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Question 2

The diagram below shows various positions of a child in

motion on a swing. Somewhere in front of the child a station-
This is a three hour exam. National ranking and prizesy whistle is blowing. At which position will the child hear
will be based on a student’s performance on both sectionsh& highest frequency for the sound of the whistle?

and B of the exam. However, performance on the multiple

choice questions in part A will be used to determine whose

written work in part B will be marked for prize consideration f‘_

by the National Committee. The questions in part B of the A o A ﬁ
exam have a range of difficulty. Please be careful to gather -

as many of the easier marks as possible before venturing into whistle
more difficult territory. If an answer to part (a) of a question B C

is needed for part (b), and you are not able to solve part (a),

assume a likely solution and attempt the rest of the questi¢a) At B when moving toward A.
anyway. No student is expected to complete this exam afie) At B when moving toward C.
parts of each problem may be very challenging.

Non-programmable calculators may be used.

(c) At C when moving toward B.

Pleag®) At C when moving toward D.

be very careful to answer the multiple choice ques-

tions on the answer card/sheetprovided; most im-
write your solutions to the three writterQuestion 3

portantly,

problems onseparate sheets as they will be marked In a Young double slit experiment, green light is incident

by people in different parts of Canada.

Data

Speed of light
Gravitational constant

c¢=3.00x 108 m/s
G =6.67 x 107 N-m?/kg?

Acceleration due to gravity g = 9.80 m/s’

Fundamental charge
Mass of electron
Mass of proton
Planck’s constant
Coulomb’s constant
Permeability of free space
Speed of sound in air
Density of air
Boltzmann constant
Energy Conversion
Avogadro’s number

e=160x10"1°C

me = 9.11 x 1073 kg

m, = 1.673 x 10727 kg

h=6.63x1073*Js

1/47me, = 8.99 x 107 Im/C?

to = 4m x 1077 N/A?

vy = 343 m/s

p = 1.2 kg/m?

kE=138x10"23 J/K
leV=6 x 10719

N4 = 6.02 x 1022 mol—!

Part A: Multiple Choice

Question 1

Three identical resistors are connected across a volti}

Good luckn the two slits. The interference pattern is observed on a

screen. Which one of the following changes would cause the
observed fringes to be more closely spaced?

fringes

incoming
light waves

screen

(a) Reducing the separation between the slits.

(b) Using blue light instead of green light.

(c) Using red light instead of green light.

(d) Moving the light source further away from the slits.

Question 4
A thin lens with focal lengthy is to be used as a magnify-
glass. Which of the following statements regarding this

sourceV’ so that one of them is in parallel with two other§ituation is true?

which are connected in series. The power dissipated throu% A Converging lens must be used7 and the Object be p|aced
the first one, compared to the power dissipated by each of the at 3 distance greater thaif from the lens.

other two, is approximately

(a) the same.

(b) half as much.

(c) twice as much.

(d) four times as much.

(b) A diverging lens must be used, and the object be placed
betweenf and2f from the lens.

(c) Aconverging lens must be used, and the object be placed
at a distance less thghfrom the lens.

(d) A diverging lens must be used, and the object be placed
at any point other than the focal point.
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Question 5 Question 8
The figure shows the path of a ray of light as it passesTwo test charges are brought successively to a position
through three different materials with refractive indices some distance away from a negative charge. First, test-
ne andng. The figure is drawn to scale. What can we cowrhargeq is placed at a distanc® from —@Q. Then it is re-
clude concerning the indices of these three materials?  moved and a test-chargeq is placed at a distanc&R from
—@Q. The sign ofq is unknown. Compared with the electric
AN potential at the position of the test-charge in the first case, the
. electric potential at the position of the second test-charge is

-Q a  -Q ~2q
S [ J [ 2

n2 N R 2R
. @ (b)

(a) the same.

(b) twice as large.

(c) half as large.

(d) impossible to determine unless the sigry & known.

