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The Nucleus
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The Nuclear Model of the atom we are familiar with arises from observations 
made during Ernst Rutherford’s historic alpha-particle experiment.

Experimental Setup:

 

• Scintillating zinc sulphide screen 
detector.

• Gold foil which is a few atoms thick.
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The following observations and conclusions were made from the experiment:
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Exemplar Explanation Exam Question

1) In 1904, J.J.Thompson proposed the “Plum Pudding” model 
as a way of explaining the structure of the atom. It stated that 
electrons occupied a region, or “soup”, of positive charge, as 
shown in the diagram. This was the generally accepted 
model for the atom before Rutherford’s alpha-particle 
experiment.
Describe, with reasons, the results that Rutherford would 
have expected from his experiment, and explain how his 
actual results showed that the Plum Pudding model was 
incorrect.

[4 marks]

Particles, Nuclear Physics & Radioactivity

4 mark question, about 4 key points to make.

2 part question, give 
detailed reasoning for both.

Context: Model of the 
atom and Rutherford 

Scattering.

How would this 
affect an alpha 
particle?
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Thompson’s Plum Pudding Model
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• Most particles would shoot through the foil with only 
a minimal amount of deflection.

[1 Mark]

• This is because the foil is thin, and so the positive 
charge and mass wouldn’t be concentrated enough 
to affect the alpha particles.

[1 Mark]

EXPECTED RESULTS
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• This means almost of the particle’s mass is 
concentrated at a small point in the atom, most of the 
atom is actually empty space.

[1 Mark]

• Also means this small point contains all of the atom’s 
charge, it is not even spread across the atom.

[1 Mark]

HOW THOMPSON’S MODEL IS INCORRECT
• Found almost all atoms passed through unaffected, 

with a minority being completely deflected.
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• Leptons – These include electrons and 
neutrinos.

• Bosons – These include photons and 
gluons.
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Quarks can never be found on their own but 
in groups with other quarks. 

Hadrons are particles which contain quarks. 
Hadrons feel the strong nuclear force.

• Mesons are particles formed of a pair of 
a quark and an antiquark. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quark   Antiquark
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Every quark and lepton in the Standard Model has a corresponding antiparticle.

• Antiparticles have the same mass but equal and opposite charge to their 
corresponding particle.

• When antiparticles meet their corresponding particles they annihilate into 
photons.

• Antiparticles are indicated by their corresponding particle’s symbol overlined.

  



Exemplar Statement Exam Question

•  

Particles, Nuclear Physics & Radioactivity

3 mark question, 3 quick 
parts.

Context: Quark and 
antiquark combinations. Write question: Little to 

no working required.

Use table of quark 
properties.

Recall the definitions of 
these particles.
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Exemplar Statement Question Answer

(i) Identify type of particle

[1 Mark]

Quark-antiquark pair, so particle is a meson.

Determine charge of particle
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Exemplar Statement Question Answer

(ii) Identify type of particle

[1 Mark]

 

Determine charge of particle
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Exemplar Statement Question Answer

(iii) Identify type of particle

[1 Mark]

 

Determine charge of particle
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Nuclear Radiation
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Nuclear radiation can occur in several types. In each case, a different type of 
particle is emitted which has different properties.

 

 

 

 

 



Particles, Nuclear Physics & Radioactivity

 

 

 

    

 

    

 



Exemplar Statement Exam Question

•  

Particles, Nuclear Physics & Radioactivity

3 mark question, likely 3 
things to add to equation.

Context: Alpha and 
Beta decay equations

 

 

Complete 
equation: 
Determine 
other 
particles 
created in 
decay.
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Exemplar Statement Question Answer

Calculate number of alpha decays

[1 Mark]
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Exemplar Statement Question Answer

Calculate number of beta decays

[2 Marks]

 

 

 

 

 



Radioactivity

Particles, Nuclear Physics & Radioactivity

 

Radioactive decay is both spontaneous (not affected by external factors) and 
random (cannot be predicted).

• Although radioactive decay is random it can be modelled probabilistically.
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The solution of this equation is exponential decay.

