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Preface 

There is a continual need for a consistent set of experimental 

data on helium II. Compilations have been given in the Appendix of Wilks's 

"The Properties of Liquid and Solid Helium" and Donnelly's "Experimental 

Superfluidit y . " Since then, it has become increasingly evident that all 

quantities must be known as a function of pressure as well as temperature, 

and an inspection of experimental data shows that there are many gaps in 

the (T , P)-plane and not a few inconsistencies. We have decided to try to 

provide an interim solution to this problem by producing empirical formulae 

which represent the data over the complete range, excluding the transition 

region near the A-line. The results of these calculations are tabulated in 

increments of 0.05 Kin temperature from 0.1 K to 2.10 K, and in increments 

of 2.5 atmospheres from Oto 25 atmospheres. The tables are presented in 

Part I and are printed on colored sheets to facilitate reference to different 

properties. 

The reliability of each table varies, and in some cases the experimental 

data are inconsistent. Although most tables are believed to agree with ex­

periment to within± 10% below 1.6 K, the discussions of Part II, and where 

necessary the original data, should be consulted when accuracy is necessary. 

The authors are acutely aware of the limitations of these tables and 

would appreciate receiving suggestions to improve them as well a s copies 

of new experimental data as it becomes available. The success of these 

tables will be measured, in part, by the speed with which they are superseded. 
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Part I 

The Tables 

1. Use of the Tables 

These tables are derived from the equation of state and the model 

dispersion curve (MDC) method . Several considerations should be observed 

when using the tables : 

(i) As a rule of thumb, the tables can be expected to be most accurate 

below 1.60 K. 

(ii) The worst agreement of tabulated values with the data is often 

at the vapor pressure. The tables may be less reliable near the A-line, and 

certainly no attempt should be made to use them in scaling relations . 

(iii) All numbers are the result of continuous functions, and each 

number has been given as many figures as space allows to provide a continuous 

tabulation for numerical analysis. The relation .34756E + 05 implies that 

+5 
the number 0.34756 is to be multiplied by 10 (where E .± n = 

(iv) The highest temperature for which data is listed in each pressure 

column corresponds to the temperature at which the calculated normal fluid 

density starts to exceed the total density, (p / p = 1) and represents the 
n 

"lambda line" of the model calculation. 
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(~?o 
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.zs 

.JO 

.35 

, 40 

• 45 

• 50 

• 55 

• bO 

• 6:, 

• 70 

• 75 

.so 

• 85 

• <.(' 

, q5 

t. Ou 

L , O!> 

1. 10 

0.1)0 2.so s.oo 7, 50 

TABLE I . DENSITY 

-, 

-3 
(gm· cm ) 

Pressure (atm) 

10.00 12.so 15.00 l 7. 50 20. 00 2 2, '>0 25 . 00 

.l45l3E•OO ,14925E•OO ,15284r•".l0 .15603c • OO .15892E•OO ,l6151E•OO ,1 6403E•OO ,l6633E+OJ ,16~4,E•OO ,l 7053E•OO ,l724 bE • ?O 

,l4513E•OO ,l4925E•OO .15284E•CO ,15603E • OO ,1 5892E+OO ,lhl 57E•OO , lb403E +OO .16b33E•OO . l~S4~E • OO . l705~E•".l0 ,1724 bc • lO 

,l4 513E•OO • 14~25E+OO ,1 5284F•OO ,l5603E+OO ,15 ~9 2E+OO .16157(•00 ,l6~03E•OO ,1 6633: • 00 , lbd4~E•OO ,1705)E • CO ,l72 4bE•r.J 

,l4 5 13E+OO ,l4925E+OO ,15 283E•OO ,15603E • OO .15S92E • OO , 16157E•OO ,l 6403E+OO ,lh633E+01 , lbS4?c+OO ,l 7053E•OO , l724~E • OJ 

,l• il3E+OO .l4925E+OO ,152 B3E +OO ,1 56D2E+OO ,l 5892E•OO ,l 6157E•OO ,l6403E+OO ,l6633E•".lJ ,l634~E•OO ,17053E• CO ,17246E•t? 

,l4513E • O".l ,l4925E+OO ,15283E ♦QO ,l5602E•OO ,1 5891E+OO ,l61~7E•OO ,16 403E•OO .16632E • OO , 16848E•OO .17052E • OO ,1724;E • CO 

,l4513F•OO, lb~25E•OO ,15283E•OO , 156C2E•CO ,1589lt+OO , lbl57E•OO ,l6403E • OO , lb612E • OO ,16843~•00 ,l7052E • OO ,l724 6E•OC 

,l 45l3E+OO ,l4925E +OO ,1 5le3E~O ol5602E•OO ,1 5B91E•OO , lbl~AE•OO ,l6402E•OO , l6632~•CJ , l6348E•OO ,17052E • OO ,17246E• OO 

,l4513E•OO ,l4924E >OO ,1 5283E•OO ,l5602E•OO ,15891 E•OO ,l61'>6E•OO , l6402E•OO , l6632E•01 ,l694~E•OO , l7052E•CO , l7246E+J) 

,l451 2E•OO ,l4924E+OO ,15282E•OO .156CLE•OO ,l5991 E+OO ,l6l 56E•OO , l6402E +OO , l6632E+OO ,l b848E+OO ,l 7052E•OO • 11 z, ;e • o) 

,l45 12E•OO • l4924E +OO ,l5282E+OO ,l56ClE•OO ,l5 89 1E• OO ,l6156E•OO ,l6402E•OO ,l6632E•OO , l6848E•OO , l7052E•OO ,l 7246E•Ov 

,l45l2E+CC , l4,24E+OO ,l5282E•OO .l:bOlc•OO ,l5890E •OO ,l 6156E +OO ,l6~02E+OO , 166)2:•00 .1 694~E•OO .t7053E • OO ,l724 oE•v~ 

, l4~12E +OO . 14qz)c ♦ OO , l5282E+OQ .1560 lE+ OO ,15890E•OO ,l6l56E•OO ,1 6402E•OO , l6633E•C1 ,1 6•4~: • 00 ,L7Q51E • CO .17247:t )1 

,l 45!1F. • OO ,l4923E +OO ,l5282f+OO . t560l!:+OO ,l5891E•OO ,L,<,L 56E•OO , 16403E+OO ,l b6)3E•OO , lo35?E+OO , 17054E•OO , l7l~,IE•l0 

.145l lE • OO .l~92 3E+ CO .15282E •OO .l560lE•OO ,l5991E+OO ,l6 157 E• OO ol6404E+10 , l6ol4:+CO .l bi51E •OO , l705~E • O".l , l7l5C~•~1 

,l4 5llE•CO ,l4923E•OO ,l528 2E•oo .l56ClE•OO ,l5891E•OO ,l bl56E+OO , l640SE•OO ,l663SE•CJ . 16952E • OO . l7057E+QO ,l725l E•O ·) 

■ l4 5llE•OO .t4923E +OC ,15282E•OO ,l5602E•OO ,l 589lE+OO .l6l5~E • OO ,lb406E •OO .l6637E+OO • l6354E+OO ,l 7059E+OO , 17254E•O~ 

,l45llE•OO • l 4923E+OO ,15282E •CO ,l5603E•OO .15893t •OO ,l6lbOE+OO ,16408t • OO ,l663 9E • OJ , l695oE•OO , 1706ZE • CO , 17257~•~0 

.14 5llE•OO .l49l3E•OO .l5283E+OO ,l56C4E+CO . 1589~E • OO .lblb2E•OO ,l b4lOE • OO ,l6642E•CO ,l6o60c•OO. l7065E•OO .l 72~lE•".lO 

,~45l0Et00 ,l4924E+ OO .l5284E+OO ,15605E • GO ,l5897E +OO ,16165~ •00 ,l6413E•OO .lb645E•CJ , lo3o4E • OO ,l 7070E+OO .l7266E•JJ 

• l45llE +OO , 14924E+ll0 , 152851:.CO • 15607E•OO , l5d99E•OO , l6l68E • OO ,l6417E+OO ,l6649E•CJ . lo86dE+OO ,l707 5E• OO ,17271:•0c 

:;} 

.::-



TABLE I. 
-3 DENSITY (gm · cm ) (continued) 

Pressure (atm) 

Temp. o.co 2 . 50 5 . 00 7. 50 10 . 00 12 . so 15.00 l 7 • 50 20.n 2Z . SJ 25 . 0IJ 
(K) 
l. 10 . l..5llE • OO • l 4924E • OO ol5285Et-OO . l56C7E•OO .L5899E • OO . 16l 69E • OO o l6417E•OO .l6649E • OO .1 6~63E•OO .17075f•CO , 17271~•00 

I . LS ,l45llE • OO ol4925E •00 . 152~~E • OO .t5609E •OO . l590ZE•OO o l6l72E •OO .l64ZIE • OO . t~655E•OO . t6874E•JJ . L70~LE•CO ,l 7l74f•:;') 

L. 20 . 14~11E • OO ol 4926E•OO olS289E ♦{l0 ,l5612E • OO .15906E•OO ol6l76E • OO .l 6427E•OO ,16661: • 00 .l68~ LE•00 .1 7089E•?O . 17Z%E•:)) 

l. 25 ,1451LE•OO .l4927E•OO o l5291E • OO , l5616E • OO . 159llE • OO .L6l82E • OO .L 6433E • OO ol 6663C ♦QO . 168~9:•CO o l709iE•OO , l7l 1 6~ • )) 

l • 3J .l4512E • OO .l4929E •OO .l 5294E•OO .L562CE+00 ol5916i:•CC ol6ld 8E +OO ol6441 E• OO .l6677E • OO . 16~9~:•0J • l 71 0 i E • )J , l7\J 7E• J:'.' 

1.35 o 14~ l 3E•OO • 14931E•OO • l5297E•OO • l5625E+OO . 15922E • OO ol61 96E • OO .l6450E•OO o l6687E•O? . 169l0E•OO .L7120E• CO .173 20£•00 

1.40 .1~ 5L•E•OO ol4934E•OC .15302E•OO .15o3 LE+OO .1 5930E • OO oi 6205E+OO ol646CE•OO ol669BE•OO .t6,23E • OO . t7l34E•CO • l 73loE • OJ 

l • ioS .145l5E • OO ol4937E+OO ol5307E+C'O .t56JBE • v0 .L 5939E +OO . l62l5E•OO .t6472E+OO .1671 2E•OJ .16~3'1~ • 00 .171 51:+00 .L73 53E +J•~ 

l • 50 .t1oSt7 E•OO ol4941E•OO ol5313E•OO ol5646E • OO . t5949E+OO .162 27E •OO ol6486E+OO ,16727E • OO ,1695 5E•no . t7l7"1E•JO , l 73 74E•"l0 

i. !:>5 ol4519E+OO ,14945E•OO o l5320E•OO .156 55E +OO .15960E•00 , l6241E+OO .to5J2E•IJO ol674SE•OIJ .1 6975c: • OO. t719lE•CO .l7397E • "l0 

1. oO • ~4 521E • OO .J49,0E•CC ol532~E • CO ,15666E +OO ,1 5974E•OO ol6257E+OO .16520E +OO , 11>766E+OO ol6q97E•OO .L 72 l ~E•O? ,l74 23E • .JG 

l , 65 ,14524E +OO. l'-95l>E•OC, .153HE • OO ol567SE•00 .15990E•OO ,1 6276E • OO , 16541E+v0 ,16790E•OO .1 7023E•?0 , L7244E•O'J .174 54~ • 10 

I • 70 , l 4527E•OO • 149:)3;:•00 • l5348E+OO , l5!:S3E • OO ,1 6007E• OC , \62Q7f•')0 ,lh566E+')0 , l6817E +OO . 17053E•O? . 1727/E+OO • t 74-l'J~ ♦ )J 

l • 7$ . L4531E•C.O . l4971E•OO .l5360E+CO . 1s1cqE ►OO o lb 029E • OO , l63UE• OO e l6593E •OO , l684dE+OO .17087~• 00 • l 73! 3E•111 .t7'i 2H • OO 

I • llO ol 4535E•OO ol4980E•OO .t 5374E+OO ,1 5728E +OO .toOSIE ► OO ,l6349E +OO .l6625E+OO ol6883E•OO ,l7 ll6E • OO • l 7356F•O? , 17574~•0') 

l • d5 ol4 540E•OO . l4991 E+OO , 15J90E•OO .1 575CE • GO , 160 7ii E •OO .16380E+OO ,1 6661E+OO ,l69 24E+OO ol7\7lE•00 ,17404f t Qry 

l . •;v , l ~54~E•OO ol5003E • OO .t5409E • OO .t57l5E+OO o l6l09c•OO ,l64 l ? E+OO ol6703E +OO ol6970E • OO 

I• 'l 5 .l io553E•OO .l5017E+OO ,l5430E +OO ,1 5804E+OO ,l6144E+OO ,l6459E+OO .l6751E+OC 

2. 00 ,lio561 E+OO .t5033E•OO ,t5455E+OO .15837E+OO .16185E•OO 

2 . 0~ .14570E +CO ,15052E+'l0 ,1548 4E•CO 
1.., 

z. 10 .1 ~saOE+OO .1 5073~+00 

":) 
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TABLE II. 
3 -1 MOLAR VOLUME (cm mole ) 

Pressure (atm) 
Temp. o.oo 2.50 5.00 7.50 10.00 12.50 15. 00 l 7. 50 zo. oo ?2 .50 25 . 00 

(K) 
• 10 , 27579E +OZ ,Z6dl8E+OZ ,2ol89E+02 ,25653E+OZ oZ5186E+02 .24773E•02 .24401E+02 ,24064:+0Z ,2375~E•02 ,23472E+02 , 23203E+02 

• 15 ,27579E +C2 ,268l8E+02 ,26189E+02 , 25653E•02 , Z5186E+02 .24773E+02 ,2~401E+02 ,24064E+02 , 2375~:•02 .2 3472E •02 , 2320i:•02 

• 20 . 27579E+02 , 26Sl8E+02 .2618~E•02 .25o~3E•02 ,25ld6E•02 , 24773E+C2 . 24401E+OZ , 24064E+02 . 2375~; • 02 , 23472E•02 ,2H 03E • r.2 

• 25 , 27579€+02 ,Z68ldE+OZ . 26189E•02 , 25653E+02 , 25187E•02 ,2•773E•02 ,24 402E+02 , Z4065E • 02 . 2375~E•02 , 23472E•02 , 232J•~•OZ 

• 30 , 27579E+C2 , 26dl8E+02 ,26189E +02 ,25654E•C2 ,25ld7E+02 , 24773E•02 ,24402E+02 , 24065:•~2 ,2375~:•02 , 23472:+02 , 232J1E • J2 

• 35 , 275d0E +02 ,268l8E+02 . 26 190E+02 .25654E+02 .25187E+02 , 24773E+02 ,24402E+02 . 24065€+02 .23757€+02 ,23472E•02 ,23209 !: +•)2 

• 40 ,275d0t+C2 .2681SE+C2 . 26l90E+OZ . 2;c~4E+02 . 25187E•02 .24774E+02 ,24402E+02 ,24065E•02 , 23757E+C2 .Z347]E+02 .2321)9€+)2 

• 45 ,2753uE+C2 ,26819E•02 . 26L90E+02 ,25o~SE•02 .2513dE+02 , 2477•E•02 .24~02E•OZ o240o5E •02 .23757E•OZ ,23473: •JZ , 23209E•~2 

• 50 ,27~dOE•C2 . 2o819E•OZ . Z6191E•02 , 25655E•OZ .25188E>02 ,24774€+0 2 .24403E+OZ .24066c • CZ .23757E+~2 .2347 3€ +02 ,23Z09E•02 

• :,5 , 27531E•02 . 26820E+02 .26191E•02 ,2 5655E+02 .2s1aaE•OZ , Z4774E•02 .24403E+02 ,24066E•02 ,2375 7E+v2 ,23473E • J2 .23~)1: • 0Z 

. 60 .275dlE•C2 ,26 8ZOE+02 , Z6191E •OZ ,Z5656E•02 .25189E•02 . 24775E•02 ,24403E • 02 ,2~C66E • CZ ,23757E•02 . 23471E•02 ,23 20~:•02 

,65 .275dlE•02 . 26d20E • 02 . 2619ZE •02 . 25656E •02 .25ld9E+02 .24775E•02 ,Z4403E+02 .Z4065:+C2 ,23757c•C2 , 23472E+02 .23Z03=•C2 

• 7.) .27 5d2E•OZ . 26a2tE•C2 . 26l92E +02 . 25656E•.>Z ,25189E+02 .24774E•02 .24402E• 02 ,241)o5E +02 , 2375~" • 02 , 23•7!E•J2 , 2'207=•02 

• 15 ,27532E•OZ . 26d2lt•02 .26192E •OZ ,25656E •02 .2 s 1aaE +OZ .24774E•OZ ,24402E• ~2 ,24064f•02 ,23755E • C2 , ZJ• 7nE•J2 . llZ:~E •)2 

• 80 .21:.aJE•OZ • 2o 822E+02 . 26192E+(l2 .25656E•0 2 .25ldaE+OZ . 24773E•02 .24401E+ 02 ,24'l6:;E•02 ,23753E• 02 , 234!dE+ •n .23 204E • :J2 

, 85 , 27583E•02 . 26822E•OZ . z~l92E+02 .25655E +02 . 25ld7E+02 . 2477ZE•02 ,24399 E+OZ .24061 E•02 , 23751E•02 . Z346~E•02 ,232J2E•02 

• 90 .275j4t+C2 . 26d22E•02 . Z6192E•02 . 25654E•OZ , 2Sld6E•02 ,24770E+02 .24397E+02 , 24059E•CZ ,23749!:•0Z .23463E• C2 , 23l~~c +02 

. 9, , 275d4E+C2 . 2682ZE•02 . 26l91E +02 ,25c~3E•02 ,25184E+02 ,2476SE+OZ , 24394E+02 ,24055 E+02 ,23745E • C2 .2345lE+,)2 ,23194~• >2 

1. 00 .z1sa~e +c2 . 2o82lE•02 , 2ol90E+02 . 25651E•02 .25182E • 02 .Z4765E•02 , 24391E• 02 ,2405,c•02 . 2374lE•02 , Z3•S~E•02 . 23l~~E •J 2 

1. 05 ,275d4E+02 . 26821E•02 .26l89E•OZ . 25649E+02 .2;17~E• 02 .2'-76lE•02 . 24337E+02 , 24046E+02 , Z373~E • 02 . 23449E • l2 ,Z11 13E • J2 

l • 10 , 27534E+C2 o26820E +02 o26l87E•02 .25o4e E•02 . 25175E • OZ . Z47:>7c•02 oZ43dlE•02 , 24040E+02 ,237 2~E•02 , 2344lE+02 .ZH75::•02 °' 

< 



3 -1 TABLE II. MOLAR VOLUME (cm mole ) (continued) 

Pressure (atm) 

Temp. o.oo 2.so s.oo 7.50 10.00 12.so 15.CO 17.50 2'=!. 00 22.5'.) 25.C''.) 

