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 We use electricity daily. Electricity makes light bulbs glow, makes heating elements of an 
electric stove hot, powers computers, televisions and refrigerators, causes electric motors 
to spin and is used for many other things. Robots are commonly powered by electricity. If 
you would like to build a robot, it would be a good idea to learn about electricity and 
electronics. 

 Electricity is the flow of electric charge. What does that mean? First we need to learn a
little about electric charge. Our story starts with amber, which is fossilized resin from 
evergreen trees (pine, etc.). Ancient Greeks who lived more than 2,000 years ago were 
aware of a curious property of amber. When rubbed with wool, amber will attract light-
weight materials such as a small piece of paper or a feather. Today we know that static 
electricity is the cause of the attraction. The amber becomes charged with an excess of 
electrons when rubbed with wool. That charge can attract other objects. The word electron 
comes from the Greek word for amber. 

 Perhaps you have learned about atoms in
school. Atoms contain particles that have electric
charge. Everything on Earth, all the stars in the
night sky, the Sun and planets, everything is
made from atoms. Atoms are the building blocks
of matter. Atoms are composed of two major
parts: the nucleus and electrons that orbit
around the nucleus. The nucleus is composed of
two kinds of particles: protons and neutrons.
There is much more to atoms than just these
parts, but this is all we need to know for now.
The protons in the nucleus are have a positive 
electric charge and the electrons that orbit
around the nucleus have a negative electric
charge. In most cases, when we talk about
electricity, we are talking about the flow of
electrons (negatively charged particles). The electric charge that flows through an electric 
wire is electrons. But a complete understanding of electricity must include situations where
positive charge flows.  For example, inside batteries the particles that flow are positively 
charged particles.

Electrons are very small particles. In fact, they are so small that scientists believe they 
may have no size at all. If true, they have no dimensions of size. Scientists call this kind of 
particle a point particle. Wikipedia has an article on point particles:
https://en.wikipedia.org/wiki/Point_particle 
In the article there is this statement: “For example, for the electron, experimental 
evidence shows that the size of an electron is less than 10−18m. This is consistent 
with the expected value of exactly zero.” It is very difficult to measure the size of a 
particle if it is very very small and an attempt to measure it is so challenging that all we can
say is that it is smaller than a specific size.  That size,  10−18m, as scientists write it, is 
0.000000000000000001 meter. That size is incredibly small and scientists can say that the
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Figure 1: A Rutherford model of an atom

https://en.wikipedia.org/wiki/Point_particle


January 26, 2021  Electricity and Electronics for Robotics Jeffrey La Favre

electron is smaller than that size.  And scientists believe by theoretical calculations the size
is actually zero.

The properties of electrons allow them to move easily through a solid metal wire! However,
a solid that allows the flow of electrons has to be made of particular kinds of atoms 
because electrons can’t flow through all kinds of solids. I will have more to say about 
that later. 

Since we can’t see electrical charge moving in a wire, it is helpful to compare the flow of 
electricity to the flow of water, something we can see. We can compare water flowing 
through a pipe with electrical charge flowing through a wire. That does not mean that 
flowing water is electricity, we only think about flowing water because we can see it and in 
some ways it can behave like electrical charge flowing through a wire. Flowing water helps
us to visualize flowing electric charge, which we cannot see.

What makes electric charge flow in a wire? To help us understand the cause of 
electrical flow, let us use the example of flowing water. What makes water flow through the
pipes in your house? The water is under pressure and it is the pressure that forces the 
water to flow out of an open faucet. What causes the pressure? That depends on how 

water is delivered to your house. Suppose your house gets its water from a village supply. 
Maybe you have seen a village water tank like the one on the square in Burton, Ohio. The 
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Figure 2: A modern steam turbine generator. You can’t see the spinning parts in this machine 
because they are inside the machine case. Notice the man standing next to the generator.
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tank of water sits high above the ground. Water is pumped into the tank from a well. Since 
the tank sits high above ground level at a high place in the village, the water in pipes below
the tank becomes pressurized due to the force of gravity. In this case, it is the force of 
gravity that causes the water to become pressurized. 

