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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

