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AP PHYSICS C: MECHANICS 2026 = FREE-RESPONSE QUESTIONS

Question 2: Version J

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.

from each other horizontally.
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Figure 1

Piece Q.M __ . Piece R, 3M

I
!
x=0

Note: Figure not drawn to scale.

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

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.

R=
3



AP PHYSICS C: MECHANICS 2026 = FREE-RESPONSE QUESTIONS

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
t=0

Momentum
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Complete

2

Projectile

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

» 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.

PartB

Derive an expression for x, in terms of v,, 8, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference

information.
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AP PHYSICS C: MECHANICS 2026 = FREE-RESPONSE QUESTIONS

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

x,cm

t during the time interval 0 < ¢ < .

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

e DPieceQ
* PieceR
» The center of mass of the two-piece system

Clearly label all lines or curves.

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.

new

* Xhew > X2

* Xhew < %)

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.
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AP® PHYSICS C: MECHANICS 2026 = SCORING GUIDELINES

VR870525 v1.0

Question 2 Translation Between Representations (TBR) 12 points
General Scoring Notes
NR (No Response): A score of NR is only assigned to responses that are blank.
A For drawing bars for p, of Pieces Q and R that have heights which add to 4 units Point Al
For drawing lines on the zero-momentum line for p, of Pieces Q and R Point A2
Point A3

For drawing one of the following:
e Abarfor p, of Piece Q with a height of -1 unit
e Abarfor p, of Piece R with a height of 5 units

Example Response

Momentum Momentum

0---|:|----—- 0+=- = —— -
Px Py P Py
Piece Q Piece R
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AP® PHYSICS C: MECHANICS 2026 = SCORING GUIDELINES VR870525 v1.0

B For a multistep derivation that includes one of the following: Point B1
e Any kinematics equation relevant to constant acceleration
e Conservation of momentum
For indicating one of the following: Point B2
e that the vertical component of the velocity of the projectile is zero at ¢ = ¢,
e that the vertical displacement of the projectile is zero at ¢ = ¢,

For one of the following: Point B3

e correctly using conservation of momentum to determine the horizontal
component of the velocity of Piece R immediately after the projectile breaks
apart

e correctly indicating the position of Piece R relative to the position of the center
of mass of the projectile at ¢ = ¢,

For a correct expression for x, in terms of given quantities Point B4
Example Responses

Solution 1 Solution 2

Vy = Vyo
0 =vysin® + (—g)ty,

| ) +a,t
Ayzvyot+§at y

— v g _ vpsin®
Vo = Vpsind h= g
2 t, =2t = ———
_ 2vysiné J
2 g
v, =Vvycosf
Xem = Vibo
- . 2v,2 cos@sin O
ZPOx = prx XeMm = -

N - g
Pox = Pox T Prx

M(0) +3M (x,)
4Mv, cos € = =My, cos € + 3Mvg, YoM = M +3M

5Mv, cos = 3Mvg,

3
Xem = sz

VR = %"0 cos®

3 2v,% cosfsin 6
— i
Xy = Xproj + XR g
2
Xy = Vthup + Vthdown Xy, = %cosﬁsin@
in 6 in6@
x = (v cosH)(vo s j+ (évo cosB)(vO h j
g 3 g
2
X, = 20 cos@sind + ivLcosHsinH
g 3 g
8v,° ,
Xy = ;g cos@sinf
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AP® PHYSICS C: MECHANICS 2026 = SCORING GUIDELINES VR870525 v1.0

C For sketching a labeled horizontal line for the center of mass that has a value equal to Point C1

vx,cm

Scoring Note: Any clearly defined labels may earn this point.

For sketching a labeled horizontal line for Piece R that has a value greater than v, ., Point C2

For sketching a labeled horizontal line for Piece Q that has a value equal to —v, ., Point C3

Example Response

V.
[
I I
I I
I I
I I
| :
I I v,\';R
I I
v.l'.(.‘l'[l : : v.\'.cm
I | i
I I
I I
0] i 1
I I
: :
“Vrem e ; | v_\_:Q
I I
I I
| |
I I
I I
I I
I I
I I
I I
h )
D For indicating x,., < X, Point D1
For a correct justification, such as: Point D2

e Comparing the change in momentum of either piece in the two cases, the speed
of the corresponding piece after the projectile breaks apart, and the distance
traveled before reaching the ground

o Relating the motion of the center of mass of the projectile to the mass of the
pieces and the distance each piece lands from the center of mass

Example Responses

In the case where Piece Q falls straight to the ground, it has zero momentum, as
opposed to a negative momentum when it moved backwards. Since momentum is
conserved when the pieces break apart, Piece R must have less positive momentum in
the new case. Since Piece R has less momentum it has a lower speed. It takes the same
time to fall to the ground in both cases, so Piece R travels a shorter distance before
landing in the new case.

