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ABSTRACT

Van der Waals proposed his equation of state for denser fluids, (P+ Viiz Y(V—b)=RT in his 1873
dissertation, “On the Continuity of Gaseous and Liquid States of Matter.” He tackled the problem anew

by considering the two effects of molecules occupying space and of attracting each other. What van
der Waals did in 1873 was to fit both gaseous and liquid states with one equation of state, and it was
meaningful enough to make him one of the pioneers in theoretical studies of gases and liquids. His
ideas being clearer than those of his predecessors, his theory gave a satisfactory molecular explanation
for the then - known phenomena observed in vapors and liquids by many experimenters. The purpose of
this paper is to show what he did in his life’s work in the context of his days along with its historical
background, and to investigate the emerging interconnections of his theory with other disciplinary
topics such as kinetic theory and statistical thermodynamics, and finally to describe value and influence

of van der Waals’ work which inspired his successors to do both experimental and theoretical work.
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D J. D. van der Waals, Over die continuiteit ven de Gas—en vloeistoftoestand, thesis, Univ. Leiden»
Leiden (1873); English trans. by R. Threlfall and J. F. Adair, in Physical Memoirs, London (1890).
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Aoz 714 g oA ofy, & el - =) 9 et

(P+ () (V—b)=RT

olel gt b Al 2 o) A =R B4 A

bl
e
o,
e
o
X
N

1
L
I'UZJ-"
N
Pﬁf#

¢ Azn ATLeRA B HAAE 1 = AL B,
of TAAEL W Hlz wa A4 EFRA obeel, 20l o1PA FAMEA, 44
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2) A. S. Rao and D. S. Viswanath: Ind. . Teck., 9: 476 (1971).

3) Vera g} Prausnitz &= kA7l 3 b= 2 o] & w45k, ¥9 Mg g d«4 &5 JH4E
o ewg <= 9leg Zus w4 ] H Vera, and J. M. Prausnitz, Chem. Eng. [, 3: 1(1972).

4) 19104 Royal Swedish Academy of Sciences ¢ 3|7l O. Montelius 54| Presentation Speech ¢ 4
g HE s w4 gAde] [sgd AM Feld deid =3 474 AT oA ndwA §
“law of corresponding states”?] F8A4& Fzsli 9l

5) van der Waals, thesis, 1873.

6) W29e 18749 64 Platcau ) 48 o) fol4 Plateaus] AAA o Az w28 244 432
a2 7tk (o] o} =ahA) = J. C. Maxwell, Nature, 10, 119 (1874) z), 1096 =242 3 vj= 2
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(8703 2), H]Dé% gz 2q wFAw dele FAAE F A9 A 2k T 4dH
A Ews QEFLE Y E5S HH 4 HE We wEE sﬂ%ﬂ_‘: oA, 18744 24 A~ &
2d|Al & HAA A [Bessy 2t & Diderik van der Waals & ¢l o]l gt Hx 9. (.

Thomson, Collected Papers, Cambridge (1912), Ixxi =),

7) 1. D. van der Waals, “The Equation of State for Gases and Liquids,” Nobel Lectures in Physics(Dec. 12,
1910), 1901-1921, Amsterdam (1967). o] 3= X g9 o -§elA & “van der Waals, Nobel Lecture, 1910%
oz FAH A9,
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€ FA% Al7lelng 28 =4E B @ dE wa A4 E¥sl QI RokE Ale]d oA
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transition) & 1741 7] 23l ool Alvl vl i A Y & = gl
= w28 sta) (Denis Papin, 1647- 1712) & WH £ HalA sld® B AL HeAdur) gy =
< 2EAAR ddlz EATrhe AL Fobl e ® e B)dlE e, 3ok Ad: 2] A