Scientists use the term electromotive force (emf) for the kind of force that causes 
charged particles to flow in a wire. Emf is generated by various methods. The electricity 
delivered to your house from the electric company is created by spinning a generator, 
which is similar to an electric motor. The generator is commonly spun by a steam turbine 
and the steam is produced by heating water with burning coal or nuclear power. Another 
source of electricity that you are familiar with is a battery. In the case of electricity delivered
to your house, the method of generation is mechanical (the spinning of a generator). In 
the case of a battery, the source of generation is chemical. 

There are three important words or terms that you need to know before you can learn 
more about electricity and electronics: electromotive force, current and resistance. We 
have already said that emf is the force that causes electrical current to flow in a wire. 
Current is the amount of charged particles flowing in the wire. Emf and current are not 
equivalent. Suppose we have a pipe that is very large in diameter and is carrying water at 
a rate of 1,000 gallons a minute. However, the pressure on the water is very low and it falls
straight to the ground from the open end of the pipe. That would be analogous to a large 
wire carrying a great amount of charged particles but under a low emf. Compare this with 
the water from a garden hose with a spray head attached. The hole in the spray head is 
small and the water in the hose is under high pressure. The water coming out of the spray 
head travels 20 feet before it hits the ground because it is under high pressure. However, 
the amount of water coming out of the hose is only 10 gallons a minute. That would be 
analogous to a small amount of charged particles flowing through a small wire under high 
emf. 

We have one word left to define: resistance. Usually it is not acceptable to define a word 
by using the same word, but perhaps you will forgive me for doing just that. Resistance is 
a measure of resistance to the flow of charged particles. Let us think again about water in 
pipes. Suppose we have a tank of water that sits 10 feet above ground level. There are 
two pipes connected to the tank, one that is twice the diameter of the other pipe. If we fill 
the tank with water, then empty the tank by opening the larger pipe, fill it again and empty 
it using the smaller pipe, which pipe will empty the tank faster? The larger pipe will empty 
the tank faster because it has a lower resistance to the flow of water. Under the same 
emf, an electrical circuit of lower resistance will allow more electric charge to flow 
than a circuit of higher resistance. 

Ohm’s Law is a mathematical formula that relates emf, current and resistance. It is an 
important law to know because you can use it to understand how electric charge flows in 
electrical circuits. Here it is: 

Current ≈
Emf

Resistance
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That is, current in a circuit is proportional to the emf divided by the resistance. We need to 
apply the proper units to convert the proportion to an equation. The current must be in the 
unit named ampere (or amp), the emf in volts and the resistance in ohms. Here is the 
equation in three forms: 

Amps = Volts
Ohms

Ohms = Volts
Amps

Volts = Amps x Ohms
 
If we know two of the three terms we can calculate the third one using one of the above 
equations. For example, if we measure the volts and ohms of a circuit, then we can 
calculate the amps of current that will flow in the circuit using the first equation above. 

If we apply one volt of emf to a circuit containing one ohm of resistance, then one amp of 
current will flow through that circuit. What would happen if we apply 2 volts to the same 
circuit? Then two amps of current would flow. What if we applied one volt to a circuit 
containing two ohms of resistance? Then one half an amp of current would flow. Therefore,
we can see that an electrical engineer can design an electrical circuit to carry a specific 
amount of current depending on how much emf is applied and how much resistance the 
circuit contains. We will see later how this is done. 

We need to add one more word to our electrical vocabulary at this point: watt. Perhaps 
you know that the incandescent electric light bulbs in your house are rated by their wattage
(I am assuming you might still have some of these old style light bulbs in your house). The 
watt is a measure of the rate of electrical consumption or electrical power. It is not enough 
for us to say how much current is flowing to understand the amount of power being 
consumed in an electrical circuit. We also need to consider the emf in the circuit as well. If 
we apply 100 volts of emf to a light bulb and we find that the current flowing through the 
light bulb is one amp, then that light bulb consumes 100 watts of electrical power. It is a 
100-watt light bulb. The formula for electrical power is as follows: 

Power ≈ Emf x Current 

Or 

Watts = Volts x Amps 

In this case the unit for power is the watt, and volt for emf and amp for current. An 
electrical circuit with one amp of current flowing under an applied emf of one volt 
consumes one watt of electrical power. 

