
Annotated Bibliography  for
Computational Foundations for the 
Second Law of Thermodynamics
Stephen Wolfram

For an extensive discussion of the history of the Second Law, see:

S. Wolfram  (2023), “How Did We  Get Here? The Tangled  History of the Second Law of 
Thermodynamics”.  writings.stephenwolfram.com/2023/01/how-did-we-get-here-the-
tangled-history-of-the-second-law-of-thermodynamics.

For a discussion of the personal and other background history of this work, see:

S. Wolfram  (2023), “A  50-Year  Quest: My Personal Journey with the Second Law of 
Thermodynamics”.  writings.stephenwolfram.com/2023/02/a-50-year-quest-my-personal-
journey-with-the-second-law-of-thermodynamics.

Pointers to specific references are included as hyperlinks in the online version of this piece.

Development of the Approach Described Here
The concept of computational irreducibility was described in:

S. Wolfram  (1985), “Undecidability and Intractability in Theoretical Physics”,  Physical 
Review Letters 54, 735–738. content.wolfram.com/undecidability-intractability-theoretical-
physics.pdf.

An early description of the computational character of the Second Law was given in:

S. Wolfram  (1985), “Origins of Randomness in Physical Systems”,  Physical Review Letters 55, 
449–452. content.wolfram.com/origins-randomness-physical-systems.pdf.

Further development was done in:

S. Wolfram  (2002), “Irreversibility and the Second Law of Thermodynamics”,  in A New Kind 

of Science, Wolfram  Media, 441–457. wolframscience.com/nks/chap-9--fundamental-
physics/#sect-9-3--irreversibility-and-the-second-law-of-thermodynamics.

https://writings.stephenwolfram.com/2023/01/how-did-we-get-here-the-tangled-history-of-the-second-law-of-thermodynamics/
https://writings.stephenwolfram.com/2023/01/how-did-we-get-here-the-tangled-history-of-the-second-law-of-thermodynamics/
https://writings.stephenwolfram.com/2023/02/a-50-year-quest-my-personal-journey-with-the-second-law-of-thermodynamics/
https://writings.stephenwolfram.com/2023/02/a-50-year-quest-my-personal-journey-with-the-second-law-of-thermodynamics/
https://writings.stephenwolfram.com/2023/2/computational-foundations-for-the-second-law-of-thermodynamics
https://content.wolfram.com/uploads/sites/34/2020/07/undecidability-intractability-theoretical-physics.pdf
https://content.wolfram.com/uploads/sites/34/2020/07/undecidability-intractability-theoretical-physics.pdf
https://content.wolfram.com/uploads/sites/34/2020/07/origins-randomness-physical-systems.pdf
https://www.wolframscience.com/nks/chap-9--fundamental-physics/#sect-9-3--irreversibility-and-the-second-law-of-thermodynamics
https://www.wolframscience.com/nks/chap-9--fundamental-physics/#sect-9-3--irreversibility-and-the-second-law-of-thermodynamics


The Wolfram  Physics Project is described in:

S. Wolfram  (2020), “A  Class of Models with the Potential to Represent Fundamental 
Physics”.  arXiv:2004.08210.

The “particle cellular automaton” used here was introduced in:

S. Wolfram  (1986), “Minimal Cellular Automaton Approximations  to Continuum Systems”,  
presented at Cellular Automata ‘86; reprinted in Cellular Automata and Complexity: Collected 

Papers (2019), Addison-Wesley.  content.wolfram.com/cellular-automaton-continuum-
systems.pdf.

Other Works on the Second Law

Classic Original Sources

S. Carnot (1824), Réflexions sur la puissance motrice du feu et sur les machines propres à 

développer cette puissance (in French),  Bachelier.  ark:/13960/t7rn68p52. (Translated  by R. 
Thurston (1890), as Reflections on the Motive Power of Heat, reprinted in Reflections on the 
Motive Power of Fire (1988), Dover.  ark:/13960/t0jv2661s.)

R. Clausius (1857), “Über die Art der Bewegung die wir Wärme nennen” (in German), 
Annalen der Physik 100, 353–380. ark:/13960/t9679978p. (Translated  as “On The Nature of the 

Motion which we call Heat”, Philosophical Magazine 14, 108–127 (1857).
ark:/13960/t3jw8w07q.

J. Maxwell (1858), “Illustrations of the Dynamical Theory of Gases”,  Philosophical Magazine 
19, 19–32. ark:/13960/t4sj20460.

J. Maxwell (1866), “On the Dynamical Theory of Gases”,  Philosophical Transactions  of the 
Royal Society of London 157, 49–88. ark:/13960/t06x5c78d.

L. Boltzmann (1872), “Weitere Studien über das Wärmegleichgewicht unter Gasmolekülen” 
(in German), Sitzungsberichte Akademie der Wissenschaften 66, 275–370. ark:/13960/t4pk0sf66. 
(Translated  as “Further Studies on the Thermal Equilibrium of Gas Molecules”,  in The 
Kinetic Theory of Gases: An Anthology of Classic Papers with Historical Commentary (2003), S. 
Brush (ed.), Imperial College Press, 262–349. doi: 10.1142/p281.)

W.  Thomson (1874), “The Kinetic Theory of the Dissipation of Energy”,  Proceedings of the 
Royal Society of Edinburgh 8, 325–334. ark:/13960/t2b85fc5t.

L. Boltzmann (1877), “Über die Beziehung zwischen dem zweiten Hauptsatze der 
mechanischen Wärmetheorie und der Wahrscheinlichkeitsrechnung respective den 

Sätzen über das Wärmegleichgewicht” (in German), Sitzungberichte Akademie der 
Wissenschaften 76, 373–435. doi: 10.1017/CBO9781139381437.011. (Translated  as “On the 

Relationship between the Second Fundamental Theorem of the Mechanical Theory of Heat 
and Probability Calculations Regarding the Conditions for Thermal Equilibrium”,  Entropy 

17, 1971–2009 (2015). doi: 10.3390/e17041971.)

J. Gibbs (1902), Elementary Principles in Statistical Mechanics, Charles Scribner’s Sons. 
ark:/13960/t6rz5sz8r.

2 | StephenWolfram

https://arxiv.org/abs/2004.08210
https://content.wolfram.com/uploads/sites/34/2020/07/cellular-automaton-continuum-systems.pdf
https://content.wolfram.com/uploads/sites/34/2020/07/cellular-automaton-continuum-systems.pdf
https://archive.org/details/bub_gb_QX9iIWF3yOMC/mode/2up
https://archive.org/details/reflectionsonmot0000carn_a8p6/mode/2up
https://archive.org/details/sim_annalen-der-physik_1857_100_3/mode/2up
https://archive.org/details/londonedinburghp14maga/page/108/mode/2up
https://archive.org/details/londonedinburghp19maga/page/18/mode/2up
https://archive.org/details/philosophicaltra1571roya/page/n77/mode/2up
https://archive.org/details/sitzungsbericht65unkngoog/page/274/mode/2up
https://doi.org/10.1142/p281
https://archive.org/details/proceedingsroya33edingoog/page/324/mode/2up
https://www.semanticscholar.org/paper/Wissenschaftliche-Abhandlungen%3A-%C3%9Cber-die-Beziehung-Boltzmann-Hasen%C3%B6hrl/c5ca63d712f1fb0d086f9e239721e70f2468f119
https://doi.org/10.3390/e17041971
https://archive.org/details/elementaryprinci50992gut/mode/2up


Notable Collections, etc.

R. Clausius (1864), Abhandlungen über die mechanische Wärmetheorie (in German), Friedrich 
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