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Quizzes, Examples,
Exercises, Problems




A suspended object A is
attracted to a neutral wall.
It's also attracted to a
positively charged object B.
Which of the following is
true about object A? (1) it
is uncharged, (2) It has a

negative charge, (3) it has a
positive charge, (4) it may

be either charged

uncharged.
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Object A has a charged 2uC|B a9 <2uC Alad A a.u;
, and object B has a charge p—a gl st L 6 Aliad

of 6uC . which statement is

true?
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The Hydrogen Atom (s goa¢d) 52 : Jlia

The electron and proton of a hydrogen atom are separated (on the average) by a distance of approximately
5.3 % 107 m. Find the magnitudes of the electric orce and the gravitational force between the two partiles,
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(b) Compute the acceleration of the electron
caused by the electric force. Repeat for the
gravitational acceleration.



Use Newiton'ssecond law and the electricforce | ALl (48 g 0 93D aladi by
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QUESTION 15.1 If the distance between two charges is doubled, by what factor 1s the magnitude of the electric force
changed:
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EXERCISE 15.1 (a) Find the magnitude of the electric force hetween two protons separated hy 1 femtometer (107" m),
approximately the distance between two protons in the nucleus of a helium atom. (b) If the protons were not held together
by the strong nuclear force, what would be their mitial acceleration due to the electric force between them?

ANSWERS (2) 2 X 10°N (b) 1 X 10% m/s
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PROBLEM Three charges lie along the waxis as in Figure 13.7. The positie
charge ¢, = 13 45t ¥ = 2.0 m, and the positive charge ¢, = b pC s a
the origin. Where must a negatioe charge b be placedl on the vaxs so that the
restilrant electric force on it 15 2ero:
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15.6 Rank the magnitudes of the electric field at points A, B, and Cin Figure 15.15,

with the largest magnitude first.

(a) A,B,C (b)A,C,B (c) C,A, B (d) The answer can't be determined by visual
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Gauss's Law
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Electric Flux @b ¢S) (32l =2

Field lines representing a uniform electric field
penetrating a plane of area A perpendicular to the field.
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Field lines representing a uniform electric field
penetrating an area A that is at angle 0 to the field.
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The number of field lines that
go through the area A is the
same as the number that go
through area A.

VAW

“H‘H‘".h-..__
:a\i“*x ;
-

/' TN —
N o

A, =Acos#H ~




Summﬂ.ry]

Definition

Electric [lux is proportional to the number of electric lield lines that penetrate a surface. If the electric field is uni-
form and makes an angle # with the normal to a surface ol area A, the electric [lux through the surface is

by = Edcosd (24.2)

In general, the electric [lux through a surflace is

E-dA (24.3)
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Gauss's law says that the net electric (I) E
[lux g through any closed ganssian " he .
surface is equal to the netcharge g, ‘.H ‘ 9531"""73 ‘-5""4 Cf"f {p GL':'“ J')g
inside the surface divided by e qin JANL 33 ga gall Adliall dia Ll
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Using Gauss’s law, you can calculate D E — f E.dA = din / €o
the electric [ield due to various sym-

. o surface
metric charge distributions.




A conductor in electrostatic equilibrium has the [ollowing properties:

1. The electric lield is zero evervwhere inside the conductor, whether
the conductor is solid or hollow.

2. Il the conductor is isolated and carries a charge, the charge resides
on its surface.

3. The electric lield art a point just outside a charged conductor is per-
pendicular to the surface of the conductor and has a magnitude /¢,
where @ is the surface charge density at that point.

4. On an irregularly shaped conductor, the surface charge density is
greatest at locations where the radius of curvature of the surface is
smallest.
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The electric field makes an angle
#; with the vector ﬂtﬁi, defined as
being normal to the surface
element.
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A closed surface In an electric field. The area
vectors are, by convention, normal to the surface
and point outward
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The electric The electric

flux through flux through
this area this area
element is element is
negative. ZETO.
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The electric
flux through
this area
element is
positive.
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Figure 24.5 (Example 24.1) A closed surface in
the shape of a cube in a uniform electric held ori-
ented parallel to the x axis. Side @) is the botom of

the cube, and side (I is opposite side @.
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Flux Through a spherical Gaussian surface

When the charge is at the center q
of the sphere, the electric field is E = f{g—g
everywhere normal to the surface r

and constant in magnitude. q
Oy = FEA = 1{8—2(47??2) = 4wk,q
r
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A spherical Gaussian surface of radius r surrounding a
positive point charge q.
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Closed surfaces of various shapes surrounding

a positive charge.

The net electric flux is the
same through all surfaces.




The number of field lines
entering the surface equals the
number leaving the surface.

z

A point charge located outside
a closed surface.
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Charge g, does not contribute to
the flux through any surface
because it is outside all surfaces.
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The net electric flux through any
closed surface depends only on
the charge inside that surface.

The net flux through surface S is

%, the net flux through surface
0

¢ is (q2+493)
€0
through S"' is zero.
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4 Gauss's Law

The electric flux @, through any closed surface is equal to the net charge

inside the surface, Q. .. . divided by €

Q_inside

[15.11]
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