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FOREWORD

This manual contalns basic technical and practical
information based on the curriculum outline for the

Basic Electricity & Circuilts Department of this achool.
The subject matter covered in this manual 1s necessary

information that the student must learn in order to

master the jobs that will be presented in following de-

partments.

The purposes of this instructional manual are as
follows:

1. To provide a gulde for the student in his class
and shop work.

2. To supply information in outline form to which
the student may add supplemental notes in his
own words as the different points are explained
by 1instructors.

3. To serve as a reference both to the student in
school and to the graduate after he enters the
field.

Appreclation is extended to the Basic Electricity &
Circuits personnel and to the entire faculty for de-
veloping the material for this manual.

B. W. Cooke,
President.

Coyne Electrical School
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Basie Electricity & Circuits.

FROCEDURE GUIDE

(Lesson Section)
The lesson secticn of 4his manuel has been prepared with required les-
sonfi, f#lso with supplementery lesson material which may be used as ref-

erence material ol ths subject.

The required leszcn= are covered in the following order:

Date of

Lesgion Ng. Title class

1-1. Besic Electricity e
2-2. Simple Circuits
3-3. Unite snd Symwbols e
4-4. National Electric Code e
5-C. Blectricsal Switchas
€6-6. Lighting Control A - =
7-7. Ohm's Lew e
8-8. Rezistance Measurements
9-9. Watt's Lew e
10-10. Practical Applications of Ohm's Laws = ..o
11-11. Relays
12-12. Awnvnciators ——
13-13. Magnetism
14-14. Electro-M¥sgnetism e,
156-15. Elactro-Magnetic Induction
16-16. TransTormers
17-25. Edison Three-Wire Systems =

Your study of the Manual should be directed meinly to the required
leasons. Between =clicol nighis jou should study the lesson that wus
coyored in the preceding class period end the lesson to be covered in
tho following class eriod.

Any sxtra timé may be spent in the study of the supplementery lessons.






Basic Electricity & Circuits Lesson No. 1

BASIC ELECTRICITY

Objective:

To acquire knowledge of the nature of electricity; to distinguish Static Electricity
and Dynamic Electricity; to learn the various methods of producing an EMF; to learn
gome of the methods used for handling electric charges.

References:

Lesson Content

A. Nature of Electricity
1. Definition

Electricity is an invisible force of nature which can be controlled under
certaln laws. An electrical law is a fact or facts that have been proved by
experiments. All MATTER IS ELECTRICITY. Matter is anything that has weight
and occupies space, and it exists in three states, - solids, liquids, and
gases. Matter cannot be created or destroyed, but it can be changed from one
state to another, the state being determined by temperature and pressure.
Properties of matter are, color, conductivity, brittleness, hardness, ductil-
ity, and elasticity. All matter is composed of samall particles called mole-
cules.

2. The Molecule

The molecule is the smallest division of a substance obtainable by physical
means that retains all of the physical characteristics of that substance. For
example; - molecules of air, oil, water, steel, glass, etc. All molecules of
the same substance are alike. A molecule is made up of one or more smaller
particles called atoms.

3. The Atom

An atom 1s the smallest subdivision of matter. All atoms of the same substance
are alike. There are more than 90 different atoms such as, - copper, hydrogen,
oxygen, helium, lead, iron, tin, etc. Each atom normally consists of an even
balance of positive and negative, which is known as a neutral charge. The nu-
cleus of the atom consists of positive protons and attracted by this nucleus

is a number of electrons, which rotate around it in orbits.

4. The Proton

The proton is a particle of matter having a unit positive charge of electricity.
All protons are alike.

5. The Electron
The electron is a particle of matter having a unit negative charge of elec-
trons. All electrons are alike. An electron bound to a proton in the nucleus

is called a nuclear electron. An electron which revolves around the nucleus
is called a free, orbital, or planetary electron.

TA-BE&C-P5 Coyne Electrical School 1



Lesson No. 1 Basic Electricity & Circuits
6. The Neutron

The neutron 1s composed of a single prcton and a single electron which have
combined to form a neutrally charged body.

7. The Ion
The ion is an atom that has lost or gained one or more electrons. We refer to
the lonization of a gas or liquid. Ions can be either positive or negative.
In other words, an ion is a charged atom.

8. Charges

a. A positive charge exists where atoms have lost electrons.
b. A negative charge 1s where atoms have gained electrons.

B. Static Electricity

These charges can be produced by means of friction or induction and when at
rest on insulating materials are known as STATIC ELECTRICITY.

NOTE: Static charges are built up on paper moving at high speed through a
printing press, cars and trucks moving along a highway, people walk-
ing across linoleum or carpeted floor, clouds and alrcraft moving through
the air, canvas grain elevators, electric drills, cotton gins, knitting
machines, etc.

1. Naturally then, an atom that has lost an electron (positive charge) will have
an attraction for an atom with an over supply of electrons (negative charge).
This leads to the fact that unlike charges attract each other. Also, two atoms
with the same amcunt of positive charge or the same amount of negatlve charge
will tend to push apart or repel each other. From that we can say like charges
repel each other. The above is referred to as the law of electrostatics.

2. Coulomb's Law states that "the force existing between the two small charged
bodies is directly proportional to the product of the charges and is inversely
proportional to the square of the distance between them.

3. Charges by induction.

When an uncharged body comes in contact wlith a charged body, it will take a
charge similar to the charged body.

C. Capacitors (condensers).
1. Definition
A capacitor i1s a device used to store electricity or electrical energy in the
nature of static charges. It consists of two conductors, called plates, separ-
ated by means of an insulating material called the dielectric. A dielectric
is any insulating material which hinders or prevents the flow of electrons.