(@) n3 < ng < ny.
(b) ng < mn1 < na.
(€) no < ny < ngs.
(d) n1 < ng < na.

. Question 9
Question 6 . . A simple pendulum, consisting of a massat the end of
The diagram shows the trajectory of three artillery shellg, ,nstretchable string of lengfh swings upward, making
Each was fired with the same initial speed. Which shell wgg angled with the vertical. The work donky the tension in

in the air for the longest time? (Ignore air friction.) the string is
(&) Zero.
g (b) mgL
(c) mgL cos 0
I (d) -mgL sin 6
(8) Shell A. Question 10
(b) Shell B. In problems involving electromagnetism it is often conve-
(c) ShellC. nient and informative to express answers in terms of a con-
(d) Shells A and C were in the air for equal time, which wagant, «, which is a combination of the Coulomb constant,
longer than for shell B. ke = 1/4me,, the charge of the electron, andh = h/2m,

h being Planck’s constant. For instance, the lowest energy
that a hydrogen atom can have is givenBy= —1a?mc?,
wherem is the mass of the electron amds the speed of

Question 7 _ _ _ light. Which of the following is the correct expression foP
LetV be electric potential anfl the magnitude of the elec-(HINT: non-relativistic kinetic energy igmv?, wherev is

tric field. At a given position, which of the following statespeed.)
ments is true?

kee? h
(a) Eis always zero wher¥ is zero. (a) The (b) kee2c
(b) V is always zero wheré& is zero. © keezh_ @ kee’c
(c) E can be zero wher¥ is nonzero. c h

(d) F is always nonzero wherg is nonzero.
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Question 11 Question 14
A mass suspended from a spring is oscillating up andA vertical spring with constant 250 N/m and negligible
down. Consider the following two statements: mass is attached to a horizontal plate. A block of mass 0.255
. . _ kg is dropped onto the spring which compresses by 0.12 m
(1) At some p0|_nf[ during the_oscnlatlon, the mass has Zersgfore coming momentarily to rest. The following two num-
velocity but !t IS acF:eIeratlng. o bers are the work done by the force of gravity,, and the
(2) At some point during the o_scnlatlon, the mass has zgfRk done by the springiV., (both over the total distance
velocity and zero acceleration. that the spring is compressed).
(a) Both occur at some time during the oscillation. (a) Wy =0.30J, W, = -1.8J.
(b) Neither occurs during the oscillation. (b) Wy =0.30J3, Wy =1.8J.
(c) Only (1) occurs. (c) Wy =-0.30J, W, =1.8J.
(d) Only (2) occurs. (d) Wy =—-0.30J, W, = —-1.8J.
Question 12 Question 15

A very long solenoid perpendicular to the page generate

a downward magnetic field whose magnitude increases o L . .
ﬁ e path, the tension in the string is three times the weight of

time. This induces an emf in a conducting wire loop arou ; The stone’ d at that point is ai b
the solenoid which lights two identical bulbs connected in stg'—e stone. The stones speed at that pointis given by

ries along the wire. Now two points diametrically opposed o) 2,/gr
the wire loop are shorted with another wire lying to the righth) ,/2¢r
of bulb B in the plane of the page. After the shorting wire i?c) V3gr
inserted, (d) 4gr

stone of massn is attached to a light strong string and
irled in avertical circle of radius-. At the exact bottom of

Question 16
You arerapidly pumping air into a tire with a bicycle pump.
At the same time, helium gas mapidly escaping out of a

AO O balloon. Which of the following statements is true?
(a) The pump cools down while the helium gas warms up as
it is expelled.
(b) The pump warms up while the helium gas cools down as
it is expelled.
(c) The pump cools down while the helium gas also cools
(a) bulb A goes out, and bulb B dims. down as it is expe”ed_
(b) bulb A goes out, and bulb B gets brighter. (d) The pump warms ups while the helium has also warms
(c) bulb B goes out, and bulb A dims. up as it is expelled.
(d) bulb B goes out, and bulb A gets brighter.
Question 17

A particle, moving through a certain region of space, expe-
riences a non-zero magnetic force. Which of the following is
possible?

