Pre-U Physics Part B

17. Nuclear Physics.

Content headings mapped to spreads

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Includes

	Equations of radioactive decay

17.1 – 17.6


	8.12 Random decay
	344-345
	The idea of exponential decay.

Constant proportion property and half life.

	
	8.13 The Decay Equation.
	346-347
	Decay equation.

Decay constant.

Half life.

Activity.

	
	8.21 Gamma rays
	362-363
	Inverse-square law for gamma rays.

Linear absorption coefficient and half-thickness.

	Mass excess and nuclear binding energy

17.7 – 17.9


	8.25 Mass and Energy
	370-371
	Rest mass and rest energy.

E = mc2

Units including a.m.u.

	
	8.26 The Nucleus
	372-373
	Closest approach.

Measuring the nucleus.

Strong nuclear force.

	
	8.27 Nuclear energy.
	374-375
	Mass defect.

Energy released in nuclear reactions.

	
	8.28 Nuclear binding energy and stability.
	376-377
	Note that nuclear b.e. is taken as positive (as in the specification) but nucleon potential energies are negative (bound states).

	Antimatter

17.10 – 17.11
	9.9 Antimatter
	414-415
	Conservation laws.

Annihilation.

	
	9.2 Using relativity in particle physics.
	400-401
	Useful extension material for quantitative work.

	Comment: The material covered in section 9 of Advanced Physics goes considerably further than is required for the pre-U but will be of interest to teachers and some students.

	The standard model

17.12 – 17.15
	9.1 Big Science
	398-399
	Overview of particle physics.

	
	8.11 Radioactivity
	342-343
	Transformation equations for alpha, beta and gamma decays are on p343.

	
	8.20 Beta Particles
	360-361
	Neutron decay.

Neutrinos.

Beta-plus decay.

	
	9.8 Leptons
	412-413
	Historical discoveries.

Conservation of lepton number.

Three generations of leptons.

	
	9.10 Neutrinos
	416-417
	Prediction of the neutrino based on conservation laws.

	
	9.11 Hadrons and quarks.
	418-419
	Quark triplets and pairs in hadrons.

	
	9.14 Evidence for quarks
	424-425
	Deep inelastic scattering.

	
	9.17 Particle Physics inside the nucleus.
	430-431
	Beta decay reinterpreted in terms of quarks and the weak interaction.

	
	9.15 Exchange forces 1
	426-427
	Feynman diagrams.

	
	9.16 Exchange forces 2
	428-429
	Unification.


The detailed Pre-U syllabus statements are listed below with suggested exercises from Advanced Physics:

Learning outcomes

Equations of radioactive decay - Candidates should be able to:

1.
show that the random nature of radioactive decay leads to the differential equation:
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 is a solution to this equation.

2.
recall that activity 
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 and show that A = λN and 
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3.
show that the half-life 
[image: image5.wmf]l

2

ln

2

/

1

=

t


4.
use these equations to solve problems.

5.
recognise and use the expression 
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 as applied to attenuation losses.

6.
recognise that radiation emitted from a point source and travelling through a non-absorbing material obeys an inverse square law and use this to solve problems.

Exercises

P345
Q1-4
Probability and decay.

P347
Q1-5
Using the radioactive decay equation.

P363 
Q5
Half-thickness.

P390
Q1
Activity, decay constant and half life (past A-level question).

P390
Q2
Decay constant and half life (past A-level question).

P390
Q5
Radiocarbon dating (past A-level question).

Mass excess and nuclear binding energy - Candidates should be able to:

7.
estimate the size of a nucleus from the distance of closest approach of a charged particle.

8.
understand the concept of nuclear binding energy, and recognise and use the expression 
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 (binding energy will be taken to be positive).

9.
understand and explain the curve of binding energy per nucleon against nucleon number.

Exercises

P371
Q1-3
Practice with energy equations (including relativistic mass).

P373
Q1-4
Measuring the nucleus.

P375
Q1-5
Nuclear energy calculations.

P377
Q1
Binding energy calculations.

P390
Q3
AMU and binding energy (past A-level question).

P390
Q7
Nuclear transformations (past A-level question).

P392
Q16
Induced nuclear transformation (past A-level question).

P393
Q21
Relativistic electrons (past A-level question).

P393
Q22
Energy released in nuclear fusion (past A-level question).

P393
Q23
Alpha scattering experiment (past A-level question).

P394
Q26
Energy changes in a radioactive series.

Antimatter - Candidates should be able to:

10.
recall that antiparticles have the same mass but opposite charge and spin to their corresponding particles.

11.
relate the equation 
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 to the creation or annihilation of particle/antiparticle pairs.

Exercises

P415
Q1-5
Antimatter.

The standard model - Candidates should be able to:

12.
recall the quark model of the proton (uud) and the neutron (udd).

13.
understand how the conservation laws for energy, momentum and charge in beta minus decay were used to predict the existence and properties of the antineutrino.

14.
balance nuclear transformation equations for alpha, beta minus and beta plus emissions.

15.
recall that the standard model classifies matter into three families: quarks (including up and down), leptons (including electrons and neutrinos), and force carriers (including photons and gluons).

Exercises

P399
Q1-4
General questions about particle physics.

P413
Q1-2
Leptons and conservation laws.

P417
Q1-2
Beta-decay.

P419
Q1-3
Making hadrons from quarks.

P429
Q1-3
Exchange forces.

P432
Q1
Beta-decay (past A-level question).

P432
Q2
Particle families (past A-level question).

P432
Q3
Quarks (past A-level question).

P432
Q5
Beta-minus decay and quarks (past A-level question).

Recommended Reading

Quarks, Leptons and the Big Bang, Jonathan Allday (2nd Ed.) IOP Publishing 2002

This is an excellent book covering ideas from particle physics, quantum theory and relativity.
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