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AP Physics 1 UMY 2023 Q3 (a)(i)
HEXTH. FMEZER5=EE
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3. (12 points, suggested time 25 minutes)

75 2023 Q3 (a) (i)

A small block of mass m, is attached to the end of a spring of spring constant k that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces
are negligible.

(a) At time ¢ = #, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v; and the spring is stretched a distance d; from the spring’s unstretched length, as shown in Figure 1.
At time t = t,, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v, and the spring is stretched a distance d, from the spring’s unstretched length, where d, > 4|, as
shown in Figure 2.



AP Physics 1 UMY 2023 Q3 (a)(i)

i. On the following dots, which represent the block at the locations shown in Figure 1 and Figure 2, draw the
force that is exerted on the block by the spring at times ¢ = #; and ¢ = t,. The spring force must be
represented by a distinct arrow starting on, and pointing away from, the dot.

Note: Draw the relative lengths of the vectors to reflect the relative magnitudes of the forces exerted by the
spring at both times.

fi#:

RERYPIRERI L, BERGHYIR. ERTRLZE—XAANEENFR, FoXERK, It
RERFEEALYIRIS, FEFINY ‘A0 .

Fsl FsZ

PRRSEER DEREREEAT, RRIRAIIFISKR K,

BEANS

(a)(i) For drawing rightward arrows in both diagrams 1 point

For the length of the arrow at ¢ = ¢, being longer than the arrow at ¢ = ¢, 1 point

Scoring Notes:
e A maximum of 1 point can be earned if extraneous unlabeled arrows are drawn.
¢ A maximum of 1 point can be earned if incorrect labeled forces are drawn.

Example Response
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AP Physics 1 BUMIHX 2022 Q2 (a)
EEESZHE: FZARBAXRENE

FEEMRFMIAE, BlE BENCHEE . S—MEEFRE—XFiX; MEEHH—TMNIHDE
EEE#E, 5|FENXRE, ENEERAT, BI8%8, HFNEEEME,

XEARRKRFAAREYIE, FikEMRbER. SXEELREAERENE; M ARBRHNSINDEES
AlEd, FREREClIEMZEIER,

iz 2022 Q2 (a)
Planet
Moon A Moon B \
o @ o @ 4444444444444444
v Y

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m, of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(a) The following dots represent the two moons when they are at the locations shown in the previous figure. On
each dot, draw and label the forces (not components) exerted on Moon A and on Moon B. Each force must be
represented by a distinct arrow starting on, and pointing away from, the appropriate dot.

Moon A Moon B

fi#:
A LERZEANS: TEMNANS|F. BX ARSI, B LETEX BEAMNSIH, UKAXBEAE
8511, mNAEERNDBESIFHEIE,

Fpona Fpop
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Fg Fas
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AP Physics 1 HMH X 2022 Q2 (a)
BAIFS
(a) For two forces directed to the right on Moon A, correctly labeled, with no extraneous forces 1 point
For two horizontal forces in opposite directions on Moon B. The labels on the forces must be 1 point
correct and distinguishable from each other, with no extraneous forces.
Scoring Notes:
e Acceptable labels for forces include: Fyp, Fy oip> Frumers Froons Fos Fps Fon s €tc.
e Maximum | point can be earned if the arrows do not start on the dot.
Example Response
FAB K BA FB»pIanct
FA-planei
Moon A Moon B
Total for part (a) 2 points

FEEMTR, EOMITYIRTT; B HSERMRENEL. WRERELS, Eo5RENSHE
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%51 2024 Q1 (c)(i)

(©)

2R

1. (7 points, suggested time 13 minutes)

A block of mass M is released from rest at Point A, a height 6R above the horizontal. After being released, the
block slides down a track, as shown. When released from Point A, the block does not lose contact with the track
at any point. Points B and C are located at the highest points of their respective circular loops, both of radius R.
All frictional forces are negligible.




AP Physics 1 HUMHNX 2024 Q1 (c)(i)

i. On the following dot that represents the block, draw and label the forces (not components) that are
exerted on the block at the instant the block slides through Point C. Each force must be represented by a
distinct arrow starting on, and pointing away from, the dot.

fi#d:

CEE=MEFTS, MALEEN THEN Mg R THNEZEN N, AEBEERENE, 78
@ BN .

Point C

Mg



AP Physics 1 HUMHNX 2024 Q1 (c)(i)

BA¥5

(c)(i) For drawing a downward arrow labeled as the gravitational force 1 point

For drawing a downward arrow labeled as the normal force 1 point

Example Response

F,

N

v

Scoring Note: Examples of appropriate labels for the gravitational force include F;, Fy,
Foay» W, mg , Mg, “grav force,” “ F' Earth on block,” “ F on block by Earth,”

Farth on Block » FEBlock » OF FBlock £ - The labels G or g are not appropriate labels for the

gravitational force.

Scoring Note: Examples of appropriate labels for the normal force include F,

n o

FNaNa

“normal force,” or “track force.”

Scoring Note: Arrows of any nonzero magnitude can earn these points.

FRERR BRI NEERE
TEAFRIEMEER T, SEBYPREZRZINENNKS, REEG; BURENARS HFIERE
A EE, REFEM; K@, TR

BEHNHRKSEEKNINRE, BEKEEENIFEENYIR, FMUREENR DEREIIMIEE
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AP Physics 1 MmN 2022 Q1 (a)(i)

&% 2022 Q1 (a)(i)

1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string that passes over a pulley, as shown above. Block 1 is on a horizontal surface
and is attached to a spring that is at its unstretched length. Frictional forces are negligible in the pulley’s axle and
between the block and the surface. Block 2 is released from rest and moves downward before momentarily
coming to rest.

kg is the spring constant of the spring.

M, is the mass of block 1.

M, is the mass of block 2.

Ay is the distance block 2 moves before momentarily coming to rest.

()

i. Block 2 starts from rest and speeds up, then it slows down and momentarily comes to rest at a position
below its initial position. In terms of only the forces directly exerted on block 2, explain why block 2
initially speeds up and explain why it slows down to a momentary stop.

fi#:

YR 2 BIESETHNEN Mg 5EEMKA T, FREERMFR, KA, EHOATKA, 678
T, 5TERERRM, FRIMME, #EHIHK, KAOEK;, HkNDBIEHN, SHRLMEENR
T, TRAREZEEXFL, FTEESENDYEEIZEMAYIR 2 NE=N,



AP Physics 1 MmN 2022 Q1 (a)(i)

BA¥5

(a)(i) For relating the net force to acceleration or change in velocity 1 point

For a correct description of the relative magnitudes of the tension and gravitational forces 1 point
during Block 2’s motion — forboth 7 > W and T < W

Scoring Notes: This point is not earned if the spring force is explicitly stated to be a force
directly exerted on Block 2. If the spring force is mentioned, it must be connected to the
string tension.

Example Response

The direction of the acceleration and the direction of the net force are the same. The block
speeds up when the gravitational force is greater than the tension and then slows down
because the tension becomes larger than the gravitational force.

[E—#ELLR]: LK, BREEAKE

PR DETREY, BERERPHNHEMIKEZEZNIHAN, MARREE "“F-XBRK” . F—#E

MEFRE, BHETHIMBKRKIEL. d, KF d,, ZARHFIEANEIFH.

=% 2023 Q3 (a)(ii)
Zx|a) &4 2023 Q3 (a)(i)o

(77

3. (12 points, suggested time 25 minutes)

A small block of mass m is attached to the end of a spring of spring constant k that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces
are negligible.

r=1
=
A T
\
|
\ \d L ///
e -
(
Figure 1 Figure 2




AP Physics 1 UMY 2023 Q3 (a)(ii)

(a) At time t = f, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v; and the spring is stretched a distance d; from the spring’s unstretched length, as shown in Figure 1.
At time ¢ = t,, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v, and the spring is stretched a distance d, from the spring’s unstretched length, where d, > 4|, as
shown in Figure 2.

ii. Referencing d; and d,, describe your reasoning for drawing the arrows the length that you did in
part (a)(i).

fi#:

MRERR—#E, SHEFRZ. BREK A, KT d,, BHORLEX; §ELKERKIEEK,
FRHEDK,

BEANSR

(a)(ii) For an explanation that refers to the difference in the stretch length and indicates that the 1 point
magnitude of the spring force is (or is not) related to the stretch length, consistent with the
force diagram drawn in part (a)(i)

Example Response

The spring force arrow drawn at t = t, is longer because the spring is stretched a greater

distance at that time and the spring force is related to the stretch distance.

FREMENENEN: FRAREIREREEER

EREEHEMERRAE, EEARB—BEERAELD, FEOANEG. HEEXRT, BEFFIEEAH,
HmEE, FENREINEEMNS RN,

AREKIEN, SEEAEAMBEINMNEFRR. FERABEP—E: EEANNELEFEEAHN
G571, BRYIFREENEW, FREAHBERTHIZCIE, MmAXMERRH.

10



AP Physics 1 HUmiENX 2023 Q3 (a)(iii)

(77

3. (12 points, suggested time 25 minutes)

8% 2023 Q3 (a)(iii)

A small block of mass m, is attached to the end of a spring of spring constant k that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces

are negligible.

r=1
=
A T
\
|
\ \d L ///
l\\\ ___________ ’///
(
Figure 1 Figure 2

(a) At time t = f;, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v; and the spring is stretched a distance d; from the spring’s unstretched length, as shown in Figure 1.
At time t = t,, the rod is spinning such that the block moves in a circular path with a constant tangential
speed v, and the spring is stretched a distance d, from the spring’s unstretched length, where d, > dj, as
shown in Figure 2.

iii. Is the tangential speed v, of the block at time ¢ = f; greater than, less than, or equal to the tangential
speed v, of the block at time ¢ = t, ?

Vi =V

V1>V2 V1<V2

Justify your answer without using equations.

11



AP Physics 1 HUmiENX 2023 Q3 (a)(iii)

fi#:

EREZRERREA, BERBEIKTEE, FRNEFRTA, MBEROHNELBE R, FEEK
T, ¥RTARMEFEAENEOE RN BEEBEAMNNE LREEANBEOEN], BRERHN
MEKR, XEMET HS5FRNE L, SEREIEFRYERT,

BA¥5

(a)(iii) For a correct selection with an attempt at a relevant justification, or a selection and 1 point
justification consistent with the response in part (a)(ii)

For indicating that the spring force is the net force 1 point

Scoring Note: Stating F' = kx earns this point.

For indicating that the net force is related to the speed (or acceleration) 1 point

Scoring Note: The relationship does not need to be defined to earn this point.

Example Response

Vi >V, X v <w Vi =V,

The net force is the spring force. When the spring is stretched a greater length, the spring
force is greater, so the net force is greater, and therefore the tangential speed is greater at
t=t,.

HKRRAREN: THEERFENAM

EkTFREL, YIRSEREMRE, MENXFASETHENRE. aHORRGHRENT]; L84S
PENBEKEHARER. LERK, ©RBHNE,

75 2023 Q3 (b)(i)

L]

3. (12 points, suggested time 25 minutes)

A small block of mass m, is attached to the end of a spring of spring constant k, that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces

are negligible.

12



AP Physics 1 UMY 2023 Q3 (b)(i)

(b) Consider a scenario where the block travels in a circular path where the spring is stretched a distance d from
its unstretched length L.

i. Determine an expression for the magnitude of the net force F,; exerted on the block. Express your answer
in terms of m, ko, L, d, and fundamental constants, as appropriate.

fi#e:
BEHE5XFHINHE, SO HE:

Fnet — kod.

BA ¥

(b)()  For the correct answer: F, = kyd 1 point

Scoring Notes:
e An answer of kx does not earn this point.
e Points for part (b)(i) may be earned if correct in (b)(ii).

Example Response

F,

net

F,

net

=3F = F,
=3F = kyd

MERB-EREESER: FEMEK
BB EK derive BY, NFWFE_ERRE, FTERVREHERIN, RENZAMEEZRRF SR
UHE; BERHXNSRNE.

WENAMBK, EFREA L+d. MEBUKE, HIRTAEANE; BENBUE, BEHERDN
IEfR,

13



AP Physics 1 HUmiENX 2023 Q3 (b)(ii)

=R 2023 Q3 (b)(ii)

L]

3. (12 points, suggested time 25 minutes)

A small block of mass m, is attached to the end of a spring of spring constant k that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces

are negligible.

(b) Consider a scenario where the block travels in a circular path where the spring is stretched a distance d from
its unstretched length L.

ii. Derive an equation for the tangential speed v of the block. Express your answer in terms of m), kg, L, d,
and fundamental constants, as appropriate.

fi#:
METIE —EEFIR. BAFRNYI2K L+d, BEHIEEHK d:

mov?

L+d

02— kod(L 4 d) . kod(L + d)‘
my ’ my

REAERR. BRI kye me« LHIALE, dZHEKE,

E

net,r

9

14



AP Physics 1

MY 2023 Q3 (b)(ii)

BA¥5

(b)(ii) For a multistep derivation that begins with Newton’s second law: XF = ma 1 point
For one of the following: 1 point
e Substituting kx for force into Newton’s second law
o  Substituting é for acceleration into Newton’s second law
e Substituting (L + d) for the radius
1 point

For the consistent answer in terms of the given variables: v =

Scoring Notes:

e Subscripts for m and k& are not required to earn this point.

e Points in (b)(ii) can be earned if correct in (b)(i).

Example Response

2F = ma,
2
P
P

2

_omyv

kod =777

 [d(L +d)
V= —mo

A5 At RRENS R AHGH

BXARENEMS|7, BIXBRREIMNRMASI D, tHREHAN, SBERREMN. REER;, “BfT

EER" JREEF—M5, RREZE.

BHAA “AIRERA" , RAFELTESERN—MER. RIRRAIZEN, §HO7R); AIKEERAX

B, BEKZEINSIAXAILR mMEHEED ST,

15



AP Physics 1 UMY 2022 Q2 (b)(i)
iR 2022 Q2 (b)(i)

Planet

Moon A Moon B \

R o

Note: Figure not drawn to scale.
2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m, of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(b) Consider the net gravitational force exerted on each moon due to the planet and the other moon.

1. Justify why the magnitude of the net force exerted on Moon A could be larger than the magnitude of the
net force exerted on Moon B.

fi#:

ABRAE@EMEM, BHAHARMIKHE. 1R B ERNSIHKRNMEGE, EEHREN; i ANEE
IAE Ko

BEANS

(b)(i) For indicating the force vectors on Moon A point in the same direction and therefore, the 1 point
magnitudes add, while the force vectors on Moon B point in opposite directions and the
magnitudes are to be subtracted

Example Response

The force vectors on Moon A point in the same direction and therefore add, while the force
vectors on Moon B point in opposite directions and will subtract.

E—RFBRBREIEE, X—ER—FAIENERXR: ZERITIARSARIZ, EAXKZERK
514255, BLRITENER.

16



AP Physics 1 HMHEX 2022 Q2 (b)(ii)

83 2022 Q2 (b)(ii)

Planet

Moon A Moon B \

R o

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m, of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(b) Consider the net gravitational force exerted on each moon due to the planet and the other moon.

ii. Justify why the magnitude of the net force exerted on Moon B could be larger than the magnitude of the
net force exerted on Moon A.

fi#e:

BETEEI, 1TEXN BHSINEKR, MNRABRFRIZ, MIMAXKEELRA, AkE57%5; B L
BATEMSI NSNS, BEHAUER, REXKUEXRE, NRMIEERMEHR/NBHE—
RFFo

BEAHS

(b)(ii) For ajustification based on the inverse relation between gravitational force and distance 1 point

Scoring Note: This point may be earned in either part (b)(i) or (b)(ii).

For indicating Moon B is closer to the planet than Moon A, and therefore, the gravitational 1 point
force exerted by the planet is larger for Moon B than for Moon A

Example Response

The gravitational force is greater for objects that are closer together, and Moon B is closer to
the planet than Moon A, so the gravitational force from the planet is greater for Moon B than
for Moon A.

17



AP Physics 1 BUmIHX 2022 Q2 (c)
SIHEHFIN: FEEEYNMFYERYE)EE

FH—FRIEAME. S5 NERYEREMENFOEEAE; BMEIE. kA%, AEEMN. AZ
TERERE. BEITENERURMAMKNEER=1NEER,

mymy

F, =G4

GE5INEE, m;. m, BXRBERSINEYERE, r 2ENIRVER, HRHSHNEHNRRAEE; L
BREDKNE, NEUZERBVEIE,

il 2022 Q2 (c)

Moon A Moon B \

R o

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m, of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(c) Derive expressions for both of the following quantities. Express your answers in terms of mg, m,,, Ry, Rg, and

physical constants, as appropriate.

* The net force F, exerted on Moon A

* The net force Fy exerted on Moon B

fi#e:
BAAaRE. BEKSTEZEMNESRS58 Ry Ry, MAIKEEREA R,~Ry:

G 2
Fp= 0" Gmo =
R (R4 — Rp)
Fy - Gmomp Gm%

R,  (Ry—Rp)?
XE F, REUTSNKESH; BERNR, SHHE. REDANER |Fplo

18



AP Physics 1 MmN 2022 Q2 (c)
BAIFS
(c) For using the law of gravitation at least once 1 point
For substituting in correct distances in all expressions 1 point
For substituting in correct masses in all expressions 1 point
For correctly adding terms for 2F, and subtracting terms for LFy 1 point
Scoring Note: An overall negative sign on either force is acceptable.
Example Response
Moon A Moon B
F =G m m2 F =G m m2
r
2F‘A = FA-planet + FAB Z:FVB = FB-pla11e1 - FBA
mym 2 mym 2
SF, = G——2 o SFy =Gl G—
RA (RA - RB) RB (RA - RB)
m, m
SF, = Gm, | —4 + —0 SFy, = Gmy| —4 ——0
R (R _RB) R (RA_RB)
Total for part (c) 4 points
RESNAREZFERMANXR
TR IFRENREE, BENFHHETREM. METHUE, FREANERY B piFR . s

AR

pan—=ra

BN =

BB R H(EL

T/

-

FICATBERY Lo

NERIMZE, EENRBEZLMRHE;

19
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AP Physics 1 M 2022 Q2 (d)(i)
FilE 2022 Q2 (d)(i)
ZN(a)&3E 2022 Q2 (b) (i)« 2022 Q2 (c)o

Planet

Moon A Moon B \

N AR

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(d)

i. Could the expressions in part (c) support your reasoning in part (b)(i) ?

Yes No

Explain your reasoning.

fi#:
AT, ARERNEITAEM; B XNRMIERE, BEANMNEL, BHNEAXNMRN, ATUEK,

BEANS

(d)(i) For addressing the functional dependence expressed in the equations from part (c) 1 point
Scoring Notes:

e Itis not necessary to use the functional dependence correctly to earn this point.
e This point may be earned in either part (d)(i) or (d)(ii).

For a correct explanation for why the expressions in part (c) either support or do not support 1 point
the reasoning consistent with response in part (b)(i)

Example Response

Yes. For the net force on Moon A, both force terms have the same sign, so they add, while for
the net force on Moon B, the two terms have opposite signs, so they have a canceling effect.

20



AP Physics 1 MY 2022 Q2 (d)(ii)
#:3] 2022 Q2 (d)(ii)
Zs(a)&3E 2022 Q2 (b)(ii) 2022 Q2 (¢)o

Planet

Moon A Moon B \

N AR

Note: Figure not drawn to scale.

2. (12 points, suggested time 25 minutes)

Two identical moons, Moon A and Moon B, orbit a planet. The mass m of each moon is significant, but less than
the mass m,, of the planet. At some point in their orbits, the planet and the two moons are aligned as shown in the
figure.

(d)

ii. Could the expressions in part (c) support your reasoning in part (b)(ii) ?
Yes No

Explain your reasoning.

fi#:

WAL, AZBITEHIZE B, ANKIRIS B NNWA K| HWENR/)N; B STERFROE, T
B IR TARARITES I HT, EA/NAILEE Fy0

BEANSR

(d)(ii) For a correct explanation for why the expressions in part (c) either support or do not support 1 point
the reasoning consistent with response in part (b)(ii)

Example Response

The gravitational force has an inverse relationship with distance. If Moon A is very far away,
SF, from part (c) will be small. If Moon B is close to the planet while Moon A is far away,

the force toward the planet would be big while the force toward the moon would be small such
that XFy could be larger than XF, .

21



AP Physics 1 HIMHX 2023 Q3 (c)
RIEERRN: FETENEHESTER

I “BRIEAR, RREEREKX" , ZBEER—YR. B—#ENE—RK, ZTFRFESHERN
EF. MPMERFHEKRN, FRMEFHREEKR; XA BHZERE ML,

57 2023 Q3 (c)
Zsja) &3 2023 Q3 (a)(iii). 2023 Q3 (b)(ii)o

Rod
L]

3. (12 points, suggested time 25 minutes)

A small block of mass m, is attached to the end of a spring of spring constant k, that is attached to a rod on a
horizontal table. The rod is attached to a motor so that the rod can rotate at various speeds about its axis. When the
rod is not rotating, the block is at rest and the spring is at its unstretched length L, as shown. All frictional forces
are negligible.

(c) Does your equation for the tangential speed v of the block from part (b)(ii) agree with your reasoning from
part (a) ?

Yes No

Explain your reasoning.

fi#:

[B1% Yes, EIENNEY, d 5 L+d &#EMN, ENIRIFRIEM, FFHERIEFMLIEM, 5(a)RIEMLLR
_gyo

22



AP Physics 1 BUmHX 2023 Q3 (¢)
BAES

(c) For an answer that attempts to use functional dependence to relate the tangential speed with 1 point
stretched distance

Scoring Note: It is not necessary to use the functional dependence correctly to earn this
point.

For a correct explanation for why the derived equation in part (b)(ii) does or does not 1 point
support the reasoning in part (a)

Example Response

My equation from part (b)(ii) agrees with my reasoning in part (a). The tangential speed of
the block as it travels in a horizontal circle is related to the distance the spring is stretched.
The greater the tangential speed of the block, the greater distance the spring is stretched.
The equation shows this because the d is in the numerator.

Total for part (c) 2 points

EINEENEG: EERRSMEMN

FELIRES R, BDE “EEEMUE" M MNEEHWL” . BE—-MEERNFRRZMEE; N
REEEN, XEERHELZ. UE-NEENTEARERERE, HAMOBEMEENTSRE,

1
v =v; + at, x:xi+vit+§at2.

v; Mz, RFREAVERENME, t MZFIRERZI. KEREERBERTES: KEHEEE. BES
SUNRRTN, NEERIRLRH EKE, RESR TRINEER RS,
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AP Physics 1 MmN 2026 Q1 (a)(i)

=R 2026 Q1 (a)(i)

Question 1: Version J

1. Water exits the nozzle of a fountain at an angle 6,, above the horizontal.

At time ¢ = 0, a droplet of water exits the nozzle and follows the path shown in Figure 1. The
droplet reaches a maximum height /; above the nozzle.

Figure 1

Path

Fountain

Nozzle

Note: Figure not drawn to scale.

At 1= t,, the droplet returns to the same height at which the droplet exited the nozzle.

Part A

i. On the axes shown in Figure 2, sketch graphs of the horizontal and vertical components
of the velocity of the water droplet as functions of t from 1 =0 to 7 =7,.

Figure 2
Horizontal Vertical
Velocity Velocity
Component Component
A A
@) —1 @) —1
Ly Ly
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AP Physics 1 MmN 2026 Q1 (a)(i)
fi&:

WAEfF. BEAE, KFEEAFFERE, BKFEL, BEEREMIEESE, NEEAMETRE,
AReAIE, REBROSENASHREEREFA. RANKAE KRER/ES CITHE ¢ B9—
Fo

VoSin By A
VoCO0S B¢ A
N = 0

—VoSin By T
0 T T T T T T
0 ti/2 tr 0 ti/2 tr

t t
mERANEEREANE, KFPERERERAT,
BEANS
A (i) For sketching a nonzero, horizontal line for the horizontal component of the velocity Point Al

Scoring Notes:

e This point may be earned for either a positive or negative horizontal velocity.
e Disregard anything sketched for ¢ > 7, .

For sketching a line with a constant, negative slope that crosses the horizontal axis for Point A2
the vertical velocity

Scoring Note: Disregard anything sketched for # > 7.

Example Response

Horizontal Vertical
Velocity Velocity
Component Component

(0] ; t 0 \ } t

XREEEUEE, BREKRE FAE, NERERRIMENEE NS RUBER, BESRERZH
HBERKRTRBR R,
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AP Physics 1 HUmHNX 2023 Q2 (d)

Hil7% 2023 Q2 (d)

The students want to confirm that the acceleration is the same whether the cart rolls up or down the ramp. The
students start the cart at the bottom and give the cart a quick push so that it rolls up the ramp and momentarily
comes to rest. The x-axis is still defined to be parallel to the ramp with the origin at the top.

(d) On the following graphs, sketch the position x and velocity v as functions of time ¢ that correspond to the
scenario shown while the cart moves up the ramp.

fi#:
TARE TALE, NEERRYIERE MR, ERENE; (NEMENEME TR, thkm M, L)
SREFMLINE, REGMAELE, MIEREEM, BEXEIELMAEE,

1
z(t) = z; + vt + §at2, v(t) = v; + at.

TRERFEFS. PRS5MD, FEREARRHIVEEYEM EIHHE,

position
velocity

time time

ERMESRE N, MMEREANIE; MEEREEM,
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AP Physics 1 HUmHNX 2023 Q2 (d)
BAES

(d)  For sketching a concave up curve with an initially negative slope for the graph of position 1 point
as a function of time

For one of the following: 1 point
e Drawing a line with a positive slope and a negative vertical intercept for the v vs.
¢t graph
e Drawinga v vs. ¢ graph that is consistent with the x vs. ¢ graph that shows
acceleration

Example Response

X v
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AP Physics 1 HUmHNX 2023 Q2 (d)

Scoring Note: The following are alternate example graphs with the points the response

would earn.
X V
0 / t Earns 2 points
0 t
X vV
0\ t Earns 1 point
0 t
X v
0 t Earns 1 point
0 t
X v
o t Earns 1 point
0 t
X v
0 t Earns 0 points
0 t

Total for part (d) 2 points

28



AP Physics 1

MY 2026 Q1 (a)(ii)

AR R EERE N TR KRR

KEFERSRN, BERENE, KFERENFT.
FEREAR, BRANSNEREMNEEXR.

vg = U;O + 2a,Ay,
[ ERNIEN o =g, Ay BE&ER/BNBONSE.,
B EEE,

78 2026 Q1 (a)(ii)

Question 1: Version J

ReERBRVRENEESERE; HTEIRKE

'Uy70 - UO Sin 00

LG 0, RIS A ESKTERER, FEIESVER

1. Water exits the nozzle of a fountain at an angle 6, above the horizontal.

At time ¢ = 0, a droplet of water exits the nozzle and follows the path shown in Figure 1. The
droplet reaches a maximum height /, above the nozzle.

