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553 2022 Set 1 Q1 (a)

Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fy on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is u . Express all algebraic answers in terms of m, H, Fy, x, u o L, and physical constants as

appropriate.
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(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when the block is at x = L. Each force must be represented by a distinct arrow starting on, and pointing away
from, the dot.
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Figure 1 Figure 2
Note: Figures not drawn to scale.

1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fr in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = O and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,
Fr, x, y, and physical constants, as appropriate.

(a) On the dot below that represents the sled, draw and label the forces (not components) that are exerted on the
sled a short time after # = 0 but before the sled has come to rest. Each force must be represented by a distinct
arrow starting on, and pointing away from, the dot.
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X Spring P

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A,y p. Frictional forces between the block and all

surfaces are negligible.

A student compares A, p for Spring P with the maximum height A, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, FQ(x) = Cxl/z, where C = 20.0 N/m!/%.
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Trial 1
(Spring P)

fi#:

MREBEENRA T, XFAAL, BhEk, BRERAOKEER.

F192%F, FRIAQRIZKF&T K &R PRIF o

Trial 1
(Spring P)

ool 1 -

should represent the relative magnitude of the vertical forces.

Trial 2

(Spring Q)
.
[ | O N O B |
L I A O e B |
—db
b4 ==
[ | I O T O A |
-ttt r-rra-1
L S S A B |
’____T_l_._l_l__l__l_'l
RS T R )
[ | I O R R A |
—t—t -t -t
[ | O A O |
TTTTrTIT T T
1 L4111
[ | I R A |
S O U T I

| el wmden poabc Somcd il mmins Soml sl poctor bnoads |

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0.010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring Q is used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
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String

3m

Figure 1

Note: Figure not drawn to scale.

3. A uniform rod of length L and mass m is attached to a pivot on a vertical pole, as shown in Figure 1. There is
negligible friction between the rod and the pivot. A horizontal string connects Point Q on the rod to the pole. The
rod makes an angle 6 with the pole. A block of mass 3m hangs from the rod at Point P. The center of mass of the
rod is located at Point C.

(a) On the following representation of the rod, draw and label the forces (not components) that are exerted on the
rod. Each force must be represented by a distinct arrow that starts on and points away from the point at which
the force is exerted on the rod.
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Note: Figures not drawn to scale.

3. A uniform board of length L and mass m is attached to a pivot % from the left end of the board. The left end of
the board is attached to an ideal spring of spring constant k that is attached to the ground. The right end of the
board is initially held by a student so that the spring is unstretched, as shown in Figure 1. The student slowly
lowers and then releases the board. The board remains at rest in the horizontal position, with the spring stretched,

as shown in Figure 2. The rotational inertia of the board about the pivot is /.

(a) On the rectangle below, which represents the board, draw and label the forces (not components) that act on the
board while the board-spring system is in equilibrium. Each force should be represented by an arrow that starts
on, and points away from, the board, and should represent the location at which that force acts.
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Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass m is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m,, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle € with

the line between Point A and the axle, as shown in Figure 1.

(a) On the following representation of the clay-disk system, draw and label the external forces (not components)
exerted on the system. Each force must be represented by a distinct arrow that starts on, and points away from,
the point at which the force is exerted on the system.
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3. A solid uniform disk is supported by a vertical stand. The disk is able to rotate with negligible friction about an
axle that passes through the center of the disk. The mass and radius of the disk are given by M, and R,
respectively. The rotational inertia of the disk is I; = %Md R%.A string of negligible mass is draped over the disk
and attached to the top of the disk at point P. One end of the string is connected to an unstretched ideal spring of

spring constant k, which is fixed to the ground as shown in Figure 1.

A block of mass mpg is then attached to the string on the right side of the disk. The block is slowly lowered until
the spring-disk-block system reaches equilibrium, as shown in Figure 2. In this equilibrium position, the disk has

Note: Figures not drawn to scale.

rotated clockwise through a small angle 6.

Give all algebraic answers in terms of My, R, k, 6, and physical constants, as appropriate.
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(b) At time ¢ = 0, the string on the right side of the disk is cut and the block falls to the ground. On the circle
below, which represents the disk, draw and label the forces (not components) that act on the disk immediately
after the string is cut and the block is falling to the ground. Each force should be represented by an arrow that

starts on and is directed away from the point of application.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R <« /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢? and the rotational inertia of the sphere about its center is 35 mR>. After

the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.
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After sliding a short distance, at time ¢ = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction y, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.

(c) In the following diagram, which represents the sphere while the sphere is traveling between Points A and B,
draw and label the forces (not components) that act on the sphere. Each force must be represented by a distinct
arrow starting on, and pointing away from, the point of application on the sphere.
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Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fr on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is u e Express all algebraic answers in terms of m, H, Fp, x, iy L, and physical constants as
appropriate.

(b) Derive an expression for the angle 6 that the string makes with the horizontal as a function of x.
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Figure 1

Note: Figures not drawn to scale.

1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fr in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = O and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,
Fr, x, y, and physical constants, as appropriate.

Figure 2

(b) Determine an expression for the angle € that the string makes with the vertical when the sled has traveled a

horizontal distance x.
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Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fy on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is Hy- Express all algebraic answers in terms of m, H, Fp, x, Hys L, and physical constants as
appropriate.

(c)

i. Derive an expression for the normal force Fy, exerted on the block by the table as a function of the
block’s position x.

fi#:
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1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fy in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = O and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,

Fr, x, y, and physical constants, as appropriate.

(©)

Note: Figures not drawn to scale.

i. Derive an expression for the normal force Fy exerted on the sled by the table as a function of the

position x.
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Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fy on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is Hy- Express all algebraic answers in terms of m, H, Fp, x, Hys L, and physical constants as
appropriate.

(c)

ii. Derive an expression for the magnitude of the net horizontal force F,.; exerted on the block as a
function of the position x.
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Figure 1 Figure 2
Note: Figures not drawn to scale.

1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fy in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = O and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,
Fr, x, y, and physical constants, as appropriate.

(©)

ii. Derive an expression for the magnitude of the net horizontal force F,.; exerted on the sled as a function
of the position x.
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1. A box of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is
inside the box. The cube is against the right wall of the box and above the bottom of the box, as
shown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall
of the box are 4, and 4,, respectively, where i, > u,.

Figure 1

Box, M

The speed of the box is decreasing as a result of a resistive force that is exerted on the box. The
resistive force F; is modeled by F = —bv, where b is a positive constant and v is the velocity of
the box. Friction between the box and horizontal surface is negligible.

Consider the motion of the box and cube for the following times.

» Attime ¢ = 0, the box-cube system slides to the right with speed v,.

* For 0 <t < ¢, the cube remains in contact with the wall of the box at a constant height
above the bottom of the box.

* Att=1,, the cube begins to slide downward along the wall of the box.

Part A

The magnitude of the normal force exerted on the cube by the wall of the box is F).

i. Determine an expression for the magnitude of the acceleration of the cube. Express your
answer in terms of M, F), and physical constants, as appropriate.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢% and the rotational inertia of the sphere about its center is % mR2. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

After sliding a short distance, at time ¢ = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction u, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.

(d) Derive an expression for each of the following as the sphere is rotating and sliding between points A and B in
terms of vy, 4, R, t, and physical constants as appropriate.

i. The linear velocity v of the center of mass of the sphere as a function of time ¢

21
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x , Spring P

x=0

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A, p. Frictional forces between the block and all

surfaces are negligible.

A student compares /i,y p for Spring P with the maximum height A ,, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fo(x) = Cx''?, where C = 20.0N/m'/%.
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4
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Figure 2

i. What feature(s) of the graph in Figure 2 could be used to estimate the work done on the block by each
spring as each spring is compressed?
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Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fr on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is u . Express all algebraic answers in terms of m, H, Fp, x, u o L, and physical constants as
appropriate.

(d) Write, but do not solve, an integral expression that could be used to solve for the work W done by the string
on the block as the block moves from x = L to x = 0.

fi#:
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Figure 1 Figure 2
Note: Figures not drawn to scale.

1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fr in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = 0 and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,

Fr, x, y, and physical constants, as appropriate.

(d) Derive an expression for the work W done by the string on the sled as the sled moves from x =0 to x = L.

fi#:
SENMBEA, KIKFESERE, BKIMAT. BRANSEIERIRSFHLE,

L F I
WZ/O N xQTin dv = —Fp [VaZ+ 2] = —Fp (VIZ+ 52 —y).
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MEFER: LRE—BRIHIISE

MEEBIZRKEMER, FTAKRMINER. EEEAUBSANAREER. BEEKXE, [EEKIBIKF
DER); BHBRNEZEREE, TEERAEEKMGIFINERNLE. HHERSEE.

5% 2022 Set 1 Q1 (e)
Zsja) AdE 2022 Set 1 Q1 (b)s

Motor

1. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension Fr on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is u e Express all algebraic answers in terms of m, H, Fr, x, iy L, and physical constants as

appropriate.

(e) Does the string do more, less, or the same amount of work on the block as the block moves from x = L to

X = % compared to when the block moves from x = % tox=07?
L
More work when the block moves from x = L to x = Y

L
Less work when the block moves from x = L to x = 5

L
The same amount of work when the block moves from x = L to x = 5

Justify your answer.
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f&:

&EMore worke MFBIBEHEEMER. KAOXNMER, BFREBEREFER, AKFIUBHRNKS
DEEN. F—FHNE—/\REBRRABIKFDENT, FIUE—FNENES,

5% 2022 Set 2 Q1 (e)
Zsja) A$E 2022 Set 2 Q1 (¢)(i)o

Yy

+X

Device Device

Figure 1 Figure 2
Note: Figures not drawn to scale.

1. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction
between the sled and the table is 4, . A string connects the sled to a device on the ground. The device maintains
constant tension Fr in the string by unwinding the string as the sled slides to the right. The total mass of the sled
is m. The string is attached to the device at x = 0 and at a height of y, as shown in Figure 1. The horizontal
position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,
Fr, x, y, and physical constants, as appropriate.

(e) The sled comes to rest after traveling a horizontal distance x = 2L. As the system slides from x =0 to x = L,
the energy dissipated by friction is E;. As the sled slides from x = L to x = 2L, the energy dissipated by
friction is E,. Is E| greater than, less than, or equal to E, ?

—El >E2 _E1<E2 _E1=E2

Justify your answer.

fi#:
TE—RERRSZ, xtl)\, BFHNAETIEHEAR, IFHNDERLHEA, MERNKERR, £$—K
F—IBENERERA, WERESNEEES,

E, > E,.
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AP Physics C « 1% FHEBP 2023 Set 1. Q1 (b)(ii)
MEFMEE: HRELETR, FRLRA

E—4YRAEEE&RSLE, FEMEENEEE, FRUFERMEERPERRE, RFTHERXRR
RTEB—TEREELNNEE; FEEBRMNZENZERENERER. BN—MBNEBESE, 7 A6
EFIBEY,

523 2023 Set 1 Q1 (b)(ii)
ZiB)EdE 2023 Set 1 Q1 (b)(i)o

x , Spring P

=
n+4---
o

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A, p. Frictional forces between the block and all
surfaces are negligible.

A student compares /i,y p for Spring P with the maximum height A, o achieved with a different spring,

max,
Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fy(x) = Cx'"?, where C = 20.0N/m'"%.

F(N)

10.0 I I
— Spring P
---Spring Q
6.0 Lo

-
-
-

8.01

-
~--
z

4.0

2.04+—-=

0.0 x (m)
0.000 0.020 0.040 0.060 0.080 0.100

Figure 2

ii. There is one compression distance x( for which the maximum height 4,,,, reached by the block is the
same regardless of which spring, Spring P or Spring Q, is used. Predict whether the value of x; is greater
than, less than, or equal to 0.040 m. Use the graph in Figure 2 to justify your answer.
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fi&:

7£0.040K Z HIQHRLRYEFRINA; 0.040KREBMENIEF, HARTHEREF, BABESE—EK,
IEPIENIRYETRIE EQ, FRFEERES EEXT0.040K,

JEAMHRE: MO HFESEL
RB—TENELLTERE, 5—MELTEREENTFHR, LESENHIMNBEERIXRRLIERE,
BRLEFTYRESKHEIMgh,

RTINS, BE8IN—, BERLUENNEIER. FIMNTHEREXRIL/2RTT, RDI(2/3)xHI3/2/R
T. MEFBEBRMEFIE, BERIKNBAPMSRRXRE,

35 n+1
/ shds = = (n# —1).
0

n+1

7% 2023 Set 1 Q1 (b)(iii)
Zsja) AdE 2023 Set 1 Q1 (b)(i)o

‘ x , Spring P

x=0
Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height /,,, p. Frictional forces between the block and all
surfaces are negligible.
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A student compares /i, p for Spring P with the maximum height A ,,, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fo(x) = Cx''?, where C = 20.0 N/m'/%.

F(N)

10.0 I I
— Spring P
---Spring Q
6.0 =———==7

-
-
-
-

8.01

-
-
-
z

4.0

2.04—=

0.0 x (m)
0.000 0.020 0.040 0.060 0.080 0.100

Figure 2

iii. On the axes provided, for both Spring P and Spring Q, sketch a graph of the maximum height 7,
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0
to 0.100 m. Clearly label the curve for Spring P and Spring Q.

hmax (m)

x (m)

0.000 0.020 0.040 0.060 0.080 0.100

fi#:
DFRTMS], BOFBEEFTRSUENEHEEE

Up = kudu = ~kx?, U, = Cu'/? du = =Cz3/2.
S A 2 @ 3

B kx? b 20.’1)3/2‘

- 2mg’ 3mg

MEBEHLEHR LM, FHQER, FERXRALUGPES. RERMEFSEIL0.0711K,
2 40\?
ka2 = Zoad? Ty = ( ) ~ 0.0711 m.

3k
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... (m)

x (m)

0.000 0020 0.040 0060 0.080 0.100
B3 SR B A, AW,

SEEEREIN: EfERERETT IR

YR MBRLEREI. ZERICIBRY, WERBNEETHYIREEE. KX EEEMUSITHNES, B
InEE B RS T RohaE, ABRER, FIRFEIEE,

1 1
ik‘xg = §mv2.

BT 2024 Set 1 Q1 (a)(i)

String'7¥>
14
Block A Block B

3m

(=)

= -
<)

=4+ H-———

1 X

)
=
w

Note: Figure not drawn to scale.

Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant £ and a horizontal surface. Friction between the surface and the blocks is negligible except in
aregion of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

31



AP Physics C « 1% AR 2024 Set 1Q1 (a)(i)

At time t = 0, Block A is located at position x = xy and is released from rest. After the block is released, the
following occurs.

e Attime 7 = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time f = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* At time t = 13, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x., and physical constants, as
appropriate.

i. Derive an expression for the speed v of Block A at time #,.

fi#:
BRI SERE RKNIRERNE, VIRHERET HARTIAE,

ERRE: BESXNBMEY

ARERKEDAFT THEREEE. ANKTER, BESEERDsING; KEEEMENNEE,
RENWEE S EmMECosh, IBENBRERREMEERFERE, FTHIEEEE

h = Dsind, N =mgcosb, Eloss = nND.
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AP Physics C « 1% FHEBP 2024 Set2 Q1 (a)(i)

583 2024 Set 2 Q1 (a)(i)

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 6 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is u in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Attime ¢t = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

e Attime ¢ = £}, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime f = fp, Block A is at x = x, when it collides with and sticks to Block B.

* At time 7 = f3, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

* At time ¢ = t,, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.

(a) For parts (a)(1) and (a)(ii), express your answer in terms of m, 6, D, u, x., and physical constants,
as appropriate.

i. Derive an expression for the speed v of Block A at time #,.

fi#e:
AREN2M, TREEANEKERIEZ. XIFHAEONEADE, BREENERRMNEKE,

. 1
2mgDsin® — 2umgD cosf = 5(2m)02.

v = \/2gD(sin 6 — 11 €OS0).
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BEE%R: HINTER N EESFHLLEYIR

MRS ET T A/MER, BEEEFRR, MRS BRNEEEEMLN, YIRRRFERLL, ShENT;
REEEATA FEMRIITEML, TEEERK,.

A

5= 2025 Q2 (A)

2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant k£
and Spring B has a spring constant 2k. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring Spring

i [ s

0

X
Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.

+y
Spring i

i Spring
A | T B
I +x
~000000 { |
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AP Physics C « 1% FHRP 2025Q2 (A)

A. An energy bar chart can be used to represent the elastic potential energy U, of Spring A,
the elastic potential energy Uy of Spring B, and the kinetic energy Ky, of the block. On the

energy bar chart in Figure 3, draw shaded bars to represent the energy of the system for
when the block is at x = x;.

» The height of the shaded bars should be proportional to the relative values of U,, Ug,

and Kpjock-
* Any energy that is equal to zero should be represented by a distinct line on the zero-
energy line.
Energy
Ua U Kplock
0 8 I

Figure 3

fi#:
MEETREA/NERE, BEENANKE; IRBFRFEL, BHEENS, EEXMHLGI - IS,
EEhREZ 4 B AEA.

