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RECOMMENDATIONS FOR USING TRAINING MODULES . | .
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The following pages 11st modu]ga amd their correspond1ng numbers for this ’
particular apprent1cesh1p ﬁha&e As related training classroom hours T
_vary for different: reasons thro hout the state, we recommend that |

the 1nd1v1dua1 apprent1cesh1p co 1ttees div1de ‘the total packets to

. fit their 1nd1v1dua1 class *schedu es

)

There are over 130 modu]es ava11a le. Appfentices can complete the

whole set by the end of their indeéptured apprenticeships. Some o

apprent1ces may a]ready have knowlgdge and skills that are covered

in part1cu1ar modules. In those cases, perhaps cred1t could be . .-

granted for those subJects, allowing. apprentc1es to advance to the .

remaining modules. v\ | '

. | : . | . - N

‘ We suggest the the apgrentwcesh1p 1nstructors assign the modules in . ‘;
'numer1ca1 order to make th1s 1earn1ng tool most effective. . o

-
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Goal:-- . Performance Indicators: |
~ The apprentice will be able tg 1., Describe units of measurcment.
desctibe basic units. of energy. : .
- . 2. Describe conversion of cnergy.
- 3. Describe potential energy.
v ' 4. Describe kinetic energy.
, ‘ 5. Describe energy efficiency. -
. w

’
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. Objectives -~~~ - -
p o | S L
Given: . \ ’ \ o ' The studeht wii}: .
Definitions and explanations of - o Sdﬂve'probLems dealing witﬁ'enengy:?/ :
base units, energy, work, con- , Answer questfions ‘about ‘energy .-
version of energy.'ang\effipiency. correctly. ‘ . .
. ' o '
. <//
N . _ ) , ¢ °~
Directions | '
Obtain the following:
' Caltulator - g S L | SR
. \ w '
Y] v - v {
S. . !
,.. . . ) . . | .'. . )
-Learning Activities o
. Read the Key Wopds list..
Read the Information Sheets. | ' ; l »
' Do Task: Solve the -Problems on the Problem Shgets. ; , :
' [ ' ‘ .
Do the Self-Test. ’ ! Ve
e Do the Final Test. o ” -
. Obtain Final Evaluation. \« ,
. 3. N P
o % . -
' * . ’ t
: ' ®
A ] .
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.' \ ) . . ) ) . . .
."KeyWords_'_ | L S L :

Base Unit: “The term -used to>4nd1cate the amqut-of something. As examples: .
.Length 1s measured in feet (the fodt is a base unit for length). Weight is !
measured in grams (the 'gram is § base unit for weight), -~ .

>

- Etficiency: The felatfpnship,bgtween-the energy applied and the energy output
(eXpressed in percent). - ' - .

‘ .

¢

' Enérgxi ‘The ability to do work. PR ‘ o | o

Force: Pressyre or push on'an object or ﬁﬁrticlé.
ule: Equal to“the newton--the base unit'foh_mechanicql ene}gy..
Load: The partiof an electrical circuit where energy conversion takes place.

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

Work: Force times djstance.

]




| "Information Sheet

L

]

4

Energj'and Work

If .our car stalls in the $treet and weg must push it to the curb by hand, we

know that, as we are moving the car, pushi
the car to whefe we want it, the work is d

v ) ' 4

o EL-BE-02
ok
W - . Basics of” Energy

.

Al

ng 1t is work. When we have moved
one. Work, then, is made up of two

things. First, there. is the push or force we.place on the car in the directipn
we want it ‘to go.  Second, the car moves over a distance to a point where we

waot it to go. "Force and distance make up

work, The force must be enough to

overcome the friction of the whegls and tp raise the car over Tumps inithe

roadway. Mathematically, the work done is
distance. The woPk energy symbél that we

qgﬂ_upper case W. The base unit of measure in

joule. o 8

- . . . L
To find the amount of work done in joules
curb, we must know the force used and the.

equal’ to the force times the \
use when we calculate for work is the
the metric system for work is the

that it took to move the car to the
distance moved., If we pushed on the

<

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

out the work done by multiplying 45 times
measure, so we must convert the force and
we can calculate the joules. '

L
-

The Metric Measure of Distance

Thé meter 1s the metric measure of distanc
mately 39.4 inches. By converting, 16 fee

16. However, the joule is a metric
the distance to metric terms-before

e, One meter is equal to approxi-
t is equal to approximately 5 meters.

(16 x 12 = 192 inches. 192 ¢ 39.4 = 4,87 meters or approximately 5 meters,)

L)

N The Metric Measure of Force

The metric measure of force is the newton,
.224 pounds of force. By converting, 45 p
(45 + .224 = 200) e

Now we know that:

" One newton is equal to approximately
ounds 1s equal to 200 newtons.

[

Work in joules = Force in newtons X Distance in meters

Let's find how many joules -it took to move
) H

our car,to the curb,

v

- Given: Force (F)= .45 pounds or 200 newtons ' -

Find: ~ Work (W) in joules

Distance (d) = 16.4 feet or 5 meters , .

Solution: Ndrk in joules = Force in newtons X Distance in meters

W = 200 newtons X 5 meters
W = 1000 joules "'

/

-




: the lamp.
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+ - It took 1000 joules to move our car to the curb. | _ . o

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 circuit is.using

the starter-on the car.' The energy from the battery must turn the starter
wotor to crank the engine. . The work done ‘by the battery can be expressed in

jodles.

“Energy Conversion

One of the basic laws of phys1cs states that energy cannot be created or
,destroyed. Energy can be converted from one form to another. Energy is
“converted from one fqrm 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 1ights
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A

Kinetic Energy

Shown below is an electrical circuit demonstrating how' the chemical energy of
the battery is converted to electrical energy. The electrical energy is moved
to the lamp where it is converted to light eénergy. The lamp is an energy
converter and is called the Yoad in the circuit. : :

ENERG
A% N /
~ S/ .
cHemicAL || "ELecTRICAL ouTPUT . /S
ACTION " MOVING ENERGY - /, N
\{ \ CONNECTING WIRES
ENERGY SUPPLY : N ‘ LOAQQ(fNERGY CONVERTER)
Efficiency |

With today's energy crisis, we are all concerned with conserving energy.
Unfortunately, it is impossible to operate our machines with no loss. When 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. Llet's take an example of a very common device that we all use. It is
the common, screw-in, incandescent light bulb; Show below 1s a diagram of an

incandescent lamp ‘system, : o J
I‘Zizi:; | - T T T Tl
ELECTRIC “ ' '
ENERGY — LIGHT ENERGY LAMP
SOURCE AN HEAT ENERGY (LOAD)

-

T
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[n this type of system (which we all use), it is a fact that {f 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 tight was converted into heat. The Tight bulb makes a

‘better heater than a light source! To figure the efficiency of this Tightbulb |

we use the following formula:

1

work out
. percent efficiency = ————— X 100 %
work in
Given: 1,000 joules electiic input
200 joules 1ight output

Find % efficfency

W out
Known % eff = X 100 %
’ Win -
o 200
Solution: % eff = — X 100 % | _
. 1,000 . e
% eff = .2 X 100 %
% eff = 20 %

Answer % eff = 20%

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

1
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1, Energy 1is

(a) force.

b) pressurec

§ ; ability to do work. _ .
.travel ) ‘ ) : , .

2. The basg‘unit for energy is the | " '
éagjmﬁe._

. meter.
. - (c) newton.
(d) neutron. - .

3. The symbol for-work done in the joule {is

a) P.
b) W. : ;
(c)'y. - :
(d) A | \
. 4. Efficiency is measured in the e - a -
$a newton. ) . |
—-(b) meter. & . .
(c) percent., | | - N
(d) joule. ’ ' _
5. Which device 1isted below has the lowest efficiency?
a) motor A | ‘
b) washing machine ' . | \
(c) thcandescent 1amp - ‘ '
(d), fluorescent lamp ~
6. The conversion of energy states that
“u | a) energy can be created.
b) energy can be chapged into another form. )
sc; energy can be destroyed. , &
d |

energy 1s equal to the newton, '

S R

18
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10.

11,
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[f you push on. your car with a with a force of 450 newtorts for 5 seconds
but the car does not move, :
L IRY
.(a) the work 1s equa] to the pressure.
(b) no work is done.
c), the work 1s equal to the newtons $quared. e
d) 2,250 jouleg of work is done. . .

o, calculate for the joule you must e

(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, ° o
Efficiency of any device has to do with the

b) amount of heat dissipated.
(c) amount of energy input compared to the newtons apPt ted.
(d) amount of time operated.

2a; amount of energy input compared to the wanted eneai? output.

Stored energy is known as
a; kinetic energy.

b) newtons.

(c) potential energy.

(d) joules.

'In the -electric circuit that is shown below, what device is the Joad?

/

The battery.
The wire that is connected to the
battery.
(c; The lamp.
. (d) There is no load in this circuit,

BATTERY
3

10
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@ Task L "
' ' ‘ v .
. . - ‘ . .
. 9 : |

Task Sheet S A o | | ‘ ‘

~ask oheet ‘
B Solve the problems below:- v o \

. 1. How much work is done if we'ride a bicycfe 1 kilometer (1,000 meters) by
. *  dpplying 50 newtoM$of steady pressure to the pedals? - - S

joules ©

2. How much work is don 1f'you push a car 80 meters by pushing with a steady
. force of 820 newtons? _ , L . '

- joulgs A

'5. .+ Our flashlight batteries produce 240 joules of chemical energy to supply
200 joules of electrical energy to the flashiight lamp. What is the
efficiency of the battery?) - : '

L

4.. Our refrigerator's ice maker was able to produce 10 pounds of ice. Each L |
" pound of ice represents 150 joules of energy. Our;refrigeqptor used 1,950
‘ * Jjoules of energy to produce the 10 pounds of ice. What is the efficiency
o " of the refrigerator ice maker? . ,

' . u

x

y 5. The study Tamp that [.use gives 150 joules of energy in the form of light.
(/ To pr e this we have to supply the lamp with 750 joules of electrical .
energy. ¢ What is the efficiency of the lamp? - ‘

% N

11




) . - ‘Ans\(vers" ,

J - ' LI

Answers to Task Sheet

.

1.” 50,000 joulés

W=FXd -
W= 50K 1,000 \
W .Sp,OOO joules,

o '

]

2. 65,600 joules

W=F Xd
W= 820 X 80
W = 65,600 joules,
(3. 83.3% -
- o : W out -
- % eff = - X '100
' ~ Win
. o 200
@  eff-—xlo0
o - 240
| 5
% eff = —X 100
: 6
500
% eff = — = 83.3% ..
.6
/ 4 76.9%
. W.out ,
% eff = X 100 -
Wit
% eff = ~———— X 100
% eff = 76.9%

4
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Answers to Task Sheet

5.

R

o

20%
+ W-out
‘% eff = ——X 100
: “Win
- 150
% eff = —=X 100
750
T 100
Y eff = — = 20% ~
‘ 5
&+
i L'}

‘o
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Final Test ' ° | . ,

7.

»

.How much woﬁk is done if you roll a rock 5 meters with a force of, 1,000

B N
< ,
L

If J‘lamp gives us 500 joules of 1ight energy while it is deing supplied
with1,200 joules of electrical energy, what fs its efficiency? ~|

%' | Ny N
. V . rd

hewtons?

.

Jjoules

- . .

[4

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

Joules
Efficiency is measured in the’ . _ ~ ;:aj' ‘

a) newton,
éb; meter,

(c) percent,
(d) volt., - I

b 4

The symbol for work is . ‘ e o

.
. L

—~—
o
~—r

VE > O

the power used. o ' -
; the amount of energy tnput compared to the energy output in th& form

wanted,
) newtons times force.
)

the power used compared to the heat dissipated

Moving energy is known as & | . v

(a) DC voltage. o

(b) kinetic energy. - . A ' ' : o
(c '

(d

potential energy. .
the joules per second. J 4 L ' N oo

14
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- R o : . ' | ) v
k 8. * The definition of enerdy i s . (
- N - . , _ \

.- , , ,
. ,iag the force applied.” : e ,'d,'
Lo _ (b) the ability to do work. . I -
o, (c) the pressure applied* :
. (d) the travel per time. - ’
9, The b‘e:’ unit for energy 'is the <. E '

RS fag_ Qork,.'
- '(b newton.. . .
(c) force per second.
~(d) joule.. )

10. What type of lightjné.hds the_&orst efficiency?
éag'fluorescent. . v . ‘o
~(b) phosphorescent. - ., - . ‘.
(c) incapdescent. v, . .
(d) iridescent. 5 - _
) . T s

11 The functionf the load in an electric circuit is

. . (a) energy production. ~ - v
' (b) improving efficiency.. : :
§c) energy conversion. S .
d) no function, : : :

24
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Al ansﬂgrs on the Mask Sheet must be 100% correct. Answers on the Final Test

must be 90% correct .

v

0K  Re-Do -

Task Sheet Score - . A
. Final_fest Score | . | A L L
o When all checké'fndicate'OK, proceed to the next learnihg;ﬁackageg
> . .
! - *
. X
3 ‘
9 N 4
. ]
f - 3 *
)
N
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‘ .
) &
< “.
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4 . ) ’ R ) . ’
Goal: . L . Performance Indicators;
The apprentice wild be able to . - 1. Describe barts of an atom,

describe the atomic theory. . _
2. Describe valence electrons.

-

v | 3. Describe free electrons.
& . .
) ' 4. Degcribe insulators and
* ' . ' _ conductors. |
2 3 .
- " [}
/ "»‘ .
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i Objecti\;es
. )

“Given:

This learning package.

A . *

Directions x . .

Obtain the fbllowing:

This package.

Ny

Learning Activities

o,
vt rrr—
S ————
———
b ——
D et

Read the Key Words 1ist.

| 3ead the Information Sheets.

_ Do the Self-Test. .

Do the Final Test.

Do the Task.

»1 Obtain Final Evaluation.

EL-BE-03
Atomic Theory

~

The -student will:

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

Answer correctly questions pertaining
to the structure of the atom.

k.
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Key Words

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

Compound:

Electron:
nucleus.

Matter:
Mixture:
‘Nuclens :
+ Proton:

" Valence:
molecules.

-

Chemically united materials.

The negative bit of matter found in the atom in shells around the

Combination ef materials that. Can'be separated by mechanical means.
The center section of the atom which contains the positive charge.
o

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

*The positive bit of matter in the atom found in the nucTeus.

.
- .

Anything that has weight and takes up space.

©
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Information Sheet

In the last package we found that we need energy to do work. To do work wa& 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 1ook into the electrical
circyit, 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.
The wiring in your house, the coils in motors and transformers, and all of the
connecting cgrds 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. ' : ' '
4
~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
beirig electrocuted. R . f
What is there about these materfals 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. .

MateriaT?T no matter what kind, are called matter. Science tells us that
matter is anything that has weight and takes up space. That dovers everything
from the air that we breathe to the ground that we stand on. Matter can be a
9as, a liquid, or a solid. Matter can be metal or nonmetal. But whatever
form or -state of matter, laws apply as £o how it is put together. Some mate-
rials are found as mixtures: they are,made up of two or more things. Mixtures
can be separated by mechanical means. Let's take the example of dirt in water.
To remove the dirt, we can let the mixture settle and filter the dirt out. of
the water. In this way, we have separated a mixture by mechanical means. -

Many materials are compounds. Like a mixture, a compound is made up of two or
more things, but they have been combined by a chemical reaction. We cannot
separate compounds by mechanical means. The water that we filtered is itself a
compound. If we could look at water before its parts were combined chemically,
we would see that it was really two very, different kinds of materials. Two
gases, hydrogen and oxygen, in the proper combination, make up water. Water {is
not a single 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-
.scope. This amount would be called one "molecule" of water. A molecule of. o~

a
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water 1s made up of two parts hydrogen and one part oxygen. Hp0 is the
chemical formula for water. The Hp stands for two atoms of hydrogen. The 0
stands for one ‘atom of oxygen.: When we write Ho0, we mean water. We also

" mean that a molecule of water 1is made up of two: atoms of hydrogen united with
- one atom of oxygen,

*Any matérial that can be reduced down to the atomic level (size) and still have
identity as.the same material is an element. Water cannot be broken down into
the atomic level and still be water. When we break water down to atoms, we
find two atoms of hydrogen and one atom of oxygen. Hydrogen can be broken down
to the atomic level and is still hydrogen. Hydrogen, then, is an element.
Examples of other elements are copper, gold, silver, and carbori There are '92
natural elements. Materials that are made up of two or more e%%pents.are
called compounds. Examples of compounds that are very important in electrical
work are brass (made.of copper and zinc) and glass (made up of silicgn and
carbon). Let us get back to the elements to find out how some of thBir 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 it§ appearance is by experiment
and calculation. Below is a diagram of a hydrogen atom. Note the name of each

part. .. :
ELECTRON ‘—\@‘
ad : \;"“SHELL

PROTON —|———® }————NUCLEUS

~ ~ ! —

Notice €hat 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 1ight.” It has the negative eTectric 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. S

v
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: "The Proton .
This part of the atom is heavier than the electron. In fact, it is over 1,800
7 - times heavier than the electron. This part of the atom carries the positive
p electric charge and is locked up 1n. the nucleus. ‘ :

. Ihe Nucleus o - -

This’is not a part as such. "This 1s 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 atoq. - : .

Theé Neutron

" This particle 1s found in the nucleus and has no electrical chardé; Electric- -
ally, we can ignore it. ' SRR : .

Let's lopk at the rext atom (aqomic 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?
. ve—SHELL WITH TWO |

. ELECTRONﬂQ
Y . -7 )
co \  ELECTRONS

< /
/
2 PROTONS—#—% — NUCLEUS
L R p
- \ . '
"N\ /

7 NEUTRON

‘ o~
ELECTRON——AD 7~ »

You will notice first that this atom is more complicated than hydrogen. It has
two electrons and two prg;ﬁ%s while hydrogen and .has one of each. This"

~ balance of electrons and ‘protons 1s true for al] atoms in the natural state:
for each electron in the shells around the nucleus, there must be a proton in
the nucleus. The difference between atoms of different materials is that they
have more or less of these atomic parts: protons, electrons, and neutrons.

As we go up the atomic scale, the atoms bec&ge more. and '‘more complicated. Each
time there are more electron-proton pairs, the atom gets larger. More shells

~are found arqund the nucleus. Each shell has a fixed nymber of electrons that |
can be in that shell in any specific element. On the following page is a chart d// o

- showing the. numbers of electrons that can be in each shell, This number of .
electrons 1s absolute only if followed by another shell. If the shell is an - S
outer one, any number of eldctrons s possible up to the natural nymber for .
that shell. ' ‘ .

1]
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« SHELLS

I~ K<
A B (::>.\- . ’
NUMBER OF ELECTRONS " ~“-NUCLEUS s -

. As you can see from the -above chart, there are seven shells for electrons.
Depending on the matearial, all the shells may not be there and may not—-have a
full complement of electrons. Let's look at a heavier material. Below is a
diagram showing one atom of aluminum. ' '

e ~ ¢

|ST-SHELL: 2 ELECTRONG—/ P

. Q!
2NoLHELL: 8 ELECTRONS/‘\’('?'\ @~ nucLeus:13 PROTONS
VN | -

/1]
< /
30 SHELL: 3 ELECTRONS —\ é Q-7 C?@

—

ONE ATOM OF ALUMINUM

Ve

" Valence Electrons

The outside shell of electrons of the. atom is the valence ring. The electrons
- in 2his group are the ones that interact with electrons of other atoms to hold
<atom to atom. This process is called bonding. Bonding can'be very complicated.
Remember that bonding takes ptace when chemical reactions take place. The

) trading of electrons from one atom %o another occurs in this outer ring because

- the electrons are not hield as tightly as they are in the inner shells, When K8
! atoms are bonded together, they form {tructures called molecules. Because the .
. " structure of the molecule varies a great deal, some of the valence electrons
‘I' are not held to others in the bonding process. These unbonded electrons are
- -called free electrons. . c

35
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- Free Electrons

As stated above, free electrons can be ‘caused by:the bondihg structure. of the
molecule. Any force from the outside can push the free.electrons around in th
material. The force can be almost any form of energy. A few examples are
heat, 1ight, magnetic energy, mechanical energy and chemical energy. In some
materials, these valence 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 avaflable in such materials is bylthe use of huge amounts :
of energy. This kind of material is called an insulator. Some of the common ~
insulators include air, plastic, and glass. Insulators stop electricity.

Because-of this, we find insulators as covering on wires, sections of terminal

strips, and any place we need protection from electricity.

" A tonductor is a material that has: free g?ectrqufin the bonding system. .It is
very easy to produce electron movement in this type of material. Only small

-~ amounts of energy are needed to move electrons thirough conductors. Conductors
- are used as connecting 1inks between electrical devices. St1vgr and gold are
excellent conductors, but, because of their high cost, they are not the most
frequently used. Copper is a very good conductor and is far less costly than
" gold or silver. Because of this,'it is the most commonly used.

-«
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@ Self-Test

LY
1. The second shell of the atom can contain
a. two electrons. . ) o i . .
b. eight ‘electrons. - : o, ' -
C. any number of electrons. ' |
'd. eight protons. | ' .
2.- The part of the atom that has the negative charge {s called _ | o
e o : ' _ . .
. a. the neutron, .
" b. the nucteus.
C. the first shell. : .
d. the electron. | , | | ‘.
. . ' | . . \
3. _Matter is described as anything that has weight and _
a. 1is a mixture. _ _
- b. takes up space.. . _ _ ' ' _ - ; (ﬁ
c. takes up valence. o - . : o
d.s 1s an element. A o e i o
4, The proton has 'the electric chafge.
. . a. neutral
b. expanded s

.. positive
d. negative

3 The nucleus is the center section of the ator which

a. has the negative charge.

b. contains only neutrons.

c. 'is the lightest part of the atom.
d. has the positive charge. :

6. The valence shell of the atom

a. is part of the atom where bonding takes place.
b. 1is in the nucleus. -

t. has only positive charges.

d. is always the second shell.

7. The number of electrons in any atom 1s equal to.

a. the number of protons.

b. the number of protons and neutrons.

C. the lowest energy level.

d. two plus the number in the outer shell.
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8. A mixture can be separated by

a. chemical means. o . :
b. a double reaction. . S %
¢. " mechanical means. - "
d. adding energy. ; -

s | | » 11 38
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‘Draw ‘the atom of aluminum and label ail parts. o /
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® Final Test *
‘ 1. Mechanical means of separation will :
. a. separate atoms. ' '
- b. cause double reactions. - :
*C. separate a mixture. ’ 5 *
d. separate a compound. : .
2. The number of protons that are found 1n 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 elastrons plus the number of neutrons.
3. The part of the atom that has to dq]with bonding 1s
a. the positive charge.
" b. the neutron. _
c. always the second shell. .
d. the outer or valence shell, =
- v - }
4. The part of the atom that hqs the positive charge is
: ~a. the neutron. : S : /
b.  the proton in the nucleus. . C
. : C. the electron in the nucleus. _
d. the lightest part of the atom. . - »
"5. The electron has ;he L charge. i
W /-
a.- neutral - : ' , . -
b. " expanded \ - : ' )
C. positive -
d. “negative
6. Science tells us that matter is composed of ,i : | : .
_ ' /- N | _
a. anytﬂing that has weight and takes up space. - | )
b." only elements. , ‘ ' -

C. any mixture.
d. anything that has valence.

7. Thg.part of tﬁe atom that is the lightest is

a. the proton.
b. the electron.
c.. .t ater shell.

d. 't ron,
] \
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8. The second shell of the atom can have ,

a. . eight electrons,

b. two electrons. ‘

c. any number of electrons. . . v o |
d. twq protrons. - _ ‘ . o - 1

b «
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‘Final Evaluation - v ‘

A1l answers on Final Tesyﬁepdhgpmpleted'draw1ng on Task must be 100% correct.
j S )

/

0K fe-Do

‘ » . :
Task Drawing Proper plimber of protons, neutrons
and§e¥pctﬁpns and proper ‘labels

When "all checks tndipate 0K,

proceed to the next learning package.
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Answers

Self-Test

l. b
2. d
J. b
4, ¢
5. d
6. a
7. a
8. ¢
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ELECTRICAL CONDUCTION

. - ” : \
Goal: - : | Performance Indicators:
“The apprentice will be able to Y describe jolarity, . /
describe how electricity is . _
conducted, - , 2. Describe interaction of charges,

3. Describe ions,

. 4. Describe moving electrical
P - . charges.
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- Objectives

. Giveq:

Examples of conductors and insulators,

A test -devige.

Directions
Obtain the following:

Materials to test.

A continuity tester.  , -

-

Learning Activities
Read the Key Words 1ist.

Reid the Information Sheet.
- Do the Self-Test.

Do the Task..

Do the Final Test

Obthin the Final GBvaluation.

' EL~ BE 04
Electrical Conduction

The student will:
. \f

Perform a test to detemine which
materials are conductors and which
are insulators,

Answer correctly quest1ons pcrtaiw~

ing to electrical conduction

-

‘.
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Key Wordsw

L
Polarity:’ Hav1ng one of two opposite charges. one positive and one negative

Ion: QP atom which has an unbalanced® charge.

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

7

Positive fon: An atom that has a Shortage of electrons and, therefore,
has a positive charge ' , . '

-

[

egulsio "The action of pushing away.

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

‘a
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_Information Sheet =~ -~ PR

. Electricity is pro&.uc'ed when electrons are fre’«lfrbm ¥heir atoms. Electrons
‘ in the outer orbit or valance ring have the highest energy level and are the
farthest from the nucleus which has the ‘positive charge. ‘ o

'bolaritz“ ' | ' | - )

Our idea of electric charge or polarity comes from 3Row1ng how the electric
flelds are structured around the electron and proton. The exact nature of -
these fields is not known, but the action of these fields appears to be -similar
' to magnetic fields. Below is a diagram of a proton and-an electron showing the
’ force ;ield around each. (Each particle is shown round; the true shape 1s not
-known. — . ' .

g

\ | /""\ »
' /1;' “-'\‘ \\ﬁ , _ /("’, = ‘;\\\
ff@‘v; L ‘/@\’
RN T . N ~;:f,::')/"
PROTON ' ELECTRON

Notice the force field has direction. Also notice that the force fields are
opposite in direction. In other words, the field surrounding the positive
particle goes in one direction and the field surrounding the negative charge¢
goes in the opposite direction. - _ , e

" Interaction of Charges - ' ¥ | .

<

Because of the diggction of the fields there is a natural attraction or
"repulsion that tafgs place. (Repulsion 1s the opposite of attraction; 1t is
& pushing away.) Study the diagram below which shows what happens when two

positive charges are brought close to each other., o

.o a RESUT: REPULSION w
BUCKJNGF%D/ @

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

RESULT: ,‘ - Y |
REPULSION 4 /\ |

: \\?//\BUQNG FIELD \
| 7 | |

,
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/?::g these two exam?les we can see thaf when two'positive charges are brought f
' together, they rep¢l each other; they push apart from one another. The very . ¢

same action_takes;place when two negative charges are brought together,

From this we can say that LIKE CHARGES REPEL.

Let's check the last possible combination, -what happens when- a positive and a

" negative charge are brought together? | o
L -
| IORNG
_ ' ' ATTRACTION

« As you can see, the fields are now héld together. They‘q}tract each.other;

From this we can say that UNLIKE CHARGES ATTRACT.

This 1s the law of electrical charges. This action of attraction and repulsion
makes 1t possible to move electrons by pushing them with other electrons
(negative charges) or by pulling them with positive charges. This 1s 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 fons. o
~ Ions . o ' o
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 elactrons dway from an atom. This will leave that atom with. less
electrons than.protons. Then the atom will have more positive charges than
negative charges, This charged atom is a POSITIVE ION. Thds positive fon 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
..> hegative 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 lons

There are many ways that ions can be produced. A battery can produce fons with
chemical action. Mechanical friction can also produce fons. If you shuffle
your feet on a rug, you can pick up electrons, By picking up extra electrons,
your body has negative fons 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.. ;o :




‘Simple. You now have negative tons 1n your body. The cha

~where the trading of electrons takes place.

“ﬁ N N Do N
i 1
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Moving Electrical Chhrges ‘. R . X |

How can_elect'ical charges move through things? As you sﬁuffled on the rug,

your shoes picked up the charge, but you lost the charge from your finger. The

charge had to go from your shoe to your finger. How this Eappens.is quite o,
rged atoms will try v

to regain their balance by getting rid of the extra electrpns. Since the shoe

is picking up more electrons, they must seek another placejto leave the body.

As your finger gets close to the door knob, zapll, the electrons jump from one

atom to another. through your body from thg shoe to the finger in a fraction of

a second, To understand the process better, study the diagram below. In all .

of the atoms pictured, only the outer shel 1 of each 1s shown because this 1is

The electron that goés in one end probably will not befthe same one that leaves -
the string of atoms. Another way to picture this is shown below, |

Il .
M S Gy
VY NV N N\N/
000006000000 000
~PIPE FULL OF BALLS |

ONE OUT o

ONE IN

4

. The pipe s full of balls. When you add a ball at one end, a ball comes out

the other. In an electrical circuit, ah action similar to this takes place at
the speed of 1ight, 186,000 miles per, second, ‘or by metric measure, 300,000,000 '
meters per second. y // : . '

In some materials the electron movement ocqﬁrs in a very l1imited way. These
materials are called insulators. In materfals with many free electrons the
action occurs easily and these materials e called conductors. Because the
conductive materials allow the exchange of electrons through them from one end
to the other, it is said that they have Continuity. In other words, a materfal
with continuity provides a complete path for electron exchange.

In the following Task you will be"askzu to test materials and separate the /

/
;

insulators from the conductors. R ber that insulators prevent electricity
from flowing because there are few of no free electrons in. the bonding system.
Conductors have many free electroni/in the bonding system so do allow the
flow of electricity. '

/
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Self-Test
1. Insulators differ from conductors in that .
a. 1insulators have more protons. }
b. insulators have few free electrons. . '
c. insulators are metals, : L. -
'd. insulators are bonded. 1\
2. Materials with continuity

a. are not conductive, 3
b allow electricity to pass through, -
- ¢c. are ferrous.

d are nonferrous. .

3. Anion is ,

. a metal. . /
an insulator, :

a chargged atom,

a lamp, -

E-N
—
-
=
[1°]

charges

a attract. -

b. have no force fields \

c. repel. - _ _

d, - atﬁract only metals. : e
»5.  Unlike charges

attract, | ﬁ

are only at the north pole, R
repel.

- are only in insulators.

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

\\q. the speed of sound.

b, the speed of light.
c.
d.
A

" 300,000 meters per second.
\ 120,000 feet per second.

7. 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 el@ment
\
r L4
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- Task ; . | -
‘ . 'ate.rials': . o | ' -

Pieces of copper, brass, aluminum, iron, tin, Tead,nichrome.
Pleces of string, wood, paper, rubber, plastic, cloth.

! v’

Equipment:
. Test light dnit or continuity tester as pictured below.

‘» ' I 4 . . ' . \’ |
| S T - MATERIAL UNDER i .

I'4 _
BATTERI_ES “ . TEST

Procedure:
A )

4 ) .
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 1ight? If it 1ights, the material is a conductor.
If it does not 1ight, the material is an insulator,

“List the materials under the proper column heading.

CONDUCTORS : . INSULATORS
/
=
. \ i
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| Final Test

An atom that has an unbalance of u\ectrons and protons 1is

a. an 1on. »
b. uncharged.
C. an element,

d. 'a compound.

The effective speed .of electnjciiy is

a. the speed of sound. . .

b. 300,000 meters per second; '*;z \

C. the speed of light. .

d. twice the speed of sound .

Unlike charges | “?‘ s : a\'
a. -attract.

b. have no action,

C. repel each other,

d.

are unblanced, MRS

. "Like charges

,a. attract.

b. have no action. .

c. repel each other. .

d. are unbalanced. | . .
An fon is

g. an iron material. . .

b. a lamp. )

¢. an insulator,

d. a charged atom,

A material that a)lows élegtron exchange all the way throudh 1s

a. said to be an insulator. -
b. - said to have continuity.

" c.- said to have no fons,

d. a nonmetal,
An insulator is

a metal, » E> B y
a bonded metal.

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

Qo oo
e . . .

10
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M1 answers on the Final Test and Task must be 100% correct.

T _
. _ 0K _RE-DO
Task ‘Score . ! -
- Final Test Score -
wﬁen.all checks 1nd1caté-0K. proceed to the next leqrning package.
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Goal: - :

The anprentice will be able to
describe the basic characteristics

of direct current.

BASICS OF DIRECT GURRENT

T L AL, LT B Kt ki 8 4 KD ks b

Performance Indicators:

1. Describe polarity.
2..\Describe chgrge.,

3. Describe voltage.
4. Describe current.

5. Describe resistance.

6. Describe wire sirzes.
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. Objectives . | S | ;
R Given: | - The student will:

N Information contained in this © Name and define the four factors of

package, - . electricity, ' .

 Describe what actions take place as
- values of voltage, current, and
i resistance are changed,
Directions S R : v
Complete this package. '
\
®
‘ <+
> 4
Learning Activities | >
Read the Key Words List. : \

Read the Information Sheets.
- Study the Task Sheets,
- Completé the Self-Test, -

Compléte the‘Final Test.

. | _______.Ob_taTVnﬂ Evaluation.
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@ Key Words | - .

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

'_Charge: An eTectr\pal unbalanqe; the ‘charge may be negative or positive.

Coulomb: The base unit of char9e5i6.28 X 1018 electrons.
Current: . The floh of electrons, | L &

- Ohm:  The pase unit of measure of resistance.

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

Ppwér: The ability to do work. -
Résistance:" The opposition to the flow of electrons.. r
Volt: The baSe.unit of measure of electrical_forCe.

Watt: The base unit of measure of electrical power.

DI UPNY SE
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kﬁohﬁaﬁon Sheet

'

',z‘. ?

-3 ’ ‘ : ‘ s
As you)learned in the last package, electrons can move through conductive
materipls. 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 conMon device
with an electron imbalance is a battery. Let's take a look at a flashlight
battery. At one end is the positive pole, and at the other end, the negative
pole. Inside there is a chemical mix which produces large amounts of negative
fons (atoms with extra electrons) on the negative end, and positive fons (atoms
with a shortage of electrons) on the positive end. . i

The action of the chemical mix takes plate at a fixed speed. The result fis

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 'themical action would not be able to maintatn the surplus of electrons.
The output voltage of the battery could drop below the 1.5 volt level. So we

. cannd® use the electrical output from the battery faster than the 1mbalance

is produced -on the 1ns1de of the cell.

Polarity

Polaritysrefers 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. “This marking shows where the electrons are coming from and where they
are going. How certain devices are connected in terms of polarity is extremely
important. Diodes, capacitors, and transistors, meters and many other instru-

. ments must be connected to the power supply with their leads in the correct . :
- polarity. If these components or pieces of equipment were to be connected ‘

backwards (with:the polarity reversed), they could be destroyed. |
r ' . ‘ C - .

:(323'5, -
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Charge

As the negative ions are added to the negative end of the battery by the
chemical action, a very interesting and important thing happens. Remember how
electrons 1ike each other? Right, they don't. They repel each other. . The
moreselectrons we pack on the negative end of the battery, the more pressure we
get. The agtion 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 imbalance.
This number is normally huge, and its unit of measure is the coulomb.

1 1

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 18
number {s 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 1s that it allows large numbers to be used without confusion. At this
point don't worry about learning scientific notation but be ablé to recognize
it when you see it. i |

Joule per Coulomb

can remember that the joule Lthe base unit of energy, we can come up with a
relationship to give us a me e 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, :

Now that wé& know that the cqis;?b is the base unit of electron charge, and we
r

The Volt(V) ‘ \

As shown above, the symbol for voltage is V. It 1s used to indicate the odtput
of a battery or power supply. As an example, a flashlight battery is rated at
105 V. . ) .

.

o

]
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The relationshi} between charge, energy and voltage is: voltage equals the
energy divided by the.charge. _ . '

. v : _ 4.

' 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 e]ectrong, _

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

NEEDLE

— SN V#8_ZERO RETURN
moror—" /4 SPRING

_MOTOR ROTATION

A -

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 mqre

- 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. .
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‘Another ‘way to visdalize'what voltage means is to think in terms of water

pressure, Studx the diagram below,

\ .; ’ . . »"/
L %\ . wf—wmm LEVEL .
3 <I—WATER LEVEL ’ B
BULGE- RUBBER DIAPHRAM ¥-RUBBER DIAPHRAM
, o LARGER BULGE
] : " !

1 ' N . Y . . ‘ ’
~ As you can see, the tank that has the most water in it has more pressure on the

bottom. Let's go another step. If the tank had a hole in the bottom of it,
. : , !

. the water would flow out. /
/ o

WATER LEVEL /
| FLow WATER D
- TER DEuyERED

@,

The flow would only take place if there wereApressuke on the bottom of the
tank, . - . I : .

-
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Current  Symbol (1) i

In ‘an electrical ctrcuit, flow also takes place. In the water system the
‘material that was moving or flowing was water., In the electrical circuit the
~ fdterial that does the flowing 1s the electron.  The electron flow or current

will move from a place with more pressure to a place of less pressure. Study

‘the ciréuit below,

4 LESS ELECTRON PRESSURE

L/, 7~ ENERGY DELIVERED

”

CHEMICAL
ENERGY

~—FLOW

N_MORE ELECTRON.

CONNECTING WIRES 5 - R
PRESSURE. | |

FLOW —e

'1
3

thice that there is a complete path from the negative side of the battery
through the connecting wires on through the lamp through more connecting wires
and‘back to the positive end of “the battery.i This complete path must be
connécted all the way around the circuit or no currentifiow can take place.

\

The cyrrent flow around the circuit {s always an even frade. What this means .

s thaﬁ for each electron leaving-the negative end of the battery, there must . '
‘be one going in on the positive end. The operation is Something 1ike a pipe

filled with balls: when a ball is added to onme end, on® comes out the other.
Study the following drawing, - | -
\\ ]

000000000¢

. ONEOMES ~
QuT - v

- | . (
e O 10000000

"~~~ BALL MOVEMENT
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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) ‘E

To measure the flow of .anything, all you have to do is to count how much is
going by a given place in a given period of time, We know that in the electri-
cal circuit the flow is made up of moving electrons. But in the electrical
circuit it takes-a huge amount 'of electrons per second to make very much
happen. Remember the coulomb? Right, it was the huge amount of electrons that
we use to measure charge. So we express the amount of current flow in t?e
number of coulombs going by per second. Y&&g::st realize that 6,28 X 10'8

electrons are a lot of electrons. One amperé, then, is equal to one coulomb
passing one point in one second. To measure C rrent flow in _amperes we must

put-a coulomb counter in the circuit, To do tﬁ¥§, 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. TN

+ ) .

o @[{,ﬁ’___yom AND
ENERGY ~ o Y HEATENERGY

Y
- 4N
T

+ o Lo
C | sovmes SAMPS
VOLTMETER ' = LAMP
/ "\ _
| —
FLOW—=

~ S~ AMMETER

'thice‘thét the current must pass through the ammeter, on through the lamp, and
bagk tq 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.

.

10 o
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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 1ike
copper. The melting point of tungsten is so high that it takes white hot heat
to melt it. When we force current through this tiny tungsten wire, the force
from the battery gives up its energy in a sort of electrical friction. The
result is high heat and light. It is the resistance that converts the energy
into the form we want. Toasters, electric heaters, hair dryers, electric
stoves and ovens are other examples of everyday devices which use resistance to
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 s 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. 2 is the symbol for the ohm. To
understand what an ohm is we can look at it in two ways. :

The Ohm (1)

~ From what you have read so far in this package you should know what a volt and: -

an ampere are. If we hook up a circuit which has a battery with one volt -
output to a resistance that will allow one ampere of current to flow, that
res1stance then. is one ohm. Study the circuit below.

: - |
IVOLT —ata | AMP

~ .. < RESISTOR MUST
AN o | IT] BE ONE OHM (i)
—/  |earTeay — HM et

- —

T

-

Notice that there is one ampere of current flow with one voit~apbiied.
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The Ohm (2) | - -

The other way to explain an ohm is to use a standard component that we’know
has one ©hm of resistance. - 7

A column of mercur} 106.3 centimeters high and one millimeter square at a
temperature of 0° Celsius has one ohm resistance end to end. Study the drawing
be]ow. v h

. '_ _T+ .| MM' QNFQ)H
5 square ||\
. 2 |
3 + -
o4y |

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 1s méde. )
2, HOW'jong it is,
3. The cross-section area.

4, The meperdture.' g

[

A1) of these four factors are important to review when circuits are des1gneq to
be suce that the connecting wires are of the right size. If the wire size s
too small, they may heat and cause damage and energy loss. .

O w o

\
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Nire Size , - | o,

When wire is made, it 1s 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 e
squeezes 1t into a smaller diameter and makes it longer. See the illustration :

below. . o

ECOPPER WIRE B ; PULL | )
- - »
SQUEEZE 1 SMALLER DIAMETER
DIE PLATE | | N
. i . - . ) | ﬁ

-

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 11lustration below there is

a part of a wire drawing sequence showing four steps.

. ‘.
, P
.

'{COPPER WIRE . . ‘ . - l ——PULL
. - | | WIRE .

WIRE WIRE

SIZE SIZE - SIZE NO.4 |
NO.2 NQ.3 (WIRE SIZE NOT TO SCALE)
DI | . DIE DE4. y |
& y

$

When we select a given wire-size ndmber. that number is the die number that iﬁe
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 Targer than the hole

o | s 3 - !

Ly
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“the wire, the less current it caniarry.
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. | .
in the #2 die. Number one size wire, then, is larger than #2. As the wire
size gets smaller, the numbers get larger. . Number O wire is almost as large as -
a pencil, whereds, number 36 wire is as fine as hair.
The amount of current (amps) that a given wire sizefcqn carry without heating
varies somewhat, but here is a chart with some examples. of wire size and '

- current gapacity. (Copper wire.) o ’

. # 6--50 amps ' ; . .
# 8--40 amps ~ = ' : ‘ -
#10--30 amps
#12--20 amps

. #14--15 amps

.

In most cases coppér wire comes in even number sizes. The smaller the size_gf

" Measuring Wire Size with a Wire Gauge.

The wire size c&h 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 | - '.

) 71
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i
The cutout 1s made up of a slot cut into a hole, To properly use the wire
gauge the bare round wire is tried into the slots until one is found that the
wire just Tits. The hole 1s not used for wire measurement. .

NO.6WIRE
/ o Qom‘_

. Power and Energy

An electrical circuit 1s a system of transporting power from one place to
& another. On the input end we have a source of energy which is converted into
~ electricity. The battery does this. The chemical energy produces the electri-
cal imbalance. Wires are connected to the battery which lead to the load end
of the circuit. The load converts the electrial energy into the form that we
: want. The loads can take many different forms. A 1ight bulb gives us light.
b A electric heater gives us heat. .-The electric motor gives us motion.
‘How can we measure just how much electrical power we are using in a ggvice?
Power 1s explained as how fast energy is used to do work. The base unit for
energy is the joule and the base unit of time is the second. Power, then, can
be measured in the joule per second. The name given to this joule per second
: ‘measure is the watt. So the base unit of electrical power’is the watt: The
- symbol used is W for watts and P for power. B :

WIRE JUST
| FITS INTHE
SLOT(NOT
THE*HOLE)

N .
N N
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1.  Polarity is ntified by
a numbers., ; ' ' & .
b. - color code. N [
c. the shape of terminaL or markings of + or .- _ :
d.  the method of \connection. - ‘ ‘ B

2. The ion praducer in the battery is ' o .

.}. a. a coil of wire """ | s
- b. aluminum foil,.
- ~ C. & chemical mix,

d. a tungsten electrode.

3. The voltage level from.one flas 1ight -battery is
a. 2.5 volts.
b. 3 volts.
c. 1 volt.
d. 1.5 volts,

VO S

‘ 4.  The quantity of electrons that equals one coulomb is ~

a. 1.414 X 1?8

b.” 3.14 X 10 ’
c. .6.28 X 1018;

d. one billion. .

5.  One ampere of current 1s equal to passing one point.
one joule per second |
one volt per coulomb
one ohm per volt

« One coulomb per second

Qo oS
e e e

6. The electrical factor of voItage.is explained a

a. the flow of electrons.
A : b. the resistance to electron flow.

C. the force or pressure,

d.  the power squared.
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7. If the voltmeter 13 connected in reverse,

a. no damage will result,

' b. the reading must be inverted to be correct.
C. the meter pointer will ‘go down off-§cale.
d. the reading will be in ohms.

8. The symbol for current is . ’
a. A
b.» R
c. P
d. 1

9. -The four factors that determine resistance are
a.
b.
c.
d. ’

10, In the wire-size number system

. a. thg 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.
+d.  the larger theéwire diameter, the larger the number.

11, The ohm is Qpe unit of measure of

() jas ' opower, . -
b, dmperes..
.1 ¢, battery voltage.
lv ''d. resistance,

R V3 ~The unit of measure of electric power s the

a.  ohm, ' .
b. watt. '
.~ €. coulomb.

b d. ampere.

