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DISCLAIMER

The AGA (together with its members) disclaims liability for any personal injury, property or other
damages of any nature whatsoever, whether special, indirect, consequential or compensatory, directly or
indirectly resulting from the publication, use of, or reliance on this document or whether based on infor-
mation contained in or omitted from this document. All warranties, express or implied, are disclaimed,
including without limitation, any and all warranties concerning the accuracy of the information, its fitness
or appropriateness for a particular purpose or use, its merchantability and its non-infringement of any third
party’s intellectual property rights. AGA (together with its members) expressly disclaims any and all
responsibilities for the accuracy or completeness of the information and makes no representations or war-
ranties regarding the information’s compliance with any applicable statute, rule or regulation.

In issuing and making this document available, the AGA (together with its members) is not undertak-
ing to render professional or other services for or on behalf of any person or entity.  Nor is the AGAunder-
taking to perform any duty owed by any person or entity to someone else.  Anyone using this document is
doing so at the user’s own discretion and at its own risk.  The user should seek the advice of a competent
professional in determining the exercise of reasonable care in any given circumstances.

This manual is not designed to provide installation, repair or maintenance instructions.  Equipment
should be installed, repaired or maintained in compliance with manufacturers’ instructions, applicable
building codes and regulations and national standards.  This manual is not intended to take the place of
those documents.

FOREWORD

This manual was prepared under the direction of the American Gas Association and Gas Appliance
Manufacturers Association Joint Committee for Customer Service. It was written by James C. Griffiths,
Senior Research Engineer, and J. Fred Parr, Manager of Engineering Services, American Gas Association
Laboratories, Cleveland, Ohio.

The purpose of the manual is to provide a text for self study. Hopefully, it will become a useful tool to
vocational-technical schools, appliance service and repairmen, and utility customer service programs. The
text has been prepared so that only a moderate knowledge of mathematics and science is required for
understanding. In an effort to assist in the reinforcement of the material found in the text, this edition com-
bines the text of the Fundamentals of Electricity Manual, XH0175, and the Fundamentals of Electricity
Workbook, XH1281. Answers to all chapter reviews can be found on pages 108–113 of this book.

This is the third manual of the original series. The first, “Fundamentals of Gas Combustion”, was pub-
lished in January 1973. The second, “Fundamentals of Gas Appliance Venting and Ventilation” was pub-
lished in May 1974.

Other texts in this series cover the following fundamental subject areas:

Gas Appliances
Gas Controls
Customer Service

At the end of the text is a glossary of terms used in basic electricity. It is suggested that the student
familiarize herself/himself with these terms so that the text material will be meaningful. Words that appear
in the text in bold face appear in the glossary.

Copyright © 2002 American Gas Association
All Rights Reserved
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1

Historical Background on 
Discovery of Electricity

Perhaps the first “electrical” experiment
conducted by man was performed by the
Greek Philosopher Thales (640–546
B.C.). Thales observed that when a piece
of a natural resin called amber was
rubbed with a cloth, the amber attracted
light objects near it. Today we say that
rubbing amber with cloth gives the amber
a charge of static electricity. The term
“electricity” comes from “electra,” the
Greek word for amber.

Other substances also can be charged
with static electricity by rubbing, such as
a glass rod with silk, or hard rubber with
fur. A familiar experience due to the cre-
ation of static electricity is the shock
sometimes received in touching a door-
knob or some other grounded object after
walking across a carpet on a dry winter
day. Static electricity, built up by tires
rolling over pavement, dictates the use of
a dangling chain or strap attached to
trucks carrying flammable vapors to pre-
vent sparks between the truck and the
ground, which are a possible fire hazard.

Static electricity, as such, is not of pri-
mary interest here. However, the basic
cause of its formation does have an
important bearing on understanding the
nature of electricity in forms, which are
of practical interest.

To understand what happens, we must
consider the structure of atoms, the
smallest particles of matter. The atom,
Figure 1, is made up of a positively
charged central nucleus, around which

whirl very small, negatively charged par-
ticles called electrons. The number of
negatively charged electrons is the same
as the number of positive charges on the
nucleus, so that the atom is stable, that is,
it is not charged electrically. However, if
for some reason the number of electrons
is greater than that of the positive charges
on the nucleus, the atom is negatively
charged. On the other hand, if the number
of positive charges in the atom is greater
than the number of electrons the atom is
said to be positively charged. When a hard
rubber rod is rubbed with fur, electrons are
stripped from the fur atoms. As a result,
the rubber gains electrons and becomes
negatively charged. The fur loses elec-
trons, so becomes positively charg e d .

C h a rged atoms naturally tend to return
to the stable, uncharged state. If one of two
bodies has more free electrons than the
o t h e r, the first body is said to be negative-
ly charged with respect to the second, and
the second is said to be positively charg e d
with respect to the first. If the two bodies
are connected together by a wire, electrons
flow from the electrically negative body to
the positive one. (We speak of this flow of
electrons as electricity.) 

I. INTRODUCTION

( * Words which appear in the text in bold face type
are defined in the glossary starting on Page 117.
See page 115 for sources of reference materials

Fig. 1 Representation of a hydrogen atom.  The
negatively charged electron resides in an orbit
around the positively charged nucleus.
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Since the discovery of static electrici-
ty over 2500 years ago by Thales, many
men have made other important electrical
discoveries. Two of these discoveries
have had a particularly important bearing
on man’s use of electricity.

In 1820, Hans Christian Oersted
(1777–1851) discovered that a magnetic
field surrounds a conductor carrying an
electric current. This discovery led to the
electromagnet, Figure 2, which is the

basis (among other things) for our sole-
noid-type gas controls of today. It also is a
basic principle on which the development
of electric motors was made possible. In
1831, Michael Faraday (1791–1867) dis-
covered that an electrical current could be
generated in a conductor, which was
moved through a magnetic field, Figure 3.
This discovery led to the development of

the electrical ge n e rat o r. These electrical
devices form the foundation of having
electrical e n e rgy work for us.

Use of Gas and Electricity together to
improve the Way of Life for Everyone

Virtually all of today’s gas appliances use
some form of electricity in their opera-
tion. For example, the circulating air
blower, driven by an electric motor, is a
vital part of the forced warm-air gas fur-
nace. Many of today’s gas appliance con-
trols are electrically operated, some by
electricity from the home supply, others
by electricity generated by heat from the
gas. Together these two forms of energy,
gas and electricity, provide improved per-
formance, safety and convenience for
appliance owners.

2

Fig. 2 When a wire carrying electric current is
wrapped around a soft iron core, the iron becomes a
magnet.

Fig. 3 Moving a wire through a magnetic field
causes electricity to flow in the wire
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1. The first electrical experiment was performed between
640–546 B.C. Amber was rubbed with a cloth which caused a
charge of static electricity to be stored in it. This attracted light
objects near the amber to it. The term electricity comes from
_______________, the Greek word for amber. (p. 1)

2. A familiar experience due to the creation of static electricity is
the shock sometimes received in touching a
_______________ object after walking across a carpet on a
dry winter day. (p. 1)

3. Static electricity as such is not of primary interest here.
However, the basic cause for its formation does have an
important bearing on understanding the nature of
_______________ in forms which are of practical interest. (p. 1)

4. To understand what happens, we must consider the structure
of atoms, the smallest particles of matter. The atom is made up
of a positively charged nucleus around which whirl very small
negatively charged particles called 1._______________. The
number of 2._______________ charged electrons is the same
as the number of positive charges on the nucleus so that the
atom is stable. However, if the number of electrons is greater
than the number of the positive charges on the
3._______________, the atom is 4._______________
charged. On the other hand, if the number of positive charges
in the atom is greater than the number of electrons, the atom
is said to be 5._______________ charged. (p. 1)

Representation of a hydrogen atom. The negatively
charged electron resides in an orbit around the positively
charged nucleus.

