AP Physics C:
Mechanics

Sample Student Responses

and Scoring Commentary
Set 1

Inside:

Free Response Question 2
M Scoring Guideline
M Student Samples

M Scoring Commentary

© 2021 College Board. College Board, Advanced Placement, AP, AP Central, and the acorn logo are registered
trademarks of College Board. Visit College Board on the web: collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org.


https://apcentral.collegeboard.org
https://collegeboard.org

AP® Physics C: Mechanics 2021 Scoring Guidelines

Question 2: Free-Response Question 15 points
(a) For a single acceleration vector pointing down and to the left and attempting a justification 1 point
For a correct justification 1 point

Example response for part (a)
The block is changing direction with a centripetal component of the acceleration toward the

center of the circle and a gravitational acceleration downward. Therefore, the acceleration
of the block will be down and to the left.

Total for part (a) 2 points

() i

ii.

For correctly using conservation of energy for the block at point B 1 point

%mvi + mghy, = %mvé + mghg

For correctly substituting into the above equation 1 point

0+ mgh = %mvé + mgR

vg = 2g(h—R)

For correctly substituting the expression for vy from part (b)(i) into an expression for 1 point

centripetal force

poom? _mg m(2g(h - R))’
¢~ r R R

For correctly substituting into an equation for vector addition to derive an expression for the 1 point
net force at point B

2 2
net = VF +(mg)

E
=[] o - ] e

Total for part (b) 4 points
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(©)

For correctly using conservation of energy for the speed of the block at point C 1 point
Ky +Ugp = Kc +Ugc

%mvi + mgh, = %mvé + mghc

0+ mgh = %mvé + mg(2R)

ve =+2g(h-2R)

For correctly applying Newton’s second law at point C 1 point

2
F :mVC

4

r

2

mve
Fy +mg =

Set the normal force equal to zero

2
O+mg=m—1‘éc.'.vc = JRg

For combining the two equations above 1 point
JRg =2g(h—2R) . R=2(h—2R)..R/2=h-2R

h =2.5R

Total for part (c) 3 points

(d)

For correctly using conservation of energy for the block compressing the spring 1 point

For correctly substituting the gravitational and elastic potential energies into an equation for 1 point
conservation of energy

1, 2
mgh = = kxyiax
For correctly substituting for the spring constant & into the equation above 1 point

Xpiax = Jz”ligh = \/mz’/”(gz@) = V4hR = J(4)(0.30 m)(0.10 m) = 0.35 m

Total for part (d) 3 points
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(e) i. For a correct justification 1 point

Example response for part (e)(i)
Because the block does not make it through the loop at this height, it will not compress the

spring.
ii. For indicating that as the height increases, the compression of the spring increases 1 point
For indicating that the height is proportional to the square of the compression of the spring 1 point

Example response for part (e)(ii)

From the equation in part (c), the compression of the spring is directly proportional to the
square root of the height that the block is released. Thus, the graph would be an x-axis
parabola, as shown.

Total for part (e) 3 points

Total for question 2 15 points
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Begin your response to QUESTION 2 on this page.

o]

Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a

m
horizontal surface, where the block makes contact with a spring of spring constant k = —2-:- All motion of the

spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost point

on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the acceleration
of the block at point B in the figure above. The arrow must start on and point away from the dot.

Just:fy your answer.

M ok v widu N wdlonnd ok dud &olu» (o hﬂ.\« 9ty o
dowwwails auttyalon, 3 M VA ot S A OQ w auzlifoon do
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i. Derive an expression for the speed v of the block at point B.

E\"?} .
W= W A L — vz 2 (ghqpd 7 “"‘ﬁk‘n & W, \

—1

ii. Derive an expression for the magnitude of the net force F on the block at point B.

T L AF s W > L
wl° "5“"“‘34 (K e "‘“’3 4 A M‘T A k‘?ﬂ)k\n-?\\
U A
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Continue your response to QUESTION 2 on this page.

