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Preface

This book is intended to provide an introduction to the basic principles of elec-
tricity and electronics as they apply to refrigeration, heating, and air-
conditioning systems. It combines basic principles, using very little math, with
the latest applications found in the HVAC industry.

The fields of refrigeration, air conditioning, and heating are undergoing some
very rapid changes. The advent of the computer chip has made it possible to con-
trol heating and cooling systems precisely and with a great deal of freedom in
programming their applications. The new high-efficiency furnaces utilize the
chip both for sequencing and for protection from accidental damage. Most
of these programmable controllers provide instructions and technical bulletins.
They are numerous, and each has its own approach to solving a given problem.
This book will make it possible for you to understand these instructions and
improvements.

Future technicians need to deal with the fact that change is inevitable, and
that they will have to keep up with the latest developments as long as they work
in the field. It is hoped that this book will make that task easier.

REX MILLER
MARK R. MILLER

xvii
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Chapter

Introduction to Electricity

Performance Objectives

® Understand how matter and electricity are related.
® Understand how liquids, solids, and gases are similar, yet different.

® Understand how atoms, electrons, protons, and neutrons are all related to the
production of electricity.

®m Understand how electricity is put to work in the electric circuit.

® Understand how switches control the flow of electricity.

Introduction to Electricity

Electricity is as old as the universe. But knowledge about it is relatively new.
Early humans were aware of electricity in the form of lightning. They learned
of its power when they saw it starts fires and kills people and animals. But it was
only about 300 years ago that people began to learn the basic laws of electric-
ity. And only about 120 years have passed since electricity was first put to work.
It has been only 100 years since the first practical electric lamp was invented,
only 80 years since the vacuum tube was invented, and less than 40 years since
the transistor was invented. Despite this brief time, electricity has greatly
changed people’s lives—our lives.

The universe consists of atoms and every atom contains at least one electron.
An electron is the smallest particle of an atom and has a negative electric
charge. When the movement of electrons is controlled, they are capable of
doing work.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use.



2 Chapter One

Static Electricity and Magnetism

Electricity

There are two types of electrical effects: static electricity and magnetism.

The Greek philosopher Thales, who lived about 2500 years ago, is credited
with discovering static electricity.

Magnetism is the ability of an object to attract other objects. It was discov-
ered about 2600 B.C., or about 100 years before the discovery of static electric-
ity. It is not certain who discovered magnetism first. Some historians say it was
first observed by the Chinese. Others say that it was the Greeks. The discov-
erer noted that certain heavy stones have the power to attract and lift iron and
some other stones. The material in these stones is called magnetite. It was
named by the Greeks for the province of Magnesia in Asia Minor, where the
stones were first found. Today, the power of this stone is called magnetism.

These discoveries led to extensive studies of magnetism and static electricity
(see Figs. 1-1 and 1-2).

Other people studied electricity and magnetism during the sixteenth cen-
tury and later in the nineteenth century. Some of these people have electrical
terms named for them. You may be familiar with Ampere, Volta, Coulomb,
Oersted, Ohm, and Galvani (see Fig. 1-3).

One of the most famous experiments on electricity occurred in 1752. In that year,
Benjamin Franklin used a kite and a key to successfully draw lightning from
the sky. He was trying to prove that electricity is a fluid. From these and other

Figure 1-1 Unlike charges
attract.
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/ Iron filings \

Bar maanet

Figure 1-2 Iron filings cling to the ends of a perma-
nent magnet. Note the north and south poles shown
as N and S.

experiments, Benjamin Franklin is credited with forming the theory of positive
and negative charges. It was another 80 years, though, before someone discov-
ered that there is a relationship between magnetism and electron flow.

Electricity’s Future

The effects of the knowledge and use of electricity were profound. Difficult tasks
became easy. Old methods were replaced by new. Electrical machines relieved
people of back-breaking labor. Machines could do the job better and cheaper than
people. Fears that new inventions and methods would displace workers and
create widespread unemployment did not prove true. Instead of loss of jobs,

Figure 1-3 George Ohm demonstrates his theories to some of his colleagues.
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Chapter One

electricity led to new industries and new jobs. The new industries required
more people than were replaced by machines.

Even today we hear about the possibilities of people losing their jobs because
of machines and robots. Automation is the use of machines that are controlled
by other machines and devices instead of people. It is another step in technical
progress. It makes possible more things faster and better. Automation and
robots create more jobs and a need for more skilled people. Trained people are
needed to design, build, and maintain electrical equipment.

One of the greatest uses of electricity is in the production of ice and cooling for
human comfort. Refrigeration and air conditioning rely exclusively on the abil-
ity of electricity to pump a fluid or gas through a system. Electricity is also used
to control the temperature in heating, air-conditioning, and refrigeration systems.

Matter and Electricity

The name electricity implies the importance of the almost weightless, invisible
part of an atom called an electron. It is electrons that cause electricity. Electricity
is defined as the movement of electrons along a conductor.

An electron is only one part of an atom. An atom is only one part of a mole-
cule. None of these can be seen by the unaided eye. Thus, most actions in elec-
tric circuits cannot be seen. An electric circuit can appear motionless although
great activity is happening within it at the atomic level.

The electron can be controlled. Control of the electron is the task of an elec-
trician, electrical engineer, or anyone else working with electricity. Electricity
can perform work. It can kill. Using it requires knowledge of such things as
matter and mass.

Matter surrounds us. It is said to be anything that occupies space. Thus, all
physical objects are composed of matter.

Matter has mass. Mass is defined as the resistance an object offers to a change
in motion. The tighter the matter is packed together, the greater is its mass.
Thus, the greater is its resistance to any change in motion.

Solids, gases, and liquids

The three basic forms of matter, shown in Fig. 1-4, are solid, liquid, and gas.
A solid, such as a glass container, is stable and self-supporting. By definition, a
solid substance is one that offers a large resistance to forces that might change
its shape. A liquid, such as water, maintains a definite volume, but assumes the
shape of the container in which it is placed. A gas, such as the air we breathe,
has no definite volume. It can be expanded or compressed to the shape or size
of any container. The different forms of solid, liquid, and gaseous matter are
called substances.

Pure water at room temperature is a liquid substance. All samples of pure
water are identical. Pure iron is a solid, and pure carbon dioxide is a gaseous
substance.
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Gas
Solid

e y

"
A glass bottle Conforms to Expands to fill
keeps its shape the shape of the bottle

the bottle

Figure 1-4 Behavior of three forms of matter: solid,
liquid, and gas.

The two classes of substances are elements and compounds. An element is a
pure substance that cannot be divided into any more basic substances by chem-
ical change. The elements (there are more than 100) are the simplest forms of
matter. Some examples of elements are hydrogen, oxygen, germanium, silicon,
gold, and silver. A compound is a substance composed of two or more elements
chemically combined. Water, for example, is a compound made up of the
elements hydrogen and oxygen. Common table salt (sodium chloride) is a com-
pound made from the elements sodium and chlorine. A molecule is the smallest
quantity of any compound that can exist and still retain all the properties of the
compound. For example, the elements hydrogen and oxygen, when combined, pro-
duce the compound water. A molecule of water, however, is the smallest quan-
tity of water that has all the characteristics of water. Elements and compounds
can also form mixtures. A mixture is a mixing of two or more substances in
which the properties of each substance are not changed. Water is a compound
but salt and water is a mixture because the salt can be separated from the water
simply by filtering or by evaporation of the solvent (water in this case).

An atom is the smallest part of an element that retains all the qualities of the
element. Atoms are the building blocks from which all substances are made.
Figure 1-5 shows two atoms of hydrogen gas combining to form one molecule
of hydrogen gas. Some substances (compounds) are formed by the chemical
combination of different elemental atoms. Water is one of these (see Fig. 1-6).
A molecule of water consists of two hydrogen atoms and one oxygen atom.
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Hydrogen Hydrogen Figure 1-5 Two hydrogen atoms
atom atom Hydrogen can be combined to form one
molecule molecule of gas.

An important part of an atom is the electron. An electric current is the result
of the controlled movement of electrons in a substance.

Electrons, protons, and neutrons

The atom is the basic building block of matter, but it can be divided into many
particles. The three major particles of the atom are electrons, protons, and neu-
trons. These three particles are important because they affect the electrical prop-
erties of the material. The protons and neutrons form the central mass or nucleus
of the atom. One or more electrons circle the nucleus. The nucleus is almost 2000
times heavier than an electron. The electron is the smallest part known. It takes
more than 28 billion, billion, billion electrons to weigh 1 ounce.

There is one nucleus in each atom. Elements differ because there are many
combinations of orbiting electrons and groupings of protons and neutrons within
the nucleus. Each element is made up of atoms having one particular combi-
nation of nucleus and orbital electrons. Each compound substance is made up
of a particular arrangement of these atoms.

Another major part of the atom is the neutron. The neutron is also a part of
the nucleus. However, it has no charge. Neutrons and protons have nearly the
same mass. They determine, for the most part, the mass of the atom. The elec-
tron has little mass.

The simplest atom is the hydrogen atom (see Fig. 1-7a). It contains a nucleus
and one electron. A helium atom (Fig. 1-7b) contains a nucleus and two electrons.
In other atoms there is more than one shell of orbiting electrons. Copper has
four shells. Some electrons have as many as seven electron shells. The fourth
shell around the copper nucleus is made up of only one electron. It is easily

ORNORNORNED

Hydrogen Hydrogen Oxygen
atom atom atom Water
molecule

Figure 1-6 Two hydrogen atoms can be combined with one
oxygen atom to form a molecule of water.
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Figure 1-7 Simple atoms that contain one and two orbiting electrons.
(a) Hydrogen atom. (b) Helium atom.

moved from one atom to the other by heat or magnetism to produce an electron
flow or electric current.

The carbon atom and the copper atom are shown in Fig. 1-8. Notice that the
carbon atom has only two shells, but has four electrons in the outer shell. The
copper atom has only one electron in the outer shell. These two atoms are very
important in electricity.

e \
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{b) 29 electrons in copper atom

Figure 1-8 Some atoms contain more than one shell of orbiting electrons. (a) Carbon atom.
(b) Copper Atom.
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Quter shell
electrons

Nucleus

Sun

Planets orbit in about
the same plane Inner shell electrons

{a) Solar system {b) Carbon atom

Figure 1-9 Comparison of on atom with the solar system. (a) Solar system. (b) Carbon
atom.

