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AP® Physics 1: Algebra-Based 2022 Scoring Guidelines

Question 3: Experimental Design 12 points
(a) For listing relevant equipment that matches the measured quantities 1 point
For listing measurements of quantities sufficient to determine the kinetic energy of the block 1 point
For listing measurements of quantities sufficient to determine the gravitational potential 1 point
energy of the block-Earth system
For a plausible procedure (i.e., can be done in a typical school physics lab) 1 point
For attempting to reduce uncertainty 1 point
Example Response
Quantity to Be Symbol for Equipment for
Measured Quantity Measurement
Mass of block mp Mass balance
Distance that block falls
(initial height above d Meterstick
floor)
Time for block to fall tg Stopwatch
1.  Measure the mass of the block with the mass balance.
2. Hold the block in place with the string taut and measure the distance d with the
meterstick.
3. Release the block and start the stopwatch.
4. Stop the stopwatch when the block hits the floor.
5. Record d and tg.
6. Repeat steps 3-5 to get three separate trials at the same starting distance d .
7. Repeat steps 2-6 for several different starting distances d .
Total for part (a) 5 points
(b) For indicating that mass and velocity are needed 1 point
Scoring Note: This need not be the final velocity.
For a valid explanation of how the final kinetic energy could be determined 1 point

Scoring Note: This needs to be the FINAL kinetic energy.

Example Response

You can calculate the block’s average speed by dividing ti . The block’s final speed vg is
B

twice the average, f—d The kinetic energy K can then be calculated from

B

1 2
Kzsz(vF) .

Total for part (b) 2 points
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AP® Physics 1: Algebra-Based 2022 Scoring Guidelines

(c) For drawing a straight line that passes through the origin and has a positive slope 1 point
For drawing a line that yields a total energy sum of zero at all values of d 1 point
Scoring Note: The correct line passes through the origin and (15 ¢cm, 0.2 J).

Example Response
Energy (J)
[} |
0.4 |
0.2 1
! _—
0 -e‘é""—— d (cm)
S 10 15 20
-0.2 g
-0.4 I o
Total for part (¢) 2 points
(d)(i) For drawing a reasonable best-fit line 1 point

Example Response

1.2

1.0

0.8

Kp) 0.6

0.4

0.2

0.0
0

ar’ (r:ind.;"'.-s}1
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AP® Physics 1: Algebra-Based 2022 Scoring Guidelines

(d)(ii) For correctly calculating a value for the slope using points on the line drawn, or a statement 1 point
that a calculator was used to do a linear regression

For both of the following: 1 point

e correctly relating the slope of the graph to the rotational inertia
e avalue of the rotational inertia / consistent with the calculated slope with correct units

Example Response

1.04 - 0.20

— .2
3505 =0.0258 kg - m

slope =

From K = %[wz, we have slope = %I

The rotational inertia is 1 = 2 x slope = 0.0517 kg - m?

Total for part (d) 3 points

Total for question 3 12 points
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Question 3 ®

Begin your response to QUESTION 3 on this page.

Wheel
Axle
\
Hanging Block|_|]
Floor
s e o b ]

3. (12 points, suggested time 25 minutes)

A wheel is mounted on a horizontal axle. A light string is attached to the wheel's rim and wrapped around it
several times, and a small block is attached to the free end of the string, as shown in the figure. When the block is
released from rest and begins to fall, the wheel begins to rotate with negligible friction.

Two students are discussing how different forms of energy change as the block falls. One student says that the
kinetic energy-of the block increases as it falls. The second student says that this is becaiise gravitational potential
energy is converted to kinetic-energy. The students decide to o test whether the decréase in gravitational potential
energy-is equal to the increase in the block’s kinetic energy from when the block starts moving to immediately
before it reaches the floor.

ma)
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Question 3

Continue your response to QUESTION 3 on this page.

(a) Design an experimental procedure that the students could use to compare the_increase in the block’s
translational-kinetie-energy with the decrease in the gravitational potential energy of the block-Earth system as
the block falls.

In the table, list the quantities that would be measured in your experiment. Define a symbol to represent each
quantity and list the equipment that would be used to measure each quantity. You do not need to fill in every row.
If you need additional rows, you may add them to the space just below the table.

In the space to the right of the table, describe the overall procedure. Provide enough detail so that another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed, use
the symbols defined in the table.

If needed, you may include a simple diagram of the setup with your procedure.

