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Origins: Fluctuation theorem: Evans et al. (1993) [39].
Evans-Searles fluctuation theorem: Evans and Searles
(1994) [41]. Gallavotti-Cohen fluctuation theorem:
Gallavotti and Cohen (1995) [43]. Fluctuation theorem,
first use of terminology: Gallavotti and Cohen (1995) [44].
Jarzynski equality: Jarzynski (1997) [50]. Crooks fluc-
tuation theorem: Crooks (1999) [75]. Hatano-Sasa
fluctuation theorem: Hatano and Sasa (2001) [99]. Feed-
back Jarzynski equality: Sagawa and Ueda (2010) [371].

Reviews and expositions: For a gentle, modern in-
troduction see Spinney and Ford (2013) [458], and
then try reading some of the other reviews in the
same volume: Sagawa and Ueda (2013) [457], Reid
et al. (2013) [456], Gaspard (2013) [453]. See also
Evans and Searles (2002) [118], Harris and Schütz
(2007) [290], Seifert (2012) [438], Van den Broeck and
Esposito (2015) [471]. For reviews and expositions of
non-equilibrium single-molecule experiments see Hum-
mer and Szabo (2005) [203], Bustamante et al. (2005) [202],
Ritort (2006) [249], Ritort (2008) [344]. Other books,
reviews, and expositions: Crooks (1999) [80], Seifert
(2008) [331].

Foundations – Thermodynamics and statistical mechan-
ics Efficiency of heat engines and the foundation of ther-
modynamics: Carnot (1824) [1]; First law of thermody-
namics: von Helmholtz (1847) [2]; Second law of thermo-
dynamics Thomson (Lord Kelvin) [3], Clausius (1865) [4];
Entropy: Clausius (1865) [4]; Statistical definition of en-
tropy: Boltzmann (1872) [6], Boltzmann (1898) [8], Planck
(1901) [9], Gibbs (1902) [10], Shannon (1948) [22], Jaynes
(1957) [23], Jaynes (1957) [24]; Foundations of statisti-
cal mechanics: Maxwell (1871) [5], Boltzmann (1896) [7],
Boltzmann (1898) [8], Gibbs (1902) [10].

∗Massively incomplete, hopelessly out-of-date, and only occasionally
updated.

Foundations – Microscopic reversibility and detailed
balance: Origins: Tolman (1924) [11], Dirac (1924) [12],
Tolman (1925) [14], Lewis (1925) [13], Fowler and Milne
(1925) [15]. Discussion: Onsager (1931) [18], Tolman
(1938) [20], Crooks (1998) [57], Crooks (2011) [402].

Experiments: Single molecule Jarzynski: Liphardt et al.
(2002) [113]; single molecule fluctuation theorems: Collin
et al. (2005) [209], Ritort (2006) [249]; dragged optically
trapped colloid particle: Wang et al. (2002) [114], Wang
et al. (2005) [190], Wang et al. (2005) [215]; Hatano and
Sasa with optically trapped colloid particle: Trepagnier
et al. (2004) [165]; optically trapped colloid particle, time
varying spring constant: Carberry et al. (2004) [144], Car-
berry et al. (2004) [166]; colloidal particle in periodic po-
tential: Speck et al. (2007) [294]; colloidal particle in vis-
coelastic media: Carberry et al. (2007) [289]; colloidal par-
ticle in time dependent non-harmonic potential: Blickle
et al. (2006) [230], Speck et al. (2007) [294]; two level sys-
tem: Schuler et al. (2005) [195]; turbulent flow: Ciliberto
et al. (2004) [158]; electric circuit: Garnier and Ciliberto
(2005) [199], Andrieux et al. (2008) [306]; mechanical os-
cillator: Douarche et al. (2005) [198], Douarche et al.
(2005) [210]; bit erasure, colloidal particle: Bérut et al.
(2012) [421]; theory and discussion: Hummer and Szabo
(2001) [96].

Analytic model systems: (Model systems for which the
work distributions can be computed analytically) Har-
monic potentials: Mazonka and Jarzynski (1999) [81]; two
level systems: Ritort et al. (2002) [117], Ritort (2004) [163];
ideal gas compression: Lua and Grosberg (2005) [185],
Lua (2005) [224], Bena et al. (2005) [208], Pressé and
Silbey (2006) [235] and effusion: Cleuren et al. (2006) [251];
Gaussian polymer chains: Speck and Seifert (2005) [184],
Dhar (2005) [183], Imparato and Peliti (2005) [180], Pressé
and Silbey (2006) [235]; Joule experiments: Cleuren
et al. (2006) [231], adiabatically stretched rotors: Bier
(2005) [213]; charged particles in magnetic fields: Jayan-
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navar and Sahoo (2006) [239]; adiabatic compression of a
dilute gas: Crooks and Jarzynski (2007) [271];

Simulations of work distributions:
◦ two-dimensional Ising model: Chatelain and Karevski

(2006) [245]
◦ fluctuating lattice Boltzmann model: Chari et al.

(2012) [427]

Bochkov-Kuzovlev generalized fluctuation-dissipation
theorem: Origins: Bochkov and Kuzovlev (1977) [32],
Bochkov and Kuzovlev (1979) [33], Bochkov and
Kuzovlev (1981) [34], Bochkov and Kuzovlev (1981) [35].
Summary: Stratonovich (1994) [42]. Relation to Jarzyn-
ski equality and fluctuation theorems: Jarzynski
(2007) [287], Horowitz and Jarzynski (2008) [328],
Pitaevskii (2011) [400].

Jarzynski equality: Origins: Jarzynski (1997) [50],
Jarzynski (1997) [55], Crooks (1998) [57]. Connection
to fluctuation theorems: Crooks (1999) [75], Crooks
(2000) [84]. Strong coupling: Jarzynski (2004) [159].

