NON EQUILIBRIUM THERMODYNAMICS LECTURE NOTES

NON EQUILIBRIUM THERMODYNAMICS LECTURE NOTES PROVIDE AN ESSENTIAL FOUNDATION FOR UNDERSTANDING THE BEHAVIOR OF
SYSTEMS THAT ARE NOT IN THERMODYNAMIC EQUILIBRIUM. UNLIKE CLASSICAL EQUILIBRIUM THERMODYNAMICS, NON EQUILIBRIUM
THERMODYNAMICS DEALS WITH PROCESSES INVOLVING GRADIENTS, FLUXES, AND IRREVERSIBLE TRANSFORMATIONS. THESE
LECTURE NOTES COVER FUNDAMENTAL CONCEPTS SUCH AS ENTROPY PRODUCTION, TRANSPORT PHENOMENA, AND THE
MATHEMATICAL FRAMEW ORK NECESSARY TO ANALYZE COMPLEX SYSTEMS IN FIELDS RANGING FROM PHYSICS AND CHEMISTRY TO
BIOLOGY AND ENGINEERING. THIS ARTICLE OFFERS A COMPREHENSIVE OVERVIEW OF KEY TOPICS TYPICALLY INCLUDED IN NON
EQUILIBRIUM THERMODYNAMICS COURSES, SUCH AS LINEAR IRREVERSIBLE THERMODYNAMICS, ONSAGER RECIPROCAL RELATIONS,
AND APPLICATIONS TO REAL-WORLD PROCESSES. READERS WILL GAIN VALUABLE INSIGHTS INTO BOTH THEORETICAL PRINCIPLES
AND PRACTICAL APPROACHES, FACILITATING A DEEPER GRASP OF THIS ADVANCED SCIENTIFIC DISCIPLINE. THE FOLLOWING
SECTIONS OUTLINE THE MAJOR THEMES AND DETAILED SUBTOPICS RELEVANT TO NON EQUILIBRIUM THERMODYNAMICS LECTURE
NOTES.

e FUNDAMENTALS OF NON EQUILIBRIUM THERMODYNAMICS

o MATHEMATICAL FRAMEWORK AND EQUATIONS

LINEAR |RREVERSIBLE THERMODYNAMICS

TRANSPORT PHENOMENA AND FLUXES

ONSAGER ReCIPROCAL RELATIONS

o APPLICATIONS OF NoN EQUILIBRIUM THERMODYNAMICS

FUNDAMENTALS oF NON EQUILIBRIUM THERMODYNAMICS

THE FUNDAMENTALS OF NON EQUILIBRIUM THERMODYNAMICS LECTURE NOTES INTRODUCE THE CORE PRINCIPLES THAT
DIFFERENTIATE NON EQUILIBRIUM SYSTEMS FROM THEIR EQUILIBRIUM COUNTERPARTS. THIS SECTION EXPLAINS THE NATURE OF
IRREVERSIBLE PROCESSES, THE ROLE OF ENTROPY PRODUCTION, AND THE THERMODYNAMIC FORCES DRIVING SYSTEMS AWAY FROM
EQUILIBRIUM. UNDERSTANDING THESE BASICS IS CRUCIAL TO GRASP HOW ENERGY DISSIPATION AND MATERIAL TRANSPORT
OCCUR UNDER NON EQUILIBRIUM CONDITIONS.

IRREVERSIBILITY AND ENTROPY PRODUCTION

IRREVERSIBILITY IS A HALLMARK OF NON EQUILIBRIUM PROCESSES. LECTURE NOTES TYPICALLY EMPHASIZE THAT REAL PROCESSES
GENERATE ENTROPY, CONTRASTING WITH IDEALIZED REVERSIBLE TRANSFORMATIONS WHERE ENTROPY REMAINS CONSTANT.
ENTROPY PRODUCTION QUANTIFIES THE DEGREE OF IRREVERSIBILITY AND IS ALWAYS NON-NEGATIVE IN ACCORDANCE WITH THE
SECOND LAW OF THERMODYNAMICS. THIS CONCEPT UNDERPINS MUCH OF NON EQUILIBRIUM ANALYSIS.

