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Question 1: Short Answer Paragraph Argument                                                         10 points 

 
(a)(i)  For correctly drawing and labeling the gravitational, buoyant, and tension forces with no 

extraneous forces 
1 point 

 
Example Response  

 
 

 

(a)(ii) For an application of Newton’s laws that is correct or consistent with the diagram in part (a)(i) 
and indicates zero net force 

1 point 

 For a correct substitution of the buoyant force into a solution that is consistent with the previous 
equation 

Scoring Note: A correct answer with no supporting work earns this point. 

1 point 

 Example Response 

F ma 
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  Total for part (a) 3 points 

(b)  For correctly relating the speed of the light in the new medium to the index of refraction 1 point 

  For indicating that the frequency does not change 1 point 

 For a correct relationship between speed and wavelength 1 point 

 For a correct relationship between wavelength and fringe separation 1 point 

  For a logical, relevant, and internally consistent argument that addresses the question asked and 
follows the guidelines described in the published requirements for the paragraph-length response 

1 point 
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 Example Response 

The speed of light in the new fluid is less than the speed of light in water because the fluid has a   
greater index of refraction. This means that the wavelength of the light in the beam will be 
smaller because the frequency does not change. Since the wavelength is smaller, the angular 
separation of the bright fringes will decrease, as described by the equation sinm d  . 

 

  Total for part (b) 5 points 

(c) For explicitly indicating that the amount of refraction at the fluid-prism interface depends on the 
ratio of the indices of refraction of the materials 

Scoring Note: Basing the explanation on the difference in refractive indices is acceptable. 

1 point

  For correctly relating a larger angle of refraction to the beam hitting the screen below point P 1 point

  Example Response 
 

The beam refracts more when the air is present because the difference between the indices of 
refraction between the prism and the surrounding medium is greater. So, the beam hits the 
screen below point P. 

  Total for part (c) 2 points

  Total for question 1 10 points
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Question 1 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses were expected to demonstrate the ability to: 
• Apply Newton’s laws to a situation involving buoyancy. 
• Relate the index of refraction of a medium, the speed of light in the medium, and the wavelength of the light 

in the medium. 
• Demonstrate that when light travels from one medium to another, the frequency of the light does not change. 
• Describe the relationship between the wavelength of light and the interference pattern it produces when 

going through a double slit. 
• Use Snell’s law at an interface between two optical media, including the meaning of the normal line. 
• Create a free-body diagram. 
• Perform a mathematical derivation. 
• Write a coherent paragraph presenting a scientific analysis of a situation. 

Sample: 1A 
Score: 10 

Part (a)(i) earned 1 point by drawing two distinct upward arrows labeled as the buoyant and tension forces and one 
downward arrow as the gravitational force. There are no extraneous forces. Part (a)(ii) earned 2 points. The first 
point was earned because the response states that the net force on the block is zero. The second point was earned 
because the correct substitution for the buoyant force, including the correct subscript for density, is clearly shown in 
the response. Part (b) earned 5 points. The first point was earned because the response explicitly states that the index 
of refraction decreases the speed of the light. The second point was earned because the response explicitly states that 
the frequency of the light is the same in both materials. The third point was earned because the response connects a 
decrease in speed with a decrease in wavelength. The fourth point was earned by relating the decreased wavelength 
with a decrease in the separation between maxima. The fifth point was earned because the response is relevant, 
internally consistent, and in paragraph form. Part (c) earned 2 points. The first point was earned because the response 
makes an explicit connection between the angle of refraction at the prism-fluid boundary and the angle of refraction 
at the prism-air boundary. The second point was earned because the response correctly connects a larger angle of 
refraction in air to the light hitting the screen below point P. 

Sample: 1B 
Score: 7 

Part (a)(i) earned 0 points because on the free body diagram, the arrows must be separate and distinct; in the 
response, the arrows are drawn to be coincident and, thus, did not earn this point. Part (a)(ii) earned 0 points. The 
first point was not earned because the prompt asks for a derivation, which must begin with a fundamental property 
or relationship. By only stating the derived solution, the response did not earn the point for starting the derivation 
with a fundamental principle. The second point was not earned because, while a substitution is made for the buoyant 
force, the subscript identifies the density of the block instead of the density of the fluid. Part (b) earned  
5 points. The first point was earned because the response connects the greater index of refraction with the slower 
speed of light through the fluid. The second point was earned because the response explicitly states that frequency is 
consistent from medium to medium. The third point was earned because the response connects a decrease in speed 
with a decrease in wavelength. The fourth point was earned because the response connects the decreased wavelength 
with the decreased width between maxima. The fifth point was earned because the response is relevant, internally 
consistent, and in paragraph form. Part (c) earned 2 points. The first point was earned because the response discusses 
the change in angle of refraction as the ray transitions from the prism to the water as compared to the transition from 
the prism to the air. The second point was earned because the response states that the increased angle of refraction 
will cause the beam to intersect the screen below point P.  
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Question 1 (continued) 

Sample: 1C 
Score: 4 

Part (a)(i) earned 1 point by including two upward arrows labeled as tension and buoyant force and one downward 
arrow representing the gravitational force. There are no extraneous arrows drawn in the free body diagram.  
Part (a)(ii) earned 1 point. The first point was earned by creating equality between the upward and downward forces 
consistent with the free-body diagram drawn in part (a)(i); the response implies that the net force is zero. The second 
point was not earned because even though there is a substitution for the buoyant force, the incorrect density is 
identified. Part (b) earned 2 points. The first point was not earned because the speed of light is not addressed, 
particularly relative to the increased index of refraction. The second point was not earned because the frequency of 
the beam is not addressed. The third point was not earned because while wavelength is addressed, the response does 
not explicitly or implicitly relate the wavelength and the speed of the wave in the medium. The fourth point was 
earned because the response correctly relates the increased distance between maxima to the increased wavelength. 
This relationship is consistent with the other statements in the response, even though the wavelength would decrease. 
The fifth point was earned because the response is relevant, internally consistent, and in paragraph form. Part (c) 
earned 0 points. The first point was not earned because the response does not discuss the relative change in indices 
of refraction between the prism and water versus the prism and air. The second point was not earned because the 
response indicates that the beam will strike the screen above point P instead of below point P. 


	ap22_apc_physics 2_commentary_q1_final.pdf
	Question 1
	Question 1
	Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
	Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
	Overview
	Overview
	Sample: 1A
	Sample: 1A
	Score: 10
	Score: 10
	Sample: 1B
	Sample: 1B
	Score: 7
	Score: 7

	Question 1 (continued)
	Question 1 (continued)
	Sample: 1C
	Sample: 1C
	Score: 4
	Score: 4