A comparison such as the one shown in Fig. 1-9 is often made between our solar
system and an atom. The nucleus of the atom is compared to the sun. Electrons
revolving around the nucleus are compared to the planets revolving around the
sun. A major difference between the two systems is the orbital paths of the plan-
ets and electrons. Figure 1-9 shows this difference. The planets have orbits in a
fairly common plane during their trips around the sun. In contrast, the orbits of
the electrons around the nucleus are constantly changing (this is present-day
theory and subject to change later), and their paths eventually produce spherical
shells around the nucleus. The arrangement of these spherical paths of the elec-
trons and direction of their rotation around the nucleus determine the magnetic
properties of the substance.

Properties of Electrons

The electrical properties of a substance are influenced by the number and arrange-
ment of the electrons in the outermost shell. These electrons, located in the outer
shell, are called valence electrons. Keep in mind that all electrons are alike. They
are the same in all atoms. Electrons can be moved among like and unlike atoms.
The application of an electrical force causes electrons to move from atom to atom
in a controlled manner. The movement of electrons from atom to atom is called
electric current. Because all electrons are the same, the basic atomic makeup of
a substance (such as copper) is not changed by electron movement.

Orbiting Electrons

Orbiting electrons do not leave the atom. Orbiting planets do not leave the solar
system. People can orbit the earth and return without being lost in space.
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Two forces prevent the electrons from leaving the atom. One is the force or
pull of gravity. It is the same pull that keeps things on earth. Similarly, there
is a gravitational attraction between the nucleus and the electrons that causes
it to be held in orbit around the atom. But this force is too weak. The main-force
is the electrical attraction between the nucleus and the electron.

When a force or energy is applied sufficient to cause it to move from the orbit-
ing path, it moves to the next atom and in moving can produce what we call elec-
tricity. This movement can cause work to be done.

Electrical Charge

Figure 1-10a illustrates the electrical charge. A ball is attached to a string and
made to swing in a circle. The swinging ball tends to move away from the hand.
But it is held by the string. This is like Fig. 1-10b in which the electrons swing-
ing around an atom are pulled to the center nucleus. The speed of rotation
causes them to follow an orbital path around the nucleus. The force between the
electron and the nucleus is called an electrical charge.

The electron possesses a negative charge. The nucleus has the opposite polar-
ity, a positive charge. In the nucleus, however, the positive charge is carried by
protons. Thus, for every electron in orbit there is a proton in the nucleus. This
is shown in Fig. 1-10b. There the atom has six electrons in orbit and six protons
in the nucleus. The simple hydrogen atom has one electron in orbit and one
proton in its nucleus.

Possible path
Possible path due to speed due to speed >

Neutrons

String
(attracting force)

Protons

Electrons in orbit

Unlike
charges
attract

(a) {b)

Figure 1-10 Comparison of a swinging ball attached to a string and an electron swinging
around the nucleus of an atom. (a) Ball on a string. (b) Location of electrons.
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Outer Shell

Abasic law of electric charges is that like charges repel and unlike charges attract.
The effect of charges on freely moving bodies is shown in Fig. 1-11. In the atom
the positive charge of the nucleus (protons) attracts the electrons. However, the
speed and energy of the electrons causes them to maintain their orbital paths.
Since the forces in the atom are balanced, the electrical charges are balanced.
Thus, the atom remains stable and neutral.

Electrons in the outer shell of an atom (called valence electrons) have a higher
energy than electrons in the shells closer to the nucleus. External force can add
energy to the valence electrons. This added energy permits their escape from
the atom. Such free electrons can move from atom to atom. Being free, they are
used for electric current.

Valence electrons and ions

Normally, we are concerned only with the valence electrons (outer shell) because
these are the easiest to free. When one (or more) electron is removed from or
added to the outer shell of an atom, the atom becomes charged. It is no longer
neutral. Then the atom is called an ion. When an electron is lost, the atom

- 2
9 9

(a}
Pl
( 1?
@Zi -1
{c)
Figure 1-11 Unlike charges attract each other. Like charges repel each other.
(a) No charge means there is no attraction or repulsion. (b) Positive and negative

charges are attracted to each other (unlikes attract). (c) Positive charges repel each
other (likes repel). (d) Negative charges repel each other, again (likes repel).

- =
- - —
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takes on a positive charge because there are more protons in the nucleus than
orbiting electrons. The atom is then called a positive ion. Ionization of air is used
in some “air-conditioning” systems.

Sometimes it is possible to add an electron to the outer shell. This results in
a charged atom that is a negative ion. It is negative because there are more orbit-
ing electrons than protons in its nucleus.

Unlike charges attract. Therefore, a positive ion will attract an electron or any
negatively charged body. A negative ion, however, will repel an electron or any
negatively charged body.

Unlike charges on two bodies mean there is a difference between them (see
Fig. 1-12). A difference in charge exists between the four pairs of charged bodies
in Fig. 1-13. This difference is 4. If a conducting path for electrons is made
between any pair of bodies in Fig. 1-13, the same number of electrons would have
to move from left to right in the illustration to neutralize the charges. When two
bodies have the same charge and same polarity, there is no difference between
them.

So far we have considered the charge in terms of electrons or numbers. Now
we need to give the charge a name. A name is also needed for the difference that
exists between these charges.

Any substance, molecule or atom, may have a negative or positive charge. Or it
may be neutral. How much more negative or more positive can one body be charged
relative to another? If a comparison is made, some unit of measurement must be
used. Some standard reference should be used as a basic unit of measurement.

- 4 - =

(a) (b) \\

Figure 1-12 Invisible force fields extend outward from charged particles. (a) Lines
of force unite and draw the unlike charges together. (b) Lines of force do not unite,
so they repel.



12 Chapter One

. . — =
D) . 9

»« » -

= 2 & 2

Figure 1-13 Four pairs of charged bodies with some difference of potential. Each pair
of charges is attracted by the some amount of force.

The smallest negative charge is already understood to be that of the electron.
And the charge of a proton is the smallest positive electric charge. Such charges
are too small and not useful in terms of establishing a basic unit of measurement.

A Practical Unit of Charge

The Volt

The practical unit of charge is the coulomb. It is the negative charge made by
6.25 X 10'® electrons. The term 10'® means it takes 6,250,000,000,000,000,000
electrons to produce a coulomb. Expressing it any other way than “6.25 times
ten to the 18%” is awkward. (Some textbooks use 6.28 instead of 6.25. This is
because 6.28 is 2t rounded off.)

The volt is the unit for potential difference. It is used to indicate the electrical
pressure or force needed to move coulombs of electric charge. The volt is also
used to measure a unit of electromotive force (emf). The emfis the moving force
behind an electric current. The volt is used and understood everywhere. The
term voltage is often used to refer to potential difference.
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Controlling Electrons

The controlled movement of electrons through a substance is called current.
Current occurs only when a difference of potential is present. A good example
of a difference of potential is observed by connecting battery terminals to a
length of copper wire. The pressure from the battery moves the electrons.

Copper is a good path for current because of the relative ease with which elec-
trons can be moved along its length. The one electron in the outer shell of the
copper atom is free to move from atom to atom (see Fig. 1-8b). In fact, the elec-
trons of copper drift in random fashion through the copper at room temperature
(see Fig. 1-14a). If an imaginary line is set up in a copper wire, it will be found
that the same number of electrons cross the line from both directions. This random
movement does not produce an electric current. It takes a controlled movement
of electrons to produce an electric current.

Difference of Potential (Voltage)

Electric current results when the movement of electrons is in one direction (see
Fig. 1-14b). This is done by applying a difference of potential or voltage across
the ends of the wire. One end of the wire attracts electrons because it is con-
nected to the battery terminal that has a positive charge or lack of electrons.
The electrons in the copper wire drift toward this positive charge. As electrons

Figure 1-14 Current and the con-
trolled motion of electrons.
(a) Drifting electrons with no
voltage applied. (b) The applied
voltage controls the direction of

I
|
O O O O~ electron flow. (c) The number of

O O~ O-0Or
O*O’O* O &."’ O"O-'O"O->O"O-6‘“ electrons past the line deter-

mines current flow.




14 Chapter One

leave the copper wire and enter the positive terminal, more electrons enter the
other end of the copper wire. These electrons are taken from the negative ter-
minal of the battery.

The difference of potential between the terminals of the battery is produced
by a chemical reaction. When the chemical activity in the battery stops, the cur-
rent stops.

Electron Flow (Current)

Conductors

Resistance

Current is the rate at which electrons move. If a point is established in the
copper wire (see Fig. 1-14c), the current can be measured by the number of
electrons that pass this point each second. Recall that a certain number of elec-
trons is a coulomb. When a coulomb of electrons moves past the spot in 1 second,
this amount of current is 1 ampere. One ampere represents 6.25 X 10'® electrons
passing a given point in 1 second. The current is 3 amperes when 18.75 X 10
electrons pass a given point in 1 second.

A conductor is a material that allows electrons to move easily. Copper is a good
conductor because it has an electron far away from the nucleus that can be
easily forced out of orbit. When the electrons in a material cannot be moved as
easily as in copper, the material is said to present a higher resistance to the
motion of charges. Good conductors are said to have a low resistance; poor con-
ductors (called insulators) have a high resistance. When a voltage is applied
to a material of high resistance (an insulator), there will be fewer electrons in
motion and less current than if the same voltage were applied to a material of
low resistance.

The ease with which electrons move in a material determines its resistance.
A good conductor, such as copper, aluminum, or silver, has electrons that move
freely. A low voltage will move a lot of electrons. A good insulator, such as glass,
mica, or plastic, has electrons that do not move freely. Even a high voltage will
move only a few electrons.

Resistance can have a wide range. It can be as low as that of a good conductor
or as high as some good insulators. However, most resistances are somewhere
in between good conductors and good insulators. The unit of measurement for
resistance is the ohm (Q2). The ohm is defined as: One volt of pressure will push
1 coulomb of electrons through 1 ohm of resistance in 1 second.

Another way of saying it is that it takes 1 volt to push 1 ampere of electrons
through 1 ohm of resistance.
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The Electric Circuit

The workhorse of electricity is the circuit. It takes the electrons to where they
belong or are needed. A complete circuit has a source of emf, a conducting path
between the terminals of the power source, and a resistance, usually called the
load. Note that all three elements, voltage, current, and resistance, are present
in any complete circuit. And each has to be dealt with according to its presence.