E7F AR ] X e 2, motal Y fal e
25 =2 shedlA e aaglel AlAl Aol oo
1736-1819)¢] Aol A TAIF= 7] g, el oln] o] 94 B9 (Joseph Black,
1728-1799) & ExlA o 2 Fer7lz] sladml Bo] 2 Lx6l4 7= wly s o o] T ok dF
e A dobdl uh slgleh,
Vi A8 A T SERAA 2AE Adw AT A 2 de
(latent heat of fusion)e]z} wwd s} R | 3
& o J(latent heat of vaporization)e] ¢}&d] wlel Fgelxlv}= 7;1»% wANel, 23
= ?4 ool A sl 5w &
 odlelete] of4bell st ofde] Fis] Eobd Ea
0 sk, AL A AAY A4 :
FovlE 2 A shie] Aske] AR delAE 2R A 2P A T 18224 =g
= 2} %2 (Baron Cagniard de la Tour, 1777-1859)¢l] 2] 4} o]n] =ejr}lz
L 25 o] e gFA7HE JlA R He A5 Uk
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B4 galeld dlg ARAIsL wEE g, 2 8R4 Al Aseg A
A€ dAas -8 4 dx, Jlddas 28+ g 2 sl

E A% A4s e T2 $AZ AfAE AolH. ol e 18693 wwe g
(Royal Society)ell 4] [E22 7lale} o2 o] Aol =}3led |(On the Continuity of the

8) J. R. Partington, An Advanced Treatise on Physical Chemistry 11, London: Longmans, Green (1957),

p. 276.
9 AL o] odo] W Auuigelwt AAE H, 224 £Fd AFE bR =gk gn)dq4 (&
2 o Jol &} o] &% R i,

10) Partners in Sczence Letters of James Watt and Joseph Black, eds. E. Robinson and D. McKie, Harvard
Univ. Press. Cambridge, Mass. (1970), pp. 117-118.

1) 29 449 L Bgsh 2gsh felAo PR FoE dm ¥ 2/5 AFL A (AN ¢2e) T
e, 23 F A9 QA T} Ygsie Ae ¥ 4+ Aok 2eesk A AdA A BA
o] At e, 2= o) A-E AAS AAE W Ao A} . S. G Brush, The Kind of Motion We
Call Heat, 1, Amsterdam: North Holland, (1976), pp. 256-263.

12) I. R. Partington, op. cit. 1, p. 623.
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Gaseous and Liquid States of Matter)zgle A Fo g FTESH A, ol AR A oA A A9
otg, Y], £x9 Wsld da JAAlXnt TEALE FA AR o] Bolglen,® A vE W
28 od7d AAgA el Al E A S+

o]} A 1871 E<(James Thomson, 1822-92)-& A" $ldlAEwk okiel 2 ofefell A x A
s} AR Apele] A&l Aol doind Aolelx B4, SEoFY F&(isotherm)FA-& Al
o olE EAY oA ZdHAE Azmeln 454 ¢ QAT AR G2 BE o &S

FFAA A7 AeEE B, W 2y g7 54 olsd] Loy EaiH AT

& FoAA @spe
st st ol gt AgA Asfe] EAS EA Y Al QA *P"M A&l
=l 4] WH 23, e ey g Adsisld o= e AL AA f2lg ALE BEE] 4
7] A 4] (ideal gas equation of state)-& WA Ao 8 Fo|d 4+ v}, wa}/ﬂ oW =2 uk
249 WA-g osistelnl ol AAA A AA gL olwl ZAAA A MY H ] ZeXE LA
Aw 2 2ert slek, B s §8% A4 F9 vt w2 PV=nRT 2 =¥d5 &=
oA AwpE e, o A& A4 Add B A4 BAL, F 2, Aol A4, on

AEES 454 ATAA FL A5k 25,

1747} 71Al& A& (Mechanical Philosophy)e] ® Za w=xlz4 Fdlaere] gAek & ¢ gk
1ol (Robert Boyle, 1627-91)%- A 2% 7| F& o) &3t A& Fo 93] |4 (pneumatics)el] 4

E ZH¢ daek, 1= A A (Otto von Guericke)d] Fr7] H = Ao el gl 2 84S
AsA o}, el AEF H =8 yoldle] Ee] A (Evangelista Torricelli, 1608-47)e} A ¥-2
APAA AGsprlel] ol 2 vh1® aelx H=o A Fr9 duA 42E A E4E &
gale e 4R g T2 ojeigivh

