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PHY481: Electromagnetism

Multipoles
HW 3b hints
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Approximating 1/|x-x’|
Potential of single charge
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Approximating 1/|x-x’|

Potential of two charges
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Multipole expansion of V
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Potential of a finite dipole
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   ρ ′r( ) = qδ ′r + k̂d 2( ) − qδ ′r − k̂d 2( )[ ]
monopole term

 Charges +q and -q separated by d along the z-axis
Delta function
charge density

dipole term
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Point dipole
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 Potential of a point dipole p (units are C•m)
Exact

 Electric field of point dipole
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d -> 0, with qd constant
Limit of finite dipole as
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Torque and energy of dipole in electric field
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   Ν = p × E = pE sinθ (−k̂) 

   U = −p ⋅E = − pE cosθ

   

F(x) = −∇U (x) = ∇ p ⋅E(x)( )
= p ⋅∇( )E(x)

 Torque on electric dipole

 Force on electric dipole

 Energy of electric dipole

  If E(x) is constant, F(x) = 0

   
Fj (x) = pi

∂E j (x)

∂xi
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Problem 2.26

1) Build up charge

Self energy of a sphere with charge Q and radius R.

2) Surface integral

Two ways to get the energy:

Do the work necessary 
to assemble the charge

Self energy calculation

Both should give the same answer, that diverges as R -> 0
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Problem 3.32
a) Point dipole force on a displaced charge
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Field at point x1

  
 at θ =

π
2

, cosθ = 0, θ̂ = − k̂

   

E =
− p k̂

4πε0x1

3
  F = qE  W

Field of dipole p (in +z direction)

Force on q at point x1
No work on q

F on dipole = -F on charge Check this by direct calculation

Consideer a bar between the point charge and the dipole
Will it rotate when released?


