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OHM'S Law
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Kirchoff's Current Law
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6.1 General Safety
6.2 Hand
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6.4 Fire Safe y
6.5 Hygiene Safety
6.6 Safety and Electricity.

ALARM BASICS
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Page IV

LOW VOLTAGE ALARM

SUPPLEMENTARY REFERENCE MATERIAL

Intrusion Detection Systems: Principles of Operation and Application
3

Author: Robert L. Barnard
Edition: 1981

Understanding and Servicing Alarm 4ystems

Author: H. William Trimier
Edition: 1981:

In the event additional copies are needed, they may be purchased through:

Butterworth Publishers
10 Tower Office Park
Wbburg, Ma. 01801
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RECOMMENDATIONS FOR USING TRAINING MODULES

The following pages list modules and their corresponding numbers for this

)particular apprenticeshiptiade.hs related training cldssroom hours

vary for different' reasons thr6 hout the state, we recommend that

the individual apprentices6p.co ittees divide the total Ockets to

fit their indiVidual clawschedu

There are over 130 modules available. Apprentices can complete the

whole set by the end of their inde tured apprenticeships. Some

apprentices may..already have knowl dge.and skills that are covered

in particular modules. In those cases, perhaps credit could be
, 4 1

granted for those subjects, allowing.apprentcies to advance to the

remaining modules.

. I

We suggest the the apprenticeship instructors assign the modules in

numerical order to make this learning tool most effedtive.

J
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2.1

BASICS ENE4GY.

Goal:- -

914, The apprentice will be able td
describe baSic'units.of energy.

a

Performance Indicators:

Describe units of measurement.

2. Describe conversion of energy.

3. Describe potential energy.

4. Describe kinetic energy.

5. Describe bnergy efficiency.

71.
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BASIC ELECTRONICS

E:Isics of Energy.
EL-BE-02

V,

Test Draft
9ptember 1981
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Objectives

dl

Given:

Definitions and explanations of
base units, energy, work, Con- ,

version of energy,'and efficiency.

Direclions
Obtain'the following:

Caftulatoe

r

Learning Activities
Read the Key Words list..

,

Read the Information Sheets.

Do Task: Solve the Problems on

A

Do the Self-Test.

Do the Final Test;

Obtain Final Evaluation.

w

EL-V-02
Basics oftEnergy

4

The student will.:
. .

SdIve probl,ems dealing witti.energy:-

Ans#er questions 'about energy

correctly.

the Problem Sheets.

ft

12
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. 'Key Words
.f

1

EL-BE-02
' Basics of Ener

' Base Unit: ;The term-used to indicate the amount-of something. As.examples:
.Length is measured in feet (the foot, is a base unit for length). Weight is
measured in grams (the ram is 4 base unit for weight). Al

Efficiency: The relationship between the energy applied and the energy output
(expressed in percent).

.

Energy: .The ability to do work.

4,

Force: Pressure or plPsh on an obl!Etorriarticle.
4

ule: Equal to-the newton- -the base unit for mechanic41 energy.,

Load: The par(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.

V

4

4
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EL-BE-02
Basics of°EnergY

Information Sheet

Energy and Work

If.our car stalls in the kreet 4nd wp must push it to the curb by hand, we
know that;, as we are moving the car, pushing it As work. When we have moved
the car to where we want it, the work is done. Work; then, is made up of two
things. First, there.is.the push or force W,place on the car in the direction'
we want it to go. Second, the car moves over a distance to a point where we
want it to go. Force and distance make up work, The force must be enough to
overcome the friction of the wheps and tp raise the car over lumps inithe ....,

roadway. Mathematically, the work done is equal: to the force times the
,diAanCe. The work energy symbe that we use when we calculate for work is the

..-Ala upper case W. The base unit of measure-in the metric system for work is the
joule.

,

. V
,

..4 . .
.

.

ITo nix' the amount 0 work done in joules that it took to move the car to the
curb, we' must know the fora used and the, distance moved., If we-pushed on the
car with a pressure of 45 pounds and we moved the car 16 feet, We can figure
out the work done by multiplying 45 times 16. 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 is 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
424 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 carrilto the curb.

Given: Force (F). .45 pounds or 200 newtons
Distance (d) . 16.4 feet or 5 meters

Find: Work (W) in joules

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

.14

60
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EL-BE-02
Basics'of Energy

It took 1000 joules to move our car tO the curb..

The measure .of work done is also important when electricity supplies the energy

to do the work. An example of work done, using an electrical circuie'is,using
the starteron the car.' The energy from the battery must turn the starter
motom to crank the engine. ,The work done 'by the battery can be expressed in

joales.

Energy Conversion

One of the basic laws of physics states that energy cannot be created or
,destroyed. Energy can be converted from one form to another. Energy is

converted from one form to another in A battery. Inside the battery the

'chemical action 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 device. The electrical outlets in your home provide energy in this
manner as do batteries and other sources of electrical energy.

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

converting potential energy to moving energy. When we connect a lamp to a
battery, the-potential energy becomes kinetic, ,or moving, energy which lights
the lamp.

6

A
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EL-BE-02

Basics of Energy

Energy

Shown below is an electrical circuit demonstrating how' the c mical energy of
the battery is converted to electrical energy, The elettri al energy is moved 4
to the lamp where it is converted to light energy". . The lamp is an energy
converter and, is called the }bad ih the circujt.

CHEMICAL
ACTION

ELECTRICAL OUTPUT
MOVING ENERGY\

CONNECTING WIRES

ENERGY SUPPLY

Efficiency

7
//

ENEiRGk.
\ I /

`7"'
LOAD0( 'ENERGY CONVERTER)

With today's energy crisis, we are all concerned with conserving energy.
Unfortunately, it is impossible to operate our machines with no loss. When we
talk of efficiency, we are referring to how much energy we put into a machine,
how much we were able to use, and how much was wasted in a form that we could
not use. 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.

ELECTRIC

ENERGY

SOURCE

-; LIGHT ENERGY
HEAT ENERGY

16

VAMP
(LOAD)

0J\

(0

"
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Basics.of Energy

In this type of system (which we all use), it is a fact that if 1,000 joules. of
energy were.applied to the lamp, we would get only 200 joules of light. This
means that the other 800 joules of energy went some place else. ' The energy that
was not converted into light was converted into heat. The light bulb makes'a
better heater than a light source! To figUre the efficiency of thislightbulb
we use the following formula:

work out
percent efficiency =

work in

Given: 1,000 joules electi-ic input

200 joules light output

Find % efficiency

W out

Known % eff = X 100 %
W in

200
Solution: % eff = X 100 %

1,000

% eff = .2 X 100 %

% eff 72 20 %

Answer % eff . 20%

X 1.00 %

The other 80% of the energy in heat loss was wasted as an unwanted typesof
energy. All electrical devices do not. operate as inefficiently as the light
bulb. The fluorescent lamp is more efficient than the incandescent type. The
power transformers that you see on the power poles operate with over 95%
efficiency. Motors in clothes dryers, washers, etc., operate with from 50 to
10% levels of efficiency. By knowing the efficielicy we can make wise choices
of electrical devices to save energy:

8
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Serf*Test

1. Energy is

(a) force.

b pressures
c ability to do work.
d ,travel.

The base unit for energy is the'

(a) joule.
(b) meter.

(c) newton.

(d) neutron.

3. The symbol forwork done in the joule is

(a) P.

(b) W.

(c) 'Y.

(d) A.

Efficiency is measured in the

a newton.

_meter. 1

(c percent.
(d joule.

5. Which device listed below has the lowest efficiency?

(a) motor
(b) washing machine
(c) incandescent lamp
(d) fluorescent lamp

6. The conversion of energy states that

(a) energy can be created.
(b) energy can be chaeged into another form.
(c) energy can be destroyed.
(d) energy is equal to the newton.

9

ol
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Basics of Energy
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Basics of 'Energy

7. If you push om your car with .a with a force Of 450 newtons for 5 seconds
but the car does not move, AT

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

(0, the work is equal to the newtons tqUared.
; (d) 2,250 joule; of work is done.

8. To. calculate for the joule you mutt

(a) divide the newtons by the force.
.

(b) multiply the efficiency times the ,force.
(c) find the reciprocal of the number of newtons.
(d) multiply the distance times the force.

9. Efficiency of any device has to do with the

(a) amount of energy input compared to the wanted ener y output.
(b) amount of heat dissipated.

. .

(c) amount of energy input compared to the newtons ap ted.
(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?

BATTERY()
The battery.

( ) The wire that is connected to the
battery.

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

10

149
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Task

Task Sheet

Solve the problems below:-

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

joul es

How much Wo'rk is don if you push a car bo meters by pushing with a steady
force of ,820 newtons?

joulr

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

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

S

5. The study lamp that Luse gives 150 joules of energy in the form of light.
To pre this we have to supply the lamp with 750 joules of electrical
energy. What is the efficiency of the lamp? e.

11
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Answers\

Answers to Task Sheet

1.' , 50,000 jou6 l es

W = F X, d
W = 50 X 1,000
W = 50,000 joules.

. 65,600 joules

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

3. 83.3%

'W out
% eff = X 100

W in

200
% 'eff = X i00

240

5
% eff = --X 100

6

500
% eff = = 83.3%

.6

,
4. 76.9%

W out
eff m X 100

W

1,500
% eff X 100

1,950

% eff 76.9%

12
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Answers to task Sheet

5. 20%

Wout
1 eft' X 100

VI in

150
%,eff = ---- X 100

750

100

% eff t = 20%
5

6

i-

e

0

13
F

z2

5/
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Basics'of Energy
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Final Test

.

Basics of Energy

1. If ';lamp gives us 500 joules of light energy while it isteing suppli
with 1,200 joules.of electrical energy; what-is its efficiency?

.

z. '.
2. How much woek is done

hewtons?

joules

if you roll a rock5 meters with a force of,1,000.

a

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

joules

'4. Efficiency is measured in the

(a) newton.
(b) meter.

(c) percent.
(d) volt., /

111 5. The symbol for work is

(a) D.

(b) A.

(c). W.

(d) P.

Efficiency is a factor of

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

waflted.

(c) newtons times force.

(d) the power used compared to the heat dissipated.

7. Moving energy is known as

(a) DC voltage.
0(b) kinetic energy.
(c) potential energy.
(d) the joules per second.

14
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The definition of energy

(a) the force applied.
(b) the ability to do work.
(c) the pressure applied:,

(d) the trav91 per time.

9. The be unit for energy ,is the

(a) Work?:
(b) newton.-

(c) force pet second.
(d) joule.

10. What type of l'ighting.has the worst efficiency?'

at.

(a) fluorescent.
(b) phosphorescent.

(c) incapOescent.
(d) iridescent.

11. The fuhctivilof the load in an electric circuit is

(a) energy production.
(b) improving efficiency.

(c) energy conversion.
d) no function.

15
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4.4

Firlal EvaluatiOn

....1 o

N .

of.
.. . . e

.Atl ansrs on the 'Mask Sheet must be 100% correct. Answers on the Final Test
must be 90% correct.

0
.

EL-BE-02
Basics of Energy

Task Sheet Score

}M.

OK Re -Do

Final_ Test Scorq

When all checkijndicate OK, proceed to the next learning. packagess

16
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SELF -TEST ANSWERS

F

,EL-BE-02

Basics of Energy

1.

2.

3..

c

a'

b

Y

4

.

4.

5. c

6. b

,
:t

7. b

8. d

9. a

10. c

11.

4

V
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ATOMIC- THEORY

Goal:

The apprentice will be able to
describe the atomic theory.

Performance Indicators:

1. Describe parts of an atom.

2. Describe valence electrons.

3. Describe free electrons.

4. Describe insulators and
conductors.
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Objectives

Given:

This learning package..

EL-BE-03
Atomic Theory

The student will:

Draw the structure of the atom and
name the parts which deal with elec-
trical theory.

0
Answer correctly questions pertaining
to the structure of the atom.

Directions /
Obtain the following:

This package.

1.

Learning Activities

4 Read the Key Words list.

Read the Information Sheets.

Do the Self-Test..

Do the Final Test.

Do the Task.

Obtain Final Evaluation.
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Key Words

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

Compound: Chemically united materials.

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

Matter: Anything that has weight and takes up space.

Mixture: Combination of materials that -Can be separated by mechanical 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. IP

%
Valence: The system that has to do with the bonding of atoms together to form
355-57es.

0
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Information Sheet

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 is the
pressure coming from? What is moving? What 'kind of work is being done?.
Before we can answer these questions, we have to look into the electrical
circuit, right into the materials of which it is made. The materials that are
used in electrical circuits fall into three categories: conductors, semicon-
ductors, and insulators.

The conductors include most metals. Copper is the most common one used.
Conductors form the part of the circuit that allows the electricity to pass.

411- The wiring in your house, the coils in motors and transformers, and all of the
connecting cords to our televisions', lamps, etc., are all conductors..

The semiconductors are not as common.. They are not good at allowing electric
ity to pass, but they do not stop it. SemiConductors are used in,many types of
electronic components. Two examples of components which use semiconductors are
diodes and transistors.

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

What is there about these materials that makes them act as they do in elec-
trical 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 on. Matter can be a
,gas; a liquid, or a solid. Matter can be metal or nonmetal. But whatever
form orrstate of matter, laws apply as to how it is put together. Some mate-
rials are found es mixtures: they areimade up of two or more things. Mixtures
can be separated by mechanical means. Let's take the example of dirt in water.
To remove the dirt, we can let the mixture settle and filter the dirt out of
the water. In this way, we have separated a mixture by mechanical means.

Many materials are compounds. Like a mixture, a compound is made ep 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 Atself 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 material; we can break it down into two different materials. If
we break water down to the point just before it separates into these two differ -
ent materials, we would have the smallest bit of water possible. This amount of
water would be so small that it could not be seen even with a powerful micro-

0 scope. This amount would be called one "molecule" of water. A molecule of.
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411 water is made up of two parts hydrogen and one part oxygen. H2O is the
chemical formula for water. `f he H2 stands for two atoms of hydrogen. The 0
stands for one ttom of oxygen. When we write H2O, we mean water. We also
mean that a molecule of water is made up of two atoms of hydrogen united with
one atom of oxygen.

i.

"Any material that can be reduced down to the, atomic level (sizerand still have
identity as.the same material is an element. Water cannot be broken down into
the atomic level and still be water. When we break water down to atoms, we
find two atoms of hydrogen and one atom of oxygen. Hydrogen can be broken down
to the atomic level and is still hydrogen. Hydrogen, then, is an element.
Examples of °ther elements are copper, gold, silver, and carbo . There are 92
natural elements., Materials that are made up of two or more e ements.are
called compounds. Examples of compounds that are very importan in electrical
work are brass (made of copper and zinc) and glass (made up of silicu and
carbon). Let us get back to the elements to find out how some of thti9r atoms
are put together.

A

One of the elements that make up water is.hydrogen. Let's take a very close
look at one atom of hydrogen. Always remember that the atom is so small that
we have never seen it. The only way we- know of its appearance is by experiment
and calculation. Below is a diagram of a hydrogen atom. Note the name of each
part.

ELECTRON
;84(:)/

).
. PROTON NUCLEUS

/00

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 number is one. Before we go on to the next atom, let's
review its parts.

The Electron

This part of the atom is very 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.

6
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'The Proton"

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

The Nucleus

ThisLis not a part as such. 'This is the name of the area in the center of the
atom where the protons are grouped. In most cases the nucleus has more than
just protons in it. It may contain neutrons. Remember that the nucleus is
very dense and is responsible for almost all-of the weight of the ataq.

The Neutron

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

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

ELECTRON

va---SHELL WITH TWO
I ELECTRONS

2 PROTONS NUCLEUS

\ NEUTRON

ELECTRON

You will notice first that his atom is more complicated than hydrogen. It has
two electrons and two pro ns while hydrogen and has one of each. This
balance of electrons and rotons is true for all atoms in the natural'state:
for each electron in the shells around the nucleus, there must be a proton in
the nucleus. Te difference between atoms of different materials is that they
have more or less of these atomic parts: protons, electrons, and neutrons.

As we go up the atomic scale, the atoms bectee mor and.more complicated. Each
time there are more electron-proton pairs, t the atom gets larger. More shells
are found arqynd the nucleus. Each shell has a fixed number of electrons that
can be in that shell in any specific element. On the following' page' 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.

4.1

4
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co co co co loo loo rti
NUMBER OF ELECTRONS '' NUCLEUS

As you can see from the Above chart, there are seven shells for electrons.

Depending on the mated al , all the shells may not be there and may not-ilave a

full complement of electrons. Let's look at a heavier material. Below is a

diagram showing one, atom of aluminum.

,'--0..-..- \/ .0$0'" \6 '..CSNC4\ \
I Sr SHELL: 2 ELECTRONS----c/ \\ e
2 "'SHEIL: 8 ELECTRONSAD NUCLEUS :13 PROTONS

/
\ \\ n_ /

3 R° SHELL: 3 ELECTRONS --4"\02,o.-
ONE ATOM OF ALUMINUM

Valence Ilectrons

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

im 4his group are the ones that interact with electrons of other atoms to hold

catoCto atom. This process is called bonding. Bonding cante very complicated.

Remember that bonding takes place w en chemical reactions take place. The

11
tradirig of electrons from one atom o another occurs in this outer ring because

... the electrons are not4peld as tightl as they are in the inner shells. When

atoms are Onded together,-they form tructures caned molecules. Because the.

structure of the molecule varies a at deal, some of the valence electrons

are not held to others in the bonding proceisi These unbonded electrons are

called free electrons.
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Free Electrons

As statecribove, free electrons can be 'causedAy'the bondiiig 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. In 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 byhe 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.
Becauseof this, we find insulators as covering on wires, sections of terminal
strips, and any place. We need protection from electriCtty.

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

10. \- 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.. Copper is a very good conductor and is far less costly than
gold or silver. Because of thisotit is the most commonly used.

S
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Self-Test

11

1. The second shell of the atom can contain

a. two electrons.
b. eight electrons..
c. any number of electrons.
A. eight protons.

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

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

Matter is described as anything that hash weight n

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

4. The proton has 'the electric cha ge.

a. neutral

b. expanded
c. posit the

d. negative

fhe nucleus is the center, section.of the ate 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

B

a. is part of the atom where bonding takes place.
b. is in the nucleus.
c. has only positive charges.
d. is always the second'shell.

The number of electrons in any atom is eq al 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.

...mmummlo.4111101110M1.
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A mixture can be separated by

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

11 38
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0 Task'

Draw `the atom of aluminum and label all parts.

4

A

-4
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Final Test

1. Mechanical means of sepiratiqn will

a. separate atoms.
b. cause double reactions.

separate a mixture.
d. separate a compound.

2. The number of protoni that are found in the nucleus is equal to
a. the number of electrons in the shells around the nucleus.
b. the number 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 doiwith 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.

The.part of the atom that is the lightest is

a. the proton.
b. thellectron.
c. t er shell.
d. t 4.* ron.

13 40
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S. The second shell of the atom can have

4. eight electrons.
,b. two electrons.
c. any number of electrons.
d. twq protrons.

O
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Atomic* Theory,
/.

Final Evakiation 6/
411 ... 4

All answers on Final Testrd,completed drawing on Task must be 100% correct.

V

."Task Drawing Proper it Umber of protcons, neutrons
and .elOctrons and proper -labels

1. r
Final Test Score Pero ht

II

OK se-Do

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

Self.Test

1. b

2. d

3. b M

4. .c

5. d

6. a

7. A
8. c
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2.3

ELECTRICAL CONDUCTION

Goal:

.The apprentice will be able to
describe how electricity Is
conduCted.

4.

Performance Indicators:

,.44

1. Describe polarity.

2. Describe interaction oil charges.

3. Describe ions.

4. Describe moving electrical
charges.

A

I

w.
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Objectives

EL-BE-04
ElectriCal Conduction

Given: The student will:

4
Examples of conductors and insulators. Perform a test to determine which

materials are conductors and which
are insulators.

A test.deviGe. Answer correctly questions pertain-
ing to electrical conduction.

Directions
Obtain the following,:

Materials to test.

A continuity tester.

Learning Activities
Read the Key. Words.list.

111

Read the Information Sheet.

Do the Self-Test.

Do the Task..

Do the Final Test

Obtain the Final Evaluation.

t

3
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EL-BE-04
Electrical Conduction

Key Won:

Polarity:HaVitig one of two opposite charges, one positive and one negative.

Ion: 111 atom which has an'unbalanced`charge.

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

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

,

Repulsion: The action of pushing away.

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

r
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Information Sheet

' EL-BE-04-
Electrical Conduction

Electricity is produced when electrons are fre from their atoms. Electrons

...

in the outer 'orbit or valance ring have the high st energy level and are thefarthest.froM the nucleus which has the positive charge..

Polarity-
I

.

.
.

.Our idea of electric charge or polarity comes from k1owing how the electricfields are structured around the electron and proton. The exact nature ofthese fields is not known, but the action of these fields appears to besimilarto magnetic fields. Below is a diagram of a proton and an eTectron showing theforce field around each. (Each particle is shown round; the true shape is not.known.) ...--0.
A

--,

lie' NL

# I ® i i
1
1 G \

.

It ,. I \ i ) .\ -ift- --'' /`..... 4P...e

....444. ...4,
PROTON , ELECTRON

Notice the force field has direction. Also notice that the force fields areopposite in direction. In other words, the field surrounding the positiveparticle goes in one direction and the field surrounding the negative Charge,goes in the opposite direction.

ill
Interaction of Charges ,,,

t

Because of the diraction of the fields there is a natural attraction orrepulsion that tags place. (Repulsion is the opposite of attraction; leispushing away.) Study the diagram below which shows what hiftens when twopositive charges are brought close to each other.

BUCKING FIELD-'

RESULT: REPULSION

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

RESULT:

REPULSION

0
BUCKING FIELD
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Froh these two examples we can see that when two positive charges are brought
together, they repel each other; they pu$h 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.

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

Av

ATTRACTION
JR'

. As you can see, the fields are now held together. They ajtract 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 it possible to move electrons by pushing them with other electrons
(negative charges) or by pulling them with positive charges. This is the force
behind the electric current. How can we build this force so that we can use
it to do,work? The answer is to unbalance nature by producing ions.

Ions

As was stated before, in an atom there is a balance between electrons and
protons. In a natural atom the number of electrons is the same as the number
of protons. But this balance can be changed. By the application of energy,
we can force electrons Away from an atom. This will leave that atom Withless
electrons than,protons. Then the atom will have more positive charges than
negative charges. This charged atom is a POSITIVE ION. Th4s 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 has 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,
giving you a shock as the electrons, move from you..

V 4'
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Moving Electrical Charges
ir-

Now can. electrical charges move through things? As you snuffled on the rug,
your shoes picked up the charge, but you lost the charge f om your finger. Thecharge had to go from your' shoe to.your finger. How this appens is quite'simple. You now have negative lons.in your body. The cha,ged atoms will tryto regain their balance by getting rid of the extra electrons. Since the shoeis picking up more electrons,, they must seek another placeito leave the body.As your finger gets close to the door knob, zapll, the eleFtrons jump from oneatom to another, through your body from tho shoe to the finger in a fraction ofa second. To understand the process better, study the Alagram below. In all .of the atoms pictured, only the outer shell pf.each is she* because this isAwhere the trading of electrons takes place.

t

.

i

FREE

ELECTRON
JUMPS FROM ONE ATOM TO ANOTHER

The electron that goes in one end probably will not be/the same one that leavesthe string of atoms. Another way to picture this it shown below.
\\ I

The pipe is full of balls. When you add a ball at one end, a ball comes outthe other. In an electrical circuit, ah action similar to this takes place atthe speed of light, 186,000 miles pe7secondolor by metric measure, 300,000,000meters per second.

In some materials the electron movement occurs in a very limited way. These
materials are called insulators. In meter als with many free electrons the
action occurs easily and these materials e called conductors. Because the
conductive materials allow the exchange electrons through them from one end
to the other, it is said that they have ontinuit In other words, a materialwith continuity provides a complete pat or a ectron exchange.

In the following Task you will be ask d to test materials and separate the
insulators from the conductors. R ber that insulators prevent electricity
from flowing because there are few no free electrons in the bonding system.Conductors have many free electrons/in the bonding system so do allow theflow of electricity.

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

a. insulators have more protons.
b. insulators have few free electrons.
c, insulators are metals.
d. insulators are bonded.

2 Materials with continuity

a. are not conductive.
IA 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

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

.5. Unlike charges

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

. /

EL-BE-04 '
Electrical Conduction_

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

\a. the speed of sound.
bi the speed of light..

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.

8

Dry0 40
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Task

aterials:

Pieces of copper, brass, aluminum, iron, tin, Teadonichrome.
Pieces of string, wood, paper, rubber, plastic, cloth.

Equipment:

'Test light unit or continuity tester as pictured below.

F

Procedure:
BATTERIES

MATERIAL UNDEBY
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 INSULATORS

4



Final Teat

EL-BE-04
Electrical Conduction

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

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

2. The effective speed of electrjcity 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. attract.
b. have no action.
c. repel each other.
d. are unblanced.

4. 'Like charges

,a. attract.
b. have no action.
c. repel each other.
d. are unbalanced.

5. An ion is

p. an iron material.
b. a lamp,

c. an insulator.
d. a charged atom.

A material that allows electron exchange all the way thrOubh is

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

7. An insulator is

ti

a. a metal.
b. a bonded metal. .2.>

c. a material with few free electrons.
d. a material with many free electrons.

10
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Final Evaluation
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Electrical Conduction

All answers on the. Final Test and Task must be 100% correct.
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OK RE-DO

,
Task 'Score
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Final Test Score -

When all checks indicate OK, proceed to the next learning package.
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Answers
Se If-Test No. 1

1. b

2. b

3. c

4. c

5. a

6. b

7. c

.74
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2.4

BASICS OF DIRECT CURRENT

1.

I

Goal:

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

Performance Indicators:

I. Describe polarity.

2. Describe charge.
."\

3. Describe voltage.

4. Describe current.

5. Describe resistance.

6. Describe wire sizes.

4

4
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Objectives

Given:

EL-BE-05
Basics of Direct Current

The student will:

ft

Information contained in this Name and define the four factors ofpackage.
electricity.

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

Directions
Complete this package.

fit

Learning Activities
Read the Key Words List.

Read the InfohmatIon Sheets.

Study the Task Sheets.

Complete the Self-Test.

Complete the Final Test.

Obtalippnal Evaluation.
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Key words

EL-BE-05
'Basics of Direct Current

Ampefte: The base unit of measure of electron flow (on'e coulomb per second).

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

Coulomb: The base unit of charge,,,6.28 X 10
18

electrons,

Current: The flow of electrons.

Ohm: Thej)ase unit of measure of resistance.

Polarity: Identification of charge; it may be + or -. Assignment of connec-
tion.

Power: The ability to do work.

Resistance: The opposition to the flow of electrons.

Volt: The base unit of measure of electrical force.

Watt: The base unit of measure of electrical power.

I
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Infoi-mation Sheet
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EL -BE -05

Basics of Direct Current

1

et.

As you

)
learned in the last package, electrons can move through conductive

materi ls. This movement occurs because the balance between the number of
electrons and protons has been upset. The imbalance can be caused by energy
applied to the material in some way or another. An example of a codhon device
with an electron imbalance is a battery. Let's take a lodk 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 negative end, and positiVe ions (atoms
with a shortage of electrons) on the positive end.

(a)
+4 POSITIVE IONS

CHEMICAL

MIX
,rNECATIVE IONS

The action of the chemical mix takesplAe 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

canndt use the electrical output frOm the battery faster than the imbalance
is produced.on the inside of the cell.

Polarity

Polarity refers to the direction in which electrons flow or attempt to flow.
The battery has a positive polarity on one end and a negative polarity on the
other. Ibis marking shows where the electrons are coming from and where they
acre going. How certain devices are connected in terms of polarity is extremely
important. Diodes, capacitors, and transistors, meters and many other instru-

, meets 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), theycouldbe destroyed.
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Charge

As the negative ions are added to the negative end of the battery by.the k
chemical action, a very interesting and important thing happens. Remember how
electrons like each other? Riit, they don't. They.repel each other. The
moremelectrons 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 more 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 no more can 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 imbalaye.
This number is normally huge, and its unit of measure is the coulomb.

Coulomb

The number of. electrons measured as one coulomb is extremely large. The number
is a quantity of electrons equal to 6,280,000,000,000,000,000. This is read
six-thousand-two-hundred-eighty-quadrillion. To be able to use large numbers
like this easily, a system called scientific notation is used. When this
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 that it allows large numbers to be used without confusion. At this
point don't worry about learning scientific notation but be abld to recognize
It when you see it.

4

Joule per Coulomb

Now that we know that the c tomb is the base unit of electron charge, and we
can remember that the joule he base unit of energy, we can come-up with a
relationship to give us a me re 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 example, a,.flashlight ba5tery is rated at
1.5 V.

6;3
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The relationsh* between charge, energy and voltage is: voltage equals the
energy divided by the charge.

Energy W (Joules)
Voltage (V)

Charge Q (Coulomb)

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

To measure voltage, we use a voltmeter. Th voltmeter is like a small motor
with a needle on the end of the shaft/to sho the amount of rotation of the
shaft. Study the following drawing.

NEEDLE

ERO RETURN
SPRING

MOTOR ROTATION

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 mire
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.

1
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Another way to visualize whot voltage means is to think in terms of water
pressure. Stud the diagram below.

BULGE

WATER LEVEL

RUBBER DIAPHRAM

WATER LEVEL

RUBBER DIAPHBAM

LARGER BULGE

. As you can see, the tank that has the most water in it has more pressure on thebottofi. Let's go another step. If the tank had a hole in the bottom of it,
the water would flow out.

WATER LEVEL
/

FLOW WATER DELlyERED

4?

The flow would only take place if there were pressure on the bottom of thetank.

4'

C
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Current Symbol (I)

i EL-BE-05
Basics of Direct Current

In an electrical circuit, flow also takes place. In the water system the
material that was moving or flowing was water. In the electrical circuit thp
katerial that does the flowing Is the electron. The electron flow or current
will move from a place with (fibre pressure to a.place of Tess pressure. Study
the circuit below.

. + LESS ELECTRON PRESSUPE

rENERGY DELIVEREO

-. FLOW

AMORE ELECTRON

PRESSURE.

CONNECTING WIRES

FLOW-0.-

LAMP

NO.tice that there is a complete path from the negative side of the battery
thr'ough the connecting wires on through the lamp through more connecting wires
and\back to the positive endoflhe battery.i This com lete path must be
conn'ected all the way around the circuit or no current flow can take place.
The current flow around' the circuit is always an even rade. What this means
is that for each electron leavingthenegative end of e battery, there.must.
be one ''going in on the positive end. The operation is omething like a pipe
filled kith balls: when a ball is added to one end -on comes out the other.
Study the following drawing.

ti

ON\C.OMES

11

ADD ONEONE.----0

0:03 I MCI :41
11114,

TAlk

BALL MOVEMENT

9

66
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The flow of electric current can be measured just as we can measure water flow

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

'The Ampere (A)

To measure the flow of anything,'ali 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 takesa huge amount of electrons per second to make very much

happen. Remember the coulomb? Right, ft was the huge.amount of electrons that

we use to measure charge. So we express e amount of current flow in the

number of coulombs going by per second: Yo must realize that 6.28 X 1018

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

passing one point in one second. To measure c Trent flow in.amperes we must

put,a coulomb counter in the circuit. To. do th'ts, 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.

I.5V

6

VOLTMETER

AMMETER

LIGHT AND

HEAT ENERGY

LAMP

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

tAck to the battery. The voltmeter is connected across the battery to check.'

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

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 gives us the type. of

energy that we want? The answer is resistance.

.4 .

10
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Resistance (R)

Inside the lamp there is a tiny wire which is made of tungsten. Tungsten is a
metal which is electrically conductive but much less so than conductors like
copper. The melting point of tungsten is so high that it takes white hot heat
to melt it. When we force current through this tiny tungsteh 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. Toasteri, electric heaters, hair dryers, electric
stoves and ovens are other examples of everyday devices which use resistance to
convert electrical energy'to heat and light.,

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

How do we measure resistance? What is the unit of measure for resistance?
The ohm is the unit of measurement. 0 is the symbol for the ohm. To

understand what an ohm is we can lOok'at it in two ways.
A

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

RESISTOR MUST

BE ONE OHM (1411-)

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

4
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The Ohm (2)

The othet way to explain an ohm is to use a standard component that we'know
has onedbhm of resistance.

EL-BE-05
Basics of Direct Current

.

r.

. A column of mercury 106.3 centimeters high and one millimeter square at a
temperature of 00 Celsius has one ohm resistance end to end. Study the drawing

below.

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 Vmperature.

All of these four factors are important to review when circuits are designeO to
be sure that the connecting wires are of the right size. If the wire size fs
too small, they may heat and cause damage and energy. loss.

12
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Wire Size
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When wire is made, it is sized to a system of numbers for the diameter of the
copper conductor. To understand how this system works we must understand how
wire is made. Wire Is drawn. To draw wire is to pull it through a hole which
squeezes it into a smaller diameter and makes it longer. See the illustration
below.

PULL

SMALLER DIAMETER

DIE PLATE

s.

The holes in the die plates must be in a size sequence decreasing gradually so
that the copper will pull through rather than snap off. It is this sequence
that gives us the wire size number system. In the illustration below there is
a part of a wire drawing sequence showing four steps.

COPPER WIRE

WIRE

I

SIZE

NO.

DIE I DIE a

I
WIRE

SIZE

NO.2

DIE

WIRE

SIZE

4Q3

. !
DIE 41

i]WIRE
SIZE NO./I

(WIRE SIZE NOT TO SCALE)

111

$

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

13 V
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4

e

in the #2 die. Number one size wire, then, is larger than #2. As the wire
00 gets smaller, the numbers get larger. Number 0 wire is almost as large as
a pencil, whereas, number 36 wire is as fine as hair.

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 'opacity. (Copper wire.)

S

# 6--50 amps
# 8--40 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 less current it canftarry.

Measuring Wire Size with a Wire Gauge.

The wire size c54 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



Notice the'shape of the cutouts around the gauge.

SLOT

HOLE

EL-BE-05
Basics of. Direct Current

j

I

The cutout is made up of a slot cut into a hole. To properly use the wire t
gauge the bare round wire is tried into the slots until one is found that the
wireint.ftts. The hole is not 'used for Wire measurement.

No.6 WIRE

0

5

WIRE JUST

FITS IN THE

7 SLOT(NOT

Power and Energy, THE1-10LE)

An electrical circuit is a syitem 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. A light bulb gives us light.
An electric heater gives us heat. .,The electric motor gives us motion.
How can we measure just how much electrical power we are using-in advice?
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

4 symbol used is W for watts and P for power.
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410 Self-Test

0

1. Polarity is 1 ntified by

a. numbers.
b. color code.
c. the shape of terminbl, or markings of + or.-.
d. the method of onnectihn.

2. The ion producer in t"hebattery is

0
a. a coil of wire.
b. aluminum foil..
c. a chemical mix.
d. a tungsten electrode.

3. The voltage level from.one flas light.battery is

a. 2.5"volts.
b. 3 volts.
C. 1 volt.
d. 1.5 volts.

4. The quantity of electrons

a. 1.414 X 1Qx
b.' 3.14 X 101°.
c. .6.28 X 1018.
d. one billion. 4

that equal one coulomh is

5. One ampere of current is equal to 4 passing one point.

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

6. The electrical factor of voltage is explained

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

16
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7. If the voltmeter it connected in reverse,

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

8. The symbol for current is
a. .A

b.. R

c. P

d.' I

9. The four factors' that determine resistance are

a.

b.

c.

d.

10. In the wire-size number system
.

111
a. thp larger the diameter of the wire, the smaller the number.
b. the smaller the wire diameter, the smaller the number.
c. the smaller the.. number, the longer the wire.

Id. the larger th06wire diameter, the larger the number.

.11. The ohm is the unit of 'measure of

a. power.
b. 4m0eres.
c. battery voltage.
d. resistance.

12. ,Jhe unit of measure of electric power is the

a. ohm.

b. watt.

c. coulomb.
d. ampere.
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Task
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The Complete Circuit

The tollowing analogy and circuits are provided for your study. Look at each
drawing then read the conclusions. Da you agree with them? If you don't or
are confused, re-read the information sheets and try again.

FOWE
WATTS

VOLES REISTANCE\ 1 //

E OHMS

--n- OHMS
-J0.- FLOW C R R EN TP AMPERESPERESFLOW CURRENTC RRENT

61161111110/

98

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

2. The resistance restricts the flow.

3. If the resistance were decreased, the fir 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 increasci

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

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

This means that the value has increased.

Example:

This 'means that the value has decrease

This means that the value has stayed the same.

Voltage Current Resistahce

O (0)
In this caAe, 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. Solle of the problems are done for you. Check
them over, then complete the chart,

2.

3..

4.

5.

6.

Voltage

Answers:

S.

Current Resistance
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SMALL DIAMETER
HIGH PRESSURE

4,

DELIVERY

EL-BE-05
Basics of Direct Current

LARGE DIAMETER
LOW PRESSURE

4-DELIVEHY

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

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

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

4. There t 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 js higher in circuit A than in circuit B.

7. The amount of current flow increases as the Desistance increases.

8. The current flow increases as the resistance decreases.

20
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Final Test
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Polarity is rep = sented by

a. the method,o connection.
b. the shape of erminal or markings of + or -.
c. color code.
d. numbers.

The ion producer of ,a battery is

a. a coil of wire.
b. a liquid.
c. a tungsten electrode.
d. a cherpical mix.

3. Voltage of a flashlight battery is

a. .3 volts.

b. 1 volt.

c. 1.5 volts
d. 2.5 volts.

4. The amount of electrons that equals one coulomb is

a. one billion.
b. 6.28 X 10
c. 6.28 X 1018.

d. 3.14 X 10'8.

