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PHY481: Electromagnetism

Potential V(x)
Potential energy U

Potential energy density u(x)
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Electric potential differences
Stokes’s theorem: 
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V defined up to an additive constant
V(x) and V(x1) are potentials relative to potential at point x0

Find V1(x) : potential at point x relative to potential at point x1
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Potential and field of a point charge

   E(x) = !"V (x)

   

V (x) =
1

4!"
0

#( $x )d
3
$x

x % $x
&

   

V (x) =
1

4!"
0

#( $x )d
3
$x

x % $x
& =

q

4!"
0

'
3

$x( )d
3
$x

x % $x
&

V (r) =
q

4!"
0

x
=

q

4!"
0
r

   !( "x ) = q#
3

"x( )

   

E(r) = !"V (r) = !
#V (r)

#r
r̂

= !
q

4$%
0

#

#r

1

r

&

'(
)

*+
r̂ =

q

4$%
0
r

2
r̂

 Relationship between E and V
where

 Potential of point charge q at the origin
Charge density for a
point charge q at origin

OK !

 Check field is correct
  
x = r
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Potential due to spherical shell of charge
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  Spherical shell, charge Q, radius R, at distance z (or r)

 integrals.wolfram.com
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integrals.wolfram.com
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Potential for sphere with uniform charge density
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– Outside the sphere

  Sphere, uniform density ρ, radius R, at distance z (or r)
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Uniformly charged sphere (cont’d)

  

V (z) =
4!"

4!#
0
z

$r
2
d $r

0

z

% + z $r d $r

z

R

%
&
'
(

)(

*
+
(

,(

=
4!"

4!#
0
z

z
3

3
+

zR
2

2
-

z
3

2

&
'
)

*
+
,
=

4!"
8!#

0

R
2
-

z
2

3

&
'
)

*
+
,

  !r < z  use +   !r > z   use "

  

=
Q

8!"
0
R

3#
z

2

R
2

$
%
&

'&

(
)
&

*&

Split integral into two parts     0 < r’ < z    &    z < r’ < R 
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Need positive root
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Uniformly charged sphere (cont’d)
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Potential energy for point charges
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  Electric potential (should be a – sign in front of integral)
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Potential energy for charge distributions
 Potential energy for multiple point charges
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 Generalize for charge distributions

   

U =
1

2
!(x)d

3
x"

!( #x )

4$%
0

x & #x
" d

3
#x

   
U =

1

2
!(x)" V (x)d

3
x

   

V (x) =
!( "x )

4#$
0

x % "x
& d

3
"x

 Where is this energy?

Charge produces potential and the
same charge gains potential energy?

The charge distribution produces an electric field. We
interpret the energy as being stored by (in) the field !
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Energy of an electric field
 Express U as a function of E only !
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