

a. in both directions.
b. more dense as you, move away from the pole.v
c. complete from the sodth pole to the north pole.
d. complete from the north pole to the south pole..

6. The strength of a magnet in the center section halfway between the poles is

a. equal to the square of the north pole.
b. zero.

c. four times stronger than at the poles.
d. weaker in larger magnets.

7.. The skrength.of a magnetic field is measured in
04

a. volts per inch.
b. Gauss or Weber.
c. flux line diameter.
d. the square Maxwell.

The"following materials are magnttic

a. lead, tin, and zinc.
b. gold, silver, and copper.
c. alUminum, chromium, and platinum.
d. iroN, nickel, and colbalt.
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Information Sheet No. 2

EL-BE-45

Magnetism

Electromagnetism

There is a relationship between magnetism and electricity. One of these

relationships'is that whenever current is passed throdgh a condUctor, a

magnetic flux is set up around the conductor. The form that themagnetic flux
lines make is one which surrounds the wire in a sheath. Study the drawing of
the current-carrying conductor,

CURRENT DIRECTION

The Magnetic Flux around a Wire

FLUX. LINES

From the drawing you should be able to recognize that:

1. The current-carrying conductor has a magnetic flux around it.

2. The magnetic flux is around the wire in a crosswise direction.

3. The magnetic flux is continuous all along the wire.

If you know the direction of the current flow through the wire, you can tell

the direction of the magnetic flux around the wire by the use of the LEFT -NANO

RULE. The following drawing shows this method.

FLOW DIRECTION

--FLUX DIRECTION

Grasp the wire with the left hand with the thumb pointing in the direction of

the current flow. The fingers will wrap around the wire in the direction of

the magnetic flux lines. Also, if the fingers were.to be wrapped around in the
direction of the magnetic flux, the thumb will point ,in the direction of the

current flow.

co.

A

11

341
41,



4

EL-BE-45
Magnetism

The amount 'bf magnetic flux around one wire is quitWsMall. To make a stronger

flux field, we can concentrate the wire by Winding it into a coil. To picture

how the coil can concentrate the flux, study the drawing of the coil below.

CURRENT

The flux lines go from the
north end to the south end on
the OUTSIDE of the coil.

FLUX FOR ONE TOR

111*---coMbined flux lines for the toil

0 From the. drawing it, can be seen that the,flux lines around, each' of the

coil can combine with the flux lines from the next turn. All of the flux lines

will combine to form a magnetic flux for the coil. Check it out with the left

hand rule. The more turns of wire in4he coil , the stronger the magnetic

effeCt. Notice from the drawing that the magnetic polarity is shown. This top

can be seen. Remember that the flux lines go from the north end of the magnet

to the south end ON THE OUTSIDE OF THE MAGNET. Check it out on the drawing.

weilP

T jeiliectxonytaj_. _cgie

Now that we know how thecoil works, we can make an electromagnet.
r

First, we

need a core. The core should be a magnetic material. Iron Is the strongest of

' the three and also the most i xpensive. Because we want to turn the magnetism

411off, we need a form of iron t won't let the domains lock up. Remember, soft

iron is the best choice here ecause the domains are free to spin around and

cancel the external flux lines. The iron will concentrate the lines close to

the coil to give us the best magnetic effect.,

a
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constructconstruct ihe electroMIgnet we wind the wire around the core in a neat

0 spiral of insulated wire so the windings will not short from one to the other.

Study the drawing of the electromagnet.

1 SW I Tal

-r BATTERY

k.

VIloim.

11111ME111

The Electromagnet

MAGNETIC FLUX

50FT IRON CORE

,e4

The magnetic action in and around the electromagnet is much the same as that of
the permanent magnet except that the electromagnet can be turned off and on and
can be many times stronger.

MS41122.1.91

Another type of electromagnet whic is very. useful is called a solenoid. The

solenoid is an electromagnet witho t a core. The part that makes it inter-
esting is that it seeks or attract a core when it is turned on. To make a

solenoid you wind the insulated wi e around a hollow nonmagnetic tube. The

tube can be made of paper, plastic, or even a metal such as .copper or brass.

