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1.	 A student measures the radius R of a circular plate to determine its area. The absolute uncertainty 
in R is ∆R.

What is the fractional uncertainty in the area of the plate?

A.	 ∆2 R
R

B.	 ∆ 
 
 

2R
R

C.	 π∆2 R
R

D.	  
 
 

∆π
2R

R

2.	 A proton has momentum 10-20 N s and the uncertainty in the position of the proton is 10-10 m. 
What is the minimum fractional uncertainty in the momentum of this proton?

A.	 5 × 10-25

B.	 5 × 10-15

C.	 5 × 10-5

D.	 2 × 104

3.	 A boy throws a ball horizontally at a speed of 15 m s-1 from the top of a cliff that is 80 m above the 
surface of the sea. Air resistance is negligible.

What is the distance from the bottom of the cliff to the point where the ball lands in the sea?

A.	 45 m

B.	 60 m

C.	 80 m

D.	 240 m
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4.	 A book is at rest on a table. What is a pair of action–reaction forces for this situation according to 
Newton’s third law of motion?

Force 1 Force 2

A. the force of the book on the table the force of the book on the Earth

B. the force of the table on the Earth the force of the book on the table

C. the force of the Earth on the book the force of the book on the Earth

D. the force of the Earth on the book the force of the table on the book

5.	 An object has a weight of 6.10 × 102 N. What is the change in gravitational potential energy of the 
object when it moves through 8.0 m vertically?

A.	 5 kJ

B.	 4.9 kJ

C.	 4.88 kJ

D.	 4.880 kJ

Turn over
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6.	 The graph shows the variation of momentum with time for an object. 

0
0

2.0 4.0

20

momentum /
kg m s−1

time / s

What net force acts on the object for the first 2.0 s and for the second 2.0 s of the motion?

Force for first 2.0 s / N Force for second 2.0 s / N

A. 10 0

B. 20 40

C. 10 40

D. 20 0

7.	 A table-tennis ball of mass 3 g is fired with a speed of 10 m s-1 from a stationary toy gun  
of mass 0.600 kg. The gun and ball are an isolated system.

What are the recoil speed of the toy gun and the total momentum of the system immediately  
after the gun is fired?

Recoil speed of the toy gun / m s-1 Total momentum of the system / kg m s-1

A. 0.05 0

B. 0.05 0.03

C. 0.5 0

D. 0.5 0.03
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8.	 A block of weight W slides down a ramp at constant velocity. A friction force F acts between the 
bottom of the block and the surface of the ramp. A normal reaction N acts between the ramp and 
the block. What is the free-body diagram for the forces that act on the block?

A.�

N F

W

B.� N

F

W

C.�

N F

W

D.�

N F

W

9.	 A substance changes from the solid phase to the gas phase without becoming a liquid and  
without a change in temperature.

What is true about the internal energy of the substance and the total intermolecular potential 
energy of the substance when this phase change occurs?

Internal energy of the substance Total intermolecular potential 
energy of the substance

A. increases no change

B. no change no change  

C. increases increases

D. no change increases

Turn over
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10.	 Satellite X is in orbit around the Earth. An identical satellite Y is in a higher orbit. What is correct for 
the total energy and the kinetic energy of the satellite Y compared with satellite X?

Total energy of satellite X Kinetic energy of satellite X 

A. larger larger 

B. smaller larger

C. larger smaller

D. smaller smaller

11.	 The escape speed from a planet of radius R is vesc. A satellite orbits the planet at a distance R from 
the surface of the planet. What is the orbital speed of the satellite?

A.	 esc
1
2

v

B.	 esc
2

2
v

C.	 esc2v

D.	 esc2v

12.	 A liquid of mass m and specific heat capacity c cools. The rate of change of the temperature of 
the liquid is k. What is the rate at which thermal energy is transferred from the liquid?

A.	 mc
k

B.	 k
mc

C.	 1
kmc

D.	  kmc
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13. The equation constantpV
T

=    is applied to a real gas where p is the pressure of the gas, V is its 

volume and T is its temperature.

What is correct about this equation?

A. It is empirical.

B. It is theoretical.

C. It cannot be tested.

D. It cannot be disproved.

14. Cylinder X has a volume V and contains 3.0 mol of an ideal gas. Cylinder Y has a volume
2
V  and

contains 2.0 mol of the same gas.

The gases in X and Y are at the same temperature T. The containers are joined by a valve which 
is opened so that the temperatures do not change.

