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Relating Current, Potential, and Field 
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Finding A from J 

Find the vector potential for a current I along the z axis from z1 to z2. 

  ld
I

d
J

A oo

rr













44

22 sz r

I 
ẑ
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Finding J from Vector Potential 
What current density would produce the vector potential  

(where k is a constant) in cylindrical coordinates? 
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One component at a time 

     
2

2

22

2 coscos1cos1

z

kk

ss

k
s

ss
Ay
































2

cos
...

s
k






and then 

Finding J from Vector Potential 
What current density would produce the vector potential  

(where k is a constant) in cylindrical coordinates? 
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Ex. 5.11:  What’s the magnetic potential of a sphere with  
surface charge density constant s rotating at w.
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Ex. 5.11:  What’s the magnetic potential of a sphere with  
surface charge density constant s rotating at w.
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Ex. 5.11:  What’s the magnetic potential of a sphere with  
surface charge density constant s rotating at w.
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Motivating Electric Potential,  
Physically 
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Akin to Potential Energy 



Physical Meaning of Vector Potential 
Akin to potential momentum 
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Finding Vector Potential 

Charged particle outside a disappearing solenoid 
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Memory Lane: Multi-pole Expansion of Scalar Potential 
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Multi-pole Expansion of Vector Potential 
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Multi-pole Expansion of Vector Potential 
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Dipole term 
Dipole’s integral 
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Same direction as current 



Dipole term for a cylindrical shell spinning at w with surface 
charge density sObservation 
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Dipole term for a solid cylinder spinning at w with volume 
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Dipole term for a spherical shell spinning at w with surface 
charge density sObservation 
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Dipole term for a spherical shell spinning at w with surface 
charge density sObservation 
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Which is actually the exact solution! 
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Finding J from Vector Potential 
What current density would produce the vector potential  

(where k is a constant) in cylindrical coordinates? 
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One component at a time 


