AP® PHYSICS
2011 SCORING GUIDELINES

General Notes About 2011 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 earned.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally earn credit. For example, if use of the equation expressing a
particular concept is worth one 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 earned.
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
sheet. 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 rn/ s? , but use of

10 m/ s? is 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 due to differences in
rounding throughout the question typically earn 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 lose the accuracy
required to determine the difference in the numbers, and some credit may be lost.
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Question 2

15 points total Distribution

(a)

(b)

(©)

of points
2 points

For either a weight force or a normal force, correctly drawn and labeled 1 point
For the second correct force and no additional forces, arrows or components 1 point

1 point

For a correct expression for the centripetal force in terms of the forces drawn in part (a) 1 point
For the example above:

F. = Fy — Mgsin6

Alternate Solution Alternate points

Applying conservation of energy, with the loss of potential energy equal to the kinetic
energy at point C

Mg Ah = Mv2 /2

Ué =2gAh

Ah = 3R/4 + Rsin@

ve = 2g(3R/4 + Rsin6)

F, = Mv/R

F, = M(2g(3R/4 + Rsin0))/R

For a correct answer 1 point
F. =2Mg(3/4 + sin0)

2 points

For applying conservation of energy, with the loss of potential energy equal to the 1 point
kinetic energy at point D

Mg Ah = MV} [2

v} = 2g Ah

Ah =3R/4+ R = TR/4
vp = 2¢(7R/4)

For a correct answer 1 point

vp = (7/2)gR
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AP® PHYSICS C: MECHANICS
2011 SCORING GUIDELINES

Question 2 (continued)
Distribution
of points
3 points

Work-energy approach
For equating the work done by the friction force to the kinetic energy of the 1 point
compartment at point D

1 2
W= AK =0 -5 Muj,

For a correct expression for the frictional force 1 point
f =uN = uMg
W = FeAr = fdcos180 = —(uMg)d
1
(uMg)d = - Mvj,
For substituting the expression for v;, from part (c), and d = 3R 1 point

1, (7
(uMg)3R = =M (EgR)

_1(7
3“‘2(2)

u="17/12
Note: Full credit is also earned for setting the initial potential energy at point 4,

U, =mg (%) , equal to the work done by the frictional force, and solving for u.

Alternate solution Alternate points
For using both Newton’s second law and a correct kinematics equation 1 point
F , = ma

net
v?- - vi2 = 2ad

For a correct expression for the frictional force 1 point
f =uN = uMg

—uMg = Ma

a=—Hg

Substituting for @, and the final and initial speeds in the kinematic equation

—vp = 2(-pg)d

For substituting the expression for v,, from part (c), and d = 3R 1 point

7
>8R = 2(ug)3R
u="17/12

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.




(©)

ii.

iii.

AP® PHYSICS C: MECHANICS
2011 SCORING GUIDELINES

Question 2 (continued)

2 points

XF = ma

For substituting the braking force into Newton’s second law as the net force
For substituting the time derivative of velocity for the acceleration

—kv = M (dv/dt)

2 points

For separating the variables and integrating
dv/v = —(k/M)dt
t

T dvfv = =(k/M) [ di

vp 0

1nv|ZD = —(k/M)t

Inv - Inv,, = In(v/vy) = —(k/M)t
U/UD = e_k’/M

For a correct expression for the velocity as a function of time

_ —kt|M
V= ’UDe

3 points

Magnitude of
Acceleration

Vek
M

asﬁmvl'bh

0o Time

Taking the derivative of the equation for v from part (e) ii
a = dv/di = d(vpe™™) [dr = =(k/M)vpe ™M
Att=0,a=-kv,/M

For a graph with a finite intercept on the vertical axis
For a graph that is concave upward and asymptotic to zero
For labeling the initial acceleration with the correct value
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Distribution
of points

1 point
1 point

1 point

1 point

1 point
1 point
1 point



M2A p1

Passenger
Compartment

¥
3R/4

F 3R {

Mech. 2.

An amusement park ride features a passenger compartment of mass M that is released from rest at point A, as
shown in the figure above, and moves along a track to point E. The compartment is in free fall between points A
and B, which are a distance of 3R/4 apart, then moves along the circular arc of radius R between points B and D.

Assume the track is frictionless from point A to point D and the dimensions of the passenger compartment are
negligible compared to R.

