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 2

10 points total

(a)

(b)

(©)

2 points

For a statement that shows the conservation of energy for the large sphere

3MgH = %(3M)v§

For a correct answer (or equivalent expression for vj,)

Alternate solution

For using a proper kinematic approach
UJ% U% + 2aAy

vﬁ =2gH

For a correct answer

2 points
For stating or showing the conservation of momentum applied to the collision

mvy; + My, = MUy + My, ¢

For stating or showing that the spheres are initially traveling in opposite directions

2vu, = 3v; + vy
1 point

Substituting the given zero value into the answer from part (b)
2u, =3, + vg

2u, =0+ vy

For a correct answer
vy = 2y,
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(d)

(e)
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Question 2 (continued)

3 points

For any correct attempt to compare total kinetic energy before the collision to total
kinetic energy after the collision
Ki =Ky, +Ky and K, =Ky + Ky,

For correct substitutions of v, the expression for vg from part (c), and the correct
masses in the kinetic energy terms

K, = 2(3M)(1,)° + 2(M)(-,)" = 20123
K, = %(M)(2vb)2 = 2Mv?

For correctly stating that the collision is elastic (or inelastic if consistent with the
comparison of initial and final kinetic energies)

2 points

For a statement of conservation of energy for ball M as it rises to the new height /

Mgh = %MU?
2
Lyl 4 2(2A)
2g 2g g

For a correct answer consistent with the expression for v, obtained in part (a)
h=4H
Alternate solution
For using a correct kinematic approach to solve for maximum height of ball M
U?‘ = Ug + 2aAy
vy = vg = 2v, = 2y2gH
2
0=(2(y2gH))" - 2gh

For a correct answer consistent with the expression forv, obtained in part (a)
h=4H

Note: Both points are awarded for any correctly determined value of 4 without any
written justification.

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

Distribution
of points

1 point

1 point

1 point

1 point

1 point

Alternate points

1 point

1 point



B2-A

g T

H
__________________ @
v}
S Before Immediately After
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2. (10 points)

A small and a large sphere, of mass M and 3M respectively, are arranged as, shown on the left side of the figum
above. The spheres are then simultaneously dropped from rest. When the large sphere strikes the floor, the
spheres have fallen a height H. Assume air resistance is negligible. Express all answers in terms of M, H, and
fundamental constants, as appropriate. :

(2) Derive an expression for the speed v;” with which the large sphere strikes the floor.

énu/ ot Cvnwm{’a ol Loy -;E"";@T]yﬁou

O .
ST e pl sl Mo« 7
Immediately after striking the fl arge sphere is moving upward wnm% v, and obllides head-on with

the small sphere, which is moving downward with identical speed v, at that instant. Inmediately after the
collision, the small sphere moves upward with speed vg and the large sphere has speed v .

(b) Derive an equation that relates v, , vg, and vy . .
by th Law of Goserskin of Mored Zg{’cf@wnétfoﬂf%\?.
[ L Ap=Zp

(,DD MV]:, "'-'"gM\(b """M\(_q"-"gﬂ\/l,-.
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In this particular situation v; = 0. B2-A
(c) Use your relationship from part (b) to determme the speed of the small sphere in terms of v, . ;\ 0 7L ;\
Q
-J)M\fﬁ “MV}
Vg2 ?/V.b //
R o) -
6o Tk 5f9€0p @%fm//-f/ﬂﬁém s Q.

(d) Indicate whether the collision is elastic. Justify your answer using your results from parts (b) and (c).

46»//?"% R closhr if Mﬂmé, A f&{%/,é,agf-a ered/ N congesed _
obantre oMo’ Erz K cth~ ZMvﬁ-r Grﬂvb = 2va1//
e bo wlive Br'= &mr’ws HOOVE = M e )

| °.° .=z F .
| 0o //fco//f/m Ze%/c

(e) Determine the height 4 that the small sphcre rises above 1ts lowest position, m terms of the original height H.

fon o v[Gﬂmew/ﬁaw ot £ We Vit aqaﬁ’“;iéﬁ

7’4#15’“‘ Maoh
From (a), v 5#, 5 Lo a50me beromes .
2 g ) =M
=41/
So %{M//,rfémﬁb Mﬂgm@,\@wf@ﬁm

iy pars of e page o ogat | GO ON TO THE NEXT PAGE.
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Strikes Floor
2. (10 points)

A small and a large sphere, of mass M and 3M respectively, are arranged as shown on the left side of the figure
above. The spheres are then simultaneously dropped from rest. When the large sphere strikes the floor, the

. spheres have fallen a height H. Assume air resistance is negligible. Express all answers in terms of M, H, and
fundamental constants, as appropriate.

