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Example
Infinite uniform line charge

Find the electric field vector
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Example (cont.)

Note: The Gaussian surface cannot be an infinitely tall cylinder.



Example (cont.)
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Example (cont.)
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Example (cont.)

[ ]0

0

V/mˆ
2

lE ρρ
πε ρ

 
=  

 

Summary

x

y

z

[ ]0 C/ml lρ ρ=

rρ



7

Note About Cylindrical Coordinates
Note: In cylindrical coordinates, the LHS is always: 
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( ) ( ), , ( )v zz f ρ φρ ρ φ ρ= a function of  only, not  and 
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( )LHS 2D hρ πρ=

Cylindrical Gaussian surface Since Dρ is constant on cylinder

Helpful shortcut!



Example

This example illustrates when 
Gauss’s Law is not useful.
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 E has more than one component!

 E is not a function of only ρ !
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Finite uniform line charge

Note:
Although Gauss’s law is still valid, it is not 
useful in helping us to solve the problem. 

We must use Coulomb’s law.
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Example
Infinite cylinder of non-uniform volume charge density

Find the electric field vector everywhere
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Note:
This problem would be very 

difficult to solve using 
Coulomb’s law!
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(a) ρ < a

x

y

z

a

ρ

h

S

r



Example (cont.)
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Example (cont.)
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Example (cont.)
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Example (cont.)
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Outside the cylinder, the electric field is the 

same as that coming from an equivalent line 
charge located on the z axis at the center.

See if you can prove 
this to yourself!



Example (cont.)
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Example

Find the electric field vector everywhere

Infinite sheet of uniform surface charge density
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Example (cont.)

We then also have:
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Example (cont.)
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Example (cont.)
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Example (cont.)
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Example
Infinite slab of uniform volume charge density

Find the electric field vector everywhere
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(Ex is an odd function.)

Also (symmetry)



Example (cont.)
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Alternative choice:  
Another choice of Gaussian surface would be a 
symmetrical surface, symmetrical about x = 0

(as was done for the sheet of charge).
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Example (cont.)
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Example (cont.)
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Example (cont.)
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Note:
In the second formula we had to 
introduce a minus sign, while in 

the third one we did not. 
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