
PHY 616(A) (Soft Matter Physics)             2014-15 IInd  
 
 
Course objective:  
Soft condensed matter is a rapidly expanding discipline in the interface between physics, 
chemistry and chemical engineering, often including biophysics and biochemistry. The area 
encompasses many surface phenomenon and materials such as polymers, gels, colloids and 
biological macromolecules (e.g. proteins). The aim of this course is to provide a foundation 
for understanding and utilization of properties and behavior of soft matter. After the course 
the students should be able to define and discuss the basic concepts and physics of soft matter 
and explain universalities between and within subclass of soft matter and how they are 
interrelated.  
 
 
Course content: 
Introduction to Soft Matter, Forces, energies and timescales in soft matter, Thermodynamic 
aspects of intermolecular forces, van der Waals force, Hydrophobic and hydrophilic 
interaction, Interfacial phenomenon; wetting, adhesion and friction, Mechanical properties, 
Introduction to complex fluids, Fluid flow and hydrodynamic instabilities, Foams and 
emulsions, Polymers, colloids and Surfactants, Liquid crystals, Self-assembly in soft matter, 
Experimental tools for soft matter. 
 
 
Books recommended: 
1. Intermolecular and Surface Forces by Jacob N. Israelachvili (Academic Press, 1998) 
2. Soft Condensed Matter by R. A. L. Jones (Oxford University Press, 2002) 
3. Principles of Condensed Matter Physics by P. M. Chaikin and T. C. Lubensky (Cambridge 
University Press, 1995) 
4. Hydrodynamic and hydromagnetic stability by S. Chandrashekhar (Oxford University 
Press, 1981) 
5. Structured Fluids by Thomas A. Witten (Oxford University Press, 2004) 
6. Structure and Rheology of Complex Fluids by Ronald G. Larson (Oxford University Press, 
1999) 
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PHY618A:  Physics of Life  
Instructor: Debashish Chowdhury  
Pre-requisite: Basic Thermodynamics/Thermal Physics  
Course objective: 
Living matter is no different from matter that constitutes non-living systems. What makes living 
systems different from non-living ones are some ``processes'' that occur only in living systems. 
These dynamic processes are governed by the same laws of physics (and chemistry) that were 
discovered in non-living systems. The movements of biological systems are caused by real 
physical forces (and not by any `vital force'), the laws of thermodynamics impose constraints on 
which processes are possible, and laws of kinetics impose constraints on the rates of those 
processes. Life, which originated in aqueous environment, depends on the delicate balance of 
hydrophilic and hydrophobic interactions. The signaling in living systems depends on traffic of 
ions.  Therefore, understanding of life as a process cannot be complete without insight into the 
physics of these processes. This course is an elementary introduction to the physical principles 
underlying the key dynamic processes in living systems.  
Course Contents:  

(1) Inter-molecular interactions, binding and bonding in living systems: Introduction to 
conservative, dissipative and random forces; molecular binding events, covalent and non-covalent 
bonds; interaction of macromolecules with small ligands; protein-nucleic acid interactions- 
specific versus non-specific interactions; ligand-receptor interaction- slip bond versus catch bond.  

(2) Statistical thermodynamics for living systems: Concepts of conformation and structure of a 
macromolecule of life; free energy change and generalized chemical force; concepts of 
thermodynamic equilibrium and non-equilibrium steady-state; coupled processes and energy 
transduction in a living system; efficiency at maximum power; power stroke versus Brownian 
ratchet.  

(3) Stochastic kinetics of mechano-chemical processes in living cells: Stochastic stepping of a 
motor protein; stochasticity in enzymatic reactions in a living cell- fluctuations around Michaelis-
Menten rate; substrate specificity of an enzyme- role of fluctuation and conformational selection, 
kinetic proofreading for specificity amplification and role of energy dissipation.  

(4) Cellular and intracellular movements : Diffusion- transport in bacterial cells; transport by 
motor proteins in eukaryotic cells; cooperativity of motors in vesicular transport; bi-directional 
movements of organelles by competing motors; motor-driven export/import of polymers of life 
across internal membranes;  movements of chromosomes in metaphase and anaphase; swimming 
and gliding of bacteria; crawling of cells and collective migration.  

(5) Polymers of life and template-directed polymerization: curvature and bending elasticity, 
thermal fluctuations and persistence length; stochastic elongation of a growing polymer, 
competing demands of speed and fidelity; stall, backtracking and slippage of polymerization 
machinery; collision of polymerization machines in traffic on a template.  

(6) Entropy, information, self-organization and emergence of life:  
Shannon entropy and information; evolution of genetic information encoding and processing 
mechanisms; essential signatures of life and its definition- debates and controversies; plausible 
pathways for emergence of life- roles of energy and information. 

Text Books and References:  
1. “Physical Biology of the Cell”, by R. Phillips et al. (Taylor & Francis, 2009)  
2. “Biological Physics: Energy, Information, Life”, by P. Nelson (Freeman, 2014).  
3. “Mechanics of the Cell”, by D. Boal (Cambridge Univ. Press, 2012).  
4. “Biophysics: searching for principles”, by W. Bialek (Princeton Univ. Press, 2012)  
 

 
 
  



PHY 621  
 

Electronic Structure of Materials 
 

Prereq. (For M.Sc. and Undergraduate students PHY 543, None for Ph.D. students) 
 

Instructor: R. Prasad 
Office: FB 373, Phone: 7065, email: rprasad@iitk.ac.in 

   
 

    
Knowledge of electronic structure is essential to understand electronic, magnetic, 
transport, optical and various other properties of materials.  The course aims to give an 
overview of basic concepts involved and various approaches for calculating electronic 
structure.  These approaches are based on the density functional theory.  The course will 
be particularly useful for Ph.D. students who want to work in this area or want to 
understand their experimental results using electronic structure calculations.  Project work 
will form an important component of the course.  The students should have some 
knowledge of computer programming. 
 
Course content:  
 
One electron model, Born-Oppenheimer approximation, Hartree & Hartree-Fock 
approximation, density functional theory, local density approximation, beyond LDA. 
electrons in periodic solids, Bloch's theorem, nearly-free electron model, energy  bands,  
Fermi  surface,  The  tight-binding  method, APW  method,  OPW method, pseudo-
potential method, KKR method, LMTO method, the full-potential methods. applications to 
different types of solids; electron in disordered solids, mean-field theories, coherent 
potential approximation, KKR-CPA. Applications of KKR-CPA, tight-binding molecular 
dynamics, applications to clusters and solids, Car-Parinello  methods  and  its  applications  
to  clusters  and  amorphous semiconductors,  applications  of  electronic  structure  
methods  to  materials design. 
 
 
 
 Reference Books: 
 

1. Electronic Structure of Materials by R. Prasad 
2. Electronic Structure by R. M Martin 
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