AP® PHYSICS C: MECHANICS
2009 SCORING GUIDELINES

General Notes About 2009 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the allocation of
points for this solution. Some also contain a common alternate solution. Other methods of solution also
receive appropriate credit for correct work.

Generaly, double penalty for errorsis avoided. For example, if an incorrect answer to part (a) is correctly
substituted into an otherwise correct solution to part (b), full credit will usually be awarded. One exception to
this may be cases when the numerical answer to alater part should be easily recognized aswrong, e.g., a
speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth one point and a student’ s solution contains the application of that equation to the
problem, but the student does not write the basic equation, the point is still awarded. However, when students
are asked to derive an expression it is normally expected that they will begin by writing one or more
fundamental equations, such as those given on the AP Physics Exam equation sheet. For a description of the
use of such terms as “derive” and “calculate” on the exams, and what is expected for each, see “ The Free-
Response Sections—Student Presentation” in the AP Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/s2 , but use of 10 m/s2 is

of course also acceptable. Solutions usually show numerical answers using both values when they are
significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some cases
answers containing too many digits may be penalized. In general, two to four significant digits are acceptable.
Numerical answers that differ from the published answer due to differences in rounding throughout the
guestion typically receive full credit. Exceptions to these guidelines usually occur when rounding makes a
difference in obtaining a reasonable answer. For example, suppose a solution requires subtracting two
numbers that should have five significant figures and that differ starting with the fourth digit (e.g., 20.295 and
20.278). Rounding to three digits will lose the accuracy required to determine the difference in the numbers,
and some credit may be lost.
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Question 2
15 points total Distribution of points
(a)
(i) 4 points

For the rotational form of Newton’s second law 1 point
7=la
For a correct expression of the magnitude of torque 1 point
For correctly labeling the torque as negative 1 point
—Mgxsiné = l,o
For expressing o as the second time derivative of 6 1 point

Max d’e
—-Mgxsing = 1,,| —

dt
(i) 4 points
For the appropriate small angle approximation 1 point
For small angles, sin@ = 6
2
~Mgxd = |b(d—fj
dt
2

dt lp
For recognizing that the coefficient of 6 is w? 1 point
o2 = MoX

lp

For the relationship between T and @ (this point was awarded for the equation alone or 1 point

with relevant work, but NOT as part of multiple random equations)
T = 2z

)]

For the final expression for T (this point was awarded for the final correct answer with 1 point

no supporting work)

|1
T—27[M—gx
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AP® PHYSICS C: MECHANICS
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Question 2 (continued)

Distribution of points

5 points

For an experimental procedure that includes:

A valid approach
How the variables will be measured or calculated, including equipment to be used
How these variables will be used to determine |5

How to minimize error

Example 1: Displace the bar by a small angle and release it to oscillate. To reduce

errors, time 10 complete oscillations with a stopwatch. Calculate the average value
of the time for 10 oscillations and then divide by 10 to determine the period T .

Calculate 15 from T = 2z./l, /Mgx , using known values of M and x.

Example 2: Locate a photogate at the bottom of the bar’s swing; set it to measure the

amount of time the photogate is blocked. While the bar is hanging from its pivot
point, displace the bar to a horizontal position and measure the height of the center
of mass above the position of the photogate with a meter stick. Allow the bar to
swing through the photogate and obtain the time the gate is blocked. To reduce
errors, repeat this procedure five times and obtain an average time. Measure the
width of the bar and use this and the time to determine the speed of the bar at the
bottom of the swing, v = width/time. Calculate the angular speed of the bar from

o = v/¢ . Apply conservation of energy to the bar: Mgh = IBwZ/Z. Calculate |5

from Ig = 2Mgh/a)2 , using known values of M, measured value of h, and
calculated value of @ .

2 points

For a valid procedure to locate the center of mass

For specifying the equipment to be used

Example 1: Place the bar on top of a fulcrum, e.g., the top of a prism. Adjust the
position of the bar until it is balanced horizontally. The point at which this occurs is

the center of mass.

Example 2: Place the bar near the edge of a desk or table. Slowly push the bar so it

hangs off the table until it is just ready to tip. The point at which this occurs is the
center of mass.
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Mech. 2.

You are given a long, thin, rectangular bar of known mass M and length ¢ with a pivot attached to one end.
The bar has a nonuniform mass density, and the center of mass is located a known distance x from the end with
the pivot. You are to determine the rotational inertia /, of the bar about the pivot by suspending the bar from the

pivot, as shown above, and allowing it to swing. Express all algebraic answers in terms of 7, the given
quantities, and fundamental constants.

(a)

i. By applying the appropriate equation of motion to the bar, write the differential equahon for the angle 6
,we ,I\thc bar makes with the vertical.

(i-upra.\..,
Ll s 5_}: S, X 506 =-Mgxsin @ Yes: 0{
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ii. By applying the small-angle approximation to your ciifferentgal equation, calculate the period of the bar’s
motion. :
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(b) Describe the experimental procedure you would use to make the additional measurements neged to

determine /. Include how you would use your measurements to obtain /, and how you would minimize
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(c) Now suppose that you were not given the location of the center of mass of the bar. Describe an experimental
procedure that you could use to determine it, including the equipment that you would need.

