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AP® Physics 1 2021 Scoring Guidelines

Question 5: Short Answer

7 points

(C))

i. For correct expressions for the torques from the weight of each object

ii.

The torques are myg(2#,) for object 1 and (1.5myg)r, for object 2

1 point

For indicating that the two torques are exerted in opposite directions

Toet = Mg (21y) — (1.5myg )1y

1 point

For the derivation of a correct answer of 0.5mgr,

1 point

Example response for part (a)(i)

Thet =71 — 02

Thet = Mpg(21y) — (1.5my )1y
Thet = O-5mog’”0

For an explanation that object 1 exerts a larger torque than object 2

1 point

Example response for part (a)(ii)

Object 1 is twice as far from the axle as object 2, while object 2 has only 1.5 times the weight
of object 1. So, object 1 exerts a larger torque.

Total for part (a)

4 points

(b)

Correct answer: “Opposite directions”

Scoring note: If the wrong answer is selected, the response is not graded.

For a correct answer and a correct explanation

1 point

Example response for part (b)

The objects exerted torques in opposite directions, with object 1 exerting a larger torque, so
object 1 determines the net torque direction. With the torque from object 1 removed, the net
torque and angular acceleration switch direction (becoming clockwise) to the torque from
object 2. The angular velocity does not change direction immediately and is still
counterclockwise.
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(c) For a linear graph between 0 and 7, with an initial angular velocity of zero and nonzero slope 1 point

Scoring note: The slope can be positive or negative.

For a change in the sign of the slope at ¢ = 7, 1 point

AND
no discontinuity.
Example response for part (c)

Total for part (c) 2 points

Total for question 5 7 points
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P1Q5A p1

Begin your response to QUESTION 5 on this page.

Axle at Center
of Pulleys

Object 1 Object 2
mg E;I \ 1.5m,
'F

3 Vh
5. (7 points, suggested time 13 minutes)

Two pulleys with different radii are attached to each other so that they rotate together about a horizontal axle
through their common center. There is negligible friction in the axle. Object 1 hangs from a light string
wrapped around the larger plley, while object 2 hangs from another light string wrapped around the smaller
pulley, as shown in the figute above.

my is the mass of object 1.

1.5my is the mass of object 2.

Iy is the radius of the smaller pulley.

2n, is the radius of the larger pulley.

(a) At time ¢ = 0, the pulleys are released from rest and the objects begin to accelerate.

i. Derive an expression for the magnitude of the net torque exerted on the objects-pulleys system about the axle
after the pulleys are released. Express your answer in terms of myg, ry, and physical constants, as appropriate.

TR 4T T e, —_—
2T :m;g kﬁﬁ.\' “'FJM'ucﬁ L‘.'\ \5_‘[ = -‘imbqf:\
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ii. Object 1 accelerates downward afier the pulleys are released. Briefly explain why.
Oberd 3 has a greater fadivs Anan obittk Z,
ond wwmle oo 2 was o cftﬂ%ﬂ WAOSS |
Obyeck A's  vodies (o peaMN Maan ootk 2's
WMo, S0 boRUY A was o ofeovev  orgyt,
SO W acce\€XONes douvwvward.
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P1Q5A p2

Continue your response to QUESTION 5 on this page.

(b) At a later time ¢ = ¢, the string of object 1 is cut while the objects are still moving and the pulley is still
rotating. Immediately after the string is cut, how do the directions of the angular velocity and angular
acceleration of the pulley compare to each other?

_X Same direction

— Opposite directions

Briefly explain your reasoning.

After
volale

A AN
VW Mne

W oY W WY Wil becpn A0
oppos e AWeMOV  Joards  owyecy 2

becalse of WS Mash, SO bon Wwe  anguar ey
ond  acwewation  wownd Qe W Aal sowme  dvehon.

(c) On the axes below, sketch a graph of the angular velocity @ of the system consisting of the two pulleys as a
function of time ¢. Include the entire time interval shown. The pulleys are released at t = 0, and the string is cut

atr = Ic.
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P1 Q5 B p1

Begin your response to QUESTION 5 on this page.

Axle at Center
% of Pulleys
)

&)

Object 1 Object 2

m, D 1.5m,

5. (7 points, suggested time 13 minutes)

Two pulleys with different radii are attached to each other so that they rotate together about a horizontal axle
through their common center. There is negligible friction in the axle. Object 1 hangs from a light string
wrapped around the larger pulley, while object 2 hangs from another light string wrapped around the smaller
pulley, as shown in the figure above.

my is the mass of object 1.

1.5my is the mass of object 2.

ny is the radius of the smaller pulley.
2y is the radius of the larger pulley.

(a) Attime ¢ = 0, the pulleys are released from rest and the objects begin to accelerate.
i. Derive an expression for the magnitude of the net torque exerted on the objects-pulleys system about the axle

after the pulleys are released. Express your answer in terms of m, rp, and physical constants, as appropriate.
| £T= 2m0s - 1SR,
Lt‘ - -D' - .5; 7

£ Tz maan) - Lemln)

ii. Object 1 accelerates downward after the pulleys are released. Briefly explain why.
Becamse T 5 Force Pertoticutar- ot 4 ABbnce | Object 3 wih
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P1Q5 B p2

Continue your response to QUESTION 5 on this page.

