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AP® Physics C: Mechanics 2024 Scoring Guidelines

Question 1: Free-Response Question 15 points

(a)(i) For a multi-step derivation with an application of the conservation of mechanical energy that 1 point
indicates that all of the energy of the system is initially U

Example Response

Einitial = Efinal

1, 2 1 2

—kx.” = —mv

2 2
For a correct solution for v 1 point

Example Response

v—xJ—k
- *c
m

Example Solution

Einitial = Efinal
U =K

1, 2 1 -
2kxc —2mv
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AP® Physics C: Mechanics 2024 Scoring Guidelines

(a)(ii) For a derivation to solve for the speed at x, that includes one of the following: 1 point

e An appropriate application of the conservation of energy
e An appropriate kinematics equation

Example Responses

2 _ .2
Kinitial = AEfiction = Kfint ~ OR Vi =y + 2aAx
For one of the following that is consistent with the previous point in the response for 1 point
part (a)(ii):

e A correct expression for the energy dissipated by friction
e A correct expression for the acceleration of the block in the region with nonnegligible
friction

Example Responses

AEfriction = umgD OR a=—-Hug

For attempting to derive an expression for v, g by using the conservation of momentum 1 point

Example Response

Minitial Vinitial =~ ™ABVA,B

For substituting the expression for the speed at x, that is consistent with the first point of 1 point

the response in part (a)(ii) and substituting the correct masses into an expression for
conservation of momentum

Example Response

© 2024 College Board



AP® Physics C: Mechanics 2024 Scoring Guidelines

Example Solutions

E

X Ebefore collision

le - AEfriction = Kbefore collision OR

2pbefore collision — 2pafter collision
MpVy = MpBVAB
mpavy = (m+3m)vy g

2
my—— —2ugD
VAB = 4dm
1 [k’
Vap = g\, ~ 21gD

—umg = ma
a=-ug
kx,?
= —2ugD
%) " HE

Zpbefore collision — Zpafter collision
MpVy = MpBVAB
Mmavy, = (m+3m)vy g

2
c —_—
m— 2ugD
VAB T 4dm
1 [kr,
VaB = g\, ~ 2HgD

Total for part (a) 6 points
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AP® Physics C: Mechanics 2024 Scoring Guidelines

(b)(®

(b)(ii)

For a nonlinear sketch that begins at zero and increases for the entire time interval 0 < ¢ < ¢

1 point

For a sketch that decreases for the entire time interval #; < ¢ < ¢, but does not go to zero

1 point

For a sketch that is concave up for the time interval #, < ¢ < ¢,

1 point

For a continuous function for the time interval #; < ¢ < ¢; that has a horizontal line that is
greater than zero for the time interval ¢, <t < 13

1 point

Example Response

e X

0

For a statement about the change in kinetic energy that is consistent with the graph drawn in
the response for part (b)(i)

1 point

For a correct explanation for why the kinetic energy is increasing, such as one of the
following:

e An increasing graph means positive work is being done on the block.

e An external force is exerted on Block A, causing the velocity of the block to increase
and the kinetic energy of the block to increase.

e Mechanical energy is conserved and/or there is no work done for the block-spring

system, and the potential energy decreases.

1 point

For a correct explanation for why the graph is nonlinear, such as one of the following:

o The rate at which the slope of the graph changes is related to the rate at which work is
being done on the block.
o The external force exerted on Block A is changing, which causes a nonuniform change

in the velocity of Block A, which results in a nonuniform change in kinetic energy.

1 point

Example Response

From 0 <t < t,, the kinetic energy of Block A increases. The force exerted on the block by

the compressed spring transfers the elastic potential energy in the block-spring system to the
kinetic energy of the block. Because the force exerted by the spring is not applied at a
constant rate, the kinetic energy of the block does not increase at a constant rate.

Total for part (b)

7 points

© 2024 College Board



AP® Physics C: Mechanics 2024 Scoring Guidelines

(© For selecting f,, < f, with an attempt at a relevant justification 1 point

For correctly applying an equation that relates the length of a pendulum to the period or 1 point
frequency of the pendulum

Example Response
The period of a pendulum is calculated by using T = 2rx E . Therefore, as the length is

increased, the period will also increase. Because frequency and period are inversely related,
an increase in period will result in a decrease in frequency.

