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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 FEREB 202303 (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.
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il 2022 Q2 (a)
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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
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AP Physics 1 FEAP 2024 Q1 (c)(i)

£:3] 2024 Q1 (c)(i)

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.

(©)

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.
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AP Physics 1 FEBEP 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.
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AP Physics 1 FEAPB 2023 Q3 (a)(ii)

I8 2023 Q3 (a)(ii)
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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.

t=t
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Figure 1 Figure 2

(a) 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, 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.

ii. Referencing d; and d,, describe your reasoning for drawing the arrows the length that you did in
part (a)(i).
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AP Physics 1 FEREB 2023 Q3 (a)(iii)
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3. (12 points, suggested time 25 minutes)

IR 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.

Figure 1 Figure 2

(a) At time ¢ = 1, 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.



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

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, ?

V>V V1 <V Vi =V

Justify your answer without using equations.
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5% 2023 Q3 (b)(i)
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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.

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



AP Physics 1 FHEBP 2023 Q3 (b)(ii)
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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.
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AP Physics 1 FHERPF 2022 Q2 (b)(i)
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52 2022 Q2 (b)(i)
Planet
Moon A Moon B \
o @ o @ ________________
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.

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

i. 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.
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AP Physics 1 FEAP 2022 Q2 (b)(ii)

83 2022 Q2 (b)(ii)
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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.
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AP Physics 1 FERAP 2022Q2 (c)

fll& 2022 Q2 (c)
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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 Fg exerted on Moon B
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AP Physics 1 FHERP 2022 Q2 (d)(i)

iR 2022 Q2 (d)(i)
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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.
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AP Physics 1 FEAP 2022 Q2 (d)(ii)

#:3] 2022 Q2 (d)(ii)
Zs(a)&3E 2022 Q2 (b)(ii) 2022 Q2 (¢)o
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Moon A Moon B \
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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.
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AP Physics 1 FEA+P 2023Q3(c)

IR 2023 Q3 (c)
Zs(a) &3 2023 Q3 (a)(iii)s 2023 Q3 (b)(ii)o
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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.
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AP Physics 1 FEREB 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 FHERP 2023 Q2 (d)
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583 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.
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AP Physics 1 FHERP 2026 Q1 (a)(ii)

IR 2026 Q1 (a)(ii)

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

ii. Derive an expression for the speed of the water exiting the nozzle. Express your
final answer in terms of 6,,, ,, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference
information.
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AP Physics 1 FHEBAP 2022Q1 (b)
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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
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bR Z BN BEE . ENBRTHEHGE

FHEFRIEM B XS ENR RS, e ERRINT. ENFBRBALVHXNREETRERERE, #E
%:*L BB EENT S RE. i %? EREF IR K AFINERENZ .

PR K BEI8E, U, RENHEE, U, SEEHRE; TN REENFIERS, [ RIEENERRK
To =MEEETE ’é’Nﬂ(uﬁ%U*HbD, BLsRmim S M.

1
Ki+Ug,i+US,i:Kf+Ug,f+Us,f7 Ug:mgh, US:§]C(A€)2

h 2IEMFHEZRINEESE, A EBENERNTEE, AENEERKEENR. PR ERRKRE s WM
BE TR ssinb; EEYPIRIVA B LR N (ER %553&5%1@[70

ilE% 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.

~ ~

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 EE 12D (18, mimigEslt, BRETEEE 12Dsin0, #EM 8D B A FFBIESE, Fille
=z 4D:

. 1
E;, = E;, Mg(12Dsin0) = 5/lc(4D)2,
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AP Physics 1 ZEBHE 2022 Q1 (a)(ii)
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#:.>] 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.

REBELE. XRDEEEH: BEEEKER

ERRTSTEELE, FEEMEACHNEIE. TRASEEXFBRREL, BIBEEFTRDIE; X—FTRRER
R, FRERETF.

—

—mv* = mg(h; — hy).
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AP Physics 1 FHEBAP 2024Q1 (b)

=R 2024 Q1 (b)

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.

(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.

1

v% = 8gR, v = v/8gR.

BER. AETRE5LEE, BHARI

MEGEEERIREARNSRE, BRSTHZIREEE. EEEKLEMHEE. BBRZTRTEEES,
FREERBENT; REEESEERENT; ENBREEEESET WK,

REENZTEETL LERRES, SREBMNELFE, ERREBR—RE. THEME, SRSESZ
MR
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= 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.

~

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 xX=6D x=10D
Energy Energy Energy

eV e e
12Ey+——--——=-—~- 12Ey+-—---——--~- 12Ey+----——--—~-
10Ey4-——-——-———- 10Ey4--——-——-——- 10Eg+——————————-
S e —— R —— R\ i —
20 E— 2O E— 6EoT] |2ooiiit
S B —— B ——— 4Eo1] |Zooo =
2By t-—————————- 2By t-——————————- 2E, -}
e —— O oIl T
K U, U K U, U K U, U

Figure 2 Figure 3 Figure 4
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r=0: (K,U,U,) = (0,12E,0),
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x=0 X=6D
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#:3] 2024 Q1 (a)
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M
C
6R R

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.