Symbol [, .
for Equipment for

Q__ tity Measurement

Quantity to
Be Measured

Procedure (and diagram, if needed)

| metessticl] 1. MeAATR. The MOAY OF the blode uking

oA s e balance

m Dakancl | 72  Meatwre lnq.iosb.dr ol -Hw.: bleok %m

v Moron Hae! Moo dg idy iNRal pesiien
3 enso Lsiny o mertrttel

2, Place o morien santer on The

o e bloc
H, Gegeadr prceduse +ea Hinmey 4o
rediuce  expec maniol Mm‘?ntj

oo 4o MEoRLL *mL BYasl) u-lniﬁ

(b) Explain how the students could determine the kinetic energy of the block immediately before it reaches the
floor using the quantities you indicated in the table in part (a).

Use the weasitad mmoagsy o +ne pPlocle oncl
e Uuo&ﬁ e.o-.e#u.rq,d bx.' The rmotion stasae
Dfore. I Wity +he ®loor +o calculate

Vg = 5 myvt
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|
Question 3 *

Unauthorized copying or reuse of this page is illegal. Page 12 GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 3 on this page.

Energy (J)
]
0.4
. ___ Kinetic energy gained
0.2 _— _ by the falling block
0 1e%5 0] % d (cm) Change in gravitational
= -==- potential energy of the
-0.2 =< block-wheel-Earth system
04 -

(c) The graph above represents both the change in the gravitational potential energy of the block-wheel-Earth
system and the translational kinetic energy gained by the block as functions of the block’s falling distance 4.
On the graph, draw a line or curve to represent the rotational kinetic energy of the wheel as a function of the
block’s falling distance d.

(d) The students also measure the allg_u_lar \ielocity @ of the wheel as the block falls and determine the rotational
kinetic energy Ky of the wheel. The students then make a graph of Kp as a function of @°, as shown.

1.2
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i. On the above graph, draw a straight line that best represents the data.
ii. Using the line you drew for part (d)(i), calculate an experimental value for the rotational inertia of the wheel.

Kao= -L:I-‘-'-"L o B . _1‘._
1K - T -—_3-‘5>?- -0.0bb—l(}u&t

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

0071276 EE BN EE N n

o0 o0 o o0 o L 1 asssonz 1




P1 Q3 Sample B p1 of 3

Question 3

Begin your response to QUESTION 3 on this page.

Wheel
Axle

Hanging Block

Floor

3. (12 points, suggested time 25 minutes)

A wheel is mounted on a horizontal axle. A light string is attached to the wheel’s rim and wrapped around it
several times, and a small block is attached to the free end of the string, as shown in the figure. When the block is
released from rest and begins to fall, the wheel begins to rotate with negligible friction.

Two students are discussing bow different forms of energy change as the block falls. One student says that the
kinetic energy of the block increases as it falls. The second student says that this is because gravitational potential
energy is converted to kinetic energy. The students decide to test whether the decrease in gravitational potential
energy is equal to the increase in the block’s kinetic energy from when the block starts moving to immediately
before it reaches the floor. :

FE——
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P1 Q3 Sample B p2 of 3

Question 3

Continue your response to QUESTION 3 on this page.

(a) Design an experimental procedure that the students could use to compare the increase in the block's
translational kinetic energy with the decrease in the gravitational potential energy of the block-Earth system as
the block falls. '

In the table, list the quantities that would be measured in your experiment. Define a symbol to represent each
quantity and list the equipment that would be used to measure each quantity. You do not need to fill in every row.
If you need additional rows, you may add them to the space just below the table.

In the space to the right of the table, describe the overall procedure. Provide enough detail so that another student
~ could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed, use
the symbols defined in the table.

If needed, you may include a simple diagram of the setup with your procedure.

. Symbol .
Quantity to t fi . .
BeMeaoured| 1| Mieamurement R e

Quantity

heigivk AY | metevstick 1. Position 4ne meterskck So 4har it can measuve

. moten ay as the block falls and Hhe mation Sensov to
veloaty v oF ¥ :

ians measuve v

| i

mass m Scall 2. Find m of +he black.

oy

. » 3. Dvop tht bloctk, using the woeten Sensev o fmd“m v i
ot vavious Incvements of 4y, ouch as every 04 W

4. Caleulate K ums'-'*hm'wand W using mah.

§. Rt?m- i twe wove 4vials.

(b) Explain how the students could determine the kinetic energy of the block immediately before it reaches the
floor using the quantities you indicated in the table in part (a).

Use the moetion sensey b determine Hs vclu'rrf lnf-n it reaches the Jﬂl-“'ldlf
and find M fo use m the equation K = Yamv?.
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P1 Q3 Sample B p3 of 3

Question 3

Unauthorized copying or feuse of this page is illegal. Page 12 " GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 3 on this page.

