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PART A

FOR EACH OF THE FOLLOWING QUESTIONS IN PART A, ENTER THE MOST APPFROPRIATE RESPONSE
ON THE OMR SHEET.

Al. A satellite orbiting the Earth in a stable circular orbit of radius | has an orbital speed of v;.
Another, identical, satellite is in a stable circular orbit twice as far from the centre of the Earth.

D The orbital speed of the second satellite is

1

Wn=2  @n=0  On=d Ou-x @n=Vix
1

: . : : F ¢ MG
A2, Which one of the following forces is conservative? grow
(A) The no_rmal force. G‘ME o (Y‘l U‘
C (B) Air resistance. — e
The gravitational force. G

The static frictionsl force.
(E) Tension. Vi / Gﬂs / M | J
2 2 rl

A3,  Which one of the following statements concerning an object in uniform clrcula_r motion is

NOT correct? / U= 1
E (A) The centripetal force acts inward toward the centre of rotation. u,r .\j'}_
(B) The magnitude of the centripetal acceleration is constant. Cﬂm

(C) The magnitude of the velocity is constant.
(D) The centripetal force is due to the other forces acting on the object.
(E) The object is in equilibrium. ~  _, SE-0. bt IF=ma. for creslar .
on.
A4, Suppose you are standing on the edge of a platform and jump straight down to the ground. me
Which one of the following statements best explains why you should bend your knees as your
feet hit the ground?
D (A) Bending your knees decreases the impulse that the ground exerts on you as you come to
rest.
(B) Bending your knees decreases the change in momenturn that you undergo as you come to
rest.
(C) Bending your knees decreases the time over which the force of the ground brings you to
rest.
@ Bending your knees decreases the average force that the ground exerts on you as you come
to rest. Tmpulse - Mome Theoremm.
(E) Bending your knees decreases your mass. = _F g R 0_"‘ rben , eor
FAt= AP - Ingreasing At decraases

A5 Two identical hockey pucks collide on a frictionless ice surface. The collision is elastic. Which ’E
one of the following statements is NQT correct? .

D (A) The total kinetic energy is conserved. KE is conServed
(B) The total momentum in the x direction is conserved. ' ved
(C) The total momentum in the y direction is conserved. r’ (P:(’ amd py) 1S CofsErVES

The kinetic energy of each puck must be equal after the collision.
} The net external force acting on the twa pucks is zero.

continued on pape 3 ..
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You are standing on the edge of a rotating horizontal platform. The platform is rotating at a
steadily decreasing angular velocity (the motor has been turned off and friction is present).
Which one of the following statements is correct concerning your total acceleration?
(A) Your total acceleration is directed opposite to your tangential velocity.
(B) Your total acceleration is directed in the same direction as your tangential velocity.
(C) Your total acceleration is directed radially toward the centre of the platform. T
(D) Your total acceleration is directed radially away from the centre of the platform. a
Your total acceleration has a component directed radially toward the centre of the platform
and & component directed opposite to your tangential velocity.

The graph shows angular speed versus time for rotating  Angular
blades on a lawnmower. Which one of the following  speed
statements is NOT correct? rad/s f
{A) The blades start from rest at s =0,
(B) The angular speed is constant from =10 s
onward.
(C) The magnitude of the angular acceleration is
constant from =0 to 10 s. 0
The magnitude of the angular displacement is
directly proportional to the time from /=0to 10 5.
(E) The magnitude of the angular displacement is
directly proportional to the time from 1= 105
onward.

L] N el L
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o
o

Time (s)

Is it possible for a 1 N force and a 2 N force to exert the same torque? - F Q
(A) No. ’2/ -
(B) Yes, if the 1 N force has a lever arm that is half that of the 2 N force.
Yes, if the 1 N force has a lever arm that is twice that of the 2 N force.
Yes, if the 1 N force has a lever arm that is one-quarter that of the 2 N force.
(E) Yes, if the 1 N force has a lever arm that is four times that of the 2 N force.

Consider each of the following four objects: a hoop, a solid disk, a solid sphere, and a hollow
sphere. Each object has a mass A and a radius B. The axis of rofation passes through the centre
of each object, and is perpendicular to the plane of the hoop and the plene of the solid disk.
Which object requires the largest torque to give it the same angular acceleration? S - T
(A) the hoop (B) the solid disk {C) the solid sphere ’
(D) the hollow sphere (E) each requirgs the same torque T = ME 2 s lorqest
+ haop b

It is observed that a figure skater spinning on onc skate, with both arms and onc leg outstretched,
can increase her angular velocity by pulling in her arms and leg toward the axis of rotation. This
increase in angular velocity occurs because _ -
(A) both her angular momentum and her moment of inertia increase. I 12y =T 2 &3

B) her angular momentum is conserved and her moment of inertia increases, '

her angular momentum is conserved and her moment of inertia decreases.

