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AP® Physics C: Mechanics 2024 Scoring Guidelines

Question 2: Free-Response Question 15 points
(a) For a multi-step derivation that includes Newton’s second law of motion 1 point
For indicating that the net force exerted on the cylinder includes only the gravitational force 1 point

and a drag force

Example Response

F

net

:Fg_Fdrag

For a correct differential equation that is in terms of the given variables 1 point

Scoring Note: Variables do not have to be separated for this point to be earned.

Example Response

dv _ 2
m-- = mg bv

Example Solution

2F = ma

Fg - Fdrag = may

mg — b = ma

y
m% =mg — hv?

Total for part (a) 3 points

(b)(i) For a vertical line labeled ¢ at the approximate location at which the line becomes horizontal 1 point

Example Response

Vmax T

o

o+
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AP® Physics C: Mechanics 2024 Scoring Guidelines

(b)(ii) For relating # to the time at which the velocity versus time graph is constant or the slope of 1 point

the line is zero

For indicating that a constant velocity indicates that the net force is zero 1 point

Example Response
Because the sketched line is horizontal after t,, the velocity is constant. If the velocity is

constant, then the acceleration is zero. Therefore, the net force is zero, which means that the
gravitational and drag forces are equal in magnitude.

Total for part (b) 3 points

(c) For selecting “Equal to” with an attempt at a relevant justification 1 point

For a correct justification 1 point

Example Response

At its peak, the cylinder will have a speed of 0 m/s. Therefore, the cylinder would reach the

same v, as if the student had dropped the cylinder from rest at that height. Because the

X

cylinder reached v, from the initial drop, the two max speeds are equal.

max

Total for part (c) 2 points

(d)(i) For drawing an appropriate line of best fit that approximates the data 1 point
Example Response
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AP® Physics C: Mechanics 2024 Scoring Guidelines

(d)(ii) For calculating a value for the slope of the line using two points on the best-fit line 1 point

Scoring Note: Using data points that fall on the best-fit line is acceptable.

Example Response

9 mz/s2 -4.5 mz/s2
0.5kg — 0.25kg

slope =

For using the correct relationship between the slope of the best-fit line and the value of b 1 point

Example Response

g

1 =S

slope b
For a calculated value of b that is 0.45 kg/ m<bh <075 kg/ m 1 point

Example Response

b = 0.544 kg/m

Example Solution

mg — h? =0
b? = mg
v_g
m b
-
slope = 3
__8
slope
b= 9.8 m/s2
9 mz/s2 -4.5 mz/s2
0.5kg —0.25kg
b = 0.544 kg/m

Total for part (d) 4 points

© 2024 College Board



AP® Physics C: Mechanics 2024 Scoring Guidelines

(e)(i) For indicating that the length of the cylinder should be graphed 1 point
For indicating that the maximum velocity of the cylinder should be graphed 1 point
(e)(ii) For describing how the quantities graphed are related to the conclusions of the experiment 1 point

Example Response

The slope of the length vs. maximum velocity graph can be used to determine if length affects
terminal velocity.

Total for part (e) 3 points

Total for question 2 15 points

© 2024 College Board
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Question 2

Begin your response to WE#TION 2 on this page.

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fy,g on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fyr,g = bv?, where v is the speed of the
cylinder and b is a positive constant with appropriate units.

(a) Derive, but do NOT solve, a differential equation that could be used to determine the speed v of the cylinder
as a function of time t. Express your answer in terms of given quantities and physical constants, as appropriate.

F"“.‘a
FM# : MO NS" Ftlrgj
A . owg- bt
Unauthorized copying or reuse of this page is illegal. Page 6 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 2

Continue your response to QUESTION 2 on this page.

v

0
%I
Figure 2
(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.
i. Draw a vertical line on the sketch in Figure 2 to indicate the earliest time at which Fyr,g on the cylinder
is equal to the magnitude of the weight of the cylinder. Label this time as # on the time axis.

ii. Justify the location of ;. Explicitly reference appropriate features of the sketch in Figure 2.

M‘\“\ Pd"J: Fﬁ‘ h‘l‘\- tll’&l. o8 W DS\NM 3 0. T'“\Fj H‘ UWWJC’

n atlaghian, 50 uhd\j FYORY S 73 wnstmt | 0c A horizackal \ing .