1
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Figure 3

BiEREANARIR(E, BHRENZ.

REERFEOE: EEEFT e

YIRS TEAIER, RIREEHREMHERTEUENOES, EEEEM, BInRtEEREEIIEE
BB TRMERE, RITHREDhEE; UBRAN—%F, FHXRREFERNEDZ—
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F4BEHE 2025Q2 (B)

{2025 Q2 (B)
Zsa)7&4E 2025 Q2 (A)o

=

2.

S

In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant &
and Spring B has a spring constant 2k. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring Spring
A B

x=0

Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.

+y

L..

Spring !
A |

Spring

HE

X1

T
T
x=0 x

Figure 2

B. The block is released from rest at x = x; and begins to oscillate. Derive an expression for the
speed v of the block as the block passes through x = ljxl. Express your answer in terms of m,

k, x,, and physical constants, as appropriate. Begin your derivation by writing a fundamental
physics principle or an equation from the reference information.

TIEFIR, MEERNSEREN, FHNEER3K, FFUBKN, BEFEREIVENTEDZ

LSRN ENREE, BRIRER, FRUSLIEE,
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AP Physics C + 1% FHAHB 2024 Set2Q2 (a)
BN, RE5EERENE
T%MEN: BIUIRENMNSHE

ENEMEBTINE, SSENRNTE. WA THE, SENRBEAFTREFRINEE; MEEMLS
REXMERIS. SRNEBLHEbVIERD?, FERMEIREER,

dv
meos = mg— Fyrag-
5% 2024 Set 2 Q2 (a)
‘ ' ‘ Fy.
Sphere 1
Figure 1
2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fj,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,o = bv, where v is the speed of the
sphere and b is a positive constant with appropriate units.

(a) Derive, but do NOT solve, a differential equation that could be used to determine the speed v of the sphere as
a function of time ¢. Express your answer in terms of given quantities and physical constants, as appropriate.

fi#:

KMERLERTiEE), EART. E[EARLE. BRETHAE, BINEESRERMENEINELE, &5
FE_ER, BRNTRLEEETT.

ZF:ma, mg—bv:m%, v(0) = 0.
FRRARERBIUMDT5TE, FEIRKRLEERL,
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#:>] 2024 Set 1 Q2 (a)

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fj,, on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bvz, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

(a) Derive, but do NOT solve, a differential equation that could be used to determine the speed v of the cylinder
as a function of time . Express your answer in terms of given quantities and physical constants, as appropriate.

FANENTE: HEERFEMIEEZ

LM SRERIELL, FEA—BYEBRLB KT G, BAOFBHRE, BRUAENRE. EREF
Y E TP EE S, HIGFREEREM AR, ELRBAILFMRARE, RETFAERRE
BT LU (RS,

BT 2024 Set 2 Q2 (b)(i)

F
Sphere 1

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fy,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,o = bv, where v is the speed of the

sphere and b is a positive constant with appropriate units.



AP Physics C « 1% FHEBP 2024 Set 2 Q2 (b)(i)

Figure 2

(b) The student sketches the drag force Fy,, exerted on the sphere as a function of time 7, as shown in Figure 2.

i. Draw a vertical line on the sketch in Figure 2 to indicate the earliest time at which Fy,, is equal to the
magnitude of the weight of the sphere, which occurs when the sphere reaches terminal speed. Label this
time as #1 on the time axis.

fi#:
TEPR SRR I MR /K I B 12 4%, TERY a)4h EAREREESZ,

drag

0

Y
—

0 r

T
FNERTFES5REZ]; ROHERTE], PRI,
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EEENTE: IMEEBRMFHAN

RE—-EENMRENEE, MLITMRAKEEER, REAZ, GHAT, R LBEIEFRE
B/, ERENLEABKIE, FWiERFE,.

5% 2024 Set 1 Q2 (b)(i)

‘ ' ’ F drag

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fy,, on the cylinder, as

shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv?, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

max |

Figure 2

(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.

i. Draw a vertical line on the sketch in Figure 2 to indicate the earliest time at which Fj,, on the cylinder

is equal to the magnitude of the weight of the cylinder. Label this time as # on the time axis.

fi:
EREEMAFIREMRATENUERRE, HBANZ . TEERNENERAFE,
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v

v

max |

Q

Figure 2

REERIKFERRTINEENZ,

#:.3] 2024 Set 1 Q2 (b)(ii)
Z5jR)7&3E 2024 Set 1 Q2 (b)(i)o

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fy,, on the cylinder, as

shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv?, where v is the speed of the

cylinder and b is a positive constant with appropriate units.
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max |

Figure 2

(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.

ii. Justify the location of 7. Explicitly reference appropriate features of the sketch in Figure 2.

BEATFaREHTE

BRESER, SAFdrag=bviLANRERBHRMEREENE, BHEREEHERF[MEENZ,
[QARERKFHREREMABIFRNEHAZE;, EANBAHZENEE, RREHEFH.

BiR: 2024 Set 2 Q2 (b)(ii)
Z5[R) 7&4E 2024 Set 2 Q2 (b)(i)o

Fy.
Sphere 1

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fj,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,o = bv, where v is the speed of the
sphere and b is a positive constant with appropriate units.
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Figure 2

(b) The student sketches the drag force Fy,, exerted on the sphere as a function of time 7, as shown in Figure 2

ii. Justify the location of 1. Explicitly reference appropriate features of the sketch in Figure 2

f&:
5 ZAERIZERANE, BAMER, RABRNDELLTFERER, FXRHOMIER, FE&LENTEE, BX
8E, AMmmEEMEHE RS,

Firag = bv, a=0 = Fy,e =mg.

RO IRENI I RR; RS F 8RS BRI HREERDE,

EVEE . LZEHRAFERE

A%W i ﬁmﬁﬂé

EES, ARENFTE. Mim MMEm i, RekZ
EAVEE, LR

ElE2SE
RAKERAZRANIN, FRERE. KMIVERNESEERIEFE,

AET.

mg=bvy W mg=bvi.

44



AP Physics C + 1% FHAHE 2024 Set2 Q2 (c)

5831 2024 Set 2 Q2 (c)

Sphere o

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fy,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv, where v is the speed of the

sphere and b is a positive constant with appropriate units.

Figure 2

(b) The student sketches the drag force Fy,, exerted on the sphere as a function of time 7, as shown in Figure 2.

(c) Suppose the student throws the same sphere downward with a nonzero initial speed. The magnitude of the new
drag force at terminal speed after being thrown downward is F .

Indicate whether F,.,

represented in Figure 2.

would be greater than, less than, or equal to the magnitude of Fy,, at terminal speed

Greater than Less than Equal to

Briefly justify your answer.

fi#:
#EEqual to, KENRWATRE; B—IMNRELEE, FMUKEENBAETE—1NEH,. RYIEE
B FEH, RARTIRZREEIR,
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#:>] 2024 Set 1 Q2 (c)

Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fj,, on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bvz, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

max |

Figure 2

(b) The student correctly sketches the speed v of the cylinder as a function of time ¢, as shown in Figure 2.

(c) Rather than dropping the cylinder from rest, the student throws the cylinder upward with a nonzero initial
speed. The cylinder is in the same orientation as when the cylinder was previously dropped. The student allows
the cylinder to fall toward the ground.

Indicate whether the magnitude of the cylinder’s maximum downward speed after being thrown upward would be
greater than, less than, or equal to the maximum speed v, in Figure 2.

Greater than Less than Equal to

Briefly justify your answer.
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EEFRA: FoRkBMEFEE), BEEISE MR

AMREK TR EERIER, B-FEEREERLUHCERABEGEET. SRERMWHREREM; 60K
-bv, FRUBEERERRSIRE, o BRENE, BRGEERDTIIEERR. &EE/IREK
5, BERBEXZEB,

v(t) t
dv__ b g / d”__b/ dt.
v 2M 8 v 2 A

0

EiAZIn(v/vy), BANBEIEHRRBHREE; EBRIABIEHENEERERE,

58 2026 Q1 (A)(ii)
7134 2026 Q1 (A)(i)o

1. A box of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is
inside the box. The cube is against the right wall of the box and above the bottom of the box, as
shown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall
of the box are 4, and k,, respectively, where i, > u,.

Figure 1

Box, M

The speed of the box is decreasing as a result of a resistive force that is exerted on the box. The
resistive force F; is modeled by F; = —bv, where b is a positive constant and v is the velocity of
the box. Friction between the box and horizontal surface is negligible.

Consider the motion of the box and cube for the following times.

+ Attime ¢ = 0, the box-cube system slides to the right with speed v,.

* For 0 <t < ¢, the cube remains in contact with the wall of the box at a constant height
above the bottom of the box.

*  Att=t,, the cube begins to slide downward along the wall of the box.
Part A

The magnitude of the normal force exerted on the cube by the wall of the box is F),.

ii. Derive an expression for Fj, as a function of ¢t from 7 = 0 until immediately before the
cube reaches the bottom of the box. Express your answer in terms of M, b, v,, t, and
physical constants, as appropriate. Begin your derivation with a fundamental physics
principle or an equation from the reference information.
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fi&:

NNRIGEGEE, FBAREVKFIMREMRRE. IBZEFARE, RMERIHHE, INIKFEHRFIERERE
1, BRER2M,

dv
2M — = —bw.
di v

THEAEMEELARN, RAABHEEREZN, ERERE—A. HERES—E, HHPIERD.

v(t) t
@:—idt, / du:—b/ds.
v 2M v U 2M J,

In 2\ ot £) = poebt/(@M).
Vo 2M7 ’U( ) Vo€

BEEVNRBREVKFER S, ZRADEHEER;, FEBENRERENBEHERI(FER.

dv
dt

= 91)7 Fy(t) = bﬂe—bt/(ZM)_

Fyv=M
N 2 2

FEREAMER. BRESWE
RARTEN, BERGERLTEHEN, KRERABEHEMG RAFERTBuUsN. ERITZHI

N, RENGFREIRTE, BEEEAUKN. FRIZRBENFIAEIAIEHIBE; URIRME AR IR
BRI
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IR% 2026 Q1 (A)(iii)

Zsa) 73 2026 Q1 (A)(ii)o

1. A box of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is
inside the box. The cube is against the right wall of the box and above the bottom of the box, as
shown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall
of the box are (4, and y,, respectively, where u, > u,.

Figure 1

Box, M

The speed of the box is decreasing as a result of a resistive force that is exerted on the box. The
resistive force Fy is modeled by Fy = —bv, where b is a positive constant and v is the velocity of
the box. Friction between the box and horizontal surface is negligible.

Consider the motion of the box and cube for the following times.

« Attime ¢ = 0, the box-cube system slides to the right with speed v,.

* For 0 <t < ¢, the cube remains in contact with the wall of the box at a constant height
above the bottom of the box.

* At t=t,, the cube begins to slide downward along the wall of the box.

Part A

The magnitude of the normal force exerted on the cube by the wall of the box is F),.
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iii. On the axes shown in Figure 2, sketch a graph of the magnitude F, of the frictional force
exerted on the cube by the wall of the box as a function of ¢ from ¢ = 0 until immediately
before the cube reaches the bottom of the box.

Figure 2

Fy

crit

fi#:

R TIBRYSEFTRRERIR A M EIUBE S, FRUBIRK TS, FR—EFTHER LR TBEMERN
FEBNFRENEIRFR

Mg, 0§t<tcrit7
Fy(t) = bV _ptj2m)
/J/k7€ 5 t>t

crit-

a5z EEERNER LM, RARERARB)N, RERFHIEHE LI THE, BREE/RE
ARERZ Ao

F,

|
|
|
|
|
|
|
|
|
[
I
|
|
|
]
T

0 f

crit

BERARFENK/N, HEHERREERIIRI
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FaBEhRIRNZ: #BER ERETEN

NRBEBESE, FERLNBERINVEES . SRAFERERIME, QT RREBRELERFHIL. &
EXMaRFR, KABEKREHERADRL, BABANEIEHRBEIMIEHERH,

MsN(tcrit> = Mg.

2% 2026 Q1 (B)
73] &3 2026 Q1 (A)(ii)o

1. A box of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is
inside the box. The cube is against the right wall of the box and above the bottom of the box, as
shown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall
of the box are 4, and 4,, respectively, where i, > u,.

Figure 1

Box, M

The speed of the box is decreasing as a result of a resistive force that is exerted on the box. The
resistive force F; is modeled by F, = —bv, where b is a positive constant and v is the velocity of
the box. Friction between the box and horizontal surface is negligible.

Consider the motion of the box and cube for the following times.

» Attime ¢ = 0, the box-cube system slides to the right with speed v,.

* For 0 <t <t the cube remains in contact with the wall of the box at a constant height
above the bottom of the box.

* Att=t,, the cube begins to slide downward along the wall of the box.

PartB

Derive an expression for ¢ ; in terms of M, b, 1, vy, and physical constants, as appropriate.
Begin your derivation with a fundamental physics principle or an equation from the reference
information.

fi#:
IR5RBY, BEMSIRMMNBRARBEREGTETE ., KABELREIZERT, BEBEAITE

sbvg
o Fa (o) = Mg, %e bhewe/(2M) — Mg,

tors :2Mln<”5bvo>
crit b 2Mg .
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AURIEBY BVER LN ERB KAV R ER LIRATES], SWINRMFEMZE. IERFHIETSEN, Al
ERY2M/bH B jB] 8 1iL,

HRERE: RFFEH, BRE

RERBGH T BNZINEN. ARSFENEE, BRREFISH; AEKK/), FLEMEEHN
S, REAXNNKHE, BRENFHENE, HASXEMKLLER, BINARBEE&RAE,

585 2023 Set 2 Q1 (b) (i)

Foam
—

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant
velocities.

(b) For 0 < ¢ < 0.50s, the velocity v of Cart A can be described by the function v(r) = 641° — 481% + 5.

v (m/s)

Sd~g—T—T—T— e —r—n
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| | | | | | |
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| | | | | | |

| L _ 1 1 N1l _1_1_1_1_1

| | | | | | | |

3___J__J__J._J._ 1l _1_1_1_1

| | | | | | | |

| _ L _ 1 _ 1 1T _IN_1_t_1_1
| | | | | [

24+ T-T-T-T-T- TN T

| | | | | | | | |
[T T-T-T-T-T~T hl
| | | | | | | | |
1“—T—T—T—T—T—T—T—T—T
| | | | | | | | [
[—t—t—ft—t—t—t—F+—t+—t—1
A O B P
ol 01 02 03 04 05

(a) The graph shows the velocity v of Cart A as a function of time ¢ for the time interval when the foam and
Cart B are in contact.

i. Calculate the magnitude of the maximum net force acting on Cart A during this interval.

TN ERERFSEIMRE, BFRHRE, LXEMMEEIFE; KRAKNEERAS,

d
a, = % = 19212 —96t,  |F,| = 96000t — 1920002
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XEFOR TN RRE, BELAHNEANT, XERHEHANZ, FrAARBELREKE,

d|F4|

7 = 96000 — 384000t = 0, t=0.25s.

|F | max = 12000 N.

H—HEE: ke, BESMRERZY

1B_E—RIRISH D AR/NRETAEIR Y B X8, —/REEHNAREME; Firmines IENNRER
KfE, BERMITBHZ, TRBEREERARRERRRAIBIE,

5% 2023 Set 2 Q1 (b)(ii)
Z1a) 42 2023 Set 2 Q1 (b)(i)o

Foam

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant
velocities.

(b) For 0 <t < 0.50s, the velocity v of Cart A can be described by the function v(r) = 641° — 481% + 5.

v (m/s)
Sd~g—T—T—T— e —r—n
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| | | | | | | |
[T T-T-T-T-T~T hl
| | | | | | | |
1+-+-+-t-t-t-t—-1—1-7
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[—t—t—ft—t—t—t—F+—-t—+—A
N O O B P
T T T T T
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(a) The graph shows the velocity v of Cart A as a function of time ¢ for the time interval when the foam and
Cart B are in contact.
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F (N)

ii. On the following grid, draw a smooth curve of the magnitude of the force acting on Cart A as a function
of time. Clearly indicate the value of the maximum force on the vertical axis.

AP Physics C + 1%
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g, HESR

FELLR: BRBERTIEEN

MERNENRE NIRRT, FTZYENHERL. MYFER—XMEFHEEFER, THE=E®iL

B-HZINAFKRR, FEHREHERE, BUPEX/MEE,

BERNZRBBEED. FE5S—RE, HOLRR N TEIENNERL, FaeERR—/KRE

ERFHRELLIL,

J:/th:Ap.

5531 2022 Set 1 Q2 (a)

Motion Detector

1

1

2. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > mjy, and is at
rest at the bottom of the incline. At time ¢t = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time #¢, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the
collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.

