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Question 2: Translation Between Representations (TBR) 12 points Example Responses
X = Xpay COS(@! + @)
A For indicating that Ky, is zero Point A1l Eroro = Ua(n) + Up (1) + Kpjoek (1)
1 1 1 =
For drawing bars with positive heights for U, and Ug Point A2 Egy =Uy (le) +Ug (le) + Kijock (le) x(t) = x coswt

v(t) = —xjosin ot
For drawing a bar for Uy with a height that is twice the height of the bar drawn for U, Point A3

Scoring Note: This point may be earned regardless of the signs of either bar. Epo = %(k)(xl Y+ %(Zk)(xl Y +0 OR ke = k + 2k =3k
Example Response 1 1 V1 1 \? - |3k
Eor === +=(2k)|=
Energy s = )( 2 "1) 2 )( 2 x') black, 1y "

U,-\ UB Kh lock X
““““““““““““““““““““ Eiio = Bty - T Xicosat L
______________________ 1,2 2 1,2 1,2
______________________ R = ghd gk KL coswt; =L

2 EX] 2
3 kxlz =3 kxlz +K . po=
—|—|- - === 2 8 block, xq % 4 3w
0 - - —— -

______________________ | = gkxlz v, =-xosinaet
_______________________ block, >x; 8 24 21
——————————————————————— 1 > 9. 9 _ 3k . &

______________________ MV = kN V%xl = Xy ;sm?

V= éxl LS 3. |k
27 \Nm e R e Y
) ixl 2 m
Figure 3
B For a multistep derivation that includes energy conservation or simple harmonic motion ~ Point B1
For relating the presence of both springs to the behavior of the system Point B2
For relating positions x = x; and x = %xl to the oscillation of the block Point B3
For a correct expression for v in terms of given quantities Point B4
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For sketching a curve that starts at zero and is always positive or zero Point C1
For sketching a periodic curve with zeros that have a period of %T Point C2
For sketching a periodic curve with a decreasing amplitude Point C3
Example Response
K
19) ¥ ¥ v t t ; t
1 T 3 2T 5 3T
2 r 2 r 2 r
Scenario 2
Figure 5
For indicating one of the following: Point D1
e The period increases.
e The rate at which the graph approaches zero increases.
e The maximum value of K over each period is less than the graph drawn.
For a correct justification relevant to the feature indicated Point D2

Example Responses

The period of the graph increases. The period of a simple harmonic oscillator increases
with increasing mass.

OR

The rate at which the graph approaches zero amplitude increases. Because the mass of
the block is larger, the force of friction is greater, which causes the block to lose energy
at a greater rate.

Question 1: Free-Response Question

AP Physics C: Mechanics: 2024 Set 1

15 points

(@)

For a multi-step derivation with an application of the conservation of mechanical energy that 1 point
indicates that all of the energy of the system is initially U,

Example Response

Einitial = Eﬁnal
1 2 1 2
EkXC =5my

For a correct solution for v 1 point

Example Response

V*X1fk
- ¢
m

Example Solution

Einitial = Eﬁnal
U, =K
|

L2 1
zkxC =5 my

fx,2

V=

m
V_.)C\/7
= Xea|—
m
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(a)(ii) For a derivation to solve for the speed at x, that includes one of the following: 1 point
e An appropriate application of the conservation of energy
e An appropriate kinematics equation
Example Responses
2 _ 2
Kinitial = Mfsiction = Kt~ OR V" = w5 + 2aAx
For one of the following that is consistent with the previous point in the response for 1 point
part (a)(ii):
e A correct expression for the energy dissipated by friction
e A correct expression for the acceleration of the block in the region with nonnegligible
friction
Example Responses
AEgiction = HmgD OR a=-Hg
For attempting to derive an expression for v, g by using the conservation of momentum 1 point
Example Response
Minitial Vinitial = ™A,BVA,B
For substituting the expression for the speed at x, that is consistent with the first point of 1 point

the response in part (a)(ii) and substituting the correct masses into an expression for
conservation of momentum

Example Response

2

m e —2ugD
m

VaB = 4m

AP Physics C: Mechanics: 2024 Set 1
Example Solutions
Exl = Ebcforc collision Vo = V2 + 2aAx
K. — AEqii0n = K isi 2
X friction before collision k
2 OR v22 =| Xes|— | +2aD
2 m
1 kxg 1 2
5m p — umgD = 2V fox 2
vy =4——+ 2aD
m

