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PHYSICSC |
Section II, MECHANICS
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,

which are worth IS5 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

Mech. 1.

A ball of mass M is thrown vertically upward with an initial speed of . It experiences a force of air resistance

given by F = —kv, where  is a positive constant. The positive direction for all vector quantities is upward.
Express all algebraic answers in terms of M, k, v, and fundamental constants.

(a) Does the magnitude of the acceleration of the ball increase, decrease, or remain the éame as the ball moves
upward? '

*-__increases *"“decreases remains the same

Justify your answer. “ i Inenasd herght
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(b) Write, but do NOT solve, a differential equation for the instantaneous speed v of the ball in terms of time ¢
as the ball moves upward. ‘

N i’ = - " = m
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GO ON TO THE NEXT PAGE.
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(c) Determine the terminal speed of the ball as it moves downward.
Yorminal  Spemd sctwis whan o= o
e vt
i‘“‘ﬁ mo” kv

= M
v 13

(d) Does it take longer for the ball to rise to its maximum height or to fall from its maximum height back to the
height from which it was thrown?

longer to rise ﬁ longer to fall

Justify your answer.

= BT A IR P 5‘:«-) wh Arands O by Hraand,
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(e) On the axes below, sketch a graph of velocity versus time for the upward and downward parts of the ball’s
flight, where ¢, is the time at which the ball returns to the height from which it was thrown. '
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GO ON TO THE NEXT PAGE.
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PHYSICS C o 'B

Section II, MECHANICS
Time-—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about '1‘5 minutes for answering each of the questions,
which are worth- 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

Mech. 1.

A ball of mass M is thrown vertically upward with an initial speed of vj. It experiences a force of air resistance

given by F = -kv, where k is a positive constant. The positive direction for all vector quantities is upward.
Express all algebraic answers in terms of M, k, v,, and fundamental constants.

(a) Does the magnitude of the acceleration of the ball increase, decreasé, or remain the same as the ball moves
upward?

increases X decreases remains the same

Justify your answer.

vV s Al/c—l’(;u{,.7 oS Aall oot ur
o‘lm {' : —CO_ S

<(/Lw-'; %/L.“‘Z,‘\ééjfé/i"l‘?« Lj{y&« 197 A= % \ Y") /L& hrensing

(b) Write, but do NOT solve, a differential equation for the instantaneous speed v of the ball in terms of time ¢
as the ball moves upward. -

*/vlj -~ KV, - /MOL/
/» /1457(;/
‘../Vl],((\/..— 7&:

GO ON TO THE NEXT PAGE.
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{©) Determiﬁe the terminal speed of the ball as it moves downward. ’ B

(d) Does it take longer for the ball to rise to its maximum height or to fall from its maximum height back to the
height from which it was thrown?

_longer torise X longer to fall

Justify your answer.

fe oo of Bckie dis wak Heldohes  sony
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(¢) On the axes below, sketch a graplf of velocity versus time for the upward and downward parts of the ball’s
flight, where 1, is the time at which the ball returns to the height from which it was thrown.
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GO ON TO THE NEXT PAGE.
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PHYSICS C \C
Section I, MECHANICS "
Time—45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part, NOT in the green insert.

Mech. 1.

A ball of mass M is thrown vertically upward with an initial speed of vy . It experiences a force of air resistance

givenby F = —kv, where k is a positive constant. The positive direction for all vector quantities is upward.
Express all algebraic answers in terms of M, k, v,, and fundamental constants.

(a) Does the magnitude of the acceleration of the ball increase, decrease, or remain the same as the ball moves
upward?

increases decreases remains the same

Justify your answer.

Wﬁaﬁ , 1F% acceleattin
Lertasts beauia/ ”W L oF
frte en i decreA®s ad  E£F decredqes

(b) Write, but do NOT solve, a differential equation for the instantaneous speed v of the ball in terms of ume t

as the ball moves upward. iF" row = kV -’“’

Ky

N M
_‘tlc kv-mj
S

GO ON TO THE NEXT PAGE.
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) Defermine the terminal speed of the ball as it moves downward. ' . C
Z F= ma~= 0 .
r= 9

k

(d) Does it take longer for the ball to rise to its maximum height or to fall from its maximum height back to the
height from which it was thrown?

—__longer torise / __¥__longer to fall

Justify your answer.

O‘KZ ball /wd\bé 0k pomF where n 6W€Pi%fg
w t

W}’if Mwé—.—c.. }AL g Aewn 15 lorglr

(e) On the axes below, sketch a graph of velocity versus time for the upward and downward parts of the ball’s
flight, where ¢, is the time at which the ball returns to the height from which it was thrown.
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GO ON TO THE NEXT PAGE.
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Mech. 2.

