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Instructions to candidates

Do not open this examination paper until instructed to do so.

Answer all questions.

For each question, choose the answer you consider to be the best and indicate your choice on
the answer sheet provided.

A calculator is required for this paper.
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1. Instantaneous velocity is defined as...

displacement
time taken

A.

B. rate of change of position.

c distance moved
' time taken

D. rate of change of distance.

2. The vanation with time t of the acceleration a of an object is shown. At t = 0 the object is at rest.




2.  The variation with time t of the acceleration a of an object is shown. At t = 0 the object is at rest.
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What is the speed of the object when t = 8.0s7

= = o



What is the speed of the object when { = 8.0s7

A. 1.0ms™
B. 32ms’
C. 50ms™
D. 64ms’




3. Aforce acts on a cube of mass m that accelerates upwards along a vertical frictionless surface.

The magnitude of the force is F and it acts at 0 to the vertical.

What is the magnitude of the acceleration of the cube?



T

What is the magnitude of the acceleration of the cube?

A (Fcosf—mg)
m
o (Fsin@-mg)
| m
o (Fcos6 -g)
| m
5 (Fsind-g)

m



(Fsing-g)
m

D.

A sphere of density p and radius R rests on the bottom of a tank of water. The buoyancy force on
the sphere is F,.

A sphere of density 2p and radius 4 is at the bottom of the same tank. The buoyancy force on
the second sphere is F,. 2

E

Whatis 17
P

A 2

B. 4

C. B



5. Asatellite undergoes one circular orbit of the Earth every 24 hours.
What is the angular velocity of the satellite?
A. 44x10°%rads™
B. 1.7x10%rads™
C. 7.3x10°rads™
D.

1.2 x 10°rads™

o,
6. An object of mass 5.0kg is initially at rest. An impulse of 2.0Ns acts on the object.

What is the final kinetic energy of the object?
A. 040J
B. 10J

c. 20J



D. 12x10°rads™

6. An object of mass 5.0kg is initially at rest. An impulse of 2.0Ns acts on the object.

What is the final kinetic energy of the object?

A. 040J
B. 10J
C. 20J
0,
D. 40J

7.  Asystem of moment of inertia / rotates from rest about a given axis. The angular acceleration « of
the system is constant.

What is the change in angular momentum when the system has made four complete rotations
about the given axis?

A 2I\V2na



B. 10J
C. 20J
D. 40J

A system of moment of inertia / rotates from rest about a given axis. The angular acceleration « of
the system is constant.

What is the change in angular momentum when the system has made four complete rotations
about the given axis?

A,  2IV2n«a
B. 4] ma
. 21\ 2a

D. 4/Ja



Two small spheres each of mass 10kg are 8.0m apart and connected by a rod of negligible mass.

This system rotates about an axis halfway along the rod and at right angles to it.

8.0m

4 - -

o———©O

What is the moment of inertia of the system?

A 160 kgm*
B. 320kgm’
C. 640kgm’
D

1280kgm*

Observer X sees a spacecraft moving in the positive x-direction at a speed of 0.50¢.

Observer Y sees the same spacecraft movina in the neaative x-direction at a speed of 0.50c.



A, 160kgm?
B. 320kgm?
C. 640kgm’
D. 1280kgm*

Observer X sees a spacecraft moving in the positive x-direction at a speed of 0.50c¢.
Observer Y sees the same spacecraft moving in the negative x-direction at a speed of 0.50c.

What is the speed of Y in the frame of reference of X7

A. D

B. 0.80c
C. ¢

D. 13c



10. Anblock of ice of mass M is at its melting point.

A smaller mass m of water at a temperature of T°C is placed on the top surface of the ice and
remains there.

. water
5 f
4 ™
___+—ce
\ 2y

The specific latent heat of fusion of ice is L and the specific heat capacity of water is c.

What mass of ice melts?

mcT
L

o,

p. Ml



The specific latent heat of fusion of ice is L and the specific heat capacity of water is c.

What mass of ice melts?

A mecT
L
g MLT
C
c McT
[
n MLT

C



What is a primary cause of the enhanced greenhouse effect?

A.

B.

L

mLT
C

McT
L

MLT
C

Melting of ice at Earth's poles
Increases in volcanic activity
Deforestation of rainforests

Burning of fossil fuels



12. An ideal gas is held in a cylinder by a piston. The piston compresses the gas rapidly.

gas '

The average speed of the gas molecules increases because the gas molecules...
A. have a smaller volume available in which they can move.

B. receive thermal energy transferred from outside the cylinder.

C. receive energy from the piston as they collide with it.
D.

make more collisions every second with each other.

13. Which pressure—volume (P-V) diagram represents a Camot cycle?

A. B. A
P T \ \ P | / f




13. Which pressure-volume (P-V) diagram represents a Carnot cycle?

A. B.
P I P







14. Three combinations of resistors are shown. The resistors are identical.

- . ]_
.i —
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What is the total resistance of each combination of resistors in order of increasing resistance?

A. PQR



R — : - - - &

What is the total resistance of each combination of resistors in order of increasing resistance?

