
Fall 2024, Physics 110 B Midterm 
 
 

Before starting, red the following carefully. 
 
There are four problems on this exam.   
 

You should do only 3 of the 4 problems. 
 
Pick whichever ones you feel most confident on. 
 
If you attempt all 4, write the following on the inside 
front page of the blue book:  

For credit: X Y Z 
Where X Y and Z are the problem numbers that you are 
submitting for grading. 
 
Remember to write your name and your perm number 
in the front of the blue book. 
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Maxwell Equations in integral form:∫
S
D · da = Qfenclosed
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Boundary conditions at the interface of two materials.
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Wave equation in vacuum:

∇2E = µ0ϵ0
∂2E

∂t2
∇2B = µ0ϵ0

∂2B

∂t2

Speed of light in vacuum c = 1/
√
ϵ0µ0. In dielectric v = c

n where n =
√
ϵµ/ϵ0µ0.

Plane wave solution propagating in direction k̂ (not in metals)

E = E0 cos(k · r− ωt+ δ) B =
1

v
k̂×E

with E0 perpendicular to k̂ and v = ω/k.

Snell’s law: sin θT
sin θI

= n1
n2
.

For linearly polarized waves with polarization in the material boundary plane:

E0R =
α− β

α+ β
E0I E0T =
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Wave equation in metal:
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Solution for propagation in z direction:

Ẽ = Ẽ0 e−κzei(kz−ωt) B̃ = B̃0 e−κzei(kz−ωt)
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Maxwell equations written in terms of potentials:

∇2V +
∂

∂t
(∇ ·A) = − ρ

ϵ0

(∇2A− µ0ϵ0
∂2A

∂t2
)−∇(∇ ·A+ µ0ϵ0

∂V

∂t
) = −µ0J

Gauge transformations: A′ = A+∇λ and V ′ = V − ∂λ
∂t .

Lorenz gauge: ∇ ·A = −µ0ϵ0
∂V
∂t Coulomb gauge ∇ ·A = 0.

In Lorenz gauge: □2V = −ρ/ϵ0 □2A = −µ0J



Physics 110B, Fall 2024, Midterm Exam

Please put a “box” around each of your final answers.

Problem 1

A coil of area A, resistence R, and self-inductance L is rotated about a vertical axis in the plane of the coil with
constant angular velocity ω. There is a constant horizontal magnetic field B. See sketch below. At t=0, θ = 0.
(a) Find the current as a function of time I(t).
(b) Find the torque as a function of time τ(t) needed to maintain constant ω.
Hint: think about conservation of energy. Also, remember that the work done by a force is force times linear
displacement, while the work done by a torque is torque times angular displacement.
To get credit for part (b), even if you cannot solve for I(t), just derive a relationship between τ(t) and I(t).

Problem 2

At t = 0 an emf is suddenly applied to a coil of inductance L1. Next to this coil there is a second coil of inductance
L2, and let the mutual inductance between the two coils be M . As a result of the presence of the second coil, and
the non-zero value of M , at t = 0 it will appear as if the first coil has an inductance L′. What is L′?
Hint: At t = 0 there is no current flowing anywhere, therefore there are no IR drops in any of the coils.

Problem 3

A parallel plate capacitor consists of two circular plates of radius a with vacuum between them. It is connected
to a battery which maintains a constant voltage V between the plates. The plates are then slowly oscillated so
that they remain parallel but their separation d is varied as d = d0 + d1 sinωt.
(a) Find the magnetic field between the plates produced by the displacement current a radial distance r from the
axis connecting the centers of the plate (for both r < a and r > a).
(b) Same question, but for the case when the capacitor is first disconnected from the battery and then the plates
are oscillated in the same way.

Problem 4

The electric field of a wave in vacuum is E⃗ = E0 exp[i(hz − ωt)− kx]ŷ.
(a) How are the real h, k and ω parameters related to each other?
(b) What is B⃗. You should leave your answer in complex form, and please do not bother with the extra algebra
of eliminating one of h, k or ω using the result of part (a).


