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21.	 In this question, all diagrams are drawn to scale.

Part of the emission spectrum of an atom is shown.

increasing wavelength

Which set of energy levels can give rise to this part of the emission spectrum?

A. energy

ground
state

B. energy

ground
state

C. energy

ground
state

D. energy

ground
state

22.	 An ion X contains the following particles:

•	 53 protons

•	 89 neutrons

•	 54 electrons.

What is the nuclear notation for X?

A.	 53
142 X

B.	 53
89 X

C.	 54
143 X

D.	 54
107 X
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21.	 In this question, all diagrams are drawn to scale.

Part of the emission spectrum of an atom is shown.

increasing wavelength

Which set of energy levels can give rise to this part of the emission spectrum?

A. energy

ground
state

B. energy

ground
state

C. energy

ground
state

D. energy

ground
state

22.	 An ion X contains the following particles:

•	 53 protons

•	 89 neutrons

•	 54 electrons.

What is the nuclear notation for X?

A.	 53
142 X

B.	 53
89 X

C.	 54
143 X

D.	 54
107 X
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23.	 A suitable material for use as a moderator in a nuclear reactor is... 

A.	 cadmium.

B.	 concrete.

C.	 uranium-238.

D.	 water.

24.	 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 Nc per fission. 

The average number of neutrons that are lost through the walls of the reactor is N1 per fission.

Any remaining neutrons induce further fissions.

What are possible values for Nc and N1 for the reactor to maintain a steady reaction?

Nc N1

A. 1 1

B. 1 3

C. 2 1

D. 2 2

25.	 A star has a parallax angle of 1 × 10-2 arc-second at the orbit of the Earth.

What is the distance from the Sun to the star?

A.	 0.01 pc

B.	 0.02 pc

C.	 50 pc

D.	 100 pc

�
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20.	 Gases in the atmosphere are compounds of 6
12C, 1

1H, 8
16O and 7

14N.

Four of these gases are CO2, N2O, CH4 and H2O. A pure sample of each gas is produced. 
Each sample has the same volume, pressure, and temperature.

Which sample has the smallest mass?

A.	 CH4

B.	 N2O

C.	 CO2

D.	 H2O

21.	 Some transitions between the energy states of an atom are shown.

n = 4
n = 3

n = 2

n = 1

E2 E4

E1 E3

Which transition will emit a photon with the longest wavelength?

A.	 E1

B.	 E2

C.	 E3

D.	 E4
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22.	 A fusion reaction of one nucleus of hydrogen-2 and one nucleus of hydrogen-3 converts a mass 
of 0.024 u into energy. A fission reaction of one nucleus of uranium-235 converts a mass of 0.48 u 
into energy.

What is energy released per unit mass of hydrogen
energy released peer unit mass of uranium

?

A.	 0.050

B.	 0.426

C.	 2.35

D.	 20.0

23.	 Three statements about gamma radiation are:

I.	 It travels faster than beta radiation in a vacuum.

II.	 It has a greater penetration ability than beta radiation.

III.	 It has a greater ionizing ability than beta radiation.

Which statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

24.	 The moderator in a nuclear power station…

A.	 increases the proportion of U-235 in the fuel source.

B.	 transfers internal energy from the reactor to the turbines.

C.	 allows operators to regulate the rate of power production.

D.	 decreases the kinetic energy of neutrons in the reactor.
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20.	 Two isolated point charges, X of charge +Q and Y of charge +2Q, are separated by a distance 3d. 
P is a point d from X and 2d from Y respectively.

X P Y

d 2d

What is the net electric field strength at P?

A.	 0

B.	 kQ
d2 2

C.	 3
4 2
kQ
d

D.	 3
2 2
kQ
d

21.	 The energy levels of an atom in which an electron transitions from E1 to E4 are shown. E1 is the 
ground state.

diagram to scale

E3

E2

E1

E5 E4

How many different wavelengths can be emitted when electrons return to the ground state 
from E4?

A.	 1

B.	 3

C.	 6

D.	 8
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22.	 Thorium-232 ( 90
232Th) is an unstable nuclide. It decays by emitting an alpha particle followed by a 

beta minus (β−) particle.

What is the number of protons and neutrons in the final nuclide?

Number of protons Number of neutrons

A. 87 139

B. 87 141

C. 89 139

D. 89 141

23.	 A pure sample of radon-222 decays into polonium with a half-life of 4 days. A measurement is 
made of its radioactivity. The initial count rate is 420 counts per second. The measured background 
count is 20 counts per second.

What is the measured count rate after 8 days?