*
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v The Complete Circuijt -

£

"~ The *ollowing analogy and circuits are provided for your study-.

drawing then read the conclusions. Do you agree with them?
are confused, re-read the information sheets and try again, -

\

EL-BE-05
Direct Current

i
sl - | | |
% ® VOLTS | RESISTANCE 11/,

\

POWER
ATTS

@ OUTPUT(POWER)

e ——— FLOW-CURRENT
FLOW—FCURRENT- - AMPERES

)

1. If the voltage (pressure) were increased and the resistance\stayed the

same, the flow would increase.

2. The'resistanqg restricts the flow.

4.  An electric lamp is a resistive unit.

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

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

6. If the vbltage were increased, the poWer output would increase;

7. If the flow decreased and.the voltage stayed the same, the resistance

would increase.

Look at each
[f you don't or



L . i | EL-BE-05
. - Basics of Direct Current

’ N | . | o | - ‘ | ‘-‘ | . | i

~ Complete the chart below. (Fill in the missing arrows.)
| v

This means that the value has increased. L

This means that the value has decreased.

p - o

This means that the value has stayed the same,
Example: ' |
. : E

Voltage | Current Resistahce

O e oG

In this ca)e; if the pressure (voltage) increased and the current stayed
the same, the resistance must have increased to keep the current the same.

.- Below i‘s the rest of the chart. Some of the probl'ems are done for you. Check
them over, then complete the chart. . o

]
’

Voltage Current N Resistance -
2. (:::) /
SO
« O



» B . . . ’ .‘: ~’ '
L | EL-BE-05
}, ' ‘ . : . + Basics of Direct Current

SMALL DIAMETER LARGE DIAMETER
HlGH PRESSURE T JLow PRESSURE

RESJSTANCE |

AN

— |

—~

\\\
o

4

\l/ '
Moz

N

Y (mle2sn

o [— LAMP

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

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

Circuit A has more energy reserve than c1rcu1t B.

There ?ﬁ less: resistance in circuit B than 1n cireuit A,

] There 1s more current‘flow in qipcuit B than 1in circuit A.

The applied voltage Js higher in circuit A than fn circuit 5.
The amount of éurrent flow increasesvas the Qesistancg 1ncreases.

The current flow increases as the resistance decreases.

20
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3.

a.

b, one coulomb per second

C. one joule per second ' /
d. one volt per coulomb P

!

Electrlcal faetor of voltage 1sVéxplalned as ¢

a. -the flow of electrons. '
b. the resistance to electron flow,

c. the force or pressure.. / .
d. .the power squared. / . /

¢/

If the voltmeter ls‘connectéd in reverse}

a. the reading will be in ohms,
b.  the meter pointer will go down off-scale.
C.. the reading must bé inverted to be correct.
d. no damage will p ult.
T ,/Z/_ | 21
. ,/' ‘

/o )
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Polarity is repnresented by /
a. the method of connection, /
b the shape of erminal or markings of + or -,
- c. . color code.
d numbers.
The jon producer of .a battery is
a. a cofl of wire,
b. a liquid. ~
c. a tungsten electrode. P
d. a chepical mix, , . /
Voltage of a flashlight batteéry is
de 3 VO]tS. ".‘
b 1 volt, ' |
¢. 1.5 volts. R
- d. 2.5 volts. | y
The amount of electrons that equals one coulomb is
a. one billion_ o .
b. 6.28 X 101 ’ . - - -
c. 6.28 x 1018
d. 3.14 X 1018,
One ampere of current is equal to “ paselpg'one point.
one ohm ger volt | e T tia "\




- 10,

11.

12,

-a., watt,

| EL-BE-05
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A symbol for current is

_d.
b,
Ce
d,

x O 0 —
: o

’

. The four factors that determine resistance are

a. - | | . e

'C. Lot ' T~

d.

In the wfre-size numbering system

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

b.  the smaller the number, the longer the wire.

Co ® t%e smaller the wire diameter, the smaller the number,
d. the larger the diameter of the wire, the smaller the number.

The unit of.measure of electric power is the

b. = ampere.
¢C. ohm,
d. coulomb,

The ohm is the unit of measure of

é., 'battefy voltage.
b. resistance. ,
C. amperes,

d. power,
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. Final Evaluation |
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‘The Final Test score must be 90% or better.
0K Re-Do. '
- - L e
Task Sheet Score
Final Test Score
* When all checks indicate 0K, proceed to the next learning package.
4
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» . # '
)
.
. ’ 7 , 1
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Answers

Answers to the Self-Test

1. ¢
2. ¢
3. d
4, ¢
5. d
6. ¢
7. ¢
8. d
9. . (
10. %a
11. d
12. B

b

7

]

in any order) material, temperature, length,'cross-section area.

L EL-BE~05 -
. Basics of Direct Current
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\
.Goal: - Performance Indicators:
The apprentice will be able to ' 1. Read schematic diagranms of 'L"
-~ electrical circuits. '

read circuit drawings .and diagrans,

¥

°

-

2. Read pictorial diagrams of
w electrical circuits,

3. Read dlagrams of parallel
circuits.

4. Read diagrams of series
circuits,
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@  Objectives

Given: - ‘ o " The student will:
. 5 '
\ Schematic or circuit diagrams of series Codnect the components together
and parallel circuits . - according to the diagram, :
& . .
A series circuit with a missing or Determine whether or not the
disconnected wire o current is lost in each of the
- - ) ' . components, :
A parallel circuit wheré one component ~ ~ “Determine whether or not the
has been removed . ~ current is lost in each of the”
: other components.
Four qugstionsinn,circuits . Answer each question correctly,
. ) , ' ' ' ' ’
Directions . o
Obtain the following: <& B " o i
1 each 82 ohm, 1/2 watt resistor , . | RN : }
2 each Type #680 pilot lamp (or equivalent) . v
1 each DC Voltage Source 5V or 0-15V minimum adjustable _ ,
. Interconnecting wires or leads _ | .

3 . .

Q\

Study Key\yords Tist.
- Read Information Sheets.,:
No the Self-Teést, °
Do Tasks.
Yo the Final'Test:

btain Final Evaluation, o, S ’
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Key Words e ‘
Circuit: A group of electrical components and interconnections, arranged to
perform some useful function.

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

Electrical components: The parts of devices that make up electrica) circuits.,

Parallel connection: Two or more -components connected together such that each
component” Ts conngcted 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 locatjons

for assembly. , :
) e ' -

Series connection: Two or morg meponents copnected end to end so that only
one end of any component connects to any otheﬁ\component :

Schematic diagram (schematic) f A drawing of how electrical components are -
Tnterconnected using symbols to represent the cowponents.

Voltage drop: The voltage across an e\ectrica] camponent (other than a source)
caused by a current flowing in it.

RRRIEY
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Information Sheet

You should now have enough information on voltage sources and resistors to e
c%nnect them together and make a complete circudt. Before you get too involved,
however, you should learn some names for the types of c1rcuits 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 and their i{nterconnections to form a circuit, Symbols are used for the
compo:!rts, and lines are used for the interconnecting wires. A schematic may
~also bg called a circult 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 pogition and location of components and inter-
connecting wires. :

|
o
i

' ‘k ‘

mA"A%A

3;) FQS 20 . . :
- IwW ST
E — R ' . Ry
T 50 L 100+
SwW I/ZW '
®

4 A e >

5W

Pigtorial Diagram ..
. |

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 1s epergized. In the circuits you will be

L]
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.‘ constructing, the details of a pictorial diagram will not'be important and
only schematics or circuit diagrams will ke 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 usually not drawn so that the ends are

just shown touching each other,

Schematic or Circuit Diagram : INTERCONNECTING WIRE
of Two Series Resistors - ‘y__ﬁ\/\vfn_;h_JA\/\/AH__.

. or

. _ ~ Pictorial Diagram of" Two : . s _ﬂﬁjﬂﬂi

Series Resistors

' ‘two points, they are\\\\\‘*«xﬁ\f\

If the components are connected between or across the same
in parallel,

. * schematic or Circuit Diagram ’ ) —W—

of Two Parallel Resistors

’

. ':1 . o - . é‘ . . . '..
Pictorial Diagram of Two o E HHH 1 Vot
Parallel Resistors ~ S | “,:L_ : Ill”“l T ';_ ’

R . .
4 e R :
L Tt P T . |
.

v+ In order 'to power the circuit, a voftage source must be. added; This will cause ., °
current to flow. Igra series: circutt "the.ve)tage source-is: connected end to
end as the resistors\are.. -The serjes gircuitican have many more. cqmpenents “bug. .

e A

they will all be connécted end,gO*end jnxthe same way. T

N \...-:_:.. .
el N e e .

- A

------
o

In the package éal1ed Baa1cs of B1rect”Current you»were 1ntrodd£é&"t6"an“*inibxug
analogy betwéen:. e!epﬁricaL'current ‘and “Water f\ow thirough-a-pipe., . -Yhe.'same
- analogy -shauid b'“he!pfu] oyou 1ﬁ understanding the 1deas~of current flow: @nﬁ

vol tage drdps-dn. simp1e Sertés and, paralie} c1rc01ts.~ A:water erW analogy nf
@ series cireuit TS qiven first»~ IR T RS R
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' SOURCE OF I%ESE5£NVCE;&5F1&NM : l ‘ ~_\\,\)_ - ,
}  PRESSURE \ ° . - -
@ FEVREN R eResRE ] o .
| WATER ' SR - ELECTRICAL RE‘abTANCE
PUMP VOLTAGE DROP |
' - L ELECTRICAL
E =T RESISTANCE,
- 1t 1 VOLTAGE DROP
’ WATER TANK \
‘ | ' .. 1 1is e]ectr%éal current,
— , . : o E is source of voltage. ¥

- :- . - . 2 Ly

The water pump -is the source of water pressure and representf the source of; '
‘voltage. Th2 flow rate (amount of water flowing per{second) represents the:
electrical current. The narrowing of the pipe resists the flow oft water and
represents electrical resistance. -

In the water system for a given pump pressure, the more resistance thoft t ere . o
1s to the flow of water. the less the flow rate will be.* \ ‘ |

L1k£w1se in the electrical circujt the more resistance in the circuit, the
less will be the current for a gjven vol\tag'e of the sour\ce.~ . v

A " - 3o,

'@, - \

M‘ t"he wﬁter syst\em,othe water is flowing at” the same flow rate anywhere in the .
system, .. 1If 1t%¥is two ,gallons p\sécond coming from ‘the pump, then it 15 two
gall@ns ‘per second anywhere tn the pipe or in ‘the return path through ‘the water
‘\dnk \:..‘ B f C “ . .\ . . .

o
LAY
| 0
’ l 4

, In the e1ectrica1ecircu1t the ‘cirrent is the. same everywhere in the circuit. - ‘
it is one ampere out of“the yoTtage" source, 1t will be one ampere in each
emstance and \in all. the 1nterconnect1ng wires. Remember that gone ampere is

‘one” coulomb per, second which also equd}s 6 280, 000 000 bild1ion Jectrons per , —

“.second, . R IR o
. LI »

f The water pressure. is, less in the. navrrovler p1pes._,-In thé narrower pipes a
- lesser amount. of 'water he\s to Now at’a greater speed to.maintain the same flow ~

rate. L . q P - \ < . .
. ! \;\" . ‘\ . RS \ |
A

The \>oltage 15 less after passN\g each res{st‘or 1n %he»eiectric‘al circuit. The o\
current or rate,bf ebectron \flow-or "the:coulohbs per secand §tays the age. NG
- Just as there {s a 1955, of pressyre afhgach har hwing'of ‘the pipe ther 1s a B

. volhage \oss acros\s each r(esist,pr\ n‘the Weﬁgrica’l circuit ‘

" \

\

\ ¥ Lo
In"a parallel 'Iectr1ca't circq,it the, letage ‘source f5 chnnected Wn arallel
that is. acrbss the sare. t.wo pofnts\) _wqtér fldw ana1ogy of\a para el
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| C o ~» " LOWER RESISTANCE
MORE FLOW - , L MORE CURRENT

- __ 4//”— 122:14_:\55\._; _ - == | E Véi;ﬁé . = r |
= C ) == O\ '[9 BETWEEN $— . -
N\ - FOINTS L

i . TLESFOW nA— |
- o 'HIGHER RESISTANCE
. ' | ; _CUR&E&
- \ = | WATER PUMP[- == |I
L — e I 4« B
) . . % "?i }

“WNotice that Just as the water d1v1des into .separate paths in the water pipes, N " ¢
the eleqxr1cal current divides 1nto separate pdths in the’ parallel resistors.
"  The amount qf water in eath of the ‘sefarate paths adds up to the total water w
< entering or leawing, "Less water flows into the narrower pipe; 1t: has more
+ resistance to the flow, .:Likewise.the electrical current in each of the paral-
"o - lel-resistors adds up to,the total current entering or 14av1ng thé parallel
‘ _circuit, Less current f{ows in the path with the largest resistance. Since
each resistor is connected between the same two points, the voltage'is the same
across each resistor. The voltage source‘isjalso connected between those two

points, so the resistors and the Qource all have the voltage of the $ource
across' them. - N " T A

T A series tircuit of a parallel circuit may be drawn in different ways oh a
schematic or circuit 'diagram but sti1l be the same circuit. The following *
circuit diagrams ofj different ways of drawing the same series circuit and _
d)fferent ways of drawing the same parallel circuit show this. « - h

‘Notice that the d1rect10n of each current is determined by the polarity of the

source, ' , SN s
o .‘ * * " N . . .

Notice that the end of ‘the resistor where the current enters always has a '
i negative polarity with reSpect to the. other end

y
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Different Ways to Draw the Same Parallel Circuit

) :
i : . : /
. ,. s . - '

”t‘ — indicates where¢ wires cross but do not touch (are not attached)

< ! ' ' H
The dots indicate locations,where the current can-divide or separate into the
different paths and are uSually shown only when more than two connections are
made at the same place. _ . . . .

Later on you will learn that you can.make other circuits that are combinations
. of series and parallel circuits. These more complicated circuits will not be
“explained now, In a series circuit if 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 1ight
burns out, all of the 1ights 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 pluyged up so that water cannot pass through. The flow will
stop throughout the pipe. *In a series electrical circuit when—awtre is broken -
or removed, the electron flow or current is 1nterrupted and current is stopped
everywhere in the circuit.,

-

o \ _L ~AAS—
R - T No CURRENT SERIES CIRCUIT °
. B " CONNECTION BROKEN ~
, | ' . ' ’ ’ L)
" >
&fln a parallel circuit, however. if one of the components other than the sourceH )
. is opened or-removed, the same current will still flow in the others. The

: . total current coming from the source will change, however. An example of this
L A a parallel string of Christmas tree 1ights. If oné 1ight burns out, the
- others will remain lighted., Another example is your household wiring. Each
GutJet:is in parallel, and when a 1ight burns out in your house the others i

‘ , stay lighted. ' .

!
L
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CURRENT SAME
CONNECfION BROKEN

) X —— _
, 4 | éNO '

PARALLEL CIRCUIT = = _ .
0 A '\
Using the water analogy, if one pipe in a parallel branch of pipes is pluyged, the

other pipes will still carry the same water flow. The total flow will be less,
however. A
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- Self-Test = - ST \ ,
l. A circuit drawing that uses symbols to represent é1ectr1cal components is

called a

pictorial diagram. S !

schematic drawing. . 7/ , _ .
resistor drawing, . _ d]
. photograph. ' i v '

Components in series have the same . 'L\

a. current. - _ : Z

b. color. B : * .

c. voltage, ' = ' .

d. size, EE o N

-Components -in parallel have the same ' ,". o

‘a.  cyrrent. ~ ,

b. color. . Ty S ,

c. voltage. ' '

dy size,

In a series circuit, if a connection is broken, the current "in each

companent ' e : .
increases, - | o ' 5

.stays the same, .
is different, .
goes to zero. o :

In a parallel circuit tf on]y one resistor is removed, the currents in
the others .

stay the same, ’

. 'go to zero,

‘increase.,

are removed.

i, - 93




T&Sk A Series Circuits

EL-BE-11
Intrdduction,tq Circuits

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

1nstructor check that the voltage is correct.

Connict the resistor and pilot‘lamps 1n series as shown on the schematic using

the tnterconnecting leads. Have your instructor check your connections, «
.o INCANDESCENT
g LAMP SYMBOL | |
¥ !g‘ . #660 - ' .‘.‘ - | k
| )
Connect the voltage 'source and notice that both lamps, are lighted. Have your,
~instructor check that your: connections are. correct and that the 1amps are A
workjng properly.
Remov . any one interconnecting wire and notice that b0th 1amps go out. This
indicades that the current was lost in al] parts of the circdit.
' v
)
N ‘ . © ’
”
\‘ I}
A
« , e
A . ‘.‘ -
. .
1. . ‘g




Ay ) ’ . . .

® , . | . EL-BE-1l
: . , | . \\ fntroduction to Circuits |

. Task B rarallel Circuit

" Use the 5 volt source or lower the adjustable source to 5V. Have your'inst}uctor
check that the source 'you are now.using is & volts,

. :

" Connect the resistor and pilot lamps in parallel according to the schematic. _ -

Notice that both 1amp$ are lighted when the source is attached. °°

¢

Have your instructor check your connections and that the lamps are working
properly. Remoye one of the lamps from the circuit leaving both ends of the
resi§f0r and the other lamp still qonnected,to the source. -

NotiCeithat the remaiﬁing lamp is still lighted. -This 1ndicétes'that the sl
current was lost only in the lamp that was removed and not in any other parts of
the parallel cirguit, - : :

t
1

o . i
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2.

‘ Flnal Test

EL-BE-11
Introduction to Circuity

v .

Components connected such that the same current flows in all of the compon-

ents are connected in . .
—— .

'Components connectd such that the same voltage is across each of the

components are qonnected-in . .

In a series, if a connection between two compoenents 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” 6f the other. resistances . _ '\\

-~y

LR \_/

Wi
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‘ A
F inal Evaluation .
Task A ' - . ! v

Circuft 1s wired according to the circuit 'diagram
- .

Task 8- '

- .* ’ 4 .

Circuit is wired according to the circuit diagram

Final Test questions anéwered”correctly

\ ' '
RN
N - .
4 N B
. n '
A
. o &
-
3
',~ / 4
& ¢ .
r 4
¢ 1 4
\ . 4
/ .
v -~
~ “
it ‘
15
e
D7
b ‘ | ' .

o . EL-BE-1]
Introduction t& Circuits
0K .+ Re-Do .

e ¢ >

l\ A
+F
’

" Y {
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» A
‘
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, ~ . : : L e l&ntroduction_ to Circuits
@ Answers - L . -
. ‘ . .
¢, Self-Test - . . | gl
1.  (b) schematic diagram '
2. (a) cunrent : ’ .
- . -
3. (c) voltage _ K
. N . t = N ’ v
. 4. (d) goes to zero S .
) i e . . .
»5.  (a) stdys the same ,
. . ‘. - o \ . " ‘.-
1] . . , . )
“ . ' -~ . -
- 4 -
V4
> . ' - v.. w -~
» w, “ * ®
- L
LY I -~ ,
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, 1N
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“ : » ‘
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. Goal: Performance Indicators:
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. . . . " “ L .
. The apprentice widl be able to 1. Read voltmeter scale.
N read scales of electrical . .
! seasurenent instrunents, 2. <tcad anneter scale,
e . N - . 3. Read onmeter scale., . .
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- Objectives

Given: T | The student will: - | o Y

-

Information. sheets @ Carrectly record measured value .

. e - - indicated by drawing of each scale. ' '

-~ A-yolt-ohm-mi}1{ammeter ) : "
O . - Carrectly identify what number scale

S o - ; should be used with each setting of =~
Do B ~_the range switch., .

e ] . : . . o

. T
- .Directions
~Obtain the following: . S

vou
RN

"
! -

Learning ‘Activities
4
] Read Information Sheets.
Do Self-Tests.
Do Final Test.
Do Task. - {

‘

Obtain Fina1.sva1;Ltion.
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e \ Reading Scales
B . Information Sheet No. 1 : .
‘I’ | - o e -
h * ,v L
\“The abil{ty. to read meters properly is very 1mportant to the electronic techni-
cian. Much time can be -lost by not using the meter or by inaccurate readings.
Although readlig scaleslis not difficult, it is very easy to make a mistake.

‘ .

y Scales you are already used to reading are rulers, clocks, and. automobile .
- speedometers. Meters are used to measure voltage (volts), current. (amperes),
" and resistance (ohms). A "needle" or "pointer" moves to a position over the .
markings on the meter face 'to 1nd1cate the "amount of current. flowing through .-
the meter. . . '

The mark1ngs on a mete# face are similar to the markings on the face of a
* clock. -

“vours

Figure 1-A | Figure 1-B

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

In-Figure 1B the meter needle is pointing halfway between the five and the next

Tower 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. 1nd1cates th1s.'




_ EL-BE-12
. _ - L Reading Scales

h ¢ .
Using this reasoning, determine the voltageg'indicafed_when the meter'needle
points to the following points.

. . . ¥ . y
e
' . « : -
. [ 112 : ' . .
. . .o .
LY N
. .
.

—
A 5 }
-
) voits : 1
. L~ Figure 2 ' RS
In Figure 2, we find that pointer A 1s two equally-spaced marks to the 1eft f,;~ L ﬁ"

of .the 5 vo]t mark - Since there aré- téen marks between the zero and ten, each.
mark equals 1 vol Counting from the 5 volt mark to the left, we see that
~ the first two mar s represent the pointer positions for 4 vo]ts and 3 volts.
Therefore, pointer A reads 3 volts. Pointer-B5 however, is between the 4 and -
5 volt marks. By estimating, we can see that it. is about 1/4 of a division:
greater ‘than 4 volts. This voltage can be estimated as 4.25 volts, Pointer C
is half a division above 7 volts or at 7.5 or 7 1/2 volts. Pointer D is at o
the ninth division and indicates 9 volts. i LT

Vol

», : - : Figure 3
On'the meter face iQ igure 3 we see small marks between the larger marks. ..

The small marks now icate ﬂhe half-volt graduations so'we no longer have to
guess where they a{e. The needle now 1nd1cates 6.5 volts.

4

J/
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. Self-Test No. 1~ - '
o B ; v
. " Give the meter readings - ' : ' . . e

for each pointer,
L
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. . . S . . : EL-BE-T12

.~ Information Sheet No..2 R L.

‘I' ' ' N o . | . ' | S
' Check your'ansﬁers and make sure you understand before you proceed. 0M§_or'

. other multifunction meters have a range switch that ‘extends the Qperating range

of the meter. Without “the range switch this voltmeter has only a 0,40V range. . i
A mnge switqh might look like Figire 4. : ' S

' Readipg-Scales

-
. .

‘ ' L 4

o s | (B) 100V . .
- ’ / .
~ , IOOOV P
L s
’ - \ . .

M i -\‘8' o : ‘
Figure_4 : e o

R, She—as —— G e o

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

.  same rule on ammeters. | o ’
_ Range = 10 100 : 1000, .
S A& 2.6V ° A= 26V A= 260V ' : _
B = 4.6V B = 46V , B = 460v , . '
C=7 V. C=70v " ¢=700V c ’
, D =9.3v D =93V . D= 93QV ' ' d

/
a
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' - ' - Reaging Scales

Self-Test No.2 . D

. " Assdme the range switch is set as 1nd1cated for each meter. S _ ’
. Tell the readings K —_— -

for each needle. . | - - T

. A ' ' 1. Range 100

. a." L}
S

C. ' ) '

-~ . d. MR

SN

2. Range 1000
‘A ~.
b.-‘.——‘_—’.‘_—

c. | .
do S

3. Range 10 R
’ a. :
b.
o .——_—_ ./154 ‘

d.

4. Range 100
a. . .
-bo ' -- —
O A i '
d. -

5. Range 1000 .
a. : e
b. i

Co
d.

. 6. Range 100

’ a.

. b. -
« . C..

*
~
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. ' ! . . . e ¢ Reading Scales .
‘Information Sheet No. 3 . = o T

v
13

. t ' . & 4 - - [
Other types of scales may also be printed on the face of the meteM such as /
resistance or ohms (Q) scale. Voltage or current meters draw the power to
operaté themselves from the circuit from which they are connected However,

the ohmmeter has an 1nternal battery to provide current for operation

-~
-
v
~ ] . . A
. .
A - R
. » . -
. . . - . . '
v
3 .

f

r ’ '
’

< “Figure $

-

--

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

linear because there As equal spacing between numbers. ' In Figure 5 fhe

ohmmeter needle s indicating 4.5 éhms of resistance, o, .

s oJ‘eP . ._\O 54 3

80 ohms .



.Give.the readings
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S .= Reading Scales

Self-Test No. 3

for each needle. ’
e . 10

d.
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¢ - Reading "Scales

Information Sheet No.'4 = .

. . R
- L]
. .
. . .
- ! -t ' . .
. . P 4
. - E -
. .
. .

xl 9o .
RS 14 ¢
i 7 ' [
x10 ' ;
Ve ./
x1k |
A
. 100k B ’
| , J [}
. , . . K ngqre &
1 - . '. . o . ‘ , .-
An ohms range switch might Yook -1ike Figure 6 . '
. .
€ .\ '

Figure 7

’

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

Our former reading of 4,5 ohms (Figure 5), would’ have been 4 500'ohms {£* the
switch had been placed as shown above in Figure 6. - _

Remember k ~‘thousand. so lk is 1000.

d
‘

%4

. . N
. a ..
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Self-Test No. 4 . . o »
‘ " - Assumé the ohms range switch is set as 1nd1cated for each meter :
A Tell the readings : '8 4p . ' ' .
for each needle. ] 3 3 Y '
' ) i 1. Range .X1
a..-......« I ’
b. .
T
'd.
2. lgange X100 ™
b. _ﬁ—
. ‘ c.
. d.
v ! o
;o
3. Range X10
- a.
b.
c.
o d

4. Range X1K
a.
b.
Co
d.

e

5. Range X10K
de
b. é
C.

d. \\

6. Range X100K
d.

Co__
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: p . ‘ Reading $cales
Information Sheet No. 5 | ,
.o Some range switches may .also indicate function (DC volts, AC volt%s, resistance, :
etc.). Multimeters have more than one function. Volt- ohin- milliammeters (VOMS) v

_have three basic functions: the measurepent of voltage and current (AC or DC)
v and"resistance. Some VOMs may not have a current fynction.. Function may be ,
determined by 1nput plugs for the test-leads or a switch. . 4

The first thing you must ‘know. when using a meter is what you wish to measure’ -
The function of the meter must be set properly. Second, you must know where
the range switch is set,. and last, what the scale reads. 4 o
¢ .
Let's try looking at a typical small meter scale all put together. Note the DC
scale. "The lower side goes from 0-0.5 and the upper side goes from 0 to 15.
~Your range switch will tell'you which side to read. The AC scale also has a \
lower and upper side marked. Note that the R scale has only an upper side ,
. marked. : ’ . .

-~ ¥

v

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

4




LN

To obtain reading:

Multiply-15 range feading by .1
Mul€iply .5 range reading by 10
- L3 .

Mulfiply 5 range reading by 100
Mu]}iplyll.S range reéding by 100
Multiply .5 range reading by'1000'

14 . )
If the .function were resistance (R):

\

RANGE

0.5
© 1.5

15.
. 50
150
500

Rx 1

R x 10

R x 100

R x lk
R x 10k

i

#

u

H

0.17v
. 5V
1. 7V

- < <<

CEL-BE-12
Reading Scales
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, . ' . Reading Scales,
© Self-Test No. 5/ . | '
. Read th; following meters according to the function ar;d range indicated. ' i
' - : . )
l. Function DCV
- Range 15/ : . '
Reading
' 2. Function R . ..
‘ : Range RxI *
. Reading ' ‘
¢ ™
£
3. Function ACV
Range 500
Reading :
® *
l'"
- A 4. Function _DCV
Range 5
Reading P
., 5. Functdon R '
Range RXTK \
~ Reading
s
6. Function DCV
. ~ Range 150
: Reading ~

ERIC 0,

I T T



10.

11.

12.

4
)

Function R '/

Range RX100

Reading

Function R

Range Rxl

* Reading

1

Function DCV
Range 50
Rgading

)

Function ACV
Range 50
Reading y

7

Function DCV
Riange 500
Reading

Function DCV
Range 1.5
Reading

4 EL-BE-12
Reading Scales ;'




l.

B .

Final Test

'

Function R
Range X1
Reading

.20‘

Function R. -
Range XI0
Reading

" Function R

Range X100
Reading

' Function DCV -

15

Range

Reigagg

.5.

C

Function DCV

Range 5
Regding

. IR

Function DCV
Range 15

Reading

l{.‘ G
ey

v

EL-BE-12
Reading Scales




Reading
F L]
LI | .
. b
.« 8 Function R \
_ Range X1K
- Reading

7. Function :B__-
~+ Range X1

9. Function ACV
Rande ;j!ﬂ[::::
| Reading

10. Function R
Range X10
Reading

11, Function R
Range X100

Reading

) | &+

12. Function DCV_
. Range 50
~ Reading

v

»

eL-Be12
Reading Scales
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. There ‘ar‘e"a number ofsdlfferent brands and models of VOMS. Many of them have
‘different scales and ranges. “To become familiar with your‘meter you §
look over the scales, ranges, and funct1on selectlon., .

Obtain the following: . , f :_."lgﬁ N : e ) e - ,
- VOM e - | _ . : ST
7 SteE [ . ’ - . T ) - . *
. N
"+ .\ Study the four top scales on the meteﬁa Write in the space below the set of ; -
-, numbers_that indicates the full scale eading for each rande.
0-to | ohms scale v - - L B
0 to voltage or current - - .
0 to . | voltage pr curoent .
0 to voltage or _current l B
Notice how this meter uses a switch pr test—lead jacks for different ranges - .
‘ . and different functions. .The functions, which are explained in thore detail »
- in the following package are usually divided into the follow1ng areas:
i _ .-
' ‘ OCV ’-%used to measure DC voltage ' oo
ACV - used to measure AC voltage ’ . ,
@ - used to measure resistance ' . .
- DCmA - used to measuire current - o : :
Within each function will be several ranges beglnnlng w1th very low values 1; I
and ending at very high values., ‘ . : '
Step 4 ’
ep Il L
_List the number of ranges for each foiyflon from your meter.
. ¢ ‘~ .
__" hd - /
OCV _! ACV ' OCmA - Q
0 to 0ty . 0to . R X ’
1
0 to i 0 to ' 0 to . R x
0 to ~ 0to - | 0 to 3 R X
. 0 to Il 0to 0 to w  Rx .
. ) * : RV
4 . o Y
19 E _ '
t .
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‘Comp)ete the chart #elow by

Step 111

you would use on each range

EL-BE-12
Reading Scales
-—

listing the range for every function, the number
and how you would modify the number to fit each
range so that the number woyld indicate the correct value of measurement.

Example: Sa} your meter ha? a scale of 15 on DC volts, and your range was
set to 150, you w?uld fi]l out the chart like this:
i ] N ~\G~ .
-FUNCT ION RANGES ™ NUHBER_SCALE USED EACHfNUMBER_IS MULT(PLIED BY
~DC Volts | - 150 V. 0 to 15 ." e 18 s
- ; - —_—
. - » - ° 8,
'FUNCTION - RANGE S NUMBER SGALE USED | EACH NUMBER IS MULTIPLIEDjBY
. N
Ohms R x 0 to .
‘4 R x 0 to
B R x_ 0 to
R x 0 to
| S )
; ;i \
DC Volts Y ]10¢to N
. - LV"\ ‘ 0 \to . N i
V 10 to
| V | 0to
! _
I
ACVolts |~ ;V  0 to »
.- ;V 0 to -
: V | 0to
V10to
- . 44
DCmA mA | 0 to -
, mA | 0 to
mA | 00
/. ___mA [ 0to
-——-——;—-—‘ .
Step IV '
. ' Y
Get your instructor's evaluation of this task.
20 119
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I
4

| . -~ Fipgl Evaljlation =" - T 7.
| / G ‘ SRR P |
(N ' F L

) S 0k~ RE-DO

N
<
.
v
.
<

Chart fillTed 1n‘correct1¥: 'ﬁf_ ' v c 7

.. ' ~ ° . . . . ‘- . *

° - . | ’ . ' . ’ ..‘
. . ‘ -_ ) . .o . . ) . . . .
‘ L L4 i ) o ¢ ' . )
’ . ‘ . “ . - ’ -
. 4
. N
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CAnswers < el e

| Your answers mdy.not be 1dent1cal to these but 1f they are within a & percent
- range they will .be considered correct.

\ . . ! .
-Answers~to Self~Test #1 'é' . Answers to Sel f-Test #2~_
. . K '(
1 oa 2 4, a. 2V 107as 15V 4, a. 1.5V
© b, 45V . 7L bl 4V b, 30V b. 37.5V
el TN es 15 e, 45V c. 53.5V
d. 10 V " ~d. 8,5V : d. .80 V : ~d. 75V
2. d. 1.5V . 5 .a, 25V . 2. a..200V " 5. a. 200V - N
S b."a,zs-v Ct i Tbe 1075V -~ . b. 350V . b. 350.V R
. ,,7jv . C. 4.25V7 c. 600V _gc. 650V |
NS ;e 775V ~.d. 80V T d. 875V ;
3. 4w BV 6. "a. .4V - 3. a. 2.5V 6. 4. 15
b, 335V - /B 5V o b, 4.5V . h. a1y
€. 7.25.V c. 6.5V ¢ c. 7V : c. 68.5V
d. 9.5V d.. 9.75 V d. 9V o d. (98,5
(] . I
Anspiers to Self-Test #3 Answers to Self-Test #4
1. a.) 1509~ . 4. a. 250Q@¢ 1. a. 450 4, a. 22.5Q
b. 14 q- . b, 17 @ - b. 12 @ b. 7 k
c. 5.51 c. 2.21Q c. 3.80 ° c. 1.8kg@
T od. 1.19a de 390 . d. 1.68 - -~ d. 4 kA
2. a. 308 5. ‘a. 5384 . 2, a. 35009 5. a. 750 k @
%b, 7.8 9 b. 11,7 8 b. 1500 @ b. 190 k @
v C. 2.658 c. 4,758 .Y . 360 9 ~c. 60k
d. .75 % d. 1.9 8 © d. 4258 d. 8.25 k 9
3. a. 101 @ 6., a. 22.50 3. a. 275‘Q 6. a. 1900 k -
b. 4.50 b. 4.25Q | b. 74 % : b. 1150 k Q
c. 1.61 c. l.2a0 - . c. 21,88 c. 70 k'
d. .38 . d. -.145 @ d. 38 .d. 360 k @
| N
Answers to Self-Test #5
L}
1. 8V
2, 1.58
3. 135V
/;»3; 6V . » &
| 50 32.5k Q .
6. 0V ..
7. 4450°Q
8. 3.5 A
9.0 23,5V
10. - 18.5 V
11. 350 Vv
12. 1.05V ‘
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‘Goal:ﬁ- :

y - . ' (3
. I'ne apprentice will bevable to
use a VOM for electricdl
measurenent, “ e

2.7 -
)
USIING A VOM

¢

1.

Performance Indicators:

Identlfy narts of a VOM and
their functlons

“Measute voltage with VOM.

Measure resistance with*'VOH,
N _

Measure current with VOM.
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~ Obtain the followihg: , | ' | L

CEL-BE-13

Using a VOM -
Ob;ectives : | o .- :
Given: S - - The student will:
Information Sheets. V h Answer 6 test questions on the basic
' parts of the meter. --.. | "
A VOM complete with resistors - ‘ ;
and -a power source, Complete a Task for measuring DC voltage.

Complete a Task for measuring AC voltage.
| Complete a Task for measuring resistance.

L
Complete a Task for measuring current.

Directions .
VOM. o o
A resistor assortmént. '

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

i

Learning Activities R ‘
Read the Key Words Mst. | | | .

+ Read the general description of the VOM in the Information Sheets,
Complete the Self Test on the basics of the VOM. S
Complete a quk_on measuring DC voltage.u
Complete a Task“pn measuring AC voltage.

Complete a Task on measuring resistance. -

Complete a Task on measuring curtent.. -

Obtain Final Evaluation. | S
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Using a VOM

Key Words

[

!gﬂ: 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 or negative voltage. The + ipdicates a positive voltage
‘ and the - indicates a negative voltage. _

Function~ Range'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 fhe meter when measuring resistance..
Stnce 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 1nserted-—the red 1ead going -

into the V-u~A jack and the black lead going 1nto the “common" jack.

Meter Scales; . The lines marked with small divisions that show the amount e
measured. A ruler is a type of scale used to measure distance. A meter scale o

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. /

) S ,
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| Information Sheet No. 1 , :
®

/

| General description of the volt-ohm-milliammeter. Commercial models of the

‘ volt-ohm-mil11{ammeter (VOM) multimeter are able to measure direct and alter-
nating voltages, direct current, and resistance.\Additional functions are
somet imes included. A wide variety of models are available.

“w b

‘b. '
. 3
"
g 4
POLARITY
SWITCH
, (
RANGE ‘SWITCH A - 3
A AND FUNCTION INPUT ‘. C
SWITCH . JACKS
1 ) | S : | Vi
1 '- / \
o/ .. )
‘ s 127 '



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

4‘ ’ e oW

CEL-BE-13
“Using a VOM

Most VOMS have several features in common. They are-the following:

1. Polarity Switch selects +DC, ;DC or AC depénding on what it i; you are

3.

gofng'to measure. (See drawing for a typical example.) "

f’}' Y s |
v
B ) oo
. |
POLARITY SWITCH 'oR {4 ZERO ADJUSTMENT
\g\\\\\ '*L L X ) ’
\_\ ] Y, -

: "~ INPUT am«sj LFUNCTION -RANGE SWITCH -

tance) and the range to be measured (100 m& or 10 mA, etc.). Only one of
the ranges can be selected at one time. ‘
. : ?

Ohms Adjust (sometimes called zero -ohms) is a variable resistance in the

ohmmeter :Ercuit. It 1s used to adjust the meter when measuring ohms to
allow for hanges 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 léads are
touched (shorted) together. The meter 1s adﬁusted 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.

{

@




. B  LL~DL=10
v . Using a Vom

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.

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

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

Trom Wi Tehvatues may “be vead, T T T , T

" 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 1mportant. i . *

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




- Self-Test S o

rad

-Geheralfﬁescriptionnof the volt-ohm-mi111ammeter

.1.‘

3.

€.

f.

Polarity Switch
2.

- Test lLeads

'(Se]ec;ffrom'answers at bottom of page.)

F%nction-anqe Switch

Ohms Adjust

Input Jacks -

_Meter‘Scéles’.

) . /"

. Used to adjust the meter Wher measuring -ohms.

‘Wires that are uséd fo~connect the meter to the circuit.
selects +DC, -DC, depending on what you arefgoing to measure.

Marked with 'small divisions from which values may be read.

EL-BE-13
Using a VUM

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

measured.
[

Places on the meter where the test leads are connected.

e - X

?
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~ Information Sheet No. 2
General procédure 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
PR proper method of setting the meter. ' .

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

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

4, Function-Réngg'Switth 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 parallels -
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 positive point. If you are unsure of the connection, consult
your instructor. : . «

6. Circuit On If the voltage reading is within a lower range (in the lower
"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. ' .
7. After the reading has been made, turn the circuit off, remove the meter,
' and” turn the meter to "OFF" .or to the highest range to protect the meter.
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-~

IMPORTANT ] R o
General precautions should be followed with the VOM as with any other meter.
Some of these are as fo}lows . . |
y ‘ T F
When measuring voltage, the circuit s necessarily alive, so keep one hand

.in your pocket. This is a safety precaution. ‘f you use two hands con-

necting the meter to a circuit, you are placing yourself in parallel with .
the circuit and may have a short circuit through your body. When electri-
city passes through your heart, it can, and probably will, cause severe

/ v« 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 will damage the meter.

. ™\
2 4

o ‘
& ” . . ) .

. )

.
.\ ! ’
l [ ]
o \ "
"
.‘1 . N . , '. ‘
ERIC , 10». 13" Co
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' “Using ‘a Vom
Task A |
' ¢ . ‘ N
Equipment: o . -
"One VOM |

One DC voltage source

Procedure:

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

2.> Blug in your voltage source and locate the “common“ and 30 VDC terminals.

3. Connect your.b]ack lead to the "common" terminal and your red lead td the ~

“+* terminal. | ' _ s | .
4. Does your meter needle move? If.not, yeu 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 markqd on the source, Record your measurements o
in the chart below .
’ TERMINAL VOLTAGE MEASURED VOLTAGE INSTRUCTOR'S 0K ,’"
- ' 30 VDG |
i t ~ , 3
18 VOC
12 VDC | .
. 5 VDC | o . iy

5. Get your instructor's evaluetion.
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 . ‘ | \ L § ;

|

. . . *
i
. . i




N -

| Ta,sk B

EL-BE-13
Using a VOM™

.g v
o |
Equipment : f "
COnevow @ |
. One AC voltage source. . \
Procedure: - to. o | .
l. Set meter function-range switch for highest AC range. ‘Hook up test leads ’
. in proper input Jacks (have 1nstructor check). -
2. P]ug in %oltage source and locate the AC terminals. o _ _ \\
3, Connect test .leads -to AC terminals of your voltage source (on AC, |
polarity does not matters A . :
j _ _
4, Observe scale and reduce ranges slowly one step at a time until the
.needle rests in the" upper half of the scale.
- 5. “Record your reading and range for AC. : ,'f ,r. o T ©
RANGE oveLtAeg .
AC | | ' '

Have injtructor'evaluatep o

[
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General Procedures for using a VOM to measure resistance i
. ' . g

The following is an outline of the basic parts of the meter used ta measure
resistance. . Lo , L i S

"théh“measuring TESTStanté”WTtﬁ“the“VUMZor multimeter, it s necessary to follow
~certain gyneral procedures. These are as follows: ' :

1. Lead Placement Place the leads into the proper input’ jacks. These will be;“,
~ athe + (or V-Q-A) and - Jjacks, .as used for most other measurements, Bt

[ ; . ' \ . .
2. Polarity Switch This switch is placed in the DC+ position, as the meter
"will not work properly when on- AC DQNQC-. ‘ _ -

3.. Meter Zero The meter must be set to zero to measure reststance. Nearly
-alT VOMs have the highest resistance where the smallest clrrent flows, =
The highest resistance readings are, therefore, on the left -of the scale, -~
‘ and the VOM usually does not have an adjustment for this side. The meter '
.- zero allows the operator to set the meter so most-current. is flowing when
' the resistance is zero. This adjustment is made as follows: )

g"nﬁﬁtep a: With the range switch on the resistancé range desired, touch the -
- - two Teads together (short circuit). L | : :
uStep'bi Move the zero adjustment so the needle pdints oVer-ﬁhe extreme . - -
.. right hand side to zero on the ohms scale. . . kN

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, také 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 rarge. is R x 100, the value would

. be 2.2 times 100, or 220. S

g » '

5. Read the meter scale and multiply by the number indicated on the range ,
setting, and record the Value if necessary. (If a range setting-adjustment
is necessary for a good reading (in the center two-thirds of the scdle), be: - -

" sure to check zero ohms again at the new range setting). - e

6. When finished with the readings, turn the meter to ;hef”OFF“ bositidn or to ; :1~LN;\'

the highest voltage range to protect the meter.

[ .
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-' - Task C | | . , - |  ®
. ) _Equipment: . | |
One VOM _
One resistor assortment (at leasy 10 resistors)
- Procedure:;
You are going to measure the resistance of some resistors that may have a
wide range of values. NOTE: All1 the ohms ranges go from zero to infinity
(=), 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). '
'lv_flhsert test leads into broper'dnput jacks. ’
, 'r'~ ‘“ 2, Select resistance range. |
3. Zero your meter on this range. | -
| A, Connect leads together (short). o -

" B., ‘Slowly turn "ohms adjust" knob until the needle is exactlyaover -
S 7. the zero of the ohms scale. If the needle won't go all the way to-
. RN " . Zero on a certain rqngs (usually a lTower range), have your .

. o - -instructor check it. You may need a new battery in your meter.

R .4;”;Touch)the;test.]eads to each end of "the resistors and carefully read
- each value”andgchart below. Also list the colot-code value for
- each. < , -
., " COLOR-CODED VALUE _ METER READING
. BRI A
o A )
e e | //._iHave your instructor evaluate.
i - .
‘! ," 5 14 | ¥
.4 o LR 136
N .y




f

*  Information 3heet No. 4
:

) . : ) ] N ‘ . ' ' . | ' . . / F . .
— - C | |  EL-BE-13
. L ' ' ' Using a VOM -

)

{

I}

S
oy o

General Procedurd for Using a VOM to Measure Current

" The following is anlbutline of the basic;p&rts'of the meter used to measure

»currgnt. . _ {

When measuring éurrent with'a VOM, it is necessary to follow certain general
procedq:s;fg Typical procedures for'measuring.milliamperes.are as follows:

1.  Lead Placement Place the leads in th proper input -jacks. ‘Usually the
leads are connected to the.+ and - jacks , as before for milliamps. “Other
Jacks for amps or for microamqs are available when reading these respec-

tive values ef current. . v
. . Q . - Myeew . .
2. . Polarity Switch This switch is to be "org*. DC+,\¢s the VOMs do not usually

-measure AC current. | o

3.  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 maximuh for a lower range. - — :
4. Meter: Connection To be méaéﬁred3 a1l of the current that flows through . /‘
' the component must a)so go through the meter. To make this possible, it

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

Assume we have the circuit of Figqure 1, and we wish to measure the cyfrent ¢
at point B. : S !
-t ' ) ‘ ‘ !

