
A LEVEL PHYSICS TRANSITION WORK

• WEEK 7 – Particles Part 2



• Thank you for your work on particles last week.  I’m hoping the 
knowledge your gaining will mean less of the content you come across 
in 6th form will be brand new.  

• We will carry on from where we left off last week, looking more in
detail at particles. Please read though and make notes on the 
information, then answer the questions.  Send me the answers.

• I will also support this learning with some Seneca tasks.

ENJOY!



Particles can be divided into 3 main groups: hadrons, leptons and 
bosons.
Hadrons are not fundamental. They are made of smaller 
fundamental particles called quarks. They are the only particles that 
experience the strong force.

The zoo 
of 

particles

Bosons Fundamental exchange particles of forces

Leptons Fundamental e.g. electrons and neutrinos

Hadrons
Baryons Made of 3 quarks or 3 

antiquarks. E.g. protons

Mesons Made of a quark 
antiquark pair.

Particles - Quarks and antiquarks



Baryons and leptons interact via the fundamental forces and two 
extra quantities of baryon number and lepton number are 
always conserved in all interactions and decays.

Particles Baryon Number Lepton Number

Baryons (proton, neutron) 1 0

Antibaryons (antiproton, antineutron) -1 0

Mesons 0 0

Leptons (electrons, neutrino) 0 1

Antileptons (positron, antineutrino) 0 -1

The proton is the only stable baryon, all other baryons eventually decay into 
protons.
E.g. Beta decay: neutron  proton + electron + antineutrino 
A pion (π+ π- π0) is a meson that acts as an exchange particle for the strong force.
The kaon (K+ K-) is a particle that can decay into pions.

Particles - Quarks and antiquarks



There are three generations of leptons, you only require 
knowledge of two for A-Level. Each generation has the same 
properties but increasing mass.

Leptons
electron e - muon μ - tauon τ -

electron
neutrino  νe

Muon
neutrino νμ

tauon
neutrino νT

Antileptons

positron e + antimuon μ + antitauon τ +

electron
antineutrino νe

muon
antineutrino νμ

tauon
antineutrino ντ

Increasing mass

The muon is a particle with the same charge as an electron but has 
approximately 200 times more mass. 

A muon can decay into an electron.

Remember that in all decays 
charge, lepton number and 

baryon number are conserved. 
AS WELL AS ENERGY AND 

MOMENTUM!

Particles - Quarks and antiquarks



Particles - Quarks and antiquarks

Quark Symbol Charge Baryon 

Number

Strangeness

Up u +2/3 +1/3 0

Down d -1/3 +1/3 0

Strange s -1/3 +1/3 -1

Hadrons are made up of fundamental quarks. Although there are currently 6 
known quarks and corresponding antiquarks, only knowledge of 3 is required at A-
level.

Corresponding antiquarks have opposite charge, baryon number and strangeness.
Strange particles contain strange quarks.
Strange particles are produced via the strong interaction and decay via the weak.
Strange particles are always created in pairs.
Strangeness is conserved in strong interactions BUT NOT in weak force interactions.

Remember that a strange quark has a strangeness of -1! HOW STRANGE!



The photoelectric effect provided evidence for light behaving 
like a particle (known as a photon).

Zinc 
Plate

Gold 
leaf

UV Light
The photoelectric effect is 
demonstrated with a gold leaf 
electroscope. The plate is given a 
negative charge which causes the gold leaf 
to rise due to electrostatic repulsion.

When a UV light is shone on the zinc 
plate, the gold leaf falls as the plate loses 
charge and photoelectrons are emitted.

EM Radiation and quantum phenomena - Photoelectric effect



Observations of the experiment could not be explained by wave 
theory:
1. There was a threshold frequency f0 of EM radiation, below 

which no photoelectrons were emitted.
2. Different metals had difference values of threshold frequency.
3. A greater intensity of light resulted in more photoelectrons

with the same energy. Energy of electrons is independent of 
intensity.

4. Electrons were emitted as soon as the plate is exposed to 
radiation.

The explanation for the observations above is that an electron in 
the metal can only interact with a single photon at a time. 

A greater intensity just means more photons with the same energy. 

EM Radiation and quantum phenomena - Photoelectric effect



What would 
happen if…

Particle Wave

Light was more 

intense

If over threshold frequency

higher rate of emission, if not, 

no effect. 

Bigger KE (or shorter time 

delay)

Light was a higher 

frequency

Nothing until threshold, then 
emission, then higher KE of 

emission. 

Bigger KE (or shorter time 

delay)

Energy lower than the 

work function
No emission. Ever

After a short while a 

photoelectron is released 

EM Radiation and quantum phenomena - Photoelectric effect



EM Radiation and quantum phenomena - Photoelectric effect

The threshold frequency corresponds to work function, , the 
energy required to liberate an electron from the surface of a metal.

Energy conservation can be applied:

Energy in from photon Work Function + MAX. K.E. of 
Photoelectrons
hf =  + ½mv2

Note that if hf < 
no photoelectrons 

are released.



A particular electron will occupy the 
nearest possible position to the 
nucleus, known as the ground state

Energy levels above the ground state 
but below the ionisation level are 
called excited states.  

Electrons can only move between 
these discrete energy levels. Different 
elements have different energy levels.

The electron-volt (eV) is equal to the work done when an electron 
is accelerated by a potential difference of one volt.

1 eV = 1.6 x 10-19 J

EM Radiation and quantum phenomena - Photoelectric effect



Particles Questions

1.What is the difference between hadrons and bosons?

2. What is the difference between baryons and mesons?

3. What is the lepton number of a proton?

4. What is the lepton number of a neutrino?

5. What fundamental forces can leptons experience?



6. What is the only stable baryon?

7. What lepton can decay into an electron?

8. In which interaction is strangeness NOT conserved?

9. What is the strangeness of a strange quark?

10. What is the baryon number and charge of a down quark?

Particles Questions



EM Radiation and quantum phenomena - Questions

11. In the photoelectric effect why does a threshold frequency exist?

12. Explain why the kinetic energy of photoelectrons emitted from a surface vary up 
to a maximum.

13. How can you increase the maximum kinetic energy of a photoelectron?

14. Why are no electrons emitted when red light is shone on a metal plate? 

15. Describe the effect of increasing the intensity of red light in question 4.



16. When violet light is shone on a metal electrons are released.

a) What effect will increasing the intensity have?

b) What effect will decreasing the frequency have?

17. Convert 3eV in Joules

18. Convert 2.7 x 10-4 J into eV

19. What is the lowest energy state of an electron known as?

EM Radiation and quantum phenomena - Questions


