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The Laws of Thermodynamics
e Oth Law
Introduces the thermodynamic intensive variable of temperature (T)

e 1stLaw
Conservation and conversion of energy
Defines extensive thermodynamic state variable of internal energy (U)

dU = 6q - ow’
e 2nd Law
Defines the extensive thermodynamic state variable of entropy (S)
e 20
e 3rd Law

For systems in internal equilibrium, sets the zero of entropy at the
minimum in temperature (0K) and at the minimum in internal energy

The Three TdS Equations

TdS = ¢ dT + L& 4v
v ﬁT

TdS = cﬂa’T - TVadP

B,

TdS = c, —dP+ dv

V

Fundamental Equations (extensive) for Magnetic Materials
dU" =TdS'- PV’ + V'u HdM + Zu dn,

dH' = TdS" + V'dP - V'u MdH + Zudn,
dA" = -S§'dT - PdV" + V'u, HdM + Zudn,
dG’'=-8dT + V'dP - V'iu MdH + Zudn

Maxwell Relations for Single Component
ory _ (0P
oV Js S
s
oV )i
a8 _
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Preface

In preparing this new edition, I have endeavored to retain the substance of the
previous five editions while adding some flavors of my own. These additions are
ones which reflect my research interests (in magnetism and phase transformations)
and are also relevant to current materials science students. Additions to this book
include the role of work terms other than P-V work (e.g., magnetic work), along with
their attendant aspects of entropy, Maxwell relations, and the role of such applied
fields on phase diagrams. Also, there is an increased emphasis on the thermodynam-
ics of phase transformations. These topics are sprinkled throughout the text, and an
entirely new chapter (Chapter 15) has been included which collects specific thermo-
dynamic applications to the study of phase transformations. To make the agreed-
upon deadline for the manuscript, other potential changes remain on my computer.
Perhaps they will see the light of day in the seventh edition!

The text is written for undergraduate materials science students and can be uti-
lized by materials-related graduate students who have not taken such a course in
their undergraduate studies. It has been more than 40 years since I used the first edi-
tion of the text when teaching my first class in thermodynamics at Carnegie Mellon
University. I also used the text in the mid-1990s in several summer school classes on
thermodynamics at CMU. Experience makes me aware that it is impossible to make
it through the entire text in a one-semester course. In this edition, I have divided the
book into three sections. I suggest that at least the first section (“Thermodynamic
Principles”) and as much as possible of the second section (“Phase Equilibria”) be
included in a one-semester undergraduate course. The third section (“Reactions and
Transformations”™) can make its way into other courses of the curriculum that deal
with oxidation, energy, and phase transformations.

This author is well aware of the rise of computational materials science and the
need for computational thermodynamics in such courses. I consider this text a pre-
requisite for any course that utilizes the computational methods of thermodynamics:
one should not compute what one does not understand!

I acknowledge the continual support of my family, especially my wife Diane,
who has been very patient over the years with my excursions to my study in prepa-
ration for lectures, often on weekends! All of my students have been helpful in so
many ways over the years of teaching and research. My former student Dr. Jingxi
Zhu is especially thanked for help with the proof reading of several chapters. For
nearly twenty years I have had the benefit of collaboration and friendship with Prof.
Michael McHenry with whom I have taught magnetic materials classes in which
thermodynamics has played a major role. Lastly, I acknowledge my long friend-
ship with Prof. William A. Soffa of the University of Virginia for countless discus-
sions and learning sessions on topics relevant to thermodynamics, magnetism, phase
transformations, as well as the history and philosophy of science. I hope that he has
learned at least half as much from me as I have from him.
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xviii PREFACE

[ count it a privilege to produce the sixth edition of Gaskell’s Thermodynamics,
some 4 years after David’s death. May the text continue to train materials students
well in the basics of thermodynamics.

David E. Laughlin

ALCOA Professor of Physical Metallurgy
Department of Materials Science and Engineering
Carnegie Mellon University

Postscript: Typographical errors enter thermodynamics books at an alarm-
ing rate. There is a Web site for this text https://www.crcpress.com/product/
isbn/9781498757003 and on it will be a list of typos. Please feel free to send me any
that you find. Send all typos to Gaskell.Laughlin@gmail.com.
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