7 points total

(a)
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AP® PHYSICS 1
2016 SCORING GUIDELINES

Question 1
Distribution
of points
2 points
~~ F
mg B
For a labeled arrow representing the gravitational force, starting at the wheel's 1 point
center and directed downward
For labeled arrows representing the friction and normal forces or a single arrow 1 point

representing the resultant of the friction and normal forces (i.e., the force
exerted on the wheel by the surface), with no extraneous forces

The friction force should start at the wheel-ramp contact and be directed up and
left along the ramp.

The normal force should start at the wheel-ramp contact and be perpendicular to
the ramp and toward the wheel's center. It does not have to go exactly through
the center but must come reasonably close.

1 point

Correct answer: The friction force

No points are earned if the wrong force is given.

For correctly explaining that friction is the only force that exerts a torque with
respect to the wheel's center of mass

This point is also earned for a causal chain of reasoning about forces: e.g., the
gravitational force leads to a normal force (and acceleration down the ramp),
which leads to a frictional force, which exerts a torque (or changes the angular
velocity).

1 point
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(b)

ii.

AP® PHYSICS 1
2016 SCORING GUIDELINES

Question 1 (continued)

Distribution
of points
2 points
For an expression for the sum of the force components parallel to the ramp that 1 point

recognizes that there are two forces with components parallel to the ramp
The expression need not be correct or consistent with the force diagram in part (a).

2F| = Mgsin6— F;

For indicating that the frictional force is (0.4)Mgsiné (explicitly or implicitly) and 1 point
correctly solving for the acceleration in terms of correct variables

S F, = Mgsing — (04)Mgsin®

a

_ XF,  Mgsing — 0.4Mgsin® _ 0.6Mgsin®
M M B M
a = 0.6gsind

1 point

Correct answer: Block
No credit for answer without explanation.
For a correct explanation in terms of forces 1 point
Example: The wheel experiences a counteracting frictional force, so the block has
a greater net force exerted upon it and therefore has greater acceleration.

1 point

For a correct explanation in terms of energy conservation 1 point
Example: Both object-Earth systems lose the same amount of potential energy and

therefore gain the same amount of kinetic energy. With the ice block — but not

the wheel — all the kinetic energy is translational, and none is rotational, so

the block is faster.
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PHYSICS 1
Section IT
5 Questions
Time—90 minutes

Directions: Questions 1, 4 and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

M

1. (7 points, suggested time 13 minutes)

A wooden wheel of mass M, consisting of a rim with spokes, rolls down a ramp that makes an angle 8 with the
horizontal, as shown above. The ramp exerts a force of static friction on the Wheel so that the wheel rolls without

slipping.
(a)

i. On the diagram below, draw and label the forces (not components) that act on the wheel as it rolls
down the ramp, which is indicated by the dashed line. To clearly indicate at which point on the wheel
each force is exerted, draw each force as a distinct arrow starting on, and pointing away from, the point
at which the force is exerted. The lengths of the arrows need not indicate the relative magnitudes of the
forces.

ii. As the wheel rolls down the ramp, which force causes a change in the angular velocity of the wheel
with respect to its center of mass‘7

/)—Ze e 3 J%% %r‘f%im

Briefly explain your reasoning. é
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P1Q1 A2

(b) For this ramp angle, the force of friction exerted on the wheel is less than the maximum possible static
friction force. Instead, the magnitude of the force of static friction exerted on the wheel is 40 percent of the
‘magnitude of the force or force component directed oppos1te to the force of friction. Derive an expression
for the linear acceleration of the wheel’s center of mass in terms of M, 6, and physical constants, as

a;r‘zjzif\a\: ) & - Qé//yj \M\Q
~ s

(€Y

(o N | @ é\jﬂn@

(c) In a second experiment on the same ramp, a block of ice, also with mass M, is released from rest at the same
instant the wheel is released from rest, and from the same height. The block slides down the ramp with
negligible friction.

i. Which object, if either, reaches the bottom of the ramp with the greatest speed?
Wheel Block Neither; both reach the bottom with the same speed.

Briefly explain your answer, reasoning in terms of forces. / Wa@
7Z: 4/4 only hos ™ S fore ™)

72 gl 7o LJCG/
M\j M 7 0/9/:,@¢ 0%:;2/6//!/0,,’; Sihee
M Xy A huse / o fze

A 7«4/4 %wéo# L He /’\,7, AL 3/»%71
Fp e

ii. Briefly explain your answer ag37 now reasoning in terms of energy.