It is important to know the wattage consumed by electronic components in a circuit. For 
example, if we apply two volts to a one ohm resistor, then two amps of current will 
flow through the resistor according to Ohm’s Law. Now suppose that resistor is rated at 
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one watt, which means it can’t
withstand more than one watt of
power consumption without being
damaged. In our example, four watts
of electrical power are consumed by
the resistor (2 volts x 2 amps). As a
result, the resistor will become very
hot and will be ruined. If we had used
Ohm’s Law to study this circuit before
allowing current to flow, we would
realize ahead of time that the resistor
could not withstand the current
flowing through it. Our design must
be changed to prevent damage to the
one watt resistor. 

Definition of amp 

What exactly is one amp of current?
Scientists define the amp as follows: 
one amp is the passage of one 
coulomb of charge past a point in a
circuit during one second of time.
Well, that only helps if we know the
definition of coulomb. A coulomb is
equal to the charge of 6.241×1018

electrons (or positively charged particles). At least that is how a scientist would give us the 
definition. That is a very large number of charged particles! Scientists write the number as 
a power of ten. If we write out the number it is 6,241,000,000,000,000,000 charged 
particles. If we had a method of counting the charged particles as they passed by one 
point in a circuit, we would see that 6,241,000,000,000,000,000 charged particles passed 
that point during one second of time if the current flowing in the circuit was one amp. 
Amazing! 

Two Kinds of Electrical Current 

Two important kinds of electrical current are alternating current (AC) and direct current 
(DC). 

Alternating current changes direction of flow and direct current flows only in one direction. 
The electricity that is delivered to your house is AC. In the United States, the AC 
delivered by the electric companies is 60 cycles. That means the current cycles 60 times 
each second. One cycle is the flow of current in one direction followed by flow in the 
reverse direction. Therefore, 60 cycle AC changes direction of flow 120 times each 
second. 

Most of the electrical appliances in your house run on AC (electric stove, refrigerator, 
kitchen mixer, hair drier, etc.). However, the electronic devices in your home operate with 

Page 5 of 9 Pages

Figure 3: The city lights of Prince George, British 
Columbia viewed in a motion blurred exposure. By 
moving the camera during the exposure, each city light
is seen as a wavy line, not a dot. Using this method, we
can see that the city lights are powered by alternating 
current. Each time the current changes direction, the 
lights stop glowing for a very short amount of time. In 
other words, the lights are flashing on and off 120 
times each second. This flashing rate is too fast for 
humans to see with their eyes.
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direct current (DC). Batteries supply direct current. Electronic
devices that don’t run on battery power, like a TV, convert the house
AC to DC in an electrical circuit called a power supply. 

Direction of Current Flow 

We need to go back to atoms for a minute to talk a property of
electrically charged particles, the protons and electrons. As already
stated, protons have an electrical charge that is positive (+) while 
electrons have an electrical charge that is negative (-). Opposite
charges attract each other while like charges repel each other. The
protons in the nucleus attract the electrons spinning around the
nucleus of an atom because they have opposite charges (plus and
minus). It is the attractive electrical force that keeps the electrons
spinning around the nucleus of the atom, just as the force of gravity
keeps the planets orbiting around the Sun. 

Have you ever taken a close look at a battery? The common types
have a metal button on top. That is the positive end of the battery. If
you look at the side of the battery it may have a plus sign
near the top. The top end is the positive charge end and
the bottom is the negative charge end. By convention,
scientists and engineers decided a long time ago that we
must describe the direction of current flow in a circuit as
the direction of positive charge flow.  Even though
electrons flow in the opposite direction in a wire, we must
draw our circuit diagrams showing the flow of positive
charge. Following this rule, positive charge flows out of
the positive terminal of the battery as drawn in Figure 5
(but in actuality, it is electrons that flow out of the negative
terminal of the battery).