1. (7 points, suggested time 13 minutes)

All frictional forces are negligible.
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Energy Energy
/
 E I E—— oL
v, K U, K
Diagram A Diagram B
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.

BEBNEERE: RAZKNVMEETERERER

REKARESTERL RGN, EFERDVIMERBLRE, REVMESH/NTHFG. BREFL
LfEEIRENE, BFIEMUEHRET; FRERRTEZFNIIRNEERE,

FERGEBRRYEY, BRAMENSSMEE, MFRBRER—T5. EREAFIIXARE LKA,
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=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

28
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(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#:
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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.
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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 Y

O 123456

u@

Figure 4
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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.

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

ZINAFEER K—U B: RitFmEhiEnzhae

E5YIR—icizn), REMERE, ESENMERREDE. SMAMIARITENRE, ARERES SR
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Meart
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XELEBIRERERA Vamo®s ERENEEE, FEEINEHEEEREEEE,

K,

cart — Ktotal .

=% 2023 Q1 (c)(ii)

K(J)
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3
2
t t 1 1
| | |
x=-L x=0 x=+L 01334506 0
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.
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(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 Y

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.

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#:
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——- cart + block + spring
SS —— cart + spring
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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.
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% 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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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.

+
=

~ X

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

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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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.
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Energy (J)
0.4
Kinetic energy gained
0.2 by the falling block
0f—x— d (cm) Change in gravitational
~35 10 15 20 .
< -==- potential energy of the
-0.2 ST, block-wheel-Earth system
~04 -

(c) The graph above represents both the change in the gravitational potential energy of the block-wheel-Earth
system and the translational kinetic energy gained by the block as functions of the block’s falling distance 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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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

Figure 1

Axle

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.

, NEAZRRAHRERZIFBINR, HAEEERARETN

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

fi#:
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il 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.
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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.

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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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.
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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#:

ETBBRRNRSGE, ENRINI. EBBODBETREARMIEL, WF-IKRRLEESE, FRLUUEIEE
1B ENFBEFABREEZXNMaNRGEHAIEES.

EAFR BRI SREDRER . JRLRRIRAT]

FEREEIREABIEENR ML, Bo5itELEE. EFENEANITETFAFHEL, ENEIXEAREE
ek T —iRIBYIE,

1 1
AK = imv% — 3™mY;.

TR f RRXE/NRIEERNFIAMER. HERIAATIRER D

N
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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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EEHREIE IR RARER . FlifiAtliassE

%iﬂﬁi%*ﬁtﬂﬂ‘, MBI RN ARENEE. &5 K=lamv?, BRIFATHR;, EERRXEREREE,

BEIE “HEMNE" HiESREMEE

7% 2024 Q5 (a)

Block A

Block B

6 kg

2 kg

5. (7 points, suggested time 13 minutes)

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's, and as a result, the magnitude of the change in kinetic energy of Block B is 9J. All frictional forces are
negligible.

(a) Determine the speed of Block B immediately after the collision.

fi#d:
B #9481, BHAEIEIN 9 J AR EMKREIEE, FREN 2 kg, HERENER:

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

’

B TR SEBIFEFTRET

FAEATIREFER THRRMEE. NERERMERYIR, TEEAEYRBNEHCH; TR

XFHBAEER. NsFEfReY, SREIE, ENRRREHRERET.

[

mg+N=""_ " N>o0.
T

FRUATRN AR BIEZEREMEEE, RIEBRMEERANNGSE, SEREXAHITUREERNE, Mk

BREE SRS,
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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)

(©)

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#:

ARBCHSE, EHEE 4RFBIUERN, rETERAFYIREZSEMNENT,; BIREHNAT,
YIRSBHEME T, T/EBEBREER,

W— 2. TENFEMESIFAAE, ENHRHL2IREE; EEREENIIEE. FtE/NEK
BETELL 4R &

Muv?
= RC = v%:gR,

Mg

L 9
Mghgin = Mg(4R) + EMgR = hAmin = iR'

REREKIA AR At AHIR; FTIHRESEMFGEXEIER.
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ohE. HESHE
HMRFKEHERTLE: REKEINGE

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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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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#:>] 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 ¢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 . —
T = =
t=0 t=1 t=1t

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.

sHEXERE: WAEREN, BRREREETX

KFPHNERHAMNE, MANIE. MANRA, FIRKERTA/N; AREFHE, BRALBREIRE
KE, SEERARREMIENEIERR.

NRAE ERBNRFF K, MERIEZYENESLAM; WRDHNERF K, 93 EEX
V2=
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= 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 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.

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 | F--
|

| L e e e e

: | O A | | I B S |
DiskS | r—r—r—r—r—@-1-1-71-1-1
| | | | | | | | | | | | |
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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

| |
DiskR | F-F--
| |

|
JR
|
R
|
_——
|
PR
|
—_——
|
-

| |
Disk S | -r—1-
| |

fi#:
BHIE. RVITHEN myvy, MNNERERA 41, RS REBEBE. K\vy/2, BEHEN -myvy/20
A REIRE 2 KHETk, BHEMERA 418, RIE RN 2, SHIERA 6 EIEIEETk,

ARERERE “Tk—IREE" HNohE, FRREYIR, REABRAGAEHNEDE, EFERCHE
REAFHE,
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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 | | | | ] | ] | ] | |
| | ! | | | I | | | | | | | | | | |
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.
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ME—RNKREE: SHERUESRE

it AR ERTRYAEERRE; IBRDESHEFRERKFRERE, KAEKFHETIE, FRERTALHIR
Sbhl, BEERE. MEPYIMEERTRERL, TERMETEENR.

