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OPTI 544,  Problem Set 1 
Posted Feb. 2nd,  Due February 10th 

Electronic Submission only, by email to Jon Pajaud  ( jpajaud@email.arizona.edu ) 

I 

(a) Show that a plane wave   is transverse, , if . 

(b) Given a damped electron oscillator and a driving field , write down the
equation of motion for the electron displacement . Look for a solution of the form 

 and derive an expression for . 

(c) Describe the nature of the motion of the atomic dipole for  (linear polarization), and 
for   (circular polarization).  

II 

A cell of length  contains Cs vapor at a density . We assume that the Cs
atoms behave like classical electron oscillators with a damping rate , and a
transition wavelength of 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 for an on-resonance plane wave, 

, 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 , and the mass of the Cs atom is
 Find the probability distribution  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. 

III 

The density of aluminum metal is . Assuming that each atom contributes its three 
valence electrons to the “electron gas”, at what wavelengths would you expect aluminum metal 
to be reflective. 
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ˆ ε = ˆ x 
ˆ ε + = − ˆ x + iˆ y ( ) 2

l = 5cm N =1010cm−3

β =1.5×107 s−1
λ = 894nm

T = Iout Iin
ω =ω0

T = 300 K
M = 2.21×10−25  kg . P ω( )

ω 0 ω

2.70g /cm3

c = 2.998×108 m s e =1.602×10−19C

µ0 = 4π ×10−7 N A2 me = 9.11×10−31kg

ε0 = 8.854 ×10−12 F m mp =1.672×10−27 kg

   =1.055×10−34 Js mAl = 4.48×10−26 kg
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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  along the axis of wave 
propagation, such that the apparent resonance frequency is  in the lab frame. 

The probability distribution over velocity is  , where 

 

and the corresponding probability distribution over frequencies is 

, 

where             

v
ω =ω 0 + kv
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kBT
M

= 1.38 ×10−23
 

J
 

K  

× 300K
2.21×10−25kg

= 136 ms−1

P(ω) = P v = ω −ω 0

k( ) = 1

2πσω
2
e−ω 2/2σω
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σω = 2πλ σ v = 2π
894 ×10−9m

×136 ms−1 = 9.622 ×108s−1 = 2π ×153.1MHz


