Chapter 24

Gauss's Law
24.1 Electric Flux

Consider an electric field uniform in magnitude and
direction; the field lines penetrate a rectangular surface of _ N

- - - - \\Q | .
area A, which is perpendicular to the field. s s\§
The number of lines per unit area (in other words, the line ——— \

density) is proportional to the magnitude of the electric \\\‘T: g‘
field. Therefore, the number of lines penetrating the surface >

is proportional to the product EA. This product of the
magnitude of the electric field E and surface area A perpendicular to the field is called
the electric flux @e (uppercase Greek phi):

de=EA  (N.m%C)

Electric flux is proportional to the number of electric field lines penetrating some
surface.

Example:

What is the electric flux through a sphere with a radius of 1.00 m and a charge of 1.00
uC at its center?

As we have studied in Chapter 23, the E is given as follows:

i o o 1.00 X 1075C
E =k, 7, = (8.99 X 10 N-m+*/C?)

re (1.00 m )2
=8.99 X 10°N/C

Since the field points radially outward, they are everywhere perpendicular to the
surface of the sphere. The flux through the sphere (whose surface area is A= 4nr 2 =
12.6 m?)thus

O = EA = (8.99 X 10° N/C)(12.6 m?)

1.13 X 10° N-m2/C



> If the surface under consideration is not perpendicular to the field

Field lines represent a uniform electric field
penetrating an area A that is at an angle 0 to Mgl
the field. Because the number of lines that
go through the area A4’ is the same as the
number that goes through A, the flux

through 4 is equal to the flux through A and P x — = g
A"’=Acos 6 .

is given by

£2004 Thomson - Brooks/Cole

®z=EACcos 0
@z = EA' =EA cos 0

Note that:

# The flux through a surface of fixed area A has a maximum value EA when the surface
is perpendicular to the field (in other words, when the normal to the surface is parallel
to the field, that is 6 = 0.

# The flux is zero when the surface is parallel to the field (in other words, when the
normal to the surface is perpendicular to the field, that is, 6 = 90.

» Arbitrary surface:

In the preceding discussion, we assumed a uniform electric field. In more general
situations, the electric field may vary over a surface. Therefore, our definition of flux
only means that it is over a small area.

A small element of surface area AAi. The electric field makes

AA,
an angle 6 with the vector AA;, defined as being expected to )
the surface element, and the flux through the element is equal Qvi
to Ei A4; cos 0 . o

Ap = E AAcosé =Ei.AA

¢=lim Y Ei.AA = [EdA

= I E dAcosd



Please note that 6 is the angle between the direction of the electric field
and the normal to the surface (7).

So, @ =[E.AdA= [|E|dAcos6
$=9E.dA = JE, dA = JE dAcoso

0<90° ¢ =+ve & 6>90° ¢ =-ve |

A closed surface in an electric field

The electric
flux through
this area
element is
positive.

The electric
flux through
this area
element is
negative.

The electric
flux through
this area
element is
zero.

By convention, the area vectors AAi are normal to the surface and point outward. The
flux through an area element can be positive (element 1), zero (element 2), or negative
(element 3).

The role of the number of electric field lines:

The net flux through the surface is proportional to the net number of lines leaving the
surface, where the net number means the number leaving the surface minus the
number entering the surface.

« If more lines are leaving than entering, the net flux is positive.

« If more lines are entering than leaving, the net flux is negative.
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Example -1:

A flat surface of an area of 3.20 m? is rotated in a uniform electric field of
magnitude 6.20x10% N/C.

1- Determine the electric flux through this area when the electric field is
perpendicular to the surface.
@ =EAcos@
0=0°
® =6.20x10° 3.20 cos 0 = 1984 N.m?/C

2- Determine the electric flux through this area when the electric field is
parallel to the surface.
® =EAcos@
0 =90°
»=0

3- Determine the electric flux through this area when the electric field is
perpendicular to the area vector.
@ =EAcos@



0=0°

® = 6.20x10° 3.20 cos 0 = 1984 N.m?/C
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Exampl-2 x E

A,

Consider a uniform electric field E oriented in the ""'j;[f: -
x direction in e P
space. A cube of edge length | is placed in the @ - - —
. . / T
field, oriented as : o L @
shown in the Figure. Find the net electric flux e
F- 239 xample 23. closed surface in
th rough the Surface Of t}:gl:lzgpe Ofa(clflbeirlljla Eiiic))r?n l‘lecflric fifeld ori-
the Cube_ ented parallel to the xaxis. Side @ is the bottom of
the cube, and side @ is opposite side @.
Example-3:

Consider a closed triangular box resting within a horizontal electric field
of magnitude E =7.80 10*N/C as shown in Figure P24.4,

Calculate the electric flux through: 0cm—]
(a) The vertical rectangular surface, E
(b) The slanted surface,
and (c) The entire surface of the box. 13;/5 o
¥

FIG. P24.4