%% 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 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=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, %m@
| ‘ I

Cart .
.
t=

0 t=1H t=1

l“
lil

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#:
MIKFEhETFIEFFIE, HERSHRER 6m,/5:

m m
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FEHENEREE, BXRA/GENMEEEE
RENERNKREENNE, HRDEHLEFAS, HEXNARE —MIRREE, KEEBANZ M)

KBECH Vame?; BhEEIRZLIART,

7% 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.

PartB

Figure 1
X,
Vg v=20
Disk R Disk S
Top View

Note: Figure not drawn to scale.

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#e:
MEhEFIEFFE:
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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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REEREAYIREE: AERS SEERENTE

MHEVhE T, KREEFARANE, BRESHE, MRMIRFSEANERSNE. HEERENYIR
HERLLE KX,

FREBME—REBEKTE ki, FIREREER, ENHER, SEMEFEIER; KFEBRKFERER
XERBSELRE. BERERTEMIEN, FHIEgETIERIR.

iRT 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 —=0
Case A: Clay and Block A Case B: Rubber Sphere and Block B
Before Collision Before Collision
R T e
S A S A A S O O N A A
| | | | | | | | | | | | | [l | | | |
| | | | | | | | | | | | | | | | | |
bm—lm— 4 =l — e — == =+ — == — o be—lm—t ——m— e —— = — = == — o
| | | | | | | | | | | | | | | | | |
S A S A N A S S O N A A
| | [l | | | [l | | | | ] | ] | ] | |
| | | | | | | | | | | | | | | | | |
b— i =+ — —— — @it — —|— — bl —t————@————+ ———— 4
| | | | | | | | | | | | | | | | | |
S R S O O A S O O O N A S
| | I | | | I | | | | I | | | I | |
| | | | | | I | | | | | | | | | | |
bm el — = = — | = ——|—— bm el — == — | — = —|—— 4
| | | | | | | | | | | | | | | | | |
S O N N R Y A S S O R Y A S
| | | | | | | | | | | | | | | | | |
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

(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.
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fi#:

MRRZEZHENER, BRERNBHOERR. A PMIRER—ERA, R HHEE—LDERTD
£, BHBRKKRE, BEABNE; IERIREHEFRIFEENIEME, BIRUTFKEEAWIERRD
2, FREYIRAMRZ B HNEREE K,

FIREMAEREEKEFBARL, VIRERENE, EHMREHER, TENEHER, ZEBTSEN,
K PEERFALT; EREEAMN B EEE XTHNEIREREIT, Frlil B AIKEEMEEE A,

2h

bean = 7 dy =vatgy, dp = vglegn-

XERICRIAEAREARSHETE, BRREN BHETE®E, FEBRTIMRENMEETIE,

EEAERE: Eibgs, MERHERERE

BRlEl R EP] AR R, BARBEILAIEBEX. MRUBEEFRRRHMAIERE, BHMERMEER
E; MEERESIZEEESZ, REREEZR M.

Diotal
my 4+ my
cm RRRFARLD. ERXEKFEEINAN, BSHEMNEREFRE, ROREARTE, FMUROMIEELAREA
ARERT, CREREMNBIME, FEESBERYENLEF =,

cm

=R 2024 Q5 (b)
Z=|a)7&4E 2024 Q5 (a)o

Block A

Block B
2 kg

6 kg

Il

5. (7 points, suggested time 13 minutes)

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
negligible.
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x (m)
\
6
5
4
3
Block B
2
Center of //
1 A
" /Block A
0 ! 1(s)
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 = 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 = 1.0s and ¢ = 2.0 s. Each line should be
distinctly labeled.

fi#:

FREEZRAZ1IsAHOEER 2m, WMAEEN2m/s; BEXFHLEE2m &, WMATES185 12
kg - m/s, RtfEHER:

6(2) +2(0) =6vy +2(3) = vy =1m/s.
BubERE NS ERRERE:

12 15
Ve — m = 1. m/s.
1s BIFRREAITF 2 m (U &, FRABOBTELERL, =FEM (15,2 m) ELEH; ARIE L BRE3 &

DRI 1.5, LA m/s REB{L:

Ta=2+4(t—1), w5=243(0t—1), x,,=2+15(—1).
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6 -
—_— A
54 — B
-== center of mass
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)
Tt SR C T RIZR, Bulaht Bl B4 4L,

IR #IEhEEN 12, REHRERMIRAI3J 59 J 4800, A 12J, 5RFE—.