Gallavotti-Cohen Fluctuation theorem Origins:
Gallavotti and Cohen (1995) [43], Gallavotti and Cohen
(1995) [44] Discussion: Gallavotti (1999) [475], Cohen
and Gallavotti (1999) [74] Simulations: Bonetto et al.
(1998) [64]

Multivariant fluctuation theorems: Garcı́a-Garcı́a et al.
(2010) [376], Garcı́a-Garcı́a et al. (2012) [419], Sivak et al.
(2013) [445]

Excess free energy: The connection between the excess
free energy of nonequilibrium ensembles and relative en-
tropy seems to have been independently rediscovered
multiple times. Bernstein and Levine (1972) [30] (Eqs. 44
and 54) defined an “entropy deficiency” as the relative en-
tropy of a nonequilibrium to canonical equilibrium. Shaw
(1984) [36] p37 states that available free energy is the rel-
ative entropy, but without detailed discussion. Gaveau
and Schulman (1997) [53] p348 notes that the relative en-
tropy to equilibrium state is a generalized free energy,
but again without much discussion. Qian (2001) [98] pro-
vides a detailed discussion of the definition of free energy
away from equilibrium and its expression as a relative
entropy. Hatano and Sasa (2001) [99] discuss the gener-
alization of free energy out of equilibrium and a general-
ized minimum work principle for steady states. The con-
nection between excess free energy and reversible work
is shown in Vaikuntanantan et al (2009) Vaikuntanathan
and Jarzynski (2009) [359] using a Jarzynski equality like
argument. The instantaneous stabilization procedure
for (in principle) extracting the reversible (maximum)
work is detailed in Hasegawa et al. (2010) [383], Takara

et al. (2010) [385] and further discussed in Esposito and
Van den Broeck (2011) [405]. Further discussion and con-
sequences of this interrelation can be found in Sivak and
Crooks (2012) Sivak and Crooks (2012) [429] and Deffner
et al (2012) Deffner and Lutz (2012) [440].

Dissipation and the relative entropy between conju-
gate trajectory ensembles: A good discussion of this
relation is found in: Kawai et al. (2007) [272]. See also:
Gaspard (2004) [148], Gaspard (2004) [167], Jarzynski
(2006) [243], Kawai et al. (2007) [272], Gomez-Marin et al.
(2008) [317], Andrieux et al. (2008) [306], Feng and Crooks
(2008) [327], Horowitz and Jarzynski (2009) [348], Par-
rondo et al. (2009) [354], Jarzynski (2011) [393]

Feedback control: Origins: Sagawa and Ueda
(2010) [371]; Generalized Jarzynski (Single loop feed-
back): Sagawa and Ueda (2010) [371]; Experiments:
Toyabe et al. (2010) [386]; Multi-loop feedback: Horowitz
and Vaikuntanathan (2010) [384], Fujitani and Suzuki
(2010) [381].

Time’s Arrow: Origin of term: Eddington (1928) [16];
Useful philosophical discussions: Price (1996) [49], Albert
(2000) [93]. Past hypothesis: Albert (2000) [93]. Length of:
Feng and Crooks (2008) [327].

Work and heat The microscopic definition of work
was discussed by Gibbs (1902) [10] (Pages 42-35) and
Schrödinger (1946) [21] (See the paragraphs found be-
tween Eqs. 2.13 and 2.14). However, the importance
of this viewpoint was not appreciated until advances
in simulation and experimentation made it necessary
to carefully contemplate performing controlled pertur-
bations of single, microscopic systems. The micro-
scopic definition of work was also discussed by: Hunter
et al. (1993) [40], Jarzynski (1997) [50], Crooks (1998) [57],
Sekimoto (1997) [51], Sekimoto (1998) [60] and further
developed in Jarzynski (1997) [55], Jarzynski (1998) [61],
Crooks (1999) [75], Hendrix and Jarzynski (2001) [100],
Sekimoto (2010) [391]. Another clear exposition with a
discussion of thermodynamic consistency is found in:
Peliti (2008) [329]. See also Narayan and Dhar (2004) [139],
Imparato et al. (2007) [302].

Maxwell’s demon
◦ Reviews: Leff and Rex (2003) [136]
◦ Origin: Maxwell (1871) [5]
◦ Szilárd engine: Szilárd (1929) [17]

Stochastic thermodynamics Origin of term: Van den
Broeck (1986) [37], Mou et al. (1986) [38]
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Chronological Bibliography
⋆Great papers that have been, will be, or should be influ-
ential.

[1] Sadi Carnot. Réflexions sur la puissance motrice du feu
et sur les machines propres a développer cette puissance.
Chez Bachelier, Libraire, Paris (1824). Reflections
on the motive power of fire and machines fitted to
develop that power.

◦ Foundation of thermodynamcs. Heat engines and
Carnot efficiency. ”The driving power of heat is in-
dependent of the agents used to realize it; its value
is uniquely fixed by the temperatures of the bodies
between which the transfer of caloric is made”

[2] Hermann von Helmholtz. Über die Erhaltung der
Kraft (On the Conservation of Force). Druck und Ver-
lag, Berlin (1847). On the Conservation of Force.

◦ Definitive statement of the conservation of energy
(And thereby the first law of thermodynamcis).
(Terminology was not yet settled: Helmholtz used
the word force for what we now call energy.)

[3] William Thomson (Lord Kelvin). On the dynami-
cal theory of heat, with numerical results deduced
from Mr. Joule’s equivalent of a thermal unit, and
M. Regnault’s observations on steam. Trans. Roy.
Soc. Edin., XX (part II):261–268; 289–298 (1851).

◦ First statement of (essentially) the second law of
thermodynamics. “It is impossible, by means of
inanimate material agency, to derive mechanical ef-
fect from any portion of matter by cooling it below
the temperature of the coldest of the surrounding
objects.”

