
 

 

In a recent paper in this journal, Ochrymiuk, Dudda and Badur 

[1], to be denoted collectively by ODB in short here, have com-

pared their results with a fundamental theorem of non-equilib-

rium thermodynamics that I had derived in 2011 [2]. The au-

thors claim that it “is an unacceptable paradoxical result” to jus-

tify why their results do not agree with this theorem. This is 

unfortunate and is caused by their partial understanding of the 

first law as commonly stated in textbooks, see Callen [3], in 

terms of exchange heat 𝑑e𝑄 and work 𝑑e𝑊 in Eq. (2), and not 

appreciating its subtle difference with the second law that is al-

ways stated in terms of system-intrinsic (SI) heat 𝑑𝑄 and work 

𝑑𝑊. Correcting these deficiencies will show that the theorem is 

unassailable. 

We will use the most common notation in [2], which can be 

expressed in terms of the notation by ODB as follows: 𝑑e is 𝑑eq 

and 𝑑i is 𝑑irr, here e refers to external or exchange with the out-

side and i refers to internal or irreversible. In contrast, 𝑑 refers 

to SI changes so we have the operator identity 𝑑 = 𝑑e + 𝑑i. Any 

irreversibility is due to processes that occur internally [4], so it 

is better to focus on an isolated system  for which 𝑑 = 𝑑i as 

there is no outside to it, so that 𝑑𝑄 = 𝑑i𝑄 and 𝑑𝑊 = 𝑑i𝑊; sim-

ilarly 𝑑𝐸 = 𝑑i𝐸, where 𝑑i𝐸 is the internal change in the energy 

𝐸 and 𝑑𝑆 = 𝑑i𝑆 for the entropy 𝑆. 

Let 𝐸𝑘 denote the SI energy of the 𝑘th microstate of the 

Hamiltonian of , which occurs with probability 𝑝𝑘  in the en-

semble. Then 

 𝐸 ≐ ∑  𝑝𝑘𝑘 𝐸𝑘 ,  

which is defined for any system, isolated or not and of any size, 

not necessarily macroscopic. From the definition, we obtain 

  𝑑𝐸 ≐ ∑  𝐸𝑘𝑑𝑝𝑘𝑘 + ∑  𝑝𝑘𝑘 𝑑𝐸𝑘 = 𝑑𝑄 − 𝑑𝑊, (1) 

where the first sum is the SI heat 𝑑𝑄 that appears in the system, 

and the SI work 𝑑𝑊 done by the system; the latter follows im-

mediately from the ensemble average of the work 𝑑𝑊𝑘 = −𝑑𝐸𝑘 

done by the 𝑘th microstate, which happens at the cost of reduc-

ing 𝐸𝑘. Thus, Eq. (1) is nothing but a statement of energy con-

servation and represents the first law in terms of SI quantities, 

including the entropy governed by the second law through 𝑑𝑄. 

This is contrasted with the conventional form 

 𝑑𝐸 ≐ 𝑑e𝑄 − 𝑑e𝑊 (2) 

of the first law in terms of exchange quantities controlled by the 

outside and does not include the entropy as part of it. Therefore, 

𝑑𝐸 here truly represents the energy change 𝑑e𝐸 due to exchange 

only. This will imply that 𝑑i𝐸 = 0 due to internal processes, 

which is consistent with the well-known fact that internal pro-

cesses cannot change the energy of any system [5]. For our iso-

lated , this means that 𝑑𝐸 = 𝑑i𝐸 = 0. Using Eq. (1), this im-

mediately proves the theorem 
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  𝑑i𝑄  𝑑i𝑊 (3) 

for , whose physical significance is the following: the theo-

rem finally justifies the well-known experimental result of 

classical thermodynamics that any internal work is completely 

dissipated in the form of internal heat as noticed by Count 

Rumford (Benjamin Thomson) [6] while drilling cannons to 

argue that heat could not be a caloric fluid. It is truly an irre-

versibility principle governing irreversible processes through 

the first law: 

   𝑑i𝐸 ≐ ∑  𝐸𝑘𝑑i𝑝𝑘𝑘 + ∑  𝑝𝑘𝑘 𝑑i 𝐸𝑘 = 𝑑i𝑄 − 𝑑i𝑊 = 0, (1) 

for any system, not necessarily an isolated one [7]. Thus, the 

theorem is not “(...) an unacceptable paradoxical result”, and 

ODB is incorrect in the assessment. The first law in Eq. (2) 

makes no connection with the second law, but that in Eq. (1) is 

equivalent to the second law as claimed in [2]. 