(a) During the collision, is the impulse on Cart 1 from Cart 2 greater than, less than, or equal to the magnitude of

the impulse on Cart 2 from Cart 1 ?
__ Greater than _ Less than ___Equalto

Justify your answer.

fi#:

EEqual to, RIERMENMEEERNE—RZA/IMEEF. FE8k, BFEEEIHER. MNRE—ER

ABRXWN, HEXNWHEF.
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=R 2022 Set 2 Q2 (a)

=]

Motion Detector

H

oo =l 1

2. Block 1 of mass m is held at rest while compressing an ideal spring an amount Ax. The spring constant of the
spring is k. Block 2 has mass m,, where m, < my. At time ¢ = 0, Block 1 is released. At time f, the spring is no

longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the
two-block system moves with constant speed v, as shown. Frictional effects are negligible.

(a) The impulse on Block 1 from the spring during the time interval 0 < ¢ < #¢ is Jg. The impulse on Block 1
from Block 2 during the collision is J,. Which of the following expressions correctly compares the
magnitudes of Jg and J, ?

—JS > J2 —JS < Jz . ‘]S = .12

Justify your answer.

fi#:
MELIPRIMBRERBERE,; MEREEET—IS, RAARGERINERIEE. Eit#EEHRE KX
INKTFREFE(ER 13RS IO Bh &
Jg > Jy.
EE—MEE: mfRaHai

BREXRTEUBHZVER, B/ \RESEIRVERERIBKRAE, B8, MEmLStEm BaERT
SHEHR. FEERES2MNIE, REXENMUEERETE FRIERR.

Az —/vdt.
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fIER 2023 Set 2 Q1 (a)(i)

Foam
—

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant

velocities.

v (m/s)
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o |
" i " 1 1
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1 (5)
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(a) The graph shows the velocity v of Cart A as a function of time ¢ for the time interval when the foam and
Cart B are in contact.

i. What feature(s) of the graph could be used to estimate the displacement of Cart A during the collision?

fi#d:
RE—-EE THNERNSEINRARE; XEREREANE, FitEZENhL SN a2z i

HETIE: B—FERERS—ERE
RifESEARERE, RFKTFINFERZE, MIMENSKFHERE. TRRERREANTIREE,
BIERNNEBREERER— N EEEF. EBEMIFRL, SHVIEHENS,

MV 0 T MBUgyg = M AV, + MRUR.
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IR 2023 Set 2 Q1 (a)(ii)

Foam
—

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant

velocities.
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1 (5)
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(a) The graph shows the velocity v of Cart A as a function of time ¢ for the time interval when the foam and
Cart B are in contact.

ii. Using the information shown in the graph, determine the speed of Cart B at = 0.5 s.

fi#d:
KN ERZRE, RAHETIE. HRE, EARRMSREILREM,

1000(5) + 2000(0) = 1000(1) + 2000v;,  vp = 2m/s.
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B5—HZITE: B—FHh&ES—Fih%

BEEFEARLKMERNG, WERTEMPNE N, FARDVZLoE, EBMIBMZ LD, &
HBVBE R VARIRIEL, BB ERMERBZERAMER. ZRMME; AR,

523 2023 Set 2 Q1 (a)(iii)
7Zsjn) 4% 2023 Set 2 Q1 (a)(ii)o

e

Foam

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant

velocities.
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(a) The graph shows the velocity v of Cart A as a function of time ¢ for the time interval when the foam and
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AP Physics C + 1%

iii. On the following grid, draw a smooth curve of the velocity of Cart B as a function of time.
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FEl—E: EidEic, 57780

FE—EAEHERVKREE, REWHER, ShETUMAER. FHIAFTHEMRUZMEYE. ZPEEE
KIZMEE, EE—THETMIBEERNEA; XATEFHS, FRELHE,

| Ap|
Fan - E

583 2023 Set 2 Q1 (c)

Foam
—

1. Scientists have created a new type of lightweight foam and are performing experiments to investigate the
properties of the foam. The mass of Cart A is 1000 kg and the mass of Cart B is 2000 kg. A piece of foam with
negligible mass is attached to the front of Cart A, as shown. Cart A moves with a constant speed toward Cart B,
which is initially at rest. At time ¢ = O s, the foam connected to Cart A makes contact with Cart B. The foam
remains in contact with Cart B for 0.5 s, after which the carts separate and both carts move with constant

velocities.

The foam is removed from the front of Cart A and the experiment is repeated. The carts collide, with both Cart A
and Cart B having the same initial and final velocities as in the original collision. The time intervals during which
the carts are in contact are different in the collision with the foam and the collision without the foam. In the
collision without the foam, Cart A is in contact with Cart B for a shorter duration than in the original collision,
when the foam was present.

For the original collision when the foam is present, the magnitude of the average net force exerted on Cart B is F;.
For the collision without the foam, the magnitude of the average net force exerted on Cart B is F5.

(c) What is the relationship between the magnitude of the average net force F; exerted on Cart B for the collision
with the foam and the magnitude of the average net force F, exerted on Cart B for the collision without the
foam?

— _hK>§ — hk<h —_h=F5

Justify your answer.

fi#:

EH AN TR WIMERNYIREEER, RBVHEZ NN FEER; F—HESHEIEK
BYiEl, FHIATMEN.

_ Ap
F=—
At

. F <F,.

61



AP Physics C + 1%

FEBP 2022Set1Q2(c)

FRSEEBE: EESEEIME

MRS CRRENEE FRSEE, TRAIMEETIE,

BEIGREIERITE, ERMPMIEARS, RTESH

8, EHERERFEIZ U, SRKu, BRERRREE; FEEiCHMETEREREIIEDIE,

mlu — (ml + mz)v.

5 2022 Set 1 Q2 (c)

Motion Detector

1

Y —

—losolnenl

1

2. Cart 1 of mass m, is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > m, and is at
rest at the bottom of the incline. At time ¢ = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time #¢, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the
collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.

(c) Show that the velocity v of the two-cart system after the collision is given by the equation

m
my + my

v=7g JAH.

fi#:

FAIETIR, BNERNE, TRl dRiEfERTIMEETIE, BEI1MATEEKIZ U,

m1u2,

H =
myg 5

myu 4+ my(0) = (my + my)v,
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£:3] 2022 Set2 Q2 (c)

=]

Motion Detector

H

oo =l 1

2. Block 1 of mass m is held at rest while compressing an ideal spring an amount Ax. The spring constant of the
spring is k. Block 2 has mass m,, where m, < my. At time ¢ = 0, Block 1 is released. At time f, the spring is no

longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the

two-block system moves with constant speed v, as shown. Frictional effects are negligible.

1/kl’nl Ax

(c) Show that the velocity v of the two-block system after the collision is given by the equation v =
my + my

#:3] 2023 Set 1 Q1 (c)(i)

X Spring P

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A,y p. Frictional forces between the block and all

surfaces are negligible.

63



AP Physics C « 1% FHRP 2023 Set 1Q1 (c)(i)

A student compares /i, p for Spring P with the maximum height A ,,, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fo(x) = Cx''?, where C = 20.0 N/m'/%.

F(N)

10.0 I I
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-
-
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0.000 0.020 0.040 0.060 0.080 0.100

Figure 2

Block

Block

H
l Spring Q

Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

i. Calculate the velocity of the two-block system immediately after the collision between Blocks A and B.

BEE S EIRIbR: B EE

#H*UJ(EFEXET, FTeMIRFKEFREEPHIEumgD; RERIR TRIBIEMEARNRR, BRASHEST
’|Eiﬁlﬁi§€,\ o REENEFTENIE, ERFETHLEAMIEUERNFMSF.
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58 2024 Set 1 Q1 (a)(ii)
Z5(R) 7&4E 2024 Set 1 Q1 (a)(i)o

Stringl
(
Block A Block B
. ¥ . D .
M : e
m : H : 3m |
| i ]

[ : : : : X
0 X0 Xy X2 A3

Note: Figure not drawn to scale.

Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in
aregion of length D, where the coefficient of kinetic friction between Block A and the surface is ¢. Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

Attime 7 = 0, Block A is located at position x = x( and is released from rest. After the block is released, the
following occurs.

* Attime f = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

e At time ¢ = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

e Attime f = f3, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, i, x., and physical constants, as
appropriate.

ii. Derive an expression for the speed vy g of the two-block system immediately after the collision at
time f3.

fi#:
TR X AN PREEEAERE, BN IBALERIIE, EARIETIEZRIZ u,

1 1 ka2
imu2 = ikxz — umgD, u = Te _ 2ugD.
m
1 [ka?
mu + 3m(0) = 4mv, g, VAB = :10 —2ugD.

RINFENE, WNEEBESEEIEEX AL EME; iERERIEHRTIE,
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AP Physics C « 1% FHBP 2023 Set 1 Q1 (c)(ii)
MEUGEHRE: hESLEE, EERLATE
MERBAETIE;, ZERMRIEALEME, T EBREIBERIRE RS, LIEHE

Rk2?/2; ERBLNETARN, MEAMEEL KBNS MEE. KEBFX, RERESKE
BENHERE,

523 2023 Set 1 Q1 (c)(ii)

Zsa)7&4$E 2023 Set 1 Q1 (c)(i)« 2023 Set 1 Q1 (b)(iii)o

x , Spring P

=
n+4---
o

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A, p. Frictional forces between the block and all
surfaces are negligible.

A student compares /i,y p for Spring P with the maximum height A, o achieved with a different spring,

max
Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fy(x) = Cx'"?, where C = 20.0N/m'"%.

F(N)

10.0 I I
— Spring P
---Spring Q
6.0 s

-
-
-

8.01

-
~--
z

4.0

2.04+—-=

0.0 x (m)
0.000 0.020 0.040 0.060 0.080 0.100

Figure 2
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AP Physics C « 1% FHBP 2023 Set 1 Q1 (c)(ii)

Block
A
H Block |
l |£| I Spring Q
X = 0

Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

ii. Calculate the maximum compression of the spring.

fi#:
WEERAKEEMECSEIER, BRSIEESETQMEREEE,

2/3

1 2 3(0.190)v?
5(0.190)112 = g(}'az?ﬁq/gx, Tmax = (<40>) ~ 0.120 m.
523 2024 Set 2 Q1 (a)(ii)
7|0 73 2024 Set 2 Q1 (a)(i)o
Block A
Block B
m
; O

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 6 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is u in the region of length D, and there is negligible
friction between the blocks and the smooth table.
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AP Physics C « 1% FHEBP 2024 Set 2 Q1 (a)(ii)

Attime # = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

 Attime f = f;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime t = 1, Block A is at x = x, when it collides with and sticks to Block B.

* At time f = f3, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

At time ¢ = ¢4, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, 6, D, i, x., and physical constants,
as appropriate.

ii. Derive an expression for the spring constant k of the spring.

fi#:
IKFHBENREARD, MELBAIERHEERE, FHEBHEERBEETE,

2
2muv = 3mu, U = gv.
8mgD(sinf — pucosd
~(3m)u? = ~ka?, =2 ( 3.2 K )
xC

FEHFHNGEEE: EEEZRHREHNARBE N

M RERIEL I EE R WABRTNEE, FIERAUIEFHERRER. R—8XNNEEF, fEeeEtbTH
¥, HEERERA, FEEEFESAF MEREEN—IREE, HREBU).
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fBI= 2023 Set 1 Q1 (d)
Zx(a)7&dE 2023 Set 1 Q1 (c)(ii)o

x , Spring P

=
In4---
(e}

Figure 1

1. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height A, p. Frictional forces between the block and all

surfaces are negligible.

A student compares /i,y p for Spring P with the maximum height A ,, o achieved with a different spring,
Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fo(x) = Cx''?, where C = 20.0 N/m'/%.

F (N)

10.0 | ,

— Spring P
---Spring Q
6.0 =

-
-
-
-

8.01

-
-
z

4.0

2.04—=

4
4

0.0 X
0.000 0.020 0.040 0.060 0.080 0.100

m)

Figure 2
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Block

Block

H
4 [

Spring Q
=0
Figure 3

(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.
The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

(d) Spring Q where FQ(x) =cx?is replaced by a different nonlinear spring, Spring R, and the procedure

172

described in part (c) is repeated. For Spring R, Fg(x) = Dx '“. The maximum compression of Spring R is

greater than the maximum compression of Spring Q. Which of the following correctly compares the

constants C and D ?

C<D C>D C=D

Briefly justify your answer.

fi#:

ECKTFD, MRFHNEERIGIEEINER, R/EfEEEMERE; REEXREL/EN A EEFEIFEEE, HEARD
HEREB.

2 .32 2 3p
ngQ/ :§DacR/, Tp>zo = C>D.

NEE M. JTRE/ARE

ERpRT, HRERREE; HENNENMRZVEREING . EEAREGNLES; BESN
BATRUNATE T MBY EF LR JOBRRERLAIKT L, FMIEFTSY AR ZBRES, TERHERZIBBE, HE
RENEZEUFARAR .
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AP Physics C + 1% FHAHE 2022 Set1Q2 (b)

fBI= 2022 Set 1 Q2 (b)

m; Cartl

Motion Detector

fffffff ai 1

YV —

— e 1

2. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > m;y, and is at
rest at the bottom of the incline. At time ¢ = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time f¢, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the

collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.

(b) On the following axes, draw graphs of the magnitude of the momentum of each cart as a function of time ¢,
before and after 7. The collision occurs in a negligible amount of time. The grid lines on each graph are
drawn to the same scale.

Momentum Momentum

1 I
,,,,,,,,,, |,,,,,,,,,_ ,,,,,,,,,4,,,,,,,,_

I I

| I
,,,,,,,,,, R S

I I
,,,,,,,,,, [ [

I i

I I
,,,,,,,,, [ .

| |

I I

- Time - Time

fe te

Cart 1 Cart 2

fi#:
REBRTZE LERIEIEMRE, shEaA/NEMIEM; F251t, shEANS, MEMERLRE, RENE2HER
X; EBRE, BHKEL, FEURENSHES FEULMMEIE,

4/
Momesym " Riisnis N

L / (kems) | -

. y
| > Time 7 Time
ol ® s ©
Cartl Cart?

MEMNERR—NERE; HMEFEEFEHNEMNFIRBLE,
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AP Physics C + 1% FHAHE 2022 Set2 Q2 (b)

il 2022 Set 2 Q2 (b)

=]

Motion Detector

H

oo =l 1

2. Block 1 of mass m is held at rest while compressing an ideal spring an amount Ax. The spring constant of the

spring is k. Block 2 has mass m,, where m, < my. At time ¢ = 0, Block 1 is released. At time f, the spring is no
longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the
two-block system moves with constant speed v, as shown. Frictional effects are negligible.

(b) On the following axes, draw graphs of the magnitude of the momentum of each block as a function of time,
before and after #-. The collision occurs in a negligible amount of time. The grid lines on each graph are
drawn to the same scale.

Momentum Momentum
| I
,,,,,,,,,, e e —eee-
I I
,,,,,,,,,, [ [ PR
| |
I I
,,,,,,,,,, I, e
| |
| |
,,,,,,,,, e mmm—mm - o jem .
| I
| Time | Time
Ic Ic
Block 1 Block 2

fi#:

S DRERRIATRY), FRLURIBHESRIEM, ERRZFHEES, BEm TM; R2MAT, SRR
RMRIEE, BIRIKFFERS. RERIEZERA/ER. HRER.
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Momentum Momentum
/ A

= Time J > Time

Block 1 Block 2
HERBMEENRIZRER; REERIGER K,

RAIERIK: FIRERENTS R

HERRERTHMINEE. B— T mu,A—1&, MAFIKNIE, BENR;, RAHNERRYENERT
SHle REUKFINGFER RS, WRIAEHARRAFTXER, BMERYEEEE,

523 2025 Q1 (A)(i)

1. Two blocks, 1 and 2, slide toward each other on a horizontal surface. Block 1 has mass m
and slides in the +x-direction with constant speed 2v,. Block 2 has mass 6m and slides in the
—x-direction with constant speed v, as shown in Figure 1. The blocks then collide and stick
together. The collision occurs from time ¢ = 0 to ¢ = ¢,. After the collision, where ¢ > ¢., the blocks
move together with the same constant speed.

+Xx
Block 2

Block 1

Vo

2V0 - 6m

— m | ———

il

Figure 1

A. The diagrams in Figure 2 can be used to represent the momentum of blocks 1 and 2 before
and after the collision. The momentum vector diagram for Block 1 before the collision is
shown.

i. Draw arrows on the grids to represent the momentum vectors of Block 2 before the
collision and the two-block system before and after the collision.

* Arrows should start at the zero-momentum line.

* The length of the arrows should be proportional to the relative magnitudes of the
vectors.