2. Function

The charge in a capacitor 1s stored in the nature of an electrostatic stress
or straln in the dielectric.

2 Coyne Electrical School - TA-BE&C -P5



Basic Electricity & Circuits Lesson No. 1
3. Electrical Capacity depends upon:

a. Area of the plates and dielectric

b. Thickness of the dielectric

c. Dielectric.material - common materials are air, waxed paper, mica,
glass, gases.

NOTE: Capacitors are often made with flat plates of foil or metal stacked and
separated by means of flat sheets of glass, mica, air, or rubber. Others
are made of alternate layers of foll and waxed paper rolled together.

A pair of telephone wires or power line wires stretched on poles across
the country can constitute a capacitor of such size as to be dangerous.

4. Unit of Capacilty

Capacity 1s measured in farads. A capacitor with one farad capacity will ab-
sorb one coulomb of electricity when one volt is applied to its plates. The
practical unit of capacity is the microfarad.

5. Potential, force.

a. Difference of potential exisis between two bodies if these two bodies have
different degrees of electrical charge.

b. Potential difference (PD) is measured in volts.

c. A volt is an assigned unit of difference in pressure or electromotive
force (EMF).

D. Dynamic Electricity (current)
Dynamic electricity 1s the result of the flow of electrons, and 1is called current.

a. Electrons, being negative, always travel toward a point which 1s positive
(or less negative) in potential. Current in strictly electrical circuits
is conventionally traced tfrom positive to negative, while 1n radio and elec-
tronic circuits the current, electron flow, i1s traced from negative to posi-
tive.

b. A conductor is a material which has many free electrons and allows the
electrons to pass through 1t with relative ease. Some good conductors are:
silver, copper, aluminum, zinc, brass, gold, tin, nickel, lead, and iron.

c. An insulator 1s a material which has few free electrons and tends to oppose
electron flow (current). Some common insulators are: glass, mica, rubber,
paper, silk, bakelite.

d. When electrons flow, resulting in current, the impulse travels with a speed
approaching that of light or any other form of radiant energy, about 186,000
miles per second.

E. Generating an Electromotive Force (EMF).

1. Electricity cannot be created or generated. But we can generate an electromo-
tive force, a force that tends to move electrons, which produces current when
the circuit 1s complete.

2. Sources of electromotive force.

a. Chemical (cell or battery) - When two dissimilar substances, such as zinc
and copper, are lmmersed in an electrolyte, and EMF is generated. An elec-

trode series could consist of zinc, iron, copper, silver, platinum, and car-
TA-BE&C -P5 Coyne Electrical School 3



Lesson No. 1 Basic Electricity & Circuits

d.

bon, arranged from negative to positive.

. Thermo-electric affect (heat) - when a junction or couple of two dissimilar

conductors 1s heated, electrons will move from one of the conductors to the
other thereby establishing a difference of potential between the two. Com-
mon thermo-junction materials (negative or positive); bismuth, nickel, plat-
inum, copper, lead, silver, antimony. Used in pyrometers for electric fur-
naces, enameling ovens, etc.

Photo-electric effect (light) a photo-electriz cell is a device which conver-
ts vibration of light in corresponding variations in voltage or current. Cer-
tain substances, such as selenium, have this property. Used in light meters.
Mechanical - Magnetic (generator) - when a conductor 1s moved through a mag-
netic field, an electromotive force is set up between the ends of the con-
ductor. If a path 1s provided between the ends of the conductor, electrons
will flow.

Piezo-electric effect {crystal) - a crystal is a material which will create
an electramotive force when pressure is applied. Commonly used for this
purpose sare Brazilian quartz, Rochelle salts, and Tourmaline. Used in mi-
crophones, phono-ickups, etc.

Friction (static) - when certain substances are rubbed together, eclectrons
are transferred from one of the substances to the other, leaving one sub-
stance negatively charged and the other substance positively charged. An
electro-static series (positive to negative) would be: glass., fur, wool, silk,
wood, sealing wax, hard rubber, sulphur.

F. Current 1s necessary to operate electrical equipment of any kind. It 1s measured
in amperes.

1. Four effects produced by current.

a.

Heating effect (thermal)

Electrical appliances using this effect are: lamps, irons, ranges, toasters,
vacuum tubes, electric heaters, etc.

Chemical effect

This electrical effect is used 1n electro-plating, electrolysis, battery
charging, etc.

Magnetic effect

This effect is used in electric bells, motors, meters, relays, electro-mag-
nets used in industry to move iron or to crush iron in the case of the "skull
crusher".

Physiological effect - the effect of current upon man and beast. Galvani
noticed the twitching of the muscles of a pair of frog legs which led to
some of the most important early discoveries in the field of modern electri-
cal sclence. Common uses of this effect are the electric fence, the elec-
tric prod, electro-therapy, electric needle for killing hair, the electric
chair, etc.

NOTE: The American Standards Association definition Vo. 05.10.015 follows:

"Electricity is a physical agent pervading the atomic structure of matter
and characterized by belng separable, by the expenditure of energy, into

two camponents designated as positive and negative electricity, in which

3tate the electricity possesses recoverable energy."

Coyne Electrical School TA-BE&C-P5



Basic Electricity & Circuits Lesson No. 2

SIMPLE CIRCUITS

ObJjective

To study simple electrical circuits and the pwitches used to control them.

References

Lesson Content

A. The Electrical Circuilt
1. General

The word "circuit" means to go around. An electrical circuit, to be complete
mst provide a continuous path for the passage of current (electron flow). Any
practical electrical circuit consists of at least four parts:

a. A source of electramotive force (EMF).
b. A set of conductors

c. A load

d. A means of control

2. The source of EMF.

Flectromotive force can be defined as "a force that can move electrons". It
may be any kind of cell or battery, a d-c or a-c generator, an electronic pow-
er supply or any arrangement of apparatus capable of generating a difference
of electrical pressure.