Figure 1

Fountain

Note: Figure not drawn to scale.

At ¢ = t,, the droplet returns to the same height at which the droplet exited the nozzle.

Part A

ii. Derive an expression for the speed of the water exiting the nozzle. Express your
final answer in terms of 6,,, 4, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference

information.

fi#:

FNEELREREMEEXR,. RERBERENE, BEAS ,, EEREN vsind,:

i

vg = 03,0 + 2ayAy,
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AP Physics 1 UMY 2026 Q1 (a)(ii)
v — vV 2ghy
07 sing,
PSS A m L,
sing, >0
REREVE(E,
BAIFS
(ii) For a multistep derivation that includes one of the following: Point A3

e A kinematic equation or combination of equations that can be used to solve for
the speed of the water

e A conservation of energy equation

e Bernoulli's equation

For including a component of the initial velocity using any trigonometric function of 6

For indicating one of the following:

e Jy is the maximum vertical displacement of the water.

o The vertical velocity at the maximum height is zero.
e The pressure at the nozzle and at the maximum height are equal.

V2l 2gh
i 2
sin 6, 1 —(cosb,)

Scoring Note: A correct, isolated, algebraic equivalent of

earns points A4 and AS.

30
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AP Physics 1 UMY 2026 Q1 (a)(ii)

Example Response

vi = V;O + 2ay(y - %)

vi = (vsin@o)2 +2a, (y =)
0 = (vsing,)* - 2gh,

V= V2gh

sin

12 L 2
> m; :mgh+§mvf

2

1 1 2 2
FV 5V (cosby)” = gh

v? (1 - (cos€0)2) =2gh

b= 2gh
1 —(cosb,)?

OR

| | )
R+pgn+5pi =5 +pgs+5pv
%pv2 = pgh + %p(vcos@o)2
1 2 1 2
V= gh + E(vcosﬁo)
V2 = 2gh +1* (cosb, )
v (1 —(cos b, )2) =2gh

28l

1-(costy,)’
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AP Physics 1 UMY 2022 Q1 (b)
*)-LW BE~ IjJ % E =

FIBTHMEER S TE: SBHASR
KRERFEE M. HIKERFANN, ENFRAENHRNEBRR, BETRFNE, AEELEE,
TEREFRRN, BN TaRFAFEAIN, XEEESHRNSMRRAE,

MAEGHHASFT ERELM. SN EEHETE, MMT); BRANEELERIEERIR S ENIME
g, EEIE,

il 2022 Q1 (b)

1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string that passes over a pulley, as shown above. Block 1 is on a horizontal surface
and is attached to a spring that is at its unstretched length. Frictional forces are negligible in the pulley’s axle and
between the block and the surface. Block 2 is released from rest and moves downward before momentarily
coming to rest.

kg is the spring constant of the spring.

M, is the mass of block 1.

M, is the mass of block 2.

Ay is the distance block 2 moves before momentarily coming to rest.

(b) Indicate whether the total mechanical energy of the blocks-spring-Earth system changes as block 2 moves
downward.

___ Changes ___Does not change

Briefly explain your reasoning.

R

e+ Does not change, ¥R —5#%E —MIKRRTHR; KEXFFNRNRIZHERIMEN, HIMEERERD
BE. ENFRESHELREZEES,

32



AP Physics 1 UMY 2022 Q1 (b)
BAES

(b) For selecting “Does not change” with a correct explanation 1 point

Example Response

There are no external forces on the system and no energy is dissipated by friction, so the total
mechanical energy stays the same.

Total for part (b) 1 point

iR Z EREEERE . ENFHETRERHE

EFIEFREMEREENR MRS, SREERmINT. ENBEBRVHANNBEEETERERE, BE
BEEEMBFEERNTHRAE, M ﬁﬁ?é%ﬁm&ﬁk%ﬁlﬂﬁkjﬁﬂﬂﬂﬁfz‘ﬂ’ﬂﬁwo

PR K BEh6E, U, RENHEE, U, BEEFRE; TR RREENFIERES, [ RIEENERRK
IL‘:\O :*‘F Ef_ﬁ/l\'{kuﬁnu*ﬁm, Etb&ﬁ(ﬁlﬁdﬁlu\*no

1
Ki+U,;+U,,;=K;+U, ;+U,;, U,=mgh, U, = flc(M)Q.

g S

h 2ENFMEZRHNEESE, A ZREMNRKIAE, BIEEREEN. FIRERRIE s WY
BE T ssind; EEYIRAIAR IR KNI ERY %%EJJEE%*EHO

7% 2025 Q2 (b)

Question 2: Version J

2. A block of mass M is released from rest at position x = 0 near the top of a ramp. The ramp
makes an angle of 6 with the horizontal. The block slides down the ramp with negligible
friction. At x = 8D the block makes contact with an uncompressed spring with spring
constant k. The spring is then compressed and the block momentarily comes to rest at x = 12D.
Figure 1 shows the instants when the block is at x = 0, x = 6D, and x = 10D, respectively.

~
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AP Physics 1 MY 2025 Q2 (b)

B. Figure 5 shows the block at x = 0 when the block is released from rest and the block at
x = 12D when the block momentarily comes to rest against the compressed spring.

Figure 5

Starting with conservation of energy, derive an equation for the spring constant k. Express
your answer in terms of M, 6, D, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference
information.

fi#:
MM SE 12D (1B, Mmiktyskt, RE TSR 12Dsin0, #EM 8D I BA FIAESE, FRilRARE
gaE2 4D

. 1
E;=E;,  Mg(12Dsing) = Sk(4D)?,

k_24MgDsin0_3Mgsin9
- 16D2 - 2D
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AP Physics 1 MY 2025 Q2 (b)
EANS

B For a multistep derivation that includes conservation of energy Point B1
For equating the gravitational potential energy to the spring potential energy Point B2
For one of the following: Point B3

e Substituting 12Dsin @ for Ay in a gravitational potential energy expression
e Substituting 4D in for Ax in a spring potential energy expression

For a correct expression for & Point B4

Accept any algebraic equivalent of one of the following:

o kzéMgsinH
2 D
o 3 Mgsind
2 D

Scoring Note: A correct, isolated, final expression of k = %M earns points B2,

D
B3, and B4.

Example Response
Ey=E,

Ug =U;

mgAy = %k (Ax)?

Mg(12Dsin 0) = %k(4D)2

_ 3 Mgsin6

k 2 D

XREENHERSBEYIRTRENRR, BAERBKERT, hrahEF#L, KBE—NEUBBRA
BEHFBERLD SHEBEEM,
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AP Physics 1 HME X 2022 Q1 (a)(ii)

#:>] 2022 Q1 (a)(ii)

1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string that passes over a pulley, as shown above. Block 1 is on a horizontal surface
and is attached to a spring that is at its unstretched length. Frictional forces are negligible in the pulley’s axle and
between the block and the surface. Block 2 is released from rest and moves downward before momentarily
coming to rest.

kg is the spring constant of the spring.

M, is the mass of block 1.

M, is the mass of block 2.

Ay is the distance block 2 moves before momentarily coming to rest.

()

ii. Derive an expression for the distance Ay that block 2 travels before momentarily coming to rest.
Express your answer in terms of k(, M|, M,, and physical constants, as appropriate.

fi#:
B, YR 2 T Ay REEWMMEK Ay, MIFREYAZ, YR 1 NESEFRT; EHBEERLD D6
B E R

1
E, = Ef7 MygAy = §k0<Ay)2'
SUBMNFIENRES, KEREEEENES, (UBNAIE, RAOANE Ay:

2M,g
Ay = 27

M, AHLIALERE, FAMMENRORSEFLL, EaRMETERESEHPAIERE, MAREXR
iHmRBVEEE X Ro
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AP Physics 1

MY 2022 Q1 (a)(ii)

BA¥5

(a)(ii) For an equation of conservation of energy that includes a gravitational potential energy term 1 point

and a spring potential energy term

For a correct expression for Ay that depends only on M,, &, and g 1 point
2M,g
Ay = =228
\y b

Example Response
U=U, K,=K;=0)

1 2
Ugory + MagAy =Ugyy, + EkoAy

|
Maghy = S koY

1
Mg =S kly
2M,g
Ay =2

it

RNEELTE. XRIDEEE: BREEKER

*ﬂ*:uT%ﬁﬂ:, 7[: ﬂﬂ”i E,‘J jJ Eo %Fﬁﬂr%* AE) d\; ﬁ*@.b%?*ﬁbﬁb, X ﬂ};-\

R, TRAERET .

—

—mv* = mg(h; — hy).

[\

h, M h, RE—FR TR INEE. RERAPLE, ERIIEAR,

5= 2024 Q1 (b)

2R

1. (7 points, suggested time 13 minutes)

A block of mass M is released from rest at Point A, a height 6R above the horizontal. After being released, the
block slides down a track, as shown. When released from Point A, the block does not lose contact with the track
at any point. Points B and C are located at the highest points of their respective circular loops, both of radius R.
All frictional forces are negligible.
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AP Physics 1 UMY 2024 Q1 (b)

(b) Starting with conservation of energy, derive an expression for the speed of the block at Point B. Express your

answer in terms of R and physical constants, as appropriate. Begin your derivation by writing a fundamental
physics principle or an equation from the reference book.

fi#:
MEEETFIEFBEFMAEMMRE:

1
E, = Eg, Mg(6R) = Mg(2R) + §Mv23,

’U2B = 8¢gR, v = v/8gR.

BEANSR

(b) For a multi-step derivation that begins with conservation of energy 1 point

For one of the following: 1 point

e The correct answer for the speed at Point B v = {/8gR

e The correct substitutions for the initial and final heights
e Substitutions for initial and final heights consistent with part (a)

Example Response
Ei = Ef
Uga =Ug + Kp

1 -
mgy, = mgyg + Smv

Mg(6R) = Mg(2R) + %Mvz

2(6R) = g(2R) + %vz

1
2
v = ./8gR

v = 4gR

Total for part (b) 2 points
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AP Physics 1 HMEX  2025Q2 (a)
BEEN:. ATERE5EEE, BOREM
MEsaeERHAERNEEE, BRSTMNZIZREIEt). EECELEMHE. BEERETREEEE,
ERILPTHRENS,; R EFHEDBRENTS, EHEERRESET K.

REENZEETL LERHEL, BREEMNZLAE, ERARER—RE. LM, ERSEEZ
HMHERE,

it

%% 2025 Q2 (a)

Question 2: Version J

2. A block of mass M is released from rest at position x = 0 near the top of a ramp. The ramp
makes an angle of 0 with the horizontal. The block slides down the ramp with negligible
friction. At x = 8D the block makes contact with an uncompressed spring with spring
constant k. The spring is then compressed and the block momentarily comes to rest at x = 12D.
Figure 1 shows the instants when the block is at x = 0, x = 6D, and x = 10D, respectively.

~
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MY  2025Q2 (a)

A. Figure 4 shows an energy bar chart that represents the kinetic energy K of the block, the
gravitational potential energy U, of the block-spring-Earth system, and the spring potential
energy U, of the block-spring-Earth system at the instant that the block is at x = 10D. The
gravitational potential energy U, of the block-spring-Earth system is defined to be zero when
the block momentarily comes to rest at x = 12D.
Draw shaded bars that represent K, U, and U, to complete the energy bar charts in
Figure 2 and Figure 3 for when the block is released from rest at x = 0 and for when the
block is at x = 6D, respectively.

* Shaded bars should start at the dashed line that represents zero energy.
* Represent any energy that is equal to zero with a distinct line on the zero-energy line.

* The relative heights of each shaded bar should reflect the magnitude of the respective
energy consistent with the scale used in Figure 4.

x=0 x=6D x=10D
Energy Energy Energy

T S—— TN A—— VTN A—
L i —— L L i ——
10Eg+--——---——-- 10Eg+---———----- 10Eg+--———--——--
SO i —— S — S —
S e —— B —— 6Eo S
S B e —— B —— 4Bo1] |ttt
p) 2/ 2By t-——————————- 2E, -}
e —— e —— oIl T HE
K U, U K U, U K U, U

Figure 2 Figure 3 Figure 4

fi#:

VIR —HE —MIKRLS, BERER, GREITR x NERSRRETIEN, EHFETREDIREAT 12D &Y
&, R 10D {UERREERLAHEREEN 12,0

ERM S, YIRERLE. WERELE, DIESHEBEIINZT, 2EEERENDR, HE 12E, 6D I

ERBETRENKESE 6D, ENBRERRK—F; HMEFKEMR, RREELNEIEE.

z=0: (K,U,U,)=(0,12E,0),

x=6D: (K,U,U,) = (6Ey,6E,0).
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MY  2025Q2 (a)

x=0 x=6D
12 A 12
o o
E 8 1 E 8
> >
2 2
J] J]
C C
L 4 L 4
0 T T 0 -
K Ug Us K Ug Us
THREBETTL L, ARESITLESEER,
BATS
A For drawing one bar in Figure 2 that shows only gravitational potential energy (U g) Point A1
Scoring Note: The correct height of the bar is not required to earn this point.
For including only K and U, in Figure 3 Point A2
Scoring Note: The correct heights of the bars are not required to earn this point.
For drawing bars in figures 2 and 3 whose total height, respectively, equals 12, Point A3
Example Response
Energy x=0
77270 R
T N —
10E,1--———-— . ————---
SEyt------ ---=----
6Eyf-----4 |-
4E)+-----10 - - - --
2E - -
{] - -
K U U
Figure 2
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AP Physics 1 M

2024 Q1 (a)

£3]2024 Q1 (a)

6R R

1. (7 points, suggested time 13 minutes)

All frictional forces are negligible.

Diagram A Diagram B

A block of mass M is released from rest at Point A, a height 6R above the horizontal. After being released, the
block slides down a track, as shown. When released from Point A, the block does not lose contact with the track
at any point. Points B and C are located at the highest points of their respective circular loops, both of radius R.

Diagram A shows an energy bar chart that represents the gravitational potential energy U, of the block-Earth
system and the kinetic energy K of the block at Point A, when the block is released from rest at height 6R.

(a) Draw shaded regions in Diagram B that represent the gravitational potential energy U, and kinetic energy K

of the block-Earth system when the block is located at Point B, a height 2R above the horizontal.

* Shaded regions should start at the dashed line that represents zero energy.
* Represent any energy that is equal to zero with a distinct line on the zero-energy line.

* The relative height of each shaded region should reflect the magnitude of the respective energy
consistent with the scale shown in Diagram A.

fi#:
LIME AN ENBES S, FiaErLE. SERN6R, SHEEHN 6MgR, £ B, =SER 2R:

U,p=2MgR,  Kp=6MgR—2MgR =4MgR.
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AP Physics 1 UMYX 2024 Q1 (a)

Point B

Energy / MgR
w

1 -
0 .
BAED
(a) For drawing bars whose total heights add up to 6 units 1 point

Scoring Note: This point may be earned if only one bar is drawn.

For drawing a bar for U, that has a height of 2 units 1 point

Example Response

Diagram B

Total for part (a) 2 points

BERNGEEDE: RAZKIVIMEETEROER

KERBERESTERLRSGAN, BEIEHOVIMEERBARE, REVMESH/NTFHFR, BREFL
LfECHRENS, EFLEUBNNET; FRERRETERNNMIHEET,

A ERAGEBRRLYEY, BRFMENSSAEE, MFRRER—ES. ERERFIIXAE LKA,
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AP Physics 1 BUmHX 2022 Q1 (¢)

=R 2022 Q1 (c)

1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string that passes over a pulley, as shown above. Block 1 is on a horizontal surface
and is attached to a spring that is at its unstretched length. Frictional forces are negligible in the pulley’s axle and
between the block and the surface. Block 2 is released from rest and moves downward before momentarily
coming to rest.

kg is the spring constant of the spring.

M, is the mass of block 1.

M, is the mass of block 2.

Ay is the distance block 2 moves before momentarily coming to rest.

Consider the system that includes the spring, Earth, both blocks, and the string, but not the surface. Let the initial
state be when the blocks are at rest just before they start moving, and let the final state be when the blocks first
come momentarily to rest. Diagram A at left below is a bar chart that represents the energies in the scenario where
there is negligible friction between block 1 and the surface.

The shaded-in bars in the energy bar charts represent the potential energy of the spring and the gravitational
potential energy of the blocks-Earth system, U and U, respectively, in the initial and final states. Positive energy
values are above the zero-point line (“0”) and negative energy values are below the zero-point line.

Diagram A: Negligible Friction Diagram B: Nonnegligible Friction

Initial

44
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MmN 2022 Q1 (c)

AP Physics 1
(c) Complete diagram B (at right above) for the scenario in which friction is nonnegligible. The energies for the
initial state are already provided. Shade in the energies in the final state using the same scale as in diagram A.

* Shaded regions should start at the solid line representing the zero-point line.
* Represent any energy that is equal to zero with a distinct line on the zero-point line.

fi#:
BEEEN, SEANMERASEN, BoOVMEEEIISEE,. FRINE 4RENBEE;, BEXELETITRERT
BB/, FRUARARENBEMAE, BEHEMHK, FRLGEEREHLANE, MBERLFHENER L

B, EEZMNTF 418, BEKEREERRE, THiEEE—HREHRE,

BEANS

1 point

(© For a final bar chart where both U and U, are positive
1 point

For a final bar chart where the sum of U and U, is less than four units

Example Response

Diagram B: Non-Negligible Friction

() —— 0

Initial Final

Total for part (c) 2 points

K—U B8R Minii&riEEEmEE
HEHERE U, NHEEE Ko SHUMEE E BER, USEIN—7, KD —1; XRZ=2

%, MEIEATEENTE, YBIELBENT, RBEHEFTSEE.

K+U=E, K=E-U.

—% THEE

SERT, ASINYIRET

X

LBHERE, FTEEREXBERENE;, BEEMEHNEIREIERS
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fll& 2023 Q1 (a)

K1)
6
5
4
3
2

1 1 | 1

| | |

x=-L x=0 x=+L 01234506 09
Figure 1 Figure 2

1. (7 points, suggested time 13 minutes)

A cart on a horizontal surface is attached to a spring. The other end of the spring is attached to a wall. The cart is
initially held at rest, as shown in Figure 1. When the cart is released, the system consisting of the cart and spring
oscillates between the positions x = + L and x = —L. Figure 2 shows the kinetic energy of the cart-spring
system as a function of the system’s potential energy. Frictional forces are negligible.

(a) On the graph of kinetic energy K versus potential energy U shown in Figure 2, the values for the x-intercept
and y-intercept are the same. Briefly explain why this is true, using physics principles.

fi#:
FERA] 288, HHRESHBEEMEIIETE. REIMEEN K WRAE. #EEN UNRAE, WHEEE4
J; B& Lohee R BEERET e, EILHE AR,

K=4J-U.

BEANS

(a) For an explanation that indicates that the maximum kinetic energy and maximum potential 1 point
energy are the same due to energy conservation

Scoring Note: This point may be earned for only stating “conservation of energy.”

Example Response

The maximum kinetic energy and maximum potential energy of the car-spring system are
both 4 J, because energy is conserved in this system.

Total for part (a) 1 point

YR ETE/NEBRBK B8 LR 08 E AR, EEBRMARIEX MRS SR B 5K Fohae, BHEE
girnhge; FERAREZREBLTKIELSIL,
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AP Physics 1 HUMENX 2023 Q1 (c)(i)
#£>] 2023 Q1 (c)(i)

K1)
6
5
4
3
2
1
| | |
x$—L x=I0 x=I+L 0O 1 2 34 5 6 v
Figure 1 Figure 2

1. (7 points, suggested time 13 minutes)

A cart on a horizontal surface is attached to a spring. The other end of the spring is attached to a wall. The cart is
initially held at rest, as shown in Figure 1. When the cart is released, the system consisting of the cart and spring
oscillates between the positions x = + L and x = —L. Figure 2 shows the kinetic energy of the cart-spring
system as a function of the system’s potential energy. Frictional forces are negligible.

(c) The dashed line in Figure 4 shows the kinetic energy K versus potential energy U of the block-cart-spring
system after the block is dropped onto the cart. This graph is identical to the graph shown in Figure 2 for the
cart-spring system before the block is dropped onto the cart.

K
6
5
4\
3

2

1

N
A

O 123456

u@

Figure 4

Figure 3

When the cart is at +L and momentarily at rest, a block is dropped onto the cart, as shown in Figure 3. The block

sticks to the cart, and the block-cart-spring system continues to oscillate between —L and +L. The masses of the
cart and the block are m and 3m), respectively.
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AP Physics 1 HUMENX 2023 Q1 (c)(i)

i. Briefly explain why the two graphs must be the same, using physics principles.

fi#:

YRR BRET K T a8 LERVARHT AL, SBEREMAN Lo ANRIERAEESEMERE, KTHEIREDEE
MR al, BEXEBER, FRUEHEE. R, BER K—U EBHEE,

BA ¥

(c)(i)  For a valid explanation in terms of work or energy for why the systems’ energies should be 1 point
the same

Accept one of the following:
e No work is done on the system
e The maximum spring potential energy is the same
e The force exerted on the system is perpendicular to the direction of motion

Example Response

The maximum potential energy of the system does not depend upon the mass of the system,
therefore there will be no change when the block is added.

ZNAFEER K—U B: RitFmEiEryshae

E5YIR—iciz), REMRE, EXENMERREDE. EMAMIRARITENRE, ARERES SR
E/LLH, BRERSMEE; BENERSA, HBEERERX ML,

mcart

Meart + My)ock

XELEFIREMERN Vamo®s EEREMNEIE, F BT HEEERREEE,

K,

cart — Ktotal .
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583 2023 Q1 (c)(ii)

K1)
6
5
4
3
2
1
| | |
x$—L x=I0 x=I+L 0O 1 2 34 5 6 v
Figure 1 Figure 2

1. (7 points, suggested time 13 minutes)

A cart on a horizontal surface is attached to a spring. The other end of the spring is attached to a wall. The cart is
initially held at rest, as shown in Figure 1. When the cart is released, the system consisting of the cart and spring
oscillates between the positions x = + L and x = —L. Figure 2 shows the kinetic energy of the cart-spring
system as a function of the system’s potential energy. Frictional forces are negligible.

(c) The dashed line in Figure 4 shows the kinetic energy K versus potential energy U of the block-cart-spring
system after the block is dropped onto the cart. This graph is identical to the graph shown in Figure 2 for the
cart-spring system before the block is dropped onto the cart.

K
6
5
4\
3

2

1

N
A

O 123456

u@

Figure 4

Figure 3

When the cart is at +L and momentarily at rest, a block is dropped onto the cart, as shown in Figure 3. The block

sticks to the cart, and the block-cart-spring system continues to oscillate between —L and +L. The masses of the
cart and the block are m and 3m), respectively.
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AP Physics 1 UMY 2023 Q1 (c)(ii)
ii. After the block is dropped onto the cart, consider a system that consists only of the cart and the spring. On
Figure 4, sketch a solid line that shows the kinetic energy of the system that consists of the cart and the
spring but not the block after the block is dropped onto the cart.

fi#:
MIEREESHE, MIMYPIRNHERIT ANNH, ESREEEE, EFREs—ECH2REaEmNmNS 2
—, EENCRER R ERIEEMNIN Dz —; BERREMSITN:

1 1
K, = 7Kcart+block = 7(4‘] - U)

cart 4

—RMINELEE 1 J R ieEIEE 4 J BYSEEEL; MBIEEARE, NBEHA4IENL L

4 ——- cart + block + spring
= —— cart + spring

K ()
/

BAMNNE. REWE; KA ERESHEDRE,
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EATES

(c)(ii) For drawing a single straight line with a horizontal intercept that is the same as the 1 point
horizontal intercept of the original graph of 4]

For drawing a line with a vertical intercept that is less than the vertical intercept in the 1 point
original graph
For drawing a line with the correct vertical intercept of 1J 1 point

Example Response

0 =)

EHMEENUENE: FIEEEKFL

MR EE, SEETEDFTENMENSERHEUEEN, TNAERTHEEEZMIRHXF
ZNEE, BlLERFHRBEENEMIEXIE,

IR 2025 Q2 (c)(i)

Question 2: Version J

2. A block of mass M is released from rest at position x = 0 near the top of a ramp. The ramp
makes an angle of 0 with the horizontal. The block slides down the ramp with negligible
friction. At x = 8D the block makes contact with an uncompressed spring with spring
constant k. The spring is then compressed and the block momentarily comes to rest at x = 12D.
Figure 1 shows the instants when the block is at x =0, x = 6D, and x = 10D, respectively.

~

C. Figure 6 shows a graph of the energy of the system as a function of the position of the block

from x = 8D to x = 12D. The spring potential energy U, of the block-spring-Earth system is
shown on the graph.

On the axes shown in Figure 6, do the following.
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» Position

Figure 6

i. Sketch and label a line or curve that represents the total mechanical energy E for the
block-spring-Earth system as a function of the position of the block from x = 8D
to x =12D.

fi#d:
BERA 288, YR —EE KRS 2T EEE P RIFAE, BT

xr = 10D
N=1REEEFZMN 12F,, RttE—FEEN 12, BKFLL, #5 8D 2l 12D, #5749 E.

