
... ~ - T 

, , 

.......... c-.-.. -.-. -.-.. -.-----------................... ac 7,07.4 11-,,, 
SOURCE 

VOLUME 

8 
NUMBER 

1 
PAGES (Inclual ... ) 

( . - , . - ~3 

THII ~4TIl"14L la CO"Y"lc;HT 0 4"0 ~4Y 81[ VallO ONLY "OR 

STVDY 4ND .. llaIl4RCH . "VRTHI: .... 1l .... ODVCTlON "ERM'TTIlD 
ONLY IN 4CCORD4NCI[ WITH aCI 11811. 

" " .. . .. . 

Melting Properties of He3 and He 4 up to 3500 kg / emu 

{·IIiN, .• il., "/(·"/,f',,11,,,. I ..... . 1/"",,,,, .'i","/.,/,. 1'''/''"''''n ', . I,I/,' 1/"""., • . \, ,,, \I.J/ ." 

F"r 111'·1 allol III" ,1,1' \·,,11111\1' ,,10:11,':,' "" 1I,, ·llill~ . ~I · •. II,,· IlIol:.r "01011'11' 
"f lillie! . 1", . a 1101 1I1 .. lhlioi 111I·relllll,·,p:llI,ioIOl·II,·II,,·i, ·III . .. . 1 I I' ,' I ', of'!' / . . 
\\('rl' IIlI·a~lIn·e! al""1( 1I1l' IIwl1illl( c'lIr"c' fr'"1l I :\ III :\1 1\ !I' ItrI '--lIn'- ''I' III 
:\.'lIMI kl( "111' . '1'10,·.,,' an' ,Ill' Ii 1':-' ,11<'10 III1'a"ln'III"II', III I,,· n'l'"rll'oI f"r II, .• 
for 11 "'110,·.,' art· ,I,,· 111', 1 1I1l·1I"IFl·IIWII" . "IIII,i ,I"II' \\illo 111,·11111.: ' ·lIn·,· oI"I"r 
millllli,,":- , \\loic'lo ,'''''C'I' Iloi, prt"'lIn' l'all~1' :,,·c·lIr.,I,·1\ »"1 :011, ·01 -11101,,·, III all 
IIII' lIlf'ltilll( par:OIIlI'II'I', \\I're' 1111101,' al pn' __ I1I"" 1" ,1,1\, :!;~I k.: "111 ' IIII' 1",110 
i~"t "pI''' . '1\", ,,,lid f"rlll' IIr II I" \\ pre' 1,,111101 \\ i 110 :0 I r:II,-III1111 III,, ' \\ 10 i"10 III I "r 
"(,l't~ 'hI' III1'IIilll( "lIrvl' al :\ t.i 1\ allol III kit "111 ' . Fill' II, ,' all 111011/'1,,'1 oI"" ' r 
milia! iOIl \\ II" iliad .. of II,,· illl"r_""1 illll of I lic' lallll,oIu IiI,,' \\ 1110 II,,· 1111'111111( 
l'UrV(' , 

I. I :'\:TJ(I 1J)1 TTl":'\: 

. \ lthllll~h II\(' t1\('ltill~ ('lIn'"'' of lI(,a alld 11 (,' ha\'(' 11('('11 tr:w(·d ill c·oll:-idl'rahl .. 
(\{-Iai l 1'1'011\ a fl'w 1l'lIlh" of a d('~I'('1' ah:-ollll(' lip 10 :m and ."10 1\. 1'(· ... ,"·(·li\'(·I,\". 
(/ - /'2) Ih('rl' ('xi,,1 no t1wa:-III'l'IIlC'nl" of IIII' ('IJIT":-plllldin~ \ ' lIll1tlll' c·h:lll~t· 1111 

IllPlI itl~. ~ , -m , for lI .. 
a 

:tnd no elil'('c'l IIwa:-III'l·II\(·nl,.. fIJI' 11 1'4 al,O\',· I 1\ . ~1tC'" 
dala in ('olllhinaliotl \"ilh :-Iop"" of IIII' Il\('ltill~ ('lIn'('~ a 1'(' 11,..('1'111 in dl'ri\'ill),t Ih(' 
"arioll" Ilwrll1c)(I.\'lIallli(· qllalllili('" Ilf Jllt'ltiJl~ , For 11 ,·4. ~\' •. tlll'a,..lIt'1·IlH'III ... h:I\'(' 
11('1'11 tIlac\t' b~' ~\\'('II"CIII (fi. I, I ,n ill 1111' I'('~illll I.:! 10 1.0 1\. III addilioll Ih(·n· 
art· illdin'c'l 1)1I'a"lIn'II\('III" h.\' 1\('(''''"I11 alld 1\("',..(1111 Ull ill I Ill' J'(·),tioll :!.:! 10 1.0°1\ , 
alld hy I )lI~dah' alld ~illlOll (./) ill I lu' I'I'~i,," I 10 :!fi 1\ . Th(· til ""I IH'PC'i .. 1' of 

Ih('"" lIH'a"lIn·Ill('III,.. 0,'('111' 1",1111\' I K wh(·n· Ih,' qllol('c\ tfi, i) "ITor i,..:\ PI·I'(·I·II1. 

For II I·a 
alld III", ~ \' •. dala c·oll,..i,..ll'lIt I\'ilh tIll' IIH'ltill~ C'III,\," d('I('l'IIlillalioll'" 

ill :It · l·lIr:lt·~' alld ('xll'II1 ( I 1 ;11',· (''''Iwc'iall,\' d(·,..il'ahl(·. 

I{pporled hl'n' al'l' filial c\1'I('r"lillali"",, of tl\(' \'(11111111' "h : II'~(' 1111 1I11'ltill~ of 
Il ea alld 11 1" lip III ::.iOO k),t c·Ill~ . I I ,..hllllid hI' 11I11('d Ihat ~Otlll' pt'l'lilllillar~' dala 

han' aln'ad~' b('('11 pn''''('llll'd ( I; I. Thi ... ,..llId,\"i,.. pari of a ('()lIlillllill~ pl'O~r:ttll 

til nwa~II),(' t ill' llWIt ill~ P:tI';III1I'II'I'~ 1'01' :til I Ill' 101\' hllilill~ ),t:t,( .... : ill IIH' pa .. 1 llIt'a'" 

ltl'PtlWlll" 1'01' ;\~ 1\'('1'(' l'('pIII'I"d ( I ,i l. 

• \York dOIl(, ,,"01('1' Iii,· "",pi,"" of Ih,' l '. ~ ,\Iollli,' E,I/·rlt.' ('""t1,,i, .. ioll 
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2 OIULLY AND MILI..8 

A, ApPARATtS 

The nppuratus was simihr to that which hulS b('ell dt's('rilw<l ('lscwhere ( I ii). 
It con, isted of 1111 oil hydraulic Hystcm ill cquilibrium with II high-pr<'ss llre gus 
system through n. mercury C -tuhe. Gas from the high-pressul'(' sy:-;tclIl wa:-; Illl'
tered in a low-prt's:mre volume mnnom('tt'l' 

Incorpomted in the hydrulllie system wl're II hund pump, intensifit'r, oil ill 
jcctor, und fl'ee-piston gauge. Two difTerent piston !(tlllgN! w('J'e requir('{1 to eonr 
the full prefolsurc range. Pres:-:ures from ~) to 125 kg ('m

2 
Wert' relld Oil II eomlllPl'

cial
l 

free-piston gauge, who:-;(:' efredin' area WIlS c/eterrniJl('(/ hy hul:U1cing the 
gallg against the knowll vapor PI'pssur(' of CO! ut ooe ( J(n. lilt ht' I'Illlge ;)O-:~,)()() 

kg/elll~, pres.·mres were 1l11'II.: ·lIrt'd with a eOlltroUed-cleal'alw(, free-pistoll gllugt" 
pre\'ioul'Ily d('scriht'd in SOIU(\ detail ( I ). At pl'l's:mn's a\)o\'e :ZOO kg el11%, t IH' 
weights wcre :-;lIspelldcd twlow the pistoll hy II yoke, r(xls, alld pun, Tht, pi:-:ton 
wno' rotatt'(/ by the method of :\lyeN and Jes:mp (17) . Below 200 kg ('m2 the 
weights W('I'(, plaeed Oil a Pilll abO\'e t hI' piston ulld rotatro by halld . 0\,('1' t ht' 
r('gion of mutual a('cessihility, ;)() to 12.1 kg em2

, hoth pistoll gallg('s w{'r{' ill 
agrct'lllent. :\Io\'crnt'llt of thl' pistons was nW:lsllrl'd ('itlwr with It height indic'a
tor gauge of ealibrated :-:pring ('onst alit or with a t I'll wling t{'lt's('opc. Headings 
w('re repnx/ut'ihlt' to ahout 0.01 mill . 

In the l' -tlllw whi('h :-:<'paratl'd the' oil sy:-<tt'lll from till' ga~ ."Iystt'IlI , nll'l'('ury 
lewIs were illdi{'ated hy ('xt ('1'11:1 I l1lagnl't i(' ('nils ",hii'll S('II:-:<,t\ t he posit ion of 
fcrritic sted hulls Ooalillg 011 thl' mN('ury s lll'faet' insidl' th(' nonrnagn(,ti(' st<,<'1 
columns of tht· ( -. The 1(·\'(·ls (,otald 1)(· r('ad 10 OJ) Illlll, :llld difT(,I'('n('('~ ill 1lll'I'{'ury 
Ic\'cl bet \\'e('u t Itt' two :trills \\'t'rt' :t pplil'd as (·o .... (·('t iOlls 10 I Ill' pist Oil pl'('SS lll'('~. 

Tht.' ga:-: ."Iyst('m WIl:-: idl'lIti('ul to t hat shO\\'ll prl'\'i()lIsl~' (S('(' Fig. I, Hd. l.i ) 
with Iht' ('x('eptioll that ill mo~t of tht' !'IIIlS 1",10'" :WO kg {,1I1~ \ 'al\'(, :2 was 1'1'

mo\'('{i and tht' mallgallill gauge' WlI."I rdoC'all'd h(·t W('('11 \'ah'('s ;1 and I. For all 
I'lIJlS, Ynln':; 1 and :1 Wl'l't' rt'plll(,t'd hy shop-mIll I .. nil\'('s ( 18 ) whic·h f('at 1I1'1'e1 

UlISlIppol't('d an'a p:wkillgs Hlltllllllll'isillg ~pi lldl(' s fill' ('Oll~tlllH'.'· of \ ' 01111111' dlll'illJ,!; 
opcra I iOIl. 