A student is given the set of orbital data for some of the moons of Saturn shown below and is asked to use the
data to determine the mass My of Saturn. Assume the orbits of these moons are circular.

Orbz\;aelczggg)d, T Orblt(z;la g:;dsl;xs, R L( - L K’}I m'} G T P < 2
8.14 x 10* 1.85 x 108 2 499 x 142" 0.4411%
1.18 x 10° 238x100 | C H2 xlo*° 0.421
1.63 x 10° 295x10° | ). ol xio™ L, 172
237 x10° 377x100 [0 1) x o 3,79

(a) Write an algebraic expression for the gravitational force between Saturn and one of its moons.

£ = (G Ml
6 ]
_R?f

(b) Use your expression from part (a) and the assumption of circular orbits to derive an equation for the orbital
period T of a moon as a function of its orbital radius R.

(=R vE=D W(T) D\TT‘R

F@‘:’ Gwﬁ va

(c) Which quantltxes should be graphed to yield a straight line whose slope could be used 10 determine Saturn’s

 Queriia 4 «’a“ bty
T\ GMJ = AR 4 LT W

T (u/z )47’ K’J
417

G T GO ON TO THE NEXT PAGE.
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including units.

(e) Plot the graph- on the axes below. Label the axes with the variables used and appropriate numbers to indicate -
the scale. -

(d) Complete the data table by calculating the two quantities to be graphed. Label the top of each column,

MMMMMMMMMMMMM
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Mech. 2.

A student is given the set of orbital data for some of the moons of Saturn shown below and is asked to use the
data to determine the mass M of Saturn. Assume the orbits of these moons are circular.

Orbital Radius, R

Orb?saiciigg)d’ d (meters) T (»5W°‘z> KBL“"““{S 3>
8.14 x 10* 1.85 x 108 [ (39D (, . 33 xio 2
1.18 X 10° 2.38 x 10° 125§ x10'° 1,35 x10%
1.63 x10° 2.95 x 10° 2.0 x10'° 2. 506 x0®’
2.37 x 10° 3.77 x 10° T (2 x5 S. 3¢ < 7>

(a) Write an algebraic expression for the gravitational force between Saturn and one of its moons.

; =
Mz \i(ﬂ‘)

fo-m

Fr - Gl ELEDT

Tezm

) £ ” ;/gf

—_ LtT le
(= -~ e ) J !
T= Zﬂgj A=

R 2

z _ L -
5TZ T= 2xd g ) =L

o'\ —

[ 7t .
(b) Use your expression from part (a) and the ﬁébur‘ﬁlp%n of circular orbits to derive an equation for the orbital __
period T of amoon as a function of its orbital radius R. '

F=- G- Mg Mo

¥2 &

= -6GMe T%

gZ49>

(c) Which quantities should be graphed to yield a straight line whose slope could be used to determine Saturn’s

mass?

Z-

T AND

2>

GO ON TO THE NEXT PAGE.
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including units.
the scale.

(d) Complete the data table by calculating the two quantities to be graphed. Label the top of each column,
(e) Plot the graph on the axes below. Label the axes with the variables used and appropriate numbers to indicate
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() Using the graph, calculate a value for the mass of Saturn.
-7
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Mech. 2. o ‘ ZC‘

A student is given the set of orbital data for some of the moons of Saturn shown below and is asked to use the
data to determine the mass M of Saturn. Assume the orbits of these moons are circular.

Orbital Period, T | Orbital Radius, R | O¢ 030t Ve oV [ Brrowv. tot & [ie
(seconds) (meters) (utens /5e0) (o
8.14 x 10* 1.85 x 108 | U3 10" -
1.18x10° 2.38 x 108 .27 xi0" TN T
1.63 x 10° 2.95 x 108 1o Mxio” L
237 x 10° 3,77 x 10° q, 98 x ¥ o]

(a) Write an algebraic expfession for the gravitational force between Saturn and one of its moons.

~

(b) Use your expression from part (a) and the assumption of circular orbits to derive an equatlon for the orbital
period T of a moon as a function of its orbital radius R.

S Famac

IR
’G-m$m“& N\/‘ i . .
K4 &
\;Grms =V

>

(c) Which quantities should be graphed to yield a strmght hne whose slope could be used to determine Saturn s
mass? Grrowv o pno ‘

ovr pi+al \/e_\au‘wb aNd poﬁnﬂna\ @W%%
6\?\0*4\6&\9& gevie

(_(A_ = %(Q\f. DM’T\Q)‘* I’E

GO ON TO THE NEXT PAGE.
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(d) Complete the data table by calculating the two quantities to be graphed. Label the top of each column,

inc

luding umnits.