B AF(vacuum Boylianum) o 2 el 71 =d] s 2AF Sdl4 E=lal=]e sokAl Y
F5L HAY v T 4H 78 FA Abolg A AL e e M E dE F sle
glel A4y aelstel 1660l [Fale <tE sl SAE wble FAR A e 74 (the
hypothesis that supposes the pressures and expansions to be in reciprocal proportions)] =&
Aol Aqe] & dFHT HRFY D
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13) Andrews & o] x=%& Phil. Trans. 159, 575 (1869)o 43, Cooperatwe Phenomena near Phase
Transitions, ed. H.E. Stanley, Cambridge, Mass.: MIT Press (1973)o] | =5 gich,

14) J. R. Partington, op. cit., p. 675.

15) 7158k 2] Aol el &4 (continuity)o} sk 7147} §% (condensation) & Ax wz AA=Z HAE A,
7k #F&(boiling) & AFA $x JAR sE AL T

16) £vlAelE 1644d o) w7 2Ee] 424 AL FeARGIAR Aol)E AFE ASE AT A
A A TEE TEAME A SFR, AT AT AT skl FALAE 10099
Aol glevk, 165790l o 28 shan 228 A% AzAY X4 $F 2¥¢ FE U= Gy

A Gk Mechamca Hydraulico Preumatica).

17) New Experiments Physics-mechanical, Touching the Spring of the Air and Its Effects, 1662 (2nd
ed.); addendum called A Defence of the Doctrine Touching the Spring and Weight of the Air. §) A
dlA, vl wish g os welgA B ol ek B WAL B Aol A 4PA T EFH
W 71 F A A e-£2] (Richard Towneley)o] wlej etz Rel Aol Ful 7Hge] ] WAL o] o] IR o
A Aolet FAsE o= dvk, 2rh AF FALE =ZHAAAE (299 HFH o] okvet [miejexs o
3 [o]g} -2 ¥E Aolr} : Marie Boas Hall, Robert Boyle on Natural Philosophy, Bloomington: Indiana
University Press (1965), pp. 94-109, 336-342.
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= Aol ZulA ol A4 ddolal AL 18471l o] 2H AU P o & Ee] 1802 Alo)-3
4t (Joseph-Louis Gay-Lussac, 1778-1850)-& 9] ] w}&¢|4 oA 4 2 #he] 22 712 s) 3ol
AT AT Z3oh ZA Aol A oFw & ZES WEA Rk 9w A, 29 AP 93t

" ORE JAE Gel gei A Fxge] st Aoz veon, JAle A FE o] 95 o
TE 2345 Ax gl ®

Alel-s1 49 w22 28 (J.A.C. Charles, 1746-1823)¢] ¥ el Fe] ¢, o (Lg% 3
el A) 2 $(LAT FRAA)} L2 old A9 F, (tHo)d wHAdE Aew g9
Halveh, o] HAo] BE LEdA RE sldd ALdArE Ae] wolEAR A} hg wlAlE (t40)
£ A 2% (absolute temperature, T) 2 Pl dF32 dAS g}, 0

v, 1811 ol¥.7l== (Amedeo Avogadro, 1776-1856) = 7o e o) o} el & B3] &
d Fel g dd TR JAEY BArE e RS o B¢ 1 +F 2R At

L Al ge] &=k g,

1941716l Bl el 7kA] abglel oef d=be] AA 2715 AP £ A 27} o) Folx|Aul, Ex}
azlel s) =g wbek AlAbe B 18654 247 E(Josef Loschmidt, 1821-95)71 R A% Sl A
T A e BAE AR Bul g mealA e goldds 2amES mEAWG A o] 4k
713 lemPel] £ FxrF AlARE G- dAlY gruch ZAA Qe snh W o]@ Re] 1870 o)Al ¢}
Btz 29-(Avogadro’s number) & AA= T g ot F vl AFzek whelg AA g AL 2047 =
B}g 9% (Brownian Movement)-2- o] €3+ =l # (Jean Perrin, 1870-1942)0] ¢l t} 22

