
PHYS 621, Mid Term Nov., 2007

Name: 4-digit ID:

Take home exam. Problems are 20 point each, unless specified otherwise. No partial
credit for incomplete or incorrect answers will be given. (but individual questions to a
problem, (a), (b), (c), etc. will be credited, even if not all of them are answered). Two
homework problems from the lecture on dielectrics (charged line and coated conducting
sphere) will conribute 10 points each and should be submitted together with the exam.
Passing of the exam requires 60 points or more.

The solutions must be submitted by 3 pm Friday, Nov.9 to the Physics office; no e-mail
submission will be accepted.

1. Mathematical background. In all questions below r = |~r|, ~r = (x, y, z) and ~a is
constant. Calculate the following

(a) grad (r2)

(b) grad(1/r2)

(c) grad (~a · ~r)

(d) div ~r

(e) div (r ~r)

(f) div (~r/r)

(g) div (~ar)

(h) curl (~r/r)

(i) curl (~a× ~r)

(j) simplify r × (~r × ~a)

2. A thin line is unformly charged with linear density λ. The line is placed along
the z-axis between z = 0 and z = L.

(a) write down the explicit integral expression for the potential anywhere in the
x, y plane; make the integral dimensionless

(b) the same for the electric field

(c) evaluate the above two integrals explicitly

(d) discuss the limits

(e) find the potential on the z-axis and write a series expansion for large |z|
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(f) use the expansion to write an expansion in Legendre polynomials which is
valid off the z-axis

3. Consider a system of two identical positive charges q located at z = ±d/2 .

(a) write an exact explicit expression for the potential anywhere

(b) write a series expansion of the potential on the z-axis at large |z| À d

(c) alternatively, write a series expansion of the potential on the z-axis for small
|z| ¿ d

(d) use the above 3b and 3c to get corresponding expansions in Legendre poly-
nomials far away and near the origin. Discuss the limits of applicability of
each expansion.

4. Consider the following 2-dimensional problem: Potential is equal to V0 on the line
y = 0, 0 < x < a and equal to zero at x = 0, 0 < y < L, at x = a, 0 < y < L, at
y = L, 0 < x < a.

(a) write a formal exact solution of the problem in terms of a Fourier series
(do not yet evaluate the coefficients at this stage, but focus on the x, y-
dependence of each term. Find the eigenvalues.

(b) evalute the coefficients of the series

(c) discuss the limits L À a (near infinite semi-stripe) and L ¿ a (a flat
rectangular box).
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