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Instructions to candidates

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

Answer all the questions.

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

A clean copy of the physics data booklet is required for this paper.

The maximum mark for this examination paper is [40 marks].
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A ball of mass (50 * 1)g is moving with a speed of (25 + 1)ms™". What is the fractional
uncertainty in the momentum of the ball?

A, 0.02
B. 0.04
C. 0.06
D. 0.08

The graph shows the variation with time t of the velocity of an object.

velocity |

What is the variation with time ¢ of the acceleration of the object?

. B. .
acceleration ' acceleration
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. D. .
acceleration | acceleration |
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X and Y are two objects on a frictionless table connected by a string. The mass of X is 2kg
and the mass of Y is 4kg. The mass of the string is negligible. A constant horizontal force of
12N actson Y.

X string Y

12N

2kg 4 kg

v

What are the acceleration of Y and the magnitude of the tension in the string?

Acceleration of Y/ms™ Tension in the string/N
A 2 4
B. 2 6
C. 3 4
D. 3 6

A net force F acts on an object of mass m that is initially at rest. The object moves in a
straight line. The variation of F with the distance s is shown.

What is the speed of the object at the distance s,?

A |ES
2m
B. Fs,
m
c. [
m
D. 4F;s,
m

Turn over
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A cyclist rides up a hill of vertical height 100m in 500s at a constant speed. The combined
mass of the cyclist and the bicycle is 80kg. The power developed by the cyclist is 200 W.
What is the efficiency of the energy transfer in this system?

A 8%

B. 20%
C. 60%
D. 80%

A block rests on a frictionless horizontal surface. An air rifle pellet is fired horizontally into the
block and remains embedded in the block.

block

\

\

L e path of the pellet

What happens to the total kinetic energy and to the total momentum of the block and pellet
system as a result of the collision?

Total kinetic energy Total momentum
A. no change no change
B. no change decreases
C. decreases no change
D. decreases decreases
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7. Aball rolls on the floor towards a wall and rebounds with the same speed and at the same
angle to the wall.

What is the direction of the impulse applied to the ball by the wall?

D.«——»B.

O— —»

8. Aliquid is vaporized to a gas at a constant temperature.
Three quantities of the substance are the

l. total intermolecular potential energy
II.  root mean square speed of the molecules

[ll.  average distance between the molecules.
Which quantities are greater for the substance in the gas phase compared to the liquid phase?
A. landllonly
B. landlll only
C. lland Il only

D. I llandlll

Turn over
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An insulated container of negligible mass contains a mass 2M of a liquid. A piece of a metal
of mass M is dropped into the liquid. The temperature of the liquid increases by 10°C and
the temperature of the metal decreases by 80°C in the same time.

specific heat capacity of the liquid "

Whatis specific heat capacity of the metal -
A 2

B. 4

C. 8

D 16

The molar mass of an ideal gas is M. A fixed mass m of the gas expands at a constant
pressure p. The graph shows the variation with temperature T of the gas volume V.

V ]

What is the gradient of the graph?

A Mp
mR
g MR
mp
c. mMp
MR
R
p M=

Mp
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A travelling wave on the surface of a lake has wavelength A. Two points along the wave
oscillate with the phase difference of ©. What is the smallest possible distance between
these two points?

AL
4
B.
2
c. 1
D. 21

Horizontally polarized light is incident on a pair of polarizers X and Y. The axis of
polarization of X makes an angle 6 with the horizontal. The axis of polarization of Y is vertical.

transmitted light
polarizer Y

horizontally T
polarized light > — 0

What is 0 so that the intensity of the light transmitted through Y is a maximum?

A 0°
B. 45°
C. 90°
D. 180°

Turn over
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13. The diagram shows an interference pattern observed on a screen in a double-slit experiment
with monochromatic light of wavelength 600nm. The screen is 1.0m from the slits.

