AP® PHYSICS B
2010 SCORING GUIDELINES (Form B)

General Notes

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

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part () 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 a later part should be easily recognized as wrong — for
example, 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 1 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 Exams 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/s.2 , 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

(a)

(b)

(©)

(d)

(€)

3 points

To determine the frequency, all that is needed is a stopwatch to measure the period.

For choosing only the stopwatch

OR choosing the stopwatch and other equipment, using the stopwatch correctly in
part (b), and indicating there a plausible use of the other equipment that does not
interfere with correctly using the stopwatch (e.g., using the protractor to set the
initial angle)

Partial credit was awarded if part (b) did not use the stopwatch or, in addition to the
stopwatch, used other equipment incorrectly. For choosing one item in addition to
the stopwatch, 2 points were awarded; for choosing two additional items, 1 point
was awarded.

3 points

For a reasonable and complete procedure that correctly measures time and allows
determination of the frequency, either by calculating the period and indicating the
correct relationship between the period and frequency, or by directly determining
the frequency from the measurements. Some mention of error reduction (e.g.,
measuring over multiple cycles) was expected as part of a complete experimental
procedure.

3 points

For indicating that one of the following is a parameter that can be varied: mass of bab,
length of string, angle of release or height of release
For a reasonable and complete experimental procedure and description of data analysis

3 points

For correctly indicating that the temperature of the room would slightly increase
For stating that the pendulum loses kinetic energy
For stating that the lost kinetic energy is converted to heat energy

3 points

For correctly indicating that the period of the pendulum would increase
For indicating that the length of the rod increases
For using the relationship between pendulum length and period, T = 2z./¢/g , to show

that the increase in length leads to an increase in period

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.

Distribution
of points
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B-2A-1

2. (15 points)

The simple pendulum above consists of a bob hanging from a hght strmg You wish to.experimentally determine
the frequency of the swinging pendulum.

(a) By checking the line next to each appropriate item on the list below, select the equipment that you would

need to do the experiment.
Meterstick Protractor ‘ Additional string
v Stopwatch - Photogate Additional masses

(b) Describe the experimental procedure that you would use. In your description, state the measurements you
- would make, how.you would use the equipment to make them, and how you would determine the frequency
from those measurements
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(c) You next wish to discover which parameters of a pcndulum affect its frequency. State one parameter that

could be varied, describe how you would conduct the experiment, and indicate how you would analyze the
data to show whether there is a dependence.
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(d) After swinging for a long time, the pendulum eventually comes to rest. Assume that the room 1sBp;rgc€;-2
thermally insulated. How will the temperature of the room change while the pendulum comes to rest?
_v/ 1t would slightly in&mm. — It would sﬁght]y decrease.
—— No effect. It would remain the same. |
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() Another pendulum using a thin, hght metal rod instead of a string is used in a clock to keep time. If the
temperature of the room was to increase significantly, what effect, if any, would this have on the period of
the pendulum? . s
/It would increase. It would decrease. No effect. It would remain the same.

Justify your answer.
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B-2B-1

2. (15 points)

The simple pendulum above consists of a bob hanging from a hght strmg You Wxsh to expenmentally determine
the frequency of the swinging pendulum.

(a) By checking the line next to each appropriate 1tem on the st below seleqt the equlpment; that you wohild
need to do the experiment.

—«_ Meterstick _ o \/Protractor =" Additional string
A/ stopwatch __ Photogate - ___ Additional masses” "

(b) Describe the experimental procedure that you would use. In your description, state the measurements you
would make how you would use the equipment to make them, and how you would determine the frequency
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(c) You next wish to discover which parameters of a pendli}um affect its frequency. State one parameter that <
could be varied, describe how you would conduct the experiment, and indicate how you would analyze the
data to show whether there is a de;
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- {d) After swinging for a long time, the pendulum eventually comes to rest. Assume that the room 1s ;e%ectl;
thermally insulated. How will the temperature of the room change while the pendulum comes to rest?

Pas It would slightly increase. It would slightly decrease.

No effect. It would remain the same.

Justify your answer.
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(e) Another pendulum using a thin, hght metal rod instead of a string is used in a clock to keep time. If the
temperature of the room was to increase significantly, what effect if any, would this have on the period of

the pendulum?

It would increase. It would decrease. No effect. It would remain the same.

Justify your answer.’
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B-2C-1

2. (15 points)

The sxmple pendulum.above consists of a bob hanging from a’ hght string. You wish to experimentally determine
the frequency of the swinging pendulum. :

(a) By checking the line next to each appropriate item on the list below, select the equipment that you would

need to do the experiment.
V' Meterstick Protractor Additional string
Stopwatch Photogate Additional masses

{b) Describe the experimental procedure that you would use. In your description, state the measurements you
would make, how you would use the equipment to make them, and how you would determine the frequency
from those measurements.
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(c) You next wish to discover which parameters of a pendulum affect its frequency. State one parameter that
could be varied, describe how you would conduct the experiment, and indicate how you would analyze the
data to show whether there is a dependence.
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(d) After swinging for a long time, the pendulum eventually comes to rest. Assume that the room isBpe-;gcto -2
thermally insulated. How will the temperature of the room change while the pendulum comes to rest?

v It would slightly increase. \ It would slightly decrease.
No effect. It would remain the same.

Justify your answer.
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(e) Another pendulum using a thin, light, metal rod instead of a string is used in a clock to keep time. If the

temperature of the room was to increase significantly, what effect, if any, would this have on the period of
_ the pendulum?
It would increase. It would decrease. v No effect. It would remain the same.

Justify your answer.
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Question 2

Sample: B-2A
Score: 14

One point was deducted in part (b) for failure to discuss error reduction (e.g., measuring the time for multiple
cycles). Responses in all other parts are correct, with thorough explanations throughout.

Sample: B-2B
Score: 12

Part (a) earned all 3 points for selecting the stopwatch and for including a plausible use of the protractor in
part (b). In part (b) only 2 points were earned because the response does not discuss error reduction. In

part (c) 1 point was earned for identifying mass as a parameter to investigate, and a second point was earned
for an explanation of the experimental procedure, even though it is weak. Part (d) received full credit. The
mathematical relationship between length and period is missing in part (e), so only 2 points were earned.

Sample: B-2C
Score: 5

Parts (a) and (b) received no credit because the method is not a direct experimental determination of the
pendulum frequency. Part (c) features a good procedural description involving the length of the pendulum but
is weak on data analysis (e.g., the relationship between period and frequency is not discussed) and thus lost

1 point. Part (d) earned full credit. Part (e) does not include the key effect of thermal expansion and thus earned
no credit.
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