~lallY of tht' detel'minatiolls IIdow :!.iO kJ.!: ('Ill ~ W\'J'(' IliadI' ill II ('('Il dilrt'l'l'lIt 

frolll that aln'ady dC·."Icrihpd (1./). Tltl' IH'W 10\\,-pI'I',.,.III'I' (,,,II had H lIoll1inal \'01-
IlITI(, of O:·t ('11\ ;1 alld was mad(' of thill -wa lll'd . \I~I \'0 . :\01 :-tainh',.s ~t"l'l. Both 
('('l\s wer(' ('<Jllippc'(l with illll't ('apil\aril's whil'h \\'1'1'(' \':II'IIIII11-ja('k('tl,d . 1':1('1'1 ril'al 
heatt' I'~ alld th('rI110('ollplps WI'I'(' spa('"d alollg Ihl' ('apillar," so thaI 1'/10111 tl'l1I
pC'ratllr(' ('mlld h<' l1lai111ailH'd to within ;-('\'(,I'al Illillillll'l(·r,. of lhl' (·,,11 Olll'lIillg. 

A sp<'t'ial gas halldlillj.( ;o;.\'s t( '111 WIIS I'('!jllin'd for till' ran' i;-otOJlI' \1(,;1, 'I'll(' ga" 

I .\ ,. iI('rofl (;IlUj(C TI'>ltl'f t:IOO 'l.1 , :'IllIn" i~I". :'1111;\\\(,11 . IIl1d :'Iloort" III.· .. ~Iralf.,rd . ( '.,,, 

11(>('1 i( · lll. 



wn, Kton'<1 helow nlm()~pl\('ric' prt's,"uln' ill II 1'2-1 lallk. It wa IHlIIII)('(1 h~' a prt·~
KUrt'-val'uum, r('vC'r:-lihl<" '2-tdu~I' VillI(' pump: Ihrough II pllrifyilll( Iraill (,oll~i:-lt 
ing of II c-hllrcClul trap c'ool('(1 to liquid :'\ 2 It'llll)('rat urI' llllel II I'han'oal t rup 1'lIu\('(1 
to liquid li t t{'IllIX'rul urI' . TIll' ga~ IllI'lI (.tlll'n·d II I'ryogl·tlil' p"mp wlwrl' it WIl1'i 
liql\('ti('C1 Ht ",2°K a III I '2 kV; ('m: I(a UI((' prp. "'111'1' . l ' pOll warmilll(. IIIf' pllritil'd 
high-pr(,~~lIrl'gn:-l WII"; for('('d I·ithl'r illto till' ~r ... apt>uralll~ or illlf) a :-malll'om
pr('." ·ioll I',vlilldl'r for additiollal prp ....... llrl. hoo:-I illl( . ,\ t I III' l'ompll'l iOIl of all ('x
J,X'rim('11I , 111'3 ill IIII' low-pn''';'';lIn' 1lH'll'rilll( ~~',..II'1lI wal'> I r:lll:-fl'rnoci bac'k to IIH' 
KtO!'ag(' J'I':-I('r\'orr ,,~. t IH' ~HlI1I' nllll' plllllp. 1{1'~idlial ga:- al a fc'\\' lIli('rOIl:-l pr('~
Kurl' \\'aK n·lIlo\·l·d hv Il 1'011\'1'111 iOllal \ ': WIIIIIlI :-\':-1('111. ~Ia:-~ "'IX·('trOIlI('II·r Hllal-
.' . . 

yKIK of 1111' purifi('(1 ~Il;' iluli!'all'd IIII' followillg illlpllritil':- : O.O(i IX'n'{'1l1 If(', 
< O.O\.; IWI'C'1'1l1 11 2 , < O.f)(),; pl'l'I'('nl I>~, <n.oo,; Iwrt'{,1I1 '1':, <O.m 1)(' n't' II I 
:'\2, <O'()O'2 IX'fI'l'lll ()~. 

'I'll<' KOlarc'I' of III(' 111.4 
\\';1:- all .\ .1-:.(' . ('\'lilld,'1' ( If :-izl') till,'(11i1 tlH' ,fllfl'all of 

~lilll'K Alllllrillo Slalioll. '1'111' 1(11,.. WII:-l pn:,.,..I1I'1.d 11.\' II :~- ... Iag(· I'olllprf' ... ,..iotl ('."Iill
dC'r IIlId pnK,.;('(1 Ihroll~h a liqllid -:'\: ('ooll'd Irap illto Ih(' 1ll"Il"lIrillV; ,...\',,11'111. "II~'" 
KJ)('c' lrol11etC'l' :tllal.",.;i,.; indi('all'd thl' folltl\\illJ,( ifllpllriti,''': 0 .01 1)1'1'('1'111 II:, O.f):{ 
1)('r(,(,lIt :'\2, O.OO:! 1)('1'{'1'1I1 ()~ . 

B. (: E:,\ EH.\ L I'non:llnn: 

TIl(' ('xl)(' rillll'lIlal 11'1'hlliqlll' IIN·d iIl11H'a:-lIrill~ ~r ... \\a,. ""N'lIlially till' ~a'II" 
U,.; that dl',.;(.,.ih(·ul'arJiN ( '.i ). 1/00\'I'\·(·r. IIII' 1I'IIII>I'I'allll'l'" ('lIlpl",\·I·d ill fn·I'l.ill~ 

alld 1l11'ltilll( I hI' ";:llIlpll' \\'I'n" ill 1(·llI'l'al. 1II11I'h (,ION'" 10 1111' 1"t1lilihrilllll IIlt'ltill~ 
poillt,.;. Thi,.; ()In'iatl'd lal'l(l' ('OITI'I'tioll~ for IIIC' tlte'I'III:" I"pall,ioll "I' ,olid al\ll 
flllid . 

. \t prl':',.;lIrp,.; hl·lo\\, I()()() k~ l'1ll~ , 1111' f1l1id ,'ol' fljc 'ic' 1I1 "I' t 111'1'11\:1 1 c"pall,jull ttl 

\\':1"; df't('nnilll'd by IIH' follo\\'ill~ pi,..lolI di ... p!:tc'c·"Il ·111 III .. Iltod . 1'llIid ill tltl' (,(,11 
\\'a,.; Itroll~hl 10 pn ''';,.; III'" I'qllilihl'illlll \\itlt I hI' pi .. ltllIJ,(all~(· at a ('I,ll 11 '1 II p"l'a 1111'(' 
'H'ar the fl'l·pl'.illg poillt. .\ \'ah'(' \\,a,.. "I ""I'd , i ... ol:llill~ IIt(' ('1· 11, \\11I'I'I'IIP'"1 tl ... 
1'(,11 lI'mp<'I'atl\l'(' \\'a:- rai,.."d '-() . :! ~ K. ,\fl, ·\' "'lI1pl'I':lllIn" h:td {'qllilihrall'd, IIII' 
\'aln' \\'a,.; op('lIl'd alld till' ('(JIT",.pf)lIdill~ pi"I,," Ira\'(·1 ill till' pi",," g:allJ,((' \\a~ 
oh,.;('r\'(·d. Frolll kllO\\,lI \,\ "1' of till' ~a,.;. till' \'01111111' (·hall",'· (',,"ld III' '·"IIIPI/I(·d . 
Thi .... pI'O('l'd II 1'1' \\,a,.. l'''l)('al('d 0\' ''1' "'1'\'1'1':" ~T·,.. al till ' "'allte' I" '('~~III ' ( ' alI(I for 
hoth \\,:trl\ljl\~ al\d ('()olil\~ .. \t I>n'"''I1I'1''' :.1'0\'1' IIK)O 10.", ('III" ,III' ('arljt'l' tt ,(,ltl\i'lll" 
( ' ,J ) \\,:\,. II:-(·d. • 

'I'll(' fluid ('oll1l>l'(';.,..illilil~' 1,()('tli( 'i "111 Ot \\':1:' lI\('a"lIl'1·d .. illlilarl.\'. .\1 ('ull .. talll 
1l'llIl>l'I"atlll'(' till' ('I'll \\'a,.; hal:tIH'('d aJ,(:lill,,1 IIII' pi,..I"11 ~:III~(' . '1'1 ... (, .. II \:"n' \\:\'" 
I'lo,.;"d. all additiollal \\'I'iJ,(hl \\a,.. :"ltl<·d 10 tit" pi .. tull 1':111, tltc ' \'al\(' \\a .. 0Jl('III,d 
:llId till' pi;.toll di,.pl:H"·"II·llt o"~I·I'\·('d .. \1 :\ ~in'll 1('1111)('1':11111'1 ' til( ' 11I'(I('('dlll'l' 



tHliLLY \ ,\11 '"LL~ 

\\"I\~ I'(' pl'all'd al dill'('I" '1\1 ~/" :< Up 10 Ih, ' fl'(·I' Zillf.!: poillt. \1'·:1 :-111·1'1111·11 .... \\('1'\' al :-o 
lak('\1 1'01' (>I'I'S:<\II'" dl'(·I·'·IlII·lIl:<. 

Fill' I'l'd"ll'I'llli\l!llioll~ of Ihl' \I\('ltill~ ('UI'\' \':< 11I·lo\\" :!OO k~ ' · III ~ . till' :I Pp:l I'!ll 11" 

Hlld 1('('llIIiqlll' <l1':<1'I'illl'd ill a PI'I'('('di\l~ (lHpl'l' (.111) \\"('1'(' ,·mployl'ci. I )I 'I""llIill:l 

I iOIl of I h,' :<olid -~olid I 1':11l:-il iOIl lilll' 1'01' III''' , hO\\'('\ ' I'I' , \\ a:- "al'l'il'd 11111 ill I III' 

~r m appamlll:< a:< 1'0110\\":<. \Vilh Ihl' 111'3 PI'I':<slll'(' hl'ld ('o\l:-Ialll al ""1111' \':11111' 
"I,low tl\(' Il'iple poilll, Ih,' halh \\"111" IO\\" ' I'( 'd ollt of ('llIllal'l \\"ilh IIH' "1·11 . TIH' 

halh 1('mpI'l'allll'(' \\"as 111t'1I :tdju:<ll'd 10 II \':lIu(' jU:-1 h( 'lo\\" IIII' (·"III'(·I(·d tl'all,..i 

tioll lilH" allli till' halh 11'\'1'1 \\"1\:- l'Hi:<"d slo\\"I~' 1I111il till' ('(·11 \\'11,.. aholll oll,.-h:lll 

illlml'l'Sl,(1. This filll'd t IH' I ()\\'('I' pOl'l iOIl of I hI' ('1'11 wil h "olid , TIll' 1'"i"l ill~ It'lll 

\>('\'allll'(' ~l':ldil'lIt ill II\(' IIPP('I' pal'l of I hI' (·(,11 kl'pl I II(' ('1'11 opl'lIill~ 1'1'0111 plll~ _ 
~ill~ \\"ilh :<olid, Wilh II\(' halh h'lll\wl':tIIlI'P allli 1I'\'l'lllI'ld ('1111:-1 all\. ,..l1lall \\'(.i/.!:ht:

\\'pn' adlll'd stl'p\\"i~\' 10 t II(' pi~loll ~all~(" TIt(' pi:cloll dI'OPJl,·d h~' :-111:111 11"('1'('1111'111,.. 

dill' to IIH' ('olllpl'(,:<:<ihilily of Ih(' :<ysll'llllllllil til!' 11':lIl:-ilioll lillI' W:l:< 1'\':1(,111'<1 , at 

\\"hich poilll nil addil illllal \\'I'i!(ht (':1111"1'(1 I II(' pi"'\clll 10 dl'lIp h." :I 1:l1'f.!:'· :1111011111 

('orl'('s\>t)lldill~ to I II!' \'olllm(' l'IWIlj.!;(' of "olid-solid I I'allsil iOIl , ~ \ ' 0.''''' ' \\ hi('h 
look pl:t<.(, ill IIIl' low('l' portiol1 of lilt' ('1'11. l ' l1fOI'IUllalt·l." lilt' 111('1\,..11 1'l'm('1I I of 

~rlr("" ('ollld 1101 Ill' iliadI' qll:ll1lilalin' II." Ihis ml'titod ,..ill(,(· 1111' ('x:1I'1 :11111111111 

of solid ill Ih(' ('1'11 \\a" illdl'I('I·millahl('. ,\ difT('n'1I1 Illl'lhod fill' d(·t{,l'llIillill~ ~r o. , .... 
i .. di:'(·I1:-",·d ill :-;"('\ illll I\, -H-1. 