[4] Rudolf Clausius. Ueber verschiedene für die an-
wendung bequeme formen der hauptgleichungen
der mechanischen wärmetheorie. Annalen der
Physik und Chemie, 201(7):353–400 (1865). doi:10.
1002/andp.18652010702.

◦ Introduction of the term entropy, and statement of
Clausius’s form of the second law of thermodynam-
ics. Quote: “We now seek an appropriate name for
S . . . .We would call S the transformation content
of the body. However I have felt it more suitable to
take names of important scientific quantities from
the ancient languages in order that they may appear
unchanged in all contemporary languages. Hence I
propose that we call S the entropy of the body after
Greek word . . .meaning “transformation”. I have in-
tentionally formed the word entropy to be as sim-
ilar as possible to the word energy, since the two
quantities that are given these names are so closely
related in their physical significance that a certain
likeness in their names has seemed appropriate.”

[5] James C. Maxwell. Theory of heat. Appleton, London
(1871).

◦ Invocation of Maxwell’s demon.

[6] Ludwig Boltzmann. Weitere studien über das
Wärmegleichgewicht unter Gasmolekülen (Fur-
ther studies on the thermal equilibrium of gas

molecules). Sitzungsberichte Akad. Wiss., Vienna, part
II, 66:275–370 (1872).

◦ The Boltzmann equation and Boltzmann’s H-
theorem. First paper on non-equilibrium thermody-
namics.

[7] Ludwig Boltzmann. Vorlesungen über Gastheorie (Lec-
tures on gas theory), volume I. J. A. Barth (1896).
Translated in [27].

[8] Ludwig Boltzmann. Vorlesungen über Gastheorie (Lec-
tures on gas theory), volume II. J. A. Barth (1898).
Translated in [27].

[9] Max Planck. Ueber das gesetz der energiev-
erteilung im normalspectrum (on the law of distri-
bution of energy in the normal spectrum). Ann.
Phys., 309(3):553–563 (1901). doi:10.1002/andp.
19013090310.

◦ Origin of the Boltzmann constant, Eq. (3), SN =
k lnW + const.

[10] J. Willard Gibbs. Elementary principles in statisti-
cal mechanics. Charles Scribner’s Sons, New York
(1902).

◦ Genesis and foundation of modern statistical me-
chanics. Nonstandard notations: energy: ϵ; tem-
perature: θ; free energy: ψ; index of probability:
ν ≡ lnpx; entropy: −ν̄. Canonical ensemble (91).
Statistical definition of entropy (111) p44. Second
law expressed as an average work inequality (481).

[11] Richard C. Tolman. Duration of molecules in up-
per quantum states. Phys. Rev., 23:693–709 (1924).
doi:10.1103/PhysRev.23.69.

◦ Genesis of “The principle of microscopic reversibil-
ity” (p699). Quote: “This assumption should be rec-
ognized as a distinct postulate and might be called
the principle of microscopic reversibility. In the case
of a system in thermodynamic equilibrium, the
principle would require not only that the total num-
ber of molecules leaving a given quantum state in
unit time shall equal the number arriving in that
state in unit time, but also the the number leaving
by any one particular path shall be equal to the
number arriving by the reverse of that particular
path.”

[12] Paul A. M. Dirac. The conditions for statistical
equilibrium between atoms, electrons and radia-
tion. Proc. Rol. Soc. A., 106:581–596 (1924).

◦ Definition and discussion of the “principle of de-
tailed balance”.

[13] Gilbert N. Lewis. A new principle of equilibrium.
Proc. Natl. Acad. Sci. U.S.A., 11(3):179–183 (1925).

◦ Quote: “Corresponding to every individual pro-
cess there is a reverse process, and in a state of equi-
librium the average rate of every process is equal to
the average rate of its reverse process.”

[14] Richard C. Tolman. The principle of microscopic
reversibility. Proc. Natl. Acad. Sci. U.S.A., 11(7):436–
439 (1925).

◦ Historical commentary on the principle of micro-
scopic reversibility.
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[15] Ralph H. Fowler and E. A. Milne. A note on the
principle of detailed balancing. Proc. Natl. Acad. Sci.
U.S.A., 11:400–402 (1925).

[16] Arthur S. Eddington. The nature of the physical world.
Cambridge University Press, Cambridge (1928).

◦ Origin of the phrase ”Time’s Arrow”.

[17] L. Szilárd. Úber die entropieverminderung in
einem thermodynamischen system bei eingriffen
intelligenter wesen (on the reduction of entropy in
a thermodynamic system by the intervention of in-
telligent beings). Z. Phys., 53:840–856 (1929). doi:
10.1007/BF01341281.

◦ Origin of Szilárd engine. English translation: [28]

[18] Lars Onsager. Reciprocal relations in irreversible
processes. I. Phys. Rev., 37(4):405–426 (1931). doi:
10.1103/PhysRev.37.405.

◦⋆ Origin of Onsager’s reciprocal relations. Detailed
discussion of microscopic reversibility. For experi-
mental verification, see [25].

[19] Lars Onsager. Reciprocal relations in irreversible
processes. II. Phys. Rev., 38(12):2265–2279 (1931).
doi:10.1103/PhysRev.38.2265.

◦⋆ Onsager regression hypothesis: “...the average re-
gression of fluctuations will obey the same laws
as the corresponding macroscopic irreversible pro-
cess”.

[20] Richard C. Tolman. The principles of statistical me-
chanics. Oxford University Press, London (1938).

◦ Comparison of the principles of detailed balance
and microscopic reversibility (pp. 163 and 165).

[21] Erwin Schrödinger. Statistical Thermodynamics.
Cambridge University Press, Cambridge (1946).

[22] Claude E. Shannon. A mathematical theory of com-
munication. Bell Syst. Tech. J., 27:379–423, 623–656
(1948). doi:10.1002/j.1538-7305.1948.tb01338.x.