#:.5] 2026 Q2 (c)
Z(a]7&dE 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 ¢ = 1, 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.
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Part C

The graph shown in Figure 4 represents the positions x as functions of time t from ¢ = 0 until
t = t; for each of the following:

« DiskR
« Disk S

* 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 7 = ¢, to ¢ = 2¢,. Distinctly
label each line.

Figure 4

Disk S

-
-
-
-
-

Center of
Mass

Disk 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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MMENHETZ IR : A—xADLEEFEARAHPE

FWE=ERYR, RPEEEENNES—HLIEARE. ENFERNNEER, FIUSEFEHREFXR
RE. BREFARREREZUARRE, FEEEX—WEETUBIARNRE,

Aﬁl = _Aﬁz-

5% 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 3my, is initially at rest, as shown in the top view in Figure 1.
Frictional forces are negligible.

At t = 4, 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.
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f&:

MENERZEN/NMEF, WEANNFARME, (ERANEHER, FRURBEEMZAEFKRRM; BATH
RS ETIEERSEIM I HELREZHAE,

AU AP <0 = |y = Bl
TEERE S BERAMIREMHEZHRAK; HRFEFLEREZHLE.

H—HEEEEEEN: HRTSHEREH

MEMEN—-NEEREEENEBXENENSER. WM EAE. THRh; ABRFHERAER, B
m, J[EEETN. FELEMEMRILIEEZEM.

Ap =J =~ Z FAt.
JERHE, B/ FAt ZZERE; BEA/IVERSRENIEET.
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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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BEEEETHE: WREKVNEFSHE

ELBRNERIHELNE, BRAREERFRIZN. A—REFRKEEHVEE, DALLRSGRAMA
N, REEEKER, EERBENRE.

%% 2024 Q2 (c)(iii)
78] &4 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
0.3
0.2
0.1 e
v(m/s) 0.0
—0.1 >
-0.2 %
-0.3
-0.4

0.084
0.06 | =5

0.04 [—= .

0.02 = -

F(N) 0.00
-0.02
-0.04 Lz . .
-0.06 o I ® %
-0.08

iii. Do the data from the velocity-time graph confirm your estimation from part (c)(ii) ? Briefly explain.
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fi#:
[FREETE 0.5 s # 2.5 s #2979 +0.30 m/s, REX/NIAREER, REFAZE, KYIHEHEE:

Ap = m[v(2.5) — v(0.5)] ~ 0.25(0.30 — 0.30) = 0.
5HEERMEIT—H. R “REMERE F750; &EFART, ohEMaNZE,
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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#:

Frame C, WWHROEIMMNELS BREENER, ENNERK, FIUENTERK; E—RENERE
AL, DEBUGEERA/MEE, FRUBMEREXNNMIER, DEREREREFE, FNEEZILRE
Riaed % MM,

KHRERNE: (FARSRENTA

BARNENERTHR, KAOERTEER, RENERTRE. RRERBESS, FRUSHIA
—XFik, MERERIN—ZT,

WHENNFRFEER. FANFINNE: FiEl, GRKNINEBEESEUEFKANE, ENUFF
KANE; HRAETE, ZBEKNIBDLDE, BAKEH. KEFEAHASHERE.

5% 2024 Q3 (a)

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.
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(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#:

FLERE=XAEXHNI: FTHRRE THES Mg; BimafmE LBk Fr; EiRiRiEtma R
1 Fro AEBIKADEBERMRMRILIER .

BEENNAREEHFEERE, TRER, GiniKNNE LS EXRMIIEITIEPRRES:
Fp,L=Mg(L/2), Fp,=DMg/2.

KORAREE—FEE, RELFO LRES—F; KIRENSERRERGNDETE, FUILREN
BIEkEA Lo

Mg

T2



AP Physics 1 FHEBAP 2024Q3 (b)
FBRATIMEFIKTE: FIFEESEMIEZDKS

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,
KAOPEEMLLEIR); BREFFNRLOE, SKITMBINE K.

Roh TS K BSREERMR RN

BREE Y, RENNABNE, WERPRRKNEES, EREHALE, KHEFRK. EHES
S, [KNEEHNSER Frsinb,

ZT:Ia:O.

HFmE, ZRAETN: 07£0 2 90° NS, AERVME sind By, £ BPIXTEMAEREK
1, BAMSEIERE SRR .

58 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,.
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(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, 8, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference book.

fi#:
EVSRBEREE M, WS DERIE, 8L, AMEEAS, @EhAiF. EAEFS:

Y r=Ia=0, FTLsinG—Mgg =0,
My
T~ 9sing
B3 (@)RES: BEARE, KONBEESERERF—FEE, RELERERES—F; KFA
M, RESEAGIKEKNNRAESE. PRSI A#HE L,

#:3] 2024 Q3 (d)
Zsa)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.
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REUIRBIIRAINEE: HERRUERDIRE

BYIRMNRZEUNSN, HOEEFR, DERXNAKARER. BRENSHWAOFREROTEREDS
¥, KAEHMEZER, BRANELS |, FEEEEYRNENEELSEE LRYIE T,

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 7 = 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.

