
PHYSICS 100C Final Exam, Thursday, June 11, 8AM-11AM 

1. Birefringent crystals have anisotropic optical properties: index of refraction depends on polarization 
direction. Monochromatic, planar electromagnetic wave with frequency ω is propagating along z-axis 
of such crystal. Refractive index is no for polarization along x (“ordinary ray”) and ne for 
“extraordinary” polarization direction along y-axis. At position z=0 electromagnetic is linearly 
polarized at 45 degrees with respect to x and y axis, with electric field amplitude E0. 

a) Write the expression for E (z, t) and B (z, t) fields as a function of time t and z 
b) Write the expression for Poynting vector S as a function of time t and z. Calculate time-

averaged value <S>t. 
c) Find the values zc  for which the EM wave is circularly polarized (thickness values of so-

called “quarter wave plates”). 
 

2. a)  Derive the formula for critical angle (below which the light is “internally” reflected) for x-rays 
incident on a material from vacuum, with wavelength λ=0.1 nm. You may assume N=1023 free 
electrons per cm3 (note non-SI units!), since frequency for x-rays is much greater than all resonance 
frequencies (ω>> ωj). Plug in the numbers and obtain an estimate for the critical angle.  
b)  Show that the reflectivity of s-polarized x-rays incident on flat vacuum-material interface (from 
vacuum side) decays as (qc/2q)4   for large values of q, where q=kinc-krefl  is the wavevector transfer 
defined as the vector difference between incident and reflected wavevectors, while qc  is the value of q 
corresponding to critical angle.  
Hints: Reflection coefficient for s-polarized wave is R=(1-αβ)2/(1+αβ)2 , as was derived by you in 
problem 9.16 - α, β are the same as defined on p. 390 (Eq. 9.106 and 9.110) in the textbook. 
You may want to re-define the incident angle with respect to interface plane, rather than interface 
normal ψ= π/2- θ,  so that you can conveniently assume in your calculations that critical angle ψc 
<<1. You may also want to use variable δ=1-n, and the fact that δ <<1. 
 

3. A monochromatic beam of light with intensity I0 and frequency ν0 is incident normally at the 
perfectly reflective mirror moving away from the beam at (relativistic) velocity v. What are the 
intensity and frequency of the reflected beam, I1 and ν1? 
 

4. a) A relativistic electron beam with electron energy 7 GeV is passing through an “undulator” – a 
device featuring many periodically placed permanent magnets which reverse the direction of 
magnetic field (applied normal to the direction of the beam) by 180 degrees every d=2.5 cm. Find the 
wavelength(s) for which the (forward-scattered) radiation resulting from accelerations at each 
magnetic pole adds up coherently. What part of the electromagnetic spectrum does it belong to?    
b) Show that the relative radiative energy losses of an electron moving at velocity v in a circular 
trajectory with radius R (losses per revolution period, per rest energy mc2) are proportional, up to a 
numerical coefficient, to β3γ4 r0/R, where r0=e2/4πε0mc2, the classical radius of electron. Identify the 
missing coefficient.  

5. Two thin parallel infinite rods separated by distance a carry linear charge density λ and are both 
moving in the same direction with velocity v along the rod axis. Calculate the force (per unit length) 
with which the two rods interact in the rest frame and also in the frame of reference moving along 
with the rods. Compare the two results.  
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