1(,\ iy wun fe ﬁ“?“' QJS" biorves o berizatkel N

(c) Rather than dropping the cylinder from rest, the student throws the cylinder upward with a nonzero initial
speed. The cylinder is in the same orientation as when the cylinder was previously dropped. The student allows
the cylinder to fall toward the ground.

Indicate whether the magnitude of the cylinder’s maximum downward speed after being thrown upward would be

greater than, less than, or equal to the maximum speed vy, in Figure 2.

— Greater than —Less than _V’__Equalto

. 0"
Briefly justify your answer. ) o Thw b wald ceadh be
At b ?""i. Y “j'h.‘atii = uel N o l

d h‘mhnl Wt dooypd & o e ob Hhod hi‘j\\h

GOV gy 01
5]'\1#“ “5'\'\\\11( tudu-td \IM t‘“‘ " \M\-‘\ &‘a?l e l pax “L”;hn Lk %L
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Question 2

Continue your response to QUESTION 2 on this page.

NI

Cylinder

Figure 3

A student claims that the magnitude of the maximum speed of a cylinder dropped from rest depends on the length
of the cylinder. The student designs an experiment to collect data that can be used to provide evidence to support

the claim. The student drops cylinders with the orientation shown in Figure 3.
(e) The student has access to but does not have to use all of the following equipment.

* Cylinder Set 1: cylinders of the same known length with different known masses
* Cylinder Set 2: cylinders of the same known mass with different known lengths
* A motion detector that can measure velocity as a function of time

i. Indicate two quantities that when graphed could be used to determine whether the length of the cylinder

affects the maximum speed.

Vertical axis: _ ¥ max Horizontal axis; _lerath A whide fan sk 2

ii. Briefly describe how the quantities graphed could be used to determine the relationship between

cylinder length and maximum speed.

Plot Vpaar 4 ud\tuhr \U‘alr\\s ond fnd slope o \in of

besk &‘\* -“-U‘, e N-ll wure  mis Yw coleulohd _'.lo'gc’

b Lo T g F Mo wlade,
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Question 2 ®

Begin your response to QUESTION 2 on this page.

||" des

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fyr,g on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fm=bv2.wherev is the speed of the
cylinder and b is a positive constant with appropriate units. '

(a) Derive, but do NOT solve, a differential equation that could be used to determine the speed v of the cylinder
as a function of time ¢, Express your answer in terms of given quantities and physical constants, as appropriate.

2 T m&—ﬁ,,?:-rhox

2 mg = bar*= ma

= }'\ta"b‘("a? %

Unauthorized copying of reuse of this page is illegal. Page 6 GO ON TO THE NEXT PAGE.
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Question 2

Continue your response to QUESTION 2 on this page.

v
3

L

Figure 2

(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.
i. Draw a vertical line on the sketch in Figure 2 to indicate the earliest time at which Fj,g on the cylinder
is equal to the magnitude of the weight of the cylinder. Label this time as #; on the time axis.

ii. Justify the location of #;. Explicitly reference appropriate features of the sketch in Figure 2.

Ot Tiney 5 sl A A mphids. of Ko coeill, e
"ﬁ’w"o’”

(c) Rather than dropping the cylinder from rest, the student throws the cylinder upward with a nonzero initial
speed. The cylinder is in the same orientation as when the cylinder was previously dropped. The student allows
the cylinder to fall toward the ground.

Indicate whether the magnitude of the cylinder's maximum downward speed after being thrown upward would be
greater than, less than, or equal to the maximum speed v,,,, in Figure 2.

—_ Greater than — Lessthan X Equal to
Bn:ﬂyjuﬂﬁyourmw

Difidon 1f dennsrnl Ocloii iy R cxlondin wlt vt octef
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Question 2
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Question 2

Continue your response to QUESTION 2 on this page.

NI

Length {

T

Figure 3

A student claims that the magnitude of the maximum speed of a cylinder dropped from rest depends on the length
of the cylinder. The student designs an experiment to collect data that can be used to provide evidence to support
the claim. The student drops cylinders with the orientation shown in Figure 3.

