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(a) 3 points 
 

Writing an integral to derive the rotational inertia of the rod

= Ú 2I r dm    

For a correct expression for dm   1 point
l = M L , l=M L , l=dm dr    

For using the correct limits of integration or a correct constant of integration 1 point
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For correctly evaluating the integral above, leading to the answer 2 3ML    1 point
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(b) 4 points 
 

For using any expression of conservation of energy 1 point
+ = +1 1 2 2g gK U K U    

For a correct energy expression relating gravitational potential energy to rotational 
kinetic energy 

1 point

w= 2
1 2

1
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mgh I  
  

For correctly substituting 2L  for the change in height  1 point

( ) ( )w= 2 21 12
2 3

Mg L ML  
  

For using w=v r  with r = L to solve for the velocity of the end of the rod  1 point
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(c) 1 point 

 
For correctly identifying a relationship between length and velocity that will result 

in a straight line 
1 point

Example 1:  Horizontal axis: velocity 

                    Vertical axis:     length  

  

Example 2:  Horizontal axis: ( )2velocity  

                    Vertical axis:       length 

  

Note: Each of the above axis choices can also be switched to yield a straight line.   
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(d) 3 points  

 

For a correct scale that uses at least half the grid and for correctly labeling the 
axes, including units 

1 point

For plotting data consistent with quantities in the data table in part (c) 1 point
For drawing a straight line consistent with the data in part (c) 1 point

 
 
(e) 
 i. 2 points 

 
For correctly calculating the slope using the straight line drawn in part (d), and not 

using data points unless the points lie on the line 
1 point
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For correctly calculating g using the slope  1 point
= 3m g    

( )= = =22 23 4.94  m s 3 8.1 m sg m    

Alternate Solution Alternate points
For stating that linear regression was used and getting one of the results noted 

below 
1 point

For correctly calculating g using the slope  1 point 
When plotting velocity as a function of length , the slope is 4.94 m s  and 

= 28.14  m sg . 

  

 When plotting the square of velocity as a function of length, the slope is 
225.77 m s  and = 28.59  m sg . 
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(e)  (continued) 
 
 ii. 2 points 
 

For one example that directly decreases the effect of air resistance 1 point
For another example that directly decreases the effect of air resistance 1 point
Some examples include: 

Do the experiment in a vacuum 
Use shorter rod lengths 
Use more massive (or denser) rods 
Use a more aerodynamic shape for the rods 
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Question 3 

Overview 
 
This is a rotational dynamics question that requires integration and graphical analysis of data (identifying 
sources of error) to determine g. 

Sample: MQ3 A 
Score: 15 

Part (a) of this response earned all 3 points, since all substitutions, bounds, and the evaluated integral were 
stated correctly. Part (b) earned all 4 points for use of the correct relationship between gravitational potential 
energy and rotational kinetic energy, the correct substitution for the change in height of the center of mass, 
and the correct substitution for angular velocity. In the line of three equations, there appears to be an erasure 

in the middle equation resulting in a missing factor of 2w , but it correctly reappears in the right-hand 
equation. Part (c) earned 1 point for a correct relationship between velocity and length that will result in a 
straight line. Part (d) earned all 3 points for a graph that includes all the required elements and is consistent 
with the data table in part (c). Part (e)(i) earned 2 points for use of data points from the straight line to 
calculate slope and for using this slope to determine a value for g. Part (e)(ii) earned 2 points for two different 
methods to decrease the effect of air resistance. 

Sample: MQ3 B 
Score: 8 

Part (a) of this response earned 0 points, since there is no indication that integration is used correctly. Part (b) 
earned only 1 point for use of conservation of energy equation. Part (c) earned 1 point for a correct 
relationship between velocity and length that will result in a straight line. Part (d) earned all 3 points for a 
graph that includes all the required elements and is consistent with the data table in part (c). Part (e)(i) 
earned 2 points for use of data points from the straight line to calculate slope and the use of this slope to 
determine a value for g that is consistent with part (b). Part (e)(ii) earned 1 point for one method to decrease 
the effect of air resistance. 

Sample: MQ3 C 
Score: 4 

Part (a) of this response earned 0 points, since there is no indication that integration is used correctly. Part (b) 
earned 0 points since the method is incorrect. Part (c) earned 0 points for an incorrect relationship between 
velocity and length, which is not even consistent with the incorrect answer in (b). Part (d) earned 2 points for 
correct labels and scale and data plotted correctly; however, the line drawn does not represent a best-fit line 
to show the trend. Part (e)(i) earned 1 point for using points on the line but neglected to use the relationship 
between slope and g from part (b). Part (e)(ii) earned 1 point for only one valid method to decrease the effect 
of air resistance. 
 

 




