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Particlesandradiation
Summary
■

■

Particles of matter can interact through the four
fundamental interactions: gravity, electromagnetic,
weak nuclear and strong nuclear Each interaction
occurs due to the transfer of exchange particles
The exchange particle of the
electromagnetic force is the photon and the

■

■

exchange particles for the weak interaction
are the W+ and W− particles
Weak interactions include beta minus, beta plus,
electron capture and electron–proton collisions
Particle interactions can be represented by
Feynman diagrams

Classification of particles
The Particle Garden
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During the second half of the twentieth century, scientists and engineers around the
world worked in collaboration to identify a large range of new sub-nuclear particles.
The particles eventually began to be identified as belonging to a number of groups, all
with similar properties. The ‘Particle Garden’ illustrating these groups of particles is
shown in Figure 14.
Matter
Leptons
Do not ‘feel’ the
strong force

Transmit the four forces of
matter:
Electromagnetic – photon
Strong – gluon
Weak – W±/Z
Gravity – graviton

Hadrons
Are made up of
‘quarks’
Feel the strong force
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Are subject to the
weak force

Exchange particles

Are ‘fundamental’
particles, i.e. cannot be
split up into anything
else
Electron, e–

Electron-neutrino, νe
Muon, µ–
Muon-neutrino, νµ
Tau, τ–
Tau-neutrino, ντ
(plus antiparticles)

Mesons
Quark–antiquark pair, qq-

Quarks
Up (u)
Down (d)
Strange (s)
Charm (c)
Top (t)
Bottom (b)
(plus antiparticles)
Are fundamental
particles

Examples:

Baryons
Three quarks, qqq
--Antibaryons, qqq

(plus antiparticles)

Examples:
Proton – p (uud)
Neutron – n (udd)
(plus antiparticles)

Pion, p+ (ud)
Kaon, K+ (us)

Figure14The Particle Garden

Hadrons
Hadrons are particles that are subject to strong interaction. There are two classes of
hadrons:
■ baryons (such as the proton, neutron) and their antibaryons (the antiproton and
antineutron)
■ mesons (such as the pion and the kaon and their antiparticles).

A baryon is a particle
made up of three
quarks
A meson is a particle
made up of a quark–
antiquark pair
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Content Guidance
The proton is the only stable baryon into which other baryons eventually decay, The
mean lifetime of most other baryons (with the exception of the neutron) is very short,
of the order of 10−12 s. The neutron has a mean lifetime of 880 s.
All baryons have a quantum number associated with them called the baryon
number, B — this distinguishes them as baryons. All baryons have a baryon number
of +1, all antibaryons have a baryon number of −1. All non-baryons have a baryon
number of 0. During all particle interactions the total baryon number of the initial
particles must equal the total baryon number of the final particles. This is called the
conservation of baryon number.

Knowledgecheck20
Explain the difference
between baryons and
mesons

Workedexample

Knowledgecheck21

e

The pion meson and its antiparticle, the antipion, are particles produced by protons
and neutrons within nuclei and act as the exchange particle of the strong nuclear
force between nucleons. The kaon meson is a strange particle (see p. 29) found
commonly in cosmic rays from space in the upper atmosphere. They decay into pions.

What is the baryon
number of a pion?
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Quarks are fundamental particles that make up hadrons, which can be either
baryons or mesons.
a What is the quark structure of a baryon?
b What is the quark structure of a meson?
c What property deﬁnes hadrons?
d State the quark structure of:
a neutron
a proton
e Give two properties of hadrons that distinguish them from leptons.

Answers

a
b
c
d
e

Baryons are made up of three quarks, qqq.
Mesons are made up of a quark–antiquark pair, qq.
Hadrons are subject to the strong interaction.
Neutron = udd; proton = uud.
Leptons are not made up of quarks; leptons do not experience the strong force.
Hadrons are not fundamental particles; all hadrons (eventually) decay into protons.

Leptons

Leptons are particles that are subject to the weak interaction. They consist of:
■ electron, e−
■ electron–neutrino, νe
■ muon, μ−
■ muon–neutrino, νμ
■ tau, τ−
■ tau–neutrino, ντ

Examtip
You will not be asked
any questions in the
examination on the
tau lepton or the tau–
neutrino lepton

plus all their antiparticles.

