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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 that includes one of the following:

An application of conservation of energy that indicates that the initial mechanical energy
of the system is U,

An application of Newton’s second law that includes the frictional force, including sign

1 point

For one of the following that is consistent with the previous point:

An expression for the energy dissipated by friction, including the correct sign
A substitution of acceleration in a kinematics equation

1 point

Example Responses

2m

F _—-F,
AEg;ction = _FfD OR v2 = Vg + 2(LfJAX

For a correct expression for v

1 point

Example Response

v = 2gD(sin@ — 11cos )

Example Solutions

a= Fnet
m
Einitial = Efinal 2ma =F, - Fy
Ug = AEjiction = K 2ma = 2mgsin€ — p(2m)gcosd
mAgDsinQ—ymAgDcosﬁzémsz OR a=gsing - ugcosd
. 1 2

gDs1nc9—,ugDcos€=§v V2 =v§ + 2alx
v =2gD(sin@ — pcosO) v: = 0% +2(gsind — pgcosd)D

v =2gD(sin@ — pcosb)

© 2024 College Board



AP® Physics C: Mechanics 2024 Scoring Guidelines

(a)(ii) For using the conservation of momentum to find v, g 1 point

For equating the kinetic energy after the collision between the blocks to the maximum elastic 1 point
potential energy of the compressed spring

Example Response

Kafter collision — Us, max
For indicating v before the collision between the blocks and the spring is equal to v, g 1 point

Example Solution

Phefore collision = Pafter collision
2mv = (2m + m)vA’B
_ 2my2gD(sin@ — pcos0)
AB — (3]’1’[)

VAR = %JZgD(sinH — pcos0)

Eafter collision — Emax compression of spring
Kafter collision — Us, max

1 2 _ 1
S@m+m)(vap) =Sk’

2 : 2 )
(3m)(§\/2gD(sm9 - ,ucosé?)) = kx,

2
k= (i”;) (%ngz)(sine - ,ucosH))

C

_ 8 mgD(sinf — pcosb)

3 2
Xe

k

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

(b)(i) For a sketch that increases linearly during the time interval 0 <7 < ¢, 1 point

Scoring Note: A sketch that only increases linearly from ¢ = 0 to ¢ = ¢, earns this point.

For a horizontal line for the time interval #; < ¢ < ¢, that is continuous at ¢ 1 point

For a horizontal line for the time interval #, < ¢ < ¢; that has a smaller magnitude than the 1 point
previous time interval

For drawing a concave down curve, continuous at #;, in the interval #; < ¢ < ¢, that reaches 1 point

zero at ¢,

Example Response

Pa

(b)(ii) For a statement about the change in momentum that is consistent with the graph drawn in the 1 point
response for part (b)(i)

For indicating that a decreasing graph means that the force exerted on Block A isina 1 point
direction opposite to the motion of Block A

Scoring Note: A response that indicates that an increasing graph means that the force exerted
on Block A is in the same direction as the motion of Block A also earns this point.

For relating the change in momentum to the magnitude of the force exerted on Block A 1 point

Example Response

The momentum of Block A decreases between t; and t, because the spring exerts a force on
the blocks in the opposite direction of the velocity of the blocks, causing the blocks to slow to
a stop. The spring force increases the more the spring compresses, so the momentum of Block
A decreases at an increasing rate, which is shown in the slope of the curve becoming steeper
with time.

Total for part (b) 7 points

© 2024 College Board



AP® Physics C: Mechanics 2024 Scoring Guidelines

() For selecting Ty = T, with an attempt at a relevant justification 1 point
g INn = 1o p J

For a correct justification that includes one of the following: 1 point

e The period of a spring-block oscillator is only dependent on the mass on the spring and
spring constant, which do not change.

e The period of a spring-block oscillator is not dependent on increasing amplitude, velocity,
or compression distance.

Example Response

Repeating the experiment on a smooth ramp will only affect the compression distance of the
spring. The period of oscillation of a spring-block system depends only on mass and the spring
constant, therefore the period of oscillation will not change.

Total for part (c) 2 points

Total for question 1 15 points

© 2024 College Board
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Question 1

Begin your response to QUESTION 1 on this page.

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. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

AV A% An

Block B jo—%,—
. Ik

; ; o A—
X 5] X3

\

Note: Figure not drawn to scale.
\ Y
1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle @ with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of

kinetic friction between Block A and the rough ramp is 4 in the region of length D, and there is negligible
friction between the and the smooth table.

Mﬂudmu”ﬁi;*wbw- Page 2 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 1

Continue your response to QUESTION 1 on this page.

At time 7 = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

» At time t = f;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x.

+ Attime r = 1,, Block A is at x = x5 when it collides with and sticks to Block B.

