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1 Time-varying spherical potential

A sphere with radius R has a charge density

Q
ol 1) = I R e T

where T' > 0 is a constant with units of time and @ is the total charge within the sphere at
time ¢ = 0. Consider the potentials as the center of the sphere at time ¢.

a) Determine expressions for the retarded times for contributions from the center of the
sphere and the edge of the sphere.

b) Determine an expression for the scalar potential at the center of the sphere at any time .

¢) Describe how you might determine the current density associated with this charge den-
sity and how you might use it to determine the vector potential at the center of the
sphere.
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2 Potential from a stationary point charge

Consider a single time varying point charge at the origin. The charge density is
ol 1) = a(£)5(x"
and the associated current density is

4t} o
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where ¢(t) is the time derivative of ¢(¢). These are readily shown to satisfy the contimuity
equation.

a) Determine the retarded potential V(r,t).

b) Using a symmetry argument, show that the retarded potential A(x, ) only has a radial
component and that this is independent of angle, Use this result to determine an
expression for the magnetic field.

¢) Use the magnetic field and one of Maxwell’s equations to determine the electric field.
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