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Question 7 

 
10 points total        Distribution 
  of points 
 
(a) 1 point 

 
The wavelength and frequency are related by  c fl=   
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For a correct answer   1 point
145.77 10   Hzf = ¥    

 
(b) 1 point 
 

The frequency does not change when light travels in a different medium   
For an answer that is consistent with part (a)  1 point

145.77 10  Hzf = ¥     

 
(c) 2 points 
 

For using a correct expression for the wavelength in oil  1 point
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The second equation can be manipulated to obtain the first equation:   
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For a correct numerical answer   1 point
342 nmoill =    

 
Units 1 point 
 

For correct units in two of the calculated responses in parts (a), (b), and (c)   1 point
 
(d) 3 points 
 

For selecting “Greater than”  1 point
For mentioning that there must be a phase shift upon reflection at both interfaces  1 point
For mentioning interference  1 point
Example: There is constructive interference for the observed light. In the oil, the 

light traverses the oil thickness two times: , or one 
wavelength in the oil. For 

2 171 nm 342 nm¥ =
constructive interference, reflections at the two 

interfaces must then have the same phase shift. Since the refractive index 
increases at the air-to-oil surface, it must also increase at the oil-to-plate 
surface, so . 

plate oiln n>
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Question 7 (continued) 
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(e) 2  points 

 
For mentioning that the color shifts toward the red end of the visible spectrum  1 point
For mentioning that the light’s path length in the oil increases  1 point
Example: 

 
  

As the observer views the film from a larger angle, the light must travel a greater 
distance in the film. This creates constructive interference for a longer 
wavelength of light and causes the apparent film color to shift toward the red 
end of the visible spectrum. 
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Question 7 

 
Overview 
 
The intent of this question was to assess student understanding of what happens to the velocity, 
wavelength, and frequency of light when it enters a material of a different refractive index. In particular, it 
assessed student understanding of the role of phase change and interference in creating a reflection 
maximum in thin films and the prediction, with justification, of how the color of the maximum will change 
as the thickness of the film increases. 
 
 
Sample: 1A 
Score: 10 
 
Parts (a), (b), and (c) earned full credit, including the units point. The selection and explanation are correct 
for part (d). Part (e) earned full credit because it addresses the light shifting to the red due to the increase 
in the path length of the light. 
 
 
Sample: 1B 
Score: 7 
 
Parts (a), (b), and (c) earned full credit, including the units point. No point was awarded for the selection in 
part (d), but 2 points were earned for the explanation. No points were awarded for part (e) because there 
were no valid statements. 
 
 
Sample: 1C 
Score: 2 
 
The answer for part (a) was not correct and earned no credit. No point was awarded for part (b) because the 
answer was different than for part (a). One point was earned for part (c) because the correct expression was 
used, but the numerical answer was incorrect. In part (d), the correct selection earned 1 point but there was 
no explanation. Part (e) earned no credit because no valid statements were made. Because the units were 
incorrect in parts (a) and (b) no units point was awarded. 
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