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Examples of Charge Polarization This explains why elec-
trically neutral bits of paper are attracted to a charged object, such 
as the comb shown in Figure 32.12. Molecules are polarized in the 
paper, with the oppositely charged sides of molecules closest to the 
charged object. Closeness wins, and the bits of paper experience a net 
attraction. Sometimes they will cling to the charged object and sud-
denly fly off. This indicates that charging by contact has occurred; 
the paper bits have acquired the same sign of charge as the charged 
object and are then repelled.

Rub an inflated balloon on your hair and it becomes charged. 
Place the balloon against the wall and it sticks. As shown in Figure 
32.13, the charge on the balloon induces an opposite surface charge 
on the wall. Closeness wins, for the charge on the balloon is slightly 
closer to the opposite induced charge than to the charge of the 
same sign.

Electric Dipoles Many molecules—H
2
O, for example—are elec-

trically polarized in their normal states. The distribution of electric 
charge is not perfectly even. As illustrated in Figure 32.14, there is a 
little more negative charge on one side of the molecule than on the 
other. Such molecules are said to be electric dipoles.
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FIGURE 32.14 �
An H2O molecule is an 
electric dipole.

FIGURE 32.13 �
The negatively charged bal-
loon polarizes molecules in 
the wooden wall and cre-
ates a positively charged 
surface, so the balloon sticks 
to the wall.

FIGURE 32.12 �
A charged comb attracts an uncharged piece of paper 
because the force of attraction for the closer charge is 
greater than the force of repulsion for the farther charge.

If you rub a balloon on 
your hair, you will find 
that the balloon will 
stick to a wall.
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 Show the effects of electrical 
force and charging by 
induction by holding a 
charged rod near the ends of a 
wooden 2 3 4. The 2 3 4 must 
be more than a meter long, 
and it must balance and rotate 
easily sideways at its midpoint 
on a protrusion such as the 
bottom of a metal spoon. You 
can easily set the massive piece 
of wood in motion. This is 
quite impressive! 

� Teaching Tip The demo with 
the 2 3 4 piece of wood is an 
example of charge polarization. 
When the charges are free to 
move we have induction; when 
they’re only free to reposition 
in fixed atoms, we have charge 
polarization.

  Rub a balloon on your hair 
and show that it sticks to the 
wall. Sketch Figure 32.13 on 
the board and show that the 
attracting charges are slightly 
closer than the repelling 
charges. Closeness wins and 
the balloon sticks to the wall!

DemonstrationDemonstration

DemonstrationDemonstration
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In summary, objects are electrically charged in three ways.

1. By friction, when electrons are transferred by friction from one 
object to another.

2. By contact, when electrons are transferred from one object to 
another by direct contact without rubbing. A charged rod placed 
in contact with an uncharged piece of metal, for example, will 
transfer charge to the metal.

3. By induction, when electrons are caused to gather or disperse by 
the presence of nearby charge (even without physical contact). 
A charged rod held near a metal surface, for example, repels 
charges of the same sign as those on the rod and attracts oppo-
site charges. The result is a redistribution of charge on the object 
without any change in its net charge. If the metal surface is dis-
charged by contact, with a finger for example, then a net charge 
will be left.

If the object is an insulator, on the other hand, then a realignment 
of charge rather than a migration of charge occurs. This is charge 
polarization, in which the surface near the charged object becomes 
oppositely charged. This occurs when you stick a charged balloon to 
a wall. 

CONCEPT
CHECK ...

... What happens when an insulator is in the presence 
of a charged object?

Microwave Cooking

Imagine an enclosure filled with table-tennis balls 
among a few batons, all at rest. Now imagine the 
batons suddenly flipping back and forth like semi-
rotating propellers, striking neighboring table-
tennis balls. Almost immediately most table-tennis 
balls are energized, vibrating in all directions. A 
microwave oven works similarly. The batons are 
water molecules that flip back and forth in rhythm 
with microwaves in the enclosure. The table-tennis 
balls are nonwater molecules that make up the 
bulk of material being cooked. 

H2O molecules are polar, with opposite charges on 
opposite sides. When an electric field is imposed 

on them, they align with the field like a compass 
aligns with a magnetic field. Microwaves are an 
electric field that oscillates, so H2O molecules 
oscillate also—and quite energetically. Food 
is cooked by a sort of “kinetic friction” as flip-
flopping H2O molecules increase the thermal 
motion of surrounding food molecules. 

A microwave oven wouldn’t work without the 
presence of the electric dipoles in the food (usually, 
but not always, water). That’s why microwaves 
pass through foam, paper, or ceramic plates with 
no effect. Microwaves also reflect and bounce 
off conductors with no effect. They do, however, 
energize water molecules.

Physics in the Kitchen

Be glad that water 
is an electric dipole. 
If its opposite ends 
didn’t attract different 
ions, almost all the 
chemistry that occurs 
in aqueous solutions 
would be impossible. 
Three cheers for the 
electric dipole nature 
of the water molecule!
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 Place a charged rod near a 
thin stream of falling water. 
The stream will be attracted 
to the rod due to the dipole 
nature of water molecules—
they are positive on the 
hydrogen side and negative 
on the oxygen side. The water 
molecules align along the 
electric field of the charged 
rod, regardless of its charge.

DemonstrationDemonstration

 Conclude the chapter by going 
back to the Van de Graaff 
generator. Introduce the idea 
of electric field—that space 
near the generator dome is 
altered, as you can demonstrate 
by snuffing out a match held 
near the charged dome. This 
will be the focus of the next 
chapter.

 Charge polarization 
 can occur in 
insulators that are near a charged 
object.
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