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1. A'metal sphere of radius R; carries a charge Q. Tt is surrounded by linear material of dielectric

constantg,, out to radius R, as in the figure.

(2) Find the potential inside the dielectric material, R <r <R, (relative to infinity) [10%]

(b) What is the total surface bound charge on the inner surface of the dielectric material?
[10%]

(¢) Find the energy of this configuration. [10%]

. Aperfect dipole p is situated at the origin, pointing in the z direction.

(2) What is the force on a point charge g at (0, d, 0) (Cartesian coordinates)? [10%]
(b) How much work is required to move g from (0, d, 0)to (0, 0, d)? [10%]

[for your reference: The electric field and the potential at 7, 8 due to a dipole at origin is
p3QmMWHm&%mﬂ%@ﬁﬁl L,

T e, 1

given by, E iy (F) = 2

. Find the magnetic dipole moment of a particle with charge g and mass m moving in a circle

of radius R with constant angular velocity s . [10%]

. Acurrent flows down a long straight wire of radius R. The wire is made of linear material

with susceptibility ,, , and the current density is proportional to the distance from the axis,
J = kr , for some constant £.

(a) What is the magnetic field B a distance 7 from the axis? [10%]
(b) Find the bound surface current density. [10%)]

. Find the self-inductance of a toroid with rectangular cross section (inner radius a, outer radius

b, height A, as in the figure), that carries a total of N turns. [10%]

a b

. Ina source-free lossy medium the homogeneous vector Helmholtz’s equation is given by

V’E-y*E=0.Fora plane wave in good conductors, the propagation constant ¥ is
approximated asy = (1+ j)\/z f po . The skin depth in copper at the frequency of 1 Mhz is 66

pm . What is its skin depth at 1 GHz? [10%)]



