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
= Charges +g and -g separated by d along the z-axis

Delta function

charge density p(r') = [q5(r' i lA(d/z) - 9'5(1', - ﬁd/Z)]
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Point dipole
= Potential of a point dipole p (units are C+m)

Limit of finite dipole as Exact with p = pﬁ
d-> 0, with gd constant (x) p-f 0
: V(x)=——— P COS
= 1 d 2 |4 7",0 —
p dli%(q )‘qd constant 471'807' ( ) 477:801" .

Electric field of point dipole E(x)=-VV(x)
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Torque and energy of dipole in electric field

= Torque on electric dipole y
N =pXxE = pEsin0(-k)

= Energy of electric dipole
U=-p-E=—-pEcosf

= Force on electric dipole
F(x)=-VU(x)=V(p-E(x))
=(p-V)E(x)
an(x)
ox,

If E(x) 1s constant, F(x) =0

F.(x)= p,
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Problem 2.26

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

Two ways to get the energy:
1) Build up charge

Do the work necessary
to assemble the charge

2) Surface integral

Self energy calculation

Both should give the same answer, that diverges asR -> 0
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Problem 3.32

a) Point dipole force on a displaced charge /1

. , _ , , at 0 =—, cosH:O,é=—ﬁ
Field of dipole p (in +z direction) ) 2
» A p=pk M
E = 3(2cost9f'+sint99) 1
4re r F
Field at point x, Force on g at point x; No work on q
E= _pk3 F=qE W
47me X,
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?
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