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PREFACE

At the beginning of the 19" century in the rapidly industrializing
Europe(1824) Sadi Carnot propsed a theorem, which was the foundation
of thermodynamics. Especially, Carnot’s theorem that reversible heat en-
gines are of the highest efficiency was the foundation or starting point of
the second law of thermodynamics. The heat engine is running in cycle, so
Carnot’s theorem is always connected with Carnot’s cycle. After about 30
years, on the basis of a cyclical process assumption Clausius introduced
the state function of “entropy” and got the classical mathematic expression
of the second law of thermodynamics — Clausius inequality with a premise
of equilibrium initial and final states. A rather huge and rigorous disci-
pline of classical thermodynamics was formed by conection between math-
ematic expressions of the first and the second laws of thermodynamics.
Classical thermodynamics plays a very important role in development of
science and progress of society. However, the assumeption of eyclical
processes and the premise of equilibrium initial and final states are just a
strong limitation for classical thermodynamics to apply any nonequilibrium
states of systems and any going irreversible processes, because there is no
definition for state functions(even temperature and pressure) in nonequi-
librium states, |

[ 4

In the practical world of biosphere on the earth, a lot of systems are
in their nonequilibrium states, Many new materials, such as low-pressure
synthetic diamond, fullerenes, carbon nanotubes and so on, are prepared
under nonequilibrium conditions. A lot of irreversible processes in nature

or in the field of science and technology are not cyclical processes. For
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instance, the biosphere on the earth can not go back to a million year ago,
and even can not go back to one minute or one second ago. Moreover, life
is always connected with nonequilibrium states, life is not agree with the
premise of equilibrium initial and final states. It is the duty of thermody-

namicists to apply thermodynamics into more extensive areas.

At the beginning of the 20™ century, the introduction of the local
equilibrium approximation and the positive entropy production principle —
the general mathematic expression of the second law of thermodynamics
had extended the applicability of thermodynamics. The interaction
between irreversible processes — thermodynamic coupling became an im-
portant central program to develop thermodynamics. In 1931, Lars
Onsager got reciprocity relations between coupling coefficients of different
irreversible processes in the close-to-equilibrium regime and established a
field of linear dissipative thermodynamics, In 1950s—1960s, Ilya Prigog-
ine proposed dissipative structures — irreversible dissipative processes be-
ing the sources of ordering in far-from-equilibrium regime and established
a field of nonlinear dissipative thermodynamics. In 1990 the author and
Jan-Otto Carlsson proposed thermodynamic coupling model for activated
low-pressure diamond growth from the vapor phase, in 1995 the author
achieved the quantitative calculation of nonequilibrium phase diagrams and
established a field of nondissipative thermodynamics. After 2002 the com-
plete basic systematization of thermodynamics was obtained by the
author, as shown in Fig. 0. 1. The view of whole thermodynamics has
been drastically changed. Such a complete illustration can not be found in
other books on thermodynamics. The key viewpoint of the whole book is
the deepenning of understanding of the second law of thermodynamics.
Carnot’s theorem should be extended into its extended form that the non-

dissipative processses are of the highest energy transformation efficiency.
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Reversible process is a special case of cyclical nondissipative process. Get-
ting rid of the limitation of cyclical processes is a new starting point for

development of thermodynamics.

Thermodynamics
[dS=0]
no coupling ves
Classical thermodynamics Modern thermodynamics
[dS = 0] [dS <0, dS; >0& dS>=0]
ves” equality™\10 Y& equality ~~~70_
Equilibrium ~ Nonequilibium ~ Nondissipative Dissipative
thermodynamics  thermodynamics c thermodynamics thermodynangcs
_ . dS <0, dS >0  [dS <0, dS >0 & dS> 0]
[45=0] (dS>o0] 2. dS=0] yes " linearity 710
l representative ] event | Linear dissipative ~ Nonlinear dissipative
Equilibrium Only as a Wang's thermodynamics thermodynamics
phase diagram criterion nonequilibrium [ 4,5(a litdey > 0] [dS> 0]
phase diagram | representative  event I
Onsager's Prigogine’s

recprocity relation  dissipative structure
diS;, diS; & d;S are entropy productions of nonspontaneous,

spontaneous processes & system, respectively.

M 0.1 A complete basic systematization of thermodynamics

The coworkers, who had joined this project, had been listed in Pref-
aces of the previous Chinese and English books of us. In recent years,
David Wei Zhang, Wei-Feng Yu and some others have still been working
on this project. The contents of Section 7. 8 in this book “Influence of Gas
Phase Composition on Crystal Orentation of Low-Pressure Diamond
Growth” was performed by David Wei Zhang and Jian-Yun Zhang. The
mathematic equation in Fig. 6. 3 was graduate student Ming Xu’'s proposal.
The saddle point in Fig. 6.4 was proposed by Robbert Harrison of Geogia
State University. The primary manuscript of this book was written by the
author in Atlanta(Oct. —Dec. 2004). Figure 2. 8 and Fig. 3.7 are sugges-
ted by Yuan-Fang Wang, who had also provides many reference materials.
Zhong Qiang Huang had checked the mathematic deduction in Section 4. 8§

and Section 4. 9 of Chapter 4 and corrected a literal error in the reference.
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