
PHYS 301 Midterm

Oct. 21, 2024

You have 75 minutes to complete this midterm. Attempt all questions. Write your

name and student number on this page. When necessary, make proper use of vector

notation. Including this coversheet, which is unnumbered, there are a total of 10 pages.

You may remove the last two sheets (also unnumbered) which are copies of the inside

front and back covers of the Griffiths textbook.

If you require more space to write your solutions, use the backs of the pages.
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First Name:

Student Number:

#1 #2 #3 #4 Total

4 3 6 7 20
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Midterm (20 points)
Free Response: Write out complete answers to the following questions. Include diagrams where
appropriate. Show your work since it allows us to award partial credit.

(4pts) 1. Given that the electrostatic force is a conservative force, for which the line integral:∫ b

a
F · dℓ = W (b)−W (a)

is path independent, show that ∇×E = 0.

4 pts
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(3pts) 2. (a) Evaluate the following integral: (2 marks)∫ ∞

0
Ae−x/λ sin

(
2πx

a

)
δ
(
x− a

4

)
dx.

(b) Evaluate the following integral:∫ ∞

a/2
Ae−x/λ sin

(
2πx

a

)
δ
(
x− a

4

)
dx.

Explain your reasoning. (1 mark)
Hint: Pay attention to the limits of integration.

3 pts
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(6pts) 3. (a) A long straight conducting pipe of radius a has a uniform charge per unit length λ. If s
is the perpendicular distance from the pipe’s central axis, find the electric field for points (i)
inside (s < a) and (ii) outside (s > a) the pipe. Show your work. Solutions that only give the
correct final answer will not be awarded full credit. (4 marks)

(b) Show that the electric fields calculated in (a) satisfy the boundary conditions for E⊥.
Assume that the pipe has thin walls and serves as the boundary separating the regions of space
inside and outside the pipe. (2 marks)

6 pts
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0 pts
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(7pts) 4. (a) Show that, by using separation of variables in Cartesian coordinates, Laplace’s equation in
two dimensions:

∇2V (x, y) = 0

can be re-expressed as:

d2X

dx2
= −k2X, (1)

d2Y

dy2
= k2Y, (2)

where V (x, y) = X(x)Y (y). (2 marks)

(b) Consider the two-dimensional square geometry below which contains three grounded wires
(V = 0) of length d at (i) x = 0, (ii) x = d, and (iii) y = d. A fourth wire, at (iv) y = 0, is
held fixed at a potential given by V0 sin (2πx/d).

Given that the general solutions to Eqs. (1) and (2) in part (a) lead to:

V (x, y) =
(
Ceky +De−ky

)
[A sin (kx) +B cos (kx)] , (3)

use the four boundary conditions [(i)...(iv)] to find the unknown constants A, B, C, D, and k
in Eq. (3) and, thus, find the potential inside the square enclosed by the four wires. (5 marks)

7 pts
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0 pts
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0 pts
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