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(a)  3 points 
 

For graphing angles or functions of angles on the axes  1 point
For plotting sines of angles on the axes and indicating or implying that the index of 

refraction of air is 1 
 1 point

For indicating a method to determine the index of refraction of the glass that is 
consistent with the graph described 

 1 point

Example: If 1 refers to air and 2 to the glass, use q q=1 1 2 2sin sinn n  and graph 

q1sin  as a function of q2sin . Because =1 1n , the slope of the line is 2n . 

  

 
 
(b)  4 points 
 

For indicating that the light from the lamp needs to be a beam when it enters the 
glass (either referring to a beam, explicitly describing how to create a beam, or 
showing a beam in a diagram) 

 1 point

For describing some method of determining angles with a protractor (or equivalent 
tool) in both media at an appropriate boundary 

 1 point

For using angles with respect to the normal (can measure any angles as long as 
reference is made to converting them to the correct ones) 

 1 point

For repeating the measurement at three or more different incidence angles to 
obtain sufficient data  

 1 point

 
 
(c)  2 points 
 

For indicating that when light travels across the boundary from air to glass, the ray 
bends toward the normal 

 1 point

For indicating that the speed of light is slower in glass than in air (or an answer 
consistent with response for bending of the ray) 

 1 point
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(d)  3 points 
 

For an appropriate energy-level diagram showing absorption from the lowest level 
and emission 

 1 point

For indicating that a hydrogen atom can be excited from the ground state to a 
higher energy state by absorbing energy 

 1 point

For indicating that transitions to lower energy levels cause emission of photons  1 point
Example:  

 

 
 

Atoms in the ground state absorb energy from the electricity delivered to the 
lamp. The atoms enter an excited state. Then the atoms emit photons as 
they drop to a lower energy state. 

  

 

Ground state 

Energy 
absorption 

Photon 
emission 
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Question 2 

Overview 

This question assessed learning objectives 1.A.4.1, 6.E.3.2, 6.E.3.3, and 7.C.4.1. The question evaluated 
student understanding of Snell’s law and energy level diagrams. The basic intent was to assess students’ 
experimental design skills. These include experimental procedure design, a description of what data needs to 
be analyzed, and how to perform that analysis. 

Sample: P2 Q2 A 
Score: 12 

Part (a) earned 3 points. The response clearly identifies Snell’s law and then indicates that = 1airn  and 2n  is 

the unknown index of the glass. It indicates appropriate quantities to graph on each axis and the appropriate 
method of using the slope of the graph. Part (b) earned 4 points. The response describes the formation of a 
beam, measurement of the beam angle relative to the normal and at appropriate locations (just before and 
just after the beam enters the glass) using a protractor, and changing the incident angle to obtain multiple 
measurements. Part (c) indicates that the light bends toward the normal upon entering the glass, with an 
explanation that includes the fact that the speed of light is slower in glass, and earned 2 points. Finally, part 
(d) contains a neat and accurate energy level diagram and an explanation of both the absorption/excitation 
process and the emission/de-excitation process, which earned 3 points. 

Sample: P2 Q2 B 
Score: 9 

Part (a) earned 3 points. The response uses Snell’s law and indicates that the sines of the angles should be 
graphed. It implies that airn  is known and appropriately uses the slope of the graph to determine the index of 

the glass. Part (b) refers to a light ray, mentions a protractor, measures angles with respect to the normal, and 
measures decreasing incident angles implying three or more measurements. However, in both (a) and (b) the 
description of q2  is the angle of the light ray leaving the block, which is incorrect, so part (b) earned 3 points. 
Part (c) correctly indicates that the speed of light is slower in glass, but incorrectly shows the bending due to 
refraction, so only 1 point was earned. Part (d) earned 2 points for the description of absorption and emission, 
but the diagram does not show transitions. 

Sample: P2 Q2 C 
Score: 4 

Part (a) indicates graphing angles, not their sines. The slope of such a graph would not be relevant to finding 
the unknown index of refraction. Only 1 point was earned. In part (b) there is no mention of a beam or of 
measuring angles with respect to the normal. The unit circle labeled in increments of 15 degrees can be used 
to measure angles, and the measurements are taken for at least three incident angles, so 2 points were 
earned. Part (c) has no prediction to support, and earned no credit. The diagram in part (d) may be intended 
to illustrate emission, given that the labels have increasing numbers going down, but it definitely does not 
show both absorption and emission. The response does describe emission in words, which earned 1 point.  
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