What is the separation of the slits?
A. 6.0x10"m
B. 6.0x10°m
C. 6.0x10°m

D. 6.0x10"m

14. Astring is fixed at both ends. P and Q are two particles on the string.

P Q

The first harmonic standing wave is formed in the string. What is correct about the motion
of P and Q7

A. P is a node and Q is an antinode.
B. P is an antinode and Q is a node.
C. P and Q oscillate with the same amplitude.

D. P and Q oscillate with the same frequency.
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A charge +Q and a charge —2Q are a distance 3x apart. Point P is on the line joining the
charges, at a distance x from +Q.

+

[ ety W'y

P -2Q

2x

The magnitude of the electric field produced at P by the charge +Q alone is E.
What is the total electric field at P?

A. % to the right

B. g to the left

C. % to the right

D. % to the left

Two wires, X and Y, are made of the same material and have equal length. The diameter
of X is twice that of Y.

resistance of X o

What is - /
resistance of Y
A D
4
B .
2
C. 2
D. 4

Turn over
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17. Acell has an emf of 3.0V and an internal resistance of 2.0Q. The cell is connected in series
with a resistance of 10 Q).

3.0V

—
10Q2

What is the terminal potential difference of the cell?

A. 0.5V
B. 1.5V
C. 25V
D. 3.0V

18. Two parallel wires carry equal currents in the same direction out of the paper. Which diagram
shows the magnetic field surrounding the wires?

T T
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A mass at the end of a string is moving in a horizontal circle at constant speed. The string
makes an angle 0 to the vertical.

What is the magnitude of the acceleration of the mass?
A.

B.

g
gsinO
gcos 60

gtan 6

Turn over
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20. A detector measures the count rate from a sample of a radioactive nuclide. The graph shows
the variation with time of the count rate.

The nuclide has a half-life of 20s. The average background count rate is constant.

20
19
18
17
16
15
countrate/s' 14
13
12
11
10
9
8

0 5 10 15 20 25
time/s

What is the average background count rate?

A 18"
B. 2s
C. 3s’
D. 4s

21. The mass of a nucleus of iron-56 (5.Fe) is M.
What is the mass defect of the nucleus of iron-567?
A, M-26m, —56m,
B. 26m,+30m —-M
C. M-26m,—56m, —26m,

D.  26m,+ 30m, +26m, — M
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The Feynman diagram shows an interaction between a proton and an electron.

What is the charge of the exchange particle and what is the lepton number of particle X?

- 13 -

time

Charge of the Lepton number of
exchange particle particle X
A. —e —1
B. —-e +1
C. +e -1
D. +e +1

8821-6501

The Higgs boson was discovered in the Large Hadron Collider at CERN. Which statements
are correct about the discovery of the Higgs boson?

l. It was independent of previous theoretical work.

[I.  Itinvolved analysing large amounts of experimental data.

lll. It was consistent with the standard model of particle physics.

A. landllonly
B. landlll only
C. lland lll only

D. I llandlll

Turn over
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A fuel has mass density p and energy density u. What mass of the fuel has to be burned to
release thermal energy E?

A. PE
u
uke
B. —
Io}
c. P
E
D pUuE

The diagram shows a simple model of the energy balance in the Earth surface-atmosphere
system. The intensities of the radiations are given.

incoming outgoing
reflected 340Wm- 240Wm-*
100Wm™=
atmosphere
surface absorption surface radiation radiated by
240Wm2 390Wm™ atmosphere
surface

What is the average intensity radiated by the atmosphere towards the surface?

A.  100Wm™
B. 150Wm™>
C. 240Wm™?

D. 390Wm™
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26. A simple pendulum undergoes simple harmonic motion. The gravitational potential energy of
the pendulum is zero at the equilibrium position. How many times during one oscillation is
the kinetic energy of the pendulum equal to its gravitational potential energy?

A1
B. 2
cC. 3
D. 4

27. When monochromatic light is incident on a single slit a diffraction pattern forms on a screen.
The width of the slit is decreased.

What are the changes in the width and in the intensity of the central maximum of the
diffraction pattern?

