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AP® Physics C: Mechanics 2021 Scoring Guidelines

Question 3: Free-Response Question 15 points
(a) For correctly drawing and labeling the weight of the block 1 point
For correctly drawing and labeling the force exerted by the track on the block 1 point
For a correct justification consistent with the diagram 1 point

Example response for part (a)

The force F, represents the weight of the block and always points downward. The force

F\ represents the force the track exerts on the block to keep it moving in a circular path

and points perpendicular to the surface of the track.

Scoring Note: Examples of appropriate labels for the force due to gravity include: Fg,

Fg , F. W, mg, Mg, “grav force,” “F Earth on block,” “F on block by Earth,”

grav »

Fiarth on block » TEBlock » FBlock E -The labels G or g are not appropriate labels for the force

99 ¢¢

due to gravity. F,, Fy , N, “normal force,” “ground force,” or similar labels may be

used for the normal force.

Scoring Note: If extraneous forces are present, a maximum of 2 points can be earned.

Total for part (a) 3 points

(b) i. For using conservation of energy 1 point
For correctly relating the elastic potential energy at maximum spring compression to the 1 point

gravitational potential energy at point B

For a correct substitution into the equation above 1 point
1 2 1 2
ZFmvg = Ek(Ax) — mgh,

vh =K (ax)? - 26 (3R) vy = K (ax)” - 6gR
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ii.

For correctly relating the centripetal force to speed from part (b)(i) 1 point
Foomt _mv

¢ r R
For an answer consistent with part (b)(i) 1 point

2 2
k k(Ax
Fo = (Ko gk | 50— 6me

Total for part (b) 5 points

(c) For correctly relating the net force to the diagram from part (a) and setting the normal 1 point
force equal to zero
For correctly substituting into the equation above 1 point
k(Ax)? k() . [TmgR
T—6mg—mg..T—7mg..AX— .
Total for part (c) 2 points
(d) For correctly relating the height of fall to the time of fall 1 point
1,2 _ [@)@aR) 2)(4R
Y=Yy +v, t+2y S —0+0+2gt
For correctly substituting into the equation for constant Velomty consistent with part (b)(i) 1 point
D=vi= (,/—(Ax) ~6 RJ( /SRJ
g
Total for part (d) 2 points
(e) i. Fora correct justification 1 point
ii. For indicating that as the maximum compression of the spring increases, the distance D 1 point
increases
For indicating that the minimum value is due to the minimum speed needed to get 1 point
through the track.

Example responses for part (e)

The block needs a minimum speed to make it through point B on the track; thus, the
horizontal line segment represents compressions of the spring for which the block does
not make it to point B.

OR

From the equation in part (d), the compression of the spring is directly proportional to
the horizontal distance traveled by the block; thus, the graph would be a straight line.
The minimum value is the distance traveled when the compression of the spring generates
the minimum speed needed to reach point B on the track.

Total for part (e) 3 points

Total for question 3 15 points
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Begin your response to QUESTION 3 on this page.
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Note: Figure not drawn to scale.

3. A block of mass m is placed on top of an ideal spring of spring constant k. The block is pushed against the spring,
compressing the spring a distance Ax. The block is released from rest, leaves the spring at the position shown in the
figure, travels upward, and enters a track with a constant radius of curvature R that has negligible friction. The block
enters the track at point A, maintains contact with the track, and exits horizontally at point B, a distance 3R above the
point the block was released. The block then falls to the ground and lands a horizontal distance D from the end of the
track. Express all algebraic answers in terms of m, k, Ax, R, and physical constants, as appropriate. The size of the

block is much smaller than the radius of curvature of the track.
{a)Onthedahelow.whichrepmuﬁeblmh&awmdhhlﬁefmm{nﬂcmnﬁ)ﬁnmmm
block while still in contact with the track at point B, Each force must be represented by a distinct arrow
starting on, and pointing away from, the dot.
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Coni'luo your response to QUESTION 3 on this page.

(b)

i. Derive an expression fonhc speed v of the block at point B.
€y &, e +2m~3(}‘v) = k()"
H‘,bUfl Di-n « / L (oxb) - omak

Leavt 4—“\%“"'*“ 4 v

ii. Denvcnnexpmssmn for the magnitude of the net force F ~on the block at point B.

Pk = ™

T S €= n_ft_bsl' - m@
E »-‘:._.._..-.—-“-'——'— /,

(c) Derive an expression for the minimum value of Ax uired in order for the block to c
with the track through point B, f YT L -"..3
F‘M = tﬂ!’- vE ﬂ ‘_ htauh i'-
" / -\%n L )T -omgt
a‘“}" . g R ® L axd"

Theproceduremrepealedmexﬂumeawnhﬂaedmance&x)mm

(d) Calculate the dmanqe b that the block travels.
Xe v W D i ot

o* ‘ﬂ-"'f-" +‘
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Continue your response to QUESTION 3 on this page.

() The graph below shows the best-fit line drawn by the students through their data of D as a function of Ax.
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i. Explain why there are no data for section I of the graph.
wren Bk B e YA diwin, $he Dok 888 AOK  Malmie  combadt  wrth HN

Arech  UsAl @oind B

ii. Explain the reason for the shape and minimum value of section Il! on the graph. .
D 13 directly  puperbiena)  do e squre oot ol (2", wiwich
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Begin your response to QUESTION 3 on this page.
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Note: Figure not drawn to scale.

