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Question 3: Quantitative/Qualitative Translation  12 points 
 
(a)(i) For drawing rightward arrows in both diagrams 1 point 

 For the length of the arrow at 2t t=  being longer than the arrow at 1t t=  

Scoring Notes:  
• A maximum of 1 point can be earned if extraneous unlabeled arrows are drawn.  
• A maximum of 1 point can be earned if incorrect labeled forces are drawn. 

1 point 

 Example Response 

 

 

(a)(ii) For an explanation that refers to the difference in the stretch length and indicates that the 
magnitude of the spring force is (or is not) related to the stretch length, consistent with the 
force diagram drawn in part (a)(i) 

1 point 

 Example Response 

The spring force arrow drawn at 2t t=  is longer because the spring is stretched a greater 
distance at that time and the spring force is related to the stretch distance. 
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(a)(iii) For a correct selection with an attempt at a relevant justification, or a selection and 
justification consistent with the response in part (a)(ii) 

1 point 

 For indicating that the spring force is the net force 

Scoring Note: Stating F kx=  earns this point.  

1 point 

 For indicating that the net force is related to the speed (or acceleration) 

Scoring Note: The relationship does not need to be defined to earn this point. 

1 point 

 Example Response 

_____ 1 2v v>             X     1 2v v<            _____ 1 2v v=   

The net force is the spring force. When the spring is stretched a greater length, the spring 
force is greater, so the net force is greater, and therefore the tangential speed is greater at 

2t t= .  

 

 Total for part (a) 6 points 
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(b)(i) For the correct answer: 0netF k d=  

Scoring Notes: 
• An answer of kx  does not earn this point.   
• Points for part (b)(i) may be earned if correct in (b)(ii).  

1 point 

 Example Response 

0

net

net

sF F F
F F k d

= Σ =
= Σ =

 

 

(b)(ii) For a multistep derivation that begins with Newton’s second law: F maΣ =   1 point 

 For one of the following:  
• Substituting kx  for force into Newton’s second law 

• Substituting 
2v
r  for acceleration into Newton’s second law  

• Substituting ( )L d+  for the radius  

1 point 

 
For the consistent answer in terms of the given variables: 

0

0 ( )k d L dv m
+

=  

Scoring Notes:  
• Subscripts for m  and k  are not required to earn this point.  
• Points in (b)(ii) can be earned if correct in (b)(i). 

1 point 

 
 

Example Response 

2

2
0

0

0

0 ( )

cF ma

mvkx r
m vk d L d

k d L dv m

Σ =

=

=
+

+
=

 

 

 Total for part (b) 4 points 
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(c) For an answer that attempts to use functional dependence to relate the tangential speed with 
stretched distance 

Scoring Note: It is not necessary to use the functional dependence correctly to earn this 
point.  

1 point 

 For a correct explanation for why the derived equation in part (b)(ii) does or does not 
support the reasoning in part (a) 

1 point 

 Example Response 

My equation from part (b)(ii) agrees with my reasoning in part (a). The tangential speed of 
the block as it travels in a horizontal circle is related to the distance the spring is stretched. 
The greater the tangential speed of the block, the greater distance the spring is stretched. 
The equation shows this because the d is in the numerator. 

 

 Total for part (c) 2 points 

 Total for question 3  12 points 
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Question 3 

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

Overview 

The responses were expected to demonstrate the ability to: 
• Identify a net force in a given scenario. 
• Compare relative magnitudes of the net force in two different scenarios. 
• Relate force and spring length through functional dependence. 
• Relate force and tangential velocity in a circular motion through functional dependence. 
• Compare tangential velocities in two scenarios based on centripetal force/acceleration. 
• Derive an expression for tangential velocity beginning with Newton’s second law equation. 
• Identify the net force as a centripetal force. 
• Identify the functional dependence between stretch length of a rotating spring and tangential velocity. 
• Determine consistency between reasoning based on a conceptual argument and a derived equation.  

