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Question 5: Short Answer  7 points 
 
(a)      i.   For correct expressions for the torques from the weight of each object 

The torques are ( )0 02m g r  for object 1 and ( )0 01.5m g r  for object 2 

1 point 

 For indicating that the two torques are exerted in opposite directions 

( ) ( )net 0 0 0 02 1.5m g r m g rτ = −  

1 point 

 For the derivation of a correct answer of 0 00.5m gr   1 point 

 Example response for part (a)(i) 

net 1 2

net 0 0 0 0

net 0 0

(2 ) (1.5 )
0.5
m g r m g r

m gr

τ τ τ
τ
τ

= −
= −
=

     

 

         ii. For an explanation that object 1 exerts a larger torque than object 2 1 point 

 Example response for part (a)(ii) 

Object 1 is twice as far from the axle as object 2, while object 2 has only 1.5 times the weight 
of object 1. So, object 1 exerts a larger torque. 

 

 Total for part (a) 4 points 

(b)   Correct answer: “Opposite directions” 

Scoring note: If the wrong answer is selected, the response is not graded. 
 

 

  For a correct answer and a correct explanation 1 point 

 Example response for part (b) 

The objects exerted torques in opposite directions, with object 1 exerting a larger torque, so 
object 1 determines the net torque direction. With the torque from object 1 removed, the net 
torque and angular acceleration switch direction (becoming clockwise) to the torque from 
object 2. The angular velocity does not change direction immediately and is still 
counterclockwise. 
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(c)  For a linear graph between 0 and Ct , with an initial angular velocity of zero and nonzero slope 

Scoring note: The slope can be positive or negative. 

1 point 

 
For a change in the sign of the slope at Ct t=  
AND 
no discontinuity. 

1 point 
 

 Example response for part (c) 

 

 

 Total for part (c) 2 points 

 Total for question 5 7 points 
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Question 5 

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

Overview 

Understandings—Responses were expected to: 

• demonstrate an understanding of torque, specifically the net torque exerted on a system, and the effect 

of force and radius on torque. A mathematical representation was required in addition to a conceptual 

explanation. 

• explain why a change in velocity occurred by using an analysis of the torques exerted on the system. 

• express the motion of the pulley both in written and graphical form. 

 

Skills—Responses were expected to: 

• demonstrate an ability to create a mathematical representation of the net torque on the system.  

• construct explanations and make claims about the motion of the pulley based on the concept of torque.  

• make connections between the concepts involved with rotational kinematics and those involved with 

torque. 

• create a graphical representation for the angular velocity with respect to time. 

Sample: P1 Q5 A 

Score: 6 

Part (a)(i) earned 3 points. One point was earned for including the correct expressions for both torques. One 

point was earned for indicating that the two torques are exerted in opposite directions by subtracting the two 

expressions for the torques. One point was earned for the derivation including a series of steps resulting in the 

correct answer. Part (a)(ii) earned 1 point. The response explains that object 1 exerts a larger torque than 

object 2. Part (b) earned no points because “Same direction” is checked. Part (c) earned 2 points. One point 

was earned for including a linear graph between 0 and tc with an initial angular velocity of zero and nonzero 

slope. One point was earned for including a change in the sign of the slope at t = tc with no discontinuity. 

Sample: P1 Q5 B 

Score: 4 

Part (a)(i) earned 1 point for indicating that the two torques are exerted in opposite directions. Note: Although 

the expressions for the torques are not correct, this point was earned because the response clearly equates 

their difference to the net torque and it contains the correct numerical coefficients for m0 and r0. The first and 

third points were not earned because the expressions for the two torques do not include the acceleration due to 

gravity and the final answer is not correct. Part (a)(ii) earned 1 point for explaining that object 1 exerts a larger 

torque than object 2. Part (b) earned no points because “Same direction” is checked. Part (c) earned 2 points. 

One point was earned for including a linear graph between 0 and tc with an initial angular velocity of zero and 

nonzero slope. One point was earned for including a change in the sign of the slope at t = tc with no 

discontinuity. 
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Question 5 (continued) 

Sample: P1 Q5 C 

Score: 2 

Part (a)(i) earned no points. Part (a)(ii) earned no points because the response does not indicate that object 1 

exerts a larger torque than object 2. Part (b) earned no points because “Same direction” is checked. Part (c) 

earned 2 points. One point was earned for including a linear graph between 0 and tc with an initial angular 

velocity of zero and nonzero slope. The positive and negative directions for angular motion are not defined in 

the prompt so the slope can be either positive or negative. One point was earned for including a change in the 

sign of the slope at t = tc with no discontinuity. 
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