
 
 

Physics 203     
Midterm Exam 1 

4/20/2022 
  
Collaboration is not allowed. Allowed on your desk are: ten 8.5 x 11 inch doubled sided sheets of 
notes that are bound together, non-communicating graphing scientific calculator, 1 page of scratch 
paper, writing utensils, and the exam. You will have 80 minutes to complete this exam.  
 

 

 
ID:_____________________________  

 
Name:____________________________   



For questions 1 through 3 fill in the square next to all correct answers. A given problem may have more than 
one correct answer. Each correctly bubbled answer will receive two points. There are 6 correct answers in this 
section and only the first 6 filled in answers will be graded. There is no partial credit. 
 
1.  For which of the following scenarios would we choose the mathematical model for the Path Length Differ-

ence, PLD = (m+1/2)λ? 
  

X (a) Thin film interference with light of a specific wavelength incident from air onto an anti-reflection 
coating that causes destructive interference. The film’s index of refraction is n = 1.5, and it is cov-
ering a metal surface of n = 12. 

□ (b) A double slit experiment, for which you are looking at the 3rd bright fringe. 
□ (c) Two speakers playing a loud constant tone. The sound is in phase when it leaves the speakers, but 

each speaker is a different distance from you. You hear a very loud tone.  
X (d) Two speakers playing a loud constant tone. The sound is 180 degrees out of phase when it leaves 

the speakers, but each speaker is a different distance from you. You hear a very loud tone. 
 
 
2.  A red laser pointer was used to illuminate the surface of a cell phone screen. The LASER light was reflected 

off the cell phone screen and the resulting diffraction pattern was projected onto a wall . The image shows 
the picture of the light on the wall. Which of the following statements are true? 

  
□ (a) The underlying structure of the cell phone screen that reflects red light is arranged in a double helix 

pattern. 
X (b) The underlying structure of the cell phone screen that reflects red light is arranged in a rectangular 

pattern. 
□ (c) The underlying structure of the cell phone screen that reflects red light is arranged in a circular pat-

tern. 
□ (d) The underlying structure of the cell phone screen that reflects red light is arranged in a hexagonal 

pattern. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
3. For which of the following situations can the small angle approximation be used?  
 

X (a) Single slit experiment where λ = 400 nm and the slit width is 33.0 μm.  

□ (b) Double slit experiment where λ = 650 nm and d = 1.40 μm. 

□ (c) Diffraction grating experiment where λ = 400 nm and there 14,000 lines per cm.  

X (d) Reflection grating experiment where λ = 650 nm and there 1000 lines per cm.  
X (e) A double slit experiment where y1 = 2.2 cm and L is equal to 68 cm.   



4. (8 points) Consider the thin film interference that occurs when a LASER beam is incident on a film (n2 = 
1.4) of thickness t = 55 μm, that is suspended in air. 

(a) For this situation, which of the following conditions for the path length difference must be met for 
constructive interference of the reflected light, when viewed from above? Explain. 

    (i) PLD = mλ2,    (ii) PLD = (m+0.5)λ2 

(b) We have studied thin film interference for situations where the incident light is normal to the surface 

of the film. Interference can also occur when the light comes in at an angle. Assume all of rays (α and 
β for example) in the laser beam are in phase when they hit the top surface of the film. What is the 
path length difference for the light that travels through the film, reflects off the bottom surface (γ), 
and then recombines with the rays reflected off the top surface (δ)? Let θ in the figure be equal to 65°. 

 

(a) The first reflection off top surface undergoes a half cycle phase shift due to n2 > n1. There is no such 
phase shift on the second reflection due to n3 < n2. This results in a half cycle relative phase shift of the 
recombined waves. When that happens the conditions for constructive and destructive swap from the 
case where there is no relative phase shift.  

 
  I would choose equation (ii) 

Rubric 

Part (a) 
 
1 pt - Answer 
1 pt - Explanation 

Part (b) 
 
2 pt - Identifying refraction (theta 2, Snell’s equa-
tion, etc.) 
1 pt - Application of Snell’s law to find θ2 
1 pt - Identifying PLD = 2l 
1.5 pt - Application of geometry to find l 
0.5 pt - Answer & units 







Question 6 Rubric 
  
(a)  2 Points Total 
  

+2.0 Pts : High level application - Correct answer with sufficient explination. 
  
+ 1.5 Pts:  Mid level application:  Incorrect answer but sufficient explination. .OR.  Correct answer with attempted expli-
nation. 
  
+1.0 Pts : Low level application:  Correct answer only with no explination.  .OR.  Incorrect answer with attempted expli-
nation. 
  
  

(b)   2.5 Points Total 
  

+2.5 Pts : High level application - Sketch of ray(s) correct with focal point clearly labeled and focal length estimate con-
sistent with sketch. 
  
+ 2.0 Pts:  Mid level application:  Sketch of ray(s) correct with focal point not clearly labeled, or focal length not con-
sistent with sketch. 
  
+1.0 Pts : Low level application:  Answer given with no work shown  .OR.  Sketch of ray(s) attempted but not correct.  
  

  
  
(c)   1.5 Points Total 
  

+1.5 Pts : High level application - height_image/height_object clearly used with correct answer shown. 
  
+ 1.0 Pts:  Mid level application:  height_image/height_object clearly used but incorrect answer. 
  
+0.5 Pts : Low level application:  Correct answer given with no work or work shown not sufficiently convincing that 
height_image/height_object was used. 
  

  
(d)  1.5 Points Total 
  

+1.5 Pts : High level application - Thin lens equation clearly used with correct answer shown. 
  
+ 1.0 Pts:  Mid level application:  Thin lens equation clearly used but incorrect answer. 
  
+0.5 Pts : Low level application:  Correct answer given with no work or work shown not sufficiently convincing that thin 
lens equation was used. 
  
  

(e)   1.5 Points Total 
  
+1.5 Pts :  High level application - Compares magnitude of answers and concludes they are confident about them be-
cause they are similar.  OR Compares magnitudes and finds them to be different so they are wary of one, or both, of 
their answers. 
  
+1.o Pts :  Mid level application:  States that the answers are the same or nearly the same or different.  
  

+0.5 Pts:  Low level application:  Some answer is attempted. 