]OC2
vy =4 r; —2ugD

Zpbcfcrc collision — Zpaflcr collision
MpVy = MpBVAB
Mavy = (m+3m)v, g

my—— —2ugD 5 s
VAB = m4 Phoefore collision = “Pafter collision
’ m
MpAVy = MpBVAB
| 2 mavy = (m+3m)vpp
VAB =g - 2ugD 2
" m m° —2ugD
VAB = 4m
1 [k’
VAB = g\, 2H&D
Total for part (a) 6 points
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(b))

(b)(ii)

For a nonlinear sketch that begins at zero and increases for the entire time interval 0 < < ¢

1 point

For a sketch that decreases for the entire time interval £, < ¢ < ¢, but does not go to zero

1 point

For a sketch that is concave up for the time interval # < ¢ <t,

1 point

For a continuous function for the time interval #; < ¢ < ¢y that has a horizontal line that is
greater than zero for the time interval 1, <t <

1 point

Example Response

——— e N

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1
————————————————————— Y S
0 1 L I3

For a statement about the change in kinetic energy that is consistent with the graph drawn in
the response for part (b)(i)

1 point

For a correct explanation for why the kinetic energy is increasing, such as one of the
following:

e An increasing graph means positive work is being done on the block.

e An external force is exerted on Block A, causing the velocity of the block to increase
and the kinetic energy of the block to increase.

e Mechanical energy is conserved and/or there is no work done for the block-spring
system, and the potential energy decreases.

1 point

For a correct explanation for why the graph is nonlinear, such as one of the following:

e The rate at which the slope of the graph changes is related to the rate at which work is
being done on the block.

e The external force exerted on Block A is changing, which causes a nonuniform change
in the velocity of Block A, which results in a nonuniform change in kinetic energy.

1 point

Example Response

From 0 <t < t;, the kinetic energy of Block A increases. The force exerted on the block by

the compressed spring transfers the elastic potential energy in the block-spring system to the
kinetic energy of the block. Because the force exerted by the spring is not applied at a
constant rate, the kinetic energy of the block does not increase at a constant rate.

Total for part (b)

7 points
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()

For selecting f,, < f, with an attempt at a relevant justification 1 point

For correctly applying an equation that relates the length of a pendulum to the period or
frequency of the pendulum

1 point

Example Response
The period of a pendulum is calculated by using T = 27 E . Therefore, as the length is

increased, the period will also increase. Because frequency and period are inversely related,
an increase in period will result in a decrease in frequency.

Total for part (¢) 2 points

Total for question 1 15 points

Question 1: Free-Response Question

AP Physics C: Mechanics: 2024 Set 2

15 points

()@

For a multi-step derivation that includes one of the following: 1 point

e An application of conservation of energy that indicates that the initial mechanical energy
of the system is U,

e An application of Newton’s second law that includes the frictional force, including sign

For one of the following that is consistent with the previous point: 1 point

e An expression for the energy dissipated by friction, including the correct sign
e A substitution of acceleration in a kinematics equation

Example Responses

F, —-F
AEfriction = _FfD OR v2 = Vg + 2(%”1/ij

For a correct expression for v 1 point

Example Response
v = 2gD(sin@ — pcosO)

Example Solutions

F,

net
m
Eigitial = Efinal 2ma =F, - Fy

g.x
Uy = AEgiion = K 2ma = 2mgsin@ — p(2m)gcos

a =

mygDsing — umygDcos@ = %msz OR a = gsind - ugcosd

. 1
gDsmH—,ugDcos9=§v2 2 :vg + 2aAx

v = 2gD(sin@ — pcos6) v? = 0% +2(gsin6 — ugcosd) D
v =2gD(sinf — pcost)
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(a)(ii) For using the conservation of momentum to find VAB

1 point

For equating the kinetic energy after the collision between the blocks to the maximum elastic
potential energy of the compressed spring

1 point

Example Response

K, U

after collision — “~'s, max

For indicating v before the collision between the blocks and the spring is equal to v, g

1 point

Example Solution

Phefore collision = Pafter collision
2my = (2m + m)vp g
_ 2my2gD(sin@ — pcosd)

VA,B - (3m)

VaB = % 2gD(sin € — pcos6)

E

after collision

K,

after collision

‘max compression of spring

=U

5, max

1 2 _ 1
§(2m + m)(vA,B) = Ekxz

2 . 2
()2 2D 0~ reos)| = k.

