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AP® Physics C: Mechanics 2023 Scoring Guidelines

Question 1: Free-Response Question 15 points
(a) For correctly drawing and labeling the force of gravity and the normal force on both dots 1 point
For drawing and labeling the spring force to the left on both dots, where the force for 1 point

Spring Q (Trial 2) is twice as long as the force for Spring P (Trial 1)

Example Solution

Trial 1 Trial 2
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Scoring Note: Examples of appropriate labels for the force due to gravity include: Fg, F,,
F, W, mg, Mg, “grav force”, “F Earth on block”, “F on block by Earth”, Fi, . on biock »

grav »

Fg Block - The labels G and g are not appropriate labels for the force due to gravity.

99 <¢

FE,, Fy, N, “normal force”, “ground force”, or similar labels may be used for the
normal force.

Scoring Note: A response that includes extraneous vectors can earn a maximum of 1 point.

Total for part (a) 2 points

(b)(i) For a statement that the work is equal to the area under the curve 1 point

(b)(ii) For stating the spring compression will be greater than 0.040 m with an attempt at a relevant 1 point
justification

For a justification that indicates that the heights are equal when the area between each 1 point
function and the horizontal axis are equal, which happens after x = 0.040 m

Scoring Note: While a mathematical solution is not required to earn credit for this point,
students may reference a mathematical solution.

Example Solution

The work done by each spring is equal to the area under their respective curves. This work is
converted to the change in potential energy and therefore relates to the maximum height
reached by the block. At x = 0.040 m, the area under the curve for Spring Q is greater than
that of Spring P. Therefore, it is not until a compression greater than x = 0.040 m that the
areas under the two curves are equal, have the same work, and convert to the same
maximum height.
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AP® Physics C: Mechanics 2023 Scoring Guidelines

(b)(iii) For drawing smooth concave upward curves for both springs P and Q 1 point
For showing that the curves intersect after x = 0.05 m, but before x = 0.10 m 1 point
For showing the curve for Spring P below Spring Q before an intersection and the curve for 1 point

Spring P above Spring Q after this intersection
Example Solution

nl‘ll;lt ““]

]

Spring P/ -° Spring Q

X (m)

0.000 0020 0.040 0060 0080 0.100

Total for part (b) 6 points
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AP® Physics C: Mechanics 2023 Scoring Guidelines

()i For correctly applying conservation of energy to solve for the velocity of Block A just before 1 point
it collides with Block B

Example Response

mygH =lmAvi

vy =2gH
v, = \/2(9.8 Sﬂzj(o.% m)

sovy =38m/s

\S]

For substituting the calculated value for v, into a correct conservation of linear momentum 1 point

expression and solving for v,

Example Response

myvy =(my+ mB)Vf
__ M4V
(my +mp)
o - (0.120 kg)(3.8 m/s)
77 (0.120 kg + 0.070 kg)
Svp =24mfs

vy

Example Solution

myvy=(my+mg)v,
__ M4V4
(my +mpg)
~ (0.120kg)(3.8 m/s)
/7 (0.120 kg + 0.070 kg)
Sovp =24m/s

Vf
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AP® Physics C: Mechanics 2023 Scoring Guidelines

(c)(ii) For equating kinetic energy of the two-block system and elastic potential energy of the spring 1 point

Example Response

|
Zmv —IF(x)dx

For correctly integrating to determine the elastic potential energy at the spring’s maximum 1 point
compression
Example Response

Xmax
1. 2 1/2
FmvT = '([ Cx'*dx
1 2 2 3/2
ST = ngmaX /
For substituting the value for v, from part (c)(i) into the integrated equation and solving 1 point
for X«

Example Response

max 4 C

3(0.190 kg) (2.4 m/s? |
Xmax = | 7
4 20.0 N/m"?

Example Solution

K=U,

%mv2

IF(x) dx

—my° = J.Cxl/zdx

S

3 (0.190 kg)(2.4 m/s)’ »
x frd J—
20.0 N/m'?

max 4
S Xpax = 0.12m

Total for part (¢) 5 points
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AP® Physics C: Mechanics 2023 Scoring Guidelines

(d)

For selecting C > D with an attempt at a relevant justification

1 point

For one of the following:
e a statement that correctly relates the total energy of the system, the maximum
compression distance of the springs, and the spring constant
e astatement that correctly relates the force exerted on the blocks by the spring, the
maximum compression distance of the springs, and the spring constant

1 point

Example Solutions

The energy of the two-block-spring system before the blocks compress the spring is the same
in both procedures, so the total potential energy of both springs must be the same when each
spring is at its maximum compression. Since Spring Q is compressed less than Spring R, C
must be greater than D.