THERMODYNAMIC FORCES AND FLUXES

NON EQUILIBRIUM THERMODYNAMICS INTRODUCES THE CONCEPT OF THERMODYNAMIC FORCES SUCH AS TEMPERATURE GRADIENTS,
CHEMICAL POTENTIAL DIFFERENCES, AND MECHANICAL STRESSES THAT DRIVE FLUXES LIKE HEAT FLOW/, MASS DIFFUSION, AND
MOMENTUM TRANSFER. THE INTERPLAY BETWEEN THESE FORCES AND FLUXES FORMS THE BASIS FOR DESCRIBING NON EQUILIBRIUM
BEHAVIOR IN VARIOUS SYSTEMS.



MATHEMATICAL FRAMEWORK AND EQUATIONS

THE MATHEMATICAL DESCRIPTION OF NON EQUILIBRIUM THERMODYNAMICS IS ESSENTIAL FOR MODELING AND PREDICTING SYSTEM
BEHAVIOR. LECTURE NOTES COVER THE FORMULATION OF BALANCE EQUATIONS, CONSTITUTIVE RELATIONS, AND THE USE OF
DIFFERENTIAL EQUATIONS TO REPRESENT DYNAMIC PROCESSES. THIS FRAMEWORK ALLOWS FOR QUANTITATIVE ANALYSIS OF
HOW SYSTEMS EVOLVE OVER TIME UNDER NON EQUILIBRIUM CONDITIONS.

BALANCE EQUATIONS

BALANCE EQUATIONS EXPRESS THE CONSERVATION OF MASS, MOMENTUM, AND ENERGY WITHIN A SYSTEM. THEY SERVE AS
FOUNDATIONAL TOOLS IN NON EQUILIBRIUM THERMODYNAMICS, ENABLING THE TRACKING OF CHANGES IN SYSTEM VARIABLES DUE
TO VARIOUS FLUXES AND SOURCES. THESE EQUATIONS ARE OFTEN FORMULATED IN DIFFERENTIAL FORM TO CAPTURE SPATIAL
AND TEMPORAL VARIATIONS.

CONSTITUTIVE RELATIONS

CONSTITUTIVE RELATIONS LINK THERMODYNAMIC FORCES TO FLUXES THROUGH PHENOMENOLOGICAL COEFFICIENTS. THESE
RELATIONS CHARACTERIZE MATERIAL-SPECIFIC RESPONSES AND ARE CRITICAL FOR SOLVING NON EQUILIBRIUM PROBLEMS. THE
LECTURE NOTES ELABORATE ON HOW CONSTITUTIVE EQUATIONS INCORPORATE LINEAR AND NONLINEAR BEHAVIOR DEPENDING ON
SYSTEM COMPLEXITY.

LINEAR |IRREVERSIBLE THERMODYNAMICS

LINEAR IRREVERSIBLE THERMODYNAMICS REPRESENTS A KEY SUBSET OF THE BROADER FIELD, FOCUSING ON SYSTEMS CLOSE TO
EQUILIBRIUM WHERE FLUXES DEPEND LINEARLY ON THERMODYNAMIC FORCES. THIS SIMPLIFICATION ALLOWS FOR ELEGANT
MATHEMATICAL TREATMENT AND FORMS THE BASIS FOR MANY PRACTICAL APPLICATIONS. LECTURE NOTES DETAIL THE
ASSUMPTIONS, IMPLICATIONS, AND LIMITATIONS OF THIS APPROACH.

ONSAGER’s THEORY

ONSAGER’S THEORY PROVIDES A RIGOROUS FOUNDATION FOR LINEAR IRREVERSIBLE THERMODYNAMICS BY INTRODUCING
RECIPROCAL RELATIONS BETWEEN CROSS-COUPLED FLUXES AND FORCES. THESE RELATIONS IMPOSE SYMMETRY CONDITIONS ON
PHENOMENOLOGICAL COEFFICIENTS, REFLECTING MICROSCOPIC REVERSIBILITY. UNDERSTANDING ONSAGER’S FRAMEWORK IS
PIVOTAL FOR ANALYZING COUPLED TRANSPORT PROCESSES.

ENTROPY PRODUCTION IN LINEAR REGIME

W/ ITHIN THE LINEAR REGIME, ENTROPY PRODUCTION CAN BE EXPRESSED AS A QUADRATIC FORM OF THERMODYNAMIC FORCES AND
FLUXES. THIS FORMULATION FACILITATES THE IDENTIFICATION OF MINIMUM ENTROPY PRODUCTION STATES AND HELPS PREDICT
SYSTEM EVOLUTION. LECTURE NOTES EXPOUND ON THE MATHEMATICAL DERIVATION AND PHYSICAL INTERPRETATION OF
ENTROPY PRODUCTION UNDER LINEAR CONDITIONS.