3

electricity

negatively

positively

grounded

negatively

electrons

electra

nucleus

CHAPTER I REVIEW—
INTRODUCTION

Fill in the blanks from the work list on the right. Answers are at the end of this manual.
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5. When a hard rubber rod is rubbed with fur, electrons are
stripped from the fur atoms. As a result, the rubber gains
1._______________ and becomes 2._______________
charged. The fur loses 3._______________ and becomes
4._______________ charged. (p. 1)

6. Since the discovery of
1._______________2._______________ over 2,500 years
ago, many men have made other important electrical discov-
eries. Two of these are of particular importance. (p. 2)

7. 1820 — H. Orsted discovered that a magnetic field surrounds
a conductor carrying an electrical current. This discovery led
to the _______________. (p. 2)

8. 1831 — Michael Faraday discovered that an electrical current
could be generated in a conductor which was moved through
a magnetic field. This led to the development of the electrical
_______________. (p. 2)

9. Nearly all of today’s gas appliances use some form of
_______________ in their operation. (p. 2)

4

positively

electricity

electrons

generator

electromagnet

electricity

static

negatively

electrons
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5

Potential Difference, Electromotive
force (EMF) or Voltage

As stated earlier, electricity is the move-
ment of electrons from a body that con-
tains an excess of electrons to a body that
has a deficiency of electrons. This move-
ment of electrons is illustrated in Figure
4, in which a body with a number of free

electrons is connected to a body with a
smaller number of free electrons by a
copper wire. As shown by the arrows,
electrons will flow from the body with
the most electrons to the body with
fewest electrons. Electron flow in this
fashion is called electric current.

The amount of electron flow between
Body A of Figure 4 to Body B will

depend on the difference of the number
of free electrons in A compared to B. The
greater the difference of free electrons,
the greater will be the flow. The less the
difference, the less will be the flow. This
movement of free electrons from A to B
will continue until each body contains the
same number of free electrons (the bod-
ies will be equally charged) and then
electron flow will stop.

The relative charge on Bodies A and
B of Figure 4 can be considered as a dif-
ference in electrical pressure between
these two points, known as the potential
difference. A water analogy to illustrate
this potential difference and subsequent
flow of electrons between two points is
shown in Figure 5.

Consider the two reservoirs shown in
Figure 5 (a), connected together, but with a
closed valve in the connecting line.
Reservoir Ais filled with water to a higher
lever than reservoir B. As a result, a poten-
tial difference exists between the two
reservoirs. In other words, the water in
reservoir A exerts a greater pressure on its
side of the valve than does the water in
reservoir B on its side of the valve. T h i s
situation is comparable to a negatively
c h a rged and positively charged body (or
less negatively charged body) isolated
from each other. In figure 5 (b), the valve
is opened. The greater water pressure from
reservoir A at the valve causes water to
flow into reservoir B through the connect-
ing line and valve. This condition is like
connecting two charged electrical bodies
with a wire, with a resultant flow of elec-
trons from the more negatively charged on
to the other. When the water levels in

II. HOW ELECTRICITY IS SUPPLIED

Fig. 4 Electron flow between two electrically
charged bodies
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reservoirs A and B reach the same height,
Figure 5 (c), the potential difference has
become zero (the pressures on either side
of the valve are the same) and water flow
stops. Similarly, with two electrically
c h a rged bodies, when each contains the
same number of free electrons and are thus
equally charged, electron flow from one to
the other stops.

Thus far we have been dealing with
static electricity, in which two bodies are
c h a rged only once, and then interact with
each other when they are connected
t o g e t h e r. To relate this simple case to prac-
tical electrical c i rc u i t s that are used in gas
appliances, we must consider two addi-
tional factors. First, as indicated earlier,
the natural state of atoms is neutral and
u n c h a rged. Hence some work must be
done or energy used to create a potential
d i fference between two bodies. In the case
of charging a piece of hard rubber with
static electricity by rubbing it with fur, this
work or energy is provided by rubbing
action. In the water analogy shown in
Figure 5, we simply stated that the two
reservoirs were filled initially to two dif-
ferent levels. Some work or energy must
have been applied to fill these reservoirs.
Electricity cannot be generated for nothing
and when electrical energy is generated,
some other form of energy is used up in
producing it. Some form of energ y,
whether it is mechanical, chemical, etc., is
converted to electrical energ y.

S e c o n d l y, in practical electrical cir-
cuits, it is necessary to have a constant
flow of electricity in the circuit when it is
in use, rather that the one-shot affair dis-
cussed so far in relation to static electrici-
t y. Therefore, some source must continu-
ously maintain a potential diff e r e n c e
between two points in a circuit. Such a
source provides what is commonly
referred to as an e l e c t ro m o t ive fo rc e,
abbreviated as E M F, which represents the
same thing as a potential diff e r e n c e .

The source for EMF can be illustrated
by expanding the water analogy of Figure
5 to include a pump, as shown in Figure 6.

6

Fig 5 Water analogy of electrical potential differ-
ence and flow of electrons
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In Figure 6, the difference in water
height between the reservoirs produces a
p o t ential difference. With the valve open
in the line connecting the two reservoirs,
water flows from A to B as shown.
However, it the pump (representing the
source of EMF) withdraws water from B
and returns it to A at the same flow rate as
water is flowing from A to B through the
valve, the water levels in the two reser-
voirs will remain unchanged. Hence
water will continue to flow around the
system at a constant rate as long as the
pump is in operation. Since as much water
is returned by the pump to reservoir A as
flows out of A into B, the water levels in

the two reservoirs will remain constant.
The potential difference between A and B
will remain constant.

In an electric circuit, Figure 6 (b), an
EMF source which could be a generator
or battery “pumps” electrons, maintain-
ing a potential difference between points
A and B so that electrons continuously
flow around the circuit. Note that some
external energy or work must be applied
or used up at the EMF source to keep it
operating, just as work must be expended
in driving the pump in 6 (a).

Devices to Provide an 
Electromotive Force (Voltage)

EMF sources use some sort of energy
(mechanical, chemical, heat, etc.) to pro-
vide a potential difference in an electrical
circuit. This potential difference is most
often called voltage. Two methods of
producing EMF or voltage most com-
monly encountered are the chemical cell
(or battery) and the mechanical genera-
tor. Gas appliance designs also make con-
siderable use of thermoelectric generators
or thermocouples. P i ezo - e l e c t r i c c r y s t a l s
have occasionally been used in appliances.
Adiscussion of the general operating prin-
ciples of these four methods of providing
a voltage or EMF follows.

THE CHEMICAL CELL OR BATTERY

A chemical cell (or battery) converts
chemical energy into electrical energy to
provide a voltage in an electrical circuit.

A common type of chemical cell is the
lead-acid cell, Figure 7, which is
enclosed in a hard rubber or plastic case,
containing a solution of sulphuric acid in
water. This solution is referred to as the

7

Fig. 6 Water analogy of a source providing a con-
stant EMF to maintain flow of electricity in a system

(a)

(b)
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electrolyte. Plates of sponge lead and
lead peroxide (called the electrodes) are
immersed in the electrolyte.

Chemical reactions between the elec-
trolyte and the lead peroxide electrode
consume electrons and thus create a defi-
ciency of free electrons. This causes the
lead peroxide electrode to become posi-
tively charged with respect to the spongy
lead plate. Chemical reactions between the
electrolyte and the spongy lead plate gen-
erate an excess of electrons thus causing
the spongy lead plate to become negative-
ly charged. Thus, a potential difference is
established between the two electrodes.

Now let an external electrical circuit,
consisting of a wire, switch and light bulb
be connected to the battery electrodes, as
shown in Figure 7. With the switch open,
the electrical path through the external

circuit is broken and no electricity flows
through it. However, when the switch is
closed, the external path is completed.