(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, Fp, and physical constants as appropriate.

fi#:

BEFRZRAMBHNER, NEA FrR. MHNERNSEEENXTHOMATERDIIE AT
HRERMRE:

1
> r=Iap,  FrR= 5MR2aD,

ap = VR
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BAEAEEE: AINEEZERE

BREENEFRTYE, AERENTIER, BETELRE, ENFERLEERH, DBT/N HEE
N BIERER/N. AEREERJ LA, ERERERE), mTM,

BERENRNEAEE,;, EAAREFALEE, BEFREEN LEAEE TE.

ilE% 2024 Q3 (e)

Wall
1
String
29
Hinge | 2) Beam
1
BAS >
| 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 Fy, 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
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fi#:
MNEREEFIRELIFEM. MTMNL, BE8EEH—EFETA T, FrUUAERER; ki
FIRRERN, EAMNOEMEE), DEMNAMEREMRE), FMERZRR) FrRERNRES
=Z, BEAREARRLOEE,

t

AEEMZEM, ERERZHT); Ehlt, NHEEE,

MEEFEMETE: LbiRAPESHERIERE

XEMNRRE | WNERFONEEH, M EREHERNEZRE, RERFFRZ. A—AEET, B
MBELHRELEEKN, TIMEZHEE, BHitE—/NRREL “REXEHMERETS" STaER
2, BIB&HTIEEm.

BRI FELRRYM R, FIASRDRESTERER R?; REABLERENAF. 235H:

Lyoop = MR2.
1
Lgigy = §MR2-

FRURIRE. RFENEFEHREZRZNHE, XWMACRNEKZIRERERHMD .

BN SFE. AFNSRENE; FRERNE, AshEEMER. AEREMRETAE
B, %ot EoHRERARETHBRT; HEARER, AIEMER L FHHEARE

AL = T7At, L=1Iw, KR:;Iuﬂ:s;.
XB LRTAME, SEHMTENHTK LRFAEX S, HBEAAPERFTERY, BAARLAIEEERE
AE,
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Bil7% 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.

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.
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fi#:

FEEPRZAIA] Fy MBeGH12A8E, SR, FRYE At 486, FRAFEER, BoIEEEE
[Eo

EMRETTEH, HREZRENHE, AEkLL%, WERANENRR, BRIREE/, LKA
BREER, UHERABHE L,,, RTEIEE:

; g : g
D 97 ) H 2] ) D H

FitERE A FEH T EREHERLIE, RRZERNEREZINAEEXR, NAOMNEMENIIEES, 5
REELLE—E,

MERIADMER: BEREMRAERE

EREEENZALRFRNG, NMIIBANFALERRE. BE. MMERLLFSG, SEIMEERE
ohee; BRERNEFTERANAREL BHEFEIEE,

XEEEAIHER, REEERE, FERR “BRDEMNELEEABIE” -
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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 @ .

81



AP Physics 1 FHEBH 2026 Q4 (a)

Figure 2

Overhead View

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

Oy = Wx

Justify your answer using qualitative reasoning beyond referencing equations.

fi#:
R Y WKRAREE A, WIBEBKEMER, 1BhAMER, B HXMAmEEMIITHER; BEgEFA,
ZEhEheREIEINBIERE, Y NEIRER)\, EEHEREEE, EXNEBEANBERE, XEEEIRNSEF
==l
FHERENKAREE. —ENENEIFHS
RIAIEE. @LIhiEn, BAHBRMAEMEERK. L£SINIMEHETEohohEEE N, BRMAEL
RERAEE,
1
W=AK,  Kp= 51@2.

S—FBEM =la 78, BFBNEANERKESFTFRERER, EANEEBEEAEIRAEE,
S ERRRER L AR E ML,
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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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#:>] 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.
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IR S 12

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
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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:

472 472 (0.
T =2n\/m/ky = ky= 7;2m = ﬂ1.(205§0) ~ 12.6 N/m.

WAARSHK: REYRNIER? 1.00m, FEFH0.60m, HK0.40m, IBEEHRUFERE, 9
79123 N/m (EANMZEER 9.8 m/s?) 3K 12.5N/m (BX 10 m/s?) . B LREBR, mMAELM—
o

R RELLBIIR: F—ESALLESEEE

S REWRBIRHRN, SHNEHEN, F—WER, BLRRDNERERMENE; B
RIRE 2 L AT LA EARRIENEE S 2,
1 [k
/= %\/; |

& 2023 Q1 (b)

K{d)
6
5
4
3
LY
t t . 1

x=-L x=0  x=+L 0153456 YW
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.
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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 2

1

fi#:
ANE—EZENRESRERENNE, BENELL, FMERXAZBR, AEERSHENE:

fo g V/k/(dmg) 1

N
EEELLREEE: SRR A)

SEENAMREEERE, MMZIYARKRNENERSE, XRERBE, R—HRERRIEEE
Fo BEREIREE,

T TAER IR — 8 E IR RS, K+U SHERE; & KBF, SHekU BES SBEReES
58/FEkZM, FTERMEDEEBF.
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Bil&%E 2022 Q5 (b)(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.
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(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.

