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Baxter function, 33

binary mixture theory, 26

binodal line, 122

Boltzmann constant, 1

bridge function, 31

canonical distribution, 116

canonical ensemble, 2
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potential, 117

Carnahan–Starling’s empirical

formula, 47

cavities theory, 28

chemical potential, 1, 5

chemical potential isothermal
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compressibility equation, 3

core-softened model, 15
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de Broglie thermal wavelength,
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direct correlation function, 31

energy equation, 3

excess internal energy, 3

free energy, 2

Gibbs–Duhem equation, 5

grand canonical partition function,

1

high temperature approximation,
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theory, 28

hydrogen bonds theory, 29

hyper-netted chain approximation,
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interpolation, 76

isobaric curve, 9

isothermal compressibility, 2, 18,
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lower triangular matrix, 66
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MSA see mean-spherical

approximation

negative thermal expansion, 7, 8,

10, 18

Ornstein–Zernike equation, 31

Percus–Yevick approximation, 32

Planck constant, 1

positive thermal expansion, 7, 9

potential energy, 2

predictor, 63–65, 68, 69, 71–73, 75,

79, 83, 85, 87

pressure, 4

pressure isothermal curve, 9, 110,

113, 114, 120, 121, 123, 124,

126, 128, 129, 132, 134

quartz-like structure theory, 28

radial distribution function, 2, 31

realistic water model, 14

reduced isothermal

compressibility, 5, 97

S-state and ρ-state theory, 27

SCOZA see self-consistent

Ornstein–Zernike

approximation

self-consistent Ornstein–Zernike

approximation (SCOZA), 6, 16,

17, 18, 30, 48–50, 58, 96, 107

simplified model, 15

spinodal curve, 62, 110

tetrahedral structure theory, 28

thermodynamic potential, 11, 23

thermodynamic self-consistent

theory, 16

total correlation function, 31

transpose matrix, 67

tridymite-like complexes theory,

28

two-pair distribution function, 2

upper triangular matrix, 66

vaporization point, 121, 122

virial equation, 3

virtual point, 77

Yukawa, 17, 49, 50, 57, 58
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The Physics of Liquid Water

A normal substance expands when heated and contracts when cooled, and this 
phenomenon is known as positive thermal expansion. However, in the case of water, 
positive thermal expansion occurs as long as its temperature is above 4°C. Below 
this temperature water contracts when heated and expands when cooled, and 
this phenomenon is known as negative thermal expansion. The thermodynamic 
mechanism that causes negative thermal expansion has been a mystery for hundreds 
of years and the various theories advocated so far have failed to solve it. Recently, 
the author of this book succeeded in fundamentally elucidating the thermodynamic 
mechanism of the negative thermal expansion of water.

Since the thermodynamic properties of matter are determined by the interactions 
between particles, the mystery of negative thermal expansion can be solved 
fundamentally if the thermodynamic physical quantities, using the laws of 
thermodynamics and statistical mechanics, are determined; the experimental results 
are reproduced; and the phenomena in relation to the shape of the interactions 
between particles are explained. In this sense, this book unravels the mystery. 
In addition, it discusses mysteries of the isothermal compressibility, structural 
diversity, liquefaction point, and boiling point of water in relation to the shape of 
the interactions between particles. It explains the analysis and calculation methods 
precisely so that they can be easily understood by the readers. 

Makoto Yasutomi is a part-time lecturer at the Department of Physics 
and Earth Sciences, University of the Ryukyus, Japan. He earned 
his master’s in physics from the Graduate School of Science and 
Technology, Kumamoto University, Japan, where he studied the internal 
structure and evolution of stars. He completed his doctorate on the 

dynamic evolution of galaxies at the Graduate School of Science, Nagoya University, 
Japan, in 1991. Apart from teaching, he conducts research on liquids with a focus 
on the analyses of the compressibility of liquid water on the basis of the shape 
characteristics of its interparticle interactions and the thermodynamic mechanism of 
its density anomaly. He has authored or co-authored more than 30 articles in reputed 
international journals. Dr. Yasutomi is a member of the Physical Society of Japan, 
which comprises research scientists, engineers, teachers, students, and citizens from 
all over the world. The organization allows him the opportunity to continuously gain 
knowledge in his field by networking with other professionals, attending meetings, 
and sharing research results. His most notable research on liquid matter physics was 
featured in the 8th edition of the Who’s Who in Science and Engineering. 
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