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Question 2 

Overview 

The question had a block sliding on a horizontal frictionless surface and colliding with another block that was 
attached to a nonlinear spring. It required knowledge of free body diagrams, forces, integral calculus 
(determining potential energy from a force function), conservation of energy, conservation of momentum, 
conceptual understanding of interactions in collisions, and simple harmonic motion. 

Sample: M Q2 A 
Score: 12 

Part (a) earned 1 point for drawing two appropriately vertical vectors on the block of mass 2M. However, the 
vectors are not differentiated from each other (2Mg or 3Mg or N1 or N2). Part (b) earned 2 points for correctly 
using conservation of momentum to calculate the speed of the blocks after the collision. Part (c) earned           
1 point for a proper expression for the kinetic energy of the two-block system. Part (d) earned 3 points for 
using an appropriate approach to a correct solution and having the precise, correct expression for the “D.” 
However, because this question was a “Derive” question, the rubric demands that the student show explicit 
steps along the way toward the solution and the limits of integration (from 0 to D in the integration) are not 
shown. Part (e)(i) earned 2 points for a correct answer and justification. Part (e)(ii) earned 2 points for 
indicating that both blocks have the same acceleration and justifying the greater force on the block of  
mass 3M. Part (f) earned 1 point for checking the correct box, but the justification does not recognize that the 
system has a nonlinear restoring force acting on the two-block system and, therefore, will not exhibit simple 
harmonic motion. 

Sample: M Q2 B 
Score: 8 

Part (a) earned 1 point for drawing two vertical vectors on both blocks and differentiating the vectors on the 
two blocks; however, there is an extraneous vector on the block of mass 2M. Parts (b) and (c) earned full 
credit. Part (d) earned 2 points for using a correct expression for conservation of energy with previous 
answers but did not integrate the spring force. Part (e)(i) earned 2 points. Part (e)(ii) earned no credit because 
the justification is incorrect, even though the correct box is checked. Part (f) earned no credit.   

Sample: M Q2 C 
Score: 4 

Part (a) earned 1 point for drawing two appropriately vertical vectors on the block of mass 2M. However, the 
vectors are not differentiated. Part (b) earned no credit as there is no use of conservation of momentum.   
Part (c) earned 1 point for an answer consistent with part (b). Part (d) earned 2 points for using a correct 
expression for conservation of energy with previous answers but did not integrate the spring force. Part (e)(i) 
earned no credit for an incorrect answer, and the justification is ignored. Part (e)(ii) earned no credit because 
the justification is incorrect, even though the correct box is checked. Part (f) earned no credit because the 
incorrect box is checked. 
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