Question 13

A quantity of charge(, is distributed uniformly through
a sphere of radiu®. A smaller sphere, of radiusand con-
centric with the large sphere, is now removed from it, leavinga) A magnetic field exists in that region and changes the
a spherical cavity with no charge in it. The charge density of speed of the particle.
the remaining shell has not changed. The electrostatic potgs) A magnetic field exists in this region and the particle’s

tial at a distance > R, outside the shell, is velocity vector is parallel to the magnetic field vector.
1 Qi 1 QR —d (c) A magnetic field exists in this region and the particle is
(a) —— (b) — moving at right angle to the magnetic field.
dmeg 7T d3 dreg v R3 9 ) g_ g_ . 9 ) L
] R 1 e (d) A magnetic field exists in this region and the particle is
(c) 9_3 (d) 9_3 moving in the direction opposite to the magnetic field
dmeg 1 d deg r R vector.
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Question 18 Question 23

The astronauts aboard a Space Shuttle in circular orbiA uniform pole is attached to a vertical wall by a friction-
around the Earth wish to transfer the shuttle to a new circuless pivot. The pole is held horizontal by a vertical cable at-
orbit at higher altitude. In this new orbit, the shuttle will haveached to the ceiling as shown. Considering torques on the
pole about the axis of the pivot, which one of the statements

(a) a smaller orbital speed and a larger total energy. below the figure is correct?

(b) a smaller orbital speed and a smaller total energy.
(c) alarger orbital speed and a larger total energy.
(d) alarger orbital speed and a smaller total energy.

cable
Question 19 _
A car pushes a stalled truck up a hill. The car exerts a force pivot
of magnitudeF; on the truck. The truck exerts a force of pole

magnitudeF; on the car. Then

(a) F1 = F5 since these forces form an action-reaction pai
(b) Fy = F5 only if the car and truck do not accelerate.

(c) Fy > F5, or else the car and the truck would not move.
(d) F} < F; because the truck is heavier.

r(a) The magnitude of the torque due to the tension in the
cable is equal to the magnitude of the torque due to the
weight of the pole.

(b) The magnitude of the torque due to the tension in the
cable is greater than the magnitude of the torque due to

Question 20 the weight of the pole.
A convex mirror has its centre of curvature located behintf) The magnitude of the torque due to the tension in the
the mirror. The image formed by such a mirror is cable is less than the magnitude of the torque due to the

weight of the pole.

(8) upside down, enlarged and virtual. (d) The tension in the cable is equal to the weight of the

(b) upside down, reduced and virtual.

ole.
(c) right side up. reduced and real. P
(d) right side up, reduced and virtual.
Question 24
The minimum speed with respect to air that a particular jet
Question 21 aircraft must have in order to keep aloft is 300 km/hr. Suppose

A toy airplane is travelling in a horizontal circle at a conthat as its pilot prepares to take off, the wind blows eastward
stant speed at the end of a tether wire. The magnitude of &te@ ground speed that can vary between 0 and 30 km/hr. 1g-
tension in the wire ig". Then the wire is played out to twicenoring any other fact, a safe procedure to follow, consistent
its original length and the plane is made to fly at twice itgith using up as little fuel as possible, is to

original speed. The tension in the wire is now
(a) take off eastward atgroundspeed of 320 km/hr.