 

 

 

 
 

 

  

 

 



Exemplar Plot/Sketch Exam Question

•  
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3 marks, 3 key 
requirements for 
our graph

Context: decay 
of atoms and 
half lives

Plot question: 
calculate key points 
for accuracy

What does initial 
sample and half life 
mean for graph?

Need to provide a 
scale, what would the 
highest value be?
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Exemplar Sketch/Plot Question Answer

Determine key points and plot graph
[1 Mark] 

 

Plot these points on the axes with a suitable scale, then draw a curve 
through them
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[1 Mark]
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[1 Mark]

[1 Mark]
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Mass-Energy Equivalence
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 Mass and energy are related by Einstein’s famous equation:

• This implies that any change in the mass of a system is 
accompanied by a release of energy.
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The binding energy of a nucleus is the total work that must be done to separate 
a nucleus into its constituent nucleons.

The mass defect is the difference in mass between a nucleus and the sum of its 
constituent nucleons.
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Exemplar Calculation Exam Question

•  
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3 marks, 3 key stages 
to calculation.

Remember to convert 
units!

Calculation question: Recall 
relevant formulas and 
substitute key values.

Context: 
Mass-Energy 
equivalence.

Normally you’d need to find values in the formula booklet.
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Exemplar Calculation Question Answer

Calculate mass change in alpha decay

[1 Mark]

 

 

 

Calculate energy required
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Exemplar Calculation Question Answer

Deduce number of protons and neutrons in Sulfur-32

[1 Mark]

Sulfur-32 breaks down completely into 8 alpha particles.
So it must consist of 16 protons and 16 neutrons.

Calculate mass change in nucleon separation
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Exemplar Calculation Question Answer

[1 Mark]

Calculate energy required
 

 

 

Find difference in energies
 

 

 



Fusion and Fission
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The binding energy per nucleon is a measure of the stability of a nucleus.

 

 

 

 

 

 

 

 

 



Nuclear Fission
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Heavy radioactive nuclei can undergo fission, splitting into smaller daughter 
nuclei and some individual neutrons.

 

 

 
 

 

 

 

 

• The neutrons released by fission can go on to induce more fission in a chain 
reaction.

 



Nuclear Fusion
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Some light nuclei can undergo fusion, combining together into a larger nucleus.

 

 

 

 

 

 

An example of a fusion cycle is:

  

 

  

 



Exemplar Explanation Exam Question

1) Stars are formed when protons are brought together under 
intense pressure, so that they can overcome electrostatic 
repulsion and collide.
Explain how these collisions cause the star to produce 
energy and atoms with larger nuclei.

[3 marks]

Particles, Nuclear Physics & Radioactivity

3 mark question, about 3 
key points to make

Explanation question: use 
bullet points and break 
down key points

Context: Energy 
produced by a star

Protons collide, how 
does this produce 
energy?
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[1 Mark]
• The fusion reaction turns the two protons into a 

single, larger nucleus.

[1 Mark]

• This nucleus has more binding energy per nucleon, 
meaning energy must be released during the fusion.

[1 Mark]
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Mini Mock Paper

•  



Mini Mock Paper

Exam Question Answer
 

[1 Mark]

 

 

 

 

[1 Mark]



Mini Mock Paper

Exam Question Answer
 

Time from 9am to 5pm is 8 hours
 

[1 Mark]
 



1.  
2. Explain, with reference to a relevant graph, why 

iron is an unsuitable reactant to use in generating 
energy through nuclear fission or nuclear fusion.

[4 
marks]

Mini Mock Paper
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Mini Mock Paper

• Fusion generates energy by merging small nuclei 
together into larger nuclei, increasing the binding 
energy per nucleon.

• Fission generates energy by splitting apart large nuclei 
into smaller nuclei, increasing the binding energy per 
nucleon.

• As iron has the largest binding energy per nucleon 
of all elements, fusion or fission wouldn’t be able to 
increase this so no energy would be released [1 Mark]

[1 Mark]

[1 Mark]



•  

Mini Mock Paper



Mini Mock Paper

• Fission reaction starts with a neutron
 

 

[1 Mark]

[1 Mark]

[1 Mark]
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• Each reaction is started by 1 slow moving neutron but 
produces 3 fast moving neutrons

• If these 3 neutrons are slowed down, then they can 
be used to start further reactions

[1 Mark]

[1 Mark]