5. One ampere of current equal to. passtpg one point.

a. one ohm per volt
111

bl one coulomb per second
c. one joule per second
d. one volt per coulomb

6. Electrical factor of voltage is.explained as I

a. the flow of electrons. /

b. the resistance to electron flow.
c. the force or pressure. /
d. the power squared. /

0

If the voltmeter is connected in reverse,

a. the reading will be in ohms.
b. the meter pointer will go down off-scale.
c.. the reading must 06 inverted to be correct.
d. no damage will reiult.

21
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8. A symbol for current is

a. I

b, R

c. P

d. H

The four factors that determine resistance are

a.,

6.

c.

d.

EL-8E-05
Basics'of Direct Current

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. watt.
b. ampere.
c. ohm.
d. coulomb.

12. The ohm is the unit of measure of

a. battery voltage.
b. resistance.
C. amperes.
d. power.

22
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Final Evaluation

The Final Test score must be 90% or better.

Task Sheet Score

Final Test Score

EL-BE-05
Basics of DIt Current

OK Re-Do

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

I

Answers to the Self -Test

EL-B6-05
, Basics of Di rect Current

L c

2. c

3. d

4.

5. d

6. c

7. c

8. d

9. (1.n any order) material, temperature, length, cross-section area.
10.

11.

12. lb
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INTRODUCTION TO CIRCUITS

_Goal:

The apprentice will be able to
read circuit drawings.and diagrams.

Performance Indicators:

1. Read schematic diagrams of
electrical circuits. .

2. Read pictorial diagrams of
electrical circuits.

3. Read diagrams of parallel
circuits.

4. Read diagrams of series
circuits.
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Title IIVocational Education Equal Oppoirtunity Specialist
Title VIEqual Education and Legal Spegialist
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Inquiries may be addressed to the Oregon Department of Education, 700 Pringle Parkw0
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Seattle 98101, .
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Objectives
Given:

Schematic or circuit diagrams of series
and parallel circuits

A series circuit with a missing or
disconnected wire

EL-BE-11
Introduction to Circuits

The student will:

Corinect .the components together
according to the diagram.,

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

A parallel circuit where one component -Determine whether or not the
has beeh removed current is lost in each of the

- other components.'

Four questions on circuits Answer each question correctly.

Directions .

Obtain the f011owing:

1 each 82 ohm, 1/2 watt resistor
2 each Type #680, pilot lamp (or equivalent) .

1 each DC Voltage Source 5V or 0-15V minimum adjustable
Interconnecting wires or leads

rning Activities
Study KeyWords list.

Read Information Sheets.

Do the Self-Test.

Do Tasks.

A

ti

the Final Test.

btain Final Evaluation.

1



K6y Words

Introduction to Circuits

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 mike up electrical circuits.
o

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 actual 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

one end of any component connelts to any otheyomponent.

Schematic diagram (schematic):' A drawing of hOil 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 it.

I 4

)
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Introduction to Circuits

p

Information Sheet
You should no have enough information on volta e sources and resistors to

/

to,

cbnnect them together and make a complete circu t. 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 compon-
ents nd their tnterconnections to form a circuit. Symbols are used for the
compon nts, and lines are used for the interconnecting wires. A schematic may
also b called a circuit diagram. A pictorial diagram is a drawing containing
actual sketches of the components instead of symbols. These diagrams are used
by assembly'people to construct electronic equipment. They show every detail
in the construction including po§ition and location of components and inter-
connecting wires.

E

12V <

1

150-a P2
2W 50-n s

5W I/2W

Schematic or Circuit Diagram

Pictorial Diagram
1

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

5
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Introduction to Circuits

111 constructing, the details of a pictorial diagram will not' be important and

only schematics or circuit diagrams will be used. ,

There are two different ways to interconnect two components, series or parallel.

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

series. The interconnecting wire is usual ly 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
N.

or

----'--------------\If the components are connected between. or across the same two points, they are

in parallel.

Schemat ic 'or Circuit Diagram

of Two Pa ral 1 el Resistors

Pictorial Di agram of Two

Parallel Resistors

,./Y

In order to power the ctrcuit ; a vottOe source must be addedi. This will 1 cause ,

current to fl ow. .1tka serf e; cO'cutt":thevoltage soUrCe- connected,. end to

end as the resistOr-e.c.:Thb -00es';',OrtUtt:4can have many mpre.tOMOOhiintbut'
they will all comy0g0d.-:end to _Ord e1 44e

. .

In the ,package 6a1.ted: BWIt s- rect.:, Current , yo!mereAritroduced. to arv-.:

anal ogy e.,, r441., currglIcbrk0;later fl'evi,througha 1p ,. hee same
analogy Urryou., i undandtri-9 the ideas" current fit*

v 01 0.0 f6P1 r0f,ts;'-' gOr,P.ni106,-
c reul fi -

.0:;,: : /
711

.-7

4. 4... t

^ ""
^ .
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PRESSURE .

RESISTANCE TO FLOW
LOSS OF PRESSURE

00. 11-RE-11
Introduction' to Circuits

0

ELECTRICAL RESISTANCE,
VOLTAGE DROP

I

ELECTRICAL
RESISTANCES
VOLTAGE DROP

I is electriCal current.
E is source of voltage. v

A

The water pump .1s the source of water pressure and represent the source of'3
vol tage. The flow. rate (amount of water flowing perkseconci) 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. N

Lik.ewise in the electrical circuit, the more resistance in the circuit t'he
less w i l l be the current f 1r~ a Oven ,vottale of the source...

6.1% \:41,
.

a \
; t 4 . 0 1 4 e nV i a t e r siStem,i,..the water 1 s flowing at the same flow rate anywhere i n the
sySteiti. If it'"is to ,gallons pik.....secohd coming' from the pump, then it is two
g(j1 lens .\ker second :anywherehi.h the pipe .or in the return .path through the water

P.
f 1

\ r
1

In the nelectrical icircuit., the current is the same everywhere in the circuit.
ft i s one ampere out of° the :yro.rtagesource,, it will be one ampere in each

lso 'equals 6,280,000,000 bill ion ectrons per
esistance and all. the interconnecting wires. Remember ampere is

one coul'omb per second which a
Qsecon,d.

.#., .
Thqs water pressure is .ieSs in the.nktovarer pl'es°.

..
In.the narrower pipes a

lesser amount. of 'Water hanks te flow at° a sreater speed tomaintain the same flow
rate.' , ,

, , an ,

\, \- ,.,
,. .,

. .. . .,
, \ ,

n The Voltage ,i'S less afttr.Passikhg' each r,etis-tor.ttr\theA 1 ectil Cal circuit.. The
current car rete,f eYectron Pow ,or 'fhti:'.c901.dral pec Oxond ktays the aMe.

.

Just as there is a litss, Of :press4rb at' each nar ivr,l.ri9 ,OV'the. Pipe, th r is 4
voliAlge toss, acrot\s each eesistpr,,in:tbe qi:tttri 61 circuit. ., n. ,

i. , ,

. . , ,

In 'a parallel lect'rital pi rcteit ,the vc1 taie-*0..c is .4nnected :in ,paral lel ,
'that is, acrtsS the, same ,too poin,ts1\4`,),, A 0:411,ter'itlav, analogy'of\a parallel'
circuit. is give ne)t. ' ' ''' ' 0 \

%

7.

.97', 4 :\
f

o

V.
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MORE FLOW

414E-11
Introduction to Circuits

LOWER RESISTANCE
MORE CURRANT

E VOLTS
4 BE I WEEN

POINTS

HIGHER REJSTANCE

=== LE C.LJRRVfi
11

Aptice that, jUst as the water divides into .separate paths in the,- water pipes,.

the electrical current divides MO separate paths to the parallel resistors.

The amount af water in each of theseiarate paths adds up to the total water
,Lentering or leaving, Less water flows into the narrower pipe;. itthas more

4' :resistance to the flow. HLikewise,the electriCal current in each of the paral-
lel.resistors adds up to the total ,current entering or l4aVing the parallel
circuit. Less current flows in the path wit the largest; resistance. Since
each resistor connected between'the same wo points, the voltage'is the same
across each resistor. Thesvoltage sourCeis also connected between. those two
points, so the resistoi.S and tieiource all ave the voltage of the source
across' them. 4

A series tircuit dr a parallel circuit may be drawn in different ways on a
schematic or circuit 'diagram out still be the same circuit. The following
circuit diagrams ofidifferent'waysof drawing the same series circuit and
different ways of drawing the same p4r.allel.. circuit show this.

Notice that the:direction of each current is determined by the polarity of the
source.

;
40

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

RI', R2

A

Different Ways to Draw the Same Series Circuit
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Introduction to Circuits

Different Ways to Draw the Same ,Parallel Circuit

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

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
Hof series and parallel circuits. These more complicated circuits will not be ,

411
'explained now. In a series'circuit if only one interconnecting wire is broken

or removed,-the current will go to zero in all of the components in the circuit.
An example of this is a series string of Christmas tree lights. If one light
burns out, all of the lfghts will go out. This is because,. when a light burns
out, the electrical path through all the lights is broken. This is like a
water pipe that is plugged up so that water cannot pass through. The flow will
stop throughout the pipe. In a series electrical circuit whenaWire is'broken
or removed, the electron flow or current is interrupted and current is stopped
everywhere in the circuit.

NO CURRENT

CONNECTION BROKEN

SERIES CIRCUIT

,o

.44:. In d parallel circuit, however, if one of the components other than the source)
is opened ar.removed, the same current will still flowin the other5. The I

total current coming from the source will chinge, however. An example of this

A a parallel string of Christmas tree light. If one light burns out, the
.dtflers will remain lighted. Another example is your household wiring. Each

butiet,is in parallel, and when a light burns aut in your hou§C.the others
stay lighted.r .

...11
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CURRENT SAME

ASBEFvii

1110,M
.4E101

4

EL-BE-11
( . Introduction to Circuits

CONNECtiON.BROKEN

NO
CURRENT

PARALLEL CIRCUIT

Using the water analogy, if one pipe in a paesallel.branch of pipes is plugged, the
other pipes will still carry the same water flow. The total flow will be less,
however.

A

10

9 9



Self-Test -4*

EL-BE-11
Introductionqo Circuits

A circuit drawing that uses*symbols to representeilectrical components is

called a

a. pictorial diagram.
b. schematic dr,awing. .

c. resistor drawing.
d. photograph.

41

2. Components in series have the same 1

a. current.
b. color.

c. voltage:
d. size.

3. .Components

a.
b..

c.

current.
color.

voltage.

size.

parallel have the same Vi

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

a. increases.
b. .stays the same.

c. is different.
d. goes to zero.

4

5. In a parallel circuit, f only one resistor is removed, the currents in
the others

a. stay the same.
b. \go to zero.
c. 'increase..

e. are removed.

4
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Introduction .to Circuits

Task A Series Circuits

Use the 1 volt source or set the adjustable source to 15V. Have your

instructor check that the voltage is correct.

Connqct the resistor and pilot lamps in series as shown on the schematic using
the isnterconnecting leads. Have your instructor check your connections.

INCANDESCENT

LAMP SYMBQL

X680

4

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

instructor check that your connections area correct and that the lamps are A

working properly.

Remov any one interconnecting wire'and notice that b6th lamps'go out. This

indtca s that the current was lost in all parts of the circidIt.

It

9
12

4

1
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1L-BE-11

introduction to Circuits

Task a Parallel Circuit

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

check that the source you are now.using is 5 volts.

t

Connect the resistor and pilot lamps in paroallel according to the schematic.

Notice that both lampS are lighted when the source is attached. '°

Have your instructor check your connections and that the lamps are working

properly. Remote one of the lamps from the circuit leaving both ends of the

resistor and the other lamp still connected to the source.

Notice that the remaining lamp is still lighted. This indicates that the

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

the parallel circuit.

.13
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Introduction to Circuits'

Final Test
1. Components connected such that the same current flows in all of the compqn-

ents are connected in.

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

3. In a series, if a connection between two components is broken,the
' goes to zero in every component in the circuit.

In a parallel circuit, if one of the resistances is removed, the currents
in'each'10 the other resistances

191

14
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4.

A

Final Evaluation

I
Task A

4'

Ci rcuit i s wi red 'according to the circuit °diagram

Task 13- ,
Circuit is wired according to the circuit diagram

Final'Test questions answered correctly

ode

I
I

I

10.

r

15
9.

/
EL-BE°-11

Ititroduction Circuits

OK Re-Do

J

10

e

AMP
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Answers
Self-Test

1. (b) schematic diagram

.2. (a) cur\rent

3. (c )`voltage

4. (d) goes to zero

15. (a) stAys the same

14.

16

EL-BE-11
Introducion Co Circuits
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READLNG SCALES,

v

Goal:
)

",

4

0,

apprentice wiipl be able to
read scales of electrical
measurement instruments.

1

I,

Performance Indicators:

1. Read voltmeter scale.

2. -Read anneter scale.

3. 'Read ohneter scale.
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BASIC ELECTRONICS

4

Reading'Scales
EL-BE-12

te,

Test Draft
September 1981

1
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Objectives

Information. sheets,

A' vol t-ohm-mi 11 ammeter

Directione

-'.Obtain the following:.

VOM

--

Learhing 'Activities

11.

Read Information Sheets.

Do Self- Tests.

Do Final Test.

Do Task.,

Obtain Final. Evaluation.

EL-BE-I1
,Reading Scales

The student will :

Cqrrectly record' measured value

indicated by drawing of each scale.

Correctly identify what. number scale

should. be used with each setting of
the range switch.

a

4 (I'

.1C2
3

$1



EL-BE-I2
Reading Scales

Information Sheet No. 1
III1h y

The abiltty.to read meters properly is very importaht to the electronic techni-
clan. Much time can beAost by not using the meter or b.Kin'accurate readings.
Although readtg scales is not difficult, it is very easy to make a mistake.

Scales you are already usedsto reading are rulers, clock-s, and.automobile
speedometers. Meters are used to measure voltage (volts), current (amperes),
and resistance (ohms). A ."needle" or upoiriter" moves to a position over the
markings on the meter face .to indicate the-amount of current. floWing through
the meter.

The marktngs on a meter face are similar to the markings on the face of a

clock.

12

Figure 1-A Figure 1-.B

(In Figure 1A, if the minute hand is remcilied from the clock, we would estimqte
the time as being 4:30 becausg the hour hand is halfway between 4 and 5.

In-Figure 1B the meter
)

needle is pointing halfway 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.

5

r

4

v.

.46

s a .
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Reading Scales

,

Using this reasoning, determine the voltages'indicated when the Meter needle

points to the following points.

r

8
A

VOtte

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, eich.,

1
mark equals 1 vol. . Counting from the 5 volt mark to the left,. we see that

the.first two mar s represent the pointer potitions for 4 volts and 3 volts.
Therefore, pointer A reads 3 volts. Pointer-BT-however, is between the 4 and

5 volt marks. By estimating, we can see that it is about' 1/4 of a division.

greater 'than 4 volts. This voltage can be estimIted 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.

VON

Figure 3

On the meter face iv Figure 3, we see small marks betWeen the larger marks.

The small marks now'lAdicate the half-volt graduations so"we no longer have to

guess where they ate. The needle now indicates 6.5 volts.
4

5 ./104.



Self-Test Nd. 1

Gi ve, the meter 'readings
for each pointer.

4

.v

EL-BE-1? (
Reling Scales

1. a.
b.
C.
d.

a.
b.
c.
d.

3. a.
b.
c.

d.

4. a.
b.
c.
d.

5. a.
b.
C.
d

6. a.
b.
c.
d.
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Readipg- Scal es
Information Sheet No..2

N..

check your answers and make sure yOu understand before you ,proceed. OMs or
other multifunction meters have a range switch that 'extends the Qpera ing rarige
of thine meter. ,Without -the range switch this voltmeter has only a 0 OV range.
A !lenge switch might look like Figtire 4.

(B) 100V

Figure 4'

(C)

100011

We now have two new ranges, B. and C. With the range switch at B (100V) the
meter will have a full-scale reading of 100 volts so we multiply all of our
roadings by 10; the pointer in Figure 3 would now be iridicating 65 volts.
If we switched to the 1000V range (C), the reading would indicate 650 volts
(multiply the readinOy 100). The range switch indicates the full scale
40ahge or maximum reading of the meter. Current or ampere ranges follow this
same rule on ammeters.

Range . 10 100
A .2.6V A 26V.:
B = 4.6V B . 46V.

7 V C = 70V
= 9.3V D '93V

1000,

A . 260V
B = 460V
C = 700V

. = 930V

ev



. EL-BE-12,

Self-Test No. 2

'AssOme the range switch is set as indicated for each meter.
. Tell the readings
for each needle.

.

e.

Reading Scales

1. Range 100
a.

.

C.

d.

2. Range 1000
a.
b.

c.

d.

3. Range 10
a.

b.

c.

d.

Range 100
a.

-b.

cr.

5. Range 1000
a.

b.

C.

d.

4\

6. Range 100
a.

b.

c.,
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Information Sheet No.. 3

-.EL-13E-12

Reading Scales

Other types of scaleS may also be printed on the face of the metersuch as
resistance or ohms (0) scale. Voltage or current meters draw the power to
operate therriselves 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 looks like Figure 5. You will notice that, the
distance between Land 2 is.not the_same as the distance between 4 and 5.-
Because of this , we say that scale is nonlinear. The' scale in Figure 3-is
linear because there Is equal spacing between numbers. In Figure 5 ehe,
ohmmeter needle fs indicating 4.5 ohms of resistance,

aiR



Self-Test No. 3
.Gi ye. the readings
for each needle.

. .

at

EL- bE -12
Reading Sca.les

b.
c.
U.

a.
b.
c.
th,

4. a.

c.

d.

5. a.
b.

c.
U.

6. a.

c.
d.
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InformEttion Sheet No 4

St

xl

x10

xlk.

to^
x100k

Figure 4-

.(

Reading Scales

.An ohms range switch might Pbok.like Figure 6.

0
4.

Figure 7

A,

4n

These positions mean that any reading made on the scale should be multiplied by
the number of times indicated by the range switch. (xl A 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 irthe
switch had been placed as shown above in Figure 6. -

Remember k * thousand, so 1k is 1000.



I EL -BE -12

Reading Scales

Self-Test No. 4

Assume the ohms range switch is set as Jodieated for each meter.
Tell the readings .

5 4for each needle. i0 3

A

4

12

1. Range .

a._
b.
c.

r

2. Range X100
a.
b.

C.

d.

3. Range X10
a.

b.

c.

d.

4. Range X1K
a.

b.

c.

d.

I

5. Range X1OK'
a.

b.,

c.

d.

6. Range X100K
a.
b.

c.

d.
aro
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Information Sheet No. 5

LL-BE-1?
Reading ;cales

Some range switches may.also indicate function (DC volts, AC volt', resistance,
etc.). Multimeters have more than one function. Volt-ohm-milliammeters (VOMS)
have three basic functions: the measurement of voltage and current (AC or DC)
and" resistance. Some YOMs may not have a current tynction.. Function may be
determined by input plugs for the test leads or a switch.

-

The ftrst thing, you must 'know. when using a meter is what you wish to measuret
The function of the meter must be set properly. Second, you must know where
the range switch is set,.and last, what the scale jeads.

Let's try looking at a typical small meter scale all put together. Not 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 react. The AC scale also has a
lower and upper side marked. Note that the R scale has only an upper side
marked.

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

13 112

,r1

yl
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To obtain reading: RANGE

EL-BE-12
- Reading Scales

0.5 P 0.17V

Multiply-15 range reading by .1 1.5 . . 5V #

Multiply .5 range reading by 10 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

rultiply .5 range reading by 10000 500 . 170 V

If the 4unction were resistance

t `.

44

0.

(R): R x 1 - 450

R x 10 .4500

R x 100 . 4.5k

R x 1k . 45k0

R x 10k = 450k D

0

X

Wit



14$

SelVeit No. 5
4

EL-BE-12

Reading Scales,

Read the following meters according to the function and range indicated.

1. Function DCV
Range 15/
Reading

2. Function R

Range
Reading

4

3. Function ACV
Range

Reading ,

4. Function DCV
Range 5

Reading

5. Function R

Range RX1K
Reading

6. Function DCV
Range

Reading

t

15

Qp



7. Function R

Range RX100
Reading

8. function R

Range Rxl

Reading

9. Function OCV

Range 50

Reading

10. Function ACV
Range 50

Reading

7

11. Function DCV
Range 50--
Reading

12. Function DCV
Range 1:5----
Reading'

EL-BE-12
Reading Scales

41,
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Final Test

.1

1 .

1. Function R 4

Range Xf-----
Reading

. Function R

Range

EL-BE-12
Reading Scales

3. Function R )

Range X106
Reading

4. Function DCV

Range 15

Reading

5. Function DCV

Range 5

Reading

6. Function DCV

Range 15

Reading



*1

1. Function \IR

Range xf-----
Reading

*11" 8. Function R

Range X1K
Reading

EL4-12
Reading Scales

9. Function ACV

Van4e 500--
Reading

10. Function R

Range

Reading

11. Function R

Range X100

ROding

4

12. Function OCV
Range 50 QN °
Reading ,4P

pp 0

4
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Task

6

EL -BE -12

Reading. Scales.

The4 `are/a number of.klifferent brands and models of VOMS. Manyof t OR have
different scales and ranges. TO betome familiar with youripeter you s ld
look over the scales, ranges, and function selection...

Obtain the follOwing:

VOM
1

Step I

.! % Study the four top scales on the mete Write in the space below the set of
numbers, that indicates the full scale reading for each rani5e.

44%

. Uto

0 to

0 to

0 to

ohms scale

voltage or current

voltage pr current

voltage or ,current

Notice how this meter uses a switch(pr testlead sacks for different ranges
and different functions. ,The functions, which are explained in bore detail
in the following package, are'usually divided into the following areas:

DCV -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 f ton from your meter.

DCV ACV DCmA si

0 to i 0 tb 0 to R x

0 to . 0 to 0 to R x

Oto Oto Oto R x

0 to
. . ..,

0 to
,

0' 0, R x

4

4,1

44



Step III

Complete the chart **low by
you would u5e on each range
range so that the number wo

t4
Eiample: Say your meter ha

set to 150, you w

EL-BE-12
Reading Scales

listing, the range for every function, the number

and how you would modify the number to fit each
ld indicate the correct value of measur,ement.

a scale of 15 on DC volts, and your range was
uld fill out the chart like .this:.

,

FUNCTION RANGES' NUMBER. SCALE USED EACH NUMBER IS MULTIPLIED BY

DC Volts 150 V. 0 to 15 .' # ItJ.

FUNCTION

Ohms

DC Volts

AC -Vats

DCmA

*

RANGES

R x

R x

R x

R x

V

V

mA

mA

mA

mA

NUMBER SCALE USED

0 to

0 to

0 to

0 to

0 to

0 'to

0 to

0 to

0 to

0 to

0 to

0 to
.111.

0 to

to

0 to

0, to

EACH NUMBER IS MULTIPLIED BY

^

Step IV

Get your instructorl't evaluation of this task.

'20



Chart fil red in correctly.
1

*

. 21

a*.

EL- CBE-12.

Reading:Scales.

OK RE-DO
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Answers

EL-BE-12,

Reading Scales

Your answers may_not be identical to these, but iethey are within a 5 percent
range they will be considered correct.

Answers .to Sell-Test. #1 Answers to. Self -Test #2

- 1. a. 2 If I. a. .2 V '

b. 4.5 V b.. 4 V
c. 7 V r c. 7..5°V

id. 10 V d. 8.5.V.

a. 1.5 V '. 5. . a. .25.V

b.' '3,15 V : 'b. 1.75 V
c.., 7. V c. 4.25. V

d. 9 V -d.-, 7.75'V.
P

a.- .5 V

b. 3.35 V r.

.c. 7.25,V

d. 9.5 V

. a. 4, V

b. 5 V

C. 6.5 V

d.. 9.75 V

15 V A.
b. 30 V

c. 45 V

d. .80 V

a. 200 V

b. 350 V

c. 600 V
d. 850 V

a. 2.5 V

b. 4.5 V

c. 7 V

d. 9 V

5.

a. 7.3V'
b. 37.5. V

c. 53.5 V
75 V

a. 200 V

b. 350 V

C. 650 V
d. 875 V

a. 15'V

b. 41 V

c. 68.5 V
d. 194.5 V

1.

2.

3.

ers to Self-Test #3

a. 150 4.

b. 14 0

C. 5.5 0

d. 1.19 0

a. 30 0 5.

)b. 7.8 0

c. 2.65 0

d. .75 0
.

a. 10.1 0 6.

b. 4.5 P

c. 1.6 a

d. .3 fl

a .

b.

c.

d.

'a.

b.

c.

d.

a.

b.

c.

d.

1

250 0 4

17

2.21
.39 0

53 0

11.7 0
4.75 0
1.9 0

22.5 P
4.25 il

1.24 0

-.145 0

Answers to Self-Test #4

1.' a. 45 Q 4.

b. 12 0

c. 3.8 11

d. 1.6

2. a. 3500 0 5.

b. 1500 0
\

c. 360 0
d. 425 0

1

a. 6.

b.

;74500

c. 21.8 0

d. 3 a

a.

b.

c.

d.

a.

b.

c.

d.

a.

b.

c.

d.

22.5 P
7 k

1.8 k
.4 lc 11

750 k 0
190 k Q

60 k P
8.25 k 0

1900 k Q

1150 k Q
700 k 11

360 k il

Answers to Self-Test #5

-?-4 1. 8 V

2 1.5 P
135 V

4. .6 V tt'
"r 5.- 32.5 k

6. 90 V

7. 4450'2Q

8.

411 9.'

'..
g3.5 V
18.5 V

11. 350 V

12. 1.05 V

22121

7:
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Goal:

rue apprentice will bvable to
use a VOM for electrical
measure.Ttent.

""

Performance Indicators:

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

2. -Measute voltage with VOM.

3, Measure resistance with'VOM.
4

4. Measure current 'with
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Objectives

Given:

Information Sheets.

A VOM, complete with resistors.
and a power source.

Directions

Obtain the following:

VOM.

A resistor assortment.

A voltage source (this

EL-RE-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.

unitchas been preassemOed by your instructor).

Learning' Activities

Re'ad the Key Words list.II.100

*
4.

Read the

Complete

Complete

Complete

Complete

Complete

general description of the VOM in the Information Sheets.

the Self-Tett on the basics of t'i'e VOM.

a Task on

a Task on

a Task on

a Task on

measuring DC voltage.°

measuring AC voltage.

Measurini resistancee

measuring current..

Obtain Final Evaluation.

3 125
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Key Words

EL-BE-I3.

Using a VOM

VOM: Abbreviation for volt-ohm-milliammeter. A meter than can measure volt-
age, current, and resistance.

Polarity Switch: A switch which selects.+DC or -DC depending on whether you
are measuring positive Op negative voltage. The + indicates a positive voltage
and the.- indicates a negative voltage.

Function-Rah9e,Switch: A switch which selects the function of current, voltage,
or resistance and the maximum amount to be measured.

Ohms-or Zero-Adjust: A knob used to adjust the meter when measuring resistance:,
Since the battery inside your meter supplies power to the circuit when you are.

measuring resistance, adjustments have to be made for the various conditions of
the battery.

.

Input Jacks: The place where the test leads are inserted--the red lead going
into the V-Q-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.4to measure distance. A meter scale
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.

4 LL

ti 411.
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EL-BE-13
Using a VOM

Inforniation Sheet No. 1

General description of the volt-ohm-milliammeter: Commercial models of the
volt-ohm-milliammeter (VOM) multimeter are able to measure direct and alter-
nating voltages, direct current, and resistance.tOldditional functions are
sometimes included. A wide variety of models are available.

A

POLARITY
SWITCH

4

RANGE SWITCH
INPUT+AND FUNCTION

SYITCH JACKS

M'S
ZERO

ADJUSTMENT

p

C-

a



EL-HE-13
d VOM

Most 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.)

ee,

t. ,t'

RD ARITY SWITCH

1%

S

ZERO ADJUSTMENT

INPUT JACKS FUNCTION -RANGE SWITCH

2. Junction-Range Switch selects the function (current, voltage, or resis-
- tancel 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 ikircuit. It is used to adjust the meter when measuring ohms to
allow forthanges 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 aOlusted 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.
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Using a Vom

4. Input Jacks are the places on the meter where the test leads are connected.
They 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.

5. Meter Scales are like a curved ruler and are marked with small divisions
May lye TM..

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

negative (L) or common. Connecting these leads correctly is called observ-
ing correct polarity. Incorrect polarity in DC circuits will cause the
needle to deflect or move backwards, and damage could result. In AC

circuits, polarity is not important.. 01

. .

Al) VOMS have' one thing in common: they have a very sensitive meter movement..

The meter's range and function are changed to measure various voltages and
currents.-

,
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Using a 1104

Self-Test

General ,descriptionof the voli-ohm-milliammeter

(Select, from answers at bottom of page.)

1. Polarity Switch

Function-Range Switch

3i Ohms Adjust

4. Input Jacks

5. Meter Scales'

6. Test Leads

a. Used to adjust the meter whet measuring ohms.
. .

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

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

d. Marked with 'small divisions from whin values may be read.

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

f. Places on the meter, where the test leads are connected.

.41
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Using a VOM

Information Sheet No. 2

General procedure for using a VOM to measure voltage

The following is an outline 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 Adjustment For the' meter indications to be as accurate as pos-
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 only by someone who knows the
proper method of setting thelMeter.

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

3. Polarity Switch If your meter s equipped with a polarity switch, turn it
to the position that represents the'type of ,voltage you are measurinr4AC
or DC). U/the voltage under measure is DC, have the switch-on-DC+ for
measurement. 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 tange 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 measuring any voltages unless you are definitely
sure that the voltage will not exceed the range voltage.

*

5. Connecting the Meter Always turn off the power when making a connection to
provide for personal safety. The leads are connected across (in parallel;'
with) the part of the circuit under test. In DC measurements, you connect
the black lead to the most negative point of the circuit and the red lead
to the most pbsit4e point. If you are unsure of the connection, consult
your instructor.. 1,

6. Circuit On If the voltage reading is within a lower range (in the lower
'1/4 of the scale), turn the range switch down until the needle moves above
the 1/4 scale mark. Be careful not to turn down more than one range step
at a time.

After the reading has been made, turn the circuit off, remove the meter,
anciturn the meter to "OFF" or to the highest range to protect the meter.
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Using a VOM.

IMPORTANT

General precautions should,be followed with the VOM as with any other meter.

Some of these are as follows:

When measuring voltage, the circuit li-hecesarilY-affie, so keep one hand
in your pocket. This is a safety precautiOn. If you use two hands con-
necting the meter to a circuit oou 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 measuring voltage, do not have the meter set to measure ohms or milliamps,
as you wiltdamage the meter.

4)
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1.

Task A

Equipment:

One VOM

One DC voltage source

r

EL4E-13
Using 'a Vain

4.

Procedure:

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

2. IllUg 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

MEASURED VOLTAGE INSTRUCTOR'S OK

18 VDC

12 VDC

5 VDC

Get your instructor's evaluatioP.

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

711

11
133



EL-BE-13 '

Using a VOM

Task B

Equipment:

One VOM

One. AG voltage souroe,,

Procedure:

1. Set meter function-range switch for highest AC range. Hook up test leads
in proper input jacks (haye instructor check).

2. Plug in lioltage source and locate-the AC terminals..

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

4. Observe scale and reduce ranges slowly one step at a time.until the
xeedle rests in the"uppey half of the scale.

Record your reading and range for AC.

AC

RANGE VOLTAGE,

Have initructor evaluate).

r

re

:

I
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Information Sheet No. "3

General Procedures for using a VOM to measure resistance

The following is an out of the basic parts of the meter. used td measure
resistance.

.Wheb measuring relistante 'WM the-VOM or multimeter, it is necessary to follow
certain vneral procedures. These are as follows:

1. Lead Placement Place the leads into the proper input'jacks. fhese will be ji
* the + (or V- 0-4 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 brcDC -.

3., Meter Zero' The meter must be set to zero to measure.reststance. Nearly
,all VOMs have the highest, resistance where the smallest current flows.
The highest resistance readings are, therefore, on the left-of the scale,-
and. the VOM usually does not have an adjustment for this Iide. The meter.
zero allows the operator to set the meter so most 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 circuit).

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

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

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 example,
if, the reading on the VOM is 2.2 and the range. is R' x' 100, the value would
be 2.2times, 100, or 220.

Read the meter scale and multiply by the number indicated on the rtnge
setting, and record the 'Value if necessary. (If a range setting- adjustment
is necessary for a gooq reading. (in the center two - thirds of the sc$10, he
sure to check zero ohms again.at the new range setting).

. .

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



Using a VOM

Task C

Equipment:

One VOM

One resistor assortment Cat leasl 10 resistors)

Procedure:

You are going to measure the resistance of some resistors that may have a
wide range of values. NOTE: All the ohms ranges Igo fr''om zero to infinity
(0). There are two things to remember: 1) Your most accurate reading
will be in the center two-thirds 'of the meter scale so you want to select
the range that will get you in that area If possible. 2) You must ",zero"
your meter every tim.you change ranges. .(See step 3).

1 Insert test leads into Proper ;put jacks.

2. Select resistance range.

3. Zero your meter on this range.

A. Connect leadS together. (short).

B., 'Slowly. turn ,"ohms adjust" knob until the needle is exactlymover
the zero of 'the ohms scale. If the needle won't go all the way to
zero on a certain range (usually a lower range), have your
,instructor check it. -You may need a new battery in your meter.

Touch the test leads to each end of'the resistors and carefully read
each value-and;chart below. Also list the colacode value for
each.

,COLORCODED VALUE METER READING

/ Have your instructor evaluate.

14
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Information heet No. 4

General Procedur for Using a VOM to Measure Current

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

t

When measuring current with 'a VOM, it is necessary to follow certain general
procedure,e- Typical procedures for measuring milliamperes are as follows:

1. 'Lead Placement Place the leads in th% proper input 'jacks. Usuelly the
leads are connected to the. 4- and - jaeks, 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 bebniDC+,1v 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 de meter in series. Do not
'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 c rent
at point B.

EL- BE -1,3

Using VOM

Break the circuit. at point B as shown in Figure 2

VOLTAGE SOURCE

Figure 2
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:Connect the meteNA shown in Figure 3 with the negative lead toward the
negative side of/the circuit (point B, in this.case) apd the positive, ead to
the positive side of the circuit (shown as point C).

oq

Figure 3

gi

5. Voltage On With the voltage turned on, ttie current istflo/ing through the
circuit. If the needle does not go above one quarter of the scale, turn
the range switch down .one range at a time until the needle moves into the
middle or upper half of the scale. (Figure 4.) AP

Figure 4

138
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6. Voltage Off Turn off the voltage, remove 'the meter, and turn the meter
"OFFS' or to the highest voltage range to protect the VOM. Switching to the
highest voltage range switches out the ohmmeter arid 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.

IMPdRTANT

t-

Since it is very easy to damage the meter when attempting to measure
current, it is important,to use extreme caution when using the current
function. Many meters measure only up to 1/2 amp (500 milliamps). .So

don't measure ANY CURRENT you are not sure is within the range of your
meter!! (06e-half amp is NOT MUCH.) Another common error is placing your
test 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.

CURRENT

METER

C0,31- idPEN SWITCH

VOLTAGE.

METER

p.



Task D

Equipment:

One VOM
One vilta0
Four resistors, 1/2 watt

J'

source

Procedure:

1. List the

first.

HIGHEST

LOWEST

EL-BE-13

Using a VOM

One 1000 t

One 1k .

One 10k

One 100k

ranges on your meter for current (DC mA) starting with highest

Mb

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 TO
RANGES SWITCH DOWN TO NEXT LOWER SCALE.

500 mA 2'50

250

100 mA

50 mA

10 mA

5 mA

140
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Or

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

in (the right hand column. lf,the needle goes above that point, it would

damage themeter 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 N6T CONNECT YOUR RED

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

e

1.1111

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 CAREFULLytuntil you

can make ytur reading.

5. Retord this current:

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

this value, consult your instructor before proceeding.

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

each measurement in the chart below.

RESISTOR
I604

CURRENT MEASURED INSTRUCTOR'S OK

10k
100k

V

ti



Final Evaluation

PROPER READINGS ON:

TASK A

TASK B

EL-BE-13
Using a VOM

OK RerDo.

TASK C e

TASK D

1111.,-

METER STILL WORKS PROPERLY

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

a.

ft

142
20

S. I

LI
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Answers

Self-Test Answers

EL-BE-13
Using d VOM .

1. c

2. "e

3. a

4.. f
reP.PaL

5. d

6. b

k

143.

21

44

4

/.2



Goal:

T.
The apprenticcwill be able to
cwipute .eloctricuj problems

'-,-

throu3h use of Ohm's Law.:

.1?

LZAVVVIC WAWA)

.8

'OVI;vi'S LAW

Performance Indicators:

I. Compute current from given
voltage and resistance,

2. Compute resistance from given
current and voltage.

3. Compute current from given
voltage and resistance.

144
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objectives

Given:

Ohm's Law

Materials to perform a

series of tasks

IM

Directions

Obtain the following:

one circuit board

two 1K resistors 0,000 ohm)

one multimeter

one variable voltage power supply'

-teaming Activities

Study the Key Words list.

Read the Information SheAs. /4

Do the exercise on memorizing Ohm's Law.110.111111.monm

enimholorm...4*

oftelirowl....yarao

.4OrreMmolefloo

EL-BE-I5
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 for current.

Complete.a Task for voltage.

Complete a Task for resistance.

Do the Self Test on Ohm's Law probleMs.

Do the Self Test on Ohm'i Law equations.

Do the Task on Ohm's Law for current.

Do the Task on Ohm's Law for voltage. t

Do the Task on Ohm's Law for resistance.

Do Final Tesis and II.

Obtain Final Evaluation.

