AP® PHYSICS
2012 SCORING GUIDELINES

General Notes About 2012 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded in
part (b). One exception to this practice may occur in cases where the numerical answer to a later part
should easily be recognized as wrong, for example, a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if the use of an equation
expressing a particular concept is worth 1 point, and a student's solution contains the application of
that equation to the problem but the student does not write the basic equation, the point is still
awarded. However, when students are asked to derive an expression, it is normally expected that they
will begin by writing one or more fundamental equations, such as those given on the AP Physics Exam
equation sheets. For a description of the use of such terms as “derive” and “calculate” on the exams,
and what is expected for each, see “The Free-Response Sections — Student Presentation” in the AP
Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s , but use of

10 m/ s? is of course also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases answers containing too many digits may be penalized. In general, two to four significant digits
are acceptable. Numerical answers that differ from the published answer owing to differences in
rounding throughout the question typically receive full credit. Exceptions to these guidelines usually
occur when rounding makes a difference in obtaining a reasonable answer. For example, suppose a
solution requires subtracting two numbers that should have five significant figures and that differ
starting with the fourth digit (e.g., 20.295 and 20.278). Rounding to three digits will eliminate the level
of accuracy required to determine the difference in the numbers, and some credit may be lost.
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Question 3

15 points total

(a)

i. 3 points

For starting with Newton’s second law for translation, with friction as the net force
XF =—f=Ma

For a correct expression for the frictional force
J=puMg

For indicating that linear acceleration is the time derivative of velocity
v

dt
dv

PR
ii. 3 points
For starting with Newton’s second law for rotation, with a correct substitution for the
rotational inertia
7= MR*a
For a correct expression for the torque, using the frictional force
T = uMgR

For indicating that the angular acceleration is the time derivative of the angular velocity
o = de
dt

do _ pg
dt R

(b)

i. 2 points

For setting up the integral of the function determined in part (a)-i

Y dv = j’ dt
L dv =] ue

For the correct answer
V= v, — ugt

Alternate solution

For a clear substitution of the acceleration from part (a)-i into the kinematics equation
a=-ug
V= UO + at

For the correct answer
v =1, — ugt
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(b)

(©)

(d)

ii.

AP® PHYSICS C: MECHANICS
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Question 3 (continued)

continued
2 points

For setting up the integral of the function determined in part (a)-ii
[0] 13

JO do = Io(ﬂg/R)df

For the correct answer

o = ugt/R

Alternate solution

For a clear substitution of the angular acceleration from part (a)-ii into the correct
rotational kinematics equation

_ M8
=R
0=, +at

For the correct answer
o = ugt/R

2 points

For indicating that the linear speed is equal to Re when the slipping stops
V= Ro

ugt
— t = R| &=
Yy — U8 (R)

For the correct answer
_ Y

t =
2ug

1 point

For substituting the time found in part (¢) into a correct kinematics equation
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Question 3 (continued)

(e) 2 points

For setting up the integral of the velocity function determined in part (b)-i

t
L= jo(vo — vgt)dt

For the correct answer, with correct supporting work
U,

L= l:vot — l,ugtz:|2”g
2 0

Y
8ug

Alternate solution #1

For substituting the velocity from part (d) and the acceleration from part (a)-i into a
correct equation that solves for L

v = vg + 2aAx
o 2
2
(70) = vy +2(-ug)L

For the correct answer, with correct supporting work
3
8ug

Alternate solution #2

For substituting the velocity from part (d) and the acceleration from part (a)-i into a
correct equation that solves for L

Note: The time determined in part (c) must also be substituted.

Ax = vyt + %atz

2
) 1 ,
cen(i) o
0(2ug 21N 28
For the correct answer, with correct supporting work
3113

8ug
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M3-A

Sliding Only Sliding and Rotating Rotating with No Sliding
PN PR / ﬂ/l ?“\’
Yo I ‘t / \
i — { —
“\,. _o" “\‘ _o"
pP——L—

f+——No Friction———=f—— Friction with Coefficient z —
t=0

Mech. 3.

A ring of mass M, radius R, and rotational inertia MR? is initially sliding on a frictionless surface at constant
velocity v, to the right, as shown above. At time ¢ = 0 it encounters a surface with coefficient of friction # and
begins sliding and rotating. After traveling a distance L, the ring begins rolling without sliding. Express all
answers to the following in terms of M, R, v,, 1, and fundamental constants, as appropriate.

(a) Starting from Newton’s second law in either translational or rotational form, as appropriate, derive a
differential equation that can be used to solve for the magnitude of the following as the ring is sliding a+d
rotating.

i. The linear velocity v of the ring as a function of time ¢

.

(b) Derive an expression for the magnitude of the following as the ring is sliding and rotating.

i. The linear velocity v of the ring as a function of time ¢

s [0 me
[

V= '&43+ * Vg

ii. The angular velocity @ of the ring as a function of time ¢

‘w dw = I*J‘“J
o k=1

Pnamhodud copying or reuse of
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M3-A

Al

(c) Derive an expression for the time it takes the ring to travel the distance L.

~
@ L NZ W 590 w= u='4“"3“*“‘b
w ) 2 “fi )
N -
R B A LT
v: mg Jugt = Vo
(d) Derive an expression for the magnitude of the velocity of the ring immi ter it has traveled the

distance L.

(e) Derive an expression for the distance L.

