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THERMAL AND STATISTICAL PHYSICS 31110 4

Course Objectives

» Systems, made up of a large number of constituent particles, are characterized by many emergent
properties that are understood by the laws of statistical mechanics. The course is meant to introduce

these laws to the students.

Learning Outcomes

» Students will be conversant with the general notions of Statistical Mechanics viz. ensemble theory.
Using this approach they should be able to calculate properties of systems with many particles. They
will also have the idea of the statistical basis of phase transitions and critical phenomena.

Unit . Lecture| Tutorial .
No. Topics to be Covered Hours | Hours Learning Outcome
A. Thermal Physics
Fi undamen.tals of T h.ermodynamtcs: Students will understand
Macroscopic vs. Microscopic approaches, thermodvnamic  laws.  ener
Zeroth Law and Temperature; First Law of conserva};ion entro’ ar%z
1 | Thermodynamics: Work, Heat, Internal Energy 4 1 ) ’ Py,
) . efficiency through the Zeroth,
State Functions and Path Functions; Second . .
. First, and Second Laws with
Law of Thermodynamics: Entropy and applications to the Carnot cvele
Irreversibility, Carnot Cycle and Efficiency. pp yele.
Engineering Applications: Internal Students . will apply
. . . ] thermodynamic laws to analyze
Combustion Engines (Otto & Diesel Cycles) : ) .
. ) : . IC engines (Otto & Diesel
Efficiency calculations using the First & Second )
2 . . . 6 2 cycles), evaluate efficiency, and
Laws of Thermodynamics; Refrigeration and , .
. o . understand entropy’s role in
Air Conditioning Systems; Role of entropy in . . . N
. refrigeration and air conditioning
cooling cycles.
systems.
Thermodynamic  Potentials & Maxwell Students will learn free energies,
3 | Relations: Helmholtz & Gibbs Free Energies 4 1 Maxwell relations, and stability
Legendre Transforms and Stability Criteria. criteria in thermodynamics.
Black body radiation: Rayleigh-Jeans Law, Students will learn about black
4 | Wien’s displacement law, Planck’s law, Stefan- 2 1 body radiation law and its
Boltzmann law. consequences.
B. Statistical Mechanics
Basics of Classical Statistical Mechanics:
Microstates and Macrostates, Density function,
Phase Space and Liouville’s Theorem,
Ergodicity and Ensembles; Descrption of This unit will introduce the
statistical systems: Microcanonical Ensemble: concepts of the mathematical
5 | Boltzmann Entropy; Canonical Ensemble and 10 4 technique of ensemble theory to
Partition Function: Derivation of calculate the thermodynamics
Thermodynamic Quantities Connection to Free state of many body system.
Energy & Fluctuations; Grand Canonical
Ensemble: Chemical Potential, Applications to
Open Systems.




Quantum Statistical Mechanics: Quantum
states and Density Matrix; statistics of
indistinguishable  particles; = Bose-Einstein
Statistics, Bose-Einstein Condensation,
Blackbody Radiation; Fermi-Dirac Statistics,

Students will explore quantum
states, Bose-Einstein and Fermi-
Dirac  statistics,  blackbody

Fermi Gas, Electron Gas in Metals, Heat 10 4 Zid?g?n’ elzrcl‘gon it(rgi:g(si’uc?sat
Capacity of Solids; Applications (introduction pacity, Lory
. S . applications in superconductivity
only): Superconductivity and superfludity, and superfluidit
Degenerate Gases in Astrophysics, White p Y
dwarfs.
Students will study the Ising
Exactly Solvable models: Ising Model: Transfer 2 0 model, and exact solutions using
Matrix Method, Exact Solution in 1D. the transfer matrix method in 1D
systems.
Phase transition: Classification, Order Stud@r.lts will *learn  phase
transitions, order parameters,
Parameters &  Spontaneous  Symmetry 4 1 . ..
. " . . symmetry  breaking, critical
Breaking; Critical Exponents & Universality; . .
.. exponents, universality, and
Landau theory of Phase transition.
Landau theory.
Total 42 14

Text Books:

. Statistical Mechanics; R. K. Pathria, 3" Edition, Elsevier, 2011.
2. Fundamentals of Statistical and Thermal Physics; F. Reif, 1% Edition, Waveland Press, 2008.

2007.

Reference Books:
Statistical Mechanics; K. Huang; 2" Edition, Wiley Eastern, 2003.
2. Statistical Physics;L. D. Landau, E. M. Lifshitz; 3" Edition, Butterworth-Heinemann, 1976.

3. Thermodynamics and Statistical Mechanics; W. Greiner, L. Neise, H. Stocker, 1% Edition, Springer,

Introduction to Phase Transitions and Critical Phenomena; H. E. Stanley; 1 Edition, Oxford

University Press, 1987.