147



EL-BE-15
Ohm's Law

Key Words

Math symbol for current,

R: Math symbol for resistance

E: Math symbol for voltage

E Ohm's Law equation for current when voltage and resistance are
T known.

R = E Ohm'sLaw equation.for resistance when volts and current are
known.

1_11 _Ones. Lot equation_ for,.....Y.Oltage.,.,when... currenian.Cresistance_are.
, .

known. '4f -

I

Directly Proportional: A-math relitIonship in an equation that results in a

larger or smaller Inswer when the terms on the other Side.of the. equation get
larger or smaller.

Inversely Proportional: A math relationship in an equation that results in a
smaller answer when the terms on the other side of the-equation get larger, or
a larger answer when the terms get smaller on the other side of the equatipn.

k'

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

R



A"

EL-14.410,

Ohm's-hA

Information Sheet

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

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

stated, th4law.reads as follows: "The current thrOugh a resistance is dir-

. ectly proportional to the voltage and inversely proportional the the resis-

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

4.?

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

equations ma derived from thisestatement. The,threg equations are as

follows:

For Currents

For Voltage

For Resistance

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

= IR (I times R) (I x R)

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

. ,

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

eq.

***MEMORIZE THIS***

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

E = IR.

r'To solve for current, put a finger over the I and you get or I = Ems.

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

71-

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

your equation.



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

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

2. The resistance if we know the current and voltage. E-7

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

EL-BE-15
Ohm's Law

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 resistor.

R is the value of the resistor.

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

third.***

CURRENT THROUGH

RESISTOR

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

VOLTAGE ACROSS

RESISTOR

I. 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.



TOTAL CURRENT

FROM SUPPLY

TOTAL VOLTAGE

FOR CIRCUIT

T

CEP

EL-BE-15

Ohm's Law

!
T6TAL
RESISTANCE

When solving for Ohm's Law equations remember to convert all values for
'4,-

resistance, voltage, and current to theirbasic units.

The basic unit for rAistance is the ohm.

The basic unit for voltage is the volt.

The basic unit for current is the ampere.

To help you work problems using Ohm's Law, the equations, will be presented
showing all conversions to ohms, volts, and amps necessa to solve each
equation. In the following circuit diagrams,the symbol A is used to represent .

the ammeter that is measuring current (I) in amps.

III
Now let's try a few eroblems using each equations to make sure you yan follow
the math involved.

FOR CURRENT

GIVEN
E= 10 volts

R= 1000 n or .1k'

.UNKOWN CURRENT.

IN AMMETER

40 'tn.

I E

10

1000 (k ohms converted

to ohms)

I - .010 amps or 10mA

VOLTMETER

READS 10VOLT5



FOR RESISTANCE

a

GIVEN R = E

E= 20 volts.

I= 2OmA or .020A.

R = 20
'. . .020A

AMMETER

READ5 mA

UNKOWN

RESISTANCE

-
FOR VOLTAGE

GIVEN

I a 15mA or .015A

R= 1k or 1,000

VOLTMETER

READS 20V

4.

UNKNOWN

VOLTAGE ON ,

VOLTMETER

4

EL-B -15
Ohm's Law

(20mA converted
to amps)

R = .1,000 a or lk

E = IR

E = .015A x 1,000

mA converted
to amps

6

E 15 volts



Ohm's Law

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

ril rn,""

3A I

3V

4 I
eD

150V

.111.111.101MOWNOOMMINISI

41*

0

6.

(
5J2.

150V

3 mA
2tR

3A
R

+ 9V
II



Self -Test

Ohm's Law Problems

1. Write the 3 formulas for Ohm's Law.

E=e0V

R:-.100-11

ET:120V

I= 10A

b.500 MA
( .5A)

EL=BE45
_ Ohm's Law

1

E:

1 A

Er. tro-V
F4=5hit

(5°°°)
I1100mA

(IA)

154

R: 1000'

R=500 it



tL-BL-lb

Ohur's Law

Final Test

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.

11.0.0.M110.01411.400VV

3A

3V
+

5-1-
NeVV

10V

1-31 3A
' -op. 3-n

L

'N/VV

R
E 3V

-'I"--f

Jam- .

E::

4

6



8

9

3mA ,

I:- 2A

It. 10A
R=3it

.roblI

011=11=011111.

10 R= 21? -rz-



4 EL-BE-1S
Ohm's Law

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

Refer to the illustration below:

DIRECTLY PROPORTIONAL TERM

A. I E (E goes up and I goes up, (Cgoes downjond I goes down
R (R goes up and I. goes down) ( R. goes ddWn and I goes up)

INVERSELY PROPORTIONAL TERM

I . Current in amps

(I goes down and E goes down)(I4goes up & E goes up)
. IR (R Aloes up & E goes up)(R goes_down & E goes down)

BOTH TERMS ARE DIRECTLY PROPORTIONAL

t . Voltage in volts

DIfECTLY PROPORTIONAL TERM

C. R = E E goes vid/and R goes up) (E goes down and R goes down
I (I goes up and ll goes down) (I goes down and"R goes up)

t

INVERSELY PROPORTIONAL TERM

= Resistance in ohms.

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:

(any term on top of the line on the right side of the equation is 1

E directly proportional to the term on the left side).
I .

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

13
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4

to,

Consider the following example of direct proportion.

E
A. I =

20V

10n*

I 2A .0.

40

0On
I = 4A rip

Current in B is

2 times that of A

f

GIVEN
E = 20 V
R- = 10

GIVEN

E = 40V
R = lOn

EL-BE-16

Ohm's Law

Voltage in B is

2 times that of A

sf

01.

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
curretraro in direct proportion.

14.
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Next consider an example of inverse proportion,

A. I 4
40V
21k1

I... 2A .4111-

B. I
=4

/
40V
On

44

4A
-41111-.

Current in B is
2 times that of A

`

GIVEN
E 2 40V
R = 20n

GIVEN
E 40V
R = 10n

EL-BE-15
Ohm's LaW

4t

0++1111*
Resistance in B
is 11 that of A

Note that vhen the resistance was cut in half (1/2), the current increased by 2

Alt

times or by the opposite pr ortion. Recall from your equations package that 2
is the opposite of 1/2; ther re, when the resistance was cut in Kalf, the
current doubled, or increase y an opposite or inverse proportion. The above
equation shows current and resistance to be inversely proportional.

J.

153



Ok.

Let's consider another-example of inverse proportion.

Current in B is
4 times that of A

EL-BE-15

Ohm's Laws

Resistance in B
is h 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 current are inversely proportional to
each other. When resistance goes down, the current will always go up by the

opposite proportion.



17.

4

EL-BE-15
Ohm's Law

,

At this point, you should be familiar with the yea 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 voltageFor Current' I --
R and inversely proportional to the resistance.

For Voltage E IR The voltage is directly proportional. to either the
current or the resistance.. 'I'd

For Resistance R E The resistance is directly proportional to-fR6
# -r voltage and inversely proportional to the,current.

You may question why we go to all this trouble learning about the relationships
of each formula. Why not just do the math by each equation? The
reason is that understanding Ohm's Law is nec ssary 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. Yotj may have to
learn to do $his for testing purposes to be sure you can work the, pr but

is of little value when confronted with an electronic problemli some 'ype .

of radio or television' receiver. Your skill in usingyour knowl dge be in
how you analyze the problem. You must be able to interpret _the voltag
resistance and current measurements that are different from th called for in'
a schematic diagram. This is the real test of your ability, In a later unit,
we will explore troubleshooting using many of the ideas presented in this
learning unit.

17
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4 III
Self-Test

DIRECTLY PROPORTIONAL VALUES & INVERSELY PROPORTIONAL VALUES USING OHM'S LAW
EQUATIONS.

. *

EL-BL-15
Ohm's Law

a

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 sane 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

t
be voltage stayed the same. What

happened? .

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

4.' If the current doubles through a resistor, the voltage across the resistor
will..

A. remain the same.
b. be 1/2 of the originil_valul.
c. 'be twice the original value.

5. If the 'resistance in a resistor doubles, the CurreOt through the resistor
will

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

c. remain the same.
914

4,



Task A

Obtain the following:

1 multimeter
1 ammeter

2 1k resistors

1 resistor of unknown value
1 circuit breadboard
1 'power supply

CONSTRUCT THE FOLLOWING CIRCIJIT:

JUMPER

E :2.0V

eter

EL-BE-lb
Ohm' s- Law

STEP r.. Using Ohm's Law equation for c rrent, solve for the current through .

the ammeter. (Do not apply po er to 'this circuit.). mA
4

STEP 2. Now apply power to the circus and record the current measured by the
meter. mA

YOUR CALCULATED VALUE IN STV 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 exactly 1/2 the voltage used in
Step 2. Using the rule that current and voltage are directly/ pro-.

portional, theicurrent should be of the value measured in
Step 2. The exact amount of current should now be mA.

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

L

THEi CURRENT DECREASE MEASURED IN STEP.4 SHOULD MATCH YOUR ESTIMATIONS
IN STEP 3.

STEP 5. Obtain your instructor's evaluation.



. Task B

CONSTRUCT THE FOLLOWING CIRCUIT:

^41

EL -BE -15

Ohm's Law

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

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

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

record the value. V

YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH
/OUR MEASURED VALUE IN STEP 3.

4 STEP 4. Remove the voltmeter frOm across the lk resistor.

STEP 51 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 measures across the lk resistor should increase by
a factor of and read volts.

STEP 6. Attachthe voltmeter across the lk resistor and measure the new'

voltage. V

YOUR ESTIMATE INITEP 5 SHOULD MATCH YOUR MEASURED VALUE It* STEP 6.

,STEP 7. Obtain your instructor's evaluation.

20
164
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Task' C

Ohm's Law

CONSTRUCT THE FOLLOWING CIRCUIT:

E

t.

UNKNOWN
AMMETER RE5ISTOR

+ VALUE

.91
ATTACH METER

TO -AS INDICATED

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

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

44

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. 14

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

STEP 6. Remove theresislor'from the circuit.

1EP 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.

or
STEP 8. Obtain your instructor's eva uatien.

V.

a

21 65 '
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Final Test 2

Ohm's Law

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

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

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

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

4

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

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

A. double (X2) in7Value.
B. be 1/2 of the original value.
C. remain the same.

c

I

SI
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Final Evaluation
4

LL-Ut-0
Ohm's Law

OK Re Do

Completed the Task on Ohm's Law for current

Completed the Task on Ohn's Law for voTtt9e

Completed the Task on Ohm's Law for resistance

Completed final Test I on Ohm's Law problems
with 80% accurasy.

Completed Final TestII on. Ohm's Law relationships

with 80% Accuracy.

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

rr

tit
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Answers

Answers to Exercise #1

1. R = E 3V 10

.-T- 3A

2. 1 . E a 10 a 2A
VI-

3. E IR* 3A X 30 -9V

4. I * E 150V a 6A.

250

5. IE. = 15 .005 . .005A or 5mA
moan

6. I E .1 15.go .03A or 3OmA

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

R E 9V . 30

Answers to Self-Test

1. I
m E R- E E . IR

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

2. I . E I . 20V I .2A or 200 mA .44

R 1000

3. R= E R- 120V R= 12n
10A .

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

EL-BE-15
Ohm's Law

R a E

6. IR

7. I a E

-r

R 75V

E .1A x 5,000 n, 500V

I 5V I 10mA or :010A.

00r)

R. 1500



Answers

,

Answefs to Self-Test 02

I. B. R *
E Restance

2. B. I .

3 A R
, E

..

4. C. E.IxR

5. B. I

R

0

4.`Ittewe

EL-BE-15
Ohm's Law,

and voltage are terms that are directly pro-
portional. Therefore, if the resistance goes down, the
voltage would have to go down.

It

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

Current and resistance are inversely proportlbnal terms.
Therefore, if the current goes down, the resistance would
have to go up or increase.

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.

This equation shows current find resistanceto 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).

25
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2.9

POWER AND WATT'S LAW

Goa

The apprentice will be able to use
Wat'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.



BASIC ELECTRONICS

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

a

Test Draft
September 1981
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1.

Objectives

Given:

Resistors of differerit wattage

and equipment to perform a task.

Watt's Law

Directions

Obtain the following material:

Circuit Board
Power Supply
Multimeter

Learning Activities

..........

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

The student will:

Perform an experiment demonstrating
P, 1, 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 Task on Power.

Do Final Test on Watt's Law.

Obtain Final Evaluation.
(



'Key Woi.ds

Power.: Work done by electrit.(11 pres:oric uf vultaye.

Watt: The basic unit power.

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

Power/and Watt's Law

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

Watt's Law: P ----. I X L4

Ain hour: The amount of Current per him* available in a battery.

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

Watt's Law Pie: . A memory aid to learning Watt's Law.

Dissipate: Totgive off energy in the form of heat.

4
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Power/and Watl.'s Law

'1'

The basic unit ot J)()Wer 1 !he wutt. All of the items that you hive in your
home that use electric ily will Tell voit hoW much power, they use I telling
you how many watts they use.

Approximate Co.3t of Operation of OuplicanLes

Applianc'e

Average

Wdttaoe
--

Est. Cost per Month
at $0.04 Per KWH

Toothbrush 1.1 .003

Clock .06'

Hair Dryer 3H1 .05
Sewing Machio .04

Shaver 1 b .04
Toaster 1146 .13

Vacuum Cledoel 630 .15

Radio 71 .29

Washing Machine 512 .34

Coffee Maker 894 .35

TV, B' e, W 45 .33

IV, Color ' 145 1.06
Dishwasher U01 1.21 4
Refrigeldfoli 2.33

Freezer

Manual Defrost

Clothes. Dryer 4856 3.3"1

Range with oven 12,200 3.92

li?efrigerator/ 5.9d
Freezer
Auto Defrost

Water Heater 44/4 14.91

Central AA, 16/0/ton 35.00

0

4

4I.

6

4
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Power/and Watt's Law °

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 JV set we are using some of the energy. The amount of energy we use will
depend on the type of work'being done by our electrical pressure. In this unit
we are not concerned'with the energy itself but with the'work 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
appliance you are using.

ii1111111111111111111111111111111111111111111111111
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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 you use. Conserving the amount of power you use
can prove very heipful in trying to keep the`electric bill as low as possible.
If you have ever looked at your electric, bill and tried to figure out what
makes it so high, you may have 'noticed that you were billed for the amount of
watt-hours used. The amount of watts used times the time in hours the powar
is Used is called watt-hours.

eiN
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I owt.t.1,111(1 Wfitt.' 5 Law

The clearest example of the relationship of wattage used to work done is the ., .

light bulb. You are, aware that a 100 watt bulb gives much more light than a.40
watt bulk and requires much more electricity to produce that light. Most home
light bulbs range from 25 to )50 watts. The electric appliances that you have
will average from 100 watts 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 each month.

To figure out how many watt -hours something will use, simply multiily the
amount of power )n watts the appliance uses by how many 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 he
expressed as 72 kilowatt-hours or 72 kwh.

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
lakger 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
o/r.Ignergy. 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 the
eledtrical outlet to the other. The conductor forms a pathway for the elec-
tridity. 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

WALL
OUTLET

"
APPLIANCE

LDAD RL

$4,

6

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

Schematic Drawing
of above pictorial.

177



.Puwer/and WatCs: Law
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1.

Power is also used it you provide d connenting path between the two terminals
of a battery, even it there 1'; :odd. Ito,. battery will go dead almost
immediately if there is no l000 to limit the Hoy of current. This is known
as.a short circuit.

The load parts of the electrical system in a car, such as headlights, radio,
starters:, provide a resistance to the flow which limits' the current drain fromthe battery.. The lodd also dissipates heat and lfght which prevents the wiresfrom burning

P.p.

(.7)-

(:AR Elk f I tli-N
CAR READUGHT

The amount of power that a battery can supply is much leSs than the amount of
power that can be supplied by the electrical lines in your home. The amount
of power that a battery can supply usually depends on the size and type of the
battery.

SMALL AMOUNT OF !AMER

)2 VOLT

LARGE AMOUNT OF POWER

The amount of voltage that. the iAttety provides'is'not the only factor we mustconsider. The 12 volt flashlight bttery and the 12 volt car battery each
\provide 12 volts, at the terminals. The flashlight battery could never be used

to, start a car because at cannot supply the amount of power required by the carstarter.

You may have experienced d "d0d0 battery" 1H a car that wouId'nof supply enough
power to start the car but would still cause the headlights to .light up. Thathappened because the sturter requires Huch more power than the headlights,.
When the battery gets weak, it cannot supply large amounts of power, but itstill may be ahl t., to su\pply it .0..1011 amount, ol power.
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Power/and Watt's Law

I

bevices.that get their power from a battery or power supply such as that used
in your experiments state their power requirements in AMPS lnsteadof WATTS.
To find out how many watts are required by a device that tel'\i you 'howhow much
current An'amps it requires will involve some calculations. termiriing watts
needed (or power) is the basic function of Watt's Law.. Electrical devices that.
plug into the wall outlet will always have the power in watts thot they require

,'printed somewhere on. the device. All other products that use por from some
. type of battery or power supply usually tell you how much currentliOn amps they 0

require. Now to convert amps into watts involves an equation known as Watt's
Law. The law states that 1 watt of power is .used when 1 volt of elhtricity'
causes 1 amp of electrical current to flow through a 1 ohm resistor.

,.

a

-a RESISTOR

Watt's Law is usually expressed in an equation that u %.4)1 e and current.
'Die equation for Watt's Law using voltage and current looks like this:

POWER.

In

watts

41.01

EQUALS CURRENT.. TIMES
to, in

amps

VOLTAGE
in

volts

. ,

1 watt equals 1 amp times 1 volt

Let's gd hack to theproblem of figuring out how much power your headlights or
car starter may require froM the hattery. Due'td tht load resistance inside
the headlight, 2 amps of current may flow when connected to a 12 volt.batterx.
The car starter may represent a lower load resistance so that 50 amps of
current may flow when connected to the 12 volt battery. Since we know the
current through each load and the voltage, across each load, we can compute
the amount ipfpower needed for.each device.

et
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12 VOLT

BATTERY
AMMETER READS

dik
2A

1 E P ?A X 12 V

12 VOLT

BATTERY

- 24 watts

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

CAR HEADUGH

iAMETER READS a,

/ 504 CAR STARTER

P=IXE P 50A X 12 V

( .

P = 600 watts

From the equation P a IX E, you should recognize that all the terms are
directly proportional. This means that if the value of the current or voltage
increases, the power will also increase. The opposite is also true. If either
the current or.,the voltage decreases, then the power used by, the item will also
decrease. Most electrical items require 4 certain voltage to' operate properly
so it is not practical to reduce the voltage to lower,the'power, required. A
new small 12 volt lantern battery may be able to supply only 1/2 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 can-come up with. how dlany watts it can supply. P = 1/2 amp
X 12 volts = 6 watts.,, Let's try the same thing with a 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 watt-hours, but the total amount of energy
'the car' battery can supply is 600 watts X 1 hour or 600 watt-hours.

As you can see from the examples above, the smaller battery cannot supply very
much energy, only.6*watt-hours. The larger car battgry can supply 600 watt -
hours. , Since they are both. rated as providing J2 vorN-, you should recognilie
that it is not how much voltage they provide but how much power and energy they
can supply that makes the difference.

They type of power we have diScussed so far has dedlt.with the amount Of power
required to do a certain work in a certain time: the car battery to turn the
starter or light the headlight, the 110 volt wall plug to run a household
appliance. The word power can also be used to express the amount of heat
generated in an electrical item: Consider your electric stove, or electric
heater. Both of.these devices are designed to giye off,heatd

1.1

160



....noola

il-BL-16
Power/and Watt's IAN/

Other items such as radios or televisions we do not want to yet too hot as heat
quickly damages the p4rts. When power is used to do some kind of electrical
work, heat is always generated by the work being done. An example ()Cheat
being produced by the work being done is the light bulb. The light-bulb is
principally designed to give off light. But if you touch the bulb after it
has beed on for a while, yOuliwill feel a great deal of heat coming from the
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 more light
will also give off more heat. From this example, you can see that the power
required by the light bulb is used in two different ways:

1. The power.tnat'produceS the light.
2. The power that produces, the heat..

Both of these powers are additive and the total amount of power required hy'the
light bulb is the sum of the power used in heat and the power uSed, for the
light.

Keeping parts from being destroyed by the heat dissipated in doivg work An a
radio or television receiver ittof major importance to the technician. to
assist us in selecting parts tlilbt 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 theform of .heat. More than that amount'
will damage the part. Resistors are an example Of this. Remember from your
study unit on resistors that they come in various wattage sizes: 1/4 watt,
1/2 watt, 1 watt, 2 watts, etc.

1/IWATT 3/8IN DIA

I MII1101,

2WAT TS

11/16IN DIA

... ,r)

" 1 war r
9/to IN DIA

I

1/1kniAT;.

I/4 )N. DIA.

Basically, the bigger the part is the more heat it can safely dissipate. This
is true for almost all eleetr.onitparts. Remember our power equation I X E
tells us that the amount of power used to do work and dissipate heat in our
electronic' circuit is directly proportional' tai the voltage and current. If

resis-
'tance) in our circuit, the power will also increase. If the increase 4n power

either the current or voltage increases due to a short (a decrease in resis-

above.the power rating of the part, it will probably burn dp.
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Consider the two examples below:

A.

B.

I5WATT

20V RESISTOR

20V

15 WATT

RESISTOR
sHoRTED

";

Voltmeter
reads

20 volts

AM METER

READS .5A

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

P = I x,E

P = 20V x .5A

P = 10 watts

Vol meter P = I xE
rya s

20 v lts P = 20V . lA

20 watts
AMMETER\

PEAD14

In example A, 10 watts is consumed by the resist Since the resistor is
rated at, 15 wattt, It will not burn upt although f yotilouch it youwill feel ---7
some heat. In example B, the current has increased to .amp and the goer
increved to 20 watts. That same resistor rated at 15 watts now has 2t watts
consumed in it and 'twill probably burn up.

Anytime you find a resistor burned up in a circuit, you should car fully check
the circuit to be sure there is no short which would cause excessive'iiimpt;,
to flow. Remember, a short means that the resistance has decreased 4to
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 part.

To hemorize Watt's Law and all of its variables, we can use an aid similar to
the aid used to memorize Ohm's Law. TheWatit's Law memory aid is also called a
PIE. (Since P I X E;this is usually an easier equation to remember.) .

CURRENT-

IN AMPS

POWER IN

WATTS

12

VOLTAGE

I N VOLTS

18 0,
4.4
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You can use the Watt's Law PIL just like ou used the Ohm's law Pli

To find. the power, simply put your friwover the letter P
and. you yet P I X E.

To firid-the voltage, simply put our finger over the letter E
and you get

=
P .

1

Toyind the current, simply t your finger over the letter I

an you get P .

E

LL-BL-16
Puwer/dnd WattiS Law

Let's try some example problm s for each equation. Remember you must know two
of the three terms to solve 'or the third.

ExaOle A: To find t e power when the voltage and current are known
Eqpation E -A,

E I 0 V

111

Voltmeter

reads

10V

Aare to r

reads 1 A

;),

P = E x 1

P = 10 x 1

P = 10 watts

Example I3:13: To find the current when the voltage and-power are known;

Equation y

-2.0V

RESISTOR

US/N6 5 WATT`

Voltmeter'
reads

20V

1

1 = 5
20

1 .., .25 amps

I>
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Example C: To find the voltage when the current and power are known',

Equation

E -
I

1

RESISTOR op E = ,.5 Volts.

E ? usING I WATT

Ammeter
reads 2A

0.

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

horsepower (Hp) is equal to 746 watts. All power equations apply to horsepowee -

ratings in watts, the same'as any other wattage rating.

t

4



0 Self-Test

his basic circuit is
used for01 of the
racti e problems

Power/and Watt's L w I

You may refer to the Information Sheets for any equations..

P= 2. P =.
I = 2 A I .5 A
E - 3 V E = 12 V

4 . P = 1 W 5 . P - 2 W
I A .001 I =

E_ E = 5,0 V,

4.

T. P = 10 W

41)
I 2 A

=

10: P =
I = 20 mA
E = 20 V

.o

a

8. P =

I = .05

E = 10 V

= .125 W

E =

125 mA

.5 W

I 2 A

6. P = .25 W
I

E = 51V I

9. p = .5 VI
I = 5 mA
E =

12. P = 10 W
1 . 50 mA

E=

a 4

.s



Task

Materials required:

1. Low-voltage power supply
2. Two resistors, 1/4 watt 10 41 1 watt 10 sl
3. Voltmeter 0-30 VDC

Proce'dure:

414

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

Step 1. Connect the circuit as shown below using the 1/4 watt resistor.
CAUTION: Power "OFF" and observe polarities:

LOW

VOLTA

bc.

ROWER

SUPPLY

+0,

0

10-il I WATT

.

Step 2. With the voltage cdntrol at minimum,'turn the power switch, toON" and
slowly raise the applied voltage until the resistor begins'

0
to get

warm. Let the resistor operate t this maximum condition for several
mimiriutes while you note "the maxi m operating condition df a 1/4 watt

resistor. Carefully touch the r sistor with your finger toopote its
temperature.

Step,I. Raise the applied Vol.tage slowly until the resistor heats and burnS,
open. Note and recorthe value of the applied volt4ge wheri this
happens. 'AWE: When the resistor has opened there.will no longer be
a current'path, current will no longer flow, and the.revistor will
have :infinite resistance.

Applied voltage when resistor opened:

.

Step 4i Compute and record the amount of power thpt the resistor was-
dissipating-at the: time it opened.

P0wer dissipation at time of failure:

. Recdorlect.the circuit, u-sing -10's?.1 watt resistor.

Stev6. Apply the. same voltage which destroyed tOe1/4 watt resistor in Step 4,
noting the operating teMpertkUre of .thehigher Wattage. resistor.

,

Step 7, . How does the'dperattng temperatyre-of the-resistors in Step. 2 and 6
r ,

compare? -
*I

gep obtain the ins ru6tor's eyalu4gon.
. 4

,

se

:"'""

#1;IL's\*. .1.:



Final /1"est

The following questions refer to this circuit.

-1. P = 2 W

I = 1 mA

E_

2. P = 2 W

I = .05 A

E_

3. P = 20 W
I = .5 A

E=

\.,j

. P = W

I=
E = 250 V

5. P =

I = mA
E = 500 V

6. P - .25 W

I = 2 mA

E=

up

LL -I. -io

Power/and Watt's law

7. A 115 V electric heater furnishes 1150.W of heat. What is the operating

current?

a. a. 1.0 A b. 1.150 A 10'A

8. What current does the average 115 V 100 W light bulb draw?

-- a. .087 A

4

b. *:87 A c. 1500 A

1/

187
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Final Evaluation

'Name

Accurately completed a task demonstrating
P, I, and t relationships

Answered questions on a Final Test 'with
80% accuracy

S

v.

. LL,J3L16
Power/and Watt's Law

Date

OK REDO

;/

O



Answers

Self-Test Answers

EL-BE-16
Power/iind Watt's LdW

.

1. 6 W

.

t. I f* 2. 6 W

3. .25 V

4. 1000.V or 1 kV

5. .04 A or. 40 mA

6. .05 A or 50 mA

7. 5 V

8. .5W

9..100 V

10. .4 W

11. 2 V

12. 200 V



1111VIUMOMIL WIP1111

2.10

KIRCHOFF'S CURRENT LAW

Goal:

The apprentice will be able to

use Kirchof.f'.s Law im co:Aputing

current values of electrical
circuits.

.1

Performance Indicators:

1. Describe Kitchoffs
Current Law.

2: Describe algebraic sung.

3. Solve for current through
resistors.
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Kirchhoff's Current Law
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Test draft
September 1981
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Objectives
Given:

Resistors of different values

A multimeter

L

FL-BE-18
Kirchhoff' S Current law

fM

The student will:

Apply Kirchhoff's Law for, current
in a'simple circuit with one voltage
source.'

A circuit breadboard for Solve for 0 unknown current using
,

constructing simple circuits Kirchhoff's Current Law.

Rower supply , Complete a Final Test with an

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

Directiong

,Obtain thevfollowing material: au.

1000 ohm resistor
20,000 ohm resistor
10,000 ohm resistbr-

Circuittreadboard

A

O

Power' supply capable of providing 0-30 volts
Mul timeter capable 1( measuring currents 0-300mA

'A'

f

Learning Activities

Study the Key Words list.
. d7

Read .the Information Sheets.

11

Do the Self -Test,

Da the Task f4 Kirchhoff's Current Law.
.

Do the Final Test.

Obt 'Final Evaluation.

3

493



Key Words
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LL-A 16
KirchhoWs Current Law

..-.

Kirchhoff's Current,Law: "The algebraic sum of the currents entering any point

and leaving-any point must equal zero."

Algebraic Sum: The result of adding positiVe and/or negative numbers. In

.' 4u electrical ci ts :

0

',A. Currents entering d points are assigned a'positive value (+).
B.Currents leaving a point are assigned a negative value.( -).

A
R: SyMbol which represents current flow through a resistor (,Iotihe 'R'
is written in a lower position); i.e.,

1

R
= current flowing through resistor R

1 R,
cutrent flowing through resistor R, i.,

R: Symbol which specifies a certain resistor;

RI = resistor number'l in the circuit

Ry - resistor number 2 in the circuit

R3 = resi'St4 number 3 in the.circuit



Information Sheet

About Kirchhoff's Laws

e EL-BE-18'
,Kirchhoff's Current Law

Kirchhoff's Laws are very lAeful in learning to work on electronic products.
The uselfulness results from a common-sense understanding of the laws and not
Mist being able to work out problems.. Simply stated, Kirchhoff's Laws say
that you cannot get more voltage or current out of a circuit than you put into

A'ssume that.you are measuring a DC voltage of.about 50 volts in a circuit that
operated from a 25 volt supply. An "error light" should come on in your mind
saying, "Hey; if I only started out with 25 volts, then that's the most I can
measure So my reading of 50 volts must be incorrect."

A similar condition could,occur while making a-current measurement. If you
are measuring 75 milliampsin part of a circuit that has a total supply current
of only 50 milliamps, then again the light should Game on and §ay, "Hey, if the
whole circuit, only draws 50 milliamps, then that is the most that can be
measured."

The unlikely readings you may obtain for the two examples above should tell you
to recheck your instrument relpngs or further examine the circuit for possible
shorts. .(Shorts, or less resistance, create more current.)

Kirchhoff's Laws keep us on track by reminding us, that the maximum values we

can measure will depend on the maximums voltage and current supplying our
circuit.

These next two tearning packages will make you familiar with two of the more

popular aspects of Kirchhoff's Laws: one package, Kirchhoff's Law for Current,

and one package, Kirchhoff's Law for voltage using one voltage supply.

Kirchhoff'.5 Currentlaw_for One Voltage Source

u

Kirchhoff's Law fctr current can be 'stated technically: "The algebraic sum of
the currents entering any pointand leaving any point in a circuit must equal

zero." Let's try to restate the law in plain language. 'The total current

entering a circuit must be equal to the total amount of current leaving'the

circuit." Study the illustratidi-o0 the following page.
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Figure i

=m.o.

The. termh"algebraic sum" in the

'orjginal
technical,explaNd Ion -refers to adding

positive and negative numbers. By marking the currents entering our circuit
"positive values" and marking the currents leaving our circuit "negative
value's" and then adding them, we should arrive at the answer "zero." If.both
of these'current values are equal, then, by using a basic rule of addition that
states "when two equal but opposite numbers are added, they cancel'and equal
zero," you can easily solve the problem. Examples, of equal but opposite' num-
bers are +5 and -5.

Using the circuit above'as An example, notice that the curv'ent leaving the power
supply and entering boint A, the input to our circuit, is 5 amps. Since this is
the current'entering the point, we wiLl mark this fralue +5A.

IP

We mark two currents 1 avin oint A with negative values: .I1 = -1 A and
-4 A. By taking he sum o these 2 currents (-I) + (-4) = -5 A, we\can

state the total value .f the)two currents leaving_ the point A as -5 A 1,-

Now, if We add the current entering,the point A ( +5 A):to the current leav-
.inu the point A (-5 A), we get, nerd' for an answer, (+5 A) + (-5 A) = 0. You
have just Oaken the algebfaic sum of two values which equals zero. This is an
imporliant step,to the Understanding of Kirchhoff's Currene-UW:

Let's use point B of the same circuit in Figure 1 as another example. The
currents entering point B we willlabel.at I1 (+1 A) and 12 (+4 A).. The total
current entering point B is 11,(1 A) + I? (4 A) or + *5A. The ammeter M4 shows
5 amps leaving point B; this can be written as -5 A./ The current leaving point
B is now -5.A. .

Now, we check by adding: (+5 A), + (-5 A) -- zero.

1 9 6
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That part of Kirchhoff's cu rent law that states "entering any point and leaving
any point" can also refer t a resistor branch and could be restated: "entering
any parallel resistor bra'nc and leaving any parallel resistor branch." Now
the law could look something like this: "the algebraic sum of the currents
entering a parallel resistor branch and leaving that same parallel branch must-
equal zero." Study the illustration below.

e

Figure 2

Observe that the current entering this resistor network is equal to 1 amp. The
current 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 = -.3 A. The total amount of current at point B
could be expressed as -1 amp, by adding: (-.5) + (-.12) + (-.3) = -1.

Now 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) = 0. This is just
another application of Kirchkoffvg Current Law.

Let's try another application. Study the illustration on the following page.

7
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Kirchhoff's Laws can also be used to solve for an unknown current. The problem
is to find the value of current path II. See if you can follow along with me
and come up with the same answer as I do.

1. If I

t'
or the total current entering the branch of point A is +2A, then

-2A must-leave the branch at point B.

2. Curr'ents add in parallel circuits. We can account for -.9A of the total
-2A by adding current 12 and current 13. (-.5A) + (-.4A) = -.9A. Since
these are currents leaving the branch at point B, we can ark the total

current at this point as (-.9A + x), the x representin he unknown cur-
rent I1.

3. !Now we can set up an algebraic equation like this:

1

t
4. X 4. 12 13 =0

If we substitute our known values for the sythbols III the equation, it
reads:

+2A + x'+ (-.5A) + (-.4A)
f2A + (-.9A) + x = 0
+1.1A + x= 0
x = -1.1A

0

1 D8 me,
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For proof, we .can substitute. the values.

I 4. 17 + 13 . 0

t2A + (-1.1A) + (-.5A) + (-.4A) = Q

+2A + (-2A) = 0

0 = 0
r

El-0E-18
Kirchhoff!s Current Law

5. By inserting the value (-1,1A) for x, or the unknown I1, we.have written,
an equation which'repeats our working statement of Kirchhoff's Law: "The .

algebraic sum of the currents entering any parallel resistor branch and
the currents leaving that same parallel.resistor branch must equal zero."

Consider the next application by studying the diagram below.

M F.

iOur problem in this application s to find the current entering the branchcihat .

would be Teasured by meter M.

The currents leaving point A and dividing between the three resistors in
parallel are indicated by the meters r42, M3 and M4. Since these currents dC-e

leaving point A, they will all have negative values. By adding these'together,
(-1) + (-.5) + (-.7) we,get -2.2 or -2.2 A.

I

4 .

By remembering that the total current eiteringo resistor branch and leaving a
resistor br'anch must be equal in value but opposite in polarity (+ instead of -)
we know that meter M1 will have'to read +2.2 A. Let's try the final proof by
taking the algebraic sum of those two valAs. (-2.2 A) + (+2.2 A) = O. It

checks out so 2.2 A is then the current value for meter M1.

BEST COPY AVAILABLE
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Self-:Test

Using Kirchhoff's Current Law, perform the addition that will show the
algebraic sum of 'the currents entering any 'point and leaving Ay point are
equal to zero.

...

I
.EL -BE -13

Kirchhoff's Current Law '.

.3A

.3A 7 300mAn 2A: 200MA
.IA :100MA

~ID

Cw.

2. Using Kirchhoff's Curi.ent Law, solve for the current.through resistor
R3 (M3) .

.

IRj IR2

2

1

Use the diagram ,in question #2 and the value you arrived at for question #2
to solve for what meter M will measure.

.

10
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Task A

ELBE -18
Kirchtioff's Curreit 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 the +
and - refer .to the way you will connect the meters when you remove the jumper
wirgs.

Step 1. Construct the following circuit on your. breadboard.

Step 2. Make sure all jumpers are in place.

Step 3. Set your multimeter to read 250 or 300 mA.

Stev-4. Remove jumper, J) and install your meter between n-the tWo points 'A'
1/ and 'B.' Be sure to observe correct polarity when installing your

ammeter. , Polarity'is marked for, each jumpel-.

Step 5. Set your power supply to +20 Volts'D.C.

Step 6. Read the current entering the three resistors. mA.

Step 7. Replace jumper J1.'

4 . AA:,
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Step 8. Remove jumper J5 .and install your meter between points

Step 9. Read the current leaving the resistor network.

and 'M.',

mA

DISCUSSION: The current entering the resistor network shOuld equal he current

leaving the resistornetwook.. If your readings in Step 6 and Step 9 o not
match, consult your instructor for assistance.

Step 10. Replace jumper J5.

Step 11. RemOve jumpersJ2 and insert your meter to measure the current through

e
R1 and record the value. - mA.

Step 12. Remove jumper J21.

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

, )1.

Step. 15. Remove jumper J4 and insert your meter to measure the current through

.0 resistor R3.and record the value. ' mA.
D

Step 16. Record the currents measured for each resistor below from steps 11, 13,

and 15.

NY

From Step 11, current through R1 mA

From Step 13, current through R2 mA

From Step 15, current through R3 mA

Step 17. Total all three currents and record the value. (mA

Step 18. Record the current entering the network from Step 6. A' mA.

Step 19. Record the current leaving' the network.from Step 9. mA.

Step -2Q. Did the three currents for R1, R2, and R3 equal the current entering

the network and leaving the network?