3. A block of mass m is placed on top of an ideal spring of spring constant k. The block is pushed against the spring,
compressing the spring a distance Ax. The block is released from rest, leaves the spring at the position shown in the
figure, travels upward, and enters a track with a constant radius of curvature R that has negligible friction. The block
enters the track at point A, maintains contact with the track, and exits horizontally at point B, a distance 3R above the
point the block was released. The block then falls to the ground and lands a horizontal distance D from the end of the
track. Express all algebraic answers in terms of m, k, Ax, R, and physical constants, as appropriate. The size of the
block is much smaller than the radius of curvature of the track. '

(a) On the dot below, which represents the block, draw and label the forces (not components) that act on the
block while still in contact with the track at point B. Each force must be represented by a distinct arrow
starting on, and pointing away from, the dot.

Justify your choice of vectors.
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Continue your response to QUESTION 3 on this \page.

(b)

B A Wt 1 A T VAT A7 i UYL
T =
v¥ AR - (X))~ 3 M
2V x Mo (Y. tude of the net force F on the block at point B.

ii. Derive an expression for the magni
MY © Frey

(c) Derive an expression for the minimum value of Ax;, required in order for the block to maintain contact
with the track through point B.
F= -Lox

The procedure is repeated several times with the distance Ax > Axy;,.
(d) Calculate the distance D that the block travels,
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Continue your response to QUESTION 3 on this page.

(e) The graph below shows the best-fit line drawn by the students through their data of D as a function of Ax.
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Begin your response to QUESTION 3 on this page.
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Note: Figure not drawn to scale.

3. A block of mass m is placed on top of an ideal spring of spring constant k. The block is pushed against the spring,
compressing the spring a distance Ax. The block is released from rest, leaves the spring at the position shown in the
figure, travels upward, and enters a track with a constant radius of curvature R that has negligible friction. The block
enters the track at point A, maintains contact with the track, and exits horizontally at point B, a distance 3R above the
point the block was released. The block then falls to the ground and lands a horizontal distance D from the end of the
track. Express all algebraic answers in terms of m, k, Ax, R, and physical constants, as appropriate. The size of the
block is much smaller than the radius of curvature of the track.

(a) On the dot below, which represents the block, draw and label the forces (not components) that act on the
block while still in contact with the track at point B. Each force must be represented by a distinct arrow
starting on, and pointing away from, the dot.

)

R

Justify your choice of vectors.
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Continue your response to QUESTION 3 on this page.

(b)

i. Derive an expression for the speed v of the block at point B. K&"
i T _ T 1 o - PR
'ih(&x\‘ﬂ:(w\ Yamvy 9 N=- E?v\

ii. Derive an expression for the ‘magnitude of the net force F on the block at point B.
=S ; SFzma 2Re Fe
‘i l:: gL I‘:S
(c) Derive an expression for the minimum value of Ax,;, required in order for the block to maintain contact

X B, 1 2
e mk b By AT = AT

The procedure is repeated several times with the distance Ax > Ax,;,,.
(d) Calculate the distance D that the block travels.
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Continue your response to QUESTION 3 on this page.

(e) The graph below shows the best-fit line drawn by the students through their data of D as a function of Ax.
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i. Explain why there are no data for section I of the graph.

) O n;
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ii. Explain the reason for the shape and minimum value of section II on the graph.
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Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses to this question were expected to demonstrate an understanding of the following concepts:

e Newton’s laws, including how to identify and explain the forces acting on an object in circular motion.

e Recognition of the minimum requirement for an object to continue around a loop.

e Conservation of energy and how spring potential energy is transformed into gravitational potential and
kinetic energy.

e The relationship of initial projectile velocity to relevant quantities of motion, such as time of flight, height,
and distance traveled.

e Analysis and interpretation of sections of a given graph.

Sample: MQ3 A
Score: 13

Part (a) earned 3 points for correctly labeling each individual vector and correct justification. Part (b) earned

5 points for correctly using conservation of energy to solve for velocity and relating it to the net force on the
block at point B. Part (c) earned 2 points for correctly showing zero normal force and substituting into the
correct equation. Part (d) earned 1 point for using the velocity from (b)(i). Incorrect relation given for height of
fall and time. Part (e) earned 2 points for correctly explaining the missing data in section I and the relationship
between Ax and D in section II. No explanation of why the graph started at AXmin.

Sample: MQ3 B
Score: 7

Part (a) earned 1 point for correctly labeling the weight. No vector is drawn in for the normal force and the
justification of the drawn vector is incorrect. Part (b) earned 3 points for correctly using conservation of energy
to solve for velocity. No relationship to centripetal force and its relation to (b)(i). Part ¢) earned no points as the
normal force is not set equal to zero, and the velocity is not used from part (b). Part (d) earned 2 points for
correctly relating the total height to time and using the velocity from (b)(i). Part (e) earned 1 point for a correct
explanation of missing data in section I. There is no explanation for section II of the graph.

Sample: MQ3 C
Score: 3

Part (a) earned 1 point for the correctly drawn in weight. Normal force is not drawn in, and friction is not
present. Part (b) earned 1 point for the use of conservation of energy. Part (¢) earned no points as the normal
force is not set equal to zero, and the velocity is not used from part (b). Part (d) earned 1 point for using the
velocity from (b)(i). No relationship between height and time of fall is given. Part (e) earned no points for an
incorrect explanation of sections I and II of the graph.
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