Gell A AL nhsl o] o] 4AbZlAl Y A A-E 174171 FkSE vehdrl Aaete] 194)7] 2
ol FeHE FFgeh, 2wl spFAA 1747 Fel fAlddl A APA AT DAE A 1847
FHH-E = ol el ZbR] AlAlv B Aol wEx]s] Algleh, el sk AA ZlAlE o EA 5
"4, 173813 #] 2o] (Daniel Bernoulli, 1700-82) = 74¢] $-So] &8 -84 <3 (hydro-
dynamics)el]l =gt 75 UEH o, nYY WA mYsls Ru)ghe A=l X)E w grom
ul# o Frla Alakghe 243 Ao e] Hs) wAL AxEgeh,

4 e ol volrl @ glsl= (John Herapath, 1790-1868) % sl 2Fo]7} X & o] E9tdl PVZ%
NmvZel] © el Bxlis 2 g5 szLEix] Zvh 2E 182016 SR &3 o] AlET =FA4
gl B FES A LR 2SR (GRS Al Fe] ohvzh) vl e A L3

2_ (<]

A, 2R 2t 2AE DA 28 AED A5 £l 0] Al Ao

il = il
S T *7] 7]— O"Lﬁ OI Y —rﬂ% 7,}7] e [Hadx] (absolute zero)7]» ,,1»0— 74cg Ay ot a2y
= abobEol X k] &gkt ¢ G. Amontons, Mem. Acad. Roy. Sci. Paris, 112 (1699).

19) Ecole Polytechnique &4l A o] -3 4+ 1802y %29 uﬂlﬂi‘f_ﬂ o] ¥} (demonstrator) 2 o = = o }o}
1809 el &= e mst gk WAl Ao~ 4 WHez g vgol AL AFH AL Amalen dor
Chimie, Vol. 43, p. 137¢] ¢l e},

200 2 Aoz B A Aol-F 4 AAQA Fukz AALn Aol HFL AL g
vl 194 7] “Eur ol 9 3 (thermodynamics )9 Hq e oyl E&(William Thomson, 1824-1907)¢] o] =
2] A ok 72 (Sadi Carnot)e] «& E-o] Z4 PELO]&% Au-ges HEZ eiAGE oo IEiA =
“Dynamic Theory of Heat,” Philosophzcal Magazine, Vol. 4, (1852); Transactions of the Royal Society of
Edinburgh, March (1851)«] &2 ¢lc},

21) =} Loschmidt ¢] ]2t v 2 s Fde A& [etustmgslebe ol f dl4l T2guEs g
_\f_a}_: uLéto] o] ‘:r

22) 1908 27} AL L 6, 4102 0) ¢t} ; I. Perrin, C. R. Paris, 147, 530 (1908).

23) I. P. Kuenen, Die Eigenschaften des Gase, 203, Leipzig (1919).
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thokg @A ks AHE ¢ gedls £ FdAe Fag g E Ad R
1843 o] = 8] 2 E (John James Waterston, 1811-83)&. 2% ¢} B =] u] 2 ) ¥l (vis viva, mv?)
1ol A=A 7b 9low, BAs] 73 (elastic sphere) 2.2 1 w1 A& T4 £x2¢ AFl ») e
3 AEd wlaldhe 84S AW €& vEbd Aeleba Al Ql’iﬂ’%. ®od ¥l o2& BA4A 7Y HA
AA 7l 2z Bopd 2 Ao 2xl vid #dAE Aelehe g Fo] &9 5] EE v
7 g dEd APk, 2 o] BES FES AXENUE ok ohzk A8 2xE
o] & Aol AL ol JTFE wAX X P
i, Aol 2217k Hdl w3 S AU E AEE A2 EE 3 wlEH (Elie
Ritter, 1801-62)¢] ¢ 3] Vel ont,? 22 (calorique)e] o] A7l x g fFarta B 29 o] &
L A9 dolgg Al FX X /.%‘3]""?] %i‘i# olal A4 18507 Eol E=H %
1

