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Q1. 
Alpha particles, beta particles and gamma rays are types of nuclear radiation. 

(a)     Describe the structure of an alpha particle. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Nuclear radiation can change atoms into ions by the process of ionisation. 

(i)      Which type of nuclear radiation is the least ionising? 

Tick (✔) one box. 

  

alpha particles 
 

beta particles 
 

gamma rays 
 

(1) 

(ii)     What happens to the structure of an atom when the atom is ionised? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     People working with sources of nuclear radiation risk damaging their health. 

State one precaution these people should take to reduce the risk to their health. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 4 marks) 

Q2. 
(a)     Atoms of the isotope bismuth-212 decay by emitting either an alpha particle or a 

beta particle. 
The equation represents what happens when an atom of bismuth-212 decays by 
beta emission into an atom of polonium-212. 
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(i)      The bismuth atom and the polonium atom have the same mass number (212). 

What is the mass number of an atom? 

______________________________________________________________ 

(1) 

(ii)     Beta decay does not cause the mass number of an atom to change. 

Explain why not. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     When an atom of bismuth-212 emits an alpha particle, the atom decays into an 
atom of thallium. 

An alpha particle is the same as a helium nucleus. 
The symbol below represents an alpha particle. 

  

(i)      The equation below represents the alpha decay of bismuth-212. 

Complete the equation by writing the correct number in each of the two boxes. 

  

(2) 

(ii)     It is impossible for the alpha decay of bismuth-212 to produce the same 
element as the beta decay of bismuth-212. 

Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 7 marks) 

Q3. 
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(a)     Some rocks inside the Earth contain uranium-238, a radioactive isotope of uranium. 
When an atom of uranium-238 decays, it gives out radiation and changes into a 
thorium-234 atom. 

  

(i)      What type of radiation is emitted when a uranium-238 atom decays? 

______________________________________________________________ 

(1) 

(ii)     From which part of a uranium-238 atom is the radiation emitted? 

______________________________________________________________ 

(1) 

(iii)    Uranium-235 is another isotope of uranium. 

How is an atom of uranium-235 similar to an atom of uranium-238? 

______________________________________________________________ 

(1) 

(b)     Uranium-238 has a half-life of 4500 million years. 

(i)      When the Earth was formed, there was twice as much uranium-238 in the 
rocks as there is now. 

What is the age of the Earth? 

______________________________________________________________ 

(1) 

(ii)     Complete the graph to show how the number of nuclei in a sample of 
uranium-238 will change with time. 
Initially, there were 100 000 nuclei in the sample. 
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(2) 

(Total 6 marks) 

Q4. 
Most elements have some isotopes which are radioactive. 

(a)     What is meant by the terms: 

(i)      isotopes 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     radioactive? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     The graph shows how the number of nuclei in a sample of the radioactive isotope 
plutonium-238 changes with time. 
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          Use the graph to find the half-life of plutonium-238. 

          Show clearly on the graph how you obtain your answer. 

Half-life = ______________ years 

(2) 

(c)     The Cassini spacecraft launched in 1997 took seven years to reach Saturn. 

          The electricity to power the instruments on board the spacecraft is generated using 
the heat produced from the decay of plutonium-238. 

(i)      Plutonium-238 decays by emitting alpha particles. 

         What is an alpha particle? 

______________________________________________________________ 

(1) 

(ii)     During the 11 years that Cassini will orbit Saturn, the output from the 
generators will decrease. 

         Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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______________________________________________________________ 

(2) 

(d)     Plutonium-238 is highly dangerous. A tiny amount taken into the body is enough to 
kill a human. 

(i)      Plutonium-238 is unlikely to cause any harm if it is outside the body but is 
likely to kill if it is inside the body. 

         Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     In 1964, a satellite powered by plutonium-238 was destroyed, causing the 
release of radioactive material into the atmosphere. 

         Suggest why some environmental groups protested about the launch of 
Cassini. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 10 marks) 
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Mark schemes 

Q1. 
(a)     2 protons and 2 neutrons 

accept 2p and 2n 

accept (the same as a) helium nucleus 

symbol is insufficient 

do not accept 2 protons and neutrons 
1 

(b)     (i)      gamma rays 
1 

(ii)     loses/gains (one or more) electron(s) 
1 

(c)     any one from: 

•        wear protective clothing 
•        work behind lead/concrete/glass shielding 
•        limit time of exposure 
•        use remote handling 

accept wear mask/gloves 

wear goggles is insufficient 

wear protective equipment/gear is insufficient 

accept wear a film badge 

accept handle with (long) tongs 

accept maintain a safe distance 

accept avoid direct contact 
1 

[4] 

Q2. 
(a)      (i)     (total) number of protons plus neutrons 

accept number of nucleons 

accept amount for number 

do not accept number of particles in the nucleus 
1 

(ii)     number of neutrons decreases by one 
1 

number of protons increases by one  

accept for both marks a neutron changes into a proton 
1 

(b)     (i)       
1 

correct order only 
1 
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(ii)     the number of protons determines the element 

accept atomic number for number of protons 
1 

alpha and beta decay produce different changes to the number of protons 

there must be a comparison between alpha and beta which 
is more than a description of alpha and beta decay alone 

or 
alpha and beta decay produce different atomic numbers 

ignore correct reference to mass number 
1 

[7] 

Q3. 
(a)      (i)     alpha (particle) 

1 

(ii)     (unstable) nucleus  

accept (unstable) nuclei 

do not accept middle 

do not accept helium nucleus 
1 

(iii)    same number of protons 

accept same number of electrons 

accept same atomic / proton number 

accept they both have 92 protons 

same number of neutrons negates answer 
1 

(b)     (i)      4500 million years  

do not accept 4500 years 
1 

(ii)     curve starting at 100 000 with a correct general shape 
1 

passing through (4500, 50 000) and (9000, 25 000) 

allow 1 mark for points plotted 

or 

line passing through (4500, 50 000) and (9000, 25 000) 
1 

[6] 

Q4. 
(a)     (i)      (atoms / elements with) the same number of protons but different numbers 

of neutrons 

accept (atoms / elements with) different mass number but 
same atomic number 

1 

(ii)     substances that give out radiation 

accept alpha, beta or gamma for radiation 
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accept an unstable nucleus that decays 

radioactive decay takes place is insufficient 
1 

(b)     85 years 

± 2 years 

allow 1 mark for showing correct method on the graph 
2 

(c)     (i)      a helium nucleus 

accept 2 neutrons and 2 protons 

accept 2 
4He 

do not accept helium atom 
1 

(ii)     the rate of decay (of plutonium) decreases 

accept fewer (plutonium) nuclei (to decay) 

accept radioactivity decreases 
1 

         less heat produced 

do not accept energy for heat 
1 

(d)     (i)      (outside the body) 

         alpha (particles) cannot penetrate into the body 

         (inside the body) 
1 

         (heat produced from decay) damages / kills cells / tissues 

accept causes cancer for damages / kills cells / tissues 

accept highly toxic 
1 

(ii)     any one from: 

•        worried same could happen again 

•        an accident may cause radiation to be spread around the Earth / 
atmosphere 

•        idea of soil contamination resulting from accident / release of radioactive 
material 

•        idea of negative effect on health resulting from accident / release of 
radioactive material 

accept any sensible suggestion 
1 

[10] 


