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OPTIONAL COURCES  

Phys 4305 INTRODUCTORY PARTICLE PHYSICS (CR3) 

Preq. Phys 3301/ ADP (Physics)  

 

Objectives 

This course will provide an introductory survey of modern particle physics.  

 

Syllabus 

Particle Classification, Quantum numbers, leptons, quarks, hadrons, baryons, mesons, strange particles, 

the eightfold way, the fundamental interactions:  Primitive vertices for EM, strong and weak 

interactions, Feynman Diagrams, The electromagnetic coupling, the strong coupling, the weak 

coupling, Vacuum Polarization, Symmetry Transformation and Conservation Laws, Translation in 

space, Rotation in space, The group SU (2), isospin, extended Pauli principle, consequence of isospin 

conservation, Systems of identical particles, Parity, Charge conjugation, Time reversal, G parity, CPT 

theorem, polarization and photon spin, gauge invariance and Maxwell’s equations, angular momentum, 

parity and C-parity of photons,. The quark model, The group SU (3) and its representations, notion of 

colour, quarks, hadrons (baryons, mesons in quark model). 

 

Recommended Books 

1. Introduction to Elementary Particles by D. Griffiths (2nd Edition), Wiley, (2008). 

2. Nuclear and Particle Physics by E. E. Burcham, and M. Jobes, Longman, (1995). 

3. Nuclear and Particle Physics by R. B. Martin, Wiley, (2006) 

4. Concepts of Particle Physics by K. Gottfried, and F. Weisskopt, Vol. 1, Oxford, (1986). 

5. Nuclear and Particle Physics by W. S. C. Williams, Oxford, (1995). 

6. A Modern Introduction to Particle Physics by Fayyazudding and Riazuddin, World Scientific, 

(1992) 

7. Quarks and Leptons by F. Halzen and A. D. Martin, Wiley, (1984). 

 

Phys 

4306 

RELATIVISTIC QUANTUM MECHANICS (CR3) 

Preq. Phys 3301/ ADP (Physics)  

 

Objectives 

To provides an understanding of the effects of special relativity in quantum mechanics. 

 

Syllabus 

The Klein-Gordan Equation, Non relativistic quantum mechanics, Lorentz covariance and 4 vector 

notation, the Klein Gordon equation, the Feynman-Stuckelberg interpretation of E < 0 solutions, non 

relativistic perturbation theory (brief review), rules for scattering amplitudes in the Feynman-Stukelberg 

approach, the Dirac Equation: Covariant form of the Dirac Equation, Dirac -matrices, conserved 

current and the adjoint equation, free particle spinors, anti particles, normalization of spinors and the 

completeness relations, bilinear covariants, zero mass fermion, Weyl and Majorana spinors, Weyl 

equation, Weyl and Majorana representation of the Dirac equation, the two-component neutrino, V-A 

interaction, Fermi interaction, unitary and anti-unitary symmetries, CPT symmetries, Dirac particles in 

external fields, brief introduction to QED: Feynman Rules in QED, Invariant amplitude, Invariant 

variables. 

 

Recommended Books 

1. Quarks and Leptons by F. Halzen, and A. D. Martin, Wiley, (1984). 
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2. Introduction to Elementary Particles by Griffiths, D., 2nd Edition, Wiley, (2008). 

3. Relatvistic Quantum Mechanics by J. D. Bjorken, and S. D. Drell, McGraw-Hill, (1964)  

4. Quantum Mechanics by Riazuddin and Fayyazuddin, World Scientific(1990). 

  

Phys 4405 TOPICS IN SOLID STATE PHYSICS (CR3) 

Preq. Phys 3402/ ADP (Physics)  

 

Objectives 

To study selected topics in solid state physics such as quantum theory of magnetism and 

superconductivity.  

 

Syllabus 

Diamagnetic and paramagnetic solids, magnetic susceptibilities of diamagnetic and paramagnetic 

substances, Quantum theory of paramagnetism, Pauli paramagnetism of conduction electrons, Types of 

superconductors, BCS theory, magnetic field induced superconducting to normal state transitions, 

parameters evidencing the superconducting phase transitions, free energy change during 

superconducting transition, London relations and coherence length of superconductor, Quantized flux 

due to cooper pairs flowing in a ring, calculation of the sustaining time of supercurrents, fabrication of 

junctions for Josephson effects, principle and theory of SQUIDS, high-temperature superconductors, 

electric polarization, calculation of macroscopic electric field, dielectric constant and polarizability, 

phase transitions in ferroelectric crystals, Landau description of the order of phase transitions, 

differentiation of anti-ferroelectric, piezoelectric and ferro-elastic materials. Quantization of free 

electron orbits in a magnetic field, De Haas-van Alphen effect, the quantum Hall effect, Quantum dots, 

Quantum dot crystals, Kondo effect, Epitaxial hetero- and quantum structures, Coulomb blockade. 

 

Recommended Books 

1. Quantum Theory of the Solid by J. Callaway, 2nd Edition, Elsevier, (2013) 

2. Solid-State Physics: Introduction to the Theory by J. D. Patterson, B. C. Bailey (3rdEdition), 

Springer (2018) 

3. Introduction to Solid State Physics by C. Kittle (8th Edition), Wiley (2012) 

4. Solid State Physics by N. W. Ashcroft and N. D. Mermin, Cengage (2011) 

5. Solid State Physics: An introduction by P. Hofmann (2nd Edition), Wiley-VCH (2015)  

 

Phys 4406 ADVANCED SOLID STATE PHYSICS (CR3) 

Preq. Phys 3402/ ADP (Physics)  

 

Objectives 

This course will provide an introduction to magnetic phenomena in solids. 

 

Syllabus 

Ferromagnetism and Antiferromagnetism: Ferromagnetic order, Curie point and the exchange integral, 

temperature dependence of the saturation magnetization, saturation magnetization at absolute zero, 

magnons, ferromagnetic magnons, quantization of spin waves, thermal excitation of magnons, neutron 

magnetic scattering, ferromagnetic order, Curie temperature and susceptibility of ferrimagnets, 

antiferromagnetic order, susceptibility below Neel temperature, antiferromagnetic magnons, 

ferromagnetic domains, anisotropy energies, transition region between magnetic domains, origin of 

domains, hysteresis curve, single domain particles, superparamagnetism, magnetic force microscopy. 

Magnetic resonance: Magnetic resonance phenomenon’s in magnetism, nuclear magnetic resonance 

(NMR), equations of motion, line width, motional narrowing, hyperfine splitting, nuclear quadrupole 

resonance, ferromagnetic resonance (FMR), shape effects in FMR, spin wave resonance, 

https://www.google.com.pk/search?tbo=p&tbm=bks&q=inauthor:%22Bernard+C.+Bailey%22&source=gbs_metadata_r&cad=4

