Chap-1

Chap-2

Contents

About the Author
Preface

Acknowledgement

Theory of Black Body Radiation

Some Important Definitions

Kirchhoff’s Law of Radiation

Stefan—Boltzmann Law

Distribution of Energy in the Spectrum of Black Body Radiation
Solar Constant and Temperature of Sun

Wein’s Law of Energy Distribution in Black Body
Radiation (Spectrum)

Rayleigh—Jeans Law

Failure of Wein’sand Rayleigh—Jeans Laws to Explain the
Distribution of Energy in Black Body Radiation

Planck’s Quantum Theory of Radiation
Derivation of Classical Formulafrom Planck’s Law

Stefan’s Constant Or Stefan’s Law

Introductory Idea of Thermodynamics and
Laws of Thermodynamics

Thermodynamic Systems

Zero® Law of Thermodynamics

Thermodynamic Equilibrium

First Law of Thermodynamics

Specific Heat of a Gas

Different Types of Thermodynamic Process

Work Done in Different Process

Concept of Entropy and Second Law of Thermodynamic

Entropy and Unavailable Energy

Vil

AN N W NN

10

11
12
14
16

24
24
25
26
26
27
29
31
32
34



= Entropy and Unavailable Energy 35
m  Formulation of 2® Law of Thermodynamics in Terms of Entropy 36

= Physical Significance of Entropy 38
= Heat Engines 39
= Reversible and Irreversible Process 40
= Conditions for Reversibility 40
= Carnot’s Theorem 44
m  2"Law of Thermodynamics: 46
Chap-3  Application of Second Law of Thermodynamics 48
m  Thermodynamic Or Absolute Or Work Scale of Temperature 48
m  Perfect Gas Scale and Absolute Scale are Equivalent 50
= Claussius—Clapeyron Equation Or 1%Latent Heat equation 50
= Integral form of Claussius—Clapeyron Equation 52

m  Claussius Equation OR 2"Latent Heat Equation OR Expression for
Specific Heat of Saturated Vapour OR Difference between Specific
Heat of Liquid and Vapour in Equilibrium 53

s Joule’s Law and Joule-Thomson Effect 55

= Joule-Thomson Oo Joule-Kelvin Effect: The Porous Plug Experiment58

= Constancy of Enthalpy in Joule-Thomson Effect 62
= Expression for Joule-Thomson (Joule-Kelvin) Co-Efficient 62
= Distinction between Joule Expansion, Joule-Thomson Expansion
and Adiabatic Expansion 66
= Difference between Joule’s Effect and Joule-Thomson Effec: 66
= Relation between Boyle’s Temperature, Temperature of Inversion
and Critical Temperature 67
= Adiabatic Demagnetization 67
= Expression for Temp Fall 68
s Helium I and Helium II 71
Chap-4  Kinetic Theory of Gases 85
= Fundamental Assumptions 85
=  Pressure of a Gas 85
= Root mean Square Velocity 87

= Relation Between Pressure and Kinetic Energy 87



Chap-5

Chap-6

Chap-7

Kinetic Interpretation of Temperature

Mean Free Path

Law of Equipartition of Energy (Boltzmann’s Law)
Ratio of Specific Heat of Gases

Maxwell’s Law of Velocity Distribution

Maxwellian Velocity Distribution Curve
Behaviour of Real Gases

Andrew’s Experiment on CO,

Definition of Critical Constants

Vander Waal’s Equation of State for Real Gases

Derivation of Critical Constants in Terms of Vander Waal
Constant ‘a’ and ‘b’:

Reduced Equation of State and Law of Corresponding States
Vander Wall's Constant (a and b) in Terms of Critical Constants
(P, V.and T.)

Explanation of Real Gas Behavior by Vander Waal Gas Equation

Limitations of Vander Waal’s Equation

Transport Phenomenon

Viscosity
Thermal Conduction in Gases

Statistical Mechanics

Inadequacies of Classical Mechanics
Classification of Statistical Mechanics

Classical Statistics or Maxwell-Boltzmann Statistics
Quantum Statistics

Bose—Einstein Statistics

Fermi — Dirac Statistics

Phase Space

Trajectory of a Phase Point of Harmonic Oscillator
Density distribution in Phase Space

Ensemble

Ensemble Average or Time Average of Ensembles

Liouville’s Theorem

87
88
90
91
93
93
96

96

98
98

99
100

102
105
106
107
107
109
123

123
124
124
124
124
124
124
125
126
127
129
130



Chap-8

Physical Significance of Liouville’s Theorem
Connection between Statistical and Thermodynamical Quantities
Microstate and Macrostate

Relation between Thermo dynamical Entropy (S) and Statistical
Probability (®)

Law of Equipartition of Energy
Classical or Maxwell-Boltzmann Statistics

Quantum Statistical Mechanics

Failure of Classical or M—B Statistics

Transition from Classical to Statistical Mechanics
Comparison of M—B, F-D and B-E Statistics
Bose—Einstein Distribution Function

Application of B — E Statistics to Photon Gas
Fermi-Dirac (F-D) Distribution Law

Application of F-D Statistics to Electron Gas in Metals

132
133
136

136
137
139
148

148
148
151
151
152
154
154



