Name: ( ) AP Physics 1: 2025

Question 1: Version J

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

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

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

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

Figure 1
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i. On the axes shown in Figure 2, sketch a graph of the magnitude p, of the x-component
of the momentum of the block-cart system as a function of time ¢ from 7 = 0 until > #.
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Figure 2
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ii. Derive an expression for the speed v, of the block-cart system after time ¢ = #, in terms
of m,, v., and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

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

B. Consider the case where a new block is dropped and collides with the top of the cart. The
new block slides along the cart during the collision but does not slide off the cart. The time

interval from when the new block collides with the cart and moves together with the cart
is At. During At there is a frictional force between the new block and the cart.

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

_ Increases
Decreases

_______Remains constant

Justify your response.
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Question 2: Version J

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

~

A. Figure 4 shows an energy bar chart that represents the kinetic energy K of the block, the
gravitational potential energy U, of the block-spring-Earth system, and the spring potential
energy U, of the block-spring-Earth system at the instant that the block is at x = 10D. The
gravitational potential energy U, of the block-spring-Earth system is defined to be zero when
the block momentarily comes to rest at x = 12D.

Draw shaded bars that represent K, U, and U, to complete the energy bar charts in
Figure 2 and Figure 3 for when the block is released from rest at x = 0 and for when the
block is at x = 6D, respectively.

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

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

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

14E, . 14E, . 14E, .
12E, . 12E, . 12E, .
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B. Figure 5 shows the block at x = 0 when the block is released from rest and the block at
x = 12D when the block momentarily comes to rest against the compressed spring.

Figure 5

Starting with conservation of energy, derive an equation for the spring constant k. Express
your answer in terms of M, 0, D, and physical constants, as appropriate. Begin your
derivation by writing a fundamental physics principle or an equation from the reference

information.

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

shown on the graph.

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

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

to x=12D.

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

to x =12D.

—+ =t =+ =+

» Position

Figure 6
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D. Indicate whether the speed vy of the block at x = 9D is greater than, less than, or equal to
the speed vgp of the block at x = 8D.

______wp>Vep
— _Vop<Vgp
Vop = V8D

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

Question 3: Version J

3. Students are investigating balancing systems using the following setup. The students have a
spring scale of negligible mass that is fixed to one end of a uniform meterstick. The center of the
meterstick is attached to a stand on which the meterstick can pivot. There is a hook of negligible
mass fixed to the top of a block of mass m. The hook can be attached to the meterstick through
one of the small holes in the meterstick, as shown in Figure 1. The students do not have a direct
way to measure the mass of the block. The block cannot be attached to the spring scale.

Figure 1
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The students are asked to take measurements that will allow the students to create a linear
graph whose slope could be used to determine the mass m of the block.

A. Describe an experimental procedure to collect data that would allow the students to
determine mj,. Include any steps necessary to reduce experimental uncertainty.

B. Describe how the data collected in part A could be graphed and how that graph would be
analyzed to determine m,.

The students have an identical meterstick of mass M that is now attached to an axle that is fixed
to a wall. The meterstick is free to rotate with negligible friction about the axle. The meterstick
is suspended horizontally by a string that is connected to a spring scale of negligible mass, as
shown in Figure 2.
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Figure 2
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The angle 0 that the string makes with the meterstick can be varied by attaching the string to
one of the pegs located along the wall. The students use the spring scale to measure the

tension Fp required to hold the meterstick horizontal. Table 1 shows the measured values of 0
and Fr.

Table 1
O (degrees) | Fp (N)
22 21
31 17
36 13
45 12
80 8
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plotted on the horizontal axis.

sin O

1

Horizontal axis:

Use Table 2 to record the data points or calculated quantities that you will plot.

Clearly label the vertical axis, including units as appropriate.

yield a linear graph whose slope can be used to calculate an experimental value for the
Plot the points you recorded in Table 2.

mass M of the meterstick.
can be used to determine M.

