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Question 1: Free-Response Question 15 points 

(a) For correctly drawing and labeling the force of gravity and the normal force on both dots 1 point 

For drawing and labeling the spring force to the left on both dots, where the force for 
Spring Q (Trial 2) is twice as long as the force for Spring P (Trial 1) 

1 point 

Example Solution 

Scoring Note: Examples of appropriate labels for the force due to gravity include: GF , gF , 

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

E,BlockF . The labels G  and g  are not appropriate labels for the force due to gravity.  

nF , NF , N , “normal force”, “ground force”, or similar labels may be used for the 
normal force.  

Scoring Note: A response that includes extraneous vectors can earn a maximum of 1 point. 
Total for part (a) 2 points 

(b)(i) For a statement that the work is equal to the area under the curve 1 point 

(b)(ii) For stating the spring compression will be greater than 0.040 m  with an attempt at a relevant 
justification 

1 point 

For a justification that indicates that the heights are equal when the area between each 
function and the horizontal axis are equal, which happens after x = 0.040 m 

Scoring Note: While a mathematical solution is not required to earn credit for this point, 
students may reference a mathematical solution. 

1 point 

Example Solution 

The work done by each spring is equal to the area under their respective curves. This work is 
converted to the change in potential energy and therefore relates to the maximum height 
reached by the block. At 0.040 mx = , the area under the curve for Spring Q is greater than 
that of Spring P. Therefore, it is not until a compression greater than 0.040 mx =  that the 
areas under the two curves are equal, have the same work, and convert to the same 
maximum height.  
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(b)(iii) For drawing smooth concave upward curves for both springs P and Q 1 point 

For showing that the curves intersect after 0.05 mx = , but before 0.10 mx =  1 point 

For showing the curve for Spring P below Spring Q before an intersection and the curve for 
Spring P above Spring Q after this intersection  

1 point 

Example Solution 

Total for part (b) 6 points 
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(c)(i) For correctly applying conservation of energy to solve for the velocity of Block A just before 
it collides with Block B 

1 point 

Example Response 
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For substituting the calculated value for Av  into a correct conservation of linear momentum 
expression and solving for fv  

1 point 

Example Response 
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Example Solution 
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(c)(ii) For equating kinetic energy of the two-block system and elastic potential energy of the spring 1 point 

Example Response 

( )21
2 mv F x dx= ∫

For correctly integrating to determine the elastic potential energy at the spring’s maximum 
compression 

1 point 

Example Response 
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For substituting the value for fv  from part (c)(i) into the integrated equation and solving 

for maxx  

1 point 

Example Response 
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Total for part (c) 5 points 
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(d) For selecting C D>  with an attempt at a relevant justification 1 point 

For one of the following:
• a statement that correctly relates the total energy of the system, the maximum

compression distance of the springs, and the spring constant
• a statement that correctly relates the force exerted on the blocks by the spring, the

maximum compression distance of the springs, and the spring constant

1 point 

Example Solutions 

The energy of the two-block-spring system before the blocks compress the spring is the same 
in both procedures, so the total potential energy of both springs must be the same when each 
spring is at its maximum compression. Since Spring Q is compressed less than Spring R, C 
must be greater than D. 

OR 

The blocks are traveling at the same speed before colliding with the spring in each 
procedure. The maximum compression of Spring Q is less than Spring R, so the average 
force exerted on the blocks by Spring Q to stop the blocks must be greater than that of  
Spring R. Therefore, C must be greater than D. 

Total for part (d) 2 points 

Total for question 1 15 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 understanding of: 

• Linear vs. nonlinear elastic forces using functions and F  vs. x  graphs. 
• Work done on an object by both linear and nonlinear springs. 
• Conservation of mechanical energy in various situations.  
• Conservation of linear momentum.  
• The use of calculus to determine the elastic potential energy for a nonlinear spring at maximum 

compression. 

