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PART A

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

Al. Ifanobject’s velocity and acceleration are both zero at an instant in time, which one of the
following statements best describes the motion of the object?

E (A) The object is at a turning point in its motion. tr 20 means of rest
(B) The object’s velocity will increase at a later time.
(C) The object’s velocity will decrease at a later time. )
(D) The object is in free fall. Vdﬂu’"‘\/ is not chamging,

The object is stationary (at rest). aLJ'e_ci' remains oX rest.

A2. A child standing on a bridge throws a rock straight down. The rock leaves the child’s hand with
a speed of vo at time t = 0. Which one of the following velocity versus time graphs best
represents the velocity of the rock as a function of time? (Up is the positive direction.)

B) o v
‘? 0l t

onte "H\e, roc,h- 1S reieﬂ'sd)

Y ,-]— moves downward with o
speed that inereases af «
uniform  (Constant  dovmward
accel™ of moonitde f))
v oust s Imeer with 2

e slpe omd ve ihly g

wnd DO meams He

(A)
o'i t

(D) o (E)
Ok t

A3. A ballast bag of sand is dropped from a hot air balloon when it is at rest at a height h above the
ground and it takes a time t for the bag to reach the ground. Later, when the hot air balloon is
D again at rest, a second bag is dropped and it takes a time 4t to reach the ground. What was the
height of the balloon when the second bag was dropped? (Air resistance may be |gnored ) + +

(A) 2h (B) 4h (C) 8h @ 16h (E) 64h Y U\'V 2
Ay < Za.‘t
A4. Inthe following equations, the variables x and y are distances, the variables vo and v are speeds,
the variable t is a time, and the variable a is an acceleration. Which one of the equations is NOT

[ dimensionally correct? Ay * t
- t.:24t,.
X x? X 2
W o=tateX @) y-tak;  ©F=iy  ©a-2) @ =" p, - nty
nms my g amlst m—/'“/s e £ D n g w2 ‘

3 .
A5.  An object travelllng with an |n|t|a'rspeed 00 |s brought to rest ina dlstance d by a net force with a
magnitude of F. If the initial speed of the object is doubled to 2vo, what is the magnitude of the

D net force, in terms of F, that is necessary to bring the object to rest in the same distance d.
(A) F (B) 2F ©) 3F ® o € 8F W= OE
~Fa= - ine
A6.  Imagine you are launching a ball vertically into the air with a spring-loaded gun. If you wanted
to double the ball’s maximum height above the gun, what could you do? _ Fd - — Lm(zlr)
C (A) Decrease the spring’s compression to 1/4 of the initial compression distance.

= -1 z
- FZA = z"‘(tf"; )
- z - lmU‘Z
@ Increase the spring’s compression to f 2 times the initial compression distance. EA L{( 2 )
(D) Increase the spring’s compression to 2 times the initial compression distance. £ = LfF'
(E) Increase the spring’s compression to 4 times the initial compression distance. z

Q) Medhanical Enzrﬂ\/ {s Cconselwd.
imhw

(B) Decrease the spring’s compression to % of the initial compression distance.

= W

Mo continued on page 3.
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E

A8.

AQ.

Al0.

All.

Al2.

Al3.

AT7. A crate remains stationary after it has been placed on a ramp inclined at an angle with the

horizontal. Which one of the following statements must be true regarding the magnitude of the 3

frictional force that acts on the crate? 7?‘5 " ‘Fs

(A) The magnitude of the frictional force is greater than the magnitude of the weight of the %% i
crate. >

(B) The magnitude of the frictional force is greater than or equal to the weight of the crate. g
(C) The magnitude of the frictional force is equal to zero. W
(D) The magnitude of the frictional force is greater than the component of the gravitational E’Fx'- 0
force acting down the ramp.
@ The magnitude of the frictional force is equal to the component of the gravitational force
acting down the ramp.