* At time 7 = 13, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

* At time t = 14, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.
(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, @, D, u, x., and physical constants,

as appropriate, |
i. Derive an expression for the speed v of Block A at time ;.
neggnt = deihe Fe = MFn

STE) + Wexy = STE¢ 3fg*o0 ~
F&LOSB ~ Fn =0

= 1 z
mah + We, 3 My en =Ingcose
1Ko (bsine) + 1apigcose |Ip) cosito® = $00*  F - pomg cose
29 DSIN® - Z4hDCose =\t

v oE \l 19 D (sine - )

ii. Derive an expression for the spring constant k of the spring.

20 = S0 1L @aD (sme -arose) "
UNVA T MVg T BN Neo, s - 2
‘lﬁ\{lg,b(sme'w.o;ai' *0 = ?ﬁ««\’g”? ' 4
Ve = n% A N 290 (sme -1nios o)
2
276 = Z7TEs
'gﬁ\\ll = fv_g"
l'gmu)'@u L29 D (sine "U..CDQB)) - kxcﬂ
Unauthorized copying or reuse of this page is illegal. Page 3 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 1

Continue your response to QUESTION 1 on this page.

: Lk
m
0 X % X3
Note: Figure not drawn to scale.
(®)
i. On the following axes, sketch a graph of the magnitude of the momentum p, of Block A as a function
of time ¢ from ¢ = 0 to #4. j}mvj_. - Lk (o4’
ra
1.5 - & jext

cemmeeee———— e

Pmm e R e

0 t

ﬁ.UupﬁndphuoffmmNjuﬂl’ymopwhdmwninpm(b)ﬁ)fmtheﬁmeinmdr-1‘3tot-q.
Explicitly reference features of the shape of the graph you drew in part (b)(i).
TNE force of the SpNing & not constany ™us  aaelRiandy

thanges WiHH e disiance covered . Tneretore, the
velo Oy 1S Not decCreaging ar & coNgtany mte
AS disa @ inaﬁxsegj The force of e gpning increoges
greater; and thw 1w neooNE  aZelCiahon geit more
regoitive .- 25 +1me [distance increase ) yhe yate o

wmc'\’nﬁ dmmn‘j Increages
Unauthorized copying or reuse of this page Is illegal. Page 4 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.

*e o0 e o e o ® aszroe




PCM Sample 1A pg 4 of 4

———————————————————————————
e Question 1

Continue your response to QUESTION 1 on this page.

5 For times t > t4, the two-block-spring system oscillates with period 7. The procedure is then repeated using a
! new ramp, where there is negligible friction between Block A and the ramp.

(c) Indicate how the new period of oscillation Ty in the procedure that uses the new ramp compares with the
period of oscillation Ty from the original procedure.

TN > TU' TN < TO \// TN = To
Briefly justify your answer. Wity
neghgivie  Friction eetween  Blok h and famy

ead o a \arger velouty at iy wnich meant
Xe Wil be jarger. TS Means  tnar amputude will

P 1ArEY.  Howenev, amphtude doec net chanyt
period, oMy chanaes wn wmasS ot cpring constan’

Unauthorized copying or reuse of this page Is illegal. Page 5

GO ON TO THE NEXT PAGE.

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

0 oo X x5
S -+
¥, AL Y
Note: Figure not drawn to scale.

- |

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle @ with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is z in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Unauthorized copying or reuse of this page is illegal. Page 2 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 1

Continue your response to QUESTION 1 on this page.

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

* At time ¢ = #;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x.

* Attime t = t;, Block A is at x = x; when it collides with and sticks to Block B.

* At time f = 13, the combined blocks A and B are at x = x when they collide with and stick to
the spring in its equilibrium position.

* At time f = t,, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, @, D, u, x., and physical constants,

- AOSING
i. Derive an expression for the speed v of Block A at time #. #'
W=AE s W g = F5r'D = Fya D ,omgciaf

- 4 2 =
mqh-—W.slr = 5 MV N ) -

Mgosine—z)q@/u&ner- 2(7,76\{ Swné =5

2gDemd - 2uan®2vE

(\j = JZSDSIHG '—?_Mang‘\

ii. Derive an expression for the spring constant k of the spring. (_Dmgnoﬁm of e

MEi= MEg Find VI _
KE = Mg (Zm) (V) + m(e) = im (V'F)
Lmv*= Lyx? 'zm(ﬁqosmo-zmmﬁ‘) =V
2 2 2 -3
éf (e, = KieXe "
f - 2
x?:M( %\230&11.«9-2;.1&?19) _ K
X%
Unauthorized copying of reuse of this page Is ilegal. Page 3 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 1 \

N

Continue your response to QUESTION 1 on this page.