The series circuit shown in Fig. 1-15 uses a battery, copper wire, and a light
bulb. The battery produces the force needed to move the electrons. Chemical
action in the battery makes the electrons available at the negative terminal. The
copper wire is the path for the electrons to move along from the battery to the
bulb. The copper wire is used because of its low resistance. Its resistance is less
than 1 ohm. It is necessary to have a complete path from one terminal of the
battery to the other for electrons to flow.

Electrons move only when there is a complete path between the two termi-
nals. The second wire completes the path from the other end of the bulb to the
positive terminal of the battery. This permits the electrons to return to the bat-
tery. The schematic for this circuit is shown in Fig. 1-16. This can be called a
closed or complete circuit.

Switch on

Ot
~ O-

| _—Positive terminal
Chemical action in

I~ battery generates
electricity \ | //
™ Case is negative g
- terminal Z
N

m

Figure 1-15 A simple series circuit has a battery and a bulb connected
by two lengths of copper wire.
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Switch on

Off On
-

Switch on {closed)

Ot

Battery-— — :@Bu!b
T Copper wires

— 0 )

Figure 1-16 Schematic for connecting a bulb and a battery.

Connecting a Circuit

When a circuit is connected to a battery, there is a negative charge at the neg-
ative terminal of the battery. Thus, an excess of electrons is located at this
point. There is a positive charge at the positive terminal of the battery. Thus,
there is a deficiency of electrons at this point. Electrons flow out of the negative
terminal into the copper wire. This causes a movement of the electrons in one
direction. Electrons also move in one direction in the bulb. The copper wire, con-
nected to the other end of the bulb, conducts the electrons to the positive ter-
minal of the battery. The arrival of the electrons at the positive terminal should
end the movement of electrons. However, the chemical action in the battery
maintains an emf across the battery terminals, and electrons continue to flow.

The light bulb has a resistance high enough to convert the electrical energy
to light and heat energy. The electric current heats the filament of the bulb. It
glows brightly. Keep in mind that light bulbs do not change all of the electrical
energy into light. As you know, the light bulb also becomes hot. This means that
much of the electrical energy is changed to heat.

Chemical action in the battery supplies the electrical energy to the light bulb.
The chemical action in the battery has a limited lifetime. Eventually, the chem-
ical action stops because the material in the battery is used up. When this hap-
pens, the light goes out because the battery is discharged.

Switches Control Electron Flow

Electron flow can be stopped by opening the circuit at any point. One of the
wires can be removed from the battery terminal or from the bulb. In most elec-
tric circuits, a switch is used at some point to permit the electron movement
to be started and stopped when needed. Figure 1-17 shows a switch placed in
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Switch off

Off On
|

Open switch will
stop electron flow

Bulb
o~

+

Figure 1-17 A switch is added in series with the bulb
and battery to open and close the circuit.

series with the battery and the bulb. The switch can be placed at any point in
the circuit.

Schematic

The schematic of Fig. 1-17 shows the switch in the open position. A schematic
is a shorthand way of drawing a circuit using symbols. This switch can open and
close the circuit without moving wires. This simple circuit diagram shows how
a flashlight is wired.

Review Questions

=

e R A e

T
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. What is matter?

When two or more substances are mixed, what is the result called?
What is the result of chemically combining two or more elements?
Do all substances contain elements?

Which electrons in an atom affect its electrical characteristics?

All electrons are alike. (True or False)

The atom is made up of a nucleus and one or more

What kind of charge does an electron have?

What happens to unlike charges?

. What is the name given to an atom with a negative or a positive charge?
. What type of electrons make up an electric current?
. Define the coulomb.

. Define the unit of measurement of electrical pressure.



18 Chapter One

14. What is another name for potential difference?

15. What kind of resistance does a conductor have?

16. One coulomb per second indicates what unit of resistance?
17. The unit of measurement for resistance is the

18. Define electric current in terms of electrons.
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Current, Voltage, Resistance,
Power, and Ohm’s Law

Performance Objectives

®m Understand the five ways electricity is produced.

®m Understand how the units of measurement for electricity were developed and
used. Be able to work Ohm’s law problems.

® Understand how volts, ohms, and amperes are related and function in any
circuit.

®m Understand how to work electrical power problems.

®m Understand the terms current, voltage, resistance, power, and Ohm’s law.

Sources of Electricity

The five most important sources of electricity for technicians are chemical action,
heat, light, pressure, and magnetism.

Chemical action

Heat

In the electrical and electronics fields, many sources of electricity are used. In
the circuit of Fig. 2-1, the battery is the source of electricity. Batteries produce
electrical energy by a chemaical action.

Heat can be used to free electrons from some metals and from specially prepared
surfaces. When some materials are heated to a high temperature, electrons are
freed from their surfaces. Any nearby metallic surface, if positively charged,

19
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Light

Pressure

Magnetism

Switch on

Off On
[

Switch on (closed)

Ol
O~ ~O-

Battery —» — ;@ Bulb
B Copper wires

A J

Figure 2-1 A battery produces current that flows in only one direc-
tion. Electrons move from negative to positive in the circuit, but pos-
itive to negative inside the battery.

attracts these electrons and produces electron flow. The freeing of electrons by
heat is called thermal emission.

Light striking the surface of certain materials can be used to free electrons. This
is called photoemission. With a suitable collecting surface, useful electron flow
can result. Photoemission is used in photoelectric devices and television camera
tubes.

Mechanical pressure on certain crystals can be used to produce electricity. The
crystal cartridge of an inexpensive record player is a good example. The needle
causes a changing pressure. The crystal produces a changing voltage in step with
the grooves in the record.

The most common method of generating electrical power is by turning a coil of
wire in a magnetic field. This is the method the power station uses to generate
the electric power that is used in homes, business, and industry.

Electricity is generated in two forms: direct current (dc) and alternating current
(ac). A battery supplies dc electricity because the electrons flow in only one direc-
tion, from the negative terminal to the positive terminal, as shown in Fig. 2-1.
A battery supplies a constant voltage of one polarity.

The ac generator is shown in Fig. 2-2. It develops a voltage across its output
terminals that changes polarity and amplitude as the coil is turned. At one
time, the electrons move in one direction (positive polarity). A fraction of a second
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w
\\ | /// T
=\ 0/~
2 4 ~ T Bulb
AC generator L,

Figure2-2 The output from an ac generator (alternator) produces
a current that reverses direction at regular intervals. The current
in the circuit alternates.

later, the electrons move in the other direction (negative polarity). These changes
in current direction are called a herrz. The number of hertz completed in 1 second
is called the frequency. In the United States, 60-hertz power is used. Some other
countries use 50-hertz power. (Hertz is the newer term for cycles per second.)

When an electric circuit such as the wires and bulb shown in Fig. 2-2 is con-
nected across the output of the generator, the direction of electron movement
depends on the polarity of the voltage. When the polarity is positive, the elec-
trons flow from the negative terminal through the load to the positive terminal.
A fraction of a second later, the output voltage reverses. The electrons now flow
in the direction shown by the heavy black arrows. The electrons in the circuit
flow first in one direction and then in the other. Thus, the electron flow alter-
nates. Since the current in the circuit changes direction, the voltage will also
change direction. This is shown by the change in polarity (plus and minus) at
the generator terminals.

There are advantages to using alternating current. One major advantage is
that ac is easier to generate and distribute than dec. But many electronic circuits
require both ac and dec. Such devices use power supplies to convert the ac elec-
tricity to the dc used in the circuit.

Units of Measurement

The importance of units of electrical measurements cannot be overemphasized.
Electrical measurements are useful only if some standards of measurement
exist. Let’s review the electrical units.

Unit of charge: coulomb

The electrical charge on one electron has such a small value that it is not prac-
tical to measure it directly. A practical standard has been set up that says the
unit of charge will be the total of 6.25 X 10'® electrons. This unit of charge is
the coulomb (C). It is a basic measure of a quantity of electrical charge. Electron
movement can also be measured in terms of coulombs if we include time as a
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second value. The electrical work performed by moving electrons depends on
charge movement per unit of time. For example, a charge movement of so
many coulombs per second is a rate of electron flow. This is a measurement
of current or electricity at work. Remember, 1 coulomb per second is 1 ampere
when it moves past a given point in 1 second.

Unit of current: ampere

A practical unit for measuring current is the ampere. It is used in place of
the term coulomb per second. One ampere of electrical current is defined as the
movement of 1 coulomb of electrons past a given point in 1 second. The ampere
1s measured with an ampere meter. This meter is called an ammeter.

Unit of potential difference: volt

The force that moves electrons is called a difference of potential, emf, or voltage. The
unit of electrical potential is the voltr (V). The volt is defined as the electrical force
needed to produce 1 ampere of current in 1 ohm of resistance. The volt is meas-
ured with a voltage meter. This meter is called a volrmeter.

Unit of resistance: ohm

The opposition that a material presents to the flow of electrical charges is called
resistance. The unit for electrical resistance is the ohm ()). By definition, the ohm
represents the resistance a material offers to 1 ampere when 1 volt of electrical
potential is present across the material.

The basic relation of units in an electric circuit is shown in Fig. 2-3. If there are
2 volts present across the 2-ohm resistance, there will be a current of 1 ampere. If
the resistance remains the same and the voltage across the resistance is increased,
the current will rise. Figure 2-4 shows the effect of increasing the voltage across the
2-ohm resistance. If the voltage stays at 2 volts, but resistance to the flow of elec-
trons is increased to 4 ohms, there will be a decrease in current. Figure 2-5 illus-
trates this. Note that the ammeter indicates to 0.5 ampere.

1 -
— 20 § 2 Voits

0 3
\ 1 Ampere

Figure2-3 When 2 volts is present across 2 ohms, there
is a current flow of 1 ampere through the resistor.
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putny 28 § 4 Volts

o

3
0 f 2.0 Amperes

Figure 2-4 Changing the voltage to 4 volts across the
2-ohm resistor results in 2 amperes of current.

The term conductance is also used often. It is the opposite of resistance. It is a
term used to explain how well a wire or other substance conducts electricity. The
unit of conductance is the siemens (S). The mho (ohm spelled backward) is the
older term. Both are used in the literature, so it is best to be aware of both terms.

