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State Coulomb’s Law. Show how E field may be defined. 

What is meant by E is a conservative field?

Conservative field:                   and             is 

path-independent. Therefore, a potential can be 

defined     𝑬 = −𝜵 𝑉
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A thundercloud with charges +40As at 10 km height and 

−40As at 6 km. Find the E-field on the ground.
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Use method of image charges. Mirror the above to below 

the surface, with +40 As at depth 6 km and −40 As at 

depth 10 km.

Field point upwards.
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An array of localised charges qi experience potentials Vi as 

a result of their mutual interaction. Show that their mutual 

electrostatic energy, W,  is given by 1
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Potential Vi due to all 

other charges:

For total PE, sum over all 

charges. However, each 

charge appears twice:
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Alternative: Assemble Charge Configuration explicitally

No penalty for charge q0

q1 in potential due to q0

q2 in potential of q0 and q1

q3 in pot. of q0, q1 and q2

Half the links compared with:           

0           1            2           3
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Thus as before:
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A sphere of radius a is located at a large distance from its 

surroundings which define the zero of potential. It carries 

a total charge q. Determine the potential on its surface and 

the electrostatic energy :  a) uniform q spread on surface.

 
0

d
4

r
q

V r
r



   E r
1

   or    d
2

i i

i

W qV V q  

For shell:
2

0 0 0

1
  and   

4 2 4 8

q q q
V W q

a a a  
  

)
6

2

0 0

d
d

4 8

q q q
W V q

a a 
   

2

0 0 0

1
  and   

4 2 4 8

q q q
V W q

a a a  
  

(alternative in 

this simple case:

+q

Need to sum up



b) For uniformly distributed charged sphere:

Bring up successive shells thickness dr to radius 

r and potential V , and sum up all contributions to 

radius a 3d dW V q V r  
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Use Gauss’ Law:
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E-field and potential V as function of r
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Electron cloud:
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Gauss’ Law:  
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Explain qualitatively what happens when 

such an atom is placed in a steady, uniform 

electric field, of strength E0.

Centres of gravity of the 

positive nucleus and the 

negative electron charge 

distribution shift.

Force on charges due to E0

balances the internal force 

of the dipole charges.

The atom exhibits an 

electric dipole moment. 12
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   E dSGauss's Theorem in vacuo:

Calculate the capacitance 

for a spherical capacitor:
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+Q
Between a and b : 



The inner sphere is raised to a potential V and then 

isolated, the outer sphere being earthed. The outer 

sphere is then removed.  Find the resulting potential 

of the remaining sphere.

Before (and after) removal, 

charge stored on inner sphere:
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After removal, field of 

remaining sphere:
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Now back to the 

original configuration:

max 3000V/mm              0.9m        1.0mE a b  

E is at a maximum when r is at its smallest → consider E(a)
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The electrostatic potential of a dipole:
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Charges +q at A and –q at A’
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The radial and tangential components of the E-field:
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Show that the torque exerted on a dipole by a 

uniform electric field E is p x E.
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Find the angle  for which E(r, ) at point P is in 

a direction normal to the axis of the dipole.

Find angle for which 0z zp E   p E
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Take the dipole moment p to be along the z-axis :  
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Calculate the work done in bringing a dipole of equal 

magnitude from infinity to a distance r from the first 

along the normal to its axis. 
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E is the 

field 

due to 

the first 

dipole

[This is not the best 

worded question !]

Take the origin at dipole centre

When 1st dipole is at , E=0 and 

UE=0, and is then brought up
82(2q )



Second dipole placed at 

 = 0 and then at  = /2,         

free to rotate :
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