Block B f—X—]
{J '

0 n 4 %

Note: Figure not drawn to scale,

i. On the following axes, sketch a graph of the magnitude of the momentum p, of Block A as a function
of time ¢ from t = 0 to 14,

Pa

A
|
|
|
I
I
I
|
|
1
I
I
1
I
|
|
L
I
1

o S E—————
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'
1
1
i
1
i
|
|
[
|
[
|
|
[
[
i
|
1
-

0 h

ii. Use principles of forces to justify the graph drawn in part (b)(i) for the time interval t = #5 to ¢ = 1,
Explicitly reference features of the shape of the graph you drew in part (b)(i).
Fom £, 40 £y $nk PG s C.l)MprtSred a mmn:,
Yo, meaning tMat e furl® gching om g\oLk A an
- 8 15§ Fg =KX ™IS Sorw of:pos-es fwe dirtchon
E‘:dcmwl] o{-w:&: \.a&'(zH 0 4ve gapV Ao piers 2@
. MIN ny T fewreafes
3ﬂlduo“ dereast o o 3 T¢

Unauthorized copying or reuse of this page ls lllegal. Page 4 GO ON TO THE NEXT PAGE.

Use a pencll or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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e Question 1

Continue your response to QUESTION 1 on this page.

For times ¢ > 1, the two-block-spring system oscillates with period Tp,. The procedure is then repeated using a
new ramp, where there is negligible friction between Block A and the ramp.

(c) Indicate how the new period of oscillation Ty in the procedure that uses the new ramp compares with the

period of oscillation T, from the original procedure. T'—"-QT\' lm_
— h>Ty _ Ty<To N L=T "
Briefly justify your answer.

- enyod of oscllaiion Ty s equal +o
Tomie,::::g ‘e Peﬁbd of & P9 -penciAum (&
eqva! 1O Ts"zf"“sﬁp e v%locarzq of *‘lﬂ*f N+t
Wl ore GFe due to negligie e FAChsn wua,_ et
5 ND oppo STTLAY D tne Blelk “SYsems MO Tion,

" |
Compression  dasvon e Loaly mass m ond ), T Wil

be tne Jsame as To.

Unauthorized copying or reuse of this page is illegal. Page 5 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 outsidé the box.
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Question 1

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION IT '
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.

Block B X —
{.J | .

'ﬁ J.:, xlz X3
Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle @ with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is x in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Unauthorized copying or reuse of this page Is lilegal. Page 2

GO ON TO THE NEXT PAGE.

Use a pencll 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 1 —\

Continue your response to QUESTION 1 on this page.

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

* Attime r = ;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

« Attime ¢ = t,, Block A is at x = x, when it collides with and sticks to Block B.

* At time f = t3, the combined blocks A and B are at x = x5 when they collide with and stick to
the spring in its equilibrium position.
* At time t = t4, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.
(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, 8, D, u, x., and physical constants,

as appropriate.
i. Derive an expression for the speed v of Block A at time #;.
ko=E, F=m4 vtV v+ ladx
6P% = KE “Fezma
ngh = L v -p9§= e @_T < |

-P§ = A
vt.sla‘* ) N
| =
| vl ek g

ii. Derive an expression for the spring constant k of the spring.

Fzna
Fi=ma
KX = ma
I x = P

AmA

—_

\™ x

Unauthorized copying or reuse of this page is illegal. Page 3 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 1

Continue your response to QUESTION 1 on this page.

Block B fo— X —
oo n
m

0 Xy X3 X3

Note; Figure not drawn to scale.
(b)
i. On the following axes, sketch a graph of the magnitude of the momentum p, of Block A as a function
of time ¢ from t = 0 to #,.
Pa F
[ '
] 1
I
: :
: |
: |
: .
I 1
i |
i ; |
i i P
] i 1
b - 4 '
0 h f ) fy
ii, Use principles of forces to justify the graph drawn in part (b)(i) for the time interval t = 15 to 1 = 1,.
Explicitly reference features of the shape of the graph you drew in part (b)(i).
[LUNPHHU Gnd MI:E!UCH’? decvis o
hl u
MAhl vV
Unauthorized copying or reuse of this page is illegal. Page 4 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 1

Continue your response to QUESTION 1 on this page.

For times ¢ > t4, the two-block-spring system oscillates with period Ty,. The procedure is then repeated using a
new ramp, where there is negligible friction between Block A and the ramp.

(c) Indicate how the new period of oscillation Ty in the procedure that uses the new ramp compares with the
period of oscillation Ty from the original procedure.

—,K-TN>TO TN<TD TN=T°
Briefly justify your answer,

friakts i | lou 37 N A
Q(ymu?a}/], fAN P o )| faerta o
M /ufnl o€ ouc:lladiyp

leis (007 I Crecss
Sag Han Y

Unauthorized copying or reuse of this page is illegal. Page & 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.




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 energy, including energy dissipated by friction.
e Apply conservation of momentum during a collision.
e Analyze and interpret a graphical representation of momentum as a function of time.
o Identify patterns on a momentum-time graph using force principles.
o Identify factors that affect the period of an oscillating spring system.