A - RESISTOR B )
- ANN— -0— . ~4T -
VOLTAGE SOURCE
-+
N . Figure 1~

Break the circuit at point B as shown in Figure 2

RESISTOR B ¢

. A
| ' VOLTAGE SOURCE
’ _ T

1 1Y Y

P 4

Figure 2 -
'.
) 15
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~Connect the metenqi¥ Shqgg tn Figure 3 with the negative lead toward the .
" negative side of Ahe circuit (point B, in this case) apd the positive. lead to - '
B the positive side of the circuit (shown as point %2. : Y
Sy ‘;‘;# .
’ / -
y
v .
| / ‘
o |somRee )
Iy X
. ) - ! L
Figure 3

. 5. Voltage On With the voltage turned on, the current 1s‘floq1ng through the
circuit. If the needle does not go above one quarter of the scale, turn
‘the range switch down. one range at a time until the needle moves into the
~ middle or upper half of the scale. (Figure 4.) o

-

VOTAGE K .
SOURCE | B

—t® |
—® 4+




N ;o " EL-BE-13
' 5 ’ ) . Ustng a VOM

Voltage Off Turn off the voltage, remove ‘the meter, and turn the meter

or to the highest voltage range to protect the VOM, Switching to the

highest voltage range switches out the ohmmeter ard the ammeter sections of
the VOM. Both the ohmmeter and.ammeter sections can be easily damaged by *
external voltages. Only switch to the ohmmeter or ammeter sections when
you need them. .Otherwise switch to "OFF" or to a Righ voltage range for
protection of fﬁe‘meter. "

edRTaNT - N

Since 1t¢Ts very easy to damage the meter when attempting to measure
current, 1t 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!! (O#e-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 l1ike a short circuit and must be in series with
the load, whereas your volt functions tend to act like an open switch.

A,k.

. 0 " .
CURRENT ' | YOLTAGE .

. METER - | METER

CLOSED SWITCH

..

K
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@ TaskD | : |
Equipment : |

“One VOM / S
One vgltage source
= Four resistors, 1/2 watt  One 1009
. - 7 ~ One 1k . ' |
\ One 10k _ :
o ~«. . One 100k _ _ . ~

Procedure:

1. List the ranges on your meter for current (DC mA) starting with highest
fi I‘St. N . : I .

(o]

HIGHE ST | o - . o S

LOWE ST

.

Now, iﬁ the right hand column, record ihe'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
RANGE S SWITCH DOWN TO NEXT LOWER SCALE."
N | n
500 mA 250 i
250 mA._
100 mA
- 50 mA
\(. 10 mA
'5 mA
° -\
] ¥ 140




- EL-BE-13
Using a VOM

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

Have ‘your instructor check your: understanding.of this before proceeding

Set current function to highest range and place test leads in prOper 1nput
Jacks.

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

Connect your 100 resistor to the 5 volt terminal and your black test lead
to the common terminal of your voltage source. DO NOT CONNECT YOUR RED

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

A
)

Meter range and function.

Test lead connection at meter;'

L J

Proper output terminal of voltage source. 'i

Correct resistor.

S , . ¢

when approved hook up red lead and adjust range. switch AREFULLY until you
can make y0ur reading.

[}

ketord thisAcurrent: , . (

You should measure somewhere around 50 mA. If you do not get anywhere near
this .value, consult your instructor before proceeding.

If your reading checks out, proceed to use the _remaining resistors Record
each measurement in the chart below N

ReSISTOR CURRENT MEASURED INSTRUCTOR'S OK
1000 - » ‘ :
1k " . ' . T
10k ) ;
TO0K » — |
' )
! ¢

N T T . A
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Final Evaluation

PRQPER READINGS ON: - 0K Re-Do-

TASK A “ . S

TASK B - ; ;-

TASK C P R

CTASK D » o :

METER STILL WORKS PROPERLY '

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

Ve




Y
\

EL-BE-13

* ) .. -
’ . Usiqg a VoM
| ¢ 1
Self-Test Answers R
l. ¢ ‘
2. e B
30 d A N .
4., f
5. d !
6. b
. LY J*
/
t
{ 4 \ - ‘
Y \ K
. - 2
\ :
\ <



“Goal: \ o

. - .
The apprentice'will be able to -
copute eloctrical problems
tirough use of Ohn's law,

Ohw'S LAW

A ]

Il

?

Compute

voltage

Comput e
current

Compute
voltage

. | - Performance Indicators:

current from given
and resistance.
resistance irom given
and voltage. o

current from given
and resistance.

. .
' . »
. ' ' ’ ‘
-
” ’. ( d
o ' . ,
) ' v P
) o I ‘\ . .
‘ 144

———“ Y-
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Ohm's Law
o Objectives *
Given: ' , The student will:
 Ohm's Law | - ' Complete a Final Test solving Ohm's |

Law problems with 80% accuracy.

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

- Materials to,perform a T .-A Cdmplete a Task for cubrent.
series of tasks
- _ : ’ Complete.a Task for voltage. /
\ | Complete a Task for resistance.
Directions

~ Obtain the following:
one circuit board
two 1K resistors (1,000 ohm)
" one multimeter : . o

one variable voltage power supply

A earni ng Activities - ¢
Study tﬁe Key Words 1ist, - - ',

- Read the Information Shééfs. v

Do the exercise on memorizing Ohin's Law.

Do the Self Test on Ohm'S-yaw probleis.

Do the Self Test oﬁ Ohm's Law equations.

bo’the Task on Ohm's Law.for current, ~ .
Do the Task on Ohm:s Lah for voltage. . -

Do the Task on Ohm's Law for resistance.

Do Final Tests I and 11.

FEETET R

[
Obtain Final Evaluation.

o , 147
5 ) ! ! : - ) . t,
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: Ohm's Law
' ® Key Words
" I: Math symbol for current.
R: Math symbol for resistance . '
E: Math symbol for voltage . - T . 1;5_

~I'= E Ohm's Law equation for current'when voltage and resfsiance are

v "R known, |
R=_E Ohm's Law equation .for resistance when voltage and current are

> T known. i /7h
_E.= 1R_Ohn's Law_equation for voltage when current and_resistance .are
: known, e . o | -

_ I
. . v .o

Directly Proportional: A math relatfonship in an equation that results in a

Targer or smaller dnswer when the terms on the other side.of the. equation get

larger or smaller. ' vt | : -

, Inversely Proportional: A math relationship in an equation that'resﬁlts in a
smaller answer when the terms on the other side of the ‘equation get Targer, or
- .a lerger answer when the terms get smaller onkthe other side of the equatipn.

Ohm's Law”P[%Sd A circle used to easily memorize each of the Ohm's Law equa-
tions. Jo f "I" you would put a finger over the "I" term and the remaining

part would form the equation: I= E

R
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Ohm's%

1 @ Information Sheet

L : - Y _ :
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, thé™law 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 = E

.

Since there are three terms in the Ohm's Law relationship, I, E and R, three
. equations Ti? be derived from thissstatement. The,threé equations are as

follows:
For Current\ I = E (E divided by R) (E :R)
A S |
*  For Voltage E=1IR (I timesR) (I x R)
« For Resistance R= E (Edivided by 1) (E31)

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

@

*MMEMORIZE THIS*

. /
To solve for voltage, you simply put a finger over the E and’you get I x R, or
E=lRo ° :

“To solve for gurrent, put a finger over the I and you get or I = _%_.

"To solve for resistanée. put a finger over the R and you get E ‘or R = E .
. T T

v

Simply cover the letter you want to solve for and the ‘remaining letters form
your equation. S _ : .
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e . . ’ _ Ohin's Law '

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

1. The voltage if we know the current and resistance. E = IR,

3, .
2. The resistance if we know the current and voltage. R =‘_%_.“*

(Y

3. The current if we know the resistance and voltage. [ = _E . o
- : . R~
In addition you need to remember that when using Ohm's Law in a circuit you -
must use each term as follows . _
b)
[ is the cyrrent through the resister.
E is the voltage acrass the resistor.
R is the value of the resistor.
***xYou must know two of the three terms of each equation to solve for the
third  *** - , C
'CURRENT THROUGH
- RESISTOR
L : . &
b .
RESISTOR - VOLTAGE ACROSS
- RESISTOR
You may'look at each of the three-terﬁs_another'way.
1. I is the total current through the entire circuit. .
2. R is the total resistance of the entire circuit. ’ o
3. € is the total voltage applied to the circuit. | S ". v
; . . . ‘ , “
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: <. S - Ohm's Law
- . v‘ . ' . : L. ' \ L - . . \‘ .
| . TOTAL CURRENT — ~ . C
’ - - . .FROM 3UPPLY ?@ N | | -
. o . - L ) '
o .- TOTAL VOLTAGE — -—¢ R L@@‘N‘g\m\;
“FORCIRCUIT T | e
_— #
When solving for Ohm's Law equations remeﬁbeb to convert all values for | ‘&

resistance, voltage, and current to their basic units.

~ The basic unit for ré%istance is the ohm, - | - | _
" The basic unit for voltage is the volt. : ' , ,
The basic unit for current.is the ampere. o

To help you work problems using Ohm's Law, the equations will be presented
showing all conversions to ohms, volts, and amps necessary to solve each .
equation. In the following circuit diagrams-the symbol(a)is used to represent -
the ammeter that 1s measuring current (I) in amps. ST :

. Now let's try a few grqblems using each equations to make sure yod‘;an follow
‘ . .the math involved. - ' ' .

’.

FOR CURRENT

/ ‘ |
GIVEN | S : I = E
: E= 10 volts : : ~ "R
R= 1000 or lk‘ ' ' :
N ) 1= 10
| - “1000  (k ohims converted -
/ o~ “to ohms)

B o y ’/‘Aﬁﬁ/ - . I = ,010 amps or 10mA
.UNKOWN CURRENT | - ‘ |
NAMMETER  §Ika(y) YOLTHETER |

el READS IOVOLTS
‘ : - .'M . -




.

"FOR RESISTANCE

IVEN |
= 20 vo]ts. o
[= 20mA or .020A]

&
v
.

‘. ;AMMETER: L .
. l?E%V)SEX)rnA (2€>

UNKOWN -
RESISTANCE §

o~ P
b L

. FOR VOLTAGE

GIVEN
I= 15mA or .015
R= 1k or 1,000

&
oo

METER
F/:?ADSIS ®

e 2

L i
v

\ RN EL-BE-15 .
CT T e Ohm's Law :
e
S R Y]
S | R E |
\\k . T /
, » HJR_'
) Ufﬁﬁ (20mA converted
to amps)
R=.1,000q or lk
» N\ ) N
” i
\
/
. ¥
' E = IR 3
o o E = .015A x 1,000 . . {
mA converted k ohms_converted
%
UNKNOWN .
VOLTAGE ON .

VOUTMETER -



bLeBt-1b
Ohm's Law

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

¥ SA. v o) 1 ‘33&41,"'
| WY _ | — W™
‘ L 3y " R
Sl ML Ji1|=
L 4
E
AAA PAN
' ¢
I |
\ .
N N sy, ‘
it 1 'l
e T
3mA
3 ._SA 3.0 1 =l 2R+
~“AAA —~AAA
£ &
+or - + -
L———ilv I+
%
- %)
/[ ; 254 LA g
/NN VAA-
L0V _ .
Ul iy
0 ;.
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X . - Ohm's Law
® Self-Test
' Ohm's Law Problems

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

. N
2 ‘ |3 . P
L E:20v | L E=l120V .- ] e
= R:100f = - OR: = R 1000
= [ =
I= | I=10A I= 1A
5 e 7
L. 75y £ E- 4 sV
= R = = ' R=5ra = R-5004#
[ < T so00) T :
I=500 mA T 2100 mA I=
(.5A) -~ (1A) - P
“ '
’ ¥ -
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Final Test 1

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.
.“

bt L e

,".f‘

Ohn™

»
-

4 .
| S
VAA = R=_§=§_Y:|JL " . ./2\5/\/\
R (R
= .
Jl'l || L
M M| 1'ir
150V
4
. /.' - :
- 52 O - ape
— AN . I\
s -
4 14 I=
oV 5V
+ - _ —_
1]t i+ .
3A 4. 6 .
— W VAA
E: I I’..'.
+ E - 50V,
L Jl
all[; 0, .
]
| -
'8 n 155
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8) _I=2A

R32

I=10A

12
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,Each equation tells us wﬁat,will happen to our answer as each term»qoes up or
"down 1R value. ' _

Refer to the illustration below:

-

DIfECTLY PROPORTIONAL TERM

o

A. I =E (E goes up and I goes up) (E goes down and I goes down)
R *R goes up and I goes down) ( R. goes down and 1 goes up)

INVERSELY PROPORTIONAL TERM

I = Current 1n amps

o (I goes down and E goes down)(I 4goes up & E goes up)
B. E = IR (R goes up & E goes up)(R goes down & E goes down) .

BOTH TERMS ARE DIRECTLY PROPORTIONAL

t = Voltage in volts

DIRECTLY PROPORTIONAL TERM ~ - - S

C. R =¢E (E goes uﬁ/;nd R _goes up) (E goes down and R goes down)
I (I goes up and R goes down) [I goes down and R goes up)
. 3 )

INVERSELY PROPORTIONAL TERM

o

\’R = Resistance in ohms.

"Remember the basic way Ohm's Law was stated: The current through a resistor is
~directly proportional to the yoltage 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 goestup, the current goes

~ down. - Mathematically it looks 1ike this: \ -

(any term on top of the line on the right side of the equation is -t
_%_ directly proportional to the term on the left side).
I = A\l
(any term on the bottom of the line is inversely proportional to the
term on the left side. . ' _ | *

You should be abléuto see that, within this equation, {f the voltage goes up,
the current will 'go up. If the resistance goes up, the current will go down.

/ |
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Consf&ér the following example of direcf proportion ,

EL-BE-15
Ohm's Law

e

Voltage in B is
2 times that of A

A, I = .5_.‘ | | e
I-z-g—v-
108
[ = 27 g _
| Current in B is | ° ™ |
=i 2 time$s that of A
/
B. 1 ;_% . . , p
. 40
I ‘Tﬁzn
I=4A-‘—-

0

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

curren® are in direct proportion.
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Next consider an example of inverse proportion ¢
{
S*E—- i
[.2 2A - Yo
- * Resistance in B

Current in B s o . is ) that of A
2 times that of A : -

1!?1 ?-ﬁ; | .

[ = 4—8‘% _ - . | .

[ = 4A

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

4

¢
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o | -~ | Ohm's Law,
@ ‘\
* X
- N
. ¥
»
A. 1
¢
I .
c _ Current- in B is : ;,_% Resistance in B
I = 2" 4 times that of A | - *| 1s % that of A

.

B. I . £ T

Note that when the resistance was cut to 1/4 in B, tho'current in B.increased
by 4 times or by the opposite proportion. Recall from your equations packagg

' 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. ' Lo

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. : '

« 160
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At this point, you should be familiar with the gpea of direct proportion and ‘ J

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

-and state it in Spoken terms. ' i' . ‘ _ i
0] s _E_ The current 1s directly proportional to the voltage |

For Current; 1 = "R~ and inversely pragortional to the resistance.

-

'For'Voitage E = IR The voltage is direé%ly proportional .to either the.
. | ~ current or the resistance. =

For Resist . _E_ The resistance is directly proportional to The /
pror Resistance R = —— voltage and invers&ly proportional to the.current.

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

' reason 1s that understanding Ohm's Law 1s 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. You may have to
learn to do {his for testing purposes to be sure you can work the, pr » but

‘. iy 1s of little value when confronted with an electronic problem/in/some Jype

' of radio or television receiver. Your skill in using your knowlpdge be in

how you analyze the problem. You must be able to interpret thejvoltage,
resistance and current measurements that are different from that called for in
a schematic diagram. This is the real test of your ability. In a later unit
we will explore troubleshooting using many of the ideas presented in this
learning unit. ) ‘ 1 '

\
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. L4 a L _ Ohm's Law
' . - Self-Test | o ‘ | .
DlRECfLY PROPORTIONAL VALUES & INQERSELY PROPORTIONAL VALUES USING OHM'S LAW
EQUATIONS. R 'S
1.

» e

K

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

'1a. remain the same.

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

~What happened?

-Voltage was increased. i
b. Voltage also decreased.
¢. Voltage stayed the same.

If resistance stays the sane and the voltage decreases, what will the
current do?

a. Increasé | ' Lo
b. Decrease : S ' .
c. Stay the same

happened?

a. Resistance inpreased. S | .
b. Resistance decreased. : C

“c. Resistance stayed the same.

.. If the current doubles through a resistor the voﬂtage across the resistor
will LN . ) 'E

“be 1/2 of the originglsvaluef~

be twice the original value.

If the resistance 1n a resistor doubJes the Current through the resistor
will : \
_ E 5
a. double in value. . '
b. be 1/2 the original value.

c. remain the same. v




‘Task A
Obtain the following:

1 multimeter
1 ammeter

2 1k resi

1 resistor of unknown value L
1 circuit breadboard i
1 ‘power supply

CONSTRUCT THE FOLLOWING CIRCPIT:

STEP 1.

meter.

STEP 3.
STEP 4,

STEP 5,

- EL-BE-15
Ohm's- Law

t—

stors

Using Ohm s Law equation for cyrrent, solve for the current through

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

Now apply power to the circuit and record the current measured by the
A > gL LA .

YOUR CALCULATED VALUE IN ST%P 1 AND YOUR MEASURED VALUE IN STEP 2
SHOULD COME OUT THE SAME.. ,

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, thei current should be ~ of the value measured in
Step 2. The exact amount of cu'rrent should now be mA.

Connect the jumper so that the ammeter will measure current. Record'
the current measured by the meter, '“‘E“mA.

THG CURRENT DECREASE MEASURED IN STEP.4 SHOULD MATCH YOUR ESTIMATIONS
IN STEP 3. |
]

_Obtain your instructor's evaluation.
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. TaskB )

CONSTRUCT: THE FOLLOWING CIRCUIT:

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

STEP 2. Using the Ohm's Law equation for solving for v0ltage solve for the
' voltage across the resistor (Ep) and record the value. v

~ STEP 3. Starting at zero volts. turn the power supply voltage up until the
~ammeter reads l10mA, Measure the voltage across the lk resistor.and
record the'value;- .V B .

' " YOUR ANSWER FROM USING OHM'S LAW EQUATION IN STEP 2 SHOULD MATCH
. ‘ ~ YOUR MEASURED VALUE IN STEP 3. _ _

a. STEP 4, Remove the voltmeter from across the 1k resistor.

N N STEP 5, Increase the power supply voltage until the current doubles or
equals 20mA, _

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

- STEP 6. Attach the voltmeter across ghe lk resistor and measure the new' '
voltage. v .

YOUR ESTIMATE IN-$TEP 5 SHOULD MATCH YOUR MEASURED VALUE [N STEP 6.

STEP 7. Obtain your instructor's ; evaluation.




Task'C

CONSTRUCT THE FOLLOWING CIRCUIT: |

STEP

- STEP

STEP

STEP
STEP

.STEP

- SYep

STEP

]

AMMETER RESISTOR

<
ot

|h|

+

- ATTACH METER
+ T0 ~AS INDICATED

)".‘ ©

EL-Bb-1D

~‘-§ Ohm's Law

UNKNOWN

VALUE -

S

masking tape.

; Have yOur instructor cover the color code on a resistor by using

Install the resistor as indicated in the above. dfagram.

Starting with the voltage at zero,

.ammeter reads 10mA.

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

Measure and record the voltage across the unknown resistor

inerease the voltage until the

'V'

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

Remove the resisaor'from the circuit.

value of the unknown resistor.

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

STEP 7.

Ohms

Obtain your instructor's eva]ugitnn.' .
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Fin.al Test _2 .
l. The resistance in a circuit went up but the current stayed the same, What o \
~ happened? . ‘ E

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

2., If the resistancé stays the same and the voltage increases, what will the ~
current do? :

. . ®
A. Increase. ' : '
B. Decrease.
C. Stay the same.
3. The current in a circuit went up but the voltage stayed the same. Nhaf
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. v
B. be 1/3 of the original value.
C. be three (3) times the original value.
5. If the resistance in a resistor decreaséd by 1/2, the current through the
resistor will |
A. double (X2) 1i value. -
B. be 1/2 of the original value. v .
. Co remain the same.
!
L
‘ .
5 (3

22' 166 " N
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Final Evaluation

[ 3

¢ 0K . Re Do

Completed the Task on Ohm‘solaw for current

Completed the Task on Ohn's Law for voTtage

Completed the Task on Ohm‘s Law for resistance

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

; Completed Final Test - Il on Ohm's Law relationships
. with 80% accuracy.

When all checks 1nq1cate 0K, proceed to the next'learning package.

) o T 3 8
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| \
. Answers
P | Answers to Exercise #] - 4 k
| | ¢
1. R= E = 3V 1q L | -
: T T o : g \
- 2.1 = E =10 = 2A | | | - ‘
O | | .
3. ExIR=3AX38 =9V # S |
4. 1= E = 150V = 6A S a \
R TZEa | , - ¥
5, [-=-<g =~ 15 = ,005 = ,005A or SmA K B
. R 73,0000 o
6. I = E = 150V = ,03A or 30mA
x /m | -
7. E = IR = .003A X 2,0008 = 6V L ,. | X
8. R= E = 9V = 30 ‘ |
T % | . v
Answers to Self—Test‘fl )
1. I = E - R=_E E=IR
R T
. ' I’ .
Any order is correct as long as the equation is written correctly. .
2. 1= E 1= _20V. I = .2A0r 200mpA. W
"R 1006
3. R= E_ R= 120V R = 128
N Tk . |
4. E=0xR;€E=1x1,000g0;E=1,000VorlkV ‘
5. R=E ) R = 75V Re 1500
6. Ex IR - B = .1Ax 5,000 E = 500V ' |
7. 1= E 1= 5V "~ * I = 10mA or ;010A - . -y
NN “Boon . '
) ¢ » . ,
L] | . ’
« / 24 16’8




Answers

EL-BE-15
Ohm's Law:

Answers to Self-Test #2

l.

B.

. _E
T

£.
I.T_

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

. Current and: yoltage are terms that are directly propor-

tional. Therefore, if the voltage decreases, the current 2}
would have to decrease.

Current and resistance are inversely proportﬁbnal terms.

. Therefore, if the current goes down, the resistance would

have to go up or 1ncrease.

In thisﬁznuation. current an& 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 and resistance‘to be inversely
proportional » Therefore, doubling the resistance (X2) will
have the qpposite effect on the current, and it will be 1/2 : )
of its value - (opposite of 2-is 1/2). '




.« Goal:

/

I 4

4

. The appreneicé'wi11 be able to use

POWER AND WATT'S LAW

..'l . .;

l.
Watt's Law in computing problems
in electrical power.
. 2.

Performance Indicators:

Compute wattage from given
voltage and amperage.

Compute amperage from given
wattage and voltage.

Compute voltage from given
amperage and wattage.
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Objectives = - T ’ |
J . Given: - - | The student will:
_ _ » . . _
Resistors of differerit wattage Perform an experiment demonstrating
and equipment to perform a task. . P, I, and E relationships using
, Watt's Law. \
Watt's Law P . '
: -Answer a set of test questions with
80 percent accuracy.
) ’ |
Directions
Obtain the following material: - J _ .
Circuit Board : N 10 ohm 1/4 watt resistor
Power Supply

Multimeter ’ _ 10 ohm 1 watt resistor

<

Learning Activites = - | | o

t gStudy Key Words Tist.
@ - Read Information Sheet.

Do Self Test on Watt's Law equations.

] T Do Task on Power.
\\ Do Final Test on Watt's Law.

' Obtain Final Eva]uation.
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> ..'/( . . M . . ' ‘ Power/and Watt's Law
Key Words =~ - | | ‘
) _ g p .

. ' Power: Work done by_e]euruél pressuit ol valtage, ' v

Watt: The basic unit .ot power.

Watt-hour: The bhasic unit of power multiplied by time. / , //
. Wattage: The amount of power in watts used Lo do work by an electrical device.
Watt's Law: P = 1 Xt° | .

Amghouf: The amount of current per houwk available in a battery.

Power Dissipation: The amount of heat yenerated in 'watts by an electrica) _
device doing work. » . ~ ‘

13

Watt's Law Pie:

‘ ~ Dissipate: To‘give off _ener‘gy in the form of heat.

‘ - T ...‘ - C e e i . — .
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U o . | S S 3 Power/and Watl's Law
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N . . ' . %

The hastc unit of power 1s the watt. Al Qt Lhe items that you have 1n your
home that use rlectricity will tell voi how mich powe theéy use Iy telling
you how many watts they use. ) ‘

Approximate Cust of Operdation of {pplicances

”*“ﬁwn‘mwaﬁw‘“‘“W‘M]m“"“ﬁV?FHﬁEM”hwtst. Cost per Month
A Aupliaqggum“__"_“? _ Wattage | at $0.04 Per KWH
e .
Y ' Toothbrush : 1.1 .003
| Clock 7% L. » .06’
= Hair Dryer o 1 05
Sewing Machine ' /hox .04
Shaver | . b .04
Toaster . l 146 A W13
Vacuum Cledne ) 630 .15
. Radio ! n .29
' Washing Machine 512 .34
Coffee Maker | 894 .35
TV, B aw y 4 .33
v, Color © -~ | 14y 1.06
Dishwasher , J/ul o .21 .
: Refrigeratory, - ! - 2.33
: Freezer ‘ ‘
‘ ' Manual Defrost | .
Clothes Uryer i 4850 . 3,31
Range with oven | 12,200 3.92°
: , NRefrigeratour/ i - 5.98
r , Freeczer o '
’ Auto Defrost : !
. Water Heater ) 4474 i 14,91
i Central A/C ! 16/0/ton 35.00
ST ) \
‘ W
PR . ~ ¥ Y .
(o RS /
@ \>> '/
7 p— - : .
©)
«l.
- hond ]
/ , ,
® '
. 1 .

- 1
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\ - Information Sheet -

: . You will often hear the words "alternate sources of energy" when describing
‘ different sources of electricity., Nuclear energy, solar energy, geothermal
energy, and wind power come from different sources. The energy from all tHese
different sources can be used to create electrical pressure or electricity. v
. When this electrical pressure does $ome work for us, such as light a lamp or
run a TV set we are using some of the energy. The amount of energy we use will
depend on the type of workbeing 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 elecggicity is used to do something, power is.
also being used. The amount of power used depends upon what type of eléctrical
appliance you are using. _ ' : ) '
|

| II il

L

!

JIHEEE

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 he#ter 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 o
can prove very helpful in trying to keep the‘electric bill as low as possible. toy
If you -have ever looked at your electric bil) and tried to figure out what .
makes it so high, you may have noticed that you were billed for the amount of P
watt-hours used. The amount of watts used times the time in hours the power . e
1s used is called watt-hours. . '

* —
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Power,/and Watt's Law

. S ‘ ‘ -
. o 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 mare light than a .40
watt bulb 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 multiply the

) amount of power jn watts the appliance uses by how many hours it 15 turned
on.~ For example, if you leave a 100 watt light bulb on for 30 days or 720
hours, vou would use 100 x 720 or 72,000 watt-hours. This would normally be
expressed as 72 kilowatt-hours or 72 kwh. . o '

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
" ardenergy. 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
ele&trica] outlet to the other. The conductor forms a pathway for the elec-
-tridity. The appliance or the electronic device which is pluqged 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 R . '

<

WALL OUTLET

POWER CORD PROVIDES PATH FOR

' ' - ELECTRICITY TO FLOW FROM ONE 4
/ O\ _ OF THE OUTLETS TO THE OTHER.

WALL :
. OUTLET
B
L | l
. howolTs R,
“ J APPLIANCE - 1
(LOAD R ) - ' Schematic Drawing
v | ’ of above pictorial,
8 7 ) \
[ A .
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- : ' ' [

Power is also used it you provide o conmeating path petween the two terminals

of a battery, even it there 14 0 todid. The battery will go dead almost '
- immediately if there is no loan to Jimit the flow ot current. This is known

as.a short circuit. : : -
The load parts ot the olectrical system in a car, such as headlights, radio,
startery, provide a resistance to the flow which 1imits the current drain froni
the battery. ‘The load also dissipates heat and 1light which prevents the wires
from burning up. o : L )

v Sy md e b .

. . ) ‘ "_
- '~
~
’ ‘ !
s
kY . :
f

.

O e e s ——

| + g S
The amount of power that 4 hattery 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
bdtteryo g " ~ |

. N .
SMALL AMOUNT OF PuWER : : LARGE AMOUNT OF POWER

The amount of voltaye that the Ldttery provides’ is not the only-factor we must
consider, The 12 volt flashlight battery 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 it cannot Supply the amount of power required by the car
starter, ‘ ‘ s '

You may have experienced o "ingn battery” 10 a car that would ‘not supply enough
power to start the car but would still cause the- headlights to Jight up, That

~ happened because the sturter requires mich more power than the headlfights,
When the bhattery gets weak, it cdnnot supply large amounts of power, but it
Still may be ahle to sunply & Haall amount ot power, X

»

, ~O\ . -
) .._ Q.:)u e | .
1 VOLT , L \
CAR BAT 1EHY | | Q | CAR:H'EADUGHT
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[N E .

' . o ' »
A [ 3
bevices“that get their power from a battery or power supply, such as that used

To find out how many watts are required by a device that tel you'how ruch
current -in‘amps it requires will involve some calculations. "M termining watts
needed (or power) is the basic function of Watt's Law. Electrhcal devices that.
plug into the wall outlet will always have the power in watts that they require

" 1n your expériments state their power requirements in AMPS'kigzead of WATTS, - -

- printed somewhere on the device. All other products that use poler from some

type of battery or power supply usually tell you how much current in amps they
require. How to convert amps into watts involves an equation knowﬁgas Watt's
Law. The law states that 1 watt of power is used when 1 volt of eldctricity -
causes 1 amp of electrical current to flow through a 1 ohm resistor.‘;

vour
OF PRESSURE

[N

’

142 RESISTOR

s
Watt's Law is usually expressed in an equation that b&e& voltade and current.
‘Tﬁe equation for Watt's Law using voltage and current looks like this:

» D
D .
.
.

ey 4
POWER EQUALS - - CURRENT-  TIMES VOL TAGE
in i * in : ' in
-watts : ‘ T amps - volts
« 1 watt equals . - 1 amp times 1 volt
. ' ‘

Let's gd back to the -problem of figuring out how much power your headlights or
car starter may require from the hattery. Due'to the load resistance inside
the headlight, 2 amps of current may- flow when connected to a 12 volt battery.
The car starter may represent 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 voltaqe across each load, we can compute

the amountvﬂ”poweq heeded for each device. =~ = .

.
0wy
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s

_ CAR HEADUIGHT

/
+ @ (A )—
~rvolt AMMETER READS
BATTERY CA ' ""E?tf
) _ . o /iy

\_ .~ ".,\\

‘the car .battery can supply is 600 watts X 1 hour or 600 watt-hours.

‘much energy, only 6 watt-hours. The larger car batt$£§‘can supply 600 watt-
" hours.. Since they are both.rated as providing )2 vo

required to do a certain work in a certain time: the car battery to turn the

P=IAE _P=2AKI2V _ P« 28uarts
D oY
| | E&Aﬂy$;;;Y; METER READS a
a | | . BOA CAR STARTER
. - ii ' _ <
P=1XE P=50AX12V P =600 watts

—

"

From the equation P = I'X E, you should recognize that all the terms are
directly proportional. This means that if the value of the current or voltage
increases, the power will also increase. The opposite is also true. If either
the current or_the voltage decreases, then the power used by the item will also
decrease. Most electrical items require a certain voltage t¢ 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 tiow flany 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 =1 X E or

P =50A x 12 v = 600 watts. The total amount of energy the lanteérn battery

can supply is 6 watts X ‘1 hour or 6 watt-hours, but the total amount of energy

As you can seé from the examples'above, the smaller battery cannot supply very

. » You should recognije
that it ‘is not how much voltage they provide but how much power and energy they
can supply that makes the difference, = -~ .

Thes type of power we have discussed so far has dedlt with the amount of powef

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 efectrical item. Consider your electric stove or electric
heater. Both of these devices are designed to give off ‘heat,

.
¥
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' . - Other items such as radios or televisions we do not want to yet too hot 4s heat

quickly damages the parts. When power is used to do some kind of electrical

work, heat is always generated by the work being done. An example of 'heat

-being produced by the work being done is the l1ight bulb. The light bulb is

principally designed to give off light. But if you touch the bulb after it

has beert on for a while, yougwill feel a great deal of heat coming from the

‘light bulb. 1If you leave your hand on the bulb for longer than a second, you

will probably get burned. Larger wattage 1ight bulbs which give of f more light

will also give off more heat. From this example, you can see that the power A
required by the light bulb is used in two different ways: L, e

1. The power.that produces the light. ‘

2. The power that produces the heat. .
Both of these powers are additive and the total amount of power required by the -
ITght bulb is the sum of the power used in heat and the power used for the

]ight. .{ . . . - E
Keeping parts from being destroyed by the heat dissipated in,doi$g work +in a
radto or television receiver igyof major importance to the technician. ‘To
»- assist us in selecting parts th# will not overheat or burn up, the parts. ~ i
manufacturers will many times give us the amount.of power in watts that the |
part can dissipate or throw off in the form of heat. More than that amdunt ¥
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.
. , |
awarrs |
SRS I [1/l6IN DIA N
VWATT 3BINDA | | - 1AWATE
| ' ,, |  JANDA
=) M) == AT ] | '
B v T YeINDA T o f]

Basically, the bigger the part is the more heat tt can safely dissipate; This
is true for almost all electronic parts. Remember our power equation P"= I X E
tells us that the amount of power used to do work and dissipate heat in our
: electronic circuit is direct]ly proportional t® the voltage and current. If
efther the current or voltage increases due to a short (a detrease in resis- /
’ "tance) in our circuit, the power will also increase. If the increase #n power '
is ahove the power rating of the part, it will probably burn up.

Q- ' ‘ | , . j“
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Consider the two examples below: ‘ | ‘ by ‘
. A. Voltmeter P=1xE 1
' ' reads . =
Y O 5WATT 20 volts | 2OV x oA
20V R&lSTOR P =10 watts
AMETER ) J 7
READS .5A
B, S WATT ~ Voltmeter 6 = xXE :
. ISWATT. reads ‘
b) - _ P =20V = 1A
v . RESISTOR 0lts B = 20 watts
SHORTED '\
AMMETER? _
READSIA \
' A
° . 3

%

‘Ih’ s | | o ‘  ,1@? 

Ay

In_exémple A, 10 watts is consumed by the resistofy Since the resistor is »
rated at, 15 watts, ft will not burn up, although Sf you:touch it you will feel
some heat. In example B, the current has increased to I'amp and the wer -
increased to 20 watts. That same resistor rated at 15 watts now has watts
conswned in it and it will probably burn up. B

’
3

T »
) Anytime you find a resistor burned up in a circuit, youvshould carefully check
- the circuit to be sure there is no short which would cause excessive curgent
to flow. Remember, a short means that the resistance has decreased sto a Tows+
value. From Ohm's Law, a decrease in resistance would mean an increase in '
current. It is this dncrease in current that woyld ingrease the power con-
sumed by the part. - - . '

To memorize Watt's Law and all of its variahles, we can use an ald similar to”
the aid used to memorize Ohm's Law. The Watlt's Law memory aid is also called a

PIE. (Since P =] X E;this is usually an easier equation to remember . )
v ) .

POWER IN - L

| WATTS -,
’ ™ | ) [}
o . CURRENT
. . IN AMPS . VOUTAGE
o -~ INVOUS @
,W_,,/.vf o, " 183 :
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f . .
‘. You cdan use the Watt's lLaw PIt Just like Ou used the Uhm's | aw Pt
y © To find the power , simply put your £inge oer the letter P
~ and’you get P = 1 X E,

y To find the voltage, simply put

R and you get b P
) : - ]

our finger over the letter t

Tolrind the current, simply put your finger over the letter |
’ - and' you get [ - P . . ¢
TR

1

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

Exariple A: To find the power when the voltage and current are known
’ bquation P « | Xt ' ' |
A

Voltmeter = . Pr=txl
reads - P=10 x1
10V o

10 watts

" Ammeter
reads 1A

3|

e

Example B: To find the current when the voltage and power are known.
Equation [ - P

_ P

, I ¢

? ‘ . 5

| : Voltmeter I =,7
‘ RESISTOR reads 20 .

35 WAT T 20V
E-20V USING 5 WA ]ﬁ)
) - :
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} Power/and Watt's Law -
. _ o
" . . Example C:-" To find the voltage when the current and power are known',
Equation [ _ P ' o
1
. P
=
[ B '] .
E=2 . . |
L RESISTOR E =..5Volts. - .
E-7 USING T WATT "

Anmeter
reads 2A

Cedrl,
i
-

w h‘ ! ! .

' Occasionally you will work with products that have a horsepower rating. One
horsepower (Hp) is equal to 746 watts. All power equations apply to horsepower -
ratings in watts, the same as any other wattage rating.

1]
’

7
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. | Ca o S Power/and Watt's Lyw
Self-Test . .= .= | .
: p g S . '
This basic circuit 18] !
used for:-all of the
practice prohlems £
R Hy
! S
) X (I‘
© You may refer to the Informatian Sheets for any equations,
1P = ' 2. P = | 3. B= bW
vl =2 A I 2 .5 A -, ‘ [ =2A .
=3V E =12V N "" -E::
o ‘ ) \ , 1 . . .
4, P =1W 5 P =2 W .. 6. P = ,25W * :
I 4,001 . [ = [ =
£ - V E=50V | E=5v{
: v
7. P =10W 8. P = | , 9. R = .51
[ =2A [=.05 « . | 1 =5 mA ,
t = : E=10V . E =
o ' - ' N . . *
10 P = p - NP = 25 W 12, P =10W
I = 20 mA . v 1= 125 mA . "1 =50 mA )
E =20V E= . E =
) ) N * ¥ ‘.
C. | .
- .
o - o R
C , ! e, - ‘.

»
*
1
'~
s
. '
. “
f
3 D
$
L)
\
. .
“
o LI
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: R o - r. Power/and Watt's Law

. Materials required: N

1. Low-voltage power supply b ’ ' '
2. Two resistors, 1/4 watt 10 g} 1 watt 10Q - S ;
3. Voltmeter 0-30 VDC - / | " '

o

N

Procedure: - . I
~Step 1. . Connect the circuit as shown below using the 1/4 watt resistor,

() " CAUTION: Power "OFF" and observe polarities. | . . : -

v"/ .. . \ N . '. . .
- | Lowéﬂ,\__ | . '

V@JA v ” T oy |

i ~|DC : N IO | AWATT )

o - . |Power A -

. - o R
L 3 - !

" Step 2. With the voltage control at minimum,'turn the power switch to*"ON" and
SOV slowly raise the applied voltage until the resistor beégins to get
‘ " warm.  Let the resistor operate §t this maximum condition for several
o minutes while you note the maximgm operating condition of a 1/4 watt
‘ r

resistor. Carefully touch the rdsistor with your finger to.note its
. temperaturé. -4

Step. 3. Raise the applied voltage slowly until the resistor heats aqd'burdsx .
i open. Note and record the value of the aqplied voltage when this .
. happens. {NOJE: When the resistor has opened there-will no longer be:

. @ current’path, current will no longer flow, and the.resistor will
have .infinite resistanqe. ' ' " <

'Applied voltage when resistor opened:

. . . ‘ . E . ., S - N
Step 4., Compute and record .the amount of power that the resistor was b '
L dissipating:qt the. time it opened

L]
Z

79@yeb"dj§s{pétion'at time of fafldre: e | , N S

¥
- LaN
A
4

:QRecqqqutgﬁhe’ctfcuit_uﬁjﬁg.5510§P1 watt resistér. . T

“Apply the.éamg Jaftégé'ﬁhiéh{destrbyéd the 1/4 watt resistor in Step 4,
‘noting the operating temperature of -the higher wattage resistor. - .

L §ﬁep 7~]xHow‘aéés thg‘6n&bat+ﬁgttéﬁpgrdtgré*q¢ thé?fésistors in Step 2 and 6

Ve

" Step 8.-'Qbtain the instructor's evaludtion. .

N
."_20\“'{-.';_
e B RN vy
. ‘ Y <A
v “ \
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o a. 087 A . b, ~87 A c. 1500 A
' . o
4;‘ ‘ ’
1 A

+ - e ' } p . _ ' w ’ .
' . ' ' ' : tL-pL=10
Power/dand Watt's Law

Final Ii”est , - U

The'following duéstions refer to this circuit.

| <:5€:>

25 W
250 V

—
non o u
—
3
>
. T »— T
nouw o
A\ 1

50" mA
500 V'

p—
non o
o
wn
_
—
noinon

25 W
2 mA

—
n n i

> E
—
H oo

7. A 115 V electric heater furnishes 1150 W of heat. What is the operating _
current? ' ; : .

a. 1.0 A b. 1.150 A c. 10°A

8. What current does the average 115 V 100 W Tight bulb draw?
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Final Evaluation

Date e
. ‘Name ’ — L S
0K REDO
Accurately completed a task demonstratlng
P, I, and £ relationships
Iy .
Answered questions on a Final Test with
80% accuracy
o, . e ;’\
/ I ’ ) T
g _ _
/
¢ o
J \ -
- ~
: ]
._l
‘ N
' *
!
: ;
\ ) .
. K
;g
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' , Power[bnd Watt's Law
| : : ' ‘ :

} | Answers \ S
| : ' .

Self-Test Answers

1. 6W
2. 6w

3. 025 V ’

A e
1] . .

4, 1000'Vlor 1 kv
5. .04 AorAOmA L.
o 6. .05 A or 50 mA | | o - » '
L | 7.5V SRR A o
8. 5w | | |
9.‘_100 V».
|
|
|
|
|

10 .4W . y -
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\ )
‘ KIRCHOFF'S CURRENT LAW

)

‘The apprentice will be able to -

use Kirchoff's Law in couputing
current values of electrical
circuits,

3

Performance Indicators:
: \

*
-

1. Describe Kitchoff's
Current Law.

" 2. Describe algebraic suns.

3. Solve for current through
resistors, :
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: ~ . Kirchhoff’s' Current Law --
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o Objectives - ~ ' .
 Given: S , ff ,The student will: o
Resistors of different values . o Applx Kirchioff's Law for. current
. ’ in a’simple circu1t with one voltage
A multimeter source,
A circuit breadboard for ' o Solve for @ unknown current using .
construct1ng simple circuits ' Kirchhoff!s Current Law
,A power supply . _ . ‘ Complete a Final Test with an
N accuracy of 80%.
. A Final Test on Kirchhoff's Current
Law * _ .
_ \ . .
. , ‘ \
Directions
«Obtatn the following material: P
f‘ " 1000 ohm resistor |

20,000 ohm resistor
10, 000 ohm resistdr
Circuit breadboard : .

‘ Power' supply capable of providing Q 30 volts
: ﬁult1meter capable 1{ measuring currents 0-300mA - . _
¢ '
;
‘ ' " e ' l;.
Learning Activities * . ‘ | ‘ s
i . . . ) 4 : )
- Study the Key Words Tlist,
' ‘/ Read .the Information Sheets, s
" ”» ~ U ’ . .
. Do the Self-Test, .
' Do the Task fob Kirchhoff's Current Law.
. . Do the Final Test. | /
2 2 |
_ Obtayn Final Evaluation. /
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JKirchhoff's Cyrrent Law: "The algebralc sum of the currents enter1ng any point
"and | leaving -any po1nt~must equal zero."

Algebraic Sum: The result of add1ng pos1t1Ve and/or negative numbers In

electrical ci;cu\its _ S .

®

‘.A. Currents entering 4 po1nq are assigned a' pos1t1ve value (+).

B.' Currents 1eav1ng a point are ass1gned a negat1ve va]ue {-).

'JR Symbo1 which represents current flow through a resistor ( ﬂot1é!"%he 'R' . ' -
is written in a lower pos1t1on) i.e., A ‘ . . .
IR, = current f}owing'through resistor R1~; - o - .
ZIR. = current flowing through resistor Ry\&
R: Symbol which specifies a certain resjstor; ie., * ¥ ‘
~ et Ry = resistor number ‘1 in the circuit N ‘
R, = resistor numwher 2 in the circuit = ' | : 1
’ Ry = resistob number 3 in the circuit .
. ‘ ' \
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'AbOUthircHhoff's Laws S

_ Kirchhoff's Current Law_for One Voltage Source

.. | : T : ' | EL-BE-18 ~
. : . , - Kirchhoff's Currént Law

Information Sheet

;o

v

Kirchhof?'s}Laws are very useful in fearning to work on electronic products., R‘ /
The usgfulness results from a common-sense understanding of the laws and not

~ ‘just being abrle 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
it.

