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Und=rgradumte Thermal Physics Texts

Callen, Herbert B., Thermodynamics and an Iniroduction to Thermostatistics, second edition (Wiley,
Mev. York, 1985). Develops thermodynamics from an abstract, logically rigorous approach. The
app.ication chapters are somewhat casier, and clearly written.

Carr ngton, Gerald, Basic Thermodynamics (Oxford University Press, Oxford, 1994). A nice
inroduction that sticks to pure classical thermodynamics.

KitteL Charkes, and Herbert Kroemer, Thermal Physics, second edition (W. H. Freeman, San
Francisco, 1980). An insightful text with a great variety of modern applications.

Mandl, F., Swmtistical Physics, second edition (Wiley, chichester, 1988). A clearly written text that
emphasizes the statistical approach.

Reif F., Fundamentals of Statistical and Thermal Physics (McGraw-Hill, New York, [965). More
advanced than most undergraduate texts. Emphasizes the statistical approach and includes
extensive chapters on transport theory.

Stowe, Keith, Introduction to Statistical Mechanics and Thermodynamics (Wiley, New York 1984).
Ferhaps she easiest book that takes the statistical approach, Very well written, but unfortunately
arred by an incorrect treatment of chemical potential.

Zemmnsky, Mark W., and Richard H. Dittman, Heat and Thermodynamics, seventh edition (McGraw-
Hill, New York, 1997). A classic text that includes good descriptions of experimental results and
ezchniques. Earlier editions contain a wealth of material that didn’t make it into the most recent
cdition; T especially like the fifth edition (1968, written by Zemansky alone).

Graduate-Level Texts

Chaxdler, David, Iniroduction to Ivfodern Statistical Mechanics (Oxford University Press, New
fork, 1987). My favoriie advanced text: short and well written, with lots of inviting problems. A
partial solution manual is also available.

Landau, L. D., and E. M. Lifeshitz, Statistical Physics, third edition, Part I, trans. J. B. Sykes and M.
.. Kearsley (Pergamon Press, Oxford, 1980). An authoritative classic.

Pathria, R. K., Statistical Mechanics second edition (Butterworth-Heinemann, Oxford, 1996). Good
vystematic coverage of statistical mechanics.

Pippard, A. B., The Elements of Classicai Thermodynamics (Cambridge University Press,
Cambridge, 1957). A concise summary of the theory as well as several applications.

Reichl, L., A Modern Course in Statistical Physics, second edition (Wiley, New York, 1998}.
Zncyclopedic in coverage and very advanced.
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Introductory Texts

Ambegaokar, Vi nay, Reasoning About Luck: Probability and its Uses in Physics (Cambridge
University Press, Cambridge, 1996). An elementary text that teaches probability theory ard
touches on many physical applications.

Fenn, John B., Engines, Energy, and Entropy: A Thermodynamics Primer (W. H. Freeman, Szn
Francisco, 1982). A gentlc introduction to classical thermodynamics, emphasizing everydey
applications and featuring cartoons of Charlie the Caveman,

Feynman, Richard P., Robert B. Leighton, and Matthew Sands, The Feynman Lectures on Physics
{Addison-vVesley, Reading, MA, 1963). Chapters 1, 3, 4, 6, and 39-46 treat topics in thermal
physics, with Feynman’s incredibly high density of deep insights per page.

Moore, Thomas A., Six Ideas that Shaped Physics, Unit T (McGraw-Hill, New York, 1998). This
very clearly written text inspired my approach to the second law in Sections 2.2 and 2.3.

Reif, F., Statistical Physics: Berkeley Physics Course-Volume 5 (McGraw-Hill, New York, 1967). A
rather advanced introduction, but much more leisurely than Reif (1965).

Popularizations

Atkins, P. VV,, The Second Law (Scientific American Books, New York, 1984). A nice coffee-tabe
book with lots of pictures.