* Represent an arrow of zero length by drawing a dot at zero.
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FERB

2025 Q1 (A)(i)

Momentum
Before Collision

Momentum
After Collision

Block 1

F4———++A——F++ 4~
P4+ 4 ot A=+
F4——-F++A4-—F++4——F+

0

Block 2

1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
F4———k++A——F++ 4=+
F4——F+ 4+ d— A
F4——-F++A-—F++4——F+

0

Two-Block
System

fi#:

O el o e B B S S A R R R |
Fat——— b+ 4 A —— b+ + A o=+
FAa—++A——F++ 4=+

0

Figure 2

O el ok o B I S S A B R |
Fat——— b+ 4 A —i— b+ + o=+
F4a—+++A——F++ 4=+

0

U= mu, A—1&, RIRBEEARE, RFEERAL/ . RASHERREZNN; MERKZERALS
oheE, FE RIS RSELMEE,

Momentum Momentum
Before Collision After Collision
| P i
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T !
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O e S OO
BI()Ckz : L ! 1. ] ] 1 1 ! :
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-rrrrrmaT AT T T rrrTrr T T T B i i e Ry Aty S S R e e i iy Ry S |
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Figure 2

I AMBL L% ; [EATEREEFEREUA/ BB,
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AP Physics C « 1% FHEBP 2025 Q1 (A)(ii)
IESZRE ST HERS RRIEE

FRASHETERIHERREE, BRER2NIER . FLIAFmaxsin(At), HEZEM0TR EE
BRI, EZNRRBANHRZ; RARBEAL, EEFUREA. REHHANIEE,

t. .
/ Sin(At) dt = M.
A A

IR 2025 Q1 (A)(ii)
Zsin) 3% 2025 Q1 (A)(i)o

1. Two blocks, 1 and 2, slide toward each other on a horizontal surface. Block 1 has mass m
and slides in the +x-direction with constant speed 2v,. Block 2 has mass 6m and slides in the
—x-direction with constant speed v, as shown in Figure 1. The blocks then collide and stick
together. The collision occurs from time ¢ = 0 to ¢ = ¢,. After the collision, where ¢ > ¢, the blocks
move together with the same constant speed.

+Xx
Block 2
Block 1

ZVO

— ' m | ———

|
il

Figure 1

A. The diagrams in Figure 2 can be used to represent the momentum of blocks 1 and 2 before
and after the collision. The momentum vector diagram for Block 1 before the collision is
shown.

ii. During the time interval 0 < ¢ < ¢,, a force F is exerted on Block 2 by Block 1 along the
x-direction as a function of ¢ that is modeled by F( t) = Floax sin(At), where A is a positive
constant and Fj,,, is the magnitude of the maximum force exerted on Block 2 by Block 1
during the collision.

Derive an expression for F,,,. Express your answer in terms of m, vy, A4, ¢., and physical
constants, as appropriate. Begin your derivation by writing a fundamental physics
principle or an equation from the reference information.

fi#:
SRARSEREFREE, BREMRIHHNET K. BNEANIE,

4
m(2vy) + 6m(—vy) = Tmuy, vf =~ V-

4 1
Ap, = 6m (—?vo — (—UO)> = 78mvo.

HFEREZE, HFETNMRBMIEREN . EZNRREHFRRZ, HEABRUEEA
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F4HEHE 2025Q1(B)

Apz =

/tc
0

Frax SIN(At) dt =

P 18 Amu,

max - 7[1 — cos(At,)]

MRER: FHRAM, BRRIE

BEIFNN), BELSHME. MEFRERGERN, O50E

HR S REIRIEHHE RF BN, 4 EREE,

5831 2025 Q1 (B)
Zsa)7&4E 2025 Q1 (A)(i)o

fi#:

B L ARERMASIE

sk

Fmax
1— .
i [ cos(At,)]

ERRPTREBERGHTAVEE;

1. Two blocks, 1 and 2, slide toward each other on a horizontal surface. Block 1 has mass m
and slides in the +x-direction with constant speed 2v,. Block 2 has mass 6m and slides in the
—x-direction with constant speed v, as shown in Figure 1. The blocks then collide and stick
together. The collision occurs from time ¢ = 0 to z = ¢,. After the collision, where ¢ > ¢,, the blocks
move together with the same constant speed.

Block 1

| m

2V0

+X

—_—

Block 2

Vo

1]

6m

Figure 1

B. Consider a new scenario where Block 1 initially slides in the +x-direction with a new
constant speed v; and Block 2 again initially slides in the —x-direction with constant speed v.
The blocks collide and stick together. In this new scenario, the two-block system has constant

speed v, after the collision.

Derive an expression for v; in terms of v;. Begin your derivation by writing a fundamental
physics principle or an equation from the reference information.

o FRLHRGIAREERA.

muy

— 6mvy = Tmuy,
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AP Physics C « 1% FHERP 2026 Q2 (A)
TRRIBNE: KFEBHESEFERTE

MAENRNREEREANT, MRBER/KFEE, MR EMREEEFET Za1 EARIEE, QF&[H
FANS, BEKEFREMSBEIKEREFEARRM,; BAKEDNETFTERS—FHNHE, BEMEN

=, BLNERmEZEL,

5= 2026 Q2 (A)

2. A projectile of total mass 4M is launched from the ground at position x = 0 and time 7 = 0. The
projectile is launched with an initial speed v, at an angle 6 above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and

3M , respectively.

The motion of the projectile is described for the following times.
At ¢ = ¢, immediately after the projectile breaks apart, the two pieces are moving away

from each other horizontally.
At t = t,, Piece Q reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as

shown in Figure 1.

Figure 1
ty
Piece Q.M __ ., Piece R, 3M
+x /7
/
’I
(0 ! (! A

Note: Figure not drawn to scale.
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FEBEB 2026Q2 (A)

Part A

The horizontal and vertical components of a momentum vector are represented by p, and p,,
respectively. The shaded bars in Figure 2 represent p, and p, of the projectile immediately

after r = 0.

Figure 2
t=0

Momentum

A

Complete Projectile

Figure 3
=t
Momentum Momentum
) u
Or=—==========- Ofr===========-
Px py Px py
Piece Q Piece R

On Figure 3, draw shaded bars to represent p, and p, of Pieces Qand Rat 7 = 7.

fi#:

Start the shaded bars at the dashed line that represents zero momentum.

Represent the magnitudes of the components of the momentum by using the heights of
the shaded bars, consistent with the scale used in Figure 2.

Represent any momentum component that is equal to zero by drawing a distinct line on

the zero-momentum line.

FEEA. BLEAE, BASRENKFDESFIZAU, BE EAZITNSRRIBENE N LFHE, BIFR
FARENR, MAREHREKFRE, Fiti/E T EEEEET EFAES,

u = v, COSH, t

up

_ yysing

9

QRAMEIRR, EMNRERRBKFAUSSIBIFRBKFUBEFR KR, HEWEAER, FUQESE
BIKFERE AU, BIFRIKTFINGERIBE, RFKFEHETE,

UMuf—it&, QKEsHENA—K, RALERN; RANBEHELNTE,

5

AMu = M(—u) + 3Mug,
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AP Physics C « 1% FHERP 2026 Q2 (A)

I=£]

Momentum Momentum

Py Py Px Py
Piece Q Piece R

KFEEHEMRMNEENE, BEEHINE,

BIFEER: BRI

BIFR B A EITNRRIK TS, SEBFERIVKTFUZS AR, RERIEER, EXKFRERRE, 5
MEEIEEIR EFAEE, BME—RINKFHERIIREE, &EMEMEEER,
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{5 2026 Q2 (B)
Zsa)7&4E 2026 Q2 (A)o

2. A projectile of total mass 4M is launched from the ground at position x = 0 and time ¢ = 0. The
projectile is launched with an initial speed v, at an angle 6 above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and
3M , respectively.

The motion of the projectile is described for the following times.

At t =1, immediately after the projectile breaks apart, the two pieces are moving away

from each other horizontally.
At t =t,, Piece Q reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as

shown in Figure 1.

Figure 1
t=0 t=t t=t,
Ty
l Piece Q, M __ . Piece R, 3M
+Xx ///
/
!
Vo f\e ’[I
1= ! [l =
x=0 x=0 x=0 X=X,
Note: Figure not drawn to scale.
PartB

Derive an expression for x, in terms of v,, 6, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference

information.

i
RITPERMMAZNIATA R, BLUEREYSEMEA, MEREEER, BREKFEABZEM,
5 8va sinf cos
1'2 = Utup —+ gu up = T
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FiEE: A0 BARERGHKTIZED

BIERRBKFEIN, QNREBERIKFEEERE; RFARCKIKFEEBRFRIFRINKFRE. B
E—RREINMA REER BEIKTL, TRl A EEEEMROERE.,

53 2026 Q2 (C)
Zia) ¢ 2026 Q2 (A)o

2. A projectile of total mass 4M is launched from the ground at position x = 0 and time ¢t = 0. The
projectile is launched with an initial speed v, at an angle 6 above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and

3M , respectively.
The motion of the projectile is described for the following times.

* Atr=1,immediately after the projectile breaks apart, the two pieces are moving away
from each other horizontally.

* Att=1t,, Piece Q reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as
shown in Figure 1.

Figure 1
t=0 t=1t t=t,
ty
Piece Q. M __ . Piece R, 3M
+Xx /7
/
II
i ! (] A
x=0 x=0 x=0 X=X,

Note: Figure not drawn to scale.
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Part C

The horizontal component of a velocity vector is represented by v,. Figure 4 shows the
horizontal component v, ., of the velocity of the center of mass of the projectile as a function of
t during the time interval 0 < ¢ < .

Figure 4
Vx
A
| |
I I
I I
I I
I I
I I
I I
Vx.cm : ——————————— JI
I I
I I
o l -t

I I
I I
Vrem - e 1
I I
I I
I I
I I
I I
I I
I I
I I

4 t

On Figure 4, sketch a line or curve to represent v, as a function of ¢ for the time interval
t, < t < t, for each of the following.

* PieceQ
* PieceR
* The center of mass of the two-piece system

Clearly label all lines or curves.

fi#:
IBIELUSRBKTING, Q. RMARLROHKERELRIERE, 23E=FHZMAIKTL,
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BIFRERREE, RAROBIKFREESLERE,

BME—RAMR: AREHME—FER

BQRIKFEEHRMEANANE, ERKFHELN. RESKTHENEE, FLRSINRAATIERM
Do REEM TENEARZE, FUEGERENZEMKFUEERR . HIBTERLLRE, BERNOERE
HMX1TRYIEL,
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{5 2026 Q2 (D)
Zx(a)7A3E 2026 Q2 (A). 2026 Q2 (B). 2026 Q2 (C)s

2. A projectile of total mass 4M is launched from the ground at position x = 0 and time ¢ = 0. The
projectile is launched with an initial speed v, at an angle 6 above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and
3M , respectively.

The motion of the projectile is described for the following times.
At t =1, immediately after the projectile breaks apart, the two pieces are moving away

from each other horizontally.
At t =t,, Piece Q reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as

shown in Figure 1.

Figure 1
t=0 t=t t=t,
Ty
l Piece Q, M __ . Piece R, 3M
+Xx ///
/
!
Vo f\e ’[I
1= ! [l =
x=0 x=0 x=0 X=X,
Note: Figure not drawn to scale.
PartD

Consider a case in which the projectile is launched at the same angle and initial speed as
initially described. When the projectile breaks into Pieces Q and R, Piece Q falls straight down.

In this case, Piece R reaches the ground at x = x,,,.

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

° Xnew > Xy
. Xpew < Xo
Xnew — X2
Briefly justify your answer either by referencing a feature of the representations you drew in
part A or C or by using conceptual reasoning beyond algebraic solutions.

fi#:
TR AR, BQEYE, HKTHEMNBERNHERANE,; RAES/KESDEHER, REFINEE
FALLER D, RREARE, FAItERAGRESE/N, M NENEER, g ESEt,.
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LMD HRE. IRESATIE
S ATE: EEERBAENE

FFERE, EENESHNEREDE, EXR/NRM, XRNNNBAZT, FJLUREEXNERMN.
BIMNERHFEMZHIERALANELRES, ANBESEMMKTERN, EZ. REZENHNUII
i, TEERMNILEHA BN IERS.

T=Fr,, ZT:

5 2024 Set 1 Q3 (b)

Strﬁl\g (/

3m

Figure 1

Note: Figure not drawn to scale.

3. A uniform rod of length L and mass m is attached to a pivot on a vertical pole, as shown in Figure 1. There is
negligible friction between the rod and the pivot. A horizontal string connects Point Q on the rod to the pole. The
rod makes an angle 8 with the pole. A block of mass 3m hangs from the rod at Point P. The center of mass of the
rod is located at Point C.

3 6
(b) In Figure 1, Point P is located 3 L from the pivot and Point Q is located 3 L from the pivot. Derive an

equation for the tension Frp in the horizontal string in terms of L, m, 8, and physical constants, as appropriate.

fi#e:

EZRANERD, ZRNADERAT. BNEEEER, MIMENNNERER, KFEHNNERAR
o TEIBIIRASE. PEIEFIRENRF,

> r=0, 3myg <38L> sinf + mg <§> sing = F,, (68L> cos 6.

1
Fr = gmg tané.
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#:>] 2024 Set 2 Q3 (b)

Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass m is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m,, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle € with

the line between Point A and the axle, as shown in Figure 1.

(b) Derive an expression for the tension Fr in the string when the clay is at Point A, as shown in Figure 1, in
terms of R, my, m, 6, and physical constants, as appropriate.
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Board

Ax [ ° 1
___________________________________ k
Stretched
Spring | L |
Figure 1 Figure 2

Note: Figures not drawn to scale.

3. A uniform board of length L and mass m is attached to a pivot % from the left end of the board. The left end of
the board is attached to an ideal spring of spring constant k that is attached to the ground. The right end of the
board is initially held by a student so that the spring is unstretched, as shown in Figure 1. The student slowly
lowers and then releases the board. The board remains at rest in the horizontal position, with the spring stretched,

as shown in Figure 2. The rotational inertia of the board about the pivot is /.

(b) Derive an expression for the distance the spring stretches, Ax, when the board is in equilibrium. Express your
answer in terms of k, L, m, and physical constants, as appropriate.

SERIR/NAOLENEITE, 250K ER0, ERTEESHHEBRIMAKRE; EBXMIKERNLS
RER, BLERmMKIE,

Az =RO,  Fiine = kRO.

pring
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Figure 1 Figure 2

Note: Figures not drawn to scale.

3. A solid uniform disk is supported by a vertical stand. The disk is able to rotate with negligible friction about an

axle that passes through the center of the disk. The mass and radius of the disk are given by M, and R,

1
respectively. The rotational inertia of the disk is I; = > My R%ZA string of negligible mass is draped over the disk

and attached to the top of the disk at point P. One end of the string is connected to an unstretched ideal spring of

spring constant k, which is fixed to the ground as shown in Figure 1.

A block of mass mpg is then attached to the string on the right side of the disk. The block is slowly lowered until
the spring-disk-block system reaches equilibrium, as shown in Figure 2. In this equilibrium position, the disk has

rotated clockwise through a small angle 6.

Give all algebraic answers in terms of My, R, k, 6, and physical constants, as appropriate.

(a) Derive an expression for the mass mp of the block.

fiRé:

RIS DN AE, HEBEREMINKRO, 55IER XTI MNKDETE; WNHEEER, HoEE

NAFTHERES,.

kRO

Az = R0, mpgR = k(RO)R, mp p
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FRARFBEHHNENERERN, @R AKEFEEARNAE, FIFEKRIMEN. RIK, BENE
FEMEAHNBEAKR, FREKNIMER. SHAM—LNE, FERAREKNERHEXRNFEL,
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String

3m

Figure 1

Note: Figure not drawn to scale.

3. A uniform rod of length L and mass m is attached to a pivot on a vertical pole, as shown in Figure 1. There is
negligible friction between the rod and the pivot. A horizontal string connects Point Q on the rod to the pole. The
rod makes an angle 6 with the pole. A block of mass 3m hangs from the rod at Point P. The center of mass of the
rod is located at Point C.
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Figure 2

Note: Figure not drawn to scale.

(c) The original string is replaced with a longer string that connects Point Q to a higher location on the vertical
pole, as shown in Figure 2. The angle 6 remains the same. How does the new tension Fr ., compare with

the original tension F from part (b) ? Justify your reasoning.

fi#:

HHRE. MLENRFEARTE, FHRERENEER, REGESHEREER, BUKI~E
BAREEKR, FRLFREKIBN.

90



AP Physics C + 1% FHAHE 2024 Set2 Q3 (c)

IR 2024 Set 2 Q3 (¢)
Z=a)7&4% 2024 Set 2 Q3 (b)s

Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass m is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m,, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle 8 with
the line between Point A and the axle, as shown in Figure 1.

Figure 2
Note: Figure not drawn to scale.
(c) The string remains connected to the edge of the disk at Point A. The clay is moved to Point B, which is

horizontally in line with the axle, as shown in Figure 2. How does the new tension Fr e, compare with
tension Fp from part (b)? Justify your reasoning.
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f&:
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Note: Figures not drawn to scale.