TRANSPORT PHENOMENA AND FLUXES

TRANSPORT PHENOMENA CONSTITUTE A MAJOR FOCUS IN NON EQUILIBRIUM THERMODYNAMICS LECTURE NOTES, ENCOMPASSING
THE MOVEMENT OF HEAT, MASS, AND MOMENTUM IN RESPONSE TO GRADIENTS. THIS SECTION EXPLAINS KEY TRANSPORT
MECHANISMS AND INTRODUCES CLASSICAL LAWS SUCH AS FOURIER’S LAW OF HEAT CONDUCTION, FICK’S LAW OF DIFFUSION,
AND NEWTON’S LAW OF VISCOSITY.



HeEAT TRANSPORT

HEAT TRANSPORT IS DRIVEN BY TEMPERATURE GRADIENTS AND IS QUANTITATIVELY DESCRIBED BY FOURIER’S LAW. NON
EQUILIBRIUM THERMODYNAMICS FRAMES HEAT FLOW AS A FLUX RESULTING FROM THERMODYNAMIC FORCES, LINKING
MACROSCOPIC OBSERVATIONS WITH MICROSCOPIC INTERACTIONS. LECTURE NOTES ANALYZE HOW HEAT CONDUCTION FITS
WITHIN THE BROADER THERMODYNAMIC FRAME\W ORK.

MAass DIFFUSION

MASS DIFFUSION ARISES DUE TO CONCENTRATION GRADIENTS, AND FICK’S LAWS PROVIDE THE CLASSICAL DESCRIPTION OF THIS
PROCESS. NON EQUILIBRIUM THERMODYNAMICS EXTENDS THESE IDEAS BY INCORPORATING CHEMICAL POTENTIALS AND COUPLING
EFFECTS WITH OTHER FLUXES. THIS SUBSECTION DISCUSSES DIFFUSION IN MULTICOMPONENT SYSTEMS AND THE ROLE OF
CHEMICAL AFFINITY.

MoMENTUM TRANSFER AND VISCOSITY

MOMENTUM TRANSFER RELATES TO THE FLOW AND DEFORMATION OF FLUIDS, GOVERNED BY NEWTON’S LAW OF VISCOSITY. THE
LECTURE NOTES INTEGRATE VISCOUS EFFECTS INTO THE NON EQUILIBRIUM FRAMEW ORK, EXPLAINING HOW MECHANICAL STRESSES
ACT AS THERMODYNAMIC FORCES DRIVING MOMENTUM FLUXES. APPLICATIONS TO FLUID DYNAMICS AND RHEOLOGY ARE OFTEN
HIGHLIGHTED.

ONSAGER ReECIPROCAL RELATIONS

ONSAGER RECIPROCAL RELATIONS STAND AS A CORNERSTONE IN NON EQUILIBRIUM THERMODYNAMICS LECTURE NOTES,
DESCRIBING SYMMETRY PROPERTIES OF THE PHENOMENOLOGICAL COEFFICIENTS LINKING FLUXES AND FORCES. THESE RELATIONS
ARISE FROM MICROSCOPIC REVERSIBILITY AND PROVIDE POWERFUL CONSTRAINTS THAT SIMPLIFY THE ANALYSIS OF COUPLED
TRANSPORT PROCESSES.

DerIVATION AND PHYSICAL BASIS

THE DERIVATION OF ONSAGER RECIPROCAL RELATIONS INVOLVES STATISTICAL MECHANICS AND TIME-REVERSAL SYMMETRY
ARGUMENTS. LECTURE NOTES EXPLORE THE THEORETICAL UNDERPINNINGS, ILLUSTRATING HOW THESE RELATIONS EMERGE
NATURALLY FROM FUNDAMENTAL PHYSICAL PRINCIPLES. THIS UNDERSTANDING STRENGTHENS THE PREDICTIVE POWER OF NON
EQUILIBRIUM MODELS.

ExAMPLES oF CoUPLED PROCESSES

ONSAGER RELATIONS APPLY TO VARIOUS COUPLED PHENOMENA SUCH AS THERMOELECTRIC EFFECTS, ELECTROCHEMICAL
REACTIONS, AND CROSS-DIFFUSION. EXAMPLES INCLUDE THE SEEBECK AND PELTIER EFFECTS WHERE HEAT AND ELECTRICAL
CURRENTS INTERACT. LECTURE NOTES PROVIDE DETAILED CASE STUDIES DEMONSTRATING THE PRACTICAL SIGNIFICANCE OF THESE
RECIPROCAL RELATIONS.

