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AP®  Physics C:  Mechanics  2021 Scoring Guidelines  

Question 1: Free-Response Question 15  points  

(a) For correctly drawing and labeling all the forces on the cart on the flat surface 1 point 

For correctly drawing and labeling the weight of the cart on the incline 1 point 

For correctly drawing and labeling the normal force on the cart on the incline 1 point 

For correctly drawing and labeling the force of the fan on the cart on the incline 1 point 

Scoring note: A maximum of three points can be earned if there are any extraneous vectors. 

Example responses for part (a) 

Scoring note: Examples of appropriate labels for the force due to gravity include:  FG , Fg , 

Fgrav , W ,  mg , Mg , “grav force,” “F Earth on  cart,” “F on  cart  by Earth,”  FEarth on cart , 

FE,Cart , FCart,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 (a) 4 points 

(b) For correctly applying Newton’s second law for the cart on the flat surface  1 point 

F fan = m acart 1  

For the correct answer  with units  1  point  

F = (0.50 kg )(0.8 m s 2 
fan ) = 0.40 N  

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

(c)    	 For including the correct component of  weight  in a Newton’s second law  equation  for the  
cart   

1 point 

Ffan + mg  sin θ = ma2  

1 point  

Ffan + mg  sin θ = ma2   

For correct substitutions  consistent with part (b) into the above equation  1 point  

mg sin θ = ma2 − Ffan  

θ −1  ma 2 − F fan = sin    
 mg 
 


− (0.50 kg )   1 (2.4 m s 2 ) − (0.50 kg )(0.8 m s 2 ) 


θ = sin     
 (0.50 kg )  2 
 (9.8 m s ) 
 

θ = 9.4° 

Total for part (c) 3 points 

(d) For selecting “No” and an attempted justification 1 point 

For a correct justification 1 point 

Example response for part (d) 

The mass of the cart cancels out in the equation used to find the angle of the incline. 

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 correctly calculating slope using two points from the best-fit line 

∆ 5  2 
y  ( − 1  )( m s  ) 

slope = 10.52 m s 2 = =  
∆x  ( 0.42 − 0.04 ) 

1 point 

For correctly using an expression that relates the slope to the acceleration due to  gravity  1 point  

net fan 

fan 

sin 

sin 

F F mg ma 
F a g m 

θ 

θ 

= + = 

∴ =  +  

(f) 

from  y = mx + b 
a = ( slope ) sin θ + ( y -intercept ) 
∴ slope = g 10.52 m s 2  =   

For a correct explanation 

Total for part (e)  3 points  

1 point 
Example response for part (f) 
The mass of the cart is in the denominator of the y-intercept, so increasing the mass 
decreases the y-intercept without changing the rest of the graph. So the new line of data is 
predicted to be parallel to and below the original line. 

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: 

•  The  use  of  problem-solving strategies to  translate  written  and graphical  information  into  a  mathematical  

description using Newton’s second law.  

•	 The use of force vectors and their components to predict the acceleration of an object. 

•	 The ability to draw a best-fit line. 

•	 The use of the mathematical description to find an unknown quantity. 

•	 The ability to predict and explain changes to a linear graph if one of the variables in the mathematical 

description changed. 

Sample: M Q1 A 

Score:  14  

Part (a) earned a total of 4 points. One point was earned for correctly drawing and labeling the normal, fan, 

and weight forces on the horizontal track. Three points were earned for correctly drawing and labeling the 

weight force, the normal force, and the fan force on the inclined track. Part (b) earned a total of 2 points where 

1 point was earned for correctly applying Newton's second law for the cart on the horizontal surface, and 1 

point was earned for the correct answer, 0.4 N, including units. Part (c) earned a total of 3 points. One point 

was earned for implicitly including the correct component of weight, mg sinΘ, in a Newton's second law 

equation for the cart. Another point was earned for having an implicitly correct Newton's second law equation, 

Ffan  +  mg sinΘ  =  ma2., while the third point was earned for using implicitly correct substitutions that are 

consistent with part (b) in the above equation. Part (d) earned 1 point for selecting “No” with an attempt to 

justify that selection, and 1 point for a correct justification. Part (e)(i) earned 1 point for drawing an appropriate 

best-fit line, and part (e)(ii) earned 1 point for correctly using an expression that relates the slope to the 

acceleration due to gravity. No point was earned for incorrectly calculating the slope using 2 points from the 

best-fit line: the calculation can be found in the graph, but there is no indication of which 2 points were used. 

Part (f) earned 1 point for a correct explanation. 

Sample: M Q1 B 

Score:  8  

Part a) earned a total of 4 points. One point was earned for correctly drawing and labeling the normal, fan, and 

weight forces on the horizontal track, as well as 3 points for correctly drawing and labeling the normal, fan, 

and weight forces on the inclined track. Part (b) earned 1 point for correctly applying Newton's second law for 

the cart on the horizontal surface. No point was earned because while the magnitude is correct, no units are 

included in the answer. Part (c) earned two points. One point was earned for including the correct component 

of weight, mg sinΘ, in a Newton's second law equation for the cart, and another point was earned for a correct 

Newton's second law equation, Ffan  +  mg sinΘ  =  ma2. No point was earned for incorrect substitutions that are 

consistent with part (b) in the above equation. Part (d) earned no points for incorrectly selecting “Yes” and for 

an incorrect justification. Part (e)(i) earned 1 point for drawing an appropriate best-fit line, but no points were 

earned for (e)(ii) for not correctly calculating the slope using two points from the best-fit line and for not 

correctly using an expression that relates the slope to the acceleration due to gravity. No points were earned 

for part (f) because there is no explanation. 
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AP® Physics C: Mechanics 2021 Scoring Commentary 

Question 1 (continued) 

Sample: M Q1 C 

Score:  3  

Part (a)  earned  only 1   point.  Although  the  normal  and  fan forces on the horizontal  track  are correctly  drawn,  

there is  an incorrect  label  for the downward  force,  and there is  an  additional  incorrect  force. One  point was  

earned  for correctly labeling the normal  force  on the inclined track,  but  no  points were earned for the drawing 

and labeling  of  the weight  and fan  force.  From the forces drawn  on  the cart o n the horizontal  surface,  Ffan  is 

referred  to as   being F  rather than f. Part (b)  earned  no  points because of  the  absence of  Newton's second law  

for the cart on the horizontal  surface  and because of  an incorrect  answer.  Part (c)  earned  no  points.  The correct  

component  of  weight,  mg sinΘ,  is  not  included  in a Newton's  second  law equation  for the cart,  there is no  

Newton's  second law  equation,  Ffan  +  mg sinΘ  =  ma2,  and there are  no  correct  substitutions  that are consistent  

with  part  (b)  in  the above equation. Part (d)  earned  1  point for  selecting  “No”  with an  attempt to  justify  that  

selection,  but  no  point  was  earned  for the incorrect  justification.  Part (e)(i)  earned 1 point  for drawing an 

appropriate best-fit line,  but  part  (e)(ii) earned  no  points for  not  calculating the slope using two points  from the 

best-fit line,  and  for  not  using an  expression  that relates the slope to  the  acceleration due  to gravity.  Part  (f) 

earned  no  points for  an incorrect  explanation.   
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