◦⋆ Foundation of information theory. Latter reprinted
in book form with the subtle change in title
“The Mathematical Theory of Communication”. En-
tropy; mutual infomration; channel coding theo-
rem; first use of word ‘bit’ in print.

[23] Edwin T. Jaynes. Information theory and statistical
mechanics. Phys. Rev., 106:620–630 (1957). doi:10.
1103/PhysRev.106.620.

[24] Edwin T. Jaynes. Information theory and statistical
mechanics II. Phys. Rev., 108:171–190 (1957). doi:
10.1103/PhysRev.108.171.

[25] Donald G. Miller. Thermodynamics of irreversible
processes. The experimental verification of the On-
sager reciprocal relations. Chem. Rev., 60:15–37
(1960). doi:10.1021/cr60203a003.

[26] Rolf Landauer. Irreversibility and heat generation
in the computing process. IBM J. Res. Develop.,
5(3):183–191 (1961). doi:10.1147/rd.53.0183.

◦⋆ Genesis of Landauer’s principle: It requires at least
kBT ln 2 (About 3 × 10−21 Joules at 300K) to erase 1
bit of information.

[27] Ludwig Boltzmann. Lectures on gas theory. Univ. of
Calif. Press (1964). Translation of [7] and [8].

[28] Leo Szilard. On the decrease of entropy in a ther-
modynamic system by the intervention of intelli-
gent beings. Behavioral Science, 9(4):301–310 (1964).
doi:10.1002/bs.3830090402.

◦ English translation of [17].

[29] Tomoji Yamada and Kyozi Kawasaki. Nonlinear ef-
fects in shear viscosity of critical mixtures. Prog.
Theor. Phys., 38(5):1031–1051 (1967). doi:10.1143/
PTP.38.1031.

◦ Original reference for the Kawasaki response func-
tion.

[30] R. B. Bernstein and R. D. Levine. Entropy and chem-
ical change. I. Characterization of product (and re-
actant) energy distributions in reactive molecular
collisions: Information and entropy deficiency. J.
Chem. Phys., 57(1):434–449 (1972). doi:10.1063/1.
1677983.

[31] J. Schnakenberg. Network theory of microscopic
and macroscopic behavior of master equation sys-
tems. Rev. Mod. Phys., 48(4):571–585 (1976). doi:
10.1103/RevModPhys.48.571.

◦⋆ Microscopic expression for average entropy pro-
duction rate (7.6), for continuous time Markov pro-
cesses.

[32] G. N. Bochkov and Yu. E. Kuzovlev. Contribution to
general theory of thermal fluctuations in nonlinear-
systems. Zh. Eksp. Teor. Fiz., 72(1):238–247 (1977).
[JETP 45, 125 (1977)].

[33] G. N. Bochkov and Yu. E. Kuzovlev. Fluctuation-
dissipation relations for nonequilibrium processes
in open systems. Zh. Eksp. Teor. Fiz., 76:1071 (1979).
[Sov. Phys. JETP, 49:543, 1979].

[34] G. N. Bochkov and Yu. E. Kuzovlev. Nonlinear
fluctuation-dissipation relations and stochas-
tic models in nonequilibrium thermodynam-
ics: I. Generalized fluctuation-dissipation
theorem. Physica, 106(3):443–479 (1981).
doi:10.1016/0378-4371(81)90122-9.

◦ Bochkov-Kuzovlev generalized fluctuation-
dissipation theorem (2.11).

[35] G. N. Bochkov and Yu. E. Kuzovlev. Nonlin-
ear fluctuation-dissipation relations and stochastic
models in nonequilibrium thermodynamics: II. Ki-
netic potential and variational principles for nonlin-
ear irreversible processes. Physica, 106(3):480–520
(1981). doi:10.1016/0378-4371(81)90123-0.

[36] Robert Shaw. The Dripping Faucet as a Model Chaotic
System. Aerial Press, Santa Cruz (1984).

[37] Christian Van den Broeck. Stochastic thermody-
namics. In Werner Ebeling and Heinz Ulbricht,
editors, Self organization by Nonlinear Irreversible
Processes, pages 57–61. Springer Berlin Heidelberg,
Berlin, Heidelberg (1986). ISBN 978-3-642-71004-9.
doi:10.1007/978-3-642-71004-9 6.
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[38] Chung Yuan Mou, Jiuli Luo, and Gregoire Nico-
lis. Stochastic thermodynamics of nonequilibrium
steady states in chemical reaction systems. J.
Chem. Phys., 84(12):7011–7017 (1986). doi:10.1063/
1.450623.

[39] Denis J. Evans, E. G. D. Cohen, and Gary P. Mor-
riss. Probability of second law violations in shear-
ing steady-states. Phys. Rev. Lett., 71(21):3616–3616
(1993). doi:10.1103/PhysRevLett.71.2401. Errata
71(21):2401.

◦⋆ Original exposition of the steady-state fluctuation
theorem (8), founded on plausible reasoning and
computer simulation. Sheared system with isoen-
ergetic molecular dynamics. Modern era begins.
Signs and portents.

[40] John E. Hunter, III, William P. Reinhardt, and
Thomas F. Davis. A finite-time variational
method for determining optimal paths and obtain-
ing bounds on free energy changes from computer
simulations. J. Chem. Phys., 99(9):6856–6864 (1993).
doi:10.1063/1.465830.

◦ Explicit microscopic definition of work (7).

[41] Denis J. Evans and Debra J. Searles. Equilibrium
microstates which generate second law violating
steady-states. Phys. Rev. E, 50(2):1645–1648 (1994).
doi:10.1103/PhysRevE.50.1645.

◦⋆ Genesis of the Evan-Searles version of the fluctua-
tion theorem for the transient steady state trajectory
probabilities in isothermal deterministic molecular
dynamics (2). Backed by computer simulation of
sheared fluid.

