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Objectives: Magnetic materials is an important class of materials particularly in the present 

day technology apart from its importance in understanding the basic  phenomena in condensed 

matter.  This course introduces to the different class of magnetic materials, their origin, and the 

theories to understand their  behaviour.  The magnetic resonance concept is introduced with 

the rigour of the theory for making it useful in research and other applications. 

Expected course outcomes:  The student is expected to get an understanding of the basic 

differences and causes of various types of magnetic materials, magnetic resonance and  

magnetic interactions.  Student should be able to calculate the different parameters  to get a 

feel of the subject. 

Unit I 

Introduction to magnetic materials – magnetic susceptibility and permeability. Classification – 

dia- para- and ferro-magnetic materials. Amperian concepts. Langevin's theory of 

diamagnetism. Origin of magnetic moments. Quantum theory of paramagnetism- Curie law- 

Effective number of Bohr magneton- Quenching of orbital magnetic moments- Experimental 

determination of diamagnetic and paramagnetic susceptibility- anisotrophy in susceptibility. 

Cooling by adiabatic demagnetization. Ferromagnetism – Characteristic features- hysteresis 

loop. Weiss concepts- Curie-Weiss law.                                                                                                           18 

hours 

Unit II 

Exchange interaction and spontaneous magnetization in ferromagnetic materials - temperature 

dependence- Heisenberg’s theory- gyromagnetic experiments. Ferromagnetic domains - origin 

of domains - anisotropy energy - Bloch wall - magnetostriction. Hard and soft magnetic 

materials – iron loss – applications - Transforamers, Electromagnets, permanent magnets – 

magnetic recording - memory devices. 

Antiferromagnetism - sub lattice model - Neutron diffraction in magnetic structure analysis – 

Super-exchange phenomena - Ferrimagnetism and structure of ferrites and their applications. 

Spin waves - quantisation of spin waves - magnons.     18 hours 

Unit III 

Magnetic Resonance and material analysis - Nuclear Magnetic Resonance - Elements of theory 

- rate of energy absorption – Spin-lattice and spin-spin relaxation processes -Bloch equations 

– Wide line NMR – applications of NMR – Paramagnetic resonance – principles and 

comparison of PMR with NMR. Electron spin resonance - areas of applications. 

Mossbauer effect - Elements of theory – Mossbauer spectroscophy – centre shift, chemical 

shift, Zeeman shift, Experimental techniques and applications.                                                                                                                                      

18 hours 
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