Goldstein, Martin, and Inge F. Goldstein, The Refrigerator and the Universe (Harvard University
Press, Cambridge, MA, 1993). An extensive tour of thermal physics and its diverse applications,

Zemansky, Mark W., Temperatures Very Low and Very High (Van Nostrand, Princeton, 1964;
reprinted by Dover, New York, 1981). A short paperback that focuses on physics at extremme
temperatures. Very enjoyable reading, except when the author slips into textbook mode.

Engines and Refrigerators

Moran, Michael J., and Howard N, Shapiro, Fundamentals of Engineering Thermodynam-ics, third
edition (wiley, New York, 1995). One of several good encyclopedic texts.

Whalley, P. B., Basic Engineering Thermodynamics (Oxford University Press, Oxford, 1992).
Refreshingly concise.

Chemical Thermodynamics

Atkins, P. W., Physical Chemistry, sixth edition (W. H. Freeman, New York, 1998), One of several
good physical chemistry texts, packed with information.

Findlay, Alexander, Phase Rule, ninth edition, revised by A. N. Campbell and N. O. Smith (Dove-,
New York, 1951). Everything you ever wanted to know about phase diagrams.

Haasen, Peter, Physical Metallurgy, third edition, trans. Janet Mordike (Cambridge University Press,
Cambridge, 1996). An authoritative monograph that doesn’t shy away from the physics.

Rock, Peter A,, Chemical Thermodynamics (University Science Books, Mill Valley, CA, 1983). A
well-written introduction to chemical thermodynamics with plenty of interesting applications.

Smith, E. Brian, Basic Chemical Thermodynamics, fourth edition (Oxford University Press, Oxforc,
1990). A nice short book that covers the basics.
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Biology

Asimov, Isaac, Life and Energy {Doubleday, Garden City, NY, 1962). A popular account of
thermodynamics and its applications in biochemistry. Old but still very good.

Stryer, Lubert, Biochemistry, fourth edition (W. H. Freeman, New York, 1995). Marvelously
detailed, though not as quantitative as one might like.

Tinoco, lgnacio, Jr., Kenneth Sauer, and James C. Wang, Physical Chemistry: Principles and
Applications in Biological Sciences, third edition (Prentice-Hall, Englewood Cliffs, NJ, 1995).
Less comprehensive than a standard physical chemistry text, but with many more biochemical
applications.

Earth and Environmental Science

Andemson, G. M., Thermodynamics ofNatural Systems (Wiley, New York, 1996). A practical
introduction to chemical thermodynamics, with a special emphasis on geclogical applications.

Bohren, Craig F., Clouds in a Glass ofBeer: Simple Experiments in Atmospheric Physics (Wiley,
New York, 1987). Short, elementary, and delightful. Begins by observing that “a glass of beer
is a cloud inside out.” Bohren has also written a sequel, What Light Through Yonder Window
Breaks? (Wiley, New York, 1991).

Bohren, Craig F., and Bruce A. Albrecht, Atmospheric Thwvrmodynamics (Oxford University Press,
New York, 1998). Though intended for meteorology students, this textbook will appeal to anyone
who knows basic physics and is curious about the everyday world. Great fun to read and full of
food for thought.

Harte, John, Consider a Spherical Cow; A Course in Environmental Problem Solving (University
Science Books, Sausalito, CA, 1988). A wonder:fy.Ybook that applies undergraduate-level
physics and mathematics to dozens of interesting environmental problems.

Kern, Raymond, and Alain Weisbrod, Thermodynamics for Geologists, trans. Duncan McKie
(Freeman, Cooper and Company, San Francisco, 1967). Features a nice selection of worked
examples.

Nordstrom, Darrell Kirk, and James L. Munoz, Geodlemical Thermodynamics, second edition
{Blackwell Scientific Publications, Palo Alto, CA, 1994). A well-written advanced textbook for
serious geochemists.

Astrophysics and Cosmaology

Carroll, Bradley W., and Dale A. Ostlie, An Introduction to !vfodern Astrophysics (Addison-Wesley,
Reading, MA, 1996). A clear, comprehensive introduction to astrophysics at the intermediate
undergraduate level.