APPLICATIONS OF NON EQUILIBRIUM THERMODYNAMICS

APPLICATIONS OF NON EQUILIBRIUM THERMODYNAMICS SPAN NUMEROUS SCIENTIFIC AND ENGINEERING DISCIPLINES. LECTURE NOTES
TYPICALLY COVER HOW THE THEORY INFORMS THE DESIGN AND ANALYSIS OF CHEMICAL REACTORS, BIOLOGICAL SYSTEMS,
ENERGY CONVERSION DEVICES, AND MATERIALS PROCESSING. THIS SECTION HIGHLIGHTS THE BROAD RELEVANCE AND UTILITY OF
NON EQUILIBRIUM APPROACHES.



CHeEMICAL REACTION SYSTEMS

IN CHEMICAL ENGINEERING, NON EQUILIBRIUM THERMODYNAMICS HELPS MODEL REACTION KINETICS COUPLED WITH TRANSPORT
PHENOMENA. _LECTURE NOTES DESCRIBE HOW REACTION RATES, DIFFUSION, AND HEAT TRANSFER COMBINE TO INFLUENCE REACTOR
PERFORMANCE AND STABILITY. THESE INSIGHTS SUPPORT OPTIMIZATION AND CONTROL STRATEGIES.

BioLoGICAL PROCESSES

BIOLOGICAL SYSTEMS ARE INHERENTLY NON EQUILIBRIUM, WITH CONTINUOUS ENERGY AND MATTER EXCHANGE. LECTURE NOTES
DISCUSS APPLICATIONS TO METABOLISM, MEMBRANE TRANSPORT, AND CELLULAR ENERGETICS, ILLUSTRATING HOW
THERMODYNAMIC PRINCIPLES ELUCIDATE LIFE PROCESSES. CONCEPTS SUCH AS ENTROPY PRODUCTION ARE LINKED TO BIOLOGICAL
FUNCTION AND EFFICIENCY.

ENeERGY CONVERSION AND MATERIALS SCIENCE

NON EQUILIBRIUM THERMODYNAMICS PLAYS A CRITICAL ROLE IN ENERGY TECHNOLOGIES INCLUDING FUEL CELLS, BATTERIES, AND
THERMOELECTRIC GENERATORS. ADDITIONALLYI IT AIDS IN UNDERSTANDING PHASE TRANSFORMATIONS, CRYSTAL GROWTH, AND
DEFECT DYNAMICS IN MATERIALS SCIENCE. LECTURE NOTES EMPHASIZE HOW CONTROLLING NON EQUILIBRIUM CONDITIONS
ENHANCES PERFORMANCE AND MATERIAL PROPERTIES.
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FREQUENTLY AskeD QUESTIONS



\WHAT ARE NON-EQUILIBRIUM THERMODYNAMICS LECTURE NOTES TYPICALLY ABOUT?

NON-EQUILIBRIUM THERMODYNAMICS LECTURE NOTES TYPICALLY COVER THE PRINCIPLES AND MATHEMATICAL FORMULATIONS
THAT DESCRIBE SYSTEMS AWAY FROM THERMODYNAMIC EQUILIBRIUM, INCLUDING TOPICS SUCH AS IRREVERSIBLE PROCESSES,
TRANSPORT PHENOMENA , ENTROPY PRODUCTION, AND FLUX-FORCE RELATIONSHIPS.

\¥/HICH FUNDAMENTAL CONCEPTS ARE ESSENTIAL IN NON-EQUILIBRIUM THERMODYNAMICS
LECTURE NOTES?

ESSENTIAL CONCEPTS INCLUDE ENTROPY AND ENTROPY PRODUCTION, ONSAGER RECIPROCAL RELATIONS, LINEAR IRREVERSIBLE
THERMODYNAMICS, FLUXES AND FORCES, RELAXATION PROCESSES, AND THE DISTINCTION BETWEEN EQUILIBRIUM AND NON-
EQUILIBRIUM STATES.

How CAN NON-EQUILIBRIUM THERMODYNAMICS LECTURE NOTES HELP IN UNDERSTANDING
REAL-\WORLD SYSTEMS?