Sample: 1A 
Score: 15 
 
Part (a) earned 2 points. The first point was earned for correctly drawing and labeling the gravitational force and the 
normal force on both dots. The second point was earned for correctly drawing and labeling the spring force vectors 
to the left on both dots, where the force vector drawn for Spring Q  is double the length of the force vector drawn for 
Spring P . Part (b) earned 6 points. The first point was earned for correctly stating that the work done is equal to the 
area under the curve: “we can use the area under the curve up to the compression for each spring to estimate the 
work done on the block.” The second point was earned for correctly stating that the spring compression will be 
greater than 0.040 m . The third point was earned for indicating that the heights are equal when the areas under the 
curves are equal, which happens after 0.04 mx = . The fourth point was earned for drawing a graph that has a 
smooth, concave upward curve for both springs, P  and Q . The fifth point was earned for drawing a graph that 
shows that the curves intersect after 0.05 mx =  but before 0.100 mx = . The sixth point was earned for correctly 
showing the curve for Spring P  below the curve for Spring Q  before the intersection and above the curve for 
Spring Q  after the intersection. Part (c) earned 5 points. The first point was earned for correctly applying 
conservation of energy to solve for the velocity of Block A  just before it collides with Block B . The second point 
was earned for correctly substituting the value of the velocity determined using energy conservation into a correct 
statement of conservation of momentum to solve for the final velocity of the two-block system. The third point was 
earned for equating the kinetic energy of the two-block system and the elastic potential energy of the spring. The 
fourth point was earned for correctly integrating the force to determine the elastic potential energy at the spring’s 
maximum compression. The fifth point was earned for substituting the value for fv  calculated in part (c)(i) into an 
integrated equation that solves for maxx . Part (d) earned 2 points. The first point was earned for selecting C D>  
and attempting a relevant justification. The second point was earned for including an appropriate and relevant 
justification. 
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Question 1 (continued) 

Sample: 1B 
Score: 10 
 
Part (a) earned 1 point for correctly drawing and labeling the gravitational force and the normal force on both dots. 
The second point was not earned because the response does not draw a spring force to the left on either dot. Part (b) 
earned 4 points. The first point was earned for correctly stating that the work done is equal to the area under the 
curve. The second point was earned for correctly stating that the spring compression will be greater than 0.040 m . 
The third point was earned for indicating that the heights are equal when the areas under the curves are equal, which 
happens after 0.04 mx = . The fourth point was not earned because the graph in the response draws a linear curve 
for Spring P  and a concave downward curve for Spring Q . The fifth point was not earned because the graph in the 
response shows that the curves intersect before 0.05 mx = . The sixth point was earned for correctly showing the 
curve for Spring P  below the curve for Spring Q  before the intersection and above the curve for Spring Q  after the 
intersection. Part (c) earned 5 points. The first point was earned for correctly applying conservation of energy to 
solve for the velocity of Block A  just before it collides with Block B . The second point was earned for correctly 
substituting the value of the velocity determined using energy conservation into a correct statement of conservation 
of momentum to solve for the final velocity of the two-block system. The third point was earned for equating the 
kinetic energy of the two-block system and the elastic potential energy of the spring. The fourth point was earned for 
correctly integrating the force to determine the elastic potential energy at the spring’s maximum compression. The 
fifth point was earned for substituting the value for fv  calculated in part (c)(i) into an integrated equation that solves 
for maxx . Part (d) earned no points. The first point was not earned because the response selects C D< . The second 
point was not earned because the response includes an incorrect justification that indicates the constant is directly 
proportional to the compression. 
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Question 1 (continued) 

Sample: 1C 
Score: 2 
 
Part (a) earned 1 point for correctly drawing and labeling the gravitational force and the normal force on both 
dots. The second point was not earned because, although the response correctly draws and labels the spring force 
vectors to the left on both dots, the force vector drawn for Spring Q  is not double the length of the vector drawn 
for Spring P . Part (b) earned no points. The first point was not earned because the response does not state that the 
work done is equal to the area under the curve. The second point was not earned because the response states that 
the spring compression will be equal to 0.040 m . The third point was not earned because the response indicates 
that the heights are equal when the forces are equal, which happens at 0.04 mx = . The fourth point was not 
earned because the graph in the response shows a linear curve for Spring P  and a concave downward curve for  
Spring Q . The fifth point was not earned because the graph in the response shows that the curves do not intersect. 
The sixth point was not earned because the graph in the response shows that the curves do not intersect. Part (c) 
earned no points. The first point was not earned because, although the response includes an application of 
conservation of energy to solve for the velocity of Block A just before it collides with Block B , the response 
includes an elastic potential energy term. The second point was not earned because the response does not 
substitute the value of the velocity determined using energy conservation into a correct statement of conservation 
of momentum to solve for the final velocity of the two-block system. The third point was not earned because the 
response does not equate the kinetic energy of the two-block system and the elastic potential energy of the spring; 
the response includes a gravitational potential energy term. The fourth point was not earned because the response 
does not integrate the force to determine the elastic potential energy at the spring’s maximum compression. The 
fifth point was not earned because response does not substitute the value for fv  calculated in part (c)(i) into an 
integrated equation. Part (d) earned 1 point for selecting C D>  and attempting a relevant justification. The 
second point was not earned because the response includes a justification that does not include an energy or force 
equivalence statement. 
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