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Contents
1. recent controversy: Norton (2016) (wrong, along with Duhen 1903 that Norton cites, for
several reasons) versus Valente (2017) (better than Norton, but still faces problems: in what
space do the “elementary quasi-static processes” live? what topology defines “closeness” to
reversible paths in equilibrium space of states?)
2. I propose an analysis that is consistent with the orthodoxy (e.g., Fermi (1956)) that I think
Norton rightly draws attention to as potentially inconsistent, whereas mine has not even the
whiff of inconsistency, and has no need for resources external to classical thermodynamics
(e.g., non-equilibrium states):
a. “equilibrium” is a concept that is always relative to a time scale (e.g., the evaporation
of the glass of water—the water is in equilibrium over scales of a few minutes but not
several hours), and to an acuity of proposed types of measurement relevant to envisaged
experiments
b. choose a small enough time scale that the system is essentially in equilibrium over it,
say τ units of time
c. for the process at issue, determine the equilibrium states at discrete intervals of τ units
of time
d. this gives a discrete set of points in the equilibrium space of states, labeled by instants
of time every τ units
e. now, construct an interpolated continuous limit curve between the discrete points, as
follows: just as equilibrium is relative to time scale, and so sets lower bounds on the
admissible acuity of temporal measurements, so the same holds for the admissible acuity
of the measurements of all thermodynamical quantities. For the pragmatic purposes of
the proposed experiment, therefore, given two equilibrium states between which all
relevant quantities differ by at most the admissible acuities, those two states for all
intents and purpores “differ by an infinitesimal”, and so a linear interpolation (“tangent
vector” on the space of states) between them is justified.
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f. label the points of the full curve by the appropriate instants of time (these labels are not
part of the curve in the equilibrium space of states per se, but an externally imposed
device), viz., by a parametrization with respect to the changes of the relavant physical
quantities are linear—the integrated time of the complete curve will be finite
g. one can now integrate quantities (total heat exchanged, total work performed, etc.)
along the curve in the usual way
One fundamental question for may account: does its pragmatic aspect, in which each curve
must be treated differently depending on what experiment one envisages (and so what the timescale for equilibrium is, and what acuities are admissible in differences of quantities), suffice for a
foundational (or “philosophical”) explication? I think so. The only reason it could not is because
one holds to the idea that the empirical meaning of theoretical terms and structures in a theory
is exhausted by their “ontological” import, irrespective of how they are instantiated in particular
experiments. The goal, however, after all, is to tease out, analyze, and characterize the empirical
content of the theory by an explication of the theoretical structures in a way consonant with
their possible experimental applications, and indeed so as to be able to model and explain the
possible experimental applications. Such an explication must also be capable of explaining the
possibilities of our broader, general “experience” of the kinds of physical systems the theory treats,
e.g., to explain why fluids do not maintain shape without external constraint. That one can do
this in isolation from consideration of how the theory is applied in practice to actual experiments
is a highly non-trivial assumption, though one endemic to contemporary philosophy of science in
general, and philosophy of physics in particular—but one which I deplore and reject. (See, e.g.,
Curiel 2014, 2017a, 2017b.)

References
Curiel, E. (2014). On the propriety of physical theories as a basis for their semantics. Unpublished manuscript, latest version available at http://strangebeautiful.com/papers/
curiel-propriety-adequacy-basis-sems.pdf.
Curiel, E. (2017a). Schematizing the observer and the epistemic content of theories or getting
the theory into the laboratory. Unpublished manuscript.
Curiel, E. (2017b). Theory and experiment. Unpublished manuscript.
Fermi, E. (1937[1956]). Thermodynamics. Dover Publications, Inc. The Dover 1956 edition is an
unabridged, unaltered republication of the 1937 Prentice-Hall edition.
Norton, J. (2016). The impossible process: Thermodynamic reversibility. Studies in History and
Philosophy of Science Part B: Studies in History and Philosophy of Modern Physics 55,
43–61. doi:10.1016/j.shpsb.2016.08.001.
Valente, G. (2017). On the paradox of reversible processes in thermodynamics. Synthese. Early
online availability for special issue “Infinite Idealizations in Science”. doi:10.1007/s11229017-1560-3.

Erik Curiel

2

December 22, 2017