(a) Derive an expression for the speed v, with which the large sphere strikes the floor.
(&

(O,

Immediately after striking the floor, the large sphere is moving upward with speed v, and collides head-on with
the small sphere, which is moving downward with identical speed v,, at that instant. Immediately after the
collision, the small sphere moves upward with speed vg and the large sphere has speed vy .

(b) Derive an equation that relaLtJes vy, Ug,and vy .
Y

-

J
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In this particular situation v; = 0. : B2-B
(c) Use your relationship from part (b) to determine the speed of the small sphere in terms of v, . 1 ﬂ% ;

U, +0 = V%
\js e —va

-~

(d) Indicate whether the collision is elastic. Justify your answer using your results from parts (b) and (c).
The La((bmu., S elagtice becaWize LD‘FL\_
‘L'-'*“.S A’ %G(fkm“"; Lz'@% o 0‘{3{‘?-( Ale
Co{l.)l-\o-\ “k L e o Leloeltrs , oy

th_bMM 1\\ 5 GUH.O( (& VJ #vs ZLV!- Qb {"L
S wot eleshe, |

(e) Determine the height k that the small sphere rises above its lowest position, in terms of the original height H.
2 © '
VU= U kg V,2 = 5 429+
i
@s - Vb“) Yy

v of this 1po T ihogal. " GO ON TO THE NEXT PAGE.

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



@ B2-C

ETEE [ 0f 2

H
__________________ @ |
v}
T
Before ~ Ifmmediately After
Release Large Sphere

Strikes Floor
2. (10 points)

A small and a large sphere, of mass M and 3M respectively, are arranged as shown on the left side of the figure
above.. The spheres are then simultaneously dropped from rest. When the large sphere strikes the floor, the
spheres have fallen a height H. Assume air resistance is negligible. Express all answers in terms of M, H, and
fundamental constants, as appropriate.

(a) Derive an expression for the speed v, with which the large sphere strikes the floor.

Vo= U +lgH w20 Ves Lo W

Immediately after striking the floor, the large sphere is moving upward with speed v, and collides head-on with
the small sphere, which is moving downward with identical speed v,, at that instant. Immediatély after the
collision, the small sphere moves upward with speed vg and the large sphere has speed v, .

(b) Derive an equation that relates v, , vg, and v; .

v = MY

T3 ) = d

(Zaa) () + (HLo0) =@ » (e
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In this particular situation v, = 0. B2-C

(c) Use your relationship from part (b) to determine the speed of the small sphere in terms of v, . 172 % Z-

Ug = M- ue Us = 4 Vo

(d) Indicate whether the collision is elastic. Justify your answer using your results from parts (b) and (c).
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(e) Determine the height  that the small sphere rises above its lowest position, in terms of the original height H.

Vi= va v = O.z A‘:? o= PLe ko

&
Onls = Ve * '2}‘5
A= Ve Uy = 2 o1
2y
Ly
2y
any part of this pege s legals GO ON TO THE NEXT PAGE.
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Question 2
Overview

This question assessed students’ understanding of conservation of energy and conservation of momentum
in the contexts of free fall and collision. Students were asked to calculate various velocities and a final
height of rebound for one of the balls involved. They were also asked to determine the type of collision by
considering the energy changes.

Sample: B2-A
Score: 10

This is a good example of a response that demonstrates understanding of each item in the scoring
guidelines; it earned all 10 points. In parts (b) and (c) the student provides a correct statement of
momentum and final value for the ball's speed. Notice that in part (b) no point was lost for not reducing the
expression.

Sample: B2-B
Score: 6

Both points were earned in part (a). Two points were also earned in part (b), even though the student
makes an erroneous statement of conservation of momentum (the masses are incorrect on the right-hand
side of the equation). Note that the scoring guidelines are not based on a correct final statement of
conservation of momentum; rather, 1 point is awarded for any statement of conservation of momentum in
the collision, and 1 point is awarded for showing that the 3M and the M balls are moving in opposite
directions at impact. This response satisfies both of those statements. In part (c) the answer point was
earned (notice that the error in the student’s momentum statement does not change the student’s final

answer for Vg ). No points were earned in part (d), as the student tries to base the definition of elastic on

the balls being “separate before and after the collision.” In part (e) 1 point was earned for attempting a
kinematics approach.

Sample: B2-C
Score: 1

No points were awarded in part (a): the student provides neither a correct energy statement nor a correct
kinematic statement. In part (b) 1 point was earned for a statement of conservation of momentum, but it
does not indicate that the balls are moving in opposite directions before the collision. No points were
earned in part (c). In part (d) the student shows an understanding of the textbook definition of elastic but
makes no attempt to compare total kinetic energies and justifies an elastic collision by using the results
from parts (a) and (c); therefore, this answer does not satisfy the scoring guidelines for part (d) and earned
no points. No credit was earned in part (e). Notice that the student writes an incorrect kinematic
relationship.
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