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 Question 3: Qualitative/Quantitative Translation                                                 12 points 

 
(a)  For drawing the gravitational force at the center of the beam that is directed downward 1 point 

 For drawing the tension force at the right end of the beam that is directed upward and 
leftward 

1 point 

 For a diagram with three force vectors that represent a system in equilibrium 1 point 

 Example Response 

 

Scoring Note: Examples of appropriate labels for the gravitational force include GF , gF , 

gravF , W , mg  , Mg , “grav force,” F  Earth on beam,” “ F  on beam by Earth,” 

Earth on BeamF , E,BeamF , or Beam,EF . The labels G  or g  are not appropriate labels for the 

gravitational force.  

Scoring Note: Examples of appropriate labels for the normal force include nF , NF , N , 
“normal force,” or “wall force.”  

Scoring Note: Examples of appropriate labels for the tension force include stringF , sF , TF , 

TensionF , “string force,” or “tension force.” 

 

  Total for part (a)  3 points 

(b) For selecting “ T2 T1F F> ” with an attempt at a relevant justification 1 point 

 For a justification that includes one of the following:  

• For relating the vertical component of the tension in the string to the weight of the bar 
• For relating the force needed to exert the same torque to the angle of the string  

1 point 

 

 

Example Response 

In order for the beam to remain horizontal and at equilibrium, the torque exerted by the 
string must remain the same for all angles. When the angle decreases, the perpendicular 
component of the tension remains the same. Therefore, the tension in the string is greater for 
a smaller angle. 

 

 Total for part (b) 2 points 
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(c) For a multi-step derivation that begins with Newton’s second law for rotation, Iτ αΣ =  or 
0τΣ =  

1 point 

 For indicating one of the following:  

• The net torque is zero  
• The net force is zero 

1 point 

 For indicating one of the following:  

• The magnitude of the torque from the string is ( sin )TF Lθ   

• The magnitude of the torque from the weight of the beam is 2
LMg   

• The correct answer, 2sinT
MgF

θ
=  

1 point 

 Example Response 
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 Total for part (c) 3 points 

(d) For an attempt to use functional dependance to relate the derivation in part (c) to the 
reasoning used in part (b) 

Scoring Note: The functional dependance does not need to be used correctly to earn this 
point. 

1 point 

 For an explanation that correctly relates the derivation in part (c) to the reasoning used in  
part (b) 

1 point 

 Example Response 

The equation agrees with my explanation because my equation shows that the tension is 
inversely proportional to sinθ  and for 90θ <  , sinθ  decreases as θ  decreases, so the 
tension would be greater for smaller angles. 

 

 Total for part (d) 2 points 
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(e) For drawing a graph that is monotonically increasing  1 point 

 For drawing a concave down curve  1 point 

 Example Response 

 

 

 Total for part (e) 2 points 

 Total for question 3  12 points 
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Question 3 

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

Overview 

The responses were expected to demonstrate the ability to: 
● Identify and label the forces exerted on a beam in equilibrium. 
● Draw the directions of forces such that the net force and net torque sum to zero. 
● Compare the relative magnitudes of the tension force provided by the string in two different scenarios 

using qualitative reasoning. 
● Derive an expression for the tension in the string beginning with Newton’s second law in rotational form. 
● Evaluate consistency between stated reasoning based on a qualitative argument and a derived equation. 
● Sketch the angular speed as a function of time for a rigid rod rotating about one end due to the 

gravitational force. 

Sample: 3A 
Score: 12 
 
Part (a) earned 3 points. The first point was earned for correctly drawing a gravitational force vector at the center of 
the beam that is directed downward. The second point was earned for correctly drawing a tension force vector at the 
right end of the beam that is directed upward and leftward. The third point was earned for correctly including three 
force vectors that represent a system in equilibrium. Part (b) earned 2 points. The first point was earned for correctly 
selecting “ T2 T1F F> ” with an attempt at a relevant justification. The second point was earned for correctly 
including a justification that relates the force needed to apply the same torque to the angle of the string. Part (c) 
earned 3 points. The first point was earned for including a multi-step derivation that begins with Newton’s second 
law for rotation Iτ α=∑ . The second point was earned for indicating the net torque is zero. The third point was 

earned for indicating the magnitude of the torque from the string is T i( s )nF Lθ . The response indicates the 

magnitude of the torque from the weight of the beam is 2Mg L . The response indicates the correct answer, 

T 2sinF Mg
θ

= . Part (d) earned 2 points. The first point was earned for attempting to use functional dependence to 

relate the derivation in part (c) to the reason used in part (b). The second point was earned for providing an 
explanation that correctly relates the derivation in part (c) to the reasoning used in part (b). Part (e) earned 2 points. 
The first point was earned for correctly drawing a graph that is monotonically increasing. The second point was 
earned for correctly drawing a graph that is concave down. 

Sample: 3B 
Score: 8 
 
Part (a) earned 3 points. The first point was earned for correctly drawing a gravitational force vector at the center of 
the beam that is directed downward. The second point was earned for correctly drawing a tension force vector at the 
right end of the beam that is directed upward and leftward. The third point was earned for correctly including three 
force vectors that represent a system in equilibrium. Part (b) did not earn any points. The first point was not earned 
because the response incorrectly selects “ T2 T1F F= .” The second point was not earned because the response 
incorrectly includes a justification that “if T1F  keeps the beam at rest then T2F  must do the same as well making 
them in equilibrium.” Part (c) earned 3 points. The first point was earned for including a multi-step derivation that 
begins with Newton’s second law for rotation by stating 0τ =∑ . The second point was earned for indicating that 
the net torque is zero. The third point was earned for indicating the magnitude of the torque from the  
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Question 3 (continued) 

weight of the beam is 2Mg L . Part (d) earned 2 points. The first point was earned for attempting to use functional 

dependence to relate the derivation in part (c) to the reasoning used in part (b) by relating the angle of the string to 
the tension force. The second point was earned for providing an explanation that correctly relates the derivation in 
part (c) to the reasoning used in part (b), even though that reasoning in part (b) was determined to be incorrect.  
Part (e) did not earn any points. The first point was not earned because the response does not correctly draw a graph 
that is monotonically increasing. The second point was not earned because the response does not correctly draw a 
curve with downward concavity. 

Sample: 3C 
Score: 3 
 
Part (a) earned 1 point for correctly drawing a gravitational force vector at the center of the beam that is directed 
downward. The second point was not earned because the response incorrectly draws the tension force vector at the 
center of the beam. The third point was not earned because, although the system is in equilibrium, there are only two 
forces drawn, not three. Part (b) earned 1 point for correctly selecting “ T2 T1F F> ” with an attempt at a relevant 
justification. The second point was not earned because the response does not provide a justification relating the 
increase in tension of the string to the weight of the beam or the torque provided by the string. Part (c) did not earn 
any points. The first point was not earned because the response does not include a multi-step derivation that includes 
Newton’s second law for rotation or 0τ =∑ . The second point was not earned because the response does not 
indicate the net torque is zero or that the net force is zero. The third point was not earned because the response does 
not indicate the magnitude of the torque from the string, the magnitude of the torque from the weight, or the correct 
answer. Part (d) did not earn any points. The first point was not earned because the response does not attempt to use 
functional dependence to relate the derivation in part (c) to the reasoning used in part (b). The second point was not 
earned because the response provides an explanation that incorrectly relates the derivation in part (c) to the reasoning 
used in part (b). Part (e) earned 1 point for drawing a graph that is monotonically increasing. The second point was 
not earned because the response does not correctly draw a curve with downward concavity. 
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