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Winter 2024          barcode here 
Physics 471, Exam 2                    
Dr. Colton, cell: 801-358-1970     
 
No time limit.  Student calculators are allowed.  One page of notes allowed (with printed formulas 
on one side).  Books not allowed.  
 
Name: _________________________________________ 
        
Instructions: Please label & circle/box your answers. Show your work, where appropriate. Here are some 
Stokes vectors & Mueller matrices. 
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(12 pts) Problem 1: Multiple choice questions, 2 pts each. Circle/write down the answer. 
 

1.1. In a uniaxial crystal, which vector will always obey Snell’s law? 
a. k-vector 
b. Poynting vector 
c. both 
d. neither 

 
1.2. If a right circular polarized beam reflects from a mirror at normal incidence, the resulting beam 

will likely be: 
a. right circular polarized  
b. left circular polarized  
c. linearly polarized 
d. unpolarized 

 
1.3. A half wave plate with fast axis at 𝜃 with respect to the x axis, and 𝜃 ൏ 90°, will do what to 

horizontal linearly polarized light? 
a. Reduce the intensity of the light by a factor of cos 𝜃 
b. Reduce the intensity of the light by a factor of cosଶ 𝜃 
c. Rotate the linear polarization by 𝜃 
d. Rotate the linear polarization by 2𝜃 
e. Change the light to right circular polarization 
f. Change the light to left circular polarization 

 
1.4. The SI units of electric field 𝐸ሺ𝑡ሻ are V/m. What are the units of its Fourier transform, 𝐸ሺ𝜔ሻ? 

a. V 
b. V⋅m  
c. V/m 
d. V/m2 
e. V/(m⋅s) 
f. V⋅s/m 

 
1.5. What is meant by “optic axis” in the context of uniaxial crystals? 

a. The direction of the k-vector  
b. The direction of the Poynting vector 
c. The direction in which both polarizations have the same speed 
d. The direction of polarization which gives rise to 𝑛 ൌ 𝑛௢ 
e. The direction of polarization which gives rise to 𝑛 ൌ 𝑛௘ 
f. The direction of polarization which gives rise to 𝑛 ൌ (the smaller of 𝑛௢ and 𝑛௘) 
g. The direction of polarization which gives rise to 𝑛 ൌ (the larger of 𝑛௢ and 𝑛௘) 

 
1.6. What is meant by “fast axis” in the context of polarization optics? 

a. The direction of the k-vector  
b. The direction of the Poynting vector 
c. The direction in which both polarizations have the same speed 
d. The direction of polarization which gives rise to 𝑛 ൌ 𝑛௢ 
e. The direction of polarization which gives rise to 𝑛 ൌ 𝑛௘ 
f. The direction of polarization which gives rise to 𝑛 ൌ (the smaller of 𝑛௢ and 𝑛௘) 
g. The direction of polarization which gives rise to 𝑛 ൌ (the larger of 𝑛௢ and 𝑛௘) 
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(19 pts) Problem 2. For the structure as shown, light comes in at normal 
incidence. The n1 and n2 layers have the right thickness to make them 
/4 for the wavelength of interest, where λ refers to the wavelength 
inside the material.  
 
(a) The equation to find the overall matrix A involves an initial number, 
multiplied by a product of four matrices. Explicitly write out the initial 
number and each of the four matrices. Simplify each as much as possible 
but don’t do any matrix multiplication.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Suppose after doing the matrix multiplication in the previous part, you determine 𝐀 ൌ ቀ4.1 3.1
2.4 1.5

ቁ. 

What would be the overall reflectivity 𝑟 of the structure for that wavelength? 
 
 
 
 

  

Air 
n = 1 

 
n1 = 
1.3 

 
n2 = 
1.4 

 
n3 = 1.5 
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(13 pts) Problem 3. A light beam of unknown polarization goes through a 1/4 wave plate followed by a 
linear polarizer. By trial and error, you manage to extinguish the light when the quarter wave plate fast 
axis is at +34° from the horizontal and the linear polarization transmission axis is at +10° from the 
horizontal. Set up a Jones matrix equation you could use with e.g. Mathematica to determine the 
polarization state of the initial light. Don’t do any of the matrix math, just set up the equation. 
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(17 pts) Problem 4. A beam of light enters a uniaxial crystal with an incident angle of 50 measured from 
the perpendicular. The crystal has no = 1.5 and ne = 1.7 for the light’s wavelength. The optic axis of the 
crystal is in the z direction and the surface of the crystal is the plane formed by the x- and y-axes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) If the light is s-polarized (i.e. electric field is in the x-direction), what is 2?  
 
 
 
 
 
 
 
 
 
 
 
(b) If the light is p-polarized (i.e. electric field is in the y-z plane), what is 2? 
 
 
 
 
 
 
 
 
  

crystal air, 
n=1 

y 

z 
(x is into the page) 

50 

2 
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(21 pts) Problem 5. As shown in a homework problem, a 1/4 wave plate at 45 degrees followed by a 
horizontal polarizer will serve as a left circular polarization filter in the sense that it blocks RCP and 
passes LCP with no attenuation. The Mueller matrix for that combination turns out to be:  

ଵ

ଶ
൮

1 0 0 െ1
1 0 0 െ1
0 0 0 0
0 0 0 0

൲  

 
(a) Similarly, a 1/4 wave plate at 45 degrees followed by a vertical polarizer will block LCP and allow 
RCP to pass. Determine the Mueller matrix for this new combination.  
 
 
 
 
 
 
 
 
 
 
 
 
(b) The degree of circular polarization (𝐷𝑂𝐶𝑃) can be defined as (RCP-LCP)/(RCP+LCP) where LCP 
and RCP are the amounts of light that would get through the two filters mentioned in parts (a) and (b). 
Determine the 𝐷𝑂𝐶𝑃 for an arbitrary Stokes vector (A, B, C, D) by virtually passing the vector through 
the two filters just described (i.e. using their Mueller matrices), identifying how much intensity gets 
through in each case, and using the 𝐷𝑂𝐶𝑃 definition just given.  
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(18 pts) Problem 6. In my lab we have several lenses made 
out of fused silica which we use for experiments in the near 
UV. I looked up the index of refraction for fused silica, and 
in the wavelength range from 210-400 nm its index of 
refraction vs 𝜔 looks like this figure. Fitting the section of 
the curve around 7 ⋅ 10ଵହ rad/s (which is 269.3 nm) to a 
straight line, shown in red, I got this equation: 𝑦 ൌ
1.38704 ൅ 1.59168 ⋅ 10ିଵ଻ 𝑥, where the units are such to 
make y dimensionless and x in rad/s.  
 
If I tune my laser to that wavelength, set it for a Gaussian 
pulse with temporal width 𝑇 ൌ 24 ⋅ 10ିଵହ s, and shine it 
into a 1 cm thick piece of fused silica, what will be the 
temporal width of the pulse when it leaves?  
 
 


