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33.6 Electrical Energy Storage
Electrical energy can be stored in a common device called a 
capacitor.  Capacitors are found in nearly all electronic circuits. 
Computer memories use very tiny capacitors to store the 1’s and 0’s 
of the binary code. Some keyboards have them beneath each key. 
Capacitors in photoflash units store larger amounts of energy slowly 
and release it rapidly during the short duration of the flash. Similarly, 
but on a grander scale, enormous amounts of energy are stored in 
banks of capacitors that power giant lasers in national laboratories.

The simplest capacitor is a pair of conducting plates separated 
by a small distance, but not touching each other. When the plates are 
connected to a charging device such as the battery shown in Figure 
33.14, charge is transferred from one plate to the other. This occurs 
as the positive battery terminal pulls electrons from the plate con-
nected to it. These electrons in effect are pumped through the battery 
and through the negative terminal to the opposite plate. The capaci-
tor plates then have equal and opposite charges—the positive plate 
is connected to the positive battery terminal, and the negative plate 
is connected to the negative battery terminal. The charging process 
is complete when the potential difference between the plates equals 
the potential difference between the battery terminals—the battery 
voltage. The greater the battery voltage and the larger and closer the 
plates, the greater the charge that is stored. 

In practice, the plates may be thin metallic foils separated by a 
thin sheet of paper. This “paper sandwich” is then rolled up to save 
space and may be inserted into a cylinder. Such a practical capacitor 
is shown with others in Figure 33.15. (We will consider the role of 
capacitors in circuits in the next chapter.)

FIGURE 33.14 �
A simple capacitor consists 
of two closely spaced metal 
parallel plates. When con-
nected to a battery, the 
plates become equally and 
oppositely charged.

FIGURE 33.15 �
In these capacitors, the 
plates consist of thin 
metallic foils that have 
been rolled up into a 
cylinder.
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33.6   Electrical 
Energy Storage

Key Term
   capacitor

Common Misconception
 A capacitor is a source of electrical 
energy.

 FACT Energy from a capacitor 
comes from the work done in 
charging the capacitor.

� Teaching Tip Show some 
common capacitors to your class.

� Teaching Tip The capacitance 
of a capacitor, the ratio of net 
change on each plate to the 
potential difference created 
by the separated charges, is 
measured in units of farads (F). 
The farad is named after Michael 
Faraday.
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Capacitors store and hold electric charges until discharged. A 
charged capacitor is discharged when a conducting path is provided 
between the plates. Note that a capacitor might store charge even 
after the electricity to a device has been turned off—for seconds, 
minutes, or even longer. Discharging a capacitor can be a shock-
ing experience if you happen to be the conducting path. The energy 
transfer can be fatal where high voltages are present. That’s the main 
reason for the warning labels on devices such as TV sets.

The energy stored in a capacitor comes from the work done 
to charge it. The energy is in the form of the electric field between 
its plates. Between parallel plates the electric field is uniform, as indi-
cated in Figures 33.4c and 33.5c on previous pages. So the energy 
stored in a capacitor is energy stored in the electric field.

Electric fields are storehouses of energy. We will see in the next 
chapter that energy can be transported over long distances by elec-
tric fields, which can be directed through and guided by metal wires 
or directed through empty space. In Chapter 37 we will see how 
energy from the sun is radiated in the form of electric and magnetic 
fields. The fact that energy is contained in electric fields is truly
far-reaching.

CONCEPT
CHECK ...

... Where does the energy stored in a capacitor 
come from?

33.7 The Van de Graaff Generator
A common laboratory device for building up high voltages is the Van 
de Graaff generator. This is the lightning machine often used by “evil 
scientists” in old science fiction movies. A simple model of the Van de 
Graaff generator is shown in Figure 33.17.

Ink-Jet Printers The printhead of an ink-jet printer typically ejects a 
thin, steady stream of thousands of tiny ink droplets each second as it 
shuttles back and forth across the paper. As the stream flows between 
electrodes that are controlled by the computer, selective droplets are 
charged. The uncharged droplets then pass undeflected in the electric 
field of a parallel plate capacitor and form the image on the page; 
the charged droplets are deflected and do not reach the page. Thus, 
the image produced on the paper is made from ink droplets that are 
not charged. The blank spaces correspond to deflected ink that never 
made it to the paper.

