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 Question 3: Free-Response Question                                                                         15 points 

 
(a)  For drawing and appropriately labeling the downward forces that are exerted on the rod at 

points P  and C  

Scoring Note: Labeling the downward force of tension as blockF , 3mg , or similar, may earn 
this point. 

1 point 

 For drawing and appropriately labeling a leftward force that is exerted on the rod at Point Q  1 point 

 For drawing and appropriately labeling a force that is directed up and to the right that is 
exerted on the rod at the pivot, and no extraneous forces are present 

1 point 

 Example Response 

  
Scoring Note: Examples of appropriate labels for the force due to gravity include: GF , gF , 

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

E,BlockF . The labels G  and g  are not appropriate labels for the force due to gravity.  

 
Scoring Note: Examples of appropriate labels for the force from the pivot include: pF , 

 pivotF , nF , NF , N , “normal force,” “pivot force.”  

Scoring Note: Examples of appropriate labels for the tension force include tF , TF , T ,  

stringF , and “Force from string.” 

 

  Total for part (a) 3 points 
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(b)  For indicating that the net torque exerted on the rod is equal to zero 1 point 

 Example Response 

0τΣ =  

 

 For a correct expression for the torque exerted on the rod by the hanging mass 1 point 

 Example Response 

( )33 sin 8
Lmg θ  

 

 For a correct expression for the torque exerted on the rod by the gravitational force 1 point 

 Example Response 

( )4sin 8
Lmg θ  

 

 For a correct expression for the torque exerted on the rod by the string 1 point 

 Example Responses 

( )( )T 8sin 90 6LF θ° −      OR     ( )T 8cos 6LF θ   

 

 Example Solution 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

T

T

T

T

T

0
3 4 63 sin sin ) 08 8 8

3 4 63 sin sin

o

sin(9

cos 08 8 8

9 4 6sin sin cos8 8 8

13 sin 6 c s

ta

0

13
6 n

L L Lmg mg

L L Lmg mg

mg mg

m

F

g

F

F

F

mg

F

τ

θ θ θ

θ θ θ

θ θ θ

θ θ

θ

Σ =

+ − =

=

°

=

−

+ − =

+ =
  

 
Scoring Note: A maximum of three points may be earned if the trigonometric functions  
( sin and cos ) are reversed for all three torque terms.  

 

  Total for part (b) 4 points 
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(c) For indicating that the torque exerted on the rod by the string is always the same 1 point 

 For stating that as the angle between the string and the rod increases, the force exerted on the 
rod by the string decreases  

1 point 

 Example Response 

Because the torque exerted on the rod by the string is always the same, as the angle between 
the string and the rod increases, the tension , newTF   must decrease. 

 

  Total for part (c) 2 points 

(d)(i) For indicating the total mass is the sum of differentiable masses along the length of the rod 1 point 

 Example Response 

M dm= ∫  

 

 For correctly writing dm  in terms of x    1 point 

 Example Response 

( )
1.2

0
6 10M x dx= +∫  

 

 For a correct numeric answer with correct units 1 point 

 Example Response 

14.4 kgM =  

 

 Example Solution 
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(d)(ii) For a correct substitution of λ  into an integral expression of rotational inertia 1 point 

 Example Response 

1.2 m
2

0
( )I A Bx x dx= +∫  

 

 For a correct integration     1 point 

 Example Response 

1.2 m3 4

03 4
Ax BxI  

= + 
 

 

 

 For a correct numeric answer with correct units     1 point 

 Example Response 

28.64 kg mI = ⋅  

 

 Example Solution 
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  Total for part (d)     6 points 

 Total for question 3 15 points 
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 Question 3: Free-Response Question                                                                         15 points 

 
(a) For drawing and appropriately labeling separate gravitational forces that are exerted on the 

disk and the lump of clay and exerted at the correct locations 

Scoring Note: Drawing a downward gravitational force exerted on the clay-disk system at the 
correct location can earn this point. 

1 point 

 For drawing and appropriately labeling a leftward force exerted on the system at Point A  1 point 

 For drawing and appropriately labeling a force directed up and right that is exerted on the 
system at the axle, and no extraneous forces are present 

1 point 

 Example Responses 

 

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

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

E,DiskF , and Disk,EF . The labels G  or g  are not appropriate labels for the gravitational force.  

Scoring Note: Examples of appropriate labels for the normal force from the axle include NF , 

axleF , N , “normal force,” and “axle force.”    

Scoring Note: Examples of appropriate labels for the tension force include tF , TF , T ,  

stringF , and “Force from string.” 

 

 
Total for part (a) 3 points 
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(b) For a multi-step derivation that indicates the net torque is zero 1 point 

 For indicating only the weight of the clay and the tension in the string exert torques on the 
system about the axle 

1 point 

 Example Response 

net clay stringτ τ τ−=  

 

 For a correct expression for the torque exerted on the system by the weight of the clay  1 point 

 Example Response 

clay c cosRm gτ θ=  

 

 For a correct expression for the torque exerted on the system by the tension in the string 1 point 

 Example Response 

string T sinRFτ θ=  

 

 Example Solution 
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Scoring Note: A maximum of three points can be earned if the trigonometric functions  
( sin  and cos ) are reversed for both torque expressions. 

 

  Total for part (b) 4 points 
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(c) For indicating a direct relationship between the torque exerted by the clay and the tension in 
the string  

1 point 

 For correctly relating a greater torque exerted by the clay from at least one of the following: 

• An increase in the angle between the radial direction and the weight of the clay 
• A greater perpendicular component of the weight of the clay 
• A greater lever arm 
 

1 point 

 Example Response 

The torque caused by the weight of the clay at Point B  is greater than when the clay is at 
Point A  because the component of the weight that is perpendicular to the lever arm is larger. 
To maintain equilibrium, the net torque on the system is still zero, therefore the tension 

T, newF  must be greater. 

 

  Total for part (c) 2 points 
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(d)(i) For using integration to calculate rotational inertia 1 point 

 For one of the following: 

• Substituting ( )2 r drρ π  for dm  
• Indicating the correct limits of integration 

1 point 

 Example Response 

( )
0.3 m 2
0

2I r r drρ π= ∫  

 

 For a correct answer of 20.012 kg mI = ⋅ , including units     1 point 

 Example Response 

20.012 kg mI = ⋅  

 

 Example Solution 
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(d)(ii) For using the rotational form of Newton’s second law  1 point 

 For a correct expression for the net torque exerted on the clay-disk system 1 point 

 Example Response 

net cgRmτ =  

 

 For indicating that the rotational inertia of the clay-disk system is the sum of the rotational 
inertia of the disk and the rotational inertia of the lump of clay 

1 point 

 Example Response 

system disk clayII I= +  

 

 Example Solution 

( )
( )( )
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Total for part (d) 6 points 

 Total for question 3 15 points 
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