12.5 A

- == Us (given) Pid
10.04 — E -

Energy / Ep
~
n
\
\
\

U1
o
1

\
\

N
(9]
1

\
\
\

-
-
-
_—————

©

o
oo
O -
=
o
|_I_
=

12

QAR ERAVBHMBEL: E; [REHEDEEMLRE,

BAFR

C (i) For sketching a horizontal line at 12E,,, continuous from 8D to 12D, with a label that Point C1

indicates total mechanical energy
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EHBEMBIRUENE: SEENNESEE

BERBE, ARER TEERER, EESETREER, ENFEREFERLD. FIUBEIARUE
BN TEESZ. B EER, BAS— I EAUENREREREESZ.

% 2025 Q2 (c)(ii)

Question 2: Version J

2. A block of mass M is released from rest at position x = 0 near the top of a ramp. The ramp
makes an angle of 6 with the horizontal. The block slides down the ramp with negligible
friction. At x = 8D the block makes contact with an uncompressed spring with spring
constant k. The spring is then compressed and the block momentarily comes to rest at x = 12D.
Figure 1 shows the instants when the block is at x =0, x = 6D, and x = 10D, respectively.

~

C. Figure 6 shows a graph of the energy of the system as a function of the position of the block
from x = 8D to x = 12D. The spring potential energy U of the block-spring-Earth system is
shown on the graph.

On the axes shown in Figure 6, do the following.

ii. Sketch and label a line or curve that represents the gravitational potential energy U, for
the block-spring-Earth system as a function of the position of the block from x = 8D
to x =12D.

} : +— Position
8D 9D 10D 11D 12D

Figure 6
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fi&:
ENBRTFLE

x=12D

AEERAR FEoHEERERN, BRESETHRERR, ENFRFENLD. EILEN x 2 FEEZ,.
REREERES T

Ug(8D) =4F,
églﬁ\
Ug(12D) =0
RS HAT U, o
12.5 ~ .
- == Us (given) //
100 1 = Ug ,//
o 7’
w 7
> 7.5 7
o -
£ 50 -~
A1)

KENENBREAR TEESL, REHEDEHEERE.
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BA¥5

(ii) For sketching a straight line that is decreasing with a label that indicates gravitational Point C2
potential energy

For starting the line that represents gravitational potential energy at the point (8D,4E,) Point C3

Example Response

Energy
] I R N
) . T E
I I |
10Ey 1 --------=--- R E— +
N el it sl B 2y
N S ]'_ ___________ A S 1‘
6Eyt--------=--F---—--—-—-- r----—--— 4 e et .
R — 7 — |
ors— T
| | |
o e S - 17 A j
T T T T T T T Lo— \
0 t } | ‘ Position
8D 9D 10D 11D 12D

REEEELLRER: BSBER THIRNEE

FE—YIRFEFZRY, WREA, shielK. HELBRRMIE, TEREREFE LA, TERNE
ENFBEETHE. SHIMERE, SHaet)\, FTRIRIREEK.

K=E-U,~U,
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=R 2025 Q2 (d)
Zsa)7&4%E 2025 Q2 (c)(i)« 2025 Q2 (c)(ii)o

Question 2: Version J

2. A block of mass M is released from rest at position x = 0 near the top of a ramp. The ramp
makes an angle of 6 with the horizontal. The block slides down the ramp with negligible
friction. At x = 8D the block makes contact with an uncompressed spring with spring
constant k. The spring is then compressed and the block momentarily comes to rest at x = 12D.
Figure 1 shows the instants when the block is at x = 0, x = 6D, and x = 10D, respectively.

+

~ ~

C. Figure 6 shows a graph of the energy of the system as a function of the position of the block
from x = 8D to x = 12D. The spring potential energy U, of the block-spring-Earth system is
shown on the graph.

On the axes shown in Figure 6, do the following.

} : +—» Position
8D 9D 10D 11D 12D

Figure 6

D. Indicate whether the speed vgp of the block at x = 9D is greater than, less than, or equal to
the speed vgp of the block at x = 8D.

_____ _wp>Vvgp
__ _wp<vgp
Vop = V8D

Justify how your response is consistent with the energy lines or curves you drew in Figure 6
in part C.
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fi&:

PR 9D AMER AT 8D ANERK, NIZMHEES, ENHEEMNTE—FIBRTHELENEM, SH6
BRf, mHEEIEMN. AREHESZE: — P EEERANN FEAIKIER D IEHEERML. 8D A rhEe
7 8E,; 9D "EHPBEEN 3E,. HWEEEEN 3E,/4, PRUABIREIE K.

3 33

MERE FEpaEA, EREREA, MieEEAER—.
BEAWNS

D For one of the following: Point D1

e Indicating vy, > vgp if the graph in part C shows

Uy, + U at x = 8D is greater than U, + U at x = 9D
e Indicating vy, < vgp if the graph in part C shows

Ug +Usat x =8D isless than U, + Ugat x = 9D
e Indicating vy, = vgp if the graph in part C shows

Ug +Usat x =8D isequalto U, + U, at x = 9D

For a justification consistent with the graph that correctly relates the speed to the Point D2
gravitational potential energy, spring potential energy, and either kinetic energy or total
energy

Example Response
The speed at x = 9D is greater than the speed at x = 8D . From the graph, the kinetic
energy at x = 8D must be 8E. At x = 9D, the spring potential energy is < E, and

the gravitational potential energy is 3E,, leaving > 8E,, of the energy as kinetic.
Therefore, the speed must be greater at x = 9D than at x = 8D .

NEREEHIBREME D, ERIRIZEIEIRE

YR TSEaEIL B B Fa). Hilienh, NE SR RAMIKN RS, FHEERDDRXKD; BEMNHN
FEHTNEE M B RERI DRI A/ NI, A 1FEIRRIThEE,

REEEENEEN TN BARE, ZRERDHERK)N, 3BRESHEERER. S 1EE
RELITMEXRE, BFIFIEIRIZ,
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Hil7% 2022 Q3 (c)

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 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.

Energy (J)
0.4
Kinetic energy gained
0.2 by the falling block
0f—r—1 d (cm) Change in gravitational
~<5 10 15 20 :
S -——- potential energy of the
-0.2 STl block-wheel-Earth system
~0.4 Bt

(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.
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MmN 2022 Q3 (c)

fi#:

VIR IR RGBT, MEEERT:

AUvg + Kblock + KR = 07

KR = _AUg - Kblock‘

NRESNTERER, BEABERBVHAN/INEETEIEE, FISMEietiit. MREHNES, =8
AELZ%; BERER. ERE, H4d (15 cm,0.20 J) B9,

BEAHS

Energy (J)

i
0.4+

0.2

-—-——-_

— ¢ (Cm)
5 20

-0.24

T

-041

()

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

Scoring Note: The correct line passes through the origin and (15 cm, 0.2 J).

1 point

Example Response
Energy (J)

0.4+

]

-0.2 s

-0.4

Total for part (c)

2 points
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MY 2023 Q5 (a)(ii)

HROEEHMETRE. RELXFFTFHERAL

BENHEBRGRONSERE, TERETEN, ROTEES, BREANGIEES; ROKKE
HEAZRAARHEELZIFBIIR, HAEEERRETN

BY, BBERA. WA IFERIREBRET N,

==
=<0

%% 2023 Q5 (a)(ii)

Sphere

5. (7 points, suggested time 13 minutes)

A rod with a sphere attached to the end is connected to a horizontal mounted axle and carefully balanced so that it
rests in a position vertically upward from the axle. The center of mass of the rod-sphere system is indicated
with a ®, as shown in Figure 1. The sphere is lightly tapped, and the rod-sphere system rotates clockwise with

Center of Mass

Rod

Axle

Figure 1

negligible friction about the axle due to the gravitational force.

A student takes a video of the rod rotating from the vertically upward position to the vertically downward
position. Figure 2 shows five frames (still shots) that the student selected from the video.

Note: these frames are not equally spaced apart in time.

(60—

Frame A Frame B

Frame C

Frame D

Frame E

Figure 2

(a) Use the frames of the video shown in Figure 2 to answer the following questions.
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AP Physics 1 UMY 2023 Q5 (a)(ii)

ii. In which frame is the rotational kinetic energy of the rod-sphere system the greatest? Briefly justify your
answer.

fi#:

Frame E, BuOIATRIR, ENHBRERIES, BANKDIMERS, T8 TIRERNESKEHEHE
@, FHEINE; BSEAHEBRRBINE, FARTEENS,

BA ¥

(a)(ii) For indicating “Frame E” with correct reasoning 1 point

Accept one of the following:
e  Work or energy (e.g., this is when the maximum work has been done on the system
by gravity.)
e Angular momentum (e.g., the torque due to gravity is clockwise the entire time,
causing the rod to gain angular momentum.)
e Kinematics (e.g., the rod speeds up the entire time.)

Example Response

The rotational kinetic energy is greatest in Frame E because this is where the rod-sphere
system has the greatest rotational speed since the torque has been in the same direction as
the motion the entire time.

ENHN: REESEETRELR

BN TEVEENINEFTENORNEREETRE, WRITELNE—REDN, ZHRIATESERS
1HE, BRTEREMFFRFIMRESI,

GM
g:Fa

M. RERNDITENGRENFEZE, m BEXRE, FEEBERENTESFREEN—ERR,

W, = mgAh.
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= 2024 Q4 (a)

Small Sphere

4. (7 points, suggested time 13 minutes)

A simple pendulum consists of a small sphere that hangs from a string with negligible mass. The top end of the
string is fixed. The sphere is pulled to Point A so that the string makes a small angle 6 with the vertical, as
shown. The sphere is then released from rest and swings through its lowest point at Point B. The work done on the
sphere by Earth between points A and B is Wg.

The pendulum is then taken to Planet X. The mass of Planet X is the same as the mass of Earth, but the radius of
Planet X is greater than the radius of Earth. The sphere is again brought to Point A (displaced 6 from the
vertical), released from rest, and swings through its lowest point at Point B. The work done on the sphere by
Planet X between points A and B is Wy.

(a) Justify why Wy is less than Wg.

fi#:

X{TERESMIKER, BFREKX, RES|IAEFRFHERMA/), EXEER LB BEEK
StERYAE, £AZBHNEETRERRE; ENHIREERTESE, FRUX1TEMHINRD,

GMy, GMg
I9x = R§< <R7]2E:.9E7

W = mgAh.
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BAIFS
(a) For indicating one of the following: 1 point
e That the gravitational force would be smaller for a greater radius
e That the gravitational field strength would be smaller for a greater radius
e That the acceleration due to gravity would be smaller for a greater radius
For indicating one of the following: 1 point
e The sphere travels the same vertical distance in both scenarios
e The amount of work done on the sphere is dependent on the magnitude of the
gravitational force
e The change in gravitational potential energy is less on Planet X
Example Response
The mass is the same and the radius is larger, so the force of gravity is less. The work done
depends on the force times distance. Because the distance is the same, the work is less.
Total for part (a) 2 points

BohRFMEEEEM: THREAROESEE

HHXNE R TEERE, ENFEABRNRGRONBSEITE, STMERBOENHI RS ENE
ReE, BETHRER"EZE; M%J:Tv‘i’? 4TSRS, MEREEMRN.

YEhRE

=T, TEEN, BeemEFTRDEEEEN. ROZMHNESFIOFTEMK.
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il&E 2023 Q5 (b)(i)

5. (7 points, suggested time 13 minutes)

A rod with a sphere attached to the end is connected to a horizontal mounted axle and carefully balanced so that it
rests in a position vertically upward from the axle. The center of mass of the rod-sphere system is indicated

with a ®, as shown in Figure 1. The sphere is lightly tapped, and the rod-sphere system rotates clockwise with
negligible friction about the axle due to the gravitational force.

Sphere

Center of Mass

Rod

Axle

Figure 1

A student takes a video of the rod rotating from the vertically upward position to the vertically downward

position. Figure 2 shows five frames (still shots) that the student selected from the video.

Note: these frames are not equally spaced apart in time.

8
Axle

(9

Frame A

Frame B

Frame C

Frame D

Frame E

Figure 2

(b) The rod-sphere system has mass M and length L, and the center of mass is located a distance %L from the

axle, shown in Figure 3.
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AP Physics 1

Figure 3

i. Derive an expression for the change in kinetic energy of the rod-sphere-Earth system from the moment

shown in Frame A to the moment shown in Frame E. Express your answer in terms of M, L, and

fundamental constants, as appropriate.

.
HIXKESERSF, MEEETIEFA:
Ki—i_Ug,i:Kf—i_Ug,f? AK:Mg(hcm,z_hcm,f>

BuCEES 3L/4, AT LTS 3L/4, REMFHTA 3L/4; SEBR FREEMEARM
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BANR
(b)(i) For a multistep derivation that begins with conservation of energy 1 point
E;=E, OR AE=0 OR U,+K,=Uy,+K,
For indicating the change in height is equal to %L 1 point
Ay = %L
For an answer consistent with the height change indicated previously in the response 1 point

3
K, = EMgL
Scoring Note: A correct answer of K, = %MgL with no supporting work can earn only

this point.

Example Response

El:Ef
Ugl+Kl=Ugf+Kf
AK:Ugl'_Ugf‘
AK = MgAy

3L ,3L_3
Ay = 7 + 1 _ZL
AK:%MgL

WHAERGN: BINIETREARIEEEM

ﬁ_

RisHA] LUERE RS, REFSHKE, EIRERSEINMIK, ERRFHMANIES. FNREZ
&, BAARBENXAE “FF—IK—HIK" HIESIHRES L/ NRFRIANZREE,

AK =W,

external-
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&R 2023 Q5 (b)(ii)

5. (7 points, suggested time 13 minutes)

A rod with a sphere attached to the end is connected to a horizontal mounted axle and carefully balanced so that it
rests in a position vertically upward from the axle. The center of mass of the rod-sphere system is indicated

with a ®, as shown in Figure 1. The sphere is lightly tapped, and the rod-sphere system rotates clockwise with
negligible friction about the axle due to the gravitational force.

A student takes a video of the rod rotating from the vertically upward position to the vertically downward
position. Figure 2 shows five frames (still shots) that the student selected from the video.

Sphere

Center of Mass

Rod

Axle

Figure 1

Note: these frames are not equally spaced apart in time.

8
Axle

(9

Frame A

Frame B

Frame C

Frame D

Frame E

Figure 2

(b) The rod-sphere system has mass M and length L, and the center of mass is located a distance %L from the

axle, shown in Figure 3.
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Figure 3

ii. Briefly explain why the rod and sphere gain kinetic energy, even if Earth is not included in the system.

fi#:
ERLHIRANRSG, EHRIMNI. ©BROLEAETRAAMED, AF—KEFKEREE, FRLURIEE
1#n; EHBERBEEXNMENRAENIAIEES,

BA ¥

(b)(ii) For indicating that the gravitational force is the external force that does work on the 1 point
rod-sphere system

Example Response

The rod and sphere gain kinetic energy due to the positive work done by the gravitational

force, which is an external force for the rod-sphere system.

B ZIEERENAET L . 18R RIRA])
FSEREEREEBEENR ML, Bo5tEME. RENEASEFHAFHESEK, EiEXEREE
6205 N1 |: S ]

1 1
AK = fmv% — —muv?.
2 2

TR f RRKE/NEHEERNFIAMER, HERIABATIRER D,
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IR 2024 Q2 (c)(i)

Motion
Force Detector

Sensor b\'

Figure 2

In a different experiment, the student attaches one end of a spring to a force sensor that is attached to a wall. The
other end of the spring is attached to a cart with mass m = 0.25 kg. The student places a motion detector to the
right of the cart, as shown in Figure 2, and pulls the cart to the right a small distance so that the spring is
stretched. The student releases the cart from rest, and the cart-spring system oscillates.

The following graphs show the velocity v of the cart and the force F exerted on the cart by the spring as
functions of time ¢.

0.4
0.3
0215 2
0.14s

v(m/s) 0.0
0.1 x
-0.2 %
~0.3
~0.4

0.08;
0.06 | a1

0.04 | — .

0.02 . °

F(N) 0.00
-0.02
~0.04 . - .
-0.06 . .
~0.08

i. Using the data in the velocity-time graph, calculate the change in kinetic energy of the cart

from ¢t = 0.5s to t = 2.0s. Show your steps and substitutions.

fi#:

XS 2B 0.25 kg B —/NER, FEEEETE 0.5 s HIEELH +0.30 m/s, E2.0s4RT, &
R :
AK = o2 = L = 1(0 25)(0)% — 1(0 25)(0.30)2 = —0.01125J
= St — Smo? = (0. 5(0:25)(0.30) = 0. .
FSFRENBERL; 2.05 5F—a#Y 2.5 s FEEREA.
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BAIFS
©a) 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 = lmv 2 —lmvz

27 T
AK = 2025(0)" - 2025(03)’
AK = -0.0113]

EAEHREI MR RFRER . FiiAiasE
YRR KFRLERY, BHREIGINAIAR/NIZREIEE. &5 K="amv?, BRIFAFHIR; ERKEERE, M

THEIE “HEMNE" HEHRmEE

7% 2024 Q5 (a)

Block A

6 kg

Block B

2 kg

5. (7 points, suggested time 13 minutes)

negligible.

t=0

Figure 1

At time ¢ = 0, Block A slides along a horizontal surface toward Block B, which is initially at rest, as shown in
Figure 1. The masses of blocks A and B are 6 kg and 2 kg, respectively. The blocks collide elastically at
t = 1.0, and as a result, the magnitude of the change in kinetic energy of Block B is 9 J. All frictional forces are

(a) Determine the speed of Block B immediately after the collision.
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fi#:
B #)%A4E%1E, BHAEIEIN 9 J AR EMIKREIEE. FREN 2 kg, HEENER:

9= 5(2)1)23 = vg =3m/s.

BEANS

(a) For determining the speed of Block B to be 3 m/s 1 point

Example Response

Lokgv,2 =97
2 f
vf=3m/s

Total for part (a) 1 point

B TR SEBEFFTET

FAEATIREFER THRERMEE. NERERMERYIR, TEEAYRBNEHCO; KR
B NEFZAR, SRET, ENRRREHRIERET.

mv2

mg+ N = , N > 0.
T

FRUATRN AR BIEZEREMEEE, RIEBRMEERANNGESE, SEREXAHITUREENT, MiE
AR SRS,

583 2024 Q1 (c)(ii)

A block of mass M is released from rest at Point A, a height 6R above the horizontal. After being released, the
block slides down a track, as shown. When released from Point A, the block does not lose contact with the track
at any point. Points B and C are located at the highest points of their respective circular loops, both of radius R.
All frictional forces are negligible.

1. (7 points, suggested time 13 minutes)
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(©)

ii. A student claims that 4R is the minimum height of Point A, such that the block can slide through
Point C without losing contact with the track after the block is released from rest. Briefly explain why

this claim is incorrect.

fi#d:

ARECHEE, EHBEIRFBIER, GETEIRTYIRTZSEMNENT; EIUHENNRAT,

YIRZBHIETE T, TAGRARSEE,

HE—TEN: TNRNIFZEREXFENOANE, ENRMHEEEAET; FEREBENEIE. Fit&/ K

BELELIRE:

Mv?
Mg = % = ’U% = gR,
1 9
M ghpin = Mg<4R) + ngR = hAmin = §R.

REREKIGE AR At ATHIR; FFNmRESERFZFEXREER.

BA ¥

(c)(ii) For indicating one of the following:

e The block must be moving at the top of the loop to remain in contact with the loop
e Ifthe block has zero speed at Point C the block will lose contact with the loop
e The block does not have enough kinetic energy and will lose contact with the loop
e The block does not have enough momentum and will lose contact with the loop

Scoring Note: Responses that use relevant derivations may earn this point.

1 point

Example Response

If the block were released from a height 4R above the ground, then based on energy

conservation, the block will have a speed equal to zero at Point C. If the speed is zero, the

block will lose contact with the track.

T2
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g, HESHIE
IR RGKFRIBREEE: REKFINGE

FEBIE-RRGE, XDRFRRIRIENSKEREINTT. AARNFRRR, HAEELHE
PHUH; BMEEMRSBRENE, RAEKFEINTER, BKFEHEFE,

px,i = px,f’ Py = vaac’
BkTahE - EERMEERNKTL, BREETHYIRAIUEEERE, BeBaKkThE,

=R 2025 Q1 (a)(i)

Question 1: Version J

1. A student has a cart of mass m, and a block of mass %mc, as shown in Figure 1.

« Attime ¢t =0, the cart is moving to the right across a horizontal surface with constant
speed v, and the student releases the block from rest.

* At t=4,the block collides with and sticks to the top of the cart. The block does not slide
on the cart.

¢ At?= 1, the block-cart system continues to move to the right with constant speed v;.

Figure 1
Block, 1 m®
| ‘ l
. Cart . i
T = =
t=0 t=1 t=1t
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AP Physics 1 UmENX 2025 Q1 (a)(i)

i. On the axes shown in Figure 2, sketch a graph of the magnitude p, of the x-component
of the momentum of the block-cart system as a function of time ¢ from = 0 until ¢ > f.

Px

A

Figure 2

fi#:

BEEAKFEERE, ZRABE/NESYIR NEREm,, YRAERERENEDZ— MFFHEIT
BIZEIREIERT, YPIRFIGERFEERE, BKFRENE, RIELKBKEEHNI,

BOKFEIEERER. B EERE mo.. B—FRIEE. EERKFES, 231, t, BABRE,

McVe A

Px

t

RYUKTHERIFAE, HERZIKARE.
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BA¥5

A (i) For sketching one of the following: Point Al

e Aconstant p_ for ¢t < ¢

e Aconstant p, for ¢ > ¢

For sketching a line that demonstrates momentum is constant Point A2
Accept one of the following:

e A continuous, nonzero, horizontal line from 7 = 0 to ¢t = ¢,

e A continuous, nonzero, horizontal line from 7 = 0 to ¢ > ¢,

Example Response
])v‘.

#:.5] 2025 Q1 (b)

Question 1: Version J

1. A student has a cart of mass m, and a block of mass %mc, as shown in Figure 1.

* Attime 7= 0, the cart is moving to the right across a horizontal surface with constant
speed v, and the student releases the block from rest.

* At t=1,the block collides with and sticks to the top of the cart. The block does not slide
on the cart.

* At ?= 1, the block-cart system continues to move to the right with constant speed v;.

Figure 1
1
Block, §m®
| “
. Cart . —
— — —
t=0 t=1 t=1t
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WX 2025 Q1 (b)

B. Consider the case where a new block is dropped and collides with the top of the cart. The
new block slides along the cart during the collision but does not slide off the cart. The time
interval from when the new block collides with the cart and moves together with the cart
is At. During At there is a frictional force between the new block and the cart.

Indicate whether the x-component of the momentum of the new block-cart system increases,
decreases, or remains constant during At¢.

_ Increases

___ Decreases

____ Remains constant
Justify your response.

fi#:

ZEFE Remains constant, JBEIEBREYIRS EZEIANN: ENEMNYIREIKFREFARM. &E
BIKFRIEALURE, GE—ENZUNAT;, RASKFINFENE, BKFHHEFE,

BA¥5

B

For indicating “Remains constant” Point B1

Scoring Note: This point is scored independently from the graph drawn in Figure 2 in
part A (i).

For indicating one of the following: Point B2

o The frictional force exerted on the new block by the cart is equal in magnitude
and opposite in direction to the frictional force exerted on the cart by the new
block.

e The frictional force is internal to the new block-cart system.

The net external force is still zero.
The frictional force does not cause a net external force.

For indicating one of the following: Point B3

e The change in momentum of the new block is equal in magnitude and opposite
in direction to the change in momentum of the cart.

e The impulse exerted on the cart and the impulse exerted on the new block are
equal in magnitude and opposite in direction.

e The correct relationship between the change in the momentum of the block-cart
system and the net external force.

Example Response

The momentum of the new block-cart system will remain constant because the frictional
force exerted on the new block by the cart is internal to the system and only a net
external force will cause a change in momentum of the system.
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shEXEE: wAREN, BRREREEG X

KENERFHRBENE. MARNIE. MERR, FEAKERTA/N; ZKREIRHE, BIZASIEHIRE
KE, SEMERARIEFMMERNSIERER,

NRBEERBNRAETR, MIERBZYENEESAENMN; WRDFNEXRF IR, o5 EEX
M=o

5%% 2026 Q2 (a)

Question 2: Version J

2. Two small disks, R and S, are on a straight, horizontal track.

At time ¢ = 0, Disk R of mass m, is located at position x = 0. Disk R is initially moving with speed
v, in the +x-direction. Disk S of mass 3my, is initially at rest, as shown in the top view in Figure 1.
Frictional forces are negligible.

At t = ¢, the disks collide. Immediately after the collision, Disk R moves with speed %VO in the
—x-direction.

Figure 1
+Xx
Vo v=0
Disk R Disk S
Top View

Note: Figure not drawn to scale.

Part A

The momentum-vector diagram in Figure 2 represents the momentums of Disk R and Disk S
before the collision.

Figure 2

Momentum
Before Collision

-
R
|
|
——
|
_——

| | |
DiskR | |-}
| | |

| I I N |

: | R I I 1_1_1
DiskS | r—r-r—r—r— @111

| | | | | | | | | |

7



AP Physics 1 HmENX 2026 Q2 (a)

Draw arrows on Figure 3 to represent the momentum vectors of Disk R and Disk S after the
collision.

« Each arrow must start on, and point away from, each dot.

o If the momentum of either disk is zero, write “p = 0” next to the dot.

* Draw the length of each arrow to represent the magnitude of each momentum,
consistent with the scale used in Figure 2.