Peebles, P. J. E., Principles ofPhysical Cosmology (Princeton University Press, Princeton, NJ,
1993). An advanced treatise on cosmology with a detailed discussion of the thermal history of
the early universe.

Shu, Frank H., The Physical Universe: An Introduction to Astronomy (University Science Books,
Mill Valley, CA, 1982). An astrophysics book for physics students, disguised as an introductory
astronomy text. Full of physical insight, this book portrays all of astrophysics as a competition
between gravity and the second law of thermodynamics.
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Weinberg, Steven, The First Three Minutes (Basic Books, New York, 1977). A classic account of the
history of the early universe. Written for lay readers, yet gives a physicist plenty to think aboul.

Condensed Matter Physics

Ashcroft, Neil W,, and N. David Mermin, Solid State Physics (Saunders College, Philadelphia,
1976). An excellent text that is somewhat more advanced than Kittel (below).

Collings, Peter J., Liquid Crystals: Nature’s Delicate Phase of Matter (Princeton University Press,
Princeton, NJ, 1990). A short, elementary overview of both the basic physics and applications

Goodstein, David L., States of Jl.latter (Prentice-Hall, Englewood Cliffs, NJ, 1975; reprinted Ly
Dover, New York, 1985). A well written graduate-level text that surveys the properties of gases,
liquids, and solids.

Gopal, E. S. R., Specific Heats at Low Temperatures (Plenum, New York, 1966). A nice short
monograph that emphasizes comparisons between theory and experiment.

Kittel, Charles, Introduction to Solid State Physics, seventh edition (Wiley, New York, 1996). Tke
classic undergraduate text.

Wilks, J., and D. 8. Betts, An Introduction to Liquid Helium, second edition (Oxford University
Press, Oxford, 1987). A concise and reasonably accessible overview.

Yeomans, J. M” Statistical Mechanics of Phase ‘Transitions (Oxford University Press, Oxford,
1992). A brief, readable introduction to the theory of critical phenomena.

Computer Simulations

Gould, Harvey, and Jan Tobochnik, An Introduction to Computer Simulation Methods, secord
edition (Addison-Wesley, Reading, MA, 1996). Covers far-ranging applications at a variety of
levels, including plenty of statistical mechanics.

Whitney, Charles A., Random Processes in Physical Systems: An Introduction to Probability-Ba
ged Computer Simulations (Wiley, New York, 1990). A good elementary textbook that takes yon
from coin Hipping to stellar pulsations.

History and Philosophy

Bailyn, Martin, A Survey of Thermodynamics (American Institute of Physics, New York, 1994). A
textbook that gives a good deal of history on each topic covered.

Brush, Stephen G., The Kind of !vfotion We Call Heat: A History of the Kinetic Theory of Gases in
the 19th Century (North-Holland, Amsterdam, 1976). A very scholarly treatment.

Kestin, Joseph (ed.), The Second Law of Thermodynamics {Dowden, Hutchinson & Ross,
Stroudsburg, PA, 1976). Reprints (in English) of original papers by Carnot, Clausius, Thomson,
and others, with helpful editorial comments.

Left, Harvey 5., and Andrew F. Rex (eds.), Maxwell’s Demon: Entropy, Information, Computing
(Princeton University Press, Princeton, N1, 1990). An anthology of important papers on the
meaning of entropy.

Mendelssohn, K., The Quest for Absolute Zero, second edition (Taylor & Francis, London, 19777,
A popular history of low-temperature physics, from the liquefaction of oxygen to the properties
of superfluid helium.
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Yon Baeyer, Hans Christian, Ivfaxwell’s Demon: Why Warmth Disperses as Time Passes (Random
House, New York, 1998). A brief popular history of thermal physics with an emphasis on the
deeper issues. Highly recommended,

Tables of Thermodynamic Data

Eeenarn, Joseph Frederick G. Keyes, Philip G. Hill, and Joan G. Moore, Steam Tables (S.!” Units)
{Wiley, New York, 1978). Fascinating.