THEY PROVIDE A FRAMEWORK TO ANALYZE AND PREDICT THE BEHAVIOR OF SYSTEMS UNDERGOING IRREVERSIBLE PROCESSES,
SUCH AS HEAT CONDUCTION, DIFFUSION, CHEMICAL REACTIONS, AND BIOLOGICAL PROCESSES, WHICH ARE COMMON IN
ENGINEERING, PHYSICS, AND CHEMISTRY APPLICATIONS.

ARE THERE RECOMMENDED TEXTBOOKS OR RESOURCES OFTEN REFERENCED IN NON-
EQUILIBRIUM THERMODYNAMICS LECTURE NOTES?

YES, COMMONLY REFERENCED TEXTS INCLUDE “NON-EQUILIBRIUM THERMODYNAMICS” BY S. R. DE GROOT AND P. MAZUR,
“INTRODUCTION TO MODERN THERMODYNAMICS” BY DILIP KONDEPUDI AND ILYA PRIGOGINE, AND VARIOUS ACADEMIC LECTURE
NOTES FROM UNIVERSITY COURSES AVAILABLE ONLINE.

WHAT MATHEMATICAL TOOLS ARE FREQUENTLY USED IN NON-EQUILIBRIUM
THERMODYNAMICS LECTURE NOTES?

MATHEMATICAL TOOLS OFTEN INCLUDE DIFFERENTIAL EQUATIONS, TENSOR CALCULUS, LINEAR ALGEBRA, VARIATIONAL
PRINCIPLES, AND STATISTICAL MECHANICS METHODS TO DESCRIBE TRANSPORT PHENOMENA AND IRREVERSIBLE PROCESSES.

How DO NON-EQUILIBRIUM THERMODYNAMICS LECTURE NOTES ADDRESS ENTROPY
PRODUCTION?

THEY EXPLAIN ENTROPY PRODUCTION AS A MEASURE OF IRREVERSIBILITY IN A SYSTEM, DETAILING HOW IT ARISES FROM
IRREVERSIBLE PROCESSES AND HOW IT RELATES TO FLUXES AND THERMODYNAMIC FORCES, OFTEN USING THE FRAMEWORK OF THE
SECOND LAW OF THERMODYNAMICS.

ADDITIONAL RESOURCES

1. Non-EQuiLIBRIUM THERMODYNAMICS: AN INTRODUCTION

THIS BOOK OFFERS A COMPREHENSIVE INTRODUCTION TO THE PRINCIPLES AND APPLICATIONS OF NON-EQUILIBRIUM
THERMODYNAMICS. |IT COVERS THE FUNDAMENTAL CONCEPTS SUCH AS ENTROPY PRODUCTION, FLUX-FORCE RELATIONS, AND
ONSAGER RECIPROCAL RELATIONS. THE TEXT IS ACCESSIBLE FOR GRADUATE STUDENTS AND RESEARCHERS STARTING IN THE
FIELD, WITH CLEAR EXPLANATIONS AND ILLUSTRATIVE EXAMPLES.

2. LEcTURE NOTES on NON-EQUILIBRIUM THERMODYNAMICS

THESE LECTURE NOTES PROVIDE A CONCISE YET THOROUGH OVERVIEW OF NON-EQUILIBRIUM THERMODYNAMICS, FOCUSING ON
THE MATHEMATICAL FORMULATION AND PHYSICAL INTERPRETATION OF IRREVERSIBLE PROCESSES. T OPICS INCLUDE LINEAR AND
NONLINEAR THERMODYNAMICS, TRANSPORT PHENOMENA, AND STABILITY ANALYSIS. THE NOTES SERVE AS A USEFUL RESOURCE
FOR STUDENTS ATTENDING ADVANCED COURSES OR SELF-STUDY.



3. PrINCIPLES OF NON-EQUILIBRIUM THERMODYNAMICS

THIS BOOK DELVES INTO THE THEORETICAL FOUNDATIONS AND PRACTICAL IMPLICATIONS OF NON-EQUILIBRIUM
THERMODYNAMICS. |T HIGHLIGHTS THE INTERPLAY BETWEEN MICROSCOPIC DYNAMICS AND MACROSCOPIC BEHAVIOR, EMPHASIZING
ENTROPY PRODUCTION AND THERMODYNAMIC FLUXES. SUITABLE FOR ADVANCED STUDENTS, THE BOOK BALANCES RIGOROUS
MATHEMATICS WITH PHYSICAL INTUITION.