LI5S
o

oftt Hru o

ol B8 BIAA ] Fo] FHL Fold 2 321138 (August Karl Kronig, 1822-79)2] =
Fogte] v EHr} ®

2 Jashe A Fd s 25 vEER $EShe Al B4 TE sFg st ol AvlAl 4R
Sxgch 2@ a2t o]As A4S 2y AW-LEE 22154 W= %5 (translational motion)
¥l ~ wup(vis viva)el Zeta Fghern g oo ® A AL ohgiEl, o] gA Erpwl ZulA &
o] A4 FH-L o|AA EAE TS e A F RoFoz sMAUR AdA vhopst Ak
2pa 8] Aol g Azt ExiEEY FAA LEE nHdte S 2o R Y1l Aol

19100 124 122 AR kel “Flx)el RAld alidk 4bef 417 (The Equation of State for
Gases and Liquids)e] A4 st ¥l el ulrbe] FA 2 295 AAstn Q.3 27 58 «
Al wpel @] o] &9 =l whd A & Al obeie} el

(D T o2 gA MEjae] o Y REINY

a2 Aele o] Al ol mA I H e -Fal eho] £l el A

okt

P35 vhAl H, %0 el 32

21) 18324 W hhE s PY= INmvozie 8 Abs 44 Az ¥4 S22 AW AL Qo £
% (James Prescott Joule, 1818ﬂ89)<>] o] Al4kg s W Aoz ofrEAEl, & stz <%q Math-
ematical Physics (1847)el A W& 42 74 o 2z welck S.G. Brush, op.cit, 1, pp. 69-71.

25) o] AL _er.%o] 18434 ] ol el eloll A o= o2 &gl 2 Thoughts on the Mental Functionsd) 4
geh, el o] AL FHAAAY A2 Fel] I Aol A wt, Bkl e At o H s,

26) S. G. Brush op. cit.,, 1, pp. 134-144.

27) E. Ritter, Men. Soc. Phys. Genée 11, 99 (1846).

28) A. K. Kronig, Ann. Phys. (2] 99, 315 (1856). 9] 1% w2 A2e AL dglovh, 4 54

A g FdAgernz e wgy B F5g welv, S G Brush, op. cit, 1, p. 167.

29) 298] fEFAAE A4S Folie W g e @AW FAx LR ddn, AFHes P=nmmel)y
th= Aow 7]735]93\1;} :zg;g c:&%x, n:BAL, v ¥), ibid, p. 166.

30) &= JlAS A b ] gl o] B4 ol Foll wal R A, A dubdow A E X £ 28
AAE RAoE Huete A% SAN Bohn A e

31 18374 114 234 »ﬂ%iEE o] Lol A wWoly B dE dAE 2FHRLE vhAl 7 ZA4EE s
7t 18621436 337k eho] £l el A xlﬂﬂli g3 Fe e TR zEv SElYe Zel2E
o] R ATa AFgS 2E AAE 2R Rakgot sho] EalFo] mAle] UL wAstE MER
A =g zuaa g o Sl 1873 SHA ] :aTs AT = Qg 1875l 9 RS % 3 ¥
olrbele) ¢l B9 ow FosEgla, 1877ddlE bad 2ty te] Fe) ¥ A 2 (First Professor of Physics)
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1 $-%9] B msle] ((Uber die Art der Bewegung, welche wir Wirme nennen)z} 1857\
2] Feh-$x] 42~ (Rudolf Julius Emmanuel Clausius, 1822-88)¢] =832 «&A 1 A4 v 23+,
FA19 wlAE A e, g9 EAd A3 EF) Bl Z 2 o] E(caloric theory)-& 1840w w ol
Hzgleor, of Al 5ol AASE b o] FEldt A& AFEA AP

AAEY $Fol 2ol dlg 194718 Aot AA=kE 898 ¥ FehA 28 =EoENH I
2 sl B3 Aeld] mlAE e o Fol F3E] AoewiA wE £ER FFSH: A A (material
points) 0. & A&7t o] Tl ok A opl® nale WA e] A fFEIH= AL ¥k