OR

In the case where Piece Q falls straight to the ground, Piece Q lands closer to the
center of mass of the system than when it moved backward. Since the smaller mass
piece lands closer to the CM, the larger mass piece also must land closer to the CM
than it did before. This means Piece R travels a shorter distance before landing in the
second case.
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Sample 2A Page 1 of 2

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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: Question 2: Version J continues on the next page.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

Question 2: Version J
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Go to Question 3 when you're done with this question.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

Question 2: Version J continues on the next page.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box

Question 2: Version J
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Question 2: Version J
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Go to Question 3 when you’re done with this question.
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Go to Question 3 when you’re done with this question.
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Go to Question 3 when you're done with this question.
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Translating Between Representations (TBR)

Sample: 2A

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

[ e T T T R Sy

Score: 12

A.

e Point Al was earned. The response includes bars indicating horizontal momentum of

Pieces Q and R that add up to four units.
e Point A2 was earned. The response indicates that both Pieces Q and R have zero
vertical momentum.

e Point A3 was earned. The response indicates the horizontal momentum amounts of

negative one unit for Piece Q and positive five units for Piece R.

e Point B1 was earned. The response includes a multistep derivation that includes
conservation of momentum.
e Point B2 was earned. The response indicates that the vertical component of the

projectile's velocity is zero at time t, as shown by the method used to determine t.

o Point B3 was earned. The response correctly uses conservation of momentum to
determine the horizontal component of velocity for Piece R after t.

o Point B4 was earned. The response includes a correct expression for x.. The
expression shown is equivalent to the final answer point shown in the example
response.

e Point C1 was earned. The response indicates a horizontal line for the center of mass

that is equal to vxcm.
o Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vx cm.



Point C3 was earned. The response indicates a horizontal line for Piece Q that is equal
to negative vxcm.

Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that the motion of the center of mass
does not change and since the velocity of Piece Q changes from negative to zero in the
new scenario, the velocity of Piece R must be less and therefore it travels a shorter
distance than in the original scenario.



Sample: 2B

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

O I O H H o o b e e el

Score: 10

A.

e Point Al was earned. The response includes bars indicating horizontal momentum of

Pieces Q and R that add up to four units.
e Point A2 was earned. The response indicates that both Pieces Q and R have zero
vertical momentum.

e Point A3 was earned. The response indicates the horizontal momentum amounts of

negative one unit for Piece Q and positive five units for Piece R.

B.
o Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.
e Point B2 was earned. The response indicates that the vertical component of the
projectile's velocity is zero at time #, as shown in the expression obtained for tiop.
o Point B3 was earned. The response correctly uses conservation of momentum to
determine the horizontal component of velocity for Piece R after t.
« Point B4 was earned. The response includes a correct expression for xz.
C

e Point C1 was earned. The response indicates a horizontal line for the center of mass

that is equal to vxcm.
e Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vy cm.

e Point C3 was not earned. The response does not indicate a horizontal line for Piece Q

that is equal to negative vxcm.



Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was not earned. The response does not indicate that due to the conservation
of momentum that Piece R has less momentum in the new scenario and therefore it
travels a shorter distance than in the original scenario.



Sample: 2C

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

Score: 9

H OO M H QO -

A.

Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units. The response shows Piece Q with positive
one unit and Piece R with four units.

Point A2 was earned. The response indicates that both Pieces Q and R have zero
vertical momentum.

Point A3 was not earned. The response does not indicate the horizontal momentum
amounts of negative one unit for Piece Q or positive five units for Piece R.

Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.

Point B2 was earned. The response indicates that the vertical component of the
projectile's velocity is zero at time t;, as shown by the method used to determine t.
Point B3 was not earned. The response does not use conservation of momentum to
determine the horizontal component of velocity for Piece R after t;. The response
shows an equation that cannot be solved to arrive at the correct answer for vr as the
term cos @ should not appear in the momentum expression for Piece R.

Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was earned. The response indicates a horizontal line for the center of mass
that is equal to vxcm.

Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vx cm.



Point C3 was earned. The response indicates a horizontal line for Piece Q that is equal
to negative vxcm.

Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that the change in momentum of Piece R
is smaller in the new situation and therefore it travels less distance than the original
situation.