. { . R “
Assume 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 wind
saying, "Hey, if I only started out with 25 volts, then that's the most I can
measureé so my reading of 50 volts must be incorrect."

A similar condition could occur while making a-current measurement. If you

are measuring 75 milliamps -in part of a circuit that has a total supply current
of only 50 milliamps, then again the light should eome on and say, "“Hey, if the
whole circuit. only draws 50 milliamps, then that is the mos't that can be
measuqsd." : .

Al

The unlikely readings you may obtain for the two- examples above should tell you
to recheck your instrument re%gings or further examine the circuit for possible
shorts. - (Shorts, or less resistance, create more current.) _ 4

Kirchhoff's Laws keep us on track by reﬁinding us that the maximum values we
can measure will depend on the maximum -voltage and current supplying our
circuit. o ’ ' ' C,

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's‘Law for current can'be'ktated technically: "fhe algebraic sum of

the currents entering any point+and leavjing any point in a circuit must equal
zero." Llet'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 illustratioh-of the following page. '
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The term "algebraic sum" in the original technical. explan. .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
values" and then adding them, we should arrive at the answer "zero." If-both
. " of these current values are equal, then, by using a b3sic 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 equa] but opposite num-
bers are +5 and ~5. ’ )

Using the circuit above'asran example, hofice that the currfent leaving the power
supply and entering point A, the input to our circuit, is 5 amps. Since this is
the current-‘entering the point, we will mark this falue +5A. ' )

We mark two currents 1§gyingApoint A with negative values: .1, = -1 A‘and
I, = -4 A, By taking ghe sum of these 2 currents (-1) + (-4) = -5 A, we\can -
state the total value Of the/two currents leaving the point A as -5 A.“\

o

©* Now, if We add the current entering the point A (+5 A)'to the current leav-
dng the point A (-5 A), we get zerd for an answer. (+5 A) + (-5 A) = 0. You
have just daken the algebfaic sum of two values which equals zero. This is an

. important step, to ibe understanding of Kirchhoff's Current Taw.

J
Let's use point B ot the same circuit in Figure 1 as another example. The
currents entering point B we will-label as I, (+1 A) and I, (+4 A).. The total
current entering point B is I,,(1 Ay + I, (4 A) or + BA. The ammeter M, shows
5 amps leaving point B; this <an be written as -5 A~ The current ‘leaving point
B is now -5.A. . . . . ' : :

"Ndw. we check by adding: (+5 A). + (-5 A) = zero. B . e

’

- o
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’ _That part of Kirchhoff's cufrent law that states "entering any p01nt and leaving '
any point" can also refer tp a resistor branch and could be restated: "entering
any parallel resistor branch and leaving any parallel resistor branch." .Now
the law could look something like this: "“the algebraic sum of the currents
entéring a parallel resistor branch and leaving that same parallel branch must ’
equal zero." Study the illustration below. . ‘

I — ) — — —— -— — il —
| .
e - il . a——— il
4

-~ _ Figure 2

. Observe that the current entering this resistor network is equal to 1 amp. The
current leaving point A is split into 3 differ&nt current paths. But since
they are all leaving, you can mark all-of them negative values as follows:

I, =-.5A, I =-.2A, I3=-.3A. The total amount of current at point B
could be expressed as A amp, by adding: (— 5) + (-.@) + (-.3) = -1.

. .

Now take the algebra1c sum of these two current values, the entering curreﬁt of
+1. amp and the leaving current of -1 amp.” (+1 A) + (-1.A) = 0. This is just
another application of Kirchkoff % Current Law. ‘

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

-

s
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. Kirchhoff's Laws can also be used to solve for an unknown cu'rrent.. The problem
is to find the value of curtent path I,. See if you can follow along with me

and come up with the same answer as I do.

1. 'If I o Or "the total current entering the branch of peint A is +2A, then
\ . =2A mustrleave the branch at point B. '

2. Currents add in parallel circuits. We can account for -.9A of the tetal
-2A by adding current I, and current I;. (-.5A) + (-.4A)t= -.9A. Since
these are currents leaving the branch at ppint B, we can miark the total
current at this point as ?-.9A + x), the x representing/the unknown cur-
rent I,. :

A

3. 4Now we can set up an algebngic equation like this:

I, +x+1,+13=0

t .
If we substitute our known values for the symbols #n the equat1on it
reads: - .
+2A + x4 (-.SA) + (-.4A) = 0 -
J +2A + (-.9A) + x =0 .
+1JA + x = 0 v
“x = -1.1A v
y .
@ ‘
- \ <
8 {
' 198 )
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4., For proof, we can substitute. the values.
. —~ .t ; ' ' ~
Jpt et L+ 13 =0 ' v

42 + (=1.1A) + (-.5A) + (-.4A) = Q

+2A + (-2A) = 0

0 =0 | A

5. By inserting the value (-1,1A) for x, or the unknoWn‘Il. 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 app]icafion by studying the diagram below.

S athan ’ L

Mo

]|

5

—_— , ‘ L

— * h ) I M I..- [l
I 3 4

- TA

T+ b — ———— _-..-__l ’

| , ol

( 4

I " -— e \

pa— > G— - -

Our problem in th{;‘gﬁplication is to find the current entering the-EFSECh’that
would be measured by meter M,. ' : .

The currents leaving point A and dividing between the three resistors in )

parallel are indicated by the meters M,, My and M,. Since these currents dre

leaving point A, they will all have negdtive values. By adding these :together,

(-1) + {(-.5) + (-.7) we.,get -2.2 or -2.2 A. ' v )

By remenbering that the total current entering,a resistor branch and leaving a - '
resistor-branch must be equal in value but opposite in polarity (+ Instead of -) \
we know that meter M, will have to read +2.2 A. Let's try the final proof by

taking the algebraic sum of those two valuds. (-2.2 A) + (+2.2 A) = 0. It
checks out so 2.2 A is then the current value for meter M;. . =

-

BEST COPY AVAILABLE
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equa] to zero.

) . .
EL-BE-18

. | Kirchhoff's Current Law -

Using Kirchhoff S Current Law,. perform the addition that will show the
algebraic sum ef the currents enter1ng any ‘point and leaving ahy point are

- ) ST L
) l s ——— a
- |
"E‘ 3A-300mA o : 1 -
.. \ 4 _ZA‘_ZOOmA | \+,2A - j - :‘ '
| T—} IA=lOOmMA . | |
< |-L — .- T B ~""""":

2.

‘ | R, (M,).

Using. K]rchhoff S Current Law, so]ve for the current. through resistor

-

3.

to so]ve for what meter My will measure.

. 4
Ve ® ’

-t

Use the dlagram in question #2 and the value you arrived at for quest1on #2
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Task A S SR

Step 7.  Replace,jumper Jl.‘

¢ . | S | ' ELcBE- 18
. o 0 ' - Kirchhoff's Curre t Law
, .

Jumber 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. w111 connect the meters when you remove the jumper

wires.

- o »

*

Step 1.  Construct the following circdit on your. breadboard. . N

—_l . - ) .
—  SETSUPPLY

— 4.TZ)EKD\49LTS

-

RS 20000 R, SI0000% R3S 10004

N\ ;'<[> <EE>_-'

Step 2. Make sure all jumﬁers are in place.

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

Steg"4. Remove Jumper-dl and 1nsta11 your meter between “the two points 'A’
!

and 'B.' Be sure to observe ‘correct polarlty when 1nsta111ng your
ammeter. , Polarity’ is marked for, each Jumpe

~

Step 5.  Set yoyr power supply to +20 Volts D.C. S

Step 6. . Read the current entering the three resistors. __mA.
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DISCUSSION:
leaving the resistdr netwomk.:
_match consult your 1nstructor for ass1stance

" Step

Step

*

_ Stqp

Step

" Step
Step

.'Step

TN e

Step

Step

Step

- Step 8.
- Step 9.

10.
1.

12.
13.

14. "

15.

<

16.

17.
18.
19.

Step-20. .

DISCUSSION:

/

Remove jumper Jg and install your meter between points 'L' and

Reptace jumper Js

Remove jumper J, and insert your meter to measure the current thr ug
. R, and record the value. -

Remove jumper sz

_ Read the current leaving the resistor network.

The current entering the resistor network should equal
If your readings in Step. 6. and Step 9 \do not-

EL-BE-18
Kirchhoff's Current* Law

-

mA.

ML

he current

"?

Remove jumper J; and insert your meter to measure the current through

R, and record the value.

Replace jumper"da. . .

mA.

-~

-

Remove jumper J, and insert your meter to measure the current through

resistor Rj. and record the value.

mA.

]
R S V"

P

Record the currents measured for each resistor below from steps 11,

and 15. )\
From Step 11, current through R,
From Step 13, current through R,
From Step 15, current through R

mA
mA

- MmA

Total alf three currents and_record the value.

Record the currenthentéring the~netWork from Step 6.

Record the current ]eaVing'the network - from Step 9.

mA.

A

4

- mA.

mA.

13,

Did the three currents for Ri» Ry, and Ry equal the current entering
the network and leaving the network? -

The total amount of current flowing through all three resistors

L]

should equal the amount of current entering the three resistors and leaving the

three ‘resistors:

Step 21.

f v

12

R(2

Obtain your instructor's evaluation for Task A.-

Due to the.resistor tolerances and the exact. way you read -
your meter, your ahswers may vary plus or minus 10%;

v
J
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TaskB | L .

-

~ . ' . . *

Junper wires w111 be 1abe11ed With the 1etter J. They will connect twq terminals.:
. The termninals are labelled with letters A through M. Remember that’ the.+ and -
N refers to the way you will connect the meters when you remove the jumper wires.

\Qd'. -f
y_'-@ |

Jo
| +(©
— SETSUPPLY o ~
" —  TO I5VvOoTS ? o
T * : ) . ' .
. . /
v R, S 200002 R, SSI0.000+ RS 1000
. . * . . ' % ) ) . . . " >' 1
. ‘ ' - : ’ _ S I . ' . . b4
I / ‘ . ( ’T | _( ® y
. + L | = ) ) . 4
', ‘ O ® ' ) . oo
’ L - i
Step 1., Construct the same c1rcu1t that you used for Task A~ as 111ustrated
-in the diagram above. : -
' » Step 2. Make sure all Jumpers'are in p]ace.}
.. Step 3. Set your multimeter to read 250-300 mA. - | L
Step 4. ~Remove Jumper Jl and install your meter between- the two p01nts A’
and 'B.' Be sure to observe the correct polarity when installing your
ammeter. Po]ar1ty is marked for each Jumper
Step‘S. © Set your power supply.to read 15 VDC.
Stepi67A Read the current entqung the res1st0r network. ‘ mA.
. - Step. 7. Rep]ace Ju*mper dl N |
. 13 | S S
] . ;

203
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measured at jumper J,.-
were measured at J, for R, and at J; for R,.
1s best cf pencil.in those values directly on the circuit diagram used for this
Since you know that the entering current must equal the leaving current,
you can reason that the difference between the known ente?fng currents and the
known leaving currents must be. &he’ amount of current leav

going through resistor Rj. L .

task.

Step 18.

Step 19

- DISCUSSION:
we chose $o take a common-sense approach to so]v1ng for the unknown current.’
It is possible to use Kirchhoff's Current\ti:s to solve this problem.

you should a]ways try to visualize the sol

"greatest benefit’ when working on an electronic “c
sheets you will find the method used to solve fo
,the math in Kirchhoff's laws.

“Step 20.

: ‘EL- BE 18
K1rchhoff s Current Law

' ° L . [N

Step 8: Remove Jumper J, and install your~meter'between'points L' and ‘M., -

Step 9. ‘Record the current Veaving the res1stor network. e mA.  The - '
current entering the. res1stor network should equal the" current leav-
ing the resistor network. If your read1ngs 1n Step- 6 and Step 9 do
not matcg, consult your instructor. . .

‘Step 10. Replace Jumper Jﬁ: | { .

Step 17. Remove jumper J, and insert your meter ‘to measure the, current through

o~ ‘R, and record the value. mA :

?Step 12. Replace Jumper JQ( i - R , e '
Step 13. Reniove jumper Jj and insert . your meter to measure the current, thrOUgh i
) resistor R, ‘and record the value - . MA. | .

Step 14. Replace'Junper Jy. | . '
Step 15. Record the tota] current entering the PeSIStOF branch that was

neasured in'Step 6. - : _ w
Step 16. Record the currents 1eav1ng point H thAt were measured in Steps 11

' N and ]3

Current through res1stor Ry from Step 11 mA. .

Cugrent through resistor R, from'Step 13 mA
Steo 17. Total the .known currents leaving the branch at point N by addlng the

" “two values in Step 16 above. mA. ,/,

DfSCUSSION. The total current. entering the branch or entering point .'H* is-

Two of the three currents known to be leaving point ‘N* )
To visualize these currents, it

ng point 'N' and

Subtract the two known currents leaving point 'N' from the enter1ng
" current neasured at J, and record the value, - mA. -

-

1

Remove Jjumper Jq and insert your meter to measure the current leaving

point 'Ii' via resisygwr Ry and record the va]ue -

Steps 18 and 19 should be ¢lose to ‘the same value. In this task 3'ﬁ/#'
However,
on first. This will be of the
cuit. In the information
this kind of problem using

Get your instructor's evaluation,
i o 14

20
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. Final Test | o R ' | : o
. 1. Using Kirchhaff's Current Law,.perform the addition that will show the )
o ' a]gebraic')sum of the currents entering any.point and leaving any point |
’ ‘are equal “to zero, ' ' ' 4 ' L
- 3 5‘1
A .
|
- BA :
'
]
LI
. t

’ ¥
" 2. Using Kirchhoff's Current Law,
R3 (Mg). " ™ :

o | 3. Use the diagram in quesp’on #2 and the value ydu arrived at for question
| : #2. to solve for what meter M, will measure. -

ERIC 205 |
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~Fmal Evaluatlon - \ N L .
.0 ! . ' . ‘ . . . .
) . - v 0K "Re-Do
“ K e

Completed Final Test with an agsuracy

of 80 percent . i L 3 A
t . =
Completed Task A . : . . ,
on Kirchhoff's Current Laws e ' . e
Completed Task B < o
on Kirchhoff's Current Laws °~ = " - e .
. ' ‘ J _ . %“ - . P ,
Nﬂ@h all checks indicate OK. proceed to the next learn1ng package
3 y
.. - s ;
\ \, | ¢
)
J
' »
b N '~‘
’
_Q N
/' k
- & ” N
- - ’ . ) .
16 :
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) - Y . Kirchhoff's Current Law '
’ . [V : "
Answers | DS LT '
- ' ) . o
(-.1A) + (~.2R) + 3A = 0 - . ,
) ot : ‘
2. My current equals 1.6A*
*lgebraic proof optional . ‘ ¢ - , | Y
l, + Tg v 2A=0 | o . \
(-4R) + 1, +2A =0 | ' '
e (<.4R) + 2A ='-]
(-.a8) Ry,
1.6A = -1 .
R, . ‘
IR2 = "].6A - -
3. M, = 2A : ~
*Current is the same.in all parts of a series circuit. ’
*Current entering the branch will equal the current leaving thi/Pranch.
)
./
P L ¥ L -
. ) '
s
' 1
‘ -
’ Q
- L} ’
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& ‘ . , , .
Goal: Performance Indicators:
The apprentice will be able to use . 1. Describe Xirchoff's Voltage
Kirchof f's Law in solving voltage Lav. .
prohlems, . :
. 2, Solve unknown voltages through
the application of Yirchoff's
Law. .
‘ L 4
Y |
. " ' . . : ‘-‘-_'
* . ) 20 8 ) - ( '
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. Objectives. o - o,
. ( : » . . . ) . i
Given: . ¢ | | The student will:" \
Resistors of different values ' Mark the correct polarity across //
: ~ resistors in a series circuit. -

A mu]timetef . R
Apply Kirchhoff's Voltage..Law in-‘a

A circuit breadboard for constructing simple circuit with one voltage
simple circuits _ . source.
A power supply : . ) : Solve for‘an unknown voltage using

K1rchhoff s, Voltage Law,

A Final Test on Kirchhoff' s Voltage | ;

‘Law " Complete a Final Test with an accu- -
: racy of 80 percent.

Directions e : ,
d

Obtain“the following:

2 each 1000 ohm resistor . ‘ . ‘r'

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.Kirchhpff's Voltage Law.

) Do Task B for Kirchhoff's Voltag(?l.aw.

Complete Final Test.

Obtain Finaf'Evaluation.

u211‘
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Kirchhoff's Voltage.law

Key Wo ds

Kirchhoff's Voltage Law: The ﬁlgebra1c sum of the voltage sources and IR drops o,
must total zero around any closed path. . -

.Algebraic Sum The result of add1ng positive and/or negative numbers In

R: (symbol) Spec1f1es a certain resistor.

electrical’ c1rcu1ts >

-
L4

~A. " Voltage dropé are assigned’ a hegative value (-)
B. Voltage sources are assigned positive value (+).

Closed Path: Another name for a circuit that makes a complete 1oop between
the plus (+) and minus (- ) points. of a voltage source. -

IR Drop: Same meaning as voltage drop. (Notice the I and R are on the same .
line. Nhen E=1xR applies to the voltage across a resistor, the letters
IR may be used to mean voltage drop. - -
\
A. IR,
B. IR,

voltage drop across resistor R,.
vo1tage drop “across resistor Ry.-

u n

Remember that IR (the R dropped below the I) stands for current flow throygh a
resistor. _
A

- resistor number 1 in-the circuit. | '

L 4
=
i

v

=
Y
b

= resistor number 2 in the circuit.

.
»

, . : r
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Information Sheet =«

[ 3

® . KIRCHHOFF"S VOLTAGE LAWS FOR ONE SOURCE <,

Kirchhoff's Voltage Laws are of particular importance because you will Yise a ‘
voltmeter more often than an ammeter in analyzing a circuit. Hence, you will"
be working with voltages.- Technically stated, Kirchhoff's Voltage Law says:

.- "the algebraic sum of the voltage sources and .FR_voltage drops must total zero
-around any tlosed loop." Stated more simply, if you add all the voltage drops
together in a series circuit, the total voltage drops will equal the applied -
voltage. Oh, oh, that word algebraic sum agaip. LT e |

(iU

e ~

Remenber that we'can do an algebraic sum because we assign ‘either bositive or .
negative values to our numbers. -Voltage drops are assigned negative (-) L
values and the voltage sources positive (+) values. g \/

In the following illustration, the voltage drops will*betmarked as follows: .
Y IRy = -2V, IR, = -4V, IRy = -6V and IR, = -8V. _ , | R

gHhen you begin with an applied positive voltage and then‘have a series of
" voltage drops, each drop will cause the voltage'at the end of a. particular
- resistor to be less positive, or negative, as compared to the -applied voltage.
This can be more easily seen if you consider the direction of electron current
~ flow through the four series resistors. Elettron current always travels from a
negative value to a positive value. With this in mind we. are able to mark the .
\ polarity of the voltage drops acoss each. resistor’by starting with a.(-) value
at the bottom of. resistor 'R, since it is hooked directly to the (-) terminal of
. our voltage source. We then follow with (-) to (+) markings atwpss each
resistor until we get to the positive terminal of the voltage source. To get a
better idea of this toncept, study the following illustration. ' ;

- o

>\ IR
2VOLT DROP

N IR,

4VOLT DROP - o |
>/

N IR - . i
Doqm)? :
N

\ 1R4

8wuoRoP
- "
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[\

" . A - "'315.&;'\ | : "”. . o : : ( \
This next illustratlon is show1ng what the actual measured voltage would be at -
© y the end of each resistor. The meters M, - My would read as. follows

M, = 20 volts less 0 drop or 20 volts
. M, = 20 volts less the 2 volt drap across Ry or 18 volts
M3 = 18 volts less the 4 volt drop across R2 or 14 volts N
My = 14 volts less' the 6 volt. drop across R, or, 3 volts
\ “
J a ;
. R :
. ) \
v+ Re » .
— 20\0L05 y
—_— M2
T - + Ra
, 18V } -
1 Q T
.‘ Ry ’
¥

~&DIRECTION OF CURRENT FLOW —

- Notice that the meter in each case in the chart above measures what voltage is
left over after subtracting the voltage drop. Be careful not to confuse the
measured voltages with the voltage drops. The voltage drops are the values
that would be read on a meter if the meter was placed directly across (in

« parallel with) each resistor. The polarity sians (+) and (-) indicate how you
would place the meter probes when making .hese measurenents: the (-) side of
the meter to the (-) side of the resistorv-and the (+) side of the meter to the
(+) side of the resistdr. This type of circuit is ofien referred to as a
voltage. divider because the voltage is divided up between the different
re51stors .

Now let's get back to the problenrof taklng the algebraic sum so we can prove
K1rchhoff s Voltage Law.

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

IR, = 2 volts e | . .y
. IR, = 4 volts .
' _ IR3 = 6 VO]tS * y
' . IRy = 8 volts
’ - 20

volts total (Does th1s number\{ook familiar?)
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s . : | ~\
' ' o X
o ;, T
v = - .
¢ . Tl »
g » s |+ > 2VOIT DROP' .
: | NI +/ T '
L+ ToS™N ¢ - '
. =eob 4vou’onop P |
~/ T.— - >/
. - ‘t-\\ .
-e\oT DROP .
$53
, <. N\ '
- | 8oL DROP
| DIRECTION OF ELECTRON .
/ : - H

Twenty volts. 1s.the samp value as the applied voltage from our battgvy Youlmay
be getting ahead of me, but let's try to apply Kirchhoff's Voltage Law for th1s

circuit. . ]
, Renember the law states that the "algebraic sum of the voltage drops plus the
' applled voltage must equal zero. _ .

' Gett1ng back' to an earlier ruF! 1nvolv1ng -the numbers, remember that the drops -
will be assigned (-) values and the applied voltage (+) values.

The drops total -20 'volts and the source +20 volts. Let's add. them together
(-20) + (+20) 0. This:proves that Kirchhoff's Voltage Law works in olr circuit.
Let's try anothet example of how~weeggn apply Kirchhoff's Law by cons1der1ng~
the following c1rcu1t , _

Ul

» .::L

/ | 7‘§

| _ ,
e e ox --
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With'a three volt drop across R,, 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 voTt supply
less the three volt drop across resistor R, equals seven.volts left. NOTICE

* the neasuring from B to. the negatlve terminal of the battery is, the same read-

~

ing that you would get measuring across R, as the bottom of R, is connected
d1rect1y to the negative ‘terminal of the battery,

Let's try a little more d1ff1cu1t c1rcu1t and see if you can use the same ru]e

. to so]ve for an unknown voltage.

Study the circuit below:

L '+K::)
. ¢ L \\Rl IR(:5\{ ’ o ' N
— 20V U ';
—::|-'_ | © .
| 2 R, IRy-?
: wrrentsconsie~ @ \
| -
| IRq=3V

REMEMBER the drops are considered’ ¢
negative and the squrce positive.
First, let's try a little simpler
approach to thig problem by putting
down some figures that we know

about this c1rcult : o - ' ’

First: * Add up the known voltage drops % (75) + ¢-3v) ="-8y* '

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

Second: Let's add the voltage drop total to the source.
' (-8V) + (+20V) = 12V
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A

‘We know that the algebraic sum of those two values should equdl zeros
therefore,” the extra 12 volts must be the drop pcross re51stor R.,.
Fourth: = Let's prove Ft by adding that value to our. voltage drops. Il need
' - » to add up the drops: T{-5V) + (-3V) +~(-12V) = -20V. Next -add\this:
- valﬁi,to our voltage supp]y of +20V. ‘

‘Adding, we get (-20V) + (+20V) = O.» Slnce the albe?ra1c sym now equals zero,
,  the 12 volts must be the correct drop across R,. A gebraically it could be

wr1tten as follows: , .
C(-5V) + (IRy) + (~3V) + (+20V) = ,
g 8V§ + %IRQ; + (20v).= 0 _
8V + 20v) = -IR, . - :
, (+12v) = -IR, i L »1*’49 ’
IR, = =12V . " . . e

The above mathematics is aryalgebraic proof (which may be confusing if your
algebra is slipping), ‘but the answer that took all the math is the same answer
that you got just using some common sense. Perhaps you can see why we stress
understanding the .problem first and always trying to visualize a common sense
approach before beginning the mathematical approach. In this way, when you do
more complicated math,, you will have an -idea of the correct ‘answer before you

begin. , ’ Co
. . - . .
.' 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.

[

\
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. Self-Test o .

1. Using Kirchhoff‘s Voltage Law, perform the addition that will show the

algebraic sum-of the voltage source and IR d[\ps will, equal zero around
any closed path. ) . _ . : :

A+ L
= 12VOLT *
—_ SUPPLY*

-]
B

2. Using Kirchhoff's Vo]tageltaw. sd]ye for the voltage drop across Ré,

N -,

= 20voLT

? SUPPLY

3. Using Kirchhof%fs Voltage Law, solve for the voltage of the battery..

=

R, IR, = 6VOLTS

=

R, < IR, 12voLTS
>,/ o
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Answers ey

T (4VIR)) + (-2VIR,) * (~BVIR,) + (12V) = 0

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

o
2. IR, = 8V*
'*Mathematic-prqu{optional ’

*»

Possible approach could be simply to ‘use the rule thﬁt the sum of all
voltage drops must equal the supply voltage.’

C(-VIRG) 4 (IR)) + =Wk +20=0 . v

(-12V) + (20v) = -IR,

A AR : “\»-//’ik

-8V = IRZ

3. The battery voltage = 18V :
The simplest approach would be to consider that the sum of the voltage
drops has to equal the supply.

. N S

Mathematical proof:, -- N
(-6VIR)) + (-12VIR,) + V = 0
18V 4V = 0

V=18 volts_
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Task A :

Obtain the following:

’

each 100 ohm resistor : ' L.
each 1000 ohm resistor - : :

each 470 ohm resistor

each. multimeter = .

each power supply capable of +30VDC

each circuit breadboard : N

/

4

-— v

Construct the following Circuit on your- breadboard: ; | °

D ke | .

——
O————
3
: ——
\J
k] .

. —P" . R,,;.
L—-—ELECTQ(?N FLOW — —w

/

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, : . o -

. : _ .
Step 2: Obtain your instructor's evaluation. °

2 : 230 ' ' o ’1\:
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Task B S -
Use the same circuit constructed for Task A
P :

Step 1: Set your power supply to +20VDC.

§§gﬁﬂg: Measure the voltage drops across each resistor and record in the chart
below. ’ | |

.

Discussion: Your answer should be yes.

femm g e IR x
. _ ) IR? v
Remember to put the meter : .
\ Pprobes across each resistor . IRy _ V
accoraing to the polarity s o
you marked on the diagram. . IRy V

Step 3: Total all the yoftage drops in Step 2 and record. q___P__1¢?_-V

Step 4: Record the voltage suppTied by the power supply. -V
'Step 5:. Do Steps 3 and-4 match? L

You may'notice a slight difference due
to rounding off the numbers or s1ight measurement error. A1l the voltage drops
should add up to equal the applied voltage in any series circuit or closgd

“Toop. _ : W . /

- [
Step 6: Complete a mathematical proof using Kirchhoff's Laws that prdve the
"algebraic sum of the voltage drops plus the applied voltage equal zéro."

Remember to assign negf®ive values for the drops.and positive valu
applied voltage. Put your answer in the space provided below.

Step 7: Obtain your instructor's evaluation. : e

o ' i
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Task G
Use the same circuit used in Tasks A and §. . L
§£§E_l: Reduce the applied voltege to lSVDC. |
§ggg_g: Measure and record the following voltage drops.
| | IR, _ v
- IR, v
Wy _ v

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

§tég;g: Record the applied voltage from the power supply. v

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

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

r 4

Ste Without measurlng the IR drops with a meter. estimate what the voltage
drop should be across resisitor Rj-. . V. '
'. ' Step 8: Using a meter to measure the voltage drop across Rj, measure and SN
"~ record the vgltage drop. . , .

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

Step 9: Using the value of IRy obtained from Step 8 above, add up all the
voltage drops and record below.

'", _ ] IR, v
IR, _ v
] : : IR, v Q
‘ | Ry N
\ Total of drops Volts | . o

The new value of the total drops should equal the applied voltage in Step 5
because all resistor drops are now included in .the answer.

Step 10: Obtain your instructor's evaluation.

14
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~ Final Test '- S .

‘ . Using Kirchhoff's Vo{tage Law; perform the addition that will show the
algebraic sum of the voltage source and IR drops will equal zero around
any closed path, Showlall’WOrk.

"‘"—'— ———— ——— ‘-—.‘* — M
--L-+
— 20VOTS
T - ‘ )
F* A\
| »
‘ n
, l -
2. Using Kirchhoff's Voltage Law, solve for the voltage drop across R,.
@ 1,
— 12VOUS N
{L—»- i et i —
3. Using Kirchhoff's Voltage Law, solve for the voltage of the battery,
IQ‘:7V, '

t
V=? o ‘*

= .
@ \ I . | 2 TRemisv
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. ~ Final Evaluation .

K Re:Do
¢ Completed Final Tesi with an accuracy
of 80 percent : _ —
‘CompletediTaSk A - o
‘({‘o'mb'leted Task B - ‘ .
Completed Task C o e

5

* When all 6heck5'indicate OK, proceed to the next learning package.

\ .

!
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' _ SERIES RESISTIVE CIRCUITS

Goal: ~ * - - .

- The apprentice will be able to

compute voltage, current and
resistance in a series circuit,

7

lo
2.
]

‘ 3.

~ Performance Indicators:

O8npute current.
‘ Compute resistance.

Compute voltage.
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" Objectivés

1

Given:

A power supply and four
resistors connected in
series .

A

" Questians and problems

Directions

, Obtain the following material:

- nc power supply -

 Complete a Final-Test
of 85 percent. -

B EL-BE-20
’ Series Resistive Circuits

The student will:

- Calculate the total resistance.

Calculate the.Currebt_ih the circuit.

Calculate the vo!tage across- each
resistor. ,
»
Connect the circuit together and
medsure.the current and the voltages.

Connect a circuit consisting of the
power. supply and a single resistor of
equivalent value and remeasure the
current. o

4

with an accuracy

~

o

Resistors (1/4 W, 28)* 330, 470, 1k, 1.5k, and 3.3k ‘ohms

o | . ] - .
Any OC voltmeter and ammeter (separate meters or a combination meter)

Interconnecting leads.or wires to connect the parts

Learning Activities

’

Read Key Words list

Do Self-Tests
Do Task

Do Final Test

*1/4 watt minjmum, 2 percent suggeéted.tolgrance

Read Information Sheets

' Obtain Final Evaluation

" BEST COPY AVAILABLE -

3 298 o, E _ .



~ Key Wordé

’ - ¢ Series Resistive Circuits

Absorbed energy/power: Power or energy consumed by an electrical component or
circuit. . ' : i
Charge (to): To supply power to a device that can store enerqy such as a
battery. ~ ' -

s v

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 c1r3u1t.

Equivalent resistance: ;A single resistance equivalent in value to the ¢ombina-

tion of two or more other resistors. . o *

IR drog: The voltage drop associated_with a resistor. -

L]

Power dissipation: Power absorbed in an electrical component.

Series connection: 'A method of connecting electrical components so that one
gnd and only one end of each component connects to each of the other components.

Supplied or'deliveredgpower/enqr : Power or energy produced or given up by a

source such as a.voTtage source l1ike a power supply or battery. o

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 voltago drop across the: component 1n the circuit.

Voltage rise: An 1ncrease in voltage caused by a source supplying energy or

. power to a-circuit.

EL~BE-20 .
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Informatipn'Sheet No. 1 |
) R | T
. When two or more resistors are connected end to apd, they are in series. One
~ lead of one resistor connects to only one lead.of the next registor and so on.
The cugrent leaving one resistor 1s exactly the same current that enters the
next resistor. So the current is ajways the same for any resistors in serfes
"with each other. In Figure 1 the current is 12, 5 mA in eech of the three
resistors ond also in the voltage source. R B
. o / ’
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. . Ty
o C . _ s
o  " I=12:5mA . :
| +[ R,“ 7004L
EIOV =|I=12, SmA R?-' II R.5ma

" : ' | o - Figure 1 ' L

¢ Resistance in Series Adds -

.

Suppose a pfece of wire is cut from a spool of wire. and then a second piece is

N .cut that is twice as long. The second piece will have twice as mich resistance
as the first. Also, two pieces of the same length connected together in sertes
will have twice the resistance of each of the single pieces. -

. In Figure 1, the total resistance in“the cf?cuit (called Re) is the sum of _' ,
= the resistances of all the resistors. ?
. ' +
Ry = 100 g, Rp = 200 0, R} = 500 fly SO Rt = 160
.Rt'mﬂ

R%00 + 560 f

The total resistance of resistors in series is alweys LARGER ‘than the resis-
tance of any one of the resistors. . s

To find the current in the circuit replece 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 equivelent resistance. -

BEST CoPy AVAILABLE
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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 {s 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 currznt is 12, 5 mA in each of the threé

-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.

’\‘\
.+ L I‘IZ 5mA
R c004L
E:ov I-IZSmA Rz- T:12.5mA

e . -

, e Figure 1

Resistance in Series Adds = = = e

)
L

Suppose a piece of wire is cut from a spool of wire and then a second piece 1s

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 %otal resistance in the circuit (called R¢) is the sum of
the resistances of all the resistors..
+ R
Ry = 100 g, R2 = 200 Q4 R3 - 500 Ry S0 Rt . 160 + %00 + 500 f
. Ry =8000a

The total resistance of resistors in series is always LARGER than the résis- <
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 gquivalent value of resistance br Just equivalent resistance.

. - BESTCOPY AVAILABLE
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® Figure 2 is equivalent to Figure 1. in the sense that. the. same ‘current flows
- from the voltage source. IR
T A 4 .._'v.f_, T
) HApply.Ohm s law to the circuit -(?f Figure Z.W Uil

L= 1= 12.5mA"

3

R
_ 1oV | . |
IT=12.5m

—
1

= 0.0125 A = 12.5 mA R '°V'__,T'

| e————

.. 'Figure 2 °

Ry = Rl + R2 + R3 + Rg. ' }f;'f_  ;E P .'f"_ ) c
Ry = 2.5k + 7, 9k + 5k 4 15k B o :

£-1sov ht 3ou s

s O 005 A‘s . 001 x: 5 - s mA '. AR T

-mA = 5 mA L sin)c,e;k'-_ - nd W

. R : g N A
. " H N N N Y . 1,.-. . . - '..
' . v fene 3 (LI ¢ \o ° . -‘, I T e . .x
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2,

for the series combination? . - S . 'xf,

o0 N Y SR B se

L EL BE - 20
Serdes Resistive Circuits

Four resistors are connected in- series._ Their: resistances are 125, 250, .
75, and 300 ohms respectively. What is the equivalent value of resistance o '

Determine the value of current in-each neeisgogﬁendxfne'36ufcet. e e n

!

-

L ‘ [
I T Uy SV W
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. Review of KVL ) : : . - S i

te

Now that you have learned how to calculate the current in a series circuit, you
can prove Kirchhoff's voltage law-still works. , 'Y

- Going back to Figure 1 before the exqmple. you'cqn calculate each of the’
"mevyob age drops. The current was 12.5 mA in the circuit.of Figure 1. =

1 o S S I XR=E |
- : C o .
~For Ry 'which was 100g , the drop 1s IR} =-(12.5mA) x (1009) = 1,25 volts
. For Ry 2009 , IRz = (12,5mA) x (2009) = 2,50 volts
. For'Ry - 5009, , IR3 = (12.5mA) x (5000) = 6.25 volts
..~ The total voltage drop i§ . 10.00 volts

The source voltage is € = 10 volts, so the source voltage minus the voltage
~. drops is 10V - 10V = 0 volts.

Also, in Example 1, I = § mA and, S .
Ry = (SmA) x (2.5k) = 12,5V Ry = 2.5k |
. IRp = (5mA) x (7.5k) = 37,5V Rp = 7.5k
@) Rs=(5mA) x (5k) = 25V R3 = 5k ' - :
.+ - IRg = (5mA) x (15k) = 75V Rq. = 15k .
Total drop . . =150V .  E = 150V -

50, E - 150 = 150 - 150 = 0, and KVL is again demonstrated. -

'Voiiage_SourceS in Series

P *uVOItagé sources- in series add in the same way as resistors, with one additional

concern.. The polarity of each source mist be the same before the values are
“added. If the polarity is opposite, then the value must be subtracted instead
of added, .= ~ oo _ ' : .
| oV 4 ’ 12V, [
For example. . *_llh:_:illr:__ is equivalent to ;]||'_
~ and L _ IOVI | ZVil }___ " is'equivalent to ; 8V il
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: Here are tw,'exambles to show how tofgolve series circuits with more than one
voltage soun@e. ; B / T _ '

© EL-BE-20
Series Resistive Circuits

Example 2; . o
£ AT AT -t
E) H ; R, = 150 _ﬁa-': 700+
( . + xl.
§ T —

Equivalent Gircuit

Lg the equivalent circuit
.EtaEl\‘Eg and Ry = Ry + R2 + R3 + R4 + Rg B
16V = 10Vi+ 5V 1500 @ = 150 + 700 + 250 + 100 + 300q .

- -

Sol = -%—-- wﬁere Et = 15V and Ry -.15000 ’ b

I = 3% = 0.01 A = 10 mA : , S
KVL also holds for series circuits with more than oﬁe source, but it must be

modified slightly. ,

The sum of voltage RISES from voltage sources MINUS the sum of voltage DROPS °

equals JERO or the sum of voltage RISES EQUALS the sum of voltage DROPS.

The voltage rise# are always due to a source. If the current enters the (+)
positive end, it 'fs a voltage rise. -

The voltage dropsjare almost always due to resistors (IR drops), hut may also
be due to a sourcg that is charging, which means absorbing energy rather than
supplying energy,/ If the current enters the (=) negative end, then it is a
voltage drop whether it is a resistor or a-source,” ,

In this exampl# (Example 2) there are two voltage rises, €] and Ep.” Notice
that the currgnt {s entering the (+) end of each source. =

235
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. There are five voltage drops. Remember that IR means voltage drop. Notice the-
current enters the (-) end of each one. : , )

. IRy = (0.01A) x (1508) = 1.5V 1=0.001 A Ry = 1500
Rz = (0.01A) x (7000) = 7.00 Rz = 7000
; IR3- = (0,01A) x (2500) = 2.5V o R3 = 2500
IRg = (0.01A) x (1000) = 1.0V Ry = 1009 p
IRg = (0,01A) x (3008) = 3.0V ‘ h Rg = 300d
"Totql drops hf 15.0V.

_and yod see ‘that total rise (15V) equals total drop (15V).

Example 3: )
v l|l|+ -1 a—
- £ _ ‘+

t] f17 10007 B B = R
£z — 5V o — b
e - éﬂz-soon 5V —T 3R
: - _ | E3—|OV a 7 I ——— .

_ | .
. l '.__Emis._o__i | Equivalent Circuit

E¢ = €} + E2 - E3
Rt =.1000 + 500 + 1500 = 3000 Eg = 20+ 5 - 10 = 25 - 10 = 16V

. E 15V : |
'Ry - 3000 " -00%A | T

ahéo since 3090;} = 3k

| | Rt = R} + R2 + R3
‘ ‘
|

\

|

I L T

The sum of the voltage rises {s only €y + Ez since current is entering the ( )
end of Ej.

So voltage rise equals 20V + 5V = 25 volts

The voltage drops are:

IRy = (5mA).x (1000Q) = 5V
IRz = (SmA) x ~(5009) - 2.5V
TRy = (5mA) x (1500R) = 7.5V  and because the current is entering (-) end of Ej
‘l' - E3 = | 10V . | '
total drops = 25V which equals. the total rise of .25 volts.
. W

I . ;‘ 10 ‘5:3(; ' '

TN B T R T
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: | Lo
1, Calculate Ey.
2. Calculate Rt
00

3. Detérminetthe value and direction
of the current in each element,

&
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Informh,t_ion‘-She,et No.3 o

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.

Theilaw of?conservation of energy says that the tota) 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, 1t 1s absorbing power. It is charg-
ing 1f the current enters the (-) end as it does in a resistor.

Review thé formulas from the PONER/HATT‘§ LAN'package. The necessary formulas

- are repeated in the REVIEW OF FORMULAS sectfon below. e

Refer back to Example 3/to demonstrate the use of these formulas in series

circuits.
ExI =P

E} s supplying Ey x I = (20V) X (5mA) = 100 mW . -
B |

Ez is supplying E2 x I = ( 5V) x (5mA) = 25 md - [€y = 2ov CIRCUTT 1
fotai power supplied 125 w 52"' 5V VALUES
' . v S E3 = 10V
E3 is absorbing €3 x I = (10V) x (\SmA) = 50 md ‘I = 5mA = .005A
Ry is absord‘ng 12 x Ry = (5mA)2 x (1k) = 25 m R1 = 1000 = 1k
or (.005)2 x (1000) = .025W (25mW) R2 = 500 = 0.5k
| Ry = 1500 = 1.5k

Rz s absorbing 12 x Ry = (5mA)2 x  (.5k) = 12,50
" R3 i% absorbing 12 x R3 = (5mA)2 x (1.5k) = 37.5m

)

Total power absorbed - © =126 mi  ‘which equals total power
‘ supplied

REVIEW OP FORMULAS FOR SERIES CIRCUITS # .
R¢ = Ry + Rp + R3 + and so on |
Eg = E) 2+ E2 ¢ E3 1\ahd'so on; means:* or - depending on polarity

P=ExI "o sources or resistors

£2 - for resistors only
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| 'Sexlfr-Test Ne.3 ",

- EL-BE~ 20
_ Series Res1st1ve Circuits .

1. Calculate the power supplied or absorbed in each of the elements in Sef?5lt
Test 2. - # .

2, ‘Show that the power_absorbed“equals the power §upp11ed in question 1,
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Self-Test No. 4 ..

' ' : S, " _ o '
‘ 1. - When two or'more. resistors are in series they have the same
a.. voltage, 'b. current. c. power. d. wvalue.

_ 2. To find the equivalent value of resistors in series. the resistances
. mst be S , .

;" a. added.  b. subtracted. c. multiplied. d. divided.
3. To find the. equivalent,:eTue of batteries in series, the voltages must be -

-4 . 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. 850 ohms,  d. 1300 ohms.
5. Solve for the value of current: o . .

a. 3.3 mA
b. 5 A

' N g: ?OI"J‘AA

6. “Solve for the value of current:

-

a.o 5003 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 #S._
a. 250mW b, S50m c. 25W d. 150 W
8. Solve for the power absorbed by the circuit {n question #6.

1

2. 5m b, 15m- c. 75m d. 126

(W




| . u

- R o S o CEL-BE-20

~ - _ | ) Series Resistive Circuits
v v . ’ .
9. Find the total equivalent voltage of the sources: o Y
- . S _ 9 .
" a. 3y b. 6V ¢, 9V d. 15v A._ ‘-‘;‘lll""j_ "y |||""‘..
A. | ” .“£2Q| Ml
B, . . .

10, Find the equivalent value of resistance and voltage in the circuit; then
solve for the value and direction of current.

J_ MA—AMN——

300" 450+ '
45V = | =20V
* —-— '

5® 500
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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 to about 9 volts. Measure the

. supply voltage with the voltmeter.

_Caleulate 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. o

Calculate the voltage that would exist across'each resistor in the circuit.

Connect the complete circuit according to the figure using the 1nterconnect1ng
leads and 1nclud1ng the ammeter. Measure the current with the ammeter.

Disconnect the ammeter and measure the voltage across each resistor with the
voltmeter. Remember to replace the ammeter with a short c1rcu1t to complete

_ the circult

S

" Obtain a single resistor of value equal to the value calculated for the total-
///resistance. Conpect. this resistor alone with the ammeter to the power supply.
a

nd measure the current. Remember the. resistor, ammeter, and battery mst be
connected in a closed SERIES circuit, -

A1l of the currents calculated or measured should be the same. The reasons
.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.

Arrangement. ‘for Arrangement for

. "~ measuring current measuring 1.5 k »
(note polarity) . resistor voltage
‘(note polarity)

-4 -33()11._

+ -

- IR

.’-

IS
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-+ Final -Test E T I .

1. When resistors'or other electrical components are’ connected in series, the E . )

current in each of- the. components will always be - | ' /
a. zero. b. the same. c. different, i ” o ' . '/'
. ‘ . . . ' . / .
- 2. Five resistors are'connected in series. Two of the resistors are 50 ohms =~ v | .
N each, and three of the resistors are 20 ohms each. What is the equivalent : ;o
' resistance? @ ’ | - [
. . . Ay_ AM ) 3 ;/.
3. Solve for th$ equivalent resistance . . 33R- 47R - ‘ -
in. the circuit. : M W : ' . '
_ ' _ B0V e : - I
4. 3lve for the current in the circuit. ' __]: . S ,
P ’ I

5. What is the total equivalent voltage 8v
of the two sources connected as shown? .;* I}___

. 6, What fis tne total equivalent voltage

| : STNMLAR .
of the two sources connected as shown? .._4 IF.__4| P__. /
‘ | : e . . + I - T | + | fl.' )
® 7. A 5k resistor and a 25k resistor are connected in senios'to 8 voltage .

ource. Which resistor is absorbing the greater amount of q?we
alculate the power in the Sk resistor 1f the voltage source’ is 10 volts.
" Calculate also the power delivered by the 10 volt source. 'Remember to
solve for the current first!
4 "
S

’ . . 29R

8. Solve for the value and direction of the current.

BEST COPY AvalLAB ¢
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Final “Ev;luatidn

. - ° - -
. ‘e \ . 1 . A “ - .
- .
’ . : .
y

: 0K ©  RE-DO

~ Calculated resistance and current.