The kinetic energy of a rocket is increased by a factor of 8 after its engines are fired, whereas its
total mass is reduced by half through the burning of the fuel. By what factor is the magnitude of
i ? 22 2
its momentum changed KE . émuz - Lwa? Pt

(®) The momentum is changed by a factor of 2. 2°m T 2m

(B) The momentum is changed by a factor of 4. )————* . - KE

(C) The momentum is changed by a factor of 8. P c 2wk, 5 fe J’ZKZ—J’_;‘

(D) The momentum is changed by a factor of 16. _ T - < 2m K,

(E) The momentum is unchanged. P2~ Z(ZM‘X%;)K’%')Z P“E— l
AR 1

Consider a car that is travelling at constant speed around a curve of constant radius. Which one
of the following statements is correct concerning the net force on the car?

@ The net force on the car is directed radially inward — toward the centre of the curve.
(B) The net force on the car is directed radially outward — away from the centre of the curve.

(C) The net force on the car is zero. . ieenl o
(D) The net force on the car is tangent to its path. unifocm cifovlar me ?

(E) The net force on the car is directed vertically upward. ?M* s radiaﬂy (nward
A satellite is moving in a stable, circular orbit around the Earth. Which one of the following
statements is FALSE? £ = Mac

(j-(‘AV

@ The speed of the satellite depends on the mass of the satellite. ¥ m = muz/ = U= Gett
(B) The speed of the satellite depends on the mass of the Earth. T % r
(C) The speed of the satellite depends on the radius of the orbit. T GmMg _ mnul
(D) The speed of the satellite depends on the universal gravitational constant. — ¢z ~ “¢
(E) The speed of the satellite depends on the acceleration due to gravity at its location. o= GMe
T C
An object at the end of a string is swung in a circular path at constant speed with a period T. If
the period is shortened to ;T without changing the radius of the circle, what is the new /S

centripetal acceleration in terms of the original centripetal acceleration ac?
(A) 4ac (B) 2ac ©) a (D) Lac (E) tac

acuw"
and w‘-z_"

What can be said about the angular (@) and linear (v) velocities at
the two marked points (A and B) on the rotating bicycle wheel
shown in the figure to the right? L 15 Same L a0

(A)  @®a> wsand va > ve. oirdz th & rn‘j.‘o\
(B) @a < wsand va < ue. P . A

@A = ws and va > ve. 0 l,,f_dr o
(D) @a = ws and va < ve. Ut rw.
(E) @a= wsandva =vs.

Suppose that a wheel experiences an angular acceleration o.; when it is acted upon by a net
torque 1. If the net torque acting on the wheel is doubled, how will the new angular acceleration,
o2, compare to o ?

(A) co=Yaou (B) u=%ar (C) = @ o = 20 (E) o2 = 4ous

Z’Q_/ = IuL = Prormr'h'maﬂ +o the*
continued on page 4...
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Al4.

£

Al5.

Al6.

Al7.

AlS.

Al9.

A20.

A21.

A hoop, a solid disk, and a solid sphere are rolling without slipping along a flat surface. The
objects have equal masses and equal radii and they are rolling with equal speeds. Which one of
the following statements is correct concerning their total kinetic energies?

(A) KEhoop = KEdisk = KEsphere  (B) KEnoop = KEdisk < KEsphere  (C) KEnoop < KEdisk < KEsphere

(D) KEhoop = KEdisk > KEsphere @ KEhoop > KEdisk > KEsphere KEM - KE-‘(M: 4 KEr°+

A figure skater, initially spinning with arms and one leg outstretched, pulls her arms and leg in
so that they are close to her body. Which one of the following statements correctly describes

what happens when she pulls her arms and leg toward her body? KE bt mu‘z+ l Tes?
(A) Her angular momentum increases and she spins faster. Mmooy seme _pw
(B) Her angular momentum decreases and she spins faster. )
(C) Her moment of inertia increases and she spins faster. Gﬂﬁ .

Her moment of inertia decreases and she spins faster. S KE It Increases
(E) Her moment of inertia remains constant and she spins faster. with mm,‘,j TI.

Cor\s- o@ Mj— mom&d’uw\.) ICA. IJ; So (,o"’
Two forces are acting on anobject. Which one of the following statements is correct?

