
 

 

 

Atomic structure and nuclear radiation 
AQA GCSE Physics 8463 and Combined Science Trilogy 8464 | Paper 1 | Foundation and Higher 

Suggested: 35–40 minutes independent work + 15–20 minutes review 

Specification points covered 

Atoms and isotope notation: 8463 4.4.1.1–4.4.1.2 / 8464 6.4.1.1–6.4.1.2 (selected content) 

Evidence for the nuclear model: 8463 4.4.1.3 / 8464 6.4.1.3 (selected content) 

Radioactive decay and radiation properties: 8463 4.4.2.1 / 8464 6.4.2.1 

Single alpha and beta-minus nuclear equations: 8463 4.4.2.2 / 8464 6.4.2.2 

Contamination, irradiation and precautions: 8463 4.4.2.4 / 8464 6.4.2.4 (selected content) 

  
A materials-testing laboratory checks isotope records and compares how materials absorb radiation. You will audit the 

records, interpret supplied measurements and explain the precautions used by its trained staff. This is a paper-based 

investigation, not an activity involving radioactive sources. 

Attempt all questions. Give working for calculations and nuclear equations. In nuclide notation, the upper number is 

mass number A and the lower number is atomic number Z. All atoms are neutral unless stated otherwise. Daughter-

element symbols are supplied; you do not need a periodic table. 

1  Auditing the isotope records 

The laboratory records the isotope of each material, not just the element name. 

1(a)  State what the atomic number of an atom tells you.  [1 mark] 

 
  
1(b)  State what the mass number of an atom tells you.  [1 mark] 

 
  
1(c)  A neutral atom on a record is Ne10

22 . Determine its number of neutrons and its number of electrons.  
[2 marks] 

 
  
1(d)  A second record shows a neutral Mg12

24  atom. Determine its number of neutrons and its number of electrons.  
[2 marks] 
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1  Auditing the isotope records continued 

1(e)  The records contain Mg12
24  and Mg12

26 . Explain why they are isotopes of the same element.  [2 marks] 

 

 

 
  
1(f)  An atom of Mg12

24  loses two outer electrons. State how many electrons remain and explain whether its 

nucleus has changed.  [2 marks] 

 

 

 
  

2  Using evidence to test an atomic model 

For staff training, Table 1 gives an illustrative pattern for 10 000 positively charged alpha particles directed at very thin 

metal foil. It is not a record of a new laboratory experiment. The older plum pudding model spread positive charge 

through the atom. 

Table 1 

Observation Number of alpha particles 

Pass straight through 9900 

Deflected, but not backwards 99 

Turn back towards source 1 
  
2(a)  Use the observation for most alpha particles in Table 1 to state a conclusion about the space inside an 

atom.  [1 mark] 

 

 
  
2(b)  A very small number of positive alpha particles turn back. What does this suggest about the charge and 

mass concentrated inside the atom?  [2 marks] 

 

 

 
  
2(c)  Explain why these observations led scientists to replace the plum pudding model rather than keep its 

spread-out positive charge.  [2 marks] 
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3  Balancing the decay records 

Balance the upper and lower numbers separately. Worked alpha example: Th90
228  → Ra88

224  + He2
4 . Upper numbers: 228 

= 224 + 4; lower numbers: 90 = 88 + 2. Worked beta-minus example: S16
35  → Cl17

35  + e−1
0 . Upper numbers: 35 = 35 + 0; 

lower numbers: 16 = 17 − 1. In each task, the named daughter element is already identified. 

3(a)  A radium-224 nucleus undergoes alpha decay to radon, Rn. Complete the daughter’s mass and atomic 

numbers: Ra88
224  → RnZ

A  + He2
4 .  [2 marks] 

 
  
3(b)  Americium-241 undergoes alpha decay to neptunium, Np. Complete: Am95

241  → NpZ
A  + He2

4 .  [2 marks] 

 
  
3(c)  An archived alpha-decay record is Fr87

221  → At85
217  + HeZ

A . Determine A and Z for the emitted particle.  

