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Introduction to Chapter 7

Have you ever thought about how electricity is measured? If you look at the back of
many appliances you will see electrical units that are most likely unfamiliar to you,
such as volts and amperes. Like all units, electrical units are measurements of useful
quantities. In this chapter you will learn about voltage, the energy of charges,
current, the rate of travel of charges, and resistance, the ability of objects to carry
charges.    

Investigations for Chapter 7

In this Investigation, you will learn how to use an electrical meter to measure
voltage, and you will observe how a change in voltage affects a light bulb.

In this Investigation, you will learn how to use an electrical meter to measure
current, and you will observe how a change in current affects a light bulb. 

In this Investigation, you will learn how to use an electrical meter to measure
resistance, and you will observe how differences in materials and size affect
current. 

7.1 Voltage Why do charges move through a circuit?

7.2 Current How do charges move through a circuit?

7.3 Resistance How well does current travel through different
materials and objects?

Chapter 7
Measuring
Electricity

Electricity and Magnetism
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Learning Goals

In this chapter, you will:

Measure volts with an electrical meter.

Describe the role of a battery in a circuit.

Describe the transfer of energy in a circuit.

Explain the relationship between voltage and energy in a circuit.

Describe current as a flow of electric charge.

Measure amperes with an electrical meter.

Classify materials as conductors, semiconductors, or insulators.

Differentiate between electrical conductivity and resistance.

Explain why metals are good electrical conductors.

Measure ohms with an electrical meter.

Vocabulary

alternating current direct current electrical insulator semiconductor
ampere electrical conductivity ohm volt
battery electrical conductor resistance voltage
current



Chapter 7
7.1 Voltage
Atoms are in everything and are made up of equal amounts of positive and negative charges. How is
this useful in an electric circuit? In this section, you will learn that a battery adds energy to charge and
makes it flow through circuits to do work for us. 

Voltage

What does a A battery uses chemical energy to move charges. If you connect a circuit with a
113.1 Voltage

Figure 7.1: The positive end of a 
1.5 volt battery is 1.5 volts higher 
than the negative end. If you connect 
batteries positive-to-negative, each 
battery adds 1.5 volts to the total. 
Three batteries make 4.5 volts. Each 
charge coming out of the positive end 
of the 3-battery stack has 4.5 volts of 
energy.
7

battery do? battery the charges flow out of the battery carrying energy. They can give up their
energy to electrical devices, like a light bulb. When a bulb is lit, the energy is
taken from the charges which return to the battery to get more energy. A battery is
an energy source for charges that flow in circuits.

Volts measure the
energy level in a

circuit

We measure the energy level of any place in a circuit in volts. Charges gain and
lose energy by changing their voltage. If a charge goes up from 1 volt to 3 volts, it
gains 2 joules of energy. If the charge goes down from 3 volts to 1 volt, it loses 2
joules of energy. 

Batteries add
energy

A fully charged battery adds energy proportional to its voltage. The positive end of
a 1.5 volt battery is 1.5 volts higher in energy than the negative end. That means
every charge that leaves the positive end has 1.5 joules more energy than it had
going in. This energy is what lights the light bulb. When the battery is dead, there
is almost no energy to give to charges flowing through. 
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gure 7.2: Water flows from high 
ergy to low energy. The energy 
ference is related to the difference 
height. Electric charge also flows 
m high energy to low energy, but 
 energy difference is related to the 
ference in volts.
back. In a battery, chemical reactions provide energy to pump charges from low
voltage to high voltage. The charges can then flow back to low voltage and give
their energy back to turn motors and light bulbs. 

Wires are like
water pipes

The water tower is connected by a pipe to a faucet in a house that is lower than the
tower. If you open the faucet, the difference in energy makes the water flow. In a
circuit, the wires act like pipes to carry the charges from high voltage to low
voltage. If you connect the switch, the current will flow.