TI1{' mom I ('II\\x'l'at 111'(' <\(,lIsit." of ~a""'()lIs 11(,3 alit! 11(,' was Illl'a,,1I1'1'1I al Ihn'l' 

difr('r('l1t \>1'l'ss\lI'l':- lip 10 :..)00 kg ('11l
2 II." "imply (' llIplyillg all l'qllilihl':llt'd (',·11 

('OIl\l'lIt illio t Iw lo\\, -pn·,,:-lIl·(' 1II('\('l'ill~ sy:4(·m . Fillid d('lIsily :""11~ I III' 111('11 ill~ 

('111,\,(' \\"as lI\('a:o.III'('(1 :IS Iwfol'l' ( I :j ), 

'I'll(' pl'II('('(\lm's ollililll'd aho\'l' will. ill ~('II('n", S\I('("'l'd ollly al 1I' l1llll'l':tlul'('''' 

\\'hidl ('all 1)(' 1Il1lilliaill!'d hy hoilill/.!: liquid halh:-. :'\u all('mpl \\':1:' lI\Hd,· 10 01,

laill ~r .. :llId I'('lal('d data ill IIII' t't'/!ioll _1.7° 1\ 1011.7° )\. 

('. TDII't:H,\TI" HI': ~l t:.\SI' Ht::\IJo:vr \:\() ('0'\'1'1101. 

'1'1)(' liquid h:llh:, 1I:'(,d \\' ('1'1' helilllll ( I.:! :;01\ l. h~·dl'Ugl'1I ( \ I :!-I . .-,ol\ I, :lilt! 

1)('011 ( :! 1.,-, :H oK ). ('011,..1:1111 hUIll()~l'II(,()II'" It' mp('I'allll'l' \\'as ('fTN'It'd h~· llIaill

laillill~ ('011,..1:1111 \·apot' pl'l'~"'lIn' :lhm'(' til(' halh \\'hill' :-lil'l'ill/.!: IllI' h:tth with 

hllhhh's l!:('II('I':lII'c\ h.\' a slIlall hl'all'\' al 1111' hollonl. III IIII' 11I'Iilllll J'('~iOIl, 11'111-
,wl'allln's \\"('1'(' (·ompIII( .. 1 10 O.()()J ° 011 till' I!I'-.. :-I'a\(' d(· ... ·rill\'(1 hy \ ' :111 J>ijk 

alld 1>1II'il'lIx <2/ 1. III til(' (l11H'1' J'(·~iOIlS, \('lIIp('I'allll'l'" \\' ('\'C' ('Olll(lllll'(\ 10 n.ool 
Oil I Ill' :-('al('s 11,..('(\ PI'(,\,iOIl,..ly ill I II(' IIwll ill~ ('III'\"(' d('\(' l'llIillal iOIl" ( / 1. 

1>. \ ' OI.l':\H: (' .\1.11111 \'1'10'\" 

Th(' \ 'ulllll\(, of Ill!' la,'f.!:!' . Ihill-\\":t1ll'd (·(·Il \\"a:- d('It'l'millt'd 10 hI' n,I ' :!.-):! ('m~ 
al :mOoK :\1Id \ almos frolll Ihl' \\'('i~11l of II\('I'('UI',\' J'( 'quil'l'd 10 fill it. .\" illdil'al('(\ 

(In'\'ioll:-I.'' ( /.i l. ('OIT('('lioll!' to Ihp \'01111111' W,'I'(' m:l<h· fol' : ( I ) Ill(' dc'(·n·lI,...· 



.. 
":\11:-1'11 h ,\' ill"('I'1 iOIl "I' I II(' illl!'l ":t)lill:!I'~'; I 2 I IIII' ",,"I 1'1 If' I illil 1111 h d""I'f'a~" III 
\1'111)11'1'111111'1' ; IIlId (:{ I till' ":\)lHlI ... illlI II itlt illl'n':!"'" ill )11'1 '''111'('. I )f'!l d ,·,,1111111'''' ill 

I I\(' ".":-11'111 WI'I'\' IIll'a:-II )'t·" II.\' ... illlpll· ~a" ' ·'Plill-illl!. 

K ( 'olllll':(TII"" 

Till' "nl'illll:- ,·flITI ·,·tillll'" di ""'I1"':-,'" l'arii,'1' 1 / .; I 111'1'1 ' appli(·d II) IIII' /,,·,· ... (·111 

111":1:-111'1 ' 1\1\'111 :-. For ,1I·nd -\·IIIIIIII,· ('all'ltlal illll .... pl'l· ..... 111 dala 'Ill I It- alld 11(·1 g:1I'" 

d.·II :-i ti, · ... at 1'0ClIII 11'1I1)1l'l'allll'l' \\(.)'t. "",,'.1 al (11'1· ...... 111'1 · ... "I' III 200 kg: (' 111 :. FI'1I111 

:!OO til 10110 kg: "III ~ til,· 111'1 g:H ... d, ·II ... ilic· ... "I' " · ic·III·,II/I . I !! at 1'1111111 tl'IIIIII'r:IIIII'( ' 

\\' ('1'1' 11:-1'11 . ,\I,IIn ' 11100 kl!: C'III ~ :111 1"II':II'"htillll III' IIII'll ' 01 :11 :1 11;1- 111:1.11 ' II ... IIIg: 

a:- n ~IIill(' till' 1'1':-1111:- III' Bl'idg:lllall I !.; I 1111 illll'lIl''' III ". 
FllliowillJ.!: 1':11· 11 oll · ... I h·\t'1'I II i 1111 I illll. \\111'11 I hI' ,·c·1I ,a" " \\ a- \'1 '"111'111 '.1 I" IIII' 

1'1'1'1' pi:-loII g:allJ.!:'·. 1111 1\" '11 11 '11 t III' till' pi ... tllll lIulil·:II, ·d Ih:1I 1'111,, ' 1' 1 .. 11 111I1c · III' 11111 

!lI1\f'h J.!:a" h:1l1 \" ,,'11 Idc·d illlll 1111 ' 1I11 '1('l'illg: ... ~·-II · III. TIll' alllllllill III ,·'c·c· ...... III' dc '-

1i"iI'1I1 g:a" wa:- ,·:dl·III:II .. c\ 1'1'11111 1I1 .... '·I'\'nlillllllf Ih( ' pi"'I'"1 Ir:ll c·1. 

C\lll\pl'I·""i"ilil~· Clf I Ill' ).!:1I'" al mllill 1c'IIIIwI'allll'l' ill IIII' IIdc'l c'a )lill :II '," \\a- ('al 
(,lIlatt'd (22) alld ,..IIhlral'll·d 1'1'<1111 Iltt · 111.",,1'\'('.1 (·lIl1lpn ·.,. il"lili"., III flnl!'!' III 

al'l'in' al 11\1' 1I'IIl' (·\lIIlI)l'I',..,..illilil~· lIf flllid ill lIlt' ,·,·11. Thi""'IIIT( '('lillll \\a' ":d"llbl,I(, 

III < I 1)('1'('('111 ('1'1'01' :llId ill IIlng:llii lid,· I\'n" al'"1I1 \(I (11'1'<'1'111 11\ IIII' IIIC ':!"'"\'1 ·d 
oll". 

To I'fr('('t fl'('('zilll! :111111111'11 illg:. fillil(' ,,"Itf'olllillg: al,,1 -III II 'ri 11':1 I illg:. I'I · ... P( ·'· I i, d.v. 
\\'1'1'1' l'I'qllil'l'd ( / ;il. ('ol'l'I'('liflll" 1'111' II" ,,.. .. \\( ' \'1' iliad, ' lI ... illg: IIII' IIlc'a"'"I'''cl ol'j" , 

thl' lIll'a"lIl'l'cl ct j , alld Ir (·"titllnl('t\ a" (1 .• '-, n , , 'I'll(' olT 11 ..... ·d ill fn ·' ·l.i llg: :11I1"IIIII .. d 
to O.O:{- 1.2° 1'01' Ill" alld 0.0.-) 1.0 ' fIJI' 11(.'; IIII' olT 1I'l'd ill IIwllillg: 11 :1,11.1'1 -

OAO° for I"'~ :lilt! O.(}! n .:! 1 1'111' II .. ". :'111:111 ol 'J ..... II('\'(' II ... II a II ." "'ali"":IC'III!'.'· lIillt 

tlH' Ihill-waltt'd ('(,11. :dlhllllg:h I:IIW' ol'J"" 11(,1'1 ' "1·( 'a ... i"lI:lil~· lI"'c ,d . 

III. H U.;(' 1.'1':-; 

. Fol' holh helill1l\ i"otop .. ", "XIWl'illu'lllal I\U';\""I'( 'IIlt'III,, .. I'llit' ""hlllll' .. hallJ!;(· 

011 1111'11 ill~. ol r no • :11'1' ,..1111\"11 ~I'aphi(':dl~' :I' a 1'11111'1 iltll "I' IIII'll illg: prc " '"I'I ' lip 
to :{;-)()() kl!: em1 ill Fi),!;. I . TIH' dab h.,III'" :!,-IO kg: "III ~ are' ... 1111" II ill III"n ' cit'l;lil 

in Fi~ . 2. \'aIlIP,; of Ihe Ih('l'm:1i ('xpall"ioll (,llI'fIi"i('lIt ,,1'1\1<' flllid , 

0 ) = I l:,( r/l' ) aT I/. , 

along the nll'ltill~ ('111'\'(' :ll"(' plotted ill Fi~ . :~. F(l1' II .. " a 11101'1 ' (It'tailt·d plClI (If 

ct j :It loll' P\,P"";III'l'" alld a plol of til :' lIuid (·lIl11pr(',.."il,ilil~· l'II(·f1i(·i,·III, 

PI = - \ \' )(iJ \' j iI!' )r, 

along the lIIelt illg ('111'\'(' art' "hOII'll ill Fi~ . . t, 'I'll( ' "1'1'01' ill ('llt'h of tt , and .:J, i ... 

