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AP® Physics 1: Algebra-Based 2024 Scoring Guidelines

Question 2: Experimental Design 12 points
(a) For measuring the mass of at least one cylinder with the digital scale 1 point
For measuring the period of oscillation of the cylinder-spring system with the stopwatch 1 point
For a procedure that indicates that the cylinder hung on the spring should be set into 1 point
oscillatory motion
For a procedure that indicates a method to reduce experimental uncertainty 1 point

Accept one of the following:

e For using multiple masses
e For doing multiple trials with a single mass
e For measuring multiple oscillations and dividing by the number of oscillations

Example Response

Place a cylinder on the digital scale and record the mass. Hang the cylinder from the spring

and pull the cylinder down a small distance so that the spring is stretched. Release the
cylinder. Use the stopwatch to measure the amount of time necessary for the cylinder to
complete ten full cycles (from maximum stretch length back to maximum stretch length).
Repeat the procedure for cylinders of different masses.

Total for part (a) 4 points
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AP® Physics 1: Algebra-Based 2024 Scoring Guidelines

(b)(i) For listing quantities that can be measured with a stopwatch and a digital scale and could be 1 point
plotted to produce a linear graph whose slope can be used to determine &

Accept one of the following:
o mvs. T?

o T?vs. m

o 4r’mvs. T?

T
e ——vs.m
4
Tz
* myvs. —
dr
e T vs. Vm
o Jmvs. T
o Luvsvm
27
o Jm vs. -
27

o T vs. 2zim
o 27vm vs. T

Scoring Note: This point may be earned for any of the bullets above substituting 1 for T'.

/

Example Response

Vertical axis: m Horizontal axis: T2
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AP® Physics 1: Algebra-Based 2024 Scoring Guidelines

(b)(ii) For correctly relating the slope of the best-fit line to the value of & 1 point

Example Response

Plotting the mass as a function of the period-squared would result in a graph whose slope
could be used to find k by using the equation for the period of an oscillating cylinder-spring

system.
PeafE
"k
slope = Lz
4r

k = (slope)4r?

Graph Slope k
mvs. T* slope = Lz k = (slope)4r?
4
2 2
2 _4r _ 4
T°vs. m slope = - k slope
4r%mvs. T? slope =k k = slope
T2 vs. 47°m slope = k= —
) k slope
T’ 1 1
— VS. = — k =
47 v slope k slope
72
m vs. —- slope = k k = slope
4
T vs. m 4r’ k=T
vs. Nm = |27 =
slope k slope2
Jm _ |k 2 2
mvs. T slope = — k = slope” x 4r
4
T 1 _ 1
2z v slope = \/; k= slope?
T
Jm vs. s slope = vk k = slopez
T vs. 2zdm sloe—\/I k= 1
' Pe =% slope?
2zm vs. T slope = vk k = slope?

Total for part (b) 2 points
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AP® Physics 1: Algebra-Based 2024 Scoring Guidelines

©) For using the kinetic energy equation K = %mv2 1 point
For substituting one of the following: 1 point
e 0.25 kg as the mass
e 0.3 m/s as the initial velocity
For an answer that approximates the change in kinetic energy to be AK =~ —0.0113J 1 point
Scoring Note: A correct response with no supporting work earns this point only.
Scoring Note: The unit and the negative sign are not required to earn this point.
Example Response
AK =K, - K,
AK = lm 2_L,,2
=omvyt —omy,
AK = %0.25(0)2 - %0.25(0.3)2
AK =-0.0113)J
(c)(ii) For indicating the magnitude of the change in momentum is zero 1 point
For indicating the area under the force-time graph represents the value of the change in 1 point
momentum
Example Response
The area under the curve for a force vs time graph represents the impulse or change in
momentum. The area under the curve for 0.5 s to 2.5 s is zero.
(c)(iii) For an explanation that compares the estimated value of the change in momentum from 1 point
(c)(i1) to the data from the velocity-time graph
Example Response
The velocity-time graph shows that velocity is 0.3 m/s at both 0.5 s and 2.5 s, and
momentum is mass times velocity, so the momentum is the same at both times. This agrees
with my estimation from part (c)(ii) that the change in momentum is zero.
Total for part (¢) 6 points
Total for question 2 12 points
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o Question 2

Continue your response to QUESTION 2 on this page.