2
k= i—”j)(g,/zgmsine - ycos@))

c

_ 8 mgD(sinf — pcosb)

3 2
Xe

k

Total for part (a)

6 points
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(b)({)  For a sketch that increases linearly during the time interval 0 < ¢ < ¢

Scoring Note: A sketch that only increases linearly from ¢ = 0 to ¢ = ¢, earns this point.

1 point

For a horizontal line for the time interval #; < ¢ < ¢, that is continuous at ¢

1 point

For a horizontal line for the time interval ¢, < ¢ < 5 that has a smaller magnitude than the
previous time interval

1 point

For drawing a concave down curve, continuous at #;, in the interval #; < ¢ < ¢, that reaches

zero at t,

1 point

Example Response

X
>

=

0

(b)(ii) For a statement about the change in momentum that is consistent with the graph drawn in the

response for part (b)(i)

1 point

For indicating that a decreasing graph means that the force exerted on Block A isina
direction opposite to the motion of Block A

Scoring Note: A response that indicates that an increasing graph means that the force exerted
on Block A is in the same direction as the motion of Block A also earns this point.

1 point

For relating the change in momentum to the magnitude of the force exerted on Block A

1 point

Example Response

The momentum of Block A decreases between t; and t, because the spring exerts a force on
the blocks in the opposite direction of the velocity of the blocks, causing the blocks to slow to
a stop. The spring force increases the more the spring compresses, so the momentum of Block

A decreases at an increasing rate, which is shown in the slope of the curve becoming steeper
with time.

Total for part (b)

7 points
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(©)

For selecting 7Ty = T, with an attempt at a relevant justification 1 point

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

e The period of a spring-block oscillator is only dependent on the mass on the spring and
spring constant, which do not change.

e The period of a spring-block oscillator is not dependent on increasing amplitude, velocity,
or compression distance.

Example Response

Repeating the experiment on a smooth ramp will only affect the compression distance of the
spring. The period of oscillation of a spring-block system depends only on mass and the spring
constant, therefore the period of oscillation will not change.

Total for part (c) 2 points

Total for question 1 15 points
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Question 2: Free-Response Question 15 points
(a) For selecting “J¢ > J,” with an attempt at a relevant justification 1 point
For a correct justification 1 point

Example Response

The impulse between the two blocks is the same, so because Block 1 is moving at the end, the
impulse given by the spring must be greater than the impulse given to Block 2 by Block 1.

Total for part (a) 2 points
(b) For correctly drawing the momentum for blocks 1 and 2 for the time interval 0 < 7 < f,: 1 point
Block 1 shows an increasing curve with a decreasing slope (concave down) to highest value
(technically a cosine curve) and Block 2 shows zero momentum up to . (a horizontal line
along the time axis).
For drawing a horizontal line for Block 1 when ¢ > ¢ that is smaller in magnitude than the 1 point
momentum of Block 1 at time ¢ = ¢
For drawing a horizontal line for Block 2 when ¢ > ¢ that is smaller in magnitude than the 1 point
momentum of Block 1 after time ¢ = ¢,
For blocks 1 and 2 having a change in momentum that is equal in magnitude such that 1 point
Block 1 loses momentum and Block 2 gains momentum
Example Response
Momentum Momentum
|
,,,,,,,,,  ——
|
S (R,
|
|
SR :, W—— -
,,,,,,,,, | —
|
Time ! Time
Ic
Block 1 Block 2
Total for part (b) 4 points
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(¢)  For using conservation of energy to find the speed of Block 1 at x = 0 1 point
For using conservation of momentum to find the speed of the two-block system after the 1 point
collision
For combining correct equations from above 1 point

Example Response

1 2 1
Ek(Ax) = Em,vlz

myy = (my +my)v
myy

my + my

_ AxJkm

- my + my

Total for part (¢) 3 points

(d)(i) For drawing an appropriate best-fit line including approximately the same number of points 1 point
above and below the line

Example Response

0.7 -
0.6 &
0.5

0.4 '

v (m/s) L
0.3 o

02 2

0.1+~

0042

0.0 0.01 002 003 004 005 006 007
Ax (m)
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(d)(ii) For calculating the slope using two points on the line 1 point
For correctly relating the slope of the best-fit line to the mass of Block 2 1 point
For a correct mass of Block 2 1 point
Example Response

(0.60 — 0.02) m/s a1

lope = ———————— =10.67
S10P€ = 10.055 - 0.0175) m s
slope = _Nkmy

m + m,

my = —L ko _ m

27 slop !