(':-;timuted I () be ±,; IW\'(·(·II1. l-iJ.!:lIl'l' .-) ~i \'l'''; t Iw Im'lI'" of point ... ill tilt' \In· ..... lln·

tl'Blpl'l'Ilture diagram 1'01' 11/ where the I 11('1' ilia I .·XP:III"ioll ('odlil'i('lIt "I' th., 

- ,". 

-
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I 
0.61---- 1\ 
O.~ 

0.40~----1-:-0-0-:-0----2-0~0-:-0----:-3-0:'-'O-:-O----l 

Pm (kg Crri'2) 

Fit. I '1'111' VUIIlIl'" ,'lIall":" "" 1l",llilllt <lr 11,, ·1 alld II., ' a- :, rllll<'li"" .. r pre '--' "'" 

flllid i .. ZI ' I'O , 111 Fil!:' , Ii :IlId / :11'1' plottl'd Iltl' ":tllll'''of ( iln, ilT )" :I lid ( tiP! il / ' )7 , 
\'1'''1'('('1 i, I.' I~', 'fOI' I lc" : t111111! I h., III 1'1 1 ill~ I'll J'\'(' , , \ I .. u .. I" '" \I ill Fi~ , (j :11'1' (iIIY( iI 'f' ) /' 
, ': .1111'" fill' IIII' {t J 0 p"illl" uf Fi~ , .-" Fol' I lc,':I1 it'lllpl'I':IIIII'I·,.IH'lo\\' tl,,·IaIIl"":1 
1I'1I1 1)(,1':tIIlI'l ' , :I pllli of It , '.'1'"11,, 'j' :11 / ' :1:, , 11 kl! C'IIl ~ i .... 1\(1\\ II ill Fi~ , S , Fi~ -
1If'( ' !I i .. IIII' ('ollcll'lI-(,d plt:I"I ' di:t~I':t1l1 1'01' II I' '' , .. ltul\ill~ I ltc' .. "lid (r • :oiulid ,1 tl':IlI 

,.itioll lilli' I 1''\II':IPIII:tIl'd til T () , alld II", tI ) II 1'11'11- ill tltl' liqllid d""I:till. 
J>I" ' i:ttiulI" "I' till' illdi, idll :.I c''\Pl'l'illlt'lIt :d poillt- 1'1'''111 till' ('III,\,c'- "I' 1-'iJ,?; , !I :cl'l' 

1I0t ,i .. ill!t, Oil I It I' -I':.lc', 
TIll' 1''\,H'l'illll'lllal :llId d(,l'i\I'd IIlI'ltillJ.!: PI'IIPC 'l'til'" III' l it-' a 1'1' 1'I'I'''I'III1''':It \:tl' 

i,lIl- IIwllillV poillt- III '1':1111, ' I , \ ': dllc '" lit ~s ." I\('\'( ' c'lIl1l\lIltl 'd 1'1'0111 ~ I '", :tilt! 
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Swenson (1952) 
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0.80=---L..----;5-;:;:0--!...--7.IO:;-;0;;--!...--7.15;-;;O~-!...--'::"20=-O=---!.-.--~, 59JS 

PIlI (kg em-i) 

Fill. 2. The voluUl(, ('hlUI~(, on f1Jl'ltinl!; of H,,' and 11('1111 IIIW prt'~""r"~. TIll' larl(l' rir("h', 

rcpre"cnl nwu:!UrI'llIl'nt. mlICl(' wi I h II\(' "llIulI, h('llv~· · wull(,tI ("I'll, \\ hil" till ' " l1Iali ,·i n'I", 
rCJlr(,~1'1I1 Iho:-<(' mad!.' with I hI' larj(l' , Ihin ·wull('d ('1'11 , 

riP ... ciT ... Similar prop!'rtil':-i for IIc3 an' ~in'lI ill Tuhl{' II , \laxillllllll ('rmr" 

lU'{' ('~tilllat«.l to 0(' 0,5 P('J'CI'nt for ol I ' ,. , 0.1 pt'l'C'I'lIt for \-" lind I pcrl'l'\lt for 

11.0\,", III Table III an' prl'':l'ntl'd Ill(' IIwlling pararnd('r': for Ill(' ,.:olicl-~olid trall

~itioll of JJ(,3, H(,~lIll.:-i of the hi~h-prc":':lIn" roorn-j('mpl'ratllrc ga,:-<iI'II"ily Ii .. -
t{'rmillation": for "('~ alld IIl'~ :In' gin'lI ill Tahl(' n', 

.-\~ ill till' ('U:<C of:\~ (I:i), til(' oll' w, dala w('rt' fittl'd to the 1''Iliatioll 

oll ' .. = . 1 - Illol(l lI (J'w, + (' ) ( I J 

hy Ill{' nwthod of Il'a,.:1 squ:u'\,,.:, For lI(,a Iwo ,.:('1,: of ('Oll"tlllll" \\'('1'(' iWl'df'd-
011(' for ttl(' n'J.{ioll hl·lo\\, til(' triple point :llId th .. otlwr for Ihl' I'('ginn ahon-, It 
\\"a,.: not po,.:,:ihl(' In fil till' II('~ ~" : data 10 Eq, (1) 0\' 1'1' III(' filII pl'l'''''III'(' l'allJ.!:<' 
~tlldi('d. lIow(·\'('r. for I he purpOI"(' of illtt'rpoiatioll. :l fil W:I" lIl:uk frolll 1 i.-, til 
:{:;:),; kJ,!: ('m2

• Th(' ('oll:<tanl,: ill Eq, ( I ) fol' t h(' nll'ion" ,.:olid,.: :II'(' PI'P"t'IlIt-.1 ill 
Tahle \ '. Li,:tNl al,.:o :tl'(' I III' pre":":lIl"l' l":lllJ.!:(' alld rm" d(,\'ia I iOIl ill ol r ff. ' 

Tht' nwlt ill~ ('Ul'\' (' dala al lo\\' pn'!,,,:ul"(' W('J'(' fil It'd h~' I II(' !llI'l hod of Il'a,,1 
!''1"an',; to :Ulalyti(,:tl t'xpn',.:,.:ion" of I II(' form, 

( :? ) 
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FI(; , :1, Thl' tht'rlllal "\pall,,io" "I)('fli('it'1I1 of fluid II .. ' allil 1/ ,,' ,doli" th(' Illf'ltill" ("Irv(', 

For " ('~ :t Iii WH" l1ladp o\ll~' :thon' IIH' A-poillt ; for 111,:1 "('pamll' ('UIT1'S Ir('n' 

filtl'd Iwlll\\' :\IId :dHI\'(' 1111' Il'iplt' poill\. Fillpd al",o 10 Ihi", l 'qllHlioll WNt' 111('11"'

UI'('IlIt'III", of 11ll' ",olid -",olid Irall:-ilioll lillt' ill 11 (':" ('oll:-Iall\ " ill Eq , ( '2 ) for IIIl' 

"arioll" \t':IlI"itillll:- an' j!in'lI ill Tahlt' \, 1 :tloll~ \"ilh 11\1' \PII1Jlt'l'lllllrl' r:lllj!l' 

('on'n,d :1111 1 1111' rill,.. dl'\ ' i:llioll ill I), TIt(· 1llt'llillj! ('lIl'\'\':- al hij!h('r 1('lllpl'r:IIlIrt':

alld pn'''''lIn',.. a 1'\' \\'('1\ I'I'PI'I''':('III,'<I II," III(' , 'oll,..I:l1lI ,.. j!in'lI 1':l rli, '1' ( I ) 1'111' IIII' 

I"illlon ('qll:ll illlt , 

I) ". /I + ,,'r .. : ' 
Data for lit" 1ll01:11' \ ' "ltlll\(' of fllIid al",,)! till' 1I11'11illj! "lilT" ('old.! hI' 1'\'1'1'1' -
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,,"fI; . I. TIll' IllI'rlllall',p:lfI~i l)lI '·III·fli"i<'lIl. H I . alld II,,· ""'"pn'"il,i lil' ,·, ,, 'ff,, ·, ,·,,1 ,1 .. 

uf /lltitl H,,' ,,10"1' 11"'lIlI'lli"I' ,·urvp . 

';('III(·d by all ('qllalioll of Iht' t.\'P(' 

1', = tI' + // ( " ", + (1 '1", , I I 

.\ ."imilal' I'qllalioll, ",it II tI' = 0, had 11('('11 tI"l'd fill' \' ~ II 1(':1 'I 11'1 'II If'1I I , 1 / ./ '. '1'1,, · 

('Oll"tallt" of 1':" . ( I J, ,,1,lailll'c1 h.\· :t Il'a"I -"qllal'l',. lit "I' till' 1':\I)t'rilllf'lIt :rI d"t :1 

for 11 (,4 Hlld 11 (''', a/'(' l-'in'lI ill Tahl( , \ ' 11 101-'1'1111'1' \lith tIll' l'all)!I' "I' appli/'alltlit,\' 

:Ilfd /./11 .... d('\' ialiOll ill I' j. Eqtlatillll ( I , applil'd til II I" :lIld II I" 1 1'1'111.:.1.1.\' dol" 

HoI ftlily l'('fI('('1 Ill\' a(·/·tll':W,\' of tilt' HH':t"'III'(' IIIt'Ht, 11111 i,. 1I,l'flil ill 111:1 kill)! i"It'r -

\lola I illll". 
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Taylor 6 Kerr 

0,2 

40 50 

tl for fllIid III, a . 