Free electrons (electricity) flow from the
negatively charged spongy lead electrode
to the positively charged lead peroxide
one through the external circuit, just as
described earlier in relation to Figure 4.
The lamp will glow, indicating that elec-
tricity is flowing.

Chemical reactions between the elec-
trolyte and electrodes continue to take
place. These reactions constantly replen-
ish the supply of free electrons to the neg-
ative electrode and remove them from the
positive electrode, so that electricity will
continue to flow through the external cir-
cuit. Note that the free electrons in this
case only travel in one direction, from the
negative to the positive electrode. This
type of electricity is known as direct
current (DC).

Electricity cannot be drawn indefinite-
ly from a cell, for eventually the cell will
run down. During the chemical action in
the lead-acid cell, the active electrode
materials are gradually changed to lead
sulphate. If electricity is drawn from the
cell until all the spongy lead and lead per-
oxide are changed to lead sulphate, the cell
will be completely dead, and will supply
no more electromotive force. Before this
situation occurs, however, it is possible to
r e c h a rge the cell. An external generator
( r e c h a rger) is connected to the external
circuit, with its negative pole connected to
the negative electrode and positive pole
connected to the positive electrode of the
cell. In this way, electrons are driven back
by the recharger through the negative elec-
trode and through the electrolyte to the
positive electrode. This external electricity
applied to the cell converts most of the
lead sulphate on the plates back into the

8

Fig. 7 Simple lead-acid chemical cell (battery)
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active spongy lead and the lead peroxide.
The cell is thus restored to about its orig-
inal condition and is said to be recharged.
The ability of these cells to store energy
in the form of chemical energy later to be
released as electricity gives rise to the
name storage batteries.

A battery is one or several cells com-
bined to operate as a single source of
electricity. Automobile batteries are one
example. They consist of a number of
lead-acid cells side by side in one con-
tainer separated by sheets of hard rubber
or plastic. A number of different combi-
nations of electrode materials and elec-
trolytes are used in cells. The familiar
cells used in flashlights are commonly
called batteries although they are each
single cells. They are also referred to as
dry cells, Figure 8, since the electrolyte
is in the form of a moist paste instead of
a liquid as in the lead-acid cell.

Batteries are rarely, if ever, used in
gas appliances. However, some instru-

ments used for troubleshooting service
problems do use dry cells. Mechanical
generators and thermoelectric devices
produce most of the electricity used in
gas appliances.

MECHANICAL GENERATORS

A very common source of voltage is pro-
vided by generators, which convert
mechanical energy into electrical energy.
Most of our so-called house current is
produced by mechanically operated gen-
erators, commonly referred to as electri-
cal generators or simply generators.

The invention of the electrical gener-
ator was made possible by Faraday’s dis-
covery that when a wire is moved across
a magnetic field in a gap between the
North-South poles of a magnet, a voltage
is produced in the wire. Furthermore, it
was found that the direction of motion of
the wire across the gap (cutting across
lines of magnetic force between the
poles) affected the direction of flow of
electricity in the wire. The same effect is
obtained if the wire is held stationary and
the magnet is moved, causing the lines of
magnetic force to cut across the wire.

9

Fig. 8 Construction of a dry cell

Fig. 9 Principle of operation of electric generator
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When a loop of wire is rotated in a
gap between the poles of a magnet,
Figure 9, voltage is produced which will
tend to make electricity flow in one direc-
tion in the loop during one half revolu-
tion and in the opposite direction during

the second half revolution of the loop.
When wires of the loop are traveling par-
allel to the magnetic lines of force (across
the top and bottom of the gap) no voltage
is produced in the loop, Figure 10. When
the loop is closed completing a circuit
and allowing electric current to flow, this
alternating building up of voltage, drop-

10

Fig. 10 Principle of operation of electric generator
(cont’d)

Fig. 11 Sine wave pattern of AC electricity

Fig. 12 DC generator with commutator

(a) (b)
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ping to zero and then building in the
opposite direction causes the current to
flow first one way then the other in the
wire. The result is what we call alternat-
ing current (AC) electricity. If electrical
flow in one direction in the loop is called
positive and in the other direction nega-
tive, the pattern of electrical flow with
degrees of rotation is the so-called sine
wave shown in Figure 11.

Direct current (DC) electricity is pro-
duced by a generator through the use of a
simple device called a commutator.

A split ring is attached to the loop of
wire and brushes (Figure 12) rub against
it. When the rotating loop is in the position
shown in Figure 12(a), current flows out
of conductor 1 (attached to segment 1 of
the split commutator ring) into conductor
2 attached to segment 2 of the commutator
ring. Thus, current flows in the external
circuit from brush A (which is riding on
segment 1) to brush B, riding on segment
2. When the loop rotates to the position
shown in Figure 12(b), current flow
reverses in the loop as shown, flowing out
of conductor 2 and into conductor 1.
H o w e v e r, the commutator ring has rotated
so that segment 2 is now under brush A
and segment 1 under brush B, so that cur-
rent still flows in the external circuit in the
same direction as before from brush A t o
brush B. In an actual DC generator a num-
ber of loops, with a corresponding number
of commutator ring segments are used to
provide a steady DC current flow.

The simple generator described
above, using a single wire loop, would
only generate a small voltage. Using
more wire loops increases voltage output
and a stronger magnet with more concen-

trated lines of magnetic force. In com-
mercial generators used to provide sub-
stantial electrical power, a great many
loops are used, wound around an iron
core that increases and concentrates the
magnetic flux. Together those loops and
core form what is called an armature.
The electric output of the generator is
picked off by brushes riding on collector
rings attached to the ends of the rotating
loops to be applied to an external circuit.

The generator armature is rotated by
some external driver to produce electricity.
This driver may be, for example, a steam
turbine, an internal combustion engine, or
a water-driven turbine in hydroelectric
generators. The generator converts a por-
tion of the mechanical energy supplied by
these drivers into electrical energ y.

The magnetic field in which the gen-
erator armature rotates may be provided
by permanent magnets, such as in mag-
netos. Most generators use electromag-
nets for this purpose, formed by wrap-
ping coils of wire around metal poles. As
indicated previously, when electricity is
passed through these coils, a magnetic
field is set up around the wires, causing
the metal pole pieces to become magnets.
These electromagnets are called f i e l d
coils of the generator. Alternating current
generators must have electricity supplied
to their field coils by an external source.
Often the armature remains stationary
while the field revolves which allows
smaller moving contacts since the field
current is small.

The number of times per second,
which the electrical output of an AC gen-
erator goes through the one complete
cycle shown in Figure 11, is known as the
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electrical f re q u e n cy. This frequency
depends on the number of pairs of mag-
netic poles (called North and South) used
in the generator and the speed of rotation
of the armature. With a single pair of
poles, a generator rotating at 3600 revo-
lutions per minute (rpm) would produce
60 cycles per second (also referred to as
60 Hertz) AC electricity. This frequency
is the one most commonly used in the
United States. In Europe and elsewhere,
50 Hertz AC electricity is most common-
ly used. Electrical devices must be oper-
ated at their design frequency. For exam-
ple, an electric clock designed for 60
Hertz operation would run slow if sup-
plied with 50 Hertz AC electricity. In
some instances, damage can result if the
wrong frequency electricity is used.

THERMOELECTRIC SOURCES OF VOLTAGE

In 1822 Thomas J. Seebeck (1770–1831)
discovered that when two wires or strips
of different metals were joined together
at one end and this end was heated while
the other end kept cool, a voltage was
produced across the open ends. T h i s

effect has been called the thermoelectric
effect and a single pair of wires used for
such a purpose called a thermocouple.
Figure 13 illustrates the thermoelectric
effect in a heated thermocouple.

The junction of the two wires in a
thermocouple that is heated to produce
electricity is called the hot junction. The
connection of the other two ends of the
thermocouple wires is called the cold
junction. In a thermocouple used in a gas
appliance the cold junction usually is
located only a few inches from the hot
junction and conductors are attached to
the cold junction leads to carry current to
a load.