Width of the central Intensity of the central
maximum maximum
A. increases increases
B. increases decreases
C. decreases increases
D. decreases decreases

Turn over
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28. Monochromatic light of wavelength A in air is incident normally on a thin liquid film of
refractive index n that is suspended in air. The rays are shown at an angle to the normal for clarity.

air film air
incident light

=t

reflected light

What is the minimum thickness of the film so that the reflected light undergoes constructive

interference?

A L
4n

B -
3n

c. X~
2n

pD. %
n

29. Abeam of light containing two different wavelengths is incident on a diffraction grating. The
wavelengths are just resolved in the third order of diffraction.

What change increases the resolution of the image?

A. Increasing the width of the incident beam

B. Increasing the intensity of light

C. Decreasing the number of lines per unit length in the diffraction grating

D. Decreasing the order of diffraction
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30. The diagram shows equipotential lines for an electric field. Which arrow represents the
acceleration of an electron at point P?

o00v 100V

300V

31. Two charged parallel plates have electric potentials of 10V and 20V.

20V |

10V |

A particle with charge +2.0 uC is moved from the 10V plate to the 20V plate. What is the
change in the electric potential energy of the particle?

A, —20pJ
B. -10uJ
C. 10pd
D. 20pJ

Turn over
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32. Asatellite of mass m orbits a planet of mass M in a circular orbit of radius r. What is the
work that must be done on the satellite to increase its orbital radius to 2r?

A GMm
r
B. GMm
2r
C. GMm
ar
D. GMm
8r

33. Asmall magnet is released from rest to drop through a stationary horizontal conducting ring.

(S

magnet l
N

_ >

What is the variation with time of the emf induced in the ring?

A. B.
emf emf

—

emf "I emf

/\ time N time
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34. An alternating supply is connected to a diode bridge rectification circuit.

35.

The conventional current in the load resistor

A. is a maximum twice during one oscillation of the input voltage.

B.  is never zero.

C. has a zero average value during one oscillation of the input voltage.

D. canonly flow from P to Q.

The root mean square (rms) current in the primary coil of an ideal transformer is 2.0A.

The rms voltage in the secondary coil is 50V. The average power transferred from the
secondary coil is 20 W.

What is % and what is the average power transferred from the primary coil?

s

N Average power
—-£ transferred from the
N - .
s primary coil / W
A. 1 4.0
5
B 5 20
C. 1 20
5
D. 5 100

8821-6501
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36. Two initially uncharged capacitors X and Y are connected in series to a cell as shown.

X Y
1.0uF  2.0pF

voltage across X "

What is .
voltage across Y
N
2
B. 1
c. 2
D. 4

37. In a photoelectric experiment a stopping voltage V required to prevent photoelectrons from
flowing across the photoelectric cell is measured for light of two frequencies f, and f,. The
results obtained are shown.

74
Vz """"""""""""" X
|2 X |
i L f
. V2 - 1 - .
The ratio is an estimate of
2 1
A. e
B. h
c. &
h
p. h
e
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38. Abeam of electrons moving in the direction shown is incident on a rectangular slit of width d.

electron beam —

v

v

v

[ d

v

v

X

The component of momentum of the electrons in direction y after passing through the slit

is p. The uncertainty in p is

A.  proportional to d
, 1
B.  proportional to 4
: 1
C. proportional to pe

D. Zero

39. Some of the nuclear energy levels of oxygen-14 (**O) and nitrogen-14 (**N) are shown.

Energy/MeV

A

4114

2.3

140

14N

excited state

ground state

A nucleus of O decays into a nucleus of "N with the emission of a positron and a
gamma ray. What is the maximum energy of the positron and the energy of the gamma ray?

Maximum energy
of the positron/MeV

Energy of the
gamma ray/MeV

A. 1.8 2.3
B. 1.8 41
C. 23 1.8
D. 4.1 2.3

Turn over
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40. The size of a nucleus can be estimated from electron diffraction experiments. What is the
order of magnitude of the de Broglie wavelength of the electrons in these experiments?

A, 10"m
B. 10 "”m
C. 10"m
D. 10°m
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