DISCUSSION: The total amount of current flowing through all three resistors
should equal the amount of current entering the three resistors and leaving the
three resistors! Due to the resistor tolerances and the exact way you read
your meter, your answers may vary plus or minus 1O%

Step 21. Obtain your instructor's evaluation for Task A.-

12
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Task B

Jumper wires will be labelled with the letter J. They will connect two terminals...
The terminals are labelled with letters A through M. Remember that-the.t and -

refers to the way you will connect the meters when you remove the jumper'wires.

SET SUPPLY
TO 15 VOLTS

1000-a

Step 1., Construct the same circuit that you used for Task A as illustrated
in the diagram above.

Step 2 Make .sure all jumpers'are in place.

Step). Set yout mulOmeter to read 250-300 mA.'

.1

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 VOC.

Step,6: Read the current entering the resistor network. mA.

Step 7. Replace jumper'J .

13
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4 Kirchhoff's Current Law
V

Step 8. Remove jumper J5 and install your oeter betweerippints 'L' and 111.1.-
,,-

Step 9. tRecord the current Yeavin4 the resistor network. mA. The

-current entering'the resistor network should equal the current leaV-
ing the resistor network. If your readings in Step 6 and Step 9 do
not match

oo
consult your instructor.

`Step 10. Replace jumper J.,

Step 11. Remove jumper J2 and insert your meter to measure the :Current through
RI and record the value. mA'.

.Step 12. Replace jumper J2. 41

Step 13. Remove jumper J3 and insert.your meter to measure the current throudgh
resistorR2 `and record the value. ,mA.

O

Step 14. Replace.jumper J3.

Step 15. Record the total current en, ring the resistor branch fhatwas
measu'red in.Step 6.

Step 16. Record the currents leaving point N that were measured in Steps 11 .

, and 13.

Current through resistor R1 from Step 11 mA.

Ma-Current through resistor R2 from1Step 13

Steo 17. Total the.known 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.'Nt is
measured at jumper J1. Two of the three currents known to be leaving point
were measured at J2 for R1 and at J3 for R2. To visualize these currents, it
is best fp pencil.in those values directly on the circuit diagram used for this
task. Since you know that the entering current must, equal thd'eaVing current,
you can reason that the difference between the known enterng currents and the
known leaving currents must be.the'amount of current leaving g point 'N' and
going through resistor R3.

p

Step 18. Subtract the two known currents leaving point 'N' from the entering
current measured at Jj and record the value. mA.

Step 19, Remove jumper J4 and insert your meter to measure the current leaving
point 'N' via resisOr R3 and record the value. mA*.

DISCUSSION: Steps 18 and 19 should be close to the same yalue. In this task
we chosellto take a common-sense approach to solving for the unknown current.'
It is possible to use Kirchhoff's CurrerFtLaws to solve this problem. However,
you should always try to visualize the sortftion first. This will be of the

110
-greatest'benefiewhen working on an electronic°circuit. In the information
sheets you will find the method used to solve fof this kind of problem using
the math in Kirchhoff's laws.

Step 20. Get your instructor's evaluation.

14



EL-BE-18,

Ki'rchhoff's Current Law

Final Test

1. Using Kirchhdff's Current Law,,perform the addition that will show the
algebraie)sum of the currents entering any.point and leaving any point
are equal to zero. A

-41

0

411'
2. Using Kixchhoff's Current Law, solve for the current through resistor

R3 (M3).. '

3, Use the diagr4m in quesion #2 and the value you arrived at for question
#2 to solve for what meter M11 will measure.

15
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Final Evaluation
. .

Completed Final Test with an aipracy
of 80 percent .

Completed Task A

on Kirchhoff's Current Laws

Completed Task B
on Kirchhoff's Current Laws e"

4

p J

r

.1

EL-BE-18
Kirchhoff's Current,Law

'Re-Do
-*--

ak all checks indicate OK, proceed to the nrxt learning package.

4
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Answers

1. I,

R
+ I

R,
+ .3A - 0

(-.1A) * (-.2A) f .3A - 0

M3 (current equals 1.6'A*

*Algebraic proof optional.

2I

i' InR. 2A 0
R

(-4A) + IR, + 2A = 0

(-.4A) + 2A =`-I
R2

1.6A = -I
R2

IR = -1.6A

3. M,, = 2A

'

r

F
t1.-BE-18

Kirchhoff's Curront Law

*Current is the same in all parts of a series circuit.

*Current entering the branch will equal the current le'aving the branch.

S

3

7

4

4
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.K1RCEOFF'S VOLTAGE LAW

The apprentice will be able to use
Kirchoff's Law in solving voltage
problems.

Performance Indicators:

1. Describe4irchoff's VOtage
Law.

2. Solve unknown voltages throught

the application of Kirchoff's
Law.
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Objectives

Given:

Resistors of different values
/

A multimeter

A circuit breadboard for constructing
simple circuits

A power .supply

A Final Test On 'Kirchhoff's Voltage
taw Complete a Final Test with an accu-

racy of 80 percent.

EL-BE-I9
Kirchhoff's Voltaile Law

The student will:*

Mark the correct polaritPacross
resistors in a series circuit.

Apply Kirchhoff's Voltage.,Law in°a
simple circuit with one voltage
source.

Solve for -an unknown voltage using

Kirchhoff's. Voltage Law.

Directions

Obtain'the following:

2 each 1000 ohm resistor
1 each 100 ohm resistor
1 each 470 ohm resistor
A multimeter

A power supply capable of 30VDC
A circuit breadboard

Learning Activities

Study the Key Words list.

Read the Information Sheets.

Do the Self-Test.

Do Task A for.Kirchhoff's Voltage Law.

4
Do Task B for Kirchhoff's Voltage Law.

Complete Final Test:

Obtain Final Evaluation.

3
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Kirchhoff's Voltage.Law

Key Words

Kirchhoff's Voltage Law: The algebraic sum of the voltage sources and IR drops
must total zero around any closed path.

Algebraic Sum: The result of adding positive and/or negative numbers. In.

electrical'circuits:

A. Voltage drops are assignedla Negative value (-).
B. Voltage sources are assigned positive value (+).

Closed Path: Another name for a circuit that makes a complete loop between
the plus (4) and minus (-) points of a voltage source.

IR Drop: Same meaning as voltage droO. (Notice the I and R are on the same
line. WhenE=IxRapplies to the voltage across a resistor, he letters
IR may be used to mean voltage drop.

% .

-

A. IRI = voltagt drop across resistor RI.

B. IR2 = voltage debvacross resistor R2..

Remember that I
R

(the R dropped below the I) stands for current flow thropgh a
resistor.

R: (symbol) Specifies a certain resistor.

R1 = resistor number 1 in.the circuit. .

R2 = resistor number 2 in the circuit.

4
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Information Sheet

KIRCHHOWS VOLTAGE LAWS FOR ONE SOURCE

EL-BE-19
Kirchhoff's Voltage Law

Kirchhoff's Voltage Laws are of particular importance because you will:time a
voltmeter more often than an ammeter in analyzing a circuit. Hence; you will
be workjlig with voltages.- Technically stated, Kirchhoff Voltage Law spys:

' "the algebraic sum bf the voltage sources.and 4,11,yoltageArops must total zero.
,around any Closed lodlo." Stated more simply, if you add all the voltage drops
together in a series circuit, the total voltage drops will equal the. applied
voltage. dhr oh, that word algebraic sum agai9.

4.4*

Remember that we can do an algebraic sum because-we asSign'either positive or
negative values to our numbers. -Voltage drops are assighed negative (-)
values and the voltage sources positive (+) values.

In the following illustration, the voltage drops will"be marked as follows:
IRi = -2V, IR2 = -4V, IR3 e''-6V and IR., = -8V.

*When you begin with an applied positivb voltage,and thenhave a series of
voltage drops, each drop will cause the voltageat 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. Electron current always travels from a
negative value to a positive value. With this in mind we. are able to mark the
polarity of the voltage drops acoss each resistor'by starting with a ( -) value
at the bottom of resistorI14 since it is hooked directly to the (-) terminal of
our voltage source. We then follow with (-) to (+) markings abKOSS each
resistor until we .get to the positive terminal of the voltage source. To get a
better idea of this concept, study the following illustration.

p ) .1/4

1

20V

DIRECTION OF CURRENT

2V1OLT DROP

IR
Li VOLT DROP

IR3
GVOLTDRDP

.\

1R4

8VOLT DROP
4
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Kirchhoff'S Voltage Law

tt
l'AC

This next illustration is showing what the actual measured voltage would be at
the end of each resistor. The meters M1 - My would read as.follows:

M1 = 20 volts less 0 drop or 20 volts
M2 = 20 volts less the 2 volt drop across R1 or 18 volts

M3 = 18 volts less the 4 volt drop across R2 or 14 volts
M4 = 14 volts less'the 6 volt.drop across R3 or,8 volts

+

20OLTS-

MI

20V

M3

11-1V

tDIRECTION OF CURRENT FLOW

IRS = 2Y

IR2=4V

IR3 =6V

IR4c8V

Notice that the meter in each case in the chart above measures what voltage is
left over after subtracting the voltage drop. Be careful not to confuse the
measured voltages with the voltage drops. The voltage drops are the values
that .would be read on a meter if the meter was placed directly across (in
parallel with) each resistor. The polarity signs (+) and (-) indicate how you
would place the meter probes when making)pese measurements: the (-) side of
the meter to the (-) side of the resistor nd the (+) side of the meter to the
(+) side of the resist& This type of circuit is often referred to as a
voltage.divider because the voltage is divided up between the different,
resistors.

Now, let's get back to the probleeof taking the algebraic sum so we can prove
Krehhoff's Voltage Law.

Let's add up all the voltage drops in this sehes circuit on the following
page and see what we get for an answer.

IR1 = 2 volts , ,0

IR2 = 4 volts
IR3 = 6 volts

. .

IR4 = 8 volts

20 volts total (Does this number look familiar?)
. .

6
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2 VOLT DROP'

valDROP

6 VOLT DROP

gliOLT DROP

Twenty volts is the same value as the applied voltage from our battrfy. You may
be getting ahead of me, but let's try to apply Kirchhoff's Voltage Law for this
circuit.

Remember the law states that the "algebraic stun of the voltage drops plus the
applied voltage must equal zero."

Getting back to an earlier ru* involving the numbers, remember that the drops
will be assigned ('-) values and the applied voltage (+) values.

The drops total -20 volts and the source +20 volts. Let's addthem together.
(-20) + (+20) = 0. Thisproves that Kirchhoff's Voltage Law works in our circuit.`

Let's try another example of howws,an apply Kirchhoff's Law by considering
the following circuit.

1

ee.

7.7 k)VOLT15

3 VOL? DROP

VOLTMETER CI

7 VOLT DROP

215
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With'a three volt drop across RI,' what is the voltage you would measure between

point B and the negative side .of the battery? Did you guess seven

volts? You are correct if that is the value you picked. Therten volt supply

less the three volt drop across resistor R1 equals seven.volts left. NOTIpE

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' erminal of the battery,

EL-o BE-19
Kirchhoff's Voltage Law

6'

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:

REMEMBER the drops qre considered'

negative and the source positive.
First, let's try a little simpler
approach to thil'"problem by putting
down some figures that we know
about this circuit.

ei

First: 0 Add up the known voltage drops.? (75) + (-3V) ='-8V*

6

*Be careful to include only one 3V drop when adding all the drops together.
Voltage drops across parallel resistors are NOT separate drops.

Second: Let's add the voltage drop total to the source..

111
(-8v) + ( +20V) = 12V
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4

Third: We'know that the algebraic sum of those two values should equal zero;
thereforet-the extra 12 volts must be the drop Across resistor

Fourth: Let's prove.l?t by adding that value to our voltage drops. We need

to add up the drops: t-5V) + (-3V) +-(-12V) -20V. 'Next add this.

valuipto Our voltage supply.' of +20V,

Adding,. we get (-20V) + (+20V) = O. Since the albegraic sum now equals zero,

the 12 volts must be the correct drop across R2. Algebraically it could be

written as follows: r

(-5V) + (IR2) + (-3V) + (+200
(-8V) ,+ (IR2) + (20V).= 0

(-8V) + (20V) ='-IR2
(+12V) = -IR2

IR2 = -12V

= 0

" ,
4-e-/6

A

.

The above mathematics is aralgebraic proOf (which may be confusing if your
algebra is slipp,ing),'but the answer that too* all the math is the same answer

that you got just using some common sense. Perhaps you can see why we stress'

understanding the.problem first and always trying to visualize a common sense
approach before beginning the mathematical approach. In this way, when you do

more complicated math,, you will have anidea of the correct answer before you.

begin

KirChhoff's Laws can be expanded to include-many more complicated circuits,
some including two voltage sources. These you will learn in a later course

if you decide to continue your electronics training.

9.
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Self-Test.
e,

1. Using Kirchhoff's Voltage Law, perform tube addition that will show th'e
algebraic sumof.the voltage source and IR dcop's will, equal zero around
any closed path. . -`

0

12 VOLT

SUPPLY

i

IR, ;14V

4.-4 ;
R2 4 Ma -72V

R3I "a\
IR3= GV

Alto

r

UsingsKirchhoff's Voltage'oLaw, solye for the voltage drop across R2..

3. Using Kirchhoff's Voltage Law, solve for the voltage of the battery.

VOLTAGE 7 ?

IR, -7 6VOLT5

IRE: 1 2 VOLTS

.01



Answers
it

+ (-2VIR?) + (-6VIR3) + (12V) = 0

(-12V) + (12V) = 0
Jaw

2. ,IR2 = 8V*

*Mathematic .pro l optional 4

Possible approach could be simply to 'use the rule that the sum of all
voltage drops must equal the supply voltage.

(-"VIR ) (IR ) + l-9v11() + 20 = 0

(-la) + (20V) = -1R2

.8V = -IR2

-8V = I R2

EL-BE-19

Kirchhoff' s Vol tage

11

3. The battery voltage = 18V

The simplest approach would be to consider
drops has to equal the, supply.

Mathematical proof:,

(-6VIR1) + (-12V1112

-18y + v o

V = 18 volts

that the sum of the voltage

,11
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Task A

Obtain the following.:

1 each 100 ohm resistor
2 each 1000 ohm resistor
1 each 470 ohm resistor
1 each. multimeter

1 each power supply capable of +30VDC
1,each circuit breadboard

Construct the following circuit on your breadboard:

EL-BE-19

Kirchhoff 's Voltage Law

.1000IMID

4.- ELECTRON FLOW

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 (+) across each* resistor in the direction
of electron current flow.

Step 2: Obtain your instructor's evaluation.

0

A

12

.o

ft.
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Task B

Use the same circuit constructed for Task A.

Step 1: 'set your power supply to +20VDC.

Ste,p_2: Measure the voltage drops across 'each resistor and record in the chart

IR? V

Remember to put the meter
probes across each resistor 1R3 V

according to the polarity
you marked on the diagram. 1114 V

Step 3: Total all the voltage drops in Step 2 and record. 4 V
A

Step 4: Record the voltage supplied by the power supply. V

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

411
should add up to equal the applied voltage in any series circuit or closed
loop. ,

Step 6: Complete a mathematical proof using Kirchhoff'.s Laws that pr ve the
"algebraic sum of the voltage drops plus the applied voltage equal ro."
Remember to assign negnive values for the drops:and positive vale for the

t applied voltage. Put your answer in the space eovided below.

Step_7: Obtain your instructor's evaluation.

0.1
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EL-BE-19
Kirchhoff's Voltage Law

Task 0
Use the same circuit used in Tasks A and B.

Step,1: Reduce the applied voltage to 15VDC.

Step 2: Measure and record the following voltage drops.

IRI V

IR2

1JR4 V

Step 3: Total all the voltage drops from Step 2 and record.

Step 4: Record the applied voltage from the power supply.

. Step 5: Do the voltage drops total, to equal the applied voltage?

Step 6: Explain why the two values of voltages are not equal.

V

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 vsltage drop. .

Discussion: You should recognize that when ALL the voltage drops are added
together they will equal the applied voltage. You should be able to estimate
the unknown value of IR3 by taking the difference between what you know to be
the total applied voltage and the known voltage drops.

Step 9: Using the value of IR3 obtained from Step 8 above, add up all the
voltage drop's and record below.

1R1

IR2 V

IR3

IR4

Total of drops Volts

The new value of the total drops should eq4a1 the applied voltage in Step 5

because all resistor drops are now included in the answer.

Step 10: Obtain your instructor's evaluation.

14
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Kirchhoff's Voltage Law

Final Test

1. Using Kirchhoff's Voltage Law', perform the addition that will show the
algebraic sum of the voltage source and IR drops will equal zero around
any closed path, Show all'work.

2. Using Kirchhoff's Voltage Law, solve for the voltage drop across R2.

Using Kirchhoff's Voltage Law, solve for the voltage of the battery.

15
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Final Evaluation

Completed Final Test with an accuraCy
of 80 percent

CompletedTask A

4ompleted Task B

Completed Task C

ELBE -19
Kirchhoff's Voltage Law

,OK Re-Do

4

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

16
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SERIES RESISTIVE CIRCUITS

C6/

Goal:

The appr.entIce will be able to
compute voltage, current and
resistance in a series circuit.

ga

I

Performance Indicators:

1. Obmpute current.

2. Compute resistance.
1

3. Compute voltage.
i
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EL-BE-20
Series Resistive Circuits

Objectives
(,

.

.

Given: The student will:

A power supply and four ,,, Calculate the total resistance.
resistors connected in

.

series Calculate the current in the circuit.

Calculate the voltage acrorseach
resistor.

Questions and problems

Directions

410 Obtain. the following material:

Connect the circuit together and
measure.the current and the voltages.

Connect a circuit consisting of the
power. supply and a single resistor of
equivalent value and remeasure the
current.

Complete a Final-Test with an accuracy
of 85 percent.

DC power supply

Resistors (1/4 W, 2%)* 330, 470, 1k, 1.5k, and 3.3k bhms

Any DC voltmeter and ammeter (separate meters or a combination meter)

Interconnecting leads.or wires to connect the parts

Learning Activities1 Read Key Words list

Read Information Sheets'

Do Self-Tests

Do Task

Do Final Test

Obtain Final Evaluation

*1/4 watt minimum, 2 percent suggested lolerance
l

3
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Key Words

EL-BE-.20

Series Resistive Circuits

Absorbed 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 cir2uit. .

Equivalent resistance: .A single resistance equivalent,in value to the combina-
tion of two or more other resistors.

IR drop: The voltage drop associated with a resistor.

Power dissipation: Power absorbed in an electrical component.

Series connection: A method of connecting electrical components so that one
end and only one end of each component connects to each of the other components.

Supplied or delivered power/energy: Power or energy produced or given up by a
source such as a voltage source like a power supply or battery.

411

Voltage drop: A'decrease in voltage caused by an electrical component-absorb-
ing energy or power; current entering the more negative end of the component
results in a voltage drop across the component in the circuit.

Voltage rise: Ah increase in voltage,caused by 4 source supplying energy or
power to a-circuit.

01 CO

4
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Information Sfiet No. 1
EL-Bt-20

Series Resistive Circuits

P

When two or more resistors are connected end to end, they are in series. One
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 current that enters the
next resistor. So the current is ajways the same for any resistors In series
.with each other. In Figure 1 the current is 12.5 mA in each of the three
resistors and also in the voltage source..

.

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.

+ :1004-
E:I0V Dr. 12.5mA I:12.5mA

143:5C°41 2°r
I212.5mA

Figure 1

Resistance in Series Adds

c

Suppose a piece of wire is cut from a spool of wire, and then a second piece is
.cut, that is twice as long. The second piece will have twice as much resistance
as the first. Also, two pieces of the same length connected together in series
will have twice the resistance of each of the single pieces.

In Figure I, the total resistance in "the circuit (called Rt) is the sum of
the resistances of all the resistors.

W M
'Rt 0 R1 R2 + R3 ,

RI s 100 no R2 200 no R3 500 11,so Rt 100 + 200 + 5001 n
Rt 800 A

The total resistance of resistors in series is always LARGER than the resis-
tance of any one of the resistors. (

To find the current in the circuit replace all of the resistors by a single
resistor with a value equal to the total resistance. This resistance is called

.the equivalent value of resistance or just 'equivalent resistance.*

4-

5
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EL-BE-20
Series Resistive Circuits

Information Sheet No. 1 .

When two or more resistors are connected end to And, they are in series. pne
lead of one resistor connects to only one lead of the next resistor and'sq on.
The current leaving one resistor is exactly the same current that enters the
next resistor. So the current is always the same for any resistors.in series
with each other. In Figure 1 the current is 12.5 mA in each of the three
resistorsoand.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.

Figure 1

Resistance in Series Adds

!I:12.5mA

Suppose a piece of wire is cut from a spool of wire, and .then a second piece is
cut that is twice as long. The second piece will have twice as much, resistance
as the first. Also, two pieces of the same length connected together in series
will have twice the resistance of each of the single pieces.

In Figure 1, the total resistance in the circuit (called Rt) is the sum of
the resistances of all the resistors..

Rt 111 R1 4' R2 + R3
R1 100 n, R2 200 a, R3 500 G,so Rt 100 + 200 + 500 A

.

Rt 800 0

The total resistance of resistors in series is always LARGER than the Nis's,
tance of any one of the resistors.

To find the current in the circuit replace all of the resistors by a single
resistor with a value equal to the total resistance.. This resistance is called
the 2quivalent value of resistance just equivalent resistance.

A
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+.- EL-BE-20
Series Resis.tive.CircOls

Figure 2 is equivalent to tigure 1, in the Sense Oat they Same current flows
from the voltage source.

Apply Ohm's law to the circuit of Figure 240

E
Rt

10V

800Q

I = 0:0125 A = 12.5 mA

Example 1

l

R2: 7.5h

Rt S. RI + R2 + R3 +
1t4,

Rt 2.5k .+ 7.5k + 5k + 15k
Rt . 30k

Rt

I

150V

*Figure 2

150V;. 30k

,:

I

Equivalent Circuit

0

ft

0

r,

You should remember from the MetricsPrefix package.k's 1000 and M
A

150V
So I 0.005 A.= 0.001 x

30 x 1000 A 1°

50VAlso. I a
1

Ityr
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Pelf-Test No. 1

(
hi

1. Four resistors are connected in series. Their resistances are 125,.250;
75, and 300 ohms respectively. %What ts thd.eguivalent value of resistance
for the series combination?

Determine the value of current in each resistor, and' he source.
;

.

. . EL-BE-20
5eriesliesistive Circuits

.

I



EL-B4-v
Series Resistive Circuits

Information Sheet No. 2

Review of KVL

Now that you have learned how to calculate the current in a series circuit,
can prove Kirchhaff's voltage law-still works.

Going back to Figure 1 before the example, you can calculate each of the
vooljage drops. The current was 12.5 mA in the circuit.of Figure 1,

1XRaE
For k i'which was 1000 , the drop is IR' a.(12.5mA) x (100 0) a 1.25 volts

For R2 200 Q , IR2 a.(12.5mA) x (200n) a 2.50 ,volts

For 'R3 ,50012 IR3 - (12 .5mA) x (500g)* 6.25 volts

'The total voltage drop i tr 16.00 volts

The source voltage is E 10 volts, so the source voltage minus the voltage
drops is 10V - 10V a 0 volts.

Also, in Example 1, I .- 5 MA and,

IRI a (5mA) x (2.5k) a 12.5V R1 a 2.5k

IR2 - (.5mA) x (7.5k) 137:5V R2 .5k
IR3 a (5mA) x 15k) - 25V R3 a 5k

IR4 u (5mA) x (15k) a 75V Rit 15k

Total drop 150V *E 8 150V Ilp

so, E - 150 150 - 150 0, and KVL is again demonstrated.

Voltage Sources in Series

you

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 value must be subtracted instead
of added.

For example

and

boy

T-11117711 I Er"-

4)+1111174111[77

8
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EL-BE-20
Series Resistive Circuits

0 Here are tw, examples to show how to/solve series circuits with more than one
voltage sour e.

1

Example 2

1-

El
RI = 150.0. Azt ?00 .n.

+
) OV I

R3-7

Ea ; = 30e, Ri ::* i00-A7 250-2
5V T ,w+ .../vv+I-.

lathe equiv lent circuit

Et El E2 and Rt RI + R2 + R3 + R4 +R5

6

Equivalent Circuit

15V g 10V4 5V 1500 n 150 +209 + 250 + 100 + 300n

So 1 --- where Et 15V and Rt 1500a

I

150
15V

0D 0.01 A 10 mA
0

KVL also holds for series circuits with more than one source, but it must be
modified slightly.

The sum of volt e RISES from voltage sources MINUS the sum of voltage DROPS
equals IRO or t e sum of voltage RISES EQUALS the sum of voltage DROPS.

The voltage rise are always due to a source. If the current enters the ( +)
posttive end, s a voltage rise.

O

f

The voltage drops are almost always due to resistors (IR drops), but may also
be due to a source that is charging, which means absorbing energy rather than
supplying energy If the current enters the (-) negative end, then it is a
voltage drop wh her it is a resistor or a.source.-

In this exampl (Example 2) there are two voltage rises. Ei and t2. Notice
that the curr, nt is entering the (+) end of each source.

1
El 10V a E2 6V, so the total voltage rise is 10V + 5V 15V.

;
BEST COPY AVAILABLE
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EL-BE-20
Series Resistive Circuits

0 There are five voltage drops. Remember that IR means volt4e drop. Notice the
current enters the (-) end of each one.

1R1 (0.O1A) x (1500 a. 1.5V I 0.01 A R1 15011

1R2. (0.01)4 x (7000 7.01 R2 700n

IR3- - (0.O1A) x (250A) 2.5V R3 - 2500

1R4 a (0.O1A) x (100) - 1.0V R4 100

1R5 (0.01A x (300g) 3.0V

Total drops 15.0V

R5 3001!

and you see 'that total rise (15V) equals total drop (15V).

Example 3:

R1 = 10004.

5V

E3:-.10V

R3 1soo

I

Rt " R1 R2 4. R3

EL=.

iRt.
/32:500A. 1"-T

Equivalent Circuit

Et El + E2 - E3

Rt :,1000 + 500 + 1500 3000 Et - 20 + 5 - 10 25 - 10 15V

E 15V
a .005

3000

also since 3000 a 3k

15V 15
I mA 5mA

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:

1111 (5mA) .x (1000A) .5V

IR2 * (5mA) x (500a) 2.5V

1R3 (5mA) x (1500 ) 7.5V and because the current is entering (-) end of E3

E3 10V

total drops 25V which equals the total rise of,25 volts.

10 236
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Self-Test No.

1. Calculate Et.

2. Calculate Rt.

3. Determine the value and direction
of the current in each element,

1

EL-BE-20 .,.

Series Resistive Circuits

z
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EL-BE-20
Series Resistive Circuits

Information Sheet No. 3

Power in Series Circuits

The total power absorbed in 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 absorbed.

This means that the total power supplied by all of the sources that are
supplying power must eqUal the total' power absorbed by resistors (or sources)
in the circuit. If a source is charging, it is absorbing power. It is charg-
ing 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 the REVIEW OF FORMULAS section below.

Refer back to Example to demonstrate the use of these formulas in series
circuits.

Ex IP

El is supplying El x I - (20V) X (5mA) 100 mW

E2 is. supplying E2 x I ( 5V) x (5mA) 25 mW

Total power supplied. 125 nil

It

E3 is absorbing E3 x I (10V) x (5mA) 50 MW

R1 is absortAng 12 x Ri (5mA)2 x' (1k) 25 MW

or (.005)2 x (1000) .025W (25MW)

R2 is absorbing 12 x R2 (5mA)2 x (.5k) 12.5mW

R3 it absorbing. f2 x R3 (5mA)2 x (1:5k) 37.5MW

Ej 20V CIRCUIT

E2 It 5V VALUES

E3 sk 10V

I 5mA .005A

Ri 1000 lk

R2 500 0.5k

Ikpo - 1.5k

Total power absorbed 125 MW which equals total power
supplied

REVIEW OP FORMULAS FOR SERIES CIRCUITS lob

Rt Ri + R2 + R3 + and so on

Et El t E2 t E3 t,and so on; t means. + or - depending on polarity

P -ExI ahr sources or resistors

P 12 x R
I

E2 for resistors only

R

BEST COPY AVAILABLE



Self-Test No. 3
EL-BE-20

Series Resistive Circuits

1. Calculate the power supplied or absorbed in each of the elements in Self-
Test 2.

'Show that the power absorbed equals the power supplied in question 1.
,

1

4t

13 239



SelfTest No. 4 :

r

CL -OE-20

Series Resistive Circuits

1. When two ormotis,/resistors are in series they have the same

a.. voltage. h. 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 thc. equivalent:abe of batteries in series, the voltages must be

(
a. added. b. subtracted..
c. either added or subtracted depending on polarity.
d. either multiplied or divided.

4. Four resistors (100, 200, 500, and 50 ohms) are in series. The equivalent
resistance is

a. 150 ohms. b. 500 million ohms: c. 85Q ohms. d. 1300 ohms.

5. Solve for the value of current:

a. 3.3 mA
b. 5 AO c. 5 mA
d. .05 A

6. Solve for the value of current:

a. 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. 25W d. 150 0W

Solve for the power absorbed by the circuit in question 06.
4

a. 5 mW b. 15 mW c. 75 mW d. 126 n*



Find the total equivalent voltage of the sources:

a. 3V b. 6V c. 9V d.. 15V

A.

B.

WEINIIIM/011I/m/./.

4

Series Resistive Circuits

V

A.

B. 6"62/11011

10. Find the equivalent value of resistance and voltage in the circuit; thensolve for the value and direction of current.

MIN

20V .



EL-BE-20
Series Resitive Circuits

Task

Given a power supply and the following resistors all connected in series, 330,
470, 1 k, and 1.5 k ohms each. Set the supply t4 about 9 volts. Measure the
supply voltage with the voltmeter.

Calculate the total or equivalent value of resistance.

Calculate the value of current that would flow in the-circuit if they were all
connected in a closed (unbroken) circuit in series. See the figure. Ari

Calculate the voltage that would exist across* each resistor in the circuit.

Connect the complete circuit according to the figure using the interconnecting
leads and including the ammeter. Measure the current with the ammeter.

Disconnect the ammeter and measure the voltage across each rest for with the
voltmeter. Remember to replace the ammeter with a short circuit to complete
the circuit.

. J
Obtain a single resistor of value equal to the value calculated for the total-
(esistanc. 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

40
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 POWE
SUPPLY
TO 9V

Arrangement for

measuring current
(note polarity)

Arrangement for
measuring 1.5 k
resistor voltage
'(note polarity)

330a

1111.1011101110

NOM

AMMETER

1170-11.

16'

242.

VOLTMETER

BEST COPY AMIABLE



EL-8E-20

SeriOs Resistive Circuits

Final Test

1. When resistorsior other electrical components are connected in series, the
current in each of.the.components will always be

a. zero. b. the same. c. different* 0.

2. Five resistors are' connected in series. Two of the resistors are 50 ohms
each, and three of the resistors are 20 ohms each. What is the equivalent
resistance? A.k

. Mr Vs"
3. Solve for the equivalent resistance 3. h 1.712

11

in. the circuit.

50V
4. kolve for the current In the circuit.

I

5. What is the total equivalent voltage
of he two sources connected as shown?

211111=71e/ 1--".

6. What ts the total equivalent voltage
of the two sources connected as shown?

11"2i11[17

7. A 5k resistor and a 25k resistor are connected in seriesto a voltage
ource. Which resistor is absorbing the greater amount of pper?
alculate the power in the 5k resistor if the voltage source's 10 volts.

Calculate also the power delivered by the 10 volt source. 'Remember to
solve for the current first!

251R

51?

8. Solve for the value and direction of the current.

411

BEST COPY AVAILABLE
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Final Evaluation
El-BE-20

. Series Resistive CircUits

Calculated resistance ,#nd current.

Calculated voltages.

Current measured in original circuit.

Voltages measuredin original circuit.

Current measured in equivalent, circuit.

Final Test 85%.

4

OK RE-DO

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

18 244
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Answers'

Answers to Self-Test 01

AV

1. Rt * 750 ohms; At ,125 + 250 + 75 + 300 ohms

2. The current is the -same for all series elements.v
k 4

E
I = 2 mA or 0.002 A; I

t

I

18V

!nr-

EL-BE-20'
Series Resistive Circuits

; Rt =.2k + 1k + 6k or Rt - 9k

or 1 * 2 mA

18V
also I 3m or I 0.002 A or 2 mA

Answirs to SeJf-Tekt #2

1. Et = 10V (same polarity as 25V source); Et 25 -.15 volts

2. Rt . 400 a; Rt "= 50+ 100 + 250A

: -
. 1 . 0.025 A or 25 mA in each element; Direction: 25V down

Et 10V

500

15V

to left

to left
I . I=Rt ; CAA 100o up

250A" to right

Answers to Self-Test #3

1.. P25V

P15V

P50V

=

=

*

0.625W

0.375W

0.3125W

supplied since current is leaving (-) end

absorbed since current is entering (-) end

PlOOV u 0.0625W

P250Va 0.15625W

Equations used: For sources (either supplying or absorbing) P ExI

For resistors 12R

I a 0.025 A in all cases; E or R depending on value for source or resistor
considered.

2. Total poWer supplied 0.625W
Total powerabsorbed 0.625W * 0.3125 + 0.0625 + 0.15625 + 0.375W

Pabsorbed a Psupplied since
0.625W Q.625W

\,
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Series Resistive Circuits

0pswers to Self Test #4

current 4 .

added

1. b.

2. a.

3. c.

4. c.

5. c.

6. 'a.

7. a.

I

c.

either added or subtracted depending on polarity

850 ohms

5 mA
(

5.03 mA

250 MW -'ExI 50x5mA;

also I24k + I22k + I21.5k + 12.25k + I22.25k 66 I210k

since power supplied equals power absorbed

126 di 12(4970) (25V)xI.

A. 4. 15V . 6V + 9V

B. a. 3 V . 9V - 6V

10. Rt 300 + 150 + 500 + 50 1000 (1

25V
I 0.025A * 25 mA

10002
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PARALLEIZIIESISTIVCIRCUITS-
..,

Goal:

y. at,

.Th apprentice will be able to
.- calculate current, and resistance

in a/ parallel resistive circuit.

Kt.

Performance Indicators:

1. Calculate total resistance.

2. Calculate total current.

247 vimbrwormi**04kftwramwasim*
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Objectives
Given:

A power supply and resistors
connected in paralli44 l

An ammeter and voltmeter'

A resistor equal in value to
the 4 parallel resistors

Questions-and problems

Directions"

Obtain the following materials:

A DC power supply

EL-8E-21
Parallel Resistive Circuits

The student will:

Calculate the total resistance.

Calculate the current in each
resistor.

Calculate the total supply current.

Connect the circuit together and
measure the currents.

Connect theipsupply to a single
resistor of equivalent value and
remeasure the supply current.

Complete a Final Test with an
accuracy of 85 percent.

Resistors (1/4 W, 2%)* lk, 2.7k, 3.3k, 4.7k, 8.2k ohms

Any DC voltmeter and ammeter (separate meters or a combination meter)

Interconnecting leads or wires to connect the parts

*1/4 watt minimum, 2% suggested tolerance.

Learning Activities

Study the Key Words list.

Read the Information. Sheets.

Do the Self-Test.

Do the Tasks.

Do the Final Test.

00

Obtain Final Evaluation.

3 ,
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EL-BE-21

Parallel Resistive Circuits

Key Words

Conductance (6): The property of a component that allows current to flow:
the larger the conductance, the larger the current; the opposite of
'?esistance.

Mho 1u): A unit for conductance: 1 mho eqmals 1 amp divided by 1 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 (S): A more modern unit for conductance, equal to a mho.

Short circuit: A condition where the circuit resistance is zero.

4
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Information St11940

A parallel circuit is one in which all of the components are connected in

parallel: That means that each component is connected between or across the

q same two points. Figure.l 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. Th9se separate currents
recombine at point B to provide the same
current entering the source as that

leaving the source. As you learned in

the Kirchhoff's Current Law package,

It . II + 12 + 13 or in this case:

II = 0.5A, 12 = 1A, and 13 = 2A so,

3.5A = 0.5A + lA + 2A or

3.5A 3.5A

Many times a parallel circuit will be drawn or actually

that there are more th two points in the circuit. In

R2 and R3 are connectee 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 each of the

resistors and the total current are the

same as they are in Figure 1. The

voltage in each circuit is also the same.

, -

The only difference between the two circuits

is that extra current paths have been made

between points A and D and between B and

C. If .,you measured the current in each of

these extra wires you would measurethe

sum of the currents in R2 and R3 or

12 +'.13.

Figure 1

connected together so
figure 2, resistors

Figure 2

In other words,' connecting the parallel circuit in this way divides the total

current from the source in stages rather than all at once. First I is sub-

tracted from A. What is left is It - which also equals I. t

13.

This remaining current divides at point D into the separate currents 12 and 13.

5
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in equation form,

It II +10(13

It - II Ii +112 + 13 - II

t 11 12 13

3.5A - 0.5A = lA + 2A

3A = 3A

11

EL-BE-21
Parallel Resistive Circuits

subtracting II from both sides of the

equation
cancelling the I1 terms

for the values of Figure 2

0

Of course the currents add back together in stages, first at point C to form
12 + 13 and finally at point B to form I. +.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 2Ato 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 suppose you were not told that the voltage was.6 volts, and
that all youwere told was the value of each resistor and the total current of
3.5A. You can solve for the voltage by knowing how resistors combine in
parallel. But before you do that, you should know what conductance is. Con-

ductance is the exact opposite of resistance.

A resistor with a large value of resistance has a small value of conductance,
and A-resistor with a small value of resistance has alarge value of conduc-
tance. Conductance is the property of a component to allow or to accept current
from a source, but resistance is the property to oppose or to restrict current

flow. The symbol for conductance is G and matheMatically, G n

.

