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Circuit Measurements 

DISCOVER 
• 
: How Can Current Be Measured? • • • • • • 

• • 

1. Obtain four pieces of wire with the insulation removed from 
both ends. Each piece should be about 25 em long . 

2. Wrap one of the wires four times around the compass 
as shown. You may use tape to keep the wire in place. 

3. Build a circuit using the remaining wire, wrapped 
compass, two bulbs, and aD cell as shown. Adjust 
the compass so that the wire is directly over the 
compass needle. 

4. Make sure the compass is level. If it is not, place it on a 
lump of modeling clay, so that the needle swings freely . Think It Over 

: 5. Observe the compass needle as you complete the circuit. 
Inferring Based on your observa
tions of the compass, when did the 
most current flow in your circuit? 
How can you explain your 
observations? 

: Record the number of degrees the needle turns. 
• • • • • • 

6. Repeat the activity using only one bulb, and again with no 
bulb. Record the number of degrees the needle turns . 

+ What causes electric current 
to flow? 

+ How does increasing voltage 
affect current? 

+ How does increasing 
resistance affect current? 

Reading Tip Before you 
read, preview the boldfaced 
vocabulary terms. Write them 
down, leaving spaces between 
them for notes. 

Y
ou're on a visit to a botanical garden. After a walk through 
the plush greenery, you rest by an artificial waterfall con
structed in the middle of the garden. The continuous flow 

of water over the falls is soothing. You might be wondering what 
a waterfall could possibly have to do with electricity. Although 
there is an electric pump that keeps the water flowing, it is not the 
kind of pump that matters. The falling water itself, or any flowing 
liquid, is similar to the current in an electric circuit. 

Electrical Potential 
What happens to the water when it gets to the top of the waterfall? 
Naturally, the water falls down. When you lift something, you give 
it energy by doing work against the force of gravity. Th~ type of 
energy that depends on position is called potential energy. 

An object will move from a place of high potential energy to 
a place of low potential energy. The potential energy of the water 
is greater at the top of the waterfall than at the bottom. So water 
flows from the top to the bottom. 

In a similar way, electrons in a circuit have potential energy. 
This potential energy, however, is related not to height but rather 
to the force exerted by electric fields. The potential energy per 
unit of electric charge is called electrical potential. 
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Voltage 
Just as water flows downhill, electrons flow from places of higher 
potential to places oflower potential. The difference in electrical 
potential between two places is called the potential difference. 
The unit of measure of potential difference is the volt (V). For 
this reason, potential difference is also called voltage. Electrons 
will flow as long as there is a potential difference, or voltage 
between two parts of a circuit. 

Recall that the flow of electrons through a material is called 
electric current. Now you know what causes current to flow. 
Voltage causes current to flow through an electric circuit. 

Figure 7 The diagram shows 
how a hidden pump feeds the 
waterfall in the photo. The 
movement of the water is 
similar to the current in an 
electric circuit. 



Figure 8 As the difference in 
height between the two ends of the 
pipe increases, the flow of water 
increases. Making Models How is 
the water pipe a model for voltage 
and current? 
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Voltage Sources 
What happens to the water when it gets to the bottom of the 
waterfall in the botanical garden? If nothing brings the water 
back to the top, the water flow will quickly stop. But this water
fall has a pump that pushes the water back up to the top. Once 
the water returns to the top, it can flow back down again. 
Another way to describe this process is to say that the pump 
maintains the potential difference between the top and bottom 
of the falls. As long as this difference exists, the water can con
tinue to flow. 

An electric circuit also requires a device to maintain a poten
tial difference, or voltage. A voltage source creates a potential 
difference in an electric circuit. Batteries and generators are 
examples of voltage sources. 

You will learn more about voltage sources in the next chapter. 
For now, all you need to know is that a voltage source has two ter
minals. The potential difference, or voltage, between the terminals 
causes charges to move around the circuit. 

Some voltage sources are stronger than others. You can com
pare voltage to the downward slant of the pipe near the top of the 
waterfall. If a pipe is nearly level, the water just trickles out as 
shown in Figure 8. But if one end is much higher than the other, 
the rate of water flow is greater. The greater the difference in 
height, the greater the flow of water. Just as an increase in the dif
ference in height causes a greater flow of water, an increase in 
voltage causes a greater flow of electric current. 

Resistance 
The amount of water that flows through a pipe in the waterfall 
depends on more than just the angle of the pipe. It also depends 
on the pipe through which the water travels. A long pipe will resist 



Figure 9 Water flows more easily through a 
short, wide pipe than through a long, narrow pipe. 
Similarly, electrons flow more easily through wires 
that are short and thick. 

the flow of water more than a short pipe. And a thin pipe will 
resist the flow of water more than a wide pipe. In addition, a 
dogged pipe will offer more resistance than a clean pipe. 

Current Depends on Resistance In a similar way, the 
amount of current that flows in a circuit depends on more than 
just the voltage. Current also depends on the resistance offered 
by the material through which it travels. Recall that electrical 
resistance is the opposition to the flow of charge. The greater 
the resistance, the less current there is for a given voltage. 

The resistance of a wire depends on the thickness and length 
of the wire. Long wires have more resistance than short wires. 
Thin wires have more resistance than thick wires. Resistance also 
depends on how well the material conducts current. Electrons 
are slowed down by interactions with atoms of the wire. Electrons 
flow freely through conductors, but not through insulators. 

One more factor, temperature, affects electrical resistance. In 
Chapter 1 you learned that electrical resistance can decrease as tem
perature decreases. You can also say that as the temperature of most 
conductors increases, resistance increases as well. 

Path of Least Resistance Perhaps you have heard it said that 
someone is taking the "path of least resistance." This means that 
the person is doing something the easiest way. In a similar way, 
if an electric current can travel through either of two paths, it 
will travel through the one with the lower resistance. 

Have you ever seen a flock of birds perched comfortably on 
high-voltage power lines? The reason the birds don't get hurt is 
that current flows through the path of least resistance. Since a 
bird's body offers more resistance than the wire, current contin
ues to flow directly through the wire without harming the bird. 

wf ~ What two factors affect the flow of a current? 

Down the Tubes 

1. Set up a funnel, tubing, 
beaker, and ring stand as 
shown. 

2. Have a partner start a 
stopwatch as you pour 
200 ml of water into the 
funnel. Be careful not to let 
it overflow. 

3. Stop the stopwatch when 
all of the water has flowed 
into the beaker. 

Making Models How did 
your model represent electric 
current, voltage, and 
resistance? 
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