(A) The object is in equilibrium if the forces are equal in magnitude and opposite in direction.
(B) The object is in equilibrium if the net torque on the object is zero.
(C) The object is in equilibrium if the forces act at the same point on the object.
The object is in equilibrium if the net force and the net torque on the object are both zero.
(E) The object cannot be in E(iu\wbrlum because more than one force acts on it.
ConJJH‘\‘on_s'
The magnitude of the electrlc field due to a point charge at a distance of 4.0 m away from that
charge is measured to be 100 N/C. The magnitude of the electric field at a distance of 2.0 m
away from the charge is... E-= Qﬁ’\

@ 400 N/C. (B) 200 N/C. (C) 100 N/C. (D) 50 N/C. (E) 25 N/C. 2
Eoed

A metal sphere is grounded (connected to the Earth) through a closed switch. A positively (o

charged balloon is brought near to, but not touching, the metal sphere and then the switch is

opened. After the charged balloon is taken away what is the charge on the metal sphere?

(A) Itis zero. Ceant raduch'on . @ \_©

(B) Itis positive. Ch 3”‘3 b\/ _[©

It is negative.
(D) It may be positive or negative depending on the magnitude of the charge on the balloon.
(E) It will be positive at the point nearest to where the balloon was, but zero on the other side.

Consider two identical positive charges. Which one of the following statements is correct
concerning the electric field and the absolute electric potential at the point located midway along
the line between the two charges? Q2 ° 14

(A) Both the electric field and the absolute electric potential are zero. "N'\’N
(B) The electric field points toward the rightmost charge and the absolute electrlc potentlal |s

Zero. ,_ i
(C) The electric field points toward the leftmost charge and the absolute electric potenJ[baI is (% j
zero, 1 w
(D) The electric field is perpendicular to the line between the two charges and the absolute -
electric potential is zero.
@ The electric field is zero and the absolute electric potential is not zero. VH k{+ _—7’ 2'11_
Consider two conducting spheres. The spheres are identical except that Sphere 1 |n|t|ally has a
charge of qui = +4 uC and Sphere 2 initially has a charge of g2i = —2 uC. The conducting spheres
are brought into contact and then separated. The charges on the spheres are now...

(A) it = +4 uC and gar = +2 pC. (B) quf=+3 puCand gzt = -3 pC.

© qu=+1uCandqz=+1uC. (D) qir=+2 uCand gzr =0 pC.

(E) qu=0uCand gz =+2 pC. Spheres re same size am& conduchws 5o aek
C)I\G"ﬁ& O'F +2 C WI” aﬂ dkS""rlL)U‘l‘&‘\

A metal wire of resistance R is cut into 3 equal pieces that are then placed side by S|de to form a
new cable with length equal to 1/3 the original length. What is the resistance of this new cable?

® iR (B) iR ©) R (D) 3R ) 9R
Emc}\ Pl.ece, of ‘Mr\l, C,afole l/\A.S rer'S‘i’moc éﬁ omd. Yhe 3 pl.ecc.f rre
in pocedtel. ﬂ%: ['/(Jéﬂ\)+ '@z) N (l/éa)] ' zl;]'ﬁ continued on page 5...
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A22.

B

A23.

A24.

A25.

PART B

Two light bulbs are connected in series, one operating at 120 W and one operating at 60.0 W. If I
the voltage drop across the series combination is 120 V, what is the current in the circuit?

(A) 1.0A 15A (C) 20A (D) 25A (E) 3.0A

)
K—<—?'

The lamps in a string of holiday decoration lights are connected in parallel. The lights are
powered by a constant voltage emf. What happens when one lamp burns out (becomes open
circuit)? Assume negligible resistance in the wires leading to the lamps. p}m+ = TV

@ The brightness of the other lamps does not change

= IV
(B) The other lamps get brighter equally. cverend amd vo Hwi\e Pr+?, IP )
(C) The other lamps get dimmer equally. for each lowp oloes nat I= 12
(D) The other lamps get brighter, but some get brighter than oth‘ers. chamae. v

(E) All the lamps go out. Mlﬁ 1= L5A

A power of 100 W is delivered to a wire when an emf of 10 V is connected across it. The wire is
then replaced with another which is made from the same material and has the same length, but
has a diameter that is twice that of the first. If we want the same power of 100 W to be delivered
to the second wire, what emf must be connected across it?