-St4dy the drawing of the solenoid below.

=1.00111

s a, oe &Yee .
fifORMINEN

CORE

The Solenoid "Sucking Coil"

When the coil is turned on,
the core will be sucked to
the center of the solenoid.

0

L,\

Because of 'the mechanical traveNet the solenoid can produce, it is used to

do the following things:

1. Turn switches off and on.
2. Control draft and air flow in heating and ventilating systems.

3. Shift gears.
4. Operate door chimes.
5. Start or stop machines.

13
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Factorsiof Magnetism

There are mipy measures and factors of magnetism. Included here are a few of
the most important ones.

EL-BE-45
Magnetism

Magnetomotive Forcei"(MMF)

Magnetomotive force is explained as the force needed to produce a magnetic
-.field. This force can be made stronger by increasing the number of tufig0
of wire on the coil or by increasing the amount of current through theltoil.
The ampere turn is used with magnetomotive force as a unit of measure.

Saturation.

Saturation refers to the state of a,core which cannot be further magnetized.
More magnetomotive force will not increase the amount of magnetism of a sat-
urated core. This condition takes place when all of the domains in the core
are lined up. It is at this point that more energy cannot increase the domain
alignment so the core is said to be saturated.'

Residual Magnetism

Residual magnetism is the magnetism that remains after the magnetomotive force
isTenoved. This condition is caused by a few of the domains staying locked in i

one direction. This residual magnetism can cause problems. As an example, a
relay can stay stuck down after the current is turnfid off.

Demagnetizing

Demagnetizing is the process of removing the magnetic effect from a material
or device. Many times tools will become magnetized and will need to be
demagnetized. Tape recorder heads often need to be demagnetized.

The device that is used to demagnetize is nothing more than a large coil with
no core. The power to operate the coil is AC. To operate the unit the power
is turned on to the coil. This produces a magnetic field that switches polar-
ity back and forth. The object to be demagnetized is placed into the coil.
The object forced to be magnetized first one way and then the other. The
object is then slowly removed from the coil. The strength of the backs.and-
forth reversing field becomes less and less. This leaves the object with no
residual magnetism.

'4
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Self-Test No. 2
1

1. If a current is flowing through a wire

A. a magnetic field around the wire will be present.
b. no magnetic action is present.
c. one end of the wire is north and the other south.
d. the heat from the wire destroys the magnetic effect.

2. Electromagnets are made by windi'N wires into coils because

a. it produces less heat.
b. the core is easy to install.

C. the leads are easy to connect.
d. it concentrates the magnetic field.

3. The left-hand rule for conductors

a. is used for checking wire temperature.
b. is used so the right hand is free to write voltage readings.
c. shows the flui direction if the current direction is known.
d. is more accurate than the right-hand rule.

A solenoid is sometimes called

a. an electromagnet.
b. a sound generator.
c. a sucking coil.
d. a long cored coil.

Saturation is

EL-BE-45
Magnetism

a. the point at which more magnetomotive force cannot.produovore
magnetism from a core.

b. the point at which the coil cannot pick up moisture from the air.
c. the peak voltage point.
d. caused by the residual magnetism.

6. A solenoid is used for

a. heating soldering irons.
b. controlling temperature.
c. mechanical' movement of pulling.
d. 1Weasuring resistance.

7. Demagnetizing is best done with

a. a hammer.

b. °A strong light.

c. a large AC coil.
'd. twisting the metal one half turn north.

15
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Task A a

EL-BE-45
Magnetism

Giv01: Four unmarked magnets., a compass. #

1. Identify the north- and south seeking ends.

(Use masking tape to make labelst)
i If

When using the compass, keep it at least one inch away from the magnets'

poles. .