OR

The blocks are traveling at the same speed before colliding with the spring in each
procedure. The maximum compression of Spring Q is less than Spring R, so the average
force exerted on the blocks by Spring Q to stop the blocks must be greater than that of
Spring R. Therefore, C must be greater than D.

Total for part (d)

2 points

Total for question 1

15 points

© 2023 College Board



PC M Q1 Sample 1A Page 1 of 5

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.

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the

horizontal surface and up a ramp, reaching a maximum height ki, p. Frictional forces between the block and all
surfaces are negligible.

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.

o000 o o oo e m.l




PC M Q1 Sample 1A Page 2 of 5

e Question 1

Continue your response to QUESTION 1 on this page.

A student compares hy,,, p for Spring P with the maximum height hy,,,  achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fg(x) = Cx'"2, where C = 20.0 N/m'"2,

F (N) ’
Y it
— Spring P
6.0 e
40 AT -
20— v
’ - x (m)

0.0
0.000 0.020 0.040 0060 0.080 0.100
Figure 2

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0.010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring Q is used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
should represent the relative magnitude of the vertical forces.

Trial 2
(Spring Q)
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Unauthorized oopying of reuse of this page s llegal. 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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PC M Q1 Sample 1A Page 3 of 5

—

Question 1

Continue your response to QUESTION 1 on this page.

(b)

iWh:tfuhua(l)oftheguphinF‘l:m2 could be used to estimate the work done on the block by each
sp‘inguuchswingu

Rootllo W= OF 47 Mnmn&mmurm,mwm
i for i prny lo cahimake Ite wark dery, on Iy Vlodk-

ii. There is one compression distance x; for which the maximum height h,,, reached by the block is the
lmmﬂleuofwhchms;lingl’msmt) is used. Predict whether the value of x is

thln.lenﬂ:m:,wegnltoOMmU r@n' 2mjustifyymnmwar. a
LOMPINA| ﬂ Aoy
vl bt oo%m haamo Iy okt A1

}* y W
W 06;?1 Wam a%»f%ld 0.04M-

ﬁOnthomﬁﬁﬁbd.fabothSpingPandSpﬁngQ,shmhagn;hufﬂ:emximnmhnighthm
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0
to 0.100 m. Clearly label the curve for Spring P and Spring Q.

by () )rnﬂd
- ;)Frw@&

ar + ¢ ; . x (m)
0.000 0.020 0.040 0.060 0.080 0.100

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

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




PC M Q1 Sample 1A Page 4 of 5

Question 1

Continue your response to QUESTION 1 on this page.

Block
A

Block
B | ;
J_ ml Spring Q

x=0

Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
th¢ horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The chanige in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

i. Calculate the velocity of the two-block system immediately aftet the collision between Blocks A and B.

U‘h: Ktﬁa._. e PCI. '{’J)bf = Pu«b)f
ﬂg"‘ “f_”’m“ iVt Pt = s PV -

\[.g\ ":2 H NP 2 mgram ;.0»\9 749°
\fufﬂl%’H "¢ Mty ‘j:i%
ii. Calculate the maximum compression of the spring.

KE; = Us
S e VE =

2
[ T2 el
e 2 ]

Unauthorized copying or reuse of this page is lllegal. 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 outside the box.
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Question 1

Continue your response to QUESTION 1 on this page.

(d) Spring Q where Fo(x) = Cx'/2 is replaced by a different nonlinear spring, Spring R, and the procedure
described in part (c) is repeated. For Spring R, Fg(x) = Dx'/%, The maximum compression of Spring R is
greater than the maximum compression of Spring Q. Which of the following correctly compares the
constants C and D ?

C<D C>D C=D
Bneﬂyjuauf}'ymmw
lomprentd mom Vo dhoar It 1y B cantiont

M f e spme amoW mork ert
@négﬁmﬁ?nis h bt va opety Ry affies
oW Ok }@'9{/ .

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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—y
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.

Figure |

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height h,,, p. Frictional forces between the block and all
surfaces are negligible.

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

—— -
-

F(N)
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~— Spring P
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=~=~Spring Q
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r~ra~T=rTamTrTram

Unauthorized copying or reuse of this page Is illegal.
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Figure 2

Trial 1
(Spring P)
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Continue your response to QUESTION 1 on this page.

