5.8 Module 2825      Component 04: Nuclear and Particle Physics
	Content
	In
	Comments

	5.8.1 The Nucleus
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) sketch and interpret a graphical representation of the variation with nucleon number of nuclear radius.
	8.26
	  

	(b) use r = r0A1/3 , where r0 is the radius of the Hydrogen-1 nucleus, for the radius r of a nucleus.
	  
	  

	(c) estimate the density of nuclear matter.
	8.26
	  

	(d) use Coulomb’s law to determine the force of repulsion, and Newton’s law of gravitation to determine the force of attraction, between two protons at nuclear separations and hence appreciate the need for a short-range, attractive force between nucleons.
	  
	  

	(e) recall the nature of the strong interaction (strong force) between nucleons.
	9.16
	Note: strong nuclear force

	(f) sketch and interpret a graphical representation of the variation with distance between nucleons of the strong interaction.
	9.16
	  

	5.8.2 Neutrons and Nuclear Fission
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) outline the mechanism of nuclear fission for unstable, massive, neutron-rich nuclei.
(b) explain the term thermal neutrons.
(c) understand what is meant by neutron-induced fission.
(d) sketch a graph of the variation with nucleon number of the relative yield of fission products for a fissile material.
(e) estimate, from the graphical representation of the variation with the nucleon number of binding energy per nucleon, the energy available from the fission of an Uranium-235 nucleus.
(f) recall that neutrons colliding with uranium nuclei can lead to the production of Plutonium-239 without any immediate fission.
(g) recall that Plutonium-239 is a by-product of nuclear fission reactors and decays through a-emission with a half-life of over 24,000 years.
	8.28

8.29
	  

	5.8.3 Nuclear Fusion
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) appreciate that, for protons to fuse, Coulomb forces of repulsion must be overcome.
	8.32
	8.32 gives an introduction to fusion.

and covers some of the points in this section.

	(b) understand that, as two positively charged particles approach one another, their electric potential energy increases.
	  
	  

	(c) use the concepts of kinetic energy and of electric potential energy, applied to charged particles, to explain why high temperatures are required for fusion.
	  
	  

	(d) use Ek = 2 x 10-23T and given values of electric potential energy to determine the temperature required for the fusion of nuclei.
	  
	  

	(e) estimate, from the graphical representation of the variation with nucleon number of binding energy per nucleon, the energy available from the fusion of hydrogen to form helium.
	  
	  

	(f) represent and interpret fusion reactions in terms of nuclear equations.
	  
	  

	(g) outline what is meant by plasma.
	  
	  

	(h) describe how gravitational fields, inertial confinement and magnetic fields may be used to confine a plasma.
	  
	  

	(i) describe the conditions under which fusion takes place in the Sun.
	  
	  

	(j) explain, from given details, the stages involved in the hydrogen cycle and in the carbon cycle.
	  
	  

	(k) appreciate that practical fusion reactors are under development and show an awareness of the considerable difficulties involved.
	  
	  

	(l) recall that the deuterium-tritium (D-T) reaction may be the most likely way of achieving fusion on a practical scale.
	  
	  

	(m) outline the principles of operation of a prototype (JET) fusion reactor.
	  
	  

	(n) describe how energy may be extracted from a nuclear fusion reactor.
	  
	  

	(o) describe the possible advantages of nuclear fusion as an energy source.
	  
	  

	5.8.4 Matter and Antimatter
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) demonstrate an awareness of the use of both linear and circular particle accelerators to investigate the fundamental structure of matter.
	9.3
	  

	(b) recall uses and relative advantages of fixed target and of colliding beam experiments.
	9.4
	  

	(c) recall that antimatter exists and that antiparticles may be observed using high-energy particle accelerators.
	9.8
	  

	(d) recall that particle-antiparticle pairs annihilate one another with the production high energy photons.
	9.8
	  

	(e) recall that the positron is the antiparticle of the electron.
	9.8
	  

	(f) describe the principles of operation of the cyclotron.
	9.3
	  

	(g) derive and use an equation for the supply frequency of a cyclotron.
	9.3
	  

	(h) appreciate that the Special Theory of relativity places constraints upon the speeds and energies achievable in particle accelerators.
	9.4
	  

	(i) outline the principles of operation of a synchrotron.
	9.4
	  

	(j) discuss the relative advantages of the use of cyclotrons and synchrotrons.
	  
	  

	5.8.5 Fundamental Particles
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) recall that the strong interaction can be used to explain the forces between hadrons.
	9.1

9.2
	  

	(b) recall that protons and neutrons are two of many types of hadron.
	9.1

9.10
	  

	(c) demonstrate an awareness that all hadrons are thought to be unstable to some degree and are, consequently, subject to decay.
	9.2
	  

	(d) recall that neutrons and protons within a nucleus are relatively stable.
	8.26
	  

	(e) recall that free neutrons are unstable, with a half-life of approximately fifteen minutes, and decay to produce a proton and a ( particle.
	9.9
	  

	(f) appreciate that the half-life of free protons is thought to be of the order of 1032 years.
	  
	  

	(g) recall that the electrical charge of a hadron is conserved during a transformation (reaction).
(h) recall that protons and neutrons are baryons with baryon number 1.
(i) recall that baryon number is conserved during an interaction.
	9.11

9.12
	  

	(j) recall that protons and neutrons contain charged consistuents called quarks and are, therefore, not fundamental particles themselves.
(k) describe a simple quark model of hadrons in terms of up, down and strange quarks and their respective antiquarks, taking into account their charge, baryon number and strangeness.
(l) appreciate that the quark model may be extended to include the properties of charm, topness and bottomness.
(m) describe the properties of neutrons and protons in terms of a simple quark model.
(n) recall that the properties of all hadrons may be described in terms of a simple quark model.
	9.1

9.10
	  

	(o) recall that there is a weak interaction between quarks and that this is responsible for ( decay.
	9.14
	  

	(p) recall that there are two types of ( decay.
	8.20
	  

	(q) predict, from the graphical representation of neutron-proton ratios within nuclei, whether a decay is likely to result in a (- or a (+ particle.
	  
	  

	(r) describe the two types of ( decay in terms of a simple quark model.
	9.14
	  

	(s) demonstrate an awareness that (electron) neutrinos and (electron) antineutrinos are produced during (+ and (- decays respectively.
	9.14
	  

	(t) recall that electrons and neutrinos are members of a group of particles known as leptons.
	9.1, 9.7
	  


 