\/VLQV\ an ‘E](({‘ = Ldeﬂ(?J on o P[t«u'{ q',‘ ?{-S caﬂh’-f apmqijl 1\1[ w-‘/!

(gmoin in g ihei ww, Theefore T vonld require o Pivu{/ﬁwf”““‘
40. kit cenfer of mass. | wenld falance the far on the
?.w“ r'fpequol\j; dol}viﬁf‘?"j {he P,S;.{;‘,,,\ pac h fim® il a
l“d““{‘ 0y \Qu__ww\ onwhich e bar balances E"’ch'Hy dnol does
ot {;(). That poink i the locobion of fhe certer £ mag

A The diagrams below chow fhe procecs of fendicg Hit Confor donags

*A:_:) E# : [::};fe.f of euss

P;./G" PEVG-) r?vcl

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



CM-2B-1

Mech. 2.

You are given a long, thin, rectangular bar of known mass M and length ¢ with a pivot attached to one end.
The bar has a nonuniform mass density, and the center of mass is located a known distance x from the end with
the pivot. You are to determine the rotational inertia I, of the bar about the pivot by suspending the bar from the

pivot, as shown above, and allowing it to swing. Express all algebraic answers in terms of 7,,, the given
quantities, and fundamental constants.

(a)
i. By applying the appropriate equation of motion to the bar, write the differential equation for the angle 0
-

the bar makes with the vertical. P K T o 3 v
® 1 =~ MXG9 = M

W= EL% EY
d,-‘r V=g
M;d@ Mxg = pa\e L

' s —(1_&- Setmce W) = Bg
\(4‘9'—‘— li_d.\- / g

ii. By applying' the small-angle approximation to your differential equation, calculate the period of the bar’s

motion.
T=22T - aw |
e ey
d ¥ {5
O T
/5
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(b) Describe the experimental procedure you would use to make the additional measurements needed to
determine /. Include how you would use your measurements to obtain /, and how you would minimize

experimental error.
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(c) Now suppose that you were not given the location of the center of mass of the bar. Describe an experimental

procedure that you could use to determine it, including the equipment that you would need.
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Mech. 2.

You are given a long, thin, rectangular bar of known mass M and length ¢ with a pivot attached to one end.
The bar has a nonuniform mass density, and the center of mass is located a known distance x from the end with
the pivot. You are to determine the rotational inertia [, of the bar about the pivot by suspending the bar from the

pivot, as shown above, and allowing it to swing. Express all algebraic answers in terms OQ} the given
quantities, and fundamental constants.

(a)

i. By applying the appropriate equation of motion to the bar, write the differential equation for the angle &
the bar makes with the vertical.

Fr=Ta azar
| =9 = dzx
mgg\h%k =TA r dt®
mg%ln Br=T:02x
dt*

3 v ‘
W\_Srblﬂa = U\_)/l

—

L
ii. By applying the small-angle approximation to your differential equation, calculate the period of the bar’s

motion.
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(b) Describe the experimental procedure you would use to make the additional measurements needed to
determine /. Include how you would use your measurements to obtain /, and how you would minimize
experimental error.
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(c) Now suppose that you were not given the location of the center of mass of the bar. Describe an experimental
procedure that you could use to determine it, including the equipment that you would need.
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Question 2
Overview

Part (a) of this question assessed students’ ability to analyze torques acting on a rigid swinging bar having
a nonuniform mass density and pivoted at one end. Students were asked to apply the appropriate equation
of motion to the bar, to write the differential equation for the angle the bar makes with the vertical, and,
from their differential equation, to calculate the period of the bar’'s motion.

Parts (b) and (c) assessed students’ ability to write an experimental procedure. Part (b) asked students to
describe an experimental procedure they would use to take the additional measurements needed to
determine the moment of inertia of the bar, including how the measurements would be used to obtain the
moment of inertia and how to minimize experimental error. In part (c) students were not given the bar's
center of mass, and they were asked to describe an experimental procedure, including the necessary
equipment, that could be used to determine it.

Sample: CM-2A
Score: 15

This response represents a complete and clearly stated solution, earning the maximum points for all parts
of the problem.

Sample: CM-2B
Score: 8

Part (a)(i) earned 1 point for stating the rotational form of Newton's second law. Part (a)(ii) earned 1 point for
the correct relationship between T and o . Part (b) earned 4 out of 5 points, losing 1 point for failing to
correctly explain how |, would be calculated from the measured quantities. Part (c) earned both points.

Sample: CM-2C
Score: b

Part (a)(i) earned 1 point for invoking the angular form of Newton’s second law. Part (a)(ii) earned 3 points:

1 point for applying the correct small-angle approximation, 1 point for recognition that ®? is the coefficient
of the 6 term, and 1 point for the correct relationship between T and @ . Part (b) earned 1 point for
indicating the measurement of the period would be a valid approach; the description of how the period
would be measured was not acceptable as the bar is initially placed in the horizontal position. Part (c)
earned no credit.
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