(K) 
l. D .275o4E+02 .26820E+02 .26187E+02 .25646E+,2 .25175E+02 .24757E•OZ .24381E+02 .24040E+02 .23729E+02 .2344lE+02 .23l7SE+02 

l. 15 .27584E+02 o26818E+02 .26l84E+OZ . 25642E+OZ .25170E+02 ~24751E+OZ .24374E+02 .24033E+02 .2372lE+C2 o23•33E+:l2 . 23loo:+~ 2 

1. 20 .27583E+02 o268l6E+02 o26181E+02 .Z 5638E+02 .25l64E+02 .24744E•02 .24366E+02 .24024E+02 .Z37l lE+02 ,2342ZE+02 . 23155:• 0 2 

l. 25 .27532E+C2 o2o8l4E+02 . 26l76E+02 . 25632E+02 .25157E•02 .2 4735t+OL ,24357E•02 .240l4E+02 .23700E+02 .2l4ln€+02 .231~ 2:+)2 

1.30 .275dlE+C2 . 268llE+02 .26l71E+02 .25e25E+02 .25l48E•02 .24725E+02 .24346E+02 .240'.)lE+OZ .2363oE+02 .23396E+02 .23l27:+J2 

l • 35 .275tiOE+02 o26807E+02 .26l65E+02 .25617E+02 .25l38E+02 .24714E+02 . 24333E+'.l2 .23987E+02 .2367lE+02 .2337~E+02 .23l0 ~:+)2 

l. 40 .27578E+C2 .26802E+02 .26l5dE+02 . 256C7E+02 .25l26E+02 .2470CE+02 .24317E•02 . 2397'.)E+OZ .23652E+02 .Z3360E+02 .23 0 3,:+)2 

1. 45 .27575E+C2 .26796E+02 o26l49E+02 .255S6E+02 .25113E+02 o246ij4E+02 .24300E+02 .23951:•02 .23632E ►02 .2333~E+02 .23~65c+1l 

1.50 .27572E+02 .26790E+02 o26l39E+02 .25582E+02 . 25097E+02 .24666E+02 .24279E•02 .23928E+OZ .23603E+02 o23312E+02 . 23039E+)2 

1. 55 .275o9E+02 o26782E+02 o26127E+02 .25567E+02 .25078E+02 .24645E+02 .24255E+02 .23903!+02 .23580E+OZ . 232~3E•02 .23J l d~•l2 

l.bO .27564E+02 .26773E+02 o2?114E+OZ .2554qf+02 . 25057E+02 .24620c+02 .24228E+02 .23873:+02 .2354dE+02 .23249E+J2 .2297;E+)2 

lo b5 .27551E+C2 .26762E+02 o26098E+02 .25529E+02 .25033E+02 .24593E+02 .l4l9BE+02 .23840E+C2 .23512:+02 .232ll€+02 .229)3::+12 

1.10 .27553E+02 o26750E+02 o26079E+02 .25506E+02 .25005E•0Z .24561E•02 .24i62E+02 ,2380lE+02 .23471E+02 .23l!dE+J2 .Z!dHe+ )2 

l.75 .2754?E•02 o26735E+02 .26059E+02 ,25479E+02 ■ 24973E•02 ■ 24524E+02 .24122E+02 .23757E+02 .23425E+02 .Zlll9:+02 .22935~•12 

1.ao .27537E+02 .26719E+C2 .260l5E+02 .25448E+02 .24936E+02 .244dlE+02 .24076E+02 .23708E+02 .2337lE+02 .23062E+02 .2277~:•12 

1.as .27~2~E•02 o26700E+02 .26007E+02 .25413E+02 . 24895E+02 .24435E+02 .24C23E+02 .2365lE+02 .23310E+02 .2299~E+J2 

l • 90 .275l6E•C2 .26678E+02 .25976E+02 .25313E•02 .24847E+02 .243atE•02 .23964E+02 .Z358oE+02 

1. 95 .275C4E+C2 .26653E+C2 .25940E+02 .25327E+02 ■ 24792E+02 .243l9E+02 .23895E+02 

2. 00 .27 489E +02 o2o625E+02 .25898E+02 .25214E+02 .24730E+02 

2.05 .27472E+C2 .26592E+02 .25851E+02 
'-I 

2.10 .27453E+02 o26~55E•C2 

<: 



Temp. 
(K) 
• 10 

• 15 

. 20 

. 25 

• 30 

• 35 

• 40 

• 45 

• 50 

• 55 

. 6J 

• ~:i 

• 1J 

• 75 

.oo 

• 85 

, 90 

.9, 
t. 00 

l. o:; 

l, lC 

TABLE III. 

o.oo z.50 5. 0 0 7. 50 

. 2 3 82 1E+05 . 25746E+0 5 . 27422E +05 . 28916E +05 

.23822E +05 . 25747E +05 . 27422E • 05 . 289!6~+05 

-1 FIRST SOUND VELOCITY (cm•sec ) 

Pressure (atm) 

10.00 lZ.50 15. 0 0 l 7. 50 zo . oo zz. 50 25. 00 

. J 0 2 71E +05 . 315l5E +05 . 32669E+05 . 33747E +0 5 . 34760E • 05 . 35719E+05 . 36627E +05 

, 30271E+05 .315t5E•OS ,32669E+05 , 33747E+05 . 3476JE • C5 , 35718E+JS .3b627E•)5 

. 23823E+05 .25747E+05 o 27423E • 05 . ~8917E•05 , 302 7 1E•05 . Jl515E • CS , l2669E +OS , 33747E • 05 , 34760 E• OS . 357liE•05 • 36627E • 05 

, 2lSl4E +1 5 , 25748E • 0 5 , 27423E•05 ,28917E +C5 . 30272E•05 . 315l6E • 05 , 32669E +05 ' , 33747E • OS , 3476,E +05 ,357 17E +05 .1~027E+05 

, 2J826E +05 , ?.5749E +05 . 27424E+05 , 289ldE+05 .30272c•05 , 315l6E • 05 .326o9E +J5 , 33746E • 05 , 34751:+<JS . 357!7E•05 • 3-'lo~'Jt:•OS 

, 2ld2~E+05 , 25751E+05 , 27425E+05 . 28918:+05 . 30272E+05 . 31516E•05 .32o6JE +05 . 337~6=•05 . J4759E • 05 . 357!oc+05 . ]6625s•OS 

, 2ld.>OE •05 , 25752E+C5 . 27426E•05 ,2891BE•OS ,30272:•05 . 3t515c+05 . 32o69E • 05 . 337~5:+05 ,3475~:•05 . 35 7 15:+05 • 3oo24E+:;s 

, 238BE•C S ,25754E•'.l5 , 2742oE •OS , 289ld:+C5 .30271€+05 . 31S!4E • 05 , 32o~7E•v5 .33743~•05 . 3475~E • 05 .35713E +05 , 36622: • 0S 

, 23d36c•05 , 25755E+05 .27427E•05 . 2e, 1eE•C5 ,30270E•v5 , 3l5l)E+05 , 32oo5E+05 • 3 3 74 l ~ tC 5 , 34753E•OS . 3571JE+)5 . 3t.619~•JS 

,23f~OE+Q5 , 25157E•05 , 27427E•OS , 2d9l 7E•C5 , 302bdE+'l5 . 3151CE +OS , J;?:,c,l:: + )5 • 33737E+05 , 34749i+05 , 3571,E+J5 , 3<> 6 l '• E+)S 

•. .?J843E +05 .25757E+C5 .27426E•05 . zaqt4E+OS ,302b5E+05 ,3150:,~ • 05 , )>os~E • OS • 3J 732E •05 , 3474.,E+OS . 35700E • 05 • 36,~i~ +)5 

, 23845E • C5 ,25757E+C5 ,27424E +J5 , 289llE•'5 .3026LE +05 ,3l5·Jlf:•05 .Ho5\E•05 , 3372,i:+05 , 34737E • 05 ,J '.:6 ~\E•l5 . 366·11E+)5 

. 23d47e•C5 .2575oE•~5 . 2742JE•05 , 2d3CcE+C5 . 30254=+05 .314HE•0'> , 32643E •JS ,337ld: • C5 , 34729€•05 . 35o35f•05 • 3,5'12E+O!> 

• ,u~ .. 3E +05 , 25753E+05 ,27415 E+OS .zae0 9E•C5 . 3J24oE•o5 .31434~•'.>5 ,Ho33'.: • 05 .nn~E •os .347l'IE•05 . 3567'-l: •JS • 31>5'1/=•1)5 

, 23B47:+05 , 2574,i:+05 . 27403E•05 ,23990E+05 • 30236E•05 ,3l473E+OS .32622E • 05 .33o96E • 05 ,3470~~ • 05 , ;5b >2E•05 ,h57lc+u5 

.z3 e .,0E+05 , 25743E +CS , 2739~E•05 , 2dd7'1E+05 • 30224E•05 ,314,CE•os .J21,a2 • os , 33o3 LE • C3 , 34092:•05 . 35o~•~ • j5 . 3!,55dE.-J5 

, 23S43E +'l5 . 2573SE•C5 .273e~E•05 ,2J~c 5E• 05 . 30208E• v5 • 3l4.,4E•C5 ,32591E•'J5 , 336,,SE•" S ,3.,'>7~E•OS , :,5;,:;1E+J5 .31,543E+J, 
I 

.l383'1E+OS , 25724E +CS , l737.,E•05 .261!4'1E+05 , 30190E+'l5 . 31425E•05 . 32572c • OS , 3364bE•J5 , 34657E•05 , 356l5E • 'JS ,3',S.?3E+;s 

• 238321: • OS • 257t2t: • C5 , 27357E•OS , 2dd29e+i,5 , 3-Ji69E+05 

,23d24E • JS ,25o96E+05 . 27336E +~5 , 23dCot+OS , 3Cl~4E • 05 

, 23ol2E +CS , 25o77E•C5 ,27312E•05 .23779:•:lS • 30115(,0S 

. 3l403E+05 ,32549E+v5 , 33bl3E • 05 , 34b3oE•05 . 355~hf+15 • 3'>5l0c • •J S 

, 31377~•05 , 32523E +05 . ~35q~E • 05 . 3461:':•05 .35574E•l5 , 3~4Q"E•05 

d IJ47 E+05 • 32493!:_•JS .. 3J2""2c•~5 1l!!SdS" •Cl al5S!adC t lS 

C: 
f--' 

3~:Ac9Et0 S 
co 



Temp . 
(K) 
l.10 

I• 1 ~ 

l • 2:l 

l.25 

l • 30 

I. 35 

l • 4U 

1 • 45 

I, SJ 

L. 55 

l. bO 

l. c,5 

l • 70 

1,75 

I• BJ 

L. dS 

I• 90 

I. 95 

2. 1)0 

z.c5 

2.10 

.. 

TABLE III. FIRST SOUND VELOCITY -1 
(cm· sec ) (continued) 

Pressure (atm) 

o.oo 2.so s.oo 7.50 10.00 12.50 15.CO 1 7 • 50 20.')0 22.5) 

.238l2E•05 e25 b77E+05 .27312=•05 .28779E•OS .30115E•05 .31347E•OS .3Z493E+05 .33569E+05 .3458 5E • ~5 . 35548:•05 

.2379dE • 05 .25b54E+C5 .27284E+05 .28747E+05 .30081E•05 • 3l 3l2E•J5 • 32459E•'::5 .33536E+05 .34553" •05 . 3552J:•05 

. 2.37dOE+05 .25b26E+C5 .2725vE•05 .28710c+05 .30042E•05 .3l2 7JE +0 5 , 32420E•05 .33418E+J5 .34513: • ~5 , 354i':• 05 

, 23 758E•05 ,25593E•05 +27211!:•05 o2 8e67E+05 .29997E•05 .31 227E•J5 .32 375c • 05 +3 3455E+05 ,3447d:•05 o3 545IE+); 

.2J732E•05 • 25555€ •C5 . 27l66E+05 . 2d6l7E+05 , 2994oE +05 ,3tt75E•05 • 32324E +J5 .3340bE+05 ,34433 t • 0~ .354l'-E•J5 

, 23700€+05 .2:>5llE• C5 ,27ll4c+05 .2d5blE+05 o298d7E+05 .31l1bE+05 , 322bbE+u5 . 33351€ • 05 ,34332 E+05 .353,5€•,s 

, 2JooJE +C5 .25460E +05 .27054E+05 , 2S497E+◊5 , 298 ZOE +OS . 3104~': • 05 .3220 1E+05 .332$9E+C5 , 34324e•05 ,353l5:+J5 

,236l9e+C5 • 2S'tC.2E •05 .26987E +OS .28',24E+J5 • 29746€ • 0 5 , 30974:•05 ,32l2~E•JS , 33220E+05 .3426IE+05 , .35261:+15 

. 235!>9E•05 .Z333 5E +C5 . 26910~•05 . 2d342E+05 .2966IE+05 .3:!i0: +05 .32C47E+05 .33142 E•OS .3419~ £ • 05 . 3519~:•:>> 

. 2351lE •J5 .25 25dE • CS ,2~8 23E+ry5 . 2~249E•05 • 29566E • 05 • 30 7<>6E •J5 • 319H,E+OS .33')59 E+C5 .34ll 2E +O, . 33123~ • :S 

, 2)4~5E•CS .251 7IE+C5 .26120:+n s , 28146€•05 . 2'H:ilE+05 .::.h~3i:+CS . 31S~~E•CS . 329~5F.+05 . 34~29E•05 .JS)5~= ,;; 

, 23370E+•:s .25 07<>E •C5 . 26ol7E • C5 . 2l!03lE+05 .293',4(+05 . 3 )5B:•:S .3174 ~E •?5 . 32folE+')5 , 33934C: • J5 . 3 ~ ~~~!' • ~3 

• 232?3E •C5 , 249b7E +IJ5 .2t..49~: • IJ5 . 27903E+05 ,29217:+05 . ,)~;4:+CS .Jl o26E •J5 .32 752: •0 3 .}3d41: • 0, • ; ·, : 0 ':, £ • ' '") 

. 23190E•OS .24846: +JS .2o361E•C5 .277t3~+J5 • 29075: +1)5 .3'3 1!>: • )5 .314~~,: •05 • 32b34E +')5 , 3373 JE •::l5 • 3q1;: • :; 

.230 :BE +05 .2471IE+05 .Z6213E•05 .276C8E+05 . 289l9E +05 . 3J l o 7E+C5 . JL362E•JS . 32513c+05 .33633c•Oi . 347J~;+;) 

. 2l<;c4E+J5 .24 564 E+J S .Zo041E+05 . 27439E+05 . 21.! 75 LE +CS • ?)J(:7E+J5 . 31213:+05 • 32383E+05 .33519:: •05 • 3461 •= • )5 

.22d30E • 05 .244C3 E•OS .2586 7E•05 .272~2E•C5 . Zd5b8E•OS .2~3 j 4c+?5 .31C57E+C5 .3224l E+05 

.2 2osac +c; . 242loE+05 .25668E • 05 .21049E•05 

.22527 : +C5 . 24023E•CS . 25450E+05 .2o8 25E•05 

.l2349E +J 5 • 23~04E•05 .25214E+05 

. 2215dE+05 • 23569t+C5 

. 28370E+05 .29o~7E+JS .3038oE•05 

.2dl53E+05 

C: 
t-' 

zs.oo 

• )Ol.') '): • )S 

.)!>'+44 ~ •'.'5 

, 3!>'tloc•J5 

• .3~337:•)5 

.3,3':-1=•'5 

, h3!~':•JS 

.3~27 ~E • :l5 

. ):,.?!o=• -)5 

.3 ,lo.:)C,.)5 

, 3:,i~t:•JS 

.LE ?:•?5 

, 3:;~; ... ,: .. )') 

• 351.? ... : • )5 

• ,:;.)'>-,:' + ,')S 

• 357 ➔ I~•'), 

\C 



Temp. 
(K) 
• 10 

• l:> 

• C:Ct 

• zi., 

• 30 

, 35 

• 4V 

.t,-5 

• :,Q 

. ss 

. 60 

. e.5 

• 71J 

• 7':> 

• av 

. ss 

• qo 

. 95 

l • JJ 

l • 05 

l • l O 

<. 

TABLE IV. ISOTHERMAL COMPRESSIBILITY (cm
2•dyne-l) 

Pressure (atm) 

o.oo 2.so s.oo 7.50 10.00 12.so 15.00 17.SJ 20.::, 0 2 z. ;:, 

.l2143E-0 7 .l0 108E- 0 7 .8701 ZE - O& • 76 651~- ca o6 d6 7uc - 0 8 . 62]1 5 E- CS . 57122E-08 .S 279zE-ti8 .49(2 (E-0 3 . ~ s ➔ ~Sf-Ji 

.l2 1 42E-C7 .1C l 0 7E- C 7 . a 7 J l OE - Od .76650E- 08 . b8670 E-08 . 62, ~ .. i: - o; . H!Z2:-'.JS .527?ZE- OS . 49 l2 l:-08 .-5l~ , ~ - ld 

.12 1 .. 1 E- 07 .l0 l 07E - C7 . 870J3E-08 .7<>o4~E - c a • 6861,q: - 0~ . 62)l .. : - :; • 571 ?2:' - 0~ . ~ ?1~3E- Od .4n2~E-<.'8 ... ,}~~E - ·H 

.12 L40E-C 7 .l01Cor-C 7 . 3 70C4E-08 • 7664 7 t: - 08 . 1,a61>dE- 08 . c.?11.:.l!:-O:> . 5 ll? 2E - J a .5 2 7 93E - Od .4q \ 2 3C - o~ . •s~~ 7:-)d 

, ll l39E-C7 , 10 l lJSE - C7 , a 70C L!:-OS • 76 t :.6E- Od , 6d61di: - 03 . 6.:!3l4~,C J , 57 l ZJE - Og . 527q .. f - Ci , 49l2\!: - C3 , 45~ali - )i 

, t2 LJ7E - C7 .lOlC5£-C7 . a1,qqJE- 03 .7os .. se- ::,a , 68o1>8E-01 . b!J to=- oo • 5712 'ic - 1!! , S2796E-Ol , 49lZoc-·l3 • 45Hli: - H 

.l= l 34E- C7 . 10 10 .. L-( 7 , 8 6 ~q4e - oa , 76 6 4 5 E- OS , oao70E-Oq . 623:9~-,~ .;112,: - 1a . 52~00~-08 . 49131: - 0~ .45~75E - )d 

• i2 l 32E - C1 , l0103E - 0 7 . 8b9°?:-~a • 7o6 .. 7E- Qq • 6do 7'-i: - •)8 • ,,-3:3: .:;, • 5713'.c-JS • ~'i'JSE - 03 . 4q13;e-n9 . 4 ~ }~ "': - -~3 

. llllqE - 07 o lOlJ2e- J 7 . S6~~3E-08 . 7o651E- 08 . oa6,HE - Od . 6!3J!:-.:$ . ;7l-.lE - J'j . 52·H3: - Ci . t.'H .. 3E·';ld . -.5'>~n~ - H 

• ll l27E- C7 .lOlOZE - C7 od61V7:-08 . 7665➔E - Od o6 i b9 lc -Od . 023•.!~ - 1 ➔ , 57153: - )~ ,52625E-O.:l -• ~l5 ~ f-C~ ... ;~~•C - )3 

• LZ Ll t, E-0 7 • LOl02E- C 7 . d 70CSE - 08 • 706 7 2:-08 . o 87 il5E - 'J~ . ~23~7E - G3 . 57~o~E - 0d . 52~4J: - O~ - • ➔ lo '/ E - v 3 - ·~~l ': - ;cl 