The ohm, volt, and ampere are units intended for practical use. For many uses,
these basic units are either too large or too small. In such cases a system of pre-
fixes is commonly used to make it easy to work with currents, voltages, and
resistances.

Several of the more common prefixes are given in Tables 2-1 and 2-2. For
example, a resistance of 10 million ohms can be written as 10,000,000 (10 X
1,000,000), 10 megohms, or 10 X 10° ohms. A current of 0.000003 ampere can

48 4 Volts

|
nl

1.0 Ampere

Figure 2-5 If 2 volts is present across 4 ohms, the
current is 0.5 ampere.
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Ohm’s Law

TABLE 2-1 Common Prefixes and the Values They Represent

Prefix Abbreviation Multiply by Tens power Value
Mega M 1,000,000 10° Million
Kilo k 1,000 10° Thousand
Milli m 0.001 107°

Thousandth

Micro W 0.000001 107° Millionth

be represented as 3 microamperes or 3 X 10~ ® ampere. A difference of potential
of 5000 volts can be represented as 5 kilovolts or 5 X 10? volts.

These prefixes are not limited to the ohm, volt, or ampere. They are used fre-
quently with other electrical units or values.

Electric current is a flow of electrons. Electrons flow when a voltage is con-
nected to a conducting path. The amount of current depends on the amount of
voltage and the value of the resistance. Georg Ohm discovered the relationship
between the three factors: voltage, current, and resistance. The exact values can
be determined mathematically using Ohm’s law.

Current is the result of an applied electrical force. The greater the applied elec-
tromotive force or voltage, the greater will be the current or amperes in a given
circuit. Thus, the voltage and current are directly related. In other words, an
increase in voltage causes an increase in current. A decrease in voltage will cause a decrease
in current, if the resistance remains the same.

The amount of resistance in the circuit also determines the amount of cur-
rent that will flow. The lower the resistance (measured in ohms) in the circuit,
the higher is the current (measured in amperes). Thus, current and resistance
are inversely related. In other words, if one goes up the other goes down, and
vice versa. Once you understand this concept, you also have a basic knowledge

TABLE 2-2 Prefixes Used with Volts, Amperes, and Ohms

Prefix Volts (V) Amperes (A) Ohms (Q)

M 1 megavolt 10 megohms
1 MV) (10 MQ)

k 5 kilovolts 5000 ohms
(5 kV) BGkO)

m 10 millivolts 5 milliamperes
(10 mV) (5 mA)

4 microvolts 3 microamperes

4 pV) B pa)
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of Ohm’s law. Ohm’s law states that the current is equal to the voltage divided
by the resistance.

volts

Amperes =
ohms

Usually, symbols are used for the units to form the equation:

E
I=—
R
where I = current in amperes (A)
E = voltage in volts (V)
R = resistance in ohms ({)

Keep in mind as you work Ohm’s law problems that the basic units are the
ampere, volt, and ohm. If you run into microamperes or milliamperes, they
have to be converted to their decimal equivalent of the ampere. If you run into
kilovolts, that unit has to be converted to volts. The same is true with resist-
ance, which may be stated as kilohms or megohms. You have to convert them
to ohms before using the formula to obtain the correct answer.

Ohm’s law examples

1. What is the current in amperes when the voltage applied is 100 volts and the
resistance in the circuit is 50 ohms?

E 100 9

=—=—= mpere
R 50 AMPEres
Table 2-3 shows the results of changes in voltage and current in a circuit having

a fixed resistance of 50 ohms. Our answer, 2 amperes, is circled in the second
column of Table 2-3, beside the 100-volt value used in the example.

TABLE 2-3 Relationship between Voltage and Current When the Resistance Is
Held at 50 Ohms () and the Voltage Is Changed

Resistance (R) = 50 ohms

V;)Its % Voltage change Current change
400 8 4x ax
350 7 3.5% 3.5X
300 6 3x 8
100 <
75 1.5 0.75X 0.75X
50 1 0.5X 0.5X
25 0.5 0.25X 0.25X
E
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If the voltage is doubled (increased from 100 to 200 volts), and the resistance

remains fixed at 50 ohms, what happens to the circuit current?

I E 200 4

= 50 amperes
When the voltage is doubled, or increased from 100 to 200 volts, and the resist-
ance remains fixed at 50 ohms, the current is doubled. This is shown in Table 2-3
in the columns headed Voltage Change and Current Change. On the other hand,
when the voltage is halved or decreased from 100 to 50 volts, what happens to
the current?
_E 50 1
2~ 50 ampere

When the applied voltage is decreased to half the original value, the current also
decreases to half its original 2 amperes.

The direct relationship between voltage and current has been shown in this
example. For a fixed amount of resistance, when the voltage goes up, the cur-
rent goes up. When the voltage goes down, the current goes down. Thus, the cur-
rent varies directly in step with the voltage.

The next step in understanding Ohm’s law is to vary the resistance and keep
the voltage constant.

2. What is the current when the resistance is changed to 75 ohms and the
applied voltage is held at 100 volts? See Table 2-4.
E 100
I= R 75 1.3333 amperes
The resistance in the third column of Table 2-4 is 1.5 times the original value.
The current in the fourth column is two-thirds of the original value. These
values are circled in Table 2-4.

TABLE 2-4 Relationship between Resistance and Current When the Voltage Is
Held at 100 Volts and the Resistance Is Changed

Voltage (E) = 100 volts

O};ms % Resistance change Current change
150 1.500 3%
100 1.000 2X
® @
50 2.000
25 4.000 0.5% 2X
16.666 6.000 0.333% 3%
12.500 8.000 0.250% 4%
E




Current, Voltage, Resistance, Power, and Ohm’s Law 27

What is the current value for each of the resistances shown in the first column
of Table 2-4? Fill in the fourth column (1) of the chart. Several answers have been
filled in as examples.

Complete the third column of the chart to show the amount by which the resist-
ance is increased or decreased. Fill in the fourth column to show the amount by
which the current changes. Note that the current decreases by the same ratio
that the resistance increases, and the current increases by the same ratio that the
resistance decreases. In these simple problems, you have been shown that the
current varies inversely with the resistance.

Ohm’s law and the closed circuit

It is important to have a grasp of the relation between current, voltage, and
resistance. Ohm’s law is the key to understanding these relationships. Ohm’s
law 1s a tool that can be used to determine what will happen in a circuit before it
is turned on. A simple circuit is shown in Fig. 2-6. What happens in the circuit if
a battery with a higher voltage is used? Simple, the current increases.

Assume that you have connected the circuit, measured the current, and have
found it to be low. What do you know about the circuit? Low current means that

/'
E— § R 1= =
_“‘\/ R
SN (b)
7
\’ If E is unknown,
) cover it with a
= finger and the
‘v formula becomes
I xR.
E 1 | is covered
with a finger,
R the formula reads:
SO
‘l \ R
W .
If R is covered
with a finger,
the formula is: Figure 2-6 (a) The use of Ohm’s
E law to plan what happens in a
i circuit. (b) Using your finger to
find the right formula to use.
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the circuit resistance is high or the battery voltage is low. You know this because
you know current is affected by voltage and resistance.

Suppose you want a certain current in a circuit (such as Fig. 2-6). What can
be done to produce this amount of current? You can change to a battery that has
a different voltage. Keep in mind that a different voltage will produce a differ-
ent current. Or you can change the resistance because a change in resistance
also produces a change in current.

3. Determine the amount of current in a circuit when the resistance is 25 ohms
and the voltage is 50 volts. Use Ohm’s law to solve the problem:
E 50 9
2 25 amperes

The answer is 2 amperes. It has been entered in the table of Fig. 2-7. Complete
the table of values using 50 volts for each calculation. Place the values of volt-
age and current from Table 2-5 on the graph of Fig. 2-7.

The point for 2 amperes at 25 ohms is shown on the graph. To place a point,
find the value for 25 ohms across the bottom of the graph. The value 25 is
marked by an arrow. Find the value for 2 amperes on the left side of the graph.
Moving up from the 25 and across from the 2 will locate the point shown on the
graph. Locate a point for each of the ohm and ampere values in Table 2-5.

The points you have plotted are now connected. Mark the line 50 volts. The
line can now be used to find current and resistance values for a voltage of 50 volts.

If you should need to know the current when 50 volts is applied to a resist-
ance of 12.5 ohms, you can find it by using this line. If you divide 50 by 12.5,
you get 4 amperes. That is using Ohm’s law for finding the value: I = E/R. The

Current (amps)
w

v
N
4

[= RS N
L1lEiLtll

o

10 25 50 100 150 200 250
Resistance (£2)

Figure 2-7 Graph to show the relationship of current, voltage,
and resistance.
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TABLE 2-5 Fill in the Values for Amperes
Using Ohm’s Law

E = 50V I=£
R

R (ohms) I (amperes)

10
25 2.000
50 1.000
50

100

150

200

250

graph gives you the same answer. Electronics uses graphs for many functions.
Get used to graphs for you will be seeing many of them.

Ohm’s law in other forms

It is not always necessary to find the current in a circuit. If an ammeter is
handy, it will give you this information. To be able to find the resistance or volt-
age in a circuit when one or the other is missing, it is possible to use Ohm’s law
to obtain the missing value. Keep in mind that R = E/f and E = I X R. These are
nothing more than the other forms of Ohm’s law. They come in handy when
working with electricity.

If you want to find resistance when voltage and current are given, you use the
formula R = E/I. For instance, if you have a 120-volt circuit that has 4 amperes
flowing in it, the resistance can be found by dividing the voltage (120) by the
current (4) to give the result of 30. This 30 is 30 ohms of resistance needed to
cause the circuit to draw 4 amperes. Check Table 2-6 and fill in the blanks.

TABLE 2-6 Chart Showing the Relationship
between Voltage and Resistance for a Current
of 4 Amperes

I = 4 amperes

E (volts) R (ohms)
600
480
360 90
240
120 30
60
40
30 7.5
24 6.0
E
R=T1
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TABLE 2-7 Chart of Current and Voltage for a
Constant Resistance of 30 Ohms

R = 30 ohms E=IXR

I (amperes) E (volts)

16
12

4 120

1 30

The relationship between voltage and current is evident when you use the
resistance of 30 ohms and a higher current is found in the circuit. Note when you
use E = I X R that the voltage is directly related to the current. If the current is
increased and the resistance stays fixed, the voltage has to go up or increase.

