
Name: 1C Discussion- Week 5

1. Radiation in conductors (YF 12th ed. 32.58). — In a conductor, electromag-
netic waves excite currents that are much greater than the displacement current:

~∇× ~B = µ0 ~J + c2∂t ~E ≈ µ0 ~J = µ0σ ~E (1)

(a) Take an electric field ~E(x, t) = Ey(x, t)ŷ propagating in the x̂-direction in a

conductor. Using equation (1) and Faraday’s equation ~∇× ~E = −∂t ~B, show that
the electric field Ey(x, t)ŷ behaves as:

∂2xEy(x, t) = µσ∂tEy(x, t) (2)

(b) A solution to equation (2) is

Ey(x, t) = E0e
−kCxsin(kCx− ωt) (3)

, where kC =
√
ωµσ/2. Show that the electric field amplitude decreases by a factor

of 1/e in a distance δ = 1/kC , known as ”skin depth”. Find δ for copper illuminated
by a radio wave with f = 1.0MHz (σ = 6.0 ∗ 107Ω−1m−1 and µ = µ0 = 4π ∗ 10−7).
(c) What physical conclusions can you draw from your results?
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2. Radiation (Graduate Qualifying Exam). — A low-energy electron has a velocity
v0 << c at infinity. The velocity ~v0 is directed towards a fixed, repulsive Coulomb
field, the potential energy for which is given by U(r) = Ze2

r . The electron is
decelerated until it comes to rest and then is accelerated again in a direction
opposite the original direction of motion. Show that when the electron has again
reached an infinite distance from the Coulomb scattering center, the kinetic energy

of the electron is about 1
2mv

2 = 1
2mv

2
0

(
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where m is the electron mass

and the term depending on v50 representes the energy E radiated away during
the deceleration and acceleration. The rate at which energy is emitted from an
accelerating charge q with acceleration a = dv

dt is given by
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∂E
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Hints :
Rewrite E =

∫
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Find U(v) with energy conservation.