Link to TECHNOLOGY

FIGURE 33.16 �
Mona El Tawil-Nassar 
adjusts demonstration 
capacitor plates.
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 The energy stored in 
a capacitor comes 

from the work done to charge it.

T e a c h i n g  R e s o u r c e s

• Reading and Study 
Workbook

• Laboratory Manual 92

• Probeware Lab Manual 15

• PresentationEXPRESS

• Interactive Textbook

• Next-Time Question 33-1

33.7 The Van de 
Graaff Generator

Common Misconception
  High voltage is dangerous under any 
conditions.

 FACT   A high voltage is not 
dangerous if only a small amount 
of charge is involved.

� Teaching Tip  End your 
lecture on this chapter with a 
return to the Van de Graaff 
demo and discussion of the lack 
of current in the lamp when 
there was no potential difference 
across its ends. This is the lead-in 
to the next chapter.

CONCEPT
CHECK ...

...CONCEPT
CHECK ...

...
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A large hollow metal sphere is supported by a cylindrical insulat-
ing stand. A motor-driven rubber belt inside the support stand moves 
past a comblike set of metal needles that are maintained at a high 
electric potential. A continuous supply of electrons is deposited on 
the belt through electric discharge by the points of the needles and 
is carried up into the hollow metal sphere. The electrons leak onto 
metal points (which act like tiny lightning rods) attached to the inner 
surface of the sphere. Because of mutual repulsion, the electrons 
move to the outer surface of the conducting sphere. (Remember, 
static charge on any conductor is on the outside surface.) This leaves 
the inside surface uncharged and able to receive more electrons as 
they are brought up the belt. The process is continuous, and the 
charge builds up to a very high electric potential—on the order of 
millions of volts. Touching a Van de Graaff generator can be a hair-
raising experience, as shown in Figure 33.18.

A sphere with a radius of 1 m can be raised to a potential of 
3 million volts before electric discharge occurs through the air 
(because breakdown occurs in air when the electric field strength 
is about 3 × 106 V/m).33.7 The voltage of a Van de Graaff 
generator can be increased by increasing the radius of the sphere 
or by placing the entire system in a container filled with high-
pressure gas. Van de Graaff generators in pressurized gas can pro-
duce voltages as high as 20 million volts. These devices accelerate 
charged particles used as projectiles for penetrating the nuclei 
of atoms. 

CONCEPT
CHECK ...

... How can the voltage of a Van de Graaff generator 
be increased?

An electric field is 
nature’s storehouse 
of electrical energy.

FIGURE 33.17 �
In a Van de Graaff generator, 
a moving rubber belt carries 
electrons from the voltage 
source to a conducting sphere.

FIGURE 33.18 �
The physics enthusiast 
and the dome of the Van 
de Graaff generator are 
charged to a high voltage.
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If you are lucky, the pans will 
land one on top of another. 
Students usually laugh and 
applaud when the last one flies 
off. It is one of those demos 
that makes the class shout, “Do 
it again!”

 The voltage of a Van 
de Graaff generator 

can be increased by increasing 
the radius of the sphere or by 
placing the entire system in a 
container filled with high-
pressure gas.

T e a c h i n g  R e s o u r c e s

• Reading and Study 
Workbook

• Next-Time Question 33-2

CONCEPT
CHECK ...

...CONCEPT
CHECK ...

...

 If you did not do so in 
Chapter 32, now is a good 
time to use the Van de 
Graaff generator to show 
the repulsion of like charges. 
Crank up the generator with 
a dozen 10-in. aluminum pie 
pans resting on top of the 
sphere. The weight of the 
pans above each pan is greater 
than the force of repulsion 
between the pans and so they 
remain on the sphere—all 
except the pan on top, which 
has no pans on top of it. The 
top pan “floats” off and the 
second pan becomes the top 
pan. It too floats off. This 
continues until all the pans 
have floated off one by one.

               

DemonstrationDemonstration
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