Total for part (c) 2 points

Total for question 1 15 points
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PCM Sample 1A pg 1 of 4

Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTIONII
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Stl‘ing—-l_'

u
s 7T e AU ]

0 W % %

Note: Figure not drawn to scale,
Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in
a region of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is
attached to a string of length £ and negligible mass, as shown in Figure 1. Blockﬁnshel;dqmmtdnspnng
compressing the spring a distance x,. .

/

Unauthorized copying or reuse of this page is illegal.” "~  Page 2 . GO ON TO THE NEXT PAGE.
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PCM Sample 1A pg 2 of 4

Question 1

Continue your response to QUESTION 1 on this page.

At time ¢ = 0, Block A is located at position x = xq and is released from rest. After the block is released, the
following occurs.

¢ Attime t = 1, Block A is at x = x after traveling a distance x,. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time ¢ = 15, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction,
« Attime 1 = 14, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x,, and physical constants, as
appropriate.
i. Derive an expression for the speed v of Block A at time .

*'ﬁo“’e"kﬁ;kx 4

kx? )
= < =V )

2
mv' P ki®: mv?

Q0 .

ii. Derive an expression for the speed v g of the two-block system immediately after the collision at
time t5.

i-E:mo‘, o 'F;’& = ma > ‘ﬁm%: MA > @< ;‘?

Vpe e Qadx (] (r’) *()(0)
>\, - Mﬁ 9,,59}

p; = Pﬁ 24 WV.,"‘ 3”(0) = (m*’3ﬁ)V+dL'
b ? |
...9#

L

=L

7 Vil Vag \
~PEET GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.

String—a_._

Note: Figure not drawn to scale.
Figure 1

(b)

i. On the following axes, sketch a graph of the kinetic energy X of Block A as a function of time ¢ from
time 7 = 0 to time #5.

P T ———

m—————— e e e e e

o el s

—
-
-
-
A

ii. Unpimpluofwmtmdmwmjﬂy&emhh*nhm(bmlfwmﬂmmwl= 0to
t=14. Exphdﬂyrefmfemaofthuhnpeofﬂmgnphymd:wmpm(b}(l) ’

A4 ’}’o, ‘H‘E Plgd:,"'au? 1 a‘ A PsIuMm
beiowse e spring s of e coriprsion,

ad K 'ncrcc«.:c:ahu e yobpki ‘J Ju—mm b
J-< PN IR .fWUJy‘ bujk L

1 (L o «4.,,4, |
ummmﬂn‘lﬂﬁ\ih&'hm:'" K:“ fnoouromzn:rr':m!.
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Question 1

Continue your response to QUESTION 1 on this page.

--------

f
Note: Figure not drawn to scale.
Figure 2
After the collision, the two-block system instantaneously comes to rest at time t,, which occurs when the string
makes a small angle 6,,,,, with the vertical, as shown in Figure 2. For times ¢ > 1, the system oscillates with
frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of
length 2 4.

(c) Indicate how the new frequency of oscillation f,, of the system on the new string of length 2 £ will compare
to the frequency of oscilldtion f, from the original procedure.

he <Jfy — he =y

n— YRS/

Briefly justify your answer.
The frequency Feembitun FVRN P W ginduJum > ﬁ’
R ‘F'g 721:: u’;ﬂjs‘an imdies  Hhed ot
the ‘m& & e ﬂma o M pdilop
}e,AdL-n.r, “4. ‘Frq,ve,m}/ Jcc,reu.ftf, AW ‘Cd(“:‘
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Question 1

Begin your response to QUESTION 1 on this plﬁl

PHYSICS C: MECHANICS
SECTION I
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. Thcpmﬂm:qmummynmhawmﬂwmhhswmmmmmu
booklet in the spaces provided after each part.