3. The conductors

Wires of various sizes may be used as conductors but the term "conductor" ac-
tually refers to any medium which offers relatively low resistance to the flow
of current. Conductors may be "good" or "poor", but the latter are usually re-
ferred to as "resistances", or 1if the conductivity is very low, as "insulators".
There are no sharp lines of distinction separating conductors, resistors, and
insulators.

4. Load
The load on an electrical circuit may be anything which uses electrical energy,
such as a lamp, a bell or buzzer, a toaster, a radio,or a motor. Usually the
load is considered apart from the conductors which connect it to the source.

5. Means of control
The current flowing in an electrical circuit is turned on and off by means of
switches, further control being provided by variable resistance such as rheo-

stats and potentiometers. In certain cases this classification might include
fuses, circuit breakers, or relays.

TA-BE&C -P5 Coyne Electrical School 24



Lesson No. 2 Baslc Electricity & Circuits

B. Electrical Symbols

Instead of using pictures to represent an electrical circuit (pictorial method),
electrical symbols are generally employed (schematic method). These standard and
universally recognized symbols mske 1t easy for anyone to draw quickly electrical
dlagrams that are understood by everyone else in the business. Many of the common
electrical symbols are shown in Fig. 2.

Circuilt Connections

1.

Series

Three resistors are shown connected in series with each other in Fig. 1A.

Notice that there 1s only one path for the current, that the same current flows
through all parts. Assuming the resistors represent lamps, if one lamp is turn-
ed off, the remaining lamps all go out. Such a connection is called a series
connection. It may be used with lamps, bells, or other appliances.

Parallel

Fig. 1B shows the same three resistors connected shunt or parallel, also
often called multiple. In this case, note that there 1s more than one path for
current to take; that the current in each resistor is not necessarily the same.
Certainly the current in any one resistor 1s less than the total current, and
that (if the resistors are regarded as lamps) turning off one of them will not
put the others out. Parallel connections are also used for all types of elec-
trical equipment.

Note that all parallel connections do not look the same, Fig. 1C
Cambination

Filg. 1D shows the three resistors connected in still a different way. They are
not all 32 series with each other, nor are they parallel, although two of the
resistors are connected in series with each other, and the two teken together
are parallel with the third resistor. Since the aspects of both series and
parallel circults are found here, this 1s called a cambination circuilt. Other
combination circuilts are found represented by Figs. 1E and 1F.

Coyne Electrical School TA-BE&C-P5



Basic Electricity & Circuits Lesson No. 2
R R Rs R, R,
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Fig. L Circuit Connections
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Basic Electricity & Cilrcuits

D. Identifying Switch Terminals

Before wiring any circuit that involves the use of
switches, it is first of all necessary to test the
switches themselves to make sure that they are the
type required and that they are operating properly.

The test circuit consists of a source of power, a test
lamp, and a couple of leads. When the test leads are
touched together, the lamp should light. If the lamp
does not light, there is something the matter with the
test circuilt.

Diagram A shows how to test a switch. Note that the
leads from the test circuilt are placed on the switch
terminals. As this switch 1s normally open the lamp
will not light until the switch button 1is pressed.
If the lamp lights when the button is
pressed, two things are shown:

1. The switch is in operating condition

2. The switch is an open circuit type

Diagram B shows the test result on a switch that is
normelly closed. If the test lamp lights when the
leads are placed on the switch terminals but goes out
when the button 1s pressed, two things are shown:

1. The switch 1is in operating condition

2. The switch is a closed circuit type

Diagram C shows a double circuit switch. This is
really two switches in one, for it is a combination of
an open circuit switch and a closed circuit switch. To

test this switch and find which terminals connect to the

various parts, first find the two terminals that will
give a light without pressing the switch. These two
terminals must connect to the moving contact of the
switch and the closed contact of the switch. The
remaining contact must be the open contact. Mark O
alongside this terminal.

Next find the pair of contacts that produce a light
only when the switch 1s pressed; these will be the
moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving
contact. Mark this terminal M. The third must be the
closed contact. Mark it C In this way, all of the
switch terminals may be 1ldentified.

If the above indications cannot be obtained, the
switch must be defective. Try another one. Always
test switches before wiring them up in a circuit.
In this way much time will be saved and, when the
connection i1s properly completed, the circuit will

operate.

TA-BE&C-P5 Coyne Electrical School
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Lesson No. 2

E. Steps for Tracing an Electrical Circult

1. Mark the polarity of the source of supply,
putting a (+) mark at the point of highest
electrical pressure, and a (-) mark at the
point of lowest electrical pressure.

2. See if there is a camplete path from (+)
to (-). In this case the path can be com-
pleted only by closing the switch S. To
indicate that this switch 1is closed, place
a dot beside it as shown.

3. Now trace the circult, using the arrows to
indicate the direction of current flow
around the circuit fram the high pressure
point (+) to the low pressure point (-).
Mark the number of the circuit alongside
or inside the diagram and show the color
of the arrow used to trace 1t thus:

Circult 1 >

F. Practice Diagram for Circult Tracing
1. Mark the polarity of the battery (+) (-).

2. Plaee a lead pencil dot beside switch
1 to indicate that the switch 1s closed.
Then, using the same color, trace the
circuit controlled by this switch.

3. Mark number of circuit alongside dlagram
and show colored arrow used to trace it
thus: Circuit 1. >

4. Place a red dot beside switch 2 to in-
dicate that the switch 1s closed and
trace the circuit controlled by this
switch in red.