[2 marks] 

 
  
3(d)  Carbon-14 undergoes beta-minus decay to nitrogen, N. Complete: C6

14  → NZ
A  + e−1

0 .  [2 marks] 
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3  Balancing the decay records continued 

3(e)  A strontium nucleus Sr38
90  emits a beta-minus particle and becomes yttrium, Y. Write the balanced nuclear 

equation.  [2 marks] 

 
  
3(f)  A tritium nucleus H1

3  emits a beta-minus particle and becomes helium, He. Write the balanced nuclear 

equation.  [2 marks] 

 
  
3(g)  A trainee says beta-minus decay is just the loss of an outer electron, so the nucleus stays unchanged. 

Explain why this is wrong.  [2 marks] 

 

 

 

 
  
3(h)  An excited nickel-60 nucleus emits a gamma ray. State what happens to its mass number and atomic 

number, and explain why it remains nickel.  [2 marks] 

 

 

 
  
3(i)  A trainee writes this alpha decay: Am95

241  → Np94
237  + He2

4 . Correct the daughter’s atomic number and show the 

balance that proves your correction.  [2 marks] 
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4  Interpreting the absorption tests 

Figure 1 shows the laboratory arrangement. Each sealed test source emits only one of alpha, beta-minus or gamma 

radiation for this comparison. The source–detector air gap is short enough for alpha particles to reach the detector 

without an absorber. Table 2 gives mean net count-rates after the laboratory has subtracted its no-source reading. 

Treat a zero as no detected source contribution. 

 
Figure 1 

Table 2 

Absorber A / counts s-1 B / counts s-1 C / counts s-1 

None 240 240 240 

Paper 0 230 238 

3 mm aluminium 0 0 210 

20 mm lead 0 0 72 
  
4(a)  In a separate calibration test, the detector records 3600 counts in 30 s. Calculate its mean count-rate.  
[1 mark] 

 
  
4(b)  Identify the radiation from source A in Table 2. Justify your answer using the paper result.  [2 marks] 

 

 

 
  
4(c)  Identify the radiation from source B. Use both its paper result and its aluminium result to justify your answer.  
[2 marks] 
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4  Interpreting the absorption tests continued 

4(d)  Identify the radiation from source C. Use the aluminium and lead measurements as evidence.  [2 marks] 

 

 

 
  
4(e)  A trainee says that the lead makes source C less radioactive because the count-rate falls. Explain why this 

conclusion is wrong.  [2 marks] 

 

 

 

 
  
4(f)  Explain why the source and detector in Figure 1 should stay in the same positions while the absorber is 

changed.  [2 marks] 

 

 

 

 
  
4(g)  Source C has activity 60 000 Bq but gives an unshielded detector reading of 240 counts s-1. Explain why 

these values do not have to be equal.  [2 marks] 

 

 

 

 
  
4(h)  The laboratory needs radiation still detectable after passing through a 3 mm aluminium test piece. Choose 

source A, B or C and justify the choice from Table 2.  [2 marks] 
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5  Distinguishing the radiation hazards 

The laboratory compares an intact sealed source with a damaged source that has released radioactive dust. Use the 

presence or absence of radioactive material to explain each case. 

5(a)  A metal sample is exposed to an intact sealed source. No source material transfers to it, and the source is 

then removed. Explain why this is irradiation, not contamination.  [2 marks] 

 

 

 

 
  
5(b)  Radioactive dust from the damaged source settles on a workbench. Explain why the bench can remain a 

radiation hazard after the original source is taken away.  [2 marks] 

 

 

 

 
  
5(c)  An alpha emitter outside the body is compared with dust from the same emitter inhaled into the body. 

Explain why the inhaled material can be much more hazardous.  [2 marks] 

 

 

 

 
  
5(d)  The laboratory uses a remote handling arm rather than holding a sealed source close to the body. Explain 

how this reduces the irradiation hazard.  [2 marks] 

 

 

 
Review: check both numbers in one nuclear equation. Correct one explanation so that it distinguishes the source’s emission, 

the detector’s count-rate and the transfer of radioactive material. 



   Ne  10 22


   Mg  12 24


   Mg  12 24


   Mg  12 26


   Mg  12 24


   Th  90 228


   Ra  88 224


   He  2 4


   S  16 35


   Cl  17 35


   e   − 1 0


   Ra  88 224


   Rn  Z A


   He  2 4


   Am  95 241


   Np  Z A


   He  2 4


   Fr  87 221


   At  85 217


   He  Z A


   C  6 14


   N  Z A


   e   − 1 0


   Sr  38 90


   H  1 3


   Am  95 241


   Np  94 237


   He  2 4