If you have 4 amperes of current and 30 ohms of resistance you use the for-
mula: E =1 X R and get E = 4 X 30 or 120 volts. Place this value in Table 2-7.
Now, see if you can fill in the second column of the chart in Table 2-7.

Uses for ohm’s law

It is sometimes awkward to express values in basic units because many zeros or
decimals are needed. For this reason, several prefixes and symbols are used.
These are shown in Table 2-8. These symbols are often used in making Ohm’s law
calculations. They are also used for electronic terms such as frequency, inductance,
and capacitance, which you will encounter in later chapters.

Most circuits have the voltage stated in volts. High-voltage cross-country
transmission lines and television picture tube voltages are usually given in
kilovolts or thousands of volts. Kilo (k) means 1000. Thus, 138,000 volts can be
written as 138 kilovolts and abbreviated to 138 kV.

TABLE 2-8 Prefixes and Multipliers for E, I, and R

Prefix Symbol Multiple to get basic unit Multiplication factor E I R
tera T 1,000,000,000,000 10"

giga G 1,000,000,000 10°

mega M 1,000,000 10° megavolts megohms
kilo k, K 1,000 10® kilovolts kiloamperes kilohms
hecto h 100 10

Basic Units 1 100 Volt Ampere Ohm
centi c 0.01 1072

milli m 0.001 10_3f millivolts milliamperes

micro W 0.00001 10" microvolts microamperes

nano n 0.000000001 10" nanovolts nanoamperes

pico p 0.0000000000001 1072

femto f 0.000000000000001 107"

atto a 0.000000000000000001 107"
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Some circuits, especially transistor circuits, use the terms milliamperes and
microamperes. One milliampere (mA) is 0.001 ampere or one-thousandth of an
ampere. The microampere unit is even smaller. One microampere (nA) is 0.000001
ampere or one-millionth of an ampere. These units have to be converted to basic
units before they are used in Ohm’s law formulas.

Power can be understood when you take the knowledge you have and use it with
Ohm’s law formulas and examine them in terms of the work done. The formu-
las are modified slightly to produce the answers needed when figuring the work
done by electricity in a circuit.

Work is done when you lift a 100-pound object for a distance of 10 feet. Power
is the rate of doing work, or foot-pounds per second. If you take 20 seconds to
lift the 100 pounds 10 feet, then you can find the amount of work done in foot-
pounds. Power is equal to foot-pounds divided by time. In this case you have
lifted 100 pounds for a distance of 10 feet. Thus, you multiply the 100 by 10 to
produce 1000. This 1000 is divided by the time it took to do the job (20 seconds)
to produce 50 foot-pounds of work.

If you want to convert foot-pounds to horsepower, a term you are more famil-
iar with, you keep in mind that 1 horsepower is equivalent to 550 foot-pounds
per second, or lifting 550 pounds for 1 foot in 1 second.

The 50 foot-pounds is about 0.0909 horsepower, or it can be said in fractional
form as 1/11th of a horsepower.

Electrical work (joule) is done when force (E) causes the movement of an elec-
trical charge (Q). This can be stated as joule = E X Q.

The unit of electrical work is the joule. One joule represents the work done
by a difference of potential of 1 volt (E) while moving 1 coulomb (Q) of charge
(6.25 X 10" electrons).

Power (W for watts) in an electric circuit is the rate of doing electrical work (volt-
coulombs per second).

As an equation, it becomes

volts X coulombs

Power (watts) = G
ime

or

where P = power
E = voltage
@ = coulombs
t = time
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The unit of electrical work is the watt (W). The letter P is used to represent power.
One watt is equal to 1 joule per second. Thus, 1 joule and 1 watt are the same
and you can convert back and forth between joules and watts easily. It takes 746
watts of electrical energy to produce 1 horsepower (hp).

1 horsepower = 746 watts

Putting Electricity to Work

Many jobs can be done by electricity. One useful conversion is from electric-
ity to light. We depend on lights for the home, automobile, street lights, and
flashlights. The most common conversion from electrical energy is to heat.
An electric toaster or an electric iron such as in Fig. 2-8 provides useful
forms of heat energy. Heat is produced in most electrical conversion devices.
In some, such as the light bulb, heat is an unwanted result.

Resistors and heat

Resistors, such as those shown in Fig. 2-9, are used in electric circuits. They act
as loads, voltage dividers, and current-control elements. However, in doing their
job, heat is produced. For this reason, electric circuits must be ventilated to carry
away the heat. Also, a resistor must be able to handle the power so that it does
not overheat and burn.

Mechanical energy

Electrical energy is often converted to mechanical energy. The electric motor
shown in Fig. 2-10 is a good example of a device used to convert electrical to
mechanical energy. Another example is a relay, which is a switch that is oper-
ated electrically. When electrical energy is applied to the relay, a movable metal

Figure 2-8 The electric iron is an
example of a device that converts
electrical energy into heat.



Current, Voltage, Resistance, Power, and Ohm’s Law 33

Eﬁsy

e
~—

I|F

~

7ol

*|

Figure 2-9 A resistor placed across a voltage
source gets hot due to the current in the resistor.

arm turns on or off another electric circuit. A relay uses a low-voltage, low-
current source to control high voltage or high current from a remote location.
Furnaces, air conditioners, and refrigerators all use relays.

Many electrical devices are rated in terms of power and operating voltage.
It is often necessary to find the current that results when the device is con-
nected to a certain voltage source. At other times the power and the current
are known, and it may be helpful to find how much voltage is needed to oper-
ate the device. Both of these problems can be solved by using one of the forms
of the basic power law:

P=EXI
P=I"XR
E2
P=— or P=EIR
R
You can also convert these formulas to

I=P/E or I=

E=P/T or E =

Or you can use I” = P/R and convert it to

I= VP/R or I=\/§

Figure 2-10 A motor is often
used to convert electrical energy
to mechanical motion.
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800 Watts

Figure 2-11  An electric heater has low resistance and high
current.

A good example of how this formula can be used is found in the following prob-
lem: An 800-watt electric heater has a resistance of 2 ohms. What is the cur-
rent needed to operate the heater?

First, select the formula needed. This is determined by the known values. In
this case, the power and the resistance are known. You need to find the current.
So, you select I = \/ P/R for a formula, substitute the values in the formula,
and solve.

I= VPR or V8002 or V400 = 20 amperes

This is illustrated in Fig. 2-11.

Knowing that the required current is 20 amperes, you can determine the size
of the wire needed to cause the heater to operate properly. You look up the cur-
rent in a chart and find that No. 12 copper is the wire size for safely handling
this amount of current.

A Practical Unit of Electrical Power: Kilowatt-Hour

Public utilities that furnish power for your use charge for electrical energy by
using a popular unit of electric work, the kilowatt-hour (kWh). One kilowatt-
hour means you used 1000 watts of electric power for 1 hour. If the cost of power
1s 10 cents per kilowatt-hour, and if you operate a 1000-watt iron for 1 hour, you
will be billed for 10 cents. If you operate the iron for 6 hours, you will use
60 cents worth of electrical energy.

The kilowatt-hour meter is a motor-type device that accumulates and displays
the kilowatt-hour usage, which is then read by a meter reader and subtracted
from the last reading to see how much was used in the interval between meter
readings (see Fig. 2-12).

One kilowatt is 1000 watts. One kilowatt-hour is 1000 watts for 1 hour. If the
kilowatt-hour is not specified, it means the power being consumed in 1 second.
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Kilowatt hour meter dial
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Figure 2-12 Kilowatt-hour meter. Note how it is made and how the dials are read from left to right.

Review Questions

1. The unit of measurement for conductance is
Electricity from a battery is produced by a action.
How will pressure on crystals produce electricity?
What kind of current is produced by using magnetism?
Does a battery produce alternating or direct current?

The ammeter 1s used to measure

A

The resistance of a circuit is decreased; what happens to the current if the
voltage remains the same?

8. What is a complete circuit?

9. How much current will flow if 1 coulomb per second passes a given point in
1 second?

10. Electrical pressure is measured by a meter.

11. What happens to the current in a circuit when the emf applied to a resist-
ance is increased?
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12.

13.

14.

15.
16.

17.

18.

19.

20.
21.
22.
23.
24.

25.

26.
217.
28.

29.

30.

31.

32.

What happens to the current if the resistance is decreased and the voltage
1s not changed?

Determine the current when the voltage is 64 volts and the resistance is
32 ohms.

Avoltage applied to a resistance is 64 volts. Resistance is increased from 32 to
64 ohms. What happens to the current?

Avoltage of 60 volts is applied to a resistance of 20 ohms. What is the current?

A voltage of 45 volts is applied to a resistance of 10 ohms. What is the cur-
rent through the resistor?

The current in a resistance is 2 amperes. It is across a 12-volt battery. What
is the value of the resistance?

A current of 3 amperes is present in a 50-ohm resistance. What is the applied
voltage?

What is the voltage drop across a resistor that has 8 ohms of resistance and
1.5 amperes of current through it?

What is a siemens?

How is a siemens related to an ohm?

What is the unit of measurement for electrical work?
What is the unit of measurement for power?

There is a movement of 50 coulombs in 20 seconds; what is the power if the
voltage is 6 volts?

What is the current if 50 coulombs is moved in 20 seconds by 6 volts of elec-
trical pressure?

What is the basic power formula?
What is the rate of doing work called?

The current in a 50-ohm resistance is 5 amperes. Find the voltage drop and
power used.

The current in a 30-ohm load is 2 amperes. Find the voltage drop and power
used.

A 300-watt bulb burns for 4 hours. What is the power consumed in kilowatt-
hours?

What is the formula used to find power if the voltage and resistance are
known?

What is the formula for finding power if the current and resistance are
known?
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Resistors, Other Electric
Components, and Their Symbols

Performance Objectives

m Be able to read the resistor color code.
m Be able to recognize variable and fixed resistors.

® Understand how the capacitor is used in air-conditioning and refrigeration
circuits.

® Know the difference between a standard capacitor and an electrolytic capac-
itor. Know the difference between an inductor and a transformer.

