AP® PHYSICS C: MECHANICS
2016 SCORING GUIDELINES

Question 2
15 points total Distribution
of points
(a) 2 points
Block of Mass 2M Block of Mass 3M
‘F:\-'_l F‘A\-’E

2Mg 3Mg

For correctly drawing and labeling vectors on the block of mass 2M 1 point
For correctly drawing and labeling vectors on the block of mass 3M using symbols 1 point
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.

(b) 2 points

Using a proper expression for conservation of momentum

P =P

For correctly substituting into the above equation 1 point

3My, = (3M + 2M)vf

For a correct answer 1 point
3

Vf = SVO

(c) 1 point

Using a proper expression for kinetic energy of the two-block system
K = %mv2

K = %(SM)

For an answer consistent with part (b) 1 point
9

K = =My}
10%0

3
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(d)

AP® PHYSICS C: MECHANICS
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Question 2 (continued)

4 points

For a correct expression of the conservation of energy

AKsystem + AUsystem =0
Ky = Utina
For attempting to integrate the spring force equation
92— _[2_p3
EMVO = '[X1 Bx’dx
9 b
2 _ 3
EMVO = I Bx’dx

X1

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

9 > (PLa3
EMVO _.[0 Bx’dx
9 Bt "
Z a2 = | BX
10 Mo {4 L

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

b 4,18Mv§
~\ 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.
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(e)

(f)
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Question 2 (continued)
Distribution
of points

2 points

The 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 1 point
For a correct justification for why the net force is greater on the block of mass 3M 1 point
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 1 point
If the incorrect selection is made, no points are earned 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 1 point
harmonic motion is the resulting motion of a linear restoring force
k

a=—-——Ax
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.
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M Q2 A1

Yo
2M - 3M

0

Mech.2.

A block of mass 2M rggfgs on a horizontal, frictionless table and is attached to a relaxed spring, as shown in the
figure above. The spring is nonlinear and exerts a force F(x) = —Bx*, where B is a positive constant and x is
the displacement from equilibrium for the spring. A block of mass 3M and initial speed v, is moving to the left
as shown.

(a) On the dots below, which represent the blocks of mass 2M and 3M, draw and label the forces (not

components) that act on each block before they collide. Each force must be represented by a distinct arrow
starting on, and pointing away from, the appropriate dot.

Block of Mass 2M Block of Mass 3M
A
v v
\ %% w
2M | 3M
]
D 0

The two blocks collide and stick to each other. The two-block system then compresses the spring a maximum
distance D, as shown above. Express your answers to parts (b), (c), and (d) in terms of M, B, v, and physical
constants, as appropriate.

(b) Derive an expression for the speed of the blocks immediately after the collision.
Sml, = Sy
/
/ 3 -\ |/
[s¥%=V]

(c) Determine an expression for the kinetic energy of the two-block system immediately after the collision.

Kg - l m/ "

<L sME 14)
2

ke = e my” }

e mmend

Unauthorized copying or reuse of
any part of this page is illegal.
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M Q2 A2

(d) Derive an expression for the maximum distance D that the spring is compressed.

]A/ Jf-— @x;d} = A../_g_.i‘j

i. In which direction is the net force, if any, on the block of mass 2M when the spring is at maximum

compresswn"’ /
Right The net force on the block of mass 2M is zero.

Justify your answer.

The bkek il stor} 00/»/9*}*7 o e ull du kb e s

ot 7‘216 *fy of "rlae romrmum g "}’%qj o+ eyt +oree
5t Jrlua rioh}

ii. Which of the following correctly describes the magnitude of the net force on each of the two blocks
when the spring is at maximum compression?

____The magnitude of the net force is greater on the block of mass 2M.
_ﬁ'he magnitude of the net force is greater on the block of mass 3M.
_____The magnitude of the net force on each block has the same nonzero value.
____ The magnitude of the net force on each block is zero.

Justify your answer.

ﬂe QC{_{Z-L&"AO'IZVGN 4 Cc»:g';oh} élf‘lL “f)g }jg"}’ Frcg/ N 7)'216 B/M
b}%}& b»’ L@ 71’:9”( S SMa > Z/Wq

(f) Do the two blocks, which remain stuck together and attached to the spring, exhibit simple harmonic motion
after the collision?

_ Yes _n{ No

Justify your answer.