(A) 1.4V (B) 25V ©sv (D) 20V (E) 40V

In a region where the Earth’s magnetic field points toward the North, a wire
carries a current vertically downward (toward the ground). In which direction
is the magnetic force on the wire?

(A) Toward the North. )

(B) Toward the South. R ﬂH— hamd. cole
Toward the East.

(D) Toward the West.

(E) The force is zero. 2

R= /?A—\R z 11()‘;2/4_
ol,ou\o‘lhjw ohwwzﬁr meam g 2‘; +he

[‘QSfS'\T\mo(’.Z ,
2 Vit Ny N,z [Re v =Ly
A A

ANSWER FIVE OF THE PART B QUESTIONS ON THE FOLLOWING PAGES AND INDICATE YOUR CHOICES
ON THE COVER PAGE.

FOR EACH OF YOUR CHOSEN PART B QUESTIONS ON THE FOLLOWING PAGES, GIVE THE COMPLETE
SOLUTION AND ENTER THE FINAL ANSWERS IN THE BOXES PROVIDED.

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

SHow AND EXPLAIN YOUR WORK — NO CREDIT WILL BE GIVEN FOR ANSWERS ONLY.

EQUATIONS NOT PROVIDED ON THE FORMULAE SHEET MUST BE DERIVED.

USE THE BACK OF THE PREVIOUS PAGE FOR YOUR ROUGH WORK.

continued on page 6...
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B1. A cannon is fired at a wall that is a horizontal distance of 295 m from the cannon. It takes 4.45 s
for the cannon ball to hit the wall.

x 3 d
Koc>295m A\/'—-? —/[——)x ‘ o ] —

= 9 U -.-U_S',ngb / .‘_
U;x U;OO.S ° 0‘/- -Dﬁ gom/sz \L a.: _ q‘gom/sz
Ay=0 |Ay~ 0 - h

U, = U U_y: ! Gu )
x 62 Ao_g" T Qo .
t= 4.4Ss i

295 m

(a) Calculate the initial speed of the cannon ball. (3 marks)

A= L(u += 0.t
D
63 '%
U= Uesh = U= Yx br/t 295w/ uss
ox 0 (,osoo s 0, - cos 40.0°

(b) At what height above the level ground does the cannon ball hit the wall? If you did not obtain
an answer for (a), use a value of 90.0 m/s. (3 marks)

2 .
/S\/l“ U;‘/-t +£o«yt ; U;\/: U;SmQD 1S] m

. 2
By= Uysmd, b+ Last

A\/ = (86.54‘ m/;}(s{n 40.0°YLIL‘ Lf55> 4 é (_ 6.8’Om/s?')(4‘:4"5 S)Z

(c) Calculate the speed of the cannon ball just before impact with the wall. If you did not obtain
an answer for (b), use a value of 1.60 x 10 m. (4 marks)

Uy U = Ox 295w
x= Yy 7- LT’—E; = (0.29 w/s €7Lfm/s
ALt Ans.t [ 8m]s
Jo

U= U+ at = Usind, + &t
b oy y [ Y
U\y = (8@5 M/SXSI;\ Lo, 0") + (‘q.gOm/slez‘-llgs> = 12.0m/s

U':(U‘ZHJZ : ALt METHOD 2 ¢
* 7 Cons. of Medh. En&ﬂ\/

ALT. MeTHod L - ¥ = Ke,+PE__
vlic o2+ 2ab ' it g, kF T4
Y 0 7 -ZLV(uf--&—O = ly(ufz+y(ﬁb\/
U, = U_OZSI;\-Lgb t Za\,[)\/ = /1.5 m/s T b 2
o =Y T 23bY
N
v JG;’——; E ontinued on page 7...

70~5m/5
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B2. The figure to the right shows two blocks, A and B, connected by
a massless rope. The rope passes over a massless, frictionless
pulley. There is friction between the surface and block A. The
coefficient of static friction between the surface and block A is
0.300 and the coefficient of kinetic friction between the surface
and block A is 0.150. The entire system is in static equilibrium.