What is the change in pressure in X?

A.  +  
 

1
3

RT
V

B.  -  
 

1
3

RT
V

C.  +  
 

2
3

RT
V

D.  -  
 

2
3

RT
V

Turn over
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15.	 The graph shows the variation of the displacement of a wave with distance along the wave.  
The wave speed is 0.50 m s-1.

0.0 0.75 1.50 2.25 3.0
distance along wave / m

wave displacement

What is the period of the wave?

A.	 0.33 s

B.	 1.5 s

C.	 3.0 s

D.	 6.0 s
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16. An object at the end of a spring oscillates vertically with simple harmonic motion (shm). The graph
shows the variation with time t of the displacement x of the object.

x
2A

A

−2A

−A

0
0 2T 4T t

What is the velocity of the object?

A.

B. t
T T

π 
 
 

C.

D.

17. A mass on a spring is displaced from its equilibrium position. Which graph represents the variation
of acceleration with displacement for the mass after it is released?

A. acceleration

displacement

B. acceleration

displacement

C. acceleration

displacement

D. acceleration

displacement

Turn over
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18.	 Unpolarized light is incident on two polarizers. The axes of polarization of both polarizers  
are initially parallel. The second polarizer is then rotated through 360° as shown.

first polarizer

unpolarized
light

second polarizer

later position

starting position

θ

side view

end view

Which graph shows the variation of intensity with angle θ for the light leaving the second polarizer?

A.�

0
0 360180

intensity 
of light

θ

B.�

0
0 360180

intensity 
of light

θ

C.�

0
0 360180

intensity 
of light

θ

D.�

0
0 360180

intensity 
of light

θ
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19.	 A student blows across the top of a cylinder that contains water. A first-harmonic standing sound 
wave is produced in the air of the cylinder. More water is then added to the cylinder. The student 
blows so that a first-harmonic standing wave is produced with a different frequency.

cylinder

water surface

What is the nature of the displacement in the air at the water surface and the change in frequency 
when the water is added?

Nature of displacement Change in frequency

A. antinode decrease

B. antinode increase

C. node decrease

D. node increase

20.	 A third-harmonic standing wave of wavelength 0.80 m is set up on a string fixed at both ends. 
Two points on the wave are separated by a distance of 0.60 m. What is a possible phase 
difference between the two points on the wave?

A.	 rad
4
π

B.	 rad
2
π

C.	 π rad

D.	 3 rad
2
π

Turn over
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21. A train approaches a station and sounds a horn of constant frequency and constant intensity.
An observer waiting at the station detects a frequency  fobs  and an intensity  Iobs . What are the 
changes, if any, in Iobs and fobs as the train slows down?

Iobs fobs

A. no change decreases

B. increases increases

C. no change increases

D. increases  decreases

22. Two stars are viewed with a telescope using a green filter. The images of the stars are just resolved.
What is the change, if any, to the angular separation of the images of the stars and to the resolution
of the images when the green filter is replaced by a violet filter?

Angular separation of the stars Resolution of the images

A. no change remains resolved

B. decreases no longer resolved

C. decreases remains resolved

D. no change no longer resolved

23. A particle with a charge ne is accelerated through a potential difference V.

What is the magnitude of the work done on the particle?

A. eV

B. neV

C. nV
e

D. eV
n
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24.	 In an experiment to determine the resistivity of a material, a student measures the resistance of 
several wires made from the pure material. The wires have the same length but different diameters.

Which quantities should the student plot on the x-axis and the y-axis of a graph to obtain a 
straight line?

x-axis y-axis

A. diameter2 resistance

B. diameter resistance

C. diameter2 1
resistance

D. diameter
1

resistance

25.	 Three resistors of resistance 1.0 Ω, 6.0 Ω and 6.0 Ω are connected as shown. The voltmeter 
is ideal and the cell has an emf of 12 V with negligible internal resistance.

V

12 V
1.0 Ω

6.0 Ω

6.0 Ω

What is the reading on the voltmeter?

A.	 3.0 V

B.	 4.0 V

C.	 8.0 V

D.	 9.0 V

Turn over
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26.	 The input to a diode bridge rectification circuit is sinusoidal with a time period of 20 ms.

X

Y

Which graph shows the variation with time t of the output voltage Vout between X and Y?