Basic Electricity & Circuits
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Pasic Electricity & Circuits Lesson No. 3

UNITS & SYMBOLS

Objective

To become acquainted with some of the more common electrical units and the symbols
used to represent them.

References

Lesson Content

A. Quantity

If two wires from a cell, battery, or d-c generator are immersed in a solution of
copper sulphate, a quantity of copper will go out of solution and be deposited on
one of the electrodes. The amount which is deposited will depend on the quantity
of electricity involved. In order to deposit exactly .0000116 ounce of copper in
this way, requires a very definite quantity of electriclty (electrons). This
quantity is referred to as a "coulomb".

B. Current

If the source of electro-motive force is increased, the time required to deposit
the copper 1s decreased. If the time required is exactly one second, then we say
thet the electrons are flowing at the rate of one coulomb per second. We call
this rate of flow "1 ampere". Thus an ampere measures current or electron flow
and is equal to one coulomb per second.

If we were able to count these electrons as they passed a given point in one
second we would find the number was tremendous, about 6,280 quadrillion. We call
this number of electrons a "coulomb" (whether they are moving or at rest). If for
a "counter" we place an instrument called an ammeter in the circult, its needle
will be deflected to a certain point whenever a coulomb passes through the meter
at the rate of one coulomb per second. We can mark the point indicated by the
ammeter's needle and call it "one ampere". The ammeter then can be further cali-
brated so 1t will always tell us at what rate electrons are flowing. That 1s, it
will measure coulombs per second, or amperes.

TA-BE&C-P5 Coyne Electrical School 11



Lesson No. 3 Basic Electricity & Circuits

CE

F.

12

Resistance

Electrons must overcome opposition or resistance in moving along a conductor. This
resistance depends upon the nature of the conductor itself, its size, material and
temperature. If we take a long glass tube, 106.3 centimeters long (about 41 inches)
and one square millimeter in cross-sectional area and fill 1t with mercury, a me-
tallic conductor in a liquid state; and if we maintain the temperature constant at
zero degrees Centigrade (32 degrees Fahrenheit), it will offer a definite amount
of resistance to the flow of current. This amount of resistance 1s called an "ohm".
Anything that offers the same amount of opposition is said to have a resistance of
one ohm.

Pressure Difference

If we connect the one-ohm resistance described above in an electrical circuilt with
an ammeter and source of electro-motive force and adjust the electro-motive force
until the ammeter reads exactly one ampere, then we are using a definite amount of
pressure difference to force current at the rate of one ampere through a resistance
of one ohm. We call this difference of pressure "one volt".

. Conductance

If resistance measures the opposition offered to the flow of current, then conduc-
tance can be sald to measure the ease with which the current will be permitted to
flow. Since a material like copper which has low resistance will have high conduc-
tance, and a material like nichrome which has high resistance will have low conduc-
tance, we say that conductance 1s the "reciprocal” of resistance and we measure

it in reciprocal ohms, called mhos", the word "ohm" spelled backwards.

Power

1. Mechanical

Power 18 the rate at which work 1s done. A horse works at a particular rate,
called a "horse-power". For example, the average draft horse 1s supposed to
be able to raise 165 pounds, 200 feet in one minute (the same as 33,000 lbs.,
one foot in one minute or 550 pounds, one foot in one second). If a motor does
the same work in the same time, 1t 18 called a one-horse-power motor. Assum-

Coyne Electrical School TA-BE&C-P5
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Lesson No.

ELECTRICAL UNITS AND SYMBOLS

3

UNITS SYMBOLS Unit of electrical quantity. The quantity which will de-

posit .0000116 oz. of copper from one plate to the other

Coulomb qQ in a copper sulphate solution. The quantity of electri-

city which must pass a given point in a circuit in one
second to produce a current of one ampere.

Ampere A or amp. | Unit of current. (Rate of Flow) One coulomb per second.
Milliampers ma .00L |amp. (The prefix "milli" means one-thousandsth)
Microampersg mu a _000001 amp, (The prefix "micro" means one-millionth )

Unit of resistance (R); measure of the opposition offered
ohm to the flow of current. The resistance offered by a col-
OHM or wm of mercury 106.3 centimeters long and 1 square milli-
L1 meter in cross sectional area, at a temperature of 32 de-
grees fahrenheit, or O degrees centigrade.
Megohm Meg N 1,000,000 One-million ohms.
Microhm pr 000001l One-millionth ohm.
Unit of conductance (g) measure of the ease with which a
Mho g conductor will permit current to exist. It is the recip-
rocal of resistance.
Unit of pressure difference. (EMF - Electromotive Force)
Volt v The pressure required to force current at the rate of one
ampere_through_the resistance of one ohm.
Mill#volt mv .001 v One-thousandth volt.
Microvolt uv ,000001 v One-millionth volt.
Kilovolt kv 1000 v (The prefix "kilo" means one-thousand)
Watt w Unit of power. One watt 18 equa. ToO current at the rate of
one ampere under the pressure of one volt. [PEIXE.
Milliwatt mw .001 w One-thousandth watt.
Kilowatt kw 1000 w Unit of vower.
Watthour wh Unit of work. (Power x Time) w x h = wh
Kilowatt kwh: 1000 wh Unit of work.
|  hour
Horsepower hp 746 w The power required to raise 33,000 pounds, one foot
in one minute.
Farad T Unit of capacitance. Capacity of capacitors (condensers).
Microfarad | mf or auf | .000001 £ One-millionth farad.
Micro-micro| mmf or wuf|.000001 mf One-millionth microfarad.
farad
Henry h Unit of inductance
Millihenry mh .00l h One-thousandth henry
Microhenry ah .000001 henry
|

ra-BE&C -P5
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G.