Lide, David R. (ed.), CRC Handbook of Chemistry and Physics, 75th edition (Chemical Rubber
Company, Boca Raton, FL, 1994). Cumbersome but widely available. Editions published since
1990 are better organized and use more modern units.

Rational Research Council, International Critical Tables ofNumerical Data (McGraw-Hill, New
York, 1926-33). A seven-volume compendium of a great variety of data.

Reynolds, William C., Thermodynamic Properties in S1 (Stanford University Dept. of Mechanical
Engineering, Stanford, CA, 1979). A handy compilation of properties of 40 important fluids.
%argafiik, N. B., Handbook of Physical Properties of Liquids and Gases (Hemisphere, Washington,

DC, 1997). Detailed property tables for a variety of fluids.

Woolley, Harold W., Russell B. Scott, and F. G, Brickwedde, “Compilation of Thermal Properties
of Hydrogen in its Various Isotopic and Ortho-Para Modifications,” Journal of Research of the
National B~of Standards 41, 379-475 (1948). Definitive but not very accessible.

* * *

An awkward aspect of reading any new textbook is getting used to the notation. Fortunately, many
of the notations of thermal physics have become widely accepted and standardized through decades
of use. There are several important exceptions, however, including the following:

Quantity This book Other symbols
Total energy U £
Multiplicity Q W g
Helmholtz free energy F A

Gibbs free energy G F

Grand free energy P Q
Partition function Z 0 q
Maxwell speed distribution D) P(v)
Quantum length Lo AAr
Quantum volume ve A3 ng
Fermi-Dirac distribution 7D (e) Je

Density of states g Dig



dr=a)0 wiblilyy

R JORRY

k =1381x1071/K
= 8.617X10°eV/ K
N, =6.022x10"
R =8315J/mol-K
o =6.626X107'Ts
= 4.136 X 10-"eV's
¢ =2.998X 10" m/s
G =6673X10"Nm'/kg
e =1602x10"C
m, =9.109x 10" kg
m, =1673X10" kg

dazgll S 925

latm =1.013bar=1.013X10°'N/m’
= 14.7Ibfin’ = 760 mm Hg
(Tin°C) =(Tin K) - 273.15
(Tin°F) =2 (I'in °C) +32
1°R =2K
1cal =4.1861]
1Btu =1054]
1eV =1.602X 10" J
lu =1.661x10"kg

403



404

Lty

ok Ay 1 S Ly o, pela b Ul Al (Janel) 300 AU ol Bl 6 ligis I s gm Glacd) el (5,301 sl
e a1 3,39 L5 Le Uiy g 50 08, 43T 8 9-1 oo oSl gl g Amaione ds 0 ALS 50y 12 Uilod (g5l il 0d3 e 12- 10,8
(sl b3 g 2l il g ¥ - il el Froe J5 V1 el G5l s 35508 il (gt o il dpneekall Slisall n S B
110 o yoliall J) doilly Eigjgo S5 Lasliae] Sosg eyl Sl 5 iy a5 LS s 515 Th, P, U o ISV sy Y il o o

(1998) wiing oV b 3l dlsro syl ity jordl ol pill daslpo oo 8353Le g puall SUadll Ji5 Shael s, wid (112