{
Block A Block B
e !
m | I | 3m
5 B RR A IR 30 | 1
i — ; - ; X
0 Xg X ] X3

Note: Figure not drawn to scale.
Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in
a region of length D, where the coefficient of kinetic friction between Block A and the surface is . Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.
At time ¢ = 0, Block A is located at position x = x and is released from rest. After the block is released, the
following occurs.

* Attime ¢ = 1, Block A is at x = x; after traveling a distance x,. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time ¢ = 1,, the left side of Block A is at x = x; after passing through a distance D across
the region with nonnegligible friction.

* Attime ¢ = 15, Block A is at x = x3 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x,, and physical constants, as
appropriate.
i. Derive an expression for the speed v of Block A at time 1,.

dALYay 1S cownse rvedh

ii. Derive an expression for the speed vy g of the two-block system immediately after the collision at

time 3,
£F = ma N, = Vi + Ak
- 1 KX~ W9
lor, Ahma) = Ver [B s BETE - 1)
- KC-MW'IQ)
o m 70
WAN, =W N, ( v _HA‘F%*’ “c‘M“ﬂk"‘m""\)J
by & C—
(L 2o ) = A Vg
Unauthorized copying or reuse of this page Is illegal. Page 3 GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.

String—__ |

Block A D Block B

i i
M | 3m

BB T A 5 T USRI ]
0 Xo Xy x) X3

Note: Figure not drawn to scale.
Figure 1
(b)

i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time r from
time ¢ = 0 to time 3.

e

Ell N §

e e
[ L

-

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval ¢ = 0 to
t = 1. Explicitly reference features of the shape of the graph you drew in part (b)(i).

e Slope of fne gvopn 1§ Zevo vecoayge eve
6 VIO WOvE OchfWio) 0w e \o\otk  eweray is conservel
AMeve \§ wo WOV¥ \vecavse Haeve \‘a "o @xieyval
tovee ocfwg ow e ooy, (rvichow.
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Question 1

Continue your response to QUESTION 1 on this page.

Note: Figure not drawn to scale.
Figure 2

After the collision, the two-block system instantaneously comes to rest at time 74, which occurs when the string
makes a small angle 6., with the vertical, as shown in Figure 2. For times ¢ > 14, the system oscillates with
frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of
length 2 7.
(c) Indicate how the new frequency of oscillation £, of the system on the new string of length 2 ¢ will compare
wﬂnﬂequencyofowilhﬁmf‘ﬁomﬂxodgindm.
Ms, >, Xog <, fu=t
Briefly justify your answer.

Because e skrwo, wakes & smalh anale, Xne o
UM O\ mvxs\o\e.veo\ o QendeloWM ¢ =T AT

Becousd L 13 1w e nowevarer s L mcveases
T -—mr_veases And "ﬁ—g $0 Q—-,-— gc}
0o o wereoses, & decveases.
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION II \1"““
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about lsmmfamwhseﬂoﬂhoquﬁbu.
which are worth 15 points each. The parts within a questionmay not have equal weight, Show all your work in this
booklet in the spaces provided after each part.

Slring—z__

1
&
= U
I
€[

0 % X % X
Note: Figure not drawn to scale.
Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in

a region of length D, where the coefficient of kinetic friction between Block A and the surface is . Block B is
attached to a string of length { and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

Unauthorized copying or reuse of this page is illegal. Page 2 GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.

Attime t = 0, Block A is located at position x = x; and is released from rest. After the block is released, the
following occurs.

* Attime 7 = 1, Block A is at x = x; after traveling a distance x,. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time t = t,, the left side of Block A is at x = x; after passing through a distance D across
the region with nonnegligible friction.

* Attime t = t3, Block A is at x = x3 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x., and physical constants, as
appropriate,
i. Derive an expression for the speed v of Block A at time f,.
o

Ve V6 +2a, (x-X)
Vi'= Ron (x%)

Jut =ty ey
V=2

ii. Derive an expression for the speed v, g of the two-block system immediately after the collision at

time #5.
KE = $mu? KE = Zmy
2 1
KEA: ':":M Va KEB = ‘lz'tg"‘") (Vs)
k3
*IZ‘MVAZ: ."7:(3,,13(\/3)
Unauthorized copying or reuse of this page is illegal. Page 3 GO ON TO THE NEXT PAGE.
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Question 1

=

Continue your response to QUESTION 1 on this page.