Quantity to Be Measured qumb?tlyfot Equipment for Measurement

£wme [ peaod £/ T |[swopwach
WOSS of ciadys| WA Digital scale

Procedure (and diagram, if needed)
\\MNW¢MCW¢NM\* 1"’3
1\0}\@\«(\3\@\0*&59&&3%“3\&@ |
B)rtlease 1+ Groma reSk Fallow te SPnuo Cv{.d- S\ Shwr toesc) fate

u) agthe Suskom 0SGllAkS, start fie stopwalch + recerd tie Hme for S oscillation

r weord
5)vepeat b0 forsweal tnals + usivg wilfigle clinders Wi different-masses
Jo veduce OpeA mental wtetaniby ¢ Orvor

et

x¥ T &
T -y Ty AT ok
- 1
) > T 4w L Thc=Newn Loy
1Immeqmdﬂammdbeplomdwpo¢weuhmpaphwhonﬂmbeuwdw
determine the spring constant k of the spring.

Vertical axis: Horizontal axis:

ii. Briefly describe how the slope of the graph would be analyzed to determine the spring constant k of
the spring.

Caleslatiugy SLe £5€ o 4 gt 04 11 e of e gragha woul o
Ak the Q‘?YWL’) GO«SW value a5 1 Stope would e = o K

Unauthorized copying of reuse of this page is ilegal Page 7 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 2

Unauthorized copying or reuse of this page is lllegal. Page 9 GO ON TO THE NEXT PAGE.

Continue your response to QUESTION 2 on this page.

(©)
i. Using the data in the velocity-time graph, calculate the change in kinetic energy of the cart
from ¢t = 0.5s to ¢ = 2.0 5. Show your steps and substitutions.

m=.ag (23D = LIS
K~ "lamy? Ja (DY O3

k- O3, Vv=- ALE = .ONDSTS
t—_ﬂS.v:O”S

ii. Using the data in the force-time graph, estimate the change in momentum of the cart
from t = 0.5s to t = 2.5 5. Briefly explain how you arrived at your estimation

Twa Ap OF e cart fvom b= .55 40 £=2.55 would e ONs,
O""“b‘ v mowentom is equal o F-at Mm‘\(lh‘oucalcuahuiq
O ol naler fle enve, Wunit's equal 10 O e fie aetaBrom .S 1,85
AS Yl ko tle 0~<a fom |.5-2.55 $0 whenyyou add themikis
¢qual o © Sinee MMMWW&\— oppnre dirthos,
iii. Do the data from the velocity-time graph confirm your estimation from part (c)(ii) ? Briefly explain.
Nes 1HdOeS. AL 42155 vz 3% amdl £-2.55 vz B35, The wass
of Hue cat doesnt change ¢1¢ . ’zswj,SOosin%Mwom}w« eqiafion
P-WMY, the momentum at £-.55's O7Skgwy/s +\S .01Skg%s at £= QS|

@lpe ¢ sinee eere ' wo C\xa,\ag W wowenfum, this confivms my
(SAWahiom , as iF skays e Same

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 2

Continue your response to QUESTION 2 on this page.

Quantity to Be Measured m:y'“ Equipmeat for Measurement
time € Stopwatch
Mmasy 44) Digital scale

Procedure (and diagram, if needed)
S 'O NS¢ ve Lol O Qnd MRASME Tne
‘;‘&h‘%“ 3(&\\ Q\&\MW.MQ *\de\%%ﬁ of & Q\j\\me' 9
OWN, L WOUW MUK adn cyvwnder one 0y o€ xg° wne 9pv
a cuwdey 1S afTned, L wil \eett op ond Jar®
Y, gsung e Wc; of wvm ;%)Les a«m
| (VY (8 4 [COW und SvenN \
ﬁmﬁﬁm‘ \ \w“@\wgw SFN\d' vd velovd W o QF 'R
\\\YA‘OOI Ve W0 ff e 1o o €or e QS\NCY\-D vt ¥n€

-

(®)
i. Indicate the quantities that could be plotted to produce a linear graph whose slope can be used to
determine the spring constant k of the spring.

Vertical axis:_NASS Horizontal axis:__t\\Y1€

ii. Briefly describe how the slope of the graph would be analyzed to determine the spring constant k of

the spring.
Tre 51098 06F vk gragn  would 3now WR nne toven for the

Wer A0 Wb R e s O funthon OF e MUSS, e
e B e dependent \anone and mas B wndependent:
Tnevefove, e S00e WoWd (efiecs Wis vR\Qn orony-

™e euanon O: Hyy? © eguad YO AUS?mgAy. Theve fore,
12\(,11-“‘905 Wich \s Nown o) e graph and Ko
i e goplacemnent aid siope.

mmumdhmbm Page 7 GO ON TO THE NEXT PAGE.