Sme Fhe SC‘{{;Z@ )5 6'\)&}761][55/ v le Fh My bhet w77
folfow S/V’H “ﬂ»f 3M ELGA wi) ot e the rz;,;’;.i

wlz G 5 N} geze lorortom
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M Q2 B1

. Vo
2M - 3M

0

Mech.2.

A block of mass 2M rests on a horizontal, frictionless table and is attached to a relaxed spring, as shown in the
figure above. The spring is nonlinear and exerts a force F(x) = —Bx>, where B is a positive constant and x is
the displacement from equilibrium for the spring. A block of mass 3M and initial speed v, is moving to the left
as shown.

(a) On the dots below, which represent the blocks of mass 2M and 3M, draw and label the forces (not
components) that act on each block before they collide. Each force must be represented by a distinct arrow
starting on, and pointing away from, the appropriate dot.

Block of Mass 2M Block of Mass 3M

H

i
. {
F @ ®

-

=
it f@ g
2M | 3M
<———, Fd
D 0

The two blocks collide and stick to each other. The two-block system then compresses the spring a maximum
distance D, as shown above. Express your answers to parts (b), (c), and (d) in terms of M, B, v,, and physical

constants, as appropriate.
(b) Derive an expression for the speed of the blocks immediately after the collision.

v 4 e 1Y ML) + A ()
MV sy, S {o,+w L )Y v ;iﬁﬁj M)
Qeat b
3 WV, YV, o
e v
(AR iPY Ve
5
(c) Determine an expression for the kinetic energy of the two-block system immediately after the collision.
e ; R
K= LV ke 2 MY,
3 - 10 ’

(3}
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M Q2 B2

(d) Derive an expression for the maximum distance D that the spring is compressed.

W= aAke = F-d Gprvs
=, —"
P RS
o R = I IR
— Y, = —-Hx ¥
(e)
i. In which direction is the net force, if any, on the block of mass 2M when the spring is at maximum
compression?
Left v _Right The net force on the block of mass 2M is zero.

Justify your answer.

Sina L ca et Souvd dirtebion as thwe

-t 28 o ‘.'\f

. P 2 oS YA (PR G ¥ Y

CalEs Lt nAa _a_,:{-;‘ ' (; JK— !'\J H /‘. IR N = ¥ (v [

0 g gk o , Y o v

o ¢S

o Vg &% % ~ ~A e PSS TN S o <

X 3% .z v Y ARS YL (T 233F =4 s
WL Paa SENTY “ <

1_'[, £y i T }: :.-‘A«é'A’

ii. Which of the following correctly describes the magnitude of the net force on each of the two blocks
when the spring is at maximum compression?

___The magnitude of the net force is greater on the block of mass 2M.

L The magnitude of the net force is greater on the block of mass 3M.

__ The magnitude of the net force on each block has the same nonzero value.
__ The magnitude of the net force on each block is zero.

Justify your answer.

. oy BV M Blslke
™ and . dyan oo
2 é? a ¢ ) 3 A Yo i sys 70 :‘\; “'. " o on ‘8"\'2.

Wnile o Qe
3 oA 5y v
AP 9y d k.

Z » -~
Mass | aliora

0 gk has

. ” ~
e 1

(f) Do the two blocks, which remain stuck together and attached to the spring, exhibit simple harmonic motion
after the collision?

Yes No

Justify your answer.
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M Q2 C1

V,
o T

0

Mech.2.

A block of mass 2M rests on a horizontal, frictionless table and is attached to a relaxed spring, as shown in the
figure above. The spring is nonlinear and exerts a force F(x) = —Bx>, where B is a positive constant and x is
the displacement from equilibrium for the spring. A block of mass 3M and initial speed v, is moving to the left
as shown.

(a) On the dots below, which represent the blocks of mass 2M and 3M, draw and label the forces (not
components) that act on each block before they collide. Each force must be represented by a distinct arrow

starting on, and pointing away from, the appropriate dot.

Block of Mass 2M Block of Mass 3M
Yo iy
} !
x%:/tc\ S e
v Qj -‘r j

2M | 3M

|
D 0

The two blocks collide and stick to each other. The two-block system then compresses the spring a maximum
distance D, as shown above. Express your answers to parts (b), (c), and (d) in terms of M, B, v,, and physical

constants, as appropriate.
(b) Derive an expression for the speed of the blocks immediately after the collision.

3 S & 15

ZgQ — = =inY

s LT "z‘
g a¥a ™ = = e

M=

(¢) Determine an expression for the kinetic energy of the two-block system immediately after the collision.

i,

- 4 - _Z_k-»- P \[ . v 2
st k=g3mYo AT 7 L OSMOEY.