(e) The student has access to but does not have to use all of the following equipment.

* Cylinder Set 1: cylinders of the same known length with different known masses
» Cylinder Set 2: cylinders of the same known mass with different known lengths
* A motion detector that can measure velocity as a function of time

i. Indicate two quantities that when graphed could be used to determine whether the length of the cylinder

Vertical axis: __“Jrmac Horizontal axis: Mﬁ
,

ii. Briefly describe how the quantities graphed could be used to determine the relationship between
cylinder length and maximum speed.

4;4:474&4« Jd Lot fn Abwm
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Question 2

Begin your response to QUESTION 2 on this page.

LT

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fyr,g on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as [Fyzg = bv%,fwhere v is the speed of the

cylinder and b is a positive constant with appropriate units. F-:V
A
(a) Derive, but do NOT solve, a differential equation that could be used to determine the speed v of the cylinder
as a function of time ¢. Express your answer in terms of given quantities and physical constants, as appropriate.

S F oy
vat = 2pbvdv

Unauthorized copying or reuse of this page is lllegal. Page 6 GO ON TO THE NEXT PAGE.
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Question 2

Unauthorized copying of reuse of this page is ilegal. Page 7 GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 2 on this page.

¥

X,

Figure 2

(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.

i. Draw a vertical line on the sketch in Figure 2 to indicate the earliest time at which Fg,g onthyﬂuda
is equal to the magnitude of the weight of the cylinder. Label this time as #; on the time axis.

LY

i Justify the location of #,. Explicitly reference appropriate features of the sketch in Figure 2. /

. . Mre g™
+ 15 Yrere ease b, wmieﬁ,—%“{&?’f:ﬂ o
Sy Yo oo Covsbont, Ve {imishe \a.(,mﬁ
orged oFE - and goen Shvaight in 15 divecki o
(c) Rather than dropping the cylinder from rest, the student throws the cylinder upward with a nonzero initial
speed. The cylinder is in the same orientation as when the cylinder was previously dropped. The student allows
the cylinder to fall toward the ground.

Indicate whether the magnitude of the cylinder’s maximum downward speed after being thrown upward would be
greater than, less than, or equal to the maximum speed v, in Figure 2.

X Greaterthan  _____Lessthan  ____ Equalto
Briefly justify your answer.

Tee  downuodd tpeeoh OAN \po W\"” bewmye
)0 S\ avka, ils geseent— fom O higle gocte
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Question 2

Continue your response to QUESTION 2 on this page.

NN

Cylinder

¥

Length I

Figure 3

A student claims that the magnitude of the maximum speed of a cylinder dropped from rest depends on the length

of the cylinder. The student designs an experiment to collect data that can be used to provide evidence to support
the claim. The student drops cylinders with the orientation shown in Figure 3.

(e) The student has access to but does not have to use all of the following equipment.

* Cylinder Set 1: cylinders of the same known length with different known masses
» Cylinder Set 2: cylinders of the same known mass with different known lengths
* A motion detector that can measure velocity as a function of time

i. Indicate two quantities that when graphed could be used to determine whether the length of the cylinder
affects the maximum speed.

Vertical axis: MOYion 8¢dv Hmuomluis:ﬁqlw et L

ii. Briefly describe how the quantities graphed could be used to determine the relationship between
cylinder length and maximum speed.

e ok ddlesly (003 9l got o~
H j'qx'k_( and e \@"ﬂ\)\—b ,
N W y-ays  breents Yoo
Wodld bt Pl Vo ser b vadakier
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AP® Physics C: Mechanics 2024 Scoring Commentary

Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

The responses were expected to demonstrate the ability to:

e Determine the relationship between variables by deriving a differential equation applying Newton’s
second law to a falling object experiencing a drag force.

e Select relevant features on a velocity-time graph by recognizing when equilibrium occurs.

e Support a claim with evidence from experimental data by recognizing an object in equilibrium
indicates that the sum of forces exerted on the object is equal to zero.

e Determine a line of best fit for given data.

e Explain how the graph illustrates a physics principle by calculating slope for a linear function and
using this to calculate an unknown drag constant.

e Explain how the initial velocity given to an object influences the drag force.

e Describe how to determine the functional dependency between two variables in an experiment.

