AP® PHYSICS B
2014 SCORING GUIDELINES

Question 1

15 points total

(a)

3 points

For showing a parabolic path from point C that is tangent to the arc at C
For a maximum height of the parabolic path that is lower than point D
For showing the person traveling straight downward from point D

Note: the two paths may, but need not, cross each other.

2 points

For using the gravitational potential energy equation
AU, = mgh = (50 kg)(9.8 m/sz)(4.1 m)
For a correct answer
— ; _ 2
AU, =20107J (or 2050 J using g = 10 m/s)

3 points

For using an expression of conservation of energy

mgh, = mgh, + %mv2

For correctly substituting values
1 2

gh = ghy + SV

v=2¢g(h —hy)

v = \/2(9.8 m/sz)(4.l m — 2.4 m)

For a correct answer
v=58m/s
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AP® PHYSICS B
2014 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points

(d) 3 points

For using a correct expression to solve for the time of fall 1 point

Ay = vyt + %atz

For correctly solving for the time of fall 1 point

Ay = %at2

‘= 2Ay

a
‘= 2(2.4 m)
(9.8 m/ sz)

t =0.70s (or0.69 susing g =10 m/s2)

In the horizontal direction, the acceleration is zero.

R=v,1

For substituting the speed from part (c) into the constant-velocity equation for 1 point

horizontal motion

R = (5.8 m/s)(0.70 s)

R =4.1m (or 4.0 m using either unrounded speed of 5.77 m/s or g = 10 m/sz)
Units 1 point

For correct units in the calculated answers to parts (b), (c), and (d) 1 point
(e) 3 points

For selecting “p- < pg” 1 point

For any indication that the speed at C'is less than the speed at B 1 point

For an explanation of why the speed decreases from B to C, which includes the 1 point

following or equivalent statements:
by conservation of energy: U increases as the person moves from B to C,
therefore K decreases, resulting in a decrease in speed
OR
gravitational force opposes motion as the person moves from B to C,
which results in a negative acceleration and a decrease in speed
OR
by the impulse-momentum theorem: momentum decreases because the
force of gravity provides impulse opposing the motion of the person
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PHYSICS B
SECTION II
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested times
are about 17 minutes for answering each of Questions 1 and 5, and about 11-minutes for answering each of
Questions 2-4 and 6-7. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part.

Water Surface

1. (15 points)

Starting from rest at point A, a 50 kg person swings along a circular arc from a rope attached to a tree branch
over a lake, as shown in the figure above. Point D is at the same height as point A. The distance from the point of
attachment to the center of mass of the person is 6.4 m. Ignore air resistance and the mass and elasticity of the
rope.

(a) The person swings two times, each time letting go of the rope at a different point.

i. On the first swing, the person lets go of the rope when first arriving at point C. Draw a solid line to
represent the trajectory of the center of mass after the person releases the rope. |

ii. A second time, the person lets go of the rope at point D. Draw a dashed line to represent the trajectory
of the center of mass after the person releases the rope.

Unauthorized copying or reuse of
any part of this page is lllegal.
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B1 A2

(b) The center of mass of the person standing on the piatform is at point A, 4.1 m above the surface of the water.
Calculate the gravitational potential energy when the person is at point A relative to when the person is at the
surface of the water.

\)3,.,« ‘--MSA 2 CSO)UOSH-‘): 2080 3

v

(c) The center of mass of the person at point B, the lowest point along the arc, is 2.4 m above the surface of the
water. Calculate the person’s speed at pomt B.

Lot e mahy o Emva e g h
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(d) Suppose that the person swings from the rope a third time, letting go of the rope at point B. Calculate R, the
horizontal distance moved from where the person releases the rope at point B to where the person hits the

water. A—
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(e) If the person does not let go of the rope, how does the magnitude of the person’s momentum p, at point C
compare with the magnitude of the person's momentum p, at point B ?
e P > Pp M. Po'S< Py mmsns PSP

Provide a physical explanation to justify your answer.

Nonsatum 718 Propo(+ Yo \Jdoc\'\-.,&,m PG WA vdoct%
S ‘qc\\fz.‘.v{f’ ok ?ow\jc B, Mechanical E_WSL3 LS Cctv\%’»l'zl\’l— ond

\wﬂ\+‘ —\ po\Am\- B o \N_\:‘\\'\ w \cwz:x* Tt Kvx V\g.(\jj

Unauthorized copying or reuse of ovx(‘l W\JA\‘\WM« PRSCA LM 3"\0(
Sny part ot asge i Nieoei GO ON TO THE NEXT PAGE.

X

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



B1 B1

PHYSICS B
SECTION II
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested times
are about 17 minutes for answering each of Questions 1 and 5, and about 11 minutes for answering each of

Questions 2-4 and 6-7. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part.