Figure 3

Momentum
After Collision

| I R I I N |

| N S O
_.—I_—I_'[_'I'_T_'I
| |

|
DiskR | -
|

| R EE I I N |

| N S O
_.—I_—I_'[_'I'_T_'I
| |

|
DiskS | F-F-
|

2
EﬂgIEo R %ﬂﬁb%ﬁ mgvg» RTJ-EZI?_\I-E_‘E 4 *go Ejﬁ}é R EEF‘EJE\ j(IJ\UO/Z; mﬁbﬁﬂg _mo’Uo/ZO
7 REIME 2 BEEIk. SMENEMEG 448, HHUE R 248, SHABMA 6 REENERT X,

BAIFS
A For drawing a single arrow pointing to the left for Disk R Point A1
For drawing a single arrow pointing to the right for Disk S Point A2
For drawing arrows for Disk R and Disk S that add to be 4 units to the right Point A3

Example Response

Momentum
After Collision

Disk R —9

Disk S o\

ARERERE “Pk—REE" HNohE, FTRRAEYIR. REABRAGAEHNESE, EFERCHE
REKTHE,
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#3]2022 Q4 (a)
4. (7 points, suggested time 13 minutes)
A student has a piece of clay and a rubber sphere, both of the same mass. Both objects are thrown horizontally at
the same speed at identical blocks that are at rest at the edge of identical tables, as shown, where friction between
the blocks and the table is negligible. After the collisions, both blocks fall to the floor.
In Case A, the clay sticks to Block A after the collision. In Case B, the rubber sphere bounces off of Block B after
the collision.
Block A Rubber Block B
Clay Sphere
— —=Q0
Case A: Clay and Block A Case B: Rubber Sphere and Block B
Before Collision Before Collision
R T e
O A S A N A S A O N A A
| | I | | | | | | | | | | [l | | | |
| | | | | | | | | | | | | | | | | |
ol — === — ===+ ——|—— 1 Femlm— = ——— = — == — 1
| | | | | | | | | | | | | | | | | |
S R S A N A A S S O N A A
| | [l | ] | [l | | | | ] | ] | ] | |
| | ! | | | | | | | | | | | | | | |
b— i =+ — —— — @it — —|— — | bt ————@————+———— 4
| | ! | | | | | | | | | | | | | | |
S A S A N A A O O N A A
| | I | | | I | | | | I | | | | | |
| | | | | | | | | | | | | | | | | |
bo—dm—t— = ——— =+ ——|—— o Fomlm—t— = ————+ — == — A
| | | | | | | | | | | | | | | | | |
S O R N R Y A S S O S N Y A A
| | | | | | | | | | | | | | | | | |
O S S S O S S S S
Case A: Momentum of Case B: Momentum of
Clay-Block System Sphere-Block System
Immediately After Collision Immediately After Collision

(a) In the figure at left above, the arrow represents the momentum immediately after the collision for the
clay-block system in Case A. In the figure at right above, draw an arrow starting on the dot to represent the
momentum of the sphere-block system immediately after the collision in Case B. If the momentum is zero,
write “zero” next to the dot. The momentum, if it is not zero, must be represented by an arrow starting on, and
pointing away from, the dot. The length of the vector, if not zero, should reflect the magnitude of the
momentum relative to Case A.

fi#:

KM LRE. EEER, RPMREVIKFEHEER; MEISEPITKFINGE, PRURRRSSK
FopEERE, EBMRLE—XmAa. 5ARKNEK, RN 2K,
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BA¥5

(a) For drawing an arrow representing the sphere-block momentum, two grid units in length and 1 point
pointing to the right

Example Response

__________________________________________

I

| |

I I

k==l i
1 1 I I 1 1
| RRERT SRSIGT O] I S U SO T ! | SR e SR PR VR i CEToote ) 1
] ] [l [} I ] I 1 [l ] ] 1
] I [} I I I [} ] I I i ]
b= | o e o (——— | ¥ !————.ﬁn---- 1
] ] 1 ]
9 e (I badiadd ook et ]
1 I [ I I ] [} 1 [ I ] 1
1 I I I I I I 1 ! I 1 1
O s e s ot bk et ks | s ST R e e S |
] 1 I ] 1 i I 1 I ] I ]
I_ 1 I | | 1 | I_ | | 1 _I
1 I I I I 1 I 1 I I I 1
0 D () W . O O A IO O BN O SO SO

Case A: Momentum of Case B: Momentum of
Clay-Block System, Sphere-Block Sysiem,

Immediately After Collision Immediately After Collision

Total for part (a) 1 point

ME—ERREE. SoERUERE

B EHERTREERERE; BRNEETHSRERERERE, KEKFLHETE, RERTLIH
2L, BIERE, MEPVIMEERTgERR, TERTIRETIEEN.

IR 2025 Q1 (a)(ii)

Question 1: Version J

1. A student has a cart of mass m, and a block of mass %mc, as shown in Figure 1.

« Attime ¢t =0, the cart is moving to the right across a horizontal surface with constant
speed v, and the student releases the block from rest.

* At t=1,the block collides with and sticks to the top of the cart. The block does not slide
on the cart.

¢ At ?= 1, the block-cart system continues to move to the right with constant speed v;.

Figure 1
1
Block, 3 m@
| ‘ l
. Cart . —
T = =
t=0 t=1 t=1t
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AP Physics 1 UMY 2025 Q1 (a)(ii)

A.

ii. Derive an expression for the speed v, of the block-cart system after time ¢ = #, in terms
of m,, v., and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

fi:
MIKFEEIETIEFFIR, MERSRER 6m,/5:

me me
Pri = Pa, f> mcvc—i_i(O): (mc—i_?) v

’ )
)
v f 6 V.-
BAHS
(ii) For including a conservation of momentum equation Point A3

Scoring Note: Part A (ii) and part A (iii) may be scored together, if necessary.

For setting m_v, equal to the momentum of the block-cart system after the collision Point A4

Scoring Note: A correct, isolated, final expression of v, = ivC earns points A3 and

6
A4.

Example Response

pi =Dy
1
myv, = (mg +my)v, =(mg + M |Vr
5
Vi =gV

FETHENRERE, BXRE/GENMMAEEE

[REMANREE DA, ERHBELETNS, HENLARZS—MIFNEE, KEEERAXM)
HBECH Yamv?; THREIRZIER.
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il7% 2026 Q2 (b)

Question 2: Version J

2. Two small disks, R and S, are on a straight, horizontal track.

At time ¢ = 0, Disk R of mass m, is located at position x = 0. Disk R is initially moving with speed
v, in the +x-direction. Disk S of mass 3m,, is initially at rest, as shown in the top view in Figure 1.
Frictional forces are negligible.

At ¢ = 1, the disks collide. Immediately after the collision, Disk R moves with speed %VO in the
—x-direction.

Figure 1
+Xx
Vo v=0
Disk R Disk S
Top View

Note: Figure not drawn to scale.

PartB

Starting with conservation of linear momentum, derive an expression for the kinetic energy
of Disk S immediately after the collision. Express your final answer in terms of m, v,, and
physical constants, as appropriate. Begin your derivation by writing the fundamental physics
principle or an equation from the reference information.

fi#:
MEhEFIEFA:

1

1 1 1 \* 3
Us = 5% Kg = 5(3m0) (51’0) = gmovg-
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BAES

B For a multistep derivation that includes conservation of momentum Point B1
For indicating that the final momentum includes the momentums of both Disk R and Point B2
Disk S
For indicating the speed of Disk S immediately after the collision is %vo Point B3
Scoring Note: This point can be earned regardless of the subscript used for the velocity.
For indicating both of the following in the expression for the kinetic energy of Disk S: Point B4

e 3my for the mass of Disk S

e A velocity consistent with the derived expression for speed of Disk S
immediately after the collision

Scoring Notes:

e This point can be earned regardless of the subscripts used in the individual
terms.

e A correct, isolated, algebraic equivalent of %movg earns points B2, B3, and B4.

Example Response

Pi =Py
MyVg; = MgVgpys + 3m0vsf

myvy = m (_%Vo) + 3m0vsf
1
movo + Mo |5V | = 3mgvsy
1 3
VO + EVO = EVO = 3VS/1
1
Vsr = 3%

2
KSf = EmSVSf

1 1\
KSf = 5(3’"0)(5‘}0)

3 2
KSf = §m0V0
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MEREHETL: FREBEENIRRS

FRABEKRENHRRERE, VoheeReEERVNZIERSERNEYIE, RepERHREREMCR
KRB, ENNZZE "MK , FTEEEREET. MEZHNZ,

I

M

%% 2025 Q1 (a)(iii)
78] &dE 2025 Q1 (a)(ii)o

Question 1: Version J

1. A student has a cart of mass m, and a block of mass %mc, as shown in Figure 1.

« Attime ¢t =0, the cart is moving to the right across a horizontal surface with constant
speed v, and the student releases the block from rest.

* At t=1,the block collides with and sticks to the top of the cart. The block does not slide
on the cart.

s At?= 1, the block-cart system continues to move to the right with constant speed v;.

Figure 1
Block, 1 m@
| ‘ l
. Cart . i
T = =
t=0 t=1 t=1

iii. Derive an expression for the change in the kinetic energy AK in the block-cart system
from =0 to ¢ = & in terms of m,, v,, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference
information.

fi#:
FEXEMNEBYIROZIZ) 4, MEYRERE, FRUAIBEIRER R B/INE, RAESYIRERERAA

&

1, 1/6 5 \° 5,
KO = imcvc, Kf = 5 <5mc> (6U6> = ﬁmc’l}c,

1
AK=K;— K, = —Emcvg.

ASRIAXHMEERTZEINEERL . RIS HERAYIRE 5%, BIREE ZETRRIAS X,
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2025 Q1 (a)(iii)

BA¥5

(iii) For a multistep derivation that includes the correct relationship between kinetic energy,

mass, and speed (i.e., K = %mvz)

Scoring Note: The minimum requirement to earn this point is to show an expression of
kinetic energy or change in energy that goes beyond the given equation on the reference

information. For example, substituting quantities from the problem into K = %mv2 or

indicating the change in kinetic energy is AK = %mv% - %mvl2 earns the point.
For an indication that m, and gmc are the initial and final masses, respectively, of the

objects moving horizontally

For including an expression for v, consistent with part A (ii)

Scoring Note: A correct, isolated, final expression of AK = —%mcvc2 earns points

A3, A4, A6, and A7.

Example Response

1 2
KO = Emcvc
16 V5 V_5
Kf = E(gmc)(gvc) = Emcvc
1 2
AK = —EmcvC

Point A5

Point A6

Point A7

REERERYIRENE: RERNS EoIERRE

MEWET, KRBEFARDE, BRESHE, YIRMIGRFIERNIERNE, HRRENYIR

EERIEE K.

FRERME— SRR EKFE ki, FIREREER, ENER, SEMETEER; KFEBRKFRESR

=
XERAJELRE, BMERBWTEHEIEN, FiEEETIERIZ.
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=R 2022 Q4 (b)

4. (7 points, suggested time 13 minutes)
A student has a piece of clay and a rubber sphere, both of the same mass. Both objects are thrown horizontally at
the same speed at identical blocks that are at rest at the edge of identical tables, as shown, where friction between
the blocks and the table is negligible. After the collisions, both blocks fall to the floor.
In Case A, the clay sticks to Block A after the collision. In Case B, the rubber sphere bounces off of Block B after
the collision.
Block A Rubber Block B
Clay Sphere
— —0
Case A: Clay and Block A Case B: Rubber Sphere and Block B
Before Collision Before Collision

T T T R

O I Y IS S A A S N S O N A A

| | [l | ] | [l | | | | ] | ] | ] | |

| | ! | | | | | | | | | | | | | | |

bl — == — e — ===+ ——|—— 4 bl — == ——— = — —|——

| | | | | | | | | | | | | | | | | |

O A S A A N O N A A

| | | | | | | | | | | | | [l | | | |

| | | | | | | | | | | | | | | | | |

b= =l =+ = —|— — @t — —|— — Fm—lm—t === —@— ===+ — ===

| | | | | | | | | | | | | | | | | |

O A S A N A G S O O A A

| | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | | | | | |

bl — = — e — ==+ ——|—— 4 [ T B e e R

| | ! | | | ! | | | | | | | | | | |

S R S A A A S S A S A A A N

| | | | | | I | | | | | | | | | | |

O S O S S S

Case A: Momentum of Case B: Momentum of
Clay-Block System Sphere-Block System
Immediately After Collision Immediately After Collision

(b) After the clay and Block A collide, Block A lands a horizontal distance d4 from the edge of the table. Does
Block B land on the floor at a horizontal distance from the edge of the table that is greater than, less than, or
equal to d, ? In a clear, coherent, paragraph-length response that may also contain equations and/or drawings,
explain your reasoning. Neglect any frictional effects due to the table or air resistance.

fi#:

MRRZEEZHENER, BRERNBNOERR. A PMIRER—ERA, FETHHEE—LDIERTD
£, BHBRKKRE, BEABNE; IERIREHEFRIFERNIEME, BIRUTFEEAWIERRD
£, FREYIRAMRZ B HNEREE X,

FIREMAEREEKEFBHRL, VIREREANE, EHMEEHER, TEKNEHERE, ZBESEN,
IKTPEERFAT; EREEAR B 1EEE XTHRNEIREREIT, Frll B FI/KEEMEEE A,

2h
Leanl = ;» dg =vatey, dp=vpgle.
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XEWRACEARESRSHETE, AE AN BNHETE®ME, FHEEIIMRENMETE,

m

BEANS

(b) For indicating that momentum is conserved 1 point

For indicating one of the following: 1 point

e why a greater amount of momentum is transferred by the rubber sphere
e why the block in Case B has greater momentum than in Case A

For indicating that a larger momentum leads to a greater speed 1 point
For indicating the blocks fall for the same amount of time 1 point
For indicating that a block moving at a faster speed lands at a greater horizontal distance 1 point
For a logical, relevant, and internally consistent argument that addresses the required argument 1 point

or question asked and follows the guidelines described in the published requirements for the
paragraph-length response

Example Response

The momentum of the clay-block and sphere-block systems before the collision is the same for
both cases and because momentum does not change in the collision, it is the same after the
collision also. The sphere in Case B bounces off the block, so it has less (or negative)
momentum after the collision than the clay in Case A. In order for the systems in both cases to
have the same momentum after the collision, Block B must have greater momentum, and
therefore greater speed, than Block A. The blocks take the same amount of time to fall, so the
horizontal distance traveled by Block B (launch speed x time to fall) is greater than d 4.

Total for part (b) 6 points

iSRG ERE . ELEL, MRAEERE

BilEl At iE ] IR R, BARBEILAEBEX. AMRUBERRZHMAIERE, BHMERMEERE
E; MEERESHREES, AERERFLR .

Piotal
my +my
cm RLRGRD. TEBKEGIININR, SHENERERE, ROVEREARE, FIMBROMIELTH
REHR S, EERRREBMNNMUE, FeeSRERENLER R,

Ucm
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AP Physics 1

5l 2024 Q5 (b)

Zsa)7&4%E 2024 Q5 (a)o

Block A
— Block B
- — | Oke 2 ke
t=0
Figure 1

5. (7 points, suggested time 13 minutes)

negligible.

Attime ¢ = 0, Block A slides along a horizontal surface toward Block B, which is initially at rest, as shown in
Figure 1. The masses of blocks A and B are 6 kg and 2 kg, respectively. The blocks collide elastically at
t = 1.0's, and as a result, the magnitude of the change in kinetic energy of Block B is 9J. All frictional forces are

t(s)

x (m)
\
6
5
4
3
Block B
2
Center of /”
Mass \\_S_\,\:’
1 A
-" /Block A
0 T
0.0 0.5 1.0 1.5 2.0
Figure 2
The graph shown in Figure 2 represents the positions x of Block A, Block B, and the center of mass of the
two-block system as functions of # between t = 0 and t = 1.0s.

(b) On the graph in Figure 2, draw and label three lines to represent the positions of Block A, Block B, and the
center of mass of the two-block system as functions of # between r = 1.0s and 7 = 2.0 s. Each line should be

distinctly labeled.
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AP Physics 1 UMY 2024 Q5 (b)
fi&:

FEEERAT1IsHBOER 2m, MAEEN2m/s; BEREFEILEE2MAUE, MEISEHERN 12
kg « m/s, RifE{4ER:

6(2) +2(0) =6vy +2(3) = vy =1m/s.
BuEE RN SHERERE:

12

v = —_—

I 6+2

1s BEFRRERAITF 2 m (18, FILUROTELEAL, =RAM (15,2 m) E4uEt; ARIR L BRIE3. &

ORIEE 1.5, ¥ m/s AL

=1.5m/s.

Ta=2+4(t—1), w5=2+43(0t—1), x,,=2+15(—1).

6 -
— A
54 — B
-==center of mass
4 4
£ 3]
X
2
1 -
0 T T T I T T T 1
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
t (s)
WA TRIE, Bl alilalELakss,

IS #)nhREN 12, REDEERMIRAYI3J 59 J 480, A 12J, 5RE—H.
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BA¥5

(b) For drawing and labeling a straight line for the position of Block A with a lesser positive 1 point
slope than the slope of its pre-collision line

Scoring Note: The correct slope is not required to earn this point.

For drawing and labeling a straight line for the position of Block B with a positive, 1 point
nonvertical slope

Scoring Note: The correct slope is not required to earn this point.

For drawing a straight line for the center of mass of the two-block system position with the 1 point
same slope as the pre-collision line

For drawing lines for Block A and Block B with the correct slopes, 1 m/s and 3 m/s, 1 point
respectively, that beginat r =1.0s and x =2 m

Example Response

x (m)
6
5 Block B
4
/ (Center of Mass

/ Block A

5 Block B =
Mt S B
-7 g Block A
0 0!5 1.0 1.5 2.0 H®)

Total for part (b) 4 points
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#2026 Q2 (c)
Zsa)7&4E 2026 Q2 (b)o

Question 2: Version J

2. Two small disks, R and S, are on a straight, horizontal track.

At time ¢ = 0, Disk R of mass m, is located at position x = 0. Disk R is initially moving with speed
v, in the +x-direction. Disk S of mass 3m; is initially at rest, as shown in the top view in Figure 1.
Frictional forces are negligible.

At t = ¢, the disks collide. Immediately after the collision, Disk R moves with speed %Vo in the
—x-direction.

Figure 1
_+x,
Vo v=0
Disk R Disk S
Top View

Note: Figure not drawn to scale.

Part C

The graph shown in Figure 4 represents the positions x as functions of time ¢t from ¢ = 0 until
t = ¢, for each of the following:
+ DiskR
* DiskS
* The center of mass of the two-disk system
On the graph shown in Figure 4, draw three lines that represent the positions x of Disk R, Disk

S, and the center of mass of the two-disk system as functions of t from ¢ = ¢, to ¢ = 2¢,. Distinctly
label each line.
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Figure 4

Disk R

fi#:

PEMEMIBE M ERNNRMEIESEH: RONERN —v,/2, ATH; SHREN+y,/2, B
FROVEEREHERMUERE, INBERERENNS Z2—, BRFINERNERELAREES, WE—HE
B%l, BOEFEIERERN 3m, B9 So

— R
— S
-==center of mass

TRERARTENRRSESRE, FARBKREENRBERERSE,
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BA¥5

C For drawing a continuous, straight line for the center of mass for ¢ > ¢ with the same Point C1

slope as the line drawn for 0 <7 < ¢
For drawing and labeling the correct straight line for Disk R for ¢ > ¢, Point C2

For one of the following: Point C3

e Drawing and labeling a continuous, straight line for Disk S for ¢ > ¢, where the
slope is positive and greater than the slope of the center of mass line for
0<t=<p

¢ Drawing and labeling a continuous, straight line for Disk S for ¢ > ¢, where the
center of mass line falls between the lines drawn for Disk S and Disk R, and for
any one time for ¢ > ¢;, Disk S is closer to the center of mass than Disk R is

Example Response
X

T
Disk S

-
>

L~ Center of
Disk S - Mass

P
-
-
-
-
~

Center of
Mass Disk R
Aisk R
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$:>] 2024 Q5 (c)

Zs|a)7&4E 2024 Q5 (b)o

Block A
S Block B
- — | Oke 2 ke
t=0
Figure 1

5. (7 points, suggested time 13 minutes)

negligible.

Attime ¢ = 0, Block A slides along a horizontal surface toward Block B, which is initially at rest, as shown in
Figure 1. The masses of blocks A and B are 6 kg and 2 kg, respectively. The blocks collide elastically at
t = 1.0's, and as a result, the magnitude of the change in kinetic energy of Block B is 9J. All frictional forces are

x (m)
\
6
5
4
3
Block B
2
Center of /”
Mass \\_S_\,\:’
1 A
-" /Block A
0 T
0.0 0.5 1.0 1.5 2.0
Figure 2
The graph shown in Figure 2 represents the positions x of Block A, Block B, and the center of mass of the
two-block system as functions of # between t = 0 and t = 1.0s.

t(s)

(c) Consider if in the original scenario, instead of colliding elastically, the blocks collided and stuck together.
Describe how the line drawn for the center of mass in part (b) would change, if at all. Briefly justify your

response.
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&

PR, BMEMRIGE, MBRARERD, SHESEHRERE, FItHROERENESNUIEE
AL, MRFIRIAZ—IEEEROL L,

UMY 2024 Q5 (c)

BEANS

(c) For indicating the line drawn for the center of mass of both two-block systems is the same 1 point

For an explanation that indicates one of the following: 1 point

e Momentum is conserved in an inelastic collision
e No external forces exerted on the two-block system

Example Response

The slope of the line drawn for the center of mass would remain the same as the that of the
elastic collision because momentum is conserved. The lines for Block A and Block B would
lie along the center of mass line because the blocks slide together.

Total for part (c) 2 points

FMEHIRhE R A—XADSFRRMETE

FWE =R, MPEERENNEE—HLUFRRME. EMERANMNERER, FIUSBPEHEKR
RE, REFARREEREZUARR, FrEEX—NEHETHHIR/NRE.

Aﬁl = _Afb-
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7% 2026 Q2 (d)

Question 2: Version J

2. Two small disks, R and S, are on a straight, horizontal track.

At time ¢ = 0, Disk R of mass m, is located at position x = 0. Disk R is initially moving with speed
v, in the +x-direction. Disk S of mass 3m,, is initially at rest, as shown in the top view in Figure 1.
Frictional forces are negligible.

At ¢ = 1, the disks collide. Immediately after the collision, Disk R moves with speed %VO in the
—x-direction.

Figure 1
+Xx
Vo v=0
Disk R Disk S
Top View

Note: Figure not drawn to scale.

PartD

During the collision, the magnitudes of the changes in momentum of Disk R and Disk S are |Apyg|
and |Apg|, respectively.

Indicate whether |Apy | is greater than, less than, or equal to |Apg| by writing one of the
following.

* |Apg| > |Aps
* |Apg|<|Aps|
* |Apr|=|Aps|

Briefly justify your response by referencing a fundamental physics principle.

fi#:

MENERZEXN/MEE, MIERAANFRRE, FANEMER, MUARERMZAESFARE; BATH
ASETIEERSER I HERTEZMAZ,

AP+ ApgE =0 = |Apg| = [Aps|

TEERE S RERAMRENEIELWRA; HEFEFERLERREZHLE
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BAES

D For a single claim that indicates |Apg | = |Apg| Point D1

For a justification that indicates one of the following: Point D2

e Momentum is conserved.

e Momentum is constant.

o The net external force exerted on the system is zero.

e The internal forces are equal in magnitude and opposite in direction (Newton's
third law).

e The net impulse exerted on the system is zero.

e The magnitude of the impulse delivered to Disk R by Disk S is equal to the
magnitude of the impulse delivered to Disk S by Disk R.

Example Response

|Apgr| = |Apg|, because the net external force exerted on the system is zero.

H—EEEG T EEEN: BRFFSHEREHR

MEMEN—NEEEREENEXKENENTSER. WM EAE. THRh; ZABZBHERHER, B
m, [EETN. FELEMEMRVELIEEZEENM,

Ap=J =~ Z F At
JRHPE, SR FAt BIZERER; HER/VERSREMNMEGIT,
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583 2024 Q2 (c)(ii)

Motion
Force Detector

Sensor b\'

Figure 2

In a different experiment, the student attaches one end of a spring to a force sensor that is attached to a wall. The
other end of the spring is attached to a cart with mass m = 0.25 kg. The student places a motion detector to the
right of the cart, as shown in Figure 2, and pulls the cart to the right a small distance so that the spring is
stretched. The student releases the cart from rest, and the cart-spring system oscillates.

The following graphs show the velocity v of the cart and the force F exerted on the cart by the spring as
functions of time ¢.

0.4
0.3
0215 2
0.14s

v(m/s) 0.0
0.1 x
-0.2 %
~0.3
~0.4

0.08;
0.06 | a1

0.04 | — .

0.02 . °

F(N) 0.00
-0.02
~0.04 . - .
-0.06 . .
~0.08

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 s. Briefly explain how you arrived at your estimation.

2.
FARXE&H 0.55 5 2.55, FH—BHEIETE 0.5-1.5 s WHEIRS 1.5-2.5 s WIEERRA/JGEMIESE, #F
Sk, BPHELNRE, FAHETHKAORE,

Ap=J ~0kgm/s.
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BA¥5

(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 0.5s to 2.5 s is zero.

BREEZN+ E: WBRRINBEFSoE

ELHENERIETLE, BRAREEFRIIZYN . A—RERKEEBVEE, BALLRARMA
N, REERKMEE, REA&NRMA.
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IR 2024 Q2 (c)(iii)
Zia)AdE 2024 Q2 (c)(ii)o

Motion

Force Detector

Sensor

Figure 2

In a different experiment, the student attaches one end of a spring to a force sensor that is attached to a wall. The
other end of the spring is attached to a cart with mass m = 0.25 kg. The student places a motion detector to the
right of the cart, as shown in Figure 2, and pulls the cart to the right a small distance so that the spring is
stretched. The student releases the cart from rest, and the cart-spring system oscillates.

The following graphs show the velocity v of the cart and the force F exerted on the cart by the spring as
functions of time ¢.

0.4
03
0211 s Ol
0.11e

v(mis) 004
0.1
-0.2 ‘s
~03
~0.4

0.085
0.06 —= s
0.04 —=* .
0.02 * o °
F(N) 0.00
-0.02
-0.04 S
-0.06 o %
-0.08

t(s)

iii. Do the data from the velocity-time graph confirm your estimation from part (c)(ii) ? Briefly explain.

fi#:
FIREEE 0.5s M 2.5 s #LH +0.30 m/s, FEA/NIABEER; REARE, RVEHEE:

Ap = m[v(2.5) — v(0.5)] ~ 0.25(0.30 — 0.30) = 0.
S5AEERGEITT—. Rii “FRER" F79; EARART, BHERIAZE.
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EANS

(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 0.5s 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.