1k

ing 100% efficlency, this mechanical work is performed by the motor when the
electrical input is equal to 746 watts so we say that one horse-power 1is equal
to T46 watts.

2. Electrical

If 746 watts is equal to one horse-power, to what is one watt equal? Going
back to our original experiment when we forced current at the rate of one am-
pere through a resistance of one ohm, it required a pressure of one volt. This
1s an example of power and it is taken as the fundamental unit of electrical
power, one watt.

Work or Energy

If a one-horse-power (746 watts) motor continued to work at the rate of 746 watts
for a definite length of time, a certain amount of work would be performed. The
work would be equal to the power employed, multiplied by the time the work was
continued. In other words, work equals power multiplied by time. So a practical
unit of work is the Watt-hour.

A larger unit, frequently used in electricity, is the kilowatt-hour, KWH.

Conversion of Units

It 1s frequently convenient to use larger or smaller units than the fundamental
ones described so far. In such cases, one unit may be readily converted to another
by means of the following rules:

1. Kilo - to change standard units to kilo-units, divide by 1,000.
to change kilo-units to standard units, multiply by 1,000.

2. Meg. - to change standard units to meg-units, divide by 1,000,000.
to change meg-units to standard units, multiply by 1,000,000.

3. Centi. - to change standard units to centi-units, multiply by 100.
to change centi-units to standard units, divide by 100.

L. Milli. - to change standard units to milli-units, mltiply by 1,000.
to change milli-units to standard units, divide by 1,000,

5. Micro. - to change standard units to micro-units, multiply by 1,000,000.
to change micro-units to standard units, divide by 1,000,000,

Coyne Electrical School TA-BE&C~P5
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NATIONAL ELECTRICAL CODE

ObJective

To enable the student to grasp readily the general plan, scope, and intent of the
Netional Electrical Code requirements and to make the practical application of the
rules clear and understandable.

References

Lesson Content

A. Important Points in Wiring

The important things to be considered in any electrical wiring Job are; first,

the selection of wires of the proper size to carry the amount of current required
by the equipment, and with the proper insulation according to the voltage of these
wires} second, proper mechanical support and protection for the runs of wire;
third; secure and permanent splices and connections; fourth, protection and pre-
cautions to eliminate all danger of fire and shock.

B. National Electrical Code

"The purpose of the Natlonal Electrical Code is the practical safeguarding of per-
gons end of buildings and their contents, from electrical hazards which may re-
sult from the use of electricity for light, heat, power, radlo, signalling, and
for other purposes.”

To stendardize and simplify the rules of good wiring and provide some reliable
guide for electrical construction men, the National Electrical Code has been pro-
vided. This code was originally prepared in 1897 and is kept frequently revised
to meet changing conditions, and improved equipment and materials. It is a result
of the best efforts of electrical engineers, manufacturers of electrical equip-
ment, insurance experts, and architects.

C. State and Local Codes
There are at least four "Codes" or sets of rules governing electrical work.

1. National Electrical Code

TA-BE&C-P5S Coyne Electrical School 15



Lesson No. 4 Basic Electricity & Circuits

2. State Code

3.
L.

Local (city) code

Central station rules

D. Wiring Methods Allowed by National Code and Local Codes

16

The National Electrical Code recognizes the following seventeen types of wiring
for general use, for light and power systems.

1.
2c

3

=

Y @©® 2 o W

10.
11.
12.
13.
1h.
15.
16.
17.

Rigid metal conduit - article 346
Flexible metal conduit (Greenfield) - article 350

Armored cable (BX and BXL) - article 33k

. Electrical metallic tubing (steel tube, thinwall conduit or "Thinwall)"

article 348

. Surface metal raceway (Wiremold) - article 352

Cellular metal floor raceways - article 356

Underfloor raceway - article 354

Wireways - article 362

Busways - article 364

Non-metallic sheathed cable (Romex or Loomflex) - article 336
Non-metallic waterproof wiring (rubber-sheathed cable wiring) - article 340
Non-metallic surface extensions - article 342

Service entrance cable - article 338

Concealed knob and tube work - article 324

Open wiring on insulator (cleats) - article 320

Bare conductors (feeders) - article 328

Underplaster extensions - article 3k

After eliminating those methods which apply to only special installations, we
can divide methods into seven general groups:

Coyne Electrical School TA-BE&C-P5
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1. Conduit

2. Armored cable

3. Electrical metallic tubing
L. Metal raceway

5. Non-metallic sheathed cable
6. Knob and tube

T. Cleats

The first four methods are known as "metallic systems" while the remaining three
are referred to as "non-metallic systems".

In comparing the National Electrical Code with the average city code (such as
that in Chicago) we find that the local code, except under special circumstances,
permite the metallic methods only.

E. Branch Circult Requirements of the National Code and Local Codes

1. A branch-circuit is defined by the National Electrical Code (article 100) as
"that portion of a wiring system extending beyond the final over-current de-
vice protecting the circuit".

2. The code (section 2103 and section 2127, table) recognizes four branch-circuits
with ratings of 15, 20, 30 and 50 amperes, respectively, but the 50 ampere
branch circuit is confined generally to ranges and water heaters, the 30 ampere
branch circuit is used generally only for appliances or for lighting units in
other than dwelling occupancies, and the 20 ampere branch circuilt (as well as
the 30 and 50 ampere branches) may use only heavy-duty lampholders of the mogul
or porcelain keyless type when used for lighting purposes (section 2126) and
fixture wire must be no smaller than #lk. Hence, the only branch circuit suit-
able for general lighting 1s the 15 ampere‘branch circuit. Any type lampholder
may be used on the 15 ampere branch circuit, and it may be used for appliances
as well as lighting. (section 2126).