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#é:

0.755 5 1.13 s MABEETIEAFMRK/IER, ERER; FREER, FRUEIEER. FERASEEER
EORE,
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#:>] 2022 Q5 (b)(ii)
ZN[A)7$E 2022 Q5 (b)(i)o

1.00 m

’—L Motion 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.

70
65
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- Position
55
5 I == | |
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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.
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kAL = myg.

IR 2022 Q5 (c)(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.
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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.
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i. Determine the new equilibrium position above the motion detector.

fi#:

HREMEN 4k, ERREYIR, BSHERRIIFERNESZ—, BH40cm TR 10 cm. KREVIRIY
immEE 100 cm, HHEHTFE=EA 90 cm,

FEHENEERL: o3P0, RIESEH

IR EE =1 FRASH: POERTFESE,; IRIBEMNFEUENANES, BHERESHERTE.
HMETAF BT RABMENRIFFEE,

TS ETRE, BIRmEERER/ MENRAENRZ], ARELEHERR, MEMRESRL
KPS

I8 2022 Q5 (c)(ii)

Zsja) &3 2022 Q5 (c)(i)o

1.00 m

’—L Motion 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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(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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= 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:

96



AP Physics 1 FHEAHB 2024 Q4 (b)

& ~ by /g ‘
Ty QY/QE

BRIERBAEXNIERATENNERERBIIEIER, FRRK; B, BEHRE,

97



AP Physics 1 FHEBH 202504 (a)
F. RESIK
B—S2MEERRER: EBFHEELBRINEE

TER&EN, HFERETYEER. FHOXRNERATRENEE; YIFER, FIUEE. RE. #
FHERRAER, RAZEERNENE,

F,=pVyg.
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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
° a1<a2
a; = ay

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.

FNREERVEMEE, HORBEETK

BmELEANIE, FARLENE. BEERA TG, EBRASSDEMEAN ma, BIBRERINE,; T2F&
Z AT LUBHFH AT B IS AR KR,

F . =ma.

WINBETWE, BER—MPBREIV. m5 g, MBEZEIHNB—T;, BIFRSHEMNLEXRTEE
AU IEEE A,
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=R 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 p,, 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.

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#:
EELERIE, MNFTE_ZERAFSE. YIRRLR%, FHpve:

ZFy:ma, Fg—mg =ma, pVg—mg = ma,
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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.
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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 1= 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, i, ry, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.
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fi#:
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75 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

Fountain

Note: Figure not drawn to scale.

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

Indicate whether #, is greater than, less than, or equal to /, by writing one of the following.

. <k
. hZ = hl

Justify your answer. In your justification, include qualitative reasoning beyond mathematical
derivations or expressions.

fi#:

ERHIKRABSEEXR, RAEAFE, HROSERE), FE—HABBEBIEFERBK, KRBHNE
R MBEARE, BEVREMRE] 7*"?iit, KR %Hﬁijﬂzﬂ- HESE,

AE#HSHNXAZE: Q FLEKE v 5ERHKRLL; 6, FTEEKRERASESBORKFHLIEL,
Eltk 48/ )\ e R A = I A,
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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
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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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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 f\j I I I I

| |
10cm 20cm 30cm 40cm  (©) 60cm 70cm  80cm 90 cm
o

o o 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#:

XRAFHERRNPR, RNEANEZZRATFENE, BRAYREES R —MBFL L, ERYIR
B RREER d; S—IimARENREARRKYT, BRI F, AZEA, REZ4H (d,F); 8NMEALE
BIREHFY, 0EWAZT. KRKF. FHEZK/EBREEHN 0.50 m.
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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: MERSEXNKTEHNEESE h, URYBREEEKTE EMEOENEIEAERBITERS
do BHEEREEE, FRHELEHNREK.
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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 ; 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 g, of the coefficient of kinetic
friction between the block and the horizontal surface. The students have access to only a
meterstick.

Part A

ii. Briefly describe a method to reduce experimental uncertainty for the measured
quantities.

fi#:

HEA—BEEERKRZR, ERATIFLER; BESITEEESELT. BRMEBLELTF, RFFE—
MR, [E—7KFRE.
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RHEISEERNTAXR: IBTHEEA—IEIFEE

BIFEIEL, AEMEAEN “— T E=REREXEZ—TE"

BYEIRCIELL, TR SHEFARIELL,

xr =

1
2

—at?.

o [ENNEEBRRLELEAN, UBAES

BEAD 2 SEEH—NRE, x (FH, SMRIELETE. BEFMATAREL 1T°5 mBI—RX
%; RABELSD v SHEEN—RXR, BEE FAZE, e NERSBRIRATURR.

78 2023 Q2 (a)(i)

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

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:
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fi#:

ABEATEXEAR, FBRUESERENANE, EMRE FUZSEEIFEARKIEL, FrilAt#EHE
t2(s2) ZAEIZE x(m)o

2 = 0.1521, 0.3481, 0.5929, 0.9216, 1.4400 (s2).

FIBELFINHBRARARATS, FREREM—R, EUTENETERA, THRAUs 512
BRI s? RHEE,

%3] 2024 Q2 (b)(i)
Stand5™] 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:

XRFREELGH o FT-—REERHEKd, HEEEMN d; BBENTHREFNI—MLTE, 1B
Xt dF7,
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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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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,.

i Ik

KEZEN—RXRA!