1
(S) %? (b) take off westward at groundspeed of 320 km/hr.
((c; % (c) take off westward at groundspeed of 300 km/hr.
) 2F (d) take off westward at groundspeed of 280 km/hr.
Question 22 Question 25

The plates of a parallel-plate capacitor are separated by A massm is moving at speed perpendicular to a rod of
solid dielectric. This capacitor and a resistor are connectedéngthd and mass\/ = 6m which pivots around a friction-
series across the terminals of a battery. Now the plates of ldss axle running through its centre. It strikes and sticks to
capacitor are pulled slightly farther apart. When equilibriuthe end of the rod. The moment of inertia of the rod about

is restored in the circuit, its centre isMd?/12. Then the angular speed of the system
(a) the potential difference across the plates has increasé'cg’.ht after the collision is
(b) the energy stored on the capacitor has increased. (a) 2v/3d.
(c) the capacitance of the capacitor has increased. (b) 2v/d.
(d) the charge on the plates of the capacitor has decrease@r) v/d.
(d) 3v/2d.
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Part B (b) Suppose that the acceleration imparted to the bottle by
the escaping gas and that you calculated in part (a) re-
mains the same until the air has finished escaping at the
constant raté\ M/ / At. What would be théotal distance
covered by the bottle when it finally comes to a stop?

Problem 1

Suppose that initially the system of masses shown below is
held motionless. All surfaces are frictionless, and the pulley
is fixed to mass\/. The string is completely inextensible: its () NOTE: BONUS marks will be awarded if you can de-
length is constant. We are interested in the acceleration of rive the following expression for the maximum speed

each mass at the instant right after they are released. Note the bottle can ever attain once all the air has escaped,
that at this instant the string holding, is still vertical. and which doesiot assume that the acceleration of the

bottle is constant while the air is escaping:
m
1

_om - pg/2My oo o
°r = T (anyan M MY
M

i wherem is the mass of the escaped air, neglecting the
air left in the bottle at the end.

(a) Draw free-body diagrams showing and labelling all
forces that act on the three masses at the instant righdblem 3

after they are released. Consider a long horizontal cylindrical shell, of length
(b) Write Newton’s second law as it applies to each magadius R which can rotate freely about its longitudinal axis
Explain briefly whyA accelerates. with a moment of inertial. The material that composes it

is electrically insulating and non-magnetic. A massless string
attached to a vertically hanging masss then wound around
Re cylinder drum. The mass is released from rest at time
t=0.

(d) Determine the tensidmfi in the string and the three accel-

erations in terms of the masses and of the gravitationg?) Determine the angular acceleration and kinetic energy of
accelerationg. the system after the hanging mass has fallen a distance

(e) Take the limits of your results in part (d) 3 — oc. h. N -
What do they become if instead you take — 0, orif (b) A net amount of positive charg@, of negligible mass,

you takem, — 0 (not both at the same time)? Do your IS deposited uniformly on the outside drum of the shell
results make sense in all those limits? before the mass is released. Redo part (a) under these

conditions. Calculate the difference in kinetic energy
between the two caség = 0 and@ # 0. Do you have
any idea as to where the “missing” kinetic energy went?

(c) Let A be the acceleration of masg, a; that ofm,, and
ao that of my. Find a relation between the acceleratio
of the three masses.

Problem 2

A 100 kg (when empty) cylindrical bottle of gas, contain- HINT: The magnetic field due to a very long solenoid of
ing 100 | of air at a pressure of 100 atmospheres, falls overigAgth ; and NV turns carrying a currenf produces no net
the lab floor, breaking the valve. This leaves a circular hdigagnetic field outside the solenoid, but a net uniform mag-
of radius 2.0 cm at the end of the bottle, through which the igtic field of strengthu, NI/1 inside the solenoid. The field
escapes in a direction parallel to the long axis of the bottlejs directed along the solenoid axis.

(a) Letu be the exhaust speed of the air relative to the lab,
assumed to be constaaind;, M the initial and final
mass of the bottle, respectively. The bottle slides across
a floor with a kinetic coefficient of frictiom = 0.15.

CalculateA M /At, the maximum rate at which the mass
of the bottle changes if, is limited by the speed of
sound, approximately equal to 343 m/s. HINT: under
our assumptionsh M /At is constant, and the escaping
air (as opposed to the air still in the bottle) has a density
of 1.2 kg/n?.

Write down the fundamental conservation law which
governs the motion of the bottle. Calculate its accel-
eration as the air starts escaping.