'K =5 ‘K - %_: /\f\\‘(o
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M Q2 C2

(d) Derive an expressmn for the maximum distance D that the spring is compressed.

oo bkloky FORET e
TOO ~ o
- 3
Vs = =
r——'ﬂm"—’""l
2 AA N 2 s L v
I fsg“x" = 2 e ~ - N MY=
SRR 2 < J= 4

% PN
V_oRH -3 '
L-bh =z mve

i. In which direction is the net force, if any, on the block of mass 2M when the spring is at maximum
compression?

Left Right / The net force on the block of mass 2M is zero.

©)

Justify your answer. N
vy A% Mo Rimdim

~
3

At oy
TNETE

[ 3 ' g B
s B i J i PR ~ > g [ L e L oo, A
i s 7 A{\ lrRIoi vt 4 / TADTO LR Lo 5 R R S ST oL

ii. Which of the following correctly describes the magnitude of the net force on each of the two blocks
when the spring is at maximum compression?

The magnitude of the net force is greater on the block of mass 2M.
\/The magnitude of the net force is greater on the block of mass 3M.
The magnitude of the net force on each block has the same nonzero value.

The magnitude of the net force on each block is zero.

o~
Justify your answer , - . . c & =aYeatir To oars
. I \ st - i et S FaN 3 v YO Fr L ¥ N
TAg 2NN et < et F; 7
e~ - % - XY
A . ATD =, = T @ e Y f

(f) Do the two blocks, which remain stuck together and attached to the spring, exhibit simple harmomc motion
after the collision?

+// Yes ____No

i i ; (i . T e P
Justify your answer. TiAg e ble Q‘ﬁ ¢ b 1 Fo% \ g
¥ - o~
- A s . B P . L i . : ”L'(.},
Ao i e R RR L :
(T Cnd I I K e A
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AP® PHYSICS C: MECHANICS
2016 SCORING COMMENTARY

Question 2
Overview

The question had a block sliding on a horizontal frictionless surface and colliding with another block that was
attached to a nonlinear spring. It required knowledge of free body diagrams, forces, integral calculus
(determining potential energy from a force function), conservation of energy, conservation of momentum,
conceptual understanding of interactions in collisions, and simple harmonic motion.

Sample: M Q2 A
Score: 12

Part (a) earned 1 point for drawing two appropriately vertical vectors on the block of mass 2M. However, the
vectors are not differentiated from each other (2Mg or 3Mg or N; or Ny). Part (b) earned 2 points for correctly
using conservation of momentum to calculate the speed of the blocks after the collision. Part (c) earned

1 point for a proper expression for the kinetic energy of the two-block system. Part (d) earned 3 points for
using an appropriate approach to a correct solution and having the precise, correct expression for the “D."”
However, because this question was a “Derive” question, the rubric demands that the student show explicit
steps along the way toward the solution and the limits of integration (from 0 to D in the integration) are not
shown. Part (e)(i) earned 2 points for a correct answer and justification. Part (e)(ii) earned 2 points for
indicating that both blocks have the same acceleration and justifying the greater force on the block of

mass 3M. Part (f) earned 1 point for checking the correct box, but the justification does not recognize that the
system has a nonlinear restoring force acting on the two-block system and, therefore, will not exhibit simple
harmonic motion.

Sample: M Q2 B
Score: 8

Part (a) earned 1 point for drawing two vertical vectors on both blocks and differentiating the vectors on the
two blocks; however, there is an extraneous vector on the block of mass 2M. Parts (b) and (c) earned full
credit. Part (d) earned 2 points for using a correct expression for conservation of energy with previous
answers but did not integrate the spring force. Part (e)(i) earned 2 points. Part (e)(ii) earned no credit because
the justification is incorrect, even though the correct box is checked. Part (f) earned no credit.

Sample: M Q2 C
Score: 4

Part (a) earned 1 point for drawing two appropriately vertical vectors on the block of mass 2M. However, the
vectors are not differentiated. Part (b) earned no credit as there is no use of conservation of momentum.

Part (c) earned 1 point for an answer consistent with part (b). Part (d) earned 2 points for using a correct
expression for conservation of energy with previous answers but did not integrate the spring force. Part (e)(i)
earned no credit for an incorrect answer, and the justification is ignored. Part (e)(ii) earned no credit because
the justification is incorrect, even though the correct box is checked. Part (f) earned no credit because the
incorrect box is checked.
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