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Question 2: Free-Response Question 15 points 
 
(a) For selecting “Equal to” with an attempt at a relevant justification 1 point

 For a correct justification 
 

1 point

 Example Response 

Newton’s third law says equal/opposite forces, time intervals are same during same collision, so 
magnitudes of impulse must be equal. 

 
Total for part (a) 2 points

(b) For correctly drawing the momentum for carts 1 and 2 for the time interval 0  t  tC : 

Linear increasing momentum for Cart 1 and zero for Cart 2 

1 point 

 
For drawing a horizontal line for Cart 1 when t  tC  that is smaller in magnitude than the 

momentum of Cart 1 at time t  tC  

1 point

 For drawing a horizontal line for Cart 2 when t  tC  that is greater in magnitude than the 

momentum of Cart 1 after time t  tC  

1 point

 For carts 1 and 2 having a change in momentum that is equal in magnitude, such that Cart 1 
loses momentum and Cart 2 gains momentum or a response with changes in momentum 
consistent with the response in part (a) 
 

1 point

 Example Response 

  
Total for part (b) 4 points

(c) For using conservation of energy to find the speed of Cart 1 at the bottom of the incline 

OR 

For a correct substitution of acceleration and displacement in a kinematics equation to find the 
speed of Cart 1 at the bottom of the incline 

1 point

 
For using conservation of momentum to find the speed of the two-cart system after the collision 1 point

 For combining correct equations from above 
 

1 point
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 Example Response 
 
Conservation of energy: 

2
1 1 12

m gH m v  1

1 2v gH  

OR 

2 2 2 sin( )f iv v g L 

sin( )H L 
2 2 2 sin( )

sinf i
Hv v g 


 
  

2 2fv gH

 
Conservation of momentum: 

 1 1 1 2 fm v m m v    

1
1

1 2
f

m
v v

m m



 

Combining:  

1

1 2
2f

m
v gH

m m



 

1

1 2
2f

m
v g H

m m
    

 

 
 Total for part (c) 3 points
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(d)(i) For drawing an appropriate best-fit line including approximately the same number of points 
above and below the line 

1 point

 

 Example Response 

(d)(ii) For calculating the slope using two points on the best-fit line 1 point

 For correctly relating the slope of the best-fit line to the mass of Cart 2  1 point

 For a correct mass of Cart 2  1 point

 Example Response 
 

 
 
1.20 0.60 m/s m1.72

s0.70 0.35 m
slope


 



1

1 2
2

m
slope g

m m




1
2 1

2m g
m m

slope
 

 
 

2

2

m0.25 kg 2 9.8
s 0.25 kg

m1.72
s

m

 
 
  

2 0.39 kgm 

 

 
Scoring Note: Acceptable responses for mass are 0.30  to 0.60 kg   

 
 Total for part (d) 4 points
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(e) For selecting “ m1 '  0.250 kg ” with an attempt at a relevant justification 1 point

 For a correct justification 1 point
 

 Example Response 
 
A smaller m2  indicates that the initial energy and momentum was smaller. With identical slope 

and height H  this means that the mass m1 '  must be smaller. 

 Total for part (e) 2 points

 Total for question 2 15 points
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Question 2 

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

Overview 

The responses were expected to demonstrate the ability to: 
• Indicate that objects in an isolated system experience equal magnitude forces in opposite directions for the 

same period of time.  
• Graph the individual momenta of two objects of different masses before and after an inelastic collision. 
• Use conservation laws for energy and momentum to derive the speed of two objects after a collision. 
• Draw a best-fit line when given a set of plotted data points. 
• Calculate the slope of the best-fit line drawn. 
• Relate the slope of a graph to a given equation. 
• Analyze the functional dependence between two variables to determine how a change in one will affect the 

other. 