101



AP Physics 1 UMY 2023 Q5 (a)(i)

713, ANNEES%5hEE

AINEEER—M&A: TBRIE

NEHENEWERRDIER. DHOXMEER, RHMEIZAOERANERERMA, NEER. BN
ERERZRD; HHM—FUOELSENEEN, EHNERK,

T=Fr,, o=—
rl BEENE, TRNIE, | ERDIRE, aRAMEE. B—TNMREN | FX, WRAMEEM
L% /038 ; miEfRAER, FeERAEBEARAXIME.

7 2023 Q5 (a)(i)

Sphere
Center of Mass

Rod

Axle

Figure 1
5. (7 points, suggested time 13 minutes)

A rod with a sphere attached to the end is connected to a horizontal mounted axle and carefully balanced so that it
rests in a position vertically upward from the axle. The center of mass of the rod-sphere system is indicated

with a ®, as shown in Figure 1. The sphere is lightly tapped, and the rod-sphere system rotates clockwise with
negligible friction about the axle due to the gravitational force.

A student takes a video of the rod rotating from the vertically upward position to the vertically downward
position. Figure 2 shows five frames (still shots) that the student selected from the video.
Note: these frames are not equally spaced apart in time.

8
Axle

o @ | @

Frame A Frame B Frame C Frame D Frame E

Figure 2
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(a) Use the frames of the video shown in Figure 2 to answer the following questions.

i. In which frame is the angular acceleration of the rod-sphere system the greatest? Justify your answer.

fi#:

HMWCoﬂMAUﬂ%ML%%éEEﬁEE BEHHERK, FRMENNERK; B—RENIRE
T, NERUBEERAINEE, FIUAMEEANNMIBER, MEKEIREARERE, FEEEIIRE

ﬁ@%ﬁ%ﬁﬁo

BEANS

(a)(i) For indicating “Frame C” with correct reasoning about the magnitude of the torque being 1 point
the greatest

Accept one of the following:
o This is the instant when the lever arm is greatest.
e This is when the angle between radius vector and weight force vector is most
perpendicular.

For correctly relating torque and angular acceleration: o o 7 1 point

Example Response

The angular acceleration is greatest in Frame C because angular acceleration is
proportional to torque, and in Frame C the gravitational force vector is directed
perpendicular to the rod (lever arm) which means this is where the torque will be the
greatest.

KHNRERNE: (FARSRENTA

BARNENERTHRR, KAOERTEER, RENERTRE. FREXRBHESS, FRUSHIA
—XFik, MERERIN—ZT,

BN EREER. FANFINE: 5L, ARKNNEESEUBTRKANE, EAUFT
KANE; HRAEFE, ZHEKNIBDLDE, BAKEH. KFESAHASHERE.
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% 2024 Q3 (a)

Wall
1
String
29
Hinge | 0, Beam
B %3
| L |
Figure 1

3. (12 points, suggested time 25 minutes)

The left end of a uniform beam of mass M and length L is attached to a wall by a hinge, as shown in Figure 1.
One end of a string with negligible mass is attached to the right end of the beam. The other end of the string is
attached to the wall above the hinge at Point 1. The beam remains horizontal. The hinge exerts a force on the beam
of magnitude Fp, and the angle between the beam and the string is 6 = 6.

(a) The following rectangle represents the beam in Figure 1. On the rectangle, draw and label the forces (not
components) exerted on the beam. Draw each force as a distinct arrow starting on, and pointing away from, the
point at which the force is exerted.

fi#:

HLERE=XARH]: FhRE THEN Mg; AimaRmAL ERKA Fr; ARl ma EasRhE
1 Fyo AEIBKNDEBRRMRIIERTT.

BEENNAREEHFEERTE, RS, GiniKNNE LS EXMIIEITIERRES:
Fp,L=Mg(L/2),  Fp,=Mg/2.

KORAEE—FEE, RELFOLRAES—F; KIRENSERRERGNDETE, FUILREN
BAELEA Lo
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Fr
Mg
BANR
(a) For drawing the gravitational force at the center of the beam that is directed downward 1 point
For drawing the tension force at the right end of the beam that is directed upward and 1 point
leftward
For a diagram with three force vectors that represent a system in equilibrium 1 point

Example Response

Fy Fr

Scoring Note: Examples of appropriate labels for the gravitational force include Fy;, F,,

Fgrav , W, mg , Mg, “grav force,” F' Earth on beam,” “F on beam by Earth,”
Fiarth on Beam » FE.Beam » OF Fpeam g - The labels G or g are not appropriate labels for the

gravitational force.

Scoring Note: Examples of appropriate labels for the normal force include F,, Fy, N,

“normal force,” or “wall force.”

Scoring Note: Examples of appropriate labels for the tension force include F; F, Fr,

tring »

Frension » “string force,” or “tension force.”

Total for part (a) 3 points
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FBAZ/MEFIKE: RisEESEMIESKS

FIRZKFEE. EENENNEFRR, BRRIHERNREIME, BUEEKT, SRKIPEER
BLbFIE )N, BEEESEMNER, SKIMENRE. FEREEKKFIEKT,

7% 2024 Q3 (b)

Wall

Hinge |

Figure 1
3. (12 points, suggested time 25 minutes)

The left end of a uniform beam of mass M and length L is attached to a wall by a hinge, as shown in Figure 1.
One end of a string with negligible mass is attached to the right end of the beam. The other end of the string is
attached to the wall above the hinge at Point 1. The beam remains horizontal. The hinge exerts a force on the beam
of magnitude Fy, and the angle between the beam and the string is 8 = 6.

Figure 2
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(b) The string is then attached lower on the wall, at Point 2, and the beam remains horizontal, as shown in
Figure 2. The angle between the beam and the string is 6 = 6,. The dashed line represents the string shown in
Figure 1.

The magnitude of the tension in the string shown in Figure 1 is Fp;. The magnitude of the tension in the string
shown in Figure 2 is Frp,. Indicate which of the following correctly compares Fp, with Fp;.

_ Fp>Fn _ Fp<Fn — Fp=Fn

Briefly justify your answer, using qualitative reasoning beyond referencing equations.

fi#:

PR —IRBRVK B R, FRUBMENSELENE, BNITRERFERNRANE, BEFE,
KAOPEEMALLAIR); BREFFNRLDE, SKIMBAER,

BEANSR

(b) For selecting “ F, > Fr;” with an attempt at a relevant justification 1 point

For a justification that includes one of the following: 1 point

e For relating the vertical component of the tension in the string to the weight of the bar
e For relating the force needed to exert the same torque to the angle of the string

Example Response

In order for the beam to remain horizontal and at equilibrium, the torque exerted by the
string must remain the same for all angles. When the angle decreases, the perpendicular
component of the tension remains the same. Therefore, the tension in the string is greater for
a smaller angle.

Total for part (b) 2 points

HohFAES K BERBENHELD RN
BREE Y, RENNABNE, WERPRRKNEES, EREHALE, KHEFRK. EHED
O S; KNEEHNSER Frsinb,

Z T=1Ia=0.
WIREME, ZRAETH: 07£ 0% 90° AT, AERVIME sind B/, T2 FPHXNENFT K
71, BASeENESERE—H.
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% 2024 Q3 (c)

Wall
1
String
e
Hinge | ,
mnge 2‘ 0, l‘g Beam
()
| L |
Figure 1
3. (12 points, suggested time 25 minutes)

The left end of a uniform beam of mass M and length L is attached to a wall by a hinge, as shown in Figure 1.
One end of a string with negligible mass is attached to the right end of the beam. The other end of the string is
attached to the wall above the hinge at Point 1. The beam remains horizontal. The hinge exerts a force on the beam
of magnitude Fp, and the angle between the beam and the string is 6 = 6.

(c) Starting with Newton’s second law in rotational form, derive an expression for the magnitude of the tension in
the string. Express your answer in terms of M, 6, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference book.

fi#:
ENEEE NS, W DERNIE, F8elE, AMEEAS, BEAK. EHEFS:

Y r=Ia=0, FTLsine—Mgg =0,
_ My
T 9sing’
B3 @Q)REN: BREAME, KOINEESERGEREF—FEE, RELERELRES—%F; KFA
M, RESERGIKEKNINRESE. PR L#HE L,
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BEAND

() For a multi-step derivation that begins with Newton’s second law for rotation, X7 = /& or 1 point
>7=0
For indicating one of the following: 1 point
e The net torque is zero
e The net force is zero
For indicating one of the following: 1 point
e The magnitude of the torque from the string is (£ sin&)L
e The magnitude of the torque from the weight of the beam is Mg%

Mg
Th =—
. e correct answer, Fp Tsind
Example Response
Yr=la
Toravity T Tstring = 0
(F )A(sin90°) — Fp(L)sind =0
gln T
Mg% = (Fpsin@)L
_ Mg
'™ 2sin@
Total for part (¢) 3 points
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#:3] 2024 Q3 (d)

Z=a)7&4%E 2024 Q3 (b). 2024 Q3 (c)

Wall

Hinge |

Figure 1

3. (12 points, suggested time 25 minutes)

The left end of a uniform beam of mass M and length L is attached to a wall by a hinge, as shown in Figure 1.
One end of a string with negligible mass is attached to the right end of the beam. The other end of the string is
attached to the wall above the hinge at Point 1. The beam remains horizontal. The hinge exerts a force on the beam
of magnitude Fy, and the angle between the beam and the string is 8 = 6,.

(d) Is your derived equation in part (c) consistent with your justification in part (b) ? Explain your reasoning.

fi#:

—, BRATSESATEZEE, @AB/NT sind By, 28%/)h, KAEK, 5(b)MNEMIEHE
[Eo
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BA¥5

(d) For an attempt to use functional dependance to relate the derivation in part (c) to the 1 point
reasoning used in part (b)

Scoring Note: The functional dependance does not need to be used correctly to earn this
point.

For an explanation that correctly relates the derivation in part (c) to the reasoning used in 1 point
part (b)

Example Response

The equation agrees with my explanation because my equation shows that the tension is

inversely proportional to sin@ and for 6 < 90°, sin@ decreases as 0 decreases, so the
tension would be greater for smaller angles.

Total for part (d) 2 points

REUIMADRAMRE: SERRURDIRE

BUYHMANRROSEN, HABREFRE, DEXNNAKARF R BRENSHOAFAEROTERNT
¥}, ZAERDIE_ER, BANES |, FTEEREYRNENERIRE ETIE.

il 2023 Q4 (a)

Axis ‘d'

4. (7 points, suggested time 13 minutes)

A block of unknown mass is attached to a long, lightweight string that is wrapped several turns around a pulley
mounted on a horizontal axis through its center, as shown. The pulley is a uniform solid disk of mass M and

1
radius R. The rotational inertia of the pulley is described by the equation / = 5 MR?. The pulley can rotate about

its center with negligible friction. The string does not slip on the pulley as the block falls.

When the block is released from rest and as the block travels toward the ground, the magnitude of the tension
exerted on the block by the string is Fr.
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(a) Determine an expression for the magnitude of the angular acceleration o, of the disk as the block travels
downward. Express your answer in terms of M, R, Fr, and physical constants as appropriate.

fi#:

BEFZROBARE, 71BN FrR. HNERANSEZENXTFHROMAFERIIE, AT
SKERBEDRE:

1
> 1 =1Iap, Z%RziMR%D

2F,
ap = —=—.
P MR
BEANS
(a) For a correct expression for the angular acceleration of the pulley in terms of the appropriate 1 point
uantities: ap = 2F7
q - YD — MR

Example Response

2F,
ORl%:M%

RF
0(D=l r

~ MR?
2

Total for part (a) 1 point

HREAEEE: AMEERHMLRE

HEEENETR TR, ARENSTIEX, BETELEE, ENFRLBEERM, 1IE
I BIMEREZRN. AEREE LA, EfREKERE), mTM.

BESENRNEAEE;, EAAREFAALREE, BFREE EAEE T,

H
hGi

T FIEZ

I

112



AP Physics 1 MY 2024 Q3 (e)

il&% 2024 Q3 (e)

Wall
1
String
29
Hinge | 0, Beam
B %3
| L |
Figure 1

3. (12 points, suggested time 25 minutes)

The left end of a uniform beam of mass M and length L is attached to a wall by a hinge, as shown in Figure 1.
One end of a string with negligible mass is attached to the right end of the beam. The other end of the string is
attached to the wall above the hinge at Point 1. The beam remains horizontal. The hinge exerts a force on the beam
of magnitude Fp, and the angle between the beam and the string is 6 = 6.

(e) The string is cut, and the beam begins to rotate about the hinge with negligible friction. On the following axes,
sketch the angular speed of the beam as a function of time for the time interval while the beam falls but before
the beam becomes vertical.

Angular

Speed
\

0 Time

fi#:

MEMEREFREREEM. A FUNE, BREEN—EFETR T, FRLUARERN,; Fs
BEREN, EANNEERE), NEMAMEEERE), RIHRARKR). B EENREE
Z, EAEREAZEEZ,
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w
0
0
t
AIREMZIZM, ERRZFHT); EHt, NHmBERE,
BAITS
(e) For drawing a graph that is monotonically increasing 1 point
For drawing a concave down curve 1 point

Example Response

Angular
Speed

0 Time

Total for part (e¢) 2 points

MRREDEMEE: [ERAFESEEIENEE

XEREMIRE | WNEEFONEEH;, M E2RHEBNSHRE, RREEFFR. A—ARET, B
HMERHRELEEKR, TIMEZHEE, FtE—/MREEL “REXEMEENTE" SEER
2, BIERHTEEN.

EMf&pFRERM R, FIUSERRESFTERER R?;, RABLERENAF. 75/5H:

Lyoop = MR2.
1
Lyisk = §MRQ~

FRUERE. R+ENERENRESREZNME, XRMAIIKBIXZRERERHMDH.
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FERFRNEEFRE. ERANLREREDE; (FRERNE, AMERMER. ANERKDRERAE
B, ZunhieREMIRERMAEEFT LB, BEARER, FEER L FHERAR |

2
AL = TAt, L=lw, KR:%IWQZ%.
XE LRTAE, SEMIANHK LRETEXSD. BRAPERFTHEREL, RAMIEFRERIFRRE

A,

BilE% 2023 Q4 (b)

Axis ‘d'

4. (7 points, suggested time 13 minutes)

A block of unknown mass is attached to a long, lightweight string that is wrapped several turns around a pulley
mounted on a horizontal axis through its center, as shown. The pulley is a uniform solid disk of mass M and

1
radius R. The rotational inertia of the pulley is described by the equation I = 5 MR?. The pulley can rotate about

its center with negligible friction. The string does not slip on the pulley as the block falls.

When the block is released from rest and as the block travels toward the ground, the magnitude of the tension
exerted on the block by the string is Fr.
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Scenario 1 Scenario 2
Solid Disk Hoop

Fy Fy

Scenarios 1 and 2 show two different pulleys. In Scenario 1, the pulley is the same solid disk referenced in
part (a). In Scenario 2, the pulley is a hoop that has the same mass M and radius R as the disk. Each pulley
has a lightweight string wrapped around it several turns and is mounted on a horizontal axle, as shown. Each
pulley is free to rotate about its center with negligible friction.

In both scenarios, the pulleys begin at rest. Then both strings are pulled with the same constant force F, for the
same time interval Az, causing the pulleys to rotate without the string slipping. After time interval Az, the
change in angular momentum of the disk is equal to the change in angular momentum of the hoop, but the
change in rotational kinetic energy for the disk is greater than that of the hoop.

(b) Consider scenarios 1 and 2 at the end of time interval Az. In a clear, coherent paragraph-length response
that may also contain equations and drawings, explain why the change in angular momentum of both
pulleys is the same but the change in rotational kinetic energy is greater for the disk.

fi#e:

AP Fy MReGH2MEE, WAMEAER; (ERNE At 86, FRUAFERER, BohEEEE
[Eo

EAREEIEH, HREEEASNMG. HBEHE, REXEHEIER, HEREEN, FUKS
BEEA. LULRRANE L,,, R

L? L?
K, =28 K, =28 K, =2K4.
D QID ) H QIH ) D H

FitERE A FEH T EREHERLIE, ERERNBEREINAEEXR, HAOMNEMENIIEES, 5

REELLIR—E
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BA¥5

(b) For indicating that the torque, 7, is the same for both pulleys 1 point

For indicating that the impulse, zA¢, (or change in momentum AL ) is the same for both 1 point
pulleys because 7 and Ar are the same

For indicating that the rotational inertia, 7, of the disk and hoop are different 1 point

For providing reasoning that because the rotational inertia, 7, are different for the disk and 1 point
hoop, the kinematic quantities (Af, ®, « ) are also different for the disk and hoop

For one of the following: 1 point
e Relating 7/ and o to reason that AK is greater for the disk
e Indicating that because A@ is greater for the disk the work done on the disk is
greater

For a logical, relevant, and internally consistent argument that follows the guidelines 1 point
described in the published requirements for the paragraph-length response

Example Response

The rotational inertia, I, of the hoop is larger than the rotational inertia of the disk
because the hoop’s mass is all on the outside instead of distributed throughout like the disk.
Equal forces are applied to both pulleys at the same distance, which means that the torques
exerted on the pulleys will also be equal. Since the same torque is applied to both pulleys
for the same time period, the change in angular momentum will be the same for the disk and
hoop. The magnitude of the angular velocity for the hoop will be smaller than that of the

disk since angular velocity is inversely proportional to the rotational inertia ((o = %)

Since kinetic energy is proportional to rotational inertia and the square of angular velocity

(K R = % I ) , the difference in angular velocity more greatly affects the rotational kinetic

energy. That means the disk will have a greater rotational kinetic energy than the hoop.

Total for part (b) 6 points

MERAIMER: BERESRAERE

AR EEENZALRFERNG, NMIIBANFALERRE. BE. MMERLLFG, SEMEERE
mhee; BRERNEFTBERANAREL BHEFEIEE

XEEEAHERE, KEBERE, FERR “BRENEMISELEEAHE" -
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= 2026 Q4 (a)

4. Toys X and Y are free to rotate with negligible friction about a vertical axle through the center
of each toy. The upper portion of each toy has a radius #,, as shown in the side view in Figure 1.
A string of length ¢, is completely wrapped around the upper portion of each toy. The rotational

inertia of Toy X is /x, and the rotational inertia of Toy Y is /y = 5 /x.

Figure 1
Toy X Toy Y
Axle o Axle ?’ ,.0
String {J String {\)
| |
} - — FO } ——»FO
Upper — Upper —
Portionz Portionz
AT T A D
C D C D)

Side View

Toys X and Y are initially at rest. A constant horizontal force of magnitude F is then exerted on
the string of each toy, which causes the toys to rotate, as shown in the overhead view in Figure
2. The axles of the toys remain vertical as the force is exerted on the strings. The strings do not
slip as the force is exerted on the strings.

When the string loses contact with the axle of Toy X, the angular speed of Toy X is w«.

When the string loses contact with the axle of Toy Y, the angular speed of Toy Y is @ .
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Figure 2

Overhead View

Part A
Indicate whether @y is greater than, less than, or equal to @y by writing one of the following.

[} a)Y = a)X

Justify your answer using qualitative reasoning beyond referencing equations.

fi#:

R Y NARAREER, WIREKEMRRE, BR/EE, RIthiAIXNMITEMBIINERE; BFREFA,
HEpchEEtB AR, YRR NRER), BEERLIE, EXRIBEANARE, XEKBRNLEM
SN E T
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BA¥R
A For indicating @y > @y Point A1

For a justification that relates the final angular speed (or acceleration) to the rotational Point A2
inertia using one of the following:

o The torque exerted on each toy about its axle

e The work done on each toy

e The change in kinetic energy of each toy

e The angular acceleration of each toy about its axle

e The change in angular momentum of each toy about its axle

For a justification that indicates one of the following: Point A3

e The torque exerted on each toy about its axle is the same.

e The work done on each toy is the same.

e The change in kinetic energy of each toy is the same.

o The angular acceleration of each toy about its axle is different.

e The change in angular momentum of each toy about its axle is different.

Example Response

The same force is exerted on both toys over the same distance, and so the work done is
the same on both toys. This means that the change in kinetic energy of both toys is the
same. So, Toy Y has a larger angular speed since it has a smaller rotational inertia with
the same change in kinetic energy.

PIHEARBRRAERE: Ih—RERRE TSR FHES
NAEE. BEMALN, BABRNMUBMEER. KTEIINIMIIEFT RGN, BRMGFHL
LR ARE,
1
W=AKp, — Kp=gl

S—HRBEM =la FHE, BFBNEAEKESTFREFERA, EANEEBEEAEIIRAERE,
S EREoHRERLAIILE LR,

120



AP Physics 1 MY 2026 Q4 (b)

7% 2026 Q4 (b)

4. Toys X and Y are free to rotate with negligible friction about a vertical axle through the center
of each toy. The upper portion of each toy has a radius #,, as shown in the side view in Figure 1.
A string of length ¢, is completely wrapped around the upper portion of each toy. The rotational

inertia of Toy X is /x, and the rotational inertia of Toy Y is /y = 5 /x.

Figure 1
Toy X Toy Y
Axle o Axle ?’ ,.0
String {J String {\)
| |
} - — FO } ——»FO
Upper — Upper —
Portionz Portionz
AT T A D
C D C D)

Side View

Toys X and Y are initially at rest. A constant horizontal force of magnitude F is then exerted on
the string of each toy, which causes the toys to rotate, as shown in the overhead view in Figure
2. The axles of the toys remain vertical as the force is exerted on the strings. The strings do not
slip as the force is exerted on the strings.

When the string loses contact with the axle of Toy X, the angular speed of Toy X is w«.

When the string loses contact with the axle of Toy Y, the angular speed of Toy Y is @ .
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Figure 2

@ .

Overhead View

PartB

Starting with the work-energy theorem or Newton’s second law in rotational form, derive an
expression for the angular speed @ of Toy X at the instant the string loses contact with the
axle. Express your final answer in terms of {,, /x, £, and physical constants, as appropriate.
Begin your derivation by writing a fundamental physics principle or an equation from the
reference information.

fi#:
MIN—REEEFFIE. SEP@WhiHe, RIhHMTh F e, HIRERE:

1
W =AKy, Foly = ilxwgc —0,

[2F,¢
X

WA RRME_ERFIEEAMRE, BHABNEKSERA!

F, 14
aX:IO—TO, Af =2, w3 = 2a ¢ Ad.
X To

MIVEXILSE ) #00H, REIE—TAEESER,
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BA¥5

B

For a multistep derivation that includes Newton’s second law in rotational form

For indicating one of the following:

e [yr, for the torque exerted on Toy X

e A relevant rotational kinematic equation or combination of equations

. i—o for the angular displacement of Toy X
0

Scoring Note: Subscripts are not required to earn this point.
For a correct expression for @y in terms of the given quantities

2F,0,
X

Scoring Note: A correct, isolated, algebraic equivalent of

and B3.

Example Response

T = Ixa = Fyny

ly = rRAl
a))z( - a)g =2aA0
wy = 2aA0
> A Forp \( Lo
“x = 2( Iy o
oy = 21;()(0
X

Alternate Solution

For a multistep derivation that includes work and rotational kinetic energy

For indicating one of the following:

o Fyr, for the torque exerted on Toy X
1
2
o Fyl, forthe work exerted on Toy X

Ixa)f( for the kinetic energy of Toy X

o 7A@ for the work exerted on Toy X

14
r_o for the angular displacement of Toy X
0

Scoring Note: Subscripts are not required to earn this point.

123

earns points B2

Point B1

Point B2

Point B3

ALT
Point B1

ALT
Point B2



AP Physics 1 MY 2026 Q4 (b)

For a correct expression for @y in terms of the given quantities ALT

Point B3

2Fy¢
Scoring Note: A correct, isolated, algebraic equivalent of [0 O earns points B2
X
and B3.

Alternate Example Response

W = AK

Fyly = 3 1x0% = 0

1 2
Fyly :EIX(‘)X

oy = /2][7060
X
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#:>] 2026 Q4 (c)
Z=a)7%4% 2026 Q4 (a). 2026 Q4 (b)o

4. Toys X and Y are free to rotate with negligible friction about a vertical axle through the center
of each toy. The upper portion of each toy has a radius 7,, as shown in the side view in Figure 1.
A string of length ¢, is completely wrapped around the upper portion of each toy. The rotational

inertia of Toy X is /x, and the rotational inertia of Toy Y is Iy = 5 Ix.

Figure 1
Toy X Toy Y

Axle o Axle ,,0
String *d String

| n

L/__»FO L/——» FO

Upper — Upper —

Portion?’ Portion?>
AT T A D
C D C D

Side View

Toys X and Y are initially at rest. A constant horizontal force of magnitude F is then exerted on
the string of each toy, which causes the toys to rotate, as shown in the overhead view in Figure
2. The axles of the toys remain vertical as the force is exerted on the strings. The strings do not
slip as the force is exerted on the strings.

When the string loses contact with the axle of Toy X, the angular speed of Toy X is w«.

When the string loses contact with the axle of Toy Y, the angular speed of Toy Y is @-,.
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Figure 2

Overhead View

Part C

Justify how your derived equation in part B is or is not consistent with your reasoning in
part A.

fi#d:
RIFHERNNMEK, BHRPRFNDFHEE, BRESEIIRENFHRM KL, EAL%

w_Y: I_X:\/§>1
Wx Iy '

5 AREMSFIBT—E. FRERMIRAERIET BN, HRITERANEMRE,

HRNLE(E:
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MY 2026 Q4 (c)

BA¥5

C

For attempting to address the functional dependence between the angular speed and the Point C1
rotational inertia

Scoring Note: It is not necessary to use the functional dependence correctly to earn the
first point. The response only needs to use functional dependence language such as
proportional, inversely proportional, related, numerator, denominator, etc. to relate the
angular speed and the rotational inertia.

