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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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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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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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3.	 (a)	 A stationary isotope of 88Ra (Radium) decays into Rn (Radon) and an alpha particle. 

(i)	 Identify the proton number of Rn.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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The following data are available:

Atomic mass of Ra = 226.02540 u
Atomic mass of Rn = 222.01757 u

Mass of α = 4.00260 u

(ii)	 Show that the energy released in this decay is about 5 MeV.� [2]
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(iii)	 Show that about 98 % of the energy released is carried by the alpha particle.� [2]
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(Question 3 continued)

(b)	 In an experiment performed by Geiger, Marsden and Rutherford to investigate the 
atomic structure, alpha particles were directed into a thin metal foil.

(i)	 Describe two observations of this experiment.� [2]
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(ii)	 Outline how the experiment was interpreted.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

16EP07



Physics SL | Paper 2 | May 2025 TZ3 | Q3 | 9 marks

Apollo | Original source crop | 7

– 8 – 2225 – 6724

4.	 Earth orbits the Sun at an average distance of 1.50 × 108 km. 

The mass of the Sun is 2.0 × 1030 kg.

(a)	 Calculate the gravitational field strength of the Sun at a distance of 1.50 × 108 km from 
its centre.� [2]
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The orbital speed of Earth around the Sun is not constant.

(b)	 (i)	 State Kepler’s first law of orbital motion.� [1]
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(ii)	 Explain why the kinetic energy of Earth changes as it orbits the Sun.� [2]
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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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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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4.	 (a)	� A pure radioactive sample of bismuth-204 ( 83
204Bi ) is placed near a detector, which is 

connected to a counter. 

bismuth-204 sample detector

to counter

Bismuth-204 decays into lead ( 82
204Pb ) by beta-plus decay according to the equation 

83
204

82
204Bi Pb� � ��e � . The graph shows the variation with time t of the count rate R. 
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(i)	 State the background count rate.� [1]
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(Question 4 continued)

(ii)	 Estimate the half-life of 83
204Bi .� [3]
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(iii)	 State and explain how the binding energy per nucleon of 83
204Bi  compares with 

that of 82
204Pb .� [2]
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(iv)	 The distance between the sample and the detector is 20 cm. State why this  
would be an inappropriate distance for a sample that decayed by alpha decay.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(b)	 The following data are available for nuclear masses:

	 bismuth	=	 203.932254 u
	 lead	=	 203.928034 u

Calculate the energy released in the decay of one nucleus of bismuth-204.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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5.	 (a)	� A copper rod has mass 0.400 kg. The density of solid copper is 8.94 × 103 kg m−3.  
The molar mass (the mass of a mole) of copper is 63.5 g mol−1.

Estimate

(i)	 the mass of a copper atom;� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 the volume corresponding to each atom, given by volume of copper
number of copper atoms

;� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(iii)	 the average separation of two neighbouring copper atoms, assuming that the 
volume corresponding to each atom is a cube.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The specific latent heat of fusion of copper is 206 kJ kg−1. Calculate the energy needed 
to completely melt 0.400 kg of solid copper at its melting point.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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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
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4.	 A smoke detector uses the radioactive nuclide americium-241.

The americium is contained in a chamber that is open to the air. There are two electrodes in 
the chamber that are connected to a power supply and a current sensor.

current sensor

electrodes

alpha 
particle 
tracks

americium source

Americium-241 emits alpha particles that ionize the air in the chamber. Each ionization forms 
one positive ion and one electron; these are called an ion pair. The electrons and the positive 
ions move towards the electrodes and the sensor detects a current in the air.

When smoke enters the chamber, fewer ion pairs are formed and the current in the sensor 
decreases, sounding an alarm.

The chamber is 0.10 m in each dimension.

(a)	 A nucleus of americium-241 has 146 neutrons. This nuclide decays to neptunium 
through alpha emission.

Complete the nuclear equation for this decay.� [2]

Am  Np  

(This question continues on the following page)
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(Question 4 continued)

(b)	 Outline why the radioactive source is safe for use in a house.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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The initial activity of the source is 42 kBq. 33 % of the alpha particles emitted by this source 
enter the chamber and form an ion pair.  
Each alpha particle has an initial kinetic energy of 5.5 MeV.  
The energy required to form one ion pair is 15 eV.

(c)	 Calculate the maximum current in the chamber due to the electrons when there is no 
smoke in the chamber.� [3]
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5.	 The star δ  Vel A is a main sequence star that has a black-body spectrum as shown.
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(a)	 Show that the surface temperature of δ  Vel A is about 9000 K.� [1]
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(b)	 The apparent brightness of δ  Vel A is 2.2 × 10-9 W m-2  and it is 6.2 × 1014 km from Earth.

Estimate the radius of δ  Vel A.� [3]
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(This question continues on the following page)
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