Energy (J)
0.4 /
/ ___ Kinetic energy gained
I by the falling block
0.2 / Y g
0 pes= 3 = d (cm) Change in gravitational
. . ===- potential energy of the
-0.2 ~ =< block-wheel-Earth system
0.4 b

(c) The graph above represents both the change in the gravitational potential energy of the block-wheel-Earth
system and the translational kinetic energy gained by the block as functions of the block’s falling distance d.
On the graph, draw a line or curve to represent the rotational kinetic energy of the wheel as a function of the
block’s falling distance d.

(d) The students also measure the angular velocity @ of the wheel as the block falls and determine the rotational
kinetic energy Kz of the wheel. The students then make a graph of K as a function of @, as shown,
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i. On the above graph, draw a straight line that best represents the data.
ii. Using the line you drew for part (d)(i), calculate an experimental value for the rotational inertia of the wheel.

4.6 SR }
sl-f;( "/w%) = 5'—""‘],; =1]’g‘3‘]. ‘[/um’-
| err—oo——
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P1 Q3 Sample C p1 of 3

Question 3

Begin your response to QUESTION 3 on this page.

Wheel
Axle
Hanging Block
Floor
ot s S S D faRR

3. (12 points, suggested time 25 minutes)

A wheel is mounted on a horizontal axle. A light string is attached to the wheel’s rim and wrapped around it
several times, and a small block is attached to the free end of the string, as shown in the figure. When the block is
released from rest and begins to fall, the wheel begins to rotate with negligible friction.

Two students are discussing how different forms of energy change as the block falls. One student says that the
kinetic energy of the block increases as it falls. The second student says that this is because gravitational potential
energy is converted to kinetic energy. The students decide to test whether the decrease in gravitational potential
energy is equal to the increase in the block’s kinetic energy from when the block starts moving to immediately
before it reaches the floor.

Unauthorized copying or reuse of this page is illegal. Page 10 GO ON TO THE NEXT PAGE.
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P1 Q3 Sample C p2 of 3

Question 3

the block falls.

In the table, list the quantities that would be measured in your experiment. Define a symbol to represent each
quantity and list the equipment that would be used to measure each quantity. You do not need to fill in every row.
If you need additional rows, you may add them to the space just below the table.

Intheupacetotheﬁshtoflheuhle.dmﬁbetheownﬂplm&m.Provideenoughdetnilsothatmahcrmldent
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed, use

Continue your response to QUESTION 3 on this page.

(a) Design an experimental procedure that the students could use to compare the increase in the block’s
translational kinetic energy with the decrease in the gravitational potential energy of the block-Earth system as

the symbols defined in the table.

If needed, you may include a simple diagram of the setup with your procedure.

. Symbol .
vt I oot Procodur (and diagram, if necdd)
| mass | @8 [oae | Ptan Wil Lalunaiiney whe Start
. ' S'(U'Pwm(fh Q'YULU\*QHO'(‘QI Po‘rcnﬂc“ engrcjy o%
Time T YT M o Carth qutm‘
piyance | A xupl " Ovop Y ok ahd Wlgin ﬁmmc\

dotk is dlopped ond Compart 0 HOLHC

GOl LAlOkE Pt K IC U gy

\.D\'H" = L'Lmu’l. b“i us‘lncj e
meacuring fope o fnd disrunco
Combingd w ivh twe Ywine o g WisGty.
COIRMOTE QYOWAECHIoNCA  porthridl eherg

(b) Explain how the students could determine the kinetic energy of the block immediately before it reaches the
floor using the quantities you indicated in the table in part (a).

By using Wit wm ¢ we o and

. \ g2
usng  Ke o mvu
1 )
Unauthorized copying-or reuse of this page is illegal. Page 11 GO ON TO THE NEXT PAGE.
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P1 Q3 Sample C p3 of 3

Question 3 ¢

Continue your response to QUESTION 3 on this page.
Energy (J)

0.4
Vi ___ Kinetic energy gained
02 -~ by the falling block
—
Ope=% I % d (cm) Change in gravitational
S -==- potential energy of the

-0.2 =< block-wheel-Earth system
~0.4 T

(c) The graph above represents both the change in the gravitational potential energy of the block-whéel-Earth
system and the translational kinetic energy gained by the block as functions of the block’s falling distance d.
On the graph, draw a line or curve to represent the rotational kinetic energy of the wheel as a function of the
block’s falling distance 4. '

(d) The students also measure the angular velocity @ of the wheel as the block falls and determine the rotational
kinetic energy K of the wheel. The students then make a graph of K asahmtimofaz,asshown.
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i. On the above graph, draw a straight line that best represents the data.
ii. Using the line you drew for part (d)(i), calculate an experimental value for the rotational inertia of the wheel.