Fi
en
dif
in 
fro
the
dif
ltage is related
otential energy

Voltage is related to potential energy, just like height is related to pressure in water
flow. Imagine you have two tanks of water. One is higher than the other (figure
7.2). The water in the higher tank has more energy than water in the lower tank.
The water flows downhill, from high energy to low energy. A greater difference in
height means that the water has more potential energy. 

Differences in electrical energy are measured in volts. If there is a difference in
volts, current will flow from the higher voltage to the lower voltage, just like water
flows from higher energy to lower energy.

 battery is like
a water tower

A water tower and pump make a good analogy for a battery. The pump lifts water
up to the tower by giving it energy. The water can flow out and give the energy
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� The volt
Measuring voltage

Connecting a
meter to measure

volts

Volts measure the energy difference between two places in a circuit. To measure
volts you have to connect a meter to two places. The meter measures the voltage
difference between the two. If you connect a meter to the two ends of a battery you
should read at least 1.5 volts from the negative end to the positive end. A fresh
battery might even give you more than 1.5 volts.
115.1 Voltage

Voltage is measured in volts
(V). The volt is named for
the Italian physicist
Alessandro Volta (1745-
1827), who invented the first
battery in 1800. Volta’s
batteries used pans of
different chemicals
connected by metal strips.
Today’s batteries are very
similar except the chemicals
are contained in convenient,
safe packages of useful sizes.

One volt is equal to 1 joule of
energy for each coulomb of
charge.
7

Choosing a
voltage reference

Since voltage is measured from one point to another, we usually assign the
negative terminal of a battery to be zero volts (0 V). This makes the voltage of
every other place in the circuit relative to the negative end of the battery. 

All points on a
wire are the same

voltage

Every point in a circuit connected to the same wire is at the same voltage. Charges
move easily through copper so they do not lose much energy. That is why we
make electrical wires out of copper. Since the charges all have the same energy,
the voltage is the same everywhere along the wire. 
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ts all the energy. Two bulbs are 
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tween the two bulbs because the 
st bulb uses up half the energy.

�

If 
an

So
in 
in one bulb. The voltage goes from 1.5 V to 0 V across the bulb.

In the two-bulb circuit, the voltage drops from 1.5 volts to 0 across two bulbs. The
voltage starts at 1.5 volts. After the first light bulb the voltage is reduced to 0.75
volts because the first bulb used half the energy. The second light bulb reduces the
voltage another 0.75 volts, to get down to zero. Each bulb only “sees” a voltage
difference of 0.75 volts so each of the two bulbs gets less energy, and is dimmer. 
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 Batteries, energy, and voltage

What is the difference between AA, AAA, C, and D batteries? If
you measure the voltage of each, you will see that it is the same.
The main difference between them is that the AAA battery is
small, and does not store as much energy. AAA batteries will not
last as long as D batteries. Think of two identical cars, one with
an extra-big gas tank and one with a regular gas tank. Both cars
go the same speed, but the one with the big gas tank will keep
going longer.

you need charge that has more energy, you must increase the voltage. Radio batteries have 9 volts
d car batteries have 12 volts. In a 12-volt battery each charge that flows carries 12 joules of energy. 

me kinds of batteries can be recharged. Batteries made with nickel and cadmium (NiCad) are used
cell phones and power tools because they can be recharged many times.
tage drops when energy is used

tage is reduced
when energy

is used

If we connect anything that uses energy, like a light bulb, we reduce the voltage.
This should make sense since voltage is a measure of energy. Anything that uses
energy (motors, bulbs, resistors) lowers the voltage since it takes energy away
from any moving charges in the circuit. 

Two examples
of circuits

Suppose you connect two circuits as shown in figure 7.3. Both circuits have 1.5
volts as the highest voltage and zero volts as the lowest voltage. One circuit has a
single light bulb and the other circuit has two bulbs. 

