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Abstract
This comment addresses some points in the paper by de los Santos and López-
Lacomba (2013 Eur. J. Phys. 34 659). More specifically, we clarify the use of
the Clausius relation and argue that the proposed new definition of reversi-
bility is flawed. Our motivation is the pedagogical need to clarify issues which,
despite being subtle, are perfectly tractable.

That thermodynamics is a subtle subject is manifest in de los Santos and López-Lacomba’s
paper [1], where the main topics addressed are the Clausius relation, reversibility and
reservoirs (of heat or work). Despite the merit of the authors in addressing these topics, we
believe their treatment is based on incorrect premises. The issues include using in the Clausius
relation the system temperature (instead of reservoir temperature) and being unaware that a
thermodynamic process is a system–surroundings interaction (instead of focusing only on the
system).

At the outset one must select the system and its surroundings, both constituting the
thermodynamic universe. Starting from a set initial equilibrium state, the system interacts in a
given way with its surroundings and evolves towards a final equilibrium state. Considering
such evolution to be very slow as compared with the system relaxation time, i.e. in the ideal
case of quasistatic processes [2], an important question then arises: by knowing the system’s
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initial and final states as well as the path5 connecting those states, is the process uniquivocally
defined? The answer is no. This means that the system can reach the same final state through
the same path yet interact differently with its surroundings, i.e. producing non-equivalent
effects in the surroundings. It is precisely a particular system–surroundings interaction that
constitutes a thermodynamic process and not only the evolution of the system from initial to
final state. Specifically, it is not possible to infer the process as being reversible or irreversible
by only looking at the system, i.e. by disregarding the modifications occurring in the sur-
roundings. Reversibility (or irreversibility) characterizes the process (which is an interaction)
and not the system (or surroundings) alone. It is not conceivable that an interaction between
two entities (here the system and the surroundings) can be fully characterized by taking just
one of them into account, the only exception being for the ideal case of reversible processes.

However, for real processes it might not be possible to consider a path connecting the
system’s initial and final states, i.e. the process is non-quasistatic [2]. If so, at least some
variables are not defined except for the initial and final states, and thus the process is not
representable in diagrams unless it is possible to replace it by an identical quasistatic process
[3, 4], i.e. by a quasistatic one that produces equivalent effects in the surroundings.

We adopt Callen’s standpoint that the surroundings are characterized by relaxation times
sufficiently short that all processes of interest within them are essentially quasistatic [5]. This
implies that all intensive variables in the surroundings are spatially uniform, an idealization
which is at the core of the definition of reservoir in thermodynamics, the distinction between a
work reservoir and heat reservoir being related with its entropy. A work reservoir does not
change its entropy as it interacts with the system [6, 7], unlike a heat reservoir which interacts
with the system by experiencing an entropy variation SeD given by [5, 6]

S
Q

T
, 1e

e
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- ( )

where Q is the heat and Te the heat reservoir temperature, the subscript ‘e’ denoting
surroundings variables. It is worth highlighting that heat and work are process variables, thus
characterizing the interaction between the system and the respective reservoir. Relation (1),
together with the imposition that Te be constant regardless of the value of Q, constitute the
definition of a heat reservoir. Conversely, (1) can be taken as the criterion for the existence of
Q during a given process, since the heat and work concepts are inseparable from, and thus
related to, their respective reservoir concepts. The minus sign in (1) results from taking the
heat as positive when it enters the system and negative otherwise.

In [1] the authors often refer to the system (or surroundings) undergoing per se reversible
or irreversible processes, thus ignoring completely that it is the process that is reversible or
irreversible (not the system or surroundings alone). To emphasize this, note that for a process
the total entropy variation satisfies

S S 0, 2e D + D ( )

where SD is the system entropy variation, this expression constituting a mathematical
statement of the second law of thermodynamics, the equality holding for reversible processes
and the inequality for irreversible ones. Clearly, (2) shows that the decision whether a process
is reversible or not involves knowing the entropy variation of both system and surroundings.
Also, (2) can be used to define the distinction between a reversible and irreversible process,
the former being a useful idealization [2], as it gives a lower bound for the universe entropy
variation, allows theoretical calculations, and can be a good approximation in many practical

5 A path means a line in the space of system states.
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situations. The assumption of reversible process in thermodynamics parallels, for instance,
those made in mechanics when considering weightless strings, frictionless pulleys or point
masses; see e.g. [2].