The magnitude of the voltage pro-
duced thermoelectrically depends on the
two materials used in the thermocouple,
and on the temperature d i ff e re n c e
between the hot and cold junctions. The
greater this temperature difference, the
larger is the voltage produced.

The voltage produced by a single
thermocouple consisting of a single pair
of wires or strips usually is very small.
However, this device has been used for at
least two very practical purposes in the
gas industry.

First, a thermocouple can be used as a
very sensitive temperature-measuring
device. For any given pair of different
wires used for the thermocouple, the volt-
age produced will always be the same for
the same temperature difference between
the hot and cold junctions. Tables have
been prepared for various pairs of metals
relating this temperature difference to the
voltage produced. Thus, the hot junction
can be placed in a fluid or connected to a

12

Fig. 13 The thermoelectric effect
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surface whose temperature is to be meas-
ured, and the voltage produced measured
with a sensitive instrument. The tempera-
ture of the fluid (water, air, etc.) or sur-
face is then found in the appropriate
table, knowing the cold junction temper-
ature.

Of even greater importance in the gas
industry is the widespread use of thermo-
couples in gas controls, such as in auto-
matic pilot safety devices, Figure 14.
The flame of a gas pilot heats the hot

junction of an automatic pilot device. The
electrical output of a single thermocouple
is quite small. However, it still produces
an electric (magnetic) field around a wire
as the DC electricity flows through the
wire. This wire can be wrapped around a
metal core, creating a small electromag-
net. This electromagnet will hold open an
automatic pilot valve (opened manually
by pressing a metal part of the valve
against the electromagnet) as long as the
pilot flame heats the hot junction ade-
q u a t e l y. If the pilot flame is extinguished,
the hot junction of the thermocouple
cools; the voltage produced by the ther-

mocouple falls off to zero; the electromag-
net becomes deenergized; and the spring-
loaded automatic pilot valve closes, shut-
ting off the gas supply to the appliance.

Thermoelectric voltage output can be
substantially increased by using a num-
ber of pairs of thermocouples in a single
device, called a thermopile, Figure 15.
The increased voltage can be used to cre-

ate a more powerful electromagnet than
with a single thermocouple.
Thermostatically controlled automatic
gas valves can be powered by thermo-
electrically generated voltages and not
require AC voltage from the house cir-
cuit. Thermocouples and thermopiles will
be discussed further in later sections.

PIEZOELECTRIC SOURCES OF VOLTAGE

If certain materials, such as quartz and
Rochelle crystals or barium titanate, are
compressed in a certain direction, elec-
trons in the material shift, creating a volt-
age across two surfaces of the material,
Figure 16. This is called the piezoelectric
effect and substances that exhibit it are

13

Fig. 14 Use of thermocouple in automatic pilot
device

Fig. 15 A thermopile is composed of many thermo-
couples connected together so that the electrical
effect is additive
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called piezoelectric materials. T h e
amount of the voltage created depends on
the rate of change of pressure applied and
on how high a pressure is applied. A volt-
age is not generated by a steady pressure
on the material, but rather by a rapid
squeezing or striking. Higher voltages are
generated by rapidly applying greater
pressures to the crystal.

Piezoelectric materials have been
used to provide spark ignition, such as in
camping equipment, and barbeque grills.

14

Fig. 16 When a force is applied as shown by the
arrows, a voltage is generated across the piezoelec-
tric crystal
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10. As stated earlier, electricity is the movement of electrons from
a body which contains an 1._______________ of electrons to
a body which has a deficiency of 2._______________. (p. 5)

11. The amount of electron flow between “A” & “B” when the
switch is closed depends upon the difference of the number of
free 1._______________ in “A” compared to “B.” The greater
the difference, the 2._______________ will be the flow. (p. 5)

12. In practical electrical circuits it is necessary to have a
1._______________ flow of electricity in the circuit when it
is in use rather than the one shot situation discussed in
2._______________ 3._______________. Therefore, some
source must continuously maintain a 4._______________
5._______________ between two points in a circuit. Such a
source provides what is commonly referred to as an
6._______________ force (EMF), which represents the same
thing as a potential difference. (p. 6)

13. The two most commonly encountered EMF sources are the
chemical cell or 1._______________ and the mechanical
2._______________. (p. 7)

14. Two other devices to generate EMF are thermoelectric gener-
ators or 1._______________ and piezoelectric
2._______________. (p. 7)

15

generator

battery

static

crystals

greater

electrons

electricity

difference

potential

constant

electrons

thermocouples

electromotive

excess

CHAPTER II REVIEW—
HOW ELECTRICITY IS SUPPLIED

Fill in the blanks from the word list on the right. Answers are at the end of this manual.
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15. Mechanical generators, depending upon their construction,
generate either 1._______________ current or
2._______________ current. (p. 9–11)

16. Alternating current changes its electrical charge from positive
to negative within each complete rotation of the armature.
This is known as a 1._______________. The completion of 60
cycles in one second is equal to one 2._______________.
Generators in the United States are generally driven at 3600
revolutions a minute which produces 3._______________
hertz. (p. 12)

17. Thermoelectric sources of voltage are constructed by joining
two wires of different metals together at one end. If this end is
heated and the other end kept cool, a 1._______________ will
be produced across the open ends. A single pair of wires used
for such a purpose is know as a 2._______________. 
(p. 12)

18. The magnitude of the voltage produced depends on the two
1._______________ used in the thermocouple and on the tem-
perature 2._______________ between the hot and cold junc-
tions. The greater the temperature difference, the larger the
3._______________ produced. (p. 12)

19. The thermocouple can be used as a very sensitive
_______________ measuring device. (p. 12)

20. Of even greater importance in the gas industry is the wide-
spread use of thermocouples in gas controls such as automat-
ic _______________ safety devices. (p. 13)

21. Thermoelectric voltage output can be substantially increased
by using a number of pairs of thermocouples in a single device
called a _______________. (p. 13)

materials

voltage

pilot

difference

temperature

voltage

thermopile

thermocouple

60

cycle

direct

Hertz (Hz)

alternating

16
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22. Piezoelectric sources of voltage. Certain materials such as
quartz and rochelle crystals or barium titanate are compressed
in a certain direction, electrons in the material shift, creating a
voltage across two surfaces of the material. This is called the
1._______________ effect. The amount of voltage created
depends on the rate of change of pressure applied and on how
much pressure is applied. Voltage is not generated by steady
pressure but by a rapid squeezing or 2._______________.
Higher voltages are generated by 3._______________ apply-
ing greater 4._______________ to the crystal. (p. 13–14)

striking

pressure

rapidly

piezoelectric

17
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18

Thus far electricity has been considered
in terms of flow of electrons (flow of
electricity) and voltage (potential differ-
ence or EMF). In practical uses of elec-
tricity it is necessary to be able to meas-
ure quantities of electron flow and volt-
age and other properties of electricity.
Certain terms are used to express those
measurements and must be clearly under-
stood to provide a foundation for work-
ing successfully with electrical devices.

In the early years of study of the sub-
ject, electricity was thought of as a fluid
flowing through a wire as water flows
through a pipe. Although it has certain

limitations, a water analogy sometimes is
useful to define certain basic electrical
terms.

Figure 17 shows a closed loop of pipe
filled with water. Water is circulated
around through the pipe by a pump. As
water flows through the system, shown in
Figure 17, friction of the pipe walls and
any restrictions in the pipe offer resist-
ance to the flow of water. If the pump is
turned off, water flow through the system
stops because of this resistance.
However, when it is going, the pump pro-
vides enough pressure to offset these
resistances in the pipes to maintain flow
of water in the system.

