AP® PHYSICS C - MECHANICS
2014 SCORING GUIDELINES

Question 2

15 points total

(a)

3 points

For some correct application of conservation of energy
U =K ¥
For substituting correct expressions for potential and kinetic energy

mgh;, = %mv]zc

1
gh:gé

For a correct answer

2
h=20
2g

Alternate solution

For using correct kinematics and dynamics equations

v]% = vi2 + 2a(sf — sl-)

F = ma
For substituting correct variables

mgsin® = ma, sin@ = h/L where L is the length of the ramp, so a = gh/L

V2 =0+ 2(%)L

For a correct answer
2

)
h=-%
2g
2 points

For selecting “Zero”

For a correct explanation of why the vertical component of the net force is zero.
The explanation must be linked to the fact that there is no acceleration.

Example:

The block does not accelerate vertically, therefore the component of the net force

in the vertical direction must be zero.
Note: No credit is earned if an incorrect choice is selected.
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Question 2 (continued)

(continued)
3 points

Top View

For drawing a single arrow pointing into the third quadrant

For correct justification of both components

Example:

The horizontal component of the net force must provide a centripetal force and also
slow down the block. So it must point inward and against the direction of
motion.

Note: If components are drawn, partial credit can be earned for the following.

For drawing an arrow pointing left (toward the center of the circle) with correct
justification

For drawing an arrow pointing toward the bottom of the page with correct
justification

A point is deducted for each incorrect vector drawn, with a maximum 2 point
deduction

1 point

The normal force exerted by the wall is the centripetal force.

Fy = F,

For a correct answer
_ 2

Fy = m*/R

Note: Since the statement of part (c) says to “determine” an expression, credit is
given for just stating the correct answer.

3 points

For correctly using the frictional force in an expression of Newton's second law

—F; = ma,

—uFy = ma,

For substituting the normal force from part (c) into a correct expression

— umv* / R = ma,

For an answer consistent with part (c)

a, = — ,u1)2 / R

Note: Since the question asks for the magnitude of the acceleration, the negative
sign is not needed but students are not penalized for including it.
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Question 2 (continued)

Distribution
of points

3 points

For substituting dv/dt for a into the answer from part (d), or substituting dv/dt for 1 point
a and the friction force for F,,, into Newton's second law

dv yvz dv
—=—-"—or — =-F

dt R ™ f
For including the negative sign 1 point
Substituting for F h; produces the same relationship as the first equation above.
For separation of variables and using correct limits 1 point

1 U
—dv = —-Ldt

v? R

v t
j %dv = [ -£ar

UO v 0

Integrate the equation to solve forv .
], -[4]
v 1y, L R
11 _m
v vy R
Ry, v
TR+ ;?vot Ty /,zgot/R
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Side View
Top View

Mech. 2.

# small block of mass m starts from rest at the top of a frictionless ramp, which is at a height A above a
horizontal tabletop, as shown in the side view above. The block slides down the smooth ramp and reaches
point P with a speed v, . After the block reaches point P at the bottom of the ramp, it slides on the tabletop

guided by a circular vertical wall with radius R, as shown in the top view. The tabletop has negligible friction,
and the coefficient of kinetic friction between the block and the circular wall is .

(a) Derive an expression for the height of the ramp k. Express your answer in terms of v , m, and fundamental
constants, as appropriate.

Upe = A + 0\

O= Smv?- gh

’; v, = 74 h
A short time after passing point P, the block is ir contact with the wall and moves with a speed of v .
(b)
i. Is the vertical component of the net force on the block upward, downward, or zero?
_ Upward ___Downward _\/ Zero

Justify your answer.

Twe block - shass Cntrpetal acctlUcebon, bub 2ZFL =0 7
l;?(‘avx 7k dots ol Qecelecart vp or donanr., Ther, mg - N =0 .

ii. On the figure below, draw an arrow starting on the block to indicate the direction of the horizontal
component of the net force on the moving block when it is at the position shown.

Top View

Justify your answer.

Tre blocke ¢ v~ cirewlar solk A~ 2wt T cntte oF e \OOP-
Thes b eusl oclrore doapcd e etabm ob Da Toop.  Furtieempet
fochtn wah fa  upig vall proneit a4 rclacding foree (fenpakeg

UnaMﬂzﬁ copying or reuse of 0~(c!(!(o *3"\ TNR 2z F"'VS h;’M' GO ON TO THE NEX_T PAGE
any pgn of this page is illegal. I -10- p/::v. Ay

vecko, shten eloue
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M2 A2

Express your answers to the following in terms of v, v, m, R, u. and fundamental constants, as appropriate.

(c) Determine an expression for the magnitude of the normal force N exerted on the block by the circular wall as
. afunction of v. 3

. > vz
Wl TR e

(d) Derive an expression for the magnitude of the tangential acceleration of the block at the instant the block has
attained a speed of v .

pv?
: - e = M4
38 /” il e i

—/vN = MG

(e) Derive an expression for v(r), the speed of the block as a function of time ¢ after passing point P on the
track.

av

2
R e L atu <R
) v pgv,
—
Av
— = = g Rv,
v & v(h=
vt + R
T SRR, P
v T = * G
LN'\ *5(), Vv = VUy
= ob 2
T L
c,= -—
Vo
A - /Mt & ) /
v 28 Vo
Unauthorized copying or reuse of GO ON TO THE NEXT PAGE
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Mech. 2.