[42] Ruslan L. Stratonovich. Nonlinear nonequilibrium
thermodynamics II: Advanced theory. Springer-Verlag,
Berlin (1994).

◦ Section 1.2 contains a concise summary of some of
the relevant results of Bochkov and Kuzovlev [34,
35].

[43] Giovanni Gallavotti and E. G. D. Cohen. Dynamical
ensembles in nonequilibrium statistical-mechanics.
Phys. Rev. Lett., 74(14):2694–2697 (1995). doi:10.
1103/PhysRevLett.74.2694.

◦⋆ Genesis of the Gallavotti-Cohen fluctuation theo-
rem for asymptotic steady state fluctuations of the
phase space contraction rate in isoenergetic molec-
ular dynamics. Derived from the time reversal sym-
metry and the chaotic hypothesis.

[44] Giovanni Gallavotti and E. G. D. Cohen. Dynamical
ensembles in stationary states. J. Stat. Phys., 80(5-
6):931–970 (1995). doi:10.1007/BF02179860.

[45] Denis J. Evans and Debra J. Searles. Steady states,
invariant measures, and response theory. Phys. Rev.
E, 52(6):5839–5848 (1995). doi:10.1103/PhysRevE.
52.5839.

[46] Denis J. Evans and Debra J. Searles. Causality, re-
sponse theory, and the second law of thermody-
namics. Phys. Rev. E, 53(6):5808–5815 (1996). doi:
10.1103/PhysRevE.53.5808.

[47] Giovanni Gallavotti. Chaotic hypothesis: Onsager
reciprocity and fluctuation-dissipation theorem. J.
Stat. Phys., 84(5-6):899–925 (1996). doi:10.1007/
BF02174123.

◦⋆ First use of the term “Fluctuation theorem”.

[48] Giovanni Gallavotti. Extension of Onsager’s reci-
procity to large fields and the chaotic hypothesis.
Phys. Rev. Lett., 77(21):4334–4337 (1996). doi:10.
1103/PhysRevLett.77.4334.

[49] Huw Price. Time’s arrow and Archimedes’ point. Ox-
ford University Press, New York (1996).

[50] Christopher Jarzynski. Nonequilibrium equal-
ity for free energy differences. Phys. Rev. Lett.,
78(14):2690–2693 (1997). doi:10.1103/PhysRevLett.
78.2690.

◦⋆ Revelation of the Jarzynski identity (2a). Hamilto-
nian dynamics. Insights into the nature of work. Cu-
mulant expansion of the Jarzynski identity. Rela-
tion to Clausius inequality. Fluctuation-dissipation
ratio. Inequalities given a finite number of observa-
tions. [Received April 1996, published Jun 1997]

[51] Ken Sekimoto. Kinetic characterization of heat bath
and energetics of thermal ratchet models. J. Phys.
Soc. Jpn, 66(5):1234–1237 (1997). doi:10.1143/jpsj.66.
1234.

◦ Insights into thermodynamic work (3) and heat (4)
for microscopic systems with stochastic dynamics.

[52] E. G. D. Cohen. Dynamical ensembles in statistical
mechanics. Physica A, 240(1-2):43–53 (1997). doi:
10.1016/S0378-4371(97)00129-5.

[53] Bernard Gaveau and L. S. Schulman. A gen-
eral framework for non-equilibrium phenomena:
the master equation and its formal consequences.
Phys. Lett. A, 229(6):347–353 (1997). doi:10.1016/
S0375-9601(97)00185-0.

◦ Interrelation between relative entropy and free en-
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[116] M. Athènes. Computation of a chemical potential
using a residence weight algorithm. Phys. Rev. E,
66:046705 (2002). doi:10.1103/PhysRevE.66.046705.

[117] Felix Ritort, Carlos Bustamante, and Ignacio Tinoco,
Jr. A two-state kinetic model for the unfolding of
single molecules by mechanical force. Proc. Natl.

Acad. Sci. U.S.A., 99(21):13544–13548 (2002). doi:
10.1073/pnas.172525099.

[118] Denis J. Evans and Debra J. Searles. The fluctuation
theorem. Adv. Phys., 51(7):1529–1585 (2002). doi:
10.1080/00018730210155133.

[119] W. I. Goldburg, Y. Y. Goldschmidt, and H. Kellay.
Fluctuation and dissipation in liquid crystal electro-
convection. Physica A, 314(1):391–395 (2002). doi:
10.1016/S0378-4371(02)01155-X.

[120] M. Dolowschiák and Z. Kovács. Fluctuation
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[425] Édgar Roldán and Juan M. R. Parrondo. En-
tropy production and Kullback-Leibler divergence
between stationary trajectories of discrete systems.
Phys. Rev. E, 85(3):031129 (2012). doi:10.1103/
PhysRevE.85.031129.

[426] M. Bauer, D. Abreu, and Udo Seifert. Efficiency
of a Brownian information machine. J. Phys. A,
45(16):162001 (2012). doi:10.1088/1751-8113/45/
16/162001.

[427] S. S. N. Chari, K. P. N. Murthy, and R. Inguva.
Study of nonequilibrium work distributions from
a fluctuating lattice Boltzmann model. Phys. Rev. E,
85:041117 (2012). doi:10.1103/PhysRevE.85.041117.

[428] Massimiliano Esposito. Stochastic thermodynam-
ics under coarse graining. Phys. Rev. E, 85:041125
(2012). doi:10.1103/PhysRevE.85.041125. Erratum
Phys. Rev. E 86, 049904 (2012).

[429] David A. Sivak and Gavin E. Crooks. Near-
equilibrium measurements of nonequilibrium free
energy. Phys. Rev. Lett., 108(15):150601 (2012). doi:
10.1103/PhysRevLett.108.150601.

[430] A. J. Ballard and Christopher Jarzynski. Replica ex-
change with nonequilibrium switches: Enhancing
equilibrium sampling by increasing replica overlap.
J. Chem. Phys., 136(19):194101 (2012). doi:dx.doi.
org/10.1063/1.4712028.

