AP® PHYSICS C - MECHANICS
2014 SCORING GUIDELINES

Question 3

15 points total

(a)

2 points

For using a correct kinematics expression for the vertical motion
2

L o>
= + —
h=0 th

For a correct answer

t =2h/g
3 points

For a statement of conservation of momentum or Newton's third law

pi =Py

For substituting the momentum of the stone into a correct expression for
conservation of momentum

For substituting the momentum of the person-disk system into a correct
expression for conservation of momentum

0 = my, + myv,

0= (%)(vo) + (m + %)v

3w = —Lom
2 20 0
v= -y

30 9

Note: Since the question asks for speed, the negative sign is not needed. There is

no penalty for including it.

3 points

For using a correct expression of Newton's second law with friction as the net

force
f=ma

umg = ma
a=Hug

For correctly substituting the velocity from part (b) and the acceleration into an

appropriate kinematics equation

=L
0= 30 Yo + Hgt

For an answer consistent with part (b)
,
t =2
30ug
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Question 3 (continued)

Distribution
of points
(c) (continued)

Alternate Solution Alternate points

For using a correct expression for impulse and change in momentum, with friction 1 point
as the force

—pumgt = m(v, — vy)

For correct substitutions 1 point

1
—umgt = m|0 — —v,
For an answer consistent with part (b) 1 point
)

t =2

30ug
(d) 4 points

For a statement of conservation of total angular momentum 1 point

Li =L r

L = mrv for linear motion

L = Iw for rotation

For substituting the angular momentum of the stone into a correct expression of 1 point
conservation of angular momentum

For substituting the angular momentum of the person into a correct expression of 1 point
conservation of angular momentum

For substituting the angular momentum of the disk into a correct expression of 1 point

conservation of angular momentum
0 =mgu, + Ipop + 1pop

_(m mR? m 2
0—(20Rvo) ( > w+2Ra)j

2
(ﬂRUO) = (ﬂa) + %szj = mR*w

20 2
m
2
mR
_ Y
" 20R
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Question 3 (continued)

(e) 3 points

For selecting “Less than”

For correctly identifying a decrease in the stone’s angular momentum

For correctly identifying a decrease in the person’s rotational inertia

Example: If the stone is thrown from a point closer to the center of the disk, its
angular momentum around the center of the disk decreases, resulting in a
decrease of the angular momentum gained by the disk/person system. In
addition, the person’s rotational inertia is decreased, which decreases the
rotational inertia of the disk-person system. The effect of this decrease in the
rotational inertia of the person is less than the effect of the decrease in the
angular momentum. Therefore, the disk/person system must have a decrease
in its angular speed.

Example: From angular momentum conservation, we have

Lstone = Ldisk+person
Lstone = (Idisk + Iperson)w
2
_ [ mR m 2
msmnevor = (—2 + ?I" Ja)

where r is the distance of the person from the center of the disk. If r is
decreased from R to R/2, then the stone’s rotational inertia (left-hand-side of

the boxed equation) is reduced to half of its previous value. The person’s
rotational inertia is reduced to one quarter of its previous value, but the
combined disk+person rotational inertia (included in right-hand-side of boxed
equation) is still greater than half of its previous value. Solving for @ therefore
yields a value that is less than it was previously.

Note: If neither the stone nor the person are explicitly mentioned, one point may
still be earned for the justification. If just one of either the stone or person are
explicitly mentioned, both points for the justification may be earned.

Note: Indicating a decrease in the torque is equivalent to indicating a decrease in
the change in angular momentum.
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m/20

Top View

Mech. 3.

A large circular disk of mass m and radius R is initially stationary on a horizontal icy surface. A person of mass
m/2 stands on the edge of the disk. Without slipping on the disk, the person throws a large stone of mass m/20

horizontally at initial speed v, from a height h above the ice in a radial direction, as shown in the figures above.
The coefficient of friction between the disk and the ice is x. All velocities are measured relative to the ground.

The time it takes to throw the stone is negligible. Express all algebraic answers in terms of m, R, vy, h, 1, and
fundamental constants, as appropriate.

(a) Derive an expression for the length of time it will take the stone to strike the ice.
Ax= Nt * 3od™
h= Qs Fat™
e

%’(’ Eh_

(b) Assuming that the disk is free to slide on the ice, derive an expression for the speed of the disk and person
immediately after the stone is thrown. ?i = P; ( WULEIVatAonm @ rWO'MA&MhWM)

Al
O= (N)+ (we e

b= Z500) + 20
;T) \, = _E_(s> Speed o dust ol

)
\ PRLISTA E) Ve
20\

(c) Derive an expression for the time it will take the disk to stop sliding.
Fos - B 0= 35Ve- Myt
(s yoe (=0 Mgt - N

g 4 Ta |
\g = \;- 6k o \ S0M

I

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

GO ON TO THE NEXT PAGE.
-12-

©2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



M3 A2

Top Vlew

The person now stands on a similar disk of mass m and radius R that has a fixed pole through its center so that it
can only rotate on the ice. The person throws the same stone horizontally in a tangential direction at initial speed

vy , as shown in the figure above. The rotational inertia of the disk is mR2/ 2

(d) Derive an expression for the angular speed @ of the disk immediately after the stone is thrown.