4. NoN-EQUILIBRIUM THERMODYNAMICS AND STATISTICAL MECHANICS

BRIDGING THERMODYNAMICS WITH STATISTICAL MECHANICS, THIS TEXT EXPLORES HOW MICROSCOPIC PARTICLE DYNAMICS GIVE
RISE TO MACROSCOPIC IRREVERSIBLE PHENOMENA. |T ADDRESSES TOPICS SUCH AS FLUCTUATION THEOREMS, TRANSPORT
PROCESSES, AND THE ROLE OF ENTROPY IN NON-EQUILIBRIUM SYSTEMS. THE BOOK IS IDEAL FOR RESEARCHERS INTERESTED IN THE
STATISTICAL UNDERPINNINGS OF THERMODYNAMIC BEHAVIOR.

5. IRREVERSIBLE THERMODYNAMICS: THEORY AND APPLICATIONS

FOCUSING ON IRREVERSIBLE PROCESSES, THIS BOOK DISCUSSES THE THEORETICAL FRAMEWORK AND PRACTICAL APPLICATIONS IN
PHYSICS, CHEMISTRY, AND ENGINEERING. | T COVERS LINEAR IRREVERSIBLE THERMODYNAMICS, CHEMICAL REACTIONS, AND HEAT AND
MASS TRANSFER. THE CLEAR PRESENTATION MAKES IT ACCESSIBLE TO STUDENTS AND PROFESSIONALS ALIKE.

6. NoN-EQUILIBRIUM THERMODYNAMICS: FUNDAMENTALS AND ENGINEERING APPLICATIONS

THIS TEXT INTEGRATES FUNDAMENTAL THEORY WITH ENGINEERING APPLICATIONS, ILLUSTRATING HOW NON-EQUILIBRIUM
THERMODYNAMICS PRINCIPLES APPLY TO REAL-WORLD SYSTEMS. |T INCLUDES EXAMPLES FROM CHEMICAL REACTORS, ENERGY
SYSTEMS, AND BIOLOGICAL PROCESSES. THE BOOK IS SUITABLE FOR ENGINEERS AND APPLIED SCIENTISTS SEEKING TO APPLY
THERMODYNAMICS IN COMPLEX SYSTEMS.

7. ADVANCED ToPICS IN NON-EQUILIBRIUM THERMODYNAMICS

TARGETED AT ADVANCED GRADUATE STUDENTS AND RESEARCHERS, THIS BOOK COVERS CUTTING-EDGE DEVELOPMENTS AND

COMPLEX TOPICS SUCH AS NONLINEAR DYNAMICS, PATTERN FORMATION, AND FAR-FROM-EQUILIBRIUM SYSTEMS. |T INCLUDES
MATHEMATICAL TREATMENTS AND RECENT RESEARCH FINDINGS. THE TEXT IS VALUABLE FOR THOSE LOOKING TO DEEPEN THEIR
UNDERSTANDING BEYOND THE BASICS.

8. THERMODYNAMICS OF IRREVERSIBLE PROCESSES

THIS CLASSIC TEXT PRESENTS THE FOUNDATIONAL PRINCIPLES OF IRREVERSIBLE THERMODYNAMICS WITH AN EMPHASIS ON
PHENOMENOLOGICAL LAWS AND EXPERIMENTAL VALIDATIONS. |T EXPLORES TRANSPORT PHENOMENA, ONSAGER RELATIONS, AND
ENTROPY PRODUCTION IN DETAIL. THE BOOK REMAINS A FUNDAMENTAL RESOURCE FOR STUDENTS AND RESEARCHERS IN THE FIELD.

Q. NoN-EQUILIBRIUM THERMODYNAMICS: A DYNAMICS APPROACH

ADOPTING A DYNAMIC SYSTEMS PERSPECTIVE, THIS BOOK INVESTIGATES THE TIME EVOLUTION OF NON-EQUILIBRIUM STATES AND
THEIR STABILITY. IT COVERS TOPICS SUCH AS RELAXATION PROCESSES, BIFURCATIONS, AND THE THERMODYNAMICS OF COMPLEX
SYSTEMS. THE APPROACH PROVIDES INSIGHTS INTO BOTH THEORETICAL AND APPLIED ASPECTS OF NON-EQUILIBRIUM
THERMODYNAMICS.
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