Calculated voltages.

Current measured 1n original circuit.

VoLtageg measured - in original cfrcuit.

Current measured in equivalent circuit.

~ Final Test 854

EX 4

»

When all checks indicate 0K, proceed to the next Tearning package.

!

i

L}
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Answers’
.Answers to Self-Test #1 o \
1. Ry = 750 ohms; Ry =125 + 250 + 75 + 300 ohms
.2. The current is the -same for all series elementsf/
[ =2 m or 0,002 A; I = ﬁ%’ i Rg =2+ 1k + 6k or Ry = 9k
ﬁ S | - . .
1:-%%1 or I 2mA
: 18V ,
also | = 3666' orl = 0 002 A or 2 mA
Answers to Sle-Téat #2
1. = 10V (same polarity as 25V source); E¢y = 25 - 15 volts
A ) .
2. Rg = 400 Q; Ry = 50 + 100 + 2509
3. 1 = 0.025 A or 25 mA 1n each element;' - Direction: 25V .' ddwn'zf}
_ , - 500 to left
[ =Bt 10V . S L to left
Rg ; = d00a - - 1000 wup
" ' ' 2500 °  to right

Answers to Self-Test #3

l..

'3

s

Pasy = 0.6254 . supplied since current is leaving (-) end
Pisy = 0.375W | - |

Psoy = 0.3125W o g

| ~absorbed since current is entering (-) end
P1oov = 0.06254 :
Pasov. = 0.15625W

Equations used: For sources (either supplying or absorbing) P = ExI
For resistors P-= IR

[ =0, 025 A in all ‘cases; E or R depending on value for source or resistor
considered.

Total power supplied - 0 625W
Total powens absorbed = 0 625W = 0.3125 + 0,0625 + 0.15625 + 0,375

Pabsorbed = Psupplied since
0. 625 -qu

.\'

. EL-BE-20
~ Series Resistive Circuits
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._ I\riswei's to Self-Test #4 B .
1. .

N S W N

b.

C.

d.

A. d.
" B.a, 3V= 9v - 6V

R¢

added

25V

v 1 BB (N L h RN S LML MR o
;8 . L e o . B .

I ELvHE 20"

S P o Serias Resistive 61rcu1ts

_ "
current .

either added or subtracted depending on poldrity _
850 ohms ST SPR
5 mA | |
5.03 mA | . | "
250 M ="ExI = 50x5mA; |
also = 124k 122k + 1215k + 12,25k + 122 26k "% 1210k -
since power supplied equals power absorbed '

126 md = 12(4970) = (25V)xI’
15V = 6V + OV

= 300 + 150 + 500 + 50 = 1000Q

1000

246 o

. 20 | -

g . ¢

= 0.025 A = 25 mA - .

e
[,
i)
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Goal:.

Performance Indicators:

9 w, -

“The apprentice will be able to \ 1. Calculate total resistance.’
“caleylate current. and resistance ' ) '

in of parallel resistive circuit. . 2, Calculate total current.
o

. ’ « N B . !
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Test Draft |
: ' - September 1981
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® " Objectives .
Given: : : | “ The student will:

A power supply and @ resistors | Calculate the total resistance. |
- connected in parallel -
, B 4 ‘Calculate the current in each

An ammeter and voltmeter * resistor. ‘ |

A resistor equal in value to » (alculate the total supply Eurrent.

the 4 parallel resistors , ‘
- Cennect the circuit together and
Questions "and problems ' measure the currents.
Connect the supply to a single

resistor of equivalent value and
remeasure the supply current.

1)

Complete a Final Test with an
accuracy of 85 percent, ' ,

Directions“"

Obtain the following materials:
. A DC power supply i ‘
.Resistofs (1/8 W, 2%)* 1k, 2.7k, 3.3k, 3.7k. 8.2k ohms
Any OC voltmeter and ammeter (separate meters or a combination meter)
Interconnecting leads or wires to connect the parts

*l/4lwatt minimum,'Z% sqggested tolerance.

Learning Activities /) | |
Study the Key Words 1ist.

Read the Information Sheets. )

Do the Self-Test.

Do .the Tasks.

Do the Final Test.

* Obtain Final Evaluation,
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Key Words

Conductance (G): The property of a component that allows current to flow:
the larger the conductance, the larger the current; the opposite of

" jrm/’“""?esistance.

i
‘ . +
~ Mho (u): A unit for conductance: 1 mho equals 1 amp divided by 1 volt.

.»

Parallel connection: A method of connecting electrical components between or
across the same two voltage points in a circuit.

Parallel circuit: A circuit where all the components are connected in
parallel. ' : g

Sieman (S): A more modern unit for conduétance, equal to a mho.

Short circuit: A condition where the circuit resistance is zero.
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~ Information Sheet -

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
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- T
allel circuit. The current which the ‘
sgurce produces divides at point A into
the, separate current paths throu h each ' = A
resistor. These separate cusrengs e S 2A
recombine at point B to provide the same
current entering the source as that I I
leaving the source. As you learned in E = .
the Kirchhoff's Current Law package, N-T ' S bt 3N

It =1, + I, + I3 or in this case:

I, = 0.5, I, = 1A, and I3 = 2A so,. -

3.5A = 0.5A + 1A + 2A or
3.5 ¢ 3.5A . | o - Figure 1
Many times a parallel circuit will be drawn or actually connected together so

that there are more th!e two points in the circuit. In Figure 2, resistors
R, and R; are connected together first

to form points C and D before they are LT

connecizted to :he r:st ngthe parallel : _,:.[T_ B IE._]_:Q(3A)C _,_]:__3(2A)

circuit at points A and B. ' - '
- ’ ' - (3.59 1'f I 1' Tp |

In Figuyre 2 the currents in each of the - | (0.5A) (1A)~

resistors and the total current are the £ = R )

same as they are in Figure 1. The : — 12JL éﬁi 33

voltage in each circuit is also the same. 3

The only difference between the two circuits y A f. 1 ' L

is that extra current paths have been made — ——

between points A and D and between B and I3 0 13 .

C. If.you measured the current in each of ' o )

these extra wires you would measure the : '

sum of the currents in R, and Ry or -

1 +.13. | ' ‘ o ~ 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, 1s sub-

fracted from Iqgt point A. Whatis left is I, = 1) which also equals I + o
3. 2 II" ’ : . |

This remaining current divides at point D into the separate currents I, and Ij.

o e
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\in equation form,

standing reciprocals: The unit for conductance is the mho. ,
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 y. For the three resistors in Figure 1 or 2: a

A © EL-BE-21
Parallel Resistive Cirtuits

It = Il + 12\+<I3
AR AR P A P ¢ . subtracting I, from both sides of the
. equation
It - =1, + 13 - : cancelling the I, terms
L4 .
3.5A - 0.5A = 1A + 2A o for the values of Figure 2
: L 4
A = 3A .
Y

Of course the currents add back together in stages, first at point C to form |
I, + I; and finally at point B to form I, +. I, -+ I3 which equals .

If it makes ‘it easier for you to work only with the parallel circuit drawn as

in Figure. 1, it is all right to redraw Figure 2%o that it looks 1ike Figure 1.

Just combine points A and D into a sing]e 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 you-'were told was the value of each resistor and the total current of
3.5A. You can solve for the voltage by knowing how resistors 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 a large value of conduc- °
tance. Conductance is the property of a component to allow or to accept current
from a source, but resistance is the property to oppose or to restrict current

flon. The symbol for conductance is G and mathematically, G = %u

"For a resistor with a value of resistance equal to R ohms, its conductance G 1is

one divided by the value of R. That is the same as saying that conductance is

. the reciprocal of resistance. .LiKewise resistance is the reciprocal of con-

ductance. Review the package on Equations if you are haviqp trouble under-
More recently the

1

. 1 1 o . .
6= %, G =% Gyt and Ry x 120, R, = 69, Ry =30
SR R 5% 3
Gy % 00835 G, % 0.1675 G, = 0,333
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"

-Going back to the original problem, given the resistances and the total cu}rent.

solve for the voltage. Fibst combine the parallel resistors into one equivalent

or total resistance. TFor parallel resftors you add their conductances.

»

CONDUCTANCE IN PARALLEL ADDS

Placing additional components in parallel adds to the total current and
increases the conductance of the total circuit. Two registors of equal vaTue
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. 4 A o

In equation form, Gy =G, + G, + Gy and so on for pafal}el resistors.

In Figures 1 and 2:

G, = 0.0835+0.1675+ 0.3338  Since the values for G,, G,, and G, vere
) A already calculated as 6.08 » 0.167, and
' 0. 3334, '
G, = 0.5830 .
t o I‘_ = 3.5A
=1 | -
Ry 5, | 1;:[- | |
: ' ET e S Gy = 0583
= - L v &/ ” :
"t * 07583 - “ T Ry = LTI5
: I = 305A
Ry = 1.7150 t
The total or equivalent resistance of resis- . Equivalent Circhit?of Figures
tors in parallel is always LESS THAN the =] and 2

resistance of any one of the resistors. It

is therefore always smaller than the smallest .

one. Noticegthat 1.7150 is less than the . FIGURE 3

smallest resistance of 32. 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. .

£ = It X Rt .

E=3.50 x 1.71

E = 6’volts
|

1

R
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EXAMPLE 1: Four resistors are in parallel and the total curreny is 44.4 mA.

Gt = Gl + G, + 63 + G, Ry = Tk, Ry = 2k, Ry = 5k, Ry = 0.5k, I, = 44.4mA
L1 1] | | | | S
Fl R Y R, - Calculate R, and E
N I ] * . C oz 0007 L ¢
Gt Tk 2} AR R - remember K 10005 m = 0.001; and m = ¢
G, = 0.01 + 0.0005 + 0.0002 + 0,003y A1SO Gy = Im + 0.5m + 0.2m + 2my
6, = 0,00370 or 3.7 my
e ) L om0 e 2Tk
Ry 3, 2709 or 0.27ka
E = It X Rt | |
E = 0.040A x 2708  alsoEx44.4mAx0.2%k Y
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.

K _E -, _E E
I R, I = R, I3 = Ry - Iy R | 5
12v 2y v 12y T
h=yc L=z L=ge v ® 0.5k
[ =128 I, = 6mA I, = 2.4mA I, = 24mA *

L=+ 1+ 13+ I, | | - '

12.+ 6 + 2.4 + 24mA
o _

t
.

t_44‘4mA . "} ‘ : . e

«If the source voltage were known instead of the source current. you could
solve the problem ;n the same way, and divide E by Ry (or multiply E by G ) to

" find I Instead, you could solve for each of the 1nd1v1dual resistor currents
d1rectly and add them to find I B

That is. I, = %a, I, =-% and so on.

1S

I

. ” s l"'
If you are finding the equivalent resistance of two resistances. only,.an
alternate formula can be used. . \ e

Rt'” R f R ‘for two resistances.
1 2



~

: - . EL-BE-2]
: Paralle]'Resistire Circuits

A

\ -

3

In words the formula states that the total or equivalent resistanceiof two
resistors in paralle) is the product of the two resistances divided by the sum

~of the two resistancess.

Actually you -can use this formula when there are more than two resistors if you
combine the resistances in stages two at a time.

this is done.
. EXAMPLE 2: ’Find R

R XR
Ry = R
o = 200 X 300 -
t ~ 200 + 300
_ 60000
R¢ = 500 ®
Rt = 1200 q

"EXAMPLE 3: Find Rt

R, X R
R =
t, _ B +Ry

2000 X 4000

Ry, = 2000 + 4000 *
Ry, = 1333 2
R X R,
.S O
5% * R+ R
t .
2 =.1000 X 1333
Rt *7000 + 1333
R, = 571.4

t

Examples -3 and 4 will show how

. P
R R
200" / 3(x3§1
. ']
:% : R, Ry :;
2000+ HooO N
Ri Ri
10002 1333 o
OO Rr :57’,4‘0‘
$
256
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EXAMPLE 4:

Find R,. Two different ways of gombining resistors ‘two at a’'time are shown as

well as the method using conductances. Compare the methods to see which yau
prefer. It doesn't matter which two resistors you dombine first. Method )
and method 2 are different only because different resistors are combined
first. Method 3 combines conductances.

: B3 | o | o
‘ uooJL%E uxx:J‘%E riCKX? = . o g

R,
00+
. ' ) : 1 . /
 Wehed T Wethod 2 —Wethod 3 j
o _RyXRs RaXRy - R, XR Ry ARy - ;
"R, MRy t) Ry . Rt,7R Ra ﬁt G}*G2+G3$G“_ .
o _600X400' o ' _1200X1000° . _600X1000 4ooxlzoo g -
Re,"G00W400 Re,"TZ00¥TO00 e, "600+TO00 R, "R R 'Ry R,
. : Ve \\\ /.
Rt1’24°“«‘ . Rt%:545.5n“ Rt1=3759 thf?OOQ ~ Gt=356*zﬁd+T765+T556
. ReIXR o R XRy |
"R = —t2 R =——l—ﬁ~1 0 001 7+0 0025+
bRy R, t Ry e, |t 0.00¢83+0.001
_240%545.5 375X300 -
Rt 240+545.5 Rt =375+300 N & 0.0f6u
= = /l
166.7 Q Ry 166.79 /é 166 79
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 sjde, usually on \
battery will be supplying power, and the other will be absortiing power. A very i
large current will flow if the batteries do not have the same voltage. . The same a
¥s true for othef voltage sources.
A battery that is absorbing power is being .charged.
This can cause damage to the batteries unless done undﬁr controlled conditions ;
which:include bhe foliowing : ' \
1. Charging only rechargeable type batteries. ) \
a 2. Observing proper polarity, i | \
3. Manualiy or\automatically c0ntrolliog the current that flows. ) .
o o | . r .
\ . : : 10 A T - : . ‘
o . 257 L
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Small resistance to limit current
1= AN

1t2'"

_;[ \3V [ IOV ]-

Battery #2 1s being charged

+

If the two -batteries are placed if

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

® -!

L

1 , Gt = G, + Gz + G3 + G, + and S
G, =+ +1 41 l + and so oﬁ’”’%”/f#’
t Ry R Ry R, -
r RLX Ry oo s
R, = for two resistoirs in parall
t R, +R,

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,

Excessive current flows

Batteries Shorted and Damaged

el




Self-Test |
1.

Two or more resistors. in parallel have the same

a. voltage ’

b.

current

~ power.

d.

value.

EL-BE-21
-Parallel Resistive Circuits

To find the equivalent value of resistors ‘in parallel the resistances must

be
a. added.

b.

a. smaller than .
the value of the smallest resistance.

A 600 ohm and a 300 ohm resistor are in parall

is

a. 900 ohms,
Four resistors are in parallel, a lk, 2k, and two: 4k s

o Tk
T =I5mA '

-- %3&, %an
%%aoll %élk}&

a. 571 ohms.

Solve for the voltage E

-

Solve;for It

I. =

b.

b.

Vv
and Rt

t —

R, =

t
Five resistors are in parellel

Rs =:100 Q2.

Rt =

i

subtracted.

300. ohms.

500 ohms.

" C.
d. inverted then added and the result inverted.

larger than -

200 ohms.

k.

. The equivalent value of parallel resistors. is )

c.\\equal to
\

AN
A}

d.

SN

added then inverted.

twice

éi\ The total resistance.

0.005 ohm.

Ry is

b

gm

Ry
Calculate the equiva]ent resistance R

= 2k, R, =

12

» o

259

3K, Ry =
t

I

10k, Ry, = 5k and
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9, Batteries can be placed in paFallel without danger or damage to the
batteries A

a. no matter how they are connected.

b. 1f the one that is charging is properly’ connected and 1s a recharge-
able type.

" ¢. under no'circumstances.

. N
10. The total resistance of three’ parallel resistors is 100 oms. One of
- the resistors is 200 ohms and another is 400 ohms. _Find the third value.
Use the conductance method. : :

. R ) -
R3 s . J .
' a7 &8
11. Which battery is being charged 13.2V— : : :——-IUTV

(absorbing energy)? N -—]'

12. Determine the value of the
unknown resistance Rx'

S Ry =150 R A RX%
‘ C R2'= 10 Q
Rt =50
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Task ~ « o . oy

! ' | |
| . Given a power supply and the following resistors connected in parallel, 2.7k,
- 3.3k, 4.7k, and 8.2k. Measure the supply valtage with the voltmeter. Calculate
the equivalent value of resistance. : -, '
. - ] ‘ R ]
- Calculate the value of current that will flow when the supply is connected.
Use the measured value of supply voltage. , 4

Calculate the current that will flow in each resistor.

Connect the circuit dging the interconnecting leaas. and alternately connect the:
ammeter in series with each resistor. In this way measure the current in each
of the resistors. See the Figure. ° ‘ -

Also connect the ammeter in series with the supply to medsure the total current.
See the Figure. o | _

Obtain a single resistor of value equal to the value catculafed for the total
resistadce. 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 singie resistor should equél the total current
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 *
. be the “same, The following are reasons why any of them may differ: o S

1. The meter causes errors in measurement.

2. The actual and printed values of the parts may differ. R

3. You may have made an error in calculation or measurement. Have your
instructor chec} your resglts. ' :

L)

Iy

Te AN~ AMMETER | = g t AMMETER - -/ :

|
[ ] .
Ry | \
- |
@
; . v
A@meter Connection to Measure I, Ammeter Connection to measure I
. ’ .
. 14 - A . | A
| 61 !
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- Final Test" o
R

When electrical components are connected in para]lel the voltage across
each and every component will be

a. zero, b. equal to the current., c. different.from each other.
d. the same as each other."

LI

To ¢ombine parallel resistances you add
a, conductances. b. resistances' ¢, voltages. N

The equ1valent value of resistances 1n parallel w111 always be less than
the e :
s
a. largest resistance, b. smallest resistance.
c.. largest plus smallest resistances,

Four resistors are connected in parallel, R, = 100a, R, = 1500, Ry = 501,
and R, = 2000. Calculate the total resistance Rt'
The equivalent resistance of three res)stors in parallel is R, = 500. -One

of the resistors is 1k and another is 2k. Find the value of the third.
Use the method. of conductances. : :

. ~Solve for the voltage in the circuit.. =I;- 0.01A ,
¥ 5R |OR 2R -

Which battery, A or B is being

charged? " What 1imits the current i;1::f""\/\/“"*';“:li.

from charging too fast? B

2.V :-IE— - 'Zﬁ‘j':f

Solve for lt andet.

m
i

20082 300" 5007 100%

ik
ll




Answers
. . .

1.. a. Voltage,

d. inverted then added and the’result inverted.
3. a. smaller than .

4, c¢. 200 ohms.

5. b, 500'ohms. » S | ,
6. 6 volts. | : ‘
7. 4.375A.
8. R, = 89.820, )
9. b. 1if the one that 1s,charging properly connected and is a rechargeable .

tYPe ‘ o - - - P \
10. 4000 also G3 = G, - 6) - 6, | ~ ,
Gy = 01 - oos - 0025 8
6y = 0025 ¥ '
=1
Gal
Rs * 5025

Ry = 4000
11. Battery B (11.7V) is being charged.
. . . ' -l .l . )

6, * Gy - Gy - 62, G, = 0.29, G| = 0.06678, G, = 0.1y
6, = 0.2 - 0.0667 - 0,18
X + .
6, = 0.0333 )
<
CORTE
X_]
" o073
o
R, =300 S

16
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F—lna] “Evaluation

hen all of_tﬁgﬁéhétkS'indicate 0K, proceed to:the next learning*package.

/

Calculated Resistance _
. Calculated Currents L
Measured Resistor Currents : | .
Measured Total Current | | ;
. Current Measured in Equivalent Circuit
Final Test . E S ‘_ ‘ /"/ .
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Goal: |

The apprentice will be able to
calculate current. and resistance
in a series-parallel combination
circuit.

Performance Indicators:

1. Calculate resistance.

2. Calculate current.

3. HMeasure currefit with amneter.

Ay
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B . o ' _ i g Series-Parallel Resistive Circuits
‘ Objectives o - »
Given: |  The student will:
A voltage source and resistors Calculate the equivalent value of
arranged in series-para]lel resistance for the series-parallel
combinations = combination. _
© A voltmeter and ammeter oM . Calculate the current drawn by the

combination voltmeter-ammeter circuit with.the source connected.
| . Measure the current with the ammeter.

Measure the current with th circﬁ1t
replaced by the ‘equivalent/resistor.

Questions and praoblems Comp\ete a Final Test with an accuracy
. of 85% ' v
“Directions | | - '
Obtain the following:
A DC power supply
Resistors 1/4 watt, 2%
330, 470, 1k 4 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

———— it
— e cbr—
! ctmmtt————
i ———————
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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.
4

Kirchoff's Current Law: The law that states that currents add in parallel or

that the sum of the currents entering and leaving a point is zero.

EAB‘ A symbol to represent the"voltage between points A and B in a circu{t.

Series connection of components; A method of connécting 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® afme voltage,

N
}
1
|
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Information Sheet ' _
Most circuits are connected so that there are both series and parallel combin-
~ations of resistors. The circuits can be sémplified by combining either series
combinations or parallel combinations of reSistors. Usually the combination of
either series-or parallel resistors will change the circuit in such a way that

additional series or parallel combinations result., The circuit can then be /.

further simplified, and the original” complicated circuit can be reduced to a
simpler one by a series of repeated combfnations of resistors.
Using the process of repeated series and parallel combinations just described,
. we can often reduce the circuit, to an equivalent circuit of only a single
resistor. The important thing to learn is how ‘to detemine 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 packages 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 wdy back to the package "Intro-
duction to Circuits® in which series and parallel connections of components
were first defined, - N - '

.Before an example 1s worked, the rules for series and parallel connections are
restated. ' ' o '
Series connection--components are in series if they are connected end to end

~such that one and only one end of each :
component is connected to another compo-

.nent. Another way to identify series 4

components 1s to look for components with - -

the same circuit current. Components in —'.'W.—IW\"’_'\/V‘_’_'

series will always have the same circuit . : R

current. . - SERIES CONNECTION .

‘ S i :
Parallel connection--components are in parallel if they are tonnected betwee
or across the same two voltage points in ANN—
a cipcuit. Another way to identify par- ' ' .-
allel components is to look for components  —— g AAA- AJ?f )
with the same circuit voltage. Components : .
in parallel will always have the same e AAN—
circuit voltage. . . : - PARALLEL CONNECTION

A special case occurs when there are ohly two components'in the ciecuit. The
two components are both in series-and in parallel since they have the same
current and the same'voltagev ' - -

'

*

,:’.

W 3

RN
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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?
Ry and R, aré in series, . They both have

the same current, 13, flowing in them,

There -are NO pesistors in parallel. No
two resistors are connected between the
same two points in the cYrcuit, R1 is
between poifits A and B, R, between'B and D,

Ry between B and C, and R, bétween C and D.

The source E 1s’between points A and D.
four points are separate points and cannot

 be combided since each is separated by at .

least ope component rather than a wire con-
nection. So the only thing you can do
is to combine R3 and R4 into one equivalent

resistor which could be called R , and redraw

the circuit.

+ Ry

Rx = R3 )
Rx,= 20 + 100

Rx = 300

Notice that point C 1s 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 R2 and the

new resistance R . R, and R 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 Rx into a single
R, and redraw the circuit, - )

_ R2 X Rx
y -

R

=
a

Al

. . ’ . . . s o .

EL-BE-22 .
Circuits

- ¢

. E and R are
both in series
) .and in parallel,
™\

D [oZ2X
. Rx
v D
- = 7
Equinlent Circuit 1
\
equivalent resistance; call it
Y
A R304 “
E .= I 1 1 Ry -
- I
IZME'-; oR .
“—-I| D v
Equivalent Circuit 2 : '
. | .
j |

271
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Ih the second equivalght circuit, the only two resistors left are 1ﬁ series. .
Combining those two into one final total resistance for the entire circuit,
: Rt' you have . A A : . P
R xR +R o = |
) I _ 2V — Suoe
Rt 30 + 100 - - _ o
R, = 400 - . Final Equivalent Circuit
Now that Rt has been determined, 11 can be found.
I = .g. - . . \tl |
.1u Rt " ) : ) . - ‘ \
1 40n - .
“_Il = 0,3A

Yo? can solve for all of the other currents and volt#yes in the original cir-
cult by going back to the other equivalent circuits. Using equivalent circuit 2,

the'voltage‘acrbss Rl-EAB-leRl and the voltage aé}oss RZ',BD'leRy
EAB'°f3AX3°n | , o fEBo-Q.BAx}On
. EABfg volts ' ' | Egp=3 volts

AB
oV + 3V = 12V | | o AN

Notice that E,, + EBD-' EAD = E Kirchhoff's yoltage Law ’ BN

Going back to equﬁvalent circuit 1, | | ‘ ' AN

2

L 3V
1_2 m and

Egp Egp |
[ = “E' and 13 o but EBD has been found N
. X ' |

L3V
13

2

=
[, = 0.2A . I3 = 0.14

Notice that 12 + I3 -_Il - Kirchhoff's Current Law
0.2A+0.1A =038




_Finally, using the original circuit,

the voltage acroSS'R3‘s EBC =
Egc = 0.1Ax
Ege = 2V °
Nochg_that EBC tEp ™ Esp

S22V 41V = 3V

Finally. all of the currents and voltages have been found.

have been used as a double check.

Example:.

\ ‘
Find Rt and solve for all of the cur-

rents and vbltages in the circuit.
Which resistors are in series? Only

_R2 and R3. 0] Rx = R2 + R3

}
b 'RX
Y

» ' R X

= 50 + 100

.z 150Q

Which®resistors are in parallel?.
Rg & R

Only R5 and R6' SO Ry ’.“§'¢“Fg

R = 400 x 200 -
Y +

T R, = 1332 l

[n equivalent circuit 1, R, and R, are fn parallel.

Rx X R4
z IEx + |jll

150 x 300
z *

- =
-
- ]

_—
un

1000

L}

Series-Pafallel

13 X R3 and across R4,

2090

Kirchhoff's Voltage Law

m
|
I+ >
-
H

. EL-BE-22
Resistive Circuits

'Eco I3.X_R4 ’ .; . e
Ecp = 0.1A x 100

' 'ECD = 1V

and Kirchoff's Laws

RaﬁSC*Q- R3ICK>JL |

-—I, C |
Ry 3002

W ——
1

-,

. Ry 1505t
‘ AN
=1L
ls  Ru300*
AN
R lI;- ~—1Ip
614 | ~

A

e

Equivalent Circuit 1
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. . \ ) o N . o . . l
. : VAFi_nally Rl' Rz and Ry are 1_n' series so that Rt = R1 + _RZ + Ry
Rt = 67 + 100 + 1330
R, -~3009 3
= E '
Ic. R

a I, = 0.5A ' ° CEquivalent Circuit 2 ~ Final Equivalent Circuit
. P ' . . . . ﬁ
5} EAB = It X Rl s EBD - It X Rz EDE = Itx Ry
"' !EAB = 05A x 679 - EBD = 0.5A x 1004 EDE = 0.5A .x 1339
A . , ' ¥
S EAB = (33V : EBD = 50! EDE = 67V
. L . D )
1R 2 Ry 3K L
[ .50V [ . SOV ° [ - 8V . 6
1 1500 2 002 . - '3 T00n 4 = 2000
1= 0.3 Ip=0A67A Iy 0.675A . I =033 L
B = Iy xRy ° - Ecp = X Ry |
Egc ™ 0.'33" x 509 | . Ecp = 0.33A x 100q
Eg = 165V T Eep = 3N
o
h 9
. R74
| \ N )




The power supplied by a source is calculated by the fonmula

~ currgnt 1is leaving ‘the ulus (+) terminal- of the source instead of the/minus
.(') terminal, ~the formu ‘

EL-BE-22
* Series-Parallel Resistive Circuits
»

.'} ) : . ' >
It was alrea_{ stated that some circuits do not have any combinatibns of
resistors that are either in series or in parallel. These circuitshcannot be
simplified by the method presented here: One example of such a circhit is the
bridge circuit. Notice that no two resistors are either in series ortin . :
parallel. Each of the resistors and the source is between a different:set of .
points in the circuit. Also.there is a different current in each resisgor and
the source since the current divides at each of the points, A, B, C, an mg

re

. » Methods used to calculate the voltages and currents are a subject for a
8 advanced course in electronics.

l

\ ,
- B * Component Between Pointsg

12 resistor . A 4B .

3q resistor . A& C 4
M source UL ALD R
_ 4q resistor 'B&C .

2 resistor B & ~ |

'1.50 resiistor N,S/‘/s o

. BRIDGE CIRCUIT

\ o . \

Power 1in a serfes-parallel resistive circuit is calculated in the same way as
At is in less complicated circuits, .

The total power supplled by source$ equals the total power absorbed Qy resistors’
(or other solurces #f they are charging). .

The power absorbed for each reslstor is calculated once you have determined
either the current or voltage forsthe resistor, .

2

Using the resistor current . P=I" xR B R

A | ) : _ .

Using the resistor voltage : P = %—7 , - A1l three-formulas give
. ' the same answer,

Using both current and vOltage _ - " o

for the resisgor- P=txI1 -~ - : ..

P=Ex xv'
where E and I 4re the values of voltage and current for the source. .If the

a gives the power absorbed by the source.
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Self-Test

- . . For the circuits in questions 3-11, it w probably be helpful to assign

letter labels to each of the separate p $ as was done in the examples.
What may look 11ke two different points will be the same point if they dre
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. '

. ‘\ '

< 1. Series .resistors always have the same
a. voltage. '
b.” current, _ : . a
C.. power, .
d. resistance value. A~
2. Parallel resistors always have the same
4. voltage, ' - & T
b. current.
‘C.  power, .
d. resistance value. o ‘
3. Determine which, if any, resistors are in A 2K B
‘ series and find the equivalent value, ' %
4. Determine which resistors, if any, are in — 315 K
parallel and find their equivalent value. E = .
5. Solve for the total equivalent resistance <

- for the circuit in questions 3 and 4.

6. DBetermine which resistors, if any, are in
series and find the equivalent value.

" 7. Determine which.resistors} if ‘any, are in
: paraliel and find their equivalent value.

8. Solve for the tofﬁI'equivalent resistance
- for thewcircujt in questions 6 and 7.

_(61rcuit.for questions 9-11 on folloﬁing pqge.);}01rcudt(for Questions 6-8

]

9, Solve.for the equivabent value of resistance for the total circuit (Rg).
10, Solve for the currents and voltages in each of the resistors.

11, “Solve for the poweﬁ supplied by the source,
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\ Ci'rcuit for Questions 9-11

Q
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" 7. Calculate the current when a 9 volt source is connected to the clrcult

L L ©EL-BE-22
‘ Series-Parallel Resistive Circuits

l"ask I | .,

1. Calculate the equivalent value of resistance for the circuit shown
i gl Ry [.8K | IK 330~2| |
’ NT T 47047

2. Measure the rce voltage. Use this value to calc#ate the curreg} g

drawn from the source with the circuit connected.

3. Check with your 1nstructor that you have calculated the correct values.
~ Then get a single reSlstOr equal in value to the calculated circuit value

4. Connect the circuit and measure the current with the ammeter Connect
also the single reslstor alone and measure the current with the ammeter,

5. All three currents should be closg to the samd value. If your resistors
were low-tolerance types, the results could be considerably off. Check
with your instructor to determine how well. you Wid.

6. Calculate the equivalent value of resistance for\ghe re-arranged circuit
as shown,

1.8K " ‘ JUAPER WIRE

Connect a jumper
wire between .
points A and B
. as shown,

}

"

. 8. Connect %the complete circuit and measure the current. o
9. Connect a single resistor of equivalent value as calculated and measure
" the current in the single resistor with the ammeter. A

10. - Have your instructor check your calculated and measured resulfs.

*Points\A and B are 1nd1cated as separate points only to indicate where to
’ attach an interconnecting wire or jumper. "Whén this jumper fs connected, the
two points become the same pgint in the circuit. The circuit can be drawn a
different way by .placing the 2.2k reslstOr to the right of the 1k resistor,
but an interconnecting jumper is still needed. " In both cases the 2.2k and 1k
resistors are in parallel and connected between the same two points 1n the
circuit, .
. '

M ’ v -




{ Final Test

’

: EL-BE-22
. Series-Parallel Resistive Circuits

. 1 De(\emine which resistors, if any, are in serfes, |

2. Determine which resistors, if any, ‘are in paralle?.

3. Solve for the'total equivalent resistance, .-

? 4. Solve for the currents and voltages in each of the components.
| 5. Solve fi} the power supplied by the source.
K 400 y
" W - . ‘ ‘
..' " 51)31 !
L 4 !
150 250K : '
L | 00 . S0
a5vV_—_ | e .
T ! , ;
| « 1755
® N AN
| ) .
AT
; ;
A &~
\\,r-~/ ]
A
/o .
t
'
L
14




Final Evaluation
\.
Calculated Resistance

Calculated Current

Measured Current

Current Measured in Equfvalent Resistor

Final Test/85%

v When all of

L
EL-BE-22
Series-Parallel Resisgive Circuits

0K - RE-DO

' ’E

te 0K, proceed to the next leanping, packa v




7.
8.

| IR " Serfes-Parallel. Resistive glirgﬁiig
Adswers = v R o
. 1..b. current. ¥ L
Y . voltage. ~ | \ - "»\ " S | L ',,;'.\
3. No resistors are in series, b . ‘ : | _‘ : :
4. 37549, 3k and 1k are all in perallei All are” between points B and C. / o
G = 5%5 + 3%56 + I%UUﬁ““°°°°4”‘ - MHO--(U) _' : , f\' j
'. - : L . (inverted ohm--g) _ .// :
R -é D—(IJ'UI = 2500 equivalent value . \ B S t,‘ j
5._’ 2k and 2500 are in series equalling 2ooo + 250 = 22509 B " g
i 6. 8n and 40 are in’ series equalling 8 + 4 = 12 / k
52-and 70 are in seriesequallilng 5 +7 %129 /B )

"9 and 30 are in paralle] equalitng 353 = 2,250
120 and I%a are in parallel equal 1ing 60
29, 6Q, and 2. 259 are in series equalling 10 230

Circuit 1s drawn with letters assigngd '

S D o

N N

\ -in parallel :
O \ between points
Jt

| B and C
— .
( -/ ’
) N 105 /- ‘
——0~ AVAVA: L
- / .
A - : | . in series, poin C
- L I,«-'W' - 1s el iminated wh n
oV =" ' combined
v [
Fo o ‘
T e L Aan N
T RLS o .
.LA AN\ in parallel between
R o points B and D'
oV _—= L
t [ *

T Y U



Co e N o IR | 1. EL-BE-22

EE | ‘Series-Parallel Resistive-Circuit
. o | a :
BN . ¢ - . .
\ o : .o N . 3
- | \ n serigs R, = 10 + 20 + 10n
0% | Ry, = 400 | ‘ 4
/
’ . e D/ / ’ \ |
7 - ,
L 0. 1, = N
\5\/ \jg ’ . /ﬁ ‘
20 1 -' .25A in both 10gq resistors and -
) 200? equivalent resistance E = iR .
s"‘ . _ ~ ) S V ZSA x zm
. ) .
' wﬂ‘..a_
167 = e .
. v

- E=~IR ol
Jl. » t H .; N . 'I ‘ "

>0 ({{ 207 1,67V = .167A x"104 R
3,33V = .167A x 200




ERI!

11.

p

source

= 10V x 0.25A = 2.5W

\

Series\Parallel Resistive

EL-BE-~22
Circuit .
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, ‘Series—Paralle]'Resistive Circuit
- Final Evaluation EETI |
. N 1500
Calculated Res}stance
Lalculated Cufrent' _ { |
Measurgd Current L '
Currént Measured in Equivalent Resistor
Final Test 85% R
When a1l checks thdicate'OK. proceed to the next learn1pg puckage.. ) ,
44 o . ,; -VS é !
1 | : ’ S ?‘ ;f
. ' ‘ | “\
P | [

—
&
AN
Id B
< ' .
1
]
! ~
L4
]
»
N
13 -t
v
[ ]
b
%

v 28 o
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g : : .
Goal: ( Performance Indicators:
/ i o x
The apprentice will be able to | 1. Identify common types of B
describe types of switches and™ . switches, - :
.relays. '
' 2. Describe relays.
0/\ »
. . \
. R o
|
. L |
. ‘ . . . . o ’1
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Objectives;
Given:

An ‘assortment of switches and relays

'

- ¥

5N . ,
Questions on switches and relays

\ \ 3

Directions . ‘-
Obtain the foliowing:

Assortment of switches

A relay \

Connecting devices
Lamp

/

Learnlng Activities
Study Key Words 1ist.,

Read the Information Sheets.

Do Self-Test.

w-——‘

"Do Final Test.

Obtain Final Evaluation.

. \‘
. .
.
t
v

-Cdmplete Task circuits and drawing.

'EL-BE-23
Switches and Relays

The student will:

Identify the different types of
switches

Connect circuits using switches to
operate lamps in different modes.

‘Draw operational circuit diagrams

using switches and relays.

Complete a-Final Test with an accu-
racy of 90%. ‘ ~
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. ¢ _ BN - / "~ Switches and Relays,
Key Words | o .
k . * Arc: A discharge-of electricity through.a gas (suéh as air).
| .Closed: A closed 100p. a complete path; ‘a connected circuit ,'.
NC: Normally closed. closed tn the rest position ’ N
h _I‘J_Q:~ Nor_mally open; open in the rest position, . f N
Open: An opeq\loop not connected; not operational;Nc‘ﬁsconhécted.‘ ’
| P_o]é: The part of the switch that has the moving contact on 1t: : S
%:t A switch thaF 1s turned with a knob yhich ca?.s'ele'ct aruy one l"‘aﬁy ‘\

Th'row: The piﬂrt of a switch which has the stationary contact on it .-

Hydraulic action: Devices that are operated by fluid flow. (Example: .'the
brake system 1n the automobile.) L

Bimetal action: A strip of 2-layer metal tbat bends as heat is app}ied v

The bending of the strip can activate switches, etc. . _ /
. : ]
7!

Symbol for relay : A#r .
, :

4
.

o~ -- b' . ‘ ml.E ! i
Symbod For switch ————ZT—
o S~ . «
THROW -

e ' . |
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-Information Sheet’

LY

‘ .. The switch is one of the most common electrical devices. We use switches
~ every.day to turn off or on our lights, appliqnces, and machines. Some
* switches are very simple. One example is the '1ight switch that is on the wall
of a home. Some switches are very complicated. These include multi-heat
.o switclies on the electric range-and 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, Single-throw. Below you see the $ymbol for a SPST
*  switch. Next to the symbol you see what the switch looks 1ike (pictorial).

| -———()”’/?i::- \ . 
POLET TH_RQW' .

SYMBOL

PICTORIAL

I3

Notice that on the symbol there are one pole and one throw. Because there is
. . only one of each, there are’only two places to connect wires. On the pictorial
. you will notice that there are only two-terminals. This will help you identify
a single-pole, single-throw switch. Now let's hook this switch into a circuit.
We will use symbols for the ‘circuit components. Study -the symbols and pictor-
fals below. Be sure that you can identify each of them. . :

N
L4

..- ) + | ¥ - . o
y T e

]

BATTERY v v LAMP
' . ) . ) . M /
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|

Here are two cirguits. They are the same except that the first one is shown
with the switch open and the second with the, switch closed.

L opzﬁyf?z — - L cLosen | '
T |- T -

No clirrent flow. , . Current flow.

Al
o~

The circuit that is open 1is broken; there cannot be any'current flow The
circuit that is closed has a complete path for current. This makes it opera-
tiona]. This is the type of circuit that is found 1n‘the common flashlight..

As you have, learned, switches are identified by the number of poles and throws.
Let's Took at a single-pole,_double-%prow switch,

\

._---cr”">;Z::::;;;;5v«5 )
POLE ol

i

-

- The SPST switch was good for turning one lamp off and on with one switch

How. can we' turn one lamp off and on with two switches? The SPDT i§ 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, : '

. b .
swncul ngiii_fﬂ S - So R
o 2 o- . \
—0 .

.. . , ‘ ; A N \
*Illl" . +Jl L ' .
. 4 ki ] . ' | 4

) ) + (Closed : Open

,

When this type of circuit is used in a home, it is called a three-way switching
hook=-up. - , -
? .

", ’ . .
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. There are othér'sw1tcﬁes'wh1cb make it possible to turn off or on a lamp from

three or more positfons. Jhe fol lowing shows the first two switches we have

‘Studied and two other switches that you may see. . .

i L]

A . ] . ’

'S
| DOTTED LINE MEANS —__
, POLES WORK TOGETHER |
SPST SPDT DPST | DPDT

There are some switches that are made so that they return to the same position
when they are released, by the operator. These are called momentary-contact
switches. They are nomally spring loaded so that they flip back when released,

- Momentary-contact switches can be the normally open type (NO) or the normglly

closed tyfe (NC). Pictured below are the momentary-contact-type switches.
_ : . _

APUSHWILL A PUSH wiLL
OPEN THE _ [™ CLOSE THE CIRCUIT
&

CIRCUIT pll
NC - NO .

NC & NO SWITCHES CAN LOOK ‘ALIKE

KY

Another type of switch that is very common and sometimes very complicated is
the rotary switch. The rotary switch may have many sets of poles and multiples
of throws. The following are a few rotary-switch symbols and their names, The
second P stands for ggsitioné 3P3P stands for three-pole, three-position.

. ' 8*ro

. o
llll ‘ . | Al THREE POLES
| 0
| | 8.“!:5 WORK TOGETHER
[y \ ' . ,
SP5P D
SINGLE POLE B 8‘\0 o
S5POSITON ~ + o B
| - 3P3p '
292
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"
. "Another switch v)hich is less common but very 1mportant is Athe reed switeh, It "
‘ is sealed in a glass tube and i§ operated with a magnet. What it Yooks like is
shown below. : .
/ . ) , } . o
GLASS TUBES 4 ;-— SEALED BOTH ENDS o
'_ =" 15 THE MAGNET |SBROUGHT CLOSE THE LEAVES SNAP TQGETHER

(——g—waier | } :

” . \
[} . . |

SPST _NO

The outside appéarances of switches vary as to their application and mounttng
method. Below are a few of the most common types and their names. The names
refer to the mechanisms which activate them, ]

2

5O

®
Toggle Rocker *Push Button . Lever .
Switches are given ratings for their current and val tage capabilities. To Y

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

1s 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. :
<

m' . - 9
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The relay is nothing more than a switch that is operated from a distance by an
oOperator,_a time clock, a radio or even a computer. Have you, every wondered’
what turns the bell off and on at'the beginning> and end of ~the class time?
Right, a relay is the switch that does the job. The time clock turns on the
-relay and the relay turns on the bell. You may ask, “Why do we need a relay?
Can’t the time clock turn on the bel1?" If you think about it for.a while, you
wil'l 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 for-different parts of the building? - Right

4 again, The clock will last much longer 1f we don't overload the small timed

switch inside the clock. " . :

But just how does the relay work? Most relays work on electromagnetic actiagn.
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 ngme 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 of f,’ the magnetic
field collapses, which allows the return spring to 1ift the am and open the

- switch. Study the circuit below. Notice that the electromagnet is turned on and

: off by a remote SPST switch. . “
| L . == RETURN SPRING
MAGNETIC POLE FACES | e y
. - — ]PUU_ | ARM .
REMOTE GONTROL —le l
SWITCH < |
v ' ELECT Cw¢M3VETKZCINL -
1] |
J .
When the SPST switch is closed, the amm of .the electromagnet is pulled down
- against the pole face with a snap.  When the control switch is open (as shown),
~the magnetic pull stops, and the am is pulled of f the pole face by the return
spring. It is this up-and.down action that is used. to close and open contacts
in the relay. The following circuit shows a practical set-up with a relay used
;) to turn on and off a motor on an industrial elevator, -

14
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" ELECTRIC LINE T

I L
! . 1 &3
L]
v

: MAGN(TIC
. © il

SMALL

ELECTRO

" WIRES  MATERIAL

MOTOR

e
(o) “CONVEVER BELT—< ¢
200F+, "

There is”an édvantage,in-usingﬂthe relay to turn the motor off and on: small -
wires to a small switch can control la

The'c29y{:EEtion of relays differs somewhat, but all of them use similar
action? The drawing below shows the con

set of contacts. Which ones are normall

rge amounts of energy.