Mg, NEERF—TEIEE

E h 5K FEILIER d WEXR, MAOBEEHERRE

BHBEmE

MEEEXR

, FEFIH,

i\

BAHESRWHKE; Ee]UEZEBRMKEFLE
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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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B EIEEAR=AE: BiESTEH—XXA

ALLTEMA 1/sin6 B, IBERF— I xRBRTE, BERYEN, KHFTREEREARINMMELE;
PREGKTIE SR, AL No

AAEITERYR, HERITRERRNAERM; 1/sin6 RERL,

HilE% 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.

116



AP Physics 1

FEAP 202503 ()(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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\
I
2.5

2.0

1.0

0.5

3.0

1.5

sin 6
Figure 3

i. Indicate what measured or calculated quantity could be plotted on the vertical axis to

1
sin@
(5Mg/6)(1/sind)
I5kA Fr, B3

Er

yield a linear graph whose slope can be used to calculate an experimental value for the
Horizontal axis:
o WEHENHHA TR

mass M of the meterstick.

Vertical axis:

TN 1/sing, MERR

fi#:
L]

iIN; M

ol

]

EFeRh TN M AR RIER

iy
p=4

HE. BEM “W

X%

YIREE

BE_—
=

SHENBIXEES

7!

RNFIFEF

WHBYAFEEINE

]

1

FERIE,

8", XTREE
HEEENE, B, FE

iy
p=4

[B]TE £~ 28 X 1
FA B SRy

= _
2=

P\fﬁﬂﬂlo

i

EHIK

FEEL, KA

i
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=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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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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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

121

6 .

plotted on the horizontal axis.



FHEBP 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.
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e e A (A R
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i et e T el ek el e el ety el et e el el e
L0 01 L1110 L1 L0
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——t——t—ft-FA4-F{-Fd4—tA— -t -t -t =t
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1 L1l L 11 111 LI 11
T T [T 1 " ra1 ra1 1 T a T T T ]
O R N O U N N R P O N
I I L L1 R
T T T 71 T T T 1 T T T T T 1 T T T 71
R N S S N G O N R A P A N A
L Lo L IR IR
ST T T T T T T T T T
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i et e T el ek el e el e ety el et e s e el e
I I I I | | 11 | I | I I
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“—t--t—ft-F4-Ff-Ft— A -ttt -
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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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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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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) _l_:_

ERENE L. BERBEPR, FEREE

MNEREEEM, FEANEDESNREER, BE—FRTEFEBNEL, tHEEZ L THREARTE
f, REBEZHIETCE,

BRYPIERBEIETTRENT, EREEEEREERNRBNEMNSEATIR S, MSEBRNEIEM
FEEME S,

%% 2025 Q3 (c)(iii)

Z5ia)&dE 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
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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2.00 2.25 2.50 2.75

1.25 1.50 1.75
1/sin6
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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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Figure 3

Quantity (units, if appropriate) ]

iii. Draw a best-fit line for the data plotted in part C (ii).

%37 2022 Q3 (d)(i)

Wheel

Hanging Block

Axle

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.
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(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.

N N NN
I I AN EYENEY I BRI
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R
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INTNEIEN R RSN S

T e EEE
I B B

L Ll
14

0.0

20 30 40

w* (rad/s)?

10

i. On the above graph, draw a straight line that best represents the data.

E—/NAERERMMNEG: BT TBHIT

(S=ES)

s,

4

papill

%o M NEEEMRNE, LAl

4

EREEHNE

HW. 1f=, B

WG, ARHRFEERENEEHKTTH.

i

FikiEE L ETIREIE. *

IR 2023 Q2 (a)(ii)

Zjm]&dz 2023 Q2 (a)(i)o

2. (12 points, suggested time 25 minutes)
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Time ¢
(s)
0.39
0.59
0.77
0.96
1.20

Position x
(m)
0.06
0.14
0.24
0.37
0.55
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1

r ~ (0.3813m/s?)t? + 0.0085 m.
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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

AP Physics 1

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.

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.
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0.6
0.5 A
0.4 1
Eo3-
0.2
0.1
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t2 (s2)

RRNTAHEMUBER, HE—FEEME%,
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s M EYIER P ETERIHN R
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Lo — Ty
EYNERMZE a/2, aMFET 2s; BEREE /2, | BFTF 2s, XL 2 RBEMNYIEXR, FEFIERIE
— Bk, RENHNRIHEE gMAHE, MESMHNFAHEBI,

83 2023 Q2 (a)(iii)
Zia)&dE 2023 Q2 (a)(ii)o

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

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#:

XFLRIELN 0.3813 m/s?, MNMINEEN—F, RMEEANENHE. REHDFLERGILN0.75
m/s?; BERAERAER, NS5 HCHEZ .

a=2s~0.763m/s>.

X BB TIRE, MERARENTH. M Ll WRTEFNRE, BAEC LRI
BHRMEK
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#:>] 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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ii. Using the line you drew for part (d)(i), calculate an experimental value for the rotational inertia of the wheel.