) L byl  qronrthttf 474/ @ &
/ D lon r\/ Jb\%/ bk The— Lt @Z; T2,
) GPE st Gy ) i botd, AW,
e g J tind it &“07

He e Fh. SASA mféml

any part of this page is illegal.
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PHYSICS 1
Section II
5 Questions
Time—90 minutes

Directions: Questions 1, 4 and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

M

1. (7 points, suggested time 13 minutes)

A wooden wheel of mass M, consisting of a rim with spokes, rolls down a ramp that makes an angle 8 with the
horizontal, as shown above. The ramp exerts a force of static friction on the wheel so that the wheel rolls without
slipping. -

(a)

i. On the diagram below, draw and label the forces (not components) that act on the wheel as it rolls
down the ramp, which is indicated by the dashed line. To clearly indicate at which point on the wheel
each force is exerted, draw each force as a distinct arrow starting on, and pointing away from, the point

at which the force is exerted. The lengths of the arrows need not indicate the relative magnitudes of the
forces.

ii. As the wheel rolls down the ramp, which force Eglses a change in the angular velocity of the wheel
with respect to its center of mass?

The force of static frickion
Briefly explain yourreasoning.(ﬁ7 —H\t ‘Hnwp _}L‘L M( | // M :
Recause the Stubic fockion is theie S0 _ wheel “colfs
S[f@f‘\"@“, E‘P (AVSLS m(,.a fo ocLvr 5{/1/ ﬂ\u\efone N Om&f&r
T oetd & il doon fhe amp, 1€ sl have trgolor velety
g0 oY spins down,

Unauthorized copying or reuse of
any part of this page is illegal.
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P1 Q1 B2

(b) For this ramp angle, the force of friction exerted on the wheel is less than the maximum possible static
friction force. Instead, the magnitude of the force of static friction exerted on the wheel is 40 percent of the
magnitude of the force or force component directed opposite to the force of friction. Derive an expression
for the linear acceleration of the wheel’s center of mass in terms of M, 6, and physical constants, as

appropriate. L
e \’,7\’/?( St o avcclec?s =

S ¢
- 192 b
' i% F@S{n@ﬁ7 e | % "

: /?"“*\,\\ Fauu _
Fioqns Grk@cﬁ‘“@) = T

4
i

(c) In asecond experiment on the same ramp, a block of ice, also with mass A, is released from rest at the same
instant the wheel is released from rest, and from the same height. The block slides down the ramp with
negligible friction.

1. Which object, if either, reaches the bottom of the ramp with the greatest speed?
Wheel {/_Block Neither; both reach the bottom with the same speed.

Briefly explain your answer, reasoning in terms of forces.

Tl block reachs Arsd becavse tf dts 1o red KB

otmbond kivkiegrogy,  only uses fanslobal, Bueose

e el peeds bob rorfiboncl wid Aravslebond, b 0rll
. é:m» 3 W Lk o il [om £ acelbrte don

ii. Briefly explain your answer again, now reasoning in terms of energy. .
T2 blpek etches fio botlom b berast 5 5 10
fore o4 fritpon gainy W s W;DA, (e covsc W»{f{/}llw
h@@“{)iuﬂ fhet 3 nofhing wau/uz + back Prem dccelom ’:”7}
iow\ e M/Mf: Howewr/ b oth Jomwwﬂ prus A~ €4,
5o W wrs doon o pow Poekion effects P
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PHYSICS 1
Section II
5 Questions
. Time—90 minutes

Directions: Questions 1, 4 and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (7 points, suggested time 13 minutes)

A wooden wheel of mass M, consisting of a rim with spokes, rolls down a ramp that makes an anglev 6 with the
horizontal, as shown above. The ramp exerts a force of static friction on the wheel so that the wheel rolls without
slipping. )
(a)
i. On the diagram below, draw and label the forces (not components) that act on the wheel as it rolls
down the ramp, which is indicated by the dashed line. To clearly indicate at which point on the wheel
each force is exerted, draw each force as a distinct arrow starting on, and pointing away from, the point
at which the force is exerted. The lengths of the arrows need not indicate the relative magnitudes of the
forces. '