U)o

hydragin hetlum
2
H He
1,007 20075
[0 Boryitum . boron crbo rinogen oyl {lyorina naon
S rali=zl] gygadi Jganll : 0
Li | Be " B|C|N|O| F |Ne
6o M2 10811 17 011 14,007 15099 ] 70160
sodlum rragnesiim Hnininm silinan phospharus utlur chiofiie» Haon
1" 12 13 14 15 16 17 18
Na | Mg Al | Si| P | S |Cl|Ar
22,800 234 Wb ab 2.0k EURIEL | 27,005 0443 20448
polassium ralcium srandium [AEGETL vanadium ehronium | rwingansas o culilt lickel coppil 2ine gl gumw:ﬁlﬁm arscle sath UM bromins kryplon
19 20 21 22 23 24 25 26 27 28 29 30 Kb 32 33 34 35 36
K |Ca Sc|Ti|V|CriMn|Fe|Co| Ni |Cu|Zn|Ga|Ge|As| Se| Br| Kr
a5 40078 A.GRE 47,07 51942 h) I AT bii A Sid LEREB45 HR. e} SA.603 €340 (o) £94.223 7201 74.002 780 7o G4 Hang
fubldium sironllum vitrium Zlrconaim nicbien | molybdenum] lechoetion | ruih:niom rhedium pafadiurm siter cirmum ndium Lin -ntmany {ellurium lodin xenon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y [Zr | NbMo|Tc|RujRh|Pd|Ag|Cd|In {Sn|(Sb|Te| | | Xe
£5.468 BT E2 BR.906 91.234 9290k 60,04 o] 10107 10291 10647 107 87 Haa 11402 11871 121.76 12760 126,548 13125
AU barium Jututurn hafnium tantakim- Turigatan thenlum osmum Fridium platinum gotd Moy Ihallum I:-09 bismuth polonium Jstating ridon
£5 56 57-70 71 72 73 74 75 76 7 78 78 a0 a1 82 83 84 85 86
Cs{Ba| * [Lu|/Hf [ Ta| W|Re|Os| Ir | Pt |AulHg| Tl | Pb| Bi | Po | At | Rn
13291 137 33 174,47 17A.47 120,95 10304 10521 190 23 192,42, 1708 195,97 7159 20438 207.2 211,05 12029 219 [227)
franclum radilm barencium [nthedordium]  dubnbim | s-nhorgium bohrm hassum metnerium | ununniium | urunuriom | wunbium unyrquadum
a7 L B9-102 103 104 105 106 107 108 109 110 111 112 114
Fr| Ra|*x*| Lr | Rf | Db | Sg | Bh | Hs | Mt {UunjUuulUub Uug
{223} (2251 [#€2] [#851) 7621 risla] 1764) [oce] [#68) (2711 [272] [277] [#39
Lnlhaam errium  [prsecdymium] neodymium | prometham | samaniom europium g:<Jalinium tarblum dysprosium holmium erblum Ihutinem yiterohm
*Lanthanide series 57 58 59 60 62 63 64 65 66 67 68 69 70
La|Ce| Pr{Nd|Pm|Sm|Eu|Gd|Tbh|Dy|Ho| Er |Tm| Yb
122 91 14012 1401 144.24 nag 150,34 151 .06 15725 15k 182541 164 43 16706 168.03 17304
aztinitem thorum protactinium | utanium neptinum | pivionum | americum ourm berkelum | callomum | efnsleiniom fermum  [menedetevum|  nobalium
**Actinide SEriES 89 L} 91 a2 93 94 85 96 97 a8 99 100 101 102
Ac TI;U Pa| U [ Np| Pu AmJ Cm BkJ Cf| Es |Fm|Md| No
IEENS 2404 ] U0 M JEETiN [22d] (243 ) 247 _) __BHL I. =< TR I %) [ N | {24 L2541




405 aumapoulily

6)linoll algodd ayyljall pilaall
Jtas 298K, 1 bar ulul o solall o Ll "Yge" asi Jgazdl 1in 5 83,lgll weidll avar 5]
@aq) el Jolouad of (@) &yl (1) AL «(5) ik CalST elyuw ciololl > 4,51 2,5onSIl dlolac
olsdl bl sl gyl oS 20 o 5Lk o1 ol g 0 Aok Al e 25T g g 0 i
25555 ol Al gsmall Jras sloll o plyr sl JSS aorly " Joa® Sl o 5252 03 Sl Js—donelly
25T oLl By Bololl (o aoly Jga 555 ate Gy H b ol piall A G AH 8l 2| e
Jolis 3,30 AG ol AH dagh | Juogil] b, Lo 18] (g -02-g bl mClie) 2ot Eiall g5V
Bond 5 pgad ligh Jslma g1 3 DligVl ] dillyy uilyill A oy Alelizall slll Ap o bolg o )51
SS9 i ded HY aas cade mbaca 9o LS5 40l clig g Lo gall ilign N (o o )l youd] Lol
At gty s 551 e 83553 e LAyl odg) Lyiilhae Gl o e nsor o5V S g VY
Az ds Slldl odn o oo pi M e aif & ol M Kins, 1998, Lide, 1994, Anderson, 1996
A 1 8yl s 830l Ay 2l 15 W1 ST OLST o 5 JBLally B2 ERlaog S u>
gyl 3 el pite pammal ALV SLESI M Ll sgur o] Gl Sbla elde iy