[431] S. J. Davie, James C. Reid, and Debra J. Searles. The
free energy of expansion and contraction: Treat-
ment of arbitrary systems using the Jarzynski equal-
ity. J. Chem. Phys., 136:174111 (2012). doi:10.1063/1.
4707348.

[432] Jae Dong Noh and Jong-Min Park. Fluctuation rela-
tion for heat. Phys. Rev. Lett., 108(24):240603 (2012).
doi:10.1103/PhysRevLett.108.240603.

[433] Dibyendu Mandal and Christopher Jarzynski.
Work and information processing in a solv-
able model of Maxwell’s demon. Proc. Natl.
Acad. Sci. U.S.A., 109(29):11641–11645 (2012).
doi:10.1073/pnas.1204263109.

[434] R. Chetrite and K. Mallick. Quantum fluctua-
tion relations for the Lindblad master equation.
J. Stat. Phys., 148(3):480–501 (2012). doi:10.1007/
s10955-012-0557-z.

[435] Anupam Kundu. Nonequilibrium fluctuation the-
orem for systems under discrete and continuous
feedback control. Phys. Rev. E, 86:021107 (2012).
doi:10.1103/PhysRevE.86.021107.

[436] Van A. Ngo and Stephan Haas. Demonstration
of Jarzynski’s equality in open quantum systems
using a stepwise pulling protocol. Phys. Rev.
E, 86(3):031127 (2012). doi:10.1103/PhysRevE.86.
031127.

[437] Susanne Still, David A. Sivak, Anthony J. Bell, and
Gavin E. Crooks. Thermodynamics of prediction.
Phys. Rev. Lett., 109(12):120604 (2012). doi:10.1103/
PhysRevLett.109.120604.

◦⋆

[438] Udo Seifert. Stochastic thermodynamics, fluctua-
tion theorems, and molecular machines. Rep. Prog.
Phys., 75(12):126001 (2012). doi:10.1088/0034-4885/
75/12/126001. arXiv:1205.4176.

◦⋆

[439] Takahiro Sagawa and Masahito Ueda. Fluctua-
tion theorem with information exchange: Role of
correlations in stochastic thermodynamics. Phys.
Rev. Lett., 109(18):180602 (2012). doi:10.1103/
PhysRevLett.109.180602.

[440] Sebastian Deffner and Eric Lutz. Information free
energy for nonequilibrium states. arXiv:1201.3888.

[441] Pierre Gaspard. Fluctuation relations for equilib-
rium states with broken discrete symmetries. J. Stat.
Mech.: Theor. Exp., (P08021) (2012). doi:10.1088/
1742-5468/2012/08/P08021. arXiv:1207.4409.

[442] Jordan M. Horowitz. Quantum trajectory approach
to the stochastic thermodynamics of a forced har-
monic oscillator. arXiv:1111.7199.

[443] Valerio Lucarini and Matteo Colangeli. Beyond the
linear fluctuation-dissipation theorem: the role of
causality. arXiv:1202.1073.

[444] Takahiro Sagawa. Thermodynamics of informa-
tion processing in small systems. Prog. Theor. Phys.,
127(1):1–56 (2012). doi:10.1143/PTP.127.1.

[445] David A. Sivak, John D. Chodera, and Gavin E.
Crooks. Using nonequilibrium fluctuation theo-
rems to understand and correct errors in equilib-
rium and nonequilibrium discrete Langevin dy-
namics. Phys. Rev. X, 3:011007 (2013). doi:10.1103/
PhysRevX.3.011007.

[446] A. C. Barato, D. Hartich, and Udo Seifert.
Information-theoretic versus thermodynamic
entropy production in autonomous sensory
networks. Phys. Rev. E, 87:042104 (2013).
doi:10.1103/PhysRevE.87.042104.

[447] Guillaume Michel and Debra J. Searles. Local fluc-
tuation theorem for large systems. Phys. Rev. Lett.,
110:260602 (2013). doi:10.1103/PhysRevLett.110.
260602.

[448] Sebastian Deffner and Christopher Jarzynski. In-
formation processing and the Second Law of
thermodynamics: An inclusive, Hamiltonian ap-
proach. Phys. Rev. X, 3:041003 (2013). doi:10.1103/
PhysRevX.3.041003.

21

http://dx.doi.org/10.1103/PhysRevE.85.031102
http://arxiv.org/abs/1112.5798
http://dx.doi.org/10.1103/PhysRevE.85.031129
http://dx.doi.org/10.1103/PhysRevE.85.031129
http://dx.doi.org/10.1088/1751-8113/45/16/162001
http://dx.doi.org/10.1088/1751-8113/45/16/162001
http://dx.doi.org/10.1103/PhysRevE.85.041117
http://dx.doi.org/10.1103/PhysRevE.85.041125
http://dx.doi.org/10.1103/PhysRevLett.108.150601
http://dx.doi.org/10.1103/PhysRevLett.108.150601
http://dx.doi.org/dx.doi.org/10.1063/1.4712028
http://dx.doi.org/dx.doi.org/10.1063/1.4712028
http://dx.doi.org/10.1063/1.4707348
http://dx.doi.org/10.1063/1.4707348
http://dx.doi.org/10.1103/PhysRevLett.108.240603
http://dx.doi.org/10.1073/pnas.1204263109
http://dx.doi.org/10.1007/s10955-012-0557-z
http://dx.doi.org/10.1007/s10955-012-0557-z
http://dx.doi.org/10.1103/PhysRevE.86.021107
http://dx.doi.org/10.1103/PhysRevE.86.031127
http://dx.doi.org/10.1103/PhysRevE.86.031127
http://dx.doi.org/10.1103/PhysRevLett.109.120604
http://dx.doi.org/10.1103/PhysRevLett.109.120604
http://dx.doi.org/10.1088/0034-4885/75/12/126001
http://dx.doi.org/10.1088/0034-4885/75/12/126001
http://arxiv.org/abs/1205.4176
http://dx.doi.org/10.1103/PhysRevLett.109.180602
http://dx.doi.org/10.1103/PhysRevLett.109.180602
http://arxiv.org/abs/1201.3888
http://dx.doi.org/10.1088/1742-5468/2012/08/P08021
http://dx.doi.org/10.1088/1742-5468/2012/08/P08021
http://arxiv.org/abs/1207.4409
http://arxiv.org/abs/1111.7199
http://arxiv.org/abs/1202.1073
http://dx.doi.org/10.1143/PTP.127.1
http://dx.doi.org/10.1103/PhysRevX.3.011007
http://dx.doi.org/10.1103/PhysRevX.3.011007
http://dx.doi.org/10.1103/PhysRevE.87.042104
http://dx.doi.org/10.1103/PhysRevLett.110.260602
http://dx.doi.org/10.1103/PhysRevLett.110.260602
http://dx.doi.org/10.1103/PhysRevX.3.041003
http://dx.doi.org/10.1103/PhysRevX.3.041003