A.	 85 

B.	 100 

C.	 105 

D.	 120 

24.	 Which component is responsible for slowing down neutrons in a nuclear reactor to increase the 
likelihood of nuclear fission?

A.	 Moderator

B.	 Control rods

C.	 Fuel rods

D.	 Heat exchanger
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20.	 A proton enters a region where electric and magnetic fields are perpendicular to each other. The 
initial velocity v of the proton is perpendicular to both fields. The path of the proton is not deflected 
in the fields.

v

magnetic field

path of the proton

electric field

The proton is replaced by an alpha particle that is also not deflected by the fields. What is the 
velocity of the alpha particle?

A.	 v
2

B.	 v

C.	 2v

D.	 4v

21.	 Which claim about the structure of the atom is falsified by the results of  
the Geiger–Marsden–Rutherford experiment?

A.	 The nucleus is only made up of positively charged particles.

B.	 The electrons in the atom move in orbits of fixed radius.

C.	 The positive charge occupies all of the atom’s volume.

D.	 The electrons in the atom have continuous energy.

– 12 – 8825 – 6710

22.	 Radioactive oxygen-15 ( 8
15O) decays according to the following equation:

8
15O X eν

What are the proton number and the nucleon number of nuclide X?

Proton number of X Nucleon number of X

A. 7 14

B. 9 14

C. 7 15

D. 9 15

23.	 The table shows how the count rate from a sample of a radioactive nuclide varies with time t. 
The nuclide has a half-life of 50 s.

t / s Count rate / s-1

0 72

50 40

What is the background count rate?

A.	 Zero

B.	 8 s-1

C.	 16 s-1

D.	 24 s-1

24.	 A nucleus of uranium-235 ( 92
235U) absorbs a neutron and decays into two nuclides, 

xenon-140 ( 54
140 Xe) and strontium-94 ( 38

94Sr). 

How many neutrons are released in this reaction?

A.	 1

B.	 2

C.	 3

D.	 4
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21.	 Three statements are made about emission and absorption spectra.

I.	 They provide information on the chemical composition of substances.

II.	 They provide evidence for mass-energy equivalence.

III.	 They arise from transitioning electrons between energy levels. 

Which of the statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

22.	 A graph of the variation with nucleon number A of the binding energy per nucleon is shown.
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0

1
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4
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6

7

8

9

nucleon number A

binding energy per
nucleon / MeV

What is the approximate total energy, in MeV, needed to completely separate the nucleons of a 
72
180Hf  nucleus?

A.	 580

B.	 620

C.	 1440

D.	 2020
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 The diagram shows the three lowest energy levels of the hydrogen atom.  
The energy of each level is indicated.

diagram not to scale

−13.6 eV

−3.40 eV

−1.51 eV

(a)	 State the number of transitions between these levels that result in the emission  
of photons.� [1]
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(b)	 Calculate the largest photon wavelength for these transitions.� [3]
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2.	 A ball is connected to a string that is attached to the ceiling of a truck. The truck accelerates 
to the right on a horizontal road. The string makes an angle of 30° with the vertical.

30

acceleration

(a)	 (i)	 Draw a labelled free-body diagram of the forces on the ball.� [2]

(This question continues on the following page)

20EP04
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20.	 A positive point charge of magnitude 1.0 mC and a point charge q are separated by a distance d.

d d

electron 1.0 µC q

An electron is placed at a distance d from the +1.0 mC charge. The electric force on the electron 
is zero.

What is q ?

A.	 -4.0 mC

B.	 -2.0 mC

C.	 2.0 mC

D.	 4.0 mC

21.	 What is the sequence for the evolution of a main sequence star of about 2 solar masses?

A.	 Red super giant	 →  supernova	 →  neutron star

B.	 Red giant	 →  planetary nebula	 →  white dwarf

C.	 Red giant	 →  supernova	 →  white dwarf

D.	 Red super giant	 →  planetary nebula	 →  neutron star

22.	 The diagram shows the emission spectrum of an atom.

increasing wavelength

Which of the following atomic energy level models can produce this spectrum?

increasing
 energy

A. B. C. D.
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23.	 Two radioactive samples X and Y have the same half-life. Initially the ratio activity of X
activity of Y

 is 4. 

What is this ratio after 2 half-lives?

A.	 1
2

B.	  1

C.	  2

D.	  4

24.	 Three statements about a nuclear fission reactor are:

I.	 The heat exchanger transfers energy from the fuel rods to the moderator.

II.	 The control rods must be good absorbers of neutrons.

III.	 The moderator must slow neutrons down.

Which statements about the reactor are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III