For correctly using functional dependence to evaluate the relationship between the Point C2
angular speed and the rotational inertia, consistent with the reasoning in part A and
derived expression in part B

Example Response

The equation I derived in part B shows that the angular speed of the toy is inversely
related to the rotational inertia of the toy. Therefore, because the rotational inertia of
Toy Y is less than the rotational inertia of Toy X, the angular speed of Toy Y is greater
than the angular speed of Toy X. This is consistent with my answer in part A.
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SPEIREH SR

REMRSEEIE . BBRESHHN

AR T REIZIE— (I EH AR —F RIEsI =B —0 bt E], FaERIRREMNMNE—ik, ER—R=E8/)N
Roh, PEWEE, FERREE,
4 2
T = 2w\/f, k= 77;;”.

HSTEEIRY: EESHENTE, FRKETEERUDE. SEENTESESREVIRETRK
RBEZE, TRHSHK.

8% 2022 Q5 (a)

1.00 m

| |M0ti0n Detector

A spring of unknown spring constant k, is attached to a ceiling. A lightweight hanger is attached to the lower end
of the spring, and a motion detector is placed on the floor facing upward directly under the hanger, as shown in
the figure above. The bottom of the hanger is 1.00 m above the motion detector.

5. (7 points, suggested time 13 minutes)

A 0.50 kg object is placed on the hanger and allowed to come to rest at the equilibrium position. The spring is
then stretched downward a distance d(y from equilibrium and released at time ¢ = 0. The motion detector records
the height of the bottom of the hanger as a function of time. The output from the motion detector is shown in the
graph on the following page.

B B EE N EEENEEEEE
b b e e bbb b e el A A | A ]
I I I NI O 1 O A W
05 T N T o A
N I N N O W 8
Height EERRAEY Ij;;l:LLL,L‘gﬁ,,‘:ccc:o:cc:r,cc,l,.,u:
elg 60|||\\II\\II\\\\\\Il\\\l\\lll\\ e .
(em) T EEEE AN A ] Equilibrium
A N A A ] Position
55 H A
:I:I:I:\::\ I=1=r 1=~ ===l 1=1=1= :I:\:\:\::I‘I‘\:\_‘!‘!‘!‘\:
I O 1
O O A A S A
0.00 0.25 050 0.75 1.00 125 150 1.75 2.00
Time (s)
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(a) Using the information given and information taken from the graph, calculate the spring constant.

fi#:

FEEEEFOLH 60 cm, IRIELIH 5 cm, BAFRERSHIERRA 1.25s. BHRE 0.50 kg S5EHAK
HE:

Ae®m 4r2(0.
T =2n/mfk, = ko= 7;27” = ”1.(2052’0) ~ 12.6 N/m.

e AFESEEK REYRNIESN 1.00m, FEE55H 0.60m, K 0.40 m, IBEERUEBEKE, I
7 12.3N/m (BEHMEEEB 9.8 m/s?) 8 12.5N/m (BX 10 m/s?) ., B LIEEHBIE, miAELM—
o

BA¥5

(a)  For obtaining a period from the graph of 1.25 seconds 1 point

For substituting the values of period and mass into a valid equation for the spring constant 1 point

Example Response

T=125s
a2
"k
ko == 930ke 1) 6 Njm

]

Alternate Solution

For stating that the spring is stretched 0.40 m to its equilibrium position (because the 1 point
equilibrium height is 60 cm and the original height was 100 cm )

For substituting the amount of spring stretch and mass into a valid equation for the spring 1 point
constant

Alternate Example Response

The string is stretched 0.40 m under a force of mg = 5 N. Because F = —kx, we have

_mg _ S -
k= o 04 N/m =12.5 N/m

Total for part (a) 2 points
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PRERELLBIIR: F—ESALESEEE

1

i f REWRBIRRE, SEBENEN, F—RED, MRERDNSRE SRS
RIRE 2 LA U AR S 2m.
1 k
f= %\/;

555 2023 Q1 (b)
K@)
6
5
4
3
2
1
x=-L x=0 x=+L O 1 23 4 5 6 Q)
Figure 1 Figure 2

1. (7 points, suggested time 13 minutes)

A cart on a horizontal surface is attached to a spring. The other end of the spring is attached to a wall. The cart is
initially held at rest, as shown in Figure 1. When the cart is released, the system consisting of the cart and spring
oscillates between the positions x = + L and x = —L. Figure 2 shows the kinetic energy of the cart-spring
system as a function of the system’s potential energy. Frictional forces are negligible.

Figure 3

When the cart is at +L and momentarily at rest, a block is dropped onto the cart, as shown in Figure 3. The block
sticks to the cart, and the block-cart-spring system continues to oscillate between —L and +L. The masses of the
cart and the block are m and 3m, respectively.

(b) The frequency of oscillation before the block is dropped onto the cart is f. The frequency of oscillation after

f
the block is dropped onto the cart is f;. Calculate the numerical value of the ratio 72 .
1
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fi#:
ANE—EENRESRRERENNE, BENELL, BMERXAZBR, AEERSHENE:

Ay 1
fl % k/mo 2

EHWS

(b) For using the equation for frequency or period in a ratio 1 point

Example Responses

1 |k 1 [m /
Gy Cy= 27,2 2

2 2

f n;: orR =~ OR ——— OR ——
L / / 1 mz
27w\ my m, 27

Scoring Note: Simplified versions of the above ratios also earn this point.

- . . 1 point
For substituting the total mass 4m,, into the correct ratio: i) or —- ' P

S

Example Response

- m
T—27Z'\/;

o1k
‘f_27r m

1 [k
fZ _ 271' 4m0
ho 1k

27\ my

Total for part (b) 2 points
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SEELREE: FEERIEKN

SEENTIEZNEERERE, MIONZITIERERNEINERSE, RIEXHEE, FA—RENEIEEE
%, BELABFAERE,

T AR BIR — S E Ik RS, K+U BHERE; & KIBF, SHEU BHES. SBEEHEDE
S5ENHEZM, FEXKREEDEBEF.

= 2022 Q5 (b)(i)

Motion Detector

5. (7 points, suggested time 13 minutes)

A spring of unknown spring constant k, is attached to a ceiling. A lightweight hanger is attached to the lower end
of the spring, and a motion detector is placed on the floor facing upward directly under the hanger, as shown in
the figure above. The bottom of the hanger is 1.00 m above the motion detector.

A 0.50 kg object is placed on the hanger and allowed to come to rest at the equilibrium position. The spring is
then stretched downward a distance d(y from equilibrium and released at time ¢ = 0. The motion detector records
the height of the bottom of the hanger as a function of time. The output from the motion detector is shown in the
graph on the following page.

70 ! ‘
65 i i
1 |
1 |
Height 60 | | | | o
(cm) : ! ! - | ~— Equilibrium
N I I 7 S;E 17 Position
[ 10 [ -1 [ [
CE 2 e S A B R
e == [l (e e e e e e e e B |
il ===l 1=1=1=1 { et et et e et e s e s s e |
el I=I1=1= I=I=1=1 (il e e e e e s e e o o B e |
S e e S s s s s
0.00 0.25 050 0.75 1.00 125 150 1.75 2.00

Time (s)

(b) At time 0.75 s, the object-spring-Earth system has a total kinetic energy K|, and a total potential energy U,. At
1.13 s, the object-spring-Earth system again has a total kinetic energy K|, and a total potential energy U.
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AP Physics 1 MmN 2022 Q5 (b)(i)

i. Explain how a feature of the graph indicates that the total kinetic energy of the system is the same at these two
times.

fi#:

0.755 5 1.13 s MABSEEIERMRK/IER, ERER; FREER, FrUEIEEER. FERASEER
EERE,

BA ¥

(b)(i) For a valid reason why the kinetic energy is the same at both times 1 point

Example Responses

The magnitude of the slope of the graph is the same at both times, this means the speed and,
therefore, the kinetic energy is the same at both times.

OR

The object is the same distance from equilibrium at both times, so the kinetic energy must be
the same.

#:3] 2022 Q5 (b)(ii)
Zia)&dE 2022 Q5 (b)(i)o

Motion Detector

5. (7 points, suggested time 13 minutes)

A spring of unknown spring constant k, is attached to a ceiling. A lightweight hanger is attached to the lower end
of the spring, and a motion detector is placed on the floor facing upward directly under the hanger, as shown in
the figure above. The bottom of the hanger is 1.00 m above the motion detector.

A 0.50 kg object is placed on the hanger and allowed to come to rest at the equilibrium position. The spring is
then stretched downward a distance d(y from equilibrium and released at time ¢ = 0. The motion detector records
the height of the bottom of the hanger as a function of time. The output from the motion detector is shown in the
graph on the following page.
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e e S O o B ==l ===~
I S i I B S B
IR I I I
R S MRS Z arin WA
e E AR A e
Height (PP /0 N R
(cm) o /NG Equilibrium
NG ] Position
GRR &2 s et
ottt e
i ettt e e e |
5t et et st el e e e e
i el et e et [l I 1=I=1 1=I=I

Time (s)

(b) At time 0.75 s, the object-spring-Earth system has a total kinetic energy K|, and a total potential energy U,. At
1.13 s, the object-spring-Earth system again has a total kinetic energy K, and a total potential energy U.

ii. Briefly explain why the total potential energy of the system is the same at these two times.

fi#:

VPR —EE MK R RSN MEERZE; MR KHEE, EHFEEMBEESENESNIERN S EEMEIEE,
WAERl, NS —MEEED 5 I1EF.

BEANSR

(b)(ii) For a valid reason why the total potential energy is the same at both times 1 point

Example Responses
The total energy of the system is constant, so if K is the same at both times, U must be also.
OR

The total energy of the system is constant, and equal energy is transferred from gravitational
potential to spring potential.

BEEENMTESE: SoESHEK

TEIPREMMEEIANET, BER LNNFTATEE, REAFT. PERM, HKEFN; BEFHEK
MEREREEVNIRERSENR, TRIFTESE.

kAL = myg.
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HilEE 2022 Q5 (c)(i)

1.00 m

| IMotion Detector

A spring of unknown spring constant k, is attached to a ceiling. A lightweight hanger is attached to the lower end
of the spring, and a motion detector is placed on the floor facing upward directly under the hanger, as shown in

5. (7 points, suggested time 13 minutes)

the figure above. The bottom of the hanger is 1.00 m above the motion detector.

A 0.50 kg object is placed on the hanger and allowed to come to rest at the equilibrium position. The spring is
then stretched downward a distance d(y from equilibrium and released at time ¢ = 0. The motion detector records
the height of the bottom of the hanger as a function of time. The output from the motion detector is shown in the
graph on the following page.

70 3
65 ‘
|
|
Height 601 | - o
(cm) -H - : = - Equilibrium
N Position
55—
== el =171l =117 =1~ 1=
== == ===l 1=1=1=1 === 1=1=1
il et il e s I=1=1=I I=I=1=1 (il e e e e e s s e e o B B B |
St e e e e B e e B e A

Time (s)

(c) The experiment is repeated with a spring of spring constant 4k, and that has the same length as the original
spring. The 0.50 kg object is hung from the new spring and allowed to come to rest at a new equilibrium
position.

i. Determine the new equilibrium position above the motion detector.

fi#:

MEENERN 4k, ERREYIR, BSHERKBEIRENESZ—, BH40cm TR 10 cmoe RIEFVIRHY
immEE) 100 cm, HETFEEEN 90 cmo
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EATES

(¢)(i) For writing 90 cm or 0.90 m 1 point

FEHENSERLZ: 25080, RIESER

IRHHEE =1 FRESH:. PFORFESE,; IREERMNTFEUENANES,; ARARESHERE,
NETAFENNE A B MENRIFFEE,

FTAr LS ETRE, BEREFBERERNMENSRAENNZ, BRELEHLERER, BHEMRERU
IKFNEES

5% 2022 Q5 (c)(ii)

Zxja)AE&dE 2022 Q5 (c)(i)o

1.00 m

| IMotion Detector

A spring of unknown spring constant k, is attached to a ceiling. A lightweight hanger is attached to the lower end
of the spring, and a motion detector is placed on the floor facing upward directly under the hanger, as shown in
the figure above. The bottom of the hanger is 1.00 m above the motion detector.

5. (7 points, suggested time 13 minutes)

A 0.50 kg object is placed on the hanger and allowed to come to rest at the equilibrium position. The spring is
then stretched downward a distance d(y from equilibrium and released at time ¢ = 0. The motion detector records
the height of the bottom of the hanger as a function of time. The output from the motion detector is shown in the
graph on the following page.
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AP Physics 1
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(c) The experiment is repeated with a spring of spring constant 4k, and that has the same length as the original

spring. The 0.50 kg object is hung from the new spring and allowed to come to rest at a new equilibrium

position.

ii. The object is again pulled down the same distance d|; from the equilibrium position and released. On the

following graph, draw a curve representing the motion of the object after it is released. Label the vertical axis with

an appropriate numerical scale. A grid for scratch (practice) work is also provided.
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fi#:

R¥F5cm; AHRRN—F:

=
H

MFEIER FRIRRE d, R

T =0.625s.

2

m
Akey
WEILEEISE 90 cm, &K 85 cm. & 95 cm, MENZINREMIEHFK, 0.3125s 2%

0.625s FRIFIRMKMUE. TR THEL:

T ew = 27

&,

—_
=]
=1}

).

2nt
0.625s

90cm—5cmcos<

h(t)
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height (cm)

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
t (s)

R ERERNEHRPANEE, RIBFRES5cm.

BA#5

(c)(ii) For both of the following: 1 point

e a graph that has the same amplitude as the original graph
e a graph that is centered on the new equilibrium value consistent with (c)(i)

For a graph with half the period as the original graph 1 point

Example Response

100

Height
{cm)

— Equilibrium
Position

Ul il | : : : : : : : 1 i 1= -1
o

000 025 050 075 100 125 150 175 2.00
Time (5)

2

SHRBSEAENENEWN: EREMERES

NAE. BREKOMEER, FEEUKAREA, EHEaRARE/, EnHKi, FREHNXgEE
K, XEMERARMEKR.
T ~ 27‘[‘\/?.
Y

L BERER, BB RERENHERKNEN, FEELERE, BREETHARER. Mo 5 i5RAm
ER S BHR ARE KN ERE,
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= 2024 Q4 (b)

Small Sphere

4. (7 points, suggested time 13 minutes)

A simple pendulum consists of a small sphere that hangs from a string with negligible mass. The top end of the
string is fixed. The sphere is pulled to Point A so that the string makes a small angle 6 with the vertical, as
shown. The sphere is then released from rest and swings through its lowest point at Point B. The work done on the
sphere by Earth between points A and B is Wg.

The pendulum is then taken to Planet X. The mass of Planet X is the same as the mass of Earth, but the radius of
Planet X is greater than the radius of Earth. The sphere is again brought to Point A (displaced 6 from the
vertical), released from rest, and swings through its lowest point at Point B. The work done on the sphere by
Planet X between points A and B is Wy.

A new pendulum is made by hanging the same small sphere from a different string with negligible mass. The new
string is slightly elastic, and the length of the string may increase or decrease depending on the tension applied to
the string. On Earth, when the sphere is again displaced 6 from the vertical and released from rest, the new
pendulum oscillates with period Tg.

The new pendulum is then taken to a different planet, Planet Y. The radius of Planet Y is the same as the radius
of Earth, but the mass of Planet Y is larger than the mass of Earth. On Planet Y, when the sphere is again
displaced from the vertical and released from rest, the new pendulum oscillates with period 7y.

(b) In a clear, coherent paragraph-length response that may also contain drawings, explain how 75, could be larger
than T but also could be smaller than 7.

fi#:

YITESHKFRHEEMREER, RAENMEEER, EREFEENEX, NAEZENRLRSERE
oR, FARAATFLERE. AIHRKNEXZEABANKATK, EKNIEMRTERIRIE X,
XWIMREARAEER: NRENERNERSME, Y ARG, IRERIEKIEMIER SRS,
Y LRAHRK. BFRIBHENTEEMHEKME, FEETKE, BREMNEMEEEARBERER
_;Rr%_o

EAMEKEMNEEN/NAERER, SRR EFRMES; ZNRIEFRMGER, MMREMRE T7TETF
REHNEKE:
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Ty _ [tv/ts
Tg 9v/9E
BRUZKAEXIEREAR T ENMERERBXEEE, FERK; BN, FERRAE,
BATS
(b) For relating a larger planetary mass to a one of the following: 1 point
e A larger weight of the sphere
e A larger acceleration due to gravity g
e A larger gravitational field strength
For indicating that the period is inversely related to one of the following: 1 point
e The acceleration due to gravity g
e The gravitational field strength
For indicating that the amount of stretch is dependent on one of the following: 1 point
e The weight of the sphere
e The acceleration due to gravity g
e The gravitational field strength
For relating the length of the string to the period of the pendulum 1 point
For a logical, relevant, and internally consistent argument that addresses the required 1 point
argument or question asked, and follows the guidelines described in the published
requirements for the paragraph-length response
Example Response
T=2x E . On PlanetY the gravitational force on the sphere is larger than when on
Earth. Therefore, the sphere will experience a larger acceleration due to gravity on
Planet Y . Because “ g ” is in the denominator of the equation, a larger acceleration due to
gravity leads to a potentially smaller period. However, the increased gravitational force
exerted on the sphere by Planet Y could result in the string stretching. This could result in
the length of the pendulum increasing. Because T increases with the length of the pendulum,
a longer string could potentially lead to a larger period.
Total for part (b) 5 points
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Zh. MESHIK
FE—&&MEERRED: HEFHDBEHRINEE

TER&EN, HFERETYEER. FHOXRNERATRENEE; YIFER, FIUEE. RE. #
FHERRAER, RAZEERNENE,

F,=pVyg.

p BAMEE, VEHFGRR, MFVNERENSFNHNAR, BItRALEH, A7 “BRIF" X
ENSR ko

5% 2025 Q4 (a)

4. In Scenario 1, a swimmer holds a block of mass m at rest in a tank of freshwater with
density p;, as shown in Figure 1. The block is released from rest and accelerates upward with
an initial acceleration ;. All frictional forces are negligible.

Figure 1

Swimmer

P1

In Scenario 2, the swimmer holds the same block at rest in a tank of salt water with
density py, where p; > p;. The swimmer again releases the block from rest, and the block
accelerates upward with initial acceleration a,. All frictional forces are negligible.
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A. Indicate whether «, is greater than, less than, or equal to a, by writing one of the following
in your answer booklet.

* a > a
b a1<a2

Justify your answer in terms of ALL forces exerted on the block in each scenario. Use
qualitative reasoning beyond referencing equations.

fi#:

EREKRBIEIMREE R, MFERMEREBRER TENMRE LF . YIREE, EHEE. H
IKIETRAER); BKBEEKR, FAEKX, FRUE EEHMGERE_ EINEEER.

freshwater salt water
AFr
A Fs
® ®
v M9 v M9

MEZEAT, HAKPRFHEK.

BEANS

A For indicating a; < a, Point A1

For a justification that indicates that the blocks have the same weight or mass Point A2

For a justification that indicates that the salt water exerts a larger buoyant force than the =~ Point A3
freshwater exerts (or the freshwater exerts a smaller buoyant force than the saltwater
exerts)

Example Response

There are identical downward forces (mg) on the block in both liquids. Each submerged
block also has an upward buoyant force. Because the buoyant force is proportional to
the density of the fluid, the block in salt water has a larger buoyant force exerted on it.
Therefore, the block in salt water has a larger net force and so has a larger
acceleration.
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FNBEERTGINEE, HREBRETK

BmERAIE, FARLEANIE. EERTARK, BRESLDEMEAN ma, BiERERIINE; T2R&
7 A UBHEFH AR E RS BAIRIEFR,

n

WINEETWE, BIER—MPBREIV. m5 g, MRZEIHNB—I;, BIFESHIEMNLMERRTEE
ALY IE b,

F . = ma.

5853 2025 Q4 (b)

4. In Scenario 1, a swimmer holds a block of mass m at rest in a tank of freshwater with
density p;, as shown in Figure 1. The block is released from rest and accelerates upward with
an initial acceleration ¢ . All frictional forces are negligible.

Figure 1

Swimmer

P1

In Scenario 2, the swimmer holds the same block at rest in a tank of salt water with
density py, where p; > p;. The swimmer again releases the block from rest, and the block
accelerates upward with initial acceleration a,. All frictional forces are negligible.
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B. Consider the general case where a block of mass m and volume V is completely submerged in
a fluid of density p.

Starting with Newton’s second law, derive an expression for the initial upward
acceleration a of the block when the block is released from rest. Express your answer in
terms of m, V, p, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

fi#:
A EAE, MNFIME_EEAFR. YIRTLEE&, 2R pve:

ZFy:ma, Fg—mg =ma, pVg—mg=ma,

V
=V,
m
BAIFS
B For a multistep derivation that includes Newton’s second law Point B1
For indicating pVg is the buoyant force Point B2
For a correct expression for the initial upward acceleration a , consistent with the Point B3

indicated expression for buoyant force

Scoring Note: A correct, isolated, final expression for a earns points B2 and B3.

Example Response

2F = Mgy gy

Fyp —mg =ma
pVg —mg = ma

Prg
m

a =

144



AP Physics 1 MmN 2025 Q4 (c)

#:>] 2025 Q4 (c)

4. In Scenario 1, a swimmer holds a block of mass m at rest in a tank of freshwater with
density p;, as shown in Figure 1. The block is released from rest and accelerates upward with
an initial acceleration ;. All frictional forces are negligible.

Figure 1

Swimmer

P1

In Scenario 2, the swimmer holds the same block at rest in a tank of salt water with
density py, where p; > p;. The swimmer again releases the block from rest, and the block
accelerates upward with initial acceleration ay. All frictional forces are negligible.

C. Indicate whether the expression for the acceleration a you derived in part B is or is not
consistent with the claim made in part A. Briefly justify your answer by referencing your
derivation in part B.

fi#e:

—H E—¥REIV. m 5 gBlE, WBARGBEE, F—TUEAM -g FZE, FAUEEINEEE X, 0
BRESEESRHENAMEXR, TREIFRERNIELS; FEECHMAMEESZEMIEL.
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BA¥5

C For attempting to address the functional dependence between @ and p in the equation Point C1
derived in part B

Scoring Note: It is not necessary to use the functional dependence correctly to earn this
point. The response only needs to use functional dependence language such as
proportional, inversely proportional, related, numerator, and denominator, to relate a
and p.

For correctly using functional dependence to evaluate the relationship between a and Point C2
p consistent with the expression derived in part B and the claim made in part A

Example Response

The expression for the acceleration a is consistent with part A. In part A, I said the

acceleration would be larger in salt water because the density is greater. In my

expression, the acceleration increases with increasing density because of the

PV
m

term.

FRE: BAREKEERSTFEHERAERR

BOSEEA, SYrESRKEEIRER; BREX, SHEIHNKERKEER. REERMEEN
KIERR Q, BN mP/so

ARBETRIEOER, v 2E
SR V.

O
¢

#
A
R
pi|
[
i
3
1]

o BA E—/NAMBUKBEHFRIE

146



AP Physics 1 HUmENX 2026 Q1 (a)(iii)

83 2026 Q1 (a)(iii)
Zxia)&dE 2026 Q1 (a)(ii)o

Question 1: Version J

1. Water exits the nozzle of a fountain at an angle 6, above the horizontal.

At time ¢ = 0, a droplet of water exits the nozzle and follows the path shown in Figure 1. The
droplet reaches a maximum height /, above the nozzle.

Figure 1

Fountain

Note: Figure not drawn to scale.

At ¢ = t,, the droplet returns to the same height at which the droplet exited the nozzle.

Part A

iii. The nozzle has a circular cross-section with radius #,. Derive an expression for the
volume flow rate of the water exiting the nozzle. Express your final answer in terms
of 6,, h,, 1y, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

fi#e:
FITARE Q BEMERROMNIKET, BEAN 02, —FHRKEABSAREIKE v,, FFLUER
FEAFRKE, KAA() WEOESE:

\/2gh
Q = Avy = 7rd i

sinf,
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BA¥5

(iii) For including the product of area and speed Point A6

For a correct expression for the volume flow rate of the water Point A7

Scoring Notes:

sin 0,

7[}’02 iz earns points A4, A5, A6, and A7.
1 —(cosb,)

e Correct subscripts are not required to earn this point.

e A correct, isolated, algebraic equivalent of 7rr02 [

Example Response

V. Av V. Av

t t

% = (72'7'02)\/ OR % = (72'7'02)\/

v_ ﬂroz(\/2gh1j V_ 2gh,

t s1n6’0 t 0 1 (COS@O)

MEATMMEAZ/): TRER, BEREER
ME Q REFERE, SMWHIUEIERFAIRRIK; BEIRNA/NY, BIKEEKR, BIBIERRER, Bt
AEE, BESEMEEXRMNE,

EESHEENEEAT, A5EAR-EE-RHE)E-BEEENERE, JERERTHRER
x5,
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7% 2026 Q1 (b)

Question 1: Version J

1. Water exits the nozzle of a fountain at an angle 6,, above the horizontal.

At time ¢ = 0, a droplet of water exits the nozzle and follows the path shown in Figure 1. The
droplet reaches a maximum height /; above the nozzle.

Figure 1

Path

Fountain

Nozzle

Note: Figure not drawn to scale.

At 1= t,, the droplet returns to the same height at which the droplet exited the nozzle.

PartB

The fountain nozzle is replaced with a new nozzle with a radius smaller than 7. The water exits
the new nozzle at the same angle 6, above the horizontal. The volume flow rate of the water
exiting the new nozzle is equal to the volume flow rate of the water exiting the original nozzle.
A water droplet exiting the new nozzle reaches a maximum height %, above the nozzle.

Indicate whether #, is greater than, less than, or equal to #; by writing one of the following.

. by hy
. h2 = hl

Justify your answer. In your justification, include qualitative reasoning beyond mathematical
derivations or expressions.

fi#d:

ERFIKRASEER, REAFE, IBO&ERER), E—ABBEBIEFERIBIK, KRBHE
Ro MBAAFE, BREVREMRZERRIZK, KEERKREN LAIESNLE,

AE#HSHNXARZE: Q AREMRE v SERMKRELL; 0, FEEKRERAKSESHBOERRFSKIEL,
Fltk4e/ )\ e R A = E I M.
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BA¥5
B For indicating A, > A Point B1

For indicating one of the following: Point B2

e A smaller radius results in a greater speed.
e A smaller area results in a greater speed.

e A larger radius results in a smaller speed.
e A larger area results in a smaller speed.