. l2l22E-0 7 . 10l02E-C7 . d7021E- CS • 7o6nE-J8 . oa120E- tJ3 . :.231~=-..:-~ • :,1; ~4t.-,i~ . 5ld?9~-01 . 49li3E - 03 • .:.', .. ,"'.C - '3 

. l2lZLE-C7 .10l0.!E - C7 . 87')42E-l8 . 7o7l7E- C.d .o➔ 753E -03 . o2•J5E-:~ • '! 7.: l ~~- :,,; . 5~1'15E-Cd . 49ll2F - O~ ••oC5sc - ·3 

• l .! l20E- 07 , l0lC5E- C7 . ll7J7 JE- Od . H,752E-Od . 687;;9E-03 . oZ4~CE Q~ . ">72~~~ -~! . ;e?~l7E - ~~ .... Jz ... zE-0~ . t..-, J-l !E - >, 

,L .: l ZOE-07 . l O h idE- C7 . tl7ll 5E-08 • 76 Vi8E-0S . 6883t,E - 08 . 62'-'c .. c- c.a .57Z,l': - .JC3 . 52<l5~E-O ➔ . 49Z3'lE-ll~ • "''>tl~E - l, 

.LZl?lE - 0 7 . 10 113f-C 7 . 871 71E-Od .76eS6E-oa .~aaq LE- 0.:l . ~2539: - 0:, . ~n•~E-0.::1 . 53')05£ - C:I . 4'l325c -O ➔ .:.ol:,lt:-H 

. l2123E - C7 • l0llqf:-C 7 . 872<,lf-08 ,769231: - ~8 . oaq~1E - Ot! , 01~:s:-c3 . ;1 .. J,E - v3 , 5300 .. F-r.1 . ~'l33l~-o~ • • ,,212=- ·i 

. l2 l 27E- C7 • 1012oE-C7 . 87329E- Od • 77016E- 08 . 6904bE-ilS . o~:,;::,i - .::: • ;7,+30: - ·J3 . 53135~- <'3 . 494 ➔ 7E -Jd . ~~z1 .. • - ::1 

• l 2 l34 E-0 7 • l 0 l .lb!: -C7 . 6 74 3dE - O~ .7 7 l 23E- 06 . &9lt,qE-03 . 027~2: - :, . ;1,1:E - ~ ~ . S32t3E - o-i .,. c:52,e - n • ➔ o)•E-H 

. 12 1 .. z~-G l ,1 0149E -C7 .87570E-08 • 77 2 ~2E - 08 . o➔2 70E - Od 

• l2 l ':i4E-C 7 • l:J l t, 4 ( - 07 , 8772H-08 • 774C:,E- vd . o9414E- 03 

. o23~5E-~i . 57o7~E - O~ . 53317c - 0~ . 4 %17E-O.:l • .:.,'-DE - ·i 

. c3::iE- C3 . ,7,0~E - )3 . 5,4\2E- Oi , 49 7 Z ➔E -08 • • ~53 1 ; - (j 

7'i 

t-3 

.? 5 • ..)) 

.... 1 22 ti: - J i 

... 32!\c - Cd 

. 4322~=- ..:3 

.:. in 1;;-: ➔ 

. .. 12l .. :- ~~ 

. -.1?2~': - . .-~ 

• ,'2 l:':- •)3 

- ~J:Jo::-)i 

. :.,2 .. }t; - ;~ 

. :.32°3< - )d 

..... i?">7:: - ) A. 

. .. 1.:, ... .:-.}j 

. ~3 J)~: -,i 

. .. "!,J3~--,, 

,• l'">e-:: , 

. '13 - )!-;-'-~3 

. .. , ... )~:: - )•3 

... ,~! :. ~-':! 

. ~};j~=-, .. 

. ~1~.,1::- ) -1, .... 

.- J7j~: - l3 0 



Temp. 
(K) 
i.10 

l. 15 

1. 20 

1 • 25 

1. 30 

1. 35 

l • 40 

1 • 45 

l.50 

1, 55 

l • bO 

l, b5 

l • 70 

1, 75 

l. d,J 

l • d5 

l ,90 

l. 95 

2.00 

l . 05 

2, LO 

TABLE IV. 2 -1 ISOTHERMAL COMPRESSIBILITY (cm · dyne ) (continued) 

Pressure (atm) 
o.oo 2.50 5.oo 1.50 lOoOO 12. 50 I 5. OC' l 1. 5(1 zo.oo ZZ.50 25. JO 

.12l54E-07 .l0164E-C7 .8772dE-C8 .77405E- J8 o69414E- C8 . 63J29t-C9 . 57900=-~3 .53432E-C~ o4972 +E-C'9 .46533E- 08 043755: - 0d 

.l2l69E-07. LOl8 3E-C7 . 879~6E - C8 . 775€5:-0!1 . 695d2E - 08 . 63 t 35E-08 .H945E -~3 .S3 56oE- 03 .49S<.dc-C8 .46o4!1E- JS . 43'!'>3: - 18 

ol£187E-C7 .102C5E-C7 . 88138E - 08 .777~ 6E - 08 .o9? 71E- 08 . 63367E-Od . 5Sll2E-08 . 53721E -08 . 49991E -03 . 467~lF - OS .43937E-J8 

,12Z09E-C'7 olC23LE-C7 .383 98E-08 ,780 41 E- 08 .70006E -Od o63577E- 08 .5d30&E - J8 .53999: -0S . 50l5oE-08 04&935E-Od .44l21E-03 

.1 223 7E- C7 .10262E-0 7 . d8 7COE - 09 .7d324E- Od , 70268E-08 . 633LBE- O~ . S852 7:-J9 . 541 C4E- O~ .5034jc-08 .47ll ~E - Oi .44 212c - OS 

.L 2269E -C7 ,102~dE-C 7 . 8905JE - C8 .7d65L E- 03 o70569E - 08 , 64094E-Oa . 5d73lc-J9 .54337E- C3 .so5~1E - J3 ,47 3J9E - J~ ,44473E- ld 

.123C8=- C7 .L 0339E- C7 . 89453E - 08 .7902~c - 08 .70914t- 08 . 64410:- 08 . 590 71 : - 08 . 54603:-08 .S030oE - 08 .4753'> E-08 . 44o~d:- Od 

.12353E-C7 .tu3d8E-C7 o 899 lb E- 08 .79455:-Jd .7l308E - 08 .o 4770E- 08 . S94JLE - O~ .S4906E-Od .5LCd5E-08 .47794E- O~ .44927E- Jd 

, ll405E-07 , l044): -C7 , 90446E- oa , 7'1945E-:H . 7175oE - OS , 65 l 80E-O~ , 59775E - O~ . S525vE-08 . Sl4)1E-03 .4~0~bE-Od , 45l9SE-~8 

.l2 46bE - C7 .l0~07E-C7 .91051E-Cd . 805C4:- oa , 72266E - 08 , 65b45:-C8 . 60200~-lB . SSb39~- 08 .Sl759E - 08 ,49416E-Cd , 455J;E- )3 

.l2 5)7£-C 7 .10 580E - C7 . 9 L74 2E -C8 , d l1 40E- JS .7 28 46E - OR . 66l73E- Od . 606B2E - u8 . 5~03CE-0 3 . S2165E - 08 ,4!79)E-uA . 45 ➔ ~)~- )d 

.t26ldE -C7 .10t63E -C7 , 92528E - 08 ,8lSo3E-C 8 ,73 505E-06 . 66773E-08 , 61229E- 08 . s;sace -oa ,52624E -~8 .492llE - O~ ,4o2 ~L E-0d 

,127l0E-C7 .1075aE-07 ,93424E-Oa ,32 beSE-08 .74254E-08 , 67454:-0S - ~134~: - Ja , s11~1: - 0i . S;143c-13 , 4Qb91E - )3 . 4~~ ➔ 3:- J3 

,1 2SlbE - 07 ,l~SbbE -C7 ,94445E-Ca , d362lc-03 .73105E - 08 . 6S227c- 08 . 6255)t- ~3 . 5773~: - vd . 53732E-08 ,50231E-0~ . ;11~2E-C8 

,l2937E-0 7 .1C990E- C7 , 95~C8E-08 , d463d:-Od ,760 75E-08 . 69 lC7E-0 3 . o3353E - Od . 5d5lqE-C3 , 54400E - 08 ,50347t-Od ,4774~E-J8 

,l3C76E-G7 .lll31 E-0 7 . 9o937E - 08 . 359C6E-C6 ,77182E- J8 ,7 0 lllE-C8 . o42o5E- 08 . 5°351~- 01 .S Slb l E-OQ ,51545E- 08 

, l3233E-07 ,11 292E-C7 , 98457E-Cd , d73C l E-03 .7d449E - 08 .7l260E- Oe .o530dE- J8 , 6030\E -Od 

. 134l4E-07 ,ll4 77E- C7 .l0020E-07 .3S9C~:-08 ,79905E-OS ,7 25dOE- 08 o66506E-O~ 

,l 3620E - 07 ,ll689E-C7 ,l0222E-07 ,9075oE-03 ,8158 8E-08 

.1 3856E-0 7 ,ll934E-C7 ,l0455E-C7 

.l41 l8E -C7 ol22 19E-C7 

7" 
1-3 

I-' 
I-' 



Temp. 
(K) . ~\) 

• l S 

.21) 

• 2j 

• jQ 

• 35 

,40 

.45 

• ~li 

• -,5 

• 60 

.o, 

• 7J 

, 75 

. ao 
• ,,5 

• <lO 

• .;s 

l. 00 

:.05 

l, t.: 

TABLE V. THERMAL EXPANSION COEFFICIENT (mK)-l 

Pressure (atm) 

o.oo 2.so s.oo 7.50 10.00 12.50 15.00 17.SO 20. )I) 22.s:i 25 • o::, 

.1124€-02 .720BE-03 .soo 7E-03 .3674E-03 .2808E-03 .2 21 b=- 03 • l 793E-03 • l 480E-03 • l243E- 03 .lOOBE -03 .87o4 E-J4 

.3728E-02 • 2408E-O 2 • 16 79E-02 .1235E-02 oY455c-03 • 74n 7E-::, 3 • 6046E-O 3 .4994E-03 .4195E- C•3 .3404 E- 03 .29Hc - O 3 

• 8644E-02 • 5633E-02 .3949E-02 .29 1..'. ::-02 . 22 34E-02 • l 7601:-0 2 • l43lE-02 .L183 E-02 .9945E-03 . ao1~e -01 ,7r,? SE -J3 

. lo46E-Ol .1083E-Ol .7640E-02 ,56 53E-02 • 4346E-02 .3442E-02 , 2 792 E-02 . 23lOE-02 , l'l4 3E-C'2 .LSHE-02 , LJ74E-02 

• 27 66E-O l • 1841 E- C l ol 3CoE-1Jl ,9 703E- 02 • 74 77E-02 • S93ZE - 02 • 48 l 3E-02 .3Q<l0E-ll2 . 3357E - 02 ,27H E-02 ,2377E-0Z 

,'-2 65E-Ol . 2871E- Ol .2051E-Ol ,1 530c-Ol , 11 BZE- t' l .93Q 2E- 02 . 763dE-02 ,6 32'lE-02 , 5327E - 02 .,.n;;;-oz ,3769E - J2 

, 6l74c -Ol .4205E- Ol ,3025E- Ol ,226 5E-Ol ,1754E-Ol ,1 39 5E- OI • 11 35E-Ol • 'l38 :I E-02 ,7doJE - )2 .635JE-02 ,St.H E- OZ 

, ll52JE-O l • 58t>ll:-Ol .424~ E-Ol • 3l 3 7E-Ol . 2 .. 69E-Ol .L 'lo0E-OI .L~SbE -01 . UOOE-01 , 1074:' - 0 l ,d4 67E -Ol • 7::>2'lc-lJ2 

• 11 30E •OO • 785SE-0 l • S rnr;::-J l . 42841:-0l • 33 JZE-01 ,2 5'13E -Ol , 20571:-01 , l <>36E-O l • l 2'!1:>E- 0 l , 'l2'1H-02 ,c,i,4qr-i! 

.l447E•CO • 10l4E•OO • 73 59E-Ol • 54 73c-O l ,4l43E-Ol ,3154E- Ol • 2376E-Ol .L 727E-Ol • I l 5 3E - 0 l . Sb33~-J2 .39dYE-O! 

,l7QjE•Oll • l 259i: •OO . qo~2e-01 ,656oE- Ol ,4759E-Ol . 3355E-Ol , Zl94E -Ol ,1 162: - 0 1 , 1932:-)2 -. dl44E-02 -,1 ➔ 59E-Jl 

, ll:>2E•CO • l498E •C,0 ,104dE•OC • 7 22 3E-O l .:.1.;.1E-C1 , 272 lE-Cl , 'IS ll f -02 - , 7131E-02 -,23 72E-O~ -,4l 34 E-O l -, oJZ~E-) 1 

• 2494E •CO • lo92E• OO ,llZ3E • OO ,694 ~c - '.ll • 351 l E- 0 1 , 5734E-IJ2 -, 2110E-O ~ -.q1'7E- Ol -.755!.E-Ol -.10 4,,~ • 00 -,ll>; 'lE•O'.) 

,;:7 7oE • OO , l796E+OO .l0:3E+Ot' • 5C o l E - J l ,J259E-02 -, !9 LIE-Ol -,7972E -Ol -,l 20 7 E•OC -,\644E•CQ -,2\0~! • 0'.l -. Z~l ~E •C) 

, 2'l5JE +CO ,17 4c,E • OO . d35H-Ol , d301E-CZ -, 5712E-Ol -,llo,E+OO -,l7o2 E• OI) -, 2373t• 00 -, 3CZ3:•0~ -, 1730" • 00 -,450'1~•10 

, Z H,4E •00 , l5 26E•OO ,3 27] E-Ol -. 651>3E -Cl -,l537E•OO -,2371E•OO -,32l9E•OO -,4099E•CO -, 5025~ • 00 -. ~'.l 4~E •OJ -,7L70E • 01) 

, : 735E • CO ,lOlc,E •OO -, 5009E-Ol -, l793E•CO -.2~63E•CO -, 410.:.E•OO -. 52SO~ •OJ -.o472E•Oll -,77 71E• OO -.9ll J~ •OJ -,l )7~c • '.)l 

.. D3JE , ,c .~3l4E-Ol -,1 73~': • 0C -,34 ':3E•OO - • .:.'1)5E•OO -, 1>4 3~E • '.)C - . 7977E•CO -, 96!3E • ':', -,ll h.: • 'l -. 1;r,<1e • Ol -,1 53•Jc• ul 

,l n25E • CO -.l03oE • OO -.)~35E • OO -, 553 rE •CJ -.75 04:+CO -. 9•6~E • '.)0 -.11~1E•Ol -.t• S~E • Ol -.1ss~E • ~l -.1 ~75c • 'll ·, 2')1:17E• 0 l 

,5J~7E-01 -,26 01E• 00 -, 5o33E+OO -,831 0E•JC -,1 079E•OI -,1325E•OI -,l57dt+Ol -.L ~•S E• Ol -, 2l l5E•11 -, l 440E • OI -,2'7Ci • IJ l 

-.~o~;f-) 1 -.48bOE • CO -. g425C +OO -.l !~~~•J~ -, l 'o?qc . -:: -. 1 7d 1~•Cl -,21 0 1t • 0l -,l4)'c•0! -. 2 ,, 1~ • 0 1 

R 
"O 

-,3LS~~• Ol -, li74€• 01 
I-'" 
N 



Temp. 
(K) 
l. 10 

l. l 5 

l. 20 

1. 25 

1. )J 

1. 35 

1. 40 

l • '•5 

1, 50 

l. 55 

I . oO 

1,65 

l, TO 

1,75 

I, du 

I, e 5 

l.90 

1. 95 

l,00 

2 , J5 

2 , 10 

TABLE V. THERMAL EXPANSION COEFFICIENT (mK)-l (continued) 

Pressure (atm) 

o.oo 2. 50 5.00 7.50 10 .00 12.so 15. 00 17.50 20.:>o 22.50 25. 00 

-.4845E- Ol -.4860E+OO -.e425E +OO -.ll65E+Ol -.l479E+Ol -.l787E•Ol -.2101E+Ol -. 2437E+Ol -. 2791E+:>t -. 3t5~E+Ot -.3571-E +Ol 

-.2218E+CO -.7358E+OO -.ll74c +Ol -.l574E+Ol -.1964E+Ol -. 2338E•Ol -.2721E+Ol - . 3134E+Ol -. 3561~•0 1 -. 40C'9c•Ol -.4513E+Ol 

-.4201E +CO -. l036E+Ol -.1574E+Ol -.2062E+Ol -. 2526E+Ol -. 2°84E+Ol -.34 54E+Ol -.3030E+Ol - . 4459c+Ol -. 50l2E+Ol -. 5579E+Ol 

-.6o20E +OO -.l364E+Ol -.2042E +Ol - .2633E+Ol -.3 l84E+Ol -. 3738E+Ol -.429CE+Ol ·-.4877E•Ol -.5494~ •01 -.6llJE+:>l - . 68 3dE+Ol 

-.90 55E+CO -.1817E+ Ol -. 2587E+Ol -.3285E+Ol -,3945E+Ol -. 4601E+Jt -.526dE +Ol -.5943E+Ol -.66d4e•o t -.7~70E+Ol -. 8230E •Ol 

-.ll44E+Ol -.22 89E •Ol -, 3223E~Ol -,4041E+Ol -.4829E+Ol -, 5603E•Ol - .6373E+Ol -.7l92 E+O l -, 8038E+Cl -. 3807E•Ol -.~~7 3E+Ol 

-. l5COE+Ol -.2850E+O l -,3929E+Ol -.4924E+Ol -.5840E+Ol -,6~4dE•~l -,7668E•Ol -, d596E+Ol -.95 95E+Ol -, 1060:•02 -,l l70E•02 

-.1 83JE +Ol -.3526E +Ol - ,476 7E+Ol -,5925E+Ol -,7J26E•Ol -. 9057E +Ol - , 9l35E+Ol -.1023E+02 -, ll37~•J2 -,l261E+02 -,l37 !E+02 

-, 23J3E+Ol -, 4256E+Ol -.5735E+Ol -,7105E+Ol -, 3347E • Ol -,95, LE•Ol -,1085E+02 -,l209E+02 -.1343E+02 -. l'>HE•02 -.1~22 =•02 

-.2d35e+Ol -.5069E+Ol -,6866E+Ol -.d~44E+Ol -,9917E•Ol -.1 136E+02 -. 1281E +02 - , l432E+02 -,1582:•02 -,17 3lE•OZ - . 1905E+Jl 

-. 3575E•Ol -.5983E •Ol -.81 73E +Ol -,ICOlE•02 -.1175E+ Ol -,1344E+C2 -, 1511E+02 -.l685E•02 -,1862F.+02 - .2:l47E+J2 -.2237E•02 

-.430SE+Ol -,73IlE +Ol -, 9733E+Ol -,l l88E+02 -,1390E• 02 -,1 539E+02 - . l788E+02 -.1 978E+02 -. 2182E•02 -,2409E•02 - , 2o~1E+02 

