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In 2024 Thermodynamics turns 200 years old! 
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Here are only a few of the many great scientists who developed it 
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The Hatsopoulos-Keenan 
unifying statement of the 
Second Law (based on the role 
of stability at thermodynamic 
equilibrium) 
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MIT-MechE members of the 
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) Rigorous axiomatic foundations 
Definition of entropy valid for 
non-equilibrium states 

The concept of 
availability 
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General course objective: 

understand and learn to expose a consistent set of 
rigorous foundations of thermodynamics 

with emphasis on the assumptions used to model 
nonequilibrium and irreversible processes 

Part I: concise review of basic concepts and definitions 
Contents: 
• Nonstandard statements of the First and the Second Law 
• Rigorous definition of entropy valid for nonequilibrium 
• Energy versus Entropy diagrams to illustrate basic results 
• Rigorous definition of Heat Interaction 
• Simple system model 
• Bulk flow and local quasi-equilibrium models 
• Exergy and second-law efficiency 
• Allocation of consumptions and productions in hybrid power facilities 
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Part II: chemical potentials and multicomponent equilibria 
Contents: 
• Modeling ideal and nonideal gas mixtures and solutions 
• Mutual equilibrium across semi-permeable membranes 
• Minimum work of separation, maximum work of mixing 
• Osmotic pressure 
• Liquid-vapor and liquid-liquid phase equilibria 
• Metastable states and spinodal decomposition 
• Modeling chemically reacting mixtures 
• Chemical equilibrium 
• Chemical kinetics standard model 
• Electrochemical potentials 
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Part III: nonequilibrium states and irreversible processes in continua 
Contents: 
• Local and constrained equilibrium modeling of multicomponent flows 
• Simultaneous diffusion of energy, mass, charge, and entropy modeled 
• Extending the concept of heat interaction 
• Onsager reciprocal relations valid near equilibrium 
• Ziegler principle of maximal entropy production 
• Curie symmetry principle 
• Applications to: 

• Heat transfer in anisotropic materials (Righi-Leduc effect) 
• Thermodiffusive cross effects (Soret, Dufour, membrane thermo-osmosis) 
• Thermoelectric cross effects (Seebeck, Peltier) 
• Electrokinetic phenomena (electro-osmosis, streaming potential, 

electrophoresis, sedimentation potential) 
• Recent research efforts attempting to extend thermodynamics to the realms of: 

• Far-nonequilibrium phenomena 
• Few-particle systems 
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Grading policy: 

• Midterm take-home assignment on allocation: 15% 
• Four midterm take-home quizzes on Parts I and II: 10% each 
• Final oral exam focused on Part II and III: 45% 

• Grading type: Letter grades (A-F) with ± 
• Final grade: weighted average (rounded upwards) 

based on A=5, B=4, C=3, D=2, F=0, ±=±0.33 

• Each take-home assignment and quiz requires you to create a brief (max 5 
min) video, explaining a topic using instructor-provided viewgraphs. 

• No need to memorize formulas. 
• The emphasis is on probing your oral capacity to provide precise and 

effective explanations. 
• The final oral exam follows a similar approach. Typically lasts no more than 

30 minutes, and focuses on topics from the second and third parts of the 
course. Conducted in person during final exam week. 
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Review of basic concepts and definitions: 

system 
property 

state 
process 
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Review of basic concepts: The loaded meaning of the word 

SYSTEM 
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Review of basic concepts: The loaded meaning of the word 

PROPERTY 
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Review of basic concepts: What exactly do we mean by the word 

STATE (of a system) 
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Review of basic concepts: What do we mean by 

general LAWS of time evolution 
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Review of basic concepts: Time evolution, interactions, and the concept of 

PROCESS 
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Review of basic concepts: definition of 

WEIGHT PROCESS 
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Review of basic concepts: 

First Law, 
definition of Energy, 

Energy balance 
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Review of basic concepts: Statement of the 

First Law of Thermodynamics 
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Review of basic concepts: Main consequence of the First Law: 

definition of property Energy 
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Review of basic concepts: Consequences of the First Law: 

additivity and conservation of Energy 
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Review of basic concepts: Consequences of the First Law: 

exchangeability of Energy via interactions 
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Notice: «If anything is conserved, it has to be conserved locally!». 
This follows from the principle of relativity. For this and much more, view the 
wonderful Feynman lecture on «The Great conservation principles» (1964). 
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https://www.youtube.com/watch?v=ba3IxuYsuxQ


Review of basic concepts: Consequences of the First Law: 

Energy balance equation 
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Review of basic concepts: 

Stable equilibrium states, 
Reversible process, 

Second Law, 
Impossibility of PMM2, 
Adiabatic Availability 

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Slide 01.22 



Review of basic concepts: States can be 

Steady/Unsteady  or  Equilibrium/Nonequilibrium 
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Review of basic concepts: Equilibrium states can be 

Unstable/Metastable/Stable 
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Review of basic concepts: Hatsopoulos-Keenan statement of the 

Second Law of Thermodynamics 
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