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Physics 435
Spring 2008
Homework #9

Consider a surface current of the form K =k § on the z=0 plane and a thin

annulus extending in the region a<s<a+A on the z=0 plane.
a) Calculate the total current flowing into and out of the annulus and use
these currents to compute 6Q /ot where Q is the total charge in the

annulus.

b) Use the result of part a) to compute do/ot for the annulus in terms of k
and A and work to lowest non-vanishing order in A.

c) Show your result is consistent with the “surface” version of the continuity

equation do/6t +VeK =0.

Calculate the pressure on a patch of surface current at an angle 6 from a
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spinning ball of radius R. Recall B(|7|< R)= w? = B,Z and write your

answer in terms of B, which is the magnetic field within the ball. Note the

pressure only involves the force component on the patch which lies normal to
the ball's surface. Although the electrical pressure is easy to calculate, just
calculate the magnetic pressure on the surface.

Construct the approximate vector potential for a loop of radius R carrying a
current of I centered at the origin for a point near r :(x y z) in the limit

x <R,z andy < R,z. Begin by expanding |F - F'|_1to first order in x and y in

the integral form for A. Use your approximate A to compute E(0,0,z)which
should agree with the Biot-Savart calculation done in lecture.

Consider the Lagrangian L :%(XZ +y?)+qu-A where v =(x y) and
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that has a central axis parallel to Z . Show the equation of motion for x isX=0.

One tricky aspect of this problem is that it involves the total time derivative of

a function of coordinates g(x,y) which is given by 99 :a_g).(+a_gy

dt ox oy

is the vector potential for a point outside of a solenoid of radius R
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