
Comprehensive Lesson Plan: Thermal Physics      
                & Statistical Mechanics 
This lesson plan outlines a 60-hour course covering fundamental concepts in 
Thermodynamics and Statistical Mechanics. 

Overall Learning Objectives: 
• Knowledge: Students will be able to:  
o Understand the fundamental concepts of thermodynamics, including temperature, 

heat, and work. 

o State and explain the laws of thermodynamics. 

o Understand and apply the concepts of internal energy, enthalpy, Gibbs free energy, 
and Helmholtz free energy. 

o Understand and apply the concepts of entropy and its significance. 

o Describe different thermodynamic processes and their characteristics. 

o Understand the kinetic theory of gases and the Maxwell-Boltzmann distribution of 
velocities. 

o Understand the concepts of blackbody radiation and Planck's law. 

o Understand the basic principles of statistical mechanics, including phase space, 
microstates, and macrostates. 

o Understand and compare different statistical distributions (Maxwell-Boltzmann, 
Fermi-Dirac, Bose-Einstein). 

• Skills:  
o Analyze thermodynamic systems and apply the laws of thermodynamics to solve 

problems. 

o Calculate thermodynamic properties (internal energy, enthalpy, entropy) for 
different processes. 

o Apply the kinetic theory of gases to calculate properties of ideal gases. 

o Analyze and interpret the Maxwell-Boltzmann distribution of velocities. 



o Understand and apply Planck's law to analyze blackbody radiation. 

o Apply statistical mechanics to understand the behavior of different systems. 

Materials and Resources: 

• Whiteboard or projector 

• Markers or pens 

• Rulers 

• Graph paper 

• Handouts with practice problems 

• Textbook (relevant chapters) 

• Calculator (optional) 

• Physics simulations (e.g., PhET simulations) 

 
Lecture 1-22: Laws of Thermodynamics 

• Learning Objectives:  
o Understand the thermodynamic description of a system: Zeroth law of 

thermodynamics and temperature. 

o Understand the first law of thermodynamics and the concept of internal energy. 

o Analyze various thermodynamic processes (isothermal, adiabatic, isobaric, 
isochoric). 

o Apply the first law of thermodynamics to calculate work done in different 
processes. 

o Understand the concepts of reversibility and irreversibility. 

o Understand the second law of thermodynamics and the concept of entropy. 

o Analyze Carnot's cycle and understand Carnot's theorem. 

o Understand entropy changes in reversible and irreversible processes. 



o Understand the third law of thermodynamics and the unattainability of absolute 
zero. 

• Content:  
o Thermodynamic systems and their surroundings. 

o Zeroth law of thermodynamics: Thermal equilibrium and temperature. 

o First law of thermodynamics: Internal energy, heat, and work. 

o Thermodynamic processes: Isothermal, adiabatic, isobaric, isochoric. 

o Applications of the first law: Work done in different processes, heat capacities (Cp, 
Cv). 

o Reversibility and irreversibility. 

o Second law of thermodynamics: Entropy and its significance. 

o Carnot cycle and Carnot's theorem. 

o Entropy changes in reversible and irreversible processes. 

o Entropy-temperature diagrams. 

o Third law of thermodynamics and the unattainability of absolute zero. 

• Activities:  
o Problem-solving on applying the laws of thermodynamics to different processes. 

o Discussion on the implications of the second law of thermodynamics. 

o (Optional) Simulations or demonstrations of thermodynamic processes. 

 
Lecture 23-32: Thermodynamic Potentials 

• Learning Objectives:  
o Understand the concepts of enthalpy, Gibbs free energy, and Helmholtz free 

energy. 

o Understand and apply Maxwell's relations. 

o Analyze thermodynamic processes using thermodynamic potentials. 

o Understand the Joule-Thompson effect. 

o Derive expressions for Cp - Cv, Cp/Cv, and TdS equations. 



