AP® PHYSICS C: MECHANICS
2015 SCORING GUIDELINES

Question 2
15 points total Distribution
of points
(a) 1 point
Writing an equation to solve for the speed when the dart is at its maximum height
v=v, =v(cosh)
v = (10 m/s)(cos30°)
For a correct answer 1 point
v=28.7m/s
(b) 2 points
Writing an equation to solve for time using motion in the vertical direction
vy = Vo + ayt
0 = (10 m/s)(sin30) + (9.8 m/s?)s
For a correct value for the time 1 point
t=051s (or¢=0.50s ifusing g = 10 m/s?)
For substituting into an equation for the horizontal motion consistent with the 1 point
speed from part (a), or for determining the correct answer
X =v.t
x = (8.7 m/s)(0.51s)
x=44m
(c) 3 points
For a correct expression of conservation of momentum 1 point
pPi = Py
For a correct expression that represents a totally inelastic collision between the 1 point
dart and the block
myvy; = (my +my) v,
(0.020 kg)(8.66 m/s) = (0.020 kg + 0.10 kg)vf
For an answer consistent with the speed from part (a) and correct mass 1 point

substitutions

v=14m/s
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Question 2 (continued)

3 points

For a correct expression of conservation of energy

%mvlz = mgh,

For a correct expression for the height reached by the block

h =L - L(cos6)

For substituting the speed value from part (c) into a correct conservation of energy
equation

%mvlz = mgL(1 — cos8)

2
_1_"
cosf = _ZgL

(1.44 m/s)?

Cme:l_z@smﬁﬂazm)

6 = 24°
2 points

For substituting the correct length into the correct equation for the period

_ﬂﬁzﬂ,(l.Zm) _ S
T_Z\/; 2 (9.8m/52) 22

For correctly dividing the period in half to solve for the time
t = T/2 =(2.2 s)/2
t=1.1s

2 points

For selecting “Increase”

For a correct justification of the larger angle for the block-dart system

Example: A more massive dart would cause the speed after the collision with the
block to increase. A greater speed after the collision would cause the block to
reach a greater height and thus the angle 8 would increase.
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Question 2 (continued)

Distribution
of points
(®) (continued)
ii. 2 points
For selecting “Stay the same” 1 point
For a correct justification 1 point

Example: A more massive dart would not affect the period of the pendulum. Only
changing the length of the string would change the period.

Note: If the student correctly points out the changes to the simple pendulum could
be outside the small angle approximation, then the student’s entire answer will
be considered (both check box and justification are consistent and physically
correct).
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MQ2 A1

Mech.2.

A small dart of mass 0.020 kg is launched at an angle of 30° above the horizontal with an initial speed of 10 m/s.
At the moment it reaches the highest point in its path and is moving horizontally, it collides with and sticks to a
wooden block of mass 0.10 kg that is suspended at the end of a massless string. The center of mass of the block
is 1.2 m below the pivot point of the string. The block and dart then swing up until the string makes an angle
with the vertical, as shown above. Air resistance is negligible.

(a) Determine the speed of the dart just before it strikes the block.

Vaopy =0 be cpriet fﬂp of Pojeca ﬂ,d,
Viop.x on(ggpeed -\ 0S8 = (O (0s3 ) @

(b) Calculate the horizontal distance d between the launching point of the dart and a point on the floor directly

dtf‘;ow the blo{:]l—({:opj l:) = 0) \/0,5 = \)o§.'n7>0°
4= Vr(%) l/%i’., t
d_; g\bém/gx O\S_\} t= \bSv'f’z_D = 0\{;15

(c) Calculate the speed of the block just after the dart strikes.