Flow of electricity in an electrical cir-
cuit is like the flow of water in the system
shown in Figure 17. Electrical flow is
called c u rre n t and is expressed in
amperes (named after the French scien-
tist, Andre M. Ampere, 1775–1836).
Wires and other devices in an electrical
circuit offer resistance to current flow,
just as the pipe walls and any restrictions
in a water system resist flow of the water.
In electrical terms, this factor is called
resistance, and is expressed in ohms,
(named after the German physicist,
George S. Ohm, 1787–1854). Acting as
the pump does in the water system of
Figure 17, the source of EMF provides an
electrical pressure or voltage, to offset
resistances and maintain current flow.
The term electrical pressure means essen-
tially the same thing as voltage, EMF and
potential difference used in previous sec-
tions. The basic practical unit of voltage
is the volt, named after the Italian physi-
cist, Allesandro Volta (1745–1827).

III. ELECTRICAL TERMS

Fig. 17 Water analogy illustrating fundamental
electrical terms
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The Volt 

The basic unit of voltage, the volt, can be
defined in terms of the other two funda-
mental electrical quantities of current and
resistance. One volt is required to cause
one ampere of current to flow against a
resistance of one ohm. Explanations of
ampere and ohm follow in succeeding
sections. Several levels of voltage may be
encountered in working with gas appli-
ances.

MILLIVOLT SYSTEMS (DC)

Automatic pilot safety devices are the
most common type of millivolt systems
likely to be encountered in working with
gas appliances. These systems have a
thermocouple or thermopile heated by
the gas pilot. The DC voltages produced
by single thermocouples will usually be
of the order of 20–30 millivolts, when the
voltage is measured at the thermocouple
terminals without the automatic pilot
device in the circuit (called the open cir-
cuit voltage). The prefix milli- means
thousandths, so that single thermocou-
ples generate a voltage of about 20/1000
to 30/1000 of one volt. Thermopiles (in
their most common application spoken of
as pilot generators) produce open circuit
voltages ranging from perhaps 100–1000
millivolts (about 0.1 to 1.0 volt).

24-VOLT SYSTEMS

To use relatively inexpensive wiring to
room thermostats, and provide added
safety, many automatic gas control valves
are operated with 24 volts AC. This volt-
age is obtained by reducing house volt-
age (120 volts) by means of a trans-
fo rm e r. The transformer is a device
which takes AC voltage at one level and

reduces (step-down) or raises it (step-up)
to a different level. Figure 18 illustrates a
simple step-down transformer.

The step-down transformer shown
consists of two coils of wire both wound
around a soft iron-core. The primary
winding has more turns of wire than the
secondary winding. Recall that a magnet-
ic field surrounds a current-carrying wire.
When an AC voltage is supplied to the
primary winding, current fluctuates
between zero and some maximum value
as shown in Figure 11. As a result of this
fluctuation in current, the induced mag-
netic field around the primary winding
builds up and collapses during each
cycle. These lines of magnetic force
(magnetic flux), flowing through the
iron, cut across the turns of the secondary
winding, inducing an electrical current in
the secondary winding.

As indicated earlier in the discussion
on mechanical generators, voltage output
depends on the number of turns in a coil
cutting lines of magnetic force.
Therefore, with fewer turns in the sec-
ondary winding, the output voltage will
be lower than the voltage input to the pri-

19

Fig. 18 Simple electrical step-down transformer
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mary winding with more turns. The ratio
of the two voltages (input and output)
will be equal to the ratio of the number of
turns in the two windings. For example,
if 120 volts are applied to 50 turns in the
primary winding, the output from a sec-
ondary winding having 10 turns will be
24 volts (10/50 x 120 = 24). Most actual
transformers have the primary and sec-
ondary windings wrapped around an iron
core. This arrangement minimizes losses
by containing the fluctuating magnetic
field in the iron.

120 VOLT, 240-VOLT SYSTEMS

These two voltage systems are the most
common voltage levels found in the
home (called line voltages), particularly
the nominal 120-volt system. They are
supplied to the home by local utilities.
Most of our common electrical home
appliances and services operate on 120-
volt service, such as lighting systems,
electric clocks, vacuum cleaners, and
electric mixers. Some homes are wired
for 240 volts (or 220 volts) for electrical
ranges and water heaters. Some other
voltages are used in commercial and
industrial establishments.

HIGH VOLTAGES

Sometimes voltages as high as
5000–10,000 volts may be used for spe-
cific applications. Perhaps the most com-
mon use of such voltages is in the igni-
tion systems of automobiles, where sev-
eral thousand volts are provided to create
a spark across the gaps of spark plugs.
Some high-voltage electric spark ignition
systems are used in gas appliances. The
necessary high voltages can be produced
by electronic components or by step-up
transformers.

In a step-up transformer, the number
of turns in the secondary winding is
large, compared to those in the primary
winding. Again, the voltage produced in
the secondary winding depends on the
ratio of the number of secondary turns to
primary turns. If 120 volts are applied to
10 turns in a primary winding, the volt-
age produced in 500 turns in the second-
ary winding will be 6,000 volts (500/10 x
120 = 6000).

The Ampere

Flow of electricity in an electrical circuit
is like the flow of water in a pipe system,
such as shown earlier in Figure 17.
However, flow is normally expressed in
units of volume per unit time, such as
gallons per minute in a water flow sys-
tem. In an electrical flow, the amount of
current is determined by the number of
free electrons flowing past a point in the
circuit per unit time. However, a flow of
one electron per second is a very, very
tiny electrical flow. If we used this defi-
nition of flow, we would have to use huge
numbers to express electrical flow in a
practical system.

Instead, we use the unit ampere for
electrical current. One ampere represents
the flow of 6.25 x 1018 electrons per sec-
ond past a given point in the electrical
circuit. This number represents a flow of
6.25 million, million, million electrons
per second.

The Ohm

In a water flow system, friction in the
pipes and pipe restrictions act to reduce
water flow in the system with a given
potential difference (pressure) acting to

20
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induce water flow as shown in Figure 19.

Imagine two reservoirs, with the
water level in reservoir A above that in
reservoir B. The difference is these water
levels represent the potential difference
(head) in the water system and is like the
voltage in an electrical system. In Figure
19(a), a relatively large pipe connects the
two reservoirs, which offers only small

frictional resistance to water flow takes
place from A to B. The frictional resist-
ance to water flow in this analogy is
equivalent to electrical resistance, the
water flow to electrical current. In Figure
19(b), a relatively small pipe connects the
two reservoirs, which offers a greater
frictional resistance to water flow than in
Figure 19(a). Therefore, with the same

potential difference, less water flow (gal-
lons per minute) will take place in Figure
19(b) than in figure 19(a). In the same
manner, with a given voltage, less current
will flow in an electrical circuit with a
greater electrical resistance.

In Figure 11 the pattern of alternating
electricity was shown to be a sine wave.
This type of wave applies to rising and
falling voltage as well as the reversing
current flow in an AC electric circuit.
Furthermore, in a purely resistive circuit
the sine wave representing AC voltage
will be in phase with the sine wave rep-
resenting the corresponding AC current.
In other words, in one cycle (representing
360 degrees of rotation of the generator
producing the AC electricity), at those
points representing 0, 180 and 360
degrees of rotation, both voltage and cur-
rent will be zero. At the point in time rep-
resented by 90 degrees rotation, voltage
and current values will both reach their
maximum values in what can be called a
positive direction, and at 270 degrees,
both will reach their maximum values in
what can be called a negative direction.
The importance of this fact will become
more apparent in later discussions of the
shift of voltage-current relationships in
inductors and capacitors and in determin-
ing electrical power being supplied to or
used by an electrical device.

The electrical resistance (R) of a cir-
cuit is expressed in ohms. The ohm is
defined as the resistance which will cause
a potential difference (voltage drop) of
one volt to occur when one ampere of
current flows through it.