\
\lD:Vb \'x: -2\10

N = No ¥y 249 x

Unauthorized copying or reuse of
any part of this page is lllegal. J GO ON TO THE NEXT PAGE.
11-

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



M3-B

Sliding Only Sliding and Rotating Rotating with No Sliding

R ~ R ~ / 6? L
UU o " \‘ '! \‘
{ -_r { -_—t
3, / ) /
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N S -’ ;
e |
I L I

f———No Friction———=—— Friction with Coefficient 2 —|
- t=0 '

Mech. 3.

A ring of mass M, radius R, and rotational inertia MR? is initially sliding on a frictionless surface at constant
velocity v, to the right, as shown above. At time ¢ = 0 it encounters a surface with coefficient of friction x and

begins sliding and rotating. After traveling a distance L, the ring begins rolling without sliding. Express all
answers to the following in terms of M, R, v, #, and fundamental constants, as appropriate.

(a) Starting from Newton’s second law in either translational or rotational form, as appropriate, derive a
differential equation that can be used to solve for the magnitude of the following as the ring ib sliding and
rotafi E—L

i. The linear velocity v of the ring as a function of time ¢ ‘ ‘jj; ,(,J\]
S Mo M%lt j_uum faang

ii. The angular velocity @ of the ring as a func 10

T-1w uMgR-_MA%de
U= x+ = ‘YQ: M\QZ’%% - '

(b) Derive an expression for the magnitude of the following as the ring is sliding and rotating;i

i. The linear velocity v of the ring as a function of time #
Av de
M

J.LO)

ii. The angular velocity @ of the ring as a function of time ¢

W Mg odes  watW o\l
whl eV

Ao ~ }Asfdl—g_—‘ !w—%—-
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(c) Derive an expression for the time it takes the ring to travel the distance L.

Ca 4%“\-6“?- tjlu‘t‘n_‘.—, \f(;t’)
Q- Xo=0

x(lr')'—EVUfS ok “’X(ﬂwif‘rﬁ— + ¥

s

(d) Derive an expression for the magnitude of the velocity of the ring immediately after it has traveledthe "~

distance L. | . | @_, VL ,\]T%% D/

N
TS -

Ao e

(e) Derive an expression for the distance L. \ ;L-FV o T 4aAa &K
a L-‘-/b(./s - VOL-\ Mg —
Y L= Vo
} _ _.

I\ L= =2

e —————

Lty |
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M3-C

Sliding Only Sliding and Rotating Rotating with No Sliding
) oz
Yo ! 5 r 5
Ay nal Wy s
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ST, Ve n”
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X

e
f———No Friction———=}=—— Friction with Coefficient z —1
t=0

Mech. 3.

A ring of mass M, radius R, and rotational inertia MR? is initially sliding on a frictionless surface at constant
velocity v, to the right, as shown above. At time ¢ = 0 it encounters a surface with coefficient of friction z and

begins sliding and rotating. After traveling a distance L, the ring begins rolling without sliding. Express all
answers to the following in terms of M, R, v, u, and fundamental constants, as appropriate.

(a) Starting from Newton’s second law in either translational or rotational form, as appropriate, derive a
differential equation that can be used to solve for the magnitude of the following as the ring is sliding and
rotating.

i. The linear velocity v of the ring as a function of time ¢

F-0- Mm
d)( =N ml F=ma 3

Mg =ma a=Mg
ii. The angular velocity @ of the ring as a function of time ¢

dQ, = Lo PR PR
- (ﬂmdcf m:d op

ot = _’P'_.
T HA
(b) Derive an expression for the magnitude of the following as the ring is sliding and rotating.
i. The linear velocity v of the ring as a function of time ¢ ‘
\’-{'— = T +
No 7 & mIC=mle r mle* s
ii. The angular velocity @ of the ring as a function of time ¢
We= Werad  yadle = radC” + vad lv* <
Unauthorized copylng or reuse of
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M3-C

(c) Derive an expression for the time it takes the ring to travel the distance L. ; [’% ﬂ

(W&‘- : wo*ob'f)f
Vip \LO*CLI-]—

(G EN

\k 3\10T6{+ = \J+O

\)H’ = Vo 1'-0:"' +O»;+

(d) Derive an expression for the magnitude of the velocity of the ring immediately after it has traveled the

distance L. |
(wes Coc,+ob+\r‘
\g = Vo ¥ OF
o = Vp-af

(e) Derive an expression for the distance L.

\ng:\y-‘l y LGAN
Ne? v, *

AX = 1o
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Question 3
Overview

This question assessed students’ understanding of slipping and rolling motion caused by a frictional force
applying a torque. It required students to evaluate both the linear motion and the rotational motion of a
hoop moving across a level surface.

Sample: M3-A
Score: 15

This response earned full credit. It is an excellent example of the strongest solutions. The work is well
organized and easy to follow.

Sample: M3-B
Score: 9

This response earned full credit in part (a)-i, even though the acceleration is shown as positive. This error will
be addressed in later parts, unless it is corrected there. Full credit was earned in part (a)-ii. One point was
earned in part (b)-i for setting up the integral, but the second point was lost for not including the initial
velocity. In part (b)-ii full credit was awarded. No credit was earned in part (c), because the student does not
indicate that v = Rw . In part (d) no points were earned, because no clear equation is used. No credit was
received in part (e), despite the use of a valid kinematic equation. The student incorrectly substitutes a
positive acceleration; this is where the sign of the acceleration was taken into account.

Sample: M3-C
Score: 4

Four points were earned in part (a); 2 points were forfeited for not expressing a or « as a derivative. No credit
was received in part (b). Even though valid equations are provided, the student does not properly make
substitutions into them. No points were earned in parts (c), (d), and (e). Part (e) shows a valid equation, but
again, no substitutions are made.
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