(AoR0NoM U =

i
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AP® Physics 1: Algebra-Based 2022 Scoring Commentary

Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses were expected to demonstrate the ability to:

e Design a procedure for an experiment to measure changes in kinetic energy and gravitational potential
energy, including a method to reduce experimental uncertainty.

e Identify the quantities needed to calculate changes in kinetic and potential energies, including the kinetic
energy of the block immediately before it hits the floor.

e Analyze data gathered by an experimental procedure.

e Apply conservation of energy to account for the rotational kinetic energy of the wheel. Specifically,
responses should indicate that because the total mechanical energy of the block-wheel-Earth system
remains zero throughout the block’s motion, the total energy should be zero over the full range of the
graph.

e Draw areasonable best-fit line that follows the trend suggested by the data points in the graph, includes
approximately the same number of data points above and below the line, and is not forced to go through
data points or the origin.

e Use the slope of the best-fit line to calculate rotational inertia.

Sample: 3A
Score: 12

Part (a) earned 5 points. The first point was earned for equipment listed in the response that matches the relevant
measured quantities. The second point was earned for a procedure described in the response that could be used to
measure quantities sufficient to find the kinetic energy of the block. The third point was earned for a procedure
described in the response that could be used to measure quantities sufficient to find the change in the gravitational
potential energy in the block-Earth system. The fourth point was earned for a procedure that is a plausible way to
compare changes in K and U, , because the procedure describes finding the displacement and velocity of the block

at the same location. The procedure described in the response can be performed in a physics laboratory. The fifth
point was earned for a procedure that includes a way to reduce experimental uncertainty. Part (b) earned 2 points.
The first point was earned for a response that indicates that mass and velocity are needed. The second point was
earned for a response that indicates that the velocity used to calculate the final kinetic energy is “the velocity
captured by the motion sensor before it hits the floor.” Part (c) earned 2 points. The first point was earned for a
response that shows a straight line that passes through the origin and has a positive slope. The second point was
earned for a line drawn in the response that yields a total energy of zero over the whole range of the graph. Part (d)
earned 3 points. The first point was earned for a best-fit line in the response that is reasonable. The second point was
earned for a correct calculation of the slope of a line that passes through the origin. The third point was earned for a
response that correctly relates the slope of the line to the rotational inertia and calculates a value of the rotational
inertia with correct units.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.



AP® Physics 1: Algebra-Based 2022 Scoring Commentary

Question 3 (continued)

Sample: 3B
Score: 8

Part (a) earned 5 points. The first point was earned for equipment listed in the response that matches the relevant
measured quantities. The second point was earned for a procedure described in the response that could be used to
measure quantities sufficient to find the kinetic energy of the block. The third point was earned for a procedure
described in the response that could be used to measure quantities sufficient to find the change in the gravitational
potential energy in the block-Earth system. The fourth point was earned for a procedure that is a plausible way to
compare changes in K and U, , because the procedure describes finding the displacement and velocity of the block

at the same location: “find its v at various increments of Ay .” The procedure described in the response can be

performed in a physics laboratory. The fifth point was earned for a procedure that includes a way to reduce
experimental uncertainty. Part (b) earned 2 points. The first point was earned for a response that indicates that mass
and velocity are needed. The second point was earned for a response that indicates that the velocity is used to
calculate the final kinetic energy. Part (c) earned 0 points. The first point was not earned because the response does
not show a straight line. The second point was not earned because the curve drawn in the response does not yield a
total energy of zero over the whole range of the graph. Part (d) earned 1 point. The first point was earned for a best-
fit line in the response that is reasonable. The second point was not earned because the response uses a point that is
not on this graph to calculate the slope. The third point was not earned because the response does not correctly relate
the slope of the line to the rotational inertia or include correct units.

Sample: 3C
Score: 4

Part (a) earned 3 points. The first point was earned for equipment listed in the response that matches the relevant
measured quantities. The second point was earned for a procedure described in the response that could be used to
measure quantities sufficient to find the kinetic energy of the block. The third point was earned for a procedure
described in the response that could be used to measure quantities sufficient to find the change in the gravitational
potential energy in the block-Earth system. The fourth point was not earned because the response includes a
procedure that is not a plausible way to compare changes in K and U, ; the response does not indicate that the

displacement and velocity of the block are measured at the same location. The fifth point was not earned because the
procedure does not include a way to reduce experimental uncertainty. Part (b) earned 1 point. The first point was
earned for indicating that mass and velocity are needed. The second point was not earned because the response does
not indicate that the final velocity is used. Part (c) earned 0 points. The first point was not earned because the
response does not show a straight line. The second point was not earned because the curve drawn in the response
does not yield a total energy of zero over the whole range of the graph. Part (d) earned O points. The first point was
not earned because the best-fit line in the response is not reasonable; five data points are above the line while only
one data point is below the best-fit line. The second point was not earned because the response does not include a
calculation of slope. The third point was not earned because the response does not include a calculation of the
rotational inertia of the wheel.
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