(m)

I S S S S

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0.010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring Q is used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
should represent the relative magnitude of the vertical forces.

A student compares Ay, p for Spring P with the maximum height /iy, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for

Spring Q, Fg(x) = Cx'/%, where C = 20.0 N/m'%,

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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PC M Q1 Sample 1B Page 3 of 5

Question 1

Continue your response to QUESTION 1 on this page.

(b)
i. What feature(s) of the graph in Figure 2 could be used to estimate the work done on the block by each

i each spring i 7
B o e curve ol form by Duaboms
.\“qm s equed B My Petl, &B D QF-Br. S,,

o Grd Ar werk Jenc bﬁ Mon 3.rr% "~ & btad....
oAl e v ueder M corve cﬁr ool
< peee Sqc ey ~d Rr Mo Qf'l‘-t-‘c"t. A,

ii. There is one compression distance xg for which the maximum height Ap,,, reached by the block is the
same regardless of which spring, Spring P or Spring Q, is used. Predict whether the value of x,, is greater
than, less than, or equal to 0.040 m. Use the graph in Figure 2 to justify your answer.
T manimvem  heigWl dende B block € ek gﬂ‘.fﬁ.}.&
o e AKE &r Y Lo ea v semdg Lo O vels Ny
o) Mbem? - QT clessta N\~
dlrmas M Mgt o, M. Blode. Se, T
Werls Jame by e gfr.—-.b 1;'9_.“...&11. He  dhasge
n ke erergdy ) BT TR R Wleus
A 4‘--.._”}‘# Ve gt Moy v b Yo T seu
DWwg or Y som Derle by Se My, »F A A~
o g,.-..qh Cuvt - Prs Spirg Qg  qragh bhes YD oA
vAder e qrath Bem 0 4 oM, Ha uelvt P xp 1y
iii. On the axes provided, for both Spring P and Spring Q, sketch a graph of the maximum
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0
to 0.100 m. Clearly label the curve for Spring P and Spring Q. ,

Y

» x (m)

0.000 0020 0040 0060 0080 0.100

Unauthorized copying or reuse of this page is fllegal. 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.




PC M Q1 Sample jB Page 4 of 5

Question 1

Continue your response to QUESTION 1 on this page.

Block
A

x=0

. Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

i. Calculate the velocity of the two-block system immediately after the collision between Blocks A and B.

1
mgh & Jated N2 (A en) g

pﬁ(ﬂt'lﬂ’ -‘iml '@. u,oj(;.a'b ,@.\z.u + 0 «ob(va PR

o B8
242\S A ‘m

ii. Calculate the maximum compression of the spring.
L iy .
™My '%‘ﬁdl = @‘,SFJ(

GuD* 0 vavooD | e

s
] ’,‘.
EF&( : Scﬁ— . CS‘A”’:ZC___%
3

; 5/
%_E’._f.'__z.. 0-3%1

2

e

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 outside the box.
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Question 1

Continue your response to QUESTION 1 on this page.

(d) Spring Q where Fy(x) = Cx'’? is replaced by a different nonlinear spring, Spring R, and the procedure
described in part (c) is repeated. For Spring R, Fg(x) = Dx'/%. The maximum compression of Spring R is
greater than the maximum compression of Spring Q. Which of the following correctly compares the
constants C and D ?

_ﬁc <D _____C>D C=D
Briefly justify your answer.

‘F‘,_’.[ (_Q”thga. = ZCCM'D)K;/‘

- 3
B P e € r O WVNa a
A ek r*“-l‘ol.‘\-\-( il compatoA,

i'{:- i am?iubtu"- \alreereh Se
d0eA M aeblicrerd 22D en

Ca MQMSW"-Q-—

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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r Question 1 o

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.

Figure |

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing '
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height Ay, p. Frictional forces between the block and all

mﬂcﬂ are negligible.

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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"l = 1"-
W3

Question 1

L 18

Continue your response to QUESTION 1 on this page.

A student compares hy,.y p for Spring P with the maximum height hp,, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F on the block that varies as a function of the distance x that

the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for

S , Fo(x) = Cx''2, where C = 20.0 N/m'/2.
pring Q -9_(::_)_______ o
eeen i
FN) Slope 3
-4
10.0 - ¥ = |00
8.01| — Spring P Ol = .04
) -==Spring Q
6.0 —bweifass
40 — f-p-ﬂ" swc s?'—.nﬂ- Q -
204—-23] | iitie SR T
s »WEW
0.0; x (m)
i 0020 0.040 0060 0080 0.100

Figure 2

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0,010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring @ 15 used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
should represent the relative magnitude of the vertical forces.