Sample: 2D

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

o O O O o

Score: 9
A,

e Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units.

e Point A2 was earned. The response indicates that both Pieces Q and R have zero
vertical momentum.

e Point A3 was earned. The response indicates horizontal momentum amounts of
negative one unit for Piece Q and positive five units for Piece R.

B.
o Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.
e Point B2 was earned. The response indicates that the vertical component of the
projectile's velocity is zero at time t.
o Point B3 was not earned. The response does not correctly use conservation of
momentum to determine the horizontal component of velocity for Piece R after t; as
Piece R is shown as mass 5M in the response.
e Point B4 was not earned. The response does not include a correct expression for x..
C

o Point C1 was not earned. The response does not indicate a horizontal line for the
center of mass that is equal to vxcm.

o Point C2 was earned. The response does indicate a horizontal line for Piece R that is
greater than vy cm.

e Point C3 was earned. The response indicates a horizontal line for Piece Q that is equal
to negative vxcm.



Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that due to the conservation of
momentum that Piece R has less momentum in the new scenario and so therefore it
travels a shorter distance than in the original scenario.



Sample: 2E

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

H - HH OO MIMOO M

Score: 8
A,

e Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units.

e Point A2 was not earned. The response does not indicate that both Pieces Q and R
have zero vertical momentum.

o Point A3 was not earned. The response does not indicate the horizontal momentum
amounts of negative one unit for Piece Q or positive five units for Piece R.

o Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.

o Point B2 was earned. The response indicates that the vertical displacement is zero at
time t. Although the original equation of motion is shown with horizontal
components, values consistent with the vertical displacement are shown directly
below it.

e Point B3 was not earned. The response does not correctly use conservation of
momentum to determine the horizontal component of velocity for Piece R after t.

« Point B4 was not earned. The response does not include a correct expression for x..

e Point C1 was earned. The response indicates a horizontal line for the center of mass
that is equal to vxcm.

o Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vxcm.

e Point C3 was earned. The response indicates a horizontal line for Piece Q that is equal
to negative vxcm.



Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that the location of the center of mass
does not change and since the location Piece Q lands is closer to location of the center
of mass in the new situation, the location Piece R lands must be less as well.



Sample: 2F

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

Score: 7

QO N~ O R OFF OO -

A.

Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units. Piece Q is shown as negative two units, and
Piece R is shown as six units.

Point A2 was not earned. The response does not indicate that both Pieces Q and R
have zero vertical momentum.

Point A3 was not earned. The response does not indicate the horizontal momentum
amounts of negative one unit for Piece Q or positive five units for Piece R.

Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.

Point B2 was not earned. The response does not indicate that the vertical component
of the projectile's velocity is zero at time t, or that the vertical displacement is zero at
time t,.. The response shows velocity set to zero, but it is unclear that it is a vertical
velocity.

Point B3 was earned. The response indicates a correct conservation of momentum
equation that can be used to determine the horizontal component of velocity for Piece
R after &.

Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was earned. The response indicates a horizontal line for the center of mass
that is equal to v cm.

Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vx cm.



Point C3 was not earned. The response does not indicate a horizontal line for Piece Q
that is equal to negative vxcm.

Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that the change in momentum of Piece R
is less in the new scenario and therefore travels a shorter distance than in the original
scenario.



Sample: 2G

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

- OO~ MHF OOOOM~ROM

Score: 6

A.

Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units.

Point A2 was not earned. The response does not indicate that both Pieces Q and R
have zero vertical momentum.

Point A3 was earned. The response indicates the horizontal momentum amounts of
negative one unit for Piece Q and positive five units for Piece R.

Point B1 was not earned. The response does not include a multistep derivation that
includes kinematics equations.

Point B2 was not earned. The response does not indicate that the vertical component
of the projectile's velocity is zero at time t;, or that the vertical displacement is zero at
time t,.

Point B3 was not earned. The response does not correctly use conservation of
momentum to determine the horizontal component of velocity for Piece R after t.
Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was earned. The response indicates a horizontal line for the center of mass
that is equal to v cm.

Point C2 was earned. The response indicates a horizontal line for Piece R that is
greater than vy cm.

Point C3 was not earned. The response does not indicate a horizontal line for Piece Q
that is equal to negative vxcm.



Point D1 was earned. The response indicates that Xnew is less than x..

Point D2 was earned. The response indicates that the change in momentum of Piece R
is greater in the original scenario and therefore it has less horizontal velocity in the
new situation and therefore travels less distance.



