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Question 1: Short Answer                                                                                              7 points 

 
(a) For drawing bars whose total heights add up to 6  units 1 point 

Scoring Note: This point may be earned if only one bar is drawn. 

 For drawing a bar for Ug  that has a height of 2  units 1 point 

 Example Response  

 

  Total for part (a)  2 points 

(b) For a multi-step derivation that begins with conservation of energy    1 point 
 

 For one of the following:   1 point 

• The correct answer for the speed at Point B  v = 8gR  
• The correct substitutions for the initial and final heights 
• Substitutions for initial and final heights consistent with part (a)  

 Example Response  

E Ei = f

Ug gA = U KB B+

1mgyA B= mgy + mv2
2

1   Mg(6R) = Mg(2R) + Mv2
2  

1g R(6 ) = g(2R) + v2
2

1 v2 = 4gR2
v = 8gR

  Total for part (b) 2 points 
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(c)(i) For drawing a downward arrow labeled as the gravitational force 1 point 

 For drawing a downward arrow labeled as the normal force  1 point 

 Example Response  

 

Scoring Note: Examples of appropriate labels for the gravitational force include FG , Fg , 

Fgrav , W , mg  , Mg , “grav force,” “ F  Earth on block,” “ F  on block by Earth,” 

FEarth on Block , FE,Block , or FBlock,E . The labels G  or g  are not appropriate labels for the 

gravitational force.  

Scoring Note: Examples of appropriate labels for the normal force include Fn , FN , N , 
“normal force,” or “track force.” 

Scoring Note: Arrows of any nonzero magnitude can earn these points. 

(c)(ii) For indicating one of the following:  1 point 

• The block must be moving at the top of the loop to remain in contact with the loop 
• If the block has zero speed at Point C  the block will lose contact with the loop 
• The block does not have enough kinetic energy and will lose contact with the loop 
• The block does not have enough momentum and will lose contact with the loop 

Scoring Note: Responses that use relevant derivations may earn this point. 

 Example Response  

If the block were released from a height 4R  above the ground, then based on energy 
conservation, the block will have a speed equal to zero at Point C . If the speed is zero, the 
block will lose contact with the track. 

  Total for part (c)  3 points 

 Total for question 1  7 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: 
• Recognize and apply the principle of conservation of energy through multiple representations including 

an energy bar chart and a mathematical derivation. 
• Construct a free-body diagram to show the gravitational and normal forces. 
• Identify how a changing height affects the gravitational potential energy and kinetic energy at different 

positions. 
• Demonstrate an understanding as to how velocity and kinetic energy can affect an object moving in a loop

and experiencing centripetal acceleration. 
• Construct an explanation to support a claim made in the prompt and give evidence as to why the original 

claim was incorrect. 

 

Sample: 1A 
Score: 7 
 
Part (a) earned 2 points. The first point was earned for drawing two bars whose heights add to 6  units. The 
second point was earned for drawing a bar for Ug  that has a height of 2  units. Part (b) earned 2 points. The first 
point was earned for beginning a multi-step derivation with conservation of energy by stating:  

“ 16MRg = 2MRg + Mv2
2 .” The second point was earned for stating the correct answer: v = 8Rg . Part (c) 

earned 3 points. The first point was earned for drawing one downward arrow labeled “ Fg .” The second point was 

earned for drawing one downward arrow labeled “ FN .” The third point was earned for stating, “There is 0  
kinetic energy, meaning the block will have 0  velocity at Point C  & will not be able to slide through Point C  
without losing contact.” 

Sample: 1B 
Score: 5 
 
Part (a) earned 1 point for drawing two bars whose heights add to 6  units. (Note: Bars were erased.) The second 
point was not earned because the response does not correctly draw a bar for Ug  that has a height of 2  units.  
Part (b) earned 1 point for beginning a multi-step derivation with conservation of energy by stating:  

“ 1 Mv2 = MgR2 .” The second point was not earned because the response does not have the correct substitution 

for the initial and final heights. The response does not have the correct answer. Part (c) earned 3 points. The first 
point was earned for drawing one downward arrow labeled “ mg .” The second point was earned for drawing a 
downward arrow labeled “ FN .” The third point was earned for stating, “the block would not gain enough speed, 
because there would be less kinetic energy.” 
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Question 1 (continued) 

Sample: 1C 
Score: 2 
 
Part (a) earned 1 point. The first point was not earned because the response does not draw two bars whose heights 
add to 6  units. The second point was earned for correctly drawing a bar for Ug  that has a height of 2  units.  
Part (b) did not earn any points. The first point was not earned because the response does not begin with a 
statement of conservation of energy. The second point was not earned because the response does not have the 
correct substitution for the initial and final heights. The response does not have the correct answer. Part (c) earned 
1 point for drawing one downward arrow labeled “ Fg .” The second point was not earned because the response 
does not draw a downward arrow labeled as the normal force. The arrow is incorrectly labeled “ Ff .” The third 
point was not earned because the response does not explain why the claim is incorrect in terms of speed, kinetic 
energy, or momentum.  
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