3. A solid uniform disk is supported by a vertical stand. The disk is able to rotate with negligible friction about an
axle that passes through the center of the disk. The mass and radius of the disk are given by My and R,
respectively. The rotational inertia of the disk is I; = %Md RZA string of negligible mass is draped over the disk
and attached to the top of the disk at point P. One end of the string is connected to an unstretched ideal spring of

spring constant k, which is fixed to the ground as shown in Figure 1.

A block of mass mpg is then attached to the string on the right side of the disk. The block is slowly lowered until
the spring-disk-block system reaches equilibrium, as shown in Figure 2. In this equilibrium position, the disk has
rotated clockwise through a small angle 6.

Give all algebraic answers in terms of My, R, k, 6, and physical constants, as appropriate.
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Block
S5

Stretched Spring

Il 1

Figure 3
Note: Figure not drawn to scale.

(e) The disk is adjusted on the support so that the axle does not pass through the center of mass of the disk. The
block is again hung on the right side of the disk and the spring-disk-block system comes to equilibrium, as
shown in Figure 3. The axle does not exert a torque on the disk. For each force on the disk, indicate whether
the magnitude of the torque about the axle caused by that force increases, decreases, or stays the same relative
to part (b).

fi#:

Rb)UEZEIH. NENT; BHERENEEST, HABER, HiTEUEGREEREL, €N
HEEK, FISHENEER, AERTE, AMEEKDEBLILER, WOESIEBXERTEH L, HNRE
EPSE
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SEETWL: NMNEREBEREM

M)RTREX A ERUKENRE, dnRR—/NRIRE, FEE—XKEZVREMUENRE, &
RO A, EXRxB—NEKEdX, BRERAX)dx; EBMROFFKLNEZ/NERFRERMME SR
8, dx®RT—MIEKE, MOEXENERRTRER,

553 2024 Set 1 Q3 (d)(i)

String

3m

Figure 1

Note: Figure not drawn to scale.

3. A uniform rod of length L and mass m is attached to a pivot on a vertical pole, as shown in Figure 1. There is
negligible friction between the rod and the pivot. A horizontal string connects Point Q on the rod to the pole. The
rod makes an angle 6 with the pole. A block of mass 3m hangs from the rod at Point P. The center of mass of the
rod is located at Point C.
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i. Calculate the mass of the rod.

fi#:

String

Pivot

(d) A nonuniform rod is now attached to the pivot, as shown in Figure 3. There is negligible friction between the
nonuniform rod and the pivot. The rod has a length of 1.2 m and a linear mass density A(x) = A + Bx,

where x is the distance from the pivot, A = 6.0kg/m, and B = 10.0 kg/mz.

Nonuniform Rod 1.2

Figure 3

Note: Figure not drawn to scale.

IO FREANIFNREAN. BXRxA—NEKEd, ERERATERXBRKE, RME

R4,

dm

REMS: B—/ERBREEFT

BohRERIRT,

= (A + Bx)dx,

HIR BT 8 B T

1.2
M = / (6 + 10z) da = [62 + 52?],” = 14.4 kg.
0

EX IR, F—NEREMER X, EIEkz2dm; BRIKER

ERMNdMALER, BRI RENRENROTRE, FEZFRTEETS,

= /OL 22\(z) da.
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Str{iiig (/

3m

Figure 1

Note: Figure not drawn to scale.

3. A uniform rod of length L and mass m is attached to a pivot on a vertical pole, as shown in Figure 1. There is
negligible friction between the rod and the pivot. A horizontal string connects Point Q on the rod to the pole. The
rod makes an angle 8 with the pole. A block of mass 3m hangs from the rod at Point P. The center of mass of the

rod is located at Point C.

Pivot

x (m)

N\ Nonuniform Rod 1 !2

Figure 3

Note: Figure not drawn to scale.

(d) A nonuniform rod is now attached to the pivot, as shown in Figure 3. There is negligible friction between the
nonuniform rod and the pivot. The rod has a length of 1.2 m and a linear mass density A(x) = A + Bx,

where x is the distance from the pivot, A = 6.0kg/m, and B = 10.0 kg/mz.

ii. Calculate the rotational inertia of the rod about the pivot.
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fi&:
BNENZANERERREFRERETS, NEAR—NERE.

1.2
I= / 22(6 + 10z) da = [22° + 2.50] | = 8.64 kg m?.
0

HEETWN: BERNEILIRERS

ENBERSTHRNRE. po(NRFFRAERUERNGRE, ¥ =Er. BEIBERF, @RY
EEAK2REEEdr; AIEEEERXREREE M, BRAGSIFNRE, FelEmBERERd,
BtRDEFE K.

dm = p(r) 2wrdr, 1 r? dm.

I
S—
o)

fI5R 2024 Set 2 Q3 (d)(i)

Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass my is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m,, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle € with
the line between Point A and the axle, as shown in Figure 1.
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Nonuniform Disk,

p(r) = pr

Figure 3

Note: Figure not drawn to scale.

(d) A nonuniform disk is now attached to the axle. The lump of clay is attached to the disk at Point B, as shown in
Figure 3. The clay has mass m. = 0.60 kg and the disk has a radius R = 0.30 m. The mass density of the disk
varies radially and can be modeled by p(r) = fr, where r is the radial distance from the axle

and B = 4.0 kg/m’.

i. Calculate the rotational inertia of the disk about the axle.

fi#:

BNEZERFEEN, BFE R BArEvVERI . BRERKKREE, MELTERER. FEEILH
ZEEERg,

dA = 2nrdr, dm = p(r)dA = (Br)(2nrdr).

R R
27 BR5
Id:/ r2dm=/ 2mBri dr = Wg = 0.0122 kgm?.
0 0

BHROVRE: i, BAEM

BEAHAXTRONBRE, BXFFEEMTERR. STl LRERMFITHEETT, BERHHEIR
S5 3IKFRM; =/ —iEEs), REEM, MERFLROIRRNER, F—ER¥FKE,

Iaxis =lem + Md?.
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Three-Blade System

Single Blade
. . Axis of Rotation
/Ax1s of Rotation | I3 | /
Center of Mass L
3
Figure 1 Figure 2

3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.

(a) Derive an expression for the rotational inertia of the three-blade system. Express your answer in terms of M,
L, and physical constants, as appropriate. The rotational inertia of each blade about an axis through its center

L . 1
of mass is given by the equation I, = 18 ML,

fi#:

REBEXTERHARD, EMFMAUTFRS, HMEBEAL/3. ZAFTHEERSH, BE=ZRHHE
il

L 2 1 9 1 ) 1 )
Ibladc:ICM+M(§> :EML +§ML :EML'

1
IyS — SIblade — §ML2

S
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Note: Figures not drawn to scale.

3. A solid uniform disk is supported by a vertical stand. The disk is able to rotate with negligible friction about an
axle that passes through the center of the disk. The mass and radius of the disk are given by M, and R,
respectively. The rotational inertia of the disk is I; = %Md R%A string of negligible mass is draped over the disk
and attached to the top of the disk at point P. One end of the string is connected to an unstretched ideal spring of

spring constant k, which is fixed to the ground as shown in Figure 1.

A block of mass mp is then attached to the string on the right side of the disk. The block is slowly lowered until
the spring-disk-block system reaches equilibrium, as shown in Figure 2. In this equilibrium position, the disk has
rotated clockwise through a small angle 6.

Give all algebraic answers in terms of My, R, k, 6, and physical constants, as appropriate.

(c) Derive an expression for the angular acceleration o of the disk immediately after the string is cut.
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fi#:
EXRBS St IE, BI4RBRBEEMNRIFREKE, REEMNAIMNMEERE, BESHMADERTH,

1
> r=Ia,  —k(ROR= 5MdRZa, o=—"
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Figure 1

Note: Figure not drawn to scale.

3. A uniform disk of radius R and mass m is attached to a vertical pole by a horizontal axle that passes through the
center of the disk. Friction between the axle and the disk is negligible. A lump of clay of mass m,, is attached to
the edge of the disk at Point A. The size of the lump of clay is small compared with the radius of the disk. A
horizontal string is connected from the pole to the edge of the disk at Point A. The string makes an angle 6 with
the line between Point A and the axle, as shown in Figure 1.
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Nonuniform Disk,

p(r) = pr

Figure 3

Note: Figure not drawn to scale.

(d) A nonuniform disk is now attached to the axle. The lump of clay is attached to the disk at Point B, as shown in
Figure 3. The clay has mass m. = 0.60 kg and the disk has a radius R = 0.30 m. The mass density of the disk
varies radially and can be modeled by p(r) = fr, where r is the radial distance from the axle
and B = 4.0 kg/m’.

ii. The string connecting the disk to the pole is cut. Calculate the magnitude of the initial angular
acceleration of the clay-disk system.

R

BRERAMIENWNMTENE, ARt MEBMEERED, BINMANERNIRE,

Iy = I+ m.R?* = 0.0122 + 0.60(0.30)* = 0.0662 kg m?.

R
ZT = I, la] = mlcig ~ 26.6 rad/s?.

sys
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Figure 1 Figure 2

Note: Figures not drawn to scale.

3. A uniform board of length L and mass m is attached to a pivot % from the left end of the board. The left end of
the board is attached to an ideal spring of spring constant k that is attached to the ground. The right end of the
board is initially held by a student so that the spring is unstretched, as shown in Figure 1. The student slowly
lowers and then releases the board. The board remains at rest in the horizontal position, with the spring stretched,

as shown in Figure 2. The rotational inertia of the board about the pivot is /.

Note: Figure not drawn to scale.

(c) A student pushes the board down on the right side, stretching the spring a new distance Ax, from the
unstretched position. The board is held at a small angle 6, with the horizontal, as shown. The student then

releases the board from rest.

ii. Derive an expression for the angular acceleration ¢ of the board immediately after the board is
released. Express your answer in terms of k, L, m, I, Ax,, 6, and physical constants, as appropriate.
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Note: Figures not drawn to scale.

3. A uniform board of length L and mass m is attached to a pivot % from the left end of the board. The left end of
the board is attached to an ideal spring of spring constant k that is attached to the ground. The right end of the
board is initially held by a student so that the spring is unstretched, as shown in Figure 1. The student slowly
lowers and then releases the board. The board remains at rest in the horizontal position, with the spring stretched,

as shown in Figure 2. The rotational inertia of the board about the pivot is /.

Note: Figure not drawn to scale.

(d) Two blocks of equal mass m are attached to the board equal distances from the pivot point, as shown. The
board is again pushed down on the right side so that the spring stretches the same distance Ax, as in part (c).
The board is then released. How does the new angular acceleration ¢’ when the blocks are attached compare
to the angular acceleration ¢ from part (c) ?

o > a' <o a' = a

Justify your answer.
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Note: Figures not drawn to scale.

3. A solid uniform disk is supported by a vertical stand. The disk is able to rotate with negligible friction about an
axle that passes through the center of the disk. The mass and radius of the disk are given by M, and R,
respectively. The rotational inertia of the disk is I; = %Md R%ZA string of negligible mass is draped over the disk
and attached to the top of the disk at point P. One end of the string is connected to an unstretched ideal spring of

spring constant k, which is fixed to the ground as shown in Figure 1.

A block of mass mp is then attached to the string on the right side of the disk. The block is slowly lowered until
the spring-disk-block system reaches equilibrium, as shown in Figure 2. In this equilibrium position, the disk has
rotated clockwise through a small angle 6.

Give all algebraic answers in terms of My, R, k, 6, and physical constants, as appropriate.
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(d) At t = 1, the disk has rotated and point P is again directly above the axle. Sketch a graph of the magnitude of
the angular velocity @ of the disk as a function of time ¢ from t = 0 to t = #;.

fi#:

BMERLEREISE, AERRANDMZIEM; WEFKESGE), IXRIBYEFINEE R/ B R, PR
ARRHAHEKME TME, LBERKEHEAZT,

w
A

» [

f)

REMNEREIERE R RKHXIE,
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Figure 1 Figure 2

3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.

(b) While the wind blows, the three-blade system operates at a constant angular speed o, = 2.6 rad/s. The length
of one blade is L = 36 m. The numerical value of the rotational inertia of the system is

Ly =6.7X 10° kg-mz. Calculate the time T it takes the outer edge of a single blade to complete one

revolution.

fi#:
—BEEAlon, AERETE,; BiEAEAKRAES,

o 2
T=""_°" _9425
wg 2.6
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3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.

(c) When the wind stops blowing, the angular speed of the system decreases. The angular speed @ of the system
while slowing down is given as a function of time ¢ by the equation @ = @ e P o' where By is a constant with
appropriate units, as shown on the graph in Figure 3.

[0} (rild/S)
3.0+
A
:\
2.04
1
1
T
' N
1.0 ;
! h
! ~
o+LLH LU L L T ey o ()
0O 5 10 15 20 25 30 35
Figure 3

While the wind blows, the three-blade system operates at a constant angular speed @ = 2.6 rad/s. The length

of one blade is L = 36 m. The numerical value of the rotational inertia of the system is
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Iys = 6.7 x 10°kg-m®

i. Calculate the amount of energy dissipated from ¢ = 0, when the wind stops blowing, until the system
comes to rest.

fi#:
REERLE, SEPVIRFEITIAERER. AFERHE, IREEMNEEXN/);, RADETHNREAE,

1

1
By = =1 w2 = 5(6.7 x 109)(2.6)% = 2.26 x 107 J.

9 sys

IEREE: RSF/IFHE

AMEERARENENSH, TMERRBARBKRT, BRXTE—HHNRE, HSRAIER
MRIE A E; AEERAEBITICREMERRESSBEEEIE,

d
o= d—i, T=1a.
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Figure 1 Figure 2

3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.
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(c) When the wind stops blowing, the angular speed of the system decreases. The angular speed @ of the system
while slowing down is given as a function of time ¢ by the equation & = @ ¢ Po’ where By is a constant with
appropriate units, as shown on the graph in Figure 3.
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Figure 3

ii. Derive an expression for the net torque exerted on the system as a function of ¢ as the system slows down.

Express your answers in terms of S, @g, M, L, Iy, and physical constants, as appropriate.
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Blade

3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance — from the axis of

rotation, as shown in Figure 2.

Three-Blade System

(c) When the wind stops blowing, the angular speed of the system decreases. The angular speed @ of the system
while slowing down is given as a function of time ¢ by the equation & = @ ¢ Po’ where By is a constant with
appropriate units, as shown on the graph in Figure 3.
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Figure 1 Figure 2

iii. Derive an expression for the angular displacement of the system A6 as a function of ¢. Express your
answer in terms of S, @y, M, L, Iy, and physical constants, as appropriate.
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Three-Blade System

Single Blade

/Axis of Rotation

Blade \ﬁ
\ Center of Mass L
3
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Figure 1 Figure 2

3. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.
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The three-blade system is now replaced with a second three-blade system identical to the first, except that the
second three-blade system slows down according to the equation @ = @ e P where o = 2.6rad/s and 8 > B,

The original angular speed function is shown as a dashed line in Figure 4.
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Figure 4

(d) On the graph in Figure 4, sketch the angular speed of the second three-blade system as a function of time ¢.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is éM ¢% and the rotational inertia of the sphere about its center is % mR>. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

(a) Derive an expression for the angular speed of the rod just before striking the sphere in terms of the length ¢
and physical constants as appropriate.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢% and the rotational inertia of the sphere about its center is % mR?. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

(b) Derive an expression for the linear speed v of the sphere immediately after colliding with the rod in terms of
the length ¢ and physical constants as appropriate.

.
WEPZ S BINPE, TETIERRLDE, BXRIMZRNAEART, BRHERR, ENNAHFE
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Tw = muyl, §(2m)€2\ / 379 = muyl.
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4. A unicycle is placed on a stand such that the wheel does not touch the ground. The rotational
inertia of the wheel about the axle is /. One end of a crank arm can be attached to the wheel,
as shown in the side view.

Wheel

Side View

In Scenarios 1 and 2, crank arms of different lengths are connected to the wheel. In each
scenario, the wheel is initially at rest. A force of magnitude F is then exerted at the end of each
crank arm. The direction of the force remains perpendicular to each crank arm at all times. The
mass of each crank arm is negligible. The scenarios differ as described.

* Scenario 1: The length of the crank arm is ¢,. The angular speed of the wheel
immediately after the crank arm has been turned through one rotation is w, .

* Scenario 2: The length of the crank arm is ¢,, where ¢, > {,. The angular speed of the
wheel immediately after the longer crank arm has been turned through one rotation is
w,.
PartB

Derive an expression for the angular speed @, of the wheel in Scenario 1 immediately after
the crank arm has been turned through one rotation. Express your answer in terms of Iy, F, ¢,
and physical constants, as appropriate. Begin your derivation by writing a fundamental physics
principle or an equation from the reference information.

fi#:
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4. A unicycle is placed on a stand such that the wheel does not touch the ground. The rotational
inertia of the wheel about the axle is /y;. One end of a crank arm can be attached to the wheel,
as shown in the side view.