(D} her angular momentum increases and her moment of inertia decreases.
(E) both her angular momentum and her moment of inertia decrease,

continued on page 4 ..,
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PARTB
FOR EACH OF THE FOLLOWING PROBLEMS, WORK OUT THE SOLUTION IN THE SPACE PROVIDED
AND ENTER YOUR ANSWERS ON PAGE 6.

ONLY THE ANSWERS WILL BE MARKED. THE SOLUTIONS WILL NOT BE MARKED.

Bl.  Calculate the time for a race car travelling at a constant speed of 90.0 m/s to travel once around a
¢ircular track of radius 1850 m.

UF 2,y 2 2n (18500)
T U 90.0m/s

B2.  Aball of mass 0.230 kg is dropped from rest from a height of 1.83 m above the floor and lands
on a platform 0.109 m above the floor. Calculate the speed of the ball just before it hits the

platform. fﬂmm amy € fecls due fo aur rgs_-"s{-m;g,_,
hy = O U;:Q (ans. of Mechomial Enefj}'

Ep =
7 Kep+ e, = KE,+ PE,

A = = S

1

© Kep= KE,+ Fe-Cep
Loff = O+ mghe- Mg

U—F - 4/33 (_lm,‘ I"J-'S

U;a = [2(‘75& M/saxl.?3m = O.lﬂ‘jrﬂ)]ifg = 5_2_‘1/5 )

continued on page 5 ...
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B3. A soccer player kicks a stationary ball of mass 0.402 kg. The duration of the kick is 0.0925 s
and the ball has a final velocity after the kick of +17.5 m/s. Calculate the magnitude of the

average force exerted on the ball by +he player. E
Impufk Mom endum ‘I’F\ww _,),G_-).U_—F
Fat= 43
=2 -
= |A - - MU
[Pl 1881 . Pe-p | og-m gy ( v-0)
At At At ot °

l 0.0925s

B4.  As a motorcycle approaches an intersection, the rider applies the hrakas and the motorcycle
wheels have a constant angular acceleration of magnitude 8.71 rad/s” as the motorcycle comes to
rest int a time of 8.60 5. Given that the radius of the motorcycle tires is 0.284 m, calculate the
linear speed of the motorcycle before the brakes were applied.

o o ° of = 8.7([‘:11:1/31
D d ,
CFEALD) m:"; oat +- B.40s
° =0
M——-E‘(t = ()
U, = re, = r(m;:-t{)* - ret (Mn bsomve
- TIRCE QW3

Uy = l-(O 28’4mX8.’¥l f‘ad/s"xg.éﬂs)l

(@G> 2.3 0/5)

continued on page 6 ...
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BS5. A string is tied to a doorknob at a distance of 0.790 m from the hinge as shown. At the instant
shown, the tension in the string is 5.20 N. Calculate the torque on the door dug to the tension in

the string, N

L+ t

hit;ge A
U= Tf T {axis of rotation)

where 'Q-r: L sind L

Y= TLsnD = (5200)0.790m (sin 57.0%)

ANSWERS FOR PART B

ENTER THE ANSWERS FOR THE PART B FROBLEMS IN THE BOXES BELOW,
THE ANSWERS MUST CONTAIN THREE SIGNIFICANT FIGURES AND THE UNITS MUST BE GIVEN,

ONLY THE ANSWERS WILL BE MARKED. THE SOLUTIONS WILE NOT BE MARKED.

Bl | !Q‘?s_”
B2 58lms
B3 %L IN

B4 2.3 m/s
BS 3.45 N

continued on page 7 .
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PART C

IN EACH OF THE FOLLOWING QUESTIONS, GIVE THE COMPLETE SOLUTION AND ENTER THE FINAL
ANSWER IN THE BOX FROVIDED.

THFE. ANSWERS MUST CONTAIN THREE SIGNIFICANT FIGURES AND THE UNITS MUST BE GIVEN.

SHOW YOUR WORK. NO CREDIT WILL BE GIVEN FOR ANSWERS ONLY. EQUATIONS NOT PROVIDED
ON THE FORMULA SHEET MUST BE DERIVED.