(a) On the dot below that represents the passenger compartment, draw and label the forces (not components) that
act on the passenger compartment when it is at point C, which is at an angle é from point B.

\ K%

\ % %

My

(b) Interms of @ and the magnitudes of the forces drawn in part (a), determine an expression for the magnitude of
the centripetal force acting on the compartment at point C. If you need to draw anything besides what you have
shown in part (a) to assist in your solution, use the space below. Do NOT add anything to the figure in part (a).

By Conservadson of €00y @ \uton, 1 Law
e !
¥ N ‘LU,?/KE* Ye

e Moo [(Fem W Macse]

(c) Derive an expression for the speed vj, of the passenger compartment as it reaches point D in terms of M, R,
and fundamental constants, as appropriate.

B\‘ C ongervotion of ﬁf\&ﬂ?ﬁ,
kh*wn’ ¥b+ Uﬁ
l L
ﬂﬁ%—’: 5 M,
voe | 9

D LT

GO ON TO THE NEXT PAGE.
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A force acts on the compartment between points D and E and brings it to rest at point E. M 2 A pz

(d) If the compartment is brought to rest by friction, calculate the numerical value of the coefficient of friction u
between the compartment and the track. e ond
etween the compartment and the track. B\ gq hun's 2 L&.w!

fr=ta ~UMy=ea oo ~UY
By Wheor, congtant acceeralion inemokics V' 20y
o "\/‘DL':: LU (3R)
“19%3 - GU9R

(e) Now consider the case in which there is no friction befween the compartment and the track, but instead the
compartment is brought to rest by a braking force —kv, where k is a constant and v is the velocity of the

compartment. Express all algebraic answers to the fallowing in terms of M, R, k, vj,, and fundamental
constants, as appropriate.

i, Write, but do NOT solve, the differential equation for v(t). B, Newrlof's A (ay,
) J

) dﬁ/—: — kv

ii. Solve the differential equation you wrote in part i.

C%/ - - }J\_f\% Solwng, 7 { e tf abal condilions, we 4

[y -k gy 'vtt):'\fbef’“%

-~y
ak t?—Ol V= V&)

iii. On the axes below, sketch a graph of the magnitude of the acceleration of the compartment as a function of
time. On the axes, explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or
algebraic expressions, as appropriate.

Magnitude of
Acceleration
A

[

1)

0 Time

Ag ‘ol "
wnebobcally  approachy %GOO ON TO THE NEXT PAGE.
-7-
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M2B p1
Passenger

,~~ Compartment
—-A

'f
3R/4
i

Mech. 2,

An amusement park ride features a passenger compartment of mass M that is released from rest at point A, as
shown in the figure above, and moves along a frack to point E. The compartment is in free fall between points A
and B, which are a distance of 3R/4 apart, then moves along the circular arc of radius R between points B and D.

Assume the track is frictionless from point A to point D and the dimensions of the passenger compartment are
negligible compared to R.

(a) On the dot below that represents the passenger compartment, draw and label the forces (not components) that
act on the passenger compartment when it is at point C, which is at an angle € from point B.

\ =
o A

IR
ol \
(b) Interms of @ and the magnitudes of the forces drawn'in part (a), determine an expression for the magnitude of

the centripetal force acting on the compartment at point C. If you need to draw anything besides what you have
shown in part (a) to assist in your solution, use the space below. Do NOT add anything to the figure in part (a).

FC = @"2‘ F‘-‘—‘ m(\
A g,

(¢) Derive an expression for the speed v, of the passenger compartment as it reaches point D in terms of M, R,

Q€ =¥t

GO ON TO THE NEXT PAGE.
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A force acts on the compartment between points D and E and brings it to rest at point E. M 2 B p2

(d) If the compartment is brought to rest by friction, calculate the numerical value of the coefficient of friction u
between the compartment and the track. V(—‘Z-*-\ff.% Zﬂb
SF= 144168

- = 0% L Q03
oI T

1 =GR

2.
\’2. _73.': (,\
2
(e) Now consider the case in which there is no friction between the compartment and the track, but instead the
compartment is brought to rest by a braking force —kv, where k is a constant and v is the velocity of the
compartment. Express all algebraic answers to the following in terms of M, R, k, vj,, and fundamental

constants, as 'appropﬁaite.

i. Write, but do NOT solve, the differential equation for v(t).