All materials conduct electricity to
some degree. This capability for conduct-

21

Fig. 19 Water analogy illustrating electrical resistance
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ing current is referred to as conductance,
and is the opposite of resistance. Some
materials will allow electrical current to
flow through them with very little resist-
ance. Others will offer more resistance to
electrical flow. Thus, materials can be
categorized in terms of their electrical
conductance or resistance as being con-
ductors, resistors or insulators.

CONDUCTORS

A conductor is any material that readily
allows free electron flow to take place
through it when a voltage is applied
across the material. These materials gen-
erally contain many free electrons weak-
ly held in their orbits about the atomic
nucleus. Most metals are classified as
conductors. There is some evidence that
the outer electrons of metal atoms are
continuously exchanging places between
neighboring atoms. One theory pictures
clouds of free electrons drifting among
copper atoms, so that when an electrical
potential is applied to copper there is a
large flow of electrons (current) induced
in the metal. Silver, copper and alu-
minum are excellent conductors. Copper
is widely used in electrical circuits as
conductors (wires) because of its excel-
lent conductance. Other factors such as
cost and strength are considered in select-
ing material for use as conductors.

RESISTORS

Sometimes it is necessary to add some
resistance to limit electric current flow at
a given point in an electrical circuit.
Devices used for this purpose are called
resistors. Resistors are poor conductors
designed with high resistance to reduce
current flow to some desired level. Some
metal alloys are used as resistor materi-

als. Various copper-nickel alloys have
resistances ranging from 10 to 30 times
that of copper; and some nickel-chromi-
um alloys (nichrome), have resistances
ranging from 60 to 70 times that of cop-
per. Other resistor materials such as car-
bon offer higher resistances to electrical
current flow (400 to 2,400 times that of
copper).

Commercially made resistors are of two
general types, depending on the materials
they are made from: wire-wound resis-
tors for carrying relatively high electric
currents, and composition resistors for
carrying relatively low currents.

INSULATORS

In an appliance it is necessary to contain
the electrical flow within proper paths
within the circuit itself. In other words, it
is necessary to insulate the circuit. If this
precaution is not taken, the circuit may
not perform its function properly or an
unsafe condition may exist.

For example, in a millivolt control
circuit, if one of the conductors is
allowed to touch the other (a so-called
short circuit or short) the proper amount
of current will not flow to the electro-
magnet of the automatic pilot safety
device and the latter will act to shut off
gas supply to the appliance. Uninsulated
conductors carrying line voltage (120 or
240 volts) are hazardous. If these con-
ductors touch, shorting out the normal
resistance of the circuit, excessive current
can flow in the circuit. Either some com-
ponent(s) in the system will burn out, or
the safety fuse will blow. The human
body also conducts electricity. If contact
is made with uninsulated parts of the cir-
cuit, an electrical shock may be sus-

22

Fundementals11  1/9/03  8:21 PM  Page 22

Provided by IHS  www.sepana.ir
Not for Resale, 06/15/2014 19:51:59 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
`
,
`
`
,
,
,
`
`
,
,
`
`
,
,
`
,
`
`
,
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AGA FUN-E 2002

http://www.avadocuments.com/doc/aga-fun-e-2002
http://www.avadocuments.com/doc/aga-fun-e-2002


tained, perhaps even a fatal one. For all of
these reasons, insulators are necessary in
electrical circuits.

An insulator is a material that con-
tains few free electrons and hence per-
mits relatively little current to flow
through the material. Glass, plastics and
rubber are examples of insulators.
Perhaps the most familiar application of
an insulator is the coating or tubing that
surrounds a copper wire conductor.
Lacquer is commonly used as an insula-
tor to separate individual wires in the
windings of a generator armature.

Insulation is intended to prevent short
circuits in conductors (wires). However,
provisions are made to protect insulated
wires carrying line voltages from physi-
cal damage that might destroy the effec-
tiveness of the insulation. Two common
approaches, the use of electrical steel
c o n d u i t and steel-armored c abl e a r e
illustrated in figure 20.

Figure 20(a) shows insulated wires
drawn through a metal tube (or pipe),
while taking care not to scrape the insula-
tion. A junction box, shown at the left, is
provided to allow ready access to the
enclosed wires for splicing and/or attach-
ment of electrical outlets at these points.
In armored cable systems (such as BX),
insulated conductors are assembled
inside a protective armor made of spiral-
ly wound steel strip. This arrangement
provides a flexible cable that is easier to
install than rigid tubes.

Capacitance

Electrical resistance is a property of a cir-
cuit that opposes current flow in that cir-

cuit. A second property of electrical cir-
cuits, capacitance, creates certain effects
which can be used to the advantage in DC
and AC electrical and electronic circuits.

A capacitor basically consists of two
plates of conducting materials (which can
readily accept or give up free electrons)
separated by an insulation material,
called the dielectric. A capacitor acts to
store electrical energy in an electric field.

Figure 21 illustrates a simple capaci-
tor that is being supplied electrical ener-
gy from a DC voltage source.

Figure 21(a) shows the capacitor in an
uncharged state. When a DC source is
connected to the capacitor, Figure 21(b),
current flows in the circuit. Free electrons

23

Fig. 20 Protection of insulation by conduits and
BX
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collect on Plate A to make it negatively
charged and electrons are removed from
Plate B to make it positively charged. As
free electrons collect on Plate A they act

to build up a voltage, resisting the further
flow of free electrons from the source to
Plate A. Flow of electrons continues until
the voltage on Plate A equals the voltage

24

Fig. 21 Illustration of charging and discharging a capacitor with a DC source
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output of the source. At this point current
flow stops. The potential diff e r e n c e
between Plates A and B is equal to that of
the source. Switch A can then be opened,
Figure 21(c), leaving electrical energy
stored in the capacitor. If Switch B is then
closed, Figure 21(d), the voltage differ-
ence between Plates A and B causes a
flow of free electrons from A to B (cur-
rent flow) through the line containing
Switch B. Discharging the capacitor in
this manner returns it to the uncharged
state shown in Figure 21(a).

A capacitor can be charged slowly
and, depending on its size, may hold a
large amount of energy. When the capac-
itor is discharged, this energy is released
in a very short time. If the discharge
occurs across an air gap, an intense spark
can be produced. Some spark fuel ignitor
systems are based on this principle. The
charged capacitor is discharged through a

device called an induction coil to create
a high voltage, which will jump a spark
across the ignitor gap.

Capacitors are most often encoun-
tered in AC motor starting circuits. They
are also used to prevent arcing across
contact points of switches.

Figure 22 illustrates what happens
when AC electricity is applied to a 
c a p a c i t o r.

From a source of AC electricity, cur-
rent flows for half a cycle in one direction
in the circuit and then in the opposite
direction during the second half of a
cycle. In Figure 22(a), free electrons are
flowing (current) from the AC source to
Plate A and free electrons are being with-
drawn from Plate B during one half of a
cycle. In the other half cycle, Figure
22(b), the free electrons are withdrawn
from Plate A and flow to Plate B. Thus,

25

Fig. 22 Illustration of a capacitor in an AC circuit

(a) (b)
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there is a constant flow of current back
and forth in the circuit, even though it
does not pass from A to B through the
dielectric between them. Note then that
while a capacitor in a DC circuit acts to
block current flow, in an AC circuit, it
acts as though it were a conductor.

An important feature of AC circuits
that have capacitors is that the current
and voltage are out of phase with each
other. Figure 11 showed a typical sine
wave pattern of AC electricity. Both the
voltage and current vary in the same pat-
tern in any one full cycle. In a circuit con-
taining only electrical resistance, the
voltage and current are said to be in
phase with each other. This means that
when the voltage is zero, the current is
zero, and when the voltage reaches a
peak value, the current also reaches a
peak value. This in-phase relationship of
voltage and current is illustrated in
Figure 23.