A. PQR
B. QPR
C. PRQ
D. QRGP



15. A continuous belt of width 0.60m travels at a constant speed of 2.5ms™". The belt has a uniform
distribution of charge of 5.0mC m™ on its surface.

As the belt passes a point all the charge is removed and is carried as a current in a wire.

060m "
& sl
’{

What is the current in the wire?
A. 1.2mMA
B. 7.5mA

C 19mA



As the belt passes a point all the charge is removed and is carried as a current in a wire.

Q belt

What is the current in the wire?

A. 1.2mMA
B. ?_Er@ﬁ
C. 19mA

D. 21TmA



16. A cube of side 1.0cm has a resistance between opposite sides of S0£).

The material is reshaped into a block of length 4.0 cm and constant square cross-section.

|<1.0cm_’

'k.,‘h w, 4 i U cm
b \“\ ™ "
b “%\Ex j

What is the resistance of the block between its square ends?

A 310
B. 500
C. 8poQ

D. 320012



17. A mass—spring system oscillates with time period T, .

Another identical spring is connected in parallel with the first spring as shown. The mass

IS unchanged.




Another identical spring is connected in parallel with the first spring as shown. The mass
IS unchanged.

The time period of the oscillation for the two-spring systemis T,.

What is Ii?

1



The time period of the oscillation for the two-spring systemis T,.

What is 1—-2—'?
.1
1
A. =
2
1
B. —
J2
C. 42



18. A wave is travelling through a medium. The variation with time t of the displacement d of a particle
in the medium is shown.

5.0

What is the frequency and the amplitude of the wave?

Frequency/Hz Amplitude/nm

A. 40x 107 5.0
- | o




What is the frequency and the amplitude of the wave?

Frequency/Hz Amplitude/nm
40x 10 5.0
——
250 5.0
40x 107 10.0
250 10.0




19.

An object performs simple harmonic motion with frequency f. The distance between the extreme
positions at which the object is at rest is b.

b

extreme | extreme

position position

What is the speed of the object when it is halfway between its equilibrium position O and
its extreme position?

1

A. —nfb
2™
o,
B 1Tl2fb
2
C. E:t:ﬂ)

4

| =y



&, AT LRIcLL peliulitis sifipie fNalinurc mouor willl meguericy j . 1hne disiarice peiweel uie extreme
positions at which the object is at rest is b.

b

»

extreme | _extreme

position position

What is the speed of the object when it is halfway between its equilibrium position O and
its extreme position?

1

A. —mnfb
2™
B 1nfb
2
C. J—E-'nfb
4
D. -“Enfb

2



20. Light passes through two parallel layers as shown.

The refractive indices for light travelling between air and the media are shown in the diagram
as n, and n,.

diagram not to scale
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What is 67
A 371°
B 38"
C. 5&3°
D. 73°



21. Light of wavelength A is incident on two parallel slits of width b that are separated by distance a.

The graph of intensity against diffraction angle is shown.

intensity
| o i §

1, L m o m —

—0.1 0. DE i 0.05 1 01
cllffractlnn anglelrad

What are -3— and -'1-'; ?

b




-l

—0.05[ | 0
diffraction angle/rad

What are f'— and -']-'- ?
d b
A A
d b
0.1 0.1
0.1 0.01
8.01 0.1
0.01 I 0.01

o 0 w »

.

005

101




A.

B. - 0.1 - 0.01 o
C. B 0.01 R ] 0.1 |
0 oot | oo

22. Apipe of length L is closed at one end.

What is the wavelength of the fifth-harmonic standing wave in this pipe?

A S
5
B, =
A
4L
c. T,
p. 4t



23.

24,

Light of wavelength 5.8 x 107" m is normally incident on a diffraction grating that
has 400000 lines m™".

How many maxima can be observed with this diffraction grating?

A. 4
B. 5
Cc. 8
D. 9

A planet P has a diameter one-third that of the Earth. The mass of Earth is 18 times that of P
The gravitational field strength at the surface of the Earth is g.

What is the gravitational field strength at the surface of P?

A 9

Fat



24,

A planet P has a diameter one-third that of the Earth. The mass of Earth is 18 times that of P.
The gravitational field strength at the surface of the Earth is g.

What is the gravitational field strength at the surface of P?

g
A 6
B. <

2
C. 2g



Which graph shows the variation of gravitational potential V with distance d from the surface of
the Earth?

R is the radius of the Earth.

A R 2R 3R 4R

Ot——= 7

e
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26. The unit of u, x &, expressed in fundamental S| units is...

A. m*s’

B. TCN'm's.

C. m’s™

D. TCA'N'm™.



27. Two parallel conducting plates are separated by 5.0cm. The variation of electric potential with

distance between the plates is shown.
o,

20

electric
potential /kV

0 distance/cm 5.0

What is the magnitude of the electric field strength between the plates?

A. 40NC™
B. 1.0x10°NC™

C. 1.0x10°NC”

m A0 v 105 M4
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dlstance between the plates is shown.

20

electric
potential /kV

0 distance/cm 5.0

What is the magnitude of the electric field strength between the plates?