I do not make any inference of the theorem about other results 

ODB has obtained in [1]. 
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Answer of Authors of the original paper 

Dear Editor-in-Chief, 

In our paper On a Carnot working continuum with non-equilib-

rium state parameters published in your journal, we quoted  

a four-page work by Professor Gujrati under the title: General-

ized non-equilibrium heat and work and the fate of the Clausius 

inequality from 2011. 

The reason we quoted Gujrati's article was that we were 

looking for premises in the literature to justify different from the 

classical formulations of the first law of thermodynamics. Now, 

in Prof. Gujrati's article, we have found an extended form of the 

first law of thermodynamics, which has some analogies to our 

formulation of the first law of thermodynamics. 

What was valuable to us was the fact that both our work and 

the work of Professor Gujrati are based on a new, hardly ac-

ceptable, surprising model postulate, requiring further justifica-

tion, research and new premises. This new, hardly acceptable, 

element of the model is: our “uncompensated work transfor-

mation 𝒩𝑤𝑜𝑟𝑘” and the “irreversible internal work 𝑑𝑖𝑊”, in the 

Gujrati’s paper. 

As for the unfortunate wording: “an unacceptable and para-

doxical result”. This was the wording originally used at the 

JETC 2023 conference at Salerno in relation to the concept of 

“uncompensated work transformation 𝒩𝑤𝑜𝑟𝑘” that we have in-

troduced. 

We are glad that it was noted that our extended form of the 

first law of thermodynamics is based on this new element of 

𝒩𝑤𝑜𝑟𝑘 – which per se is difficult to be accepted and sounds par-

adoxical. Perhaps it is good that during the discussion with one 

of the authors, the strong words “an unacceptable and paradoxi-

cal result” were used – they are the best way to draw attention 

to the importance of the problem. 

From the history of thermodynamics, we remember Lord 

Kelvin's words about the result of Davy's work as: “a lame and 

impotent conclusion” – it was not at all an unintentional harm to 

anyone. Rather, they were an indication of the place where we 

should focus our attention in the future. 

Why did we also take the liberty of applying these words to 

Prof. Gujrati's result? Because we see many analogies between 

our extended formulation of the first law of thermodynamics and 

the extended formulation proposed by Prof. Gujrati. 

This means that the criticisms are also similar. Therefore, we 

relate to Gujrati’s irreversible internal work 𝑑𝑖𝑊 in an equiva-

lent way as others relate to our 𝒩𝑤𝑜𝑟𝑘. We understand well that 

𝑑𝑖𝑊 is a novelty among thermodynamic proposals and we ac-

cept it – in our new explanatory paper, Around the invalid for-

mulations of the first law of thermodynamics, we are proving 

that there is: a historical, logical and physical analogy of 𝑑𝑖𝑊 

with our uncompensated transformation of the work 𝒩𝑤𝑜𝑟𝑘. 

After a series of discussions in the community, we know that 

both: 𝑑𝑖𝑊 and 𝒩𝑤𝑜𝑟𝑘 are new, difficult to accept and paradoxi-

cally sounding proposals for thermodynamics. Therefore, we are 

glad that in his reply to our article, Prof. Gujrati gives one more 

premise for the validity of the 𝑑𝑖𝑊 – this time derived from sta-

tistical thermodynamics. We thank Professor Gujrati for putting 

the research focus at the heart of the problem, and we apologize 

for the linguistic misunderstanding. 

Yours sincerely, 

Tomasz Ochrymiuk, Waldemar Dudda and Janusz Badur 
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