(¢) In terms of R, derive an expression for the minimum height h,;, necessary for the block to maintain
contact with the track through point C.

b=q ‘% — ml{_él (Gp\z\illﬁk-%};{ Y

-%_“: ?,E 5\?,', ?ﬂ‘l\’ '{C&P
W= 4 (10 AL W L%\M cﬁp,
-7 [03\'\ 1P 2

f/\L\: % W,

(d) It is determined that 4 = 0.30m and R = 0.10m . If the block is released from a height greater than that
1, found in part (c), what would be the maximum compression of the spring? .
Wb }}U‘ . "mx"\) o L e . 4{02)0.\) "YD'Q)H'M m'\
© |
W

(e) A graph of the maximum compression of the spring as a function of height is shown below. The height
hpmin i8 the height calculated in part (c).

o o o g
\

----------------------

['-ﬂ
=3
L4
=

i. Explain why section I appears as a horizontal line segment on the horizontal axis.
AL o 29 é QU ¢ AR el will Jal ok die Aade, owd wil Wt {eade 4
ARG U Lty A On 0 Yo opfWy - UMtk

ii. Explain the reason for the shape of section II on the graph.

o Oolaoed W Qa8 (B, gz NG, 2 Ywasoe TR L L odian
T lolows A cquied ahage o aquoin- ot Bikcn,
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Begin your response to QUESTION 2 on this page.

T3 :
Lo (D

Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a
horizontal surface, where the block makes contact with a spring of spring constant k = =_.. All motion of the
spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost point
on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the acceleration
of the block at point B in the figure above. The arrow must start on and point away from the dot.

gﬁm&ﬁi' Accekem‘tiw\ points iwn Ara olire chov: of motion ['”f.}
anch a0 fonoxct the center of e loop.
(b)

i. Derive an expression for the speed v of the block at point B.
=¥
]

o= Yy o= y=-{ 2
ii. Derive an expression for the magnitude of the net force F on the block at point B.
o | on(E40" |2ghm |
F:____...--' - :‘\
r L R J
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Continue your response to QUESTION 2 on this page.

(c) In terms of R, derive an expression for the minimum height A, necessary for the block to maintain
contact with the track through point C.

Yyl Wirks

P B e

. V= {zd...
- §2ave) 2
R R

N,z %’1

(d) It is determined that & = 0.30m and R = 0.10m . If the block is released from a height greater than that
found in part (c), wh&twmﬂdbethcnmmmumcompressm Xmax of the spring?

,_,.H._
L:;S;‘%ihhﬁ’ - &% )% Bk = JAED =) 35w |

(e) A graph of the maximum compression of the spring as a function of height is shown below. The height
hmin is the height calculated in part (c).

S
=

:J—
A
=

i Explmwhyuctionllppemuahorlzonta.llinnesmmonthehonmnmluu
The bleck will pever yeach Iz.- h £\min, @3
Yrenin s e mivinum heicht m w[e‘n {he la_?.
WS No Compvession is Shown.
ii. Explain the reason for the shape of section II on the graph.

N\\‘ﬂ an w\UFEﬂLSWﬁ hﬁ'ﬁ\'\’r e VgL AW comfn’ss'ow ako
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Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a

horizontal surface, where the block makes contact with a spring of spring constant k = gﬁ- All motion of the

spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost point
on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the acceleration
of the block at point B in the figure above. The arrow must start on and point away from the dot.

Justify your answer. |
y e cock AN \‘JQ\'Q\\G\!‘\“\%S e \c‘az\ﬁ. O
() L Combw? Cepn p\-)ﬂmx o L

i. Derive an expression for the speed v of the block at point B. ? \ \
st (A

N P o \[= 0+
ii. Derive an expression for the magnitude of the net force F on the block at point B.

F=mao
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Unauthorized copying or reuse of this page is illegal. Page 7

Continue your response to QUESTION 2 on this page.

(c) In terms of R, derive an expression for the minimum height /i, necessary for the block to maintain
contact with the track through point C.