For a resistor with a value-of resistance equal to R ohms, its conductance G is

one divided by the value of R. TIat is the same as saying that conductance is

.
the reciprocal of resistance. lillewise resistance is the reciprocal of.con-

ductance. Review the package on Equations if you are havinp trouble under-
standing reciprocals: 'The unit for conductance is the mho. More recently the
unit has been changed to the Sieman or just S, but many people continue to use
the mho since it is ohm written backwards. The mho is abbreviated by the ohm
symbol written upside down u. For the three resistors in Figure 1 or 2:

1

- 1
1

3
G2 G -

R
and R1 . 12o, R2 2 6O, R3 ='3o

3

= 1
-1''

GI
12o Z;s1 3O

GI . 0.083u G2 = 0.167u G3 0.330

4.. '1

-to

6
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Going back to the original problem, given the resistances and the total current,
solve for the voltage. F1Pst combine the parallel resistors into one equivalent
or total resistance. Tor parallel resfttors you add their conductances.

CONDUCTANCE IN PARALLEL ADDS .

Placing additional components in parallel adds to the total current and
increases fhe conductance of the total circuit. Two resistors of equal value
placed in parallel across a voltage source will draw twice the current as either
one alone, and the total conductance will be twice the conductance of either
one.

In equation form, Gt = G1 + G2 + G3 and so on for parallel resistors.

In Figures 1 and 2:

Gt = 0.083U + 0.167u + 0.333u Since the values for GI, G2, and G3 were
0already calculated as 0.083, 0.167, and

0.333u.
G
t

0.583u

1

Rt 0.583u

R
t

1.7150

3.5A

E:: Gt.= 0.583

6V
Rt =1.715

It =3.5A

The total or equivalent resistance of resis- Equivalent Circuit,of Figures
tors in parallel is always LESS THAN the vl and 2
resistance of any one of the resistors.. It

is therefore always smaller than the smallest
one. Noticolthat 1.7150 is less than the FIGURE 3
smallest resistance of 30. Figure 3 is an
equivalent circuit for both Figures 1 and 2. The voltage can now be solved by
applying ohm's law to the equivalent circuit.

E = I

t
x Rt

E = 3.5A x 1.71gu
.

E = 6'volts

ti

7
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-4

EXAMPLE 1: Four resistors are in parallel and the total current is 44.4 mA.

G t= GI + G2 G3 4. G4 RI = lk, R2 = 2k, R3 = 5k, Ry = 0.5k It = 44.4mA

Calculate Rt and E

remember k m,1000; m = 0.001; and m.=

Gt = 0.001 + 0.0005 + 0.0002 + 0.0dU Also Gt = lm + 0.5m + 0.2m + Zmu

1 1 1 ,

6t RI 11.2 W3

1

a 141414 1
"t Tk 3.1( .075k

G
t
= 0.0037u or 3.7 mu

Rt = a 2700 or 0.27k0
t

E = It x Rt

E = 0.044A x 2700 also E = 44.4 mA x 0.27k

E = 12 volts E = 12 volts since k x m

You can double check Kirchhoff's Current Law by calculating the currents in
each resistor using Ohm's law.

T E T E T

rj
E T E

Li 7 RI .2 = R2 A3 R3 14 = RI.

12V 7 12V 7 12V
II

11-r
'2 721 I3 5k

II =1121TA 12 = 6mA

it II 12 13 14

At = 12 + 6 + 2.4 + 24mA

It = 44.4mA

12V

A4 b73k

13 = 2.4mA 24mA

*It
gIf the source voltage were known instead of the source current, you could
solve the problem in the same way, and divide E by Rt (or multiply E by Gt) to

find 1
t'

Instead, you could solve for each of the individual resistor currents

directly and add them to find

That is-II = 12 . k and so on.

If you are finding the equivalent resistance of two, resistances. only,.an

alternate formula can be used.

D
R1 R2 for two resistances.

"t RI + R2
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I

In words the formula states that the total or equivalent resistance of two 1,

resistors in parallel is the product of the two resistances divided by the sum
of the two resistances

Actually you can use this formula when there are more than two resistors if you
combine the resistances in stages two at a time. Examples 3 and 4 will show how
this is done.

EXAMPLE

Rt

R
t

Rt

2: Find

R1 X R2

Rt

RI +R2

200 X 300
200 + I00

60000
500

R
t

= 1200 SI

EXAMPLE 3: Find R

X R

+ R3

2000 X 4000
Rti 2000 + 4000

= 1333 Q

RI X Rt

RI + Rti

1000 X 1333
Rt 1000 + n33 "

R
t

= 571.4 SI

t

R

1000

Ri

200

R2

2000-L

R
3

40c0-11.

9

Rt
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EXAMPLE 4:

EL-8E-21
Parallel Resistive Circuits

Find Rt. Two different ways of combining resistors two aietime 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 dOmbine first. Method 1 .

and method 2 are different only because different resistors are combined
first, Method 3 combines conductande.

1
R

R3
WX)-A

14a". 12011V1..

'Rz 3

Method T Method'2 i metfod-3

R
R XR R3XR4 . ,R1XR4

t1 !It2aR3414 t1 R1+R4

600X400* ' 1200X1000'
Rtl Rt2r1200+1000

t2itgl
a
t
.4

1

+G
2
+1GItG4

_600X1000 400X1200 a mil 41 4.1 4.]:R
ti 600+1000

R
t21564755 "t RI-R2'R3 R4

vo N , .

Rt2x300n 'Ns7Gt1-11504`44e140-6
/

G .4).001 7 0.0025+
t

0.00 3 +0.001

t=0.0 6u

R =240o R `=545.5c
ti ti

R
ti

=375n

. R /XR
- tA t,

t R. +R.
Li u2

R
240X545.5

t 240 +545.5.

= 166.7 Q

,RtIXRt,

t R. +Rt
u),

r375X300

't 3,5+100

R
t
x166 7n Rt= 166.7n

Batteries are generally NOT connected in parallel. If two bat eries are placed
in parallel, plus side to plus side and minus side to minus s de, usually one
battery will be supplying power, and the other will be absor ng power. A very
large current will flow if the batteries do-not have the $ voltage. The same
,s true for othee voltage sources.

A battery that is absorbing power is being,charged.
, .40

This can cause damage to the batteries.unless done under controlled conditions
which include the following:

1. Charging only rechargeable type batteries.

2. Observing proper polarity.

3. Manually olautomatically controlling the current that flows.



Small resistance to limit current
I+110-11.-

41' l it2 ..

V3V 10V

T
Battery #2 is being charged

MOIONINII

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 voltages
are the same,

If the two batteries are placed
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

1

R

G1 + G2 + G3 + Gy + and so on

G
_1+1+1+ 1

+ and so on- -R-2 R3 /714

R R1 X R/ for two resistors in parallel
t RI + R2

to

Excessive current flows

Batteries Shorted and Damaged

'44
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SelfTest
1. Two or more resistort,ln parallel have the same

a. voltage. b. current. c. power. d. value.

To find the equivalent value of resistors in parallel 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.\\equal to d. twice
the value of the smallest resistance.

4. A 600 ohm and a 300 ohm resistor are in paralle \. The total resistance
is

a. 900 ohms, b. 300. ohmi, c. 200 ohms. d. 0.005 ohm.

5. Four resistors are in parallel, a lk, 2k, and two 4k's. Rt is

a. 571 ohms. b. 500 ohms. c. 11k. d. lk.

6. Solve for the voltage 'E

A

E=

7. Solve.for I
t

and R
t

It =

Rt=

15rnA

Er
3h

+.1.
ao-n. io-n-

T

Five'resistors are in parallel. R1 74 2k, R2 = 3k, R3 = 10k, R4 = 5k and
R5 = 100 Q. Calculate the equivalent resistance Rt..

Rt

12
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Parallel Resistive Circuits

Batteries' can be placed in pa'allel without danger or damage to the
batteries

a. no matter how they are connected.
b. if the one that is charging is properly connected and is a recharge-

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. .Find the third value.
Use the conductance method.

R3 =

11. Which battery is being charged
(absorbing energy)?

12. Determine the value of the
unknown resistance R.

411 . 16n
R2 * 10 a
Rt 5 a

13

R

A

260
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Task

EL-8E-21
Parallel Resistive Circuits

Given a power supply and the following resistors connected in parallel, 2.7k,
3.3k, 4.7k, and 8.2k. MeUure the supply voltage with the voltmeter. Calculate
the equivalent value of resistance.

Calculate the value of current that will flow when the supply is connected.
Use the measured value of supply voltage.

Calculate the current that will flow in each resistor.

Connect the circuit using the interconnecting leads, and alternately connect the
ammeter in series with each resistor. In this way measure the current in each
of the resistors. See the Figure.

Also connect the ammeter in series with the suppler to measure the total current.
See the Figure.

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 resio:17 should equal the total current
circuit.measured for the original circuit. It sh also equal the calculated value

for total current.

(

Also the calculated and measured values of, individual resistor currents should tbe the-same. The following are reasons why any of them may differ:

1. The meter causes errors in measurement.
2. The actual and printed values of the parts may differ.
3. You may. have made an error in calculation or measurement. Have your .

instructor check your results.

4,

Ammeter Connection to Measure 14

14A

Ammeter Connection to measure I
t



Final Test 4

LL-BE-21.

Parallel Resistive Circuits

1. When electrical components are connected 'in parallel, the voltage across
each and every component will be

a, zero. b. equal to the current, c. differentfrom each other.

d. the same as each other.

2. To combine parallel resistances you add

a, conductances. b. resistances. c, voltages.

3. The equivalent value of resistances in parallel will always be less than

the U

a. largest resistance, b. smallest resistance.

c.. largest plus smallest resistances.

Four resistors are connected in parallel. R1 = 1000, R2 = 1500, R3 = 500,

and R4 = 2000. Calculate the total resistance Rt.

5. The equivalent resistance of three res)stors in parallel is Rt = 500. One

of the resistors is lk and another is 2k. Find the value of the third.

Use the method. of conductances.

6. Solve for the voltage in the circuit..

Which battery, A or B is being
charged? 'What limits the current
from charginTtoo fast.?

8. Solve for I
t
and R

t

= O.OIA

R
3

2R-

E = I5V 20011

-T

15

26?
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Answers

1. a. Voltage*,

d. inverted then added and the result inverted.

3. a. smaller than

4. c. 200 ohms.

5. b. 500
0
ohms

6. 6 volts.

7. 4.375 A.

O

8. R
t

d 89.82g.

9. b. if the one that is..charging properly connected and is a rechargeable
type.

4

10. 40011 also G3 = Gt - GI G2

G3 u .01 - .005 - .0025 t

G3 = .0025 u

.R3 63

o

11. Battery B (11.7V) is being charged.

1

R3 .0025

R3 = 40011

12. Rx = 30o; Gt = GI + G2 Gx, Gt u, Gl - 4gu, 62 m 40. U

G
x

Gt GI G
2'

G
t

0.20, GI * 0.0667U, G2 s 0.10

G
x

0.2 - 0.0667 - Ot.lu

G
x

0.0333u

1
R
x

=
G
xl

R
x 0.031-3

R
x

30 g

4

16



Final Evaluation

Calculated Resistance

Calculated Currents

Measured Resistor Currents

Measured Total Current

Current Measured in Equivalent Circuit

Final Test

IL-BE-21
Parallel Resistive Circuits

QK REDO

1

When all of the 'checks indicate OK, proceed tothe next learning. package.

11

X64 4k
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2.14

SERIES-PARALLEL RESISTIVE CIRCUITS

Goa

The apprentice will be able eo
calculate current and resistance
in a series-parallel combination
circuit.

I

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 o/10

combination voltmeter-ammeter

Questions and problems

Directions
Obtain the following:

A DC power supply

Resistors 1/4 wptt, 2%
330, 470, lkj 1.8k, 2.2k 2.7k,

3.3k, 4.7k, ohms

A DC voltmeter and ammeter (or combina-

tion meter)

Interconnecting wires or leads

Learning Activities

...

Study the Key d1 list.

Read the In ormatton Sheets.

Do the lf-Test.,

Do t e Task.

T ke the Final Test.

Obtain Final Evaluation.

EL-8E-22'

Series-Parallel Resistive Circuits

The student will:

Calculate the equivalent value of
resistance for the series - parallel

combination.

Calculate the current drawn by the
circuit with. the source connected.

Measure the current with the ammeter.

Measure the current with thr circuit
replaced by the'equivalent resistor.

Complete a Final Test w h an accuracy

of 85%.

3 268
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Key Words

Kirchoff's Voltage Law: The law, that states that voltages add in series or
that the sum 'of the voltages around a closed path is zero.

0

Kirchoff's Current I.aw: The law that states that currents add in parallel or
that the sum of the currents entering and leaving a point is zero.

E
AB'

A symbol to represent the voltage between points A and B in a circuit.

Series connection of components: A method of connecting electrical components
so that one end but only one end of each component is connected to each of the
other components; series components always have the same current.

Parallel connection of components: A method of connecting, electrical compo-
nents so that they are connected between or across the same two points in a
circuit; parallel components always have th* same voltage.



Information Sheet
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EL-BE-22
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Most circuits are connected so that there are both series and parallel combin-
ations of resistors. The circuits can be slmplified by combining either series
combinations or parallel combinations of relistors. Usually the combination of
either series or parallel resistors will change the circuit in such a way that /
additional series or parallel combinations result. The circuit can then be
further simplified, and thi, original' complicated circuit can be reduced to a
simpler one by a series of repeated combinations 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 4 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 in
parallel.

It should be helpful to you to review the packales on series and on parallel
resistive circuits to remind you how components are connected in series or in
parallel. It may also be helpful to go- all the way back to the package "Intro-
duction to Circuits" in which series and parallel connections of components
were first defined,

Before an example is worked, the rules for series and parallel connections are
restated.

0 Series connectioncomponents are in series if they are connected end to end
such that one and only dne end of each
component is connected to another compo-
nent. Another way to identify series
components is to look for components with
the same circuit current. Components in
series will always have the same circuit
current. SERIES CONNECTION

Parallel connection--components are in parallel if they are tonnected betweili
or across the. same two voltage points in
0 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. . PARALLEL CONNECTION .

A special case occurs when there are only two components in the circuit. The
two components are both in series and in parallel since they haie the same
current and the same voltagev

270 I
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'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 eircuit. R is

., between poifts A and B, R2 between.B and 0,

R
3
between B 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 cannot

li

be combi ed since each is separated by at
least o e component rather than a wire con-
nection. So the only thing you can do .

is to combine R
3
and R

4
into one equivalent

resistor which could be called Re and redraw

EL-BE-22
Series-Parallel Resistive Circuits

the circuit.

R = R + R
x 3 4

Rx 20 + 10o

R
x

= 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 resistance R
x'

R
2

and R
x

are both

between the points B and D and are in
parallel. No two resistors are/in series
anymore.

Now you can combine R2 and R
x

into a single

R and redraw the circuit.

R-
y"

R2 x Rx

R
2

+ R
x

15 x 30
ny 15

R = 10w

6

MP'

E and R are

both in series
and, in parallel.

101,011111111MOD
13,

R3

2.0
C
Rq
10-n- .

A RI 30-

1:1

Equivalent Circuit 1

equivafint resistance; call it

R

271
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8

Ry
10-n-

0

Equivalent Circuit 2

Rx

.30A-
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In the second equivalent circuit, the only two resistors left are in series.
Combining those two into one final total resistance for the entire circuit,
R
t'

you have

R R + R
t

*
I y

R
t
x 30 + 10Q

R
t

40Q

Now that R
t

has been determined,

x 0 3A

A

Rt
'21/

D
Final Equivalent Circuit

can be found.

no.

Yo% can solve for all of the other currents and voltf§es in the original cir-.

curt by going back to the other equivalent circuits. Using, equivalent circuit 2,

the voltage across R.
l

E
ABa and the voltage across R2x5IlAy

EAB *0.3Ax3On 'E
BD

01.3Ax1On

E
AB

=9 volts E
BD

x3 volts

Notice that E
A

+ EBD E
AD

x E Kirchhoff's Voltage Law

9V + 3V 12V

Going back to equivalent circuit 1,

,

E
BD

E
BO

12
L xi

T--
and .5--- but E has been found

2

I

4 'IX BD

3V 3Vto be 3V so I2 siga and 13 a Im.

12 x 0.2A 13 x 0.1A,

Notice that 12 + 13 III 11 Kirchhoff's Current Law

0.2A + 0.1A x 0.3A (A
0

ti
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.Finally, using the original circuit,

the voltage across. R3
EBC

13 x R3 and across R4,

0.1A x 20aEBC
*

EBC
2V

Notice that EBC
ECD EBD Kirchhoff's Voltage Law

V .4..1V 3V

Finally, all of the currents and voltages
have been used as a double check.

Example:

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 R R

2
+ R

3' x 3

R
x

50 + 100

R
x

1500

Whictrresistors are in parallel?

Only R5 and R6. so R

Y

R
5

R
6

= n

400 x 200
40 4. zoo

Ry = 133o

CD ! 13x R4

E
CD

. 0.1A x 1012

E
CD

. 1V

have been found, and Kirchoff's Laws

Ra 50n- R3 100-P-

In equivalent circuit 1, Rx and R4 are iriparallel.

Rx x R4

R + A44

R
150 x 300/

z 150 + 300

.10

.R
z

100si

8

273
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Finally R1, Rz and Ry are in series so that Rt

Rt 67 + 100 + 133Q

Rt 30Q0

E
It It

= 0.5A Equivalent Circuit 2

+ R + R
z y

Ry
13,34.

Final Equivalent Circuit

E
AB

= I t x Fe

- 0.5A x 67o

E
AB

= 33V

E
BD

It x Rz EDE = It. )c Ry

E
BD

= 0.5A x 100C EDE = 0'5A x 133Q

E
BD

= 50V EDE a 67V

E
BD

'1

5 0V
I

1 150Q

0.33A

12

E
BD

50V **

300

f* I
3

6 7V
wan

EDE
EDE

K6

67V

0.167A .= 0.1675A

ran

I
4

0.335A

E
BC

EBC
0.33A x 500

E
BC

16.5V

0

Eco a 1414x R3

E
CD

0.33A x 1000

E
CD

= 33V
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4

It was already stated that some circuits do not have any combinatilIns of
resistors that are either in series or in parallel. These circuits onnot be
simplified by the method presented here: One example of such a circbit is the
bridge circuit. Notice that no two resistors are either in series oOtin
parallel. Each of the resistors and the source is between a differentl;set of
points in the circuit. Also.there is a different current in each rests or and
the source since the current divides at each of the points, A, B, C, an jp.

Methods used to calculate the voltages and currents are a subject for a Are
advanced course in electronics.

1

1

'BRIDGE CIRCUIT

\

Component Between Points

1s1 resistor A & B

11 resistor , A & C

source A & D

C 4s2 resistor B & C

2D resist r B 81/0

.-.4(

1.5o rest for

5

$

1

Power in a series-parallel resistive circuit is calculated in the same way as
tiv it is in less complicated circuits.

The total power supplied by sources equals the total,power absorbed by resistors'
(or other sources i'f they are charging).

The power absorbed for each resistor is calculated once you have determined
either the current or voltage forothe resistor.

Using the resistor current
4'

Using the resistor voltage

Using both current lnd Voltage
for the resistor.

PaI 2
x R

E
2-

r

PaEx I

All three formulas give
the same answer.

Ale power supplied by a source is calculated by the formula

PuExI

where E and I ire the values of voltage and current for the source. If the

currant is.ieavttv'the plus ( +) teminal of the source instead. of the/minus
terminaltrthe formula.gives.the power. absorbed by the source.

. 0
. 4

10 a'
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Self-Test

-- 411 For the circuits in questions 3-11, it kill probably be helpful to assign
letter labels to each of the separate pelifts as was done in the examples..
What may look like two different points will be the same point if they are
connected by a piece of wire. Also two resistors may be connected 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 own
dot if it is helpful. Letter labels are already assigned for the first two
figures in order to help you understand the procedure.

Series .resistors always have the.same

a. voltage.
b. current.
c. power.
d. resistance value.

L

Parallel resistors always have the same

4. voltage.
b. current.
c. power.
d. resistance value.

4

3. Determine which, if any, resistors acre in A 2K
series and find the equivalent value.

,'
4. Determine which resistors, if any, are in

parallel and find their equivalent value.

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.

7. Determine which resistors, if any, are in
parallel and find their equivalent value.

8. Solve for the total' equivalent resistance

for the circuit in questions 6 and 7.

(Circuit for questions 9-11 on folloiiing page.) "Circultffor Questions 6-8

9. SolVe.for the equivalent value of resistance for the total circuit (Rt

10. Solve for the currents and voltages in each of the-resistors:

a,

Circuit for Questions 3-5

11. 'Solve for the power supplied by the source.

5-n

7
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arcuit for Questions 9-11

12
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Task
1. Calculate th e uivalent value of resistance for the circuit shown.

9V 1 t

2. Measure the rce voltage. Use this value to calculate the currel
drawn from the source with the circuit connected.

3. Check with your instructor that you have calculated the correct values.
Then get a single resistor equal in value to the calculated circuit value.

4. Connect the circuit and measure the current with the ammeter. Connect
also the single resistor alone and measure tht, current with the ammeter.

All three currents should be clove to the sam value. If your resistors
were low-tolerance types, the results could be considerably off. Check
with your instructor to determine how well you id.

6. Calculate the equivalent value of resistance for\the re-arranged circuit
as shown.

A JU4PEI3 WIRE

iP

Connect a jumper
wire between

IK points A and B'
as shown'.

7. Calculate the current when a 9 volt source is connected to the circuit.
or-

Connectlihe complete circuit and measure the current.

9. Connect a single resistor of equivalent value as calculated and metasure
the current in the single resistor with the ammeter.

I

10. .Have your instructor check your calculated and measured results.

*Pointsol and B are indicated as separate points only to indicate where to
attach an interconnecting wire or jumper. When thris jumper fs connected, the
two points become the same point in the circuit. The circuit can be drawn a
different way by.placing the 2.2k resister to the right of the 1k reiistok,
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
circuit.

a

I.

13
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Final Test

11 Determine which resistors, if any, are in series.)

2. Determine which resistors, if any,'are in parallel1.

3. Solve for the total equivalent resistance.

4. Solve f r the currents and voltages in each of the components.

5. Solve fo the power supplied by the source.

25V

I

1-100
\ Ade \

00

14
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Final Evaluation

Calculated' Resistance

Calculated Current

Measured Current

Current Measured in Equivalent Resistor

Final Test 85%

When all o

EL-BE-22
Series-Parallel Resistive Circuits

IJ

OK

e checks date OK; proceed to the.next lea

15 2I

RE DO

9,pa:ckage..:

T

0



10V

7 r,

Ariswers

1. b current.

2. a. voltage.

3. No resistors are in Series.

.1

, .,t

EL-BE6.22.
Series- Parallel. Resistive Circuits.

4. 375a, 3k, and 1k are all in parallel, All are between points 8 and C.

175 + 3 000 T nffla °.004U MHO--(u)
1 1

(1 nverted.ohM--0)

1
R , p/ * 250a

. equivalent value

2k and 250a are in series equaling 2000.4. 250: 2250o

6. 8o and 4u are in" series equalling 8 + 4 12a

Wand 7o are in series equalling 5 + 7 a 12a

7. ()90 and 3a are in parallel equal ling )4! 3 2.250

8. 12a and r2o are in parallel equalling 6a

2o, 6a, and 2.25it are in series equalling 10.2i

9. Circuit is drawn with letters 'assigned.

00-2

\\ -in parallel

vbetween
Ooints

.8 and C
I .

ICA

A 10 -A

,0-1\AP

w.

4

wit <or' \

o It

1

in serieA, poin C
is eliminated wh n

combined

in parallel between
points B and 0 0

281 V
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r.

A .in series Rt ' 10 + 20 + 100
Rt 40a

10.4.

0V
10. It * 1 * .25P

!On.

2.5V

10-Q

.tk-e.5V-d

10-n-

'
10V

t

# i

5V 4 6 /
gag I .25A in both 10g resistors, and

Ofi equivalent resistance E IR

, 5V n .25A x 20a

.f4;-7A

30:4
.083 .1 RE5 .167A 30n5v

E IR

ZOA.1.67V * .167A x°10a

3.33V .167A x 200



11. P
source

10V x 0.25A - 2.5W

A

r
C

EL-BE-22
Series Parallel Resistive Circuit
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Final Evaluation

Calculated Resistance

Calculated Current

Measured Current

Current Measured in Equivalent Resistor

Final Test 85%

EL-8E-22
Series-Parallel Resistive Circuit

OK RE-00

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

0
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Goal:

The apprentice will be able to
describe types of switches and'`
.relays.

L

AIM

ti

frp

Performance Indicators:

I. Identify common types of
switches.

2: Describe relays.
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Objective§

Given:

An assortment of switches and relays

I

Questions on switches and relays Complete a.Final Test with an accu-
racy of 90%.

EL-BE-2-3

Switches and Relays

The student will:

Identtfy the different types of
switches.

Connect circuits using switches to
operate lamps in different modes.

Draw operational circuit diagrams
using switches, and relays.

Directions
Obtain the following:

Assortment of switches

A relay
Connecting devices
Lamp

Learning Activities
Study Key Words list.N

Read the Information Shoet.

Complete Task circuits and drawing.

Do Self-Test.

Do Final Test.

Obtain Final Evaluation.

0

44)

288



Key Words '"

LL-p17zi
Switches and Ways,

Arc: 1 A discharge of electricity through a gas (such as air).

.Closed: A clos0 loop, a complete path; connected circuit:

NC: Normally closed; closed 4n the'rest position.

A

NO: Normally open; open in the rest position.
ft,

r 1"

Open: An open loop not connected; not operational; disconnected.

Pole: The part of the switch that has the moving contact on it.

Rotary: A switch that is turned with a knob which can s'ele'ct any one pimany
contabts.

Throw: The piliPt of a switch which has the stationary contact on it&

Hydraulic action: Devices' that are operated by fluid flow. (Example: the

brake system in the automobile.)
,

Bimetal action: A strip of 2-layer metal tbat bends as heat is app)ried.

The bending of the strip can activate switches, etc. . /

Symbol for relay

Symbc0 for switch

4

("1
4

2-8 9

a



-Information Sheet'

I
Switches and Relays

The switch is one of the most common electrickl devices. We use switches

everyday to turn off or on our lights, appliAnces, and machines'. Some
;

switches are very simple. One example is the 'light switch that is on the wall

of a home. Some switches are very complicated. These include multi-heat

switches on the electric range-arid rotary switches that are found in radios, TV

sets, and\stereos.

Let's start with the most simple switch, called ,the SPST switch. The SPST

stands for single - pole,. tingle-throw. Below you see the b/Mbol for a'SPST

switch. Next to the symbol you see what the switch looks like (pictorial).

--J

SYMBOL

THROW

PICTORIAL

Notice that on the symbol there are one pole and one throw. Because there is

111
. only one of each, there are'only two places to connect wires. On the pictorial

you will notice that there are only two .terminals. This will help you identify

a single-pole, single -throw switch. Now let's hook this switch into a circuit.

We will use syMbols for the 'circuit components. Study the symbols and pictor-

ials below. Be sure that you can identify each of them.

BATTERY

I

001.1

..1

4

LAMP
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w

111 Here are two circuits. They are the same except that the first one 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 found in thq common flashlight.

As you have, learned, switches are identified by the numbeh of poles and throws.
Let's look at a single-pole, double-throw switch,

THROWS
MEL 0

The SPST switch was good for turning 'One lamp off and on with one switch.
How can weturn one off and on with two switches? The SPOT 1§ 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 from one position
or the other.

t.

)

Closed Open

When this type of circuit is used in a home, ,it is called a three-way switching
hook-up.

1
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There are other switches whicb make it possible to turn off or on a lamp fromthree or more positions. .The following shows the first two switches we have
studied and two other switches that you may see.

DOTTED UNE MEANS
POLES WORKIDGETHER

SPST SPDT
A 0

DPST DPDT

There are some switches that are made so that they return to the same positionwhen they are released4by the operator. These are called momentary-contact
switches. They are normally spring loaded so that they flip back when released. 0,4.iomentary-contact switches can be the normally open type (NO) or the normAlly
closed tydp (NC). Pictured below are the momentary-contact-type switches.

A PUSH WILL A PUSH WILL
,r-OPEN THE CLOSE THE CIRCUIT
I CIRCUIT

a071 ----0 Oponalw

NC NO

NC NO SWITCHES CAN LOOK ALItiE
A

Another type of switch. that is very common and sometimes very complicated is
the rotary switch. The rotary switch may have many sets of poles and multiplesof throws. The following are a few'rotary-switch symbols and their names. Thesecond P stands for position; 3P3P stands for three-pole, three-position.

44.
1

8'4'1'0

diCi I All THREE POLES

0 I

"NO
67"--- WORK TOGETHERa I

iSP5P 0,_,
SINGLE FOLE 0 "."0)
5 FO51TION 0.

7
2J2

3P 3P
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.

'Another switch which is less common but very important is the reed switth. It
is sealed in a glass tu e and operated with a magnet. What it looks like is
shown below.

GLASS TUBE
LEAVES

SEALED BOTH ENDS 0

AS THE MAGNET IS BROUGHT CLOSE THE,LE,AVES SNAP TQGETHER
MAGNET

SPST NO

The outside appearances of switches vary as to their application and mounting'
method. Below are a few of the most common types and their names. The names
refer to the mechanisms which activate them.

I.

Toggle Slide Rocker 'Push ButtOn Lever _

Switches are given ratings for their current and voltage capabilities. To
understand why this is done, remember that whenever an electric circuit is
broken, an 'arc occurs. This hot arc burns away at the contact points. 'The
more current or the more voltage, the greater the arc. The contact points take
most of the beating as the switch is used. These points are made of metals that
are very hard and will not burn or a material that is conductive even after it
is burned. The points in a car are of tungsten, a very hard material. The
'points in a water heater are made of silver. Silver is conductive after it haS
been burned., Some switches have snap actions which switch very quickly. The
fast switching reduces the arc and saves the contact points.

VW*

4

8
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Relays

EL-B-23
Switches and Relays

The relay is nothing more than a switch that 13& operated from a distance by an
operator,_a time clack, a radio or even a computer. Have you every wondered'
what turns the bell off and on at'the beginninTand end of-the class time?
Right, a relay is the switch that.does the job. The time clock turns on the
relay and tht relay turns on the bell. You may ask, "Why do we need a relay?
Can't the time clock turn on the bell?" If you think about it for a while, you
will realize that there are many bells in the school building. Just think of
the arcing on the contacts in the clock. Wouldn't it be better to divide up the
switching into several switches fordifferent parts of the buildihg? Right
again. The clock will last much longer if we don't overload the small timed
switch inside the clock.

It*

But, just how does the relay work? Most relays work on electromagnetic actidn.
There are a few special types that use air, hydraulic action or even bimetallic
action to do the switching. Let's consider the magnetic type.

The magnetic relay, as the game says, uses magnetic energy to operate the switch
contacts. The magnetism is produced by the electric current from the coil. This
closes the switch and closes the circuit. When the current is off; the magnetic
field collapses, which allows the return spring to lift the arm and open the
switch'. Study the circuit below. Notice that the electromagnet is turned on and
off by a remote SPST switch.

e

MAGNETIC Foil FACES

REMOTECONTFOL
SWITCH

PULL

RETURN SPRING

ARM

1

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 on (as 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 cldse 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.

0

LECT OMAGNETIC COIL

9 294



P

HEAVY WIRES

ELECTRIC LINE

OPERATOR 9

SWITCH /0

ELECTRO
MAGNITIC

COIL,

SMALL

WIRES MATERIAL

BUCKETS

LOAD

tl.-131-Z3

'Switches and Relays

MOTOR

RELAY BELT.

DUMP

--CONVEYER BELT

200F+.

There is-an eidvantage in. using_the relay to turn the motor off and on: small
wires to a small switch can control large amounts of energy.

The con truction of relays differs somewhat, but all of them use similar
actio . The drawing below shows the construction of a typical relay. Notice thesuet of contacts. Which ones are normally open? Which ones are normally closed?

r,

SWITCHING CONTACTS
3

5
RETURN

R)LE FACE (1,1C 'TYPES ALSO HAVE 0 RING)

PIVOT"

SPRING

ELECTROMAGNETIC
COI L

Relay with 'Parts Labelled

.01

You are right!. Contacts 3 and 4 are normally open (N0). Contracts 5 and 6 are
normally closed (NC). Connections 1 and 2 hook to the electromagnetic coil.

10
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Another 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 drawinOelow. Is. this a SPST or SPOT?
How is the contact made? '

V

Closed Position 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 cole end of the
bulb.

.

re,

YDu 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.



Self-Test

{Choose 'the correct' answer.

1... The A/C relay has, special on'the pole face.
a. washer
b. R ring

c., D ring
d. A ring

O. 2 The magnetism in the relay is provided by
a., the coil.
b. the contact.
c. the terminals.
d. the return spring.

4 LL-BE-'23

Switcys and Rela9s

(

3 This push button is a type.
a. SPST
b. NO
c. closed° _J_0d. .NC

This symbol is for a
a. SPST
b. DPDT
cl SP5P
d. 5PSP

,type switth.

0-
0--

011111

OMIMINIM

5. I
SPST

dfntify the in this schematic..
a.

b. SPDT
c. DPDT
d. DPST

N

. \

In this drawing S is a type switch.
a. toggle 1

. b. rocker
c., SPDT
d, DPDT

7. SPST stands for a type swi tch.
a. single- pope, single-toggle
b. single-pole, single-throw

any rocker
d. snap

1-0

52.

The snap action on some switches
4

a. helps the operator knim when the switch is activated.
b.. increases the arc.
o. decreases the arc. /

d. means that the switch is new. ,

12
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The mercury in the mercury switch provides
a. the electrical contact.

b. weight control.

c. indication of switch position.
d. improved appearance.

10. Silverviis Usedoon.some switch contacts because of

a. appearance.

b. loWer &intact resistance even if burned.

c.* smoother action.
d. high" expense.

4

13
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Task

Construct and test the

Cirgit 1

Construct a .circui
(Use schematic as

# 4

EL-BE-21,i

Switches and Relays

following circuits.

t tb turn can and off one lamp with one SPST swatch.
a guide.)

Circuit 2
o-

,Construct a circuit to turn off or on a lamp from two.locations using
two -SPOT switches. (Use' schematic as a guide.)

7
LINE

4

9t,

Circuit 3

Construct a circuit to turn off or on one lam
by a SPST .switch. (Use schematic as a guide,.

with a relay controlled

f

SPST
Circuit

Complete this drawing (schematic) using a rotary switch as a selectOr
/to connect any one of the following- to an amplifier.

TURNTABLE
4

TUNER

TAPE PAYER

4

I

(:$0
0

14
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Fir01 Test
1. SPST stands for

a. Single-position, single - toggle.
b. Single pole, single-throw.
c. Special-position, single-throw.
d. Any toggle switch.

2. In this circuit drawing S2` is a
a. a toggle switch.
b. 4-way switch.
c. SPOT switch.
d. a rocker switch.

3. In .this drawing Si is a
a. SPST, '

b. UST.
c. SPDT.

d. DPDT,

4. This symbol ins for, a

a. SPST
b. 5P.SP

c. SP5P
d. OPST

6. EL-BE-23
Switches and Relays.

4.

type switch.

5. This push button'is a
a. NO

b. NC

c. - SPST
cr. closed

.0 1110
1

The coll.in a relay provides
a. O-ring mount.
b. r9agnetic energy.
c. heat.
d. return action.

The D ring is found on
a. SPST switches. .

b. normally open switches.
c. AC relays. '

d. DC relays.

Why are
-a.

b.

c.

d.

type

some switch contacts made out of silver?
It makes tte switch more expensive.
The silvee'keeps its conductivity even
The action is smoother.
Less heat is developed.

Mir

ye

though it is burned.

40
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40°

9. The mercury switch is a
a. .position switch..
b.: DPDT switch.
C. them switch.

.NO switch.

1p. SoMe switches have snap fiction

a. so the operator can hear the snap.
b. to increase arcing.
c. to reduce ohm rating.
d. to reduce arcing and heat..

4,

;4

301'
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Final'Evaluation

Check sheet

Al 1 Circuits 100% aperatiortal
Al 1 drawing 100% correct.
A. score of 90% or 'better dtP the final ,,Test.

Circuit construction

Circuit drawing

Final test 10

4,

OK

When al 1 checks ane OK, proceed to the next package. .
t.,

1

I

17
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Answers

Self-Test

1.
2. a

3. b
4. 'c
5. ( d

b

8. c
9. a

10. b

I

S
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BASICS OF ALTERNATIWG CURRENT

%hp Goal:

The apprentice will be able to

describe the basic, concepts of
alternating current.

Performance Indicators:

1, Describe flow of. electrons.

2. Describe wave lorms.

3. Describe cycles and frequency.

4. Describe peak and RMS voltage.

5.- Describe audio generator.
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Objectives

Given:
a

A series of questions on basic AC

/ Ten problems dealing with RMS and
' peak voltages

An audio generator and head phone

,Directions

Obtain the. fnl lowing:

A audio generator
nad phone set (with connecting wires)
Calculator

Learning Activities

Study the Key Words list..

Read the Information Sheets.

Complete the Self-Test.

Solve the problems on the problem

Do the Task.

Do the Final Test.

Obtain,Final Evaluation.

'EL-BE-25
Basics.of Alternating Current

The student will:

Answer'9 of the 10 questions correctl

Solve 9 of the 10 problems correctly

. Set up and operate the audio generator
properly.

sheet.
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Key Wards
AC :. Abbreviation for alternating current. Symbol:. r)

4

Alternation: One half of a cycle; it can be positive or negative.

Alternating current: Current` that changes polarity at a regular rate.

Audio generator: A device that produces alternating current which can be changed
in frequency, waveohape, and output level. This package will coyer frequencies
which are in the ange of the human ear.