A.�

10 20 30 40 50 t / ms

Vout
B.�

20 40 60 80 100 t / ms

Vout

C.�

10 20 30 40 50 t / ms

Vout
D.�

20 40 60 80 100 t / ms

Vout

27.	 Three identical capacitors are connected in series. The total capacitance of the arrangement is 1mF
9

.  
The three capacitors are then connected in parallel. What is the capacitance of the parallel 
arrangement?

A.	 1mF
3

B.	 1 mF

C.	 3 mF

D.	 81 mF
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28.	 A transformer with 600 turns in the primary coil is used to change an alternating root mean square 
(rms) potential difference of 240 Vrms to 12 Vrms.

When connected to the secondary coil, a lamp labelled “120 W, 12 V” lights normally. The current in 
the primary coil is 0.60 A when the lamp is lit.

What are the number of secondary turns and the efficiency of the transformer?

Number of secondary turns Efficiency

A. 12000 99 %

B. 30 99 %

C. 12000 83 %

D. 30 83 %

29.	 A circular coil of wire moves through a region of uniform magnetic field directed out of the page.

direction 
of motion

coil at position 1
coil at position 2

What is the direction of the induced conventional current in the coil for the marked positions?

Position 1 Position 2

A. clockwise clockwise

B. counterclockwise clockwise

C. clockwise counterclockwise

D. counterclockwise counterclockwise

Turn over
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30.	 An electron is fixed in position in a uniform electric field. What is the position for which the electrical 
potential energy of the electron is greatest?

A.

B.

C.

D. e−

31.	 A proton of velocity v enters a region of electric and magnetic fields. The proton is not deflected. 
An electron and an alpha particle enter the same region with velocity v. Which is correct about 
the paths of the electron and the alpha particle?

Path of electron Path of alpha particle 

A. deflected deflected

B. deflected not deflected

C. not deflected deflected

D. not deflected not deflected

32.	 A particle of mass 0.02 kg moves in a horizontal circle of diameter 1 m with an angular velocity 
of 3π rad s-1.

What is the magnitude and direction of the force responsible for this motion?

Magnitude of force / N Direction of force

A. 0.03π away from centre of circle

B. 0.03π towards centre of circle

C. 0.09π2 away from centre of circle

D. 0.09π2 towards centre of circle
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33.	 A radioactive nuclide with atomic number Z undergoes a process of beta-plus (β+) decay. What is 
the atomic number for the nuclide produced and what is another particle emitted during the decay?

Atomic number Particle

A. Z - 1 neutrino

B. Z + 1 neutrino

C. Z - 1 anti-neutrino

D. Z + 1 anti-neutrino

34.	 The π+ meson contains an up (u) quark. What is the quark structure of the π- meson?

A.	 ud

B.	 ud

C.	 ud

D.	 ud

35.	 Three conservation laws in nuclear reactions are

I.	 conservation of charge

II.	 conservation of baryon number

III.	 conservation of lepton number.

The reaction

- +→ + +π en e v

 is proposed.

Which conservation laws are violated in the proposed reaction?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

Turn over
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36.	 A neutron collides head-on with a stationary atom in the moderator of a nuclear power station. 
The kinetic energy of the neutron changes as a result. There is also a change in the probability 
that this neutron can cause nuclear fission.

What are these changes?

Change in kinetic energy 
of the neutron  

Change in probability of 
causing nuclear fission

A. increase increase

B. decrease increase

C. increase decrease

D. decrease decrease

37.	 The orbital radius of the Earth around the Sun is 1.5 times that of Venus. What is the intensity 
of solar radiation at the orbital radius of Venus?

A.	 0.6 kW m-2

B.	 0.9 kW m-2

C.	 2 kW m-2

D.	 3 kW m-2

38.	 Photons of a certain frequency incident on a metal surface cause the emission of electrons 
from the surface. The intensity of the light is constant and the frequency of photons is increased. 
What is the effect, if any, on the number of emitted electrons and the energy of emitted electrons?

Number of emitted electrons Energy of emitted electrons

A. no change no change

B. decrease increase

C. decrease no change

D. no change increase  
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39.	 Three possible features of an atomic model are

I.	 orbital radius

II.	 quantized energy

III.	 quantized angular momentum.

Which of these are features of the Bohr model for hydrogen?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II, and III

40.	 Photons of discrete energy are emitted during gamma decay. This is evidence for

A.	 atomic energy levels.

B.	 nuclear energy levels.

C.	 pair annihilation.

D.	 quantum tunneling.

�
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