Sample: 1A
Score: 15

Part (a) earned 6 points. The first point was earned for correctly applying conservation of energy in a multi-step
derivation and including U, as the initial mechanical energy. The second point was earned for including energy

dissipated by friction and using the correct sign. The third point was earned for correctly showing the expression for
v. The fourth point was earned for using conservation of momentum to find v, g written as v,. The fifth point was

earned for equating the kinetic energy after the collision to the maximum elastic potential energy of the compressed
spring. The sixth point was earned for indicating that v before the collision between the blocks and the spring is
equal to v, . Part (b) earned 7 points. The first point was earned for showing a sketch that increases linearly during

the time interval 0 < ¢ < 7,. The second point was earned for showing a horizontal line for the time interval

4, <t <t, thatis continuous at ¢# . The third point was earned for showing a horizontal line for the time interval

t, <t < t; that has a smaller magnitude than the previous time interval. The fourth point was earned for showing a
concave down curve, continuous at f3, in the interval #; < ¢ < ¢, that reaches zero at ¢, . The fifth point was earned

for writing a statement about the change in momentum consistent with the graph drawn in part (b)(i). The sixth point

was earned for indicating the force exerted on Block A is in a direction opposite to the motion of Block A . “The
force of the spring increases greater, and thus the negative acceleration gets more negative.” The seventh point was
earned for relating the change in momentum (velocity) to the magnitude of the force exerted on Block A . Part (c)
earned 2 points. The first point was earned for selecting “ 7y = 1, ” with a relevant justification. The second point

was earned for correctly stating that “only changes in mass and spring constant affect period.”

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

Sample: 1B
Score: 11

Part (a) earned 5 points. The first point was earned for correctly applying conservation of energy in a multi-step
derivation and including U, as the initial mechanical energy. The second point was earned for including the energy

dissipated by friction and using the correct sign. The third point was not earned because the response does not
correctly solve the expression for v . The fourth point was earned for using conservation of momentum to find v, g

written as v, . The fifth point was earned for equating the kinetic energy after the collision to the maximum elastic

potential energy of the compressed spring. The sixth point was earned for indicating that v before the collision
between the blocks and the spring is equal to v, . Part (b) earned 4 points. The first point was not earned because

the response shows a sketch of a concave up curve during the time interval 0 < ¢ < ¢,. The second point was earned
for showing a horizontal line for the time interval #; < ¢ < ¢, that is continuous at #. The third point was not earned
because the response shows a linearly decreasing line for the time interval ¢, < ¢ < ¢;. The fourth point was earned
for showing a concave down curve, continuous at %, in the interval #; < ¢ < ¢, that reaches zero at ¢, . The fifth
point was earned for writing a statement about the change in momentum consistent with the graph drawn in

part (b)(i). The sixth point was earned for indicating the force exerted on Block A is in a direction opposite to the
motion of Block A . The seventh point was not earned because the response does not relate the change in

momentum to the magnitude of the force exerted on Block A . Part (c) earned 2 points. The first point was earned
for selecting “Ty; = T, ” with a relevant justification. The second point was earned for showing a correct

justification by stating that velocity increases but is independent of the period.

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

Sample: 1C
Score: 3

Part (a) earned 1 point for correctly applying conservation of energy in a multi-step derivation and including U, as
the initial mechanical energy. The second point was not earned because the response does not include the energy
dissipated by friction but rather the friction force with the correct sign. The third point was not earned because the
response does not correctly solve the expression for v . The fourth point was not earned because the response does
not use conservation of momentum to find v, g . The fifth point was not earned because the response does not
equate the kinetic energy after the collision to the maximum elastic potential energy of the compressed spring. The
sixth point was not earned because the response does not use the correct v from after the collision. Part (b) earned
2 points. The first point was not earned because the response shows a sketch of a linearly decreasing line during the
time interval 0 < ¢ < ¢,. The second point was earned for showing a sketch of a horizontal line during the time

interval #; < ¢ < ¢,. The third point was not earned because the response shows a sketch of a linearly decreasing line
during the time interval ¢, < ¢ < ¢;. The fourth point was not earned because the response shows a linearly
decreasing line, continuous at f#;, in the interval #; < ¢ < ¢, that reaches zero at ¢, . The fifth point was earned for
writing a statement about the change in momentum (velocity) consistent with the graph drawn in part (b)(i). The
sixth point was not earned because the response does not indicate the force exerted on Block A is in a direction
opposite to the motion of Block A . The seventh point was not earned because the response does not relate the

change in momentum to the magnitude of the force exerted on Block A . Part (c) did not earn any points. The first
point was not earned because “ Ty > T, ” was selected. The second point was not earned because the response

mentions that the new block has increased velocity but then states that this will increase the oscillation period.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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