Sample: 2A
Score: 15

Part (a) earned 3 points. The first point was earned for correctly utilizing Newton’s second law in a multi-step
derivation. The second point was earned for correctly identifying that the only two forces were the force of gravity
and the drag force. The third point was earned for showing the correct differential equation using the given variables.
Part (b) earned 3 points. The first point was earned for showing a vertical line at the appropriate location where the
line becomes horizontal and is labeled as ¢#,. The second point was earned for showing that #; occurs when the

velocity is constant or that the graph has a slope of zero. The third point was earned for identifying that a constant
velocity indicates a net force of zero. Part (¢) earned 2 points. The first point was earned for selecting “Equal to.”
The second point was earned for correctly stating that when the cylinder reaches its maximum height it will have a
velocity of zero; therefore, the same cylinder will reach the same maximum velocity as it falls. Part (d) earned 4
points. The first point was earned for drawing an appropriate line of best fit. The second point was earned for
calculating the slope of the line using points on the line. The third point was earned for using the correct relationship

between the slope and the constant b : b = —£ _ The fourth point was earned for showing the correct calculation

slope
of the constant 5. It is between 0.45 and 0.75 . Part (e) earned 3 points. The first point was earned for indicating
that the length of the cylinder should be graphed. The second point was earned for indicating that the maximum
velocity should be graphed. The third point was earned for correctly describing how the quantities graphed are
related to the conclusion of the experiment. The response states that the slope of the line will be utilized.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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Question 2 (continued)

Sample: 2B
Score: 10

Part (a) earned 2 points. The first point was earned for correctly utilizing Newton’s second law in a multi-step
derivation. The second point was earned for correctly identifying that the only two forces were the force of gravity
and the drag force. The third point was not earned because the response shows an incorrect differential equation
using the given variables. The response is missing an m in the final equation. Part (b) earned 3 points. The first
point was earned for showing a vertical line at the appropriate location that is labeled as #.The second point was
earned for showing that #; occurs when the velocity is constant. The third point was earned for identifying that a
constant velocity indicates a net force of zero. Part (c) earned 1 point for selecting “Equal to”” and attempting a
justification. The second point was not earned because the response just states the definition of terminal velocity.
This is not a correct justification. Part (d) earned 1 point for drawing an appropriate line of best fit. The second point
was not earned because the slope of the line is not calculated. The third point was not earned because the response
does not have the correct relationship between the slope and the constant b . The fourth point was not earned
because the response does not show the correct calculation of the constant 5. It is not in the range between 0.45 and
0.75 . Part (e) earned 3 points. The first point was earned for indicating that the length of the cylinder should be
graphed. The second point was earned for indicating that the maximum velocity should be graphed. The third point
was earned for correctly describing how the quantities graphed are related to the conclusion of the experiment.

Sample: 2C
Score: 3

Part (a) did not earn any points. The first point was not earned because the response does not correctly utilize
Newton’s second law in a multi-step derivation. The second point was not earned because the response does not
correctly identify that the only two forces were the force of gravity and the drag force. The third point was not
earned because the response does not show a correct differential equation using the given variables. Part (b) earned
1 point for showing a vertical line at the appropriate location that is labeled # . The second point was not earned

because the response does not show that # occurs when the velocity is constant or that the graph has a slope of zero.

The third point was not earned because the response does not identify that a constant velocity indicates a net force of
zero. Part (c) did not earn any points. The first point was not earned because “Equal to”” was not selected. The second
point was not earned because the response does not correctly state that the drag force does not change; therefore, the
terminal velocity will not be different. Part (d) earned 2 points. The first point was earned for drawing an appropriate
line of best fit. The second point was earned for calculating the slope of the line using points on the line. The third
point was not earned because the response does not have the correct relationship between the slope and the drag
constant 4. The fourth point was not earned because the response does not correctly calculate the drag constant 5.
Part (e) did not earn any points. The first point was not earned because the response does not indicate that the length
of the cylinder should be graphed. The second point was not earned because the response does not indicate that the
maximum velocity should be graphed. The third point was not earned because the response does not correctly
describe how the quantities graphed are related to the conclusion of the experiment.

© 2024 College Board.
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