EL-BE-25.
Basics of Alternating Current

.

Cycle: A set of positive and negative alternationt of an AC voltage.

*AUNDRNAT614

ICI1E ALTERNATION

Frequency: The number of cycles in a given period of time. As,an example,
4 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 center that a wave form reaches in either
ITT-negative or positive direction.

PE AK

PILAW(

Rise time: The amount of time that it takes for a voltage to get from 0 up
to peak.

TIME

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---

Square wave: 0A wave form that changes abruptly from 0 to peak value, holds
at peak and then abruptly goes back to 0, reverses to a peak and (eturns to p.

Example of a square wave--

4 ir
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Information Sheet

AC and the es6billoscope

c",

In the last package you learned how to set up the dscilloscope and use it to
take DC voltage measurement*. 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 pow the scope
sees these changing voltages, let's take ,a loot at :what AC really is.

6

Basics. of AC,

41111# know that DC (direct current) flows directi.on. The electrons leave .

the battery from the negative pole., pass through the wires and theload, then
return to the battery's positive pole. The electrons are going in only one
direction. Study the circuit below.

FLOW.

From this circuit you sho d recognize that:

I. This is a DC circuit.
2, The DC motor iv the circuit load.
3. The motor is turning clockwise.

11.

DC MOTOR LOAD

SHAFT ROTATION

The motor can be reversed by changing the polarity of the voltage source
connected to it, thus reversing the direction of` the current through the load. if

If the battery were to be turned ope-half turn, the motor would go counter-
clockwise. See the circuit belliw.

p

rt.

DC MOTOR LOAD

SHAFT ROTATION
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From the last drawing you should recognize that:

EL-BE-25
'Basics of .Alternating Current

The battery is connected_ with the polarity reversed.
2. The Current flow is.tdthe opposite' direction.
3. The motor)is now turning in a counterclohkwise direction.4. The DC motor'can be reversed by changing polarity.

Now let's go a step further. We will set up a circuit that will switch polarityof the battery. Study the circuit drawn below'.

, METAL HALF.
RINGS

MOTOR 1URNS IN CLOCKWISE

DIRECTION

PHONOGRAPH TURNTABLt

As the blttery rides around and ai,loOnd on the turntable, the spring brushes
slide on the metal half-rings which tonnect the motor to the battery& Let's.look at the circuit again after it has turned one-half rotation.

Flow the polarity has been reversed and the. motor shaft directioh has also 'beenreversed. 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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Basics of Alternating'Current

To really'see what is happening in an alternating current circuit we must be
able to recogni the changes of voltage and polarity in relation to time.
This sounds 111(6 a big order, but if we construct a graph to show these.rela-
tionshilit, it becomes much simpler. To get an idea of how this graph should
look, let's go back to our turntable-AC current producer'and connect a graph-

r', drawing attachment to it. Study the.drawing,below.

r

From the drawing above, you shoUld be able to recognize that:

1. As the battery rides around on the turntable, a current.that is
changing polarity is fed to the motor.

2. As the curredtchanges polarity, the motor changes shaft direction.

3. As the motor tries to turn, it is limited by the springs. .

4. The pen draws a line on the moving paper whiCh shows the direWon
of motor shaft rotation.
0

The next step is lo 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.,

ft

6
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AMOUNT OF

MOTOR PULL

CC W

AMOUNT OF-

MOTOR PULL

C W

LL-BL-'45

Basics of Alternating Current

moToR.ON ccw

MOTOR OFF SWITCHING TIME I NICHES
PAPER MOTION PER SEIX)

TIME

MOTOR ON CW

This graph (called a wave 1orm) can-give is much infOrmation about the circuit.
Study the following list:

1. We can tell how much voltage was applied to the motor by the amount of
motor pull., If the battery had more voltage, the peak wave would be
higher because the motor would turn more. (The higher the wave form, the
more the voltage.)

2. We can tell the current direction (polarity) by the direction of the wave
from the off line. Above,the off line is normally positive and below is
normally negative.

If we know how fait the paper was moving (inches per second), we can
tyri how many changes of polarity took place per second.

4. The pen cannot get from the center (zero point) to the top of its swing in
zero time. This slight delay makes the vertical lines slanted by just a
small amount. The.time that it takes for the pen to go from zero up to
peak is called rise time. The amount of rise time can be measured on this
graph if we know how fast the paper was traveling.



a. Is

The Sine Wave

EL-BE-25
Basics of Alternating 'Current

Most wave forms don't look like the one made by our battery turntable device.
The most common wave form is the sine wave. You may hear it called the pure
form. of an freiluency. TO alternating current that we get from th6 power
6Dmpany hat .this sine shape. The drawing below shows a sine wave similar to
the one produced. by the power company: The amount of time span shown is only
1/60 oiwa second. This means that 60 of these take place in one second.

0

'PEAK le

RMS 120t. .

VOLTS A/C

RMS 12.0

15EAK169:7

kw--- CYCLE 1/6OSEC--I

r)-41
ATIME

From the drawing of the sine wave you should be able to recognize that:

1. The sine wave is alternating currAt because it changes polarity.

;The sine wave shows a smooth change of voltage from zero up to a peak value
6 positive, then back down to zero. From zero it goes up to a peak value

negative then back to zero. This all took place in a 1/60 of a second.

3. The 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. The peak voltage isthe very top of the wave form.

6. The amount of time that it takes fora voltage to get. from zero up to
peak.is called rise time.

The RMS voltage is slightly less than the peak value. (70.7% of peak.)
An explanation of RMS.voltage follows in the next paragraphs.

9
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a

Frequency in Hertz Ic

As was stated before, we can measure alternating cu'rl'ren,t, by the number .of cycles
per. second. The measure*that is us0 is cattled frequency (how frequently a cycletakes place), Remember that frequerity in hertz deals with the number of cycles
per _second, no other time interval. As an example., the frequency of the powerline is 60 Hz. The cycles, per ''*cond is understood. 60 Hz = 60 cycles perksecond.

ff21Liaci2142U

When AC voltages-are measured; we have a different problem from what wa hadwith DC. The DC voltage was the same as long as the circuit was on. With ACboth the negative and the po4itive, voltages go up and down. Why hot measure
the voltage at its highest ppint (the peak vbltage)? This' Right sound like-a
good way to (16 it, but there is a problem. The voltage is only at the peak forjust an instant. Because of this, the amount of power from kL100 volt AC circuitis less than from a DC 100 volt cirduit. _It was found that 10.0 volts peak AC
produced as much power as a DC voltage of 70.7 volts. All AC voltmeters don't

.

measure peak, bu't they do measure ,707 times the peak. This measure is ciTTia
RMS voltage. If we know the peak value of an AC voltage, we can find .the RMS.

RMS = '.707 X peak

Let's say that we checked the line voltage and found that it was 160 volts peak
value., What would be the RMS voltage? "-

RMS = 160 X .707'
RMS . 113.1 volts

AC voltages are almost always expressed. in RMS. The line electrical outlets in
our homes are called. _110..vo1 ts.-- This is really a RMS voltage. If this is so,
what is the peak line voltage? To figure this one we need anotheromagic 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-L-) on it. 1.41421 is the
square reot. of 2.

The formula for finding: the peak voltage if the RMS is known is

Peak . RMS X.1.414

Let's finish our problem. We said that the line voltage was 110 volts RMS., Thismeans that

Peak = 110- X 1.414

Peak = 155.5 volts

If you are unsuee about how to do this, read. it again because the test will
have problems dealing with RMS and peak. Refer to the sine wave figure as shown
in the beginning of the discussion.

10 3 4
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. The Audio Generator

When there ts need to test a DC circuit, it is a simple matter to use abattery
or a power supply. The AC circuit is a different matter. In the AC circuits
it may be necessary to change not only voltage but frequency and wave shape as
well. The device to do this is called an audio generator. As the name implies,

4 it generates audio fresuencies. The audio frequencies include the Oequencies
that can be heard with the human ear. The audio gelerator must include fre-
quencies from 20 Hz to 20 kHz. "

Audio generators differ somewhat depending on the manufacturer, but the controls.
.

aee very simil4 The follbwing drawing it of a typical audio generator. Study
the cont:pls 08 you can explain what each of them dries.

PILOT LIGHTIN-0
POWER SWITCH ---9

, FREQUENCY.

SWITCH

'TO&

Fltsl. FREQUENCY ADJUST

OUTPUT TERMINALS

OUTPUT VOLTAGE CONTROLSINE SQUARE

7

WAVE SHAPE SELICTOR
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Problem Sheet

1. The line voltage was measured to be 117 volts RMS with a voltmeter.
What is the peak value?

While wprking 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?

3. While working on the water heater in my house, I found that the voltage
across the element was 225 volts RMS. What was the peak value?

4-10.

The table below represents a series of, line voltages takeover a period
of one week at the peak load time. Some

taken
e of the are peak values

and some are RMS values. Complete the table so that both peak and RMS
values are 'given.

Peak RMS

Sun 125

5 Mon 150

6 Tues 109.5

.7 Wed 146

8 Thurs 113

9 Fri 142

10 Sat 110,2

316
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Self-Test

111 1. To reverse most DC motors you must
a. switch the 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.
b. switches on and off.
c. switches polarity.
d.' has only positive alternations.

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. Csawtooth type wave form.

5. One cycle is
a. equal to RMS times peak. 4'

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 voltagqais
a. higher than peak.
b. equal to the square 'tot of two..

c. equal to .707 times the peak value.
d. equal to 1.414 times the peak value. A

7. The audio generator produces signals in the frequency range of
a. 10 hz to 100 kHz.
b. 20 hz to 20 kHz.
c. 400 cps to 5 kHz.
d. any electric organ.

8. The audio generator's output can be controlled to
a. change frequency.
b. change resistance.
c. change wave shape, voltage, and frequency.
d. change wave shape, resistance., and voltage.

9. The AC voltmeter measures
a. peak value.
b. 1.414 volts less than peak.
c. RMS voltages".

4. .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 all steps in thisetask.

(All audio generators are not alike, but they will have comparable controls.)

With the audio generator in front of you
IDENTIFY the following controls:

1. Off-on switch

2. Pilot

3. Coarse frequency adjust

4. Fine frequency adjust

5. Wave form switch

6. Optput level control

TO HEAD PHONES

14 318
sof



7. Output terminals.

8. Power cord

Operation of the audio generator

1. Plug in power cord.

2. Switch unit oh (check pilot).

3. Adjust fine frequency control. to 1000 Hz.

4. Switch coarse frequency to correct band for 1000 Hz (B).

EL-BE-25
Basics of Alternating Current,

5.. Switch wave form to sine position.

6. Connect head phones to output terminals.

7. Place the head phones on your head with the phones sligh,tly off ears
7---- (to avoid loud blast).

Adjust output level control so you can hear the. sound (called a signal),"

9. Turn the frequency 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 is the lowest sine frequency that 'you can hear? (not feel)

2. What is the higheit sine frequency that you can hear?

e. How dogs the square wave sound different'from the sine wave?

10

Instructor check

15 31L

Hz

Hz



t

EL-BE45
Basics of Alternating Current

Final Test

4. A smooth, ever-changing pure wave form describes
a. a sawtooth wave form.
b. a triangular waveform.
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.

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 polarity of the connections.
b. invert the motor.
c. reverse the motor shaft end to end.
d. give the shaft a twist in the reverse direction.

5. The major advantage of the oscilloscope is its ability
a. to measure DC power levels.
b. to see changes that happen at a fast rate of speed.
c. to measure DC voltages.
d. to measure DC current level.

6. The outpdt 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 tb its voltage, frequedby, 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 includesa 20 Hz to 20 kHz.
b. 10 Hz to 400 Hz.
c. 1Hz to 10000 kHz.
d. 1kHz to 2kHz.

164 320
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9. RMS voltage is
a. equal to .707 times the peak value..
b. equal to 1.414 times the peak value.
c, equal to the square root of two.
d. the same as the peak value.

10. One cycle of alternating current is
one span of 1/10 of a second.

.

b.' eqmal to RMS times peak.
c. one positive alternation and one negative alternation.
d. equal to RMS minus peak.

A
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Completed Task

Completed problem sheet with 90% or better

Completed Final Teft,with 90% or better

EL-BE-25
aasics of Alternating Current

OK RE-O0

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

.

J

322
18



Answers to Problem Sheet:

1. 165.5 V peak
2. 109.9 V RMS
3. 318 V peak
4. 177

5. 106

6. 155 11-

7. 103

8. 160

9. 100

10. 156

Answers to Self-Test:

1. .c
2. c
3. b
4. a

5. b

6. c
7. b

8. c
9. c

4

.
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2.17

MAGNETISM

k

t

77

Goal:

The apprentice will be able to
describe permanent and
electromagnetism.

Performance Indicators:

1. Describe

2. 'Describe

3. Describe

and attrs

4. Describe

permanent magnets

magnetic fields.

.laws of repulsion

ction.

magnetic flux.

electromagnetism.5. Describe
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Magnetism
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,Seattle 981.01.
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Objectives.

Given:

A list of.questions about basic
permanent magnetism and
electromagnetism.

A set of magnetic equipment.

Directions

Obtain the following:

Set of magnets

Compass
Magnetic cores
#18 wire

Paper or cardboard tube
Power supply
BQX of nails

0

4

Learning'. Activities

1111
Study Key Words list.

Read Information Sheets.

Do Self-Tests.

Do Task A.

Do Tasks B and C.

Oro Final Test.

Obtain Final Evaluation.

a

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.

11
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Key W/ords

Coil: 9( spiral winding of wire.

Oy

Core: The center part of a coil , made of a magnetic material or air.

Domain: Very tiny magnetic area in iron, nickel, or cobalt.

Electromagnet: A coil of wire powered by a source of elecOrieity.

Field: The Magnetic flux around a magnet.

Flux: The lines of magnetic force around a magnet.

40
Gauss: Aunit that is used to measure till! amount of magnetic force.

Keeper: A piece of iron across the poles of a.magnet placed thereto prevent
loss 'of magnetism when the magnet is in storage.

Line of force: Referring to the magnetic flux.

Ma netic metals: Iron, nI 1, and colbalt:

Magnetic polar ty: Referring to the north- and south-seeking ends of 0 magnet.

Magnetomotive force: The magnetic push.

Pole: The end of the magnet, where the magnetic force Is greatest. .

Residual magnetism: The magnetism that remains In a metal after the magnetic
force has been removed.

Saturation: The point at which a piece of magnetic material cannot be further
magnetized.

Solenoid: 1A coil without a core. A sucking coil.

r
4 3 2 8



Information Sheet No. 1

.._/PeriLliMAUEJ

Magnetism is involved in a grejt number of-electric and electronic devices
such as motors, solenoids, transformers, meters,' etc. A knowledge of the basic
principles of magnetism is important for understanding the operation of these
devices.

A.

4
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There are only three magnetic materials on earth. A magnetic material is a
material that can be-attracted by a magnet.4 These materials are iron, nickel, )

and colbalt. Materialslike steel are alloys that contain iron;. therefore,
they are magnetic.

I

The simplest magnetAis a bar magnet. One end of the magnet is labeled N and
the other end, is labeled S. All you have Co do to understand the N and S.is to
make a compast out of the bar magnet. The end that points north is stamped N
and the end wych points south is stamped S. So when we say the north end of
a magnet, we mban the north-SEEKING end. What makes a magnet want to point
north and south? No one has the answer to that question. The exact nature

w. of magnetism is not really know, but we are aware of the actions of magnetic,
materials. if -we look into aIffece of iron with a magnetic eye, we will see
a, lot of tiny magnets called domains, pointed every which way all over inside
the material. Remember that these domains are only, in the three magnetic
quateriars: iron, nickel , and colbalt. The shape off the domain is not really
known,'but we will picture it as a tiny bar. These, domains can turn and spin
around in the material. The drawing below is adomain grouping inside a non-
magnetized iron bar.

3

10-MICROSC0PIC
SAMPLE

Notice that thb domains are pointing every which way. The total gffect'is that
the N end of each domain is facing a S end of another domain. Tris cancels out
the external magnetic force so the bar of iron is not a magnet.

329
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If the bar of unmagnetized iron were put into a magnetic field (next to a,
magnet), the domains inside of the iron would align themselves with the
magnetic field. Study the drawing below.

The magnetic domains in the iron are lined udlso that the S
1
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 N0 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.

If there were some way that the domains could be locked into the magnetized
condition, the iron bar would remain a magnet. ,This isImpossible with soft -
pure iron. The addition of carbon, copper, aluminum, colbalt, and nickel tb
the iron produces an alloy which will lock the domains so they cannot turn.
This means that a permanent magnet is a special alloy of metals. The magnet
Must have special handling because heat or jarring will tend to dnlock the
domains, 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 ts 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.



4

IRON-FILING PATTERN OVER A BAR.MAGNET
6

-aPAPER
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From the iron-filing pattern, it is hard to see the full picture of the lines
of force. .Whatcan be wen is that:

1. The ends or poles have most ottoction.
2. There are two poles.
3. There seems to be no magnetic action in the center.
4. The force field seems to Ite in lines from one end to the.other.

In the following drawing the magnetic flux .is shown again', but this time it is

411
shown more clearly than could be done with the iron filings. (Only a small
amount of lines are shown tomelee the drawing clear.)

".

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.



$

The Magnetic Laws of Attraction and Repulsion

EL-BE-45
Magnetism 1

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 wmagnet) very important for navigation. What is

happening to the flux lines during the attraction? Study the drawings of the

(magnets below.

Attraction
North to South

Attraction
South to North

Repulsion
North to North

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, taperecording

heads, etc.

From the drawings you know that

1. Unlike magnetic poles attract. (North and a South or South and a

'North)

V

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.

When the poles repel, the magnetic flux lines do not combine.

8

3
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Keepers

The magnetic flux passel 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 shoul4 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 ts called a KEEPER. The magnets pictured below have keepers on them.

Magnets with Keepers

Measuring the Magnetic Flux

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 it is magnetized.

` S. The alloy of the metal.
4. Its shape or form.

The more lines of magnetic flux per areat.the more magnetic effect we can get.
The measure of maghetic flux concerns the number of lines. There are at least .

three systems of measurement of magnetic flux: Gauss, Maxwell, and the Weber.
Gauss is =a measure of the number of lines of a magnet. The Weber has to do
with the amount of flux change per second to produce one volt induction. As a
point pf comparison, the earth's field is less than one Gauss while a small toy
horseshoe magnet could have 200 Gauss!

The Square Law Magnetic Relationships

Study the drawing below that shows tests of magnetic pull.

orif.OF.ET0FPApER nso 64.1EErsoFWER

Li*

TO PuU_
/-

OF F

I Lb

TO PULL
OFF

Each time that you double the distance between the magnetic pole of the magnet

IIIArc*

and'the magnetic material, the magnetic pull decreases by the square of the
distancei This means that as you move away from a magnet, the flux level
at a fast rate. This is very impor ant when dealing with tape heads of a tape
recorders A very small amount of d 0 can hold the tape far enough from the
head to make the tape unit complet y inoperative. Keeping the magnetic gap
tlear on a tape head is very impor ant.



Se" IfsTest No. 1

1. The Magn'etic field is sometimescalled

a. magnetic force.
b. flux lines.

c. 'iron filings.

d. north and south.

2. The direction of magnetic fields is

a. around the magapt 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.

3. The law of magnetic attraction and repulsion states that

EL-BE-45
Magnetism

a. like poles repel and unlike poles attract.
b. like poles attract and unlike poles repel.
c. the south-pole attracts another south pole.
d. the square of the north pole equals the square of the south pole.

4. If a block of soft iron is 1 cm from a magnetic pole and then moved to .5
cm, the force between them will

a. double.

III
b. halve.

c. quadruple.
d. triple.

5. The flux lines around i magnet are

4. in both directions

6. more dense as you move away from the pole.
c. complete from the south pole to the north pole. -1

d. complete from the north pole to the south pole.

6. The strength of a magnet in the center section ha'lfw'ay 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 strength of a magnetic field is measigred in

a. volts per inch.
b. Gauss or Weber. .

c. flux line diameter.

d. the square Maxwell.

8. he following materials are magnetic

a. lead, tin, and zinc.
b. gold, silver, and copper.
c. aluminu4chromium, and platinum.
d. n el, and colbalt.

10
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Information Sheet No. 2

Electromitgnetism

There is a relationship between magnetism and electricity. One of these

relationships is that whenever current ispassed through a conductor, a
magnetic flux is set up around the conductor. The form that the magnetic flux

lines make is one which surrounds the wire in a sheath. Study the drawing of

the current-carrying conductor.

CURRENT DIRECTION

The Magnetic Flux around a Wire

411
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.

Ifyou know the direction of the current flow through the wire, you can tell
the direction of the magnetic flux around the wire by the use Of the LEFT-HAND
RULE. The following drawing shows this methpd.

FLUX LINES

FLOW DIRECTION

N.-FLUX (DIRECTION

Grasp the wire with the left hand with the thumb pointing in the diction 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 the0 direction of the magnetic flux, the thumb will point in the direction of the
current flow.

w.
11
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ill
The amount of Magnetic flux around one wire is quite small. 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.

0

% EL-BE-45
Magnetism

CUtf'REtIT

The flux lines go frOm the
north end to the south end on
the OUTSIDE of the coil.

FUJX FOR ONE TURt

10.---combined flux lines for '.the coil

From the drawing it can be seen that the flux Tines around each turn of the
coil can combine with the flux lines from the next'turn. All of the flux lines *

will combine to, form a magnetic flux for the coil. Check (t out with the left

hand rule. The 'more tuns of wire in the coil , the stronger the magnetic

effect. 'Notice from the drawing that the magnetic polarity is shown. This too .

tan be seen. Remember that the flux lines go from the north end.of the magnet
to the south end ON THE OUTSIDE OF THE MAGNET. *Check it out on the drawing.

,

The Electromagnet

Now that we know how the coil works, we can make an electromagnet. First, we

need a tore. The core should be a magnetic material. Ion is the strongest of

the three and also the most inexpensive. Because we want to turn the magnetism

off, we need a form of iron that won't let the domains lock up. Remember, soft

iron is the best choice here because the domains are free to spin around and

cancel the external flux lines. The Iron will concentrate the lines close to

the coil to give us the best magnetic effect.

8

2
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To construct the electromagnet we wind the wire around the cth'e in a neat
spiral of insulated.wire so the windings will not short from one to 'the other.
Study the drawing of the electromagnet.

mow.

1111111111((((((((1(111111
4 IF "IF

SWITCH

BATTERY

411. avow am. .1110.

The Electromagnet

MAGNETIC FLU)

50FT kRONCOre

1

I.

The magnetic action in and around the electromagnet is much the sameAs that of
the permanent magnet except that the electromagnet can be turned off and on and
can be many times stronger.

The Solenoid

Another type of electromagnet which is very useful is called a solenoid. Th#
solenoid is an electromagnet without a core. The part that makes it inter-
esting is that it seeks or attracts a core when it is turned on. To make a
solenoid you wind the insulated wire around a holl9w nonmagnetic tube. The
tube can be made or paper, plastic, or even a metal such as copper or brass.
Study the draWinglf the solenoid below.
P

T+.

ai 69694%. 619 hi a'e71.1194'&11 011,

11 0 .(=0.110111,1. =El0117.
CORE

The Solenoid "Sucking Coil"

ti

When the coil is turned on,
the core will be sucked to
the center of the solendi

Because of the mechanical travel that 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

337



EL.BE-45 .

Magnetism

Factors of Magnetism.

There are many measures and factors of magnetism. Included here are a few of
the most important ones.

Magnetomotive Force (MMF)

Magnetomotive force is explained as the force needed to produce a magAtic
field. This force can be made stronger, by increasing the number of turns
of wire on the coil or by increasing the amount of current through the coil.
The ampere turn is used with magnetomotive force as a unit of measure,

Saturation

Saturation refers to the state of a core which cannot he further magnetized.
More magnetomotive force will not increase the amount ormagnetism 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.

I

Residual Magnetism

Residual ffiagnetism is the. magnetism that remains after the magnetomotive force
is removed:. This condition is caused by a few of the domains staying locked in'-.
one direction. This residual magnetism can cause problems. As an example, a
relay can sEay stuck down after the current is turned off.

Demagnetizing (-

Demagnetizing is the process of removing the magnetic effect from a;ffiaterial
or de'vice. Many times tools will become magnetized and willoneed 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

1 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 is forced to be magnetized first one way'and then-the other. The
object is then slowly removed from the coil. The strength of the back-and-
forth reversing field becomes less and less. This leaves the object with no.
residual magnetism.

/
14
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Self-Test No. 2

If a current is flowing through a wire

a. 'a magnetic field around the wire will be present',
b. no magnetic action isTresent.
c. one end of the wire is north and the other south. ,

d. the heat from the wire destroys the magnetic effect.

Eleciromagnets are made by winding wires into coils 'because

a. it produces less heat.
b. the core is easy to install.
c. the leads are easy to connect.

vt
d. it-concentrates the magnetic field.

3. The left-hand rule for conductors

r,
a. is used for checking wire temperature.

b. is used so the right hand is free to write voltage readings.
c. shows the flux direction if the current direction is. known.
d. is more accurate than the right-hand rule.

4. A solenoid is sometimes called

a. an electromagnet.
b. a sound generator.
c. a sucking coil.
d. a long cored coil.

5. Saturation is

EL-BE-45
Magnettsm

1110 a. the point at which more magnetomottote force cannot coduce more
magnetism from a core. .

b. the point at which the coil cannot pick up moisture from the air.
c. the peak voltage point. ..0(/

d. caused by the residual snag etism.

A solenoid is used for
'

a. heating soldering irons. -1

b. controlling temperature.
c. mechanical movement -of pulling.
d. measuring 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

Given: Four unmarked magnets, a compass.

I. Identify the north- and southLseikingends.

(Use masking tape to make labels.)

When using the compass; keep it at least one inch away from the magnet
poles.

[] Instructor's Check

Given: Two bars of iron with no markings:
0

one unmarked magnet
one unmagnetized iron bar

,

2 You must present the magnet to the instructor tn five minutes.

Rules: I. No other metal object may be fused.
2. -No compass can be used.

You may not try to make a compass from the bars.

Instructor's Check

16
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Task B

V
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Given: Iron core, paper tube, #18 magnet wire, and a heavy power supply.

1. Construct the following solenoid:

Wind 30 turns of #18 magnet wire on the papgr tube. The wire must be

closely wourid in a neat spiral.

Leave 10 inches of wire at each eTid.of the coil for leads. (Tape each

end of the coil to hold the wire.)

Strip one-half inch of insulatiom off the end of each lead.

112 'STRIP

4'

Apply 3-5 volts to the coil from the power supply. (Don't overheat the

coil.)

WIN
With the power applied to the oil, place the core into the coil.

Explain what happened.

0 Instructor's Check

17 341
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Task
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Given: Iron bar, #18 magnet wire, small box of niils, and a power supply.

1. Wind 40 turns of wire on the iron bar in two layers of 20 turns each.

Leave 10 inches of wire for leads.

,

,/

Strip ends as in Task B.
1 -'

' Tape the coil to hold the wire.

. Iron nails `1.1
A

2. 1. Apply power as called for in the chart below.

3. punt the nails that it is possible to pick up with the coil at each
4oltage level.

Volts Number of Nails

.5V

1V

5V

16V

15V

'4. Did the core become saturated?

Instructor's Check

V

18

Work fast; the coil will become hot!
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Final Test v

I

1
CM.

The Gauss and the Weber are both measures of

a. current levels in a coil.
b. magnetic 'force.

c. the Maxwell.
d. ,volts per inph.

2. The lines of magnetic force have direction from

a. the south end to the north end of a magnet.
b. the poles to the center of the magnet.
c. the north end of the magnet to the south end.
d. the center of the magnet to the poles.

3. The three magnetic metals are

a. iron, copper, and zinc.
b. iron, aluminum, and nickel.
c. iron, col alt, and tin.

d. iron, ni el , and colbalt..

EL-BE-45
Magnetism

4. If two megnets are brought together, the following action could result:

a. the like pores will repel.
b. heat will be produced.

c. .the two north poles will attr4it.
0. no action will take place.

5. If an iron bar is brought to within one inch of a magnet and then moved
to two inches away, what will happen to the pull?-.

a.. It 'will Able.
b. It will be reduced by four times.
c. It will be reduced by one-half.
d. It will be the same.

4

6. The left hand rule for conductors is used to

a. check wire temperature.
b. show the direction of magnetic flux.
c. measure voltage.
d. count the flux lines.

7. A solenoid is a coil that

4

a. provides heat.
,

b. ,is used as a holder for soldering irons. 0

c. pulls the core to the center of the coil.
d. has a permanent iron core.

19
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8. Coils of wire are used for electromagnets because

a. they produce less heat.

b. the4hold the core better.
c. the leads are easy to connect. d"

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.
bi a heater must be used.

c. a sharp hit with a hammer will do it.

d. a strong light will do it.

4
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Final Evaluation

Completed Task A

Completed Task B

Completed Task C

Completed Final Jest with 90% score

EL-BE-45
Magnetism

OK RE-DO

0111111.11111..114.1.

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

CIP

I
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Answers

Answers to Self-Test #1

1. b

2. b

3, a

4. c

5. d

6. b

7. b

8. d

Answers to Self-Test #2

1. a

2. d

3. c

4. c

5. a

6. c

7. c

346
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ELECTRICAL SYMBOLS

4

I

Goal:

The student will be able to identify
basic electrical and electronic symbols.

Performance 1pidlcators:

1. Identify symbols of common electrical
components.

2. Explain abbreviations for electrical
symbols.

3. Explain the importance of schematics
in electrical work.

4. Explain the direction of flaw for
reading a schematic,
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INSTRUaTIONAL LEARNING SYSTEMS

0 Study GuidE
,'"ifr . 4-.

41 Read the introduction to this module.

0 Study the vocabulary section of this module and make sure ,that you understand the
meaning of the components for which symbols are shown.

10 Lean the symbols and names of electrical and electronic- components shown on the
information sheet. 0'

41 Complete activities listed in Learning Activity section of this module.

40 Complete the self assessment.

1111

Check self assessment with answer sheet.

Ask instructor to give you the post assessment.

O Upon completion oikost assessment, have the instructor check results.



INDIVIDUALIZED LEARNING SYSTEMS,

Vocabulary.
, Er

Abbreviations

Capacitors

Diodes

Inductors

Resistors

Semi -conductor

Transformers

Transistors

1

se.
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INSTRUCTIONAL LEARNING SYSTEMS

1

Introdudion

(e
Schematics are road maps for working in electricity and electronics. Electrical
workers use schematics in much the same way that a carpenter uses a blueprint in
the construction of a house.

A schematic is a series of lines-and symbols that explain the location of the various
components of an electrical circuit and how each one is connected to the other. The
information on a schematic flows from left to right. The technician can follow symbols
in constructing circuits and for troubleshooting the problems of circuits.

The first step is to learn the basic symbols used in schematics. Once the symbojs are
mastered, reading schematics is not a difficult task.

re

yyw.gIk/aialls11./r,....11.11.11.1.1..r
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INST lACT*1;:Al. LEARNING SYSTEMS

Information

The following al'e symbols are used to represent electrical and electronic components
in books, articles and schematic diagrams. Due to the large number of symbols, only
the basic ones are listed in this module.

SYMBOLi ABBREVIATION 'EXPLANATION

Resistor Symbols

4,

Capacitor Symbols

R Resistor

R

R

41

Variable resistor

N,

Variable resistor

Potentiometer (pot)

Capacitor (Cap) unpolarized

351
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Inforrnation I

SYMBOL
apac for

ABBREVIATION EXPLANATION
ym 0 S cont nue

Inductor Symbols

I 1--
(Y1rse-N

el

C Capacitor (Cap) polarizeq,

C Variable capacitor

Air core injductor

L Magnetic core inductor

352
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INSTRUCTIONAL LEARNING Y TEMS

Informatiob

Transformer Symbols

SemicolTducter Symbols

A

T

CR

Air-core transformer
(untuned)

Iron - 'r ferrite-core

transf/rmer

Diode

CR or VR Zener diode



INSTRUCTIONAL LEARNING SYSTEMS

-4

Information
Semiconductor Symbols (continued): +.

=11

.

CR Light emitting diode (LED)

Q

Q

NPN Transistor

PNP Transistor

Operational P;snis3rifier"OP amps.
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INSTRUCTIONAL LEA ING SYSTEMS

nforrnation
Se condedfor Symbols conti nued )

AND gate

U DR gate

iU NAND gate



INSTRUCTIONAL LEARNING SYSTEMS

Information

Q

Q

Switch Symbols-

.43

1
o

0

normally closed

normally open

U Inverter

Flip-flop

S Single pole/single throw
(SPST)

S

S

35 6

Single pole/double throw
(SPOT)

A

Push Button
(NO/NC)

V



INSTRUCTIONAL LEARNING SYSTEMS

t.

Inforinathn
Meters

Batteries and Power Supplies

Lamp Symbols

M

BT

DS,

Ammeter, voltmeter,
etc. A or I and V or E
within symbol indicate
ammeter and voltmeter
respectively

Battery

Incandescent lamp

a ,

t.-
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Information

Miscellaneous Symbol S

4*

*or

GNI) Ground (Common)

K

3

AC voltage source

DC voltage source

Relay
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Information
MiscOlaneous SymbcTs-cont

et

/N

Wires crossing but not
touching

SP Speaker

Micrbphone

F `Fuse
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Assignment

Read the information sheets of this module.

Study Appendix A of Introduction to Electronics by Crozier, Breton Press, pages470-472. Note that 'basic symbols are slightly changed to show specializedcomponens in a circuit.

Complete the) self-assessment and post assessment for this module.

4ty
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.*(a

Job ShEEt

I

Obtain an electronic schematic from a reference book, instructor, manufacturers
specifications or other source.

411. Use symbols in this module to identify the components in the sc matic.OP

+lake a list of symbols that are not identified in this module.

Ask instructor to explain the unidentified symbols or provide you with reference
materials.

Make up your own glossary of symbols that can be used as a quick reference in
future assignments. Add to the list as:you move through apprenticeship training.

a

a
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SEIf
Msessment
Draw symbols for a variable capacitor?

2. What is Meant by abbreviations such as Ri, T2, etc?

3. Are shcematics read from left to right or right to left?

4. What does a schematic actually show the reader?

5. Draw semi-conductor symbols for logic gates AND, OR and NAND.

r

4IP. Draw semi conductor symbols for an ordinary diode, Zener diode and transistor.

7. What is the symbol' for a simple inductor? .

8. Which electrical components are found in the following schematic:
1, 0

Z.,

List Answers: F,

T,

D2

What is the symbol for ground connection?

at is TO

C,

C2

L,

R,

ti

362
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!0.11.14014.1.101=m0M1=1.1.1.111.1mamPro,

Self Assessment
Answers

I

1.

2. R denotes resistor and the r means that it is the first of two or more resistors
in the circuit. Tz means that it is the second transformer in the circuit.

3. Left to right.

4. A schematic shows its reader the location of electrical and electronic components
in the circuit and their relationship to one another.

5.

7

8.

9.

-'""Nesv--N-....

F, Fuse C, Capacitor

T, Transformer C
2 Capacitor

D, Diode L, Inductor

DA ,Diode R, Vsistor

10. Transformer

di*
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4.

a

Instructor
Post Assessment Answers

1. The first of two or more resistors in a circuit.

2

5. c

6. Schematic

7. Left to right

8. a.

9. d.

)0. AND

Ofr

4
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c

Post
Assessment

- -:,

1. What does the abbreviation R, mean when found with the symbol

2. Draw the symbol for one wire crossing over another without joining.

3. Draw the symbol that might be found with the abbreviation T,

4. Draw abbreviation for a fuse.

5. The breviation for induction is:

a. Rz b. I c. L d. D

6. A group of symbols connected together become a

7. On schematics, the information flows from to

II/
on the page.

8. The symbol; represents:

a. a diode b.' an amplifier c. a transformer d. a relay

9. The abbreviation GND is\used with'several different symbols. Which one of the
following is incorrect for ground?

a.
c. d.

10. The symbols for AND and OR gates are very much alike and can be easily confused.
Which of these sates is represented by .the symbol

U

ti
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3.2

CIRCUIT DIAGRAMS AND SCHEMATICS

Goal:

The apprentice will be able to read
circuit diagrams and schematics,

Performance Indicators.:

1. Distinguish between llock,dicitriAms,

pictorials and ,schematics.

2. Identify direction of information
flow in block diagrams, pictorials
and schematics.

!
'3. Identify common electrica components

in circuit diagrams by sy bols and/or.
abbreviationti

4. Explain purpose of block diagIams,
pictorial and schematics.



'INSTRUCTIONAL LEARNING SYSTEMS

Study GuidE

,Read the introduction tothis module.

Study the vocabulary section to identify new,terms to be learned in module.

Study the. information sheet. Make sure that you understand the purpose of block
diagrams, pictorials and schematics.

Complete the activities listed on the assignment sheet.

Complete self assessment and check it with answer sheet.

Complete post assessment.

Upon completion of post assessment, have instructor check results.

0

0'
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Vocabulary

B1 ock diagram

Capacitor

Circuit diagram

Diodes

Fi 1 ter

Fuse

0 Inductor

Pictorial

Rectifier

Resistor

Schematic

Transformer

ii44101.

4

(I'
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introdUction
fr

Symbols allow us to describe electrical circuits in cletail. When symbols are placed
in circuit diagrams and schematics, they become the 'mad maps for working with
electricity.

Circuit diagrams may be shown as block diagrams or pictorials. Block diagrams show
how the 4jor parts of a circuit fit together. A pictorial shows the physical locttion
of each component. Schematics show how the components are electrically related to each
other.

Diagrams and schematics are the language of the trade. Those that work with electricity
and electronics must know the common symbols and be able to read circuit diagrams and
schematics

) 4

369
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Information
(I

USE OF SYMBOLS

Symbols are used to show. how complete circuits are connected and will be found in
circutr`0491.vams and schematics.