Wheel

Side View

In Scenarios 1 and 2, crank arms of different lengths are connected to the wheel. In each
scenario, the wheel is initially at rest. A force of magnitude F is then exerted at the end of each
crank arm. The direction of the force remains perpendicular to each crank arm at all times. The
mass of each crank arm is negligible. The scenarios differ as described.

* Scenario 1: The length of the crank arm is ¢,. The angular speed of the wheel
immediately after the crank arm has been turned through one rotation is w, .

* Scenario 2: The length of the crank arm is ¢,, where ¢, > {,. The angular speed of the
wheel immediately after the longer crank arm has been turned through one rotation is

@, .

Part A

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

s w,<wm
. a)zzwl

Justify your answer. Your justification may reference equations but must include conceptual
reasoning beyond algebraic solutions.
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4. A unicycle is placed on a stand such that the wheel does not touch the ground. The rotational
inertia of the wheel about the axle is /y;. One end of a crank arm can be attached to the wheel,
as shown in the side view.

Wheel

Side View

In Scenarios 1 and 2, crank arms of different lengths are connected to the wheel. In each
scenario, the wheel is initially at rest. A force of magnitude F is then exerted at the end of each
crank arm. The direction of the force remains perpendicular to each crank arm at all times. The
mass of each crank arm is negligible. The scenarios differ as described.

* Scenario 1: The length of the crank arm is ¢,. The angular speed of the wheel
immediately after the crank arm has been turned through one rotation is w, .

» Scenario 2: The length of the crank arm is ¢,, where {, > {,. The angular speed of the
wheel immediately after the longer crank arm has been turned through one rotation is
.

Part C

In Scenario 3, the unicycle is placed on the ground such that the unicycle can move forward
without the wheel slipping on the ground. A force of the same magnitude F is exerted at the end
of the crank arm of length ¢,, as in Scenario 1. The direction of the force remains perpendicular
to the crank arm at all times. The resulting angular speed of the wheel immediately after the
crank arm has been turned through one rotation is @js.

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

. Wy >
¢ W5 <,
L] w3:w1

Briefly justify your answer. Your justification may reference equations but must include
conceptual reasoning beyond algebraic solutions.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is éM ¢% and the rotational inertia of the sphere about its center is % mR>. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

After sliding a short distance, at time ¢ = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction u, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.

(d) Derive an expression for each of the following as the sphere is rotating and sliding between points A and B in
terms of vy, 4, R, t, and physical constants as appropriate.
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ii. The angular velocity @ of the sphere as a function of time ¢
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢% and the rotational inertia of the sphere about its center is 2 mR>. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

After sliding a short distance, at time ¢ = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction u, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.
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i. Derive an expression for the time it takes the sphere to travel from Point A to Point B in terms of v, u,
and physical constants as appropriate.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length ¢ attached at one end to a pivot with negligible friction, where R < /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢% and the rotational inertia of the sphere about its center is % mR>. After

the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is

stopped, and the ball initially slides without rotating to the left across the horizontal surface.

After sliding a short distance, at time ¢ = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction u, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.

ii. Derive an expression for the linear velocity of the sphere upon reaching Point B in terms of v,.

ARTh L3 FrhSREAGEERFHER

SURTHREY, EEIRBEMBOVEIR, WIRMEARER/ NN, B ERAFERR. ERARAAE
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f—Mgsind = Ma, —fR = Ia, a = Ra.
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4. A uniform disk and ring, each of mass M and radius R, roll without slipping along a horizontal
surface, as shown in Figure 1. The outer edges of the disk and ring are made of the same
material. The center of mass of the disk and the center of mass of the ring each initially move
with the same constant speed v.

The disk and the ring then smoothly transition to a ramp that is inclined at an angle 6 above
the horizontal. Both the disk and the ring continue to roll without slipping as they move up the
ramp, as shown in Figure 2.

The ring travels a greater distance along the ramp than the disk travels before each
momentarily comes to rest.

Disk Ring

®-0 _.

Figure 1

A

Figure 2

B. A cylinder has mass M, radius R, and rotational inertia I about its central axis. The cylinder
rolls without slipping up a ramp that is inclined at an angle 6 above the horizontal.

Derive an expression for the magnitude of the static frictional force fexerted on the
cylinder by the ramp. Express your answer in terms of M, R, I, 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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4. A uniform disk and ring, each of mass M and radius R, roll without slipping along a horizontal
surface, as shown in Figure 1. The outer edges of the disk and ring are made of the same
material. The center of mass of the disk and the center of mass of the ring each initially move
with the same constant speed v.

The disk and the ring then smoothly transition to a ramp that is inclined at an angle 6 above
the horizontal. Both the disk and the ring continue to roll without slipping as they move up the
ramp, as shown in Figure 2.

The ring travels a greater distance along the ramp than the disk travels before each
momentarily comes to rest.

Disk Ring

®-0 _.

Figure 1

W

Figure 2

A. While the disk and the ring are rolling on the ramp without slipping, the magnitudes of
the static frictional force exerted on the disk and on the ring by the ramp are f; and fg,
respectively.

Indicate whether f, is greater than, less than, or equal to f; by writing one of the following.
* o>k
* o<k
* /=R

Justify your answer using qualitative reasoning beyond referencing equations.
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4. A uniform disk and ring, each of mass M and radius R, roll without slipping along a horizontal
surface, as shown in Figure 1. The outer edges of the disk and ring are made of the same
material. The center of mass of the disk and the center of mass of the ring each initially move
with the same constant speed v.

The disk and the ring then smoothly transition to a ramp that is inclined at an angle 6 above
the horizontal. Both the disk and the ring continue to roll without slipping as they move up the
ramp, as shown in Figure 2.

The ring travels a greater distance along the ramp than the disk travels before each
momentarily comes to rest.

Disk Ring

-®-0 _.

Figure 1

A

Figure 2

C. In_ a different scenario, the centers of mass of the original disk and ring each have the same
initial speed v as they did in the original scenario. The ramp is replaced by a new ramp on
which the disk and the ring initially slip as they roll up the new ramp.

Indicate whether the magnitude of the kinetic frictional force exerted on the disk by the
new ramp is greater than, less than, or equal to the magnitude of the kinetic frictional force
exerted on the ring by the new ramp while both are slipping.

Briefly justify your answer.
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1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation T of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.

(a) Derive an expression for 7' as a function of N. Express your answer in terms of m, k, N, and physical
constants as appropriate.
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1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation 7" of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.
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(b) On the following axes, sketch a graph of T as a function of N for N > 1.
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Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = %MRZ. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

. 1 . . . .
(a) Using T = 2x,| —, derive an expression for 7" as a function of N. Express your answer in terms
K

of M, R, k, N, and physical constants, as appropriate.
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Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = %MRZ. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.
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1
(b) The potential energy stored in the torsional pendulum when the disks are displaced is U = 5 K(Ae)z. On the
following axes, sketch a graph of the maximum kinetic energy K, of the torsional pendulum as a function

of N for N > 1.

max

fi#:
HEVAMB T, SRBLVBHEIEEER, S TEUBERST AL, FEIRAENEBESERT
*x, BEIEEKFEL,

1
Kmax = 5:‘4}08

max

= N
R EINMEE e A T RIfERE.
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Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = %MRZ. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

(d) The student repeats the experiment, but now the disks have a density that varies as a function of the radius of
the disk according to p = 0.3r.

i. Would the slope of the best-fit line for this new data be greater than, less than, or the same as the slope of
the best-fit line in part (c)(i) ?

greater than less than the same as

Justify your answer.
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Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by [ = %MRZ. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

(d) The student repeats the experiment, but now the disks have a density that varies as a function of the radius of
the disk according to p = 0.3r.

ii. When N = 1, the maximum angular speed of the torsional pendulum with a uniform disk is found to
be wy. When N = 1, the maximum angular speed of the torsional pendulum with a nonuniform disk is
®,0n-u- Which of the following correctly compares @y and @,y ?

— 0y > @Opop-U — 0y < Onon-u — 0y = Opop-U

Briefly justify your answer.
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f55R 2024 Set 2 Q1 (c)

Block A

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 8 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is u in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Attime ¢t = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

e Attime t = £}, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime f = 1, Block A is at x = x, when it collides with and sticks to Block B.

* At time ¢ = t3, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

* At time ¢ = t4, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x,. from its equilibrium position.

For times ¢ > t,, the two-block-spring system oscillates with period 7(,. The procedure is then repeated using a
new ramp, where there is negligible friction between Block A and the ramp.

(c) Indicate how the new period of oscillation 7y in the procedure that uses the new ramp compares with the
period of oscillation Ty from the original procedure.

TN > TO TN < TO TN = TO

Briefly justify your answer.
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fi#:
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N=1
1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation 7 of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.
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N=2

Figure 3

(d) The student conducts a similar investigation to determine the relationship between the period of oscillation T
of a system consisting of a block and a number N of identical springs but arranges the block-spring system

horizontally on a table, as shown in Figure 3. Frictional forces between the table and the block are negligible.
In each trial, the block is displaced the same horizontal distance from equilibrium and released from rest.

i. The student plots T? as a function of N~ ! for this new data. Would the slope of the best-fit line from this
____ greater than

new investigation be greater than, less than, or the same as the slope of the best-fit line in part (c)(i) ?
less than
Briefly justify your answer.

the same as

HEXSHEIEN: AERIRIEFEREE N

BREMIARSFERS, NIRHEKEESHMEEFENLAY 288, ITEHRNBRRRE. ZERK, 23
IafEREZE RE —IRAITHEE, RREBAE, (ERERENIENNfERARERERMTHSRENM.
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1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation T of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.

N=2
000004
m
00000
Figure 3

(d) The student conducts a similar investigation to determine the relationship between the period of oscillation T
of a system consisting of a block and a number N of identical springs but arranges the block-spring system
horizontally on a table, as shown in Figure 3. Frictional forces between the table and the block are negligible.

In each trial, the block is displaced the same horizontal distance from equilibrium and released from rest.

ii. When N = 1, the maximum speed of the block is found to be v,,,,. When N increases, will v,
increase, decrease, or stay the same?

ax

increase decrease stay the same

Justify your answer.

139



AP Physics C + 1% FHAHE 2024 Set1Q1 (c)
f&:
IR IE N, BRKFEUBIRIEER, ELZHIXEEREFELS RS, TG RTEZHRE—IREY

1 1 Nk
5Nk14.2 = §m’l)%1ax, Umax — A H

INRER: BRI ARSI

NEHENEIESENMEKEX, BEARN2n/ (U/g), MEEEMWTRL IR, FEFEABNELK,
BRMNGE, BEZRY 208, MEFHAFEEKNL/Y 2; REFMMRIBRHANZ MR R,

5% 2024 Set 1 Q1 (c)
String’7¥>
C
Block A . . . Block B
e P : W
m I u l 3m |
i i ]
[ ; - - ; X
0 X0 X1 X X3

Note: Figure not drawn to scale.

Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k& and a horizontal surface. Friction between the surface and the blocks is negligible except in
aregion of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

At time ¢ = 0, Block A is located at position x = x( and is released from rest. After the block is released, the
following occurs.

e Attime 7 = £}, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

* Attime f = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* At time t = 3, Block A is at x = x5 and Block A collides with and sticks to Block B.
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max»
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m | 3m Iy

Note: Figure not drawn to scale.

Figure 2

After the collision, the two-block system instantaneously comes to rest at time 74, which occurs when the string
makes a small angle 6, with the vertical, as shown in Figure 2. For times ¢ > 14, the system oscillates with
frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of
length 2 ¢.

(c) Indicate how the new frequency of oscillation f,, of the system on the new string of length 2 ¢ will compare

to the frequency of oscillation f, from the original procedure.

YRS

Briefly justify your answer.

VYR — L=

fi#:
INBEERSRERRB KN ENINRE RE, BENE, BEREAIRS ZE, FRLURERR/); REEMVE

AT XN A EHR,
¢ Je
T=2 -, =—= < f,
7T\/; fQZ \/i fé

NAEE: NEEEBMEXERES

RETFEUEMENAUBLREIZENE, AMEEXNNSHREFEUERNAREAR/NKIEL. &AL
BEERN, HERITEUE, BRZBLNINDZ—&: FaRA. 14KT, KEam Lt

BEIE,
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Board

AXx I ° .
—————————————————————— 7 S
Unstretched» & —~--t-t+-—7"7"7"7"7""-"7"7""""""""------- "
Spring Stretched
Spring | 2 |
Figure 1 Figure 2

Note: Figures not drawn to scale.

3. A uniform board of length L and mass m is attached to a pivot % from the left end of the board. The left end of
the board is attached to an ideal spring of spring constant k that is attached to the ground. The right end of the
board is initially held by a student so that the spring is unstretched, as shown in Figure 1. The student slowly
lowers and then releases the board. The board remains at rest in the horizontal position, with the spring stretched,

as shown in Figure 2. The rotational inertia of the board about the pivot is /.

Note: Figure not drawn to scale.

(c) A student pushes the board down on the right side, stretching the spring a new distance Ax, from the
unstretched position. The board is held at a small angle 6, with the horizontal, as shown. The student then
releases the board from rest.
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i. Attime ¢ = 0, the board is released. At ¢ = 1;, the board first crosses the horizontal. Sketch a graph of the
magnitude of the angular acceleration o of the board as a function of time ¢ from t = 0 to ¢ = #,.

a

fi#:

WEREMERLERER, BRENEXNMIGRA; BEKFEEEUENEIZ, NARDVLIBMRKIR
RZB/N, MMREANSUBANEL, SELBFETE. @TM, FE%KF,

a
A

|

O e e e e e e e e e s e

I
AMEREXR): MERAER TEBtEEIZE,
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Note: Figure not drawn to scale.

Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant £ and a horizontal surface. Friction between the surface and the blocks is negligible except in
aregion of length D, where the coefficient of kinetic friction between Block A and the surface is ¢. Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,
compressing the spring a distance x,.

Attime t = 0, Block A is located at position x = x( and is released from rest. After the block is released, the
following occurs.

» Attime f = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

e At time ¢ = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

e Attime f = 3, Block A is at x = x3 and Block A collides with and sticks to Block B.
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Figure 1
(b)

i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time ¢ from
time ¢ = 0 to time #3.
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Figure 1

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring
with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in
aregion of length D, where the coefficient of kinetic friction between Block A and the surface is . Block B is
attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,

compressing the spring a distance x.

Attime 7 = 0, Block A is located at position x = x( and is released from rest. After the block is released, the
following occurs.

* Attime f = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

e At time ¢ = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* Attime f = f3, Block A is at x = x5 and Block A collides with and sticks to Block B.

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval f = 0 to
t = ;. Explicitly reference features of the shape of the graph you drew in part (b)(i).

BREHEE: MERZESHERMEA

TN BEENEARMNELEMIRETIE, PRIENGLESL, HBRGAKTL, MEFEAB S
BT, #ANRER, EEELNERMEIIEE, sHENARKEIEREIEA, kR TM.
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Block A

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 6 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is u in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Attime # = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

* Attime f = f;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime t = 1, Block A is at x = x, when it collides with and sticks to Block B.

At time f = f3, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

At time ¢ = t4, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.
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Note: Figure not drawn to scale.

(b)
i. On the following axes, sketch a graph of the magnitude of the momentum p, of Block A as a function
of time ¢ from ¢ = 0 to #,.
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Block A

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 6 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is u in the region of length D, and there is negligible
friction between the blocks and the smooth table.

Attime # = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

* Attime f = f;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime t = 1, Block A is at x = x, when it collides with and sticks to Block B.

At time f = f3, the combined blocks A and B are at x = x3 when they collide with and stick to
the spring in its equilibrium position.

At time ¢ = t4, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x, from its equilibrium position.

ii. Use principles of forces to justify the graph drawn in part (b)(i) for the time interval ¢ = 3 to t = .
Explicitly reference features of the shape of the graph you drew in part (b)(i).
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2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant £
and Spring B has a spring constant 2. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring Spring
A B

x=0

Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.
+y

Spring
| -
+x

Spring !

Figure 2
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C. In Scenario 1, the block oscillates with period 7. The position x of the block in Scenario 1 as a
function of time ¢ is shown in Figure 4.

X
1
+X1 1
0 f f f I I I t
1 T 3 2T S5 3T
2 T 2 T 2 T
_xl A1
Scenario 1
Figure 4

In Scenario 2, the block-springs system is placed on a new surface. There is friction between
the block and the new surface. The block is again moved to the same position x = x; and
released from rest. The block completes multiple oscillations with the same period as in
Scenario 1 before coming to rest.

On the axes shown in Figure 5, sketch a graph of the kinetic energy K of the block as a
function of ¢ for Scenario 2.

K
J

N =
N
[\

Scenario 2

Fionra S
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= 2025 Q2 (D)
Zsa)&3E 2025 Q2 (C)s

2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant &
and Spring B has a spring constant 2k. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring Spring
A B

x=0

Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.
+y

Spring
L —
+x

Spring !