(e) Plot the graph on the axes below. Label the axes with the variables used and appropriate numbers to indicate
the scale. '
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(f) Using the graph, calculate a value for the mass of Saturn
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~ Before Collision * After Collision
TOP VIEWS

Mech. 3.

A system consists of a ball of mass M, and a uniform rod of mass M; and length d. The rod is attached to a
horizontal frictionless table by a pivot at point P and initially rotates at an angular speed @, as shown above
left. The rotational inertia of the rod about point P is -%—M d 2 The rod strikes the ball, which is initially at rest.
As a result of this collision, the rod is stopped and the ball moves in the direction shown above right. Express all

answers in terms of M;, M,, o, d, and fundamental constants.

(a) Derive an expression for the angular momentum of the rod about point P before the collision.

L= Tw

(b) Derive an expréssion for the speed v of the ball after the collision.
C.=Ce

GO ON TO THE NEXT PAGE.
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(c) Assuming that this collision is elastic, calculate the numerical value of the ratio M, /M, .
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/ 4
.
g i
t
Before Collision

(d) A new ball with the same mass M, as the rod is now placed a distance x from the pivot, as shown above.
Again assuming the collision is elastic, for what value of x will the rod stop moving after hitting the ball?

) ) 2 2
T 4% A kv T = 3 mv
=4
I L 45
2% s (3277)= 5 5
=1 Ay
3 X
| B
6 - e Gx%
L_ 2
6 —fb'xz o
sy, l.l,z
GO ON TO THE NEXT PAGE.
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Mech. 3.

A system consists of a ball of mass M, and a uniform rod of mass M, and length d. The rod is attached to a
horizontal frictionless table by a pivot at point P and initially rotates at an angular speed @ , as shown above

left. The rotational inertia of the rod about point P is %—M d 2 The rod strikes the ball, which is initially at rest.

As a result of this collision, the rod is stopped and the ball moves in the direction shown above right. Express all

answers in terms of M, M,, o, d, and fundamental constants.

(a) Derive an expression for the angular momentum of the rod about point P before the collision.

[=Tw = S M4 +w

(b) Derive an expression for the speed v of the ball after the collision.

RS \Y) ‘
}4L&.<:¥> + O

Hod w Modw
M, M,

I\b\)l + ILW‘“ :I\W{? + TZW-F

!

Z
—EM‘Q\ W)+ O

<
O
{

GO ON TO THE NEXT PAGE.
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(c) Assuming that this collision is elastic, calculate the numerical value of the ratio M, /M, .

3B

: L I wE
Ke 1= conseyyed =
VoL 2low”
ke =55 md
i e }Z
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les = 32 s

v ) ’.‘ .M;\; AN ’._____‘_:i,"x
W‘SK%’%W'/‘@ 3

\

Before Collision

(d) A new ball with the same mass M, as the rod is now placed a distance x from the pivot, as shown above.
Again assuming the collision is elastic, for what value of x will the rod stop moving after hitting the ball?

LM 45w vo = M vt (5)+0

GO ON TO THE NEXT PAGE.
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Mech. 3.

A system consists of a ball of mass M. » and a uniform rod of mass M, and length d. The rod is attached to a

horizontal frictionless table by a pivot at point P and initially rotates at an angular speed @ , as shown above
left. The rotational inertia of the rod about point P is %M d 2 The rod strikes the ball, which is initially at rest.
As a result of this collision, the rod is stopped and the ball moves in the direction shown above right. Express all

answers in terms of M;, M,, @, d, and fundamental constants.

(a) Derive an expression for the angular momentum of the rod about point P before the collision.

30d%) (©)

(b) Derive an expressioﬁ for the speed v of the ball after the collision.

(5 0.8 (W) = Mo

T mdPw )

GO ON TO THE NEXT PAGE.
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(¢) Assuming that this collision is elastic, calculate the numerical value of the ratio M, /M, .

»—I aﬁ - %»Mau‘a

a
X
b
=
\|

ES
Q

=

B

Before Collision 2 .
Mo 2

(d) A new ball with the same mass M, as the rod is now placed a distance x from the pivot, as shown above.
Again assuming the collision is elastic, for what value of x will the rod stop moving after hitting the ball?

él[&):” 5 MoV

GO ON TO THE NEXT PAGE.
-a.
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