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In your previous study units, you’ve learned about the components of a motorcycle and ATV
engine and how they affect engine operation. You’ve also learned about lubrication and cooling
systems. This study unit is the first of three that will concentrate on the subject of electricity. The
text will show you the basics of electricity, where electricity comes from, and how we measure
electricity. In the following study units, we’ll discuss charging systems, ignition systems, and
other electrical circuits that will be found when working on a motorcycle or an ATV.

When you complete this study unit, you’ll be able to

� Explain how a basic circuit operates

� Describe the electron theory of electrical operation

� Describe the conventional theory of electrical operation

� Explain the difference between voltage, current, and resistance in a circuit

� Calculate voltage, current, and resistance using Ohm’s Law

� Describe how to use a multimeter to measure voltage, resistance, and current

� Describe how an electromagnet works

� Explain what a diode is and how it works
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INTRODUCTION
Since electricity can’t normally be seen, many technicians in the
motorcycle and ATV industry know little about it and are somewhat
afraid of it. Electricity isn’t a difficult subject area to learn as long as
you understand the basics of how electricity works. We assure you
that you don’t have to be an electrical engineer with a background in
the theory of electrical systems in order to competently service the
electrical systems on modern motorcycles or ATVs. However, for you
to understand why something isn’t functioning properly, you must
first know how it works. The technician who understands how
electrical systems produce, conduct, store, and use electrical energy
will find it easier to locate and correct problems
in these systems. Therefore, in this study unit we’ll discuss the
fundamentals of electricity, including the terms used in this field, and
cover some of the devices used to measure electricity.

As you probably know, electrical theory and its application can be
very complex. In this study unit we’re going to give you a general
understanding of electricity and how it works. While you should
understand the basic theory and facts presented here, you won’t be
expected to become an electrical genius and memorize electrical
formulas and theories. In fact, we’ll try very hard to make learning
about electricity and electrical systems fun!

BASIC PRINCIPLES OF ELECTRICITY
The typical motorcycle or ATV electrical system has many different
paths through which electricity can flow. The four major electrical
systems found are

� Starting systems, which are used on many motorcycles and
ATVs to rotate the engine to start it

� Ignition systems, which provide for high-energy sparks to ignite
the fuel-and-air mixture inside of the engine’s combustion
chamber

� Lighting systems, which are used to power the lights as well as
operate other electrical equipment on the machine

� Charging systems, which are used to produce the electricity that
the above systems require, and to recharge the battery which is
used to store the electricity

Electrical Fundamentals
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Besides these major systems, there are also many other electrical
subsystems. Let’s take a closer look at electricity by first looking at
some electrical theories, a battery, and a simple circuit.

Electricity and the Electron Theory
Scientists now generally accept the electron theory concerning the
nature of electricity. All matter is composed of molecules, and each
molecule contains two or more atoms. Atoms, in turn, are made up of
neutrons, protons, and electrons. It’s the arrangement of these particles
that makes materials such as liquids, solids, and gases differ from one
another.

The core of the atom, called the nucleus, contains protons and
neutrons. Protons have a positive electrical charge and neutrons are
neutral, meaning that they have no electrical charge. Electrons have a
negative charge and rotate around the nucleus of the atom. Atoms
normally have an equal number of protons and electrons, and
therefore an equal number of positive and negative electrical charges.
These charges cancel each other out, resulting in an atom with no
positive or negative electrical charge. When an atom has more
protons than electrons, it’s positively charged. When an atom has
more electrons than protons, it’s negatively charged (Figure 1).
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FIGURE 1—A neutral atom
has an equal number of
protons and electrons. A
positively charged atom
has more protons than
electrons. A negatively
charged atom has more
electrons than protons.
(Courtesy of American Suzuki Motor

Corporation)



Atoms which make up different kinds of material have different
numbers of electrons and protons. For example, a carbon atom has
only 12 protons and 12 electrons, while a uranium atom has 234
protons and 234 electrons.

In some materials, the electrons are tightly bound in orbit around the
nucleus of the atom and aren’t free to travel to other atoms. This
condition exists in materials that are poor conductors of electricity. In
other materials, the orbits of the electrons are relatively large and the
electrons are able to travel to other atoms. Such materials are good
electrical conductors (Figure 2). The orbits of the electrons in copper
are large and the electrons can move relatively easily; so copper
conducts electricity well. For this reason, most electrical circuits use
copper wire as the conductor through which the current flows.