The single-bulb circuit is much brighter. This is because all the energy is used up
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7.2 Current
In the last section, you learned that charges move from places of high voltage in a circuit to places of
lower voltage. Electrical current is how we describe the flow of charges. Current is what flows through
wires and does work, like making light or turning a motor. 

Current

Current is flow of Current is the flow of electric charges. You can think of electrical current much as
117.2 Current

Figure 7.4: Current flows from 
plus to minus, or from high voltage to 
low voltage. 
7

charge you would think of a current of water. If a faucet is on, you can measure the rate of
water flow by finding out how much water comes out in one minute. You might
find that the current (or flow) is 10 gallons per minute. In a circuit, you can
measure the current, but it is measured in amperes. One ampere is a flow of one
coulomb per second. A current of 10 amperes means that 10 coulombs of charge
flow through the wire every second.
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arges are very
small

When you look at a wire, you can’t see current. The particles that carry charge are
electrons. Electrons are parts of atoms, and they are so small that they can flow in
the spaces between atoms. That is why we can’t see any movement in a wire. 

he charges are
ady in the wire

Batteries do not provide most of the charges that flow in a circuit. Current occurs
because electrons in the battery repel electrons in the wire, which repel other
electrons in the wire, and so on. This is why a light goes on as soon as you connect
your circuit together. Since the wire is made of copper atoms, there are plenty of
electrons. When there is no voltage, electrons in the wire do not flow in a current. 

W

E
n
m
ty
th



Chapter 7

t breakers

al circuits in your house have a
breaker that stops too much

 from flowing. Many wires in your
an carry 15 or 20 amps of current.
Circui

Electric
circuit 
current
house c

Measuring current

The ampere or
amp

Current is measured in units called amperes (A), or amps for short. The
unit is named in honor of Andre-Marie Ampere (1775-1836), a French
physicist who studied electromagnetism.

Definition of
1 amp

One amp is a flow of 1 coulomb of charge per second. A 100-watt light
bulb uses a little more than 1 amp of current. A single D battery can
supply a few amps of current for about a half hour before being
completely drained. 

Measuring current To measure current you have to make it flow through the meter. The
moving charges can’t be counted unless they pass through the meter.
That means you must connect the meter into your circuit so the current
119.2 Current

can get dangerously hot if they
ore current than they are designed

 the things that can overload a
is using too many electrical

ces at once, such as an air
oner and an iron on the same
 If many appliances try to draw too
urrent, the circuit breaker trips and
the circuit before the wires get hot
 to cause a fire. 
uit breaker uses temperature-
e metal that expands with heat.
the current gets too high, the
ed metal bends and breaks the
 You have to unplug some
ces and reset the circuit breaker. 
7

Wires 
carry m
for.
One of
circuit 
applian
conditi
circuit.
much c
breaks 
enough
A circ
sensitiv
When 
expand
circuit.
applian

is forced to flow through it.

Setting up the
meter

Most meters have settings for both voltage and current. You will need
to set your meter to measure current. Meters can also measure
alternating current (AC) and direct current (DC). We will discuss AC
and DC in a later section. For circuits with light bulbs and batteries you
want to use the DC settings.

Be careful
measuring current

The last important thing about measuring current is that the meter itself
can be damaged by too much current. Your meter may contain a circuit
breaker or fuse. Circuit breakers and fuses are two kinds of devices that
protect circuits from too much current. If your meter does not work the
circuit breaker or fuse may have acted. A circuit breaker can be reset
but a fuse must be replaced.
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senses differences and breaks
if the current coming out of
 different from the current
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in 0.03 seconds if it detects a
ll as a few thousandths of an
CI protects you from being

d.
AC current The electricity in your house uses alternating current, also called AC
current. This means the direction of the current goes back and forth. In
the electrical system used in the United States, the current reverses
direction 60 times per second. Each wall socket has three wires feeding
it. The hot wire carries 120 volts AC. The neutral wire stays at zero volts.
When you plug something in, current flows in and out of the hot wire,
through your appliance (doing work) and back through the neutral wire.
The ground wire is for safety and is connected to the ground near your
house. If there is a short circuit in your appliance, the current flows
through the ground wire rather than through you!