String—,_|
¢
Block A ' Block B
P ——
{ H ! ' 3m
| |
I —t— + + + X
0 Xp X ] X3

Note: Figure not drawn to scale.
Figure 1

(®)
i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time ¢ from
time ¢ = 0 to time t5.

e ———————_ ]

oS-
R T

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval f = 0 to
t = #. Explicitly reference features of the shape of the graph you drew in part (b)(i).

Since work= Fd anet kinelic enerqy iy €4u-! )
Jo?, kot 2F Hoe oald make o feludanshp
Make = Gruph fheat s an invese exppncate! grph
The kinete energ,.l wonled he decrasiy expenent™l(]

o ) moves b 4,

Unauthorized copying or reuse of this page Is illegal. Page 4 GO ON TO THE NEXT PAGE.
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Question 1

Continue your response to QUESTION 1 on this page.

Note: Figure not drawn to scale.
Figure 2

After the collision, the two-block system instantaneously comes to rest at time #,, which occurs when the string

makes a small angle 6,,,,, with the vertical, as shown in Figure 2. For times > #,, the system oscillates with

frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of

length 2 4.

(c)[ndlcatehmvdnnewﬁ'equencyofoscﬂlntionfu of the system on the new string of length 2 ¢ will compare
to the frequency of oscillation f, from the original procedure.

—heot, Mg fe=h

Briefly justify your answer.

T= AT _

I
“ g

ACCDQIMj + 'Hvlj e)fnuia, 'H‘lc ﬂfﬁk{' Value &F /L, H'f- lower

the l?.ﬁr @‘t‘iumrj of 68 9c:lltan ydale loe lower Since
L l
m-l- iS —_—

5.
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AP® Physics C: Mechanics 2024 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses were expected to demonstrate the ability to:
e Derive an expression using conservation of mechanical energy between spring potential energy and
kinetic energy.
Determine the work done on an object by the force of friction.
Apply conservation of linear momentum during a collision.
Analyze and interpret a graphical representation of kinetic energy as a function of time.
Describe the change in kinetic energy in scenarios of both constant and variable forces.
Determine the relationship between the length of a pendulum and its frequency of oscillation.

Sample: 1A
Score: 13

Part (a) earned 6 points. The first point was earned for a multi-step derivation that applies conservation of
mechanical energy and recognizes that all the initial energy consists of spring potential energy. The second point
was earned for providing the correct speed at time ¢ in terms of the allowed variables. The third point was earned

for applying an appropriate kinematics equation to solve for the speed at x, . The fourth point was earned for
including a correct expression for the acceleration of the block in the region of nonnegligible friction. The fifth point
was earned for attempting to derive an expression for v, by using conservation of momentum. The sixth point was

earned for correctly substituting the speed consistent with earlier work and the correct masses into the expression for
conservation of momentum. Part (b) earned 5 points. The first point was earned for sketching the function correctly

between ¢ = 0 and ¢ = ¢;. The correct velocity function is sinusoidal with a period of 4¢, . The kinetic energy is
proportional to the velocity squared and is, therefore, sinusoidal with period 2¢ . It should be noted that to earn
credit, it is sufficient that the function begins at zero and increases nonlinearly in this region. The second point was
earned for showing a function that is uniformly decreasing between ¢ = #; and ¢ = ¢, and does not reach zero. The
third point was not earned because the response is linear between ¢ = #; and ¢ = ¢, and not concave up. The fourth
point was earned for the function being continuous between ¢ = ¢; and ¢ = ¢; and having a constant nonzero value
between ¢ = t, and ¢ = t;. The fifth point was earned for clearly indicating that the kinetic energy is increasing,

which is consistent with the graph drawn. The sixth point was earned for clearly stating that the kinetic energy of the
block is increasing while the spring potential energy of the system is decreasing. The seventh point was not earned
because the response does not address why the graph is nonlinear. Part (c) earned 2 points. The first point was
earned for selecting the correct relationship and for an attempt at a relevant justification. The second point was
earned for the first line correctly showing an appropriate technique for using the equation for the frequency of the
oscillation. Although the 27 term is omitted from the final statement of the frequency equation, the response
demonstrates the proportional reasoning required to earn this point.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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Question 1 (continued)

