
Physics 1CH – Midterm Exam  
Prof. J. Rosenzweig 

May 6, 2020 
 
This exam permits one page of notes, both sides, as a primary aid. Please submit a 
copy of your notes sheet as Problem 5 to receive credit for creating them.  
Please submit your exam through the Gradescope portal within 45 minutes of the 
exam’s finish time at 8 PM.  
Read each problem carefully; show all your work for full credit. 
 
1. Consider a medium having a common form of a plane wave dispersion relation, 
!" = $"%" + !'" , where !'" is a constant.  
(a)  (5 pts) What is the phase velocity of a wave with !" > !'"? (5 pts) Describe the spatial 
dependence of the electric field if !" < !'". 
(b)  (5 pts) What is the group velocity of a wave with !" > !'"? 
(c) (10 pts) Consider two waves of equal amplitude *+	superimposed in this medium, one 
with frequency ! = 4!'  and one with ! = 5!' .  Write the superposition of these waves 
to obtain a beatwave, using the trigonometric relationship cos(3) + cos(5) =
2 cos(789" ) cos(7:9" ). (5 pts) What is the velocity of propagation of the envelope (the 
cosine corresponding to the difference in frequencies, not the average)? (5 pts) Compare 
this to the group velocity at the average of the two frequencies ! = 4.5!' . 
 
2. A plane electromagnetic wave traveling in the +z-direction impinges (from medium 1) 
normally on an interface at z=0 plane, which marks the boundary between two different 
dielectrics. Both media have , and differ only in permittivity,  and ,  
respectively. The electric field polarization is in the x-direction. 
(a) Consider the incident wave only. (5 pts) What is the ratio of electric to magnetic field? 
(5 pts) What is the Poynting vector associated with this incident wave? (10 pts) What is the 
relationship between the Poynting vector, the electromagnetic energy density and the wave 
(phase) velocity in the medium? 
(b) (15 pts) Develop the (Fresnel) relations for the transmitted and reflected wave electric 
field amplitudes relative to the incident wave amplitude at this interface. 
(c) (10 pts) What are the Poynting vectors associated with the reflected and transmitted 
wave? How are they related to the incident wave Poynting vector? 
 
3. A dielectric sphere (< = 1.5<+, radius R) is used as a focusing lens, as shown below: 
 
 
 
 
 
(a) (5 pts) For paraxial rays, what is the approximate thin lens focal length f? 
(b) (5 pts) For the condition given, with ?@ = AB

" , where is the image? (5 pts) Draw the ray 
diagram. (5 pts) Is the image real or virtual?  
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(c) (10 pts) Now consider the lens to be thick. Sketch two rays from the object tip, one a 
parallel paraxial ray (offset much smaller than R) and one that goes through the center of 
the sphere. Does the image move closer to the sphere or farther? 
(d) (15 pts) Now analyze the position of the image using either of two methods: the 
matrix method presented in lecture, or sequential application of the formula  
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where you consider the focal length of each surface DE  of the sphere (i.e. that towards the 
object, and that towards the image) separately.  
 
4. We would like to propagate a cylindrical laser beam from air F ≃ 1 into glass F =

1.5	at an angle, so that no power is reflected.  
(a) (5 pts) What polarization should we choose?  
(b) (5 pts) What angle of incidence should we choose? 
(c) (10 pts) What is the shape of the transmitted laser beam in the glass?  

 
5. Submit your notes page, both sides. (5 pts) 










