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Magnetic Dipoles 












 ...

ˆ
)(

24
r

rm
rA o




aIm

  



 ˆsinˆcos2
4

)(
3

 r
r

m
rB o

dip



From a distance much greater than the current distribution’s size, the dipole term dominates 

Torque for real current loop 
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Magnetic Dipoles 
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From a distance much greater than the current distribution’s size, the dipole term dominates 
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Exercise: you have two magnetic dipoles; find the torque m1 applies on m2. 
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Dipole B 

Dipole A 

Magnetic Dipoles 
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From a distance much greater than the current distribution’s size, the dipole term dominates 
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Exercise: find the force on dipoles A, B, C in and near a slab of uniform current 
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Dipole B 

Dipole A 

Magnetic Dipoles 
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From a distance much greater than the current distribution’s size, the dipole term dominates 
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Exercise: Force between two dipoles (read, “bar magnets”). What’s the force A exerts on B? 

r = z 

Considering ‘real’ dipoles (with real radii), roughly sketch the field and resulting forces on 
the current loops 



Atomic Dipoles 

Where there’s a circulation and charge, there’s current loop and magnetic moment 

Assuming a constant mass-to-charge ratio 

Angular momentum – dipole moment relation 
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Magnetic Field Effects on Atomic Dipoles 

Twist (torque) 

Disclaimer: we get only qualitative insight from considering current loops;  
spinning and orbiting electrons aren’t really current loops 
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Current loop would be torqued 
toward alignment, thus decreasing 
energy. 

Zeeman Effect: in a pair of 
opposite spin electrons, one will 
be aligned with the field – lowered 
energy, and one anti-aligned – 
raised energy 



Magnetic Field Effects on Atomic Dipoles 
Disclaimer: we get only qualitative insight from considering current loops;  
spinning and orbiting electrons aren’t really current loops 
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Magnetic Field Effects on Atomic Dipoles 
Better Derivation 
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