3. For the 15 ampere branch circuit, the National Electrical Code requirements
are (section 2127).

a. No wire smaller than #lk.
b. No fuse larger than 15 amperes

If conductors of a larger size are used (#12) in order to reduce the voltage
drop, the change in the size of the conductors does not change the classi-
fication of the circuit, so the 15 ampere fuse would still be the largest

. permitted.
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F. Number of Branches Required - National Electrical Code.

18

1. So far, the Natlonal Electrical Code requirements as to branch circults are
substantially the same as those required by most local codes. But as to the
minimum number of branch circuits required there 1s usually a difference. First
let's consilder the Natlonal Electrical Code requirements.

2. The table on page 34 of the National Electrical Code (page 346 of Abbott) gives,
in column "A", the "standard load" or minimum load to be allowed for general
11lumination in various types of occupancles, ranging anywhere from 0.25 watt
per square foot for warehouses and storage spaces up to three watts per square
foot for barber shops, beauty parlors, schools and stores. A dwelling occupan-
cy, 1t will be noted, is assigned a standard load of two watts per square foot.

"The floor area shall be computed from the outside dimensions of the building,
apartment, or area 1nvolved, and the number of floors, not including open por-
ches, garages 1n connection with dwelling occupancles, nor unfinished spaces in
basements or attics of dwellings." Natlonal Electrical Code, section 2116 a, 1.

In the fine print at the bottom of section 2125a however, 1t 1s "recammended"
(for general illumination in dwelling occupancies) that one 15 ampere branch
circult be installed for each 500 square feet of floor area. This 1s approxi-
mately three watts per square foot. This will vary in different districts.

In addition to this lighting load, section 2115b reads: "For the small appliance
load 1n kitchen, laundry, pantry, dining room and breakfast room of dwelling
occupancies, one (or more) branch circults shall be provided for.all receptacle
outlets (other than outlets for clocks) in these rooms and such circuits shall
have no other outlets. The conductors of such circuits shall be not smaller
than #12."

This small appliance branch may have elther 15 or 20 ampere over-current pro-
tection (Abbot, page 339) but because of the restrictions as to lampholders and
fixture wire, the 15 ampere fuse 1s generally used.

. Receptacle Outlets Required

"In dwelling occupancies, in every kitchen, dining room, breskfast room, living
room, parlor, library, den, sun-room,recreation room, and bedroom, one receptacle
outlet shall be provided for every 20 linear feet or major fraction thereof or the
total (gross) distance around the room as measured horizontally along the wall at
the floor line. The receptacle outlets shall in so far as practicable, be spaced
equal dlstances apart. At least one receptacle shall be installed for the con-
nectlon of laundry appliances. Thils receptacle shall be 3-pole, of a type design-
ed for grounding. Receptacles in floor outlets shall not be counted as part of the
required number of receptacle outlets unless located close to the wall." N.E.C.
section 2124 (2).
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These outlets should as nearly as possible, be equally divided among the branch
circuits to avold overloading circuits (N.E.C. section 2125 a.c). For example,
in a large space where outlets for general illumination are evenly spaced the
total branch circuit load is computed from the floor area and the specified watts
per square foot, assume that the average number of outlets per circult is four.
In such a case not more than four outlets may be wired on one circult, it would
not be satisfactory to wire three outlets on some circuits and five outlets on
some other circuits. (Abbott 339-340).

Examples

Dwelling occupancy, Exclusive of circults for a range, water heater, or other
large appliances, what branch circuits are required for a two-story house having
outside dimensions of 30 x 36 feet with a finished recreation room 16 x 20 feet
in the basement and no other finished rooms in the basement or attic?

Floor area; First and second floors, 30 x 36 x 2 . . . . . . « . . . 2,160 square
feet
Recreation Room 16' x 20' . . . . . . . . « « « « « « . _ 320
TOTAL 2,550 square
feet
Lighting load: 2,480 square feet at 2 watts per square foot. . . . . 4,960 watts
Appitiancel Toad MW L « &« & . o« & T u'y 0o . s TEE 2o e B nBIES00
: EfHEB watts

One circuit is required for the appliance load. At 115 volts the capaclty of a
15 ampere circuit is 1,725 watts.

Number of 15 ampere branch circuits for lighting load = 4960 = 2.88 (or at least
1725 3)

Therefore three 15 ampere circuits will be required for the lighting load.

Total circults is four (three 15 ampere branches for lights, using #l4 wire, and
one 15 ampere branch for appliances using #12 wire.)

To provide fully adequate circuit capacity it 1s desirable to install at least
one #12 circuit for small appliances as required by section 2115b and for the
other circuits to follow the recommendation in the fine-print note in section
2115a. Application of this method to the house described in the foregoing exam-
ple would require one circult of #12 and five 15 ampere circuits or a total of
8ix circuits altogether.
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Local Code Requirements (Chicago)

Section 2005 Chicago Electrical Code (page 247, 1938 code) limits each 125-volt
15 ampere branch circuit to 1000 watts and the number of receptacles or medium
base sockets to 16, (except by special permission).

Hence, under this "local" code, number of branches= 6h6Ovatte_¢ ) or 7
1000watts

That would be six 15 ampere lighting clrcults and one #12 branch for appliances.

Definitions and General Provisions

1. Article 110 - General, Section 1103, headed "Mandatory and Advisory Rules"
reads; "Mandatory rules of this code are characterized by the use of the word
"shall" Advisory rules are characterized by the use of the word "should" or are
stated as recommendations of that which is advised but not required".