Combining the concept of a reservoir with the second law, i.e. inserting (1) into (2), and
considering that the system might interact with N heat reservoirs, the well-known (although
not as well understood) Clausius relation [8] is obtained:
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where Qi is the heat resulting from the interaction of the system with the heat reservoir at
temperature T .ie,

For a cyclic process (i.e. one for which the system returns back to its initial state6),
S 0D = and, therefore, the Clausius relation (3) takes the form
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It is always useful to point out that, in (3) and (4), T ie, is the temperature of the heat
reservoir with which the system has interacted. Despite this issue having been addressed in
the literature [e.g. 2–4, 6, 8], it is erroneously considered the system temperature in the ‘oil
vat and ants’ example described in [1], an example aiming to show that a system can
experience ‘exactly the same vicissitudes when placed in contact with two different envir-
onments’, Q being the same in the two cases as well as the system temperature T. This is
absolutely possible, as correctly mentioned in [1], but what is wrong is to think that the
system experiences the same process in the two cases. When the very hot oil vat (the system)
is placed in contact with the ants, the ants play the role of heat reservoir and it is their
temperature Te that must be used when applying (3), giving S Q TeD > (since the process is
irreversible). On the other hand, if the same oil vat (the system) is considered the hot body of
a reversible heat engine (the surroundings), the temperature T of the oil vat is always equal to
that of the engine T ,e¢ and (3) gives S Q TeD = ¢ (since the process is reversible), noting that in
both cases Q 0.< The temperature in the Clausius relation (3) is always that of the sur-
roundings, which is different in the two situations described T T T .e e¢ =( ) However, in (3),
the authors of [1] wrongly considered the temperature always to be the system’s (i.e. the oil
vat temperature), leading to incorrect conclusions, which in turn prompted a new definition of
reversible process that undermines the role of the surroundings and, therefore, makes no
sense. According to the authors’ proposal, virtually every process would be reversible, which
conflicts with (2), where the equality or inequality is clearly determined by adding both the
system’s and surroundings’ entropy variations, so that in the first case S Q TeD > and

S Q Te eD = - giving S S 0eD + D > consistent with (2) for an irreversible process, whereas
in the second case S Q TeD = ¢ and S Q Te eD = - ¢ giving S S 0eD + D = consistent with (2)
for a reversible process.

References

[1] de los Santos F and López-Lacomba A 2013 A note on heat reservoirs and the like Eur. J. Phys. 34
659–65

[2] Zemansky M W and Dittman R H 1977 Heat and Thermodynamics 7th edn (New York:
McGraw-Hill)

6 System and surroundings cannot both return to their initial states, except for a reversible cycle.

Eur. J. Phys. 38 (2017) 048001 Comment

3

https://doi.org/10.1088/0143-0807/34/3/659
https://doi.org/10.1088/0143-0807/34/3/659
https://doi.org/10.1088/0143-0807/34/3/659
https://doi.org/10.1088/0143-0807/34/3/659


[3] Anacleto J 2005 Identical thermodynamical processes and entropy Can. J. Phys. 83 629–36
[4] Anacleto J and Ferreira J M 2015 On the representation of thermodynamic processes Eur. J. Phys.

36 035006
[5] Callen H B 1985 Thermodynamics and an Introduction to Thermostatistics 2nd edn (New York:

Wiley)
[6] Anacleto J 2010 Work reservoirs in thermodynamics Eur. J. Phys. 31 617–24
[7] Anderson N G 2013 Conditioning, correlation and entropy generation in Maxwell’s Demon

Entropy 15 4243–65
[8] Anacleto J 2011 On the Clausius equality and inequality Eur. J. Phys. 32 279–86

Eur. J. Phys. 38 (2017) 048001 Comment

4

https://doi.org/10.1139/p04-080
https://doi.org/10.1139/p04-080
https://doi.org/10.1139/p04-080
https://doi.org/10.1088/0143-0807/36/3/035006
https://doi.org/10.1088/0143-0807/31/3/019
https://doi.org/10.1088/0143-0807/31/3/019
https://doi.org/10.1088/0143-0807/31/3/019
https://doi.org/10.3390/e15104243
https://doi.org/10.3390/e15104243
https://doi.org/10.3390/e15104243
https://doi.org/10.1088/0143-0807/32/2/002
https://doi.org/10.1088/0143-0807/32/2/002
https://doi.org/10.1088/0143-0807/32/2/002

	References