C1. A boy is pulling a sled, with his younger sister on it, across a horizontal 10.0-m-long patch of grass
by pulling on a rope attached to the sled. The total weight of the girl and sied is 392 N (total mass
of 40.0 kg). The tension in the rope is 130 N and the rope makes an angle of 38-8° with the 29.4
horizontal. The coefficient of kinetic friction between the sled and the grass is 0.3%8. 343

(a) Cah:ulate the work done by the tension force as the sled is pulled across the grass.

'\ TM _,%.L gj—’ 1 13x 03T
H.J, g |
W
W = (F cos8)5

W, (130N cos 29.6 Xnoam) m

ALTERMPH'E S‘DLM For (b)

W,g; (-E‘ cos 180 XS) amd 'Pu ';fikﬁ,
(b) Given that the speed of the sled before it reached the patch of grass was 0,800 m/s and the

speed at the other side of the patch of grass is 0.324 m/s, calculate the work done by the kinetic
frictional force as the sled is pulled across the patch of grass.

Recall \rJOrLtﬂEnerjy Thearem °
\I\Jﬂe.!. = AKE
Since G omd ?ﬂ e L 4o § , ‘-H\e.y- de no work
Whet = wﬂ + W
S0 Wg“ + Wt KEp - Kk,

— iy x103 T

Wp = hmof = bty o L (40.0ug)(0.3 24y
L gl'nu : Z'l_—y,_-Dj F +T5mb, _\hj O et _ (D ?ﬂfi)m/g) _'{
FN-' W =T sin® _ - IIBIIQ I
W—f- R “—h: 1’

W.[l /UH (\.AJ TS!hQ)@'ﬂS | 80° ) 5

C- 4 continued on nave R
8- C1Hx 10 D

LK
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C2. Two billiard balls of identical mass collide on a frictionless table. Initially ball B is at rest. Ball
A has a speed of 2.05 m/s and strikes ball B at an angle of 50.0° with respect to the negative x
axis (see diagram). After the collision, ball A has a speed of 0.295 m/s directed along the
positive x axis and ball B has a speed v m/s directed at an angle « to the positive x axis.

A
Yoa = 2.05m/s
. A +y
v 0,295 m/
8r= 50.0° ® A= s |
+x
(9%
Uopg = Om/is

B vm=vms

(a) Calculate v and «.

Ll-ﬁi‘-'_&r fﬂbfﬂ&vd't.w {5 Laﬁsu\_r-e_:l. - ]‘g?m/s
P?x_{_d,i Pax.m- aﬁ'lgl P£¥4ﬂ= Po)’"ﬂ’ o 569°
A - AT e MU¥BI+ m“ﬂ = W{%ACDS&A
Ve = 4% "-’"-“@ = (2.05m/s)cos 50.0°) — 0.295 w/s
Bx A
Up =
436_1 1,023 w/s
\/-dl'rrm " ‘?“U_pg + 0 = ‘W%A'SinQA
By
Uﬁﬁy: — Uy, s, = ~(2.05m/s Y sm50.0) = L57F /s
= [,e2 2
U'F-B - U ,JT__I&}: + Ur‘ng _ i}
s ()i (57
Fe. ) beds

+ -awid
continued on page @ 7.7
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C3. A 2.45-kg solid cylinder of radius 0.508 m rolls without slipping along a flat horizontal surface,
rotating at a rate of 4.1‘:-;3' rad/s about its cylindrical axis.
L
(a) Calcutate the magnitude of the tangential velocity of a point on the rim of the cylinder.

0
@ ___)_ﬂ UT - rwo ZO.q l‘ﬂ/S
U= (0.508m Y 411 rad/s)

g”‘z’gq . /)5

(b) Calculate the moment of inertia of the rolling cylinder.

. - - 2
Solrol Qy’m&‘,&') 1= Jémr

| (245105050 - (0770 ige)

0. 316 lt,ﬂ-mz

I

(c) Calculate the average power required to bring the cylinder to rest in 10.0 5.

20, 2 W

P‘:ZEE? &E,E smce  APE=0

b - T
KE_P': O (rest)

_ - 2
KE, = L™+ 5 Tw,

- - 2 4
KE,= L (2.45L0X 209w/ + L (0,316 hj-m"f)(éx.lm%)
KE = 3027
P; kEQ__ EDZ_T__ SOQ\JJ
t 10,058 ——
END OF EXAMINATION



