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2021 Scoring Guidelines 

Question 3: Qualitative/Quantitative Translation 12  points  
(a)   i.  F

  H f  t 
v D =  

M D 

For  a correct answer
1 point 

ii.  For indicating the  total momentum  of the system is the same before and after the collision  

Scoring  Note: If the response only includes  a correct  final answer  of 
M S  
M D 

, the  response 

earns this point but  not the  next point.  

1 point  

For correctly substituting the appropriate variables into a conservation of momentum  
equation   
AND  

an answer  in the form v D = ...  
v S 

1  point  

Scoring  Notes:  
This point  can be earned only if the first point  is earned.   
The answer need not be correct to earn this  point.  
Example response  for part (a)(ii)  
p p  i = f 

0 = M v  S S  −M D D  v         
v D M 

= S

v S M D
Total for  part  (a)  3  points  

(b)  For two functions  that  
are straight segments for t t< f ,  

AND  
begin at the origin,   
AND  
have two different positive slopes    

1  point  

For two  functions that are  
horizontal functions  for t  > t  f   

AND  
are continuous over the entire time range  0 < <t 2t  f  

1 point  

For labeling  values on the vertical axis with  vD > vS  

OR  
The curve labeled  D is greater than the curve labeled  S for all t > 0  

Scoring note:  This point can  still be earned if the labels are not  on the  vertical axis but  
clearly  indicate that vD > vS  .  

1 point  
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AP® Physics 1 2021 Scoring Guidelines 

Example response for part (b) 

Total for part (b) 3 points 
(c) i. For stating or mathematically representing that if the disk is much more massive, then the 

block will have little effect on the motion of disk 1 
OR 
For stating or mathematically representing that when DM B>> M , cmv 1 = v 

1 point 

ii. For correct reasoning. 1 point 
Correct answer: When M D << M B , v cm = 0    

Example response for part (c) (ii) 
If the block is much more massive, then it will barely move when the disk collides and 
sticks to it. 

iii. For using conservation of momentum 1 point 
For a correct answer 1 point 

cmv 1D 

D B 

m v  
m m 

= 
+ 

iv. For an attempt to use limiting-case reasoning or functional dependence with the equation 
in part (c)(iii) 

1 point 

For recognizing the equation from (c)(iii) reduces to a simpler form and the simplified 
form is correctly compared to their answer in (c)(i) 

1 point 

Example 1 response for part (c) (iv) 
Yes. If M B is very small, then the denominator of the equation simplifies to M D , which 

then can cancel out of the equation leaving cmv 1 = v . 

Total for part (c) 6 points 
Total for question 3 12 points 
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 2021 Scoring Commentary 

Question 3 

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

Overview 

Responses to this question were expected to demonstrate an understanding of the center of mass of a system 

of two objects involved in a collision. To successfully complete the problem, students must: 

• Predict the velocity of the center of mass of a system. 

• Derive an equation for the velocity of the center of mass. 

• Graph the speed of two objects involved in a conservation of momentum scenario. 

• Determine an expression for final speed when an impulse is applied. 

• Apply limiting reasoning and functional dependence to support a claim. 

Sample: P1 Q3 A 

Score:  10  

Part  (a)(i) earned  1 point  for the correct  expression.  Part ( a)(ii)  earned  no  points.  The response does  not  show  a  

valid  starting  point for conservation  of  momentum.  The second  point cannot  be earned  without  the first point.  

Part  (b)  earned 3  points.  One  point  was  earned  for a   graph  that contains  two straight  functions  that both start  

at the origin  and  each have  a different  positive  slope before time tf.  One  point  was  earned  for a  graph  that 

contains  two horizontal  line segments  after  time tf  and is  continuous for all  times.  One  point was  earned  for a  

graph  for D  that is greater  than the graph  for S   for all  times  greater than  zero.  Part  (c)(i) earned 1  point for a   

response that correctly estimates  the velocity  of  the center of  mass  with  an explanation.  Part  (c)(ii)  earned   

1 point for a   response that correctly estimates the velocity  of  the center  of  mass  with  an explanation.   

Part  (c)(iii) earned  2  points.  One  point was  earned  for  a response that starts with  the law of  conservation of  

momentum  and  uses  the  law  in a  derivation.  One  point  was  earned  for reaching  the correctly derived equation.  

Part  (c)(iv) earned  2  points.  One  point was  earned  for  an attempt to  apply  a limiting case or functional  

dependence to the equation for  part  (c)(iii).  One  point  was  earned  for explaining  how  the equation in  part  (c)(iii)  

supports the estimate in  part  (c)(i).  Note:  While the response does  not  explicitly  state that  MB  is  much  smaller  

than MD, this  is  implied because the  prompt in part  (c)(iv)  refers to  the scenario  in part  (c)(i)  where this  is  the 

case.  

Sample: P1 Q3 B 

Score:  6  

Part  (a)(i)  did not  earn any  points  for the correct  expression.  Part  (a)(ii) earned  no  points.  The response does  

not  show  a valid starting point for conservation  of  momentum.  The second point  cannot  be earned  without  the 

first point.  Part  (b)  earned  no  points  for this  graph.  The response  shows  curved lines for the entire  time period  

and graph  S  is  greater than graph  D  at all  times  greater than zero.  Part  (c)(i)  earned 1 point for a   response  that 

correctly estimates the velocity  of  the center  of  mass  with  an explanation.  Part ( c)(ii) earned  1 point  for a  

response that correctly estimates  the velocity  of  the center of  mass  with  an explanation.  Part  (c)(iii) earned  2 

points.  One  point was  earned for a  response that  starts with  the law of  conservation  of  momentum  and uses 

the law  in the derivation.  One  point was  earned for reaching  the correctly derived equation.  Part  (c)(iv) earned 

2 points.  One  point was  earned for an  attempt to  apply  a limiting  case or f unctional  dependence  to the equation  

for  part  (c)(iii).  One  point was  earned  for ex plaining how  the equation  in  part  (c)(iii)  supports the  estimate  in  

part  (c)(i).  Note:  While the response states  “MD+MD ”  in the first line,  the  response later clarifies in the third  line  

that it is “the addition  of  MB  to  MD.”  
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AP® Physics 1 2021 Scoring Commentary 

Question 3 (continued) 

Sample: P1 Q3 C 

Score:  2  

Part  (a)(i) did not  earn the point for the correct  expression.  Part  (a)(ii) earned  no  points.  The  response does  not  

show  a  valid starting point  for conservation  of  momentum.  The second  point cannot  be earned  without  the  first 

point.  Part ( b) earned 2  points.  One  point was  earned  for a  graph  that contains two straight  functions that  both  

start  at the origin and each  have a  different  positive slope before time  tf.  One  point  was earned  for a   graph  for  

D that is greater  than the graph  for S   for al l  times  greater than zero.  Note:  The response shows  that the D  line 

ends before 2tf, the implication is  that the line  continues.  The  response does  not  show  two horizontal  functions 

after  tf.  Parts  (c)(i)  and  (c)(ii) earned  no  points.  Neither response estimates  the velocity  of  the center of  mass of  

the system  in relation to  the original  velocity  of  the  disk.  It  does not  appear  in the response  that the premise of  

the unequal  masses  is  being addressed.  Part  (c)(iii)  earned  no  points  because  the response  does not  start  with  

the law  of  conservation  of  momentum  and  does not  show  the correct  equation. Part  (c)(iv)  earned no  points 

because  the response shows no  attempt to apply  a limiting  case or functional  dependence to the equation in  

part  (c)(iii) and does  not  link the equation  in  part  (c)(iii)  to the estimate  in  part  (c)(i).  
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