® Know that semiconductors such as diodes, transistors, and silicon chips are
used in electronic controls for heating, air-conditioning, and refrigeration
devices.

Resistance is found in every electric circuit. Voltage is the pressure that pushes
the electrons through the circuit and through the resistance of the consuming
device. Everything has resistance to some degree. It is possible to use certain
substances in various configurations to produce a device that will limit the
amount of current in a circuit. This device is called a resistor. It becomes very
useful when you want a number of pieces of equipment to operate from one volt-
age source. It would be very difficult to use batteries of different voltages for
every component in an electric circuit. Resistors of various sizes can be placed
in a circuit to cause it to have the correct voltage for the various devices.
Resistors are used to drop voltage.

Resistors of various sizes are available. It takes a few pages of any electron-
ics supply house catalog to list all the types handled by the supplier. Our pur-
pose here is to take a look at the method used to mark the value on
carbon-composition resistors.

37
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Color Code

Tolerance
Number of zeros or muttiplier

Z"d]s ificant fi
,]St (gnl ican |gUreS

Figure 3-1 Color bands on a carbon composition resistor.

Carbon-composition resistors are small in physical size. They can dissipate
Yg, Y4, Y, 1, and 2 watts. Thus, some method must be devised to mark them. If
they are placed in a circuit, it is best to be able to read the value without having
to turn the resistor over. Turning it over after it has been soldered in place can
cause the connection to break or the leads to break off. Color banding of the resis-
tor seems to be the best answer to the problem of marking.

Carbon-composition resistors have been color coded for a number of years.
Three color bands are used to indicate the ohmic value of the resistor. A fourth
band is used to indicate the tolerance (see Fig. 3-1).

Resistance is measured in ohms. Wire-wound resistors normally have their
values (in ohms) marked on them, since they are physically larger than the
carbon-composition type and the lettering or printing can be made on the body
of the resistor.

The colors used on carbon-composition resistors have a definite value, which is
easily read. Each color has a value assigned to it, which is agreed upon inter-
nationally, as follows:

Color Number

Black

Brown

Red

Orange
Yellow

Green

Blue

Violet (purple)
Gray

White

OO I Utk W H+HO

When looking at the resistor, you will note that the bands are located at one
end. You start reading the resistor value by checking the band nearest the end
of the resistor first. Turn it so that you are holding the end with the color band
to your left. Then you can read from left to right, as you usually do.

The first two color bands, A and B in Fig. 3-2, indicate the first two digits in the
resistance value. The third band is used to show how many zeros are added. C shows
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Band D (missing)
Band C (Orange)
Band B {Red)
Band A (Blue)

Figure 3-2 Bands A and B indicate the first
two digits.

how many zeros follow the first two digits, or it is the multiplier. Sometimes the
fourth band (D) is missing. If so, the resistor has a tolerance of =20%.

When there is a fourth band, it will be either silver or gold. Silver means the
tolerance of the resistor is =10%, while gold indicates =5%. The lower the tol-
erance number (5% instead of 10%), the more expensive the resistor is to pro-
duce and also buy. The tolerance tells how close the resistor value is to that
indicated by the color bands.

Tolerance is indicated in + or — designations to tell you how accurate the resis-
tor is. It may be in the + direction or have more resistance than the value
stated by the color bands. Or it may have a — value, meaning the value of the
resistor will measure less than the color bands indicate.

A few examples will make you more familiar with the code and its usefulness.
Examine Fig. 3-3. Note the first three bands. The blue-red-orange bands signify
62 followed by three zeros. This produces a value of 62,000 ohms. There is no
fourth band, so the tolerance is 20%.

What are the limits of the resistor when you use a meter to check its value?
Take the 62,000 and multiply it by 0.20. That produces 12,400. You add the
12,400 to the 62,000 to get 74,400 ohms for the + tolerance value. You take
12,400 away from the 62,000 ohms to get the — or lowest value the resistor can
have to still be within tolerance. So, 12,400 from 62,000 produces 49,600 ohms.
Thus, the resistor can read between 49,600 ohms and 74,400 ohms and still be
called a 62,000-ohm resistor as indicated by its color bands.

Let’s take another look at the color code and what it can do for us. Check
Fig. 3-4. In this figure you have three color bands to obtain the value of the resistor.

Figure 3-3 A 62,000-ohm resistor.
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Figure 3-4 A 7500-ohm resistor.

The violet (7), green (5), and red (2) indicate that the resistor has a value of 7500
ohms. The gold band indicates it has a value of 7500 =5%. Five percent of 7500 ohms
i1s 375 ohms. That gives the 7500-ohm resistor a tolerance range of
7500 + 375 and 7500 — 375. The results are 7875 ohms and 7125 ohms. The resis-
tor can read anywhere between 7125 and 7875 and still be called a 7500-ohm resis-
tor. Sometimes you may find a resistor such as shown in Fig. 3-5. The resistance
value is not 750 ohms, but 75 instead. The third band specifies the number of zeros.
Since black is zero, these are no zeros after the first two digits. Thus, the black adds
nothing and the 75 stands alone. The silver tolerance on the resistor indicates that
it has a plus or minus value of 7.5 ohms (75 times 0.10 produces 7.5 ohms). The
7.5 ohms has to be added to and subtracted from 75 to produce the tolerance range
of the resistor. So, 75 plus 7.5 equals 82.5 ohms, and 75 minus 7.5 equals 67.5 ohms.
The resistor has a tolerance range of 67.5 to 82.5 ohms.

Gold and silver third bands

Carbon-composition resistors have been improved to the point where they can
be made in values of less than 10 ohms. Thus, the code has to be altered to fit
the situation, and using gold or silver as the third band comes in handy.

Gold as the third band means you divide the first two numbers by 10. Thus,
if you have a resistor of red, red, and gold, it has a value of 22 divided by 10, or
2.2 ohms. As you can see, this makes it possible to use the color code now for
indicating resistances of less than 10 ohms.

Examine Fig. 3-6. Note that the values of the resistor are indicated by a first band
of blue and a second band of yellow, which produces 67. The third band is gold. So,
the 67 is divided by 10 to produce a reading of 6.7 ohms for the resistor. If the fourth
band is silver, it means the tolerance is +10%. Ten percent of 6.7 ohms is 0.067
ohm. Add the 0.067 to the 6.7 and you have 6.767 ohms. Subtract 0.67 ohm from
the 6.7 and you have a negative tolerance value of 6.633 ohms. The tolerance

\—Silver
Black
Green

Violet
Figure 3-5 A 75-ohm resistor.
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Figure 3-6 Note the third band is gold.

range is 6.633 ohms to 6.767 ohms. It takes a very good ohmmeter to measure this
close a tolerance. In fact, it would be hard to see anything near the 6.7 on a con-
ventional ohmmeter. It would probably read 7 or even as much as 10 ohms. The
digital ohmmeter is used to measure this type of ohmic value.

Silver as the third band means you divide the first two numbers by 100. Thus, if
you have a resistor of red, red, and silver, it has a value of 22 divided by 100, or 0.22
ohm. Take a look at Fig. 3-7. The resistor has bands of yellow, violet, and silver. The
values then are 47 divided by 100 to produce the correct answer of 0.47 ohm for
the resistor. Most of these resistors will have a fourth band, also. The fourth band
still indicates the tolerance. So, if the resistor has a fourth band of silver, it is
*+10% as usual. This means that the resistor will vary in resistance by 0.047
ohm in either direction of 0.47. Thus, resistor tolerance may be from 0.423 to 0.517
ohm. It takes a very good ohmmeter to measure this resistance range, but the
advent of semiconductors has brought about more sensitive and inexpensive meters
and the demand for lower resistance values and closer tolerances.

Resistors come in standard sizes. The Electronics Industries Association (EIA)
sets standards for manufacturing of resistors. This helps to standarize the
number of sizes of resistors made. It also makes it easy to find spare parts to
use for repair jobs.

Variable Resistors

Some resistors are variable. This means that the amount of resistance can be
changed. Variable resistors may be either carbon composition or wire wound.
These resistors are used for special circuits. On these circuits, the amount of volt-
age or current that is delivered must be varied. A common example is the volume
control on your radio or television set (see Fig. 3-8).

Variable resistors are easily identified because they have three connections for
leads. The center lead is usually the variable contact. A variable resistor that is

)

’/

N L

Silver
Violet
Yellow

Figure 3-7 Note the third band is silver.
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Figure 3-8 Potentiometer.

connected into a circuit at all three points is called a potentiometer (see Fig. 3-8).
A potentiometer is often referred to as a pot.

Usually, a potentiometer is used to vary voltage. The device is connected
across a voltage source by placing it directly across the battery or power source.
The variable arm is then used to change the voltage that is available from the
potentiometer. The rheostat is a variable resistor. It is used by connecting it in
series not across the voltage source, as was the case with the potentiometer.
Rheostats are designed to handle higher currents than potentiometers. Very few
rheostats are used today because their jobs are being done by semiconductors.
Usually, a rheostat is connected to a circuit at only two points. A symbol for the
rheostat 1s shown in Fig. 3-9.

Variable resistors have a wide range of adjustments. For example, volume con-
trols typically use carbon resistors. Resistance ratings can be adjusted from
0 to 10 million ohms. Another way to state these values is from 0 to 10 megohms
(mega means million).

Many potentiometers have what is called a nonlinear resistance element.
This simply means that resistance does not change at a fixed, or uniform, rate
as adjustments are made. Usually, they are small, or fine, changes at the low
end. At the high end, settings lead to large resistance changes. This nonuniform
resistance leads to what is called a tapered control. Such devices are usually used
to adjust sound volumes and are called audio taper resistors.

There are also linear taper potentiometers. They have a uniform change of
resistance as the settings are adjusted. They look exactly the same as the audio
taper. When replacing a potentiometer, you must be very careful not to use a
linear taper one in a volume control circuit or, worse yet, an audio taper in a
control circuit. This is one of the things that you, as a technician, must be aware
of in making repairs. Do not try to substitute a volume control of the same
resistance for a control circuit potentiometer. You will find it very difficult to
make the required adjustments in the control circuit.

Figure 3-9 A rheostat symbol.
Rheostats resemble potentiome-
ters. A potentiometer can be
made to serve as a rheostat by
connecting the center terminal
and one of the end terminals to
form a single connection.
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Wattage ratings are usually marked on the rheostat or potentiometer. It is dif-
ficult to tell the wattage rating by just observing the device. It takes practice to
be able to tell the difference between various wattage ratings.