In a purely capacitive circuit, the cur-
rent leads the voltage by 90 degrees (one-
quarter of a cycle). In other words, when
voltage is zero, current is at its maximum
value, and when voltage reaches its max-
imum, current is equal to zero. This out-
of-phase relationship in a purely capaci-
tive circuit is shown in Figure 24.

The way in which current is at its
maximum when voltage is at zero and
how current is zero when the voltage is at
its maximum value in a purely capacitive
circuit can be shown by a water analogy,
shown in Figure 25.

In Figure 25, the two reservoirs repre-
sent the two plates of a capacitor, ready to
accept or give up water to the other (elec-
trons). The pump represents a source of
AC voltage which, by reversing, pro-

26

Fig. 23 In-phase relationship of voltage and current
in a purely resistive AC circuit

Fig. 24 Illustration of current leading voltage by 90o
(quarter-cycle) in a purely capacitive AC circuit
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duces a pressure (voltage) that varies in
the form of a sine wave from zero to a
maximum, back through zero to a maxi-
mum in the opposite direction, etc.

In Figure 25(a), the water levels in the
two reservoirs are the same (capacitor
u n c h a rged), exerting no backpressure
(voltage on the source. At this instant,
potential difference across the capacitor
plates is zero (difference in water levels

is zero) and “forward” flow (from A to B)
is at a maximum since the voltage of the
capacitor acting against the voltage
source is zero. The water level in B rises
while that in A lowers, until the potential
difference (difference in water levels)
equals the maximum pressure (voltage)
put out by the pump (Figure 25(b)).
Water flow ceases (current flow equals
zero). At this point the pressure output of

27

Fig. 25 Water analogy demonstration out-of-phase relationship in a purely capacitive AC circuit between current
and voltage

Fundementals11  1/9/03  8:21 PM  Page 27

Provided by IHS  www.sepana.ir
Not for Resale, 06/15/2014 19:51:59 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
`
,
`
`
,
,
,
`
`
,
,
`
`
,
,
`
,
`
`
,
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AGA FUN-E 2002

http://www.avadocuments.com/doc/aga-fun-e-2002
http://www.avadocuments.com/doc/aga-fun-e-2002


the pump drops off (as in a sine wave)
and is incapable of supporting the water
level in reservoir B as shown in Figure
25(b). The water then starts to flow in a
reverse direction from B to A while the
pressure exerted by the pump opposing
this flow drops off to zero. When the
water in the two reservoirs is again at the
same level (zero potential) as shown in
Figure 25(c), the water flow rate (current
flow) is again at a maximum as it was in
Figure 25(a), but this time in the reverse
direction (from B to A). At this point the
direction of the pressure output of the
pump (voltage) reverses, continuing to
sustain water flow for B to A. The pressure
from the pump in direction A builds up,
but so does the water level in reservoir A ,
opposing the pump pressure. Finally, the
water level in A above that in B creates a
back pressure equal to the maximum pres-
sure output (voltage) of the pump and
water flow stops, as shown in Figure
25(d). Again the pressure output of the
pump begins to fall off (as in a sine wave
pattern) and is unable to sustain the water
level in reservoir A. Water flow again
reverses and starts to flow from A to B
until the condition shown in Figure 25(a)
is reached, completing one full cycle.

It is in this fashion that current flow in
a purely capacitive AC circuit is at a max-
imum when voltage is zero, and current is
zero when voltage reaches its maximum
value. In an actual AC circuit containing
capacitance, there will also be some
resistance, so that current will lead volt-
age by somewhat less than 90 degrees.

Inductance

As has been noted previously, when an
electrical current flows in a coil of wire,

a magnetic field is created about that
wire. Also, if a coil of wire is placed in a
magnetic field that builds up and collaps-
es, an electrical flow will be induced in
the coil. These two principles are applied
in a transformer in which an AC current
flow in one coil (primary coil) creates a
fluctuating magnetic field, which in turn
induces an electrical flow in a nearby sec-
ondary coil. This same action takes place
in a single coil as well, a process called
self-induction. As an AC current in one
direction in the coil builds up to its peak,
the magnetic field it creates around the
coil induces a voltage in the opposite
direction (called a back voltage). On the
other hand, when the AC current reverses
itself, the collapsing magnetic field tends
to build up a voltage that acts to keep cur-
rent flowing in the original direction.

28

Fig. 26 Illustration of voltage leading current by 90o

(quarter-cycle) in a purely inductive AC circuit
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This property of a circuit that opposes
any change in the rate of current flow is
known as inductance.

This inductive action can be consid-
ered to be like an electrical i n e rt i a.
Inertia is the tendency for bodies at rest to
remain at rest, and bodies in motion to
remain in motion. Because of the electri-
cal inertia in an inductive circuit, the volt-
age leads the current. Note that this con-
dition is just the opposite to that of a
capacitive circuit.

Figure 26 illustrates this phase differ-
ence between voltage and current in an
electrical inductor.

At the beginning of the cycle shown
in Figure 26 (point A), voltage is at its
maximum value, while current is zero. At
Point B voltage has dropped to zero and
current reached its maximum value in a
“positive” direction. Again, at Point C,
voltage has reached its maximum “nega-
tive” value, while current flow is zero. At
Point D voltage has returned to zero and
current is at its maximum value in the
opposite (“negative”) direction. Point E
is a return to the starting point of the
cycle, with voltage at a maximum “posi-
tive” value and current zero.

In an actual AC electrical circuit, an
inductor will exhibit resistance as well as
inductance. Therefore, the voltage will
lead the current by some angle less than
90 degrees as in a theoretical purely
inductive circuit.

The Watt (Electrical Power) 

Power is the rate of doing work, or the
rate at which energy is transferred in
some process or device. The basic unit of
electrical power is the watt, named after
the Scottish inventor James Wa t t
(1736–1819). The unit of power most
commonly used in the gas industry is Btu
per hour. One watt of electrical power is
equivalent to 3.413 Btu per hour. It is
sometimes more convenient to think of
the relationship in terms of a kilowatt
(1,000 watts) to Btu per hour. One kilo-
watt is equivalent to 3413 Btu per hour.

If ten 100-watt light bulbs are operat-
ed for one hour, the energy supplied to
the electrical circuit in that hour is equiv-
alent to 3413 Btu (10 x 100 watts x 1
hour = 1 kilowatt hour = 1 KWH = 3413
Btu).

29
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23. Thus far electricity has been considered in terms of flow of
electrons (flow of electricity) and voltage (potential difference
or EMF). In practical uses of electricity it is necessary to be
able to measure _______________ of electron flow and volt-
age and other properties of electricity. (p. 18)

24. Flow of electricity in an electrical circuit is like the flow of
water in a closed loop of pipe containing water with a pump
to circulate it. Electrical flow is called 1._______________
and is expressed in 2._______________. Wires and other
devices in an electrical circuit offer 3._______________ to
current flow just as the pipe walls and any restrictions in the
water system resist flow of the water. In electrical terms, this
factor is called resistance and is expressed in
4._______________. (p. 18)

25. Acting as the pump in the water system, the source of EMF
provides an electrical pressure or voltage to offset resistance
and maintain 1._______________ flow. The term electrical
pressure means essentially the same thing as voltage, EMF,
and potential difference used in previous sections. The basic
practical unit of EMF is the 2._______________. (p. 18)

26. The volt can be defined in terms of the other two fundamental
electrical quantities of current and resistance. One
1._______________ is required to cause one
2._______________ of current to flow against a
3._______________ of one ohm. (p. 19)

27. With less turns in the secondary coil, the output voltage will
be _______________ than the voltage input to the primary
with more turns. (p. 19)

28. Automatic pilot safety devices are the most common applica-
tion of 1._______________ systems to be encountered in
working with gas appliances. The DC voltage generated by a
single thermocouple is between 20 and 30
2._______________ open circuit reading. Thermopiles pro-
duce open circuit readings from approximately 100 to
3._______________ millivolts. (p. 19)