Sample: 3A 
Score: 12 

Part (a)(i) earned 2 points. One point was earned for indicating two arrows drawn to the right. The second point was 
earned for indicating the length of the arrow at 2t  as longer than the arrow at 1t . Part (a)(ii) earned 1 point for 
stating, “the spring at 2t  is stretched further and applies a greater force compared to 1t .” The length is related to the 
spring force. Part (a)(iii) earned 3 points. One point was earned for checking the correct selection, 1 2v v< , with an 
attempt to justify the selection. The second point was earned for identifying the force as the spring force by stating, 
“[t]he greater force the spring applies to the block” and indicating the net force as the centripetal force. The third 
point was earned for stating, “When the tangential velocity of the block is greater, the centripetal acceleration and 
force will also be greater.” Part (b)(i) earned 1 point for correctly identifying the net force expression with the 
correct variables substituted. Part (b)(ii) earned 3 points. One point was earned for attempting to use Newton’s 
second law. The second point was earned for correctly substituting L d+  for the radius, and the third point was 
earned for giving the correct equation. Part (c) earned 2 points. One point was earned for indicating a functional 
dependence between velocity and distance by stating, “If v  increases, so does d , and vice versa.” The second point 
was earned for correctly relating the equation from part (b) to the reasoning in part (a). 
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Question 3 (continued) 

Sample: 3B 
Score: 7 

Part (a)(i) earned 1 point for indicating two arrows drawn to the right. Extraneous arrows are labeled and correct. 
The second point was not earned because the response does not indicate the length of the arrow at 2t  is longer than 
the arrow at 1t . Part (a)(ii) earned 1 point for stating, “As the distance grows between the block and L  the spring 
force will get weaker and weaker.” The length is related to the spring force. This is consistent with the arrows drawn 
in part (a)(i). Part (a)(iii) earned 1 point for checking the correct selection, 1 2v v< , with an attempt to justify the 
selection. The second point was not earned because the response does not identify the spring force as the net force. 
The third point was not earned because the response does not show a relationship between the spring force and the 
velocity. Part (b)(i) earned no points because the response does not give a correct expression for the net force.  
Part (b)(ii) earned 2 points. One point was earned for attempting to use Newton’s second law. The second point was 

earned for correctly substituting
2v
r  for the centripetal acceleration, and the third point was not earned because the 

response did not give the correct equation. Part (c) earned 2 points. One point was earned for attempting to express a 
functional dependence between velocity and distance by stating, “an increase in the distance would actually increase 
the tangential speed of the block.” The second point was earned for correctly relating the equation in part (b) to 
support the reasoning in part (a). The response states, “As L d+  is in the numerator it means that an increase in the 
distance would actually increase the tangential speed.” 

Sample: 3C 
Score: 5 

Part (a)(i) earned 2 points. One point was earned for indicating two arrows pointing to the right, and the other point 
was earned for indicating the arrow for 1t  is shorter than the arrow for 2t . Extraneous forces are labeled and correct. 
Part (a)(ii) earned 1 point for stating, “I drew the arrow for tension at 1t t=  smaller than 2t t=  because 1d  is 
smaller.” The force (tension) is related to the stretch. Part (a)(iii) earned 1 point for checking the correct selection, 

1 2v v< , and attempting a relevant justification. The second point was not earned because the response does not 
identify the spring force as the net force. The third point was not earned because the response does not show a 
relationship between the spring force and the velocity. Part (b)(i) earned no points because the response does not 
give a correct expression for the net force. Part (b)(ii) earned 1 point for correctly substituting ( )L d+  for the radius. 
The second point was not earned because the response does not start with Newton’s second law, and the third point 
was not earned because the response does not give the correct equation. Part (c) earned no points. The first point was 
not earned because the response does not attempt to show a functional dependence between velocity and stretch 
length. The second point was not earned because the response does not attempt to relate the equation in part (b) to 
support the reasoning in part (a). 
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