[] Instructor's Check

1

AO

Given: Two bah of iron with no markings:

one unmarked magnet
one unmagnetized iron bar

2. You must present the magnet to: the. instructor in five minutes.

Rules: 1. No other metal WO ay be used.

2. No compass can be us
3. You may not try to make a compass from the bars.

0 Instructor's Check

ti
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Task B
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Given: Iron core, paper tube, #18, magnet W4, and a heavy power supply.

1. Construct the following solenoid:'
, .

.Wind 30 turns of #18 magnet wire on the paper tube. The wire must be

closely wound in a neat, spiral.

Leave 10 inches of wire at each end of the coil 'for leads. (Tape each

end of the coil to hold the wire.)

Strip one-half inch of insulation offthe end :of each lead.

gelm30

A

Apply 3-5 volts to the coil from the.power supply. (Don't overheat the

coil.)

11111111
4oP

With the power applied to the coil, place the core into the coil.

1111111111

Explain what happened.

U I. 6100Ftor's Check

17 3,47
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Task C
4 VI

0

EL-8E-45
Magnetism

Given: Iron bar, #18 magnet wire small box of nails, and a power supply.
1

1. .Mind 40 turns of 4ire on the iron bar in two layers of 20 turns each.

Leave 10 inches of wire fortleads.

Strip ends as in Tasic:13.

Tape the coil to hold the wire.

Iron nails -1(..%4
>4 v.

+0

-CORE

2. Apply power as called for in the chart beAw.

3. Count the nails that it is possible to pick up with the coil at each
voltage level.

Volts Number of Nails

.5V

IV

5V

10V

15V

4. Did the core become saturated?

0 Instructor's Check

ti

0

Work.fasti.the coil will become hot!

14



Final Test

44

I. The Gauss and the Weber are both measures of

a. current levels in a coil.

b. magnetic force.

c. the Maxwell.

A. volts per inch.

The lines of magnetic force have,direction frail

a. the south end to the north end of a magnet.
b. the poles to the center of the magnet.
c. the north end of the magnet to the south end.
d. the center of the magnet to the poles.

The three magnetic metals are

a. iron, copper, and zinc.
b. iron, aluminum, and nickel.
c. iron, colbalt, and tin.
d. iron, nickel, and colbalt.

r.

EL -BE -45

'Magnetio

4. If two magnets are brought together,/the following action result:

a. the like poles will repel.

b. heat will be produced.
c. the two north pples will attract.
d. no action will take place.

5. if an iron bar.is brought to within one inch of a. magnet and then moved
ti two inches away, what will happen to the pull?

a. It will dOtible.

b It will be reduced by four times.
c. It will be reduced by one-half.
4. It will be .the same.

The left hant`rule for conductors is used to

r

a. check wire temperature.
b. show the direction of magnetic flux.
c. Iteasure voltage.

d. ',count the flux lines.

A solenoid is a coil that

a. provides heat.
6. is used as a holder for soldering irons.
c. pulls the core to the center of the coil.
d.. has a,permanent iron core.

11
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8. ,Coils ot wire Are used for electromagnets because

a. they produce less heat.

b. they hold tha core better.

c. the leads are easy to connect.

d. they concentrate the magnetic flux,

9. If the core of an electromagnet becomes saturated

a. it must be thrown out.

b. it cannot be magnetized to a higher level.

c. it must be dried out.

d. it has reached the domain level.

10. To demagnetize a tool or part

a. a large AC powered coil is used.

a heater must be used.

c. a ship hit with a hammer will do it.

d. a stronflighf will do it.

20
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Final Evaluation

Completed Task A

Completed Task B

Completed Task C

Completed Final Test with 90% score

EL-BE-45
.Magnqtism

1

OK RE-DO

4

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

21 351
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Answers

Answers to Self-Test #1

1. b

2. b

3. a

4. c

5.

b

7. ti

8. d

Answ% to Self-Test #2

1. a'

2. d

3. c

4. c.

5. a

6. c

7. c

of kc#44:.

,
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