L g VW w3
sk M>R’w. Gmerw, s (5w,
0= (%}W(;{) mR “0.
b- Bt w
\A
0k Q W 1

o o Ne
| w > 20 R

(e) The person now stands on the disk at rest R/2 from the center of the disk. The person now throws the
stone horizontally with a speed v, in the same direction as in part (d). Is the angular speed of the disk

immediately after throwing the stone from this new position greater than, less than, or equal to the angular
speed found in part (d) ?

Greater than Less than Equal to

Justify your answer

ST )Z/J + 3 e, » (“)(F‘) We
C?.OX\\ )( Y ) 2fY\Q W, = ’\'(W\Vf\)\)q.
b’ %6’ + /Yﬁ@ \A)z
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M3 B1

Vo

Side View

Top View

Mech. 3.
A large circular disk of mass m and radius R is initially stationary on a horizontal icy surface. A person of mass
m/2 stands on the edge of the disk. Without slipping on the disk, the person throws a large stone of mass m/20
horizontally at initial speed v, from a height  above the ice in a radial direction, as shown in the figures above.
The coefficient of friction between the disk and the ice is . All velocitiés are measured relative to the ground.
The time it takes to throw the stone is negligible. Express all algebraic answers in terms of m, R, v, h, p, and
fundamental constants, as appropriate.

(a) Derive an expression for the length of time it will take the stone to strike the ice.

(b) Assuming that the disk is free to slide on the ice, derive an expression for the speed of the disk and person
immediately after the stone is thrown.

3 M, M _ pRA
hoz 150 Ry 4 05y

el e my,
4" e

-~
20m */0)'! -

(c) Derive an expression for the time it will take the disk to stop sliding:

o5 50 - "L GO ON TO THE NEXT PAGE.
any part of this page Is lllegal. -12-
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M3 B2

Top View

The person now stands on a similar disk of mass m and radius R that has a fixed pole through its center so that it
can only rotate on the ice. The person throws the same stone horizontally in a tangential direction at initial speed

Vg , @s shown in the figure above. The rotational inertia of the disk is mR2/2.

(d) Derive an expression for the angular speed @ of the disk immediately after the stone is thrown.

1) > ST0°
L "
!_f\/!‘ . 28 Bt
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P a}
[0R*

(e) The person now stands on the disk at rest R/2 from the center of the disk. The person now throws the
stone horizontally with a speed v, in the same direction as in part (d). Is the angular speed of the disk

immediately after throwing the stone from this new position greater than, less than, or equal to the angular
speed found in part (d) ?

Greater than Less than Equal to

Justify your answer.

%rzue /rN(i\ Y ono k}‘f’ /0»’7&& : (s //’4« v w(,o,
n\c /‘K"\U 9 7)’(1{(/('2'1:: KXP), SMH ,{ 7% C«?l 2 Aq/f/p
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M3 C1

Yo

m/20
Side View

Top View

Mech. 3.

A large circular disk of mass m and radius R is initially stationary on a horizontal icy surface. A person of mass
m/2 stands on the edge of the disk. Without slipping on the disk, the person throws a large stone of mass m/20
horizontally at initial speed v, from a height h above the ice in a radial direction, as shown in the figures above.
The coefficient of friction between the disk and the ice is y. All velocities are measured relative to the ground.
The time it takes to throw the stone is negligible. Express all algebraic answers in terms of m, R, v, h, 4, and
fundamental constants, as appropriate.

(a) Derive an expression for the length of time it will take the stone to strike the ice.

’rr7

(b) Assuming that the disk is free to slide on the ice, derive an expression for the speed of the disk and person
immediately after the stone is thrown.

(c) Derive an expression for the tinfe it will take the disk to stop sliding.
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M3 C2

Top View

The person.now stands on a similar disk of mass m and radius R that has a fixed pole through its center so that it
can only rotate on the ice. The person throws the same stone horizontally in a tangential direction at initial speed

vy , as shown in the figure above. The rotational inertia of the disk is mRz/ 2.

(d) Derive an expression for the angular speed @ of the disk immediately after the stone is thrown.
2
%Z:x P %/ a2 (BE2 Eosw,
M@ 2
sy g
oy 2
Q >

(e) The person now stands on the disk at rest R/2 from the center of the disk. The person now throws the
stone horizontally with a speed v, in the same direction as in part (d). Is the angular speed of the disk

immediately after throwing the stone from this new position greater than, less than, or equal to the angular
speed found in part (d) ?

W =

Greater than Less than % Equal to

Justify your answer.
A ﬂgu\q‘ GQ@Qd A0eS oo mcr“@ RNY

S a-y S the Felyel o e

lUmuthorlzod copylng or reuse of GO ON TO THE NEXT PAGE.

any part of this page Is lllegal. -13-

©2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® PHYSICS C: MECHANICS
2014 SCORING COMMENTARY

Question 3
Overview
This question dealt with interactions between two objects and the related conservation of linear and
angular momentum. It also included aspects of projectile motion, friction, and moment of inertia.
Sample: M3 A
Score: 15
This response earned full credit. Part (e) uses a mathematical justification.
Sample: M3 B
Score: 10
The first three parts earned full credit. Part (d) uses energy instead of angular momentum and earned no
credit. Part (e) does not mention the rotational inertia of the person, so it earned only 2 points.
Sample: M3 C
Score: 6
Part (a) earned 1 point for a correct expression for the vertical motion but made a mistake in solving for the
time. Part (b) lost 1 point because the momentum of the stone was not correct. Part (c) earned full credit,

since the previous incorrect answer was used correctly. Part (d) uses energy instead of angular momentum
and earned no credit. Part (e) also earned no credit.
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