(a) What kind of friction is opposing the tension force applied
by the rope on block A (circle your choice): (2 marks)

STATIC FRICTION KINETIC FRICTION

(no MO’H 0V\>
(b) Draw the free body diagrams for blocks A and B. (3 marks)
D
n
L =
7 T T
s A |—
Z lé 3
l - J——) b e RN
W ( We
vie same

C,oori/\‘r\od'e Sys‘('e»m
‘grr loo"H/\ Uoc[és

(c) Suppose block A has a mass of 5.00 kg. Calculate the maximum mass of block B under the
condition that static equilibrium is just maintained. That is, if the mass of B was any greater
than this value, the blocks would move. (5 marks)

For s‘bd\'c C,Llu\‘(f\or\‘um “l‘b ‘oe J\_Ej'
MOJ:N\-'l—N-N\?d’ FS: S)mo\x: /US'YL
A(’P\‘f Hhe eﬁ’UHilorium Condatons K A
fo=O = T—-?g)ma\x:o = T~/uS'vL= O

1. 50 kg

SF,0 = - Wa=0 = M=W= Mg
T—pum=0 = T—/u-smAﬂ:O = T:/“:“‘A‘_’J
Ax()pl\/ e_fiuilu'\oriuw\ COﬂAA‘-'L'OV\. to block B
T - w0 = T -mg=0 ¥ T= Mg

MB: t_g.: /uSmAﬂ - /J;W\A

Mg = (0,300 500 k) =

continued on page 8...
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B3. A car, starting from rest, travels a distance of one-quarter of a mile (402 m) in a time of 12.8 s.
Each wheel of the car has a mass of 18.2 kg and a radius of 30.5 cm.

(&) Assuming constant acceleration, calculate the magnitude of the acceleration of the car
(3 marks)
U.=0
° @ U t=12%s
(h —~ &~

[ —

Ax= 402 m

491 /s

Ax= ot + JZ‘A%Z
° Inx 2(H620)
= + L -{:2 = Q- =
Ax= O+ a4 . (02827

(b) Assuming that the car’s wheels roll without slipping, calculate the magnitude of the angular

velocity of the wheels at a time of 12.8 s after the car started moving. If you did not obtain an
answer for (a), use a value of 5.00 m/s?. (3 marks)

ALT. Ans.t 210 xnozml/s
Q iw 204 raok/g
W, =0

m“‘.v\j without 51"{’?‘“3 = y=fw amd QAT a, = Rt
N a 4 - (49 w52 12.8)
[,o“—wo-l—oUlJ = = 0+t =t = =.206rod
U= ket = O+ (UAe/s?)12.65)

= 62(675 m/S
L = v £2.8Sm/s

ge Brs . @o et

(c) Calculate the net torque exerted on each wheel of the car while it is accelerating. You may
approximate each wheel as a uniform solid cylinder. If you did not obtain an answer for (a),
use a value of 5.00 m/s?. (4 marks)

Avut. MgTHoD °

, ALt Avs. i 139 Nm
Ntw"'&c\ I_\— 'g\* €0+0~*“‘0“.' ,3 é N
nek i’ = I . A= ﬁ_—b—- a .
'hra)/u-e’ ce ) R R
2
s7re Ta o T= Lmet- L (18,215 Y0:305m)
R T = 0.845kgm?
7 = .LMeZaL _ ]2
z M2 Lmea = L (18.245)0.305m) (41 mjs")

continued on page 9...
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B4. The mass of the Earth is 5.98 x 10?* kg, the radius of the Earth is 6.37 x 10° m, and the mean
radius of the Earth’s orbit about the sun is 1.50 x 10 m.

(a) Calculate the angular momentum of the Earth that arises due to the fact that the Earth spins
about its axis with a period of 24.0 h. You may treat the Earth as a uniform solid sphere.