• Content:  
o Enthalpy: Definition and its significance. 

o Gibbs free energy: Definition and its significance. 

o Helmholtz free energy: Definition and its significance. 

o Maxwell's relations and their applications. 

o Joule-Thompson effect. 

o Derivation of expressions for Cp - Cv, Cp/Cv, and TdS equations. 

• Activities:  
o Problem-solving on thermodynamic potentials and their applications. 

o Discussion on the significance of thermodynamic potentials in different areas. 

 
Lecture 33-42: Kinetic Theory of Gases 

• Learning Objectives:  
o Understand the basic postulates of the kinetic theory of gases. 

o Derive the Maxwell-Boltzmann distribution of velocities. 

o Understand the concept of mean free path. 

o Understand transport phenomena: Viscosity, conduction, and diffusion. 

o Understand the law of equipartition of energy and its applications to specific heats 
of gases. 

• Content:  
o Basic postulates of the kinetic theory of gases. 

o Derivation of the Maxwell-Boltzmann distribution of velocities. 

o Mean free path (zeroth order). 

o Transport phenomena: Viscosity, conduction, and diffusion. 

o Law of equipartition of energy (no derivation) and its applications to specific heats 
of monoatomic and diatomic gases. 

• Activities:  



o Problem-solving on applications of the kinetic theory of gases. 

o Discussion on the limitations of the kinetic theory of gases. 

 
Lecture 43-48: Theory of Radiation 

• Learning Objectives:  
o Understand the concept of blackbody radiation. 

o Understand the spectral distribution of blackbody radiation. 

o Understand the concept of energy density. 

o Derive Planck's law of blackbody radiation. 

o Deduce Wien's distribution law and Rayleigh-Jeans law from Planck's law. 

o Understand Stefan-Boltzmann law and Wien's displacement law. 

• Content:  
o Blackbody radiation and its characteristics. 

o Spectral distribution of blackbody radiation. 

o Energy density of blackbody radiation. 

o Planck's law of blackbody radiation (derivation). 

o Wien's distribution law and Rayleigh-Jeans law. 

o Stefan-Boltzmann law and Wien's displacement law. 

• Activities:  
o Problem-solving on blackbody radiation and its applications. 

o Discussion on the significance of Planck's law in the development of quantum 
mechanics. 

 
Lecture 49-60: Statistical Mechanics 

• Learning Objectives:  
o Understand the concepts of phase space, microstates, and macrostates. 

o Understand the relationship between entropy and thermodynamic probability. 



o Understand the Maxwell-Boltzmann distribution law. 

o Understand quantum statistics: Fermi-Dirac and Bose-Einstein distributions. 

o Understand the applications of different statistical distributions (electron gas, 
photon gas). 

o Compare and contrast the three statistical distributions. 

• Content:  
o Phase space, microstates, and macrostates. 

o Entropy and thermodynamic probability. 

o Maxwell-Boltzmann distribution law. 

o Quantum statistics: Fermi-Dirac and Bose-Einstein distributions. 

o Applications of different statistical distributions (electron gas, photon gas). 

o Comparison of Maxwell-Boltzmann, Fermi-Dirac, and Bose-Einstein distributions. 

• Activities:  
o Problem-solving on statistical distributions and their applications. 

o Discussion on the implications of quantum statistics in different areas of physics. 

Differentiation: 
• Advanced learners: Provide challenging problems involving more complex 

thermodynamic systems and statistical mechanics concepts. 
• Struggling learners: Provide additional practice problems, one-on-one assistance, 

and simplified explanations. 
Closure: 

• Summarize the key concepts covered in each lecture. 

• Answer any remaining student questions. 

• Encourage students to review the material and practice problem-solving. 

Reflection: 

• Were the learning objectives met? 

• Were the activities engaging and effective? 



• Were there any areas where the lesson could be improved? 

• What strategies can be used to enhance student understanding in future lessons? 

This lesson plan provides a comprehensive framework for teaching 
Thermodynamics and Statistical Mechanics. 
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