Persons who work with electricity use a schematic to tell them where compo-
nents are located and what the relationships are to one another. A schematic is
a diagram something like a road map. It tells you the way from one point to
another. Symbols are used to mark certain items along the way. The schematic
is the road map of the electrical trade. Many types of diagrams are needed to
describe the operation and construction of electrical equipment. The schematic
is the most common term for the electrical diagram.

The schematic shows how the electrical or electronic components (parts) are
connected. A schematic is a handy item to have when you are analyzing, explain-
ing, or servicing heating, air-conditioning, and refrigeration equipment.

Types of Resistors

The resistor is the most widely used electrical and electronic device. Every
radio, television set, and control circuit has a resistor or resistors. This compo-
nent is used to provide resistance. It is designed to be used at a fixed value or
as a variable-value device.

Fixed resistors

The fixed resistor is the simplest of the two types. It is made so that you cannot
change the resistance. Some carbon fixed resistors are shown in Fig. 3-10. These
are carbon composition and have a cover of black, brown, or green plastic. A color
code is used to give the value of the resistor.

Fixed wire-wound resistors are available for use when the wattage rating is
higher than 2 watts. Carbon-composition resistors come in Yg,4,5, 1, and 2 watt
sizes. The physical size tells the rating. You get used to the wattage rating when
working with resistors. The larger the resistor, the higher the wattage rating is.
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A~
Va2 W
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1w

Figure 3-10 Fixed carbon-

_——_—_—W composition resistors.
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The larger the resistor, the easier it is for it to dissipate heat. Since resistors
put up resistance to current flow, they also drop voltage. The energy has to be
dissipated as heat. Thus, the surface of the resistor must be large enough to allow
the heat to be dissipated.

Figure 3-11 shows some fixed wire-wound resistors. These are made of high-
resistance wire wound on an insulating core with a ceramic coating. They usually
are large enough so that the resistance of the unit can be stamped on it.

The symbol for a fixed resistor is shown in Fig. 3-12. Note how the symbols
vary for different users. A is the standard EIA (Electronics Industries
Association) symbol. B is usually used by foreign manufacturers and occasion-
ally by American makers of industrial equipment. C is seldom encountered, but
it 1s sometimes used in schematics for industrial equipment and can be seen in
some refrigeration and air-conditioning electrical schematics.

Tapped resistors

Tapped resistors are used in some circuits. They have taps for easy connec-
tions. They are usually wire wound, although some are carbon. Figure 3-13
shows samples of the tapped resistor. Figure 3-14 shows the schematic repre-
sentation of tapped resistors.

The ceramic coating is left off the wire where the tap is to be made. This allows
a sliding connection so that the tapped resistor can be made into a variable resis-
tor or adjusted as needed.

Variable resistors

A variable resistor may be made of carbon or it may be wire wound. The idea
behind the variable is to make it adjustable to meet the needs of the circuit. You
are most familiar with the variable resistor as a volume control on a radio or
television set. This is a variable carbon-composition type of resistor and controls
a circuit to allow for increases or decreases in volume, as you desire.

A variable resistor has a movable contact that is used to adjust or select the
resistance value between two terminals. In most uses, the variable resistor is
a control device. It is made in many sizes and shapes. Figure 3-15 shows some
of these types. The shafts of most variable resistors have knobs placed on
them to make them easier to use. However, some are made to be adjusted by
the insertion of a screwdriver blade in a slot on the resistor. Many adjustable
resistors are used in controls for air-conditioning and refrigeration systems.
Figure 3-16 shows the schematic representation for variable resistors.

Fusible resistors

In some cases, the resistor has a purpose other than providing resistance. One
type is used to protect the equipment or circuit against excess current surges.
This type of resistor, called a fusible resistor, is built to fail before damage is
done to more expensive parts. Such units are often made to plug into a socket
(see Fig. 3-17). Figure 3-18 shows the schematic symbol for a fusible resistor.
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Figure 3-11 Fixed wire-wound resistors.

Wv (a)

—L_ b

Figure 3-12 Symbols for a fixed

resistor.
% (C)

Figure 3-13 Tapped resistors.

Figure 3-14 Schematic represen-
tation of tapped resistors.
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Figure 3-15 Types of variable resistors.

M Variable resistor

O AMWVWW Y O Potentiometer

Figure 3-16 Schematic represen-

O———AWVVWWY Rheostat tation of variable resistors.

; ; Figure 3-17 Fusible resistors.




Resistors, Other Electric Components, and Their Symbols 47
T T T T Preferred

Figure 3-18 Fusible-resistor symbol.

Temperature-compensating resistors

Another type of special resistor is the temperature-compensating resistor. These
are designed so that the resistance value changes in a direct or inverse relation
with temperature changes. Such resistors are used to provide special control of
circuits that must be extremely stable in operation. The symbol is shown in
Figure 3-19.

Types of Capacitors

The capacitor is used in many electric circuits in both electronics and in air-
conditioning and refrigeration circuits. Two types of capacitors are used in these
circuits: fixed and variable.

Fixed capacitors

The fixed capacitor is made for a certain value and is not adjustable. The fixed
capacitor is divided into several groupings. It may be made with paper sepa-
rating two plates of aluminum foil, or it may use plastic, mica, ceramic, or
electrolytes.

Most paper capacitors have been replaced by those made of better materials,
usually plastic. A typical capacitor is shown in Fig. 3-20. Capacitors are large
enough to have their values printed on them. The smaller capacitors use a color
code to indicate their value and working voltage. Capacitors come in hundreds
of sizes and shapes. It takes a good half-hour to thumb through an electronics
catalog that shows all the various types. Each type has a special or particular
application. Mica types, for instance, are used for some high-frequency appli-
cations with high voltages. The ceramic type is found in circuits that use high
voltages, such as television sets and radar equipment.

X

Figure 3-19 Symbol for tem-
perature-compensating resistor.
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@

~

g Mica capacitors

Ceramic capacitors

Paper capacitors
Figure 3-20 Fixed capacitors.

Electrolytic capacitors

This type of capacitor deserves special mention, but will be covered in detail in
Chapter 10. The electrolytic capacitor has a very high capacitance value when
compared with the types mentioned previously. These capacitors may be tubu-
lar or square in shape. They have cardboard or metal covers. Values are printed
on the cardboard cover and stamped into the metal cover (see Fig. 3-21). They

Cardboard encased size. Markings
e’ on the outside of the cardboard case
Metal encased. Size

marking in black area

Figure 3-21 Electrolytic capacitor with value marked on it.



Resistors, Other Electric Components, and Their Symbols 49
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T l

/'I’\ L l J _r_ i
Fixed capacitor Electrolytics 3 electrolytics Back-to-back

(no special type) in one case AC electrolytics

Figure 3-22 Capacitor symbols with electrical polarity marked.

are available in a variety of shapes and sizes. One characteristic of the electrolytic
capacitor is its polarity. Its terminals will have — (negative) or + (positive)
marked on them. This means that the circuit power must be connected correctly
to avoid damage to the electrolytic capacitor. It is not to be used on ac unless it
is an ac electrolytic capacitor and so identified.

Caution: If an electrolytic capacitor marked with a — and a + is connected
to ac, it will explode, and can throw its contents over an area as large as 50
square feet. Thus it can be dangerous. Some are manufactured with a small hole
in them so that their contents will spew out instead of exploding. However, safety
dictates that you treat all electrolytic capacitors as firecrackers and a larger one
as a piece of dynamite. This is another reason for wearing eye protection when
working with electric circuits.

Note that the symbols for capacitors in Fig. 3-22 indicate the electrolytic
capacitor with polarity markings.

Electrolytic capacitors are 1 microfarad (wF) and larger in size. They can be made
to operate on ac by connecting two of them back-to-back as shown in Fig. 3-23. AC
electrolytic capacitors are used in electrical motors, crossover networks in speaker
systems, and other places needing large capacitances in circuits that contain ac.

Variable capacitors

Variable capacitors are used for tuning purposes in radios and televisions. In most
instances, you will not need them for air-conditioning and refrigeration circuits.
However, in case you do see one utilized in the electronics control unit, you can
identify it by using Fig. 3-24.

e
=

Figure 3-23 Back-to-back elec-
trolytics for ac operation.

1

AC electrolytic
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Figure 3-24 Variable capacitors
with symbols.

Types of Inductors

Coils, inductors, and chokes are the names used to indicate a coil of wire.
“Inductor” 1s preferred because inductors have inductance, a property that is uti-
lized in many electric circuits.

Fixed inductors

The simplest coil or inductor has an air core and is made by winding a wire in a
series of loops, which may or may not have a form to hold them in place. Coils are
seldom color coded for value, so we look at the schematic or a parts list for the
inductance value of a coil. Inductance is the electrical property of a coil, just as
resistance is the electrical property of a resistor. Many coils are wound on plas-
tic forms that support the loops of wire. The form has no effect on the operation
of the coil. The symbols for air-core coils are shown in Fig. 3-25. Other types are
powdered iron core and iron core. Symbols for these types are shown in Fig. 3-26.

(b}

Figure 3-25 Symbols for air-core coils.
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Ferrite core choke

Figure 3-26 Powdered-iron-core and iron-core inductors.

Variable inductors

Some circuits need inductors that can have their values changed, some by screw-
driver adjustment and others by changing the core material. Figure 3-27 shows
the symbols for variable inductors. Note the differences for iron-core variable
inductors. Iron-core (made of iron or steel) chokes are indicated by two straight
lines over the loops. Dashed lines indicate powdered iron cores.

Transformers

The inductor has one coil. The transformer has two. The two coils of a trans-
former are so placed that the energy in one is transferred to the other by mag-
netic induction. The coil winding connected to the power source is called the
primary. The winding connected to the circuit or consuming device is called the
secondary. Or keep in mind that the primary is the input and the secondary is
the output. Note in Fig. 3-28 that the two coils are not connected. Transformers
are used in air-conditioning and refrigeration circuits for stepping down the volt-
age from 120 or 240 volts to 24 volts. The thermostat circuit then uses the 24 volts.
The transformers you will work with have iron cores. Air-core transformers are
used in electronics where radio frequencies are present.