Vipck =2
cor. ot angular movertum!
Ly =L _ Y

(N =Iw el M= Mdart 'fMLlocL
Yy =WE GO
Mart (,\/o) < (Mdart t Mblong(\é

10 (09 = (001t ooy (VO
V- !\6?m/§
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MQ2 A2

(d) Calculate the angle € through which the dart and block on the string will rise before coming momentarily to
rest.

o="1 \l2 m

s iemgh L (058 =
-2
059 = L‘ﬁ'_’l:b

Ivam

VY =gh =98 % ()

_ “7_- 0\'4"’)
he Ovam OBl & e

o

(e) The block then continues to swing as a simple pendulum. Calculate the time between \glflen the dart collides
with the bloj_mdwhen the block first returns to its original position. | (&

‘%'mp‘ﬁ, pﬁndu\um

T :ﬂif‘_.{— i -72:
-1

(f) Inasecond experiment, a dart with more mass is launched at the same speed and angle. The dart collides
with and sticks to the same wooden block.

i. Would the angle 6 that the dart and block swing to increase, decrease, or stay the same?
Increase >< Decrease __ Stay the same

Justify your answer. ©C ¢ o USE the v ra' VQ\OCI"V Ll'-’0‘/"l ')Q
&< and hwe acmanle’ grg'€.

ii. Would the period of oscillation after the collision increase, decrease, or stay the same?

Increase Decrease 5( Stay the same

Justify your answer.
=15 the perod would SAay e
Some e cause -ﬂ»e \eng thand g Saye the

Some deSprie Chdnyf N yrgise

—

Unauthorized copying or reuse of
any part of this page is illegal.
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Mech.2.

A small dart of mass 0.020 kg is launched at an angle of 30° above the horizontal with an initial speed of 10 m/s.
At the moment it reaches the highest point in its path and is moving horizontally, it collides with and sticks to a
wooden block of mass 0.10 kg that is suspended at the end of a massless string. The center of mass of the block
is 1.2 m below the pivot point of the string. The block and dart then swing up until the string makes an angle 6
with the vertical, as shown above. Air resistance is negligible.

(a) Determine the speed of the dart just before it strikes the block. .
- 0-SQAU

YN0k = Nu=© NTEAVIEE y:
\ Q= WS g0 - A&l

SV e R —
w {5 bewfs | ok

(b) Calculate the horizontal distance d between the launching point of the dart and a point on the floor directly

below the block.
+= ©O-H509

Mx= Vx ¥

(c) Calculate the speed of the block just after the dart strikes.

Mavg = (4 ) ug

J

(5 660X 02 k) = keyt .02ks) g
| - \ihml |
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(d) Calculate the angle @ through which the dart and block on the string will rise before coming momentarily to

rest.
V\}i: M\"‘E\ /j)" |,L‘hn2)\

q.-8lels*

(P W) -mgsoe=o @z sio (V4)

. U6
My = Aasine ® v 816

. (e) The block then continues to swing as a simple pendulum. Calculate the time between when the dart collides

with the block and when the block first returns to its original position. \_\ L 9 6'1 V‘B sinle 6 >

O N
. 'zg’.)_m sinSkb
r -7 V‘§Q= ui - ey b P K r\”}

O .
\ 352\)5\ '3\ 4 \)‘AS': \.&(,\vn).S

| -Skw[s= Lé\-%\mlﬁL)L4>

—

\*—.O~\5§C\-s
o

(f) In asecond experiment, a dart with more mass is launched at the same speed and angle. The dart collides
wijth and sticks to the same wooden block.

i. Would the angle @ that the dart and block swing to increase, decrease, or stay the same?
Increase J_Decrease Stay the same

Justify your answer. { eq\-f\'
29 sys¥em

woold  hove ack  or e
oelou'{"{j ,N‘\CH(\{M fess

S aMm e 0 \‘H A l

SUDN "
ii. Would the period of oscillation after the collision increase, decrease, or stay the same? T
Increase - Decrease \/ Stay the same - 2” —g

Justify your answer. . _ ;
The pent od aj fhis snple

Q@ﬂ()\)\om Jdoes 0ot Jake o /
oo - ange - oAy leng Yh
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MQ2 C1

Mech.2.

A small dart of masg kg is launched at an angle of30°)above the horizontal with an initial speed §

At the moment it reaches the h@gggmm@p andis moving horizontally, it collides with and sticks fo a

wooden block of mag§ 0 ovthat is suspended at the end of a massless string. The center of mass of the block
@below the pivot pomt of the string. The block and dart then swing up until the string makes an angle 6

w1tY1 ‘the vertical, as shown above. Air resistance is negligible.

(a) Determine the speed of the dart just before it strikes the block.
My =
Y 0
J, 7 10cos 30" = /.Su2¢1 Mg

(b) Calculate the horizontal distance d between the launching point of the dart and a point on the floor directly
below the block.