Sample: 1B
Score: 9

Part (a) earned 4 points. The first point was earned for a multi-step derivation that applies conservation of
mechanical energy and recognizes that all the initial energy consists of spring potential energy. The second point
was earned for providing the correct speed at time ¢# in terms of the allowed variables. The third point was not
earned because, although a kinematics approach was attempted, the response does not use an equation that is
appropriate because it requires variables that are not permitted in the solution. The fourth point was not earned
because the response does not include a correct expression for the acceleration in the region with nonnegligible
friction. The fifth point was earned for attempting to derive an expression for v,5 by using conservation of
momentum. The sixth point was earned for correctly substituting the speed consistent with earlier work and the
correct masses into the expression for conservation of momentum. Even though the substitution uses variables
that are not permitted, the point was awarded because the substitution is consistent with previous work. Part (b)
earned 3 points. The first point was not earned because the function does not begin at zero, and it does not
increase nonlinearly between ¢ = 0 and ¢ = ¢; . The second point was earned for showing a function that is

uniformly decreasing between ¢ = #; and ¢ = ¢, and does not reach zero. The third point was not earned because
the response is linear between ¢ = ¢; and ¢ = ¢, and not concave up. The fourth point was earned for showing a
continuous function between ¢ = #; and ¢ = t; with a constant nonzero value between ¢ = ¢, and ¢ = t;. The

fifth point was earned for claiming that the slope of the graph is zero, which is consistent with the graph. The
sixth point was not earned because the response does not include an explanation of why the kinetic energy should
be increasing. The seventh point was not earned because the response does not address why the graph should be
nonlinear between ¢ = 0 and ¢ = ¢, . Part (c) earned 2 points. The first point was earned for selecting the correct
relationship and attempting a relevant justification. The second point was earned for using an equation to explain
that as the length of the pendulum is increased, its period increases.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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Question 1 (continued)

Sample: 1C
Score: 3

Part (a) did not earn any points. The first point was not earned because the response does not contain a derivation
that applies conservation of energy. The second point was not earned because the response does not provide the
correct speed at time £,. The third point was not earned because, even though there are energy terms in the
response, there is no attempt to apply conservation of energy to solve for the speed at x,. The fourth point was

not earned because the response does not include a correct expression for the energy dissipated by friction or the
acceleration of the block in the region with nonnegligible friction. The fifth point was not earned because the
response does not attempt to derive an expression for v,g by using conservation of momentum. The sixth point

was not earned because the response does not substitute a speed consistent with earlier work or the correct mass
into an expression for conservation of momentum. Part (b) earned 2 points. The first point was not earned because
the sketch does not increase nonlinearly between ¢ = 0 and ¢ = ;. The second point was earned for showing a
function that is uniformly decreasing between ¢ = ¢, and ¢ = ¢, and does not reach zero. The third point was
earned for showing a function that is concave up during the entire section between ¢ = ¢, and ¢ = ¢, , even though
the curvature is relatively small. The fourth point was not earned because the function does not have a constant
nonzero value between ¢ = ¢, and ¢ = t;. The fifth point was not earned because the response makes no mention
of the fact that kinetic energy is decreasing between ¢ = 0 and ¢ = £, as indicated in the graph. The sixth point
was not earned because the response does not include an explanation of why the kinetic energy should be
increasing between ¢ = 0 and ¢ = ¢, . The seventh point was not earned because the response does not address
why the graph should be nonlinear between ¢ = 0 and ¢ = ¢, . Part (c) earned 1 point for selecting the correct

relationship and attempting a relevant justification. The second point was not earned because a correct equation is
not applied to relate the length of the pendulum to its period or frequency.

© 2024 College Board.
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