DC current The current from a battery does not alternate. A battery only makes
current that flows in one direction. This is called direct current, or DC.
Most of the experiments you will do in the lab use DC current.

Household
ectricity is AC

For large amounts of electricity, we use AC current because it is easier to
transmit and generate. All the power lines you see overhead carry AC
current. Other countries also use AC current. However, in Europe, the
current reverses itself 50 times per second rather than 60, and wall
sockets are at a different voltage. When traveling in Europe, you need
special adapters to use electrical appliances you bring from home.

this device
bathroom, 

Plugs usua
Electricity 
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should go 
difference, 
could be go
back throu
through the

The GFCI 
the circuit 
the plug is
going back
the circuit 
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amp. A GF
electrocute
ctricity in your house

ircuits in your
house

You use electric current in your house every day. When you plug in an
electrical appliance, you connect it to a circuit created by wires in the
walls. The wires eventually connect to power lines outside your house
that bring the current from a power station.

 

�  What
interrupte

Circuits in
wired wit
interrupter 
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Why are some materials 
conductors and some 
insulators?
7.3 Resistance
Parts of electrical devices are made up of metals but often have plastic coverings. Why are these
materials chosen? How well does current move through these materials? In this section, you will learn
about the ability of materials and objects to carry electrical current. 

Conductors and insulators

What is a Charge flows very easily through some kinds of materials, like copper. We call a
121esistance

Metals are good conductors.
To understand why, we have
to understand how metal
atoms behave. When many
metal atoms are together, like
in a wire, they each lose one
or more electrons. These
“free” electrons can move
around in a sea of atoms.
Metals are good conductors
because there are lots of
“free” electrons to carry
charge. 

Glass is a good insulator.
Glass does not have free
electrons. When atoms of
glass are together they keep
their electrons tightly bound.
Since no electrons can move
free of their atoms, glass is a
good insulator.
7.3 R

conductor? material like copper an electrical conductor because it can conduct, or carry,
electrical current. Most metals are good conductors.

What is an
insulator?

Other materials, like glass or plastic, do not allow charge to flow. We call these
materials electrical insulators because they insulate (or block) the flow of current.

What is a
semiconductor?

The third category of materials are not as easy-flowing as conductors, but not
quite insulators either. These materials are named semiconductors because they
are between conductors and insulators in their ability to carry current. Computer
chips, LED’s and some kinds of lasers are made from semiconductors.
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Co

gure 7.5: A wire uses both 
nductors and insulators. The 
nductor carries the current through 
 center. The insulator keeps the 

rrent from reaching you when you 
ch the wire.
conductors silver
copper
gold
aluminum
tungsten
iron

semiconductors carbon
silicon
germanium

insulators air
rubber
paper
Teflon
plastics (varies by type)
glass
mica

Fi
co
co
the
cu
tou
nductivity

What makes a
material a

conductor or
insulator?

Materials are not pure conductors or insulators. A little charge flows through all
materials if you connect them to a battery. The difference is in how much current
flows. If you do the experiments you find that the amount of current varies from
very small to very large. The property of a material to allow charge to flow is
called its electrical conductivity. Materials with high conductivity (like metals)
allow charge to flow easily and are conductors. Materials with low conductivity
block charge from flowing and are insulators.

Electrical conductivity Category Material
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� Breakdown voltage

You previously learned that
Resistance

Current and
resistance

The resistance of an object measures how easily charges flow through. High
resistance means it is difficult for current to flow. Low resistance means it is easy
for current to flow. 

Resistance of
water flow

Emptying a jar of water through a narrow opening is a good example of resistance.
If the opening of the jar is large, there is low resistance. Lots of water flows out
quickly. If the opening of the jar is small, there is a lot of resistance. Water does
not flow out as fast. 
123esistance

lightning is caused by
electric charge. In a
thunderstorm, positive and
negative charges become
separated. The voltage
difference becomes huge,
reaching 10,000 volts per
centimeter.