Struction of a typical relay.
y open? Which ones are normally closed?

e

SWITCHING CONTACTS

POLE FACE(AC TYP¥S AISOHAVE D RING) e
; 1= s m
RETURN _ o o | | 6
SPRING P2 |
ELECTROMAGNETIC [
- oIl —

R

" You are right} Contacts 3 and 4 are

-

10

L)

Relay with Parts Latelled

nonmall} open (NO). Contacts 5 and 6 are -
~normally closed (NC). Connections 1 and 2 hook to the electromagnetic coil,

.

P~

Notice the ’

-

N 4
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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 drawing below. Is.this a SPST or SPDT?
How is the contact made? ° . . -

| - Closed Position . - Open'Position S
_— .

« Right! ‘It is a SPST switch. It has only two connections. Right agaiq! The
contact is made by the conductive mercury touching the wires in gne end of the
bulb. ' o T : - .

You may have seen one of these switches in action on the trunk of a car. When
+the 1id ts open, it turns on the light. When the 1id is closed, it tilts the
switch which turns off ‘the light. .

! . . ',
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. Self-Test
@

‘Lhoose -the correct’ answer.

1. . The A/C relay has g special ' ___on‘the pole face.
- a. washer f .
b R ring
C., D ring
d A ring , .
- N -
¥- 2. The magnetism in the relay is provided by ] ;
- a.. the coil, . ‘ ' .
3 -b.  the contact. ' _ \ Ty
_ c the terminals, - " v - -
! d. the return spring.
3. This. push button is a ' type. o *
a. SSST : . ‘
N ! b. N . -l- . ’
“c. -closed -
d. N —o o— |
4. This symbol is for a " type switth, ° P .
: a. SPST™ o O . : A S .
| ., €y SPSP ~ O— . ‘
® © d. SPSP o— -
, ' ' o—
5. Id?ntify the switch in this schematic. . ' .
a. SPST . ’ ' ' N -,
, b. = SPDT : - - ' -
) c. DpOT f— 3 P
.. d. DPST - T o?0-L
v\ 14

6. In this drawing S . type switch.

, -a. _ toggle 1 ’ L
b. rocker —r 8\ ’
‘ c.. SPDT e SR
-\ d DPDT I _ -

7. SPST stands for a type switch
. a. sjingle-pole, single-toggle
- b, single-pole, single throw
. Cc., any rocker . . . N
o d. snap : ' O
{ ; ' 2~ \

8. The snap.action on some switches

r

a. helps the operator know when the switch is .activated.
b. increases the arc.

¢. decreases the arc. /

d means that the switch is new. >




-.,,m | \

9.
a.

Ny b.

c.

d.

Silvertis
a.
- b.
c.'
. d..

10.

high expense. \

The mercury in the meycury switch provides

the electrical contact.

weight control.

indication of gwitch position.
improved appearance.

used on .some switch contacts because of
appearance.

lower dontact'resistance even if burned R

smoother action.

2 ’

-
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Task S T e -

‘ ' } v
- Construct and test the.fol]owing circuits.

‘\\ ‘ Circﬁlt 1

. _ Construct a ‘circuit to turn on and off one lamp with one SPST sumtch
(Use schematic as-a guide.)

7

P __— . LINE’ \

” , ‘ _

Circuit 2 - - e 07 - ) S e
Construct a circuit to turn off or-on a lamp from two locations using
two SPOT switches. * (Use: schematic as a guide )

o LINE o/é . 0\,
a" ._Mrants o | g . & e

Construct a circuit to turn off or on one lamp with a relay controlled
by a SPST .switch. (Use schematic as a guidelg :

L. o - Cf -
S ‘ g — L o
) L LINE | | o s
cLt ‘. §|| RELAY R
N - SPST N ‘ | .
~ . Circuit 4 ’ : .o ‘ >
_ Complete this drawing (schematic) using a rotary switch as a selector
» / to cannect any one of the following. to an amplifier, -
- UL [ = a [ER __{}Q’seml—:n
. <t . o . .
e | - i .
| TUNER v - . | AMPLIFIER
) . w, W
TAPE PLAYER = .
: . - et
o ; ~




) ) _l - - " \ . . .- ) ' '
Final Test S
1. SPST stands for
a. Single-position, s1ngle tgggle
" b. Singlespole, single-throw.
c. Special-position, single-throw Lo
d. Any toggle switch. o
2. In this circult drawing S24sa” s  * o2 -
a. a'toggle switch, . /c>——————-1;\>____ :
b. - 4-way switch. = —O G .
C. ~SPDT switch. . : S :
d. a rocker switch. | /jiy
3. In.this drawing's, is.a )
' " a. SPSTL .
" b. DPST,
c.. SPDT,
d. DPDT . —
4. This symbol {'s forva tybe switch.
a. SPST v '
b. 5PSP ' D 5
c. SP5p ———o’l .
-_—0
. ' . v,
This push button-is a type.
a. “NO \
b. NC ‘
c. - SPST ’ c—LE v T
d closed. e |
’ ~

. . The cof1.in a relay provides

a. D-ring mount.
wagnetic energy.

heat.

_return action.

‘

b
c.
d

.~ The D ring is found on

a SPST switches.

b. 'normally open switches
c ;

d

¢

AC relays. °
DC relays.

Why are some swftch contacts made out of silver?
‘a. It makes the switch more expensive.

EL BE- 23
Switches and Relays -

D1 J

b.  The silver"keeps its conductivity even though it is burned.

c. The action 1s smoother.
d. Less heat is developed.

) 15 300 -




9. The mercury switch 1s a
" a. . position switch,
b.. DPDT switch.
‘¢ thermo. switch. R N
d. 'NO switch. - ' .

10." Some switches have snap action |
a. +so the operator can hear the snap.

. to increase arcing.

b _ |
€.  to reduce ohm rating. , = -
d

. to reduce arcing and heat..

N ,
.
P
s
. KN .
.
. L

~

o o-
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., Final"Evaluation
. . Check sheet - -‘ o B . )
. - All circuits 100% operatioral. =~ st o
A1l drawing 100% correct. , : .o ' .t
A score of 90% or better d¥® the ‘Final Test., ' T v
Circuit construction o -, ' | PR \
) /
Circuit drawing - S X ‘
Final test __ #» % J . - |
%
When all \c’hecks are 0K, broceéd to the néﬁt package. . . .t
) {
\ | < )
.
‘Q;
. - .
v . ' 0 ‘ “
L ] »
@ > o
17 o :
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Goal: L -

The anprentice will be able to
describe the basi¢, concepts of
alternating current,

2216

BASICS OF ALTERNATING CURRENT (I

(W)
.

- Performance Indicators:

Deécribe fiow of electrons.

-Describe wave iorms.

Describe cycles and freqdency.

Describe peak and RMS voltage.

Describe audio gencrator,
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Objectives ‘

Given: “ The student will;

- A series of questions on basic AC . Answer 9 of the 10 questions correctl';
o

/ Ten problems dealing with RMS and Solve 9 of the 10 problems correctly{ -
peak voltages ‘ Yo )

An audio generator and head phone - Set up and opérate,the audio generatpr
: properly, ‘

—_ ) , o

LN

.Directions

Obtain the. fol lowing: | .

#1 audio generator ' ‘
ead phone set (with connecting wires) : | .
Calculator

 Learning Activities - ) |
Study the Key Words 11st. o

e e —.
’

Read the Information Sheets. . : !

- Complete the Self-Test, |
. f
Solve the problems on the problem sheet.{

Do the Task.

i

i

it . /
.

Do the Ffnal Test,

o

Obtain Final Evaluation.
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Key Words . o

¢ . .
AC:. Abbreviation for alternating current. Symbol:.f\J S

‘ .
Alternation: One half of a cycle; it can be positive or negative,.

Alterriating current: Current that changes polarity at a regular rate.

Audio generator: A device that produces alternating current which can be changed
in frequency, wavegshape, and output level. This package will coyer frequencies
which are in the r'8nge of the human ear. . :

-

ézcle: ‘A set of positive and negative alternations of an AC voltage A
S + ALTERNATION ‘
fcvcuzJ — ~ALTERNATION

Freguehcz The number of cycles in a given period of time. As_an example, -
a frequency of 20 hertz means 20 cycles per second]

_Hertz The measure for the number of cyc]es per second, (Hz)

)

Peak: The furthest point from ‘the center that a wave form reaches 1n either
ﬁ negative or positive direction - .

' ' PEAR  —~o
. ' . I PIANK

Rise time: The amount of time that it taies for a voltage to get from O up

‘to peak. ‘

) - | .
‘. - N r'f#f—’few ‘

RMS: Short for root mean square. It is a value that is 70.7% of the peak value -
or .707 times peak. ‘

-~

14

Sine wave: A smooth, ever changing.wave form. A pure frequency.

Example of a sine wave~-~_-[2¥:7——- - -

Square wave A wave form that changes abrugtly from § to peak value, holds
at peak and then abruptly goes back to @, rdverses to a peak and (eturns to d.

Example of a square wave--

v Jog
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AC and the Q?tilloscope T j . : - .

. < : .
In the last package you learned how to set up the d%cilloscope and use it to
take DC voltage measurements. Although taking DC measurements whth: the scope
is important, the real advantage of using an oscilloscope is.to-look at voltages
that change value at a fast rate of speed. Before we worry about how the scope
sees these changing voltages, let's take .a 100k at what AC really is. |
. [ S o . .

Basics of AC, J ﬁ o e .

‘W& know that DC (direct current) flows ifohe direction. The electrons leave
the battery from the negative pole, pass through the wires and the load, then
retirn to the battery's positive pole. The electrons are going in only one ,
‘direction, Study the circuit below. : ’ C

4+ = FoW _+ -~ OCMOTORLOAD .
— Rom
“ - n v .‘ .

\
{

W [—=—Row
- ' . /
) |”

. , N l

-

From this circuit you shoyld recognize that: NG

~

1.- This is a DC circuit. :
. The DC motor is the circuit load.
3. The motor is turning clockwise.

The motor can be reversed'by changing the polarity of the voltage source :
connected to it, thus reversing the direction of*the current through the load. /'
[f the battery were to be turned ope-half turn, the motor would go counter-
clockwise. See the circuit belww. : .
. | . | - |
N = ROW = DC MOTOR LOAD
. g . -+ )SHAFT'ROTATION
gy ¢ _ s ,
-<— FLOW - , '
g
)
N ' .
5 ,
. 309
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' . s ’ -
[ ] . . . C
" . ‘o . .
- . "
N -

From the last drawing }ou should-récogniie that:

D | : . . e
Eil. The battery is connected. with the polarity reversed.
- 2. The current flow is. i/ the opposite direction, ' .
3. The motor )is now turning in a counterclodkwise 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 polarity
of the battery. Study the circuit drawn beloy. . . -

. METAL HALF. e =MOTOR TURNSIN CLOCKWISE
~RINGS ™ T DIRECTION
+ o fARNCERUSH h. .m .

PHONOGRAPH TURNTABLE -

: h As the battery rides around and around on the tiirntable, the spring brushes
N . ~Slide on the metal half-rings which connect the motor to the battery., Let's. -

’ look at the circuit again after it has turned one-half rotation.

ROTATION- .

Now the polarity has been reversed and the motor shaft direction has also’been
reversed. The -action'that tdkes 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,
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' ' To really’see what is happening in an alternating currént circuit we must be

. able to recogniég the changes of voltage and polarity in relation to time.
This sounds 1ikeé a big order, but if we construct a graph to show these rela-
tionships, it becomes much simpler. To get an idea of how this graph should
p look, let's go back to our turntable-AC cyrrent producer and connect a graph- N
. drawing attachment to it. Jotudy the.drawing. below. o ‘

\

\ﬂ. ,// e L .
— - . . -PAPER )
- , ‘ MOTOR ARM — o
| ' K AT Y i
Nooo . F
AN i 7/
y | PHONOGRAP\-Y/
> ; c : .
r '
.- ' /I ; | . |
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 currem!“changes polarity, the motqr 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 direction

Of motor shaft rotation. , . .

The next step is to study the graph that the pen mdﬂe on the moving paper. The
~drawing following shows the graph and what happened in the circuit to cause it..

- ¢

-

“

-\-
*
«®
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| .l — T —— MOTORON CCW

L]

L
This graph (called a wave fonn) can give us much 1nformation about the c1rcuit
Study the following 1ist:

1.

We can tell how much voltage was applied to the motgr by the amount of
motor pull. If the battery had more voltage, the peak wave would be
higher becad%e the motor would turn more. (The higher the wave fonn, the
more the voltage.)

] " \ < .
We can tell the current direction (polarity) by the direction of the wave

from the off 1ine. Above the off 1ine is normally positive and below is
normally negative. I . :

If e ‘know how fast the paper was moving (inches per second), we can
tgll how many changes of polarity took place per second.

The pen cannot get from the center (zero point) to the top of its swing in
zero time. This slight delay makes the vertical lines slanted by just a
small amount. The. time that it takes for the pen 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

<

PER SEQO

‘)

Y A N,
AMOUNT OF . S .
MOTOR PULL | - ) n
CCW |
. , . : MOTOR OFF SWITCHING TIME [ INCHES
- > - | PAPER MOTION|
AMOUNT OF: o +—-|' e ' - | ’ T,ME. ‘. |
MOTORPULL 4 e " 2
cw |, =558 R |
\ %L‘ég‘]g B 4 -
= ,;<_§ L ——L — MOTORON CW -




~ Most wave fonns don't look like the one mmde by our battery turntable device.
The most common wave form is the sine wave. You may hear it called the pure
* form. of aq§ frequency.. The alternating current that we get from the power
a

~ . . ' . 7, . . . .
Lot o, “' vy ) . ' . . . r F N

“ ' - EL BE-25

.'f | - . o e éas1cs of Alternating Currenf
‘The Sine Wave _ e- - . L _ [T

company has this sine shape. The drawing helow shows a sine wave similar to
the oneg produced by the power company: The amount of time span shown is only
1760 of™a second. This means that 60 of these take place in one second

P -
., RMs120- : T '

oIS AL 0 L— ATIME —=

~ -

- RM5120 v
’ . ?¥¥¥@6§7 _ ~ \\\s,///

~ | CYCLE 1/60 SEc—

- . [}

-~

From the drawing of themsine wave you should be able to recognjze that:
1. The sine wave is alternating curréﬁt because it chqnges polarity.
%' .The sine wave shows a smooth change of voltzge from zero up to a peak value
positive, then back down to zero. From zero 1t 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 altefnating current by the number of cycles per seCOnd;

5. The peak voltage is'the very top of the wave form.

6. The amount of time that it take$ for a voltage to get- from zero up to
_peak is called rise time .

~7. The RMS voltage is slightly less than the peak value, (70.7i of peak.)

An explanation of RMS.voltage follows in the next paragraphs.
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Frequency in Hertz ' 4
/4

As was stated before, we can measure alternating cuﬁren$,by the number of cycles °
per. second. The measure' that is ysed is called frequency (how frequently a cycle
takes place), Remember that frequenty iR hertz deals with the number of cycles
er_second, no other time interval. As an example, the frequency of the power
iine Ts 60

| Hz. The cycles per. Sdcond is understood. 60 Hz = 60 cycles per\second.

Peak and RMS Voltages - . . - -
) - ] ! ‘ . . . . )
When AC voltages-are measured; we have a different problem from what w& had -

" with DC. The DC voltage was the same as long as the circuit was on. With AC

both the negative and the’ pogitives voltages go up and down. Why not measure

the voltage at its highest ppint (the peak voltage)? This might sound like-a
good way to do it, but there is a'problem. The voltage is only at the peak for.
Just an instant. Because of this, the amount of power from a_100 volt AC circuit
is Tess than from a DC 100 volt circuit. It was found. that 160 volts peak AC
produced as much power as a DC voltage of 70.7 volts. AlT AC voltmeters don't |
measure peak, but they do measure ..707 times the peak. This measure is called.
RMS voltage. If we know ‘the peak value of an AC voltage, we can find the RMS.

BT

RMS = .707 X peak . . : o

Let's say that we checked the Jiné voltage and found that it was-lGO,volts'peak |
value.. What would be the RMS voltage? - °- . _ o C

- : -
’ A

RMS = 160 X .707
RMS = 113.1 volts

AC voltages are almost always expressed in RMS. The line electrical out]ets in
our homes are called 110.volts,.. This is really a RMS voltage., If this is so, .
what is the peak line voltage? To figure this one we need another magic number ..

‘Tike the .707. This time the number is 1.4142). This one you can find with

"in the beginning of the discussion. .

your calculator if -it has a square root sign (V™) on it. 1.4142] is the
square qpot.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 voltsrRMSh This,
means that ~ _ _ '

-

Peak = 110 X 1.414 :
Peak = 155.5 volts - e

If you are unsue 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

N -y N o
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. - The Audio Generator

When there is need to test a DC circuit, it is a simple matter to use a.battery
or a power supply. The AC circuit is a different matter.. In the AC circuits
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,
+ 1t generates audio freguencies. The audio.frequencies include the frequencies
S that can be heard with the human ear. The audio geperator must include fre-
A quencies from 20 Hz to 20 kHz. 4 N .

~Audio generatdrs differ somewhat depending on the manufacturer, but the controls-
are very signﬂaﬂ The following drawing is of a typical audio generator. Study
the wls 88 you can explain what each of them ddes. .

T~ —4— FINE FREQUENCY ADJUST

~ PILOT LIGHT-— e OUTPUT TERMINALS
_POWER SWITCH— A 1 -
F%ME@F&ENCY_‘__ ﬁ | SINE li_‘) GOUARE B (2 )""_ —OW VOLTAGE CONTROL

SWIGH - — R

WAVE SHAPE SELECTOR
. ’ I
, S
.
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~Problem Sheef

’,l. The line voltage was measured to be 117 volts RMS with a voltmeter. . ™
- What is the peak value? ' |

2. While warking 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? N : '

3.  While working on the water heater in my hduse. I found that the voltage
across the element was 225 volts RMS, What was the pgak'value?

-

‘o NI °

4-10. - : N -
The table below represents a series of line voltages taken-over a period -
. of ‘'one week at the peak load time. Some of the-readings are peak values

and some are RMS values, Completesthe table so that both peak and RMS

values are‘given.‘ ) p
‘ Peak - RMS :
4" |sun | azs ‘ C
5 won | 150
‘ 6 |[Tues 109.5
| .
. |7 [Wed . 146
| 8 |Thurs 113
" e |ees 142
10 [sat 110.2
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Self-Test ,

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 dtfference 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.

-

3. The rise time is ' -
a. the time it takes for one cycle of AC.
b.  the time it takes for the voltage to go from 0 to the peak value."
C. the time it takes for one turn of the motor. '
d. the lag between cycles.
The sine wave is
~a. a smooth pure wave form.-

b.”. an abrupt changing wave form.
C. a triangular shaped wave form.
d. a’sawtooth type wave form, ‘' _
. K N . S

5. One cycle is ‘ '

equal to RMS times peak. -~

one positive alternation and one negative alternation.
a span of 1/10 of a second.

equal to RMS minus peak.

ano oo
. . Y .

6. RMS voltageT

a. her than peak. ,

b. equal to the square rdot Of two.

C. equal to .707 times the peak value.

d equal to 1.414 times the peak vdlue. -

~3
.

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
- change frequency ) , ’
change resistance.
change wave shape, voltage, and frequency.
change wave shape, resistance, and voltage.

o

¢

Qo oo
L ] .4. L ]

9. The AC voltmeter measures .
" a. peak value, v
b. - 1.414 volts less than peak.
C. RMS voltages.
d.  .707 of the RMS voltage."

13
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Task

°

. '
. 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 | O
One set of connecting wires ' '

Set-Up ,
Refer to this drawing for all steps in th

-~

1s, task.

(A1l audio generators are not alike, but they will have comparable controls.)

»
] With the audio generator in front of you I
» 1DENTIFY the following controls: : | . J
' 2, Pilot :
Coarse frequency adjust

3
4. Fine frequency adjust

o

Wave form switch

e i it b .

. _ ' 6. Output level control
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i
. ' . Qutput terminals ' - : | «
| . 8. Power cord , N
~ _ Q-:.;"{':)
Operation of the audio generator - \ ' |
' 1. Plug in power cord. . '
-
2. Switch unit oh (check pilot), )
. / a
3. Adjust fine frequency control to 1000 Hz.
4. Switch coarse frequency to correct band for 1000 Hz (B).
5. Switch wave form to sine position. o
6. Connect head phones to output terminals. - B . Q'.'“

7. Place the head phones on your head with the phones slighxly off ears
- (to avoid loud blast)

8. Adjust output level control so you can heur 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 gquestions below. *
1. What is the lowest sine frequency that you can hear? (not feel) ~
| | Hz

2, What is the higheét sine freq&%ncy that you can heaf?

Hz

_.@. How dots the square wave sound different from the sine wave?

»

Instructor check
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~ Final Test

/

1. A smooth, ever-changing pure wave form describes ‘l
‘a. a sawtooth wave form. B . -
" b. a triangular wave. form, ' . -
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'yo from .
0 to the peak value is known as : - K
a.  ‘one cycle, _ :
b. __an alternation, . : ' — T e e
C. the rise time, , . ’ s
d. the fall time, '

3. AC is different from DC because AC . o o ,
~a.  flows in one direc;ion. S - '
-b. switches on and off.

c. switches polarity.
~ d. has longer cycles.

4. To make a DC motor reverse directions
a. .reverse the poTarity of the connections.
b. invert the motor. : : ’
C. reverse the motor shaft end to end, _
d. give the shafg a twist in the reverse direction.

5. The major advantage of the oscilloscope 1s 1ts 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, '

he output of the audio generator can be changed ,

6. T
v 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, frequenty, and wave shapes. Y
7. The normal AC voltmeter measures 3 B

a. RMS voltage.

b. peak voltage. '

C. .707 of the RMS value.

d. 1.414 times the peak value. !

8. The frequency range of the audio generator includes
a, 20 Hz to 20 kHz. L -
b. 10 Hz to 400 Hz.

: c. , 1Hz to 10000 kHz.

~d.  1kHz to 2kHz. :

T
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1

. 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 .

: ‘a.,.  one span of 1/10 of a second.

b. al to RMS times peak. '

c. gﬁg positive alternation and one negative alternation.
d.  equal to RMS minus peak. _ > ’
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Completed Task
Completed problem sheet withh90% or better %
. ] ' ,———T— »
Completed Final Test ‘with'90% or better %

When all check5'indicate.OK.Oproceed to thg next_learning package. .

1 \.
)
. - @«
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Answers to Problem Sheet:

165.5 V peak
109.9 V RMS
318 V peak ‘
177
106
155 . ‘n,_ .
103 o -
160 . : : -
100 - . o o | !
156 ) . |
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‘Answgrs'to Self-Test:
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A

Goal: Performance Indicators:
The apprentice will be able to - 1. Describe permaneat magnets.
describe permanent and : o .
clectromagnetisnm. _ ' ) 2. -Describe magnetic fields,

3. Describe .laws of repulsion
» . and attraction,

'4. Describe magnetic flux.

5. Describe electromagnetism,
' . \ .
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» Objectives. . ' | R o
'I'n ' o | ' . o N
Given: . . - The student will: o i
A 115t of -questions about basic -  Answer questions on the fina%)test with
permanent magnetism and ' an accuracy of 90 percent.
electromagnet ism. o
A set of magnetic equipment. Identify magnets. and magnetic polérity.
_ ) Wind a'solenoid and an electromagnet
. - o and test each. .
. _ :
Directions ‘

Obtain the following:

Set of magnets

Compass

Magnetic cores . !
‘ #18 wire S , ‘
: Paper or cardboard tube - : ) - 1

‘Power supply : ~ - .

:Box of nails

b,

Learning® Activities

Study Key Words list.
~ Read Lnformatioﬁ Sheets.

Do Self-Tests. .

‘Do Task A,

@« Do Tasks B andC.

@ - UoFinal Test.
Obtain Final Evaluation.

v "
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: Key Vy’ords - e | e
. Coil: ,(splral winding of wire.

Core: /The center part of a coil, made of a magnetic materia] or air. f r *

EEEElﬂ: -Very tiny magnetic area in iron, nickel, or cobalt. : |

Elecfromagnet: A coil of wire powered by .3 source of elec@ricity. | o

Field: The magnetic flux around a magnet. ”

Flux: The lines of magnetic force around a magnet. ' ) - .o [P

: . o . o
Gauss: A-unit that is used to measure the amount of magnetic force.

Keeger A piece of iron across the poles of a magnet placed there: to prevent ,
0ss' of magnetism when the magnet is 1n storage. _ ' . _ : !

- Line of force. Referring to the magnetiq_flux.

'Magnet1c metals: Iron, nfhksl. and colbalt:

Magnetic polarity: ‘Referring to the north- and south-seeking ends. of a magnet.

.  Magnetomotive force: The magnetic push.

~Pole: The end of thé 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 .
magnet ized. - : ' : '

Solenoid: ]A coil without a core. A sucking coil.

)
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ﬁnfor‘matidn Sheet No. 1 ‘

Pefmanent Magnetj o

Magnetism is 1nvolved in a great number of “electric and electronic devices

-such as motors, solenoids, transformers, meters, etc. A knowledge of the basic

pri?ciples of magnetism is. 1mportant for understanding the operation of these
devices. ' . i .

There are only three magnetic materials on earth. A magnetic material is a
material that can be-attracted by a magnet., These materials are iron, nickel,
and colbalt, Materfals’ like steel are alloys that contain fron;. therefore,
they are magnetic; R x4

. : )
The simplest magnetois a bar magnet. One end of the magnet 1s labeled N and
the other end, is labeled S. A1 you have to do to understand the N and S-is to°
make a compass out of the bar magnet. The end that points north is stamped N
and the end wagch points south is stamped S. So when we say the north end of
a magnet, we mean the north-SEEKING end. What makes a magnet want to point

»

o, north and south? No one has the answer to that question. The exact nature
~-of magnetism is not really knows, but we are aware of the actions of magnetic

materials. .If .we look into a- ece 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
'material's: iron, nickel, and colbalt. The shape df the domain 1s 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 a domain grouping inside a non-

. - magnet ized 1rop bar.

\

NON NETIZED . 7 We- Mlcaou.omc
TIRON BAR B SAMPLE -

9%

Notice that the domains are pointing every which way. The total effect is that
the N end of each domain is facing a S end of another domain. Tiis cancels out
the external magnetic force so the bar of iron is not a magnet.

’ Lo S
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.; If the bar of unmaghetized iron were put into a magneticA field (next to a,
-+ magnet), the domains inside of the iron would align themselves with the i

magnetic field. Study the drawing below. -~ . K]

G macneT N IESS ronear

f\ MAGNETIC FIELD(INVISI BLE)

. A . )
The magnetic domains in the iron are 1ined u;i‘so that the S ends are pointing
toward the N end of magnet. This causes the magnet to attract the iron and
makes a temporary magnet out of the iron bar. (Notice the dotted S and N
. indicating that the magnetism is temporary.) When the magnet is removed from
the iron bar, the domains will spin around to cancel out the magnetism. The
iron turns back to the nonmagnetized state.

If there were some way that the domains could be locked into the magnetized
condition, the iron bar would remain a magnet. .This 1s.ﬁmposs1ble 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
ust have special handling because heat or jarring will tend to unlock 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. How can we detect or see magnetic lines? One way is to
take a bar magnet, place a sheet of paper over {t, and sprinkle iron filings
on the paper. The following drawing shows what the result would look like.
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IRON-FILING PATTERN OVER A BAR.MAGNET

I’y f

From the 1ron-f}ling pattern, it is hard to see the full picture of the lines
of force. .What'can be seen is that: . < . !

l. The ‘ends or poles have most attraction.

2. There are two pales.

3. There .seems to be no magnetic action in the center.

4. The force field seems to gg in Tines from one end to the.other.

In the following drawing the magnetic flux.is shown again’, but this time it is

shown more clearly than could be done with the iron filings. (Only a small
. amount of lines are shown to.maKe the drawing clear.) . -

4

(N,
=g - N E= '.

L 2

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.

>
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The Magnetic Laws of Attraction and Repulsion

. % -
As was stated before, the N end of the magnet tries to point north. This means
that there is an attraction to the north pole of the earth. This makes the
compass (which makes use of a'magnet) very important for navigation.  What is
happening to the flux lines during the attraction? ~Study the drawings of the
magnets below. : o : '

A

Attraction ' Repulsion
North to South - North to North

Attraction ' | Repulsion .
« South to North South to South

Knowledge of the directions and form of'the§e magnatic fields is Vvery important
for understanding the operation of devices such as speakers, tape-recording
heads, etc.

From the drawings you know that’

/ JESEE . -
1. %nlike magnetic poles attract. (North and a South or South and a
North)

2. Like magnetic poles repel. (North and a North or South and a South)

. 3. When the poles attract, the flux l1ines from one magnet combine with
. the flux lines from the other magnet. o '

'4., When the poles repel, the magnetic flux lines do not combine.

’. | R4 . ' ' | ‘
/ | 332




L | | | . EL-BE-45
Y, . | - . .Magnetism

Keepers - .

‘I"" The magnetic flux passes through materials with different amounts of resistance.
As an example, the magnetic flux passes through iron much more easily than
through air, plastic, etc. For a magnet to last a long time, the gap between
the north and south poles should be as small as possible. When the magnet is

; not in use, it is wise to place a bar of soft iron between the poles. This bar
of iron is called a KEEPER. The magnets pictured below have keepers on them.
5 | - . .

5 . .-
K Rl //""‘\\ ) ' o

N | K , K

Magnets with Keeper§

- Measuring the Magnetic Flux | . i

How strong a magnet is depends on many factors. Some of these factors are the
~following: \ - o
The mass of the magnet (amount of metal).

How well 1t is magnetized.
The alloy of the metal. "~
Its shape or form.

&(jl\)r—b

The more lines of magnetic flux per area, the more magnetic effect we can get.
The measure of magnetic flux concerns the number of lines. There are at least
three systems of measurement of magnetic flux: Gauss, Maxwell, and the Weber.
Gauss is -a measure of the number of lines of a magnet. The Weber has to do
with the amount of flux change per second to produce one volt induction. As a
point of comparison, the earth's field is less than one Gauss while a small toy
horseshoe magnet could have 200 Gauss! : o

The Square Law Magnetic Relationships

Study the drawing below that shows tests of magnetic pull.

ONE SHEET OF PAPER TWO SHEETS OF PAPER

’

YRRy
-

SOOI T r T Fr i wswrr .

L
) Hlbs ;
MAGNET = N KO-—10 PULL _© MAGNET N Q) TgF’;ULL
- OFF - :

Each time that you double the distance between the magnetic pole of the magnet

and'the magnetic material, the magnetic pull decreases by the square of the )
‘l’ distance! This means that as you move away from a magnet, the flux level drop;
at a .fast rate. This is very important when dealing with tape heads of a tape
recorder, A very small amount of dyrt can hold the tape far enough from the
head to make the tape unit completely inoperative. Keeping the magnetic gap
tlear on a tape head is very imporfant. -

. o '. 33 3‘,_“,,@_’; ,,,A_,,_A,,._M_.__4_,'_ o
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Self-Test No. 1. | .
~ 1. The magnetic field is sometimes called ' ‘ '
a. magnetic force. o ’
LD bo flux liﬂeSo . - ) : ’ L
o c. *iron filings. " ' : -
| d. north and south. _ , o ; p

2. The direction of magnetic fields is

a, around the magnet in a crosswise direction.

b. from the north pole to the south pole. !
c. from the south pole to the north pole. -

d. along the sides of the magnet.

3. The law of magnetic attraction and repulsion states that /’

a. like poles repel and unlike poles attract. ‘
b. 1ike poles attract and unlike poles repel. e
¢, 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 1s 1 cm from a magnetic pole. and then moved to 5 ,
" cm, the force between them will ‘ . ‘ i

, a. double, o _'2
'I' . b. halve. - : ' .
. €. Qquadruple. ’ o s o | o

d. triple. k . " . . |

5. The flux 1ines around a magnet'aro

g. in both directions| o

. more dense as- you move away from the pole.

'c. complete from the south pole to the north pole. 2
d. compiete from the north pole to the south pole.

6. The strength of a magnet ‘in the center séction hdﬂfﬂhy 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 streagth of a magnetic field is meaigred in

a. volts per inch.
b. Gauss or Weber.
c. flux line diameter. -
do the square Maxwell, . ~ . , .

8. "tne following materials are magnetic i . ; .

‘ a. lead, tin, and zinc. :
: b. . gold, silver, and copper. S : s
co Aaluminum, chromium, and platinum. S e .
d. iron, n{kel, and colbalt, .
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Electromagnetism

. #
There 1s a relationship between magnetism and electricity. Oné of these
relationships 1s that whenever current is'passed through a conductor, a

lines make is one which surrounds the wire in a sheath. Study the drawing of

FLUX LINES
CURRENT DIRECTION ‘

The Magnetic Flux around a Wire

From the drawing you should be dble to recognize that:

| . , L
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 1s continuous all along the wire. '

If‘you Know the'direction of the current flow through the wire, you can tell
the direction of the magnetic flux around the wire by the use of the LEFT-HAND
RULE. The following drawing shows this method.

)

N-FLUX DIRECTION

Grasp the wire with the left hand with the thumb pointing in the diwection of
the current flow. The fingers will wrap around the wire in the direction of

Magnetism

- magnetic flux is set up around the conductor. The form that the magnetic. flux

FLOW DIRECTION

the magnetic flux lines. Also, if the fingers were to be wrapped around in the

direction of the magnetic flux, the thumb will point in the direction of the
current flow, A : . ‘

11
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The amount of ﬁgﬁhetic 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.

'

. ‘ .
—— L L

CURRENT [

=" =5 — FLUX FOR ONE TUR}
The flux 1ines go from the w— combined flux 1ines for the coil
north end to the south end on :
the OUTSIDE of 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. A1l of the flux lines
will combine to form a magnetic flux for the cofl. Check ft out with the left-
hand rule. The more turns of wire in the coil, the stronger the magnetic
effect. Notice from the drawing that the magnetic polarity is shown. This too .
can be seen. Remember that the flux lines go from the north end of the magnet
to the south end ON THE OUTSIDE OF THE MAGNET. "Check it out on the drawing.

The Electromagnet ‘

| =N | |
Now that we know how the coil works, we can make an electromagnet. First, we
need a ¢core. The core should be a magnetic material. Iron is the strongest of
the three and also the most inexpensive. Because we want to turn the magnétism
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.

L

. ’ -
1} ’ h
N .
.
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To construct the elecfromagnet we wind the wire around the core in a neat
spiral of insulated.wire so the windings will not short from one to ‘the other.
Study the drawing of the electromagnet, . y

- A

Ay v o
- -
L 2ol =~

7 AN MAGNETIC FLUY
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The Electromagnet ' - o ?

The magnetic action in and around the electromagnet is much the same as that of
the permanent magnet except that the eléctromagnet can be turned of f and on and
can be many times stronger.

The Solenoid

Another type of electromagnet which is very useful is called a solenoid. Thd
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. Jo make a
solenoid you wind the insulated wire around a hollgw nonmagnetic tube. The .
tube can be made of paper, plastic, or even a metal such as copper or brass.
Study the drawing ®f the solenoid below.

{3

!

When the coil is turned on,
to
= . | . : the center of the soleni}g.
+ : : . ‘
- N

The Solenoid "Sucking Coil"

Because of the mechanical travel that the sqlenoid can produce, it is used to
do the following things :

. Turn.switches off and on, '

. Control draft and air flow in heating and ventilating systems. .
Shift gears. '

Operate door chimes.

Start or stop machines.

N BN
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o _+1s 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.

EL<BE-45 .
Magnetism

factdrs of Magnetism _ _ L *

. . ‘
- There are many measures and factors of magnetism. Included here are a few of
the most 1mportantfones. . ~ . .

Magnetomotive Force (MMF)

~

Magnetomotive force is explained as the force needed to produce a magfiatic
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 be further magnetized.
More magnetomotive force will not increase the amount of magnetism of a sat-
urated core. This condition takes place when all of the domainssin 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. ‘

’ t

Residual Magnetism

Residual magnetism 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 stay stuck down after the current is turned off. o

'}
t

- Demagnetizing - . ; f*

'Demagpetizing is the process of removing the magnetic effect from aﬁnaterial
or device. Many times tools will become magnetized and will need tg¢ be
demagnetized. Tape recorder heads often need to be demagnetized.

The device that is'used to demagnétizé is nothing more than a large'coil with
no core. The power to operate the coil is AC. - To operate the unit the power

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 = . R -
"1. [f a current is flowing through a wire T
" a. a magnetic field around the wire will be present, : ' .2',-. .

b. no magnetic action is ‘present. o .
c. one end of the wire is north and the other south.\ R
d. the heat from the wire destroys the magnetic effect.

2. Eleciromagnets are made by winding wi#es into coiis.because"

a. it droduces less heat. - T B
2 _b. the core is easy to install. \ , ,
C. the leads are easy to connect. ! . ;
¥ d. it-concentrates the magnetic field. ; :
. _ @ " . . -
3. The left-hand rule for conductors .o D . .

a. is used for checking wire temperature.

. b. 1s used so the right .hand is free to write voltage readings.
. c. shows the flux direction if the current™direction is known.
d. 1is more accurate than the right-hand rule.

4. A solenoid is sometimes called

‘ a. an electromagnet. .
b. a sound generator. : ' . :
" €. a sucking coil. - )
~d. a long cored coil. - ' " ' ’ g

)
5. Saturation is _ .

~
}

® a. the point at which more magnetomotiye force cannot‘5~bduce more
‘ magnetism from a core.
b. the point at which the coil cannot pick up moisture from the air.
c. the peak voltage point. . . “// ‘
d. caused by the residualﬁmag tism.

. \

6. A solenoid is used for . | “
/a. heating‘soldering irons. 1 _ .
b. controlling temperature. : - S i
c. mechanical movement of pulling, ' ~ S '//
d. measuring resistance. , : - ’ Vs

7. Demagnetizing is best done with

a; a hammer. X
b. a strong light.
c. a large AC coil.
. . d. twisting the metal one half turn north,

v . . -
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Given; Four unmarked magnets, a <ompass. '
‘1. -ldentify the ‘north- and south#seﬁk!ﬁgfgggs., |

(Use masking tape to make labels,) ' -

~ When uéing_the compass , keep it at Jeast one inch away from the magne
‘poles. - . ’ :

[] Instructor's Check

Given: Two bars of iron with no markings: °
] ' .

one unmarked magnet o - ,
one unmagnetized iron bar ‘ ‘

2 You-must-présent the magnet to'fhe instructor in five minutes.
. ) e [
Rules: 1, No other metal object may be wused.

2.7 No compass can be used. |
' You may not try to make a compass from the, bars.

(] Instructor's Check g

- | .

T

<
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| . - Task B
Given: Iron core, paper_tube.'#l8'magnet wire, and a heavy power supply.

' 1, Construct'the-foliowing solen01d°

_ Wind 30 turns of #18 magnet wire on the papgr tube. The wire must be -
. closely wound in a neat spiral.

Leave 10 1nches of wire at each end of the coil for leads. (Tape each -
end of the coil to hold the wire.) . '

»

Strip one-half inch .of insulation off the end of each lead.

12 STRIP

;N

Apply 3-5 volts to the coil from the pawer supply. (Don't overheat the .
- coil.) T

Al A

-

"Explain what happened.

T

0 Ins;ructor‘s Check
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oo ; | l ' L |
‘ \ | | Magnet ism
Task C
Given: Iron bar, #18 magnet wire; small box of néqls. and a power supply.

l. Wind 40 turns of wire bn the iron bar in two layers of, 20 turns each,
i Leave 10 inches of wire for leads. ,’
[ ]
{ §;rip ends as-in Task B.
L) ///l
“ Tape the coil to hold the wire.
Add ’CZ\)RE )
' Iron nails ~vad H- (o |
" 2 v . . .
’ , \ . _
o . - ) % ’ - . {
f : . .
) ) _ .
/Apply power as called for in the chart below.
L]
qunt the nails that it is possible to pick up with the coil at each
oltage level. . o
. ' Volts ~Number of Nails ‘
.5V o !
! | :
/ f )
1 ) o ¢
10V | |
a Work fasts the coil yill become hot!
15V -

[ * ‘ .
.Did the core become saturated?

o J Instructor's Check

Ty

. q _18 34
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) . | - . - . C Magnetism
_ " Final Test o | , ' SO
W i . . . o - . .
| . A ~ ' R 4 ' oo
-l .Ihe Gauss and the uebef are both measures of

a. current levels in a coil,

b. magnetic force. _ :
c. the Maxwell. -~ = . S
d. ,volts per ingh. ' ~

~* 2. The lines of magnetic force have direction from -
a., the south end to the norgh end of a magnet .
b. the poles to the center of the magnet.
c. the north end of the magnet to the south end.
d. the center of the magnet to the poles. ~o

3. The three magnetic metols are

. a..1ron, copper, and zinc.
‘ b. iron, aluminum, and nickel.
- c. 1iron, colbalt, and tin. o
d. iron, ni el. and colbalt. ’
4. If two magnets are brought together the fo]lowing action could- result
1. a. the like pofes will repel. o
-~ b« heat will be produced. ' o

C. the two north poles will attrqu. | .;'; |
d. no action will take place. : - -

5. If an iron bar is brought to within one inch of a magnet and then moved
to two inches away, what will happen to the pull?+

It will ddhble.

It will be reduced by four times.
It will be reduced by one-half.
It will be the same.

a o oo
[ ] [ ] [ ] [ ]

v ® ' .
6. The left hand rule for conductors is used to

check wire temperature.

. show the direction of magnetic flux.
measure voltage.

« count the flux lines.

a0 oo
. .

7. A solenoid 1s a coil that . - | - Lo |

a. provides heat.
- b. .is used as a holder for soldering irons. »
.. -, ¢ pulls the core to the center of the coil,
d. has a permanent iron core. - ,

e - R 34,

i &

gt




. '\'fv -
. ) o
: . 8. Coils of wire are used for electromagnets because
a. they produce less heat.
"b. they hold the core better.
¢c. the leads are easy to connect., *
d. they.concentrate the magnetic'flux.
9, If the core of an electromagnet becomes saturated
«a. it must be thrown out. |
o b. 1t 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.
b a heater must be used.
‘ c. a sharp hit with a hammer will do it.
d. a strong light will dp it. '

-
Fal

ERIC .

20344

EL-BE-45
Magnet ism
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Final Evaluation
."\. '
Completed fask A

Completed Task B
Campleted Task C

Completed Final Test with 90% score

When all checks indicate 0K, proceed to the"next learning package.

¢

»

0K

.

- EL-BE-45
Magnet ism

RE-DV




Answers to Self-Test #2 -

1. a

® :.

Y

EL-BE-45
Magnetism




ELECTRIOAL SYMBOLS 2

Goal: ~ | Performance Ipdicators:
- The student will be able to identify 1. - Identify symbols of common electrical
basic electrical and electronic symbols. components,

2. Explain abbreviations for elec&rical
symbols,

3. Explain the importance of schematics
in electrical work.

4. Explain the direction bf flow fox
. reading a schematic..




INSTRUCTIONAL LEARNING SYSTEMS

- Study Guide

S,

Read thelintroductﬁqn to this module.

Study the vocabulary section of this module and make sufe,that you understand the
meaning of the components for which symbols are shown.

Learn the symbols and names of electrical and eTectronfc-componentS shown on the
information sheet. v

Comb]ete activities listed in Learning Activity section of this module.
Complete the self assessment.
Check self assessment with answer sheet.

’ . .
Ask instructor to give you the post assessment.

oo oo o oo

Upon completion oﬂﬁbost assessment, have the instructor check results.

-
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INDIVIDUALIZED LEARNING SYSTEMS, - - I

- Yocabulary

Y §

-
‘ o’

Abbreviatjons

Capacitors

Diodes | ) . .

Inductors

Resistors

Semi—cohductor

Transformers e .

Transistors
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INSTRUCTIONAL LEARNING SYSTEMS o .

! : - ’

1

* Introduction 1

L

e

Schematics are road maps for%&nking in electricity and electronics. Electrical

workers use schematics in much the same way that a carpenter uses a bluegrint in
the construction of a house. ’

A schematic is a series of lines .and symboﬁs 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 Symbo]s used in schematics. Once the symbqfs are
mastered, reading schematics is not a difficult task. i

*

/

® .
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INSTAUCTIONAL LEARNING SYSTEMS

P

Information «

e

’
'S ' '

The following afre symbols are used to represent electrical and electronic components

in books, articles and schematic diagrams. Due to the large number of symbols, only ﬁ‘
the basic ones are listed in this module.
SYMBOL ,~ : ABBREVIATION ‘MEXPLANATION
~ Resistor Symbols | - . | -
R Resjstor A

R ~ Variable rgsjstor e

. : ' . Ny

anVAYA
-——JSJx;::l- . R ’ ~ Variable resistor
. | |

R Potentiometer (pot)

N

/ -
Capacitor Symbols _ ‘ N .
I | L (. . Capacitor (Cap) unpolarized

I I\ S -

N . v
g ”
® . - .
. . .
\ * ‘ *
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v
/

J

\
3

— .

‘l'y
“Information

——

0.