For indicating one of the following: Point B3

e A higher speed results in a greater height.
e A lower speed results in a lower height.
e The same speed results in the same height.

Example Response

hy > hy . From the same volume rate of flow, if the radius of the nozzle decreases, the

speed of the water leaving the nozzle will increase. Because the speed of the water
leaving the nozzle increases, the maximum height reached by the water will also
increase.
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SCIEME. FESIREZIE

AT EBIRILLIRBEESHhEE: FInNEEMXE
KA RVINERKRRBMBEITEE. BRAVFERESTETRIER;, RMEFELRESKE
R, ERANEMBERKAKER, BRAMERLEFG. ENENEEBKE.

5B, R, FLi, BEENRR. SHEXMNNAIANES; EEMEERM. TN, B
HFMHSE S A IR,

HilEE 2022 Q3 (a)

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 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.

(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.
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Quantity to Syg)l:)ol Equipment for

Be Measured . Measurement
Quantity

fi#:

BARFNYBIRFEE m, ARRNVBBRSZMENTMEERS d, BRRNTHEEE t @BEPE, M
IEAF RN FIRITEY, EEMER, 80 dEBEE V= RHFYNE, BN TRJdBEE,;, BRKES
BBV TR/ = R B (a7 2 BT {E R A & B

TERIRE. ARFERNREFRSFTHAMNENEEREET, HEMESSRREE; thaByBE]
BENEMENRE, BESHRIINSHEFLE, B m. ditBEAHBEERL mgd, B m 5XREEIT
B R FEhEhAE.
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BAIFS
(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 mg 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

RETRMFIAVEEST: ARBABMHK

HARE, TRmENFSHEKNIR, WaELRE, MWRaELRINE;, EEFINEAR-REXR

REME R KENE o

MZESTRIREN S8, BRI, R/ —REEFERNESEL; ®FIRIENE—E, #5E

g2, EEHTY,
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=R 2024 Q2 (a)

—
Stand S | Cyliz(;ers

Figure 1

2. (12 points, suggested time 25 minutes)

A student hangs a spring of unknown spring constant k vertically by attaching one end to a stand, as shown in
Figure 1. The other end of the spring has a small loop from which small cylinders can be hung. In addition to the
spring, the student has access only to a variety of cylinders of unknown masses, a stopwatch, and a digital scale.

(a) Design an experimental procedure the student could use to determine the spring constant k of the spring.

In the following table, list the quantities that would be measured using only the provided equipment in your
experiment. Define a symbol to represent each quantity.

In the space below 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 Measurement
Quantity quip

Quantity to Be Measured

Stopwatch

Digital scale

fi#e:

BHFEEMERRE m, BESEIEE L, FFEER TRNBHEBLENTF, FEIR, IRIEFR+
REEREIRIETE ¢,,, SEERRUTHESIIEAE, AREEE/URAFY, BEFARERREEEES,
RIF/NRIE. FREZZE. FEEEMEE, RENNSBEER, BEARBERSHKNE,
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BA¥5

(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
¢ 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

RAWIRAF e EIEER. BNETEHENNAHE

RARIFERAYIREEERET, MNEREARKENMENS —27. KRPREZSREY, KR
BREENRTEXRTZRIVIRE,

BEYHREISANES, ERSHHERIN, S WONEER. NERBELR, SREBERK
T WL, FESIH,
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BilE% 2025 Q3 (a)

Question 3: Version J

3. Students are investigating balancing systems using the following setup. The students have a
spring scale of negligible mass that is fixed to one end of a uniform meterstick. The center of the
meterstick is attached to a stand on which the meterstick can pivot. There is a hook of negligible
mass fixed to the top of a block of mass m. The hook can be attached to the meterstick through
one of the small holes in the meterstick, as shown in Figure 1. The students do not have a direct
way to measure the mass of the block. The block cannot be attached to the spring scale.

Figure 1

Meterstick

I I I I I I I I I
10cm 20cm 30cm 40cm  (©) 60cm 70cm  80cm 90cm
o

o Q o

;j\ 11 Hol
Spring Scale matl Hote
SStand

Q

Block —Z,
mgp

The students are asked to take measurements that will allow the students to create a linear
graph whose slope could be used to determine the mass mg of the block.

A. Describe an experimental procedure to collect data that would allow the students to
determine m. Include any steps necessary to reduce experimental uncertainty.

fi#e:

XRAFHIERKRNPR, RNEANEZZRAFTENE, BRAREES R —MBFL L, ERYIR
A RMER d; S—inAREMRERARUKTE, ERIBKRF, TEA, BIZ4H (d,F); SMELE
SRHHTY, REFEZ. KRKF. HEIXREEBEEN 0.50 mo
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BA¥5

A

For describing a procedure that includes both of the following: Point A1

e Attaching the block to the meterstick
e Measuring the force exerted on the left end of the meterstick while the block is
attached

For a procedure that indicates a reasonable method of reducing experimental Point A2
uncertainty

Examples of acceptable responses may include the following:

e Repeating the force measurement for one location of the block
e Collecting force measurements for multiple locations of the block

Example Response

Attach the block of unknown mass my, through one of the small holes in the meterstick.

Measure the distance from the stand to the block. Record the force reading from the
spring scale when the meterstick is horizontal. Repeat data collection by attaching the
block to the meterstick through a different small hole in the meterstick. Repeat the
measurements by attaching the block at each of the small hole locations numerous
times.

REARRWERLR: EREEXAPHRMHKE

KRHNRERENEN, ABEBMXARTROERE, VRASERK. KRLTKFHEEREE: Fin
R B N e R IR PR TR RIRE &,

ANENEEERREENKFEZILER, MdEENELRARE, FEIEMERERERBEESE,
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Fll& 2026 Q3 (a)(i)

Question 3: Version J

The following information applies to parts A and B.

3. A group of students are investigating friction using the following procedure. The students
release a block of unknown mass near the top of a curved ramp. The block slides down the
ramp. The block then transitions to a horizontal surface, as shown in Figure 1. Frictional forces
are negligible between the block and the curved ramp, but there is friction between the block
and the horizontal surface.

Figure 1

B ; Block

2

[

The students are asked to perform an experiment in which a single quantity is varied in order
to collect data that could be graphed to determine the value x, of the coefficient of kinetic
friction between the block and the horizontal surface. The students have access to only a
meterstick.

Part A

i. Indicate quantities that could be measured by the students that would allow them to
determine /4, using a linear graph.

fi#:

SAKR: MERSEMNKTENEESE h, URYBREEEKTE EMEOENEIEAIERBITERS
d. BHEEREEE, FTRHELEHNREK.
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EATES

A (i) For indicating both of the following measurements: Point A1

e Release height (/)
o Sliding distance (d)

Scoring Note: Providing symbols for the measured quantities is not required to earn
this point. The symbols given in part A and B are provided to streamline examples of
acceptable responses in part B.

ANKERBNAHEN: ESHERFAHTY

FHEMERE—FHTUENEH, F2 "“WEHSZHT HNOS. WE—BHRESEZRMEELERT,
ERSXFLER, BRATHERRZSE; NEEENKREERTHER.

78 2026 Q3 (a)(ii)

Question 3: Version J

The following information applies to parts A and B.

3. A group of students are investigating friction using the following procedure. The students
release a block of unknown mass near the top of a curved ramp. The block slides down the
ramp. The block then transitions to a horizontal surface, as shown in Figure 1. Frictional forces
are negligible between the block and the curved ramp, but there is friction between the block
and the horizontal surface.

Figure 1

n “5/ Block

A

S I

The students are asked to perform an experiment in which a single quantity is varied in order
to collect data that could be graphed to determine the value x; of the coefficient of kinetic
friction between the block and the horizontal surface. The students have access to only a
meterstick.

Part A
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ii. Briefly describe a method to reduce experimental uncertainty for the measured
quantities.

fi#:
HE—SEEERKZR, BRHFIELES, BEZIEEEERK. SAMBIERTE, RiFE—
MR, B—KFERE.

BEANS

(ii) For describing an acceptable method of reducing experimental uncertainty Point A2
Examples of acceptable responses may include the following:
o Complete multiple trials with different release heights
e Complete multiple trials for a single release height
Example Response

Release the block from a height on the ramp and allow the block to slide down onto the
surface, slide across, and come to rest. Measure the height (h) of release and the
distance (d) the block slides across the surface before coming to rest. Repeat this for
various initial release heights.

BHEISEER T A X R IBFHEFEN—ILITEE

BIEIESZ, AEYEXASH “—E=BEERHBXF—1E" . [EMEEHFLEAN, UBAES
BYElpYIELL, TESEYEFERIELL,

= —at®.
X 2&

BEAD 2 SFEE—NTE, x FH, SMRIELETH, BERMATARLE T2 5 mBI—RX
%; RAEELR% > SHEEN—RXER, BEE O FUZE, WEMEFERLRATRRA.

=R 2023 Q2 (a)(i)

2. (12 points, suggested time 25 minutes)
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(a) Students conduct an experiment to determine the acceleration a of a cart. The cart is released from rest at the
top of the ramp at time ¢ = 0 and moves down the ramp. The x-axis is defined to be parallel to the ramp with
its origin at the top, as shown in the figure. The students collect the data shown in the following table.

Position x Time ¢
(m) (s)
0.06 0.39
0.14 0.59
0.24 0.77
0.37 0.96
0.55 1.20

i. Indicate which quantities could be graphed to yield a straight line whose slope could be used to determine
the acceleration a of the cart. You may use the remaining columns in the table, as needed, to record any
quantities (including units) that are not already in the table.

Vertical axis: Horizontal axis:

fi#:
BIRETEXEARAE, ABRUESRERENAE, EMRETUZSHBEFSMRIELL, FrLAt#EH%
t2(s2)« Zh3HIZE x(m)o

#2 = 0.1521, 0.3481, 0.5929, 0.9216, 1.4400 (s2).
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BA¥5

(a)(d For indicating two quantities that, when graphed together, produce a straight line whose 1 point
slope can be used to determine the acceleration a

Example Response

Vertical Axis : Position Horizontal Axis :  Time squared
Position x | Time ¢ | Time squared ¢*
(m) (s) ()
0.06 0.39 0.5
0.14 0.59 035
0.24 0.77 0.59
037 0.96 0.92
0.55 1.20 1.44

FIBELFINHERARARLTS, FRERHM—R, BUTENETERA, THRUs 51
BB s AR,

£:.3 2024 Q2 (b)(i)
Stand-§" Cylinders

Figure 1
2. (12 points, suggested time 25 minutes)

A student hangs a spring of unknown spring constant k vertically by attaching one end to a stand, as shown in
Figure 1. The other end of the spring has a small loop from which small cylinders can be hung. In addition to the
spring, the student has access only to a variety of cylinders of unknown masses, a stopwatch, and a digital scale.

(b)

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: Horizontal axis:
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fi#:
ik 72(s%). ¥4 m(kg), FRREFEHBEREMEL:

2

T =2rm/k = T? = %m
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AP Physics 1 UMY 2024 Q2 (b)(i)

BA¥5

(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 k

Accept one of the following:

e mvs. T?
e T?vs.m
o 4dr’mvs. T?

o T?vs. 47°m
2

e ——vs.m
4r7?
72
* myvs.—
ar
o T vs.Ym
o Jmvs. T
o L vm
2z
o Jmovs. L
2z
o T vs. 2zim
o 27Jm vs. T

Scoring Note: This point may be earned for any of the bullets above substituting % for T.

Example Response

Vertical axis: m Horizontal axis: T2

XRREELGH o FT—REERHFEd, HEE#EMN d;, BENMFAREFA—T445E, ©B
Xt dF75.
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$:3] 2026 Q3 (c)(i)

The following information applies to parts C and D.

In a different experiment, the students release a block from rest on a rough ramp. The block is
released a distance d from a photogate. The ramp is inclined at an angle 6 above the horizontal,
as shown in Figure 2. The block slides down the ramp and passes through the photogate, which
is positioned near the bottom of the ramp. The photogate determines the speed v of the block as
it passes through the photogate. The unknown coefficient of kinetic friction between the block
and the ramp is ;.

Figure 2

Block

Photogate

The experiment is repeated several times with different release distances d for the same block.
Table 1 shows the measured values of d and v.

Table 1
d (m) |v (m/s)
0.20 0.29
0.30 0.38
0.40 0.41
0.50 0.49
0.60 0.52

The students correctly determine that the relationship between d and v is given by
v =[2g(sin O — ; cos 0)]d,

where 6 = 30°. The students want to determine /. The students create a graph with d plotted
on the horizontal axis.
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AP Physics 1

Figure 3

Quantity (units, if appropriate)

d (m)

i. Label the vertical axis of Figure 3 with a measured or calculated quantity. Include units,

as appropriate. The graphed quantities should yield a linear graph that can be used to

determine f,.

fi#:

i

EFBRES—ERERIK, RELHHNXAT JdHEERY, EEEFHAERNELNITE, it

d(m)o

T

v (m?/s?), 1ehh%

v? = 2g(sin @ — p,, cos b)d.
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AP Physics 1 MmN 2026 Q3 (c)(i)
EATES

C (i) For labeling the vertical axis with a quantity (including units) that could be plotted to Point C1
produce a linear graph whose slope can be used to determine g

Examples of acceptable responses may include the following:
o V7 (m2 / sz)

« X (mz/sz)

Scoring Note: Any response that correctly identifies the functional dependence
between speed and distance earns this point, regardless of any coefficients that contain
numbers or physical/fundamental constants.

KEZEN—RXA: EREZRH

MEEEXRARGHRNSE h 5K FHFLLERS d WEkR. MAZESHEEREN g, YRR — 1 EEE
BRABESAMKE; FtrIUEZARMKEFRLIR, FHETH,
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AP Physics 1 MY 2026 Q3 (b)(i)
Fll& 2026 Q3 (b)(i)
Zsa)7&4E 2026 Q3 (a)(i)o

Question 3: Version J

The following information applies to parts A and B.

3. A group of students are investigating friction using the following procedure. The students
release a block of unknown mass near the top of a curved ramp. The block slides down the
ramp. The block then transitions to a horizontal surface, as shown in Figure 1. Frictional forces

are negligible between the block and the curved ramp, but there is friction between the block
and the horizontal surface.

Figure 1

3 “5/ Block

A

S I

The students are asked to perform an experiment in which a single quantity is varied in order
to collect data that could be graphed to determine the value x; of the coefficient of kinetic
friction between the block and the horizontal surface. The students have access to only a
meterstick.

PartB

i. Indicate what quantities the students could graph on the horizontal and vertical axes to
create a linear graph that can be used to determine ;. Clearly state which quantity will
be graphed on each axis.

fi#:
MR ERNEIKTEELE, FiE. ERYTEE, BRBER T RIRKTEER:

mgh = p,mgd = h = p,d.
Kahtn d(m), NHAT h(m). BREESKF=FEER Z BRI X RS HIE AR,
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EATES

B (i) For describing a graph that could be used to determine the coefficient of kinetic friction Point B1
Examples of acceptable responses may include the following:

e A graph of release height (%) as a function of sliding distance (d)
e A graph of sliding distance (d) as a function of release height (%)

Scoring Notes:

e Any response that correctly identifies the functional dependence between
release height and sliding distance earns this point, regardless of any
coefficients that contain numbers or physical/fundamental constants.

e This point may be earned independently of the response in part A.

MHEZKIEERKR=RE: BES5EH—RXA

LGN 1/5in0 B, IBERFE—IBRTE, BERYEN, KHFTREERAFEIME
FREAKITIE G EEH, AU No

RAEITEHYR, HERTRERNAERM; 1/sin6 KHR1L,

1t

il&% 2025 Q3 (c)(i)

The students have an identical meterstick of mass M that is now attached to an axle that is fixed
to a wall. The meterstick is free to rotate with negligible friction about the axle. The meterstick
is suspended horizontally by a string that is connected to a spring scale of negligible mass, as
shown in Figure 2.
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HUMENX 2025 Q3 (c)(i)

Figure 2
Wall
r
[ )
[ )
Pe
oS8
Spring Scale
[ )
Meterstick
(Axle 17
(oF Ly
60 cm——|
100 cm

The angle 0 that the string makes with the meterstick can be varied by attaching the string to
one of the pegs located along the wall. The students use the spring scale to measure the
tension Fp required to hold the meterstick horizontal. Table 1 shows the measured values of 6

and Fp.
Table 1
0 (degrees) | Fr (N)
22 21
31 17
36 13
45 12
80 8

The students correctly determine that the relationship between Fr and 6 is given by

Fr

1
sin@

The students create a graph with

SMg

" 6sin
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2.5

3.0

2.0

1.5
sin 8
Figure 3
171

3K73 Fry, BAIN; MZRXKRRBRE, BEFRE.

1.0
il

Fy = (5Mg/6)(1/sin6)
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i. Indicate what measured or calculated quantity could be plotted on the vertical axis to
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AP Physics 1 MmN 2025 Q3 (c)(i)
EATES

C (i) For listing a quantity that could be plotted on the vertical axis to produce a linear graph Point C1
whose slope can be used to determine the mass of the meterstick!

Examples of acceptable responses may include the following:
. FT
Fr

Scoring Note: Any response that correctly identifies the functional dependence
between tension and angle earns this point, regardless of any coefficients that contain
numbers or physical/fundamental constants.

Example Response

Vertical axis: Fy

EFeRh TN M AR RIER

EBUERNAMBUHDERNTIEFE: BENNOXBEENE=VIREEXTUNE, BEL Y&
E-EERHXETE" , XTREMEHE,

F B SRR MRRRIER, B, PIERMTNEE, RNRENREBLINL,
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AP Physics 1 MY 2025 Q3 (b)

=R 2025 Q3 (b)
Zsa)7&4%E 2025 Q3 (a)o

Question 3: Version J

3. Students are investigating balancing systems using the following setup. The students have a
spring scale of negligible mass that is fixed to one end of a uniform meterstick. The center of the
meterstick is attached to a stand on which the meterstick can pivot. There is a hook of negligible
mass fixed to the top of a block of mass m. The hook can be attached to the meterstick through
one of the small holes in the meterstick, as shown in Figure 1. The students do not have a direct
way to measure the mass of the block. The block cannot be attached to the spring scale.

Figure 1

Meterstick

I I I {\j I I I I

| |
10cm 20cm 30cm 40cm  (0) 60cm 70cm  80cm  90cm
o o o o

;/\ 11 Hol
Spring Scale mat Hole
SStand

Q

Block —Z.
my

The students are asked to take measurements that will allow the students to create a linear
graph whose slope could be used to determine the mass m of the block.

B. Describe how the data collected in part A could be graphed and how that graph would be
analyzed to determine m;.

fi#e:
*FX =, WMANSIEFE:

mMog
0.50m

W4 d(m). S F(N) WREPSLMZRIE s; HERRFRENXAL T

F(0.50m) =mygd = F =

(0.50m)s

m pry
0 g
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BA¥5

B For indicating appropriate quantities that can be plotted so that m, can be determined Point B1

Scoring Notes:

e Any response that correctly identifies the functional dependence between force
and distance earns this point, regardless of any coefficients that contain
numbers or physical/fundamental constants, or which axis is chosen to graph
each of those quantities.

e This point may be earned independently of the response in part A.

For describing how the slope is related to the unknown mass m, Point B2

Examples of acceptable responses may include the following:

Graph Analysis
Force as a function of the The slope is equal to m,, times g divided by the
distance from the stand to the distance from the stand to the spring scale.
block OR

my is equal to the slope times the distance from
the stand to the spring scale divided by g .

Force as a function of the ratio of | The slope is equal to m, times g .
the distance from the stand to the

block to the distance from the OR ] o
stand to the spring scale my 1s equal to the slope divided by g .
Force as a function of g times The slope is equal to m,, divided by the distance

the distance from the stand to the | from the stand to the spring scale.
block OR

my is equal to the slope times the distance from
the stand to the spring scale.

Force as a function of g times The slope is equal to my, .
the ratio of the distance from the | R
stand to the block to the distance

from the stand to the spring scale m s equal to the slope.

Force times the distance from the | The slope is equal to m, times g .
stand to the spring scale as a OR

function of the distance from the ] o
stand to the block my 1s equal to the slope divided by g .

Force times the distance from the | The slope is equal to m .
stand to the spring scale as a
. . . OR
function of g times the distance ]
my is equal to the slope.

from the stand to the block

Example Response

A graph of the force as a function of the distance from the stand to the block could be
used to determine the unknown mass. The slope of the graph times the distance from the
stand to the spring scale divided by g will result in the value of the unknown mass m, .
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AP Physics 1 UMY 2025 Q3 (c)(ii)
EBR: ZFTEHR, BE—ITHRIEHWMES

FRERH, BUNE—1THRENENER; FEIEAFENS—YSRINFER. £IrZIEFEE, 15
YIEE. BUMNYT, TA-BEMEEEXE.

X—NARBERERE, JelRE; IMGLET Tk

583 2025 Q3 (c)(ii)
Zsa)7&4E 2025 Q3 (¢)(i)o

The students have an identical meterstick of mass M that is now attached to an axle that is fixed
to a wall. The meterstick is free to rotate with negligible friction about the axle. The meterstick

is suspended horizontally by a string that is connected to a spring scale of negligible mass, as
shown in Figure 2.
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2025 Q3 (c)(ii)

Figure 2
Wall
r
[ )
[ )
Pe
oS8
Spring Scale
[ )
Meterstick
(Axle 17
(oF Ly
60 cm——|
100 cm

The angle 0 that the string makes with the meterstick can be varied by attaching the string to
one of the pegs located along the wall. The students use the spring scale to measure the
tension Fp required to hold the meterstick horizontal. Table 1 shows the measured values of 6

and Fp.
Table 1
0 (degrees) | Fr (N)
22 21
31 17
36 13
45 12
80 8

The students correctly determine that the relationship between Fr and 6 is given by
SMg

Fr

1
sin@

The students create a graph with

" 6sin
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6 .

plotted on the horizontal axis.



MY 2025 Q3 (c)(ii)

AP Physics 1

ii. On the blank grid provided, create a graph of the quantities indicated in part C (i) that

can be used to determine M.

Use Table 2 to record the data points or calculated quantities that you will plot.

Clearly label the vertical axis, including units as appropriate.

Plot the points you recorded in Table 2.

I A Iy s Nl Dt I
T (T A (i ro T
s T e e S e e B e Rl o e e B e
10 I L1 I L1
L 5 A e et et e e ey Bt A
S A O N | QU MO i S S A
I L R I L0
I —— I —— I —— I —— I ——
S S T I Ry N Py Ry S o Y A
I Lo RN IR IR
T T T T T T T T T T
Y[ O N N P ST o Y A s A
N R Foror N IR
ke et e Tl eyl et iy el et s Rl sl s el e s e
[ L1 [ [ [
I o o oo I
——t-F+t-Ft-F4-Fq4-tF4—-t4-FA4—t-"—t+ -+ -—+-I—
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3.0

2.5

2.0

1.5

1.0

0.5

sin 6

Figure 3

fi#e:

FEEIMAEITE 1/sing, BILESE—1THRNEKRDER—3:

(1/sin6, Fp) ~ (2.669,21), (1.942,17), (1.701, 13), (1.414,12), (1.015, 8).

HHATERAR 1/sin0, A Fr(N); EHOZE, FHESSBAREDME,

20.0 A

17.5 A

15.0 A

=2

12.5 A

10.0 A

7.5 -

1.25 1.50 1.75 2.00 2.25 2.50 2.75

1.00

1/sin@

RAAAAREMNIKAFHIR, KREFMINEGL.
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BA¥5

(ii) For labeling the vertical axis (including units) with a linear scale Point C2

For correctly plotting data points consistent with one of the following: Point C3

e The quantities indicated in part C (i)
e The quantities indicated on the axes
e The quantities indicated in Table 2
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#:>] 2026 Q3 (c)(ii)
ZN[A)73E 2026 Q3 (¢)(i)o

The following information applies to parts C and D.

In a different experiment, the students release a block from rest on a rough ramp. The block is
released a distance d from a photogate. The ramp is inclined at an angle 6 above the horizontal,
as shown in Figure 2. The block slides down the ramp and passes through the photogate, which
is positioned near the bottom of the ramp. The photogate determines the speed v of the block as
it passes through the photogate. The unknown coefficient of kinetic friction between the block
and the ramp is 4.

Figure 2

Block

Photogate

The experiment is repeated several times with different release distances d for the same block.
Table 1 shows the measured values of d and v.

Table 1
d (m) |v (m/s)
0.20 0.29
0.30 0.38
0.40 0.41
0.50 0.49
0.60 0.52

The students correctly determine that the relationship between d and v is given by
v =[2g(sin O — 4 cos 0)]d,

where 6 = 30°. The students want to determine /. The students create a graph with d plotted
on the horizontal axis.
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AP Physics 1

ii. On the grid provided in Figure 3, create a graph that can be used to determine ;.

Clearly label the vertical axis with a numerical scale.

Plot the corresponding data points on the grid.

Table 2 is provided in your booklet for scratch work and will not be scored.

Figure 3

Quantity (units, if appropriate)

d (m)

v’ AMEEDHIFTT; 15 d BBEAIA m, Yo RN m?/s%

=
=28

EHPE

)

f55F8 C(i)

(d,v?) : (0.20,0.0841), (0.30,0.1444), (0.40, 0.1681),

(0.50, 0.2401), (0.60, 0.2704).