(b) At a later time t = /¢, the string of object 1 is cut while the objects are still moving and the pulley is still
rotating. Immediately after the string is cut, how do the directions of the angular velocity and angular
acceleration of the pulley compare to each other?

_'L Same direction — Opposite directions

Briefly explain your reasoning.

Mt Te Shing 5 b beth amuir Veloe¥r md mputsr aceneaton

Would \ 7
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(c) On the axes below, sketch a graph of the angular velocity @ of the system consisting of the two pulleys as a

function of time ¢. Include the entire time interval shown. The pulleys are released at t = 0, and the string is cut
atr=1c.
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P1Q5 C p1

Begin your response to QUESTION 8 on this page.

Axle at Center
of Pulleys
Object 1 Object 2
My 1.5m,

5. (7 points, suggested time 13 minutes)

Two pulleys with different radii are attached to each other so that they rotate together about a horizontal axle
through their common center. There is negligible friction in the axle. Object 1 hangs from a light string
wrapped around the larger pulley, while object 2 hangs from another light string wrapped around the smaller
pulley, as shown in the figure above.

my is the mass of object 1.

1.5m, is the mass of object 2.

rp is the radius of the smaller pulley.
21, is the radius of the larger pulley.

(a) At time t = 0, the pulleys are released from rest and the objects begin to accelerate.

i. Derive an expression for the magnitude of the net torque exerted on the objects-pulleys system about the axle
after the pulleys are released Express your answer in terms of mg, ry, and physical constants, as appropriate.

THET TrEsmt Tu=tww
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ii. Object 1 accelerates downward after the pulleys are relcased Briefly explain why.

Tha vadivg s avgled m to- sivection o
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P1 Q5 C p2

Continue your response to QUESTION § on this page.

(b) At a later time ¢ = t, the string of object 1 is cut while the objects are still moving and the pulley is still
rotating. Immediately after the string is cut, how do the directions of the angular velocity and angular
acceleration of the pulley compare to each other?

_ﬁ Same direction — Opposite directions

Briefly explain your reasoning.

%H—m%wayﬁnm@dw@
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(c) On the axes below, sketch a graph of the angular velocity @ of the system consisting of the two pulleys as a
function of time ¢. Include the entire time interval shown, The pulleys are released at r = 0, and the string is cut
atr=te.

o
L

g — -
| I i I I I [} 1 i |

[ ! I I I ! I I I I
""r""!’“‘l’"T"'F‘"T“‘F"T"‘r‘“1
[ 1 I I I I I I I

R e e e e St ey
I [ | 1 I I I I I I

Unauthorized copying or reuse of this page is ilegal. Page 13 GO ON TO THE NEXT PAGE.




AP® Physics 1 2021 Scoring Commentary

Question 5
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

Understandings—Responses were expected to:
¢ demonstrate an understanding of torque, specifically the net torque exerted on a system, and the effect
of force and radius on torque. A mathematical representation was required in addition to a conceptual
explanation.
e explain why a change in velocity occurred by using an analysis of the torques exerted on the system.
e express the motion of the pulley both in written and graphical form.

Skills—Responses were expected to:
e demonstrate an ability to create a mathematical representation of the net torque on the system.
e construct explanations and make claims about the motion of the pulley based on the concept of torque.
¢ make connections between the concepts involved with rotational kinematics and those involved with
torque.
e create a graphical representation for the angular velocity with respect to time.

Sample: P1 Q5 A
Score: 6

Part (a)(i) earned 3 points. One point was earned for including the correct expressions for both torques. One
point was earned for indicating that the two torques are exerted in opposite directions by subtracting the two
expressions for the torques. One point was earned for the derivation including a series of steps resulting in the
correct answer. Part (a)(ii) earned 1 point. The response explains that object 1 exerts a larger torque than
object 2. Part (b) earned no points because “Same direction” is checked. Part (c) earned 2 points. One point
was earned for including a linear graph between 0 and t.with an initial angular velocity of zero and nonzero
slope. One point was earned for including a change in the sign of the slope at t = t. with no discontinuity.

Sample: P1 Q5 B
Score: 4

Part (a)(i) earned 1 point for indicating that the two torques are exerted in opposite directions. Note: Although
the expressions for the torques are not correct, this point was earned because the response clearly equates
their difference to the net torque and it contains the correct numerical coefficients for my and ro. The first and
third points were not earned because the expressions for the two torques do not include the acceleration due to
gravity and the final answer is not correct. Part (a)(ii) earned 1 point for explaining that object 1 exerts a larger
torque than object 2. Part (b) earned no points because “Same direction” is checked. Part (c) earned 2 points.
One point was earned for including a linear graph between 0 and ¢. with an initial angular velocity of zero and
nonzero slope. One point was earned for including a change in the sign of the slope at t = t. with no
discontinuity.
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Question 5 (continued)

Sample: P1 Q5 C
Score: 2

Part (a)(i) earned no points. Part (a)(ii) earned no points because the response does not indicate that object 1
exerts a larger torque than object 2. Part (b) earned no points because “Same direction” is checked. Part (c)
earned 2 points. One point was earned for including a linear graph between 0 and t. with an initial angular
velocity of zero and nonzero slope. The positive and negative directions for angular motion are not defined in
the prompt so the slope can be either positive or negative. One point was earned for including a change in the
sign of the slope at t = t. with no discontinuity.
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