Mg <D=

(d) It is determined that £ = 0.30m and R = 0.10m . Iftheblocktsreleasedfmmaheight;rut&rthmthal

found in part (c), what would be the maximum compression xy;sx of the sprin
K' ik mtﬁﬂ Ot?rh \& YA

-
-

% & T A

(e) A graph of the maximum compression of the spring as a function of height is shown below. The height
hin is the height calculated in part (c).

ettt = |

:rl-
A
>

i. Explain why section I appears as a horizontal line segment on the horizontal axis.
Ole § VNN \qe segjvﬂ—f/\‘( \S s\r\ow‘mf) \r‘ww o
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Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses to this question were expected to demonstrate the following knowledge/skills:

e A block traveling through a vertical loop with negligible friction can be described using two distinct
forces: the centripetal force associated with the acceleration of the block along a circular loop and the
gravitational force associated with the downward acceleration as the upward-moving block slows.

o These centripetal and gravitational accelerations/forces must be added vectorially to get the net
values.

e For a block traveling down a ramp and through a loop with negligible friction, conservation of energy can
be used to find various unknown quantities (such as speed) at several points along the track.

e The centripetal force at any point for the block traveling through a loop with negligible friction will be:

mv2

Fe=—

¢ To find the minimum speed for the block traveling through a loop with negligible friction, the normal
force for the block at the top of the loop will be equal to zero.

e Conservation of energy can be used to find the compression of the spring for a block traveling with
negligible friction down a ramp and through a loop onto a horizontal surface, where the block then
compresses the spring.

¢ Identifying functional relationships for and demonstrating understanding of key parts of a graph that
describes the physical situation of the block making contact with the spring.

e Substitution of given constants and physical constants, as appropriate.

Sample: MQ2 A
Score: 14

Part (a) earned 2 points because the vector drawn is pointing down and to the left and the justification is
correct. Part (b)(i) earned 2 points for the correct use of conservation of energy for the block at point B and for
correctly substituting into this equation. Part (b)(ii) earned 1 point. This point was earned for substituting the
expression found in (b)(i) into the expression for centripetal force. The net force is incorrect, it does not use
vector addition. Part (c) earned 3 points. These points were earned for correctly using conservation of energy
at point C, applying Newton's second law at point C, and for combining the two derived equations. Part (d)
earned 3 points. These points were earned for using conservation of energy for the block compressing the
spring and for all correct substitutions. Part (e)(i) earned 1 point for a correct justification. If the block does not
make it through the loop, it will not reach the spring, and it will not compress. Part (e)(ii) earned 2 points for
correctly stating that the compression is proportional to the square root of the height, and 1 point for implying
that as the height increases, the compression of the spring increases.

© 2021 College Board.
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Question 2 (continued)

Sample: M Q2B
Score: 8

Part (a) earned no points. An acceleration vector pointing up and to the left is incorrect. The justification
describes the vector drawn but does not give a reason as to why the vector would be in that direction.

Part (b)(i) earned no points because the conservation of energy equation given is incorrect at point B.

Part (b)(ii) earned 1 point for substituting the expression found in part (b)(i) into the expression for centripetal
force. The net force is not equal to the centripetal force. Part (c) earned 2 points. These points were earned for
correctly applying Newton’s second law at point C and for combining the two derived equations. The
conservation of energy equation used is incorrect at point C. Part (d) earned 3 points. These points were
earned for using conservation of energy for the block compressing the spring and for all correct substitutions.
Part (e)(i) earned 1 point for a correct justification. If the block does not reach the spring, it will not compress.
Part (e)(ii) earned 1 point for indicating that as the height increases, the compression of the spring increases.
The function is not exponential.

Sample: M Q2 C
Score: 2

Part (a) earned no points. An acceleration vector pointing up and to the left is incorrect. The justification is
incorrect. Part (b)(i) earned no points because there is no correct or relevant work. Kinematics cannot be used
to derive an expression of the speed of the block at point B. Part (b)(ii) earned no points because there is no
correct or relevant work. Part (c) earned no points because there is no correct or relevant work. Part (d) earned
no points. There is no correct or relevant work. Although the student used the equation for the spring constant,
they did not use this expression in a relevant conservation of energy statement. Part (e)(i) earned 1 point for a
correct justification. If the block does not make it through the loop, it will not reach the spring, and it will not
compress. Part (e)(ii) earned 1 point for indicating that as the height increases, the compression of the spring
increases. The shape of the curve is not addressed in the justification.
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