ABRXEEA Fy 5 1/5in0 IRR; EEEMHWERS 5. 6. MAl g, SBNEZEXNRY, 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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FEREB 2025Q3(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

135

6 .

plotted on the horizontal axis.



FEREB 2025Q3(d)

3.0

2.5

2.0

1.5
sin 0
Figure 3
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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.
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#:>] 2026 Q3 (b)(ii)
Z=a)7&4E 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 “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

ii. Briefly describe the relationship between g, and a feature of the graph from part B
(1). Your answer may include an equation that relates £, and the chosen feature of the
graph.
FAANEEMRREN DT ARNREHENE

WERMBATERE, T? MRENFRERRE 4r2/k. BRAZ Kk, BARRE—TEERL; KLERESZ
EHNNERN, BRIk, Wik s, SRIHE,
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AP Physics 1 FEAP 2024 Q2 (b)(ii)

583 2024 Q2 (b)(ii)

7 [B) 7 d% 2024 Q2 (b)(i)o
Stand-S] 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#:
MNEKIEH s, S5 EXPREFNRENRN, BIBRNHEBIES—ib: BHXE m X 72, RNERMN
k/(472), N3 472, FEEBRARRE,

REEMMEANE: BUHERAKBRYE

HEFIRNEEFS—EELF, REFENSRATENTENREER. TILHNRETENdINAR
#, BEORFRLL 2g. BT, BRLL cosb, BEERIEMBT,

_sinf —s/(2g)
- cosf ’

0 BEERA, u, RLRUNCIERZN. MERNBMKE o FFRd, Am/s?; FREIBEEEY 1.0

s =2g(sinf — p,, cos ), s
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iR 2026 Q3 (d)
Zjm]#dE 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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AP Physics 1

Quantity (units, if appropriate)

d (m)

PartD

Using the best-fit line that you drew in part C (iii), calculate an experimental value for 4.

fi:

PR s WV d R, FTHX—NIVEE 1, BRANKE 30°. EAIMEE 9.8 m/s?:

sinf — s/(29)

My =

s =2g(sinf — p,;, cos o),

cos 6

) ~ 0.550.

0.5—0.4683/(2 x 9.8
cos 30°

Hi =

kA ME

=
1=

fER B CUELRIR, MAZRE

A2
I\/)

n, THAL, SEFLENBENRKEER, B

AT EREBSMBERAREIE: RERFEFIER

PRESTEIRFIIRE, B

=

IERE TR, FIRRZRERN—F, Rt

FEHATERR, RERNYBREDEE,

B

FERLE. AU

d 5 t ERA—XFHRAEEEMEYE); EEFE d/t Bdtthae, SBERTFIIEREINVAIEIEE.
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iR 2022 Q3 (b)
Zsa)7&4%E 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% EFARIENNERE RS, FIERERREEN—F:

2d 1 2d
= Kok, 1 = oM (*)

t
ERB A/t RNEDEE, MIEFITREIRSMARERE,

2
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AP Physics 1 FHERPF 2023 Q2 (b)(i)
SKRINEERK g: MR ANFN/ LS

BXRECAWINEE a, BRK g, EFMER FENHP—B2 O XMEHIBRKARE; BAINE
EREE h 5AKKE L,, AMKENLLFEIKAIIEZ.

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 p from a ?

fi#:
TENKRA 0; FIKMIFEERESEE h BRKE L, ARESEERLUSRKERIIKAMNIEZ,

B g RRI: ENHGRSEHNE_ER

EEBFEANRSEMA, BIRESIN mgsind, REFMEEN ma, iILZEBE, ViERE, BF
H go
mgSin 6 = ma, g= a
sind

KNJLETNERY, HAIEZARESEERLUAFRKE, IBESNEN a SHEMAERENR, Faeita B
g
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583 2023 Q2 (b)(ii)
Zsjn) 4% 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.

fi#:
TERZRLHEDINR SRR, BRSNS SRENRE:

a  al,
sinf  h

MGexp SINO = Ma = go ., =

SHYEREER: ARISSEEHNER

LR ESEREERREN, 85 “ANRE" KELALYMERE. FREHRTERN=SME, &6
BRI B T MRLESSRIEE . HIMNZEAC RTINS R Blo

EHEANRSER, STREARIRAIES; T-RBRXNERERA T ARKI R,
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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"

BEIRESR. BRE->MEEZH->RKREZWK

FEERW “BWEMPIUTE « TUERRER: BeEDA TSR, FohilRk REFohIEEE,;
ERAERNENINRERKRXEZR, g5 aRIiEL; MERERNSFELR g FH.

RENAI LTI, HuiniiE R BNERRKX, BEARMNAA L—RNESEENATHERR, 7t
_*¢,§o

583 2023 Q2 (c)(ii)

Zsja) &3 2023 Q2 (c)(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>.
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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 b

fi#:

BESETIKEY, ENHEDLTIMICER, TolilZELiEeEEEL FohrvREE, RN EIBINERE
INFRRAREHE, FXNMRDRINEENAERNDMEEXR, MSER/NHKEEINRE; 7]
TAERIRE), FREICHBIRE— iR BRI #E.
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