PAERYSRFZIE, BEARTRBREBNRR. XERER, FHAMANT—RIEKRMEL,

T

T

0.20 0.25

0.25 A

0.15 A

ANM\NC.; N

0.10 A

0.60

0.30 035 0.40 045 0.50 0.55

d (m)

AENAMIER; USEET—/NRISE,
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BA¥5

(ii) For labeling the vertical axis with a linear scale Point C2

For correctly plotting data points consistent with quantities indicated in C (i) Point C3

ERENELE: BdREPR, FEREE

NMESRFERS, TERAIFNEKIEE I RERLR, B—ZFRTEEAEENEL, TEL L THREARTF
a1, REBZHIECH,

[FEY BB EETIRENSE, BEFREEEAESEERNEENEMNSEELTR R, NS ANFIEM
FEENE =

IR 2025 Q3 (c)(iii)

Z1a &4 2025 Q3 (c)(ii)o

The students have an identical meterstick of mass M that is now attached to an axle that is fixed
to a wall. The meterstick is free to rotate with negligible friction about the axle. The meterstick
is suspended horizontally by a string that is connected to a spring scale of negligible mass, as
shown in Figure 2.
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Figure 2
Wall
r
[ )
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Pe
oS8
Spring Scale
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Meterstick
(Axle 17
(oF Ly
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100 cm

The angle 0 that the string makes with the meterstick can be varied by attaching the string to
one of the pegs located along the wall. The students use the spring scale to measure the
tension Fp required to hold the meterstick horizontal. Table 1 shows the measured values of 6

and Fp.
Table 1
0 (degrees) | Fr (N)
22 21
31 17
36 13
45 12
80 8

The students correctly determine that the relationship between Fr and 6 is given by

Fr

1
sin@

The students create a graph with

SMg

" 6sin

182
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plotted on the horizontal axis.



MY 2025 Q3 (c)(iii)
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2.00 2.25 2.50 2.75

1.25 1.50 1.75
1/sin6
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MY 2025 Q3 (c)(iii)

AP Physics 1

BA¥5

Point C4

For drawing an appropriate best-fit line that approximates the trend of the plotted data

(iii)

Scoring Note: If the graph produced is nonlinear, then a line or curve that approximates

the trend of that data can earn this point.

'Update made post-scoring to correct typo that did not impact scoring.

Example Response

+

B B O o

Figure 3
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#>] 2026 Q3 (c)(iii)
Zxia) & 4E 2026 Q3 (c)(ii)o

The following information applies to parts C and D.

In a different experiment, the students release a block from rest on a rough ramp. The block is
released a distance d from a photogate. The ramp is inclined at an angle 6 above the horizontal,
as shown in Figure 2. The block slides down the ramp and passes through the photogate, which
is positioned near the bottom of the ramp. The photogate determines the speed v of the block as
it passes through the photogate. The unknown coefficient of kinetic friction between the block
and the ramp is 4.

Figure 2

Block

Photogate

The experiment is repeated several times with different release distances d for the same block.
Table 1 shows the measured values of d and v.

Table 1
d (m) |v (m/s)
0.20 0.29
0.30 0.38
0.40 0.41
0.50 0.49
0.60 0.52

The students correctly determine that the relationship between d and v is given by
v =[2g(sin O — 4 cos 0)]d,

where 6 = 30°. The students want to determine /. The students create a graph with d plotted
on the horizontal axis.
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AP Physics 1

Figure 3

Quantity (units, if appropriate)

d (m)

iii. Draw a best-fit line for the data plotted in part C (ii).

N

B, BAEREBEAFIRR, —FELABIRBEPR, HL L THREARTE, XA

&

=
REIEN—FSENEAE:

iz
REZ

v? ~ (0.4683m/s?)d — 0.00590 m? /s2.

best-fit line

0.30 -

0.25 A

0.20 A

(£S/zW)

0.15 A

o

A

0.10 A

0.4 0.5 0.6
d (m)

0.3

0.2

HERFEEFHER, IMGLRIZELN 0.4683 m/s%
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MY 2026 Q3 (c)(iii)

AP Physics 1

BA¥5

Point C4

(iii) For drawing an appropriate best-fit line that approximates the trend of the data

Scoring Note: If the graph produced is nonlinear, then a line or curve that approximates

the trend of that data can earn this point.

Example Response

Quantity (units, if appropriate) 0301

-

-

d(m)
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AP Physics 1 MY 2022 Q3 (d)(i)

%31 2022 Q3 (d)(i)
Wheel
Axle
Hanging Block
Floor
S

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.

(d) The students also measure the angular velocity @ of the wheel as the block falls and determine the rotational

kinetic energy Kp of the wheel. The students then make a graph of K as a function of wz, as shown.

1.2

B EE——
I
N
A
.
T
AT T
AT T
EERRRE
ERRRES
-+ ®
A+ +
A+ +

1.0+

Kp ()

Attt
A+

-
-

®* (rad/s)?

i. On the above graph, draw a straight line that best represents the data.
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AP Physics 1
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(rad/s)?

Y

e

BEAHS

1 point

(d)(i) For drawing a reasonable best-fit line

Example Response

-

o (rad/s)
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AP Physics 1 UMY 2023 Q2 (a)(ii)
E—NAERESMME: IERSEEBRT

FREELETIREMIE. 7. FR, BERHBENESZ. R TEEEARE, Ao FIERS
WG, AEHZEEBEN EEHRTTM.

% 2023 Q2 (a)(ii)
Zx|a) &4 2023 Q2 (a)(i)o

2. (12 points, suggested time 25 minutes)

(a) Students conduct an experiment to determine the acceleration a of a cart. The cart is released from rest at the
top of the ramp at time ¢ = 0 and moves down the ramp. The x-axis is defined to be parallel to the ramp with
its origin at the top, as shown in the figure. The students collect the data shown in the following table.

Position x Time ¢
(m) (s)
0.06 0.39
0.14 0.59
0.24 0.77
0.37 0.96
0.55 1.20
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r ~ (0.3813m/s2)t? + 0.0085 m.
0.4

0.2
REROFAHEMUBER, HE—FEENE%,

0.0

AP Physics 1

ii. On the following grid, plot the appropriate quantities to create a graph that can be used to determine the

acceleration a of the cart as it rolls down the ramp. Clearly scale and label all axes (including units), as

appropriate. Draw a straight line that best represents the data.

fiz

B LR FARESREAMIBENNER, RHEAHSZE. 1

BEH&ZAN

0.6

0.5 A1

0.4 1

£ 03"

0.2 A

0.1

0.0



MY 2023 Q2 (a)(ii)

AP Physics 1

BA¥5

1 point

(a)(ii) The axes have a linear scale and are identified (labels OR units) so that when graphed

correctly, the data will span more than half of the horizontal and vertical axes

1 point

For plotting at least 4 of the data points correctly

1 point

For drawing a best-fit line that approximates the trend of the data

Example Response
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AP Physics 1

Alternate Example Response
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Scoring Note: The following tables represent the most common linearized graphs with the

data that were used to determine the acceleration.
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AP Physics 1 MY 2023 Q2 (a)(iii)
HINEERIRR KRGS : TN ERE

MINEZ EERMEBERIZN R, BAERLEETERE s, TREERMRRIENEL. AR
18 s W EWIENPEE 2RI R .

Y2~

Ty — Ty

EVEREE a/2, amiFET 2s; BEREZ /2, |FT 25, XL 2 RBHENYIEXR, FEMERIE
—BR_, RENNNRHEE gMNE, NATHNFABEI

S =

B 2023 Q2 (a)(iii)
Zin)#dE 2023 Q2 (a)(ii)o

2. (12 points, suggested time 25 minutes)

(a) Students conduct an experiment to determine the acceleration a of a cart. The cart is released from rest at the
top of the ramp at time ¢ = 0 and moves down the ramp. The x-axis is defined to be parallel to the ramp with
its origin at the top, as shown in the figure. The students collect the data shown in the following table.

Position x Time ¢
(m) (s)
0.06 0.39
0.14 0.59
0.24 0.77
0.37 0.96
0.55 1.20

iii. Using the line you drew in part (a)(ii), calculate an experimental value for the acceleration a of the cart
as it rolls down the ramp.

fi#:
XFERIERA N 0.3813 m/s?, MUMZEEN—F, EINEEACHRE. BREAHFLERGILN 0.75
m/s?; SIERRKERAES, NS5ECHEL—H.

a=2s~0.763m/s>.
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AP Physics 1 MY 2023 Q2 (a)(iii)
EANS

a)(iii . i . . . 1 point
(a)(ii) For attempting to find the slope, (%) or (%j , of the best-fit line drawn in part (a)(ii) P
Scoring Note: An indication that a calculator was used for linear regression to determine
the value of the slope may earn this point.
For using the slope in a valid kinematic equation to calculate the acceleration 1 point

Scoring Note: This point can be earned if evidence of a kinematic equation exists in

graphed quantities (e.g., a graph of position as a function of %tz ).

Example Response

slope = _A po.sm(z)n _ 043 I;l —018 ;n =0375 %
Ax A time 12s°-04s S

Ax = vyt + %at2

Ac _ 1

2

slopex2 =a

a=0752
SZ

XBEYUERIHIETNEIEE, MERAEENTH. KM i’ WIRTERBIARN, BABS LAY
BERIEK
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AP Physics 1 MY 2022 Q3 (d)(ii)

#:>] 2022 Q3 (d)(ii)
ZN[A)7dE 2022 Q3 (d)(i)o

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 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.

(d) The students also measure the angular velocity @ of the wheel as the block falls and determine the rotational
. . . 2
kinetic energy Kp of the wheel. The students then make a graph of K as a function of @”, as shown.
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AP Physics 1 MY 2022 Q3 (d)(ii)

ii. Using the line you drew for part (d)(i), calculate an experimental value for the rotational inertia of the wheel.

fi#:
M_E—IBIFrE LS b EFR MEIERNEM S, 5180 (2.5,0.20). (35,1.04), MR ESERIEEH MEELS:

~ 1.04-0.20

~ 2
5 or 002585 kgm’.

RN 1/2, FRLARATER_:

1
Kp= 5[&)2 = [ =25~ 0.0517Tkgm?.

MEATEN. IRTREGEMELLNESS, TEMENRRIENER; FLRLNTH, R&E
Rz REIZ LRI R RN Z

BA ¥

(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

— - m?2
3595 =0.0258 kg - m

slope =

From K = %Ia)z, we have slope = %I

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

AERKRBEMS F, 5 1/sind XK, EEBHNRMA S 6. MAl g, SBHRERXIRY, B
Mo

#:3] 2025 Q3 (d)

Zsa) &3 2025 Q3 (¢)(iii)o

The students have an identical meterstick of mass M that is now attached to an axle that is fixed
to a wall. The meterstick is free to rotate with negligible friction about the axle. The meterstick
is suspended horizontally by a string that is connected to a spring scale of negligible mass, as
shown in Figure 2.
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AP Physics 1

HUmiHNX 2025 Q3 (d)

Figure 2
Wall
r
[ )
[ )
Pe
oS8
Spring Scale
[ )
Meterstick
(Axle 17
(oF Ly
60 cm——|
100 cm

The angle 0 that the string makes with the meterstick can be varied by attaching the string to
one of the pegs located along the wall. The students use the spring scale to measure the
tension Fp required to hold the meterstick horizontal. Table 1 shows the measured values of 6

and Fp.
Table 1
0 (degrees) | Fr (N)
22 21
31 17
36 13
45 12
80 8

The students correctly determine that the relationship between Fr and 6 is given by

Fr

1
sin@

The students create a graph with

SMg

" 6sin

198
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plotted on the horizontal axis.



HUmiHNX 2025 Q3 (d)

2.5

2.0

1.0

3.0

1.5

sin 6

Figure 3

6(7.903

6s

)~ 0.968 ke.

5(9.8)
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MNREMELE;

B NBEE AR N ARIRIAR T &

PN
A

B
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AP Physics 1

D. Using the best-fit line that you drew in part C (iii), calculate an experimental value for the

mass M of the meterstick.

fi#:

PN ZE

5

FIBLAEYEL

Y 1.0kg, #E

o

4

BFREA]

PN
A



AP Physics 1 UM 2025 Q3 (d)

BAIFS
D For correctly relating the slope of the best-fit line to the value of M Point D1
Examples of acceptable responses may include the following:
Graph Analysis
slope = éMg
6
1
—_— OR
Frvs o
M= 6 slope
5 g
5
slope = =M
Froo 1 6
g  sinf OR
M = %slope
6 Fy 1 slope = M
——= Vvs. —
5¢g sin@ OR
M = slope
slope = Mg
6 1
gFT VS Sing OR
M= slope
g
For a value of M within a range of 0.90 kg to 1.15 kg Point D2

Example Response

_ Mg 20N -4N
T~ 6sin0 slope = ———/ =~
P}:%w@,le slope = 8.4 N
s (6)(8.4 N)
slope = éMg M = N
6 (5)(9.8 k—j
A = O(slope) g
= "5g M =10kg

VAl

H A B(i) SEFRERMH, M h5 dBIEERPEARIER, T “BL™ B HEERR.
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AP Physics 1 HmiENX 2026 Q3 (b)(ii)
#:>] 2026 Q3 (b)(ii)
Zxja) 4% 2026 Q3 (b)(i)o

Question 3: Version J

The following information applies to parts A and B.

3. A group of students are investigating friction using the following procedure. The students
release a block of unknown mass near the top of a curved ramp. The block slides down the
ramp. The block then transitions to a horizontal surface, as shown in Figure 1. Frictional forces
are negligible between the block and the curved ramp, but there is friction between the block
and the horizontal surface.

Figure 1

3 ; Block

3

i

The students are asked to perform an experiment in which a single quantity is varied in order
to collect data that could be graphed to determine the value x4, of the coefficient of kinetic
friction between the block and the horizontal surface. The students have access to only a
meterstick.

PartB

ii. Briefly describe the relationship between x, and a feature of the graph from part B
(). Your answer may include an equation that relates (£, and the chosen feature of the

graph.
i
B(i) Boaidh d. i h; IBEEXREK
h = p,d
5H5%
Y = Sx
b, d RIERIREmMERE, FrlL
S§ = Hg

FEMENMREREREFNPIE,; BIRMH, FREM 1/ 1, FEDBARIN,

201



AP Physics 1 HmiENX 2026 Q3 (b)(ii)

BA¥5

(i) For describing how the slope of the graph can be used to determine the coefficient of Point B2
kinetic friction

Examples of acceptable responses may include the following:

Graph Analysis
Slope =
hvs.d OR
4 = Slope
1
Slope = —
P Hye
dvs. h OR
1
Hi Slope

Example Response

Graph the release height (h) as a function of the distance the block slides across the
surface of the table (d). The slope of this graph will be equal to .

FHEEFRALNDE: BRREENE

WERMANTERE, T? MRENFRZE 4r/ke RRAZ Kk, EARRE—TEERLY; KERERSH
ERMNEN, BMmiAf k. MiakRLs, SRIFE,
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AP Physics 1 HIMHEX 2024 Q2 (b)(ii)

583 2024 Q2 (b)(ii)

7 [B) 7 d% 2024 Q2 (b)(i)o
Stand-—5" Cylinders

Figure 1

2. (12 points, suggested time 25 minutes)

A student hangs a spring of unknown spring constant k vertically by attaching one end to a stand, as shown in
Figure 1. The other end of the spring has a small loop from which small cylinders can be hung. In addition to the
spring, the student has access only to a variety of cylinders of unknown masses, a stopwatch, and a digital scale.

(b)

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

fi#:

FMRIEA s, ASEAPREMNRBNN, BERMNIERIEFS—14: H5o8@ m ¥ 172, FHRYN
k/(4m?), Rz 4n?, FREBAFRZ.
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AP Physics 1 HIMHEX 2024 Q2 (b)(ii)

BA¥5

(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.
= mn
T = 27r\/;
slope = Lz
4

k = (slope)4z?

Graph Slope k
mvs. T? slope = =) k = (slope)4rz?
2 4r? i 4r?
T°vs. m slope = e = Slope
A7%mvs. T? slope = k k = slope
T2 vs. 47° slope:l k= L
) m k slope
T’ 1 1
< s, = — k =
472 VS m slope k slope
72
mvs. — slope = k k = slope
4
T vs. ym 1 4z’ k = 4’
vs. Nm = |27 =
S1ope k slope”
_ |k 2 2
Jm vs. T slope = — k = slope” x 4
4
T 1 _ 1
——vs. ym = |+ k =
g VS Vm slope \/; slopez
T
M VS. E s]ope = \/z k = slopez
T vs. 2zdm slope = \/I f=—t 2
k slope
27dm vs. T slope = vk k = slope®
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AP Physics 1 HIMHEX 2024 Q2 (b)(ii)
MEEZWMMEANE: REEBRARMBAKE

HEFIRNEREFS—EERF, REFNSRATENDTENRAER, LILHNRETENJdINAR
#, BEORFRLL 2g. BT, BREL cosh, BEBAIMEMET,

_sinf —s/(2g)
- cosd '

0 BEIEHA, 1, RTBMAUNERAY. RENBMRE 2 FRELd, A m/s?; TRIBEEES 10

s =2g(sinf — p,;, cos o), s
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AP Physics 1 UMY 2026 Q3 (d)
fil& 2026 Q3 (d)
Zxja)&#E 2026 Q3 (c)(iii)o

The following information applies to parts C and D.

In a different experiment, the students release a block from rest on a rough ramp. The block is
released a distance d from a photogate. The ramp is inclined at an angle 6 above the horizontal,
as shown in Figure 2. The block slides down the ramp and passes through the photogate, which
is positioned near the bottom of the ramp. The photogate determines the speed v of the block as
it passes through the photogate. The unknown coefficient of kinetic friction between the block
and the ramp is 4.

Figure 2

Block

Photogate

The experiment is repeated several times with different release distances d for the same block.
Table 1 shows the measured values of d and v.

Table 1
d (m) |v (m/s)
0.20 0.29
0.30 0.38
0.40 0.41
0.50 0.49
0.60 0.52

The students correctly determine that the relationship between d and v is given by
v =[2g(sin O — 4 cos 0)]d,

where 6 = 30°. The students want to determine /. The students create a graph with d plotted
on the horizontal axis.
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HUmiHENX 2026 Q3 (d)

AP Physics 1

Figure 3

Quantity (units, if appropriate)

d (m)

PartD

Using the best-fit line that you drew in part C (iii), calculate an experimental value for z,.

PR s WV d R, FTHX—NIVEE 1, BRANKE 30°. EAIMEE 9.8 m/s?:

fi:

bl

sinf — s/(29)

My =

s =2g(sinf — p,;, cos o),

cos 6

) ~ 0.550.

Ccos 30°

p, TR, SEFLANBETREESR, B

0.5—0.4683/(2 x 9.8

Hi =

kA ME

=
1=

NfEMABECSUESLNRER, MA2E

A2
W7
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AP Physics 1

HUmiHENX 2026 Q3 (d)

BA¥5

D

For correctly relating the slope of the best-fit line to the value of 4,

Examples of acceptable responses may include the following:

Vertical Axis Analysis
Slope = 2g(sinf — y, cos @)
OR
2
v
sin@ — Slope
- 2g
Hie = cos @
Slope = g(sin@ — py cosO)
OR
v
2 .
sin@ — Slope
Hie = cosf
Slope = 2(sin@ — p;, cos9)
ﬁ OR
g
sin@ — Slope
Hie = cosd
Slope = siné — p; cosd
v OR
2
g _ sin@ - Slope
Hie = cosf

For calculating a value of g, within a range of 0.53 to 0.57

Example Response

Slope = 2g(sin & — 14, cos6)
Slope = Av2 _ 023 m?/s? — 0.09 m?/s?
P Ad 0.50m — 0.20 m

Slope = 0.47 m/s?

0.47 m/s* = (2)(9.8 m/s*)(sin30° — z; cos30°)

Point D1

Point D2
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AP Physics 1 UMY 2022 Q3 (b)

B TREERMNIERKREE: RERFBTIEE

FRFRLE. i 1L‘A'r§7Jl]i_F*"FI3’=§E§‘, FHRRZRERI—F, EIbSAERERIYERFERE,

SRR, RERAYIREEE,

= Ve = —.
t 2 It

d 5 t ERA—XRFEHRAVEEMEYE]; EEFE d/t Buttthae, SREMFIIEREINAIEIEE.

=R 2022 Q3 (b)
Zs|a)7&4% 2022 Q3 (a)o

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 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.

(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).

fi#:
g EFHARIENNEREIEE), FIERERREEN—F:

2d 1 2d
vy = 7 Kblock,f = §m (7)

ERB A/t RNEDEE, MIEFITREIRSAREE,

2
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AP Physics 1 UMY 2022 Q3 (b)

BA¥5

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

1 2
K = EmB(vF) .

Total for part (b) 2 points

CMEERR g MRBREN AR

BRECAWINEE a, BRK g, EFMER FENHNP—B2 AR XMEHIBKARE; BAIME
ESEEh 56KRKE L, HRKENLSEIRANNIEZ,

TR FARKESKFRERKE; WEFEER,

. h
sing = I

T

75 2023 Q2 (b)(i)
73 A4 2023 Q2 (a)(iii)o

2. (12 points, suggested time 25 minutes)

(b) The students are asked to determine an experimental value for the acceleration due to gravity g . using their
data.

i. What additional quantities do the students need to measure in order to calculate g . from a ?
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AP Physics 1 UMY 2023 Q2 (b)(i)

fi#:
TENKRA 0; FIKMIFERESEE h GRKE L, ARESEERLUSRKEREIKAMNIEZ,

BEAHS

(b)(i) For indicating a quantity to be measured 1 point

Accept one of the following:
e The angle ¢ with the horizontal
e The height / and length L of the ramp

Scoring Note: Stating only the height needs to be measured can earn this point if an
energy approach is used.

5 gIRRI: ENRBRDEANE _ER

FERABERNRSEER, BREHNN mgsind, REFRIMEEN ma, ILZEBE, Nigkh=E, Bif
g

a
~sing’
RNJLEINERY, WHIEZARESEERLUAKKE,; IBB2NEN a SKAERR, Feeila Bi%
g

mgsSin® = ma, g

5231 2023 Q2 (b)(ii)
Zsa)7&4E 2023 Q2 (b)(i)o

2. (12 points, suggested time 25 minutes)

(b) The students are asked to determine an experimental value for the acceleration due to gravity 8exp using their
data.

ii. Write an expression for the value of Sexp in terms of a.
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AP Physics 1 HMHE X 2023 Q2 (b)(ii)
fi&:
EENZERREDNRRRET, BIRENDERMMEE:

ing — _a _alL,
MYeyp SING =Ma = Goyp, = sing
BAIFS
(b)(ii)) For providing a correct expression relating the acceleration of gravity to the acceleration 1 point

measured

Scoring Note: If cos@ is used, the response must specify that & was measured from the
vertical.

Example Response

My SINO = ma

__a
Eexp sin @
OR
. _h
sinf = 7
L
8exp ﬁ a
OR

8exp EV

Vv = /2gexph

v =at

at = 2g.,h
a2t2

gexp 2h

EHMEREER. AAESNTIENER

SRR ESEREERBEN, 85 “ANRE KELAHYMERE. FREHRTEEN=SMES, &6
BRI RS T ML CREE): FIaNERRThIMNEREE,

EHERNRSER, LHERAIRAIES; T—RBHKX BERAT ARASAR .
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AP Physics 1 HUMHNX 2023 Q2 (c)(i)

B 2023 Q2 (c)(i)
7 ia) AdE 2023 Q2 (b)(ii)o

2. (12 points, suggested time 25 minutes)

(c) The students calculate the value of Sexp © be significantly lower than the accepted value of 9.8 m/s>.

i. What is a physical reason, other than friction or air resistance, that could lead to a significant difference in
the experimentally determined value of g . ?

fi#:
AR EARAZRNEDRE, XREFRNIREER, FERE “ARNIRE"

BEAWNS

(c)(i For identifying a physical factor that could have affected the result 1 point

Accept one of the following:

e A physical factor in the materials used (e.g., the wheels have nonnegligible
rotational inertia, the ramp was bumpy, the wheels were wobbly or not perfectly
round, the base of the ramp was not level, the floor was not level.)

e A physical factor in the environment (e.g., the room was being accelerated,
elevator, the experiment was performed at high elevation or on a different planet.)

e A physical error in measurement collection (e.g., time, position, or angle was
measured incorrectly.)

Scoring Note: A statement of “Human error” does not earn this point.

BRRERR. BR--MEEEN->RREZK
THERW “WRIRTIFILURE" o TUEMRER: BaenaToh5iEs), FoilEit RBETohrREIE;
ERAERNENINEERKXRF, g5 aliELl; MEERNSESER g W)

W ThA] LITHERL, Hohhe T2 BhRIERRKR. BREAREA L—RECEENARRER, i
_*q]% o
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AP Physics 1 UMY 2023 Q2 (c)(ii)
583 2023 Q2 (c)(ii)
Zsa)7&4E 2023 Q2 (¢)(i)o

2. (12 points, suggested time 25 minutes)

(c) The students calculate the value of Sexp © be significantly lower than the accepted value of 9.8 m/s>.

ii. Briefly explain how the physical reason you identified in part (c)(i) would lead to the decrease in the

experimentally determined value of g P

fi#:

BESETIREY, BENHEDLTIMICER), TolilZELIELEEELS FohrvREE, FINEIRINERE
INFRAERHE, FXNMRDRINEERAERNDMEEXR, MSEIR/NHISKEESIINRE; 7]
TAERIRE), FREICHRIRE— iR BRI #E.
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AP Physics 1 UMY 2023 Q2 (c)(ii)

BA¥5

(c)(ii) For correctly indicating the functional dependence between the reason listed in part (c)(i) 1 point

and Zexp

Accept one of the following:
e Correctly indicating the functional dependence between the physical factor in the
materials used and g, (e.g., if the rotational inertia of the rotating wheels is

nonnegligible, the cart will have a smaller acceleration and g, will be smaller.)

e Correctly indicating the functional dependence between the physical factor in the
environment and g, (e.g., if the experiment was performed at a high elevation,

the acceleration will be smaller and g, will be smaller.)

e Correctly indicating the functional dependence between the physical error in the
measurement collection and g, (e.g., if the angle of the ramp is smaller than the

measured value, the cart will have a smaller acceleration and g, will be smaller.)

Example Response

The expression I derived for the value for g., did not take into consideration that the

wheels had any rotational inertia. If the wheels have rotational inertia and are rotating,
the acceleration of the cart would be less than gsin@, so the value of gc, would be less

than 98 % .
s
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