Trial 1
(Spring P)

|

—_———r =T s T s
]
S T ol el e eae ek S Rk o |

I (I
o e s b b e e o

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.

(b)

i. What feature(s) of the graph in Figure 2 could be used to estimate the work done on the block by each
spring as each spring is compressed? -

Slupe_ . Sere ‘,{?(lfj Y-wo
Dloge Setnq Q=40

ii. There is one compression distance xq for which the maximum height h,,,, reached by the block is the
same regardless of which spring, Spring P or Spring Q, is used. Predict whether the value of x is greater
than, less than, or equal to 0.040 m. Use the graph in Figure 2 to justify your answer.

ﬁﬂl b, ﬂraph Shows for Lo ‘5(('-"3‘5 when Y gre

ifi. On the axes provided, for both Spring P and Spring Q, sketch a graph of the maximum height A,
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0

to 0.100 m. Clearly label the curve for Spring P and Spring Q.

ﬂ'.-'-h’.'t‘. b.( hm (m)

Q= (a5 4
(O @t v

"ff;#r—ﬂﬂ“”ﬂp__#-—__—_-SRMQ

- - . : . x (m)
0.000 0.020 0040 0.060 0.08 0.100
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.

Block
A
BlDCkI
B 1 SpringQ
| ] Wcl
x=0
' Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is af reston—
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The change in vertical height of Block A WmeMnimmmmem
move to the right, compressing the spring. ional forces between the blocks and all surfaces are negligible.

i. Calculate the velocity of the two-block system immediately after the collision between Blocks A and B.

PE = LB+ W, Z(v‘jh‘;}'ﬁ-u’-) = myE
._.——""'"MM"
rr\ﬁln = %H‘{- ":lk‘lt' e Y o
- _;_21“1 . r}_"'(.-”.iv'.--'-"."*'f-:__"-\_.-r%

-4 kx?) ‘
2 _ L o ol Sy

2 g L e = g
L. _ @mm
VT (ee0F)

ii. Calculate the maximum compression of the spring.
Pfhp* ]’_.E‘_" = u..
mMeh , . ~ { 2.2

J "'2"'“‘ - -,E‘Hl ey

b SRRt
e

2 mghrtng) -y

y

Unauthorized copying or reuse of this page Is lllegal. Page 5 GO ON TO THE NEXT PAGE.
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Question 1 - ¢

—

—
L
|
|
|

Continue your response to QUESTION 1 on this page.
$ ~

(d) Spring Q where Fy(x) = Cx'’? is replaced by a different nonlinear spring, Spring R, and the procedure
described in part (c) is repeated. For Spring R, Fp(x) = Dx'/%. The maximum compression of Spring R is
greater than the maximum compression of Spring Q. Which of the following correctly compares the
constants C and D ? _

c<D _Lc:-p _.>"*_C=-D '
Briefly justify your answer.

0 hﬂﬂ [== hlﬁ gp,--.ﬂj Comglitnt

vivapiag ke TR L 2 ComPresy.

4

Unauthortzed copying or reuse of this page is lllegal. Page 6 GO ON TO THE NEXT PAGE.
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AP® Physics C: Mechanics 2023 Scoring Commentary

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

Overview

The responses were expected to demonstrate understanding of:
e Linear vs. nonlinear elastic forces using functions and F vs. x graphs.
Work done on an object by both linear and nonlinear springs.
Conservation of mechanical energy in various situations.
Conservation of linear momentum.
The use of calculus to determine the elastic potential energy for a nonlinear spring at maximum
compression.

Sample: 1A
Score: 15

Part (a) earned 2 points. The first point was earned for correctly drawing and labeling the gravitational force and the
normal force on both dots. The second point was earned for correctly drawing and labeling the spring force vectors
to the left on both dots, where the force vector drawn for Spring Q is double the length of the force vector drawn for