-.52 2 1E• OI -,8759t•Ol -, ll 58E •02 -,l410E•02 -, lb4qE+02 -, 1330E +02 - , 2102E•v2 -.2334E•02 -. 253lc•)2 -.2921E•O~ -, 3·) 77E•J 2 

-.6ol0t•Ol -.to~~E +02 -,1378:•02 -,l679E•02 -.1953E+02 -,2221E +J2 -,2487E•02 -,2756E+02 -, 30415•02 -, 3332;•]1 -,36Z~E•02 

-,7 <17:,E+Ol -,l246E•02 -, 1653E•02 - ,1994E•02 -,2313E• 02 - . Z~33E +D2 -.2951E+02 -.3265E• 02 - ,J59•E•02 - ,39Ja~•02 -,4245E•02 

-, 9844E•O l -,l529E•02 -,1~ 72E• 02 -,2383E•02 - ,2756E+02 -, 3130E+OZ -,3501 E+02 -,3a74E+02 -,4Z44F+02 -, 460lE•02 

-,l2 00E +02 -,ld78E+02 -. 2372E+02 -,2845E•02 -, 3235E • 02 -,3734E+uz -,4170E•02 -. 4595E+02 

- .l5 57c +v2 -.2222E • OZ -. 2855E•02 -,34!8E•02 - , 3944E +02 -,44bZE•J2 -,4967E+02 

-,lq2oE •02 -.2765E +02 -. 3450E•02 -,4112E+02 -, 4733E•02 

-, 2}a2E +J2 -,337l E• 02 -.4210E+02 

-.3ClvE•02 - .4 180E +02 

Q 
'Cl 

.... 
w 



Temp. 
(K) 
.10 

• 15 

• 20 

• 25 

• 30 

• 35 

• 4J 

• 45 

• 50 

• 5~ 

• 60 

• b:; 

• 1J 

• 1~ 

, 80 

• ss 

, 90 

, ?5 

I. 00 

1,05 

l. l j 

TABLE VI . HELMHOLTZ FREE ENERGY OF EXCITATIONS (ergs•gm-l) 

Pressure (atm) 
o.oo 2.so 5. 00 1.so 10 . 00 12 . so ~5 . 00 17. 50 zo. oo 22.so 25 , JO 

-, 1721E•Ol -.1327E • Ol -.1073E•Ol -.89blE•OO -. 7obbE•~O - , 6619E•O~ -.S904E+OO -. 5Z79E•OO -.4767 c+)O -, 43,dE+DO -,397bc•OO 

-, do98E+Ol -,b722E+O l -, 5442E•Ol -,455CE+Ol -. l395E+Ol - , Jl9bE •Ol - , 3C04E+Ol -, 2b87E•Ol -,2423E•)l -. ZZl l E+Ol -, ?027E+Jl 

-,273?E+02 -,2121E+02 -.1719E+02 -,143 4E+02 -,1233E+Ol -,1C15E•D2 -,9512€+01 - . 851JE•0 l -, 7i,92E • O l -, 7?'lSE•Ol -.~424[ • 1; 1 

-,o&48E • 02 -.5l65E•02 -,4194E+02 - , 35l3E+02 -, 301 2E+OZ -,262 1 E•OZ - . 232bE •02 -. zns~E•02 -,l 9~1E•02 - ,l7l~E•J2 -.! 5/2E •02 

-,l37JE+03 -,l068E+Ol -, ttb88E+02 -,7285E•Ol -, b 24~E•C2 - , 545~E • OZ -,4830E+02 -,4325c• 02 -, 3~0~ =,;2 -,35~ 2E•02 -,31 b7E•0 2 

-.2,2 1e ,c3 -,lq7JE+03 -.lbG8E•03 - . 1350E+03 -.ll59E+C3 -.1 ,1:E•C3 -.89b4E+02 -, 8029E+02 -,72~~: • 0l -, b6l5~+02 -,:. )6H•J~ 

-,427bE+Dl -. 335bE+03 -, 2740E+03 -,2303E•03 -,!979E+03 -,1 730E+OJ - . 1532E+03 -,137 3E+03 -,l242E•Ol -,Li34E+03 -.1~ 4lE-Q3 

-, b~O~E • 03 -,53blE +03 -. 4389E+03 -, 3b9bE+03 -.3180E•03 -, 2784E +03 -, 2470~+03 -,2Zl7E+03 -, zoo:£,~3 -,l 53b E•03 -, lb 'H E•'1 J 

- , \J3lL•C4 -, 'llb .. E+Ol - , b700E+03 -, Sl~3i:+03 -, .. ,,r:.E+0\ -, 4Z74E+-C3 -, 3801E•03 - .3422E+03 -, 3tl J:•CJ -, 23SH•J 3 -,2651E+OJ 

- . l,04t • 04 - ■ l l96E+O .. -, 9d49E+03 -, 8338E +03 - , 7215E+OJ -, 6355~ +03 - ,56d3E• 01 -, 5152E+03 -, 4/11~•~3 -,43q~E •03 -,4l4 2E•J• 

- , 2123:+04 - .1 702E • 04 -.l410 E+04 -.12 01 E+04 -,l04oE+04 -.9297:+03 -. ij4Q7E+03 -.7728E+03 -.72?0t• 0 3 -. 6~53E +03 - . 6o2°E+)3 

-.l944E+04 - , 23 76E +04 -, 19d6E+04 -.1 709E •04 - . 1soaE+04 -, l J 60E•04 -,l252E+04 -.ll7~E+04 -. ll27E•O~ ·, ll 01E•04 -.IIO?E+04 

-,40l9E+04 -. 32~4E +04 -, 2782E+04 -,2432E+04 -, 2lcl4::+04 -, 2013E•'h -, !qOO E+04 -, t"J5E+ O'- -, 1811E•04 - ■ I l3iE•04 -.1~'1.l ( ol)<. 

-. 5452E • C~ -.453CE+04 - .JqoqE+O~ -, 3488~•04 -,3203c+C4 -,303,E•D~ -.294,E+04 -,zqJ0!+04 -.2qa3E•o- -.3 10'f+04 -. J?Qlf•O~ 

-.7392E +04 -. eZ73E+04 -. 5538~+04 - , 5065E+04 -,47d3c +04 -,4b40E+04 - , 4i,37E+04 -.<t737E+ 04 - , 4042E•04 -, 525~ c•04 -. 5o8•E«-➔ 

-,l00o€ +05 -,874Hc+04 -,7921E•04 -, 143oE +14 - , 7205E•04 -, 1ldCE+04 -,7330E+04 -.7649E+04 -. etZ5E+J4 -. ~767E•O~ -,q5~1t+C4 

-,l377E+05 - , 1229E+o,; - ,1141~•05 -,lO<;&E•CS -, 1Jd9E•05 -,il •l:iE+OS - ■ ll52E +05 - .l ll9E•C5 -,13llE• 0 5 -,l<t.?J:+05 -, l571E+ 05 

-,1sqsF.+05 -,17 34E•OS - ,lo49C•O~ -,1621E•J5 -,lb3dc+05 -, l6~3E•05 -,l7d3E•D5 - , 1907f+05 -.2~bo~•~ 5 -. 22,9E• OS - ■ 2+93E•J5 

-,Zbl4E+O~ - , 2446€+05 -, 2375E•05 -, 237iE+05 -, 24J~:•05 -, 254°(+C5 -,2707£+05 -,29 13F+OS -, 3 1~7~•0: -. J~1lF+05 -,333 3E+05 

-,3001: +o:; -,34 39~+05 -, 3395E+OS -, 3444E+05 -.~57 1~•05 - , 37o~E +Oj -,402lc•05 -.4 ~4~~•0 5 -,47]1:•05 -. 5lft9C+05 -,572 2E +D5 

- . ~'l4~E•OS - , 471 ~E •05 - , 4i04c+l)5 -, 4925E+05 -, 3l4•E•0 5 -. ~~5-~•J~ -, 5S•7E+D5 -. b325: • 05 -. ~39?5•J5 -. 7552!'•05 -.33l 2E• 05 

t-zj 
c:i 

I-' 
.t:-



Temp. 

f!'it 
l • 15 

1,./0 

1. 25 

l, 30 

l, 35 

l , 40 

I, 45 

l. SJ 

l, 55 

l, :,0 

1. 65 

I. 7C, 

l, 7 5 

l, 110 

l , 115 

l.90 

I• 95 

2.0J 

2,05 

2, 10 

-1 
TABLE VI. HELMHOLTZ FREE ENERGY OF EXCITATIONS (ergs· gm ) (continued) 

Pressure (atm) 
o.oo 2.50 5. 00 7.50 10.00 12.~o 15,00 17.50 2::l,.)0 H.5J 25.00 

-.4944E+05 - .47QQE+05 -.48045+05 -.4925€+05 -, S l44E+05 -.545~E•05 -. 5847€+05 -.6325E+05 -,689lE•05 -.75 52E•05 -.dll2~•05 

-,6743E+05 -.6635E +05 -.67ll E+05 -,6933E+05 -,72B2E•05 -,7749E +C5 -.d322E•05 -.qco6E+0 5 -,981JE• 05 -. 1,73E•::l6 -.ll79E• ::l~ 

-, ql l7E+05 -.9C70E • 05 -.9247E+05 -.9610E+05 - .1013E+06 -.tOd0t+06 - , ll61E+06 -.l257E •06 -,l367 F•06 -, l494E+06 -,l63 7E +Oo 

-.122lE+06 -,1225E+06 -.l257E•C6 -.l312E+06 -.1337E+C6 -.l4o0E • 06 -.l592E+06 -,l721E•06 -.ld70 c • 06 -.204?E • 06 -.2211E+06 

-.lol9E +06 -.1636E +06 -, 16~6E+06 -,l765E+06 -.l abdE•06 -.l995E•O~ -,2146E+06 -, 2319E • C6 -,2516 ~•06 -, l740E•06 - ,?991~ • 06 

-,2l 25E +Cb -.2157E+06 -. 2232E+C6 -.2342E+06 -,24B2E•06 -,265ZE•06 - , 2851E+06 -,3C7QE +06 -,,3'7c • 16 -,36 l3E • 06 -, 3953~•06 

-, 2760E +06 -,2314E +06 -,2920E•06 -.3069E• 06 -,3256E+C6 -, 34SJE +OD -,3740E +06 -, 4035E• 06 -.4J69E • 0u -, 4744F+?6 -,5! 6 1E+J6 

-, J55LE •O~ - , 3633E•06 -. 3779E+06 -.3977E+06 -,4224E+C6 -, •S l5E+06 -.4BSOE •06 -,523 1E• 06 -, 565~E • C6 -,613~~•06 -,o:,e3 E• ')o 

-,45loE +06 -.4646E +06 -.~843E•06 -.51C4E+06 -.5424E+06 -,5793E•06 - , 6230E • 06 -,6716E•06 -, 72~1E • 06 -. 7~69~•06 - . 3544E•06 

-, 572~E • C6 -,5391E•06 -, 6152E•06 -. 6492E+06 -.o90 4E•06 -,7 3B4E+C6 -.793lE+06 -, 8552E+06 -,9246E•06 -,1 001~ • 0 7 -,1036~•~7 

-,7l d3E +06 -, 7413E•06 -.77 54E+C6 -.81 95E+Oo -, 872LE+ 0 6 -,9336E +C6 -,1 003E+07 -,10d2E•07 -. 1169E +J7 -.l2b 7E•07 -, 137-.E•O 7 

-,89,2E+C 6 -.~2oJE+06 -,97LOE•06 -.l02 8E +C7 -, 109SE•07 -. I l 73E+07 -.12b2E+07 - ■ l 31> l E• 0 7 - ■ 1•72:+ 07 - ■ LS'l.:. E•07 - .L 73l!:•J7 

-.1110E +07 -.l1 51E+07 -,1 209E+07 -,12 B2E • 07 -. IHH•07 -. l467E+07 -, l579E+07 -. L 70SE +07 -. l845E•07 -,!O/J l E•07 -, ! l7 2c•07 

-.13oJE+C7 -.l423E +0 7 -,l49 9E+07 -,l591E•07 -,l701E•07 -. 182~E +07 -,1970E +07 -.2130€+07 -.2307E+07 -. 2504=•07 - • 27 2 2 E +O 7 

-, lbdJE+C7 - . 1752E+07 -.ld49E•C7 -,l969E•07 -,21 09E+07 -. 2270E +07 -,2451E+07 -, 2654E• 07 -, 2880E+C7 -. 313C,c•07 -.)405c t )7 

-,2055E•C7 -.2151E+07 -. 2277E+07 - . 2430E+07 -,2610E+07 -,2314E+07 - , 3046E•07 -.3304E•07 -.3593E•07 -,39LOE•07 

-, 2508E•C 7 -, 2634E+07 -.2797E•07 -, 2994E+07 -.3224E+07 -,34d6 E+07 - , 3783E+07 -.4ll4E+07 

-, 30SSE+C7 -.3221E +07 -.3432E•C7 -.3687E+07 -. 3982E+07 -, 4320E+07 -,4700E +07 

-,371 6E •C7 -,393oE•07 -.4212E+07 -.4540E+07 -,4922E+J7 

-,4520E+C7 -,.:.dC9E +07 -.St70 E+C7 

-. SSCJE +C7 -.58P.3E +07 

'-::l 
M 

1-J 
V, 



'· 

Temp. 
(K) 
• LO 

• lS 

. 20 

• 2:> 

• 3v 

, 35 

• 40 

, 45 

, 50 

• 55 

, 60 

• b, 

• 7v 

• 75 

• co 

, dS 

, 90 

, 9, 

l • vO 

I, O:> 

l, 10 

TABLE VII. ENTROPY -1 -1 
(ergs.gm ,K ) 

Pressure (atm) 
o.oo 2. so s.oo 7.50 10.00 12. 50 15.00 17 . 50 20. 00 2 2 . 50 25. 00 

.688 76 E•02 • 5316dE•02 .4301BE • 02 o35957E•02 .)0779E•02 .26830E•02 . 23 727E+02 . 2122 7 E• 02 ol9174E•02 .l745~E•02 • l!>:>':' 7~•02 

.23l35E•03 o l79LOE+03 ol4514E•03 .1 2 143E• 03 . L0402E+03 . 90717E•02 . qc254E•02 .71923:+02 . 64'9':•J2 • 5 9 \JSE • 02 • s4202c • o2 

. 544d7E•03 o4232 8E • C3 . 34365E +03 . 28783E+03 o 246 73E +03 .21529 £•03 .L9053E +03 .17056E +C3 .154l4E•03 ol 4~~1E • 03 .123H ~• ".i3 

o l 05'>4E • O<t . 92385E • 03 . 67029 E+03 . 562 14E+03 . 4d226E+03 . 42L05E•03 .37 2 7dE+03 . 3~3SlE•03 . 30175€+03 , 2749;E+03 ,2522 JE • 03 

• I~ LIOE +04 • l41 84E: •C4 , 115o7E+04 ,97l47E+03 , 83420E +03 . 728 3 1E•03 , 64556E •03 , 57828E+03 . 52268~•03 . 47652E•03 , 43721: • 0 3 

. 2d523E+C4 . 22439E+C4 . 1834oE +04 , l5433E•04 . l3266E+04 . ll59SE+C4 . l0280E +04 . 92127E+03 . 83337~•03 , 759d2f•03 . b➔ 7'-~r., 1; 3 

, 4223JE•J4 .33 378E+04 . 27365E•04 .23061E • 04 ol9849E • C'4 , l7)73!:•04 .L 5413E+J4 0 13829:•04 o l252i: +O-. ,1 !446E+C4 , l053 ~~•0 ~ 

. 5~61,E•O~ , 47403E•04 , 38997E•04 ,3 2950E+C4 , 2,H29~ +04 . 2494 7E•04 , 2220LE+04 ,1 99~6: +04 , l9 2J5'•J~ , 16742E•C4 • I 554dE • 04 

. 8!4J4E+C'4 , 65087E+C4 , 53800c+04 ,456t4E+04 , l4~01E+04 ,349~5E+04 ,313b3E+04 , 2q541E•04 , 2bJ3b E+~4 , 24647 € +04 • 2 341 3E • 04 

. LOb40c +05 , 37Jaae+04 .72S24E•04 ,62376E• 04 , 546&9E+C4 , '-3~5 CE +04 . 44o66E+04 , 4l528c•C4 . 39355E•04 , 31'036E•O·• . 3753H+J4 

,l 4235E +05 • ll o2oE • OS , 58254c +04 , 85548E+04 ,7 ~4q4E +04 . 70113E • 04 ,65816E•04 . 632431; • 04 , 62234E•04 . ;26d 3E • ~4 • b, ~ ' • -3 ': + ·) 4 

,l 8654E •C5 .L ,5)5c+05 ,1 34loE•05 ,11 9 75c•OS ,ll 019E•05 ,l0433E •OS ,I OL49E • 05 ,lOt)lc+05 ,1 0363c•15 , l084~ E•05 , ll6'(•= • )5 

. 24o54c•~5 ,21 077E • C5 .l :1734E • CS . 17256: • 05 .1<>421~•0: , l6103E•C5 , l62 23E •05 , lt>74 9E •05 .1763".'IE • :>S ,L"C2o: •?5 • 2".'dJ C:: ': + CS 

, 33CS~E • 05 • 2➔ ld7E +05 , 26~00!:•05 , 2,5 I 7E+05 . 25091E • C5 , 2 5377E•05 , 26302£+05 .27~36F.•05 .2?135t•05 ,32793:•?'> , ''>29~: • C5 

,4 51<1uE+::S . 4Ll65E•05 , 390loE•OS , 3d2i4E•05 .386 75 E +05 • 400 s .. e • OS , .. 2~28E+,i5 . 45447c+o ; , 4957LE•05 , 5,.627E+C5 , '>J745E• J5 

. bi. ,L2E+C5 , 5oo92c•05 . 57174f+05 . 57467t:•05 , 59227E+05 , 62328E •05 , 66654E +05 ,72274 e • 05 ,7,t53E•05 , 81•7•E•l5 . 9723t>E+tJ; 

, (l7033E•J5 , 8384dE • OS . 83456E•OS ,85H3: +05 , d~ldoE+OS , ?4 7 7C!: +05 ,l0204c•06 , lll OOE +O; , 12l73[•1J6 , LJ442 E • C6 , 14~1-l: ♦ ,)6 

.L2l1dE +Ot> ,ll 899E•06 .L2035E+06 ,124 58E • 06 , l3l31E• Oo • L4021E•06 • LSl'-8E •Ob , 16492!:•0; , 1~07~c•06 .,~QJbE• Oo . 220 L5c • )6 

, lo72SE•06 .L66<13E +C6 , l7064E+06 ,l7803E +C6 ,l dd49E • 06 , 20l9C'E•06 . 2 l 8l5E •D b , 2)735E+06 , 25155f•Oo , 2850 ~:•06 , 3l4DLE+ 0b 

,22844E +06 , 23028E+06 , 2372bE • 06 ,24815c • Ob , 26409E • 06 o 2d307E +06 .305t>)E+06 .33ld4E +O; , 36LS-l~•06 . 3961-lE•06 , 43~~~E• J6 

.3~77 5!: •06 . 3l:42E • 06 , 3235 SE +0b .J4005E+06 . 3~\29E • 06 , 3S7lOE+Cb , 4172qE+J6 , 45202:+C; , 49l5l~•Ob , ,35)4!: +0b . 53:>74!:+0b 

er. 