Air, usually a good insulator,
breaks down under these
conditions. The high voltage
created by the storm rips the
electrons away from atoms
of air. The air conducts, and
we see lightning. 

The lowest voltage at which
an insulator turns into a
conductor is called its
breakdown voltage. The
breakdown of air occurs
when 8,000 volts or more is
applied across a centimeter
of air. 
7.3 R

Electrical
resistance

Electrical resistance restricts the flow of current. If the resistance is high, not much
current flows. If the resistance is low, a lot of current flows.

Devices that use electrical energy have resistance. For example, light bulbs have
resistance. If you string more light bulbs together the resistance adds up and the
current goes down. 
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ts of resistance Electrical resistance is measured in units called ohms. This unit is
abbreviated with the Greek letter omega (Ω). When you see Ω in a
sentence, think or read “ohms.” The ohm is named for the German
physicist Georg S. Ohm (1787-1854). Ohm spent many years
studying how circuits work. 

 much current
s in a circuit?

We can now answer the question of how much current flows in a
circuit. If the voltage goes up, the current goes up too. If the
resistance goes up, the current goes down. Voltage and resistance
determine how much current flows in a circuit. If a circuit has a
resistance of 1 ohm (1 Ω), then a current of 1 amp flows when a
voltage of 1 volt is applied. 

� How a pho

A photocopier h
layer of a spec
arsenic, or te
insulator in the d
exposed to light

(A) The plate s
Light creates an
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esistance

Figure 7.6: Some parts of a light 
bulb. There are two electrical contacts 
in the base of the light bulb. Both of 
these must come in contact with an 
electrical circuit for the light bulb to 
work. 
7.3 R

Tungsten filament We use a thin tungsten filament for several reasons. Just as a narrow pipe resists
water flow more than a wide pipe, the very thin filament resists the flow of
current. Because of the high resistance of the tungsten filament, the current going
through it generates a lot of heat. The filament continues to heat up until it reaches
2,500°C (4,500°F). The filament glows white as it heats up, creating the light that
we see. 

Most substances would melt under these circumstances. Tungsten is chosen
because it does not melt until it reaches an even higher temperature. Tungsten also
doesn’t corrode easily.

Argon gas We use argon inside the bulb because it is an inert gas. An inert gas will not
interact with the hot tungsten. If the hot tungsten filament were in air, it would
interact with the oxygen in air and burn up quickly like a match. The argon
protects the tungsten so that it can heat up many, many times before breaking
down. 

Other kinds of
light bulbs

Much of the electrical power going into a light bulb becomes heat, and not light.
Fluorescent bulbs are more efficient because they convert more of the electrical
energy to light than does a regular (incandescent) bulb. Researchers are trying to
make lights from many new materials that are even more efficient. In the
laboratory, tiny light emitting diodes (LED’s) have been made that produce more
light from less electricity than any other type of light source.
 � Why does a bulb light?

What’s in a light
bulb?

Electricity would not be so useful if it flowed equally through every material.
Let’s look at some of the materials in a light bulb. A light bulb contains a copper
wire and a thin tungsten filament in a glass bulb filled with argon gas (figure 7.6).
Why are these materials chosen? 