(150 E)(0.50 ke)
my=—T— —050kg
10.67 s
m, = 0.31kg
Scoring Note: Acceptable responses for mass are 0.27 kg — 0.37 kg .
Total for part (d) 4 points

(¢)  For selecting “k’" > 150 N/m ” with an attempt at relevant justification 1 point
For a correct justification 1 point
Example Response
A greater m, indicates the spring constant k' should be greater than 150 N/m . The slope of
the graph is the same so as m, increases k must be smaller.

Total for part (e) 2 points
Total for question 2 15 points
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Question
15 points total
3 points
F -.\'
f ‘F'r
mg

For correctly drawing and labeling the force of tension
For correctly drawing and labeling the force of friction
For correctly drawing and labeling both forces in the vertical direction

Note: A maximum of two points may be earned if there are any extraneous vectors.

3 points
i i i i i i
1 | | | ] )
1 | | ) |} ]
1 1 ] ) 1 1
1 | | i 1 1
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' ' ' ) '
1 1 1 1 |} 1
1 1 1 | ) |
1 1 ) ) 1 1
) ‘ ' 1 ] ‘
o ! } ! t - t
0.30 0.90 0.50 0.60

Force Sensor Reading (N)

For a correct scale that uses more than half the grid

For correctly plotting the given data

For drawing a straight line consistent with the given data
Note: Full credit can be earned if the axes are switched.

Distribution
of points

1 point
1 point
1 point

1 point
1 point
1 point
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Question 1 (continued)

Distribution
of points
2 points
For correctly calculating slope using the best-fit straight line and not data points 1 point
(yz - Vl) (070 - 016) —1 —1
sl = —L = kg =2.16k
SOPE =, = x) T (0.60-033) & &
Note: Linear regression gives slope = 2.12 kg’l .
For correctly calculating the mass of the cart using the slope 1 point
-1 1 _
slope (2,16 kg™
Correct answer:
m = 0.463 kg (Note: linear regression gives m = 0.472 kg)
1 point
For an answer with correct units consistent with the x-intercept of the graph from 1 point
(b) i.
f=0272N
1 point
slying Newton's second law and substituting the values from part (b)
ZF =ma = Fu - f
F,—f _045N-0272N
a = =
m 0.463 kg
For an answer with correct units consistent with part (b), either from the graph or 1 point
calculated using the mass and frictional force.
a=0376 m/s

AP Physics C: Mechanics: 2016
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Question 1 (continued)

3 points

For using a correct equation to solve for the speed of the cart when the string
breaks, with an acceleration consistent with part (c) i.

Vy =V +at
v, =0+(0376 m/s*)(2.05)
v, = 0.752 m/s

For recognizing that the acceleration of the cart after the string breaks is due to
the frictional force determined in part (b)
Use a correct equation to solve for the time for the cart to stop after the string

breaks
vy, =V, +at
0=v - it
m

For using the final velocity before the string breaks as the initial velocity for the
cart stopping in the correct equation for time

P myy
Tf
_ (0.463 kg)(0.752 m/s)
- (0272 N)
Correct answer
r=128s

Alternate solution

For setting the magnitude of the impulse before the string breaks equal to the
magnitude of the impulse after the string breaks

ki = B

For correctly using the proper force (e.g., the tension force minus the friction force)
for Fy

For correctly using the proper force (e.g., the friction force) for F,
Correct answer
r=128s

1 point
For selecting “Equal to”
1 point

For selecting “Greater than”

Distribution
of points

1 point

1 point

1 point

Alternate points

1 point

1 point

1 point

1 point

1 point
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15 points total

Question
2 points
Block of Mass 2M Block of Mass 3M
B Fy
2Mz 3Mg

For correctly drawing and labeling vectors on the block of mass 2M

For correctly drawing and labeling vectors on the block of mass 3M using symbols
for the vectors that are physically correct and different from those on the block
of mass 2M

Note: A maximum of one point can be earned if there are any extraneous vectors.