1. (15 points)

Starting from rest at point A, a 50 kg person swings along a circular arc from a rope attached to a tree branch
over a lake, as shown in the figure above. Point D is at the same height as point A. The distance from the point of
attachment to the center of mass of the person is 6.4 m. Ignore air resistance and the mass and elasticity of the
rope.

(a) The person swings two times, each time letdng go of the rope at a different point.

i. On the first swing, the person lets go of the rope when first arriving at point C. Draw a solid line to
represent the trajectory of the center of mass after the person releases the rope.

ii. A second time, the person lets go of the rope at point D. Draw a dashed line to represent the trajectory
of the center of mass after the person releases the rope.
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B1'B2

(b) The center of mass of the person standing on the platform is at point A, 4.1 m above the surface of the water.
Calculate the gravitational potential energy when the person is at point A relative to when the person is at the
surface of the water.

UJ :Cw@(%?d{*b(‘tm) - [ Qo) 7/

(c) The center of mass of the person at point B, the lowest point along the arc, is 2.4 m above the surface of the
water. Calculate the person’s speed at point B.

KE = fE,
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(d) Suppose that the person swings from the rope a thll'd time, letting go of the rope at point B. Calc e

horizontal distance moved from where the person releases the rope at point B to where the person ths the
water.
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(e) If the person does not let go of the rope, how does the magnitude of the person’s momentum p. at point C
:are with the magnitude of the person’s momentum pp at point B ? 4

c > Pg Pc < Pp — DPc =P3

Provide a physical explanation to justify your answer.,
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PHYSICS B
SECTION I
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggeste! es
are about 17 minutes for answering each of Questions 1 and 5, and about 11 minutes for answering each of paEw
Questions 2-4 and 6-7. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part.

1. (15 points)

Starting from rest at point A, a 50 kg person swings along a circular arc from a rope attached to a tree branch
over a lake, as shown in the figure above. Point D is at the same height as point A. The distance from the point of
attachment to the center of mass of the person is 6.4 m. Ignore air resistance and the mass and elasticity of the
rope.

(a) The person swings two times, each time letting go of the rope at a different point.

i. On the first swing, the person lets go of the rope when first arriving at point C. Draw a solid line to
represent the trajectory of the center of mass after the person releases the rope.

ii. A second time, the person lets go of the rope at point D. Draw a dashed line to represent the trajectory
of the center of mass after the person releases the rope.
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B1 C2

(b) The center of mass of the person standing on the platform is at point A, 4.1 m above the surface of the water.
Calculate the gravitational potential energy when the person is at point A relative to when the person is at the
surface of the water. -

?E—m W

TE = kgo)(m){‘fv\\

(c) The center of mass of the person at point B, the lowest point along the arc, is 2.4 m above the surface of the
water. Calculate the person’s speed at point B.

= LE S T ‘ = =
‘zr«iﬁ“v‘{‘mvr ‘W:E% ved 9
) v=fagn

=mV
1 i r"r\ V= r(lOXZa“f)

(d) Suppose that the person swings from the mpa{t:ird time, letting go of the rope at point B. Calculate R, the
horizontal distance moved from where the persoh releases the rope at point B to where the person hits the
water. N

2.9

2Y- 0+ —5&Y

S the magnitude of the person’s momentum p. at point C
compare with the magnitude of the person’s momentum pj at point B ?

——Pc ? Pp Pc < P B Pc = Pp '{‘OS"'U’T
Provide a physical explanation to justify your answer. ?olh‘* L has he e H‘
3 \If_lOcH‘\j yary g o
F _‘-f'\\lb ?5: Go- £‘9 245 Petet b (s | guoer so S1nCE
b é 0- 250 MmV =P V< Ty |
T(,:P"Uc ?c: GO ¥ Rl S0 Ll Pb7?c

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

7=

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



AP® PHYSICS B
2014 SCORING COMMENTARY

Question 1
Overview

The intent of this question was to assess student understanding of projectile motion, mechanical energy
including its transformation and conservation, kinematics, and momentum.

Sample: B1 A
Score: 15

This full-credit response uses g = 10 m/ s? . Note that in part (c) the answer to (b) was used instead of
calculating a difference in heights.

Sample: B1B
Score: 9

Both trajectories in part (a) are incorrect, so no points were earned. Part (b) earned full credit. The
substitutions were incorrect and an incorrect velocity was obtained in part (c). Part (d) earned full credit for
correct work using the incorrect velocity from part (c). The units point was also earned. Part (e) earned only 2
points, because there was no explanation for why the speed is greatest at point B.

Sample: B1C
Score: 4

Both trajectories in part (a) are incorrect, so no points were earned. Part (b) earned full credit. Part (c) earned 1
point for using an expression for conservation of energy. Part (d) uses an incorrect kinematic approach, and
part (e) has the wrong choice selected, so neither earned any points. The units point was also earned.
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