—_

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

adbe

L4 Question 2 :"
Continue your response to QUESTION 2 on this page. : i
(c) —
i. Using the data in the velocity-time graph, calculate the change in kinetic energy of the cart - |
from ¢ = 0.5s to t = 2.0 5. Show your steps and substitutions. " - !
B e =
=5 V2 g7 Smv? © 'A'Sf‘w;\f;\; -

IR L N PLp WY\ e -

2 g 2 A= 0\\2‘5j -
< = e -

(o ‘3(.').6)(‘%)2 e 2("7"))(03 -

K|'- ~ 0\\2b V.Q:O -
ii. Using the data in the force-time graph, estimate the change in momentum of the cart =
from ¢ = 0.5s to ¢ = 2.5 5. Briefly explain how you arrived at your estimation. o
syyomentwm =
-e.p = . =0 At=2H-.5= 2-4¢ :
P - mY Fat t=.9 ey '
P - 9.6:0 MU esnmanon o € Wi -
10 4 Fat Fot ¢ 2 m%(_hd(ﬁ%ﬂ MO um -
t.z.65 207 (00D vecause corce (N) Gtme -

b 000 5 SRUNGS\S Tevo ok -

. P L 2.5 Seconchs 1 QSO TV, -
2295 fote A 2 & ABves O tnavge wh el =
ifi. Do the data from the velocity-time graph confirm your frim part (cXii) 7 Briefly . -

:.16[9 -
' = = - m -
p‘ =YYW plt my \{"-VQ\OU"B -
\, at . bs: \, 0t 2.9 5&5° Ap- ?)2 . - |
c&M‘b 03m|5 ‘a § ‘75 '6‘:.76 : ‘
= . 3, = .25(3) o ) = |
p‘ '-Q?E('a) pz - 75 AS:.16-,1b'O -
‘ My enmayion -
ers hme qraph con@ras MY 4 -
LAl a?m\gmv 5 '0nd 2.6 5econdta 13 W:?M?g‘;‘mng* © -
mﬁ (OOt © e S01me ot bown rimes. ¥IYEA S W =
ﬂ‘nmcn.mm at nes, ® weing the eguafion (%me n’m mote | -
SICe Qi oot imed te muss o A0 ARG W TN e | 2
SOYie Ok o mes. Tneveeove, e thang@ia SEEE -
(3)(29):= .7 . 5ee dbove For Wie WAL N TaCAURNgG AP =
Unauthorized copying or reuse of this page is llegal. Page 9 GO ON TO THE NEXT PAGE. :
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o \

Question 2

Continue your response to QUESTION 2 on this page.

Quantity to Be Measured SQ’“"".’”“ Equipment for Measurement

Hpe 1+ TAlES Stopwatch

pas> st C\}mla él Digital scale
Pmedm(mddimm.irmad)

, w@,a ogh nder 0h the Saalf

M" Mark 1+ with 1% w0l ht,
21 Fidach the, | 9hies+ Mlhinder tot+h&
bottom of the scale g
3, Jime  how long I#%“”;;Zi/”
t o lenghh then
%ﬁeoﬂt *k@ Cf}?z“le’ an) +he HrC It ok
t, vefest 2 ang MLVI‘] “P In Wef 4fum‘7/
all ghinders e bEen' mba
® S9raPk the Jatfea

i. Indicate the quantities that could be plotted to produce a linear graph whose slope can be used to
determine the spring constant k of the spring.

Vertical axis: S Horizontal axis: M

id. Bneﬂyduuﬁobowdn:bpeoftheaqhwwldbemﬂyzedwmthemmmk of

The l.ue Of best &% fhrow)h thes € pinss

wil\l sk Yhe flelede  amount of +1vig

- rould M[ée .Q)r »r Spf Y Y 1o (e fulg

w ot based O muss of  fhe”
te C/;Z(} ot‘h"achtlt
copying or reuse of this page is illegal. GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 2

Continue your response to QUESTION 2 on this page.

©

i. Using the data in the velocity-time graph, calculate the change in kinetic energy of the cart
fromt = 0.5s to ¢ = 2.0 s. Show your steps and substitutions.

_Akatv- £.7
AK= (- ,3

[A//¢= -06,3 h/5f7
ii. Using the data in the force-time graph, estimate the change in moméntum of the cart

from ¢t = 0.5s to t = 2.5 5. Briefly explain how you arrived at your estimation. -
mee there

_& _ 2 Ut
4(//1/_, 249 601‘5 .54(;4\6!3:‘:;

AFN e -
\_I L cha
iii. Do the data from the 1I';A r& Y N Mﬁ%%%oequl

ocity-time confirm your estimation from explain.