. \ . ))1:-;IT~i'oIO:\ OF 1I 1'~ H~;:-;I ' LT:-; 

\" ahw:-< of ~" .. dl'I'in't.l from molar \"Illllllll''' of "olid alld fluid lilt': 1:-< 1 11'('(\ hy 
))II/!:dal(' alll i :-; illlOIl (,j), agrl'1' withill :! 1)I'I"('I'IIt with t il(' prp:-«'lIt dpt('J'lIlillalioll:-< 
at prl':-<"un':-< helow :{(X) k~ ( ' lll ~ alld :lhm'(' :!OOO kg ('m~ .. \ t illtprIlw<i iall' pl"e:..;
"111"(':"; , hO\\"('\"('1" , tlwi .. \":1111(''' an' ( ' (lII"i"\('IIII~' 1011"('1" th:lll Iho:..;(' n'portl'd hl'l'I' .. \ 
maximlllll dl,\·iat iOIl of - 71)1'1"('\'111 (I(','UI":"; :It tOOO kg (,lit 

Bl'loII" 2:)0 kg ('IIl~ a plol of IIH' Jlrt''''Pllt ~ \" on data ill Fig. 2 "holl":' a :,harp hn'ak 
ill IIIP ('\11'\'1' at abollt :~2 kg ('III~ . ("lITI'''polll lillg 10 a Illt'\tillg t('mpl'ralllrt' of 



II 

12 

• at T ClC.,.o 

0 at T~ 
10 

"b 
'" 8 N 

'00 • 'V 

-1 A. ..... 
!o ...... 6 

i 
4 

2~-----+--~~1-----~ 

!50 100 1!50 2!50 
P (kG cni2 ) 

F .. ,. Ii. ,i'" , .1'1' 1" a' " fllll,'li"n .. f /' f .. r 'h"d II, ,' 

1.8°K, ,\ lthOIlJ!;h th(,:<t, \'allll'''' an' "'011 \(' \\"ha1 hiJ!:11I'1' Ihall Iht' Ilion ' :,""Ilrall ', 
dil'('('lly d('It'rminl'd , ' :11111'.' (: 11 kJ!; ('m~ alld 1,77 K ) of :-'\\"1 '11'011 I ,J, alld 1\1' (" '"11 

alld K('l',,:olll U}) fol' I) .,~ :11111 7' ... )., 1\11' ]lOilil \\'\11'1'1' Ih .. bllll.da lilli' ill'!,)"",'I, 
tIl(' nH'ltill~ ('111'\'(', I\l(' di":('Olilillllit~, ill ,.Iopl' ill ~\' ,,, i,.. '1l1ill' ddillil." Th. , 1'1 ,,"11, 
(If :-;\\'1'11":011 (fi) an' plottl'd :\1"0 ill ViI!: , '2 , Thl'~' ,.ho\\' a po,..i lin' d!'\' ialiOII rmlll 

Ih(' PI'I';;('lIt \'aitl(''': al I' ., > I ) m~ alld a 11I'~ali\'l' d",'ialillll :11 /' •• < I' ",~, TI ll' 
maximum d"\'inlioll i,.; ahoul ;) 1)('1'('1'111 ill till' ,' il'illil~' of I) .,~ , :-'\\'1'11")\1 III:tcl .. 
110 ('III'n'('lin\ls to his jl' .. 1lII'W-UI'PIlIPIlI,.. to ;lI'('olllll 1'01' IIII' I I H'I'I lIa I l'xp:tll,i •• 11 

of ,.:olid alld flllid 0\'('1' Ill(' j7' \'('j!ioll ill \\'hil 'h II( ' work('d : hI' a',..lIlll('d 1''1l1ilil" 
rillJll ill fl'('pzill~ Hlld fllI'lt ill~ , "'il h d(,('I'l'a ,.: illJ!; I' ", I hI' I I It'l'Illa I ,·xpall,..illil ,'0 , 



12 

35 

3 0 
\ 0 

\ 5 
0 \ 0 

2 

\ 
oo\~ 

0 

~ 0 

10 

0 

'" . 
2 3 4 5 

TIII(da, K) 

('ffiei('111 of the liquid ('han~(',.; from :l po,.;ilin· "aim' 10 a lal'J!;(' 1H'J,!;alin' "ahH' at 
I' ",x (";('(', for (,Xlllllpl(', Fi~,.; , :{ alit! 8) , ,It i,.; ,,;u~~I',.;It'd \ hal if I'xp:tll,.;ioll ('0/,/,1'('

tiOll"; W('/'I' applied \0 ~\\'l'II";OIl'''; data, till' hl'(,Hk ill hi,.;.l\' no ('UI,\,(' \\CHlld 1)(' Illlwh 
,.;harpl'r and ill e1()~('r a~/'('('IlIPllt ",ith t llf' PI'('''''"I ('\11'\' (', TIH' illtiin'C'1 .ll' •. dala 
of 1\(,1'~()1ll nlld 1\. 1'('~(l1Il (.1) f!'OlIl W 10 I:~:{ k~ ('m

2 
han· 1101 h('('11 plnttl'd ill 

Fig, 2, hilt Ilwir ~r", ('UI'\' (' would ('1'0";"; II\(' pre~('lIt 011(' Ht ahollt 110 k~ ('Ill~, 
('x hihilill~ maximulll d (" ' iatioll"; of +!l 1)('/'('('111 at iii k~ (,111 ~ alld - 0 I'1'/"('C'1I1 

at 12:J, k~ ('Ill~, 
Each ";Iilll' of Of f ;liollg til(' mP(1 ill).!; ('\1/'\ ' (' W:\,.; c\I'II'/'I11ilu'd fmlll a ,.;('riC',.; of 

llH'a,.;un'IlH'III,.; mad(' at l'oll~talll prp";";\lJ'(' alld ('xll'llpo\al('c\ 10 tl)(' 1Ill'ltill).!; 11'111-
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FI<; , " " l ", a fllll"II"" "f T f"r 11,. 1 " I /' 

1'('1':1111/'1' , Ttw ,'lIITp of Fi/!: , :: I'\hilli~~:t -11:11'1' 1'\-1' III o . lIilh d/{ 'n 'a-ill/!: /' ,,, 1IIIIil 
:t Ill:txillllllll i,.. rt';H·tll'd :It ... -10' kJ! {'III ', ,\1 pn'--III'1'- 1,, ·111\\ Ihi-, tr d"/'I'I';I-I '
I'apidl.\', IIl'(·IIIII(',.. di,..I'Olllillllllll'" at IIII' X-PlJilit h,l' a--IIIIIIII/!: lar!!.,· Ill'/!:all\ /. \ 'allll'

whi;·h dl'I ·/'I'a,.." ill 1I1il/!:lIillldl' \1 il h flirt 111'1' d/ '/'I'pa-/'- ill /' ", , a'" -It/l\\ II 111 Fi/!: , X, 

'1'111' O f \'allll',.. of 1" '''-.0111 ;llld 1\"1''''''"1 1.'/ t. pl""l'd ill I II! , :-.. 1\1 ' I'! , d/'I'I\ 'I·d fl'Oll1 
ttwir 1'\''1' 1111':1"'1,,'1'1111'111 ... alld -h .. \\' J,!;o'KI :t/!:n " '11 11'11 t l\llit till' pn'-"ltI dala . 

'1'111' \ ' / 1111';1-111'('1111'111'" of T:d.I,· I llJ,!;n',· \\111t lit",,· "I' 1)IIJ,!;d:d,· alld :-;illlllil (. f l 

to within I PI'I'('I'III, TIH' 111'\\ 1,\' d"\"l'litilll'd 1111'11 illi /' 111'1 ". ,·\pl't· ...... ,·d 1.,\, Eq, 1 :2 I 

:llld Tahll' \ ' 1, f/JI'I1I .~ a ,..IIH,..11t I'x\"II-i"lI of that n 'J","II'd 1':lrJit '" 1 ' 1, 
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,\ t high prt'''''''lll'l'''' Ihl' prllp('l'tit'''' ()f Ill'a alolll!: I Ill' 1lH'ltilll!: (,UI'\' I' I"IIlll!:ltly paral
lel IhtN' of II ('~, ,\ \ 111\\' Pl'l''''"lll'l''''. althoul!:h J II''' dcw" lIot di",pla~' "'I lJ>l'l'fl ui<i it,\', 
thel'(' :\1'(' olht'l' Illliqlll' r"allll'I' ,'" \\"hid, IIwril dPlailt'd di",('u",,,i()I1"', 

I, TIll' ,~fl/irl-s/llirl /ml/sitirll/ 

''' ilh n'kn'IH'(, til Fil!: , '2. III(' di:-mlllilluil,\' ill tilt' jl"m (' 111'\'(' fm Ill''' at .... 111 
kl!: ('I1l ~ i", a ('Oll"'l'qllt'l\('(' of a Iripll' poillt ill till' IIU'lling ('111'\'(' \\'Ir('n' 1\\'0 t,\'PI'''' 
of "'nlid al't' ill l'qllilil'l'illlll \\' ilh II\(' flllid plta:-I', ,\ ('anoflll dl'll'l'IIlill:ltioll of till' 
nwltillll: ('Ill'\"(' "lrl)\\'('d a ",Iighl di:-('()1I1 illllit~, ill "lop" \"lri('11 O('('UI':- at I II kl!: ('III~ 



M~: I:I'I'\; I'ItOI'I': ItTI ~:l'\ (W II\' ~ \ ", II\,4 

TABl.E I 

I'IIUI·.:II" .. :,. flf' III" '\1,":-'<1 Tilt: '\h:L'!"I'" ( ', It\ f: 

I' ... T~ oll' m II " Av . d(·v.'· 1', 
(klt / ('m') ( OK ) «('111 ' , 111,,1 ) (±%I ("111'/ 111,,11 

:.W.4~ I . :li)(' 2, ()·IIl ,1 -I 0 . :1'.l :l:I ,o:lO,1 

:l1I.XX 1.i2:! 1.70tl'l I 1. 1i!! '.l:l . 1\ .1 

·\O .tN) 2 .(lm 1. :12-1,1 :l (1..'):1 '.!1 .SOi,1 

(iO .02 2 .5-10 I . '.lll ,I :l I . W '.!fJ m;,1 

i . \IS 2 .!'1:I I . IS'.!,I !i 0 .72 1\1 ilS 
7!l.(l-I 2.!lIi I. 16-1 :1 1.116 1!l.i I I 
!III . \)\1 :1. :15li I . ())(!I,I 2 0 . 2!i \!I . III I 

I'.lS . 21 :I};;15 l .ms -I II. S!') Pi . IX\I 

1:l.'Ui :\. 10 1.02\',1 2 II .S!) IX I)o\ii 

liii .OS 1.6,'\S 11.!')o\\' :1 1.42 17 .!in 

1\20 . :1 1-1 . i .. \(j O.60i:\ 5 o. ·1Ii l'.l . i.')2 

142'l .X Ii . If>,\; n . 5H:lO ., n .21 12 . 17:1 
liiS .6 Ill. 7i-l O . .'l2ii .5 0 . 2!) 11 . 114i6 
21 :\4 . 2 22 .211l O. -I!lin :1 n . III 1\ .22.'l 
ZIH .i 2:1.114.2 O.-liii2 :\ 11 .21 11 .0:\1 

211i.1'\ 24 .0S(l (l . -ISI I :\ O. \II 1II .!li I 
2\1:10.1 27 . I !In n .-I!'lIii :\ n . :l\ 1O . !i12 
:3555.6 3n .iin (l . -1:100 :.! 0 . ;),') 111 II!) 

• II - Illlmhl'r of oll' m d('I('rlllinaliulI~ al I'a('h I' m . 
to Th(' :lVI'mlt(' d('viulioll frulll Ihl' Ilwall uf thl' 1/ df'll'rmillali""I' "f oll ' ~ . 
< HIlIHOI hl'd V:lhl(,~ . 
• 1 H(,l<IIIt,.. with th" lurlt(, ('(,11 ; all ulhl'rs with 1111' " rnall.·.·II . 