I have used the word circuit many times but have not
defined it yet. A circuit is a path for electricity to follow as it
flows. We can use the terms open circuit and closed
circuit. Electricity only flows in a closed circuit. 
Suppose I have a light bulb with two wires attached to it.
We can use the diagram in Figure 5 for our circuit, where R is the light bulb and v is the 
battery, or just look at Figure 7 on the next page. The wires, bulb and battery are the 
circuit, or path for electrical flow. The electricity flows from the battery through one wire to 
the bulb and returns through the second wire. But current does not flow in the circuit until 
one wire is connected to the top of a battery and the other wire to the bottom of the battery.
Once both wires are connected, the circuit is closed and current will flow. We can control 
the flow of current in a circuit by adding a switch (Figure 6 on next page).  When the switch
is open (like in Figure 6) then current cannot flow.  When the switch is closed (the “ON” 
position) then current can flow.
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Figure 4: Battery

Figure 5: A simple electric 
circuit showing the direction of 
current flow. This is a closed 
circuit because there is a 
complete path for current to flow
from the positive side of the 
voltage source to the negative 
side.
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Conductors and Insulators 

We can divide materials into categories with respect to
how easily electricity flows through them. You may know
that electric wires are made of metals because electricity
flows easily through metals. The metal copper, made of
copper atoms, is one metal that allows current to flow very
easily. That is why electric wires are commonly made of
copper. Metal made of silver atoms is even better at
allowing current to flow. However, silver is very expensive
and not worth the extra cost in making electric wires,
except under unusual situations. Copper is moderately
expensive compared to the metal aluminum. Metal of
aluminum atoms is commonly used for very large wires
partly because it is a cheaper metal. It does not conduct
electricity as well as copper, but the cheaper price makes it
an option for large wires. 

Now I have used the word conduct. Materials, like metals, that
allow electricity to pass through them easily are known as 
conductors. Materials that are very good at blocking the flow
of electricity are known as insulators. Rubber and many
plastics are good electrical insulators. That is why electric wire
is commonly covered with some type of insulator, to protect
people from getting electric shocks. You always want to protect
yourself from electric shock when working with electricity. Now
let us learn something about working safely with electricity. 

Electrical Safety 

The standard voltage supplied by the electric receptacles in your house is 120 volts. That 
level of voltage can give you a strong electrical shock if you touch a bare metal wire. That 
is one reason why electric wires carrying 120 volts are always insulated in situations where
you can touch the wire. In fact, an electrical shock of 120 volts may even be lethal to 
humans (that is, it may cause death). People who work with voltage at high levels, like 120
volts, must have a lot of training so that they know how to work safely. In our robotic 
projects we will not use high voltage. Common batteries supply only low voltage that is 
safe to work with. You may know that you can touch both ends of a common battery and 
not feel a thing. A standard AA battery supplies only 1.5 volts, which is completely 
harmless to humans and other living things. Even 9 volt batteries are safe to work with. 
Using batteries to power your electronic projects is a safe way to learn and is the way we 
will work in our club. 

A WORD OF CAUTION: never open the case or cabinet containing an electrical device 
that runs on house voltage (for example, 120 volts). Many of these devices will have 
exposed metal surfaces on the inside that carry electricity. If you touch a metal surface 
inside that is energized, you will get an electric shock. You may even get an electric shock 
if the cord for the device is not plugged into an electrical receptacle. Some electrical 
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Figure 6: A switch has been 
added to this circuit and the 
switch is in the off (open) 
position, creating an open 
circuit - no current can flow

Figure 7: a closed circuit 
containing two wires, a 
battery and a light bulb.
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devices contain components called capacitors which temporarily store electricity, even 
when the device is turned off and unplugged. That is why you need to have a lot of training
to work on electrical devices that work with house voltage. It is much safer to start learning
about electricity using batteries that supply low voltage (under 20 volts). 