T4 \pes beaause |, ‘his Hime.
D& e amoiny o pegiie i
o “h”h'eé lo the Syesfer 4
force oqnd o pasitive folcg .
Phﬂ' pl“"to“/ﬂh -fherﬂr&
there M

+6 the ar
This means s
(honges within the- Fimes
oveal| 1o CW'

0 -0 ahé neqalive (AWM

Umm“”ﬂ"'wbm- Page 9 GO ON TO THE NEXT PAGE.
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Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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AP® Physics 1: Algebra-Based 2024 Scoring Commentary

Question 2
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

Responses were expected to demonstrate the ability to:
e Communicate a procedure to measure a quantity using a specified set of equipment.
e Identify a pair of variables that could be plotted to create a linear graph whose slope would help
determine the spring constant (e.g., mass and the square of period).

e Calculate the change in kinetic energy of an oscillating object from a velocity versus time graph.
e Estimate the change in momentum from a force versus time graph using the area under the graph.
e C(Calculate the change in momentum from a velocity versus time graph using speeds at specific times.
e Demonstrate consistency between different representations of motion.
Sample: 2A
Score: 10

Part (a) earned 4 points. The first point was earned for indicating that “mass of cylinders” should be measured with
the digital scale. The second point was earned for indicating that “time / period” should be measured with a
stopwatch. The third point was earned for indicating that the system will be oscillating in steps 3 and 4. The fourth
point was earned for indicating both that five oscillations will be recorded and that those oscillations will be repeated
with multiple cylinders. Part (b) did not earn any points. The first point was not earned because the response does
not indicate quantities that should be graphed on the vertical and horizontal axes. The second point was not earned
because the response does not describe a way to find the spring constant using the slope of a graph. Part (c) earned

6 points. The first point was earned for using the kinetic energy equation. The second point was earned for showing
the substitution of both a correct mass and a correct velocity into an equation. The third point was earned for stating
that the change in kinetic energy is 0.01125 J. The fourth point was earned for indicating that the change in

momentum is zero. The fifth point was earned for explaining the change in momentum in terms of the area under the
force-time graph. The sixth point was earned for using data from the velocity-time graph to calculate the momentum
at the beginning of the time interval and indicating that the momenta are the same.

Sample: 2B
Score: 7

Part (a) earned 2 points. The first point was earned for stating to “use the digital scale and measure the masses of
each cylinder.” The second point was not earned because the response states to measure time with a stopwatch and
indicates that the time being measured is “the amount of time it takes for the cylinder to touch the ground and stretch
the spring all the way until it touches the ground.” This is not the period, nor is it sufficient to determine the period.
The third point was not earned because the response does not indicate that the system is set into oscillatory motion.
The fourth point was earned for stating to “attach each cylinder one by one to the spring,” which is an indication of
performing multiple trials. Part (b) did not earn any points. The first point was not earned because the response
indicates that mass should be graphed as a function of time, quantities that would not produce a linear graph. The
second point was not earned because the response does not indicate how the slope of the graph could be used to find
k . Part (c) earned 5 points. The first point was earned for using the kinetic energy equation. The second point was
earned for showing the substitution of both a correct mass and a correct velocity into the equation. The third point
was earned for stating that the change in kinetic energy is 0.01125. The fourth point was earned for indicating that
the change in momentum is zero. The fifth point was not earned because the response indicates that the force at the
beginning and end of the time interval is zero but does not discuss the area under the graph. The sixth point was
earned for using data from the velocity-time graph to calculate that the momentum at the beginning and end of the
time interval is the same and stating that the change in momentum is zero.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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Question 2 (continued)

Sample: 2C
Score: 3

Part (a) earned 2 points. The first point was earned for stating to “weigh each cylinder on the scale.” The second
point was not earned because the response states to “take how long it takes the spring to settle,” which cannot be
used to find the period. The third point was not earned because the response does not indicate that the mass-spring
system will be oscillating. The fourth point was earned for clearly indicating that the procedure should be repeated
with all cylinders. Part (b) did not earn points. The first point was not earned because the response does not list
quantities that could be plotted to produce a linear graph whose slope can be used to find & . The second point was
not earned because the response does not correctly describe how the spring constant can be found using a best-fit
line. Part (c) earned 1 point. The first point was not earned because the response does not use the kinetic energy
equation. The second point was not earned because, while the response does include the value 0.3 m/s, it does not

demonstrate that this value is being substituted into an equation. The third point was not earned because the response
does not indicate the correct value for the change in kinetic energy. The fourth point was earned for indicating “the
change of momentum is equal to zero.” The fifth point was not earned because the response does not indicate that
the area under the force-time graph represents the value of the change in momentum. The sixth point was not earned
because the response does not compare the change in momentum to the data from the velocity-time graph.

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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