AP® Physics C: Mechanics 2021 Free-Response Questions

Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION II
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.

Fan Cart

Motion
Detector 1 ”

Motion
Detector 2

Note: Figure not drawn to scale.

1. A 0.50kg fan cart is placed on a level, horizontal track of negligible friction, as shown. The fan is turned on,
and the fan cart is released from rest and moves to the right. The cart travels along the horizontal track and then
down an incline. Motion detector 1 measures the acceleration a of the cart from time t = 0 to # = 3. At
t = 35, the cart makes a smooth transition to the incline, and motion detector 2 measures the acceleration of the
cart after r = 3 s. The fan exerts the same magnitude of force on the cart during the entire motion. The graphs
below show a as functions of 7. For each motion detector, the positive direction is away from the detector.
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AP® Physics C: Mechanics 2021 Free-Response Questions

Continue your response to QUESTION 1 on this page.

(a) On the dots below that represent the cart at two different locations, draw and label the forces (not
components) that act on the cart at each location. Each force must be represented by a distinct arrow starting
on, and pointing away from, the dot.

Cart on Horizontal Track Cart on Incline
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(b) Calculate the magnitude of the net force exerted on the fan cart when it is on the horizontal track.
)( . \/ o \r = N\ A<
A J 2
- = K = . = K 6 &8 g
F ni = VA b.S \43

(c) Calculate the angle 6 of the incline.
X Faey = ma
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(d) Suppose careful measurement determines the angle of the incline to be 3° larger than that calculated in
part (c). Consider the following explanation.

“The scale used to measure the mass of the fan cart was not calibrated properly before the measurement, and
this could account for the observed difference in the angle.”

Does the explanation sufficiently account for the observed discrepancy?

_ Yes _\/No
Justify your answer. i O\.V\Q"\ gsg'\ <
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AP® Physics C: Mechanics 2021 Free-Response Questions

Continue your response to QUESTION 1 on this page.

The experiment is repeated for several trials, each with a different angle for the incline. The acceleration of the
cart down the incline is measured for each angle. The graph below shows the plot of the acceleration a of the

cart as a function of the sine of the angle sin 6.
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(e)

i. Draw a best-fit line for the data.

ii. Using the straight line, calculate an experimental value for the acceleration due to gravity g.

(f) If the cart were replaced with a second cart of mass 1.0 kg that has a fan that exerts the same magnitude of

force as the original fan, explain how the graph given in part (¢) would change.
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AP® Physics C: Mechanics 2021 Free-Response Questions

Begin your response to QUESTION 2 on this page.

T4 C

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£ = _g. 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.
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i. Derive an expression for the speed v of the block at point B.

f:D :E.g. S - K;%\,?— ,
an= L wmy mal T ITRE |

ii. Derive an expression for the magnitude of the net force F on the block at poirf B.
e S
FN WMo = MY . — 'W‘(:Z’o\(»\ >

Co W\Q4>

Justify your answer.
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AP® Physics C: Mechanics 2021 Free-Response Questions

Continue your response to QUESTION 2 on this page.

(c) In terms of R, derive an expression for the minimum height £ ,;, necessary for the block to maintain

contact with the track through point C. os A EQ O 172 o .o
\poncthey 7
(o= ey
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(d) It is determined that 4 = 0.30m and R = 0.10 m . If the block is released from a height greater than that

found in part (c), what would be the maximum compression xyjax of the spring? \{ L, (2/\(\

VNG S v =
pan = % N S - SSYE

(e) A graph of the maximum compression of the spring as a function of height is showzn below. The heig

\ 3/

hmin 1s the height calculated in part (c).
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i. Explain why section I appears as a horizontal line segment on the horizontal axis.
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ii. Explain the reason for the shape of section II on the graph.
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Begin your response to QUESTION 3 on this page.
/\A\ A=Y X »
)\w\
A= yx2

3. A triangular rod of length L and mass M has a nonuniform linear mass density given by the equation 4 = yxz,
M . . .
where y = —- and x is the distance from point P at the left end of the rod.
L

(a) Using integral calculus, show that the rotational inertia / of the rod about an axis perpendicular to the page

-

and through poin is2 2, 2 =
d through point P is < ML -l__ \(1AW\” X j\obk azx“\olx

(b) Determine the horizontal location of the center of mass of the rod relative to point P. Exptess your answer
. L
in terms of L. & 4\
% "\“"‘ ik LN U RN )
= J0 Y ty=2 _ G &>

(c) For an axis perpendicular to the page, is the value of the rotational inertia of the rod~aroutid point P greater
than, less than, or equal to the value of the rotational inertia of the rod around the rod’s center of mass?

“/ Greater than Less than Equal to

a2 < NS Al <t we 0\ ’-pm«—_\f\«t.r
o ,\/\nm/\ e Q.e_w'\-t.r

P
Qoo porn™

. g eSS |

Justify your answer.
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Continue your response to QUESTION 3 on this page.

The rod is released from rest in the position shown, and the rod begins to rotate about a horizontal axis

perpendicular to the page and through point P.

(d) On the axes below, sketch graphs of the magnitude of the net torque 7 on the rod and the angular speed @
of the rod as functions of time ¢ from the time the rod is released until the time its center of mass reaches its

lowest point.

0

> [ > [

(e) As the rod rotates from the horizontal position down through vertical, is the magnitude of the angular
acceleration on the rod inc\re;s'ng, decreasing, or not changing?
D

Increasing ecreasing Not changing

Justify your answer.
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Continue your response to QUESTION 3 on this page.
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(f) The mass of the rod is 3.0 kg, and the length of the rod is 1.0 m. Calculate the linear speed v of point S as
the rod swings through the vertical position shown.

< =
3 _ Ly ==
V= Y w GO ONTO THE PAGE.

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

© 2021 College Board.
Visit College Board on the web: collegeboard.org.

9






