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(a)  5 points 
 

For explaining that the light that results in spot X reflects at the glass-liquid 
interface 

 1 point

For explaining that the light that results in spot Y is refracted both as it leaves the 
glass and reenters the glass (direction of refraction need not be correct) 

 1 point

For explaining that the light that results in spot Y is reflected at the liquid-air 
interface 

 1 point

For explaining that Y is farther from P than X in terms of the geometry of the path   1 point
For explaining that at each interface the brightness is affected by reflection, and 

by transmission and/or refraction as appropriate 
 1 point

Students may reference a diagram to support the reasoning, but it cannot supplant 
the written reasoning. 

  

 
 
(b)  
 
 i) 2 points 

 
 

For drawing a reasonably accurate path for the rays that form spot X   1 point
For drawing a reasonably accurate path for the rays that form spot Y, including 

correct directions of refraction, with no rays in the air 
 1 point

 
 ii) 1 point 
 

For indicating that Y becomes brighter in terms of the distribution of energy with 
and without total internal reflection 

 1 point
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(c)  
 
 i) 1 point 

 
 

For drawing rays to show reflection at the glass-liquid interface  1 point
One point will be deducted for drawing any rays above the glass-liquid interface.  

 
 ii) 1 point 
 

For indicating that Y disappears and indicating that total internal reflection takes 
place at the glass-liquid interface 

 1 point
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Question 1 

Overview 
 
The intent of this question was to assess student knowledge of ray optics including reflection, refraction, 
Snell’s law, and total internal reflection. Understanding was to be conveyed in a written form using a 
combination of words, diagrams, and mathematics. 

Sample: P2Q1 A 
Score: 10 
 
This response is clearly written and well-organized and earned full credit. 

Sample: P2Q1 B 
Score: 5 
 
Part (a) earned 3 points for explaining that the light that results in spot X reflects at the glass-liquid 
interface, for explaining that the light that results in spot Y is reflected at the liquid-air interface, and for 
explaining that Y is farther from P than X in terms of the geometry of the path. Part (b) earned 2 points for 
drawing a reasonably accurate path for the rays that form spot X and for indicating that Y becomes 
brighter in terms of the distribution of energy with and without total internal reflection. It is not clear that 
any refraction is intended at the glass-liquid interface. Part (c) earned no credit. 

 
Sample: P2Q1 C 
Score: 3 
 
Part (a) has descriptions that are not detailed enough and information that is not correct and earned no 
credit. Part (b) has a correct drawing and an acceptable explanation and earned 3 points for full credit. Part 
(c) earned no credit. 