I-' 
0\ 



TABLE VII. 
-1 -1 ENTROPY (ergs•gm ·K ) (continued) 

Pressure (atm) 

Temp. o.oo 2.50 5.co 7.50 10.00 lZ.50 15.00 17. 50 20. 00 2 2.5 ::> 25 . 00 

(K) 
1.10 ~75E+C6 .31242E • 06 .32 358E +0 6 .34005E+06 o36l29E+06 •'87lOE+06 .4l729E+06 .45202E • 0 6 .49l51E+06 o5 3594E+06 .58574: +Jb 

l . ! 5 .40e39E • 06 o4l ~ 7l t•06 o4327bE•06 .4553 l E+Ob .48370~• 06 . 5 17 75E +0 6 .55b9bE +06 . b0l80E +06 . 65234E+06 .70~8 4E+06 .77187E•Jb 

1. 70 . 5337SE • Ob .54 b36E+Cb . 5683lE • ~6 . 598 15E • C6 . 63501E +06 .b7 d51E • 06 .72847E+06 .78507E +Ob o84836E+Ob .91 903E+06 .9?722E•06 

1 • .25 . o3 769E +06 o70S29E • C6 .73403E •06 .77 247E• 06 .81 9 17E +Ob . 87377 E+Ob .q3615E+06 .lOOb l E+0 7 .10845E •07 ■ ll7llE+07 .126b7E+07 

I. 30 . 8 7344E +C6 o8969 7E+Cb . 93394E+Ob . 98ZCSE +Ob .10 40ZE +07 ■ ll075E +07 ■ ll 842E +07 ol2b99E +07 .13649( • 07 ■ l4704 E+07 .1 5861:+07 

1. 3; . lO~S7E•C7 • ll 254E •C7 ol l 7l 8E +0 7 ■ 1 23l3E•07 .13025E+07 .1 3~48c+07 ol477 7E +07 .15812E+C7 ol6961E • 0 7 .l 9222E • 0 7 .1~606~•07 

1. 40 .13 581E•07 .13 95bE •C7 ol4523E+0 7 .l5248E+07 .16l l4E+ 0 7 .1 7 104E•07 ol8223E•07 .l9463E • 07 . 2083'E•07 . 22335E•07 . 23977c•07 

I . 45 .l6t53E +C7 .l7ll4E+0 7 .1780 7E+07 .l8681 E+07 .1 9721E +0 7 . 20909E +07 ■ 22239E+07 ■ 23719E+07 .25341 E• 0 7 o271 22E +0 7 o2905 3E+07 

l. 50 . 20221E +0 7 .2C780C +C7 ■ 21623E +0 7 .22 b 73 E•C7 .Z3 915E +07 . 25322E +0 7 .Z6909E +07 . Z8b55E+07 . 30574E+07 .32671 E+07 . 34948E+J7 

l • 55 .Z4 351 E+07 .25034E+C7 .2b035E +0 7 ■ 27288E+07 .28 760E +07 . 30433E+07 .32 302E +07 .343b7E• 0 7 . 36633E+07 o390S9E +07 o4l757E+07 

l. bO . 2~C9dE +07 . 299l7E +07 . 31119E+07 . 3Z610E+0 7 .34 348E +0 7 . 3b331E +0 7 .38533E +07 .409bbE +07 .4 3b25E•07 .465 19E +0 7 .496S4E +07 

1. 65 . J 4 531E +C7 .35534E +C7 ■ 369b2E + 0 7 ,3872dE +0 7 .40790E +07 o43127E+07 .45 734E+0 7 o48600E +0 7 .5170SE+07 . 55102E+0 7 .537o4E+07 

I• 70 .407>4E +07 .41 9b0E +07 o43o62:v0 7 .45 758E+07 .48201E • 0 7 . 50969E +07 .54039E +07 . 57 398E +0 7 .61073 E+07 .65066E+07 . 69368E+07 

1•75 .47€45e • C7 . 493llc+C7 . 51335E +0 7 . 53o31E +07 , 56732E +07 . 59996E +07 .63 622E +07 .67590E+07 .71914E+ 07 .76608E +07 . 81668E +07 

1 • 110 . 55GJ4E +07 . 57702E •C7 .bCl35~+0 7 .631 13E +07 . 66541E+ 0 7 .704 08E+07 . 74b96E+07 .79 397E+07 o 84498E•07 .90030E+07 . 9595bE+07 

l ■ d 5 .b5l6 1E+07 o67317E+C7 .70234E +0 7 .73 776E +07 .77 &74E+ 0 7 . 824 53 E+07 . 87550E+07 o9309bE+07 . 99 l44E+07 .l0563E+08 

1 • 90 .756~4E+07 .78)19E +C7 . 8184oE+07 . 8607dE +0 7 .90961E+07 .96412E+07 .l0248E+08 .l0905E+08 

1. ~5 +877i6E+C7 .909b6E +C7 .95203E+07 ,l0030E+08 .l0613E+08 .11266E+08 oll98bE+08 

2.00 .10150E+08 .10551E+C8 .ll066E+08 .ll678E+C8 .12379E+08 

2. 05 ■ ll734E+08 .l2227E+08 .l2857E+08 

2.10 .13558E+C8 ol4172E+C8 
I-' 
--.J 

t/') 



Temp. 
(K) 
• l O 

• 15 

• 20 

. 25 

• 30 

• 35 

• 40 

. .. 5 

, 50 

, 55 

• bO 

• o!i 

, 70 

• 1':> 

• dC, 

• jJ 

, 90 

, 95 

l, OJ 

l , 0::, 

l, LO 

TABLE VIII . 
-1 - 1 SPECIFIC HEAT AT CONSTANT PRESSURE (er gs•gm · K ) 

Pr essure (atm) 

o.co 2 . 50 5.oo 7 . 50 10 . 00 12 . so 1s . oo 17. so 20 . :,0 22. 50 

.206llE+ 0 3 .1593 9E + 0 3 .12908E+03 . 10795E+03 . 9244'lE +02 . 8J612E+02 . 7 1 305E+OZ . 63809E +02 . 5764~f • OZ • 525:l2E+J2 

. 68~83E+03 • 5 3578E + C3 . 434'llE +03 . 36421E+03 . 31215E+03 . 27235E•03 .24099E•J3 . Z!557E+C3 . l94a3E • C3 . t77l'lE +03 

. 16194E+04 . l2643E +04 .10292E +04 . B6338E+03 . 74084E • 03 .64b90E+0 3 . s12aoe+o3 . 51296E +03 . 4637l :: • 03 . 42253E+OJ 

.31283E+04 .24566E +04 . 2006 3E+C4 . 16864E+04 . l4499E+04 . 126o2E+0 4 .11219~+04 . lOC5lE+04 .'l0394 E+03 • !l.?840E +0 3 

. 53446E+04 . 4 2230E +04 . 34609E+04 . 2'll54E+04 .2508.2E +04 .21942E+04 .194 53E+Oit .17437E+04 , 15772: ♦:)', • l4J7 t,E +C4 

.839l5E+04 .66728E+04 . 54&85E+04 .46339E+04 . 39929E+04 .3 4967!: +04 ,3102 6E •04 . 2.7831E+04 . 25202~•~4 . 230 17E+04 

. l2393E•05 .99206c•04 .Bl 98:> E +C4 .69'+59E+04 • b u-BO:: • C., • ~274lf•C4 • 46 9 , ... c:+o .. . 42339E•04 , 3351!.E • 1)4 , 355i0E•04 

, l7~31E•C5 . l4l 51,E +C5 .ll7 hE •05 , 100 41E+C5 . "' ,..,2E • 04 • '7537E: +O-. .oq9~-3 C• ~~ , o4039E•04 , 59~~12•1~ • 5'>376E+04 

• 24l .. 3E+C5 , 19749t•05 .l6644E•r,5 .l441CE+05 , 127 86E • O~ , l 16C7E•05 . 10776E • 05 . tC23 7E• 05 . 99577e • O .. , 'l9262E•C4 

• 3J041E+C 5 ,27632E• C5 .23877 E +05 ,212'll E • 05 , 195bvE +05 • l 84'laE +05 , 17'l'lt!E+05 • l 7997E • 05 • ~21. 0 ... ~ • OS • l949~E•05 

, 45 9-.dE • 05 . 3'1S05E +C5 , 357l&F+05 .33213E:•::S .3 l 9 42E +C 5 , :H 701E • ')5 ,323 71E+'l5 • 339 HE • C 5 , 3b37 ~= •Oo , >'17<l)E+J5 

,bo Ul!E+J5 . 59756E +C5 , 56066~•05 , 54525E•il5 , S476e-E • 05 .5~604E • 0j ,5Q903c• 05 , 646~5!: •0 5 .710 63:•05 , 7H ,dE +J5 

, 98ojvf+C5 , 97.?5LE•C5 . -.0857E+05 , 9l7l9E•05 , '15 13dE • 05 . 1~043E+llb , 10'106': • Ob ,11954E • O~ , 13~57c+r,i, • l 484~E t-0:> 

, 15C44 E • 06 . 14&?4E +06 , l4812E +06 ,1533l t• J6 ,l :>228!: • C'o • 1 7. ;,4!: • 0o .19042E•)o .2CJ91t=:: • C!i . 2:~.:.9:!r: ,-oo . loC'2 t1£ • V,:, 

,2JOolE+Cb . 23102E +06 , 2377)E•C~ ,24qc-,E•Jo , 2o 7 l ·JE •06 , 21S25E • C6 , H$9'lE•06 ,343J4E +no ,3~5~ 5E•n& • 't.:!-?:; ~ E +-<'!!> 

, 34So1i:+06 , 35~S2E+Oo ,37112c+06 , 3 '133~!: •Co , 4l2ull: +06 ,45 /3 ci: +06 • ~9'14'.lE •06 ,:,4820E +Ob . c,Ot.7-..E +)h . ~6-17JI; ♦ ,)') 

25 . 00 

. 4al42E+OZ 

• l62 HE • 03 

. H7f>lE +03 

.rt,OOSE•0 3 

• 131 871: +04 

,2llo7E+'l4 

, 3302 9E +C4 

,543 - •1E •04 

, 10l50E •05 

. 21:n ic:+o; 

.4430<oE•J5 

. a~os5:+)5 

• L:. 12JE • •j6 

, 2'}2J2E:+)c, 

,4,eJJ 0 :o6 

, 741~ }~ • 0b 

.51~70E• C~ , S35C7!: +06 .56066 E•C6 , 5957lc•C6 , b'-v2bE +06 , 6~252E+Oo , 75423E+06 , 82403E+0b , ?O ~b lc•Ob .~q •q4E+Co ,l j 1 ~Cc •il 7 

,7:> 3 71 E•06 , 77947E +Co , 8192l!:•C:, , 8 7 )ddE • C6 . 93346E • Cb , l0075E•J7 , l0924E+07 

• 106JbE +C7 • ll030E +C 7 , 115cl6E•07 , 1 2311!: •07 ,l317JE+07 , l41o8c•J 7 . 1529'lE • 07 

, 14639E+07 , 15172E • C7 ,15945E+C7 , 168S o!: +07 ,l d025E +07 , l ~3l.2F +07 , 20783E+n7 

, l;o75E•C7 , 203~4E.•C7 , 2 l3d.l !: +07 ,2 259~t:•07 • z,v2•i:+C7 • .'~~iiC: •:>7 ,2750 5E • 07 

.ll8'14t<')? • ~ 2 -~ 7 > E • .:'\ 7 

, l657lE.+07 , l P~~=••j 7 

• z2,. c9e • O , 

,295~ !E•07 

(") 
'O 

• 2 ... ~ 2 2 t +O 7 

, 3l31)~~ •07 

. l~P2:: • 0 7 . L5;1 ni: •:l7 

, 1'15771:•07 ,213l 3E•:n 

. !b!C5E•C1 , .? ➔h 7E•07 

, 3 .. ~,~E•07 , H'lbE • H 
,-... 
CXl 



Temp. 
(K) 

lo LO 

l. l5 

1.20 

1.2s 

1. 30 

l ■ 35 

1. 40 

l • '95 

l • 50 

l • 55 

l. 6(J 

l ■ 65 

1.10 

1. 7:) 

l. 3c, 

l. 65 

l.YO 

1.95 

2 . 00 

2.os 

2. 10 

TABLE VIII. 
-1 -1 

SPECIFIC HEAT AT CONSTANT PRESSURE (ergs•gm ·K ) (continued) 

Pressure (atm) 
o.oo 2. so s.oo 7.50 10.00 12.50 15.00 17.50 20.00 22. 5() 25.00 

ol967SE+07 .Z0384E+C 7 o21383E+07 .Z2594E+07 .Z4023E+07 .256e 2E+07 o27505E+07 .29553E+07 o3l806E•07 .34249E +07 . 3693SE+07 

.25850E +07 .26767E+C7 .28003E+0 7 .29 536E+07 .J l331E+07 .333iOE+07 .3563 0 E+07 .3BL44E+07 .40867E +07 o4 3887E•07 . 47l45E •07 

.33373 c +C7 .34482E +C7 .35996E+07 .379C6E +07 o40096E+07 . 4255:,E +07 • .,53 34E +07 .48 338E+07 .5L677E•07 .55267E +0 7 . 59 172E •07 

• 4 2 298 E +C 7 o43670E•C7 .45543t•C7 .47822E+J7 ■ 5047 LE+07 . S34~lE+07 . 56 765E •07 .60398E+07 ■ 64346E +07 .od70CE • 0 7 

. sza~4:+C7 - ~4425E+C7 .5672LE+C7 . 5946 1E•07 . 62619~ • 0 7 . 6o223E+07 . 70lolE+J 7 ■ 7452 2E +O / .79255E+07 . d43d7E • 07 

■65 24lt +C7 o67 llOE+C7 . 6~760E +07 ■ 7303tc•07 .7oa7LE+07 . 8 ll l~E • 0 7 . 35d87c+07 .9L 032E +07 ■ 9668 7E •07 e l026d:: •Od 

• 7952dc +07 ■ Bl801E +C 7 od499 7E+-07 od8865E +07 o934o2E • 0 7 .93570E • 07 • l04 l4E• 08 oll 036E+08 .Llo93E • Od .12.,ztE • OJ 

.96CC:E +C7 . S8786E +C7 .L0266E +0 8 ol 0736E+C8 0 l l280E +08 . ll8dlE•Oo . 1255:!E+OB ol328 7E+OS .l4079E•Oa ol49 4QE +Od 

■ ll 5 L7 E +08 oll64dE +C8 .t230dE +08 ol2875 c +08 .L3519E +08 . t~239E• OS . l~OSOE•OB . L59lOE+Od .l6d8oE • 08 .17881E • O~ 

.l3727 E+Co ol413CE +CB o l 467 7E+-08 .t53 57E +08 .l6ll8E • OS ol 70l3E +08 o l7954E • 08 ol901 4E+08 .Z0 16 lc•08 .21392E • 08 

.Lo 243E+Ca . t615,t: +0 8 .L74 33E•08 .L 824SE •OB .L9 l 89E +08 . zoz~ZE • OJ . 21420E+08 . 22699E • OS . 2 4027E • Od .25522E • 'Jd 

ol9l82E•C i ol9795E•C8 . 20636E •C8 o2162 7E•08 • l2 78~E +08 . 2<t072E+Od . 25499E+08 . 270L5E• oa .28684E•Otl .30 48'9E • OS 

o.2l:i74~ •Cd .?3357c•08 o24359E • 08 .25592E •CS .27013E • Oa - 2~532!: • Cd .30299E•JB . 3z1;se+oa .342l~E•O~ .364l3E • Jd 

. zo~o 7E+C8 .21<to2E•C8 .2d 733E +C 8 o30274t•08 • 3L 9 78E+08 . 3Hd7c•J3 . 36005E • 08 . 38353E+09 .40d22E • 08 . 43512E • 08 

. 3LC79E•08 .323Qijf •C 8 . 3390LE•OS .3577CE • 08 .379 l4E+08 ■ <t02 ~<t!:+ u3 .~id~6E • 08 .457L 8E • OB .43313E•oa .51990c • oa 

.3o4.!3 E•CJ .380l2E •C8 .4003.!E•OB . 423l8c•08 . 45003E • 08 . 479C6E • Od . 5 ll d3E • 08 o 54622E+08 . 583➔6E +08 o6243l E• Od 

.4.17llE•C8 .44772E•C8 o472 54E+08 . 501Soc+08 . 53460E•08 .57156c • Oa . ol l 0 3E+~d .65403 E•08 

• ~O l 62E • Od .~2 835E+ CS .5596 LE•08 .5S6C 5E+08 

.59023:: •C a . t23,9E+C8 ■ 66457E •C 8 . 7l059E +C8 

.6Y570E+C8 .73890E•C8 .79101E•Od 

. 82327E•Ccl • doCSbE+CB 

oo3730E•08 o6d25CE +Od o7 3192E+08 

• 761 6aE • Od 

(") 
"Cl 

.73 3751:•n 

. SH25:+C7 

.1J923E +Od 

• l3l:!LE•08 

• 15:15 7E • 0 8 

.U9 ddE •Jd 

• 22 71 lE ♦ JS 

. l7l<t7!: +0 8 

• 32H4E•'JB 

. 33 7:>lt • O~ 

• •n324E•OJ 

• 555 , 9:•0d 

I-' 

'° 



'• 

Temp. 
(K) 

, LO 

• l 5 

. 20 

• 25 

• 30 

• 3~ 

• 40 

• 45 

• 51) 

, 55 

• oj 

• 05 

• 7J 

• 15 

• ;O 

d~ 

• 'IJ 

. '-)) 

1 • .)0 

1, .,:, 

l. ! 0 

TABLE IX. SPECIFIC HEAT AT CONSTANT VOLUME -1 -1 
(ergs•gm •K ) 

Pressure (atm) 

o.oo 2.50 5.00 7.50 10.00 12.50 1 5 .00 17. 50 20.00 22. 50 

.Z06 1L E+03 .l5939E + C3 . 1290SE•0 3 .lC7 9 5E•0 3 ,'12449E+02 . aoo l2E•02 .11305E •OZ . 63q09E•02 .576~dE+02 .5zsnE • "2 

.6sqs35•03 ,5357BE +03 .43491~ •03 ,lo421 E• 03 .312l~E•03 .2723~2•03 , 24099E + 03 .Zl567E+C3 .19483~ +03 ,l7739E+03 

,l b l93E +0 4 • l2e43E+04 , l 0l92E•J4 , 8633dE • :J3 ,74094~•03 • t, -.090 E • O 3 ,57279E+03 ,51296E +')3 , 46371 E • OJ ,42253E +0l 

, ll2dJE+04 ,245bbE+04 ,200o2E • 04 .1 68f4E+O ~ , l44a8E+ 04 , l2bb~E • 04 ,11219 E•04 ,10051E +04 ,9')394c +03 ,3 V3'-CE +H 

, 53445: • 0 4 ,42229E+04 , 34oO~E +04 , 291~3: • 04 , 25082E+04 , 2l9-'t2t•04 • 19453E • :l4 • l 7437E+04 • 1577~E •o:. , 143 7"-E • O'-

. J,9l1E•04 , 66 7 26E•C4 , 54a84i: +04 ,4b33a:C +C4 ,39923E+04 . 34'1~~E•O'- ,ll026E +04 ,27d31 E•04 ,2 520~E +C4 , 23017: • 04 

• t~ 3-:;zc•c,; , 99202E+C4 ,dl9d2E +C4 , o945c!E+·)4 , 60029E +04 , 5>/~lE•~4 ,4,, 973E +04 ,423 33E•0~ ,3d57~E•04 ,35509E•04 

, 1752"E•~5 , l4 l 53E+C5 ,1177 '-': • 05 ,LOO~LE+05 , J7439E +C4 , 7i535E+O:. , 6'1'10 7:C •04 , 64039E • 04 , 5'1532E +04 • 56J75E+04 

• 2'- l39E +,:5 ,19747E •C5 ,le642E•05 ,1440-.C::•(;5 .l27doE+05 ,ll oOoE+GS , 10776!:+J5 .10236E+05 , 99575E • 0 4 . ~qz~LE • 0 • 

, 3jC35E • ~5 , 27b2dE •05 , 23874E • 05 ,2129CE+C5 ,l9559E • 05 • 1849~ !: +,JS , l 719~E+05 , l 7997: • 05 ,l 34'l4E•OS ,l14qJE • 15 

, 4'.H S 7E • C5 , H799E+05 , 35113c+C5 .33211E•05 , ll941E+05 • 3 110 11: •J5 , 3237tE•05 ,3303 1 ':•05 , 3o373E • 05 , 31700E•05 

.6ol7lc: •J5 . s ~·!4t,E • ~5 ,5o:b0': +05 ,54':lZ~ •CS , 54765E+OS ,566J3E+'l5 ,59 903E +05 , 6'-6~5:: • 0S • 710'.> 7E•IJ5 ,1•1tS,c•·1s 

• .,iJci~oC.••.)5 .'l.?937t • 05 , 'l0~5LE +QS , c;, 7loE•CS , 'l5l 37E+05 ,1 ')>13E ►C6 , IC106E•N, • l l Q 5 4 C. • C ~ • l 3 2; ~ = • 06 • L '- 0 j-; C +- Gt. 