The Allen wrench is used
to vary the inductance.

Figure 3-27 Symbol for variable inductors.
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Figure 3-28 Symbol for a transformer.

Semiconductors

Diodes

Transistors

You know semiconductors as transistors, diodes, and chips. Silicon material is
used to make devices that will conduct a certain amount of current when needed.
These devices are made for easy use and with low voltages. You will encounter
semiconductor chips in memory devices and computers; transistors are used in
many types of circuits, and diodes are used as rectifiers and control devices.

Diodes have an anode and a cathode. The cathode end is marked (+) to indicate
which polarity it must be connected to in order to work properly. Diodes have
many uses. They are found in circuits that are used to change ac to dc for certain
control devices. They may also be used as protective devices in circuits. The
symbol for a diode is shown in Fig. 3-29.

The transistor is used for switching and amplification. It consists of three active
elements. There are two basic types of transistors, PNP and NPN (see Fig. 3-30).
These terms will be discussed later. E stands for emitter, C stands for collector,
and B is used to indicate the base connection.

+ 7 \
i P g
Power rectifier LED Light sensitive
type diode diode

Figure 3-29 Diode symbol.
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LN
NN

PNP NPN
Figure 3-30 Transistor symbols, PNP
and NPN.

Switches are used to turn on or off a circuit. They can be made as a simple on-
off device or used to control many functions in a number of circuits.

Switches have names that designate what they can do in terms of turning on
or off a circuit or circuits. For instance, there are SPST (single pole, single
throw) switches, DPDT (double pole, double throw), DPST (double pole, single
throw), single-pole, six-position, and so forth. Symbols for various types of
switches are shown in Fig. 3-31.

Relays are switches that are moved electrically instead of by hand. They can
be made in almost any configuration of poles, throws, and construction. The
force that operates a relay is magnetic. The magnetic pull is produced by cur-
rent passing through a coil of wire. The attraction of an armature causes the
switch sections to operate.

Some relay types that you may run into in the air-conditioning and refrigera-
tion field are shown in Fig. 3-32. Relays can also be represented by symbols (see
Fig. 3-33).

Fuses and Circuit Breakers

Safety devices are needed on a piece of equipment to protect the expensive
equipment and the persons who work on it. The fuse is a safety device designed
to protect the equipment from itself. The fuse protects the equipment when it
develops a condition that causes it to draw too much current.

(O
o o1 o o
spst . E '_'O/
—_—o" 0— o -0
dpdt dpst

4

Wafer switch
Figure 3-31 Switch symbols.
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Mounting bracket

Movable contact blade

Core and pole
shader assembly

Armature return spring

. Potential coil
Stationary contact

Normally closed
movable contact

Armature.

Doubie blade terminais

Stationary contact /Guide pin

Bridging contact . . Stati
—~— - ) tationary contact

Solenoid coit Pin connectors

Spring Armature
Figure 3-32 Relays.
l.oad
A
Electromagnet | Contact
Soft iron +] o
armature 1o volts A___o
A A A T
\ -
U Spring
—_— Swivel pin
o7 o
Switch

Figure 3-33 Relay Symbols.
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Visible blade construction
“Known contact’”

Type A-

Type C

Type B is
blocked by rib

/

To install breaker in the enclo-
sure you insert foot on load side
under ear and press the jaw over
blade.

Figure 3-34 Fuse symbols and circuit breakers.

Formed rib

Type B can be used
only where there is
no formed rib in
mounting plate

Many circuits need a device to protect the equipment from shorts. Such devices
as a fuse or circuit breaker are called for in most electric circuits. Motors have cir-
cuit breakers inserted in their windings that will turn off the motor before it
reaches a critically high temperature. Fuses and circuit breakers are represented
by a symbol such as that in Fig. 3-34. Typical fuses are shown in Fig. 3-35. They
are manufactured in many sizes and values.

Indicator lamps come in a variety of shapes and sizes. They may be incandes-
cent, the type used in lamps in the home, or they may be neon types. Light-
emitting diodes (LEDs) are also used as indicator lamps. Their symbol is the
same as a diode with a couple of arrows pointing away from them to indicate

@ ®) Cartridge type
Screw-in type
AG type
AG stands for automotive
glass. They were first used
in automobiles.

Figure 3-35 Different types of fuses.
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Batteries

@ " N
Old symbol New symbol / | N
0Old symbol
[ =
<

Figure 3-36 Incandescent lamps with incandescent-lamp symbols.

they emit light. However, the incandescent symbol and the neon lamp symbol
are quite different (see Figs. 3-36 and 3-37).

Many pieces of electronic equipment use batteries. Some types of programma-
ble thermostats use batteries to keep the circuit operating when there is no
power. They are required to keep the memory active in the chip so that the set-
tings for times on and off and temperature are not lost with a power failure.

Batteries are made up of cells. A cell symbol is shown in Fig. 3-38 along with
that for a battery. The battery is made up of more than one cell. The way to indi-
cate the voltage is by a number alongside the battery symbol, rather than trying
to draw the correct number of cells.

Figure 3-37 Neon lamps with neon-lamp symbols.
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Battery

Figure 3-38 Cell and battery
symbols.

Many meters are used in electronic and electric circuits. They are represented by
a V or A inside a circle for voltmeter and ammeter, respectively (see Fig. 3-39).

Reading Schematics

As a technician you will be required to read schematics. This is necessary
because all air-conditioning and refrigeration equipment use electric circuits for
operational control. Study this chapter to be sure you can recognize the various
symbols used in schematics. The more you study them, the easier it will be to
interpret circuit meanings.

Review Questions

1.

ou ok w

© *® 2

10.

What is meant by the term resistance?

What is a resistor?

Why are there so many types of resistors?

What is the unit of measurement for resistance?

What is the value of a resistor with green, blue, and red for the three stripes
on its body?

What is meant by tolerance?

How does tolerance affect resistors?

What is the difference between a potentiometer and a rheostat?
What is meant by linear taper?

What is a schematic?

O -®-

Voltmeter Ammeter

Figure 3-39 Meter symbols.
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11.
12.
13.
14.
15.
16.
17.
18.
19.

What is a capacitor?

Where is the capacitor used?

How is an electrolytic capacitor different from others?

What is an inductor?

How is the inductor put to work in a circuit?

Name two types of semiconductors.

What is the difference between a relay and a circuit breaker?
What is the symbol for a battery?

What is the symbol for a lamp?
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Series and Parallel Circuits

Performance Objectives

m Be able to identify a series circuit.

m Be able to identify a fuse and how it is used in a circuit.

m Be able to identify a parallel circuit.

® Be able to determine the total resistance in a parallel circuit.

m Be able to determine the total resistance in a series circuit.

® Be able to determine the total resistance in a series-parallel circuit.

® Be able to solve problems associated with series, parallel, and series-parallel

circuits.

To be able to read a schematic, you have to know the types of circuits used in
electrical work. Symbols in series and parallel circuits are the first steps in
learning to read a schematic.

Series Circuit

A series circuit consists of resistors or other electrical components connected one
after another. If you place cells in series, they form a battery. It takes more than
one cell to make a battery (see Fig. 4-1). Cells in series produce a higher voltage.
Two 1.5-volt cells in series produce 3 volts. The voltages of each cell are added to
produce the total voltage. The 9-volt transistor radio battery is actually com-
posed of six 1.5-volt cells connected in series. In a series connection, —1is connected
to +. The current is limited to whatever is produced by one cell. If one cell is dead,
the whole battery is useless.

59
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e

Cell

-

Cells in series

| I ‘ Figure 4-1 Cells in series.

Battery

AN AWV AN

Figure 4-2 Resistors in series.

——AMN———X

Missing Resistor

|
1

|

|

WV

Figure 4-3 Series circuit with one resistor missing.

R1 R2
AMN/ AN
100 208
(o]
R1=60 R3 § 5Q
(o]
R4
A AAS
250
Figure 4-4 'Total resistance is equal to the sum of the individual
resistances.
R1
MW
10V
— 6oV R2§20v
Figure 4-5 Voltage drops around
R3 the loop equal the applied voltage.
WV

30V



Series and Parallel Circuits 61

Series circuits have some peculiar properties. They are made up of resistors
connected one after the other (see Fig. 4-2). If one resistor is open or removed from
the circuit, the whole circuit is open (see Fig. 4-3). In this case, no current flows
because the electrons do not have a complete path from — to + of a power source.

Resistances in series

If the resistances that form a series circuit are added, their total resistance can
be found (see Fig. 4-4). When R, + R, + R; + R, are added, the total resistance
in the circuit is 60 ohms. Or R; (10 ohms) + R, (20 ohms) + R5 (5 ohms) + R,
(25 ohms) is equal to 60 ohms. When this is written as a formula it becomes

Ry=R,+ R,+ R+ R,

Voltages in series

The total voltage needed for a series circuit is found by adding the voltages
needed by each resistor. Or, as Fig. 4-5 shows.

E, = voltage applied [total voltage]

Ej, = voltage drop across R;

5
|

= voltage drop across R,
Ey; = voltage drop across Ry

Step 1: E4, = Ep, + Epy + Eps

Step 2: E, = 10 + 20 + 30

Step 3: E4, = 60 volts

In a series circuit, the voltage applied is equal to the sum of the voltage drops
across individual resistors. Voltage in series divides according to the resistance.

Current in series

Current in a series circuit is the same through all resistors. There is only one
path for electrons to move from — to +. If the current in R, (Fig. 4-5) is 3 amperes,
then the current through R, and R is also 3 amperes.

I = total current
I, = current through R,
Ip, = current through R,

Ips = current through R;
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Therefore, the formula for current in a series circuit is simply stated as

Iy = Iy = Ipg = Ipg

Series circuit rules

Three basic elements must be considered in any circuit: current, voltage, and
resistance. Three simple rules for series circuits concern these elements.

Voltage: Applied voltage is equal to the sum of the individual voltage drops
around the series loop.

Ey=Eg + Epy + Epg

Current: Total current in a series circuit is the same as the current in any resis-
tor in the circuit.

Ip= I, = Iy = Ips

Resistance: Total resistance in a series circuit is equal to the sum of the indi-
vidual resistances.

There is a disadvantage in using a series circuit. If one resistor opens, the
entire circuit will not operate. An open anywhere in the circuit means the cir-