CIRCUIT DIAGRAMS

BLOCK DIAGRAMS
1

Circuit diagrams may be shown as block diagrams which give a general idea of how a
product functions. Block diagrams show how major sections are connected together
but do not show single components. The flow of block diagrams is from left to right.
An example of a simple block diagram is shown below:

qAC TRANSFORMER "RECTIFIER FILTER

1
fC

The example shows how. AC electricity is converted to a usable form of DC electricity
through the use of a transformer, rectifier filter and resistor.

Of

PICTORIALS

Another form of circuit diagram is the pictorial. Pictorials are used to show the
exact physical placement of components in a circuit. Pictorials are helpful to
assemblers in finding the exact place to instikl components. Troubleshooters use
'pictorial's to find the location of a component in the circuit. .An example of a
pictorial is shown below.

o

t.
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Information

The pictorial shows the exact location of the fuses (F,), transformer (Ti), diodes
(D1, D2),.inductor (L1), capacitors (C,, Cz) and resistor (R,) in the total circuit.

A

SCHEMATICS
n

Schematics show the exact electrical location of all. components and how y are
connected together. The information on schematics flows f om left to r ght. The
electrical location of a component may not be the same as he physics location. Parts
that are electrically connected may not be next to one anot er. F hat reason, both
pictorials and schemati6 are needed in order t rou leshoot ircuits. An example of
a schematic is shown:

t L1

0

In the schematic shown above, the flow of electridity moves from the left to the
fuse (F1), transformer (T, ),diodes (D, , D2), capacitor (C,), inductor (L,), capacitor
(Cz)iand resistor (Rj). Remember that block diagrams, pictorials and schematics may
be read from left to right,

"*.

*. 371
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AssignmEnt

Study the examples of block diagraming, pictorials and schematics shown in
information sheets. Read them carefull from left to right; identify each
component and abbreviation in the order that they occur in the cireuit; and note
cross-overs in wires.

Find other examples of block diagrams, pictodals and schematics in reference
books, specifications and manuals. Can you 'understand the symbols found in'these
examples?

4

Complete self assessment. Check answers.

Complete post assessment. Have instructor check answers'.

4

372
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Job ShEEt

Identify electrical components in a schematic.

S i

q3 E3=25V
3o

.

+50V

373

0 V

A -25V
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SElf
Assessment

*1.....

Identify whether the following drawings are block diagrams, pictorials or schematics.

1' PoWer Supply

2

Control-:^

Unit

VION.

to

B

4.

5.

Deteo or ft am 111,0

1=1111

-o

R1

6. Why would you need block diagrams on the job?

7. Why would yoU need pictorials oh the job?,

8. Why would you need schematics on the job?

9.

Alarm

How do circuits ininestions 2 and 3 differ from each other?

411
Define electronic compOneht.
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Self Assessment
Answers

1. Block diagram

2. Pictorial

3. SchematiC:

4. Block diagram

5. Schematic

6. To understand the order'in whi.ch the major functions of a process occurs.

7. To help to find the exact phy?ical: locatioir of a component.

To understand how components are related electrically.
116

9. the pictorial and schematic represents the same circuit. There is-no difference.

10. An electronic component is an individual part that is involved.in the electrical
or electronic processes of a product. Transistors are components. Screws are not.

6w-

0
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. .:',17 "' '"'' ; ...7 Ore.:. !

Dl
t

------ '1

1. Does the drawing aboVe. represent a block diAgram, pictorial or schema i ?

2. What is the firit component An the circuit?

3. What is the = Itst.OomPonent in the l!'ircuit?

4. Now many capacttors are shown in this circuip

5. Now many.j.nductort are shown in this circuit?

6. How many diddes are shown i he circuit?

7. Does _hif$'.;> o f rCul t show ground?

DoeS:the.cii''cuit have a fuse?

goes the dirwit have 'a .transtormer?

.

Doe thi.drawing show .uhytfc01-relAt+Onship o

st.

el ectri 4a1 relationships of t
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-0

Instructor
Post Assessment Answers

p

1. Schematic

2. Fuse

'3. Resistor

4.

' 5. 1

A
6. 2

7. Ye

9.

10.

Yes

Yes,°

Electrical

s,
n

A

1
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Supplementary
References

Crozier, Patriqicf- Introduction to Electronics. Breton Publishers., North Scituate,
Mass. 1983.

ti
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3.3

SCHEMATICS AND ALARM DESIG#

Vow

Goal:

. The apprentice will be able to use
f'schematits, Idock diagrams and

piCtorials in the design of alarm
systems.

C

Performance ,Indlcato rs:

1. DemonStrate.knowledge of symbols.

R. Demonstrate ability to read schematics,
block diagrams and pictorials of alarm
system layouts.

3: .Demon rate ability to 'Sketch
schem ics, block diagrams and
pictorials in alarm systems design.

6



INSTRUCTIONAL LEARN "G SYSTEMS

Study GuidE
#.. '40Vi##,.. ' ,

Read the goal and performance indicators to find what is to be learned from
package.

Read tKe vocabulary list.

Study the introduction and information sheets.

Complete the job sheet.

Complete self assessment and check answers.

38()
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VocabulAry
,

..-44.,

Box. diagrams

Electrical relationships

Physical relationships

Pictorial

Schematic
I

Templates

Or

381
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SlIntrodudion

ti

An installer must know how to plan the electrical connections of the parts of an
alarm system. The sensors must be attached to a signal processor. The signal

processor must be connected with a monitoring statiw.

The electrical relationships can become complex in large installations. the use
of circuit diagrams and schematics are part of the installers working day. An

installer must know how to read and sketch circuit diagradis'of alarm systems.

O
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Information

COMMUNICATING WITH SYMBOLS, SCHEMATICS AND DIAGRAMS

Electrical components are represented by symbols. When these symbols are pldced in
a schematic drawing, the electrical relationships of many components can be read
and interpreted.

Schematics are a form bf shorthand. Complex circuits can be described on a small
piece of paper through the use of lines and symbols. One must know the common
symbols in order to read the diagrams and schematics.

The electrical plan for an alarm syste, 7.y be shown as block diagrams or schematics.
Pictorials are used to show physical re'itionships of the components.

Manufacturers provide schematics and block-diagrmas of their devices. These should

411
be read and folldWed in making installations. An installer .must also be able to do
some sketching on their own. In syStems design, the installer must decide how the
components are to be linked together.

( Circuit diagrams, pictorials and schematics were described.in an earlier. package.
Perhaps some practice is needed in malting alarm designs. t.

USE OF. TEMPLATES

Electrical and electronic templa es`ere available in most local book stores.
Templates are flat plastic shee s with symbols cut from the sheets. It is easy to
draw the symbols for bells, rel ys, batteries and.diodes if the template is used.
The straight edges of the templa s can be used in drawing straight lines.
Templates are sold in many different styles. One should inspect them closely to
make sure that all needed symbols are on the template.

BOX DIAGRAMS

Many alarm devices are shown as box diagrams. Instead of complex schematics on
all the circuits in a box, a box diagram will show the terminals that lead into
and out of the unit. The installer may not need to know.how the Pnside is hook d
together. An example box diagram follows.

.r)
4. ft. Z

1 1 kl

IN t 's4

``t 2
q tJ 0 41 S Z144 1141

CQra Z Z '6 ran la)0 0 0 0 0 , 0 0 0 0
ALARM CONTROL
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Information

LOCK DIAGRAMS

Block diagrams may be used to show the major components of a system and their
order within the system.'

AC;

Input

Rectifier Filter
III1111.11.

POWER SUPPLY

0

FLOW OF SCHEMATICS'AND DIAGRAMS

Voltage

Regulator

The flow of both schematics and diagrams move from left to right. In other words,

the.power supply1will be shown to the left of the sensor that it. supplies

";41440.;:aCt;.

1/.0461

o L4/ V0 1.-rx6e
so, izce

00

ELECTRICAL CURRENT FLOW

4

The flow of.electrical current is shown with arrows.

384
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Information

A

.

4

,SCHEMATICS

-Schematics are used to show cltails of electrical systems. Symbols are used to
represent individual components of a system. The schematic does not show components
according to their physical locations in a system. The schematic flows from left
to right according to their electrical 'place in the circuit. For :instance,
a control box and a bell may be mounted side by side with a physical distance of
six inches. In an electrical relationship there may be Avera) sensors between
the two.r A pictorial would show

Control
Mnit

. Sensor

.

A block diagram for the example given above wouldb

Control'

Unit'
'Sensor Sensor

A schematic orthe'spe example would show:

S

Sensor Sensdr -1

Sensor Bell

4
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Information

1,

Let us look at other examples to make sure that we understand the difference between
block eagrams, schematiq and pictorials.

Pot.V.ER
soppt r

-T/a/Pir -roRAGE

1

COM PilreN 6

I

r P

N TR() L.

This block diagram of a digital computer shows the relationship of the computer
processes to the power supply and control. A schematic of this example would be
much more complex.

ti

1%,

A

386
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w

Information

This scheOatic of a transistor radio receiver uses symbOls to show antennas,
diodes, transistor, capacitor, resistors, headphone, voltage source and ground.

\ 'Can you find all of those parts?

.11

1

41.

T4 A

The above pictorial shows the physical relationship of the components. This six
volt power supply would be moupttd In the printed circuit board in the order shown
in the pictorial.

O

4

0

A

38'i
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1

Assignment
I

-^,

I 4

Review schematics and block diagrams used in K"Nk.s and Hints. Observe standards-
for drawings in the alarm industry. See supplementary reference sheet.

Complete job she'e't.

Complete serf' assessment and check answers.

Complet post assessment and have instructor check answers.

oti

yr

A
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b ShEEt
71 r;- :." 74 - ,7 : 7.-

Design an alarm system te.protect this room. Show a block diagram and schematic
of the components and their electrical relationship. Protection may be from fire,
instrusion or holdup or a combination of threats.

22 '

1

ti

A FE

1,4

r*

1

389
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I?

Elf
Assessment

VI

THE FOLLOWING SCHEMATIC SHOWS A LOW VOLTAGE POWER SUPPLY:1'

What are the following parts of the schemati ,

1. Si

2. F

3 D
2

41

5.

6.

7.

91

R2

94. Tl

OTHER QUESTIONS:

8. Where does current enter thq power supply?

g. Where does current output?

-10. Draw a block diagram of this cincuft.

310
1/4
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Self Assessment
Answers

411

1.. Switch

2. Luse

3. Diodes (rectifier diodA)

4. Transformer

5. Capacitor'

6. Transistor

7. Resistor

3. A0kon 'eft side of schematic

9. A & B' on rigrt side oils schematic

10.

r

AC
N Pur TRANSFORMER CTireeR.,..1!

1

I

-7

TRANSISTOR

I

s.

4

r

391
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fitStessrheit

Draw bloCk diagram for an intrusion detection system that involves contrell unit,
power supply, sensors, and alarm.

Make a schematie of thee system shown in your block diagram. Use appropriate
symbols.

Have the instructor check work.

10

J

I

II

AA,

"R.

382
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*Instructor
Post Assessment Answers

THE APPRENTICE WAS ASKED TO DESIGN AN ALARM SYSTEM AND. PRESENT IT IN SCHDIATIC
AND BLOCK DIAGRAM FORM. PLEASE CHECK THEM WORK FOR:

I
10 Correct use of symbols and lines

4curacyof 'electrical `relationships presented4; diagram and schematic

fto

.

41

4

1/4

In/
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Supplementary
References/

1

0 Security World Publishing Co., Inc. Kinks and Hints for the Alarm Installer.
Los Angeles, 1979.
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4.1

.SOLID STATE POWER SUPPLY SYSTEM

)

I

,

Goal:

The AWentice will be able to describe
solid state power systems and standby
battery systems:

-

I

Perlormance Indicators:

1. Describe the main parts ofa powA
supply.

2. Describe functions of each major
part of the power supply:

3. Describe cOmmon types of rectifier
circuits, filtering circuits and
voltage regulatorg.

Describe uninterruptable power
supply-systems.

5. Describe regulated and 'non-regulated
power supplies.

14.
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' Study Gyid."'.

.

/

7.

Regbals'and performance indicators. to determine what is to be learged,from package.

Read information sheets.

Review vocabulary list.

410 'Complete assignment in reference book:
.

Complete job sheet.

Complete self assessment and check answers.

Cmpletp p9st assessment and have- instructor score answers{

I

r

P

4
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Vocabulary

AC input

. Capacitive filter

Capacitive inp6t filter

Choke input_filter

Full-wave bridge rectifier

Full-wairve rectifier

Half-watie rectifier

Op-amps

Resistance-capacitance filter

Step-down transformer

Step-up transformer.

Voltage divider

Voltage doubler

Voltage regulator

Zener diode

4

1'

9,- 387
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Lion

.*

#`
Solid state power supply systems operate on DC electricity. This DC electricity must

.either be converted frdTh an AC input tar obtained from batteries. The process for challgtngs

.A0111hto usable DC current is shown in the flow diagram.

AC Input Rectifiers Filter Regulator

Let's examine,this process of changing AC.to DC in more detail.

AC INPUT

Voltag4
Divider

Illinput is usually Obtain6d from utility lines in the form of 110 volt electricity.

\In other words, i is obtained from household outlets or a similar source. Since AC

will not activate he components of the pircuit, it.must be changed into pulsating'

DC current. The AC input is passed through a transformer on its way to the rectifier.

Transformers may be:

-1.. Step-up transformers to increase the voltage and decrease the carent, or

2. Step-down transformers' to reduce voltage and increase current.

The symbols for transformers are:

STEP-UP

j
i

aor

STEP-DOWN
I I

. /

A transformerless connection can be made directly with the rectifier, Transformerless

-connections are used in light weight items to reduce weight of the system.

RECTIFIERS

The rectifier converts the AC waveform into pulsating DC waveforms. Several different .

gliftifier circuits are used to make this change. Half-wave rectifiers remove the

Mbative half.of the waveform. A full -wave rectifier has an advantage over the half-wave
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[Marmat io
,

4

rectifier in that it delivers twice as many peaks to the load. In other words, it is

more smooth and requires. less filtering than,the,half-wave output. The full -wave bridge

rectifier has a higher output voltage and does not require a transformer. It does not

split the voltage in half as does the full-wave rectifier.

Rectifiers usually have dLodes, resistors and transformers in their circuits. Voltage

doublers are sometimes used in the circuits to increase the voltage. Doublers are ma e

by adding capacitors to the circuit.

FILTERS
4

Filters are used to convert pulsa'ting DC into'a smooth DC waveform. This filteripg

process uses capacitors and inductors. A few of the common filters will be discussed.

A capacitive filter can store electricity and release it into the system as needed.

0 the waveform peaks and drops, the capacitor releases its stored electricity. This

tion smooths out the peaks and valleys of the waveform and provides a smooth DC

current.

A choke input filtert uses both inductors and capacitors. The inductor is the first

component in the filter circuit. Inductors resist changes in current flow and serve

to smooth the current. The inductor can hold current for a short while. It discharges

the current at the same time as the capacitor and both loads enter the system at the

low point of the waveform.

The capacitor cannot supply the system for very long. The voltage will drop before

the next cycle is under way. The change in voltage is known as ripple.

A capacitive input filter uses a capacitor as the first component in,a filter. This

filter-also uses 'an inductor in the circuit. The inductor and capacitor release their

loads into the system when the waveform drops its voltage.

A:resistance-capacitance filter utilizes a resistor to lengthen the time that the

capacitor isrdischarging its load. This serves to smooth out the waveform by filling

in its valleys. .

41 REGULATORS

Regulators help to supply the system with a constant current. The current may rise or

fall for some reason. The regulator balances these surges and drops. Two types of

egulators will be discussed in this package.

.
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Information

iZener diodes'ican be used to assure a regulated supply of current. The Zeners can be.
' bought byydltage ratings.- They will only allow that rated amount to Pow through.
The Zener regulator is sometimes called the shunt regulator because it is wired in
parallel,with the load. 4

1116

series regulators use a Zener diode and a transistor to regmlate the DC supply. A
diagram of a series regulator is shown below.

Zener maintans 3V
output regardless
of voltage' change.

ti

The Op-amp is used as 1 regulator. The Op-amp is a type of integrated circuit.-
This diagram shows the Op-amp as a voltage regulator.
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informatIon

VOLTAGE 'DIVIDERS

A voltage divider is utilized when mbre than' one voltage is required:at the
addition of a voltage' divider alloWs more than one circuit to operate from one power ,

, supply at different voltages. .The voltage divider uses a series of resistors and pulls.

current from different points in the circuit. Perhaps the diagram below will explain

how a voltage divider functions.

D.C. .25 V.

-

,UNINTERRUPTABLE POWER SUPPLY (UPS)
"V

8v

Some systems cannot afford to be interrupted. If interrupted, the:system may lose

information or fail to function at the time it should. Special backup power supply is

blAilt in. In case the regular power supply fails, the backup takes over the work at

once. A system with this type of backup -is called an uninterruptable power supply.
UPS systems are composed of three basic parts: 1) a rectifier that also serves as a

battery charger; 2)-a battery and; 3) an inverter.

A

Synchronizing Circuit 4

4

4 Of
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Information

In the circuit shown on the previous page, the battery will remain charged by'the(
rectifier. It will take over as a power supply whenever the AC source,fails. The ,

inverter is synchronized with the AC input. The backup supply can take over without
interruptions. UPS systemS are charging systems.. They require batteries that canAbe
recharged.

REGULATED VS NOR-REGULATED POWER SUPPLY

A regulated power supply is one that delivers a constant current to the circuit. Many
circuits are sensitive to changes in voltage. The circuit tends to rise and fall with
voltage changes. A voltage regulator smooths .out these rises and falls in current.

A basic regulator uses a variable resistance and load resistance to keep a constant
voltage.

(

Iobro

Owe

The series regulator uses a transistor and a Zener diode to regulate voltage.

ap-

I

4
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Information

A Zenerl dtode regulator is cal led a "shunt regulator". It is connected in series
with the load.

OTTER I

Batteries. are widely used as a backup power supply for security alarm systems.
Batteries can be a chargeable type or non-chargeable type. The battery systems can
be used to supply a system with .DC electricity or serve as a backup for AC supply
systems. The types of batteries used in supply systems will be discussed in detail
in another package.

Unregul ated

DC

I.
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ssignment

Study the diagrams in Fundamentals of Electronics. Pages 56-78..

Complete job sheet.

Complete self assessment and dheck4answers.

, 1

Complete posttest and have instructor check answers.'

-

0
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ShEt ./:
c".

L

Consruct the multi-purpose power supply as shown.
. ,

Olt

MJJLT1,7,

T . DI_,

>--

D2

41

PU,.11P S E POWER SUPPLY

CI
I

R2

QI

0+

C2
R3 P2

0.

PARTS LIST

at

TYPICAL OPERATING DATA '

Cl - 2000 to 3000uF Capacitor 12 volts you can draW up to 100 ma.
- 100 to 500uF Capacitor at 9 volts you can draw up to 250 ma.

DI, D2 - 1N4003 Diode at 6 volts you can dray.: up to 300 Ma.
PI - A C Line' Cord - at 3 volts you can draw up to 400 ma.

2 Sc rew Teiminal
QI 2N305`5 Transistor
R1, R3,- 1K Reaistor.
R2 - 10K Potentiometer
SI - SPST Slide Switch
T1 - 117 to 24V, C/T SAmp.

N
405
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'#)

Assessment
1. Correct thejollowing diagram of a 'power supply by'placing.sters in order.

Regulator

2. This is a

4.4444.40 Voltage
Divider ctifier

transforme

\

AC" Input Filter

A type of integrated circuit called is sometimes used as a
voltage regulator- .

A Zener diode is used to in a power supply.

A choke input filter uses
devices.

and. as flittering

6. Which type of filter utilizes a resistdr to lengthen the time -Flow the capacitor
to dump its load?

7. Shunt regultor is another name for the

8. What is the function of a rectifier circuit?

What is the function of a filter circuit/

10. A fullwave bridge t has a higher voltage output than the 'half -wave.



INDIVIDUALIZED LEARNING SYSTEMS

Self Assessment
Answers. Jy

lMUIBIIIMONII1111, I

'AC Input Rectifier

2. Step-up

3e Op-amps

4. Regulate voltage

5. Inductors and cappcitors

Resistance-capacitance filter

7. Zener regulator

8. Converts AC waveform intb pulsating DC waveform

9. Converts pulsating DC into smooth DC

Filter -

10. Rectifier

4.

Voltage

Regulator
Voltage
Divider?

4
4 0 7
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Post
AssessrnEnt

1. Diagrajp the proces"s for converting AC into a DC power supply.

2. List two types of transformers used in a power supply.

3. Is the voltage increased or decreased in the transformer shown below?

per MaQY

.3)
4110 List three types of rectifier circuits.

sEco t4b/Par

5. What is the purpose of a rectifier circuit?

6. List three commonly used filters?

What is the purpose of a filter circuit?

8. What is the purpose of a regulator?

9. List two types of regulators.

10. What is the purpose of a voltage divider?

408
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Instructor
Post Assessment Answers

it

1:

AC Input 011 Rectifier . Filter Regulator Voltage
.Divider

Mrr .t-^".

2. a) Step -Up Step-down

3. Decreased

4. a) Half-wave b) Full-wave c) Fullwave bridge

5. Converts AC waveforms into pulsating DC waveforms.

a) Capacitive filter b) Choke input filter c) Capacitive input filter
ik ResiStance-capacitance filter

7. Converts pulsating DC intb smooth DC waveforms.

8. Slupplies system with constant voltage.

9. a) Zener diodes b) Series regulators- c) Op-amps
.4

10. Splits current into two or more voltage levels.
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of"

Supplementary
References

.*

Malcolm, Douglas R., Jr. Fundantentals of Electronics. Breton Publishers.
North Scituate, Massachusett&. 1983.
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Goal:
4'

The apprentice will be able to
describe charging circuits.

4.2

CHARGING CIRCUITS.

1

1

Performance Indicators:
1. Describe silicon controlled

rectifiers.

2: Describe inverters.

3. 'Describe uninterruptable power
supply.

A



or-
INSTRUCTIONAL LEARNING SYSTEMS

°Study Guide

I

-hk

r

1,0

Read the. goal and performance indicators for this package to determine what

you are expected to learn from this package.

Read the vocabulary list of new terms to be introduced.

,

Study the introduction and information sheets. ,

Complete self assessment and check answers.

Complete post assessment and have instructor score the answers.

t

2



INSTRUCTIONAL LEARNING SYSTEMS

°Vocabulary

NamillMaleIrw1W"wwwwWwwwwwimml

Center tapped transformer

Diodes

Full wave rectifier

Full wave bridge rectifier

Inverter

Rectifier

Silicon controlled rectifier

Static UPS system

III
Synchronizing circuit

Uninterruptable power supply

de

3
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INSTRUCTIONAL LEARNING SYSTEMS

Introduction

Charging circuits are needed in alarm equipment to assure that the system
remains armed during power outages. The most commonly used charging circuit 4s
the uninterruptable power supply (UPS).

The uninterruptable power supply is made of.. semiconductors such as
silicon controlled rectifiers and diodes. The actual charging of the battery
is by trickling of electricity from the rectifier as it converts AC power into
a DC form.

4.
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Information
mplmmulirrirmamIme

Many computers and process controllers utilize an uninterruptable power supply or
UPS to safeguard the machine against abrupt, changes in the power supply. A UPS *'

system is recommended for both safety and economic reasons. A typical UPS

system is the static UPS system. The static UPS system has three major parts:

1. A combination rectifier andipattery charger
1

-2: A battery OP

3. An inverter

The AC supply comes through the rectifier which converts the alternating,carent
to direct current. The inverter converts the DC current back to a closely

regulated AC for the load. If there are power outages or fluctuations, the

'battery will pick up the load automatically. The battery charge is maintained
by the rectifier and recharged by the rectifier, after a power outage. A diagram

of a static UPS is shown.

.ac..b

.
ac Staticaier
St/PO'

4

Battery,

Stoic.

Ac Loa)

""`iteictntica
rr.a,n Per-

swl-tch

The synchtoniziny, circuit locks the inverter output into the AC supply. This
allows exact timing for the critical load and allows the UPS to be remoll, from
service by the manual switch.. If the critical load is more- than can be

delivered by the UPS, it is transferred back to the AC supply by the static
switch.
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Information
A rectifier is a device for changing alternating current to pulses of direct
current. A half-wave rectifier produces awaveshape like this:

A full-wave rectifier utilizes two diodes and a centertapped transformer to
give. the following waveshape.

Another type of rectifier is the full-wave bridge rectifier which produces

twice the voltage output of a full-wave rectifier. All of these rectifiers are
known as silicon rectifiers because they ore made of diodes which are of the

0 semiconductor family. A semiconductor is made of silicon doped with N or P to
give it semiconduction properties. A single-phase fulklm4ave bridge r ctifier
circuit is shown below:

An inverter is used to change pc power to AC power. The inverter is a solid

State device. It is usually made from two silicon controlled rectifiers (SCR'S)
and a center tapped transformer.

ti

6

LONA

sof



INSTRUCTIONAL LEARNING SYSTEMS

Information 1*

The bElitery supplies DC current when the AC supply is cut oft. The battery is
maintained in full charge by a "trickle current" that is provided by the
rectifier. The rectifier converts AC to DC and the charging current is.
delivered after the conversion.

6.
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Assignment
IP Complete self-assessment and check answers.

10 Complete post-assessment and ask instructor to check answers.

/A-

8
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Self
Assessment

(

Match the following terms and phrases.

1. Silicon controlled rectifiers A. Type of uninterruptable power supply

2. Inverter B. Lqcks inverter output to AC supply.

3.

4.

Static system

Synchronizing" circuit

Ci

D.

,
Changes AC to DC

Uses two diodes and a center tapped
transformer

5. Full-wave rectifier E. Changes DC to AC

0

9

O
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Self Assessment
Answers

A

B

2.

3.

4.



INSTRUCTIONAL LEARNING SYSTEMS

Post
Assessment

1. List three parts of an uninterruptable power supply.

2. What is a semiconductor made

3. What is the function of a rectifier in a UPS circuit?

4. What is the function of an inverter "in a UPS circuit?

5. Which device charges and recharges the_battery?

11

8
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Instructor
Post Assesment
Answers

01

1. Combination rectifier and battery charger, battery, inverter.

2. Silicon doped with Nand P materials.

3. Changes AC to DC current.

4. Changes DC to AC current.

5. Rectifier

12

I.

er,

r
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Supplementary
References

41

Electric Circuits and Machines. Sixth .Edition. LiSter , Eugene.

McGraw-Hi11 Book Company.' New .York. 1984.
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4.3

SFOCTING THE PROPE ZE OF POWER SUPPLY.

,

eir

Goal:

14

The apprentice will be able to
describe the selection of a power
supply to handle a systeM load.

Performance.Indlcators:

Identify detection systems that are
heavy and light users of power.

2. Describe factors that affect. power
use.

3. Describe factors that influence the 1

size of power, supply needed.
,/



e

INSTRUCTIONAL LEARNING SYSTEMS

Study GuidE

Read the goal and performance lnditators for the fac

Read vocabulary list.

Study the introduction and information sheets.

411. Complete the job sheets.

at

Complete the self assessme. and check answers.

Complete the Fist assessment and ask instructor to check answers.

\T-

0

4-
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Vocbulary

0 Low voltage plug -in transformers

Power pack

Rel'ay operated system

Solid state controls,

Stand-by power

Vol t-amp rating

0/ Vol tage drop

41111 Wire runs

426
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introduction
4,

4

a

Each new alarm system will require the installer to make a decision on powu.supply.
The power supply requirement differs with the detection systems that are IIVTfig
installed.

Installers must know the'factors that influence power supply. They must know how
to read the manufacturers specifications for power supplies. Then, for each
situation, thefinstaller must deterMine the system load and select a power supply
to handle it.

t

0ar O.
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Information

S

The requirements for a power supply will depend on the nature of the load. It will

.vary widely. Some types of detectors are heavy users of power. The heavy power
Users include:

- Motion detectors

- LED indicators'

- Incandescent bulbs

Solid state controls use very little current and the batteries will last for most
'of their normal shelf life. Simple relay-operated systems are also low power
users.

Power supplies for alarm systems use a low-voltage plug in transformers. The
voltage used in alarm systems are 6, 12, 16, . and 24. The manufacturer's

recommendations should be followed in selecting the proper transformer. If the
transformer voltage is too low, the batteries will be undercharged. Transformers
with too high voltage will damage the batteries by overcharging:-

The volt-amp rating of the transformer must.be enough to power the alarm system.
and recharge'the battery. The volt-amp ratings for alarm systems are 5,.10, 20,
40 and 50 volt-amps.

Voltage drop should be considered when selecting a power supply. If the wire
runs between the tragsformer and detectors are too long or the wire is too small,
voltage drop will be a problem. For long runs, heavier wire should be used.
A higher volt-amp rated transformer may be used to correct for voltage drop. It

must be of the same voltage as a smaller-transformer.

,

Most poweP supplies operate from 115 volt/60 cycle utility power. There is
variation in line voltages that can cause detectors some problems. The detectors
minimum and maximum operating voltages should be considered when selecting a
power supply.

Some equipment use only batteries as a source of power. *les, systeMan be

1

converted to AC power by the use of a power pack. Some power packs use dry cell
batteries for stand-by power. Others use a charging current and a rechargeable
battery for back-up. Some of these systems have limited capacity. The battery
operating time should be considered in selecting a power supply for a system ma'
load.

428 uti
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1

Information

The proper size power supply will depend on the system load. It will be
determined by:

- The number of devices being operated from'the power supply.

- The amperage requirements of the indiVidual devices..

- The amount of voltage drop as determined by lengths of run and size of
wire.

- The performance of the transformer in delivery of power to the secondary
circuit.

- Battery stand-by capacity.

Themanufacturers recommendations should be followed in the purchase of a power
supply. Supply catalogs give detailed information on ratings of transformers
and batteries in power supply units. An example of manufacturers information is
shown below.

I
PS SERIES

49.

PS SERIES POWER SUPPLIES
PS.1204: 12 VDC, 4 a.h., 600 m.a. continuous
PS604: 6 VDC, 4 a.h., 800 mat, continuous
PS608C6 VDC, 8 a.h., 800 m.a. continuous

TECHNICAL SPECIFICATIONS PS1204 PS.604 PS.606

Full Charge D.C. Voltage 13.8 Volts 6.9 Volts 6.9 Volts
Maximum Continuous Current Output . 600 m.a. 800 m.a. 800 m.a.
Maximum Full Load Current t 5 Amps 5 Amps 5 Amps
Battery Interrupt Current (resetting circuit breaker) 8 Amps 8 Amps 8 Amps
Protective Loop Current Output 10 m.a. 10 m.a. 10 m.a.
Voltage Drop at Maximum Continuous Current 0.3% 0.3% 0.3%
Battery AmpereHour Rating 4 a.h. 4 a.h. 8 a.h.
Recharging Timo at No Load (from deep discharge)! 1 8.5 Hours 7.5 Hours 15 Hours
Recharging Time at M.C.C. (from deep discharge)(-1 64 Hours 64 Hours 128 Hours
Maximum A.C. Input RMS 18 Volts 1g Volts 12 Volts
Transformer Supplied, U/L, Class 2, Plugin isv, .7A 12V, .9A 12V, .9A---

Battery stand-by capacity must be selected according to expected power outages.
A charging circuit maybe needed to oper'ate through long outages.



INSTRUCTIONAL LEARNING SYSTEMS

AssignmEnt

Read pages 177-181 in supplementary reference -- Understanding and Servicing
Alarm Systems.

Complete job sheet.

Complete self assessment.

Complete post assessment.

rt
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a

Job ShEEt

4

.0%

)ICALCULATE POWER PPLY NEEDED

Obtain a supply catalog of detector systems,and equipment.

Identify equipment needed to set up a pulsed infrared photoelectric system stacked
as follows:

The system will be designed to give protection to a courtyard entrance that is
20' wide.

Study the specifications on infrared transmitters and receivers and their power
rdquirements.

Select a power supply to operate the system.

Explain why this power supply was selected.

f
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SEIf
Assessment

INSTRUCTIONAL LEARNING SYSTEM&

OP

1. List two detector devices that are heavy users of power.

2. List two detector devices that are light.users of power.

Ifthe wire runs are too long or the wire size is too small, the system may
suffer from

4

4. Battery powered equipment may be converted to.AC line power by the use of a

5. Batteries that operate the system during AC power outages are called
batteries.

A%
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Self Assessment
Answers

V

1. Motion detectors, LED indicatOrs, incandescent bulbs

2. Solid state controls, relay operated systems

Voltage drop

4. Power pack

Standby .

4
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Post
Assessment

What causes voltage drop?

2. How can battery operated power supplies be converted to AC line power?

3.. List three factors that will influence the size of power supply peeded fora system?

Are solid state controls heavy users of power?

.4"

5. How can voltage drop be reduced?

434
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Post Assessment Answers

1. Wire runs too long.
Wire size too small.

2. With power. pack.

9

3. Number of devices on circuit, amperage requirements of devices, performance
of the transformer, voltage drop, battery stand -by capacity.

4. No

5. Use heavier wire.
Use a higher rated transformer.

435
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Supplementary
References

C,

Trimmer, H. William. Understanding and Servicing Alarm Systems. Butterworth
Publishers. Boston. 1981.

436
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4.4

FUSE AND CIRCUIT BREAKER PROTECTION

Goal:

The apprentice will be able to
describe fuse protection of solid
state power supply systems.

PerNrmance Indicators:

1. Describe purpose of fuses and circuit
breakers.

Calculate fuse size needed for-
circuit protection.

3. Describe makeup of a fuse.

4. Describe types of circuit breakers.

437
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INSTRUCTIONAL LEARNING SYSTEMS.

Study GuidE
'-".' -. 4,4'.1 *.

A

Read the goal and performince indicators to find.what can be learned from package.

Read vocabulary list to becpme acquainted with tec6ical terms in the package.

-41 Study introduction and information sheets to learn technical content of package.

Complete the job sheet.

Complete the self assessment and check answers with. answer sheets.

Complete post assessment and ask instructor to check your answers.

4.4

4 3
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4

a'

Vocabulary
CCP

Armature

Coil

Contacts

Circuit breaker

Elettromagnetic coil

Fast-acting fuse

Fuses

Fuse element

11 Heat snip breaker

Magnetic breaker

Magnetic core

Magnetic flue

pow-blow fuse (Slo-blo)

imit?
Surge current

Transformerless circuits

Turns ratio

1I.

9
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Introduction,

The power supply must be protected from overheating by the circuit load. Heating can
cause permanent damage to the power supply.

Fuses are utilized to give, circuit protection. When an overload exists, the fuset,
element will melt. Melting of the fuse element opens the circuit and the power is
cut off-.
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INSTRUCTIONAL LEARNING SYSTEMS

Information

Fuses and circuit breakers protect power systems from "overheating" and "burning out".
Sometimes the electrical systeth places overly heavy demands on the power supply. This
causes the transformer to overheat and become damaged. Fuses and circuit breakers are
also used in trarisformerless circuits.

The schematic symbol of a fuse or circuit breaker is ir\f . The following schematic
shows a fuse being used to protect a transformer.

0

0111111

AIM

A transformerless circuit would be fused to protect the power supply from current overloads.
the following schematic shows a fuse in a transformerless circuit.

0- 1
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Information
O

FUSCSIZE

Fuses for power supplies are rated by the amperage that they will handle without blowing
out. The sizes are rated in amperes. Power supply fusts have a common range of .5 to
7.5 amps.

If we wish to calculate the. size of fuse to use in a circuit, we must determine:

1. The secondary current.

2. TheAturns ratio of the transformer.

3. And, finally, the primary current.

Air example, a detection system transformer develops 30 volts at the secondary. The
glransformer is connected to a system that has 30 ohms of resistance.

The fuse size should be calculated as follows:

Step 1: Calculate secondary current.

The secondary voltage Is 30 and the resistance is 30. Using Ohm's Law
(Current = Voltage ) substitution will be: Current = 10 or I = 1 amp.

.Resistance 30

Step 2: Calculate turns ratio of transformer.

The primary voltage is 120 and the secondary voltage is 30. Using the
formula: Turns ration = Primary voltage the substitution will be:

Secondary voltage
Turns ration =120 = 4

:76

Step 3: Calculate the current at the primary.

We know that I is 1 at the secondary and that the turns ratio is 4.
Use the formula: Current at Primary = Current at secondary

Turns Ratio
of I Is After substitution I,, =

N
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Information

A fuse of .25 amp size would be needed to protect the power supply in the example.

TYPES OF FUSES

1

A "surge" current will develop when a system is turned on: After the "surge" passes,
the current returns to a normal condition. A fast-acting fuse will "blow out" during.
a surge current. A slow-blow (slo-blo) fuse should be used to allow short periods of
overload. A circuit breaker acts as a slow-blow fuse.

FUSE MAKEUP

A fuse is made of two metal ends that are separated by a thin strip of metal. Thethin
strip is usually made of zinc and is called the fuse element. These zinc strips
are of a size that will melt at a rated amperage. For example, a 1 A fuse will melt when
Me current exceeds 1 A for a period of time. A fast-acting fuse will blow immediately
en overloaded. The slow-blow fuse will ow time Mr "surge current". If the over-

load continues, the slow-blow fuse will b w.

This diagr4m shows the parts of a fuse.

Me#4.It
End

CIRCUIT BREAKERS

Fuse
Element'

A circuit breaker is very much like a fuse. When too many amperes flow in the circuit,
the circuit breaker turns off the current. Two common types of circuit breakers are
the heat strip breaker and the magnetic breaker. A heat strip breaker uses two strips'
of metal of different types.' When the current heats the metals, they expand at
different rates.

CLOSED
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Information

A magnetic circuit breaker operates on an Oectromagnetic coil. When circuit is over-
loaded, the pull of the coil moves the armature toward the coil.

con-#4e+5 ore.n

OVERLOAD NORMAL

444
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Assignment
6./...,-.