When an atom is positively charged or negatively charged, the
condition (excess number or lack of electrons) will cause a flow of
electrons from one atom to another. The idea of removing electrons
from an atom may seem strange. However, we remove electrons from
atoms all the time without realizing it. For example, if you shuffle
across a carpet and then touch a metal surface, what usually happens?
You probably receive a small shock, and maybe even see a spark. This
occurs because, as you scuffed your shoes along the carpet, you
actually rubbed free electrons off the carpet. Your body held onto
these electrons, and you became negatively charged. When you
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FIGURE 2—Hydrogen
and oxygen are poor
conductors; silicon is a
semiconductor; and
copper is a good
conductor. (Courtesy of

American Suzuki Motor Corporation)



touched the metal surface, the free electrons from your body
transferred to the metal, restoring your body to a neutral charge. The
discharge of electrons from you to the metal caused the small shock
that you felt.

Thus, you can see that it’s not impossible to get electrons moving
from one place to another. However, it’s easier to get electrons
moving in some materials than in others. The structure of an
individual atom will determine how easily an electron can be
removed from it. For example, in Figure 2, you saw that the structure
of the hydrogen atom makes it very difficult to remove an electron
from its orbit. So, it’s very difficult to produce a flow of electricity in
hydrogen. However, in a copper atom, the outermost electron can
easily be dislodged from its orbit. Therefore, it’s very easy to get a
flow of electricity moving in copper.

Any substance in which electrons can move freely is called an
electrical conductor. Copper, silver, gold, and other metals are good
electrical conductors. (In fact, silver and gold are better electrical
conductors than copper, but because silver and gold are so expensive,
they aren’t used to make electrical wires in motorcycles or ATVs.)
Materials in which the electrons are tightly bonded to the nucleus are
called insulators. Plastic, nylon, ceramic, and other similar materials
are very resistant to the flow of electricity and are classified as
insulators.

A Battery
Electricity is an invisible form of energy that can be transformed into
magnetism, light, heat, or chemical energy. Because we know how to
control electrical energy, we can use it to perform many jobs. You
may be wondering, what exactly is electricity? Electricity is a natural
force produced by the movement of electrons. In the circuit shown in
Figure 3, moving electrons come from the battery. A circuit is a
complete electrical path. (Circuits will be discussed later in this study
unit.) The battery produces a flow of electrons that moves through the
wires to light the flashlight bulb.

Note that the battery has two different ends. The end of the battery
that’s labeled with a negative, or minus, sign ( ) is called the negative
terminal. The opposite end of the battery that’s labeled with a positive,
or plus, sign (+) is called the positive terminal. The negative terminal of
the battery has a negative charge, as it contains too many electrons.
The positive terminal of the battery has a positive charge, as it
contains too few electrons.
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The negative and positive charges in a battery are produced by a
simple chemical reaction. Figure 4 shows a simplified diagram of the
parts of a battery. The battery terminals, or electrodes, are two strips of
lead. Each electrode is made from a different type of lead. When the
strips of metal are placed into the electrolyte solution, a chemical
reaction occurs. Electrolyte is a chemical compound which, when
molten or dissolved in certain solvents (usually water), will conduct
an electric current. As a result of this reaction, a negative charge forms
on one electrode and a positive charge forms on the other electrode.

You’ve probably heard the phrase “opposites attract.” This phrase
holds true with electricity. Opposing electrical charges (positive and
negative) strongly attract each other and try to balance each other out.
Because of this attraction, whenever too many electrons are in one
place, the electrons will try to move to a place where there are fewer
electrons. This is the basic operating principle of a battery. The
negative terminal of a battery has a high concentration of electrons,
while the positive terminal has very few electrons. So, the electrons at
the negative battery terminal will be drawn toward the positive
battery terminal. But to actually move from the negative terminal to
the positive terminal, the electrons need a path to follow. We can
create a path for the electrons by connecting a wire between the
battery terminals. (Batteries are discussed in more detail in a future
study unit.) By attaching the wires, we actually build a circuit.

In the simple circuit shown in Figure 3, electrons flow from the
negative battery terminal to the positive terminal through the
conductors that are attached to them. Note that the flow of electricity
produced by the battery will continue as long as the chemical reaction
in the battery keeps up. After some time, the chemical reaction in the
battery will stop and the battery will stop functioning. At that point
the battery will need to be recharged or replaced. This is why
motorcycles and ATVs have charging systems.
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FIGURE 3—This figure shows
a simple circuit. In A, the
circuit is open. In B, the
circuit is closed.



Circuits
There are four requirements to complete a typical circuit—a power
source, conductors, a load, and a switch. A power source is simply a
source of electrical power. The power source in a common household
circuit is typically provided by a wall outlet. The power source in a
motorcycle electrical circuit is a battery. The conductors are the wires
that carry the electricity. In order to use the electrons to perform
useful work, we’ve connected a light bulb to the circuit, which is our
load. A load is any device, such as a light bulb or an appliance, that we
want to run with electricity. The switch is the device used to turn the
circuit on and off.