Spring P . Part (b) earned 6 points. The first point was earned for correctly stating that the work done is equal to the
area under the curve: “we can use the area under the curve up to the compression for each spring to estimate the
work done on the block.” The second point was earned for correctly stating that the spring compression will be
greater than 0.040 m. The third point was earned for indicating that the heights are equal when the areas under the

curves are equal, which happens after x = 0.04 m. The fourth point was earned for drawing a graph that has a
smooth, concave upward curve for both springs, P and Q . The fifth point was earned for drawing a graph that
shows that the curves intersect after x = 0.05 m but before x = 0.100 m . The sixth point was earned for correctly
showing the curve for Spring P below the curve for Spring Q before the intersection and above the curve for
Spring Q after the intersection. Part (c) earned 5 points. The first point was earned for correctly applying
conservation of energy to solve for the velocity of Block A just before it collides with Block B. The second point
was earned for correctly substituting the value of the velocity determined using energy conservation into a correct
statement of conservation of momentum to solve for the final velocity of the two-block system. The third point was
earned for equating the kinetic energy of the two-block system and the elastic potential energy of the spring. The
fourth point was earned for correctly integrating the force to determine the elastic potential energy at the spring’s
maximum compression. The fifth point was earned for substituting the value for vy calculated in part (c)(i) into an
integrated equation that solves for x,,, . Part (d) earned 2 points. The first point was earned for selecting C > D

and attempting a relevant justification. The second point was earned for including an appropriate and relevant
justification.
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AP® Physics C: Mechanics 2023 Scoring Commentary

Question 1 (continued)

Sample: 1B
Score: 10

Part (a) earned 1 point for correctly drawing and labeling the gravitational force and the normal force on both dots.
The second point was not earned because the response does not draw a spring force to the left on either dot. Part (b)
earned 4 points. The first point was earned for correctly stating that the work done is equal to the area under the
curve. The second point was earned for correctly stating that the spring compression will be greater than 0.040 m .
The third point was earned for indicating that the heights are equal when the areas under the curves are equal, which
happens after x = 0.04 m. The fourth point was not earned because the graph in the response draws a linear curve
for Spring P and a concave downward curve for Spring Q . The fifth point was not earned because the graph in the
response shows that the curves intersect before x = 0.05 m. The sixth point was earned for correctly showing the
curve for Spring P below the curve for Spring Q before the intersection and above the curve for Spring Q after the
intersection. Part (c¢) earned 5 points. The first point was earned for correctly applying conservation of energy to
solve for the velocity of Block A just before it collides with Block B. The second point was earned for correctly
substituting the value of the velocity determined using energy conservation into a correct statement of conservation
of momentum to solve for the final velocity of the two-block system. The third point was earned for equating the
kinetic energy of the two-block system and the elastic potential energy of the spring. The fourth point was earned for
correctly integrating the force to determine the elastic potential energy at the spring’s maximum compression. The
fifth point was earned for substituting the value for v; calculated in part (c)(i) into an integrated equation that solves

for x,,,, - Part (d) earned no points. The first point was not earned because the response selects C < D . The second

point was not earned because the response includes an incorrect justification that indicates the constant is directly
proportional to the compression.
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AP® Physics C: Mechanics 2023 Scoring Commentary

Question 1 (continued)

Sample: 1C
Score: 2

Part (a) earned 1 point for correctly drawing and labeling the gravitational force and the normal force on both
dots. The second point was not earned because, although the response correctly draws and labels the spring force
vectors to the left on both dots, the force vector drawn for Spring Q is not double the length of the vector drawn

for Spring P . Part (b) earned no points. The first point was not earned because the response does not state that the
work done is equal to the area under the curve. The second point was not earned because the response states that
the spring compression will be equal to 0.040 m. The third point was not earned because the response indicates

that the heights are equal when the forces are equal, which happens at x = 0.04 m. The fourth point was not

earned because the graph in the response shows a linear curve for Spring P and a concave downward curve for
Spring Q . The fifth point was not earned because the graph in the response shows that the curves do not intersect.

The sixth point was not earned because the graph in the response shows that the curves do not intersect. Part (c)
earned no points. The first point was not earned because, although the response includes an application of
conservation of energy to solve for the velocity of Block A just before it collides with Block B, the response
includes an elastic potential energy term. The second point was not earned because the response does not
substitute the value of the velocity determined using energy conservation into a correct statement of conservation
of momentum to solve for the final velocity of the two-block system. The third point was not earned because the
response does not equate the kinetic energy of the two-block system and the elastic potential energy of the spring;
the response includes a gravitational potential energy term. The fourth point was not earned because the response
does not integrate the force to determine the elastic potential energy at the spring’s maximum compression. The
fifth point was not earned because response does not substitute the value for v, calculated in part (c)(i) into an

integrated equation. Part (d) earned 1 point for selecting C > D and attempting a relevant justification. The
second point was not earned because the response includes a justification that does not include an energy or force
equivalence statement.
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