SYMBOL

- ABBREVIATION

EXPLANATION

Capacitor (‘Eap) polarized,

)

Variable capacitor

¢

. Air core ingductor

Magnetic core inductor

)

Variable 1nduttor

Capacitor Symbols (continued) .
+ | + 7] C
- ) %
. / |
0t 24 '{f— ’ .
""4( AT -1 ¢
Inductor Symbols
—lNY Y\ L
A L
‘.
z= &= y
352
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Inf | atio;n ‘
| P PR ,

Transformer Symbols -

]

— -

»

\ ,

. <
]

‘l’ / [\AJMAJ‘} y b
//

-

Semicorducter Symbols

4 O Iﬂ——‘

T Al r-core transformer

CR or VR Zener diode \

(untuned)
\ ° \

4 ' _ {
i j

: | /
T Iron- qr ferrite-core

transfprmer -

CR v /Diode o




&\
. Q © O NPN Transistor
‘ !
e
Q ‘: PNP “Transistor
7
( ) r
." i
—_{ ' ' L
>_ 1 v - Operational Arﬁ"rﬁer OP amps.
— 4 S .




. INSTRUCTIONAL LEA?NING SYSTEMS : o

-
A
N
~

~ Information

| |

L —___D— - v ~ OR gate

1

. —-—J ‘ - * 4 |
D e ' U NAND gate ’

& . . /

:Dy.__ . U NOR gate




-8

d . . -

¥

Switch SymbBT§T'

e

o)

'norma]]y'closed

nomally open

Inverter

U : Flip-flop -

s Single pole/single throw '
(SPST)

S .”' Single pole/double

S , Push Button

(SPDT)
[}

(NO/NC)

v

L

-thrpw
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! .
_ - ' . : %
Information
o
(:i) M Anmeter, voltmeter,
. etc. Aor I and Vor E
" within symbol indicate
- ammeter and voltmeter
respectively
B - .
: ™ - o
o '
Batteries and Power Supplies I
- % L
. . BT Battery
L .
- «
e g
Lamp Symbols 3 :
:}E{) :jéi) dSsv ) Incandescent lémp
. ¢ : o |
, .
357 S o
" o _A..__‘_.‘______’_.“__L__.__L___L_.“_;___A____..—.—__l_



T &

N v

. ' - "~
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° IR \
V 'I f . ti :‘ | |
" Miscellaneous Symbols S '
. : GND Ground (Common)
| B | v
. . )
‘ @ AC voltage source
|
Y}'——_ "
- DC voltage source
e N
‘ % Il Relay
. , g




g

SP

Wires crossing but not
touching

Speaker

Microphone

*Fuse




.
o .

k4

#
® Read the information sheets of this module. i

, ‘ . . .
® Study Appendix A of Introduction to Electronics by Crozier, Breton Press, pages

470-472. MNote that basic symbols are s1ightTy changed to show specialvized
~componéfits in a circuit. - |

® Complete the self-assessment and post assessment for this module.
)

360

.

e
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~

.Job Sheet

._\ |

® Obtain an electronic schematic from a reference book, instructor, manufacturers
specificationswor other source. : W\

0‘ Use symbols in this module to identify the components in the scbkmatic. v
® Make a list of symbols that are not identified in this module.

® Ask instructor to explain the unidentified symbols or provide you with reference
materials. y .

® 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.

/
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o Self
Assessment

1. Draw symbols for a variable capacitor?

2. What is meant by abbreviations such as R,, T,, etc?

3. Are shcematics read from left to right or right to left?
. 4. Vhat does a schematic actually show the reader?

5. Draw sémi-conductor symbols for- logic gates AND, OR and NAND.

Q. Draw semi-con’ductqm symbols :for an ordinary diode, Zener diode and transistor.

\

e

7. What is the symboY for a simple inductor? .
' 8. Which electrical components are found in the following schematic:

! .
Ty 2870 .
. ’ i S,
| - Dy ::C, ' T SR
'b - ﬂ
f _ o
o List Answers: F, ' ' C,
T, . C,
1 ©
‘$ Dl Ll
‘\3 Dz R'

” What is the symbol for ground connection?
at 15 T, . '
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' Self Hssessment
;' ~ Answers |

2. R denotes resistor and the y means that it is the first of two or more resistors
in the circu1t T, means that it is the second transformer in the c1rcu1t \

3. Left to right,"

\

4. A schematic shows its reader the location of electrical and electronic components

in the circuit and the1r relationship to one another. .

o 1 T =D
g _

K 7. — Y N— ’ .
' '
. 8. F Fuse C, Capacitor
; T, Transformer - C, Capacitor . .
D, Diode L, _Inductor o |
: D, _ Diode - R, __Nesistor 8 , "
i B
1".:' .9‘ —-J——- . 1.\
.j ‘ — : s :
" -10.  Transformer o ' o /
S ' h J :

‘T-‘
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f,

l |

Mnstructor: ' (

~ Post Assessment Answers |\
) . v . ] 1 

1. The first of two or more resistors in a circuit.

DN + | . _. . ‘

or~.____}____. |

o R -
. /

4" ‘W\J/ , .. |

@ |

5. ¢

0

6. Schematic

7. Left to right

. /I
8. a
P | ‘
9. d
10, AND
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° Post
Assessment

1. What does the abbreviation R, mean when found with the symbol —Vvve— ?

2. Draw the symbal for one wire crossing over'another without joinfng.
3. Draw the symbb]“that might be found with the'ébbreviatioh T,

4. - Draw abbreviation for a fuse.

5. The abbreviation for indaction is: ) .
a. R,Na.b. 1 c. L d. D

. A group of symbols' connected together becomé a

6

7. On schematics, the information flows from - , to
. on the page. .
. ’ % »
8

.
The symbol ——N— represents: | L | i,

a. a diode b.” an amplifier C. a transformer d. a relay

9. The abbreviation GND 1§\ysed with several different symbols. 'which one of the .
) following is incorrect for ground? 8

¢ b47 c.,'_L‘\d.

10. .The symbols for AND and OR gates are very much a]1ke and can be easily confused.
' Whlch of these qates is represented by.the symbol .&_.E:::>__ ?

—

a.
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Goal: - o -

The apprentice will be able to read
circuit diagrams and schematics,

. ) CIRCUIT DIAGRAMS AND SCHEMATICS

PerformanCe Indicators:

TR

1. Distinguish between blockzdidgraps, o
pictorials and schematics.

2. Identify direction of information
- flow in block diagrams, pictorials
adﬂ schematics.

3, Identify common électricai components

in circuit diagrams by symbols and/or

abbreviations.

4, /Explain purpose of block diagrams,
pictoria1§ and schematics.,

¢

~

36(; N
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'y

~ Study Guide

® J#ead the introduction to~this module.
@ Study the \;ocabul_ary 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 comﬁ]etion'of bost assessment, have instructor check resulks.

®

®

L

®
Y
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INDIVIDUALIZED LEARNING SYSTEMS =

»

Yocabulary

Block diagram

Capacitor

Circuit.djagram_' C \\\;\\“
Diodes | - | |
Filter

Fuse

Inductor | ' : -
Pictorial |
Rectifier
Resistor : _ . o

Schematic - . | L

oo'ob_.;o e 0o 0 0 o

Transformer

N .
“ . . W

R

(n




INSTRUCTIONAL LEARNING SYSTEMS

Introduction

I d

&

™ . / ’ !
Symbols allow us ‘to describe electrical circuits in 2etail. \lhen symbols are placed
in circuit diagrams and schematics, they become the/ oad maps for working with
electricity. _ : : - : ‘

Circuit diagrams may be shown as block diagrams or pictorials. Block diagrams show

how the mdjor parts of a circuit fit together. A pictorial shows the physical Tocation
of each component. Schematics show how the components are electrically related to each
other. b . ' _ ; |

—

»Diégrams and schematics are the language of the trade. Those that work wifh e]ectricity
and e]ectr?nics must know the common symbols and be able to read circuit diagrams and
schematics, ’ ' : .

Ak
. ‘[

it

L
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{

USE OF SYMBOLS

Symbols are used to show how complete c1Ycu1ts are connected and will be found in

‘c1rcuft*d§agnams and schematics.

. CIRCUIT DIAGRAMS

BLOCK DIAGRAMS
ﬁ“ : \
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 simp}e block diagram is shown below:

— . -

AC i TRANSFORNER: RECTIFIER FILTER : rc

¢

|

-

The example showa -how, AC'eTectﬁicity is converted to a usable form of DC electricity
through the use of a transformer, rectifier filter and resistor. L '

. . d . . ¢
PICTORIALS - | o Ih. :
'

Another form of circuit diagram is the pigtorial. Pictorials are used to show the

exact physica]oplacement of components in a circuit. Pictorials are helpful to , ‘
assemblers in finding the exact place to inste}] components. Troubleshooters use

“pictoriats to find the location of a component in the circuit. An example of a

p1ctor1a1 is shown below.

( -—
0

Ty




T N T ——
. S

L) . \

The pictorial shows the €xact location of the fuses (Fy), trahsformer (T:),_diddes
(Dy» D2),.inductor (L,), capacitors (C,, C,) and resistor (Ry) in the total circuit.

A . ' . ’ .‘."»4‘ /
o " SCHEMATICS R // |

Schematics show the exact electrical location of all components and how y are

connected together. The information on schematics flows fpom left to r ght. The

electrical location of a component may not be the same as the physica) location. Parts

that are electrically connected may not be next to one anotRer. - F hat reason, both -
- pictorials and schematic$ are needed in order rouQ{zshoot ircuits. An example of

v

a schematic is shown:

.
' ® ’ ® 4
~ .

B

In" the schematic shown above, the‘f1ow of electricity moves from the left to the

fuse (F, ), transformer (T, ), diodes (D, , D;), capacitor (C,), inductor (L,), capacitor
(C2) -and. resistor UQ)‘ Remember that block diagrams, pictorials and schematics may - «
be read from left to right. : ' L . S '

. L
L) .
“

v




INSTRUCTIONAL ‘LEARNING SYSTEMS

® Study the examples of block d1agram1ng, p1ctor1als and schematics shown in
~information sheets. Read them carefu11{~from left to r1ght, identify each
component and abbreviation in the order{that they occur in the c1r8u1t and note

cross-overs in wires. . y by
q "j . .
® Find other examples of block diagrams, pictorials and schematics in. reference’ )
books, specifications and manuals. Can you understand the symbols found in’ thesg
_examples? .

¥

Compiete self assessment. Check answers.

Comb]ete post'assessment. Have instructor check answers'.
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vyt

® Identify electrical components in a schematic.

R 2 -
Yoo S B2V

. -

¢ <—— ( +25V

. o,
| L g
300 O E2R25V

v
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.

’Self
Assessment

Identify whether the fo]]owing drawings are block diagrams, pictorials or schematﬁcs.

4 . R
b :::[Po@er Supply C8:§ZOI”"I Dete{tor -1 Alarm o
S - L \ .
F1 \\‘ | l‘ q l . " | I

z A
_{fﬁi}- H% HI “ \
2 N -0 . N

' o iy T f,1 | : .w

. ' I Q -
, \/“g’lgl v ..I-..cl % RN ‘
0- - »— T o )
- 2 -0 ' &>~ |
¢
. > LI
g ——— L et L
o— (—0 ’ ' o '
5. " §R1 . %
O - 3O
|
6. Why would you need block diagrams on the job? ) ,(-
7. Nhy'wéuld you need pictorials on' the job? . | .I
|
. 8. Why would you need schematics on the job?
" |
9. How do circuits in™Juestions 2 and 3 differ from each other?
| . | . . | . L }
.. Define electronic component.
e
»
34 | -
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: e
* Self Assessment ;
" Answers

. - . .
>
. y N " e .
° ’

'
1. Block diagram -

2. Pictorial
3. Schematic}
4. B]ock'diaéram
5. Schematic _ o
6.  To Jndehstaﬁd the order'in/thth the major functions of a process occurs.
7. To help to find the exact phy§ical locatioi of a component.
‘. To unfi_erstand how _ct:nponents are re]ate'd e]éctr{célly.

9. The pictorial and schematic represents the same circuit. There’is-no difference.

10. An electronic component is an individual part that is invo]Ved’ﬁthe electrical
or electronic processes of a product. Transistors are components. Screws are not.

-

. . . .
. . . )
. . .
i - .
. . . ’ , ]
. .
v - I
.
1
e
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— ‘
® | \’
-
1. 'Does the draw1ng aboVe represent a block d1agram, p1ct0r1a1 -or schema§1c7 B
2. what is the f1rst component i the c1rcuit? 3 L - L | - R
3. Vhat is the ]ast component in the 83rcu1t? ‘3 ‘ .ﬁ.
4.. How many capac1tors are shown in this. c1rcui;? - a | o
5 How many'iﬁductors are shown in th1s circu1t? ’ h :
6. How many dﬁodes are, shQWn 1n he circuit? ‘ x . oon :
7...0095 tth c1rcu1t show a ground? L 'A ‘;V- . ‘ o “f
8,‘nDoes the circq1t hava a fuse? R | 3 " .
‘ _Doces the cirquit have a- transftwmer? | . i
'.' k0;f:D0es this drawing shaw physfca! ralationship or. e]ectri'al.relationships\of tq\ )
L oAt TR R R
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ﬂnstructor
Post Flssessment Hnswers

!

1. Schematic
2. Fuse - ' N 0 : v

3. Resfsfor

« 10. Electrical

v
e L
- .‘-
.
o
N
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Supplementqry NS
. References .

I. - j
/( . N ;. ] !
. ; . ) : B

Croz1er, Patrigk? Introduction to E]ectronics. Breton Publishers.. North Scituate,
_ Mass. 1983, . v - y .
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Goal:

.. The apprentice will be able to use
* 'schematils, block diagrams and
. piétorials in the design of alarm
systems. . 4

'SCHEMATICS AND ALARM DESIGN

N
b

b

Performance iIndicators:

- Demonstrate. knowledge of symbols.

2. Demonstrate ability to read schematics,
block diagrams and pictorials of alarm .
system 1ayouts.

3: .Demonktrate ability to sketch

schematics, block diagrams and
pictorials in alarm systems design,

]




INSTRUCTIONAL LEARNIXNG SYSTEMS

R

°Study Guide .

B
T

Read the goal and performance indicators‘to}find what is ta be learned from
package. Co- ' \_

Read tHe vocabulary list.
‘Study the intkoduqtioﬁ and information sheets.

. . ‘ )
Complete the job sheet. | /

Complete self assessment and check answers. - f

’
.
' .
v e
i
. T ow
¢
13
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>

Vocobulary

.

| .
Box: diagrams
3

Electrical relatjonships

b>) . N
‘ f

Physical relationships
Pictorial
Schématic

(Y !

Templates _ e v

) 4
s
b3
[ 3 ¥
]
- *’
> t
. .
s ' Ld
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‘y [
\
: ~
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Introduction

INSTRUCTIONAL LEARNING SYSTEMS
7 .

-

An installer must know how to plan the e]ectr1cal 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 stat;qy

The electrical relationghips can begcome complex in ]arge 1nsta]lations. {he use
of circuit diagrams-and schematics are part of the installers working day. An

installer must know how to read and sketch circuit diagrams ‘of alarm systems.

-7

¥

‘e
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Information

-

1

. . & - ' . . .
‘ . . . ' . e
COMMUNICATING WITH SYMBOLS, SCHEMATICS AND DIAGRAMS : '

Electrical components are represented by symbols. When these symbols are p]éced in
a schematic drawing, the electrical relationships of many components can be read
Y . and interpreted. - ) , . . s

* Schematics are a form of 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 systen@ggay be shown as block diagrams or schematlcs.
~ Pictorials are used to show physical re t1onsh1ps of the components. .

Manufacturers provide schematics and b]ock diagrmas of their devices. These‘shou]d

‘ 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 Tinked together

¢ Circuit diagrams, p1ctor1als and schematics were descr1bed in an earlier, package
Perhaps some pract1ce is needed in maKing alarm des1gns

L]

USE OF- TEMPLATES
Electrical and electronic templates™are available in most local book stores.
Templates are flat plastic sheefs with symbols cut from the sheets. It is easy to
draw the symbols for bells, relays, batteries and.diodes if the template is used
The straight edges of the templates can be used in drawing straight Tines.
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

1

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 term1nals that lead into

and out of the unit. The installer may not need to know how the inside is hookgd .
together. An example box diagram follows.

' v b S iy 3 | ' ‘
. n~ t '3 '§ \-g VRN
&, ¥ Y 0 lb% W W
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Information

“BLOCK DIAGRANMS

{ * .

.y
. Block diagrams may be used to show the maJor components .of a system and their
order with1n ﬁhe system.

4

AC Rectifier [ Filter ~ Voltage
Input - : ‘ - Regulator
‘ POWER SUPPLY - T
o o
FLOW OF SCHEMATICS'AND DIAGRAMS s . |

¢

The flow of both schematics and diagrams move from left to right. In otfher words,
the power supply! w11T be shown to the 1eft of the sensor that it supplies

MG VoLur
SouAdCt.

S o : FE ‘ . V “ JLtonn ‘
/ . . ° - L - .
Low/ l{om\oaf o’M , ‘ ' |
- SourcE — : RetLay’

L]
4

"

ELECTRICAL CURRENT FLOW

B

The flow of-eleCtrical'currentwis shown with arroWs;

" . L — R
RN S I,
1 e B
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SCHEMATICS . | - ' -
~Scheématics are used to show details of electrical system§. Symbols are wused to .
represent ‘individua} components of a system. The schematic does not show components L
according to their physical locations in a system The schematic flows from.left :
to right according to their electrjcal place in the circuit. For instance, :
a control box and a bell may be moynted side by side with a physical distance of
six ¥nches. In an electrical relationship there may be sbvera] sensors between

the two._ A pictorial would show:
“ .

L3 R ) 4

|/ ) . -
' \

L Control| . . Lo
. nit / e Sensor .| |e Sensor = Sensor N

® -

’

A b10ck_diégram for the example giveh above would: be:—

) .
AN _ . - . = X
Coptrof *Sensor | Sensor. Sensor ' Bell
Unit - S e -
phe o ) $
’ .ot \ ’ | \ 'l;
A schematic of. ‘the same example would show: ' . . -
‘ *
)
. ¢ )
& 1 R .

ges
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- _ Let us 1ook at other examples to make sure that we understand the difference between
| block diagrams, schematics and pictorials.

l y . | ' ' . ‘
Pow ER ) ' = ;
. . SupPLY
3 ¥ )
. » »
T . !
INPuT ) STORAGE CoMPur{NG ovrklPuT
‘[ N N T - ~ I.
. l ) . '
* ConNTRoL ~ .

' This block diagram of a digital computer shows the relationship of’ the computewr
processes to the power supply and contro1 A schematic of this example would be

much more comp]ex . '»

/ [
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This schemfatic of a transistor radio receiver uses symbols to show antennas,
diodes, transistor, capacitor, resistors, headphone, vo]tage source and ground.
%, “Can you find all of those parts? ,

- C D -
. \
| D
, .

| - |

“ T . | | X :
) ! t A Y )

The above pictorial shows the physical relationship of the components This six

volt power supply would be mountdd gn the printed circuit board in the order shown | ’

in the pictortal. , .. ‘

. . L] . N

. Y _’




INSTRUCTIONAL LEARNING SYSTEMS

o : | -

N .' '3 . * ¢ « '
- Assighment J |
.. | ! . -' ' " ' A -

T

¢
[ he R ‘ .
® Review schematics and block diagrams used in K“\ks and Hints. Observe standards-
for drawings in the alarm industry. See.supp]ementgry reference sheet. L
® Conplete job sheet. N . '
] . [ N [ d B
® Complete self assessment and check answers. - . o s
® Completp post assessment and have instructor check answers. ) ' »
x‘{ ’
4 {
v * .
e / '
v Y
. ‘ ' ’ >
\ A Y
)
L] -




b
Design an alarm system te protect this room. ~Show a b]ock diagram ‘and schematic .
of the components and their electrical relationship. Protection may be from fire, - .
instrusion or ho]dup or a -combination of threats.
. . !
. a2z’ : - e
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oSElf SN
Assessment

[ "

\ What are the following parts of the schematie?
1 S 5.7 ¢)
2. F . 6. Q
s 3;. 02 7 R2
L4 T, ]

OTHER QUESTIONS:

- . [ ]

8. Where does current eﬁtér the power supply? .

9. Where does current output?

-

-10. Draw a block diagram of this cincuit.
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¢ Self ﬂssessment

L)

Hnswers

[

\

1, Switch .
\ : *
2. Yuse
3. Diodes (rectifier diodes) .
4. Transformer :
5. Capacitor’ .
6. Transistor - )
. 7. Resistor
.8 AGon teft side of schematic
r ' : .
9. A& Bon rigt side off schematic ° y ’
_10. ‘.
“ {
3 %) : ‘l )
v ‘u L4
A | AC : ) lr——-
- INPUT TRANSFORME ; RECTIFIER ( TRANSISTOR
. v !
.‘ . ‘. 0 ' *
— L .
’ E]
] : .
. =
} &
A [4 .
, 391




« . \ - n

- - __INSTRUCTIONAL LEARNING §YSTEMS 3

o POSt _
Assessment ‘.

-
Rictval
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oanud

K4

® Draw block d1agram for an intrusion detect1on system that 1nvo]ves contro] umt
power supply, sensors.and alarm.

@ Make a schematie of the system shown in your block diagram. Use appropriate
et , - _ - .
® Have the instructor check .work.

symbols. - ' : | : N

U]
'
n
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r
4

‘Instructcr S
Post Hssessment Hnswers

R

4 ’

L4

THE APPRENTICE WAS ASKED TO DESIGN AN ALARM SYSTEM AND.PRESENT IT IN SCHEMATIC ,
S AND BLLOCK DIAGRAM FORM. PLEASE CHECK THEIR WORK FOR:

y

[ Correct use of symbols and lines

~.

o A\:cufacy- of 'electrical ‘relationships presented:in diagram and schematic _

!

. .
. 4 ‘
. ' RN .
. .

EKC T 393
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Supplementqry
References
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0 Secumty World Pubhshmg Co., Inc. Kinks and Hints for ‘the Alarm Installer. °
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SOLID STATE POWER SUPPLY SYSTEM

rd

. ) 4 A 3

N
\ o 8 . L]
- Goal: Performance Indicators:
. . ) '5‘ . . . ’ .
The apgienticé will be able to describe "1, Describe the main parts of ‘a powgl
solid state power systems- and standby supply -
battery systems. _ _ :
o, 2. Describe functions of each ma jor
: "7 e part of the power supply.
» i .
‘ s ‘ 3. Describe common types of rectifier
* circuits, filtering circuits and
voltage regulators. .
/ ~ .
4, Describe uninterruptable power
supplyﬁsystems.
A h » 7 ' :
- 5. Describe regulated and non—regulated
j * power supplies.
. ” : -
@ ! ’ '
N '
"‘ ~
v )

'395 . . . \'.
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0 PRENCIrT CERSEES
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® ‘Read 'goals and performance indicators- to determine what'is to be learped from package.

]

. N »
® Read information sheets. L - ) ! o ‘
- . .. . y 'Y Lt - -~
( ® Review vocabulary list. : ' .
. 4 . N ~ oL ) : . ' i
® Complete assignment in reference book: *. e .
Q - . . ) ' ’ ’ N v ’
+ @ Complete job sheet. ) .
. - AR} ) ’ . " . t. ." ) ™ . *
® Complete self assessment and check answers. o _ Sy
] Lt . * . ¢
.. . ‘ 1_ _
<, ® Complete post assessment and have- instructor score answers, . -
. - . % . .
. . N . ¢ ’ ' - e - * .
. ° ' ] M .
4 N - v , "
»
! | ’" -
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) ¢ \
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- Vocabulary

® . ) S
AC inpuEl . S
.@ Capacitive filter ‘ S o BN
. . ; ‘ - ‘ .
@ Capacitive input filter *
K _Choke input filter . NN ..

Fuﬁ]—wave bridge rect;%{ér
Fu]]-w3ye rectifier . .
| H_alf-wé'v-e rectifier ' ‘
Op-amps b |
Resistance-capacitance fi]te;v
Step-down trdnsfofmer

v

Step-up transformer.

Voltage divider | -

Voltage doubler '
Voltage regulator ' X

Zener diode | |

. INDIVIDUALIZED LEARNING SYSTEMS'
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Solid state power suppé% systems operate on DC electricity. This DC electricity must -
an AC input or obtained from batteries. The process for changing
ACEhto usable OC current is shown in the flow diagram. N o

.
. . * 4

A

L | Voltagé
Divider

. N ‘o
¢ . " C . ) ([
. 4

— AC Input Rectifiers [ Filter Regulator

. (

Let's examine, this-process pf changinglﬂc.to DC.in more detail.

AC INPUT | - 7

.1nput is usually obtained from utility lines in the form of 1‘10 volt electricity.
In other words, it is obtained from household outlets or a similar source. Since AC

will not activate \he components of the gircuit, it.must be changed into pulsating

DC current. The AC ingut is passed through a transformer on its way to the rectifier. o

Transformers may be:

;1.: Step-up transformers to increase the voltage and decrease the cuﬁken;, or

2. Step-down transformers to reduce voltage and increase current.

The symbols for transfermers are: , o
| STEP-UP | ~ STEP-DOWN

e T

A transformerless connection can be made directly with the rectifiér, 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 .

tifier circuits are used to make this change. Half-wave rectifiers remove the -

ative half of the waveform. A full-wave rectifier has an advantage over the half-wave
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Information
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: reptifier 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. ‘ S

Rectifiers usually have diodes, resistorsfand fransformers in their circuits. Voltage
doublers are sometimes used in the circuits to increase the voltage. Doublers are made

by adding capacitors to the circuit.

FILTERS

Filters are used to convert pulsating BC into a smooth DC waveform. This filtering
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.
Q 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. - - _ ./

\

S » :
A choke input filtet 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 ig discharging its load. This serves to smooth out the waveform by filling
in its valleys. ' ' . : : ' ‘

1

® 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
‘egmators will be discussed in this package. '

!

-

-

- c !
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//Zener diodes’can be used to assure a regulated supply of current. The Zeners can be.

“ bought by vdltage ratings.~ They will only allow that 'rated amount to [flow through.
The Zener regulator is sometimes called the shunt regulator because it is wired in
parallel with the load. T

ot .
[

.

_-————0 ) ]

Zerer maintans 3V -
- output regardless
of vo]tage(change.

DC

/lov. \k

A

) Qeries requlators use a Zener diode-and a transistor to regglate the DC supply. A
- diagram of a series regulator is shown below.

2
[

¢

o "The Op-amp is used as 9/regu1ator. The Op-amp is a type of integrated circuit. -
This diagram shows the’Op-amp as a voltage regulator. :

-~




_YOLTAGE DIVIDERS

A volfage divider is utilized when mbre than one voitage is requ1éé&¥ét the 105\\"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. : » _

ot e
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UNINTERRUPTABLE_POHER SUPPLY (UPS)

Al

‘Some systems cannot afford to be 1nterrupted If 1nterrupted the 'system may lose
information or fail to function at the time it should. Special backup power supply is
byilt 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 ape composed of three basic parts: 1) a rectifier that also serves as a
battery charger: 2)-a battery and; 3) an inverter. .

\ o Synchronizing C1rcu1t .
[ |'F‘ ————— — e ey e _—'—"—-"‘-"""
l - 1
Rectifier e i' ' ' Inverter
A [ Battery
) . . |
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In the circuit shown on the previous pade, the battery will remain charged by‘the<f
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 NON-REGULATED POWER SUPPLY }

A regulated power supply is one that delivers a consiant current to the circuit. Many
circuits are sensitive tQ 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. . : ) i _
. A .

"
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~Information .

A Zeneﬁ_d?OQé regulator is called a "shunt regulator". It is connected in series
‘with the load, ' ) ) '

\ @

Unregulated
e DC

|
QTTERIE_S

Batteries are widely used as a backup power supply fdr 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.

///)_
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* Study ‘the diagrams in Fundamentals of Electromics. Pages 56-78. K
‘ * Complete job sheet. |

* Complete self assessment and check, answers. )

. )
* Complete post test and have instructor check answers.: <o
) | ,
/ }
s )
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" Job Sheet

v, o, -
Con&;@uct the multi-purpose power supply as shown.

“ MULTI- PURPOSE. POWER " S

UPPLY

Pl Tl DI
™ _ -

PARTS LIST

/ - DI, D2 - IN4003 Diode
/ Pl - AC Line Cord

Rl, R3 - IK Reaistor

C2 - 100 to 500uF Capacitor

P2 &2 Screw Te¥rminal
Ql .- 2N3055 Transistor

R2 - 10K Potentiogueter °
Sl - SPST Slide Switch
Tl - 117 to 24V, C/T @. 5Amp,

s
11§
A
(O]
i O
N

TYPICAL OPERATING DATA -

Cl - 2000 to 3000uF Gapacifor N ~at 12 volts you can draw up to 100 ma,

at 9 volts you can dray up to 250 ma,
. at 6 volts you can draw up to 300 rha.
at 3 volts you can draw up to 400 ma.,

-

L

. 405
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'Self e
Assessment

L4
‘.
1. Cdrrect the'fpl]bwing diagram of a ‘pewer supply.by‘placing"stéps in order.
b.'\ - v ) . ' . : B

R o vortage e - —
o Rggu]ator_ . D1v1dgr 1 .{Wect1f1gr‘ i AC Input Filter -

‘ ; — S A
2. This is a. - transformef. - - o . »
PR:MRKE ; SECONDARY ' * | _ B '
. . . ' . ’ ) ‘ .
3.. A type of integrated circuit called B - is sometimes used as a
' voltage regulator.. - . .
[ ‘ ‘v

.. A Zener diode is used to | - B in a power supply.

4
.3. A choke 1n0ut filter uses r and. |  as filtering
deV1ces S - -

6. Wh1ch type of filter ut111zes a resistdr to lengthen the t1me fUr the capacitor
to dump its load? .

. M s ' . . ‘ .

7. Shunt regulator is another name for the * | \
. S 7

8. What'is the function of a rectifier circuit?

9. What is the function of a filter circuit/

10. A Fullwave bridge s ; . __has a higher voltage_output than the half-wave.

| =

ERIC L | - 4()8 o N
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Self Hssessment
Hnswers

\/. ’ b o
L . " ‘ — .
* | “AC Input Rectifier [ - Filter RVO‘}age golggge. :
_ : _ . Regulator ivider _
2. Step-up '
3 Op -amps
-4, Regu]ate voltage
5. Inductors and capicitofs
@ (Resistance-capacitance filter -'/
7. Zenerlregulator !
8. Converts AC waveform into pulsating DC waveform
9. Converts pd];ating DC into smooth DC
10. Rectifier -
E .
I
» i: ‘
i
/,
f
@ N
5 ‘( |
N
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Assessment
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1. Diagrip the'proqesslfor’converting AC into a DC power‘supp]y. o t

-

2. List two types of,tfansformers used in a power supply. _

.‘. e
. . . .

3. Is the voltage increased or decreased in the transformer shown below?
. . \ ’ . " ' ‘
PRiMacy % @ SECONDARY |
___—'D; o . e
' ‘ List three types of rectifier circuits.
. ’ \

5. What is the purpose of a rectifier circuit?

6. List three commonly used filters? " : | .

(4

7. 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 vo]tage'divider?

+

tRIC ws
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Post Hssessment Hnswers
Y «

1 -

- AC Input #— Rectifier ;ﬁ]ter -{ Regulator | g?lg;gﬁ
_ | o N ' 4
2. a)- Step-up \ b) - Step-down . .
. ] | :
3. Decreased /K
4. a) Half-wave , b) Full-wave- c) Fu]]wave br1dge

[N

5. Converts AC waveforms into pu]sat1ng DC waveforms

.. a) Capamtwe fﬂter b) Choke input fﬂter c) Capacitive input filter

& Resistance-capacitance filter

7. Converts pu]satiﬁg DC intd smooth DC waveforms.
‘8. §upplies system with constant Qo]tage.
. , \
9. a) Zener diodes = b) Series regulators - c) Op-amps

./| .
10. Splits current into two or more voltage levels.
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. CHARGING CIRCUTTS. . |
| | _ .

. . /: ,
"I | ‘ A
| ’ o ? 5

. i ’ | * . ] . -' B . ' . | N . ’
' . "y o - | | T ' . ' ) '.,
- Goal: | ¢ "1 Performance Indicators: -
The apprehtice will be able to 1. Descgibe'silicon con;rolled
describe charging circuits, - : : ' rectifiers.

2. Describe inverters.

o | 3. 'Describe uninterruptable power
. o ’ : supply.

. .
" 3 b\ L
‘ . ‘ . 4 7
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1
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 hew terms to be introduced, .

M ’

) . \ﬂ

Study the introduction and information sheets. .:

*
Complete self assessment and check answers.

Complete post assessment and have instructor score the answers. .
- :
»
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. . .. .
- Vocabulary

Center tapped transformer

Diodes

Full wave rectifier

Full wave'bridge rectifigr
Inverter

Rectifief

Silicon controlled rectifier

Static UPS system

st

Synchronizing circuit ~

tabl ppl
Uniﬁgngup a .e_power supply

L )
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® Introduction

remains armed during power outages. The most commonly used charging circuit is

: Charging circuits are needed in alarm equfpment to assure that the system
the uninterruptable power supply (UPS). :

¢ "The  uninterruptable power supply 1is 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 1into
a DC form. ) "

'
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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 1is 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 and battery charger \ .
2. A battery - y , _— » '
3. An inverter o . - <$’ ’
" The AC supply comes through the rectifier ‘which converts the alternating cultrent )
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 pover outage. A diagram st
of a static UPS is shown. . ) )
— éa.aqtrc.on:a.v“(lir;sq_iﬁ. =~ - . .
. np
G
AC ) | A stawi
SVPP'ﬁ r ReCtip'er‘ Tnverter 'J'.L , ‘
- - : - . - Statc . o
‘« _ ' ) Sun'tC"i L
‘ . AC '(.omJ .
, | % - ' o
, Manual
Battery. | Transfer
vy | : + - Switch

-

~

The synchronizing circuit locks the inverter output into the AC supply. This
allows exact timing for the critical load and allows the UPS to be remov‘. 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, .
[y e ’ . . . . \ 4
LJ ) I. . - \

T

\ . . ' S
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Information

A rectifier is a device for changing alternating current to pulses of direct
current. A half-wave rectifier produces a waveshape like this:

. ) | /‘\/’\/\
! ' N
- . o 4
. ¢

A full-wave rectifier utilizes two diodes and a centertapped transformer to

_ give the following waveshape. | -— N\ . -
Another type .of rectifier is the full-wave bridge rectifier which produces
twice the voltage output of a full-wave rectifier. AIl of these rectifiers are
known as silicon rectifiers because they gre made of diodes which are of the
semiconductor family. A semiconductor is made of silicon doped with N or P to
give it semiconduction properties. A single-phase full-wave bridge rectifier /
cirguit is shown below: ' :

e
' R ' .
| } “io !.,. > /.

® - Sy ’ . 7

An inverter is used to change DC 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.

| S SCR | ./
R —

» Cn
v . 4 . .' -‘T D, ? . (
O ‘Oﬁb 8
,_ AC' . ‘ o
Svpp R
- v | S%c . D
‘ Wﬁ /4 o ,
, ~
. 6
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‘Information

.
. ’ . .

-

The ngtery supplies DC current when the AC supply is cut ofp. The battery is ’ .
maintained in full charge by a "trickle current" that is provided by the )
rectifier. The rectifier converts AC %o DC and the charging current is, |
delivered after the conversion. .o '

]
.

o
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L3
® Copplete self-assessment and check answers.
® Complete post-assessment and ask instructor to check answers. ' .
3
oS '
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Se IfF -
Assessment

(\
Match the folldwing terms and phrases. _ S ' 2
3 , . ,
1. 'Silicon controlled rectifiers A. Type of uninterruptable power supply
2. Inverter | - ' B. Lqcks inverter output to AC supply.
3. Static system _ .05 Changes AC to DC : ° ’
4, Synchroniziné circuit - : D. Uses two diodes and a center tapped
iy transformer '
' 5. Full-wave rectifier ° E. Changes DC to AC

~/

———

419 .
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Self Assessm’ent
Answers
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-

Post
Assessment

1. List three parts of an uninterruptable power supply.

2, What is a semiconductor made fnéa;’.:>\g o - oy,

3. What is the function of a rectifier in a UPS circuit?

4. What is the fucntion of an inverter”in a UPS circuit? -
o o . )
5. Which device charges and recharges the battery?

N
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lnstructor

Post Assesément
Answers B

1.

2'».
3.
4.
5.

_Combination rectifier and battery charger, battery,_invarter. '

'
3

# .
Silicon doped with N and P materials.
Changes AC to DC current. - _ . I LY .
Changes DC to AC current.

Rectifier - S | ' - .}
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Supplementary
References

@ Electfic-Circixits and Machines. Sixth Edition. Lister, Eugene.
- McGraw-Hill Book Company.® New York. 1984, . ) '
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SELECTING THE PROPEdZE OF POWER SUPPLY. '
. _ . ) )
” o
‘) A
@ ,
Goal: Performance Indicators: -
The apprentice will be able to . 1. Identify detection systems that are
describe the selection of a power ’ “heavy and light users of power,
+ supply to handle a system load. ‘ : '
‘2, Describe factors that affect. power
Uﬁe. . . - - . ‘ *
) 3. Describe factors that influence the |
size of power supply needed. : J y

429
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- Study Guide

Y-

]
Read the goal‘and performance'inditators for the é%cka e.

Read vocabulary? list. . .

Study the introduction.and information sheets.

Complete the job sheets.

Comp-]e-te the self assessme’ and check answers.

Complete the ﬁSE% assessment and ask instructor to check answers.’

¥ | S
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INDIVIbl‘JAUZED.LEAR‘[\JINCj SYSTEMS .
o ) .
: ‘ B A ]
“Yocabular
Vocabulary
. » ) . .
® Low voltage plug-in transformers | _ S | R f
® Power pack o ‘ | < : | .
® Refay operated systems | )
® Solid state c0nfrols\ ?
® Stand-by power l
v ® Volt-amp rating : o | SR ) ' ',. e
® Voltage drop ) |
| . ® Wire runs ’
- \ -»
h
/
® -

426
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Each new alarm system will'require the installer to maké a decision on powéqﬁsupply.'
The power supply requirement differs with the detection systems that -are WeYhg
installed. ) : D

'

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. : : \ ’
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*

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 currept end 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, 17, 16, . and Z24. 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 vo]tage 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 vqlt amp ratings for alarm systems are 5, 10, 20,

40 and 50 volt-amps.

-

Voltage drop should be considered when se1ect1ng a power supply. If the wire

runs between the transformer and detectors are too long or the wire is too small,

voTtage drop will be a problem. For long runs, heavier wire should be used. y '

A higher volt-amp rated transformer may be used to corréct for voltage drop. It
must be of the same voltage as a smaller transformer.

Most powep supp]ies operate from 115 vo]t/60 cycle uti]ity power There is
variation in line voltages that can cause detectors some problems. The detectors
minimum and maximum operating voltages should be considered when se]ecting a
power supply. . SN -

" Some equipment use only batteries as a source of power. fhesc systee\\ban be
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 qf these systems have limited capacity. The battery
?perating time should be considered in se]ecting a power supply for a system .
oad
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The proper size power supp]y 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 vo]tage drop as determined by lengths of run and size of

wire.
- The performance of the transformer in delivery of power to the secondary g

circuit. : | o
- Battery stand-by capacity. ' '

, The“mmnufacturers recommendations should be followed in the purchase of a power
‘ supply. Supply catalogs give detailed information on ratings of transformers
>~ and batteries in powgr supply units. An example of manufacturers 1nformation is

shown below.

PS SERIES POWER SUPPLIES ~
PS:1204: 12 VDC, 4 a.h., 600 m.a. contindous
PS-804: 8 VDC, 4 a.h., 800 m.a. continuous , .
PS.608:'6 VDC, 8 a.h., 800 m.a. continuous .

v

TECHNICAL SPECIFICATIONS . PS-1204 PS.604 PS-608 »
Full Charge D.C. Voltage 13.8 Volts 6.9 Volts 6.9 Volts
py Maximum Continuous Current Qutput® 600 m.a. 800 m.a. 800 m.a. .o
Maximum Full Load Current t- 5 Amps 5 Amps 5 Amps
PS SERIES Battery Interrupt Current (resetting clrcult breaker) 8 Amps 8 Amps 8 Amps }
Protective Loop Current Output ~ 10m.a. 10 m.a. 10 m.a.
Voltage Drop at Maximum Continuous Current 0.3% 0.3% 0.3%
Battery Ampere-Hour Rating 4 a.h. - 4ah 8 a.h. }
Recharging Time at No Load (from deep discharge)(1 8.5 Hours 7.5 Hours 15 Hours . ' |
\ v Recharging Time at M.C.C. (from deep dIscharge)’] 64 Hours 64 Hours 128 Hours
( Maximum A.C. Input - RMS . 18 Volts 12 Volts 12 Voits

Transformer Supplled, UL, Glass 2, Plug-In 16V, .7A 12V, 9A 12v, 9A

Battery stand-by capacity must be selected according to expected power outages.
A charging circuit may be needed to operate through lTong outages.
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| ~ . | . | | t -
- Assignmen W
. A
. , o
® Read pages 177-181 in supplementary reference -- Understanding and Servicing i
Alarm Systems. ‘ ) ]

Complete job sheet. . .
Complete self a;s,sessment.
e

® Complete post assessment.

® X
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*Job Sheet -

CALCULATE POWER lJPPLYNEEDED o R

~

® Obtain a supply catalog of detector systems.and equipment.

° Identify equipment needed to set up a pulsed infrared photoelectric system stacked

~as follows:
& ' T :——-)‘ R
\\\* . \‘ - ,
R . R - »
) S~ W
R [*— — =1

;he system will be des1gned to give protection to a courtyard entrance that is -
0' wide. _

‘ ® Study the spec1fications on infrared transmltters and receivers and their power
réquwements o : S

~

® Select a power supp]y to operate. the system.

® Exp1a1n why th1s power supply was sehected.

\ .
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' 'Self
' Assessment

(

Ve

List two detector devices that are heavy users of power.

~

List two detector devices that are 1ight .users of power.

If-the wire runs are too long or the wire size 15 too small the system may
suffer from - - . J ,

-+

Battery powered equipment may be converted to.AC line power by the use of a

. . N
-, ~

Batteries that operate the system during AC power outages are called -
batter1es

, . ' 3 "‘ .
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® Self Assessment
Answers
‘ o TN o o

1. Motion detectors, LED indicators, incandescent bulbs
2. Solid state controls, relay operated systems
3. Voltage drop

4. Power pack

a 5. Standby .
@

433
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o

"o Post
Assessment I

What causes voltage drop?

~ 1.
2. How can battery opérated power supplies be converted to AC line power?
. _ . ’ P
3.. List three factors that will 1nf1uence the size of power supply peeded for
a system? : s
. | L

. ' 4. Are solid state controls heavy users of power? .

5. How can voltage drop be redyced? /IV// !
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—_—

Oastructor o
Post Assessment Answers
S _ _ | | . B ' . i 1 L _

1. - Wire runs too long.
Wire size too small.

2. With ower. pack. |
3. Number of devices on circuit, amperage requirements of deviceg,’performancef
of the transformer, veltage drop, battery stand-by capacity.

~

4. No

5. Use heavier wire.
' Use a higher rated transformer.

ERIC’

Aruitoxt provided by Eic
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Supplementary
~ References -~ | ||

® Trimmer, H. William. Understanding and Servicing Alarm Systems. Butterworth
Publishews. -Boston. 1981, ' -
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FUSE AND CIRCUIT BREAKER PROTECTION

Goal: - Perfgrmance Indicators:
The apprentice willnbe able to ' - 1, .DeSCribe purpose of fuses and circuit
describe fuse protection of solid breakers. -

state power supply systems, ,
: 2, Calculate fuse size needed for -
circuit protection,

3. DescriBe makeup of a fuse.

1 4. Describe'types of.circuit_breakers,

v
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‘Study Guide

. " .
‘ . .

Read the goa] and performance indicators to find what can he learned from package -

Read vocabulary 1list to becpme acquainted with tecﬁnica] terms in the package
Study 1ntroduct10n and 1nformat10n sheets to learn t%phn1ca1 content of package.
CompTete the job sheet. ° |

Complete the self assessment and check ansvers with answer sheets.

3 : ., .
‘Complete post assessment and ask instructor to check your answers.
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~ Vocabulory

Armature

Coil

Contacts

Circuit breaker

. Electromagnetic coil P
Fast-acting fuse | '

Fuses ) . gp”l . - - '

Fuse element - )
Heat ship breaker |
.Magneti;.breaker
Magnetic core # ’
Magnetic f]u; |
$1ow-blow fuse (Slo-blo) B
'Surge current
Transformerless circuits -I,/\

Turns ratio




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 ekists, the fuse:
element wtll melt. Melting of the fuse element opens the circuit and the power is
cut off. S :

5

L 440
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 Information

Fuses andqcircuit breakers protect power systems from "overheating" and "burning out".
Sometimes the electrical system 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. _ N

The schematic symboi of a fuse or circuit breaker is "‘\;/' . The following schematic
shows a fuse being used to protect a_transformer.

