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I
(a) Show that a plane wave E (F,t) = éE,e"@*" is transverse, V- E (F,t) =0,if £L1k.
(b) Given a damped electron oscillator and a driving field E(z,t) =éEOe_i(“”_kZ), write down the

equation of motion for the electron displacement X(r). Look for a solution of the form
%(t)=de ) and derive an expression for 4.

(c) Describe the nature of the motion of the atomic dipole for &€ = x (linear polarization), and
for &, =—(% +i9)/~2 (circular polarization).
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A cell of length [=5cm contains Cs vapor at a density N =10""cm™>. We assume that the Cs
atoms behave like classical electron oscillators with a damping rate S=1.5x10"s", and a
transition wavelength of A =894nm for an atom at rest.

(a) Assuming that atoms in the vapor are at rest, calculate the excess phase delay relative to
propagation in vacuum, and the transmission 7 =/, /1, for an on-resonance plane wave,
= w,, passing through the cell.

We now take into account thermal motion in the gas. This leads to Doppler broadening. (If you
are not familiar with the concept, see the note at the end of this HW Set.

(b) The temperature of the vapor is 7 =300 K, and the mass of the Cs atom is
M =221x10"% kg. Find the probability distribution P(w) for atoms whose resonance
frequency is @, in the rest frame, and Doppler shifted to frequency @ in the lab frame due
to their velocity along the plane wave direction of propagation. Noting that this Doppler
broadened frequency distribution is much wider than the natural linewidth, find the
minimum value of the transmission for a plane wave passing through the cell.
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The density of aluminum metal is 2.70g/cm’. Assuming that each atom contributes its three
valence electrons to the “electron gas”, at what wavelengths would you expect aluminum metal
to be reflective.

Some numbers: c=2.998x10%m/s e=1.602x10"°C
U =4mx107 N/A? m,=9.11x10"3"kg
£ =8.854x 1072 F/m m, =1.672x10" kg
li=1.055x10"*Js my =448x10"°kg



Note on Doppler Broadening

A gas at finite temperature can be regarded as an ensemble of atoms moving at different
velocities (velocity classes). Consider an atom moving with velocity v along the axis of wave
propagation, such that the apparent resonance frequency is @ = w,+ kv in the lab frame.

The probability distribution over velocity is P(v) = 21 - e"29  where
702
ksT 1.38 x 1072 £ x 300K
= = = 1 -1
i \/ 221x10 kg 36 ms

and the corresponding probability distribution over frequencies is
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