[449] Sosuke Ito and Takahiro Sagawa. Information ther-
modynamics on causal networks. Phys. Rev. Lett.,
111:180603 (2013). doi:10.1103/PhysRevLett.111.
180603.

[450] Dibyendu Mandal. Nonequilibrium heat capac-
ity. Phys. Rev. E, 88:062135 (2013). doi:10.1103/
PhysRevE.88.062135.

[451] Takahiro Sagawa and Masahito Ueda. Role of mu-
tual information in entropy production under infor-
mation exchanges. New J. Phys., 15(12):125012 (23)
(2013). doi:10.1088/1367-2630/15/12/125012.

[452] G. N. Bochkov and Yu. E. Kuzovlev. Fluctuation–
dissipation relations. Achievements and misunder-
standings. Phys.-Usp., 56(6):590–602 (2013). doi:10.
3367/UFNe.0183.201306d.0617. arXiv:1208.1202.

◦ “If dear reader have recognized some other prob-
ably significant aspects of the subject, this does
not mean that they are unknown to us.” Claims
that Jarzynski (and Crooks) relations only apply to
cyclic processes, which is just wrong.

[453] Pierre Gaspard. Time-reversal symmetry relations
for currents in quantum and stochastic nonequilib-
rium systems. In R. Klages, W. Just, and C. Jarzyn-
ski, editors, Nonequilibrium Statistical Physics of
Small Systems: Fluctuation Relations and Beyond,
chapter 7, pages 213–257. Wiley-VCH, Weinheim
(2013). doi:10.1002/9783527658701.ch7.

[454] Folarin Latinwo and Charles M. Schroeder.
Nonequilibrium work relations for polymer
dynamics in dilute solutions. Macromolecules,
46(20):8345–8355 (2013). doi:10.1021/ma400961s.

[455] Mikhail Prokopenko, Joseph T. Lizier, and Don C.
Price. On thermodynamic interpretation of transfer
entropy. Entropy, 15(2):524–543 (2013). doi:10.3390/
e15020524.

[456] James C. Reid, Stephen R. Williams, Debra J. Sear-
les, Lamberto Rondoni, and Denis J. Evans. Fluc-
tuation relations and the foundations of statisti-
cal thermodynamics: A deterministic approach
and numerical demonstration. In Rainer Klages,
Wolfram Just, and Christopher Jarzynski, editors,
Nonequilibrium Statistical Physics of Small Systems:
Fluctuation Relations and Beyond, chapter 2, pages
57–82. Wiley-VCH, Weinheim (2013). doi:10.1002/
9783527658701.ch2.

[457] Takahiro Sagawa and Masahito Ueda. Information
thermodynamics: Maxwell’s demon in nonequi-
librium dynamics. In Rainer Klages, Wolfram
Just, and Christopher Jarzynski, editors, Nonequi-
librium Statistical Physics of Small Systems: Fluctu-
ation Relations and Beyond, chapter 6, pages 181–
211. Wiley-VCH, Weinheim (2013). doi:10.1002/
9783527658701.ch6.

[458] Richard Spinney and Ian Ford. Fluctuation rela-
tions: A pedagogical overview. In Rainer Klages,
Wolfram Just, and Christopher Jarzynski, editors,

Nonequilibrium Statistical Physics of Small Systems:
Fluctuation Relations and Beyond, chapter 1, pages
3–56. Wiley-VCH, Weinheim (2013). doi:10.1002/
9783527658701.ch1.

[459] D. Hartich, A. C. Barato, and Udo Seifert. Stochastic
thermodynamics of bipartite systems: transfer en-
tropy inequalities and a Maxwell’s demon interpre-
tation. J. Stat. Mech.: Theor. Exp., (2):P02016 (2014).
doi:10.1088/1742-5468/2014/02/P02016.

[460] Giovanni Diana and Massimiliano Esposito. Mu-
tual entropy production in bipartite systems. J. Stat.
Mech.: Theor. Exp., (4):P04010 (2014). doi:10.1088/
1742-5468/2014/04/P04010.

[461] Gregory Bulnes Cuetara, Massimiliano Esposito,
and Alberto Imparato. Exact fluctuation theo-
rem without ensemble quantities. Phys. Rev. E,
89:052119 (2014). doi:10.1103/PhysRevE.89.052119.

[462] Jordan M. Horowitz and Massimiliano Espos-
ito. Thermodynamics with continuous information
flow. Phys. Rev. X, 4:031015 (2014). doi:10.1103/
PhysRevX.4.031015.

