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PHY 712 Electrodynamics
10-10:50 AM  MWF  Online

Plan for Lecture 12:

Start reading  Chapter 5

A. Magnetostatics

B. Vector potential

C. Example: current loop
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Magnetostatics

Magnetic flux density or magnetic induction field B
Steady state (constant in time) current density J
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Alternative forms magnetostatic equations
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Magnetostatic field due to current density :
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Alternative forms magnetostatic equations -- continued
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Magnetostatic vector potential
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Non uniqueness of the magnetostatic vector potential
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Differential form of Ampere’s law in terms of vector potential:
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Magnetostatics example:   current loop
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Magnetostatics example:   current loop -- continued
( ) ( ) ( )( )

( ) ( )

( ) ( ) ( )( )
( )( )( )

30

20
1/22 2

ˆ ˆ'  sin ' cos ' ' sin ' cos '

'
' 

4 '
ˆ ˆsin ' cos ' ' sin ' cos '

' '  cos ' '
4 ' 2 ' cos cos ' sin sin 'cos '

Completing integration over   '    and   '

I r a
a

d r

r aI r dr d d
a r r rr

r

θ δ θ δ ϕ ϕ

µ
π

θ δ θ δ ϕ ϕµ θ ϕ
π θ θ θ θ ϕ ϕ

θ

= − − +

=
−

− − +
=

+ − + −

∫

∫

J r x y

J r
A r

r r

x y
A r

( ) ( )
( )( )( )

( )
( )

( ) ( )

22
0

1/22 2
0

0

2 2

:
ˆ ˆsin ' cos '

'
4 2 sin cos '

Let  '
sin ' sin sin cos cos sin

cos ' cos cos cos sin sin
Remaining non-trivial terms

cosˆ ˆsin cos
4 2 sin co

Ia d
a r a ra

Ia d
r a ra

π ϕ ϕµ ϕ
π θ ϕ ϕ

ϕ ϕ φ
ϕ ϕ φ ϕ φ ϕ φ

ϕ ϕ φ ϕ φ ϕ φ

µ φϕ ϕ φ
π θ

− +
=

+ − −

− ≡

= − = −

= − = +

= − −
+ −

∫
x y

A r

A r x y
( )( )

2

1/2
0 s

π

φ
∫



02/22/2021 PHY 712  Spring 2021 -- Lecture 12 15

Magnetostatics example:   current loop -- continued
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Magnetostatics example:   current loop -- continued
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Magnetostatics example:   current loop -- continued
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Magnetostatics example:   current loop -- continued
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Other examples of current density sources:
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