2. Types of insulation used

a. Rubber, used for 1inside work.

b. Weather-proof, used for outside work. Beware of thils as strictly speaking,
it 1s not insulation at all. It is a weather proof coverina of asphalt and
creosote and contains no rubber. Never touch a live weather proofed wire,
with any part of your body and never put one inside a length of conduit.

¢. Slow-burning, used when heat 1s above normal.

d. Asbestos, used when heat is above normal, for extremely high heat.

3. Lugs - all wire larger than #8 must have a lug placed on end (N.E.C. Art. 1116).

). Stranded wire - small stranded wire shall be twisted and soldered before fasten-

ing under binding screw.

5. Short circuit - a short circuilt occurs when two wires of opposite polarity come
together without sufficient resistance between them to limit the current to a
safe value.

6. An "accldental ground" occurs when the ungrounded wire comes in contact with
some part of the metallic system that 1s not permanently grounded to earth,
causing the metal system to become charged.

7. An "outlet box" is a location on a branch circult of any wiring system at which

access to the conductors is intentionally provided for the purpose of connecting

energy-consuming devices, control devices, or switches.

8. A "pull-box" 1s a condult box, cabinet or fitting which 1s 1installed only for
convenience of pulling in the conductors.

9. A "junction box" is a condult box, or fitting for housing the connections of
conductors.
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10. Whenever the size of the conductors forming a Jjunction are the same, one set
of conductors may be soldered to or otherwise connected to the other set.

K. Maximum Current Carrying Capacity of Wire Sizes (N.E.C.).

RUBBER COVERED WIRE

WIRE SIZE IN CABLE KINOB AND BARE & WEATHERPROOFED
OR CONDUIT TUBE WORK WIRE
1k 15 amps 20 amps 20 amps
12 20 amps 26 amps 30 amps
10 25 amps 35 amps 35 amps
8 35 amps 4,8 amps 50 amps
6 45 amps 65 amps 70 amps
L 60 amps 87 amps 90 amps
2 80 amps 118 amps 125 amps
0 105 amps 160 amps 200 amps

Note that wire exposed to air has a greater current carrying capaclty than wire
yun in conduit due to better heat dissipation from wire to air.

L. Handy Index For the 1947 Natlonal Electric Code

SUBJECT PARAGRAPH PAGE
Splicing - - = - = = = - = = = - - == <=-<<==~--~< 1118 - = - = = = - - - 19
Receptacle circuit - - - - - - - - - - - - - - = =~ 2115-b = = = = - - - = 26
Range load - - = - = = = = = - = = = = - = - =~ =~< 2]121-1 = = = = = = = - 29
Receptacle outlets required - - - - - - - - - - - - o124k L & = 2 2 - = 31
Feeders article 220 - - - - = = = = = = = = = - = = SO0IN et & o = S 33
Electric ranges - dwelling occupancies - - - - - = - 2201-1 - = - = - - = - 35
Sepvillces A= e » o & S Em S ces & = =T e =" = 2302 - - - === - = 37
Service entrance conductors - - - - - - - - - - - - 2304-8 - - = = - - - - 38
Point of attachment to building - - - - - - - - - = 2324 - = - - - - - - Lo
Service head - - = = = = = = = = = = = = = = = = = - 2337 - - = = == - - Lo
FUSE8 = = = = = = = = = = = = = = = = = = = = = = = 2451 - - - - - - - - T
Spacing from lightning rod - - - - - = = - = - - - = 2534 - - - - - - - - 63
Grounding electrodes - - - = - = - - = = = - = - - - 2581 - - - - - = - - 69
Free length of conductors at outlet - - - - - - - - 3006 - - = = - - - - 81
Article 310 - conductors - - - - - - - = = = - = = = 3101 - - - - - - - - 85
Non-metallic sheathed cable - - - - = - - = = = - - 3262 - - - = - - - - 97
Number of conductors in deep boxes - - - - - - - - = 3709 - - - - - - - = 117
Article 380 switches - = = = = = = = = = = = = - - = 3801 @ Wi- = a - El= 124
Article 410 rosettes - = - = = = = = = = = = = - - = Uiol =~ Natsse 132
Rosettes 4163 4165 - = = = = = = = = = = = - - = - LIBE = e e s o= 137
Grounding non-metallic - - - - - - = = - - = = - = = 4212 - - - - = - - - 141
Fixtures near grounded surface - - - - = = - = = = = 4215 - - - - - - - - 142
Method of grounding - - - = = - - = = = == = - - = 4216 - = = = = - - = 321
Rosettes = ® = = = & ='iF ok o = = == - = = 94100 - - - - - - - - 321
Rosettes = - = = = = = = = = = = = = = = == = = = = 9k10k - - - - - - - - 324
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EIECTRICAL SWITCHES J

ObJjective

To learn the purposes, uses and distinguishing features of the common types of
switches employed in lighting control circults.

References

Lesson Content

A. General Information

1. Definition - a switch 1s a device for making, breaking or changing the connec-
tions in an electric circuit.

2. Classification - switches may be classified as follows:

a. Mounting -surface, flush.

b. Construction - knife, push-button, toggle, tumbler, key, selector, pull-
chain, levoller, snap.

Indicating or non-indicating.

Operation - silent (mercury), momentary contact, lock, manual, automatic.
Use - single-pole, double-pole, 3-way, h-way, electrolier. '
High or low voltage - above or below 750 volts.

Miscellaneous - air or oil, instrument, 1solating, auxiliary, alarm, trans-
fer, grounding, vertical break, side breek, quick maske, quick break, etc.