[463] J. V. Koski, V. F. Maisi, Takahiro Sagawa, and J. P.
Pekola. Experimental observation of the role of mu-
tual information in the nonequilibrium dynamics
of a Maxwell demon. Phys. Rev. Lett., 113:030601
(2014). doi:10.1103/PhysRevLett.113.030601.

[464] Jordan M. Horowitz and Henrik Sandberg. Second-
law-like inequalities with information and their in-
terpretations. New J. Phys., 16(12):125007 (2014).
doi:10.1088/1367-2630/16/12/125007.

[465] Folarin Latinwo, Kai-Wen Hsiao, and Charles M.
Schroeder. Nonequilibrium thermodynamics of
dilute polymer solutions in flow. J. Chem. Phys.,
141(17) (2014). doi:10.1063/1.4900880.

[466] Peter Hänggi and Peter Talkner. The other QFT.
Nat. Phys., 11(2):108–110 (2015). doi:10.1038/
nphys3167.

[467] Juan M. R. Parrondo, Jordan M. Horowitz, and
Takahiro Sagawa. Thermodynamics of informa-
tion. Nat. Phys., 11(2):131–139 (2015). doi:10.1038/
nphys3230.

[468] Jordan M. Horowitz. Multipartite information flow
for multiple Maxwell demons. J. Stat. Mech.: Theor.
Exp., (3):P03006 (2015). doi:10.1088/1742-5468/
2015/03/P03006.

[469] A. Alemany, M. Ribezzi-Crivellari, and Felix Ritort.
From free energy measurements to thermodynamic
inference in nonequilibrium small systems. New J.
Phys., 17(7):075009 (2015). doi:10.1088/1367-2630/
17/7/075009.

[470] Bernard Gaveau and M. Moreau. Time reversal
invariance, entropy production and work dissipa-
tion in stochastic thermodynamics. Eur. Phys. J. Spe-
cial Topics, 224(5):905–925 (2015). doi:10.1140/epjst/
e2015-02435-6.

22

http://dx.doi.org/10.1103/PhysRevLett.111.180603
http://dx.doi.org/10.1103/PhysRevLett.111.180603
http://dx.doi.org/10.1103/PhysRevE.88.062135
http://dx.doi.org/10.1103/PhysRevE.88.062135
http://dx.doi.org/10.1088/1367-2630/15/12/125012
http://dx.doi.org/10.3367/UFNe.0183.201306d.0617
http://dx.doi.org/10.3367/UFNe.0183.201306d.0617
http://arxiv.org/abs/1208.1202
http://dx.doi.org/10.1002/9783527658701.ch7
http://dx.doi.org/10.1021/ma400961s
http://dx.doi.org/10.3390/e15020524
http://dx.doi.org/10.3390/e15020524
http://dx.doi.org/10.1002/9783527658701.ch2
http://dx.doi.org/10.1002/9783527658701.ch2
http://dx.doi.org/10.1002/9783527658701.ch6
http://dx.doi.org/10.1002/9783527658701.ch6
http://dx.doi.org/10.1002/9783527658701.ch1
http://dx.doi.org/10.1002/9783527658701.ch1
http://dx.doi.org/10.1088/1742-5468/2014/02/P02016
http://dx.doi.org/10.1088/1742-5468/2014/04/P04010
http://dx.doi.org/10.1088/1742-5468/2014/04/P04010
http://dx.doi.org/10.1103/PhysRevE.89.052119
http://dx.doi.org/10.1103/PhysRevX.4.031015
http://dx.doi.org/10.1103/PhysRevX.4.031015
http://dx.doi.org/10.1103/PhysRevLett.113.030601
http://dx.doi.org/10.1088/1367-2630/16/12/125007
http://dx.doi.org/10.1063/1.4900880
http://dx.doi.org/10.1038/nphys3167
http://dx.doi.org/10.1038/nphys3167
http://dx.doi.org/10.1038/nphys3230
http://dx.doi.org/10.1038/nphys3230
http://dx.doi.org/10.1088/1742-5468/2015/03/P03006
http://dx.doi.org/10.1088/1742-5468/2015/03/P03006
http://dx.doi.org/10.1088/1367-2630/17/7/075009
http://dx.doi.org/10.1088/1367-2630/17/7/075009
http://dx.doi.org/10.1140/epjst/e2015-02435-6
http://dx.doi.org/10.1140/epjst/e2015-02435-6


[471] Christian Van den Broeck and Massimiliano Espos-
ito. Ensemble and trajectory thermodynamics: A
brief introduction. Physica A, 418:6–16 (2015). doi:
10.1016/j.physa.2014.04.035.

[472] Sosuke Ito and Takahiro Sagawa. Information flow
and entropy production on Bayesian networks. In
Mathematical Foundations and Applications of Graph
Entropy. Whiley (2015). arXiv:1506.08519.

[473] Anthony Bartolotta, Sean M. Carroll, Stefan Le-
ichenauer, and Jason Pollack. The Bayesian second
law of thermodynamics. Phys. Rev. E, 94:022102
(2016). doi:10.1103/PhysRevE.94.022102.

[474] Gavin E. Crooks and Susanne Still. Marginal
and conditional second laws of thermodynamics.
Europhys. Lett., 125:40005 (2019). doi:10.1209/
0295-5075/125/40005. arXiv:1611.04628.

[475] Giovanni Gallavotti. Statistical Mechanics: A Short
Treatise. Springer (1999).

I got another quarter hundred weight of books on the subject
last night. I have not read them all through.

William Thompson (Lord Kelvin) Lecture IX, p87

23

http://dx.doi.org/10.1016/j.physa.2014.04.035
http://dx.doi.org/10.1016/j.physa.2014.04.035
http://arxiv.org/abs/1506.08519
http://dx.doi.org/10.1103/PhysRevE.94.022102
http://dx.doi.org/10.1209/0295-5075/125/40005
http://dx.doi.org/10.1209/0295-5075/125/40005
http://arxiv.org/abs/1611.04628

