
Physics 604Physics 604
Electromagnetic

Theory ITheory I
G. A. Krafft

Jefferson Lab
Jefferson Lab Professor of Physics

Old Dominion University

Physics 604 Electromagnetic Theory I
11-18-10



Current Loop
( )r aδ ′ −( ) ( )

( )

sin cos

ˆ ˆsin cos

r a
J I

a
J J x y

φ

φ

δ
θ δ θ

φ φ

−
′ ′=

′ ′= − +
r

( ) ( )20 sin cos
,

4
r aIA r r dr d

a x xφ

θ φ δµθ
π

′ ′ ′ −
′ ′ ′= Ω

′−

⎡ ⎤

∫ r r

( )

( )

2 2

20
2 20

2 cos cos sin sin cos

cos,
4 2 i

x x r r rr

IaA r d
π

φ

θ θ θ θ φ

µ φθ φ
π θ φ

′ ′ ′ ′ ′ ′⎡ ⎤− = + − +⎣ ⎦
′

′=
′∫

r r

( )
2 204 2 sin cos

complete elliptical functio
r a ra

φ π θ φ ′+ −
∫

( ) ( ) ( )2

ns

2 24 k K k E kI ⎡ ⎤
( ) ( ) ( ) ( )

( ) ( )

0
22 2

2

2 24,
4 2 sin

4 sin 1 1

k K k E kIaA r
kr a ra

ar

φ
µθ
π θ

θ

⎡ ⎤− −
⎢ ⎥=
⎢ ⎥+ + ⎣ ⎦
∂ ∂

Physics 604 Electromagnetic Theory I

( ) ( )2
2 2

4 sin 1 1sin   0
2 sin sinr

ark B A B rA B
r a ra r r rφ θ φ φ

θ θ
θ θ θ

∂ ∂
= = = − =

+ + ∂ ∂



Magnetic Dipole Moment
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Spherical Expansion
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Localized Current Distributions
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Magnetic Moment
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Dipole Field
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Correction for Singularity
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Force and Torque
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