<Y \j\cy . Ve= U rat (locos30°)(.S2)
6= 105130 = (0 (1) -6 BO2(0& m
(/6+:()0‘31m‘$0°
+: 0625

(c) Calculate the speed of the block just after the dart strikes.

2
- - MV
SFzma = i o (1.2)=Vv*
- et
Ni2=v )
g | : \ ¥7 -
1/\/)714 + o mvl oo Gh + - v’
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MQ2 C2

(d) Calculate the angle 6 through which the dart and block on the string will rise before coming momentarily to

—_— 2 +4) e/ )
= mMyv 4e

/2
s WV T A
3 Y gt
(@) o
l -
E(,o‘z//.|)(,;;_) E

6

(/1) (10)(1.2 -1.2¢c059)
= 10(1.2-1.2¢c050)
0.6=cosO

© - 60°
(e) The block then continues to swing as a simple pendulum. Calculate the time between when the dart collides
with the block and when the block first returns to its original position.
V2. +af
g =k ¥
Oz iz +-10(+)
B !
4. VB

———

Lo :équo S()"/)('{ = 1.39 cal;

(f) Inasecond experiment, a dart with more mass is launched at the same speed and angle. The dart collides
with and sticks to the same wooden block.

Increase Decrease

Stay the same
Justify your answer.

bé(‘c’_{ Gy

i. Would the angle 6 that the dart and block swing to increase, decrease, or stay the same?

inGss oSkt madter:

g v g

Increase

ii. Would the period of oscillation after the collision increase, decrease, or stay the same?
Decrease i/ Stay the same
Justify your answer.

becadre /o oan o\ 4 wotdo! be
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AP® PHYSICS C: MECHANICS
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Question 2
Overview

The intent of this question was to engage the students with a classic ballistic pendulum problem. This
question tested student understanding of projectile motion, inelastic collisions, conservation of energy, and
simple harmonic motion.

Sample: MQ2 A
Score: 12

This paper earned 1 point for part (a) as the horizontal velocity is clearly stated. Part (b) earned both points. In
part (c) the student does start incorrectly by using angular momentum, but then recovers by writing a correct
statement for linear momentum. This statement earned 1 point for using conservation of momentum and 1
point for applying it to a totally inelastic collision. However, the student uses an incorrect value for the initial
speed and does not get the correct final answer. Part (d) earned all 3 points, correctly using the incorrect
velocity from part (c). In part (e) both points were earned. Part (f)(i) did not earn any points, as the wrong
check box is marked, but part (f)(ii) earned 2 points.

Sample: MQ2 B
Score: 8

This paper earned all 3 points for the first two parts (part (a) and part (b)). Note that the student calculates the
relevant time in part (a), then rewrites the number in part (b). Part (c) is completely correct and earned all 3
points. Part (d) earned no points. There is no evidence of an energy approach or recognition of the geometry
involved with the pendulum arc. Part (e) also earned no points; it attempts to use kinematics, which is not
useful with the pendulum since the tangential acceleration is changing with time. In part (f)(i) the student
checks the incorrect checkbox and therefore earned no points. However, in part (f)(ii) the student has a
correct choice and justification and earned 2 points. Note that it was not necessary to discuss the bounds of
the small angle approximation for the pendulum's period to earn the justification point — only the
recognition that the period is independent of mass and amplitude for a simple pendulum.

Sample: MQ2 C
Score: 6

In this paper the point in part (a) was not earned, apparently due to an error in calculation. However, in part
(b) 2 points were earned. The student correctly finds the time and then correctly computes the horizontal
distance by using the speed determined in part (a). Part (c) has no evidence of a conservation of momentum
approach and therefore earned 0 points. Part (d) earned all 3 points. The conservation of energy and the
height attained by the pendulum are correct. The value of the speed determined in part (c) (in this case

V12 m/s ) is correctly substituted, so this is an example of an incorrect final answer for the angle that earned

full credit. Part (e) earned O points as the student attempts to deal with a periodic system using kinematics.
Part (f)(i) has the wrong check box marked and earned 0 points. Part (f)(ii) earned 1 point for the correct check
box, but it has an incorrect justification.
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