Copper wire We use copper wire to conduct current to a light bulb filament because copper is a
good conductor. 
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h the following terms with the correct definition. There is one extra definition in the list that will not ma

 One Set Two
ttery a. Flow rate of electric charges 1. amp a. Current tha

through a w

ltage b. The representation of circuit current as the 
flow of positive charges

2. alternating current b. A material

lt c. The commonly used unit of measurement 
for current, equal to coulombs/second

3. direct current c. A material

rrent d. A device that uses energy of chemical 
reactions to separate positive and negative 
charges

4. conductor d. The abbrev

pere e. The amount of potential energy per unit of 
charge

5. insulator e. Current tha

f. The commonly used unit of measurement 
for voltage, equal to joules/coulomb 

f. The repres
flow of neg

 Three
miconductor a. A material that conducts current when 

exposed to light

ectrical conductivity b. The ability of an object to resist current

sistance c. The ability of a material to conduct current

m d. The commonly used unit of measurement 
for resistance

e. A material that conducts current at a 
medium rate
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upter is usually wired into circuits
tions. What is the main purpose of

ins a copper wire with a plastic

he following.

 tungsten filament to provide light. 
nner than the copper wire used in

material for the filament?

P

1

2

 of a D alkaline battery, which is
cidentally reverse the probes. The
s is placed at the positive terminal
 at the negative terminal. What will

nt of 650 coulombs each minute.
 

oncept review

. Explain in two or three sentences how a battery creates potential
energy. 

. Explain how a water pump and battery are similar in terms of
creating potential energy.

. Explain the difference between a AA alkaline battery and a D
alkaline battery. Discuss both voltage and life span.

. The measurement of current in a circuit is similar to the
measurement of the flow of water out of a faucet. Explain why
this is so. 

. A circuit breaker is a safety device that shuts down a circuit
when the current is too high. Describe how a circuit breaker
works. 

. The electrical system in the United States runs on __________
current.

. A battery circuit runs on ___________ current.

8. A ground fault circuit interr
that are in wet or damp loca
this device? 

9. Explain why a circuit conta
cover over the wire.

10. List one example of each of t
a. electrical conductor

b. electrical insulator

c. semiconductor

11.  A light bulb uses a very thin
a. Why is the filament thi

circuit wiring?

b. Why is tungsten a good 

roblems

. When two batteries are connected together correctly, their
voltage adds together. If a circuit has two AA alkaline batteries
(connected correctly!), how many joules of energy does each
coulomb of charge have at the battery terminals? 

. When you use a meter to measure battery voltage, you place one
probe on one battery terminal and one probe on the other battery
terminal. Why do you measure voltage in this way?

3. When measuring the voltage
usually at 1.5 volts, you ac
probe that is set at zero volt
and the other probe is placed
the meter read now? 

4. A toaster oven uses a curre
What is the current in amps?
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5.

6.

 least to greatest resistance:
cil lead. 
the same size, one made of

on. Which wire is the better

resistance of an object by
material and then measuring

ill carry. Do you measure
n a working circuit, or do you
our answer. 

�A

1.

2.

3.
You build a circuit with one battery and a bulb. You remove the
wire from the positive terminal of the battery, insert the meter
in the circuit, and measure the current. The meter reads 0.5
amps. You remove the meter and rebuild your circuit. Now you
remove the wire from the negative terminal of the battery,
insert the meter, and measure the current at this new point in
the circuit. What will the meter read now? 
When you measure current of a circuit with an electrical meter
you keep the circuit on and insert the meter at one point in the
circuit. Explain why.

7. List these materials in order from
light bulbs, clip leads, air, and pen

8. You have two pieces of wire of 
copper and the other made of ir
conductor? 

9. An electrical meter measures 
applying a voltage through the 
how much current the object w
resistance of an object when it is i
turn the circuit off first? Explain y

pplying your knowledge


With an adult, inspect all cords and plugs in your home.
Make sure that the insulation cover on them is in good
condition, without breaks or cracks. With help, replace any
damaged cords or plugs. 

�Brain and nerve cells communicate by the movement of
charged chemicals, which is a type of current. Some diseases,
like epilepsy, occur because of currents that occur when they
shouldn’t. Research electrical currents in the brain and
problems that occur when the system doesn’t work correctly. 

�With an adult, find out the location of the circuit breakers
for your home. If the circuit breakers aren’t labeled, determine
which outlets are connected to which fuse or circuit breaker,
and then label them. 
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