I.i 

ol"'~' 
(!'"I , d.·It / IlI,,1 1 

O. liO 
o XIO 

1. 11'.l 
1. 2fJiJ 
I . :1111 
1.:IHi 
I .:lr)(. 
1 :lil 
I .ail 
I -102 
I. inl 
I . i'2l 
I . i Hi 
1. 71H 
I . ii I 
I . iii 
I . i\l'< 
I. ~I 

alld :tl(jol\, the' poillt of illtl'r:';('('lioll of II\(' Iwo limh:.; of Ill(' IIII'I I ill/.t ('urn'. Prob
ahly n 11101'(' :U'('ura\(' u(' \l'I'millalion i:.; /.tin' lI hy lilt' inlt'r:-('('Iioll of tht· :-.olid-:-.ulid 
lrall;;ilioll lim' with thl' IIwlting ('un','. wlti(·1t OC'I'lIr:.; at 110041 kg .·I1I~ alld 
:tl.t8°K 

,'ui>!"('qllPllt to tlH';;(, 1llC':t .... 'U·('IlH'lIt:.;. Ilw "Irt/('tttrt':'; of III<' \\\0 :-olid form:- (If 
1I1'~ \\'('J'(' d('tt'l'llIill('d hy x-I'a~' difTl':I1'I iOIl (2 ~ l. TIH' "olid IlHKiifi('a I iotl. IX, wllil'h 
cxi"t:.; at thl')O\\'('r IC'mp('rattu'(':'; :till I pn':-':';III'I''', W:t" f"ttlld to han' th( ' I)(KI~'
C(,lItcrNI-<,uhi(' "tl'lIetUI'(,. It wa::; d('tNlllilll,<1 Ihat Ilw t3 IlI(Hlifi('atillll Ita :.; til<' 
h('xagolla)-c\o:.;(':.;I -pH('k(·d ;;truc·llIl'(·. Solid dC'lI "i lip,. , c\t'ri\'('(1 frolll 1(,II~th ... of thl' 
axe" of Ilw IIl1it ('('ll:.;, aI'(' ill good agr('('Ill('1l1 wil h d(·Il:.;it ip:- ('olHplltpd fmlll data 
n'port('Il 111'1'('. 

With ,,('f{'('ell('" again to Fig. :? a half-;;II:I(Jpd c·in·lt' l'I·pn· .... (·III:-. Ill<' "ltln of 1111' 
\'0111111(' ('hallg(' 011 IlWltillP; of a-,.olid pili:'; tlw \'olllnw ('h:tngC' (If Ihl' :.;olid -:-olid 
Imll"itioll, .1l', .. n., at a p;i\'(,11 pl'(':';,.lIr(' . 1'h(''':(' rl':';III", W (, I'I' ohlaill('<1 h~' III<' tt:-lIal 
t{,('hniqtl(' for 1llC':I"urillg .1r m ('xc'('pt that till' hat It tl'llIpNalun' w;l .... low ('lIough 
to (,:IlI"P fl'('('zillg of tJ-;;olid .. TIlt' difT('f(' II('C' h('\\\'('(,11 111(' tlpP('r da:.;lll'd ('un'!' of 
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TABLE 11 
PROl't;IlTI1o.:8 Ot' Hc' AI.IlN<O TIn: ;\h~ I .TISC; ( '1'\1\' t: 

Pm 7' .. ~I · .. II" Av . e1(·v ." 1' / ..1."\ ...... 
(k~/l'm' ) (OK) (l'mS/mol ) (±%l (('III '/m .. l ) (('al "PI( 111 .. 11 

a -suliel 
51.111 1. :1:12 J .O:Itl(i·1 2 n. 15 2:LiOO·1 0 XI2 
SUi 1. :li5 l .mtit)·1 2:1 .5i5 O . ~rlll 
61.06 1.1I5\) O. !liOO·1 2 0 . 211 22 . ilii ·1 (UI:1O 
6!l .2S I . iX:\ O.n-I:lr, 2 lUI 22 . lrll) n . \lr).') 
i!U)5 l .nllS n . !lO(,)( I' I 21 . \120.1 n . !I~S 

in ,nO 2 .nOo n . AA~O -I o.n 21 .!lli O. IISS 
HI . 2i 2 . :Jf,s (). XIi:I:\ 2 O.!li 21 .:\(it) I . OIX 
!I2 . l~~ 2 .2i2 O. XU5H,1 2 n . :!); 21 .:1:\0 I .02n 
\IlUll 2 . 125 ll .x52a,1 21 .m.'", I .0:\:1 

\(Kl . IK) 2 . 12i II.SI~~ :1 1. lil 21 .012 1.0:1:1 
IliUm 2 . (~\O n .Xlr':l :1 I I.f,;, 20 . ll2r, I Ol~ 
112 .-12 2 . lirlX (U'lOi·1 I 1. IKi 20 . .')ir, I .OI!I 
11 . Xli 2. ii5 II.SIK1:1 :1 2 . S.~ 20 . :\r)r, 1 .0rlli 
125 . 1() 2.XXi Il.i, 5U 2 1) . lr) :,W . 152 I .OfiO 
125 . -11 2.X!M O. inf) 1,1 2 0 . ,');1 20 . I Iii 1.11t;1 
12S . -tO 2 . \11:1 n . i\\.",5 2 lUG 20 .0:;5 I . IK;:I 

tI - ~ol itl 
I Ill. 2!) :1 . 2;;2 o. s.'1()S" I o. fII; I!U,I:I I 1M; 
151 .51 :L:II :\ II. Xl{ Hi,I '2 II .XI 1\1 . II i I . m\ 
IGO . I:I :I .·WO O.Xi(iU·1 2 O. I(j 1\1 .2:\0 1.201 
li5 .01 :\ . i :\ii O. 5,~:\ :j 0.."11) \.~ . \I:\!i 1. 22:\ 
2(M .5i -I .21l5 IU,2f11I,1 :1 1. 1:; IX . :IXX 1. 2r,\I 
2:\i . 1:\ -t . i:1:2 O.XIKlli .1 (I . Hi li .SIX I . :.!l1!1 

120S .X 11 .6S!) O. :)(;li 2 0 .02 12 . lI\11 I . til i 
1-1-I!I . 2 Ill. 5\12 0 . 5:1!11 2 0 . 5a 12 . ;,11 1 . t)I~ 

liOi .2 11' .511' 0 .52:1\ 2 O.:\ti 12 . 12:1 I titi!1 

20!1S . ti 21 . 2f11i O. IXXO :1 O. IIS II :;\1.-, I . ti!I,', 

2[,1:1.0 21 . tr,s II . Hili I :1 11 . 1:\ II 1111 I . ill 

:.!lIXt\. x 2G . s.~i 1I . 1:\i:\ :\ 11 . 11 IO .SOO I - 'r . 1_1 

:l5[~I . S :!Il . I S I O. Iii!! :\ O . '-~'" 10 . :I!IS I . i:l ... 

• /I = IItllnlll'r .. f ~I · .. , dl"l'rllliltllliolt~ al l'a .·11 I· ... 
.. 'I'll(' aV"ral((' tI( ' via I iolt frolll 1111' IIII 'all of 111(' /I dl'l( ' l'milllllioll' of ~I · •. , 
• ' :0;1111101 IlI'd vall,,· .. . 
.. HI',,,II' willt I It I' la,.,.~.· ... · 11 ; all 01111' '' ' "illt lit" 'ilia II "1'11 , 

!-'ij.!;.:2 allli 1111' IOln'l' :-olid 1'11\'\'1' j.!;i,·\'", JI-.""" . TIll' doltl'd ('IIIT(' :1 ppl'a 1':- 10 hook. 
1)\' ('1', alld 0111' ":111 ",pl'I'lllat\' that it illt!'I',..!" ·\:- III" :-olid "111'\'(, at ..... II):! k~ (,III ' 

at "'hii'll poillt J\'" .",. is Z('I'II. II is illtl'l'l' :-: tillj.!; to 1I0t(' that th(' :-olid tr;lIl:-itioll 
('\11'\'1' of Fig; . ~I "'1'('111 ,.. III I'xll'apolat" 10 aholll thi,.. ,.:111\(' pn,,..:-: tI1'1' al 0"1\ :llId til 

(·xhihil a Z('I'O :-:lopl ·. ' \ ' ,.hllll'l\ ill '1':11.11' III . J . ...;"" .. :IPPI'II:II·lu':-: ZI'I'O al a fa ,. II ·1' 

ral(' Ihall J\' ",." .. 



'I' .\IIU. III 

I'IIOI'~.II'I' ~.". ,,~ IIlh '1'11""'111'" "- ~I.I.IU II .. •• 1 . " 
J' .,. " /' ,/,/, ~\' 

(k~ "111 ') I" ( k~ C'IIl ' d"~ 1 (t °ln ' 111,,1 

110 . II " :, I 1',1 :\1 (I II IIIi 
1:\0 ~ '(I;, .,-_. I! (I "' I'.!O :! :\,(1 1\1 ., II II H I 
II'.! '"i II Ii II 072 

• :-;1II111111 ... tI vllllI'·~ . 

"Tripi,· poilll rill' ~lIliti n. ,1. '111.1 11011.1 

,>:1. II 
II'.! . I •• 
:WI . ;",!i 

'1' .\1\1.1. 1\' 

(;, ... I)~. , ... ",~ .... 11111,· ' "" 11, " \1 '.!I III ( . 

,. 11, ·' 
,\lna",:&I" 

Iti :\11 
\1 1 \1;, 

lIili :!II 

'1' .\111.1 ,: \ . 

~8 

I' ·.d 01"1( ,,,,,I 

(I m~ 

I! 1171 

I! iii;. 
II 

" II. · 
\111 "1('11-

Iii '.!' 
'II 'I 

IIi;. '.1'1 

III" 

:-; .. Iiol .1 /I ( . /' .. raflJJ:f' , 1111'" .11'\ 

k~ (Ol1l .! ( ' In 1111 .1 

11,·' !.llOnii II :\:11:\\1 - 10:\ . '.! .• Ii ,-, : I .-~-•. -. II 0(1;, I 
11(" ,. I .SHUll II .:\!UI'.!:\ - :.!'.I .!I\" "I I:!' II IMHil 
III" i1 I . !i)()1):\ o .: \t~''.!.i - I'.! . ,-~'I Ilti :\ .. ;,.-. II (MI:\I 

'1' .\111.1-: \"I 

T rall~'· . 
rlU'" 

Trall~ili,," . 1' ff' ( " f) ' f:' tI",· . 
.1"1( " k~ C' lIl :! 

:-; .. Iid II!" aa . '.!'«) - II . I.xi :1I . i!I'.I - I.:' )'-,\1 1I :\tm :\ I , - . ) ., - II . '.!:\ 

flllitl 11(" 1 
:-;olid 11(",. '.!i.'.!5ii - O. ti-lli\l(j 1ti . II'.!O:> - 1.:\!1il41'> (I I.'.! :\.1 II . iii 

flllid 
:-;"Iid II!" tJ :U<i:\ :1II..'" .. '};\\1 1. 11:'176 0 II :\ '.! 1.1 0 . 10 

IIl1id 
~olid II." ,. 10'1. HO(i II - tl . 0.>:11.-.. 1 1. I [)(j;\,) II I.' :1 II I'.! 