Sample: 2A 
Score: 14 
 
Part (a) earned 2 points. The first point was earned because the response correctly selects “Equal to” with an 
attempt at a relevant justification. The second point was earned because the response includes a correct 
justification: the response states the carts exert equal forces over equal time intervals. Part (b) earned 3 points.  
The first point was earned because the response includes a linearly increasing momentum for Cart 1 for the time 
interval of C0 t t< <  and clearly indicates zero momentum for Cart 2 for the same time interval. The second 
point was earned because the response includes a horizontal line for Cart 1, when Ct t> , that is less than the 
momentum of Cart 1 at time Ct t= . The third point was not earned because the response does not include a 
horizontal line for Cart 2, when Ct t> , that is larger than the momentum of Cart 1 for that time interval. The 
fourth point was earned because the response includes changes in momentum for Carts 1 and 2 that are equal in 
magnitude. Part (c) earned 3 points. The first point was earned because the response shows use of a conservation 
of energy statement. The second point was earned because the response shows use of a conservation of 
momentum statement. The third point was earned because the response shows a combination of the two correct 
statements. Part (d)(i) earned 1 point because the response includes a best-fit line that includes approximately the 
same number of points above and below the line. Part (d)(ii) earned 3 points. The first point was earned because 
the response includes a calculation of the slope using two points on the drawn best-fit line. The second point was 
earned because the response correctly relates the slope to the mass of Cart 2. The third point was earned because 
the response includes a correct value for the mass of Cart 2. Part (e) earned 2 points. The first point was earned 
because the response correctly selects “ 1 0.250 kgm ′ < ” with an attempt at a relevant justification. The second 
point was earned because the response includes a correct justification. The response correctly addresses the 
functional dependence between the two masses in the equation used in part (d)(ii). 
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Question 2 (continued) 

Sample: 2B  
Score: 7 
 
Part (a) earned 1 point. The first point was earned because the response correctly selects “Equal to” with an 
attempt at a relevant justification. The second point was not earned because the response does not include a 
correct justification. The response does not address equal and opposite forces, nor equal time intervals on the 
carts. Part (b) earned 1 point. The first point was earned because the response includes a linearly increasing 
momentum for Cart 1 for the time interval of C0 t t< <  and clearly indicates zero momentum for Cart 2 for the 
same time interval. The second point was not earned because the response does not show a horizontal line for  
Cart 1, when Ct t> , that is less than the momentum of Cart 1 at time Ct t= . The third point was not earned 
because the response does not include a horizontal line for Cart 2, when Ct t> , that is larger than the momentum 
of Cart 1 for that time interval. The fourth point was not earned because the response does not include changes in 
momentum for Carts 1 and 2 that are equal in magnitude. Part (c) earned 1 point. The first point was not earned 
because the response does not show use of a conservation of energy statement. The second point was earned 
because the response shows use of a conservation of momentum statement. The third point was not earned 
because the response does not show a combination of the two correct statements. Part (d)(i) earned 1 point 
because the response includes a best-fit line that includes approximately the same number of points above and 
below the line. Part (d)(ii) earned 1 point. The first point was not earned because the response does not include a 
calculation of the slope using two points on the drawn best-fit line. The second point was not earned because the 
response does not correctly relate the slope to the mass of Cart 2. The third point was earned because the response 
includes a value for the mass of Cart 2 that is within the acceptable range. Part (e) earned 2 points. The first point 
was earned because the response correctly selects “ 1 0.250 kgm ′ < ” with an attempt at a relevant justification. 
The second point was earned because the response includes a correct justification that addresses the functional 
dependence between the two masses in the equation from part (c). 
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Question 2 (continued) 

Sample: 2C 
Score: 1 
 
Part (a) earned 1 point. The first point was earned because the response correctly selects “Equal to” with an 
attempt at a relevant justification. The second point was not earned because the response does not include a 
correct justification. The response does not address equal and opposite forces, nor equal time intervals on the 
carts. Part (b) earned 0 points. The first point was not earned because the response does not include a linearly 
increasing momentum for Cart 1 for the time interval of C0 t t< < , nor does the response indicate zero 
momentum for Cart 2 for the same time interval. The second point was not earned because the response does not 
show a horizontal line for Cart 1, when Ct t> , that is less than the momentum of Cart 1 at time Ct t= . The third 
point was not earned because the response does not include a horizontal line for Cart 2, when Ct > ,t  that is larger 
than the momentum of Cart 1 for that time interval. The fourth point was not earned because the response does 
not include changes in momentum for Carts 1 and 2 that are equal in magnitude. Part (c) earned 0 points. The first 
point was not earned because the response does not show use of a conservation of energy statement. The second 
point was not earned because the response does not show use of a conservation of momentum statement. The third 
point was not earned because the response does not show a combination of the two correct statements. Part (d)(i) 
earned 0 points because the response does not include a best-fit line that includes approximately the same number 
of points above and below the line. Part (d)(ii) earned 0 points. The first point was not earned because the 
response does not include a calculation of the slope using two points on the drawn best-fit line. The second point 
was not earned because the response does not correctly relate the slope to the mass of Cart 2. The third point was 
not earned because the response does not include a value for the mass of Cart 2 that is within the acceptable range. 
Part (e) earned 0 points. The first point was not earned because the response does not correctly select  
“ 1 0.250 kgm ′ < ” with an attempt at a relevant justification. The second point was not earned because this 
response cannot earn this point with an incorrect selection. 
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