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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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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: Main consequence of the First Law:

definition of property Energy
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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
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Review of basic concepts: States can be

Steady/Unsteady  or  Equilibrium/Nonequilibrium

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Slide 02.14



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

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Slide 02.16



Review of basic concepts: Hatsopoulos-Keenan statement of the

Second Law of Thermodynamics
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Review of basic concepts: First Law and Second Law together entail

many consequences
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Review of basic concepts: Consequences of First&Second Law:

Theorem: Kelvin-Planck statement of the Second Law
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Review of basic concepts: Consequences of First&Second Law:

Proof of the Kelvin-Planck statement of the Second Law
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Review of basic concepts: What exactly do we mean by 

REVERSIBLE PROCESS
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Review of basic concepts: importance of the second part of the statement of the

Second Law of Thermodynamics
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Review of basic concepts: Consequences of First&Second Law:

definition of property Adiabatic Availability
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Review of basic concepts: Consequences of the (First&)Second Law:

Theorem: criterion for the reversibility of a weight process

see detailed proof at pag. 76 of the book
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Review of basic concepts:

Mutual stable equilibrium,
Thermal reservoir,

definition of Temperature of a thermal reservoir,
definition of Entropy,

Available energy with respect to a thermal reservoir,
Entropy (in)balance,

Criteria for reversibility of a weight process
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Review of basic concepts: Mutual equilibrium and definition of

Thermal Reservoir
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Review of basic concepts: importance of the second part of the statement of the

Second Law of Thermodynamics

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Slide 02.27



© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

Review of basic concepts: Consequences of the (First&)Second Law:

Feasibility for arbitrary                             of the following 
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Review of basic concepts: Consequences of the (First&)Second Law:

Measurement procedure defining

the “constant temperature of a thermal reservoir”
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Review of basic concepts: Consequences of the (First&)Second Law:

Measurement procedure defining

the “constant temperature of a thermal reservoir”
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Review of basic concepts: Consequences of the (First&)Second Law:

Measurement procedure defining

the “constant temperature of a thermal reservoir”
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Review of basic concepts: Consequences of the (First&)Second Law:

definition of property Entropy
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Review of basic concepts: Consequences of the (First&)Second Law:

definition of Available Energy w.r.to a thermal reservoir
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Review of basic concepts: Consequences of the (First&)Second Law:

engineering meaning of Entropy
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Review of basic concepts: Consequences of the (First&)Second Law:

additivity of Entropy and

impossibility of Entropy decrease in a weight process
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Review of basic concepts: Consequences of the (First&)Second Law:

Criteria for the reversibility of a weight process
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Review of basic concepts: Consequences of the (First&)Second Law:

exchangeability of Entropy via interactions
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Review of basic concepts: Consequences of the (First&)Second Law:

Entropy balance equation
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Review of basic concepts:

Maximum entropy principle,
State principle,

Fundamental relation for the SESs,
Temperature, pressure, and chemical potentials,

Gibbs relation
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Review of basic concepts: Consequences of the (First&)Second Law:

Maximum Entropy Principle
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Review of basic concepts: Consequences of the (First&)Second Law:

Minimum Energy Principle (except for special systems)
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Review of basic concepts: Consequences of the (First&)Second Law:

(Stable equilibrium) State Principle and Fundamental Relation
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Review of basic concepts: Consequences of the (First&)Second Law:

Partial derivatives of the fundamental relation
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Slide 2 and Slide 18:  

Cover of the book Thermodynamics: Foundations and Applications © Dover Publications. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

Slide 16: 

• Portrait of George N. Hatsopoulos courtesy of Jim Harrison (MIT News).

• Portrait of Joseph H. Keenan courtesy of the MIT Museum.
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