, Read pages 197 - 202 in Basic Electricity and Electronics.
Stemberg, William B. andWalter F. Ford. American Technical Publishers, Inc. Alsip, Illinois. 1982.

Complete job sheets.

Complete self assessment and check answers.

Complete post assessment and have instructor check your answers:

1

I
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Job Shed
*;*

A supply catalog advertises a Model 1260,regulated power supply as follows:

18 volt, 40 amp
1.5 amp output
metal case 4"

What size fuse is needed to protect this power supply?

Examine a regulated\power supply and study the manufacturers specifications.

What is the fuse size?

Whatis the primary current?

Is the fuse adequate for protecting the transformer of the power supply? 5,

1

446
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Self
Assessment

-....

An overloaded circuit can damage the power supply

2. Draw the symbol for a fuse.

3. Fuses are rated by the t at can be handled without bleling.

4. The turns ratio of a transformer is calculated by

5. The current at the primary is calculated by -

6. A . current is a higher level of current that occurs when a system
is first turned on.

7. Two types of fuses are: and

8. Which type of fuse will tolerate overload for short periods without melting?

9. The thin metal strip that melts to disconnect the circuit is called a fuse

10. List two common types of circuit breakers.

11

4p
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Self Assessment
Answers

1. Transformer

2..

3. Amperage

4. Primary voltage
Secondary voltage

f-4condary current
Turns ratio

6. Surge current

7. Fast acting and slow-blow

Slow-blow

9. Element

10. Heat strip and magnetic

4

4 4 8
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Post.
Assessment

1. What is the purpose of fuses and circuit breakers?

2. Now is fuse size designated?

3. Show t formula for figuring secondary current when the voltage and resistance isknown.

4. Show a formula for calculating turn ratio.

5. Show a formula for calculating pri

0 turns ratio fs known.

6.' Calculate:

ary current when the secondaryicurrent and

1

A power supply has a secondary/Voltage of 20 volts and a resistance of 10 ohms.
If the primary operates an 110/volt electricity,. what size fuse is needed to protect,
the transformer?

The fuse, element is usually made of

8., When does a "sourge" current usually .occur?

I.

9. What type of fuse is Oecommended for circuits with surge currents?
4

10. An electromagnetic coil, armature and contacts are part of a
circuit breaker.
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Instructor
Post Assessment Answers

t

Protect power supply from heating and damage due to current overload.

2. Amperage that it will tolerate without blowing.

3. 15 = E or secondary current = Secondary voltage
R resistance

4. N = E or turns ratio ..= Primary voltage
E Secondary Voltage

A
5. I

P Is- or, primary current = Secondary crept
Turns'ritio

Is = E

15 = 20 = 2 amps ( secondary current)

10

N = E
E

N = 110 = 5.5 (turns ratio)
20

I. = Is

6

Ip = 2 = .36 amps (Primtry current)
5.5

7. Zinc

8. When the circuit is turned on.

9. Slow-blow fuse

AID Magnetic
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fi

Supplementary
References

Steinberg, William B. and Walter F. Ford. 'Basic Electricity and Electronics.
American Technical Publishers, Inc:\ Alsip, Illinois. 1982.
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4.5

BA.M.SY STANDBY CAPACTTY

Goal:

The apprentice will he able to describe
battery standby capacity needed for
alarm systems.

N

ss,

Performance Indicators:
4

1. DesCribe factors affecting
standby capacity.

,

2: Describe factors-affecting .

operation life oftbatteries.
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It* liti.voy

!Study Guide

.Read the goal and performance indicators for this package.

Read the vocabulary list for this package.

Study the introduction and information sheets!

"Complete the' job sheet..

Complete the self assessment and check. answers.

Complete the post assessment and have your instructor check the answers.

V

U

c'
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SVocabiilary

3.

Lead-acid batteries

Nickel-cadium batteries

Power outage'

Rectifier

Trickle current

4



INSTRUCTIONAL DARNING SYSTEMS

ntroduction

Most alarm systems are operated on 115 volt/60 cycle power. Thilb power is
usually in the form of household electricity provided by a utility company. The
power source is a good one and reliable in most settings. The one exception is,
the power outage. When the power fails, security systems become vulnerable to
intrusion.

In order to keep the system operatkonal during these power outages, a standby
battery system is needed. The standby system will take over immediately and
operate the system for a few hours. The problem comes in trying to estimate the
length of a typical power outage. Battery size and capacity should be selected
to run the system through a typical power outage. This package discusses some of
the factors that Influence the standby capacity.
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Information
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All alarm systems should have standby battery capacity. When power outages
occur, the security or fire alardelsystem is left defenseless. Standby batteries
will take over and operate the sy6tem until power is restored.

A standby system must have batteries that are rechargeable. Nickel -cads w and

lead acid type batteries are the. most common in backup systems. Batteriemust
be,replaced periodically. The life expectancy of a battery is affeqed by 'many
factors such as operating temperature, shelf life and charging rates.
Rechargeable batteries maintain their charge throtigh a trickle current provided
by a recti ier.

The amou t of standby capacity should be determined by the expected length of

power outage. Some history of power outages must be obtained from the owners of
the site. If the longest power outage was 3 hours, a standby should have the
capacity'for 4 hours of operation. The standby capacity is determined by common
sense judgments based on typical power outagesm

Most batteries have an operating time of 4-6-hours at room temperature. When
temperatures drop to freezing, the battery operating time may be dm in, half.
Temperature should be considered in designing a standby system. Capacity should
be calculated on the lowest expected temperatures. When the power goes off, the
heat' may go off-. This causes temperature drops on batteries that are located
inside a building. High temperatures in the 100 to 130 range will also
decrease the operating life of a battery. Batteries should not be located in

hot places such asnear furnaces%

Some detectors' require more standby power than others. Motion detectors and
light emitting diodes are heavy .power users. Remote control stations add to the
power requirement. When computing the standby requirements, one must consider
the type of detectors on the system.

Larger batteries may be selected to compensate for temperature drops and
additional load. One large battery may be located in the control and used to

power all detection equipment. Or the technician may choose to use smaller
batteries in individual units. The problems 'of battery 'replacement are
minimized by the yse of one large battery. '

Batteries must be tested from time to time to determine if tHby still have the

capacity for electrical storage. Aged batteries tend to lose their capacity.
Batteries should be replaced after they have lost half of their capacity. A

system is not reliable when operated on aged batteries.
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°Information
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Many. fire detection systemS'operate entirely on battery power. Home smoke

detectors are self-contained units. They use tiny amounts of electricity but

must be replaced periodically due to aging of the battery.

4
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Astigpment

Read pages 64-64 in supplementary reference.

Complete job sheet.

Complete self assessment and check answers.

Complete post assessment and have instructor check answers.
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Job Sheet
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SELECT STANDBY' BATTERY SYSTEM

Obtain supply catalog for security alarm systems.

Select a standby system for a system that uses motion detectors. The longest

power outage recorded was 3 hours.

Identify:

- Will system use one lafge battery or several small batteries?

What type of batteries will be used?

How many dburs of standby will system provide?'

What will be the temperature extremes?

Why did you select the proposed system? List reasons.

4.

4 3 J
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Self
Assessment

l

1. Whateis standby capacity based on?

2. List two common types of rechargeable batteries.

3. List two factors that affects the operating life of a battery.

. 4. A trickle charge is usually provided by a

411 5. list two devices that are considered to be heavy power users.

I
1

4
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*Self Assessment
Answers

1. The length of a typical power outage

2. Nicads, lead acid

3. Temperature, shelf life, charging rates

4. Rectifier

5. Motion detectors, light emitting diodes



st
Assessment

INSTR CTIONAL LEARNING SYSTEMS
/ A

1. Most standby batteries have an operating time of hours.

2. A temperature drop from room temperature to freezing will cut battery
operating time by one

3. Whit is the effect of high temperatures (130 on battery operating life?

ti

of. theirA. Batteries should be replaced when they lose
capacity.

5. List two types of rechargeable bditteries that are commonan standby syateE6-:"---
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Instructor
''Post Assessment
Answers

a. .

6 hours.

Hal4

Decreases operating life

4. One-half

5., Lead acid, nickel- radium

0

st,
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Barnard, Robert L. Intrusion Detection Systems. Butterworth Publishers.

Boston. 1981.
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BATTERIES

Goal:

'The apprentice will be able lo
dgscribe types and characteristics
of primary and secondary cell
batteries.

1,0

Performance Indicators:

1., Describe primary and secondary cells.

2. Describe electrodes and electrolyte
parts of a battery.

3. Describe types and chemical makeups of
electrical cells.

4. Describe series and parallel battery
circuits.

5. Calculate voltage and amperage for,
series and parallel circuits.

Describe battery specifications and
where to find them.
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Study. GuidE

Read goal and performance indicators to determine what should be learned from
package.

Read the information sheets.

Complete the job stieet.

Study reading assign6ent in reference for further understanding of material.

Complete self assessment and check answers.

Complete post assessment and have instructor check answers.

a
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I

Vocabulary

Alkaline-manganese cell

Ampere-hours

Carbon-Zinc. cell

Electrode

Electrolyte

Lead-acid cell

Leclanche cell

'Mercuric. oxide cell

Nickel-cadmium cell

Parallel circuit

Plates
es.

Primary cell

Secondary cell,.

Series circuit

Silver oxide cell

Specific eavity

Storage battery ,,

le Zinc chloride cell
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Introductioli
11V

Many portable devices are totally operated by battery power.

Power supply systems are dependent on batte ies for standby protection. A security
alarm installer must make wise selections o batteries to include in 'system. Such

choicesfdetermine whether a system works or fails.

The installer should be familiar with many types,of batteries arid what makes them
function. They must also know how to link batteries together in parallel and series
circuits to get the desired vcl.tage and amperage for a system.

Specifications provide information for making good choices in buying batteries. The

installer must know how to read and interpret specifications on the batteries and An
supply catalogs.

1
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Information

Batteries can be bought in many sizes, shapes and voltage ratings. Some batteries

are rechargeable and can be used over and over. Other batteries such as the dry
cell are not rechargeable and must be thrown away when their current is drained.
A cell that cannot be recharged is called a primary cell. One that can be recharged

is called a secondary cell. Electric cellschange chemical energy into electrical
energy. Several cells'are connected together to make batteries.

Electric cells are made up of Ito types of metal conductors and a conducting liquid.
The metal conductors are called-plate& or electrodes and the liquid is called the j

electrolyte.

When the two electrodes are connected, the current will flow from one to the

111
other and complete its circuit through the electrolyte.

i PRIMARY CELLS

DRY CELL ,BATTERIES

Dry cells cannot be recharged. They are found in four basic types. The type is

determined,by the materials used to make them.

* Carbon-.zinc cells

* Alkaline cells

*, Mercuric oxide cell

* Silver oxide cell

CARBON ZINC CELLS

The carbon zinc cell is soldin two types. The Leclanche cell is 1.5 volt and
is used in flash irghts and other light drain devices.

The Leclanche cell uses zinc chloride and ammoniqm chloride as an electrolyte.

The second type is called a, zinc chloride cell and does not include ammonium
chloride in its electrolyte. It is also recommended for light use.

..41*
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Information
ALKALINE CELL

The alkaline manganese cell uses electrodes f zinc (-) and manganese dioxide (+)
and potassium hydroxide as an electrolyte. his cell will supply heavy drain
devices such as cassette recorders and porta le radios. The alkaline provides an
open-circuit voltage of 1.5 and 4ow internal esistance. This cell contains 50
to 100 percent more energy than a LaclanChe c 11 of the same size.

"a

sit \
The mercuric oxide cell uses zinc negative electrodes and an electrolyte of
potassium or sodium hydroxide. The positive electrode is manganese oxide. The
mercuric oxide cell has an open circuit voltage of'1.35 volts. This cell is'used
for specific purposes such as photoelectric devices, watches and instruments;
It is sold in either button or flat shapes for continuot4 drain applications.

MERCURIC OXIDE CELL

SILVER OXIDE CELL

The silver oxide cell also usezinc as a negative lectrode and sodium or
potassium hydroxide for an electrolyte. The positive eTectrode is silver oxide.
The open circuit voltage is 1.6. Silver -oxide cells are ''used in low rike devices
with a continuous current drain.

SECONDARY CELLS

Secondary cells are rechargeable. If a current is passed through the'CeU in an
opposite direction of flow, the charge will be restored. Batteries made'fr66
secondary cells are called storage batteries. The lead-acid cells and the nickel -

cadiam cells are the most common.

LEAD-ACID CELL
. . 4

The automobile battery is a good example of the lead-acid cell. A twelve volt
car battery is made up from six lead-acid cells. Each cell produces 2 volts.
The lead-acid cell uses a lead peroxide for a positive plate and sponge lead for
its negative plate. Sulphuric acid is the electrolyte that completes the circuit.
The amount of electrolyte in a battery is determiried bymeasuring its specific
(gravity.. By measuring the specific gravity of the electrolyte, the eleftriciT
charge of a battery can be determined. The tool for testing lead-acid batteries-
is a hydrometer.

47
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Inform tion

The lead acid battery rated according to its ability to produce current. Most

ratings. use ampere-hours to measure the capacity of Abattery. This measures the

amount of current produced and how long.it:will last. Ampere-hours may be shown as

Ah on the battery:..

NICKEL CADMIUM CELLS

The nickel-cadmium cell, (nicads) is extremely reliable and has a lOng life. The

nica&uses a nickO hydroxide in the positive plate and cadmium in thenegative

plate.. Potassium hydroxidelS usedas the electrolyte% Nicads are useful in

standby and emergency,pOwer ,supplies.. Its reliability .and long life make it a

good choice:for.many security alarm application's. The nicad is ideal for a

power supply in a charging

BATTERY SPECIFICATIONS

Som specificatidts are shown on the batteries. For example, these smoke detectors

and general purpose batteries show the brand, type, voltage and general application.

An electronics 5upply catalog will. supply more detailed specifications than is

found on the battery. These specificOions show voltage, capacity, weight and size

of.batteries. BATTERY SPECIFICATIONS
Weight

Capacity Pounds
Dimensions, inches, (MM)

Model Volts 20 Hr, (Grams) w
Length Width Height

(Incl. Tom)

GC 410

GC 610

oc 1215

37 (160) .

.55 (250)

1,65*(42). 1.30. 05) 2,24 (57.5)
. -",-.

.1,99 (51) 1,65 (42) 2.24 (57:5).... -.,.
7.00 (179) '. 1,3404) 2.64 tem

.,..,=
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BATTERY CIRCUITS

Batteries may be linked together to get the amount of current and voltage needed

for a job. They can be linked in series or in parallel.

SYMBOLS'

The schematic symbol for a battery is

Note that the negative side is represented by a short line and the positive side

by a longer line.

SERIES CIRCUITS

A series circuit increases the voltage. The voltage is eqofal to the sum oT each

single battery. The amperage output will equal that of one single battery. A

series circuit is obtained by hooking the positive o'f o e battery to the negative

of the next battery. A drawing of a series hookup is mown below.

PARALLEL CIRCUIT

'Batteries linked in parallel Orcuit increase the amperage to the sum of each

battery's output. 'The volta will equal that of a single battery. A parallel

circuit is hooked up from'Oositive to positive andrnegative to negative. A

parallel circuit is shown below.

472
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Assignment

Complete job sheet.

Read section on Primary and Secondary Batteries in Electric Ciircths and,
Machines, Sixth Edition, by Lister.

Complete self assessment.

Complete post assessment.
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Job ShEEt
I

4

CHARGE A LEAD-ACID BATTERY

Equipmgtft needed--battery, charger, hydrometer

Remove.battery caps
)

i

Take hydrometer readings and ,record readings for each cell

Connect charger to battery. Be careful that positive is hooked to positive

.01e1

and negative to negative.

.
.

..

,

' Set charging rate.

Take hydrometer reacting of each cell after charging.

Check specific gravity readings against 4he chart below:

I

READINGS . STATE OF CHARGE

1.28

.1.25

1.22

1.19

1.16

1.13

.

.

.

Full, charged'

75 % charged

50% charged

. 25% charged.

Hardly useful,

Discharged '

e. t

4
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SElf
Assessment

1. Show how this circuit can be connected in series.

2. Show

L

.,
o4

h(4.this circuit can be wii4ed in parallel.

f 0

-.°J
o

In this schematic symbol for a battery, label positive (+) and negative (-)

sides of symbol.

-111H-
List three types of ftimary cells.

5. List two common types of secondary cells.

6. The liquid conductor of a cell is called the

L

7. The charge of a lead-acid battery is measured by

8. Nicads are a nickname for

. What would be the total amperage and voltage for the circuit shown in
Question 2? Each battery is 2 volts and 10 amps.

410 10. Theenicad cell is good for standby powir supply because of it

01
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Self Assessment
Answers

1.

2.

3.

4. pry cell, carbon zinc, alkaline, mercury oxide, silver oxide

5. Lead acid, nickel-cadmium

6. Clectrolyte.

7. Hydrometer

Nickel-cadmium cell

V

2 volts, 60 amps

10. Reliability or long-life

a
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'1 Post
AssessmEnt

w..,."..

List advahtages of the nicad cell for use in a power supply.

The capacity0of batteries is shown in Ah. What does /his mean?

3. Which battery specifications are found on. the battery itself?

4. You have 3 batteries with specifications of 1.5 volts and 10 amps for each
bdttery. Show how the battpries can be connected for a series ciricuit.

.

What will be the voltage and amperage output of the series?

5. Show the same batteries (Question 4). in a parallel hookup. Compute
voltage and amperage for the parallel circuit.

Describe how carbon-zinctcells are re-charged.

7. Which produces the most electrical energy--a Leclanche cell or alkaline-
manganese cell?

8. Elecrical cells may be classified as primary cells or secondary cells. What
is the difference?

9. An auto battery is made up from six cells Of 2 volts each. Does this mean that
the cells are connected in series or parallel?

10. The .schematic symbol of a battery' is

Show positive and negative sides of symbol.

4.1

4
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Instructor
Post Assessment Answers

1. . Reliability and long-life.

2. Ampere-hours.

3. Voltage, type.and purpose.

4.

J.

Ir., 6..

6. They cannot be charged.

7. Alkaline-manganese cell.
4

S. Secondary cells can be charged.

9. Series

10.

Y
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Supplementary
References

1' Lister, Eugene. Electric Circuits and Machines. McGraw-Hill Book C
Sixth Edition. NewYork. 1984. Pages 55-71. A



TiOUBLESHOOTINGELECTRICAL TRACING

The apprentice will beable 'to describe

electrical trpcing as a troubleshooting
technique.

I

Performance Indicators:

1. Describe test equipment.

2. .Describe problems in electrical
wiring.

3. Describe steps in troubleshootifig
electrical wiring systems.

1
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2
7.

Oa

Study Guide(

. Read the goal and performance indicators for this package.

Read tile vocabulary list for this package.

Study the introduction and information sheets.

Complete the job sheet:

GOmplete the Self assessment and check answers.

Complete the post assessment and have your instructor check the answers.

O
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Vocabulary

Continuity testers

ExorSystem test device

Foreign pots tial

.Grounds

Intermittent

Light emitting diode (LED)

Opens

Shorts

, 111 ,onaiert tester

Swingers

VOM metal'

r LI



, INSTROCTICOAL LEARNING SYSTEMS

d,

Introduction r

It

The basic procedure was described in the electronics packages that aie part of
'this course. Measuring electricity is'a specific skill that is learned by

specific instruction.
5

Troubleshooting assumes that the apprentice has mastered the basic skills of
electrical testing. This package is designed to help the apprentice-chase down
an electrical fault in a short timeframe. It is procedural rather than being
specific in a technical sense. The technical skills of elettrical measurement
sOuld have been mastered earlier in the training program.

483
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Information
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'4 I

Test Equipment

7.

+IL

A troubleshooter must have the proper test equipment to find problems in a

protective loOp. A low voltage light bulb with shoet wires and clips can serve 'A

.

as a simple test instrument. The Sonalert tester is a commercial type device
used for tracing.. Other. test devices have light emitting diodes with colored

. lightl that makes for easy reading. Continuity testers have thoir own batteries
which allow them to be used in testing tad circuits. A continuity tester may
be bade with an LED lightbultror Sonalert. More complex continuity testers can 77
be made by using a sensitive relay. -Specialized testers for normally open,
normally cloqsed circuits.and,latchingtoperations ca be. developed with relpys.
A simple continuity test circuit isshotin. -..

A

Another piece of'test equipment is the VOM.meter, The VOM is a voltage -Ohm-

milliamp meter thitt will make all needed,Atlectrical measurements. The VOM will
measure voltage, amperage and resistance in a circuit. This piece of equipment
is a must JCT.:low voltage troubleshooters., A VOM meter is shown below. .

41*

SIMPSON
270-4 VOM

114
..,. 1 f ,los

FEATURES
4V,' Motet
MIrrOted Seale

1Sitnpatiture Compensated Meter
Meter Movement ProtectIn

4.8a

***

SPECIFICATIONS
I D.C. VOLTAGE RANGES: 0.25, I, 2.5, 10, 50, 250, 500, 1000 .

SENSITIVITY: 20,000 ohtns/voll.
ACCURACY: 1.114% (321/2% 5000 voltam).

6 A.C. VOLTAGE RANGES: 0-2.5, 10, 50,250, 500, 1000,

SENSITIVITY: 5000 ohms/volt.
ACCURACY: 4,2% ( +3% 5000 volt range).

D C. CURRENT RANGES: 0.50 )4A. I mA, 10 mA, 100 mA,
900mA 10 A. ACCURACY: t 114% ( t 14% 50 0/4 rim).

1 fitSISIANCE RANGES: 0.2 k, 200 k, 20 met.
CEN ILK SCALE: 12 ohms. ACCURACY t I% ( t 114% 2 It
range).

4 OUTPUT RANGES: 0.2.5, 10, 50, 250.

4 DO RANGES. 20 to +50.
MOLDED CASE: 7' high, 51/2' wide, 314' deep.

NET WEIGHT: 31/2 lbs.

BEST-COPY AVAILABLE

11
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Information
c.

A

There are many other test instruments such as foi.1 zappers, battery testers and
Exor-System test devices. Since this .package' is directed at 'the: beginning,
troubleshooter, the ceitinuity tester and the VOM are recommended test'
instruments. ,

Wiring Problems

Wiring faults maybe classified according to the nature of the problem.
C

Opens
*, Shorts
* Grounds

Q.

* Foreign potential
* Swingers ,,

IIIOpens cause the greater t number of wiringoproblems. Thesa result from bad
splices, .torn wires, loose connections, and poor soldering. Opens will alarm in
a closed circuit loop. They will go undetected in open circuit loops until

, tested. t .

0

Shorts result from the touching' of wilres or when the 'electrical, current makes a
short-cut in its travel' through the wires. '400rly insulated 'splices,' staples
driven through wires,'," corros ?on and dampness are some common causes of shbrts.

mof

Shorts will alarm an open loop circuit-but,will tend to go unadticed in a closed
loop system. se-

Grounds Are created when a wire shorts to a grounded object.'

Foriegn Potential is a dangerous fault. Itoccurs,when the alarm systeT wire is
accidently connected to arleutlaide source of electricity An example might the
the touching of low voltage wiringby 110 volteusehol4 electricity.

J r ,

Swingers are a general type fault. Actually,* the swinger is an intermittent
fault that may occurame moment and npt the next? It is caused by a. faulty
connection. Wind or other vibrationvwill cause.'the intermittent to "swing" or
disconnect. This fault is the most'diqicult type to trouble shoot. The basic
cause of swingtrs is poor workmanship in'the installation of the system.

#
I



INSTRUCTIONAL LEARNING SYSTEMS. dr

Information

/

(

Steps` in. Troubleshooting

Know.System,nd Equipment

4'

Before working on a system, the design documentation of that system should
farefully reviewed. If it contains equipment beyond: the tec n c xpertise of
the troubleshooter, manufacturer information should be reviewed tef re working
on the system. A troubleshooter.should kr? how the system is supposed to work
when free of problems.

'Find the Symptoms

-

When a problem is reported,' questions shoUld be asked .to define the 'symptoms of
the problem. Symptoms give clues to the possible causes ofthe problem. °If the
symptoMs are well defined, the diagnosis will be easier to make.

III Identify Possible Causes. . $ .0.0.

a

There are several possible causes for each set of symptoms.- The troubleshooter
.should list the possible causes I writing. The "jott g down" of ,possible
causes goes a long way toward diagnosis of the,problem. will save hours of

1 trial and error effort. 'Once all of the possibilities are isted, the list can
be prio;Atized with the most likely cause -listed as number e.

Diagnose the Problem

Troubleshooters should divide the system into segments. One half of aft total
system can be cbecked at onetime. The procedure of starting at ore end and
checking through the system is not efficlent. If. it is determined that the
problem lies'in one half of the systenic this half should be further, divided into
halves. A continuation of the halving process will allow the technician to reach
the soufce of trouble in a minimum timeframe. Some'systems Ore divided into
protection zones. Isolation of problems. by zones saves time for the
troubleshooter.

) 1

Repair. the Problem
4

Repair of problems is the easy part. It may requirp the replacement of a dead
battery; splicing a broken wire; or inqulating a ground fault. The repair needs
are obvious. Diagnosis is the difficult part.

"N.
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InformOtio.n .

I

1

*

Check the System.for.Operation

1

4.

Once the,repair is made, the technician should check its operation.' If it works,
as it"was designed to work, the-repair effort is successful.

4.

-1`

,r

I
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1"

Assignment
r

Review material and diagrams'on'pages 109-144 in supplementary reference.
4 .

Complete job°sheei.

Complete self assessmeit and check answers.

Complete post assessment and have.instructor check answers.

-

J

0
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4 .

Job Sheet
f

USE THE VOM METER

Refer to instructional package on VOM meter ih the basic electrical series.

Review the material on the use of the VOM. I

Complete practical exercises in the package unt21 confident, making
electrical.peasurements with the VOM.

1$4

ti

J
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, Self
Assessment
1. A meter is used in testing voltage, amperagage

and resistance in a low voltage circuit:

2. A tester is a common instrument, for troubleshooting
alarm systems. Sonalert is one type.

3. An intermittent fault is nicknameda

.When electricity takes a short-cut rather than going through a loop as
407 planned, it is called a

5. What is a fault called that occurs when electricity is injected from an
outside source such as household wiring?

a

V

01'
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Self ssessment
Answers.

I

VOM

2..' Continuity tester

3.. Swinger

4. Short

5. Foreig .potential

\_.

11
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Post
Assessment

a,

a

1. When a wire shorts to t grounded object, At,is called

"Open's" will cause alarms in . circu4.t loops.

3,, What causes a swinger to swing?

4. List the six steps in. troubleshooting.

1/.

5.. Which measurements can be made with a VOM meter?
4

p

6
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Instructor
Post Assessment
iinswers

4

Grounds

. Closed

3. Vibilttions. from wind, air, etc.

'4. Know system and equipment
Find ple symptofflp

IdentUy possible causes
Diagnose the problem
Repair the problem
Check the system

5. Voltage, amperage, resistance

49
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Supplementary
References
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5.2

TROUBLESHOOTING -- ENVIRONMENTAL FACTORS

Goal:

The apprentice will be able to describe
'environmental considerations in
troubleshooting alarm systems.

Performance Indicators:

1. ,Describe causes

2. .Describe effect
conditions,',

3. Describe problems with animals.

4. Describe problems with insects
and birds.

of swingers.

of climatic

1

5. Describe effect of, blow& air.

6. Describe. effect .of vegetation.

4 7. Describe walls in relation to
microwave.

14
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4

'Study Guide

Read the goal and performance indicators'for this package.

Read the vocabulary list foethis package.

'- Study the introduction. and information sheets.

Complete the job sheets. '.

Complete the self assessment and check answers.
. I.

Complete the post assessment and have your instructor check the anseJers.

r k

49f;
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4

Vocabulary
Intermittent

Swinger

497
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INSTRUCTIONAL LEARNING SYSTEMS

ntroduction
.4

A troubleshooter of alarm systems is. usually faced with two sets of ,problems.
The electrical circuitry is'one major source of problems. Another set of

problems, arise from.the environment. Sometimes the environment can aggravate
electrical circuits by causing intermittents or swingers. In the case of

swingers the environment is not the basic problem. But once a wire is loose,

wind or other environmental conditions. will cause it to "swing".

4

1

98
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tl

nformotion
Env ironmental conditions are the cause of many problems in alarm systems. When
oorroutleshooting ;an alarm system the technician must understand these
..eAvitonmental'oroblems.

Swingers

A swinger is one of the most difficult problems to troubleshoot. It is an
intermittent problem that shorts out the circuit one minute and is working the
dext. Swingers usually start with shoddy workmanship. Screws may be loose or
the splices are poorly soldered. The swinger occurs when some enlAronmental
factor causes the wire to swing and interrupt the connection. Some of the
causes are:

it

* Moisture from leaky roofs, rain, flooding and leaky 'pipes that cause
a path of electrical leakage and corrosion of wires.

* Mechanical motion from wind, drafts, airplanes, trains, ventilators,
heaters, etc.

* Temperature changes'such as day and night, seasons, furnaces, air
conditioners which create thermal expansion and contraction. Expansion
and contraction is s type of motion.

Since swingers arc due to poor installation, one approach is to % improve the
quality of the job: Tighten all sci'ews, twist and resolder connections and tate
all connections as a permanent solution to a swinger problem.' Sometimes it may

'69°)

be easier to reinstall the system. Ano her approach is to use force on the
system to cause the swinger to appear. can jiggle wires, rap on'windows and
use other force techniques that simulat .the wind to find swingers.

Climatic Conditions

Rain, snow, fog andust can create problems for intrusion detection systems.
Infrared beams can,be blocked by moisture or dust. Snow affects both microwave
and infrared if it blocks their pattern. Seismic devices are less sensitive in
frozyn ground. As mentioned earlier, moisture; wind and temperature changes
cause swingets to swing.

4 9
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Animals N ',-.
. .

.

Dogs; cows, deer 'and horses can cause problems in a detection system. Animals
will tugger seismic detectors and other types of devices that are et to detect
people. Magnetic detectOrs are,the only type that is not affected tN animals.

.Topography

Some detection.devices are not suie6d to'hilly tetrain. Microwave and infrared
do' not work wen. on uneven ground.

Ground Cover

Grass and other vegetation can cause severe problems, in detection systems.
. Plants can cause fqlse alarming in electric sensors. Ground vegetation causes

distortion in microwave detectors,

Vehicles

'Heavy 'vehicle traffic causes difficultie4 in alarm systems. Trains, low flying
planes, trucks and cars can affect seismicltensorsi buried line sensors and
microwave..

Insects Alyiirds

Insects sometimes crawl into microwave units and cause problems. They can also
disturb ultrasonic sensing equipment. Birds can false alarm motion detectors if
they fly too close to the sensor. . A

BLoIing Air

*

Air from heaters and air conditioners will foist alarm an ultrasonic system. It
On also be the source of swinger circuits.

Microwave will penetrate walls. It will false alarm to traffic on the street
outside. Extreme care must be given to the location of microwave transceivers.
They will penetrate wood and glass to detect motion on the' far JO. de of the wall,
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V

4

Information
PI

Ectromagnetic Fields
',mow

.
-

4
.

Electromagnetic fiekds.are often created by power lines. The electromagnetic
field will disturb signals and signal processors by'inducing electrical signals
into the detector lines. This can. cause false hlarming of e. system.

Summary
.4

A technician must consider environmental problems in both installation and
troubleshooting. The environment must LT'considered' as a potential cause of
short -circuits and false alarms. Sensors may need to be.relocated to correct a
problem., Sunshades may need to be erected' to protect video-surveillance
caMeras. Dustproof enclosures may be needed for other types of equipment. In
some cases it may be necessary to confine family pets during the time that the
system is armed. Common sense is the best resource fof dealing with problems
that stem from environmental causes.

r
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Assignment
0

Complete job 'eheet

4 Complete the self. assessment and check answers.

Complete the post assessment and ask instructor to check AnswArs

,

4
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ob Sheet
.ASSIST WITH TROUBLESHOOTING

411/
Assist journeyman troubleshooters at every opportunity. Many of the problems

will be related to environmental factors. Since environmental problems are
usually unplanned and unusual, experience is the dearest teacher to be found..
Experience with those that have avast experience in troubleshooting is
invelluable to the learner.

ft
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Self,,eI f

Assessment
Shoddy'Workmanship.by installers is a frequent cause of

2. Insects and birds can create false alarms in
detectors.'

3. .Blowing air will fals.e,plarm systems.

4. Wall construction is critical,for efficient use of. 41

detectors.

11111 4
5. Frozen ground affects detectors.

504
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ti

Self Assessment
Answers,

e

, 1. Swingers

2. Motion

3. Ultrasnic

4.. Microwave

Y'

5. Seismic

0

ti

4
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,Post
Assessment

INSTRUCTIONAL LEARNING SYSTEMS,

detectors are not' affected by animals.

10

. I

2. Ground vegetation causes distortion in detectors.

3. systems will penetrate walls and'alarm_to movement
on the other side.

4

4. Which detection system is highly sen .,ive to blowing air?

5. Deep snow may block the patterns of microwave and
,detectors.

506
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InstruCtOr
111130 st Assessment
Answers

Martic

2. Microwave

3. Microwave

4. Ultrasonic

5. !tfrared

I

4

V
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Supplementary
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Barnard, Robert L. Intrusion Detection Systems: .Principles of Operation
and Application. Butterworth-Publishers. Boston. 1981.
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5.3

DOCUMENTATION OF DESIGN

J

e

Goa

The apprentice will be able to descri
the need for documentation of the
design of.security alarm systems.

ll

Performance Indicators:

Descri4imporfance of
documentation:

2. Describe need for confidentiality
of documentation.
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0

Study Guide

Read the goal and performance indicators for this package.

Read the vocabulary list for this package..

Study the introduction and information sheets.

Complete the job sheet.

Complete the self assessment and check answers.

Complete the post assessment and have your instructor check the answers.

510
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V o cabulary
I

Confidentiality

Documentation

Floor plan

PICA. plan

0

4

,
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Introduction
N

1.111=111....1.1....1111M1011,11011011111..=01,

Alarm -systems can. become a mplex system of wires and sensors. If the design
is only in the memory of the installer, it is difficult for others to follow
through on maintenance and troubleshooting of the system. Where plans are well
documented, other& can work with the system without time loss.

Clear documentation should be made on the design features. The location of all
devices and the brands of equipment should be marked on the design plan. The
plan should identify the types of protective loops included in the system and
the routiu of wiring. .Good documentation makes troubleshooting an easier task.

512
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nformation
Security alarm systems should' be planned on paper before installation. Such
plans are usually in theform of floor plan drawings or plot plans of outside
property. The precise location of detectors, control 'equipment' and wiring
should be' identified on the plan. A good plan is needed for the future
troubleshooting and maintenance of the alarm system.

Changes in the alarm system must be recorded on the plan. As detectors are
added' or changes in location are made, the plan must be updaCed. The plan
becomes the blueprint for servicing the alarm system.

Complex systems may involve structures that undergo remodeling or other
structural changes. These structural changes will affect the alarm system
design and layout. Where possible, the maintenance staff should be involved in
the design, of'the alarm system. Then they will -know how the system 'will be
affected by proposed changes in the structure. The maintenance departments and
alarm installert can cooperate in making the structural changes. Such
cooperation will eliminate many troublesh9oting problems.

Confidentiality of alarm system design documents is a strict requirement. If
the plan is available'to dishonedt people, the system will be comprimised.
Design documentation mustobe closely guarded and kept under lock when'not being
used by an, authorized person. Systems with high levels of threat will need to

'be carefully guarded. The number of people authorized to work with documented
4 design planes will be fewer as the threat level is increased.

Alarm sytem design gust be documented so that the system can be maintained at a
high" level of efficiency. Atthe same time documented design must not fall
into the wrong hands. A responsible attitude must be adopted by alarm systems
installers to assurethat documentation remains confidential. The owner can
identify. the persons with authorization to review the alarm system plans.
Security alarm companies are responsible for confidentiality among their own
employees.

Documentation should/include:

* Location of detectors
* Types of detectors at each location
* Types of protective loops
* Brand names of equipment
* Location pf wiring in structures
* Boundariqs, areas and volumes being protected

4
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Assignment
Complete the job sheet.

Complete the selfassessment and check answers..

44 Comp lq,e the post agfiessment and have instructor check answers.

1

.s

5 1 4

s'
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INSTRUCTIONAL LEARNING SYSTEMS

ob Sheet
REVIEW DESIGN DOCUMENTATION OF ALARM SYSTEM

Ask,employer to see the documentation.of an alarm system design.

Identify what .345 shown on design.

- Types and locations of.detectots
- ,.. Wiring layout

- Types/And brands of equipment
- Other information

How is confidentiality maintained?

515
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Self
Assessment

1., Why is documentation of design needed?

2. Which types of architectural plans are used for documentation?

3. What should be shown in documentation?

4. Why is confidentiplity important? ,
0

ift

5. How does level of threat affect the degree of confidentiality of
documentation?

5.16
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I

Self Assessment
Answers

1. For maintenance and troubleshooting alarm systems.

2. Floor plans, plot plans

3. Lqcations of detectors, wiring and control equipment. Types of detectors

and brands of equipment.'

4. To keep dishonest people froM using documentati1on to comprimise the system.

5. The higher the threat level, the greater the degree of confidentiality.
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Post
Assessment

1. a. Identify all things that should be identified in deisgn documentation;
Include items from this package and others from your experience and
training. Make a list of these items. tft

1. b. Have the instructor check your list and suggest other items that would
be helpful in the servicing of alarm systems.

518.
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Instructor
cost Assessment
Answers

11111101111NIF

a and b. Instructor will review and critique list developed by apprentice.
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Supplementary
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411. Journeyman installers at the work site.
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