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Q1 (a) A particle absorbs a boson M and causing it undergoes a nuclear transmutation which
raises or lowers the electrical charge of the particle and in the same time, the particle
changes its flavour. State what is particle M, its fundamental interaction, list of particles
involved and the mathematical model to describe the interaction.

(4 marks)

(L) Stale FOUR (4) differences between quatks and ils supet pat luets.
(4 marks)

(¢) In theory of quantum chromodynamics, quarks come in three colours. Justify the
statement that “all baryons are colourless or white”.
(4 matks)

(d) Your roommates major in chemistry They know all about prolons, neutrons, and
electrons, and they see them in action every day in the laboratory. However, they may
be in doubt when you tell them about positrons, quarks, muons, and neutrinos Explain
to them why none of these particles play any direct role in chemistry.

(8 matks)

Q2 (a) 'The boson B suffers a mathematical problem in general relativity. The explanation of
this patticle in the quantun field theoty is not complete aud the Standard Model works
without explaining it. State what is particle B, its fundamental interaction, list of
particles involved and the mathematical model to describe the interaction.

(4 marks)
(b) (i) Define symmetry.
(1 mark)
(i) State what is I-symmetry.
(1 mark)
(ii1)) Describe how T-symmetry is violated
(? marks)
(c) List the first and second generations of particles.
(2 marks)

(d) State the meaning of the third and fourth lines in the Lagrangian of the Standard Model.
(2 marks)

(e) (i) State the purposes of the particle accelerators and the general concept used in the

acceleration of particles.
C
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Q3

Q4

(a)

(b)

(a)

(L)

(©)

(1) Describe what is linear accelerator and outline the important role of the radio

frequency oscillator as the booster for particles to accelerate.
(2 marks)

Discuss why the chamber of the linear accelerators are in vacuum.
(4 marks)

I'or a cettain molecule, the (itst excited state lies at 0.2 €V above the ground slale.

(1) At what temperature would the number of molecules in the ground state be
exactly 10 times the number in the first excited state?
(4 marks)
(i)  What is the excitation temperature for this molecule?
(4 marks)

llor a nitrogen (N2) tmolecule at roomn tempetatuie (m = 4.7 % 10 26 kg, 1'= 295 K),
what is its

(1) average velocity,

(3 marks)
(i)  average speed,

(3 marks)
(iii)  root mean square speed,

(3 marks)
(iv)  most probable speed.

(3 marks)

Sketch the energy distiibution function at two different tetpetatutes for a systein of
free particles that is governed by Fermi-Dirac statistics. Indicate which curve
cotresponds to the higher tetnpetatute. Lxplain the graph briefly.

(8 marks)

Calculate the average encigy pet patlicle, &, fot a Tetni gas at 7 — 0, given that &,
is the Fermi energy.
(6 marks)

In a white dwarf star of one solar mass the atoms are all ionized and contained in a
sphere of radius 2 x 10°cm. Find the Fermi energy of the elctron in eV.
(6 1natks)
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Q5 (2 For a certain boson system, the density of states is constant (g(¢) = C), and the
occupation numbers of all states are sufficiently small that we can write n = e A&,
Show that the cheunical polential, 4, depends on the temperature and the total number
of particles in the system according to u = —kT In(CkT/N).
(8 marks)

(b) In the case of bosous, the low-lying states hiave laiger occupation nunbers thau the
classical prediction, so that the total internal energy of a boson syslem is

cottespondingly low. Clatify this staletnend.
(12 marks)

END OF QUFSTIONS
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