2 Gauss’s Law
Electric Flux
Amount of E coming out of a closed surface is related to the charge inside it.

In a uniform E field just as many enter and leave.


da =  Area, direction out and perpendicular to surface
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Then electric flux 
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Then 
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 is integral of the electric flux over the whole surface.

e.g. Cube in a uniform E
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Face 6 at the back and 4 underneath 
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All other faces are perpendicular to dA so dot product is 0.

Total flux is 0.

e.g. Sphere around a point charge
                                    dA = dA
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On a sphere all point have the same r
So 
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Independent of the size of sphere.

Gauss’s Law
A point charge is surrounded by a sphere, surrounded by an arbituary surface.

dA’ is part of sphere that touches surface.
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E
With the angle 
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between them.
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to show Gauss’s Law we need to show
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Since Esphere and dAsphere are in radial directions
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Where 
[image: image12.wmf]a

indicates it’s a fraction of the total sphere.

But dA’ is some fraction of a sphere at surface

So 
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E.dA = E dA
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Now
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So
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 at surface is same as that at the little sphere
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Gauss’s Law
So if we have some distribution we can find, by superposition, the total charge:
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Where QEnclosed is the total charge enclosed by surface.

Applications

An infinite line of charge, with charge
[image: image22.wmf]l

, every unit length. What is E?
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By symmetry E must be independent of z and 
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So 
[image: image25.wmf]^

)

(

r

r

E

E

=


We take a Gaussian Cylinder of radius r, length l and apply Gauss’s Law.
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Thus 
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So 
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Infinite Sheet with Charge / Area ratio 
[image: image29.wmf]s
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    E                                     E
“By symmetry” E can only be normal to the sheet and either acts towards or away from both sides.
Take a Guassian “pillbox” of area a.


                                                     E and dA
Opposite directions on other side
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If we have a pair of sheets with opposite charges, some of the electric fields cancel as shown below.
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Uniform Sphere Charge Distribution
With Charge / Volume 
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and radius a. What is E?

“By symmetry” E can only depend on r and can only point off in radial direction:
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So r < a:
Take Gaussian sphere of radius r
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While 
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So 
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So r < a:
Take Gaussian sphere of radius r.
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While 
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So 
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E
                  a                       r
Conductors
A conductor is a material in which charges are free to move.

If you apply an electric field, the charges will move, until the electric field created inside the conductor cancels the one applied.
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                       E
There is no charge density inside; there will however be surface charge. This happens by rearrangement in an isolated system or by taking electrons from an Earthed system.

                              E=0

                -                        +                 

E


Consider a hollow conductor:


                E=0
                -             Cavity                        +
    E
There is no charge inside the cavity as 
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If we put a charge q inside the cavity and 
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 there must be a surface charge around the cavity to cancel this and there must be a surface charge to cancel the cavity charge.

Diagram

At the surface.

We try to find the charge density.
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Taking a pillbox we must have E perpendicular to the surface, if there was a tangential field then the charges would move along it and we do not experience this.
Guass Law gives 
[image: image42.wmf]0

0

.

0

.

e

s

e

s

=

=

+

=

òò

òò

lar

perpendicu

lar

perpendicu

E

A

dA

E

A

A

E

dA

E


Method Of Images
See handout
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