:-;"litl 11(" {J 

• I'r('~~III'(' lI11il~ '" k" ('11\2 111111 I 1'111 I ... ra I III'(' IIl1il'" ill dl'~ 1\ . 

Ii 
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TABLE VII 

CnSKTANT>\a IS EQ . (4) . 'OR MUI. AR Vn ... ·M.;fI Ot' 10'1,.:111 Al.iJNt: Tilt; :\\t:l.l'l:l:O ('. Rn; 

Flui.1 a' b' (" rI' /' M ranl(', rill ... dl'v . , 
kl( / "Il\' "11\ ' / 111111 

lie' 11 tI -0 , 17145 :17 .57n :.16 ao IUN)OG 
HI" I 14 .R.'H -IX .52i:J - 0 . 10725:1 - 1(1.0712 a,I) :\51)5 1I ,(lI)!)7 
III" 1.0i5 51 , 1 lit.! - 0 , 1615:12 - a ,21X2 50 :1551) (I ,OI:!; 

• I'rl'""urt' unit ... in kl( / I'Ill' HIIII Vl)lullll' unit" ill ('m'/ mu!' 

2, 'TIU'rm(l/ /',rp{/f/siof/ (/W/ C/lml)f/',~,~iuilif!J /If the jll/id 

Thc' tlwrmall'xpallSioll c'o('fTki£'t1t of fluicllk~ :11011/1: th£' nwltill/1: ('UI,\,(' exhihits 
a maximulIl ill t h(' \' iC'illity of thl' t rip'" point, as showll ill Fi/1:" , :~ allcl I. Till' 
maximullI is hroad ('()mpal'\'cI to that for 11('4 and is I('"s Ihall olH'-half as l:trw' , 
I tI gl'rII'mI , mIl' l'Xlwds (l' to in,"',,:!S(, wit II T and d('(,I'\':\sc' wi I h I' ; 110\\'('\'('1', along 
til(' n1('lting ('lln'l' til(' "lIonll:!I" Iwha\·iOl' of (x, il\('tI':t"illJ!: wilh d('('r\'asillj./; /' ''' 
and T .. illdic'atl's that /' no ehallj./;C'K 1I\'('I'Conw 'I'm ('hanj./;('s. For IIc" t hI' llIaXillHlIlI 
ill (l' , appl'al'K to Ill' a dil'ed c'onS('IJIlt'II('(' of 1111' A-trallsitioll , 11I 1I" a till' 1I\\('I,'al' 
:,pill part of a, Iw('onws mort' 1I('j./;at in' at 10\\'('1' '1', !lc'c'ol'ditl/1: 10 (;old:-.I( ·ill (,2:i), 

and it appal'l'ntly O\'('I'C'OIl\('S IIII' "1101'111111" hc·ha\·iol' of Ilw IHIII:;pill part of tt, ' 
From \, .. 11",:-. of a, :llld PI ill FiJ!: , -I, it i:, pos:,ihll' to ('OlllpH\(' till' fllllo\\'ill~ 1111'1'

modnlHllli(' ,!lIl1utili!':' for fluid Ik~ aloll/1: HI(' IlIl'ltill~ ('\11'\'(' : 

(aI' aT )\. = Ct, 1:1, ; ( ;) ) 

aud 

I ii I 

Th,'"" 1JII:llIt II II'!' III'I' !'11II\\,11 :I:; I III' I'lIn','" ill Fij./; . 10, :\I'il h(,1' ('111'\'1' I'xhihil!' :I 

llIaxilllulII 1)\" '1' till' rall~1' "llIdi,'d , Th,' 1'1111 of ( ( '" - ('\, ) \'1'1':;11:-. I' ,,, i" lill"a .. 
b('lo\\' IRO k~ ('III~ alld I'xll':lpol:lll's 10 7,('ro al I' m = Ii' k~ ('lit Thi:-. I'xtrapola 
ti(III ~i\'( ',,; a j./;o(KI ,h·tl'l'lIlillalioll of IIII' poillt \\,hl'l',· U j J.!:III'" Ihl'lIl1J.!:h 7,I'l'n 1111 1111' 
111I'lt ill/!: ('III'\' !'. 

Till ' ';I'P";:- II 1'1'-11'111 pl'ral 111'1' 101 '11,' Ill' (f, () ill IIH' flllid dOlllail1 i" ,..111111'11 ill 
Fi~". ,-, :llId !I , For ('lInlpll'l"II ""'''', till' poillt of Ta.\'11I1' alld 1\:"1'1' ( .!Ii I 1111 I III' \ ' :1 -

POl'iZ:llioll 1'111'\'(' ha ,.. 1"'1 '11 illl'itld('d ,:' '1'111' p"ill!.' n'IJI'I':-'I'lIkd 1,,\ ' n,II'1I (,i ... ,I.,,.. 11'''1'1 ' 
ol,lailll'c1 II,\' I'x tl':lpllialillll III zl'ro of a ""' ril' ''' Ill' H , I':tilll " IIl1'n"I11'I'd al ('oll ,.. lnlll 
1>1'1,,,"111'1' alld I·nl'ioll,.. t( ' II1J1l'ra llll'c'" TIIi, ('1I1i1d lit' dill II ' rl'ii:dll ,\' 1II'( 'nl l.'(' 1111' 
.. lopl ·'" \\'( ' 1'1 ' IIlIill' 1'1)11 , 1:1111 , I':xlrnpolnliofl'" 111 ' /'1 ' 111 :111" 1" ,11111 :tiHIIII 1, 11\ , 1111 ' 

I I."" # 11// 17 :.1-" ro'p"rt .. d :t 01""-,, \ 1I,,,,illllllll ", :'1'1'1'''\1111''1 .. 11 II :. 1\ , pn"IIIII :,).1I 
HI ~:l1l1r : 11Inrl 
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'''\\t'~1 ;lI't'l'"ihl,' 1Ilt':ttl It'lIll1o'raltt/'l ' 1'",. IIII' 1II't'''''I'I H , "\I·;I~I'n'lIl1'lIl,.. . It i~ ,...·(·11 

Ihal tIlt· ,'lIn,' of I 'i l!: . ,'I illlt·,.,""1~ till' IIl1'ltillJ.! ('IIIT( ' al 17 kJ.! ('III : ill J.!O()(/ :lJ.!/'('(" 

IIl1'lIt II il h till' ""t I':IJ HlI:t I illll' Iliad" ill FiJ.!~ . I all" Ill, Tl'llIlw/'al '" 'I'~ 1I11I ' /'t ' 0, = 
n, ,It'ri\'l'(1 fl'Ol1l 111'1'''11/'\' , \ ,,11I1I1I' · lo ' IIIIII ' ral lI/'(' dala I •. " Ih"I\I '1' ;11,,1 I );tllfl' f 181 

:I/ld ;-;111'1'111:111 ;11111 J-:d,'~kllt ,\' ' if I , :tn' ill J.!"III'I';d aj.!I'I·' '/111'11 I \I il" I 111' fl\l ':I ~tlI'I " 

flIt'lIt" of FiJ.! , ;" 

'1'111' :-Iop('~, l i/cr , ,)'/"" allo! , ilj , ill" r . d"( 'l'l'a'" lIillt ill"I'\ ':I ,illJ.! flll'ltillJ.! I""'~ ' 

;-.111"\':1' ,h,I\\l1 ill Fi/!:, . Ii alld I . /'I ·'IH ,(·ti,, ' ly , "1'11111 lilt' I'lI'l'lIl1~I ."II : lflli( ' forllllll:t .... 

'1'1 ' If : I i'li il'/' '"J ' I 
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alld tl\(' data ~in'n aho\"(' for fluid 11(,3, il ('1111 hI' :-;('('11 Ihat ('p d(,c'I'C'a),('~ wilh 
in('rl'a~in~ pJ'('~~un' ill I h(' \' ic'inily of lilt' Ilwlt illg ('lIlTI', (:111> .. ('111' (,W l alld ./1I111 '~ 
alld \Valkpl' (,U ) I'Ppol'1l'd a ~illlil:II' \'a l'ial ion for II ~ :lIId \ , I'(·,,\>t·c't i\'l·I~'. 

Eqllalion (;')) ('olllhillt'd wilh the' th('l'lIIod~' llallli(' I'l'lali()ll. 

I('all:-. to 

rll' ... [(M') ] r/\ 'm [(M') ] 
tiT .. = al' T .. rlT,. + ,1'1' \ . .. ' 

I ,/1' r 

'"I ,IJ'~. ' (! I I 

For Ih·
3

:1t low pl'(,~~llr('~ , tht, \':11111'" of i3, ('all'lIl:t1I'd frolll Eq . (!I) ('UIllP:II'(' 
rt'a~ollahly wl'lI with Ih()~' 1H('II:-'I1I'('d dil'(,(,tly ( Fi~ . I I. dl'\' iatin~ h." +:!7 PI 'fI'('lIt 
at /' .. = 50 k)!; ('Ill

t 
alld h~' -:! P('('('('llt at /' "' = :!:!,i k~ ('nt ,\t :1'-"-"-' kg ('III~, 

the' (':d(,lIlall'd {3j i~ 7.·' X 10 :. ('IlI~ kg. 

'I'll(' the'ory of IIIdtill~ for 1IIl'lal~ that wa:-. :lIh'an(,(,d by BOllfiglioli Ii III. (.Jjl 

l)J'pdil'ts that a.T ~. i~ ('Oll~tant for a gin·n c'r~·~tal t.",)\'. l'nflll'tllllat('I~', :1\'aibl,l" 
data al'(' n·~t I'i(·ted to IIwll ill~ pn'~'III'('~ of ...... \ at 1110:-. hili for fa('('-c'c'nll'l'"d -I'III,il', 
hodY-('(·lIt('I'{'d -(' uhi('. alld hC'x:I~lIllal -(' loN·:-.t - J>:II'kl'd 111('1:11 :- III' widl'I~' \·aryillj.( 
nl('llill~ tPIllI)(,l'atllrt· , a:l'm aPJll'al':-. 10 1)(' "'-(I.Oti. ,\hll\'(' I hI' allolll:doll:-. n·j.(ioll 
",Iwl'(' a, Hhm\'f' a lllaXillllllll, t Ill' pn'~l' 1I1 1'1',,1111:- fill' f1l1id III" ( alld 111· '1 illdi('all' 
Ihal , · :tlllt'~ uf a/I'", I'i~(' rapidly wilh I' ", IIH' II al'Pl'o:lI'h e'()fI'I:III1'~' alolllld 0 .0.-, 
O.Oti al hi~h l1Iell illg (>1'{·":-III'(·:-. 'I'll!' I'llIpil'i(·:tI ell·dllct iOIl frolll I II\' pn':-1'1I1 work 
that a , = n. 7'-,0., illdil'all'~ t ha t t hi' ('XP:III:-.ioll of t hi ' ,ol id :tlolI~ I III' 1111'11 inJ.( ('111'\'(' 
foll()w~ ('lo~'ly thai of Ih(' flllid :lIld illlpliC',.. a ('1111",1 alit \·:tlil" of (Ull 0.1'-, fill' 
0.:1'", at high pn'"," III·(·". [t i~ illt('I'I':-lilll! 10 ("I/II1'al''' tll(· ralio (l <Vi 0.7.-, for 
IIt·:' alld J[I'~ wilh IIII' ratio" (1 ./0 :llId n .11 fill' :\a alld 1\ . rt .... p(·(·Ii\'(·I~· . III1'.HIf'(·c1 

hy Brit!J,!;llIall (.M) at I' m I k~ (·IIl ~ . 