A small block of mass m starts from rest at the top of a frictionless ramp, which is at a height h above a
horizontal tabletop, as shown in the side view above. The block slides down the smooth ramp and reaches
point P with a speed v, : After the block reaches point P at the bottom of the ramp, it slides on the tabletop

guided by a circular vertical wall with radius R, as shown in the top view. The tabletop has negligible friction,
and the coefficient of kinetic friction between the block and the circular wall is z .

(a) Derive an expression for the height of the ramp k. Express your answer in terms of v, m, and fundamental
constants, as appropriate.

i, 4

A short time after passing point P, the block is in contact with the wall and moves with a speed of v .
(b)

i. Is the vertical component of the net force on the block upward, downward, or zero?

— Upward Downward A Zero
i Je UGS [ Jrection

Justify your answer.

5 el mowr e
/U% bfodﬁ ,n"wo kol doteos ace & anrd 7 bk

Cancd é&choUw out”

ii. On the figure below, draw an arrow starting on the block to indicate the direction of the horizontal
component of the net force on the moving block when it is at the position shown.

Top View

Jystify your answ'er i (A// / )

Eino i 15 soin in o cirle 1€ et {o

bo’f@%w{ / Cgﬂ ripotal o b M po
CeAh)

-(17;5 [
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o M2 B2

Express your answers to the following in terms of vy, v, m, R, u, and fundamental constants, as appropriate.

(c) Determine an expression for the magnitude of the normal force N exerted o@he block by the circular wall as

e Fu R0 gF, = = pelig
bl =

(d) Derive an expression for the magnitude of the tangential acceleration of the block at the instant the block has

attained a speed of v. U?‘
Clr‘ > gl
&

(e). Derive an expression for v(f), the speed of the block as a function of time ¢ after passing point P on the
track.

Unauthorized or reuss of GO ON TO THE NEXT PAGE.
any part of this page |Is lllegal. -11-
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Side View

Top View

Mech. 2.

A small block of mass m starts from rest at the top of a frictionless ramp, which is at a height  above a
horizontal tabletop, as shown in the side view above. The block slides down the smooth ramp and reaches

point P with a speed v, . After the block reaches point P at the bottom of the ramp, it slides on the tabletop

guided by a circular vertical wall with radius R, as shown in the top view. The tabletop has negligible friction,
and the coefficient of kinetic friction between the block and the circular wall is .

(a) Derive an expression for the height of the ramp . Express your answer in terms of v , 7, and fundamental
constants, as appropriate.

U1K, = UK, %V‘J\)S* e vamp
W\S\'\ 10 = 0-1— ‘/zm\l

bAgh = g
pokor (ol ol

A short tinfe after passing point P, the block is in contact with the wall and moves with a speed of v.
(b)

1. Is the vertical component of the net force on the block upward, downward, or zero?
Upward ___ Downward é Zero
Justify your answer. Side view
The fabe 18 Flad, &
Qo 4he normal -Q)rcP e
ECPMQ\S “he me|3h+ vng

(h=w
ii. On the 'f%ure below, draw an arrow startmg on the block to indicate the direction of the horizontal
component of the net force on the moving block when it is at the position shown.

|
|
|

- ——

Top View

Justify your answer.

The centripetal Rree wils block W & makes \cjo around The
(urve ke She \Mou\'\/ Lawds 4o wmove i Byivard a% 40° angle if(,nm
Fe. his, gesulfs in the Vedor being betoeer he Tdb
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M2 C2

Express your answers to the following in terms of vy, v, m, R, x, and fundamental constants, as appropriate.

(c) Determine an expression for the magnitude, of the norm\z}l force N exerted on the block by the circular wall as
afunctionof v. - ma -—‘Qd‘(: {\dv
. .__S} —waY ™ ¥
g — az_ (15 A5 (5}
__-‘:—_ _Av '%{T;V'Vo
W~ de A0
m
(d) Derive an expression for the magnitude of the tangential acceleration of the block at the instant the block has
attained a speed o:\ V.
— OV i 3
S a=1t(v A
5‘6 d d"é’ v l
ShtA
at _v-v,

(e) Derive an expression for v(t), the speed of the block as a function of time ¢ after passing point 2 en the
track.

U

copying or reuss of GO ON TO THE NEXT PAGE.
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AP® PHYSICS C: MECHANICS
2014 SCORING COMMENTARY

Question 2
Overview

The primary intent of this question was to assess the students’ understanding of Newton's laws as they
apply to bodies moving with linear or circular motion, and with constant or nonconstant acceleration.
Students’ ability to visualize and process physical situations from multiple perspectives was also
examined.

Sample: M2 A
Score: 15

This response was clear and straightforward and earned full credit. Note how the work in part (e) does not
put limits on the integrals but uses a constant of integration and a boundary condition.

Sample: M2 B
Score: 8

Part (a) earned full credit. Part (b)(i) earned just 1 point, because there was no explicit mention of zero
acceleration. Part (b)(ii) earned no credit. Part (c) earned full credit, but (d) earned no credit because there
was no Newton's second law expression. However, the acceleration that part (d) asked for was correctly
produced and used in (e), so full credit was earned there.

Sample: M2 C
Score: 4

Part (a) earned full credit, and part (b) earned 1 point for “zero” being selected. None of the remaining work
was correct, and no further credit was earned.
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