2 o)e] I blE wat w a9 (James Clerk Maxwell, 1831-79)¢] £z 23 Ald B <A =
gl 2719 EAEFEAAE ZE L2 L SER FAolH, THRAQ Flen HATR
AR gg=n, NaYUL HExe Ex}LFoEd FAA ALE =T Aeolw.® aejm
25 e w4l £x P

1906)-& 186814 +

| #e 4ud A 258k 3 YFER o
Axd zelaiok dehe 7o Aol Mozt AW, LA
o) EelA zelm 4L 4EF AASn 2 4 dE AAAA

4 Aolole B4R Aolst glohe g
e RS wg W, 1R oviE &
Fe oz W 98¢ HAE 2QF

Aol WA WeE Aelglw, oAl AMG AA G Aol

18733 AR & EAEe &%, A, 27 B A& ARE Ao delAa glglent, A=A &

2ga FHayc ax FHEU T AP ET S AYord A YL T 19078 2EHT
] e o] B spA 8l obEe] HAFYH 1896 FE 19129A4K & au 2] 4¥ Folyldlv] 2

2% o Belod AR dgon, Ale ARER £FEY ATAE] PR BTE Fordm A4A

] #Hulel ot B 7= AL SA P, W. Lendertz, De Gids 87 (2), (1923), p. 151

2z 9271 7]AY LFo] B R T A4 HME wErE AP AL 1856We] wER =

sle] ol AXA Hgest, FEreA$ae oln 1850 WEd odd R A =& 27 AF

B odolelz HEi £Fe 26 da FHE AL QD QAT 18573 v AT gz
o+, R. Clausius, Ann. Phys. (2] 100, (1857), p. 353.

33) 3 ®2 wra Al o3 Teb$R L0 18579 R 187099 vdae aEdadAas AL F
Fgol AzApsa g,

34) Q74 AAolt $& A AU BAE 2 gk AL Fele, LAEEE §59 $Tol;, TV
o ul = gket,

35) Mo $EET WL $EIFAT $FE FUWN AL 84 John Herschel)73 8] Quetelet o T =t
& 2] B-(]. Herschel, Edinburgh Review. 92, 1, 1950)5 %1 &= ®qlct ! L. Campbell and W. Garnett, The
Life of James Clerk Maxwell, London, 1882; New York, 1969.

36) Wien, Ber. 58, 517 (1868); Wien. Anz. 5, 196 (1868). &4) xo]l& Aedld hi 1/kTolx k& 2%
Aol e,

37) van der Waals, Nobel Lecture(1910), p. 255.
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A ol 2ol ARAE A FIAL FAolshe, 28 AN AA G A3 Q5D A e
71411 A2 E TR KA A4 gy o Wl w2y dFE 518w A glr),

vl 2 s [$53He 4AEY §2 ¢ A=k (nondilute aggregate)ol Y AL n
AN e 29 FARE wgE AAE 94 A9 09 (attraction), EAL E3} 2hale
2.5} (proper volume) g v},

22+ 7k8] Azl Fe de) @k A2 $iE ehEets (Marquis Plerre Simon de Laplace, 1749-
1827)¢) AR o] 29 4L A B YololA TEete =L, (JEE e zLat
%)%%ﬂ%-%ﬂ%%ufﬂﬂmﬁﬁﬁ 2 gdAze. 28y ebEelart s AHEo w4 ey
4 SE A%E A6 R FEL A A (@AW a6l A ALt ql®a ARl =)

A"A GIAAR) $AEA He dbgEelgink ® A FEA o)RL 9 $Es) wopEe| =
A 2 %%ﬁ@hﬁqmmemm%wemmmﬁ¢ﬂﬂalﬂﬁﬂm@ﬁmgeﬁﬂuﬁmfﬁm@ﬂ Elac)

+ Adelglen, 4o EAd AR ExtY EFol 2o 44T A ohe}l FrY o] Bo =
A 2ol gl v,

SAlnk ehEehas] o) B8 AT BARE L) Al o] £ T ggon, Jadow s U
a2 sl B Pel g vok A Esw $34 A4S ASAE FEPR AP 5ol
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