A. 40NC’
B. 1.0x10°NC™
C. 1.0x10°NC”

D. 40x10°NC



28.

C. 1.0x10°NC™

D. 40x 10°NC™

Charge is moving in a wire that is at right angles to a uniform magnetic field.

The length of the wire is 0.32m.

When the current in the wire is increased by 5.0A, the force acting on the wire increases
by 4.0 mN.

What is the strength of the magnetic field?

A. 2.5 mTﬂ
B. 25mT
C. 40T

D. 40kT



29. Negative charge carriers travel counter-clockwise in a circular coil that lies in the plane of the page.

The coil is in a uniform magnetic field directed into the page.

X X X X
X X
X X

X X X X

What is the magnetic effect on the coil?

A.  The coil will rotate clockwise in the plane of the paper.

B. The coil will rotate counter-clockwise in the plane of the paper.
C. The diameter of the coil will tend to increase.

D. The diameter of the coil will tend to decrease.



30.

What is the magnetic effect on the coil?

A
B
C.
D

The coil will rotate clockwise in the plane of the paper.
The coil will rotate counter-clockwise in the plane of the paper.
The diameter of the coil will tend to increase.

The diameter of the coil will tend to decrease.

Who was the first scientist to show that electric charge is quantized?

A.

B.

Coulomb
Millikan
Planck

Rutherford



31. Acoll of wire rotates at a constant angular speed @ in a uniform magnetic field.

The variation with time of the emf in the coil is shown.

10

VIV | | - time/ms
0 b 1.0_ 12X i 4.0

-101 |

The angular speed is changed to -3-53 .

What is the amplitude of the emf and the time period for the variation of the emf in the coil after
the change?
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The angular speed is changed to -3-&"'3 .

What is the amplitude of the emf and the time period for the variation of the emf in the coil after

the change?

Amplitude of emf/V Time periodh!'ls_
A. 13 l 0.60
B. 13 : 4_1.1
C. - EIGU !
o |

32. Anion X contains the following particles:



32. Anion X contains the following particles:

« 53 protons
* 89 neutrons
« 54 electrons.

What is the nuclear notation for X?

A 12X
B. X
c. ox o,
D. X



33. What is the variation with nucleon number of the density of nuclei?

A. nuclear B. nuclear
density density
0 : 0
0 nucleon 0 nucleon
ﬂumber number
C. nuclear D. nuclear

density density




nuclear |

density

nuclear
density

nucleon
number

nucleon

nuclear
density

nuclear
density

nucleon
number

nucleon



34. A photoelectron is emitted when a photon of energy E is incident on a metal surface.
The work function of the surface is @.

What is the maximum possible speed of the photoelectron as it leaves the surface?

g =@
mE
E-@

C
\jmﬂh




35. Ina Compton scattering experiment a photon of wavelength 4, and frequency £, interacts with
an electron.

After the interaction the wavelength and frequency of the photon are A and f.

What are i and AXJ ?
A 4o X Jo
e e—

A Ax f

Ao Ao X fo
A. Greater than 1 Equal to 1

o i

B. | Greater than 1 Less than 1
C. Less than 1 Equal to 1
D. Less than 1 Less than 1

36. Three products of radioactive decay are:

|l mlmls s mmserbi sl s



36.

37.

e i | 1 — Tl Ml e’ W PRy W | I—h"lull-_-“ L

B ] —

D. Less than 1 Less than 1

Three products of radioactive decay are:

. alpha particles
Il.  beta particles
lll.  gamma photons.

Which products can be deflected by both magnetic and electric fields?
A. landll only
B. landlll only
C. lland lll only
D.

|, Il and Il

A nucleus of nuclide X decays.



B. l|andlll only
C. llandlll only

D. | llandlll

37. Anucleus of nuclide X decays.
Which series of emissions will produce an isotope of X?
A. Oneaandtwo
B. Oneaandtwo 3
C. Twoaandtwo [}

D. Two o andtwo "



38. A suitable material for use as a moderator in a nuclear reactor is...

A. cadmium.

B. concrete.

C. uranium-238.
D. water.

0,
39. In a simple model of a nuclear reactor, four neutrons are emitted per fission on average.

The average number of neutrons absorbed by the control rods is N, per fission.
The average number of neutrons that are lost through the walls of the reactor is N, per fission.

Any remaining neutrons induce further fissions.

What are possible values for N_and N, for the reactor to maintain a steady reaction?

| T e I



39.

In a simple model of a nuclear reactor, four neutrons are emitted per fission on average.
The average number of neutrons absorbed by the control rods is N, per fission.

The average number of neutrons that are lost through the walls of the reactor is N, per fission.

Any remaining neutrons induce further fissions.

What are possible values for N_ and N, for the reactor to maintain a steady reaction?

NG| W,
A 1 | 1
B 1 3
C B 2 1 N
D 2 2




C. 2 1 l

D. 2 2

40. A star has a parallax angle of 1 x 107 arc-second at the orbit of the Earth.

What is the distance from the Sun to the star?

A. 001pc
B. 0.02pc
C. 580pc
D. 100pc
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