R HO0 Q0

3. Parts and symbols Fig. 1.

a. A stationary contact member of a switch is a conducting part which bears a
contact surface and remains substantially stationary.

b. A pole of a switch consists of the parts necessary to contact one conductor
of a circult. A switch may be single pole or multipole, depending upon the
number of single poles that are operated similtaneously.

c. A blade of a switch is the moving contact member which enters or embraces
the contact clips.

B. Single-pole Switches

1. Construction - single-pole switches have only two terminals for the wires and
only one blade (pole).

2. Use - single-pole switches are normally used to control a light or group of
lights from one place by breaking only one wire of a circult, Fig. 2.
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3. Connections - 8ingle-pole switches must always be connected in the ungrounded

wire.

C. Double-pole Switches

1. Construction - a double-pole surface-type switch always has four terminals and

two straight poles. These poles are mounted one above the other on the shaft
and are insulated from each other.

2. Use - double-pole switches are normally used to open both wires to a light or

device and thus break all connections from it to the line, Fig. 2.

3. Connections - always connect the line wires to terminals on the same side of

the switch; never to opposite terminals.

D. Three-way Switches

24

1. Construction - three-way surface-type switches have four terminals and usually

one pole. Flush-type have three terminals. Two of the terminals are perman-
ently connected together in the switch with a shunt wire. Usually these termin-
als can be located by a strip of sealing wax in a groove between them on the
base of the switch. This wax covers the shunt wire. Sometimes the shunt is
indicated by the word "connected" stamped on the procelain base. On flush-type
switches, the three-way is the only one which has Just three terminals. The
shunt of a flush type switch is known as the "marked" or "common" and it is
usually marked by being of a different color, usually a dark or oxidized finish.

. Use - three-way switches are normally used to control a light or group of lights

from two different places, so they can be turned on or off at either switch.
Figs. 3 & 4. They may also be used as reversing switches.

. Connectlons - connect the shunts of the switches to the line and to the lamp,

respectively; then connect the remalning terminals of one switch to the remasin-
ing terminals of the other.
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E. Four-way Switches

dLe

TA-BE&C-P5

Construction - the four-way surface-type switch has four terminals and two
poles and can be quite easlly distinguished from the other switches because
1ts poles always connect to adjacent terminals.

Use - four-way swltches are normally used where it is desired to control a
light or group of lights from more than two places. By their use in combina-
tion with three-way switches, a light can be controlled from as many places as
desired, Fig. 5.

Connectlons - four-way switches mist always be connected in the ungrounded
wire of the line and never to a grounded wire.

When two or more four-way switches are uged together or in conjunction with a
three-way switch, the dummies or travellers, (the two wires leaving the switch),
are always connected to opposite terminals, never to adjacent terminals. Fig.

5. The foregoing statement applies to surface-type switches; with some flush-
type switches 1t 1s unnecessary to cross the wires, because the cross over is
made 1nside the switch, Figs 8, E and F.
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F. Electrolier Switches

%

Construction - electrolier switches have one "line" or "maln" terminal and two
or more "circuit" terminals with two or more poles electrically connected to
each other, but usually mounted on different levels so a variety of control
can be obtalned.

. Use - electrolier switches are used to control one or more circuits, such as

several sections of a heater element in an‘electric range, two filaments in a
3-way lamp, or several lights on a chandelier, etc.

. Connections - Fig. 6 shows the manner in which an electrolier switch can be

used to turn on one or more lights at a time. Push-button and toggle-type
electroliers are shown in G, H, and I of Fig. 8.

G. Substituting Various Switches

L

Indicating switches - switches with a definite "off" position are known as
indicating switches. Switches with no definite "off" position are known as non-
indicating. In their normal use, single-pole, double-pole, and electrolier
switches are indicating; three-way and four-way switches are non-indicating.

Substitutions - a double-pole switch can be used as a single-pole switch; a
three-way switch can be used as a single-pole switch,Fig. 7; a four-way switch
can be used as a single-pole switch, Fig. 7, a four-way switch can be used as

a three-way switch, Fig. 7; a four-way switch can be used as a two-circuit
electrolier switch; a three-way switch can be used as a two-circuit electrolier
switch.

H. Knife Switches Fig. 9.

26

i

Definition - a knife switch is a form ¢f air switch in which the moving element,
usually a hinged blade, enters or embraces the contact clips. In some cases,
however, the blade is not hinged and is removable.

National Electric Code requirements
a. Connection: "Knife switches, unless of the double-throw type, shall be so
connected that the blades will be dead when the switch 1is open". (N.E.C.

1948, Art. 380, Sec. 3807). All single throw knife switches shall close
against gravity. Double throw shall be mounted horizontal.
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b. Position: "Single-throw knife switches shall be so placed that gravity will
not tend to close them. Double-throw knife switches may be mounted so that
the throw will be elther vertical or horizontal as preferred, but if the
throw be vertical a locking device shall be provided which will insure the
blades remaining in the open position when so set. "N.E.C. 1948, Sec. 3806.

c. As a general rule, all knife switches should be enclosed in metal boxes.

d. On circuits of over 150 volts to ground, enclosures for switches shall be
grounded. N.E.C. 1948, Sec. 3812.

e. If a switch 1s located in a wet place or outside of a building, 1t shall be
enclosed in a weatherproof box or cabinet. N.E.C. 1948, Sec. 380k.

f. "No switch shall disconnect the grounded conductor of a circult unless the
switch simultaneously disconnects the ungrounded conductor or conductors."
N.E.C. 1948, Sec. 3801.

I. Summary Questions

1. A switch with only two stationary contacts 1s a

2. If a switch has a shunt 1t must be a

. A swlitch with four contacts and one pole is a

. A switch with four contacts and two poles is elther a or a

If the above switch has no "off" position it is a

AN N =W

If 1t has an "off" position 1t must be
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