Vertical axis:

i. Indicate what measured or calculated quantity could be plotted on the vertical axis to
ii. On the blank grid provided, create a graph of the quantities indicated in part C (i) that

The students correctly determine that the relationship between Fr and 6 is given by

The students create a graph with

Name: (
C.

CTTrC T T T T T

2.0 2.5 3.0

1.5
sin 6
Figure 3

1.0

0.5

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

D. Using the best-fit line that you drew in part C (iii), calculate an experimental value for the
mass M of the meterstick.
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4. In Scenario 1, a swimmer holds a block of mass m at rest in a tank of freshwater with
density p;, as shown in Figure 1. The block is released from rest and accelerates upward with
an initial acceleration a;. All frictional forces are negligible.

Figure 1

Swimmer

In Scenario 2, the swimmer holds the same block at rest in a tank of salt water with
density p,, where py > p;. The swimmer again releases the block from rest, and the block
accelerates upward with initial acceleration a,. All frictional forces are negligible.
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A. Indicate whether ¢, is greater than, less than, or equal to a, by writing one of the following
in your answer booklet.

a1 >
s g <a

Justify your answer in terms of ALL forces exerted on the block in each scenario. Use
qualitative reasoning beyond referencing equations.

B. Consider the general case where a block of mass m and volume V is completely submerged in
a fluid of density p.

Starting with Newton’s second law, derive an expression for the initial upward
acceleration a of the block when the block is released from rest. Express your answer in
terms of m, V, p, and physical constants, as appropriate. Begin your derivation by writing a
fundamental physics principle or an equation from the reference information.

C. Indicate whether the expression for the acceleration a you derived in part B is or is not
consistent with the claim made in part A. Briefly justify your answer by referencing your
derivation in part B.

STOP
END OF EXAM
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. (12 points, suggested time 25 minutes)

(a) Students conduct an experiment to determine the acceleration a of a cart. The cart is released from rest at the
top of the ramp at time # = 0 and moves down the ramp. The x-axis is defined to be parallel to the ramp with
its origin at the top, as shown in the figure. The students collect the data shown in the following table.

Position x Time ¢
(m) (s)
0.06 0.39
0.14 0.59
0.24 0.77
0.37 0.96
0.55 1.20

i. Indicate which quantities could be graphed to yield a straight line whose slope could be used to determine
the acceleration a of the cart. You may use the remaining columns in the table, as needed, to record any
quantities (including units) that are not already in the table.

Vertical axis: Horizontal axis:

GO ON TO THE NEXT PAGE.
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Name:(

acceleration a of the cart as it rolls down the ramp. Clearly scale and label all axes (including units), as

ii. On the following grid, plot the appropriate quantities to create a graph that can be used to determine the
appropriate. Draw a straight line that best represents the data.
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iii. Using the line you drew in part (a)(ii), calculate an experimental value for the acceleration a of the cart
as it rolls down the ramp.

using their

exp

(b) The students are asked to determine an experimental value for the acceleration due to gravity g
data.

from a ?

exp

i. What additional quantities do the students need to measure in order to calculate g

in terms of a.

exp

ii. Write an expression for the value of g

GO ON TO THE NEXT PAGE.
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(c) The students calculate the value of Sexp 1O be significantly lower than the accepted value of 9.8 m/s’.

1. What is a physical reason, other than friction or air resistance, that could lead to a significant difference in
the experimentally determined value of Sexp ?

ii. Briefly explain how the physical reason you identified in part (c)(i) would lead to the decrease in the

experimentally determined value of g__ b

+x

Q
Q/—

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

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

GO ON TO THE NEXT PAGE.
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. (7 points, suggested time 13 minutes)

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

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

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

When the block is released from rest and as the block travels toward the ground, the magnitude of the tension
exerted on the block by the string is Fr.

(a) Determine an expression for the magnitude of the angular acceleration ap, of the disk as the block travels
downward. Express your answer in terms of M, R, Fr, and physical constants as appropriate.

GO ON TO THE NEXT PAGE.
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Scenario 1 Scenario 2
Solid Disk Hoop
M
R
R
M
LN Fy

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

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

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

GO ON TO THE NEXT PAGE.