Knowledgecheck22

Like baryons, leptons have an associated quantum number that distinguishes them as
leptons. All leptons have a lepton number, L, of +1, antileptons, −1, and all non-leptons,
0. The lepton number is always conserved in particle interactions, so the total lepton
number before an interaction is the same as the total lepton number after an interaction.

What is the difference
between a hadron and a
lepton?
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Questions & Answers

Question 16
The de Broglie equation describes the wavelength of particles on the quantum scale:
h
λ=
mv
where m is the mass of the particle and v is the speed at which the particle is travelling.
(a) Calculate the wavelength associated with an electron, of mass 9.11 × 10 −31 kg
travelling at 2.2 × 106 m s−1.

(2 marks)

(b) A particle accelerator produces a thin beam of these electrons, which hits
a thin foil target with an interatomic spacing of 4.1 × 10 −10 m, producing a
diffraction pattern on a detector screen situated on the other side of the foil
target. Suggest reasons why a diffraction pattern is produced. 

(2 marks)

This question is about how electrons can behave as waves.

e

e

Student answer

pl

6.6 × 10−34 J s
(a) λ = h ⇒
✓ = 3.2 × 10 −10 m ✓
mv
9.11 × 10−31 kg × 2.2 × 106 m s−1

e This is a straightforward calculation. The equation is given in the question, so
you have to substitute the numbers correctly and calculate the answer.
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(b) The wavelengths of the electrons and spacing are similar, so λ ≈ d ✓.

This means that the rows of atoms act as a grating or the atoms behave
like Young’s slits or constructive and destructive interference occurs or the
electrons diffract, producing interference ✓.

e This is an A-grade discriminator question. Most C-grade students will point
out that λ ≈ d, but writing a coherent explanation is more challenging.

Question 17

10% of all naturally occurring magnesium consists of atoms of magnesium-25,
Magnesium-25 forms ions by the loss of two electrons.
mass of proton = 1.673 × 10 −27 kg
mass of neutron = 1.675 × 10 −27 kg
mass of electron = 9.11 × 10 −31 kg

25
12Mg.

e

This question requires you to interpret an ZA X notation and be able to calculate
specific charge.
(a) State the number of protons, neutrons and electrons in an ion of magnesium-25. (3 marks)

e

A straightforward C-grade target question.

(b) Calculate the charge of a magnesium-25 ion.

72

(1 mark)
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Short and longer answer questions
e This is an easy question to get wrong, primarily due to choosing the wrong
number to multiply by e. Common errors involve multiplying e by 25 or 23.
(c) Calculate the specific charge of the magnesium-25 ion.

(2 marks)

(d) Magnesium has two other stable, naturally occurring, isotopes:
magnesium-24 and magnesium-25. Describe the similarities and the
differences in the atomic structure of the three naturally occurring isotopes.

(3 marks)

Student answer
(a)

25
12Mg ;

12 protons ✓, (25 − 12) = 13 neutrons ✓; 10 electrons ✓ (2 electrons
have been taken from the neutral atom).

e

(b) Atoms are neutral. The ion must have a relative charge of +2e, so
(2 × (+1.6 × 10 −19 C)) = +3.2 × 10 −19 C ✓
charge of the particle Q
(c) specific charge of a particle =
=
mass of the particle
m

+3.2 × 10−19 C
Q
=
✓
m 12 × 1.673 × 10−27 kg + 13 × 1.675 × 10−27 kg + 10 × 9.11 × 10−31 kg
= +3.2 × 10 −20 C kg−1 ✓

e

) (

) (

)
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Error carried forward will apply for part (c).
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e A-grade students will remember to include the mass of the electrons in the
calculation of the mass of the ion (even though their mass is not significant).
Calculation of specific charge is a common A-grade discriminator.

(d) The three isotopes have the same number of protons (12) ✓ and the same
number of electrons (12) ✓ but they have different numbers of neutrons (12,
13 and 14) ✓.

Question 18

A group of students take measurements of the wavelength of a laser using a
diffraction grating. A bar chart of their results is shown in Figure 6.
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