2 points

Using a proper expression for conservation of momentum
PL=P

For correctly substituting into the above equation

3Mvy = (3M +2M) v,

For a correct answer

v =35V

1 point

Using a proper expression for kinetic energy of the two-block system

K = %mv2
2
_1 3.0
K= 2(SM)( i)
For an answer consistent with part (b)
_ 92
K = ] OMVO

Distribution
of points

1 point
1 point

1 point

1 point

1 point
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Question continued)

4 points

For a correct expression of the conservation of energy
AK, + AU, =0

system system
Ky = Utina
For attempting to integrate the spring force equation
9 2 2 3
—Mvy = 7J‘ —Bx"dx
"

.\'2
—Mvy = .|.Bx3dx
,\’]

For using the correct limits of integration or an appropriate constant of integration

9 .2 (P23
vao —J.O Bx’dx
9 B’
Zm? = | 2

IOMVO { 41}

For an answer consistent with the speed from (b) or the kinetic energy from part (c)

D 4f18Mv§
“V 5B

2 points

For selecting the correct answer “Right” with a reasonable attempt at a
justification

If the incorrect selection is made, no points are earned for the justification.

For an indication that at maximum compression the block of mass 2M has an
acceleration to the right due to the forces acting on the block of mass 2M or an
acceleration to the right due to the external spring force acting on the system
of blocks

Example: At maximum compression the two-block system is instantaneously at
rest. The only horizontal external force acting on the system is due to the
spring. This force is directed to the right. The system and therefore the block
of mass 2M is accelerated to the right, which implies that the net force acting
on the block of mass 2M is also to the right.

Distribution
of points

1 point

1 point

1 point

1 point

1 point

1 point
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Question continued)

2 points

e magnitude of the net force is greater on the block of mass 3M.
If the incorrect selection is made, no points are earned for the justification.
For an indication that both blocks will have the same acceleration
For a correct justification for why the net force is greater on the block of mass 3M
Example:
Because the blocks stick together, both blocks must have the same acceleration.
Because the block of mass 3M has more mass, the net force on it must be
greater than the net force on the block of mass 2M.

2 points

For selecting the correct answer “No,” with a reasonable attempt at a justification

If the incorrect selection is made, no points are earmed for the justification.

If the correct answer is selected without any justification, the point is not earned
for the selection.

For an indication that the spring does not apply a linear force and that simple
harmonic motion is the resulting motion of a linear restoring force

a= —ﬁAx)
m

Example:

Because the blocks are sticking together and are attached to the spring, the spring
will apply a restoring force to the blocks. However, because the restoring force
exerted by a nonlinear spring is not proportional to the blocks’ displacement
from equilibrium, the blocks do not exhibit simple harmonic motion.

Distribution
of points

1 point
1 point

1 point

1 point
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Question

15 points total

3 points

For an indication that the spring force equals the mass times the centripetal
acceleration
Fg = F. = mac

kx = mro?

correct substitution for x in the equation
For a correct substitution for r in the equation that can be used to solve for k
k 4) = m(2d) @
2
Tect answer:

k = dme?

1 point

Substitute values for the block into the equation for rotational inertia

=Y m’ = m(2d)?

For a correct answer or an answer consistent with the radius used in part (a)
I = 4md*

2 points
For an indication that the rotational inertia of the system must include the

platform, the rod, and the object
I=1p+1p+1,

R? d*
m”z + IRE 2
For correctly substituting into the equation the rotational inertia of the platform,
the rod, and the object consistent with (b) i.
_5m(2d)*  3md®
2 3
I=(10 + 1+ 4)md*
Tect answer:

I =15md*

I =

I + 4md?

1 point

Using a correct expression of angular momentum

L=1Io
For an answer consistent with the answer from part (b) ii.
L =15md*o

Distribution
of points

1 point

1 point
1 point

1 point

1 point

1 point

1 point
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Question continued)

3 points

For indicating that the spring force equals the mass times the centripetal
acceleration
Fy = Fr = ma,

kx = mro?®

For a correct substitution for k, or a substitution consistent with part (a), in the
equation

For a correct substitution for r in the equation that can be used to solve for x

(4mw2)x = m(d + x) &*

4x =d+x

3x=d

Correct answer:

x =dJ3

2 points
electing “Decreasing”

the wrong selection is made, no points are earned for the justification.
For a correct justification

Example: The rotational inertia I of the system decreases while the angular velocity

w stays the same. Because the angular momentum is Iw, it decreases.

2 points

For selecting “Negative”

If the wrong selection is made, no points are earned for the justification.

For a correct justification

Example: Because the angular velocity is constant and the rotational inertia has

decreased, the rotational kinetic energy has decreased. Therefore, work must

be negative.

1 point

n arrow starting on the box and pointing down and to the right

Distribution
of points

1 point

1 point

1 point

1 point

1 point

1 point

1 point

1 point