, t:, ,; ~•)c• 'lo , l'-692E • C6 , l4dl2!:+0o , 153:lE•.)6 , lb22 H +t:6 • l74o4E+06 .t9'14lc • J6 • 20-.J~CC: • ':'b , 2329~~ • vh . 2~025" • C6 
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TABLE IX. SPECIFIC HEAT AT CONSTANT VOLUME (ergs•gm-l•K-l) (continued) 
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TABLE X. RATIO OF THE SPECIFIC HEATS (continued) 

Pressure (atm) 

Temp. o.oo 2.50 5.00 7.50 10.00 12.50 15.00 17. 50 20.JO 22.50 25. J;) 

(K) 
1. 10 .1ooooe+o1 .10001E+Ol .l0003E+Ol .10005E+Ol .10009E+Ol .lOOl ~E •Ol .l0019 E+Ol .10025E+Ol .l0032E+Ol .l0040E +Ol .1J:l51 ': +JI 

l. 15 olCOOOE+Ol .lC002E +Ol .l0004E+Ol .lOOC8E+Ol • 10013E+IJl .1001ae+Ol .lOJ25E+Ol • 1003 3E +O 1 • 1004 3E +01 .t01)53 E+Ol • t:iJ:,o= + Jl 

1. 20 .lOOOUE+Ol .lOOOZE+Ol .l0006E+O l .lOOllE+Ol .10017E+Ol • l'.l0l5E•Ol .10033:•0l • 10043':+0l • l O•l 5 5 E + 0 t .lO'lb'l: +Ol • L)1:!'-':+ 0l 

l • 25 .lOCOlE+Ol .IOC03E+Ol .1oooaE+Ol .10015E+Ol .10023E+Ol • l O,H2E +01 .100 .. 2E+Ol .10055E+Ol .IOOTOE+Ol .l00~5E+Ol .IJl :5:' • '1 

l • 30 .lOOJlE+Ol .IOOOSE+Ol .1001 1:+0l .l0019i:+Ol .l0029E+OI • l00'<0E+OI • l0054E+Ol .10069:+C I .l0037E+Ol • l'.) l'.l~!'•:il .1 :-121:+01 

l •. h • lvCJ2f.+Ol • l,1C07E+Ol .tOO l5E+OI .10025E+Ol • I0037E+Ol .IOOSIE+Ol .lOOo~E+Ol .1coas E+Ol .l0107E•Ul • IOl3()E+0·1 .IJIS~':+JI 

1. 40 .I0002E+Ol .l0009E +Ol .l0019E +Ol .l0031E+Ol .10045E+Ol .1 001>2E+Ol .lOC'B2E+O l .t0l04E+O l .l '.l.3JE +Ol .1 ''15,E • •)l • IJ 191 !: + ·H 

1. 45 .lOOC3E+Ol • lCOl2E+Ol .IOC23E+Ol • 1003dE+OI .l0051>E+Ol .10071>E+OI .I0099E+Ol .l0121>E+O I .ll)l5bE+Ol • l01 92E +r,1 .1 1225':•.)l 

I. 50 • IOOC4E +01 o lOC15E+Ol .1002'lE+Ol • lC047E+Ol .lOOl>SE+Ol .10092E+OI .I0121E+Ol olOlSIE+Cl .101.H~ • Ol .10227:+)l .lJ2'2t:;•.:'l 

I. 55 • tOCOSE+Ol • lOOlclE+Ot • l0031>E+OI .1C057E+Ol .10083E•OI .I0112E+O l , 1Jl45E+Ol , 10ld3E+Ol , l0224E+Ol .L J2:,~C•~: .IJ1 2 L:•)l 

1.1,c olOC.JH+Jl .IOC2 2E+Cl .l0044E+Ol ,l0070E+Ol ,lOIOOE+Ol ,IOl34E•UI • l0173E+Ol ,IC217E+Ol .l02o7E+Ol ,10323E•Jl • ~ )3B2 • Jl 

l • oS .1coo-1e+ot • 10028E+Ol o l0054E+Ol , l00€5E+Ol olOlZOE +Ol .l011>2E+Ol , 10209E+Jl • lOZSSE+Ol • l'.>3l5E+Ol .1 0394:: +0l . lJ .. 5::,:•Jl 

1. 7~ .l(;O llE+Ol .lOC35E+Ol .lOvboE•Ol .10103i:+Ol .lOl41>E•O l .1 0 1 9 SE+Ol .I0 245E •Ol o l0309c•Ol , 1037~E•Ol . l:J454E•'ll • l } S '6.: • ·J l 

l. 7S , IJC16E+Ol ,1CC43E+Ol .lOOS'.lE+Ol .10121>E•Ol • lJl 7oE+Ol ,l02.l4E•Ol .102 ~S:+01 .tt:31>9E+Cl ,lO~SlE+Ol • l O ~41 = +) I .,::~31:'• ) l 

l • du • lUCZOE+Ol .10053E+Cl • lOlOOE+Ol .1Cl~3c+Ol .l02l2E+Ol • ltl232E•Ol .103:>9:•Jl o l0444E+Ol .105JQE+OI .lOt,4-i~ • Jl .L~74.:c:-~1 

I• t:!5 , IOC.,U,E+Ol .!0069E+Ol .1Cl22E+Ol .10l87E+Ol , 10258E+Ol , 10)41E+Ol .10432:+l)l ,l0533E+Cl .1064lc +OI ol:i7;1:: +'ll 

l • 90 .1J033E +Ol .1CC89E +Cl .10151 E+Ol ,10227E+O! .~0314E+Ol .10413E•Ol , l0521E+Ol .11)63BE+Ol 

l, YS • lOC49E•Ol • l0107E+Cl • t0187E+Ol • IOZSOE+Ol , l0333E+O! ol0500E+Ol ol01>27E+Ol 

2.00 .IJCl>4E+Ol • 1Cl42E+Ol .10232E +Ol .10342E+Ol .104bl>E+Ol 

2.0:; .1oca4E +01 • l0179E+Cl .102'l2E+Ol 

2.10 .IOIIJE+O~ .102J2E +Cl N 
w 

(") 
'd -< 

(") 



Temp. 
(K) 

.10 

.15 

• 20 

.25 

• 31) 

• 35 

• 40 

• 45 

.,o 
• 55 

• 50 

.65 

• 10 

• 75 

• ao 

.ss 

• 90 

.95 

1.00 

1.05 

lo 10 

TABLE XI. 

o.oo 2.so s.oo 7.50 

ol9992E+l7 .15838E+l7 ol3102E+l7 olll66c+l1 

.o7547E+l 7 • 53646E+l 7 .44·45lE+l 7 • 37927E+l 7 

.l5967E+l8 .12713E+l8 .1054~E+l8 .90C89E+l7 

.31052E>l8 .2479lE+l8 .20602E+l8 .17611E+l8 

PHONON NUMBER DENSITY -3 (number· cm ) 

Pressure (atm) 

10.oc, ll. 50 ts.oo 17. 50 20.00 22. 5:> 2,.00 

.97245f+i6 .a6!00E+l6 .77227E+l6 .69998E+l6 .t3994c+l6 .ss~31E+l6 .5~602E+L~ 

.33062E+l7 .2?Z9,E~l7 .26297E+17 .23852E+l7 .;1s20E+l7 .201ose+11 .l86)0E+l7 

.7858oE•l7 .69672E+l7 .62565E+l7 .56766E+l7 .~l947E+l7 .47979E+l7 .44397E+l7 

.l5372E+-18 .l3635E+l8 .1224SE+lR .llll6E+ta .l0175c+l8 .93799E'l7 .86996E+l7 

o53383E+lj .42746E+l~ .3S562E+l8 .30447E+l8 .26594E+l8 .23600E+l8 .21207E+l8 .l9253E+l8 .l7626E+l~ .l6252E~l8 .15075E+l8 

od4297f+l8 .67712E+l3 o56463E+l8 .48367E+l8 .42277E+l8 .37536E+l8 .33744E+l8 .30642E+l8 .;S060E+L8 .25877E+L8 .240G7E+l8 

oi2509E+l9 .tC081E+l9 o84222E+l8 .72230E+l8 .63l84E+l8 o56129E+l8 .50478E+l8 .45S53E•l8 .,1q99E+l8 .3S73~E+l6 .3594oE+l8 

ol7 7 05F+l9 .l4317E+19 ■ ll984E+l9 ol0290E+l9 .90091E+18 . ~007RF+l8 .72047E+l8 .65467E+l8 .~9979E+l8 .55335E+l8 , 5i.353E Ho 

.2~14:E+l9 ol9589Etl9 .l643lE+l9 ol4127E+l9 .12379C:+l9 • I 1010E+l9 .99104E+l8 o90083E+l8 of2555E+l8 .76178E+l8 • 7G710E+ L8 

.3i944E+l9 .26013E+l9 .2l865E+l9 .18824E+l9 .1651CE+l9 .L4694E+l9 .13232E+l9 .12032E+19 .ll030E+l9 .10180E+l9 .945\4E+18 

o41237E+l9 .3370lE+l9 .28388E+l9 o24475E+l9 o214S6E+l9 ol9136E+l9 .17241E+l9 ol5684E+l9 ol4382E+l9 ol3277E+l9 .12329E+l9 

.52148E+l9 ■ 42772E+l9 .36100E+l9 .3lli5E+l9 .27396E+l9 .244luE+l9 .22011E+l9 .20031E+l9 .l8374E+l9 .lo9,7E+l9 .15758~•\9 

o64807E+l9 .53345E+l9 o45l3oE+l9 .39028E+l9 .34332E+l9 .30621E+l9 .2762lE+l9 o25l47E+l9 .23074E+l9 .213l4E+l9 .l9799E+l9 

.f9348E+l9 o65550E+l9 .ss5a9E+l9 o4814~E•L9 .42393E+l9 .37841E•l9 o34153E+l9 .31109E+l9 .28555E+l9 .Z6383E•l9 .245t5E+l9 

,95915E+l9 o79521E+l9 .67591E+l9 .5~624E+19 .51684E+l9 0 4617t.E•l9 o41698E+l9 o3AOOOE+l9 o34894E+i9 .32251E+l9 o29974E•L9 

.tl46oE+20 o95400E+l9 o81276E+l9 o706C9E+l9 .6232GE+l9 .55721E•l9 .50356E+l9 .45914E+l9 .42179E+l9 .3S996E+l9 • JQ254E• L9 

ol3574E+20 ■ ll335E•20 o96793E+l9 .84Z24E+l9 o74426E+l9 .6~605~+19 e60234E+l9 o54951E+l9 o50504E+l9 .467l0E+l9 • 4 3 4 3 SE• 19 

.l5935E+ZO .t3353E,.20 .ll430E+20 .99620E+l9 .B8l41E+l9 .78953E+l9 .7l454·E+l9 .65226E+l9 .59977E+l9 .55494E+l9 .51624E+l9 

.18570E+20 .15615E+ZO .13397E+20 oll69oE+20 ol0362E+l0 .92909E+l9 o84150E+l9 .76866E+l9 .70717E+l9 .65462E+l9 .609l9E+l9 

.Zl4~9E+20 .l8140E•:O .t5,00E+20 ol36'-4E+20 .12103E+20 .10863E+20 .98476E+19 .90016E+l9 .B2B64E+19 .76745E+19 .71450E+l9 

■ 24751E+20 ■ 20953E+20 .1B062E+20 .15825E+ZO .t4056E+20 ■ l2631E+20 .ll460E+ZO .l048ltc+20 .96571E+l9 .89489E+l9 .a3355E+l9 

z 
"O 

N 
~ 



Temp. 
(K) 

l. 10 

1. i 5 

1. 20 

1,25 

l,JJ 

l • 3S 

1. 40 

l, 45 

1. 50 

l • 55 

1,60 

1. 65 

1. 70 

1. 75 

1.ao 

1. 65 

1,90 

1,95 

2.00 

2.05 

2. 10 

.. 

TABLE XI. 
-3 PHONON NUMBER DENSITY (number•cm ) (continued) 

Pressure (atm) 
o.oo 2,50 5. 00 7.50 10.00 12. 50 15.00 17.50 20. )0 22,5C' 25,00 

oZ4751E•20 .20953c+20 ,ld062E•20 ,l5825E+20 ,14056E+20 .12631~•20 ,ll4oOE+20 ,1C'484E+20 .~6571E+l9 ,8946~7+19 ,3H55 ~•19 

,28350E+2? ,24079 E+20 ,20807E+20 ,l8262E+20 ,16244E+20 ,l46l4E+20 ,13272E+20 ,12151E+2'.) ,1120l E•20 ,10386c +20 .q'.)1-;;rc+19 

,32328E+20 .27549F. +2C ,23860E+20 ,20980E+20 ,l869GE+20 ,16834E•20 ,15305E+20 ,l4025E+20 ,1291~E•ZO ,l?OOSE+20 ,l ll96E•20 

• 36726E•20 ,31394E+20 ,27254E+20 ,240C9E+20 ,21420E+20 ,l9318E+20 .17583E+2) .l6127E+20 , 141BlE+20 .t332 'F+2'.J .lzott3E•l0 

,41574E+20 .35648E+2C ,31022E+20 , 273 78E+20 ,24464E+20 ,22092E+20 ,2013Cc+20 ,l84S3E+20 ,17081E•20 .1~67SE +20 ,lT'l25':•2C 

-~o92lf+20 .40352c+?.0 .35197E•20 ,3112iE+20 .27852E+20 .2~186E+20 ,22977E+20 ,21120E+20 ,1953qE+20 .tdl71E +2C .1:, ·;-~,.,.1: .. 21: 

,52810E+20 ,45550E•2C ,398l9E+20 .35274E+20 • '.H620E+20 .2~632E•2C ,2615 4E +20 ,24067E+2J ,2228~F+ 20 ,20747c•2J ,l94~ 6E •20 

.S~292E+20 ,51283~•20 ,44933E+2v ,l9877E+20 .3~S03E+20 ,324btE+2'J • 29692E•20 ,27354E+20 ,25354E+20 ,23627E•20 ,221162•20 

.ob4l4E+20 .57605 E+20 ,50°>6!~•20 ,4497lE+20 ,4044QE+20 ,3b721E•·20 .33b27E+20 .31012E+20 .28775f.+20 .2~s3~e.20 .251.:.2:.-20 

,74249E+20 .64565E+2C .5bdllE+20 ,506COE+20 ,45569~•20 ,4143bE+20 • 379'l0 :: •20 ,35073E+20 .32576E+20 ,304~7E•20 .z~SJS~•20 

,82346E•20 ,72224E+20 .63o74E•20 ,56806E•20 .51Z32E+20 ,46b46E+20 ,42Sl5E•20 ,39569E+20 ,36762E+20 ,343blE+20 • 32233E .. 20 

,92275E+20 ,80637E+20 ,7122lE•20 ,6363dE+20 ,57472E•20 .52388E+20 ,48134E•20 .44525E•20 ,41419E+20 ,3171 6E+20 • 3o336t•2J 

.l0262E+2l .B9858E+20 ,7950bE•20 ,7ll~OE+20 ,64324E•20 ,58694E+20 ,53976E+20 ,49962E+20 .46504€+20 ,43487E+20 ,40820E•20 

,ll3~3E•2l ,99960f.+20 ,88572E+20 ,79351E+20 o718l7E+20 .65586E+20 .60353E•20 .55893E+20 .52039E+20 .4~666E+20 .~5679~•20 

,l2630E+2l ,lllOOE+21 ,9e47QE+2C ,883lOE+20 .79983E+20 ,73081E+20 ,67271E+20 ,62311E+20 o5SOllE•20 ,S4235E+20 ,50874E•20 

ol3~79E+2l .12304E+21 ,l0925E+2l .<18037E•20 

.15449E+21 .l36l2E+2l .12095E+21 ,10854E•2l 

,17!:47E+21 ,15C29E+21 ol3353E+21 ,l1979E•21 

,18775E+2l •lo554E+21 ol4699E+21 .l3li3E+21 

,20637E+21 .lijl84E+21 •l612~c•Zl 

,22c3lE+2l .19909E+21 

.8d829E+20 ,Bll75E+20 ,7472lE+20 ,69187E+20 .b4379E+20 .60l34E+20 

.9~337E+20 .89832E+20 .82643E+20 .76459E+20 

.10846E+21 

• U 910E+21 

,98992E+20 ,<10952E•20 

z 
'O 

N 
V, 



Temp. 
(K) 
• 10 

• 15 

.20 

.25 

• 30 

• 35 

• 40 

• 45 

• 50 

• 55 

obO 

ob5 

• 70 

.75 

oilO 

.es 

090 

.95 

1. 00 

1.05 

l. 10 

TABLE XII. 

o.oo 2o50 5.00 7 • 50 

-3 ROTON NUMBER DENSITY (number·cm ) 

Pressure (atm) 

10.00 12.50 15.00 17.50 20.00 22. 5(' 25.~0 

o77853E-ll o77853E-ll o77853E-ll .77853E-ll .77853E-ll .82570E-ll .l0962E-lD o22088E-10 o660)7E-lQ .23934c-09 o?2J5~E-J9 

.319l6E-C2 o79794E-02 ol9933E-Ol .4'l7l8E-Ol ol2427E+OO .30962E+OO o77172E+OO ol9233E+Ol .47~82E+Ol .ll934E+02 .zntl':+J2 