Substance (form) V(em®) Cp(J/K) S (J/K) AGKY)  AHKD

Al (s) 0 0 28.33 24,35 999
AlLSiOs (kyanite) -2594.29 -2443.88 83.81 121.71 44,09
AlLSiO;5 (andalusite) -2590.27 -2442.66 93.22 122.72 51.53
AlLSiOs (sillimanite) -2587.76 -2440.99 96.11 12452 49.90
Ar(g) 0 0 154.84 20.79

C (graphite) 0 0 5.74 8.53 530
C (diamond) 1.895 2.900 2.38 6.11 3.42
CHa (g) -74.81 -50.72 186.26 35.31

CzHs (g) -84.68 -32.82 229.60 52.63

C3H;s (g) -103.85 -23.49 269.91 73.5

C,H;OH (1) -277.69 -174.78 160.7 111.46 58.4
CsHi206 (glucose) -1268 910 212 115

CO (g) -110.53 -137.17 197.67 29.14

CO; (g) -393.51 -394.36 213.74 37.11

H;CO; (2q) -699.65 -623.08 187.4

HCO3 (aq) -691.99 -586.77 91.2

Ca*lq) -542.83 -553.58 -53.1

CaCOj (calcite) -1206.9 -1128.8 92.9 31.88 36.93
CaCOjs (aragonite) -1207.1 -1127.8 88.7 81.25 34.15
CaCl; () -795.8 -748.1 104.6 72.59 51.6
Cly 0 0 223.07 3391

CI™ (aq) -167.16 -131.23 56.5 -136.4 17.3
Cu (s) 0 0 33.150 24.44 7.12

Fe (s5) 0 0 27.28 25.10 7.11
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Substance (form) AH (kD) AGkI) S(JVK) Cp(VK) Viem?)
H: (g) 0 0 130.68 28.82
H (2 217.97 203.25 114.71 20.78
H" {aq) 0 0 0 0
H,0() -285.83 -237.13 69.91 75.29 18.068
H,0(g) -241.82 -228.57 188.83 33.58
He (g) 0 0 126.15 20.79
Hg (I} 0 0 76.02 27.98 14.81
Nz (g) 0 0 191.61 29.12
NH; (g) -46.11 -16.45 192.45 35.06
Na+ (aq) -240.12 -261.91 59.0 46.4 -1.2
NaCl (s) -411.15 -384.14 72.13 50.50 27.01
NaAlSi; O {albite) -3935.1 -3711.5 207.40 205.10 100.07
NaAlSi; O (jadeite)  -3030.9 -2852.1 133.5 160.0 60.40
Ne (g) 0 0 146.33 20.79
0, (g) 0 0 205.14 29.38
0, (aq) -11.7 16.4 1109
OH (aq) -229.99 -157.24 -10.75 -148.5
Pb(s) 0 0 64.81 26.44 18.3
PhO,(s) -277.4 -217.33 68.6 04.64
PhS 0, (s) -920.0 -813.0 148.5 103.2
$02™ (aq) -909.27 -744.53 20.1 -293
HSO0T (aq) -887.34 -755.91 131.8 -84
Bi0, (a quartz) -910.94 -856.64 41.84 44.43 22.69
H,Si0, (ag) 144936 -1307.67 215.13 468.98
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