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Winter 2024          barcode here 
Physics 471 
Exam 1                    
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.  
 
 
(16 pts) Problem 1: Multiple choice conceptual questions, 2 pts each. Circle the best answer. 
 
1.1. For insulators, the real part of the index of refraction cannot be less than one. 

a. true 
b. false 

 
1.2. For insulators, the imaginary part of the index of refraction cannot be less than one. 

a. true 
b. false 

 
1.3. In transparent glass, which travels faster: red (=680 nm) or blue light (=480 nm)?   

a. red light 
b. blue light 
c. both travel at the same speed, which is c 
d. both travel at the same speed, which is some velocity less than c 

 
1.4. In a conductor, the most transparent region is likely to be at _______ wavelengths. 

a. short (shorter than UV) 
b. intermediate (visible light) 
c. long (longer than infrared) 

 
1.5. When light is incident upon a material interface at Brewster’s angle, only one polarization will be 

reflected. 
a. true 
b. false 

 
1.6. For which polarization does Brewster’s angle occur? 

a. p-polarization 
b. s-polarization 
c. both 

 
1.7. For which polarization does total internal reflection occur? 

a. p-polarization 
b. s-polarization 
c. both 
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1.8. Suppose you want to make the transmission peaks in a Fabry-Perot interferometer as tall and narrow 
as possible. You should choose partial reflectors (i.e. reflective coatings on the inside of the glass 
pieces) with:  

a. very high reflectivity 
b. very low reflectivity 

 
 
 
(16 pts) Problem 2. Short answers.  
 

(a) The equation for the transmitted power across an interface is 𝑇 ൌ
మ
భ

ୡ୭ୱఏమ
ୡ୭ୱఏభ

|𝑡|ଶ.  Explain why it is 

not just 𝑇 ൌ |𝑡|ଶ; specifically explain where the ratio of the 𝑛’s and the ratio of the cosines each 
come from (one sentence each).  

 
 
 
 
 
 
 
 
 
 

(b) The general form of a plane wave traveling in the z-direction is 𝐄෨ ൌ 𝐄෨𝑒ሺ௭ିఠ௧ሻ. Briefly explain 
why 𝐄 is complex, and what the complex magnitude, complex phase, and direction of 𝐄෨ all 
represent (one sentence each). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) A laser beam traveling parallel to the surface of an optical table reflects off of a 
mirror as shown (top view). Draw in the picture what is meant by “s-polarization” 
and what is meant by “p-polarization” for this situation. 
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(18 pts) Problem 3. For the following, assume that 𝐄෨ and 𝐁෩ are complex plane waves that exist 
in a material with a complex 𝐤ሚ . The coordinate axes are aligned such that the wave is 
propagating in the z-direction and the electric field is polarized in the x-direction.  
 
(a) At a frequency of 𝜔 ൌ 3 ൈ 10ଵସ rad/s the material has 𝑛 ൌ 2  2𝑖. What are 𝑘 and 
𝑘?  
 
 
 
 
 
(b) How do the phases of 𝐄෨ and 𝐁෩ relate? Be specific and quantitative. Hint: for a complex plane 
wave, ∇ ⋅ 𝐄෨ ൌ 𝑖𝐤ሚ ⋅ 𝐄෨  and ∇ ൈ 𝐄෨ ൌ 𝑖𝐤ሚ ൈ 𝐄෨. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Quick derive/justify the equation: 𝐄෨ ൌ 𝐸෨𝑒

ିೌ௭𝑒ሺೝೌ௭ିఠ௧ሻ𝐱ො and use it to make a sketch 
of the oscillating electric field inside the material. Calculate the wavelength and the skin depth 
and mark them on your sketch.   
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(18 pts) Problem 4. A certain insulator has a plasma frequency of 𝜔 ൌ 1.2 ൈ 10ଵ rad/s and a 
resonant frequency of 𝜔 ൌ 1.5 ൈ 10ଵ rad/s. The damping is small enough as to be negligible 
for frequencies which are not extremely close to 𝜔.  
 
(a) What wavelength does the resonant frequency correspond to?  
 
 
 
 
 
 
(b) P-polarized light with a frequency of 𝜔 ൌ 0.75 ൈ 10ଵ rad/s is incident from air onto this 
material at 𝜃 ൌ 30°. Predict 𝑛 and 𝑛 from the Lorentz oscillator model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) What will be the angle of transmission into the material?  
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(32 pts) Problem 5. Infrared light goes through a piece of silicon with optical 
index 𝑛 ൌ  3.4; the silicon has thin coatings on each side, as shown. Focus on 
the right hand side, which is marked “anti-reflection coating”.  
 
(a) First, determine the percent of the light (power) which would go from the 
silicon into the air if there were no coating.  
 
 
 
 
 
 
 
 
 
 
(b) Now, suppose you want to add a coating. You have these three common materials to use as 
coatings: ZnS (𝑛 ൌ 2.32), CeF3 (𝑛 ൌ 1.63) and MgF2 (𝑛 ൌ 1.38). Based on your knowledge of 
the Fresnel coefficients, make an argument about which is most likely to be the best at reducing 
reflections both at the silicon-coating interface and also the coating-air interface. (You can still get 
nearly all the credit for this problem if you choose incorrectly.)  
 
 
 
 
 
 
 
 
 
(c) Using the “two interfaces” theory, and for the coating you selected, determine the percent of 
the light (power) which goes all the way through the prism for the optimal thickness which gives 
you the maximum transmission.  
 
 
 
 
 
 
 
 
 
 
 
 
(more space on next page)  
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(d) Determine the optimal thickness in terms of the wavelength 𝜆, which will give you the 
transmission predicted in the previous part. There are actually an infinite number of optimal 
thicknesses; just determine the smallest one. 
 
 
 
 
 
 