.58891E+04 .ll719E+05 .23319E+05 .46335c+05 .~l965E+05 .18272E+06 .3o257E•06 o7193oE+O!> .l4260E+D7 .2~25dE+37 .56J43E+J7 

o34800E+C8 o60393E+C8 ol0473E+09 o1S149E+09 o3l448E+09 o54405E+09 .94lllE+09 ol62S9E+l0 +28182E+l0 .4~72JE•l0 • ~4 lo·IE•,, 
.ll575E+ll • l8339E • 11 • 29042E+ 11 0458691:+ll • 72606E+il o l l47.E•12 .1Bll7E•l2 .286l6E+l2 o45l34E+ll • 71301E•ll oll2·HE•l~ 

o74305E+12 oll020E+l3 ol6349f+l3 .242l6E+l3 o35865E+l3 o53097E•l3 .78594E+l3 .11627:+14 .172ClE•l4 .25425E•l4 .37!>llc•i4 

ol7024E+l4 o24C38E+l4 .33932E+t4 o47879E+l4 o67501E+l4 o95130E+i4 ol3407E+l5 ol8379E+l5 o26609E+l5 .37471E+l5 .sz111=• t5 

.l9605E+l5 .2662LE+l5 o36186E+15 o49138E+l5 .66677E+l5 o9C506E+l5 .12277E+l6 ol61,43c+l6 .225o'>!:+16 .3059<;f+l6 .• 4147:':+10 

.13929[+16 ol8346E+l6 o24189E+i6 ■ 31850E+l6 .4t930E+16 .s·;1~0E+l6 .72573E+l6 .'l5511E+lo .t255C'E•l7 .U,SC\E ♦ l7 .Z.7f)lC+[7 

.olo49E+H, o89481E+lt oll496E+l7 .147t3E+l7 ■ l896lE+l7 +24330E+l7 o31225E+l7 .40053E+l7 o51387E+l7 o65q75E•l7 .~4-.76~•17 

.26765E+l7 o33660E+l7 o4234lE+l7 .53256c+l7 .66952E+l7 o84l64E+l7 o l0579E+lil .13286c+l8 .l6692E+l8 o2095~E+lo ,21d24~+l~ 

o8387ilE+l7 ■ l0370E+l8 ol2808E+l8 ol5820E+l8 ol9541E+l8 o24139E•l8 .29797E+l8 o367~1E+t5 .45379f.+l8 .559d3E+l8 oS'l J'?5i:• ld 

o224C7E+l8 o27262E+l8 .33178E+l8 • 40361 E+ Lil • 4'l09 lE + 18 .59726E+t8 .726l'lE+l~ .13825'lE+li • !17HS ► l<I • l304<;Etl9 .15~43:•l~ 

o52693E+l8 of3213E+l8 .7,911E+18 .9ll42E+l8 .l0942E•l9 ol3134E+l'l .15764E+l9 .18913E+l9 ,22687~•19 .27219E+l9 o326J,F+l9 

olll5oE+l9 ol3230E+l9 .15701E+l9 ol8630E+l9 o22ll7E+t9 ■ 26249E+l9 .31136E+l9 .3r,'l36~+l9 o4379~F•l9 o51930E+l9 ,6153~E+\9 

.2lc93E+l9 .25445E+l9 o29891E+l'l o35121E+l9 .41250E+l9 .48465E+l9 .56893E+l9 o66R49E+lO .7846'-~+19 ,9209~E•l'I , l08I IE•20 

o39248E+l9 o45636E+l9 o5309JE+l9 o6l824E+l9 .71976E+l9 o03792E+l9 oQ753~E•l9 oll349E•20 ol320qE+20 .153o5E+20 .17879~+2C 

o66877E+l9 .77098(+19 o88981E+l9 .1Cl77E+20 oll874E+20 ol3710E+20 .15834E•ZO ol82BOE+20 .2tllOE+20 .24357E•20 o23113E•2C 

ol0830E+20 ol2391E+20 ol4198E+20 ol6282E+20 ■ l8667E+20 o21408E+20 .24547E+20 o28147E+20 .32266E ♦20 o36989E+20 .~7.393~•2~ 

ol6783E+20 ol9077E+20 .21712E+20 o247~5E+20 o28202E+20 ol2138E+20 .36619E+20 o41719E+20 .47526E+20 .54149E+2J 06lb8lE•i0 

o2S060E+20 o28302E+20 .32047E+20 .36303E+ZO .4ll33E+20 .4~~18E+20 o52820E+2C .~9846E+20 o67607E+20 • 76807E•20 0?6996~•2~ 

z 
'1 

N 

°' 



Temp. 
(K) 

1. 10 

l • l5 

1. 20 

L. 25 

1. 30 

1.35 

l. 40 

l • .,5 

I.• 50 

t. 35 

lo 60 

1. 65 

1. 10 

l. 75 

1. ao 

l • 85 

1. 90 

l.95 

2.00 

2.05 

2. 10 

TABLE XII. -3 ROTON NUMBER DENSITY (number·cm ) (continued) 

Pressure (atm) 

o.co Z.50 s.oo 7.50 10.00 12.so 15.00 17 • 50 20.00 22.5) 25.vO 
- -
.25C60E+20 .28302E+20 .32C47E+20 o36303E+20 .4ll33E•20 .46618E•20 .52620E+2v .sqa46E•20 .t,78J7f+20. 76~J 7E•~O .a~,~n=•~J 
.362l7E+20 .4069aE+20 .45832E+20 .5l6~2E+20 .58235E+20 .6568SE+2C .7404~E•?ry .33492E+20 .q4121(•2D .L0610E+2 l .t11s ~~ •z 1 

.5v880E•20 .soqlOE•ZO .o3795E+20 .715€5€+20 .so357E•20 .qo21 s r+2.:> .l012dE+21 .ll370E+2l. l27olE+2l .l43Z5E+21 • bJ7:,E+21 

069780[+20 .77729E+20 oBu7bbE+20 .9oq98E+20 .l0846E•2l .12129E•Zl • l356oE+21 ol5l68E+21. l6964E•21 -18%7:C+.!1 ■ 21207E•2l 

.93c40E+20 .l0395E+2l .ll566 E+21 • 12F.le4E+21 .14358€+21 .l6002E+2l .17839E+2l .l9884E+21 .~2LS~E•21 .247041: +21 .2753)f.•, i 

• L2339E+21 .l3o46E+2l .15144€•21 .l6921E+21 o l8691E+2l .20778E•21 .23095E+21 o25670E•2l .~8537E+2l .31717':•21 .352522i-7~ 

.l5993E+21 ol7647E+21 ■ l9527E+21 .21636€+21 o23991E•21 .2MOOE+2l .29506E•21 .32720E•21 .J6285E+2l • 4•J.23sE+21 • 446 2 i. E+ 21 

.l0434E+21 .22498E+ll .24851E+2l .2 74 Hc•21 .30414E+21 .33667E•2L .37262E+21 • 412 56= +21 • ••SM lE +21 • 50 552F.+21 • 5593/:,i' •21 

.25 7cll E+21 .28348E•21 .312o5E•2l o34527E+2l o3BlolE+21 • 42lo8E+2l .46'>28E+21 .51541E•21 .';6<; 75E+2l .6lq~ c,E+21 .&J61SE•2l 

.32191E+2l .35351E+21 .38}51E+21 .42975E+21 .47442E+21 .S2388E•21 .57861E+21 .63909c+2l .~0599E+21 .77955E•2l .aoo7oF.•2i 

.398l~E+21 .43712E•2i .4dl2!E+21 o53073E+21 .53551~•;!1 .6<t639E•21 • 7l 349E+21 .7877SE+2l .R697lE+21 .96019E•21 .t')6:JOE•22 

.481!53E•2l .53632E+21 .59057E+2l o65118E+21 .71849E+21 .7930oE+21 • 87570E•21 .96690E+21 ol0o71E+22 .11780E+22 .uooa1:+22 

.59562(+21 .f.>5410t ► ?.l .7205oE+21 .794S7E+21 .87751E+21 .96925E+21 + 10 70oE+22 oll823E+22 olJ1o0E+22 .l4427E+22 .t5932E+22 

.72198E+21 • 79375E+2l .87509E+21 o966J9E+2l ol0o30E+22 .ll806E+22 .13054E+22 ol4432E+22 ol5956E+22 .l7643E+22 ol9505E+Z2 

.8713lE+21 .S5920E+21 .10592E+22 oll717E+22 ol29o5E+22 .l4353E+22 • l 58946 +22 .17o01E+22 .l9488E+22 .21579E+22 .2388lc+2Z 

.104801: •22 .115olE+22 .l2792E+22 ol417St+22 +l5722E+22 ol7437E+22 .l9351E+22 .214o6E+22 .23819E+22 +264l0E+22 

ol2571E+Z2 ol3905E+22 ol5429E+22 .17139E+22 .l9057E+22 .21189F+Z2 .23576E+22 .26217E+22 

ol5C57c+22 .lo714E+22 ol8598E+22 o20729E+22 .23118E+22 

.18023E+22 .20086E+22 .22440E+22 .250~9E+22 .28098E +22 

o21579E+U .z41ssE+22 .2111se+22 

.25S63E+22 . 29ll\E•22 

o25790E+22 .28774E+Z2 

z 
ti 

N 
--.J 



'• 

Temp. 
(K) 
• 10 

• 15 

• 20 

• 25 

• 30 

• 35 

.40 

• 45 

• 5() 

• 55 

.60 

• 65 

• 7J 

• 7~ 

• 80 

.85 

• 90 

.<15 

lnJO 

l. 05 

1. 10 

TABLE XIII. NORMAL FLUID DENSITY (gm·cm-3) 

Pressure (atm) 
o.oo 2.50 5.oo 7.50 10.00 12.50 l 5 • 00 17.50 n.oo 22.50 7.5 • !)O 

.l7520E-08 .ll~47E-08 .87415E-09 .b7l5aE-09 .53470E-09 ■ 43747E-O~ .J656aE-09 .31101E-09 .2683L E-09 .i3426E-09 .2J663E-09 

.~7659E-C•} .60140E-C8 o44145E-08 .33979c-09 o27086E-08 .2?.l 78E•Oa ■ 18549E -08 ol5733E-08 .13621~-0S ■ l!d95E-08 .l0494E- ,)S 

.273142-07 ol887dE-C7 .l3913E-07 .10734E-07 .85697E-08 .70245E-08 .~8795E-08 .50054E-O~ .432ljE-C9 o37754E-03 .3Bl6E-03 

.65646E-C7 .45749E-C7 .33871E-07 .262C6E-07 .20959E-07 .172C2E-07 .l4411E-07 .12277E-07 .1060oc-07 .12703E-08 • 813 50:-·)13 

■ l3 39lE-Ob ■ 94156t-C7 .70066E-07 o54385E-C7 o43599E-07 .35852E-07 .3C097E-07 ■ 25707E-07 ,22294:-r7 ol96ltE-07 .t~Sr,!E-07 

.24423E-C6 .l7346E-C6 .11occe-06 .10l57E-06 .B2C82E-07 .o82~7E-C7 .59332E-07 .5l34 SE -07 -•~653E-07 .440Q1E-07 .4377-E-()7 

.41330E-06 ■ 29°33f.-C6 .22930E-06 ol8479t-06 .15~46E-06 .1395SE-06 .l3196E-06 .13296E-06 ,l433J;-06 .l6469E-Oh .20~36:-06 

.6d6o9E-06 .52627E-C6 .435llE-Oo ,3 ➔971E-06 o37831E-06 .39696E-06 .44623E-Oo ,530c3E-06 .65903E-Co .344l2E-Oo .11,42=-:-i5 

.l2443E-05 ■ lC755E-C5 o l0303E -OS .103C9E-05 .12l84E-05 .l4476E-05 . 17859E-05 .225SaE-05 ■ 23995E-C5 .37634E-05 .4~174;-os 

.2o462c-C5 .2661CE-05 .29156E-05 .33914E-05 .41C37E-05 .S<:l360E-C5 .6~C27E -05 .81331E - C5 .10394E-04 .J3321F-J4 .17ll7E-04 

.63439E-05 .70729E-05 .S2974E-05 .10039E-04 .12366E-04 .153,6E-04 .i924CE-04 ,2424lE-04 .3j540E-04 .3~50~E-C4 .4So00f-04 

.l534dE-04 .179 72E-04 .21585E-04 .26321E-04 .3237CE-04 ,40005E- 04 .4953dE-J4 .61434E-04 .76ll5E-04 .94571E-04 .1174-E-03 

.J~GJ2E-C4 ,4l672E- C4 .5023bE-O- ,6ll02E-04 .74528E-04 .9112~E-04 .tll46E·)3 ,13635~-0l .Lobi~~-0~ .20~26E-C! .~~972E-03 

. 7l 663E-0 4 .879C4E-04 . 105odE-03 .12748E-03 ■ l540lE-03 .l662CE-Ol .22515E•03 ,272!5E-~1 .32336E-03 .3g7JdE-03 .<t7QJ~~ - 03 

.1~2~6E-03 ■ 17Cl2E-03 .203l7E-03 .24294i-J3 ,29C79E-03 .34dOIE·03 .41~21E-03 .4Q770E- 03 .51463£-03 .7l046E-03 .34d3~E-03 

. 2~829E-03 .3C552E-03 o362l3E-03 .42965::-03 o50'i35E-03 ■ 6:J3d8E-03 .7l513E-03 .S4719°-CJ .10023E-IJ2 ■ lld51~-02 ■ l<t;)l4t:-·)2 

.437➔3E-03 .51507E-03 .60582E-03 ,7l291E-03 .33832E-03 .98522E-03 .ll5HE-02 .13579~-C2 .1593,E - 02 .lil673E-·)2 ,21B~E-02 

.70J6oE-03 .S219dE-03 ,96016E-03 .11214E-02 .l3092E-02 .15265E-02 .l7792E-02 .20717E-02 .2•113E-02 .28"42E-02 .32603~-02 

.1J79JE-C2 ,1252dE-C2 .l4539E-02 .16S6BE-32 .19547E-C2 ■ 22640(-02 .262JCE-02 .30~05E-C2 .3502~E-02 ,40462E-02 .~,71 5: -)2 

.l5902E-02 ■ 13352E-C2 .Zllb4E-02 .244C9E-02 . 2Bl23E - 02 .32371E-02 ,37230E-02 ■ 4275oF-02 ,49143E-:J2 ■ 56428E-OZ .6475JE-C2 

.22e43E-C2 .25978E-02 ,29815E-02 .34185E-02 .3~lo0E-02 o44833E-32 .51275E-~2 .5~o07c-C2 .o6~53E-02 

D 
::, 

.7643JE-02 ,d7216E·02 
N 
CX) 



,. 

Temp. 
(K) 

l. 10 

1 . 15 

1.20 

1.25 

1. 30 

l. 35 

l • .,c 

l • .;.5 

l. 50 

1. 55 

1, 60 

l, o5 

1.10 

l. 7 5 

l • 8() 

l • d5 

l, 90 

l, <; 5 

2 .00 

2 . 05 

2. 10 

TABLE XIII. - 3 NORMAL FLUID DENSITY (gm•cm ) (continued) 

Pr essur e (atm) 
o.oo 2.so s.oo 7. 50 10.00 12. 50 l 5. 00 n. so 20. ')J 2 2. 5) 25 • 0'.) 

.22643E- OZ .25973E-02 .29815~- 0 2 .34185E- 02 . 39l60E - 02 . 44833E- C2 .51275E- 02 .58607E- 02 .66953E-02 .76433E-J2 . 372l~E - J2 

o3l293E- 02 . 35733E-02 o40797E-02 o46542E-02 .53056E-02 .6045SE - 02 .68792E - 02 . 79251E- 02 .8S953E- 02 . 10105E - Ol . 114751:- 0 1 

.42140E-02 .47906E-02 .54451E-02 . 6t354E-02 .70207E-02 • 7 9627E-02 , 90238E •02 .10220(-01 o l l5~~E - Ot . l3/J95E - Cl , l-'t795E - J l 

. S5524E-CZ .62365E-02 . 71157E-02 .B0532E-02 .9l05CE·02 .t0267E-Ol ,l l 614E-Ol . l3 101E-Ol .1411-.c-01 , l b'-> 4 ·1E - /Jl • ld 755E- :H 

.Tl7l3[-02 . ~C926E- 02 ,91313E-C2 ,10297E- Ol .llo03E - O! • l '30o4C- Cl .l4701E-Jl ol6532E-Ol ,l857j:-Jl .zo,P7E - OI . Zl~;.4: - Jl 

.9112·,t - 02 ,10247t-Ol oll529E•Ol .l2965E-Cl , 14566E-Ol ,l'->3~6!' - 01 o ltl35-.E-Ol ,20582E-Ol ,230730-0t • 25,H9E-01 • 2~ -)4'.,C-J l 

, ll '-lvE-:::l .l2798E-Ol .l4360E-Ol ,16lC7c-Ol ,ld059E-Ol .2022~E-Ol .2265DE-Cl ,2~341E-O l o2333QE•Ol • 316BE-'Jl ,3,399t'- Ol 

o 141 J5E - Ol • 157d6E-Ol • t 7o80E-01 • l97SlE-Ol ,221.:.lf - O! .24 766E-Ol .27671E-O l ,309112-<'l ,34502f-Ol • 3~3i)6f-:Jl • 429 39':-0l 

,l7243E-Cl .l9273E-Ol .21552E - Ol ,240'i2E- Ol ,26923E - Ol .30053E - 01 • 3 3 54 oE - 01 ,37416[ - 0l ,41714E - Ol .46491E-Ol . 5l7HE-:>l 

• 2Jt'HE-Cl • 23321E- Cl • Z605JE - Ol ,291J93E- Ol , 324 73E - 01 .36225E- Cl .403Q2E - Ol ,450l~c- Ol , 5JloJE - Jl . 55345~ - 0L .~2157~ - 0 1 

,25ll1E-<'l ,280l5E-Ol , 3l270E - Ol ,3',9C6E-Ol ,3d936f - Ol .43425E- Jl . .. S,94E - Cl ,5Bl9E - OI ,60050E - Ol ,66~57f - ll • 7-.'- l JE - ; l 

, L<,S7JE-Cl ,334J~c - Cl . 3732 7£ - 01 , 416clE- 01 .46478c - 01 .51d32E- Jl ,577~CE- Ol ,b4400E - CI , 7 1704 E- Ol ,79~45E - Ol • -ld l:)5c - 11 

•. b~d,E - Cl • 39717E - Ol ,44355£ - 01 • 4952'iE- ul ,5529lE - )l o61709E- Ol ,o3336E - Ol ,7~736E - Cl ,o553SE - Ol .9532JE - Jl ,lJ619E•~O 

, 42Co'-E-Cl .469qbE - Cl , 52525E- Cl , 58721E- Ol .o5b32~-Vl , 7332CE-Ol ,dl!3dE- Ol ,91409E-Ol , lOZJl£•01 .ll134E•CJ ,12700= • 00 

. 4-,~52E- Ol • 55'-HE - Ol .62<)66E- Ol ,695Cdc- :Jl .77797E - Ot ,8705qE- J, .-:1740<',E- Ol .10895~•0) .l2132t:•OO ,lV,!~E • •)J .l5217E • JO 

.58234c-Ol ,6529LE - Ol ,73255E - Ol .82 204E-Ol , 9224~E-Ol .l-)345€•00 o ll6)4E • JO , 13008E•".IO ,14583f•OO ,lt.33'>E•CO 

o68327E-Ol .7o821E-Cl ,86453E-Ol ,972e6c-C l ,l0948E•OO .123,SE•O~ ol3e57E • )O ol5580E • CO 

.80124E-Cl .~0431 E-Ol . t0210ct00 ,l l532c•CO , l 3C24E•00 .l4707E+OO . l 6oJ6E•OO 

,94C05E- Ol ,lC65oE + OO ol2035E+OO ,137C6= • 00 . 155 49£•00 

,llC44 ~•00 . 1258 1E• OO ,,4346E +OO 

. t3C02E+OO .l4906f+CO 

't) 

:, 

N 
\C 



I, 

Temp. 

