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2021 Scoring Guidelines  

Question 1: Free-Response Question 15  points  

(a) For correctly evaluating Newton’s second law equations for the system at rest 1 point 
m g  2 − f = ( m  1 + m  2 )a  = 0∴ m g2 = f  
For correctly substituting for static friction into above equation: 
m  2g  = f = µs FN = µsm  1g   

m 
µ s = 2 ( 0.20 kg ) 

= = 0.45  m 1 ( 0.44 kg ) 

1 point 

Total for part (a) 2 points 

(b)  For correctly dr awing and labeling the horizontal forces  of friction and tension on block 
of mass m1  

1  point  

For  correctly  drawing and labeling the vertical forces of weight and  normal  force  on 
block of mass  m1  

1 point  

For  correctly  drawing and labeling forces of weight and tension on block of mass  m2  1 point  

For indicating that the  gravitational forces on each block are different  1 point 
Example responses for part (b)  

Scoring note: Examples of appropriate labels for the force due to gravity include:  FG , 
Fg , Fgrav , W ,  mg , Mg , “grav force,”  “F Earth on block,”  “F on block by Earth,”  

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

force due to gravity.  Fn , FN , N , “normal force,”  “ground force,” or similar labels may  
be used for  the normal force.     

Total for  part (b)  4 points 
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AP® Physics C: Mechanics 2021 Scoring Guidelines 

(c) For correctly evaluating Newton’s second law equation for block 1: 1 point 
T − f  = m a1  
For correctly evaluating Newton’s second law equation for block 2: 1 point 
m  2g  − T  = m a2  
Combining the two equations 
m g  2 − f = ( m 1 + m 2 )a ∴ f = m g  2 − ( m  1 + m  2 )a  
Scoring note: Both points are earned for a single correct Newton’s second law equation 
for the two-block system. 
For correctly substituting for kinetic friction into above equation 1 point 

m g  − ( m  + m  )a  f = µk NF = µ m  1 g  = m  − ( m  2 1 2 
k 2 g   1 + m  2 )a ∴ µk =  m  1 g  

( 0.20 kg )( 9.8  m s 2 ) − ( 0.44 kg + 0.20 kg )( 2.3 m s 2   ) 
µk = 

( )( )
=  

0.44 9.8  m s 2  
0.11

 kg 
 

Total for part (c) 3 points 

(d)  For selecting “Yes”  and attempting a  relevant  justification  1 point  
For a correct justification  1 point  
Example response for part (d)  
If the track is not  level, the angle of  the track must be  incorporated into the equation for  
acceleration, and this could account for  the larger coefficient of kinetic friction.   

Total for  part (d)  2 points  
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AP® Physics C: Mechanics 2021 Scoring Guidelines 

(e) i.  For drawing an appropriate best-fit line 1 point  

ii.  For calculating slope using  two points from the best-fit line  1 point  
2 

∆y  ( 6  − 2  )( m s  ) 
slope = = = 13.3 m kg s 2     

∆x  ( 0.45 − 0.15 )( kg ) 
For correctly  using an expression that relates the slope to the acceleration due to gravity  
From

1 point  
  y = mx + b 

a =  (slope) m 2 + ( y -intercept) 
m g  ga = 2 ∴ slope = ( m 1 + m 2 ) ( m 1 + m 2 ) 

g = slope × ( m 1 + m2 ) = (13.3  m kg s 2 2  )( 0.44 kg + 0.20 kg ) = 8.5  m s  

Total for  part (e)  3 points  

(f)  For a correct  justification  1 point  
Example response for part (f)  
The acceleration would be greater because there would be a component of  the  
gravitational force  on block  1  along the  surface, which would be in the same direction as 
the tension force.  

Total for question 1  15 points  
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2021 Scoring Commentary 

Question 1 

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

Overview 

The responses to this question were expected to demonstrate the following knowledge and skills: 

•  Derive a  complete set  of  equations  for  a modified Atwood’s machine  both with  and  without  friction.  

•  Describe  an object’s motion  and the  forces  on  the object  both  in  equilibrium  and while accelerating.  

Derive an expression for  the  net  force in a  system for  these cases.  

•	 Identify relationships within a system of connected objects. 

•	 Determine the coefficient of friction between surfaces. 

•	 Read and interpret data on a graph. 

•	 Correctly draw and use a free body diagram. 

•	 Defend or refute a student’s contention. 

•	 Calculate the slope of a best-fit line and use an appropriate equation to determine the acceleration due to 

gravity. 

Sample: M Q1 A 

Score:  14  

Part (a) earned 2 points. The first point was earned for evaluating Newton’s second law for system at rest, and 

the second point was earned for correct substitution of static friction. Part (b) earned 4 points. These points 

were earned for correct horizontal forces on m1, for correct vertical forces on m1, for correct vertical forces on 

m2, and for indicating gravitational forces on blocks are different. Part (c) earned 3 points. The first 2 points 

were earned for correctly applying Newton’s second law to the two-block system. The third point was earned 

for a correct substitution of kinetic friction. Part (d) earned 2 points. The first point was earned for choosing 

“Yes” and attempting relevant justification, and the second point was earned for a correct justification. Part (e) 

earned 2 points for drawing an appropriate best-fit line, and one point was earned for calculating slope using 

two points from the best-fit line. The relationship of slope to gravity is incorrect. Part (f) earned 1 point for 

choosing “Greater than” and providing correct justification. 

Sample: M Q1 B 

Score:  8  

Part  (a)  earned  2 points  for  evaluating Newton’s second law f or system  at rest and for correct  substitution of  

static  friction.  Part  (b)  earned 2 points.  One point  was  earned  for having  correct  horizontal  forces  on m1,  but  

there are no  vertical  forces  indicated  on m1. One  point  was  earned  for  having  correct  vertical  forces  on m2,  but  

there is  no  weight  force on  m1  to make  distinction between  gravitational  forces on each block.  Part  (c) earned   

1 point.  No  points  were  earned for the application  of  Newton’s  second law  on  the  two-block system  because it 

is  incorrect,  but  1  point  was  earned  for correct  substitution of  kinetic  friction.  Part  (d) earned  2 points  for  

choosing “Yes”  and  attempting relevant justification  and for correct  justification.  Part  (e)  earned  1 point  for  

drawing  a best-fit line.  Slope is  not  calculated,  and the relationship  of  slope  to gravity  is  not  provided.  Part  (f) 

earned  no  points for  an incorrect  justification.  
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Question 1 (continued) 

Sample: M Q1 C 

Score:  2  

Part  (a) earned  no  points  because  Newton’s second  law  is not  evaluated  for  a system at rest,  and  there is no  

substitution  of  static  friction.  Part  (b) earned 1  point  for correct  vertical  forces  on m2.  The  horizontal  and  

vertical  forces on  m1 are incomplete,  and no distinction is  made between  the gravitational  forces  on each b lock.  

Part  (c) earned  no  points  because  the  application  of  Newton’s  second law  on the blocks  is  incorrect,  and the 

kinetic  friction is not  substituted.  Part  (d) earned  no  points because  the  wrong checkbox  is  selected,  and the 

justification  is  incorrect.  Part  (e) earned 1  point  for dr awing  a  best-fit  line.  The slope is not  calculated,  and  the 

relationship of  slope to  gravity  is  incorrect.  Part  (f) earned no  points  because the  justification  is  incorrect.  
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