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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 the block of 

mass m 
1 point

 For correctly drawing and labeling the force of friction on the block of mass m  1 point

 For correctly drawing and labeling the force of tension on the block of mass m  1 point

 Example Response 

 
 

Scoring Notes:  
• 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 . The labels G and 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. Fstring , Fs , FT , FTension , T , “string force,” “tension force,” or similar 

labels may be used for the tension force exerted by the string. 

 

• A response with extraneous forces or vectors can earn a maximum of two points. 
 

Total for part (a) 3 points

(b) For a trigonometric expression relating the angle to the horizontal distance of the block from 
the left corner of the table, x.  

1 point

 For any correct trigonometric expression for   in terms of the given quantities 1 point

 Example Responses 

2 2
sin H

H x
 


1

2 2
sin H

H x
     

 

2 2
cos x

H x
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2 2
cos x

H x
     

 

tan H
x

  1tan H
x

  

             Second Point          First Point

    

 Total for part (b) 2 points
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(c)(i) For using Newton’s second law to sum the forces in the vertical direction and write an 
equation that is consistent with part (a) 

yF ma 

,, 0N T y gnet yF F F F   

,N g T yF F F 

 

1 point

 For correctly substituting the vertical component of the tension in terms of the given variables 
consistent with part (b) 

sinN TF mg F  

2 2N T
HF mg F

H x

    
 

1 point

  

(c)(ii) For using Newton’s second law to sum the forces in the horizontal direction and write an 
equation that is consistent with part (a) 

, ,net x T x fF F F 

1 point

  

  For correctly substituting the horizontal component of the force of tension in terms of the 
given variables consistent with part (b) 

, cosnet x T fF F F 

 
, 2 2net x T f

x
F F F

H x

   
 

1 point

 

 
For correctly substituting the expression for the normal force from part (c)(i) into the 
expression for the force of friction  

 
, 2 2net x T k N

x
F F F

H x
   

 
 

, 2 2 2 2net x T k T
x HF F mg F

H x H x
            

      

 

1 point

 Total for part (c) 5 points

(d) For any indication that the work done on the block by the string is due only to the horizontal 
component of the tension in the string 

,T xW F dx 

1 point

 

 For using the horizontal component of the force of tension consistent with part (c) 1 point

 For indicating that work is the integral of the force with respect to x, including limits or a 
constant of integration 

0

2 2

x

Tx L

xW F dx
H x





    
 

1 point

 

 Total for part (d) 3 points
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(e) For selecting “More work …” with an attempt at a relevant justification 1 point

 For a correct justification relating the smaller angle to a larger component of the force of 
tension, thus resulting in greater work. 

1 point

 Example Response 
 
FT  stays the same for both halves, the displacement is the same in both halves, but from 

x  L  to x  L 2  the angle is smaller, resulting in a larger component of the tension force 

that aligns with the displacement.   

 Total for part (e) 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 the ability to: 
• Draw free body diagrams indicating forces exerted on a system and the direction with appropriate labels. 
• Determine an expression for an angle in terms of position. This requires the application of the geometric 

definitions of trigonometric functions and representing the angle in terms of the position for a moving 
object.

• Apply Newton’s second law. 
• Identify different types of forces, such as normal force, tension, gravitational force, and friction. Derive 

expressions for normal force and net horizontal force. This requires correct identification of the vector force 
components and representing those components in terms of the position of the object rather than the angle. 

• Derive an expression for the work done by a varying force. This requires application of the integral 
definition of work and substituting/using the correct vector component.  

• Correctly apply the dot product in a given scenario.

  

  

Sample: 1A 
Score: 15 
 
Part (a) earned 3 points. The first point was earned because normal force and gravitational force are drawn and 
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third 
point was earned because the friction force is drawn and labeled correctly. Part (b) earned 2 points. The first point 
was earned because the derivation includes the distance x. The second point was earned because the angle is 
described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 2 points. The first point was 
earned because Newton’s second law is used correctly to derive the normal force by stating that the sum of the 
forces, consistent with part (a), is equal to zero. The second point was earned because the expression for the angle 
in part (b) is correctly substituted into the equation. Part (c)(ii) earned 3 points. The first point was earned because 
the sum of the forces is correctly written consistent with part (a). The second point was earned because the 
expression for the angle from part (b) is substituted correctly into the horizontal component of tension. The third 
point was earned because the normal force from part (c)(i) is substituted correctly into the friction force. Part (d) 
earned 3 points. The first point was earned because the answer correctly indicates that only the horizontal 
component of tension is responsible for the work done by the spring. The second point was earned because the 
expression for the horizontal component of tension consistent with part (c) is substituted correctly into the 
equation. The third point was earned because the integral has the correct limits and differential. Part (e) earned 
2 points. The first point was earned because the correct choice is indicated and there is a relevant justification. 
The second point was earned because the justification is sufficient. 
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Question 1 (continued) 

Sample: 1B 
Score: 8 
 
Part (a) earned 3 points. The first point was earned because normal force and gravitational force are drawn and 
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third 
point was earned because the friction force is drawn and labeled correctly. Part (b) earned 2 points. The first point 
was earned because the derivation includes the distance x. The second point was earned because the angle is 
described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 0 points. The first point was not 
earned because Newton’s second law is not used to derive the normal force. The response does not start with a 
statement that the sum of the forces, consistent with part (a), is equal to zero. The second point was not earned 
because the expression for the angle in part (b) is not substituted into the vertical component of tension. 
Part (c)(ii) earned 2 points. The first point was earned because the sum of the forces is correctly written consistent 
with part (a). The second point was not earned because the expression for the angle from part (b) is not substituted 
correctly into the horizontal component of tension. The third point was earned because the normal force from 
part (c)(i) is substituted correctly into the friction force. Part (d) earned 1 point. The first point was not earned 
because the response does not indicate that only the horizontal component of tension is responsible for the work 
done by the spring. The second point was earned because the expression for the horizontal component of tension 
consistent with part (c) is substituted correctly into the equation. The third point was not earned because the 
integral is missing the differential. Part (e) earned 0 points. The first point was not earned because an incorrect 
choice is indicated. The second point was not earned because the justification is insufficient. 

 

 

Sample: 1C 
Score: 3 
 
Part (a) earned 2 points. The first point was earned because normal force and gravitational force are drawn and 
labeled correctly. The second point was earned because tension force is drawn and labeled correctly. The third 
point was not earned because the friction force is drawn but is not labeled correctly. Part (b) earned 0 points. The 
first point was not earned because the derivation does not include the distance x. The second point was not earned 
because the angle is not described correctly by a trigonometric expression in terms of x. Part (c)(i) earned 1 point. 
The first point was not earned because Newton’s second law is not used to derive the normal force. The response 
does not start with a statement that the sum of the forces, consistent with part (a), is equal to zero. The second 
point was earned because the correct expression for the angle in part (b) is substituted into the vertical component 
of tension. Part (c)(ii) earned 0 points. The first point was not earned because the sum of the forces is not correctly 
written consistent with part (a). The horizontal component of tension should be positive. The second point was not 
earned because the expression for the angle from part (b) is not substituted correctly into the horizontal 
component of tension. The third point was not earned because the normal force from part (c)(i) is not substituted 
into the friction force. Part (d) earned 0 points. The first point was not earned because the response does not 
indicate that only the horizontal component of tension is responsible for the work done by the spring. The second 
point was not earned because the expression for the horizontal component of tension consistent with part (c) is not 
substituted into the equation. The third point was not earned because there is no integral. Part (e) earned 0 points. 
The first point was not earned because an incorrect choice is indicated. The second point was not earned because 
the justification is insufficient. 
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