Q12 -- Permanent Magnetization
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12. Electricity and Magnetism (Fall 2005)

An infinitely long cylinder of radius a exhibits a permanent magnetization with its magnetization vector given by
————

M(r) = ar’z

r<a
M(r) =0 r>a

where « is a constant, r is the (cylindrical) radial coordinate and Z is a unit vector along the axis of the cylinder.

(a) Find the magnetic vector field B for r < a and for r > a. n
Hint: In cylindrical coordinates

(VxF)y =2 — 9E
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(b) Determine the value of

wall

along a circular path of radius b > a, encircling (in the ¢ direction) and concentric with the magnetized
cylinder. A is the magnetic vector potential.

(c) Find the force per unit volume experienced by the material at a location r < a.

(d) What will happen to the cylinder if « is suddenly increased to a very large value?
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