Units of voltage and amperage 

In our projects with robots, many of the circuits will carry small amounts of current or very 
low voltages. In these cases it is more convenient to use smaller units for voltage and 
current than the volt and amp. When current is small, we can use the unit milliamp. One 
amp is the same as 1,000 milliamps. One milliamp is 1/1,000th of an amp. Similarly, we 
can use the unit millivolt for emf. One volt is the same as 1,000 millivolts. One millivolt is 
1/1,000th of a volt. It is common to abbreviate volt as V, amp as A, milliamp as mA, millivolt
as mV. For example, 100 milliamps can be abbreviated as 100 mA. 

Experiment For You – static electricity 

Benjamin Franklin used a glass tube to collect electric charges in his static electricity 
experiments. The electric charges were generated when Franklin rubbed the glass tube 
with various materials (his hand, silk cloth or leather). Other materials can be substituted 
for glass in static electricity experiments. In your experiment you will be using a PVC pipe. 
When PVC plastic is rubbed with wool, the PVC collects electrons from the wool and 
becomes negatively charged. If the charged PVC is placed near small pieces of paper, the 
pieces of paper will be attracted to the PVC. 

Remember that there are two types of electric charge: negative and positive. Electrons 
are negatively charged and protons are positively charged. When an atom contains equal 
numbers of electrons and protons, it does not have a net electric charge. The negative 
charges balance the positive charges. When an electron escapes from an atom, the atom 
becomes positively charged because it has more protons than electrons. Like charges 
repel each other and different charges attract each other. When the negatively charged 
PVC is placed near the paper pieces, some of the electrons in the paper move to the side 
of the paper that is opposite the PVC pipe (like charges repel each other). When that 
happens, the side of the paper facing the PVC pipe becomes positively charged. Then the 
paper is attracted to the PVC pipe because different charges attract each other (the PVC 
is negatively charged and the side of the paper facing the PVC is positively charged). 

This experiment works best in the winter, when humidity inside your house is low.  In 
spring, when the heater is turned off in your house, the air inside your house will rise in 
humidity.  The higher humidity creates a condition where it is difficult to create objects with 
static electrical charge.

Task One 

Now try this experiment yourself. Sprinkle some small pieces of paper on the table where 
you are working. Take the PVC pipe in your hand and then place it very close to the paper 
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pieces, but do not touch the paper pieces with the pipe. Nothing should happen to the 
paper pieces. Now, still holding the PVC pipe in one hand, rub the pipe with a piece of 
wool held in your other hand. Rub the pipe vigorously for a few seconds. Now place the 
pipe very near the paper pieces, but do not touch them. The paper pieces should jump up 
and stick to the pipe. If nothing happens, then you may need to rub the pipe again with the 
wool. The more you rub the pipe, the more it becomes negatively charged (up to a certain 
point). 

Task Two 

For this task you will use two PVC pipes. Remember that like charges repel each other. In 
this experiment you will see that if both PVC pipes are charged negatively (by rubbing with
the wool), then they will repel each other. Place a small bowl on your work table. Place one
of the PVC pipes on top of the bowl. If the bowl is level, then the pipe should not roll off the
bowl. If the pipe does roll off the bowl, you will need to find another location that is level or 
you can level your bowl by placing sheets of paper underneath one side. When you have a
level bowl, rub both pipes with wool to charge them negatively. Carefully place one pipe on
top of the bowl. Now, holding the other pipe in your hand, place it close to the pipe on the 
bowl but do not touch the two pipes together. The pipe on the bowl should start to roll 
away from the other pipe in your hand (like charges repel). 

Once you have completed Tasks One and Two, you are ready to go on to the next 
document which is titled Electrical and Electronic Circuits.  Some of the things you have
learned in this paper will be repeated, because it is important for you to retain this 
information as you move forward working on your GEAR projects.
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