Circuits may be closed or open. In a closed circuit, when the switch is
turned on, electrical power from the power source flows through an
unbroken path to the load, flows through the load, and then returns
back to the power source. In other words, when we turn the switch
on, electrons from the negative battery terminal travel to the positive

6 Electrical Fundamentals

FIGURE 4—In this
illustration of a battery, a
chemical reaction takes
place between the
electrodes and the
electrolyte solution. This
chemical reaction
produces an electrical
charge on each of the
electrodes.



battery terminal. This flow of electrons through a circuit is called
electric current. In contrast, in an open circuit, the switch is turned off,
which breaks the path of the circuit so power doesn’t reach the load.

A simple flashlight circuit is shown in Figure 3. The power source in
this circuit is a battery. The conductors are copper wires. The load is a
light bulb. In Figure 3A, the switch is open (in the OFF position). The
electrical circuit is therefore open, and power can’t flow through the
wires to reach the bulb. In Figure 3B, the switch is closed (in the ON
position). This circuit is complete, and electricity flows through the
wires to reach the bulb, causing the filament to heat up and glow. The
simple circuit that we’ve just described is known as a series circuit.
We’ll discuss the different types of circuits later in this study unit.
You should note that all electrical systems can be broken down to
simple circuits very similar to the circuit that we’ve just discussed!

Electron Flow in a Circuit
Let’s take a closer look at how electrons flow in an electrical circuit.
Figure 5 shows a simple series circuit in which a copper wire is
attached to a battery. One section of the copper wire is enlarged so
that you can see how electrons flow through the wire.
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FIGURE 5—A section of the
conductor in this illustration
has been enlarged so that
you can see how electrons
flow through the wire. A
free electron from the
battery enters the wire. The
free electron then creates
a chain reaction within the
wire where free electrons
bump other electrons from
the outer shell of the
atoms. Remaining free
electrons are drawn to the
positive side of the battery,
completing the circuit.



In the figure, the circuit is closed, and the electrons from the negative
battery terminal are drawn to the positive terminal. Remember that
the outermost electron in each copper atom is easily dislodged from
its orbit. An electron is drawn from the negative battery terminal into
the copper conductor wire. This electron then collides with a free
electron in a copper atom, bumping a free electron and taking its
place. The displaced free electron moves to a neighboring copper
atom, bumps a free electron out of the copper atom’s orbit, and takes
its place. As this chain reaction continues, free electrons bump their
neighbor out of orbit, taking their place. This chain reaction of
moving electrons is called electric current.

In reality, of course, atoms are much too small to see, so we can’t
follow the movement of just one electron through a wire. Many
millions of copper atoms make up a single strand of wire. When a
circuit is closed, millions of electrons move through the wire at the
same time, at a high rate of speed. The more electrons moving
through a circuit, the higher the current in the circuit.

Types of Circuits
As we discussed earlier, there are different types of circuits used in
electrical systems. We’ve already talked about one simple electrical
circuit—the series circuit. A series circuit (Figure 6) is a circuit that has
only one path back to its source. In a series circuit, if one light bulb
burns out, the whole circuit shuts down since there’s no path for the
electricity to continue to flow. A parallel circuit (Figure 6) is a circuit
that has more than one path back to the source of power. In a parallel
circuit, if a light bulb burns out, it won’t have any effect on the other
bulbs because they each have a separate return path to the source of
power. A popular type of circuit that you’ll find on motorcycles and
ATVs is a combination of the series and the parallel circuit, called the
series/parallel circuit. The series/parallel circuit (Figure 6) contains a
load in series and a parallel load in the same circuit.

Unwanted Circuit Conditions
There are different electrical circuit conditions that have an adverse
effect on electrical systems. These circuit conditions are opens, shorts,
and grounds.

As you already know, an open circuit is a circuit that has an incomplete
path for current to flow. An example of an open circuit is a broken wire
or a blown light bulb. A short circuit is a circuit that has developed a
path to the source of power before it reaches the load in the circuit. A
short circuit will blow fuses in the circuit as well as damage wires and
components in the electrical system. A grounded circuit is a circuit that
allows the power to flow back to the source after the load, but before
the means of control.
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The Conventional Theory of Electricity
The conventional current flow theory states that the electrons within a
conductor flow from the positive terminal to the negative terminal of
an electrical energy source. The flow in this theory is the opposite of
the electron theory. Almost all motorcycle and ATV service manuals
use the conventional current flow theory when describing their
electrical systems. Since the conventional theory is the most
commonly used theory in the motorcycle and ATV industry, from
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FIGURE 6—A Series,
Parallel, and
Series/Parallel Circuit
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