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Gauss’s Law, Introduction

Gauss’s law is an expression of the general relationship

between the net electric flux through a closed surface and the

charge enclosed by the surface.

The closed surface is often called a Gaussian surface.
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Gauss’s Law — General

A positive point charge, g, is located at

the center of a sphere of radius r.

The magnitude of the electric field . .
Spherical il
everywhere on the surface of the sphere is gaussian AA;
surface
] AN /
416012 { 7

The surface area of a sphere is:

A = 4mr?
The angle between the directions of E
and dA is

P —
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Gauss’s Law — General, cont.

*The field lines are directed radially outward and are perpendicular to the surface at

every point.

¢=59Ei-dji=5§EdA=EA

*This will be the net flux through the Gaussian surface, the sphere of radius r.

1 ¢ 2
®=EA= e 2
qin
D=
net €o
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Gauss’s Law — General

“ The net flux through any closed surface surrounding a net charge, g, is given
by

din
b P =—
ne o

and is independent of the shape of that surface.”

The net electric flux through a closed surface that surrounds no charge is ZERO.
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Gaussian Surface, Example

*Closed surfaces of various shapes can

surround the charge.
O Only S, is spherical

o Verifies the net flux through any closed

surface surrounding a point charge q is
given by q/¢e. and is independent of the

shape of the surface.

G A
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Gaussian Surface, Example 2

*The charge is outside the closed surface

with an arbitrary shape. /

¢Any field line entering the surface //

leaves at another point.

e Verifies the electric flux through a 1

closed surface that surrounds no charge \

is zero. \

G o, M s
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Gauss’s Law — Final

The mathematical form of Gauss’s law states

din
€o

Dt = %El -dA; =

* q;, is the net charge inside the surface.

e E represents the electric field at any point on the surface.
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coin. The cross section of a Gaussian surface S is indicated. What is the
net electric flux through the surface if ¢4 = q, = 3.1nC, q, = qs
=-59nC and g3 =—-3.1nC ?

Solution

The coin does not contribute to @ because it is neutral. Charges q, and g5 do not contribute because they are

outside surface S.

Thus, qenc is only the sum g + g, + g3 and:

(p:qenc ZQ1+q2+q3
€o €o

_ 431x107°C-59x1077C - 3.1 x 107°C
- 8.85 x 10-12C2/N - m?2

= —670N - m?/C

The minus sign shows that the net flux through the surface is inward and thus that the net charge within the

surface is negative.
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A nonuniform electric field given by E = (3xi + 4f) N/C pierces The y component
the Gaussian cube shown in the figure. (x is in meters.) 3 Casian is a constant.
surface By
o What is the net electric flux through the surface of the cube? |
F
o What is the net charge enclosed by the Gaussian cube? }
L x
Ex
i} -~ The x component
x=1.0m x=3.0m depends on the
value of x.
Solution
(A) The right face: An area vector Ais always perpendicular to its surface
and always points away from the interior of a Gaussian surface. Thus, the
vector d4 for any area element on the right face of the cube must point in
the positive direction of the x axis.
N . The y component of the
dA = dAi ¥y field skims the surface

E, and gives no flux. The
| dot product is just zero.

E,
——
dA

The flux @, through the right face is then

@, = f E-dA= f (3.0x1 + 4.0§) - (dAi) The x component of the
field pierces the surface

z and gives outward flux.
(@ The dot product is positive.

= f [(3.0x)(dA)i - T + (4.0)(dA)j - 1]
= f(3.0di +0)=30 fdi

We note that x has the same value everywhere on that face, x = 3.0m. This

means we can substitute that constant value for x. Thus, we have
D, = 3.0f(3.0)dA =9.0 fdA.

The integral [ dA merely gives us the area A = 4.0m? of the right face; so

@, = (9.0N/C)(4.0m?) = 36N - m?/C.

24-02-Gass's law Page 2



The left face: The differential area vector dA points in the negative

direction of the x axis, and thus dA = —dAi

The y component of the
field skims the surfaca
and gives no flux. The

Fry E, dot product is just zero.
The term x again appears in our integration, and it is again constant over *
the face being considered. However, on the left face, x = 1.0m
The x component of the
5 z field pierces the surface
@, =—12N -m*/C. (@) and gives inward flux. The
dot product is negative.
The top face: The differential area vector dA points in the positive
direction of the y axis, and thus dA = dAj. The flux @, through the top
face is then:
The y component of the — The x component of the
b, = f (3.0xt + 4.0)) - (dA)) field pierces the surface il V4 field skims the surface
and gives outward flux. and gives no flux. The
The dot product is positive. ~ dot product is just zero.
= f[(3.0x)(dA)i <74 (4.0)(dA)j - ]] x
(e)
=f(0+4.OdA)=4.0fdA=16N-m2/C :
Fry

The bottom face, dA = dAj, and we find

5

@, = —16N - m?/C.

&l\

For the front face we have d4 = dAk, and for the back face, dA = —dAk .

(3)
When we take the dot product of the given electric field E =3.0xi + 4.07

with either of these expressions for d/f, we get ZERO and thus there is no
flux through those faces.

We can now find the total flux through the six sides of the cube:

®=((36-12+16—16+0+0)N-m?/C = 24N -m?/C.

(B) What is the net charge enclosed by the Gaussian cube?

Solution

We use Gauss’ law to find the charge q.,.enclosed by the cube:
Jenc = £0P
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(for a surface element) is

l The differential area vector

perpendicular to the surface
and outward.



2
m
= (885 x 1072C?/N - m?)(24N - )

=2.1x10"19C.
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