
Physics 110B, Winter 2025, Midterm Exam

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

Problem 1

A metal bar of mass m slides without friction on two long parallel metal rails a distance b apart. A resistor R is
connected across the rails at one end. The resistance of the bar and the rails is negligible. A uniform magnetic
field B is perpendicular to the plane of the figure. At time t = 0 the bar is given a velocity v0 to the right. Find
v(t), the velocity of the bar as a function of time.

Problem 2

An electric field in free space is

E = E0(x̂+ ŷ) cos

(
2π

λ
(z + ct)

)
What is the magnetic field?

Problem 3

Consider the propagation of linearly polarized wave in a good metal such as copper. Let the conductivity be σ,
the angular frequency be ω, the permittivity be ϵ, and the permeability be µ. Starting from one of the equations
in the provided “cheat sheet”, derive an approximate expression for the skin depth.

Problem 4

Consider the portion of circuit below. The current IT is provided externally and is IT = Io cosωt, or, in complex
notation, IT = Ĩ0e

iωt, where in this case Ĩ0 = I0 is a real number. Find the current IL as a function of time.
You can work with complex voltages/currents or real voltages/currents, your choice. If you work with complex
voltages/currents, for full credit you do not have to take the real part of your answer at the very end.
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Ohm’s Law: J = σE = (1/ρ)E. Continuity Equation: ∇ · J = −∂ρ/∂t

Mutual Inductance: emf2 = −dΦ2
dt = −M dI1

dt Self Inductance: emf1 = −dΦ1
dt = −LdI1

dt

Maxwell Equations in integral form:∫
S
D · da = Qfenclosed

∫
S
B · da = 0∫

P
E · dl = − d

dt

∫
S
B · da

∫
P
H · dl = Ienclosed +

d

dt

∫
S
D · da

Energy density: u = 1
2(ϵ0E

2 + 1
µ0
B2) Poynting vector: S = 1

µ0
(E×B)

Boundary conditions at the interface of two materials.

D⊥
1 −D⊥

2 = σf B⊥
1 −B⊥

2 = 0

E
∥
1 −E

∥
2 = 0 H

∥
1 −H

∥
2 = Kf × n̂

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 (not in metals):

E0R =
α− β

α+ β
E0I E0T =

2

α+ β
E0I α =

cos θT
cos θI

β =
µ1v1
µ2v2

Wave equation in metal:

∇2E = µϵ
∂2E

∂t2
+ µσ

∂E

∂t
∇2B = µ0ϵ0

∂2B

∂t2
+ µσ

∂B

∂t

Linearly polarized solution for propagation in z direction (metals):

Ẽ = Ẽ0 e−κzei(kz−ωt) = Ẽ0 e−κzei(kz−ωt)x̂ B̃ = B̃0 e−κzei(kz−ωt) =
k̃

ω
Ẽ0 e−κzei(kz−ωt)ŷ

k̃ = k + iκ k = ω

√
ϵµ

2

[√
1 +

( σ

ϵω

)2
+ 1

]1/2

κ = ω

√
ϵµ

2

[√
1 +

( σ

ϵω

)2
− 1

]1/2

Reflection from conductive surface at 90o incidence:

Ẽ0R =
1− β̃

1 + β̃
Ẽ0I Ẽ0T =

2

1 + β̃
Ẽ0I β̃ =

µ1v1
µ2ω

k̃2


