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E. Jenkins DEPARTMENT OF PHYSICS Winter 2006

Physics 100B FINAL EXAM
Thursday March 23, 2006

1. A sphere of radius R carries polarization P(F) = kr2f.
(a) Calculate the bound charges pp and g,.

(b) Find the electric field E inside and outside the sphere. Check that the appropriate boundary
conditions are satisfied.

2. A solid sphere with radius R has uniform polarization P = P3. Also at radius R, there is a uniform
surface charge density oy.

(a) Determine the bound charge distribution.
b) Find the electric field E everywhere.
¢) Find the field D everywhere.

(
(
(d) Check that the E and D fields satisfy the proper boundary conditions at the surface.
(Determine AE,, AEg, AD, and ADy at the surface.)

Helpful information for Problem 2
A spherical shell with surface charge 0(6) = 0 cos@ and radius R has scalar potential

V(r,6) = ;—;r cos 8, r<R

3
=—£—cos€, r>R

3. Consider an infinite solenoid with a central infinite wire oriented along its axis. The central wire
carries steady current I.Z. The solenoid (radius R) carries steady current Iy¢ and has n turns per unit
length.

(a) Find the magnetic field B everywhere. What are the boundary conditions on B at the surface of
the solenoid?

(b) Find the vector potential A everywhere. What are the boundary conditions on A at the surface of
the solenoid?
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4. A long solenoid is filled with a magnetic material with uniform magnetization M aligned with the

solenoid axis. The solenoid has n turns per unit length, and it has radius R. A steady current I flows
through the solenoid coils.

(a) Find the magnetic field B.
(b) Find H everywhere.

(c) How are B and H related if the magnetized material inside the solenoid is a linear medium?

5. Two infinite planes parallel to the zy-plane carry steady surface currents K (t) = :L-&Ko coswt,
respectively. A4 #finite solenoid with center axis aligned along the § axis is placed between the planes,
without any current. The solenoid has resistance R and radius a. Find the current induced in the solenoid

as a function of time. / e,r:?-/—}v ‘i’
n "/;Urﬂ,y/e’nj +/\’

6. Consider two point charges ¢ at 2 = ¢ and —¢ at z = —a. Determine the force of the point charge
—q on the point charge +q by integrating Maxwell’s stress tensor dotted into the infinitesimal area element
da over the zy plane. Recall that Maxwell’s stress tensor is defined by

T = €0 (E,-Ej - %fﬁ) + i (B,-Bj - %Fﬁ) )
. D
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