153



AP Physics C « 1% F4HRBF 2025Q2 (D)

C. In Scenario 1, the block oscillates with period 7. The position x of the block in Scenario 1 as a
function of time ¢ is shown in Figure 4.

X
1
+X1 1
0 f f I I I ' t
1 T 3 2T S5 3T
2 T 2 T 2 T
_xl A1
Scenario 1
Figure 4

In Scenario 2, the block-springs system is placed on a new surface. There is friction between
the block and the new surface. The block is again moved to the same position x = x; and
released from rest. The block completes multiple oscillations with the same period as in

Scenario 1 before coming to rest.

D. In Scenario 3, the block is replaced with a new block of larger mass. The coefficient of kinetic
friction between the new block and the surface in Scenario 3 is the same as the coefficient of
kinetic friction between the original block and the surface in Scenario 2.

The new block is moved to position x = x; and released from rest. The kinetic energy of the
new block is plotted as a function of time.

Describe how one feature of the graph of K as a function of ¢ in Scenario 3 would differ
from the graph you drew in Figure 5 for Scenario 2.

Briefly justify your answer.
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3. A box is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The

other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2

A. Students are asked to experimentally determine the acceleration due to gravity g using a

linear graph. To determine g, the students are permitted to use measurements from only a
meterstick and the motion sensor.

Describe an experimental procedure using the described setup to collect data that would
allow the students to determine an experimental value of g using a linear graph. Include any
steps necessary to reduce experimental uncertainty.

fi#:

FARRWYBREOEN &R U BNRREED, FERR, BEhiRlas R K T HREERY,
MNE—SEEENEHNTY, BAZIMTESEEELN, MUROEEE, MARHRERELING
o
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%% 2026 Q3 (A)(i)

The following information applies to parts A and B.

3. A horizontal spring of known spring constant k is attached to a wall. A block of known mass m
is placed on a horizontal surface next to but not attached to the spring. The spring is at its
relaxed length when the block is at position x = 0, as shown in Figure 1. There is friction
between the block and the surface only for positions x > 0.

Figure 1
+Xx
k | M
moooe
x=0

A student is asked to experimentally determine the coefficient of kinetic friction 4, between
the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

i. Indicate quantities that could be measured by the student that would allow them to
determine 4, using a graph.

fi#é:

MEEENRERRNEEEC, URMNRKUEX=-0EEREERELEERd. FELCENEERNERIZ
INFEREEREE S o

BNNERHREE: EER—FEBIRTY

BT EEEFESERBHICRIFLLER, RFYLURREIIRE; S#—KRELMRBEHEATLURLD
F—HHRARE. AREFHHEEBESE, BUERELEEREFTRYIER, MMHEERETRRE.
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The following information applies to parts A and B.

3. A horizontal spring of known spring constant k is attached to a wall. A block of known mass m
is placed on a horizontal surface next to but not attached to the spring. The spring is at its
relaxed length when the block is at position x = 0, as shown in Figure 1. There is friction
between the block and the surface only for positions x > 0.

Figure 1
+X
Mw 0
m__
x=0

A student is asked to experimentally determine the coefficient of kinetic friction 4, between

the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

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

fi#:
HNENEEEEERBFHENTFY, BEAZIMNEE2WRELNE, BEERNES5EHAM.

RIERTH®EMN: BERE, RJIRBRT

BHMERIKERSHMAERE, EREEARMRIFRN—AYE, RERZFANNEES, £F
MEIDEE—S,. AEmRNRINESMAREETS, BRFRENME. R ENEM,
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Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fy,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv, where v is the speed of the

sphere and b is a positive constant with appropriate units.

A student claims that the terminal speed vy of the sphere depends on the diameter D of the sphere. The student
designs an experiment to collect data that can be used to provide evidence to support the claim.

(e) The student has access to but does not have to use all of the following equipment.

* Sphere Set 1: spheres of the same known mass with different known diameters
* Sphere Set 2: spheres of the same known diameter with different known masses
¢ A motion detector that can measure velocity as a function of time

i. Indicate two quantities that when graphed could be used to determine whether the diameter of the
sphere affects the terminal speed.

Vertical axis: Horizontal axis:

fi#:
YIHEVLRE, MHEIKER, EIKAL: KMNREERMERARE,
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Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fj,, on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bvz, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

i ' i ‘ l ' F drag

Cylinder

| Length |

Figure 3

A student claims that the magnitude of the maximum speed of a cylinder dropped from rest depends on the length
of the cylinder. The student designs an experiment to collect data that can be used to provide evidence to support
the claim. The student drops cylinders with the orientation shown in Figure 3.

(e) The student has access to but does not have to use all of the following equipment.

e Cylinder Set 1: cylinders of the same known length with different known masses
e Cylinder Set 2: cylinders of the same known mass with different known lengths

* A motion detector that can measure velocity as a function of time

i. Indicate two quantities that when graphed could be used to determine whether the length of the cylinder
affects the maximum speed.

Vertical axis: Horizontal axis:
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523 2024 Set 2 Q2 (e)(ii)

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fj,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv, where v is the speed of the
sphere and b is a positive constant with appropriate units.

A student claims that the terminal speed vy of the sphere depends on the diameter D of the sphere. The student
designs an experiment to collect data that can be used to provide evidence to support the claim.

(e) The student has access to but does not have to use all of the following equipment.

* Sphere Set 1: spheres of the same known mass with different known diameters
* Sphere Set 2: spheres of the same known diameter with different known masses
* A motion detector that can measure velocity as a function of time

ii. Briefly describe how the quantities graphed could be used to determine the relationship between sphere
diameter and terminal speed.

fi#:

MNENEEMFRIRR, AR ICREERNENL, RINTFaERR, HEENS, BLEY
HRZFE, EXRHIBEINEHENTH, HEIFERREMAE; ELMNAE, BUERETX—F
Mo RIFMEFATRN T BRIEENERIRIFERMN,
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Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fj,, on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bvz, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

i ' i ‘ l ' F drag

Cylinder

| Length |

Figure 3

A student claims that the magnitude of the maximum speed of a cylinder dropped from rest depends on the length
of the cylinder. The student designs an experiment to collect data that can be used to provide evidence to support
the claim. The student drops cylinders with the orientation shown in Figure 3.

(e) The student has access to but does not have to use all of the following equipment.

e Cylinder Set 1: cylinders of the same known length with different known masses
e Cylinder Set 2: cylinders of the same known mass with different known lengths

* A motion detector that can measure velocity as a function of time

ii. Briefly describe how the quantities graphed could be used to determine the relationship between
cylinder length and maximum speed.
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BN FAERENRERE

96%%’*51!39‘, mghFEFmv?/2, REBAEEFR =g(2h), XERNEFTRERBENELA . HH
o, fEHNE2h, PIEREESg; FEIEVThNEMXREBMEL.

= g(2h).

523 2025 Q3 (B)
Zsa)7&4E 2025 Q3 (A)o

3. A box is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2

B. Deécrihe how'the data colleéted in part A could ber graphed and how that graph would be
analyzed to determine the value of g.

fi#:
IR, T S5HEREUNBEIERE T 2R, BRI E DB EEDT YIRIIEIEE,

1
mgh = imvz, v? = g(2h).

EHERh, WHENEE TS, MGEEAHNERRENMRE, IFEFAFENRE, BNEE/AERE
—=BEESFEL.
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h = pamax.
iR 2025 Q3 (C)(i)

3. Abox is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2
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C. The experiment is repeated, but the horizontal surface on which the block slides is replaced
with a new rough surface, as shown in Figure 3. The coefficient of kinetic friction between
the block and the new surface is 4.

Figure 3

The block-box system is pulled aside so that the center of mass of the block is displaced
various vertical distances h and then released from rest. For each vertical distance, students
measure the position x = x,,,, at which the block comes to rest.

The students’ measurements of h and x,,,,, are shown in Table 1.

Table 1
h(m) | xpax(m)
0.30 0.76
0.45 1.10
0.60 1.40
0.75 1.90
0.90 2.30

i. Indicate two quantities, either measured quantities from Table 1 or additional calculated
quantities, that could be graphed to produce a straight line that could be used to
determine /4.

Vertical axis: Horizontal axis:

fi#:
MREEEYIRREET. EVENBERZXESTHAERES, ZFHAZEHK.

mgh = Wmgamay. h = pmay.

BUEHEE LI E. HHEERSE, WP AmM,
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583 2026 Q3 (B)(i)

The following information applies to parts A and B.

3. A horizontal spring of known spring constant k is attached to a wall. A block of known mass m
is placed on a horizontal surface next to but not attached to the spring. The spring is at its
relaxed length when the block is at position x = 0, as shown in Figure 1. There is friction
between the block and the surface only for positions x > 0.

Figure 1
+Xx
k Mic
HMMMMMMMAM 7
x=0

A student is asked to experimentally determine the coefficient of kinetic friction 4, between

the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

i. Indicate what quantities the student could graph on the horizontal and vertical axes to
create a graph that can be used to determine ;.

fi#:
TR R RER R 2 SR AR R R EEIRFE RN, BN RENT . NiHEUELEEES,

k
d= c2.
24, my

1
5]4:02 = pupmgd,
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The following information applies to parts A and B.

3. A horizontal spring of known spring constant k is attached to a wall. A block of known mass m
is placed on a horizontal surface next to but not attached to the spring. The spring is at its
relaxed length when the block is at position x = 0, as shown in Figure 1. There is friction
between the block and the surface only for positions x > 0.

Figure 1

k — ﬁk

x=0

+Xx

A student is asked to experimentally determine the coefficient of kinetic friction 4, between

the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

ii. Briefly describe the relationship between (4, and a feature of the graph from part B

(1). Your answer may include an equation that relates 4, and the chosen feature of the
graph.

HEEREAS. SENEEETS

BLWSBER, RERETHRERNENEE, BENh=(knew/2mg)s*, HHESE. T
EBEFT. REEYIRIIEEN2.0kg,

h = knew 82
2mg
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The following information applies to parts C and D.

In a different experiment, the student is asked to determine the spring constant k,.,, of a new
spring that is attached to a wall. A block of mass 2.0 kg is placed next to the spring on a surface
where frictional forces are negligible. The surface is horizontal near the spring and slopes

upward into a ramp to the right of the initial position of the block, as shown in Figure 2.

Figure 2

2.0kg

kn ew

The student pushes the block, compressing the spring a distance s, as shown in Figure 3. The
block is released from rest.

Figure 3

P i B

—s—]

The student uses a meterstick to measure the maximum height h of the block on the ramp. The
experiment is repeated several times with different compression distances s. The student’s
measurements of s and h are shown in Table 1.

Table 1
s (m) h (m)
0.020 0.02
0.040 0.04
0.060 0.13
0.080 0.18
0.100 0.33
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Quantity (units, if appropriate)

Quantity (units, if appropriate)

i. Label the axes of the grid provided with measured or calculated quantities. Include

units, as appropriate. The graphed quantities should yield a linear graph that can be used

to determine k.
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3. A box is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The

other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2
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C. The experiment is repeated, but the horizontal surface on which the block slides is replaced
with a new rough surface, as shown in Figure 3. The coefficient of kinetic friction between
the block and the new surface is 4.

Figure 3

The block-box system is pulled aside so that the center of mass of the block is displaced
various vertical distances h and then released from rest. For each vertical distance, students
measure the position x = x,,,, at which the block comes to rest.

The students’ measurements of h and x,,,,, are shown in Table 1.

Table 1
h(m) | xpax(m)
0.30 0.76
0.45 1.10
0.60 1.40
0.75 1.90
0.90 2.30
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ii. On the grid provided, create a graph of the quantities indicated in part C (i).
» Use Table 2 to record the measured or calculated quantities that you will plot.
* Clearly label the axes, including units as appropriate.

* Plot the points you recorded in Table 2.

fi#:
HERRPHVAASESEIEMNESIPHEMLIT. HMhBIRMAImM, BEifixmaxBIEBMAmM; HiMASEE
fRAMZIE, B2RE SRt

1.0

0.8

0.6 X

h (m)

0.4 4

0.2 4

0-0 T T T T
0.0 0.5 1.0 1.5 2.0 2.5

Xmax (M)

Cii): 2BMAEMER; FRAIRFTHRLITSHER.

171



AP Physics C « 1% FHEBP 2026 Q3 (C)(ii)

#:>] 2026 Q3 (C)(ii)
Zsa)7&4E 2026 Q3 (C)(i)o

The following information applies to parts C and D.

In a different experiment, the student is asked to determine the spring constant k., of a new

spring that is attached to a wall. A block of mass 2.0 kg is placed next to the spring on a surface
where frictional forces are negligible. The surface is horizontal near the spring and slopes
upward into a ramp to the right of the initial position of the block, as shown in Figure 2.

Figure 2

2.0kg

knew

0000000000090000 4

The student pushes the block, compressing the spring a distance s, as shown in Figure 3. The
block is released from rest.

Figure 3

T i B

—s—

The student uses a meterstick to measure the maximum height h of the block on the ramp. The
experiment is repeated several times with different compression distances s. The student’s
measurements of s and h are shown in Table 1.

Table 1
s (m) h (m)
0.020 0.02
0.040 0.04
0.060 0.13
0.080 0.18
0.100 0.33
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ii. On the grid provided, create a graph of the quantities indicated in part C (i).

Clearly label the vertical and horizontal axes with numerical scales.

Plot the corresponding data points on the grid.

Table 2 is provided in your booklet for scratch work and will not be scored.

Quantity (units, if appropriate)

Quantity (units, if appropriate)
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I 2024 Set 2 Q2 (d)(i)

Sphere

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fy,, on the sphere, as

shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bv, where v is the speed of the

sphere and b is a positive constant with appropriate units.
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(d) The student conducts an experiment to better understand the relationship between Fy,, and v. The student
makes measurements to calculate and graph the magnitude of Fj,, as a function of v for the falling sphere.

20

v (m/s)

10
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Cylinder

Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Firag on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,, = bvz, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

(d) The student conducts an experiment to better understand the relationship between maximum speed v,,,, and
mass. The student collects data to determine the maximum speed for cylinders dropped from rest, each with

the same physical size and shape but a different mass m. The student then graphs vr%lax as a function of mass.
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i. Draw the best-fit line for the data.
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Motion Detector

e [

VY —>

— el 1

2. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > my, and is at
rest at the bottom of the incline. At time ¢ = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time fc, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the
collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.

(d) A group of students use the setup to perform an experiment. They measure the mass of Cart 1 to be
my = 0.250 kg. The mass of Cart 2 is unknown. The students perform several trials and in each trial, Cart 1 is
released from a different height H and the final velocity of the two-cart system is measured. The students

graph v as a function of vH, as shown below.

1.8
1.6 .
1.4
1.2
1.0
v (m/s) 0.8
0.6
04
0.2

0.0
0.0 0.2 04 0.6 0.8 1.0 1.2

VH ()

i. Draw a line that represents the best fit to the data points shown.
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#:>] 2022 Set 2 Q2 (d)(i)

=]

Motion Detector

H

oo =l 1

2. Block 1 of mass m is held at rest while compressing an ideal spring an amount Ax. The spring constant of the
spring is k. Block 2 has mass m,, where m, < my. At time ¢ = 0, Block 1 is released. At time f, the spring is no

longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the
two-block system moves with constant speed v, as shown. Frictional effects are negligible.

(d) A group of students use the setup to perform an experiment. They measure the mass of Block 1 to be
my = 0.500 kg, and the spring constant k of the spring to be 150 N/m. The mass of Block 2 is unknown. They
perform several trials and in each trial the spring is compressed a different distance Ax and the final velocity v
of the two-block system is measured. They graph v as a function of Ax, as shown below.

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
00 0.01 002 003 0.04 005 006 0.07

Ax (m)

v (m/s)

i. Draw a line that represents the best fit to the data points shown.
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£:3] 2023 Set 2 Q2 (c)(i)

1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation T of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.

(c) The student plots the data for T2 as a function of N~ 1, as shown.

T2 (s%)
iy Bl TTTTTT T I Il TTTTT T (il |
e e JIE R - N R AP S — e
12 I | | | | |
T T T T T r 1
R JEE N N R RPN S — T S|
I | I I I |
A N T T T T T T T [ |
———em e F——d--- iy E - IR P —— m—— b ———d
10 I | | | | |
T T T T T !
———— e B s e e e Jm—— e ——
R D MR I S [ I N SR L __1
i T i T | 1
————— = b———t—— B Fo——t———— j————f———d
8 I | I I |
] ] ] ] ] 1
—— - e H——— - Fo——f———— - ———F——=
R ) Y S I — S I D [ S
i ] i ] | l
—— - F———1--- H————f—-—- Fo——g———- j————r———
61— | | : | |
—————— - Fe———1--- # ———————— Fo——g———o j——— ===
R N A, L4 R, 4 L1
| I | | I |
B e Fo——t——= B ] e t———f———= e
4 I [ I I | |
I ] ] ] | i
s e e ey et I ] e t———g———- e
JER PR . L4 __ I P Lo [ S|
| LN | | | |
———Am - -7 I ] e i St ————r———A
2 1 Y | I | 1 |
] | | | | |
s il et re——Te— I Bt e T === ===
[ PN S L1 __ [ P Lo [ |
| | | | | |
s B e | Ry B ] T ————r———1
! I ! | I I —1
T T T T T T

0
00 01 02 03 04 05 06 07 08 09 1.0 1.1

178



AP Physics C « 1% FHRP 2023 Set 2 Q2 (c)(i)

i. Draw the best-fit line for the data.