30

resistance

1000

ohms

current

amperes

quantities

volt

lower

millivolts

current

resistance

volt

ampere

millivolt

CHAPTER III REVIEW-
ELECTRICAL TERMS

Fill in the blanks from the word list on the right. Answers are at the end of this manual.
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29. Many automatic gas control valves are operated with
1._______________ volts AC. This voltage can be obtained
by reducing the usual house voltage of 2._______________
volts, by means of a 3._______________. T h e
4._______________ is a device which takes AC voltage at
one level and will either step up or step down the voltage
according to its design. (p. 19)

30. 120/240 volt systems are the most common voltage levels
found in the home. They are called line voltages. T h e
1._______________ volt system is by far the most common.
Many homes are wired for 240 volts for electrical
2._______________ and 3. _________  _________. (p. 20)

31. HIGH VOLTAGES — Voltages as high as 5,000 to 10,000
may be used for specific application. Some electric
1._______________ ignition systems are used in gas 
appliances. The high voltages can be produced by
2._______________ transformers or by other electronic 
components. (p. 20)

32. THE AMPERE — Flow of electricity in an electrical circuit is
like the flow of water in a piping system. However, instead of
expressing it in gallons per minute, as in water, it is expressed
by the number of free 1._______________ flowing past a
point in the circuit per second. To express this low figure as a
flow of current it is expressed in 2._______________. Each
ampere represents a flow of 6.25 x 1018 electrons per second
past a given point. (p. 20)

33. THE OHM — In a water flow system friction in the pipes and
other pipe restrictions act to reduce water flow in the system
with a given potential difference acting to induce water flow.
The electrical resistance (R) of a circuit is expressed in
1._______________. The ohm is defined as the resistance
which will cause a voltage 2._______________ of one volt to
occur when one 3._______________ of current flows through
it. (p. 21)

34. Materials can be categorized in terms of their electrical con-
ductivity or resistance as being either conductors,
_______________ or insulators. (p. 22)

ranges

spark

electrons

ohms

24

ampere

transformer

resistors

water heaters

120

step-up

amperes

drop

transformer

120
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35. A conductor is any material which readily allows free
1._______________ flow to take place through it when a
2._______________ is applied across the material. Most met-
als are classified as conductors. Silver, copper and aluminum
are excellent conductors. (p. 22)

36. Resistors are poor conductors designed with high resistance to
reduce 1._______________ flow to some designed level.
Various copper-nickel alloys have resistances ranging from 10
to 30 times that of copper. 2._______________ alloys have
resistances from 60 to 70 times that of copper. Other resistor
materials offer higher resistances. (p. 22)

37. Wire-wound resistors are for carrying relatively high electrical
currents. _______________ resistors are for carrying relative-
ly low electric currents. (p. 22)

38. If one of the conductors in a millivolt circuit is allowed to
touch the other, a so-called 1._______________ circuit, the
proper amount of current will not flow to the
2._______________ of the safety pilot device and the main
burner gas supply will shut off. (p. 22)

39. In an appliance, it is necessary to contain the electrical flow in
proper paths within the circuit itself. In other words, it is nec-
essary to _______________ the circuit. (p. 22)

40. An insulator is a material which contains few free electrons
and hence permits relatively little _______________ to flow
through the material. Glass, plastics and rubber are examples
of insulators. (p. 23)

41. Insulation is intended to prevent_______________ circuits in
conductors (wires). However, provisions are made to protect
insulated wires carrying line voltage from physical damage
which might destroy the effectiveness of the insulation. Two
common approaches are the use of steel conduit and steel
armored cable. (p. 23)

42. Electrical resistance is a property of a circuit that opposes cur-
rent flow in that circuit. A second property of electrical cir-
cuits, _______________ creates certain effects which can be
used to advantage in DC and AC electrical and electronic cir-
cuits. (p. 23)

current

insulate

capacitance

short

electromagnet

composition

short

nichrome

voltage

electron

current
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43. A 1._______________ basically consists of two plates of con-
ducting materials (which can readily accept or give up free
electrons) separated by an insulating material called the
2._______________ A capacitor acts to 3._______________
electrical energy in an electrical field. (p. 23)

44. If the discharge of a capacitor occurs across an air gap, an
intense 1._______________ can be produced. Some spark
fuel ignitor systems are based on this principle. The charged
capacitor is discharged through a device called an
2._______________ coil to create a high voltage which will
jump a spark across the ignitor gap. (p. 25)

45. INDUCTANCE — When an electric current flows in a coil of
wire, a 1._______________ field is created about that wire. If
a coil of wire is placed in a magnetic field that builds up and
collapses, and electrical flow will be 2._______________ in
the coil These two principles are applied in a transformer in
which an AC current flows in the primary coil creating a
3._______________ magnetic field which in turn induces an
electrical flow in a nearby secondary coil. This same action
takes place in a single coil as well, a process called self induc-
tion. (p. 28)

46. AC current in one direction in the coil builds up to its peak;
the magnetic field it creates around the coil induces a voltage
in the opposite direction (called a 1._______________ volt-
age). On the other hand, when the AC current reverses itself,
the collapsing 2._______________ field tends to build up a
voltage to keep current flowing in the original direction. This
property of a circuit which opposes any change in the rate of
current flow is known as 3._______________. (p. 28–29)

47. The watt (electrical power) - is the rate of doing work or the
rate at which 1._______________ is transferred in some
process or device. The basic unit of electrical power is the
2._______________. The unit of power most commonly used
in the gas industry is Btu per hour. One watt of electrical
power is equivalent to 3.413 Btu/hr. One kilowatt is equiva-
lent to 3._______________ Btu per hour. (p. 29)

magnetic

induction

fluctuating

induced

store

capacitor

back

energy

3413

spark

dielectric

magnetic

inductance

watt
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Ohm’s Law

In the water analogies used thus far to
describe the fundamentals of electricity
(voltage, current and resistance), it has
been noted that the water flow rate in a
system depends on the pressure (potential
difference) and on the resistance to flow
by the pipes.

Figure 27 presents a water analogy to
illustrate the relationships between 

voltage (E), current (I) and resistance (R)
in an electrical circuit.

In Figure 27(a) the pump shown is the
source of potential difference (pressure)
in the closed pipe system, equivalent to
the battery in the electrical circuit shown
in figure 27(b). With the pump operating,
water flows through the pipe system

(equivalent to current flow in Figure
27(b). The pipes (through wall friction,
restrictions, etc.) offer a resistance to the
flow of water, just as the conductors in
the electrical system offer some resist-
ance to electrical flow. To simplify the
explanation, in figure 27(b) all of the
resistance in the circuit (including that in
the battery) is considered to be lumped
into a single resistance, labeled R in the
figure.

With steady flow in the water system,
the pump will produce just enough poten-
tial difference (pressure) to overcome the
total pipe resistance in the system for a
given flow of water. In other words, the
pressure increase through the pump will
just equal the total pressure drop in the
system. Likewise, the voltage produced
by the battery will just equal the potential
drop (voltage drop) through the electrical
circuit.

The relationships of voltage, current
and resistance in a DC electrical circuit
are summed up in Ohm’s Law that can
be expressed three different ways by
mathematical equations:

E = IR
Where:
E = voltage, in volts
I = current, in amperes
R = resistance, in ohms

This equation states that the voltage
in volts in a circuit is equal to the current
in amperes times the resistance in ohms.
To illustrate its use, consider the simple
circuit shown in Figure 27(b). Assume
that the resistance (R) shown is 5 ohms.
We measure the current flow to be 2

34

IV. ELECTRICAL RELATIONSHIPS

Fig. 27 Water analogy to illustrate relationship
between EMF (E), current (I) and resistance (R) in
an electrical circuit

(a)

(b)
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