








24.7: Magnetic Fields Exert Torques on Dipoles



Forces and Torque on a current loop in a uniform magnetic field.




























































































assume D uniformand to the right Arectangular
current loop is in the X y plane what
happens
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Poll: what are the magnitude and direction of the force on wire segment 1?
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generalize magnetic dipole moment
AT I area direction is

perpendicular to the loop parallelto the
B that the loop tends to create
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Net force = 0, but it does tend to rotate. There is a torque.










































































































Result the external field exerts a torque
that tends to aligner with the applied B
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Potentialenergy U ii TB n Baro
Unni MB
Umax u B

differene 2µg

atomicexample
µ Mps BohrMagneton typical scale
of atomicmagneticmoments
MB 9.27 X 10 24A m2

apply B 1.5 T big labmagnet
Energy anti aligned µpB

Umay 9 27 10 24A m 4.5T I 39 Xi523J
Energy aligned MB B I 39 X1523J
s U 2.78 10 23 J I 6O2x eV
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This is small but detectable detecting such
flips is at the heartof NMR MRI techniques

Atomicpicture really cheatinghere
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Express in terms of angularmomentum L mrN
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QuantumMechanics Don't really have clear
circular orbits but we do have angularmomentum

MB e k I 602 10 19c I 05 1034kgmale
2 Me 2 9.11 10 31kg

MB 9 27 10 24Am2












A rich and complex field.  Focus on one application:  Ferromagnetism.  In 
some materials, the material has a permanent magnetic dipole moment.  (Well, not permanent, but 
persistent under normal room temperature pressures and conditions.). These dipole moments tend 
to align with an applied magnetic field, and *also* produce their own magnetic field.  
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24.8: Magnets and Magnetic Materials
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Real materials are messier and typically
have to deal with domain



The applied magnetic field induces magnet
dipoles that align so as to yield an

attractive force