F

romp on Wiveel (norm'f:}“) _‘

( o
~__whe

F e (smf‘*“"““o
N , Earth ow vhed = MJ .
ii. As the wheel rolls down the ramp, which force causes a change in the angular velocity of the wheel
with respect to its center of mass? ‘

. # He La
Briefly explain your reasoning. ‘The_ 9 A ,f,j-ﬂv\&l ‘)crc-e. o ] Lo
onthe wheel  causey o change M e coels ‘w'-au[o/r
Velocity becavse 1S (meb  polisthe (heel daon Yie
yomp, (avsing e hreel o accelereit, :
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P1Q1C2

(b) For this ramp angle, the force of friction exerted on the whegl is 1 s than the Lngxmmmw

friction force. Instead, the magnitude of the force of static fncﬁon exerted on the wheel is 40 percent of the
magnitude of the force or force component directed opposite to the force of friction. Deriy
for the linear accelerauﬂ of the wheel’s center of mass in terms of M, 8, and physical constants, as

appropriate. - ‘
K. Uy A

| F deese = SRR SR S (S S } I
| mh*‘ﬁd@;ﬁr’%w ,,.%

&M

(¢) Ina Ee%%rld’e_)_(_&ﬁm_e_m on the same ramp, a block of ice, also with mass JM, is released from rest at the same
instant e wheel is released from rest, and from the same height. The block slides down the ramp with

1. W}nch object if elther réaches the bottom of the ramp with the greatest speed?
__ Wheel v _V Block - _____ Neither; both reach the bottom W1th the same speed.

Briefly explain your answer, reasonmg in terms of forces.

/11:. Uac&— will reset m Lcme -pa.skf &Caus—g
all 4’0\& %a"“- ‘Qrte ﬁ-* ~ e block ,Qxc_ef,.)(_
QQV Fae qcr:ch?h Pmu- Lhile Smaall, this force
Slewr tr  Wheel dosn  Slghtly enwgly Se

v
r'ce.  moovld ekl M bo o botdorn

St e
frster

ii. Briefly explain your answer again, now reasoning in terms of energy.

Bew M S l’lc,,lgul,l& «ﬂ’_hm 7%"\'-&_
mea:
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AP® PHYSICS 1
2016 SCORING COMMENTARY

Question 1
Overview

This question assessed learning objectives 3.B.1.1, 3.B.1.3,4.A.3.1,4.D.1.1,5.B.4.1, and 5.B.4.2. It explored
student understanding of factors influencing the motion of rigid bodies on an inclined plane, including
rolling without slipping motion. Analysis focused on force diagrams, energy conservation, translation and
rotation, and applications of Newton's second law.

Sample: P1Q1 A
Score: 6

One point was earned in part (a)(i) for the gravitational force. The friction force is correctly indicated at the
point of contact between the wheel and the ramp, but the normal force is missing, so the second point in
(a)(1) was not earned. In part (a)(ii) the friction force is correctly identified, with a correct explanation, as the
only force exerting a torque with respect to the center of the wheel. Part (b) shows a correct derivation of the
wheel's acceleration. Part (¢) shows correct explanations, in terms of both force and energy, for why the ice
block has a greater speed than the wheel at the bottom of the ramp.

Sample: P1 Q1B
Score: 4

No points were earned in part (a)(i) because the forces are not drawn at the points of application. The point
was earned in (a)(ii) for explaining why the friction force is the force that exerts a torque about the wheel's
center. In part (b) two forces or force components parallel to the ramp are correctly identified, which earned

1 point, but the acceleration is expressed using quantities other than those given in the question. Both points
were earned in part (c).

Sample: P1 Q1 C
Score: 2

One point was earned in part (a)(i) for drawing the gravitational force at the center of the wheel. The friction
and normal force are not drawn at the point of contact between the wheel and the ramp. In (a)(ii) the
gravitational force is incorrectly identified as causing a change in angular velocity about the wheel's center
of mass. The gravitational force exerts a torque about the point of contact, but not about the wheel's center.
No points were earned in part (b) because the response does not refer to the two components parallel to the
ramp. One point was earned in part (c)(i), but in (c)(ii) the speed difference is incorrectly attributed to a loss of
energy due to the transformation of mechanical energy into heat by the friction force.
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