#:5] 2023 Set 1 Q2 (c)(i)

Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = %MRZ. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 6, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

(c) The student plots the data for 7 as a function of JN, as shown.
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i. Draw the best-fit line for the data.

%51 2025 Q3 (C)(iii)
23 &4 2025 Q3 (C)(ii)o

3. Abox is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2
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C. The experiment is repeated, but the horizontal surface on which the block slides is replaced
with a new rough surface, as shown in Figure 3. The coefficient of kinetic friction between
the block and the new surface is 4.

Figure 3

The block-box system is pulled aside so that the center of mass of the block is displaced
various vertical distances h and then released from rest. For each vertical distance, students
measure the position x = x,,,, at which the block comes to rest.

The students’ measurements of h and x,,,,, are shown in Table 1.

Table 1
h(m) | xpax(m)
0.30 0.76
0.45 1.10
0.60 1.40
0.75 1.90
0.90 2.30
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iii. Draw a best-fit line to the data graphed in part C (ii).
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#:>] 2026 Q3 (C)(iii)
Zsa)7&4E 2026 Q3 (C)(ii)o

The following information applies to parts C and D.

In a different experiment, the student is asked to determine the spring constant k., of a new

spring that is attached to a wall. A block of mass 2.0 kg is placed next to the spring on a surface
where frictional forces are negligible. The surface is horizontal near the spring and slopes
upward into a ramp to the right of the initial position of the block, as shown in Figure 2.

Figure 2

2.0kg

knew

0000000000090000 4

The student pushes the block, compressing the spring a distance s, as shown in Figure 3. The
block is released from rest.

Figure 3

T i B

—s—

The student uses a meterstick to measure the maximum height h of the block on the ramp. The
experiment is repeated several times with different compression distances s. The student’s
measurements of s and h are shown in Table 1.

Table 1
s (m) h (m)
0.020 0.02
0.040 0.04
0.060 0.13
0.080 0.18
0.100 0.33
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AP

AP Physics C + 1%

Quantity (units, if appropriate)

Quantity (units, if appropriate)

iii. Draw a best-fit line for the data graphed in part C (ii).
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583 2024 Set 2 Q2 (d)(ii)
2[R E$E 2024 Set 2 Q2 (d)(i)o

',

drag

Sphere

Figure 1

2. A student drops a sphere of mass m from rest. The air exerts a drag force of magnitude Fy,, on the sphere, as
shown in Figure 1. The student models the magnitude of the drag force as Firag = bv, where v is the speed of the

sphere and b is a positive constant with appropriate units.

(d) The student conducts an experiment to better understand the relationship between Fy,, and v. The student

makes measurements to calculate and graph the magnitude of Fj,, as a function of v for the falling sphere.
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ii. Use the best-fit line to calculate an experimental value for b.

fi#:
EEE ENE S, FERFmaRENERm, ItEEHmEER. IHMIrE, REMREDb,

. AF1d1r3ug; o 15—-5

b Av  21—5

= 0.625 kg/s.
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KRERTHWRE: RRIBgIRUBIREK

FHBENDRELERX Zmg=bvT?, BEMuT?=(g/b)m, HMHFE. NMEXETS, FRIUAFRES=g/b, MM
FEbo FTMINGLKRS, BRMEb=g/S, &R,

_9 _9
§=3. b=g%
BT 2024 Set 1 Q2 (d)(ii)
Zsin) &4E 2024 Set 1 Q2 (d)(i)o
| 1] Fu
Cylinder
Figure 1

2. A student drops a cylinder of mass m from rest. The air exerts a drag force of magnitude Fy,o on the cylinder, as
shown in Figure 1. The student models the magnitude of the drag force as Fy,o = bv?, where v is the speed of the

cylinder and b is a positive constant with appropriate units.

(d) The student conducts an experiment to better understand the relationship between maximum speed v,,,, and
mass. The student collects data to determine the maximum speed for cylinders dropped from rest, each with

the same physical size and shape but a different mass m. The student then graphs vli.dx as a function of mass.
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ii. Use the best-fit line to calculate an experimental value for b.

fi#:
RNEZg/b, T2b, RSN MEBERIZTNAEHTRIEA18, BRRENEH.

g 98
~ ~— =0.b44k .
5 13 0.5 g/m

S ~ 18 m?/(s*kg), b=

hifEEREE: RERPERARE

FIEBLHESHIHRREES HELITR— R, EFEMESETFAR, ZHEmM1/(ml+m2); &
MHEESEE, REEY/ (kml)/(ml+m2), AMEERPEE, BIEXBIRES A ESRENR, R

fiBm2,

iR 2022 Set 1 Q2 (d)(ii)
78R &dE 2022 Set 1 Q2 (c). 2022 Set 1 Q2 (d)(i)o

Motion Detector

e [

— e laes 1

2. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > m;y, and is at
rest at the bottom of the incline. At time ¢t = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time f¢, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the
collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.
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(d) A group of students use the setup to perform an experiment. They measure the mass of Cart 1 to be
my = 0.250 kg. The mass of Cart 2 is unknown. The students perform several trials and in each trial, Cart 1 is
released from a different height A and the final velocity of the two-cart system is measured. The students

graph v as a function of \/H, as shown below.

1.8
1.6 -
1.4
1.2
1.0
v(m/s) g
0.6
04
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0.0 0.2 04 0.6 0.8 1.0 1.2

i (V)

ii. Use the best-fit line to calculate the mass of Cart 2.

fi#:
BEHREENTAR, & LNRSERE, B5 LXFFEAREINREITMN,

1.20 — 0.60
== A~ 1.72mY?/s.
S = 070035 = LTEm/s
V2 V2
S:u, m2:m1<g— >%0.39kg.
my + my S
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58 2022 Set 2 Q2 (d)(ii)
Zsja)AdE 2022 Set 2 Q2 (c). 2022 Set 2 Q2 (d)(i)-

x=0
; Motion Detector
|
|
|

LN E 1
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x=0 v

i —_—

memfj 1

2. Block 1 of mass my is held at rest while compressing an ideal spring an amount Ax. The spring constant of the
spring is k. Block 2 has mass m,, where m, < m;. At time ¢ = 0, Block 1 is released. At time #, the spring is no
longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the
two-block system moves with constant speed v, as shown. Frictional effects are negligible.

(d) A group of students use the setup to perform an experiment. They measure the mass of Block 1 to be
my = 0.500 kg, and the spring constant k of the spring to be 150 N/m. The mass of Block 2 is unknown. They
perform several trials and in each trial the spring is compressed a different distance Ax and the final velocity v
of the two-block system is measured. They graph v as a function of Ax, as shown below.
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ii. Use the best-fit line to calculate the mass of Block 2.

fi#:
IR ERE, RERMASH, UBEFREME SITE,

0.60 — 0.20 Jk /150(0.500
g2 0002020 yhgret gy = YA, VIB0O00) s 0312 k.
0.055 — 0.0175 S 10.67
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FIEBEER: RRLERRAY

FEEh¥xmaxBIx R Hh=pxmax. EL& LB = KRAh/Axmax, FRITREAUNBEIRAY, oA NLIp
EiELLE; BR—&a%its, SRAIASEIFEEZE.

Ah

AZmax

7

=% 2025 Q3 (D)
Zsa)7&4E 2025 Q3 (C)(iii)o

3. Abox is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper ':|

Block
Rod
Box jl_
Figure 1 Figure 2
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C. The experiment is repeated, but the horizontal surface on which the block slides is replaced
with a new rough surface, as shown in Figure 3. The coefficient of kinetic friction between
the block and the new surface is 4.

Figure 3

The block-box system is pulled aside so that the center of mass of the block is displaced
various vertical distances h and then released from rest. For each vertical distance, students
measure the position x = x,,,, at which the block comes to rest.

The students’ measurements of h and x,,,,, are shown in Table 1.

Table 1
h(m) | xpax(m)
0.30 0.76
0.45 1.10
0.60 1.40
0.75 1.90
0.90 2.30

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

fi#:

Lk LR R KRR, REMEEREZY. FERR/NFRLATE, #%FLN0.384, BEMGATUS
R (E,

=S5~ 0.384.
RELRN, A—SETELEREHE, WNEEHRE,
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ARKE: HREREHEEE

REhXs?, #ZS=knew/(2mg)o FEMINELITRS, BR2MgFEIRETE, RRNRUREX, #
ERENSURTIEX, —ERER—T &,

Enew = 2mgS.
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=% 2026 Q3 (D)
Zsa)7&4E 2026 Q3 (C)(iii)o

The following information applies to parts C and D.

In a different experiment, the student is asked to determine the spring constant k., of a new

spring that is attached to a wall. A block of mass 2.0 kg is placed next to the spring on a surface
where frictional forces are negligible. The surface is horizontal near the spring and slopes
upward into a ramp to the right of the initial position of the block, as shown in Figure 2.

Figure 2

2.0kg

knew

0000000000090000 4

The student pushes the block, compressing the spring a distance s, as shown in Figure 3. The
block is released from rest.

Figure 3

T i B

—s—

The student uses a meterstick to measure the maximum height h of the block on the ramp. The
experiment is repeated several times with different compression distances s. The student’s
measurements of s and h are shown in Table 1.

Table 1
s (m) h (m)
0.020 0.02
0.040 0.04
0.060 0.13
0.080 0.18
0.100 0.33

PartD

Using the best-fit line that you drew in part C (iii), calculate an experimental value for k., .
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fi&:
[FERER2.0 kg, EIFIAERZEAN31.968K, KERXSHEESENX R,

kpew = 2mgS ~ 2(2.0)(9.8)(31.96) = 1.25 x 103 N/m.
BNEWERTEDZEE, FRIEREXAGEEISFRERE,
TRHRAATAE: MR REEES

HECEERHRTABRET*=(4r*m/KN 1o ERMNHET?, N, RRE4r2m/k. FREHNFER, B
BEEBIFAS—1I; PREKAE, EEHAKE.

Amm
b="3
%% 2023 Set 2 Q2 (c)(ii)
Zxjm)&dE 2023 Set 2 Q2 (a). 2023 Set 2 Q2 (c)(i)o
N=1
1.00 m 1.00 m

Motion Motion
Detector | | Detector | |

Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation T of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.
This procedure is repeated through N = 10 springs.
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(c) The student plots the data for T2 as a function of N~ 1, as shown.
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ii. The mass of the block is measured to be m = 1.5 kg. Using the graph, calculate an experimental value for
the spring constant k for a single spring.

@
HINEL ERR KRR, BRNEH.
~95-35 4m?m  4n%(1.5)

_ 1982 ke _ — 4.93N/m.
08—0.3 S S 12 /m

S

HREE: RERTSAERE

HEZENTHY NEREZ. ARPERRRENTAR, FUBANEREENKIIERETT, Tie
—REMERN. AERARATNNARL, BREMAZNRPAHREENUE,
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583 2023 Set 1 Q2 (c)(ii)

Zsja)7A3E 2023 Set 1 Q2 (a). 2023 Set 1 Q2 (c)(i)o

Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = 1EMRz. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

(c) The student plots the data for 7' as a function of W , as shown.

T (s)
0.8 T T T T T T T T T T T T T T T T T T T T T 1
Ny A S S [ A s Iy I N A ) A
[ (R T T T T 7
()% Syt Y R R A A A i
[ [ [ [ [ [
pacly o Tz sdln alom ol ool e ol bl ol o e oAl el ool el il e o i 1 @1 |
[ R R R B 1o
0.64+——+——+—1 e e I g —
: [ [ [ I N [
—t+=FA=t+—-r——4—t+-Fq-+-r——4t-1r—F4—=+—-F¥P-4—t+——4—-7-F-
[ [ [ (I [ I
0.5++-r4-+-F-4-r-r4-t-r-—4-fF-F4-t-r4-t-r—-t-+—F-
[ [ [ (I [ 1
[ e e i s et s 20 iy At et B |
04411 11 [ | [ | [ | [ | 1
[ [ [ [ [ T
_L_LJ_L__J_J_L_L__l_LJ_+__J_J_L_L__i_LJ_J___LJ
[ [ [ [ [ Il
[0 5 2 e e A Sy S
R I R B Il
B T I |
[ [ [ [ [ [
[ (I [ o [ 1o
[nt it et byt e it s s ety ey el e iy By el i ity St et el Bt |
014+t [T I I | (| [ |
T T I T T r - T I~ T =T r 1= 71
Ny S A s Aty I I A Ay |
(] (] (] T [ i
0 L L L L L L L | L L L Il L L L | L L L | L Ly N
0 0.5 1.0 1.5 2.0 2.5

196



AP Physics C « 1% FHBP 2023 Set 1 Q2 (c)(ii)

ii. The student previously determined that the radius of a disk is R = 0.2 m and found that x = 1.6 N-m.
Using the graph, calculate the mass M of a single disk.

fi#:
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2. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > m;y, and is at
rest at the bottom of the incline. At time ¢ = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time 7, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the

collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.
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(e) After the experiment, the students use a balance to measure the mass of Cart 2 and find it to be less than what
was determined in part (d). To explain this discrepancy, one of the students proposes that the mass of Cart 1
was incorrectly measured at the beginning of the experiment. The students measure the mass of Cart 1 again

and record a new value, my’.
Should the students expect that m;" will be greater than 0.250 kg, less than 0.250 kg, or equal to 0.250kg ?

my’ > 0.250kg my’ < 0.250kg my’ = 0.250 kg

Justify your answer.
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Z[B)AIE 2022 Set 2 Q2 (d)(ii)o

x=0 .
; Motion Detector
|
|
—Ax—]
x=0 v
i —_—

] 1

§§

2. Block 1 of mass my is held at rest while compressing an ideal spring an amount Ax. The spring constant of the
spring is k. Block 2 has mass m,, where m, < m;. Attime ¢ = 0, Block 1 is released. At time #, the spring is no
longer compressed and Block 1 immediately collides with and sticks to Block 2. The blocks stick together and the
two-block system moves with constant speed v, as shown. Frictional effects are negligible.

(e) After the experiment, the students use a balance to measure the mass of Block 2 and find it to be greater than
what was determined in part (d). To explain this discrepancy, one of the students proposes that the spring
constant was incorrectly measured at the beginning of the experiment. The students measure the spring
constant again and record a new value, k’.

Should the students expect that k” be greater than 150 N / m, less than 150 N/ m, or equal to 150N /m ?

k' > 150N/m k' < 150N/m k' =150N/m

Justify your answer.
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fi&:
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Figure 1 Figure 2

2. A student conducts an investigation to determine the relationship between the period of oscillation T of a system
consisting of a block and N attached springs. The student starts with a block of mass m attached to a single ideal
spring of spring constant k, as shown in Figure 1. The student holds the block so that the spring is neither
stretched nor compressed at a vertical height 1.00 m above a motion detector. The student releases the block from
rest and records the period of oscillation for the system consisting of the single spring and block. An additional
identical spring is attached in parallel, as shown in Figure 2, and the procedure is repeated for N = 2 springs.

This procedure is repeated through N = 10 springs.
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(c) The student plots the data for T2 as a function of N~ 1, as shown.
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iii. The student finds that the value given by the manufacturer for the spring constant is larger than the value
determined experimentally in part (c)(ii). Determine a single source of experimental error that could result
in the observed difference in the value for k. Briefly justify your answer.
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Figure 1 Figure 2

2. A student makes a torsional pendulum by suspending a uniform disk of mass M and radius R from a light wire
with torsion constant x that is attached to the center of the disk as shown in Figure 1. The rotational inertia of the
disk is given by I = 1EMRz. The student conducts an investigation to determine the relationship between the
period of oscillation T of the torsional pendulum and the number N of identical disks that are suspended from

the wire.

The student starts with a single disk. Holding the disk at a small initial angular displacement 8, from the
untwisted position, the student releases the disk from rest and the pendulum oscillates. The student records the
period of oscillation for a single disk. An additional identical disk is attached, as shown in Figure 2, and the
procedure is repeated for N = 2 disks. This procedure is repeated through N = 10 identical disks. Assume the
disks move together as one system.

(c) The student plots the data for 7' as a function of W , as shown.
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iii. The student finds that the value given by the manufacturer for the mass of the disk is less than the value
determined experimentally in part (c)(ii). Determine a single source of experimental error that could result
in the observed difference in the value of M. Justify your answer.
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