(6 marks)
Aw\ﬂ_ momovd'vm) L= Lw
- Zne® . = N rad
ISO‘:‘J = MK W 21\_

S‘{’\r\ere 5 } A - 24.0h
2
L= —ZS'MERE' 2 rd
24.0h

4 TN 24 | h
- 2 (cagxld ke Y6 37x10°m)  Zx € -
L= 2 (598%10 ks ) ) TS

(b) Calculate the angular momentum of the Earth that arises from its orbital motion about the sun.
You may treat the Earth as a point particle. (4 marks)

L= Tw
I‘,o",d—- = I‘(\rZ
pochele
2
L= M - 2t rad
T
L= (5A8xi0 g Y1.50x10 M)« Zrrod L4 Lk

Sic2ed - 24k T 3e00s

(= 248 %107 Lyw/s

continued on page 10...
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B5. A potential difference of 956 V is applied across two parallel plates that are separated by a distance
of 2.50 cm. The electric field between the plates is uniform.

[+ + + F +]

e
_
- > =
_—

N

E

(a) Calculate the magnitude of the electric field between the plates. (3 marks)
L
MN=-F_ pdx = g . - 382% 10°Y/,
x % ° pl
Dx

e e - @
x Nx 0.02506m

(b) A proton is released from rest at the plate with the higher potential. Calculate the kinetic
energy of the proton when it has travelled a distance of 1.25 cm after being released. Express
your answer in eV (electron volts). (4 marks)

Eherw s conserved :
KE‘L‘ + PEeJl~ = KE‘F + PEel_sz

L

478 eV

ALT. MeTHoD:
Unidfoem E and DN = — E Dx meam S
Mot DNx . Since bx = é—%g 'l‘o"’é‘ﬂ

destomes bl Hhe le)bwﬁ(_?sw)

KEF T - (chb\l> h —(e<—478V>=

DN i3 -ve b/e Pu“'en'i’l'cﬂ is o{euw,‘nﬁ

O + PEe,Q~_ PE‘el_g: KE_F
L
|<E1C = - APEy
cep= - (qav)
KQ_F R (GL(— Exbx>

KE-F = cLEx Ax = ¢ (Ex Ax) z e(g.SZXIOLF{\%XO.OQSm) =

(c) Calculate the speed of the proton just before it reaches the other plate. The mass of the proton
is1.67x 10 *"kg. (3marks) | a\ . meTHoD (Kinemahes)

i!; :: = o € 428 10° /s

Cons of Eherj\/
AKE + DPE ,= O

el m
. 2
De = —APEJ U= U;Z+ Qabx =0+ 2o.bx = 2(%\‘)Ax
AKE = - (q/[ﬁ\o = [24EDX - 2(1.602x10™c)(3.82%10%97 (0.0250m)
™ 167516727 kg

_ = — g bV
los?-07= - CL

U= 4-28’“05"\/5
2 B 0\
~m ;,L,7x(o’27L<J

continued on page 11...
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B6. A light bulb labelled “100.0 W @ 117 V" is connected to its power plug via a long extension cord

in which each conductor has a resistance of 1.00 Q. For testing purposes, the extension cord is
plugged into a 105 V DC supply.

(a) Calculate the resistance of the light bulb. (3 marks) 137
Q
|00.0W@ 117V => P = 100.0W
whew AV = |17V

p= (Y _ (A\;) e
RLul[o e" 130’\0—\’\/ - @

(b) Draw a circuit diagram of the test circuit configuration described in the statement of the
problem. (3 marks)

Curre

(SN
e 1

rw.\ a2

(c) Calculate the actual power dissipated by the light bulb in the test circuit. If you did not obtain
an answer for (a), use a value of 135 Q. (4 marks)

FLUIL = TR 782w

Te P & oSV o
Rt r+ R+ 1390 ‘

Pbu“o: (0‘75@\)2(]3&‘151.\) = ALT Ans.t 794 3w

ACT. METHOD

P = (b_\’_&ﬂni)z : From Kiechhofl’s Volfuge Kle | )
RLutt g = Ny, = TRy=> 1= aﬂL
A\}bvlh = IR~ 4 Rl
2 R-M
Pbullo: (Z%;S _ gzabuw, _ (105\1) (13(, ‘UL) -

0% (138 m)
Rl Rt

END OF EXAMINATION



