Electric charges exert a force on each other. If two
charges are of opposite tvpes, one positive and one negative,
theyv each exert an attractive force on the other. If the two
charges are the same type, each repels the other.

The magnitude of the force one point charge exerts on
another is proportional to the product of their charges, and
inversely proportional to the square of the distance between
them:

=2, (16-1)

this is Coulomb's law. In SI units, X is often written as 1,/47e,.

We think of an eleetric field as existing in space around
any charge or group of charges. The force on another charged
object is then said to be due to the electric field present at its
location.

The electric field, E, at any point in space due to one or
more charges, is defined as the force per unit charge that
would act on a positive test charge g placed at that point:

E = (16-3)
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The magnitude of the electric field a distance r from a point
charge Q is

(16-4a)

The total electric field at a point in space is equal to the
vector sum of the individual fields due to each contributing
charge (principle of superposition).

Electric fields are represented by electrie field lines that
start on positive charges and end on negative charges. Their
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direction indicates the direction the force would be on a tiny
positive test charge placed at a point. The lines can be drawn
so that the number per unit area is proportional to the magni-
tude of E.

The static electric field inside a good conductor is zero,
and the electric field lines just outside a charged conductor
are perpendicular to its surface.

[*The electrie flux passing through a small area A for a
uniform electric field E is

‘I’f._' - EJ_ A, (Iﬁ—’}

where E| is the component of E perpendicular to the surface.
The flux through a surface is proportional to the number of
field lines passing through it.]

[*Gauss’s law states that the total flux summed over any
closed surface (considered as made up of many small areas AA)
is equal to the net charge Qg enclosed by the surface
divided by €,:

S E, a4 = Zend, (16-9)
closed €
surface

Gauss’s law can be used (o determine the electric field due to
given charge distributions, but its usefulness is mainly limited
to cases where the charge distribution displays much
symmetry. The real importance of Gauss’s law is that it is a
general and elegant statement of the relation between electric
charge and electric field.]

[*In the replication of DNA| the electrostatic force plays
a crucial role in selecting the proper molecules so that the
genetic information is passed on accurately from generation
to generation. |

L. If you charge a pocket comb by rubbing it with a silk
scarf, how can you determine if the comb is positively or
negatively charged?

2, Why does a shirt or blouse taken from a clothes dryer
sometimes cling to vour body?

-

Explain why fog or rain droplets tend to form around
ions or electrons in the air.

4. A positively charged rod is brought close to a neutral piece
of paper, which it attracts. Draw a diagram showing the
separation of charge and explain why attraction occurs.

5. Why does a plastic ruler that has been rubbed with a

cloth have the ability to pick up small pieces of paper?

Why is this difficult to do on a humid day?

Contrast the net charge on a conductor to the “free

charges™ in the conductor.
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7. Figures 16-7 and 16-8 show how a charged rod placed
near an uncharged metal object can attract (or repel)
electrons. There are a great many electrons in the metal,
vet only some of them move as shown. Why not all of
them?

8. When an electroscope is charged. its two leaves repel
cach other and remain at an angle. What balances the
electric force of repulsion so that the leaves don't sepa-
rate further?
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9. The form of Coulomb’s law is very similar to that for
Newton’s law of universal gravitation. What are the
differences between these two laws? Compare also gravi-
tational mass and electric charge.

10. We are not normally aware of the gravitational or electric
force between two ordinary objects. What is the reason in
each case? Give an example where we are aware of each
one and why.

I1. Is the electric force a conservative force? Why or why

not? (See Chapter 6.)

When a charged ruler attracts small pieces of paper,
sometimes a piece jumps quickly away after touching the
ruler. Explain.

Explain why the test charges we use when measuring

electric fields must be small.

12.

13.

14,

When determining an electric field. must we use a positive
test charge. or would a negative one do as well? Explain.
Draw the electric field lines surrounding two negative
eleciric charges a distance { apart.

Assume that the two opposite charges in Fig. 16-31a are
12.0 cm apart. Consider the magnitude of the electric field
2.5cm from the positive charge. On which side of this
charge—top, bottom, left, or right—is the electric field
the strongest? The weakest? Explain.



