
A LEVEL PHYSICS TRANSITION WORK

• WEEK 6 – Particles Part 1



PARTICLES – WHAT YOU WILL LEARN

• Constituents of the atom

• Stable and unstable nuclei

• Particles, antiparticles and photons

HELLO PHYSICISTS.   THIS WEEK WE ARE LOOKING AT PARTICLES.  I THOUGHT THIS WAS 
ANOTHER INTERESTING TOPIC THAT LEADS ON FROM GCSE.  I HAVE PUT TOGETHER SOME 
INFORMATION IN THIS POWER POINT AND SOME QUESTIONS FOR YOU TO SUBMIT TO ME.

I WILL ALSO SET SOME TASKS ON SENECA AROUND THE TOPIC.

IF YOU HAVE ANY ISSUES PLEASE LET ME KNOW, HOPE YOU ENJOY!

THANK YOU AND STAY SAFE!

MRS LAKE



Particles - Constituents 

Atoms are the basic building blocks of matter.

The masses and charges of protons, 
neutrons and electrons are given in the A-
level Physics Data Booklet provided to you 

in exams. 

However, you may be expected to convert 
between SI units and relative units.

• The simple model of an atom has: 
• A nucleus -tiny and dense containing 

protons and neutrons.  
• Electrons orbiting the nucleus.
• We call protons and neutrons in the 

nucleus, nucleons.



Particles – Constituents 

A
Z

We use a particular notation system for atoms.
• ‘X’ is the chemical symbol
• ‘A’ is the mass number – the total number 

of nucleons
• ‘Z’ is the atomic number –the number of 

protons (and the number of electrons in a 
neutral atom).

Isotopes are atoms with identical number of protons but with 
a different number of neutrons. Isotopes of the same element 
have similar chemical properties but different mass.



The specific charge of a particle is the ratio of its 
charge (in coulombs) to its mass (in kilograms).

You may be asked to calculate the 
specific charge of an atom OR ion 
– an atom that has gained or lost 
electrons. Be careful to take the 

new charge into account.

Worked Example: Calculate the specific charge on a nucleus of carbon-12

Relative charge = +6, charge in C = 6 x 1.6x10-19C = 9.6x10-19C

Relative mass = 12, mass in kg = 12 x 1.67x10-27kg = 2.00x10-26kg

Specific charge = 9.6x10-19 / 2.00x10-26

Specific charge = 4.79x107Ckg-1

Particles – Constituents 



The strong nuclear force is responsible for keeping the nucleus stable.
It is very short-range and is attractive to about 3fm and repulsive below 0.5fm.

Some isotopes have unstable nuclei that 
decay by emitting radiation.

Alpha 
decay

2 neutrons and 2 protons are released

Beta 
decay

A neutron decays into a proton and electron – the electron is emitted

When beta decay was first observed, it appeared that energy was not 
being conserved. The existence of a new particle called a neutrino
was hypothesised to account for missing energy.
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Particles - Particles, antiparticles and photons 

Every fundamental particle has an antiparticle.
An antiparticle has the same mass and rest energy but 
opposite charge.

Particle Antiparticle

Electron Positron

Proton Antiproton

Neutron Antineutron

Neutrino Antineutrino

Einstein discovered that 
electromagnetic radiation is 
emitted in “wave packets” of 
energy called photons.

Each photon has a discrete amount of energy, E, that depends on 
the photon’s frequency.

Energy (J) = Planck Constant x Frequency (Hz)



When particles and antiparticles meet they 
annihilate and their mass is converted into pure 
energy.

Energy and momentum must be conserved. 
Two photons are produced to conserve 
momentum, and the total energy of both photons 
is equal to the combined rest mass and kinetic 
energy of the particle and antiparticle.

If a photon has enough energy a phenomena 
called pair production can spontaneously 
create a particle and its opposing 
antiparticle.

The minimum photon energy is twice the 
rest mass of the particle produced.

Particles - Particles, antiparticles and photons 



There are 4 fundamental forces. Each force has its own exchange particle and properties.

Force Range Significance Exchange particle

Gravity Infinite Always attractive force
between any two masses

Graviton (not tested)

Electromagnetic Infinite Attractive or repulsive 
between any two charges

Virtual Photon

Weak Nuclear 1x10-18m Responsible for beta decay W+ / W- (and Z0 which is 
not tested)

Strong Nuclear 1x10-15m Responsible for holding the 
nucleus together

Gluon

Virtual particles are exchanged when forces are experienced between 
particles. 
The virtual particle travels between the real particles carrying charge, momentum 
and energy. 
They are called virtual because we cannot directly detect them.

Particles - Particles, antiparticles and photons 



Feynman diagrams can be used to represent interactions
involving the four fundamental forces.
At each join in a diagram, charge must be conserved.

Particles - Particles, antiparticles and photons 



Particles – Questions

1.What is the small, dense region at the centre of the atom called?

2. What are the names of the three sub-atomic particles?

3. What is meant by the term ‘isotope’?

4. What does the symbol ‘Z’ mean in standard atomic notation?

5. What does the symbol ‘A’ mean in standard atomic notation?



6. How is specific charge calculated?

7. What are the units of specific charge?

8. What is the approximate range of the strong nuclear force?

9. Write the general equation for a nucleus ‘X’ emitting an alpha 

particle.

10. Why was the existence of a neutrino postulated?

Particles – Questions



11.What is an antiparticle?

12. What is the antiparticle of an electron?

13. What name is given to a “packet” of light energy?

14. Define annihilation.

15. Define pair production.

Particles – Questions



16. Why are two photons created 180 degrees apart in annihilation?

17. What are the exchange particles for the weak force?

18. What are the exchange particles for the electromagnetic force?

19. Which fundamental forces are infinite in range?

20. What is conserved at a junction in a Feynman diagram?

Particles – Questions