_———lr’\\J‘—‘_".’/';r———1 B -

& > . | . N . | L. .
. » ' X ‘ e o
-¢‘I' o o
\. | { ‘
. . o — ,

~

A transformerless cirEuit-wou]d be fused to protect the power supply from current overloads.
the following schematic shows a fuse in a transformer]ess circuit. :

— o o—P
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FUSE"SIZE ‘ . ' '

Fuses for power supplies.are rated by the amperage that they will handle without blowing
out. The sfzes are rated in amperes. Power supply fusks 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. Thesturns ratio of the transformer.

/

3. And, finally, the primary current.

"V‘example; a detection system transformer deve]bps 30 volts at the secondary. The
ansformer 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 +s 30 and the resistance is 30. Using Ohm's Law

(Current = Voltage ) substitution will be: Current ='§g,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
S

Step 3: Calculate the current at the primary.
We know that I is 1 at the secondary aﬁd that the turns ratio is 4. '

Use the formula: Current at Primary = Current at secondary
: Turns Ratio
‘of Ip =

Is  After substitution I, = 4.
N .

. SR . s
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- - a - —

" Information

A fuse of .25 amp size would be needed to protect the power supply in the example.

TYPES OF FUSES

-~ ]

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. The. thin
strip is usua]]y 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
Qe 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 for “surge current" If the over-
loagd continues, the slow-blow fuse will bldw.

This diaqrdm shows the parts of a fuse.

Lol |

Meza'd /
— 4 ] =7 . AN :
.VWe*QLr ;Zse. - | | '
1 o £n Element ,

CIRCUIT BREAKERS

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 meta]s, they expand at e
different rates. ' '

OSED.
CLODS | PEN a~plaat 5"
TYT7 T T7TT Vi e~JHeat . COnfrd
’.":-.4"‘. .‘,,‘ZT. RN S','.lps
o cqarch
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N tqess Sopri”N
@ e e
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p -

A magnetic circuit breaker operates on an ¢¥ectromagnetic coil. When circuit is over-
loaded, the pull of the coil moves the armature toward the coil.

. Contacts Open e | _Contacts Clesed
| _. ) | '
h '
S
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\
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.® Read pages 197 - 202 in Basic Electricity and Electronics. Stemberg, William B. and

Walter F. Ford. American Technical Publishers, Inc. Alsip, I11inois. 1982,
‘ -

® Complete job sheets.
® Complete self assessment and check answers. .

® Complete post assessment and have instructor check your answers.

% ’ -
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. . v {

° Job Sheet

® A Supply catalog advertises a Model 1266, regulated power supply as follows: -

18 volt, 40 amp
1.5 amp output
metal case 4"

~

What size fuse i5 needed to .Aprotect this power supply? )) '
® CExamine a'regulated\power supply and study the m_anufacturc_ars specifications,

- What is the fuse size? °,

‘ - What.is the primary current? ' » .

- Is the fuse adequate for protecting the transformer of the ppwér supply?

+
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*Self 0
Assessment

" 10.

. - An over]padéﬁ circuit can damage the power supply | ~

A

Draw the symbol for a fuse.

v

. Fuses are rated by the _ ; <Ti£bat can be handled without b]5&1ng.

~

The turns ratio of a transformer»is.ca]cu]ated,by

The current at the primary.is calculated by -
_ _ . )

A .cugrent is a higher level of current that occurs when a system
is first turned on.

!
Two types of fuses are: and

’ .
o

Which type of fuse wii] tolerate overload for short periods without me]ting?'

The thin metal strip that melts to disconnect the circuit is called a fuse

»

.

.List two common types of circuit breakers.
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Self Hssessment

ﬂnswers

Transformer

N\

Amperage

Primary voltage

Secondary vo]tage

,‘Sgcondary current

10.

Turns ratio

Surge current

Fast acting and slow-blow

. Slow-blow

. Element

Heat strip and magnetic

1
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' Post
Assessment .

1.

2.
Y

. . What type of fuse is necommended for circuits with surge currents?

~ What is the purpose of fuses and circuit breakers?

How is fuse size designated? * . f\

S v . K, ] ' /
Show & formula for figuring secondary/current when the voltage and resistance is
known. ; :

A\
L)
)

Show a formula for calculating turng ratio. : ,

/ "
Show a formu]a for calculating -prifary current when the secondary current and -
turns ratio f% known. / C
// N i) '
Calculate: o ' : /
/
A power supp]y has a secondary No]tage 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? _ / A

/

V4
J

The fuse element is usually made of .S ,

/ / | ' ) - _ \
b \ i

When does.a "surge" current usually-occur?

An e]ectromagnetyp coil, armature and contacts are part of a
circuit breaker




~ INDIVIDUALIZED LEARNING SYSTEMS

Instructor
Post Assessment Hnswers

1. Protect power supply from heating and damage due to current overload.
2. Amperage that it will tolerate without blowing.

3. I¢g= E or secondary current = Secondary voltage . .
' - R : ~ resistance N

4. N=E_ or turns ratio. .= Primary voltage -
E - Secondary Voltage : -

o N~ A.’s ./

5. Ip = .%1* or,primary current = Secondary current . K

Turns ratio
6. Is = E —
R - ,
Is = 20 = 2 amps (secondary current) | '
' 10 S | |
N =E ¥ AN
: }
N =110 = 5.5 (turns ratio) R ’
N 0 . : . L
I, = Is
P .N— x §
Ip=2_ = .36 amps (Primary current) .
5.5 . l
Zinc

When the circuit is turned on.

Slow-blow fuse

‘xoco\;

Magnet1c
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- Supplementary
~ References B .

® Steinberg, William B. and Walter F. Ford. “Basic Electricity and Electronics.
| American Technical Publishers, Incx_ ATsip, [TTinois. 1982,
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BATTERY STANDBY CAPACITY

L

Goal: | .| Performance Indlcators:‘

The apprentice will .be able to describe 1. Describe factors affecting

battery standby capacity needed for standby capacity.

alarm systems, } ' o '
' ~ ' 2. Describe factors-affecting

v . - operation life of datteries.
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*Study Guide

v . _
‘® Read the goal and performance indicators for this package.

o ® Read the vocabulary list for this package.
N3 Study the introduction and information sheets.

® "'Qomplete the' job sheet.

® Complete the self assessment and check answers.

-

® Complete the post assessment -and have .your instructor check the answers.

e

Lot
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Lead-acid batteries
Nickel-cadium batteries | : * ‘ '

Power outage

Rectifier U

Trickle current -+ .
| . .
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*Introduction

‘Most alarm systems are operated on 115 volt/60 cycle power. Thik 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 operatfonal during these power oytages, 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 @®nfluence the standby capacity.

‘l' . \
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Information

All alarm systems should have standby battery capacity. When power outages '>
occur, the security or fire alarfsystem is left defenseless. Standby batteries
will take over and operate the system until power is restored.

A standby system must have batteries that are‘rechargeable. Nickel-cadiym and
lead acid type batteries are the most common in backup systems. Batteries' must
be .replaced periodically. The life expectancy of a battery is affecged by 'many
factors such as operating temperature, shelf 1life and charging rates.

- Rechargeable batteries maintain their charge through a trickle current provided
by a rectifier, : <

The amournt 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 operatign. 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 cht 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 ‘as near furnaces. "

Some detectors’ require more standby power than others. Motion detectors . and
light emitting diodes are haavy 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 selécted 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 wunits. 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 tHey still have the

capacity for elertrical 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.

o PR R o

Y 4
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Information

Many. fire detection systeﬁ§“operate entirely on battery power. Home smoke
detectors are self-contained units. They use tiny amouynts of electricity but
must be replaced periodically due to aging of the battery. - R
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* Assignment

) o

Read pages 64-64 in supplementary reference.
Complete job sheet.
Coﬁplete self assessment and check answers,

Complete post assessment and have instructor

check answers,
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“Job Sheet

SELECT STANDBY! BATTERY SYSTEM
® Obtain supply‘catalpg 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 large battery or several small batteries?
r ' ' ' .
- What type of batteries will be used? .
- How many Hours of standby will system provide?
. - What will be the temperature extremes?
® Why did you select the proposed system? List reasons.
e
DA
: .
...' - .
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Assessment

1. What ‘is 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

)

‘ 5. List two devices that are cogpsidered to be heavy power users.
,
_ »
' .
”
|
‘

\ . " 160 ‘

Rl
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~ oo€lf Assessment

~Answers

Tgmperature, shelf life, cﬂarging rates

The length of a typical power outage

Nicads, lead acid

0..

Rectifier -

Motion detectors, light emitting diodes
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TPost

Assessment

R 'A INSTR\JCTIONAL LEARNING SVSTEMS o e
X _ — .

Most standby batteries have an, operating time of hours. - '
A temperature drop from room temperature to freezing will cut battery )
operating time by one ‘ . . . .

What is the effect of high temperatures (130 ) on battery operating.life?
s S

Batteries should be replaced when they lose ~ of their
capacity. Lo '

@

List two types of rechargeable bk teries that'aré'Céﬁﬁéﬂ*IﬁAStéﬁde'Syéteﬁ§f"""“*mﬁfﬁ
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lnstructor

¢

b .
(F

Post Assessment

Answers

1.7 & = 6 hours.

2., Half
3. Decreases operating life

4, -One4ha1f,

5. Lead acid, n?ckel—cadium .
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Supplementary
References

t
® Barnard, Robert L. Intrusion Detection Systems. . Butterworth Publishers.
Boston. 1981, .
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BATTERIES

Goal:

.The apprentice will be able to
describe types and character}stics
of primary and secondary cell
batteries.:

6. Describg battery specifications and

Performance Indicators:

1., Describe prihary and secondary cells.

2. Describe electrodes and electroiyte
parts of a battqry.

3. Describe types and chemical makeups of N
electrical cells.

4. Describe series and parallelhbattery
v circuits,

5. Calculate voltage and amperage for.
series and parallel circuits.

vhere to find them,

o -A AZM,___A______M,;, -
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Study Guide

'

® o o o o

N

Read goal and performance indicators to determine what should be learned from
package. =~ T . oo

Réad the information sheets.
Complete the job sHeet.

Sfudy reading assignnient in reference for further understanding of material.

-Comp]ete self assessment and check answers.

Complete post assessment and have instructor check answers.
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. Yocabulary

INDIVIDUALIZED LEARNING SYSTEMS

+

.

"‘0..030000'00.'0"0‘0000

=

o

~

»

Ampere-hours

Carbon-Zinc. cell
Electrode

Electrolyte

Lead—écid cell

Leclanche cell

Mercuric oxide cell

Nickel-cadmium cell
parallel circuit
Plates

Primary cell
Secondary.ce]]«.
Seriesrcﬁrcﬁiﬁ
Silver oxide cell
Specific gPavity
Storage battery .

Zinc ch]oride!cell

Alkaline-manganese cell |
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N
Many portable devices are tota]]y operated by battery power.

Power supply systems are dependent on battﬁ&ies for standby protection A security
alarm installer must make wise selections o€ batteries to include in 5‘system Such
' qhoicesgdeterm1ne whether a system works @r fails. "

The installer should be familiar with many tybeseof batteries and what makes them C %
~ function. They must also know how to link batteries together in parallel and series
circuits to get the desired vgltage and amperage fqr a system.

Specifications provide information for mak1ng good choices in buying batteries. The
installer must know how to read and interpret specifications -on the batter1es and in
supply cata]ogs

™
. : 3
. i M '
. . .
.
" .
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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 currept is drained.

A cell that cannot be recharged is called a primary cell. One that can be recharged
is called a secondary cell. Electric cells-change chemictal energy into electrical
energy. Sevéral cells are connected together to make batteries.

. '
Electric cells are made up of fRo types of metal conductors and a conducting 11qu1d.‘
The metal conductors are called plates or electrodes and the liquid is called the |
electrolyte. : ' : . \

When the two e]eétrodes.are connected, the.current will flow from one to the
other and complete its circuit through the electrolyte.

/ PRIMARY CELLS

DRY CELL BATTERIES : | u

\

Dry cells cannot be recharged. They are found in Tour basic types. JThe type is
determ1ned/by the materials used to maké them T

* Carbon-zinc cells
* Alkaline ce]]s

. Mercuric ox1de cell
* Si!ver oxide cell

- CARBON ZINC CELLS

The carbon zinc ce]] is sold-in two types. The Leclanche cell is 1.5 volt and
is used in flashlights and dther light drain devices.

The Leclanche cell uses zinc chloride and ammoniyn chloride as an electrolyte.
The. second type is called a zinc ch10r1de cell and does not include ammonium
‘chloride in its electrolyte. It is a1so recommended for 1ight use.
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~ Information

.
.

ALKALINE CELL
The alkaline manganese cell uses electrodes ¢f zinc (-) and manganese dioxide (+)
and potassium hydroxide as an electrolyte. This cell will supply heavy drain
devices such as cassette recorders and portaljle radios. The alkaline provides an
open-circuit voltage of 1.5 and 4ow internal \resistance. This cell contains. 50
to 100 percent more energy than a Laclanche call of the same size.

%

MERCURIC OXIDE CELL | | \

o\

. The mercuric oxide cell uses zinc negative éWectﬁodes 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 continuous drain applications.

o 2ILVER OXIDE CELL

The silver oxide cell also use¥ zinc as a negativel &Jectrode and sodium or
potassium hydroxide for an electrolyte. The positive eTectrode is silvér oxide. - -
The open circuit voltage is 1.6. Silver oxide cells are*used in low rate devicas
with a gontinuous current drain. : - '

S ' .

SECONDARY CELLS iy

Secondary cells are rechargeable. If a current is passed through the“ge]l in an

opposite direction of flow, the charge will be restored. Batteries made frawm:

secondary cells are called storage batteries. The lead-acid cells and the nickel-

cadium cells are the most common. , N . ' ‘

LEAD-ACID CELL

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 leadperoxide for a positive plate and sponge lead for
its negative plate. Sulphuric acid. is the electrolyte that completes the circuit.
~ Lhe amount of electrolyte in a battery is determiried by.measuring its spegific ‘
ﬁnjggigx. By measuring the specific gravity of the electrolyte, the e]egtricéT
charge of a battery can be determined. The tool for testing lead-acid batteries-
-is a hydrometer. . |

k.
¢ ! L e
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BATTERY SPECIFICATIONS

" For example, these smoke

are shown on the batteries.
voltage and general application,
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batteries show the brand, type,

.and general purpose
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Information

BATTERY CIRCUITS

Batteries may be linked together to get the amount of current and vo]tage needed
for a job. They can be linked 1n series or in parallel. '

. SYMBOLS® - =il
‘ . ! ‘ - "'l . P

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 Tine.

SERIES CIRCUITS

. - ‘

‘I' A series circuit increases the voltage. The voltage is eqdal to the sum of each

' s1ng]e battery. The amperage output will equal: thaﬁ#of one single battery. A
series circuit is obtained by hooking the positive o e battery to .the negat1ve
of the next battery. A drawing of a series hgokup is %Xpwn below.

PARALLEL CIRCUIT | 1 v

‘Batteriés linked in parallel ¢ircuit increase the amperage to the sum of each -
battery's output. ¢ The voltage will equal that of a single battery.. A parallel «
~¢ircuit is hooked up from: Positive to positive and negative to negative, A '
parallel circuit is shown below. =
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Assignment

. Complete‘job sheet. ' o | : \ o n\

N

. Read section on Primary and Secondary Batteries in Electric C1rcuits and.
Mach1nes, Sixth Ed1t1on, by L1ster

_ _ ,
. Cf)mplete self assessment. o . .
- )-. ) ’ i I - °
. e Complete post assessment, . o, S
! : ¢ . .. ]
4 ' ' :
. v \ h . R ¥ ‘
- - ~ . * .
o . ~ .
S . ) .
- o ’ ' v v~ Py
i ' \\ ¥ ' r-
aL, . :
4 - . m P ‘
Lt ~ B wi
."« ™
( ° ’ . .
. ) . '
. . . \
- ’ R N " .
) ’ . ' o ,
S : ? ) .
. , iy .
” - _ *
. Ve "
, ® .,
-!
*
\
o




' .'. . . . Loy
: ' . ’ . ’ . '-
- Job Sheet "
| .:" .-_ N RN . PRI e

L

/" CHARGE A LEAD-ACID BATTERY .

. ® Equipmqﬂ\needed--battery, charger, hydrometer | | . ‘

. ) . \ - . ) N

. ® Remove .battery caps ; |
o - v Fi .o
AR ® Take hydrometer readings and record readings for each cell

© @ Connect charger to battery. Be careful that poé‘itive 'is hooked te positivé '
and negative to negative. " . , e

»

- .® Set charging rate.

I

- ® Take hydrometer read,jhg of each cell affer charging. \
ol
® Check specific gravity readings against ghe chart below:
READINGS ~ . STATE OF CHARGE :
- 1.28 2 Full charged -
. 1.25 : 75 % charged
1.22 . . 50% charged . "
1.19 . _ ~* . 7 25% charged - |
- .16 - " - Hardly useful. ) .
1.13 S ~ Discharged - o v
. ) ., N '.’ N )
® ’ | ~
, '
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‘Self , _
Assessment

1.

SATE R e

Ve
A 3
1 -

. N

e

gy

o~

4

TR e
- —~0 -0 L "O v

2.

(S

@ .

Show how this circuit can be connected in serjes.

-

— Mﬂii] -, _i] [as;rshs_.h]
| -%] -9 ' z9]
Show hovi. this circuit can be wifed in paraliel. ' '

< vty

b+ Tlos ; o - ] lo + 55f o o« j
[ l, ' o . L -0

L : -OJ L - (o) o *_ﬁ_:o_ a.-—~ - OJ L.-. .___J e e

In this schematic symbol for a battery, label positive (+) and negative (;7

T

sides of symbol.

List three types of primary cells.

List two commoh fypes of secondary cells.

-

| O

The 1iquid conductor of a cell is called the .

. .
3 . L]

The charge of a lead-acid battery is measured by

hY

Nicads are a nickname for

'
b Y

what would be the total amperage and voltage for the circuit shown in

T ﬂuest1on 27 Each battery is 2 volts and 10 amps.

%
R

: _ R - {
The-nicad cell is good for standby powsr supp1y because of it$ N '

e g e A b e s b e

t
gy e ——
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Self ﬂssessment |
Hnswers .,

0 .
4 [y

4. Dry cell, carbon zinc, alka\ine, mercury oxide, §iiver oxidg.'
‘ 5. Lead acid, nigke]—cadmiuﬁ ‘ N
6. Qtlecfrolyté
7; Hydrometer- )
lickel-cadniun cel

. v
w90 2 volts, 60 amps .

10. Reliability or long-life
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*Post - -
Assessment

<,

10.

The "schematic symbol of a battery' is “{,,[t

List advantages of the nicad cell for use in a power supply.

The capacityaof batteries is shown in Ah. What does ,tﬁis mean? -

Which battery specifications are found on’ the battery'itse]f?

. )
You have 3 batteries with spec1f1cat1ons of 1.5 volts and 10 amps for each
battery. Show how the batteries can be connected for a series cincuit.

What will be the voltage an amperage . output of the series?

Show the same batteries (Question 4). in a parallel hookup. Computé’
o]tage and amperage for the parallel c1rcu1t .

.~ Describe how carbon-zinc(ce]]é are re-charged.

A \

Which produces the most e]ectr1ca1 energy--a Leclanche ce11 ofﬂhn alkaline= -

manganese cell? N , : , .

Elecrical cells may be classified as primary cells or secondary cells. What =
ws the difference? : A

An auto battery is made up from ;ix cells of 2 volts each. Does fhjs mean that:

‘the cells are connected in series or parallel?

* . . Y

Show positive and negative sides of symbol.
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ﬁnstructor o B
Post Hssessment Hnswers

.
. . .
.
. - [
\ . .
. N . .
. v

1. Ré]iabi]ity and long-Tife. )

27 ‘Ampere-hours.“ ' | | : RN

3. Voltage, typeiand purpose. 3 | -
4. ) /33

o P ”
O, _......‘-7& o . | - Q .
4
6. They cannot be charged. ‘
7. Alkaline-manganese cell.
. ; | .
. 8. Secondary cells can be charged. o\ _
, : T )
9. Series .
10,
) L
[
'y | o e
\ERIC - . 478 .
A ‘ o \
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- Supplementary -
References

. - ’ B . ’ -

»

¥ Lister, Eugene. Electric Circuits and Machines. McGraw-Hill Book Co.
ijth Edition. New-York. -1984.lfPages'55-71. ;
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P TROUBLESHOQTING-ELECTRICAL TRACING

! : - ' - ' |

Goal: - . | Performance Indicators: |
The apprentice will be.able Yo describe 1. Describe test eQuipment.
electrical tracing as a troubleshooting ' - ,
technique. - _ . 2. . Describe problems in electrical
‘ - ‘ wiring.
‘ - . > 3. Describe steps in troubleshootihg
‘ : electrical wiring systems. : »
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Study Guide. -

gL

! ‘ f
@, Read the goal and perf.ormnce'ind;cators for this package.
!h\ Read the voc.ébulary. list for-this package.
® Study the introduction and inforr;latioh sheets. {
® Compfeté the job sheet. |
by

.’ Cpmplete the self assessment and check answers.

® Complete the post assessment and have your ingtructor check the answers.

LS ’ : o )

\n
.
-
q
A
k]
\
» 1
4
" -
L 3
» »\
T
. l .
- : !
¥
“ ' '
® :
Al 0 ‘o
@
ALV -




.

r' gl

k)

7
. . N

Continuity testers ‘.

Exor-System test device

4

Foreign potdntial

- Grounds

//

Iqtermittent

Light emitting diode (LED)
Opens

Shorts

Sonalert tester

Swiﬁgers

VOM meter’
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Introduction .

/.
.1..' . * \
* ‘ .‘ ' . A ) )
‘The basic procedure was described in the electronics packages that are part of
‘this course. Measuring electricity is*a specific skill that is learned by
specific instruction. . .
Troublesﬂboting agsumes 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 tiféframe. It is procedural rather than beigg
specific in a technical sense. The technical skills of elettrical measurement
should have been mastered earlier in the training program. ’
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Test Equipment

A troublesheoter
protective loop.
as a simple test instrument.
used for tracing.
light that makes for easy reading.
which
be made with an LED light

must have the proper test equipment to find problegms in a .
A low voltage light bulb with shoty wires and clips can serve '\
The Sonalert tester is a commercial type

device

Other test devices have light emitting diodes with

colored

Continuity testers have thegr own batteries

allow them to be used in testing
ulb: or Sonalert.

ad circuits.
More complex continuity testers can‘;7

A continuity tester may .

be made by using a sensitive relay. ~Specialized testers for normally open,
normally cloied circuits and .latching Yoperations ca be.developed with relays. |
A simple cont nuity test circuit is shoNn //5 T .
. .. ’ ‘ \
( g s
R N ’
- > .
. ( |

Another piece of test equipment is the VOM.meter, The VOM is a voltage-Ohm-
milliamp meter that will make all needed alectrical measurements. The VOM will

measure voltage,

amperage and resistance

in a circuit.

This piece of equipment

is a must for low voltage troubleshooters., A VOM meter is shown below. I
~ ’ ) Y
o i - . N
SIMPSON ) v .
SPECIFICATIONS
270-4 VOM " 5 D.c. VOLTAGE RANGES: 0-.25, 1, 2.5, 10, 50, 250, 500, 1000.
> : SENSITIVITY : 20,000 ohims/volL
ACCURACY: 114 % (2% % 5000 voltrange).
6 A.C. VOLTAGE RANGES: 0-2.5, 10, 50, 250, 500, 1000,
* SENSITIVITY: 5000 ohms /volt.
: Amkaﬂxuuwmmumn‘OAlm N
* 8 URRENT RANGES: 0-50 yA, | mA, 10 m m
?13 n?n 10°A. ACCURACY: tilk% uuh 50 LA range).
1STANCE RANGES: 0-2 k, 200 &, 20 m
LN IR SCALE 17 ohms. ACCURACY Mix (L1w% 2k
1anga).
4 OUTPUT RANGES: 0:25, 10, 50, 250.
4 DB RANGES: ~20 10 +50.
‘ MOLDED CASE: 7° high, 5% * wide, 3%° deep.
¢ rrAtuncs NET WEIGHT : 3% Ibs.
L ‘%' M.'.f ’

® Mirrored Scols P
o Tempuikture Compensated Mater
« Mater Movement Protection

* BEST-COPY AVAILABLE

o, .
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There are many other test instruments such as foil zappers, battery testers and
Exor—System test devices, Since this package 1is directed at ‘the - beginning ,
troubleshooter, the continuity tester and the VOM are recommended test
instruments. o '
Wiring Problems
¢ . A . -
" Wiring faults may.be classified according to the nature of the problem. B
; * Opens . N . '_ ’ ' C
. % Shorts . A . ' N - ' ’
'* Grounds . | . ‘ P
* Forelgn potential : : i ' X
* Swingers v oo x \ .
- - -~ . ’ . . = . .
. Opens cause the grea¥! number of wiring, problems. These. 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
’ ’ . I - * .
., tested ) , ] . .
Shorts -result from the touching' of wifres or when the electrical‘current makes a ‘
e short-cut in its trave) through the wires. “?oorly insulated "splices, staples
driven through wires,’ corrosion and dampness are some common causes of shdrts, _
Shorts will alarm an open loop circuit-but, will tend to go unacticed in a closed -i
‘loop system. _ (‘Q‘f ~ Y.
/ . . X ! k' . ' .
Grounds are created when a wire‘shorts to a grounded objegt. , L -
Foriegn Potential is a dangerous fault. t,occurs. when the alarm syst wire is
accidently connected to aanutside source o? electricity.  An example might 'be
the touching of low voltage wiring -by 110 voltéynmwhold electricity, '
J s ]
fault that wmay occurdbne moment and npt the next” It is caused by a. faulty \

connectionn,  Wind or other vibrationgy will cause ‘the intermittent to "swing"
disconnect. This fault is the most difﬁicult type to trouble shoat. The basic p

cause of swingkrs is poor workmanship in the installation of the system.
*®
B . \ ' - R )

v ' Y

!
Swingers are a general type fault, Actually,, the swinger is an intermittent N

i

|

|

|

|
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« Steps™in_Troubleshooting : y

» Ly L 3 . -

Know,System.and Equipment . . ,

Before working on a system, the design documentation of that system should be-

garefully reviewed. If it contains equipment beyond: the technIcBt~expertise of

the troubleshooter, manufacturer information should be reviewed befdre working
on iijhsgstem. A troubleshooter.should kngy_how the system is supposed to work

- when free of problems,

» - ) ‘ X 4

'Find the Symptoms . ' S ' .

When a problem is reported, -questions should be asked to define the symptoms of -
the protlem. Symptoms give clues tp the possible causes of the problem. -If the _ d

_symptoms are well defined, the diagnosis will be easier to make.

. . O | i _ . . .
Identify Possible Causes“ ‘o " - ‘ - ‘ .

" There are several possible causes for each set of symptoms.- The troubleshooter

.should 1list the possible causes #q writing. *~ The "jottipg down" ef ,possible v

will save ‘hours of
isted, the list can
e L] N

causes goes a long way toward diagnosis of the,problem.
trial and ‘error effort. Once all of the possibilities are
be prioritized with the most likely cause listed as ‘number

Diagnose the Problem

‘ . . . i .
U] * [ \ Y

Troubleshooters should diyide'thé system into segments. One half of tie total

system can be checked at one.time, The procedure of starting at one end and

{king through the system is not efficient. If it is determined that - the
problem lies 'in one half of the systeff, this half should be further, divided into
halves. A continuation of the halving process will allow the technician to reach

. the source of trouble in a minimum timeframe. ‘Some’ systems dre divided into )
protection zone$. Isolation of problems ‘ by zones saves time for the
troubleshooter. _ . ) ‘ V- o

. o _ " .
Repair the Problem S ‘ - B S . o
' ' . A . -
Repair of problems is the easy part. It may requirp the replacement of a dead )

battery; splicing a broKen wire; or ingulating a ground fault. The repair needs
are obvious. Diagnosis is the difficult part. '

i T ' » ]

“ .-
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Check the - System for Operation - S _ : L &

Once t:he Jepatr is made, . the technician should check its operation. If it works - -
as it ‘was designed to work, the repair effort is successful
1
. ) \ PS . ‘“.
“ v M ) ° -
\ \‘) . \‘
- ’\ - v
kS ‘ / - . ’ ‘ { . ) ° -
- \ * v L.
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® Review material and diagrams ‘on-'pages 109-144 in supplémentary reference.
® Complete job-sheet. - : . B 2 A : . )
o . ’ . : \. ’ ’ N C ) ‘ '
, ® Complete self assessmeat and check answers. . N
\\\\ a N : b o | . ) v
| ® Complete post assessment and have’instructor check answers.
X ' ' : . 4 . hd
» ¢ . * '
. ‘ ~ ¢ ? \
: .o , f
v . ®
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- Job Sheet |\

|
|
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‘ USE THE VOM METER ‘
. ® Refer to instructional package on VOM meter ih j;he basic electrical series.
® Review the material on the use of the VOM. L _ ' .
o Compleéte practical exercises in the package until ,confident,/i[{ making ‘
electrica])eésurement,:s with the VOM, 1 - .
8 ’ ¢
~ ./
.9 . :
: / ' / o
? \ :
* ! L '
4 . ' hd 'y i
| ‘ | ’ (’
J
,‘ X /
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, Self N
AsSessment S| =

1. A L meter is used in testing voltage, amperagage
and resistance in a low voltage circuit.’ _ ;

’

)
o b . P

L

. 4
2. A tester is a common 1nstrument for troubleshOotlng
alarm systems. Sonalert is one type.

-

3. An intermittent fault is nicknamed-a : .
. o - C . s,

\ 4. When electricity takes a short- cut rather than going through a loop as .
./ planned, it is called a .

5. What is a fault called that occurs when electricity is injected from an
. butside source such as household wiring? - .

. .
]
- - . : i’

v

L]
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X

L

L Self Assessment
Answers L

. .
' 2. Continuity tester - ’ )
' L . . N\
~ 3. Swinger | . N o o o
A\ / 7 .
+ 4 ¢ ®
4., Short
L oL o ' . ) . : . -
O . il N
. . . #a
. 5. Foreig&i&otential . v:> : ' . )
. ) ’
' “
P <
.“ [ 4 \ - * i
o - )
> ’
# L
L 4 - S
* P ’
. .
N
. .
I ~
‘ . '\
‘ N » :
@ |
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JPost [ Y
Assessment

o B » . L K ’ ¥
, . { o R o . .
1.. When a wire shorts to 4 grounded object, At _is called . : e
| . . . ;- .
\ ) “ )
1 ' 2. "Opens" will cause alarms in - .circu}t'loops. . - e
- - . N N
‘ 3. . What causes a swinger to swing? ) ’
N ‘ . b
-
- . L2
| ) . v P .
Y 4. Llist the six steps in,troubleshooting. ' . B
1 ' B ‘,,' L . . . . .
1 N - ~ .
e | -
| . . | : _— |
i - . : ) .-'J ’
T v . o Y N .
. ' ’ ) .;b
' ) °
6 .
N : 7/
5., Which measurements can.be made with a VOM meter?
1
-~ ) ’
ﬁ ' ’
1 ‘ f \
’ ' I . :
o 4
. {
, 192 .
7 . -

? 8 |
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lnstructor o -
‘Post Assessment
Answers

1. Grounds S ; N O . - ) h g

2. Closed ) o S

3. -Vibrations from wind, air, etc. ™ - : * - f

A i

. Find ghe symptomg :
.o . Identify possible causes ’ . -
' . Diagnose the problem
= Repair the problem
Check the system , ) ¢

‘4, Know system and equipment | _ \ ' ‘ . K'

5,. Voltage, amperage, resistance

-

3
-
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Goal:

The apprentice will be able to describe
‘environmental considerations in
troubleshooting alarm systems.

)

L]

“Performance Indicators:

1.

7.

3

PO

.Deacribe causes of swingers.

-Describe effect of climatic

conditions,:® .
Describe problems with animals,

Describe problems with insects
and birds.

Describe effect of'blowihg air.,
Describe effect of vegetation.

Describe walls in relation to
microwave. ‘ '

P
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*Study Guide

n ' . i

- L . : \

. R » -
]

4 . ‘ . \ o ‘ e

. . X
s .

2 .

Read the goal and performance indiéatorstfor this package.

Read the vocabularywlist for’ this package. ° ] . : ' :
: ;o [

Complete the job §Heets. ' _ . y
. . f. .
‘Complete the self assessment and check answers. : o -
- ~ . » 0
™~

[
®
nNe lStudy the introduction. and information sheets.
. .
o
® Complete the post assessment and have your instructor check the answers.
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*Introduction

- ~

-

A troubleshooter of alarm systems is usually faced with two sets of .problems,
The electrical circuitry is‘one major source of problems. Another
problems - atise from the environment. . Sométimes the environmént can

electrical circuits by- causing intermittents or swingers. . In
swingers the environment is not the basic problen.
wind or other environmental conditions. will cause it to "sw{ng".

aggravate -
_the case
But once a wire ia
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- Information |-

/

. P . . '

L4 N - . L)
L

Environmental'conditions are the cause of ﬁanyﬁproblems in alarm systems. When

A roubleshooting Jan  alarm system the technician must understand  these

-edvifonnental *problems. -
- - . . - 1 ) * 1Y

Swingers : ST , ) _'

A swinger is one of the most difficult problems to troubleshoot. It 1is an
intermittent problem that shorts out the circuit one minute and is working the
flext.  Swingers usually start with shoddy workmanship. Screws may be loose or
the splices are poorly'soldered. The swinger occurs when some environmental

factor causes the wire to swing and interrupt the connection. Some of' the

causes are:
* Moisture from leaky roofs, rain, floodifig and leaky pipes that cause
" a path of electrical leakage and corrosion of wires.
: - ‘ »
% Mechanical motion from wind, drafts, airplanés, trains, ventilators,
- heaters, etc. - ‘

. * Temperature changesjsuch as day and night, seasons, furnaces, air

3
conditioners which create thermal expansion and contraction. . Expansion

and contraction is a type of motion,
Since swingers arc due to poor installation, one approach is to * improve the
quality of the job. Tighten all screws, twist and resolder cennections and tape
all connections as a permanent soldtion to a swinger problem.” Sometimes it may
be. easier to reinstall the system. Another approach is to use force on the
system to cause the swinger to appear. 6995

- use other force techniques that simulat®. the wind to find swingers.

Climatic Conditions

Rain, snow, fog and’dust 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
-frog;n ground. - As mentioned earlier, moisture; wind and temperature changes
cause swinge%s to swing. '

° .

can jiggle wires, rap on ‘windows and

T,
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~ Information

afl

S s

. , i o ;

..

A )

'.Animals . N e

-~

~

v : o
Dogs, cows, deer ‘and horses can cause prob%ems in a detection system. Animals
will trigger seismic detpctors and other typés of devices that are set to detect
people. Magnetic detectors are the only type that is not affected gy'apimals,

_Topogragﬁz

"Somé.detection.deviceé are not suiféd to'hilly terrain. Microwave and infrared
do not work well on uneven ground. | | ~

4

Ground Cover B )

4 g

Grass and other vegetation can cause severe problems, in .detection systems.
Plants can cause fglse alarming in"electric sensors. Ground vegetation . causes

distortion in microwave detectors.. : -
o . . . e e (
Vehicles v

Heavy, vehicle traffic causes difficulties in alarm systems. Trains, low flying

. planes, trucks and cars can affect'seismic,ﬁensors, buried line sensors and

microwave. : v, - .
N .

Insects aﬂ!’@ifds ’ o, K R

Insectg 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. CN .

hY

BLoyinngir _ ' .

° > L4
Air from heaters and air conditioners will false alarm an ultrasonic system. It

cAn also be the source of swinger circuits.

{galls

i T

-~

‘Microwave will ﬁenetrate walls. 1t will false alarm to traffic on the street

outside. FExtreme care must be given to the location of microwave transceivers.
They will - penetrate wood and glass to detect motion on-the far HNde of the wall,
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Elsctfomagnetic Fields : P _ . L . l‘ﬁ;'
> *t : 9 e o 9 :
Electromagnetic fields are often created by power lines. The electromagnetic

fheld will disturb signals and signal processors by inducing electrical
into the detector lines. "This can cause false hlarming of a. system,
Summar y | , ' .,
) . N )
A technician must con31der environmental problems ih
troubleshooting. The environmest must bg considered as a potential
short «circuits and false alarms.

both installatidn
cause

problem.. Sunshades may need to be erected- to protect video-surveillance
cameras. Dustproof enclosures may be needed for other types of equipment.

some cases it may be necessary to confine family pets during the time that
system is armed,

-

that stem from envirgnmental causes. -

-

signals

Sensors may need to be relocated to correct a

Common sense is the best resource fOf dealing with problems



. / INSTRUCTIONAL LEARKING SYSTEMS | L
. g"' N . . -

. - £
. " . : ‘e i . . ' :
. . .. T ' v . -‘
- Assignment . |

- . [
® Complete job 'gheet. N : . _
G'Q:,'Cox‘nplete the self. assessment and check answers. ' ' 3 -

‘__'. Complete the post assessment and ask instructor to check answdrs.
_ -

. ) . - E : . N
’ .' . . . . .

!
v
-
'l’.'
# o ! N
” L}
~
¢
L] ’ .
. ‘ ’ d
- 4
5 o
*
.
\,{V
\, y v
‘ " ‘ *
’ » v »
’
.

L] . .
’ N i
Lo " . .
¢ - ! —A—h—————-———.——-—a—.——_——-——n——



e
' ‘4 INSTRUCTIONAL LEARNING SYSTEMS

N N L B |

Ve : .
 ° 4 /. . .I) 1

® CNL A
*Job Sheet

T ., ASSIST WITH TROUBLESHOOTING L L

. . . , ) . »

@ Assist journeyman troubleshooters at eJe;y opportunity, Many of the praoblems.
- " will be related to environmental factors, Since environmental problems are

| usually unplanned and unusual, experience is the dearest teacher to be found.
' o Experience with those that have a vast experience in troubleshooting is

| - - invdluable to the learner. .
[}
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Assessment L

’

1. Shoddy'&prkmanship'by installers is a frequent cause of'

- ~ —* )
".\’ L4
2. TInsects and birds ‘can create false alarms in : . ‘.
. detectors . ' '
’ /
3. Blowing air wiilffalse_plarm , - systems.
. \ . o
4, Wall constructlon is critical,for efficient use of . L
detectors , N '
’ R .'3_ A ,4. - . ..J \e
5. Frozen ground affects detectors.
¢ \ -
!
- o ~
L A ”
. - e
. + '
[ 4 r

t. 904 B
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‘o Self Assessment’ -
~Answers -

, 1. Swingers s
o , 2. "Motion C ' ) g,//gb o
. . - P
o, _ A
3. - Utrasdnic /f
- f )
. 4.. Microwavé '

-

\ .
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. " ’
-5, S;Ismic
- %
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1
) ! 1y
~
[ ]
- ’
‘
, . ad




R ~ INSTRUCTIONAL LEARNING SYSTEMS,

»° ) ' . | . +
os t | L‘_“ | | | ’
‘ \ ' : # I 1
" . Y. o« L N
Ss ess m e mk ~ - |
» .
. . v » .
1, ’ e “ detectors are not'affected by hnimalsﬁ
[ e’ - N .
N i _ . v W . . ’ ;
“ 2. Ground Vegetation'causés distortion in’ : " detectors.
v 0 ' .o . . . i N
. y B .
5 3. A ' systems will penetrate walls and’ alarm to movement
on the other side. : .
v 4 ‘\ N . /}' . L <
4. Which detection system is highly sen®¥&ive to blowing air? '
v ' ) ' ) .
. : - _ : i ’ Lo :
- . ‘ ., <. . .
o | | | B

B Tt N A Y U AU - e e i -~ -

5. 'Débp snow may block the patterns of microwave and
. detectors. ®

| mae
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Instructor . o
OP st Assessment =
Answers

. .Ma}n%tico I/ : '.i. V _ _;_.,.:‘» “ - .

2, Microwave

. »
3. Microwave ,
4. Ultrasonic - .
. -7 - 2 Co , - . -t
5. f%frared T o L ' L
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Supplementary
References

N
o Bernard, Robert L. Intrusion Detection Systems: Principles of Operation
and Application., Butterworth-Publighers. Boston. 1981, -
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The apprentice will be able to describe 15 ‘Describérimportance of

 BLTWCTONAL LEANENG WHTEN

5.3

DOCUMENTATION OF DESIGN

Fad

. | Performance Indicators:

the need for documentation of the , ‘ documentation;

design of .security alarm systems,

&

]

i 2. Describe need fOr confidentiality
. of documentation.
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*Study Guide

L

Read the goal and performance indicators for this package.
. 3 '8 N
Read the vocabulary 1list for this package._ ‘ <
Study the introduction and information sheets.
Complete the job sheet, " &“\

Complete the self assessment and check answers.

W

Complete the post assessment and have your instructor check the answers.

-
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® Confidentiality | ' : ”-:. -

® Documentation ', ‘

‘o ?

® Floor plan ‘

@ Plot plan | P -

- | . | T

® ﬁ
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)
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= o oee---Alarm - systems can. become ;<;Qmplex system of wires and sensors. If the design

s

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, others can work with the system without time loss. ~
., \ . -t

Clear documentatlovn 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 routipg of wiring. .Good documengpt%on makes troubleshooting an easier task.
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Information . |

Security alarm systems should be planned on paper before installation. Such
plans are wusually in the”form of floor plan drawings or plot plans of outside
property. The precise 1location of detectors, control ‘equipment ' and wiring
should be " jdentified 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. Asgdetectors are
. added " or changes in location are made, the plan must be updatéd. 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 alatm system
design and layout. Wheré¢ possible, the maintenance staff should be involved in
the designe of "the alarm system. Then they will know how the system 'will be
affected hy proposed changes in the structure. The maintenance departments and
alarm installer$ can cooperate 1in making the structural .changes. Such
, ‘ cooperation will eliminate many troubleshgoting problems. '
Confidentialjty of alarm system design documents is a strict requirement, If
the plan 1is available’to dishonedt people, the sysfem will be comprimised.
Design documentation must ¢be 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
< design plans will be fewer as the threat level is increased.

Alarm syétem design pust be- documented so that the system can be maintained at a
high® level of efficiency. At-the same time® documented design must not  fall
into the wrong hands. A responsible attitude must be adopted by alarm systems
installers to assure.that documentation remains confidential, The owner can

" identify. the persons with authorization to review the alarm system plans.
Security alarm companies are responsible for confldentiality among their own
émployees,

‘Documentation should Anclude:

Location of Jetectors

Types of detectors at each location

Types of protective loops ‘
Brand names of equipment )
Location pf wiring in structures -
Boundarigs, areas and volumes being protected

* Xk Xk %X %X X%

.
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* Assignment

o
« »

v f &
® Complete the job sheet, : T , .
P ! !
® .Complete the self assessment and check answers. . B : - .
o Comple;e the post ag8essment and have instructor check answers. _
]
)
[ ’ ’ 7’.'
' . \
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*Job‘Sheet

INSTRUCTIONAL LEARNING SYSTEMS

Al

{

* REVIEW DESIGN DOCUMENTATION OF ALARM SYSTEM

F )
o

LY

® Ask-employer to see the documentation,of an alarm system design.

) Identify what #s shown on design.

~ Types and locations of. detectors -
~ . Wiring layout

- Types sand brands of equipment

- Other information

-

® How is confidentiality maintained?
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Assessment ‘

-

: - !
1., Why is documentation of design needed?
L
) l ‘
2. Which types of architectural plans are used for documentation?
: . - : : \
B4 . ’ . . . -[‘ P
25 |
< : . _ o v
v . )
3. What should be shown-in documentation?
» . ' v . i ¢
, . 4, Why is confident’iial_ity important? .
¢ ' [ P
. . -

5, How does level of threat affect the degree of confidentiality of
documentation? ' : :

’ ; * |
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-

o Self Assessment
Answers =

. #

: 1. For maintenance and troubleshooting alarm systems.
o
2. Floor plans, plot plans ’ , . . g
¢ : . : . “
3. Lﬁpations of detectors, wiring and -control equipment. Types of detectors.
and brands of equipment, T -
' »~
4, To keep dishonest people from using documenﬁat;on to comprimise the system\
- ) \ ' _ <
5. The higher the threat level, the greater the degree of confidentiality.
- : x
~J) - ‘
|
& |
3
\ f
L '
. . / )
. .. ‘_:.' -~ ;hl_ .
' N : ’." “ :': ‘ ; ‘.
e e




INSTRUGTIONAL LEARNING SYSTEMS

. — - — '
.

B - - . o ',
':‘ - R . r

Post
Assessment

o

1. a. Identify'all things that should be identified in deisgn documentation;
: Include items from this package afid others from your -experience and
" training. Make a list of these items. . 1*\

» | - - , \

%

1., b. Have the instructor check your list and suggest other items that would L
' be helpful in the servicing of alarm systefs. ' Lo :
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Instructor

'F'ost Assessment
Answers B

l. aand b. Instructor will review and critique list developed by apprentice.

.‘\ '
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Supplementary
References

®  Jourmeyman installers at tHe work site. -
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