\ 'a lll('~ of \" (':111 hi ' (':tlI'ItI:\t('d from I hI' 1)('(':-('lIt IIl1'a:-III'1'III1'lIh til' r , alit! 
~\ 'm. For lIP:' thl' ralio \' , \' . W:l :-. I' 011 lid to III' ('oll"t:llli :tlltl (·qllal til 1.011 
with a lllaXilllll1ll dp\'ia tioll of ollly n . 1 !lpn'('111 "\('1' till' 1'1111 pn· ... "IIJ'(· r:tll~(' 

~tlldil'd.4 Th('\'('f()/'(, ( I \', )((1\ ' / ,//'.,) - ( \ I ' li d\' ,//'ml "hil'h. wilh E" . 
(8) alld the' mlio CI', a, = 0.7.-, . 1( ':1(1:-. to th\' follflwill~ ('qll:llioll' for 1\(''': 

,J = () - - (/,1'", 
/J . I,)etl II' 

I ,,, 

alld 

dl' / 
1' , dl' .... 

( J() I 

( II ) 

4 FCIr TI('4 the ratio of I 'd l ', varil'd monotonically from 1 O(',(j at P., - :l!l k" "11\2 (II ) 01 I 

lit I' .. = :l5,55 kl!: / cm2. 
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Expl'l'illH'lIlal dala "1I1t,,lillill'd ill I hI' 111111 '1' I'qllalioll "ho\\" thaI , 0\'('1' 11)(' 1':l1I~1' 
.it) :2:2,-, k~ l'I1I ~, .:l{3 ha ... a l'OIl"lalil , ':tllIl' of "':1 ,.-, X 10 ' I'III ~ kK , \I hiI'll is al 
1110,,1 :! ,.-, pl'l'('('1I1 of P, ' ,\t :t-,,-,.i k~ ('IIl~ .:lri is 1':"l'Itial('d to III' :!,X X 10 I, I ' III~ k~ 
III' ,-, 11I'1'1'(,lIt III' til, '1'111 ' l'OIlIPI'I 't-"ihilil ,\' ('ol'flil'il'lIl, of "olid III '" i" 1111'1'1'('111'1' 
YI'I'.Y "illlil:II' III Ih:lt of IIII' f1l1id alollK IIII' flill 1':1I1g:\' of IIII' 1I11'11illg: 1'(11'\"1' ill\'I'" li 
/!::II(·<I . FlII' :\:1 alld K . I I,, · dala III' Hl'id/!:lI l:1 l1 (.J ~) Il'ad 10 ' ·altll· ... of :\X :11111 :,W 
)('1'1'('111 , 1'I''' )ll'('\i\'('I~', 1'01' .:ltJ 13, al /' no 'k/!: I · III ~. 

(' . '1'111-:11:\1.\1. PltoI'EItTII'.S IIV .\\i..I.'I'''' : 

.\1 I Ill' 111\\'1'1' I'lld III' I Ill' /' ,,, l'allKI' 1'01' II, ·". Ih (' .:l.' ... n ·t-lIll ... \11'1'1 ' ,·olld .illl'd \I ilh 
lh(' 1'1I11'0p~' of slItlll':t\I'd liqllid S,,, • . IIll'a"lIl'l'd I.~· BIIIJ('I'I , :111(\ ~ .\'dol'i :L k (.I.j I, 

alit! tl\(' ('lItl'lIpy of l'IIIIIPI'P""ioll .:lS,."",1' 10 J,!;i\'(' I Ill' (' lIll'op.' · of ,..olid . Till ' \':dlll 's 
of .:lS",,,'1' (':111 III' Ill.taill(·d Ihl'ollg:h IIIl' flll'l1Il1la 

~'''' ' t''lIll -f' ·· .. (til") tI/' 
/'" iJ 'J' ,. . 

Fol' Ih(' (·ollll)lltalioll . Ihl' PI'(''''I'"I 11I1 ·1lt-1I1'l ·1I11'1I .... \\"1'1'( ' 1I ' I·d 1'1'0111 .-, k~ (' 111 10 
/' •• , alit! tho,,('of~llI'nllall alld Edl · ... klll ." I.!,'J I. 1'1'11111/ '. ... 10.-' kJ,!; 1' lI t TIII ' n " lIll s 
0\'('1' \.:2° 10 :2.00K "ho\l'l'd tIll' 1'IIII'0py of "Illid III 1111 ' IIll'ltill!! 1'111'\'(' ( III' S " I 10 
l'i,,1' ollly I' 1'0 III \. :H 10 \'I:~ ('al dl'/!: 11101. ~lIhll':lI'lillll IIf Ihl' I'lItI'IIP~' !'hallJ,!;1' of 
I.'Olllpl'I'""ioll :tlld III' 11':lII"ilillll ill "lIlill 1!:l"I' appI'IIXilll:III' 8 .i ' ·:"IU· ... III' \. :\:! to 
1.:\1. Thl' 1'IIII'Op~' a""I'I'iall'd wilh:l 1I111·II·al' ,.. pill "'~'''' II'1I1 ill (·Olllpll'llo\.,' 1':11111(1111 
Ol'i('lIlalillll i" S = /( III:.! = \. :\X. It " 'ollid aPP"al' Ihal 1'01' ,.."Iid 11(':1 thi " i, Ih(' 
llI:1jlll' "Olll'l'(' of ('111 I·Op.\' , 

'1'111' , ':dlll'" of .:lS •• li"kd ill Tahl(',.. I and II W('l'I' dl'l'in 'd 1'1'0111 till' ( 'I:q)('YI'III1 
l'qllalioll lI"ill/!: ('XllI'l'illll'lIl:d .:ll" ", dala alld ... Iop(· ... l·ompIIII ·d 1'1'11111 a llal~' lil'al 

l'xpl'l'""ioll" 1'01' IIH' I1l1'ltill/! ('111'\'( '". For IlOlh 11(' i,..olllp",.. .:l ........ illl·n·a ... I· ... "ilh /' •• 
oYel' till' I'X pI' I'i 1111'11 1:1 I /':1 Il/!:l' (·I1\·(,\'(·d , alt hOIl!!;h tilt' ill('I'\ ·:I,\ · IW(·Ollll·" pl'II~n ' "" i' · I-I.\" 

!'lllalll'l' al hiJ,!;llI'l' ml'ltillg P 1'1'''''' I 11'\'", . Thi" II\·h:l,·io(' i, l'olill':I('," 10 lh:d of :\2 
(/ :j ) . whi('h "ho\\'(·t! a 11"('('1':1,..(' of .:lS ... ,,·ilh i'II·I'\ ·a,..illj.!; /' ., . 1-:11\'\'1 I .Ui l . lI,ill~ 

1l1l'11ill/!: prop('l'li('" for attl1o,,1 all Il1al(·rial,.. ,..illdi( ·d 10 Hili ,,~. Bridgll1:l ll . I' 011 lid 
Ihal .:lS", allJ .:l' "no i1lwa .... " dl'(·n·a,..1' wilh ri ... illJ,!; /' ., :llId , illdl ·l·d. I'''trapniall' 10 
1.('J'() at "011\(' (ill ill' hi/!:h Pl'l·"" I1I'1' . H (,I'ill'\'ioll of a ('rit i(':" poilll . TIll' Il('h:l\·ior of 
Ill' tllI'lI appl'al';-; 10 hI' :I110Il\aloll". al " 'a,,1 lip 10 :~.-•. -,.-, kg: ('II ( 'I'll\' l'olllill1lf'd 
I'i"l' with PI'I''';-;\ll'(' of .:l, 'm i" illL'oll\patihll' with Ih" po",..ihilit~· of a l'I'ili('al poillt 
h,,1 '\'l'('11 "olid :llId fluid. ~ill('(' I Ill' qlll'"t iOIl of :I (' I'il il'al poilll ill 1lH'1t illg: (·\11'\·1· ... 
ha" yl'l 1(1)(' I'I'"oln'd, it i" illll'l'I'''lill~ 10 I'xtr:lpoiatl' IIII' III' IIl1'ltill~ data 10 
hil!lwl' pn'""ul'l''' t hall \\'('1'1' nll':I,..III'I't!, 

.\1\ I'xpn'""ioll fol' .:l.S .. al hi/!:h PI'I'''''"I'(';-; ('all h(' d( 'l'i\'('d ill \('I'm" of /' ... ,,~' 
('omhillill~ 1-:'1'" ( I ) :tlld ( :~1. \\'111'11 rI.:lS .. "" .. i" "1'1 ('qual to l.I'l'O, lIIl( ' filld" till' 
,,0111 t iOIl" /'., = -t:!)!l k~ ('m2 :Il1d /' .. = :W:!S kg ('11\2 for 1I(·a alld 1Il'4. 1'I·,..))(·(·t i \'('\ ." . 
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Th('~' IIwlting pr('~""I'('S urt' only slightly highl'r thun Ih(' pn':;('nl c'xlX'rillwlllal 
rang(' aud reprcs<'nt pr(,SSIII'{';'; at whi{'h IIlHxima ()('('lIr in .1"'", . At higllt'r pn'r'
:oIlIrCS .1.Sm d{'('r(,:lsc's with p ... and finnlly ('xlrapolall's 10 YoNO al I' m = ill,.-)()O 
kg /CIll~ ('I' ... = 2:J,")ol\: ) for H(·a ami Pm = ti;~,\)O() kg ('m2 ( '1'", = \Biol, ) for 

1I{'4. Th('f('for(', II ('rit i('al poinl ill tIll' nlt'lt ing ('lIn'(' i:-; 1101 prt'('hl<il'd h~' I ht' :I\'nil
abl(' data . Tlwr(' i:-; s{lnl{, indi('al ion thaI IIIl' IIw1I illg 1II(>I'mai propert it's of I he 
hdilllllS lW('ollw "lIorllllll" lit ""fli('it'lIlly high IlI·P:O>:O>UI'I'S • 

. \I · K :\()\\· I . ~: I)( ;ll E ."''' 

Wc' wish to thallk H. II. SIH'rlllllll for 1I""istall{'p ill fit t iIII-( I'xpprinwlltlll dutll to IlIwlrti"1I1 
{'qlllliioll>l. 
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