S$E=0n0
-V =ndy
at
ii. Solve the differential equation you write in part . w \ ¥o) :_j‘fgzﬂ
g e = N[
™ d <t 1&-3:‘_— =t vy
= \\ /‘ -_ﬂ\ = -_El/..— 7 6 =

be-potg) R

iii. On the axes below, sketch a graph of the magnitude of the acceleration of the compartment as a function of

time. On the axes, explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or
algebraic expressions, as appropriate.

Magnitude of
Acceleration
)

(4] Time

GO ON TO THE NEXT PAGE.
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M2C p1

Passenger
Compartment

T
3R/4
i

i3

[ 3R

Mech. 2.

An amusement park ride features a passenger compartment of mass M that is released from rest at point A, as
shown in the figure above, and moves along a track to point E. The compartment is in free fall between points A
and B, which are a distance of 3R/4 apart, then moves along the circular arc of radius' R between points B and D.

Assume the track is frictionless from point A to point D and the dimensions of the passenger compartment are
negligible compared to R.

(a) On the dot below that represents the passenger compartment, draw and label the forces (not components) that
act on the passenger compartment when it is at point C, which is at an angle 6 from point B.

N\ e

Fu

™9
(b) In terms of @ and the magnitudes of the forces drawn in part (a), determine an expression for the magnitude of

the centripetal force acting on the compartment at point C. If you need to draw anything besides what you have
shown in part (a) to assist in your solution, use the space below. Do NOT add anything to the figure in part (a).

F -

(c) Derive an expression for the speed vy, of the passenger compartment as it reaches point D in terms of M, R,
and fundamental constants, as appropriate.

_ : l
Eo'#EF ) mﬂ\ = amv,
s g %

C o Lh r R
- ZR_ VO-: %9
=9

-6

pE R 4p — P
b ERET

GO ON TO THE NEXT PAGE.
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A force acts on the compartment between points D and E and brings it to rest at point E. M 2 C p2

(d) If the compartment is brought to rest by friction, calculate the numerical value of the coefficient of friction y
between the compartment and the track. -7 L
P V"=V 7 ralx

W) g T ok
SR ) 6R

(e) Now consider the case in which there is no friction between the compartment and the track, but instead the
compartment is brought to rest by a braking force —kv, where k is a constant and v is the velocity of the

compartment. Express all algebraic answers to the following in terms of M, R, k, vy, and fundamental
constants, as appropriate.

i. Write, But do NOT solve, the differential equation for v(r). - kl/ = INA
vV = kv _ kv
W = - A= o

ii. Solve the differential equation you wrote in part i.

= -k
W= )¢

V=

iii. On the axes below, sketch a graph of the magnitude of the acceleration of the compartment as a function of
time. On the axes, explicitly label any intercepts, asymptotes, maxima, or minima with numerical values or
algebraic expressions, as appropriate.

Magnitude of
Acceleration

11

o Time

GO ON TO THE NEXT PAGE.
-7= -~
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AP® PHYSICS C: MECHANICS
2011 SCORING COMMENTARY

Question 2
Overview

This question assessed students’ understanding of conservation of energy, circular motion in a vertical
plane, work done by a constant retarding force, and velocity and acceleration of a particle under the
influence of a variable retarding force.

Sample: M2A
Score: 14

The response earned full credit on part (a). No credit was earned in part (b) because the student uses the
wrong component of gravity in the centripetal force. Full credit was earned in parts (c) through (e). The
student labels the asymptote in part (e) iii. Although the question did not require this, it is good practice and
should be encouraged.

Sample: M2B
Score: 11

The response earned full credit for parts (a) and (c), but no credit for part (b). Full credit was also earned for
part (d); note the Newton's law and kinematics approach used. The response also earned full credit for

parts (e) i and (e) ii. Note that the student uses the expression for v, from part (c) in the v(#) function.
This was accepted because it is in terms of the variables listed. No credit was earned for the graph in part (e) iii.

Sample: M2C
Score: 6

Part (a) earned 1 point. Two correct forces are shown, but because the extra force F . is included incorrectly,

credit for the second correct force was not earned. No credit was earned for part (b). The response earned
2 points for part (c). Part (d) earned 1 point for combining kinematics and Newton's law. The velocity from
part (c) is not substituted and the friction force is not present; therefore those points were not earned. The
response earned 2 points for part (e) 1 but no points for parts (e) ii and (e) iii.
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