Sample: 2H

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

O OO0 OO KO M M

Score: 5

A.

e Point Al was earned. The response includes bars indicating horizontal momentum of

Pieces Q and R that add up to four units. Piece Q is shown as one unit and Piece R is
shown as three units.

Point A2 was earned. The response indicates that both Pieces Q and R have zero
vertical momentum.

Point A3 was not earned. The response does not indicate the horizontal momentum
amounts of negative one unit for Piece Q or positive five units for Piece R.

Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations.

Point B2 was earned. The response indicates that the vertical component of the
projectile's velocity is zero at time .

Point B3 was not earned. The response does not correctly use conservation of
momentum to determine the horizontal component of velocity for Piece R after t.
Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was earned. The response indicates a horizontal line for the center of mass
that is equal to v cm.

Point C2 was not earned. The response does not indicate a horizontal line for Piece R
that is greater than vx cm.

Point C3 was not earned. The response does not indicate a horizontal line for Piece Q
that is equal to negative vxcm.



Point D1 was not earned. The response does not indicate that xnew is less than x.
Point D2 was not earned. The response does not indicate that the change in
momentum of Piece R is less in the new scenario and therefore it travels a shorter
distance than in the original scenario.



Sample: 21

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

OO~ OO0OO0OO0OO0OHOOOoO

Score: 2

A.

¢ Point Al was not earned. The response does not include bars indicating horizontal

momentum of Pieces Q and R that add up to four units.
e Point A2 was not earned. The response does not indicate that both Pieces Q and R
have zero vertical momentum.

o Point A3 was not earned. The response does not indicate the horizontal momentum

amounts of negative one unit for Piece Q or positive five units for Piece R.

o Point B1 was earned. The response includes a multistep derivation that includes
momentum equations.

Point B2 was not earned. The response does not indicate that the vertical component
of the projectile's velocity is zero at time t;, or that the vertical displacement is zero at
time t,.

Point B3 was not earned. The response includes a conservation of momentum
equation for the horizontal component of velocity for Piece R after t; but the horizontal
velocities are not correctly indicated in the equation.

Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was not earned. The response does not indicate a horizontal line for the
center of mass that is equal to vxcm.

Point C2 was not earned. The response does not indicate a horizontal line for Piece R
that is greater than vx cm.

Point C3 was earned. The response indicates a horizontal line for Piece Q that is equal
to negative vxcm.



Point D1 was not earned. The response does not indicate that xnew is less than x.
Point D2 was not earned. The response does not indicate that the change in
momentum of Piece R is less in the new scenario and therefore travels a shorter
distance than in the original scenario.



Sample: 2]

TBR Part A Point 1 Score:
TBR Part A Point 2 Score:
TBR Part A Point 3 Score:
TBR Part B Point 1 Score:
TBR Part B Point 2 Score:
TBR Part B Point 3 Score:
TBR Part B Point 4 Score:
TBR Part C Point 1 Score:
TBR Part C Point 2 Score:
TBR Part C Point 3 Score:
TBR Part D Point 1 Score:
TBR Part D Point 2 Score:

0O O0OO0OO0OO0OO0CO0OO OO M-

Score: 2

A.

Point Al was earned. The response includes bars indicating horizontal momentum of
Pieces Q and R that add up to four units. Piece M is positive one unit and Piece R is
positive three units.

Point A2 was not earned. The response does not indicate that both Pieces Q and R
have zero vertical momentum.

Point A3 was not earned. The response does not indicate the horizontal momentum
amounts of negative one unit for Piece Q or positive five units for Piece R.

Point B1 was earned. The response includes a multistep derivation that includes
kinematics equations. An equation of motion is shown with more than one significant
change made to the equation.

Point B2 was not earned. The response does not indicate that the vertical component
of the projectile's velocity is zero at time #, or that the vertical displacement is zero at
time t..

Point B3 was not earned. The response does not correctly use conservation of
momentum to determine the horizontal component of velocity for Piece R after t.
Point B4 was not earned. The response does not include a correct expression for x.

Point C1 was not earned. The response does not indicate a horizontal line for the
center of mass that is equal to vxcm.

Point C2 was not earned. The response does not indicate a horizontal line for Piece R
that is greater than vxm shown before t;.



Point C3 was not earned. The response does not indicate a horizontal line for Piece Q
that is equal to negative vxcm.

Point D1 was not earned. The response does not indicate that x,ew is less than xz.
Point D2 was not earned. The response does not indicate that the change in
momentum of Piece R is less in the new scenario.
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