(K) 
• LO 

• l5 

• 20 

• 25 

• JO 

• 35 

.40 

• 45 

• 50 

. ,, 
.60 

.os 

.10 

• 1, 

• oU 

• e, 
• 9[J 

• ·15 

l.Cv 

1.0, 

I. 10 

TABLE XIV. NORMAL FLUID RATIO 

Pressure (atm) 

o.oo 2.50 s.oo 7.50 10.00 12.50 15.00 17.50 20.00 22. Su 2s.ou 

.l2072E-07 .SOC45E-OS .S7195E-08 .43042E-08 .33646E-08 .27076E-08 .22293E-Oa .l8698c-08 .15925~-08 ~l3?3d E-08 .ll98lc-08 

o604COE-C7 .40294E-C7 .28884E-07 .21777E - 07 .17044E-07 0 13727~-07 .11303:-07 o94890E-08 o80341E-08 .69756E-G8 .o0d4,:-Jc 

.1~62GE-06 .l2648E-06 .9l031E-07 .b87S8E-07 .5392SE-07 o4}47eE -07 .35o44c-07 .30094E - 07 .25649f.-07 .22l40E-07 .19 31~= -~• 

.45232E-Co .30652E-Cb .22lb2E-Oo .l6796E-06 .l3l39E-06 .l064DE-06 .d7355E-07 .73Sl3E-07 .62947E -07 .54363£ -~7 .4746'): - 07 

.9227lE-06 .0086E-C6 .45844E-Ob .34856E-C6 o27435E-06 .~-2190E -O b .l8349E -Ob .l545oE-06 ol3232!:-0b .ll500 E-')-, .1n.:.d::-Jo 

ol622dE- CS .llt22E-C5 .85059€-0b .65100E-06 .5lb51E-Cb .42265E- Oo .35593E- Oi> .30872E-06 .2769JE-06 .258~7E-Oo .25332E-O!> 

.2a~13E-C5 .ZuC59E-C5 . t5003E -C5 .ll844c-05 ,9845~E-Oo .86390E- 06 .80448E-Ob .79939E-Oe .85052E-06 .965S2E-Jo .llbl,~-J5 

.47468E-Oj .35262E-GS o2847lE-05 .24~782-05 o23807E-05 .24570E-05 .272GSE-J5 ■ 319J7E-OS o39llaE-05 0 49 502E- 05 .6-■J25:-Jj 

.B573~E-C5 .72 C6lE-OS .67449E-O, .69281E- 05 .7667CE- 05 .89597E-o5 .1csaaE-o ... t3531E-C4 . 11210E- 04 .22010E-04 .z~s,~c- ,4 

.1~ 234E-04 .t7630E-04 ■ 1907dE-04 .2 1738E-04 o25825E-C4 .3t~8Jc-04 .39uJeE-v4 a4~9COc-04 .6169 -■c-O-■ .78 i22E- 04 . 192~;~-)4 

.~3714E-04 .47393E-C4 .54295E-04 oo434dE-04 .77dl9E-04 .95297E-04 .tl7olE-J3 .t4575E-03 .l8127E-03 o225dlE - 03 .2cl5c: -J, 

.lJ57oE-03 .l2C➔ JE-03 al4l25E-C3 ol6E11E-03 .2037lE-03 .2 .. 762:-03 . JO~C2E - 0 3 .369372-03 .452 3oE-03 
0

55463 E-03 .~ :H.1 :;s:-~ 3 

.24l20E-C3 .27924E-C3 .JiqOoE-03 . 39l6o E-03 .469C!E-03 .56400f-03 .o7953E-03 .819aOE-03 .QQJ~aE- 03 .t t97•E-C2 .l•- iic-J2 

.,r.7o2!:-03 .5o904E-03 .o9156E-C3 .3 1 ,IOE-O, a9o 92l~ - 03 a!l525c-02 . !3 72~:-02 .~6362:-02 .l 95LiE - 02 .~330lc -C2 . l71Lo= -J~ 

. 9o:.7=- 03 .ll40vt - C2 .1J295E-C2 .t~51 2E -C2 ■ ld299E -02 . 2l539E-)2 . LS373E-02 .29920:-02 .352 9LE-02 . 4,o~~E - 02 .4J ! ~2=-1.2 

.11cvo:-0L .20474E-oz .23o97E-02 .21s3~~- 02 .;zjsze-02 .J737~c-v2 .43;~;: -~2 .50927:-02 .5~47~E-02 . 6q4~JE-0l .~1z, .~- l2 

.JJliJE-C? .345l6E- O~ .39643E-02 .45oS4E-02 .5275JE - 02 .b0~7lc-02 .70531E-02 .dl618E-02 . 94527E-02 .Lu94~E-Cl 

.4d4➔ 3E-C2 .S;082E- C2 .o2B29E-C2 .71314:-02 .S2377E-02 .~44olE- O? .lCi•}~-Ct .L2451E-Oi el430dE-OI olD436E-Ol 

.743d3E-CL -~395uE-C2 .95l3SE-C2 .1aa1CE-Ol . l2Z97E- 0L .l400SE - C •• ,5iooE-~l .ld2 lCE - Ol .20774c-Jl .Z37l0E-Cl 

.!OSS➔E-01 • 122➔ 7i-Cl .130.dE-Cl .l5642E-0l el769lE-Ol ,2002eE-Ol .2iod3E-~l .25 704i:-Ol • 29l42E-Ol • 330'$ 7!:-0l 

.120C5 ~-Cl .l 7407E- Cl .li5CoE-Dl .2l9C-E-Ol .24o l~c-Ol .2 773t2-~l .ll233E-Ji .JSZ CG~ - 01 . 39692E -Ol .447!> 31.:-01 

v 
tl ...._ 

-0 

. 12·:d5:: -')l 

.13ci13.:-:,;. 

• 270:,,.: - Jl 

.375.:-::- :~ 

• :,Q .. ~dE- """' 
w 
0 



.. 

TABLE XIV. 

Temp. o.oo 2.sc s.oo 1.50 

(K) 
1. 10 .15605E-Ol .17407E-Ol .t9506E-Ol .2190r..E-0l 

1. 15 .2156 5!:-0l .23942E-Ol .26688E - Ol .29816E - Ol 

1. 20 .2-1040E-0l .32096E-Ol .35616E-Ot .396l9C-Ol 

1.25 .3J2o2E-Ot .'i2114E-Ol .4053tiE-Ol .s1s11:-01 

l • 30 .4 'Hl6E-Ol .'::'· 2O7c - O1 .S9705E - Ol .65C. 23E- Ol 

l. 35 +02712E-Ol .o862 7E-Ol .75367£-01 . d2975C- Ol 

l • 40 • 78.:::lSE-Ol .85699E-Ol .93d4dE-Ol +103CSE•OO 

1. 45 . q·1 l 71E-Ol .tOSodE+CO .11 551E +OD .12oSoC.,OO 

1. 50 +11378E+01') +l2 899 E.,OO +l4C7'tE+CO .1S3<t 8E •CO 

1. 55 .l~J90E+ OJ .t5b04E+CC .17004E.,CO • ld534E•CO 

1.60 .u2n E+00 • ld7HE .. CO .2c:.01:+oo .2228lE+OO 

1. 6 :i .<.ve35E+OO +2235cE+OC .2433dE+OO .26572C+QO 

1. 70 +244~ d£~ca .2~543E+OO .2d9COE•OO .J1s~1e+cc 

l. 7 5 .2d<t~5E•OO .J l3glE•CC e34l9bE +OO .H3 79E•C~ 

l. eo • J40~lE+OO .J7004E+(O .40l7 CE +OO .t,4l93E+OO 

1. as .4COSOE+CU +43553E..,00 .4759dE+OO .521<:;JE+CO 

1 . % .4 t:.'i 72E .. OO .~1203E+OO +5b l0l:+00 +tJlOHE+OO 

t. 95 .55Ct.OE+OO .602laE+CC .66lboE+OJ • 72G71E.,OO 

2.00 .64561 E•OO .708d3E+QO .78194E.,OO .~~547E+OO 

2.os .7;)79~C:+D.J .835B2E+CO . <; 2e52E+OO 

2. 10 .a917oE ... OO .<;a 09 2E .. CC 

NORMAL FLUID RATIO (continued) 

Pressure (atm) 

10.00 12.50 15.00 l7.5J 2:). ')0 22. 5) ZS• 00 

.24630E-Ol .2173!>S-Ol • 31233E-Ol .35200E-Ol • Ht:.921: -01 .447~3€-0l • sJc.qa:-:n 

• 33363i:-Ql • 37383£ - 0 1 .4l8Q2E-Ol .z..o'B5E - Cl • s 211 :,e-O1 .5915 8E-O l .6.:i-4151:-11 

.4413BE-Ol .4n25E-Ol • 54934!:-0l .01343~ -01 .oas1s:-01 • 7o57 3E - Ol .35589:'.- :H 

• 57226E-CH 063'.>"fOE-Ol • 70675E-Ol • 78598!';-0l .874dOE - Ol .97l76E- Cl • 10844: • JC 

• 72903E-Ol • eJ ? 03E - Cl • 8942 l:' - 01 . gcH34:-'Jl .10Q94E +00 .12 203E+OJ .135:.,i::, t; +)J 

.914B3E-Ol + 10100E+OO +lll5 3C+OO + 12335:+00 +1164~~+00 +15 V9~E+C0 .16 714!:+ JO 

• tl3J7E+OO + l24d2E+OO .137601:+00 .t517bE•IJO .16745f+OO .l84~~C•CO .2J.;2c:: .. Jo 

.13895E•OO .15274E+OQ .16799!:+-:ll'j .~-8497:+,'.;J .2037:JE•OO +22452E.,CJ .2:4744E•JC 

• lt>391E+ OC .1 s s 2nf •OO .20350E+U0 

.20346E+OO +223 04E +OO +24477 =•JO 

+24374E+OC +Z6711E• OO .2 929 42+00 

• nooaE +oo • 3\846E+CC • 34Q361:' .. JC 

■ i4541E+0C .17dooE•OO .4l 'i5,,..C+1C 

.40~49E +OD • .C.49 ;:.;E +O~ +4935CE.,VJ 

+4846dE•CO .5?t251E+00 .53591::'+0C 

.57375E+OO .63156E•CO .6t:;D40E+10 

.6!9t,4E+ OO 

.a0671E.,OO 

.'1o'J6d:;+oo 

,:, 
::, 

--­,:, 

• 75Cl3E +00 .32961E+JO 

.a::i~s7E•CO . 99132E+'.)0 

+223~~~.,~0 +24601E +C0 .2707~E•CD ~2~ ~: Jt • :10 

+2 b354C .,.)(l .zg5 5JE •DO .32485E+1~ • 3':l L~ , --: ♦ JC 

• 3216C:?+':-J .35321i:+OO • 38334E., r1 . t,27J7i • )0 
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TABLE XV. 

o.co 2. 50 5.00 7.50 

SUPERFLUID DENSITY -3 (gm,cm ) 

Pressure (atm) 
10.oc, l2o50 15.00 l 7. 50 20.:io 22.50 

ol4513E+OO .l4925E+OO .15284E+OO ol5603E+OO ol5892E+OO ol6157E•OO .l6403E+OO .16633E+OO .1634~E+J0 .l7053E+OO 

.145l3E+OO ol4925E+OO .15284E+OO .l5603E•CO • l5892E +00 .16157E+OO .l6403E+OO ol6633E+OO ,l6i4~:•00 .t7053E+OO 

.l4513E+OO ol492SE+CO .15284E+OO .1SoC3t ~OO • l5892E+CO .16157E+OO .16403f+OO .16633:+00 .t6o41 ~•JO .17053~•00 

ol4513E+OO ol49LSE+OO .15283E+OO .l5603E+OO • l5892E+OO .16157€+00 ol6403E+OO . • l6633E+OO .1684,=+CO .17J53E+OO 

.14513E+OO ol4925E+OO .152d3E•OO .l5602E+OO .15892: +00 .161~7E+OO ol0403E+OO .lo633E+OO olbd'-~= • 00 • l 7053E •C·O 

o l4~Ui:+CJ ol4925E+CO .l526 3E+OO .15602E•OO ol5891E+OO .l6157E+OO .16403E+OO .t6632E•CO 016843:•00 .17052E+ OC 

25.00 

.17H6E+OO 

.172,.oF.tJO 

.1724oE•vO 

.1724oE•OO 

• l 7 2 <ob:.' •JO 

.l72a.6E+OO 

.1'tSlJE•OO o l49l5E +OC .15i83E+OO .15o02E+OO .15891E+OO .lo l57E+:l0 • H,403E+OO ol6632E+CO .l~S•t:•00 ol7C5ZE+OO .!72-6E+OO 

.145Uf+CO .14925E+OC .15283E+OO .15602:•00 .15d91E+OO .t6l56E+OO .16402E+OO ol6632E+OO .l6S43c•JO .1705 .?E • CJ .1724oE+JC 

.l,.512E+OO ol4S24E+OC ol52 82E•OO .t5oC2E+CO .1589lE+OJ . 1~156':•00 • l6402E+'.)0 ,16o32E+OO .lod43E+OO • I 7C52E+OO ,t7245E•J0 

.14:, 12 E +00 .l4924E+OC .152i!2E+OO .l5o01E+v0 • 15 ~9CE +00 .l615~E+OO olo402E•CO ,l6e3l!•OJ .L o3•7!•0J .t705tE+OJ • l 724'tC+ JC 

• J.-.SlLE+CJ .l49,3E+t0 ol52dlE+OO .l5oCCE+vO • lSdo.Jc:+00 .lo!55E•JO •• 6400E+OO ,l6030E+vJ .1~~~;:•00 .l704dEtCO a L72-.lCt- 'JO 

.l4510E+CO .14922E+OO .l5280E+OO .1s~saE•OO .15S87E+OO .l6l52E+OO ,16397E+OO • to626E•O,) ,lohl!+OO .t7043E•~O ,1723 ',t +JO 

.1~s caE+CO .l4919E•OO ,l52 77E•OC . lSS~Sc•vO .l53S 3c+OQ ,lol~7E+00 ,1639lE•OO .166l~E•OO .to31Z:•:1 .17033E•00 .~7222c•J0 

. 1~sc<oc:•OO .l49l~E•OO .15271E+OO .1ss~~E•'.)O .158 ?~t:•JC ol6l3jf+u0 ol63dOE+OO .160 ioE .-J~ ,lOil'=•OJ .li'Cl,.::+00 . lf2.J\..:Y)0 

.l .. 4S7E+CO, h90oE+OO .1521>1E+O O .1~57/c•OO • 1Soo2E.-JO .~ol2.:!:+0J , 16 ~62E+OO .l65o4E+OC .lo791E•JJ +169S4E+Ov .17lo5E+JC 

.l44d5i:•CO .L4892E +CO .15245E+OO .1sssaE+UO • i5d4LE+OO .l,097E+u0 ,16333E+OO .lo551E+OO ,16752:•00 olbqJ;t+OO ,l7lll~•OC 
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.L~440E+CO .11oe~1E+CO ol5186E+OO .15491:+00 .15762E•OO ,160J8E•OO ,lo230E+OO .lo43 2E+00 .1~0t5C +J: .l~731E•O~ • l:,~.>lE:•00 

• l44J3i:•CO , 147'icE+OC .15137 E+OO • 154 35~•00 .ts::.;~!': .. ,J:::, .1 5036E +OO .lbl48c+00 ,11>33 ~E •ZJ .l oSO~E • OC .looblE+?u • 1 '> 1 ~,.:: • )u 

,l43Slt+CO .1474'.;;t:+CC .15072E+C:() , lS3clE•:u .1S:>lo£ .. 1)0 ,15S41E~oc .l6041E•ll0 • 162 l 7E •CU ,!6372:•0') ,lo5C5E+uJ .1'>6ldc:•00 

• !,.2e~E•1.,0 .l461>4E+CO ol49d7E•OO ,15205:•Cv . 1~s.;s::•OJ .~57ZCF.+00 .lS~O~E•JO .loCo}C~DJ .lo: ;~=•00 ,163l1 E • v0 .l:.39qc+)J 

--::: ,, 
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Temp. 
(K) 

l. 10 

! • 15 

1.20 

!.. 2~ 

1. 30 

1. 35 

1 • 40 

l. 45 

1. 50 

i. 55 

l .6J 

! • O') 

1 • 7U 

l • 75 

l.dD 

1 • dS 

l. 9V 

... 95 

2. c.o 

3.05 

2 • lU 

TABLE XV. -3 SUPERFLUID DENSITY (gm•cm ) (continued) 

Pressure (atm) 
o.oo 2.50 s.oo 7.50 10.00 12.so 1 s.00 17.50 2::>. 00 22. 50 25. 00 

.14284C+OO .14bb4E+OO .l4987E+OO .LS265E+OO .15508E+OO .15720E•OO .15904E+OO .l6063E+OO .16199€+00 .16311E+OJ . 16399:+ 00 

.14·19ae+oo .l4568E+00 .14879E+00 .15144E+00 .1537ZE+00 .!.5 5~7E+00 .15733E+00 .15872E+00 .15-134:"•00 .16\l?lE+0,J • l6l3H+01} 

.l4C90E+00 .14447E+CO .14744E+OO .14994~+00 .15204t+OC .t5 380E+OO .15524E+OO el5639E+OO .15724E+OO .t578JE+OO .15307~•00 

.l395oE+OO .l4299E+OO el457 9E+CO el481C E+00 .LSOOOE+OO .151532+00 .i5272E+OO .153SdE+OO .15412E~10 el543 JE +CO el5420E+JJ 

.1371ii'.>E +C O .14120€+00 .14 38lE+00 .1459CE+OO .l4756E+ OJ +1 483.ZE+UO .t4971E+OO .t502'~E+OO .1 5041E +OO .t502 1E+OO .14%3E+CJ 

.l3C02E+~O .l3907E+OC .l4l45E ♦ C,O .l 43£8E ♦OO +l4466E+OO .l45o0E+OO .l4bl4E+OO .t4~28E+OO .l4602E+OO .l4535E+CO .14 ~2s:+ J~ 

.1337JE+OO +13654€ +00 .l38o6E+OO .l4J2CE+OO .14124€+00 .t 4ld2E+OO .t4195E+OO .l 4lo4E +OQ . l40d9E•OO .1396?f +J J . !)7~6c • 00 

.l jl~SE +OO +1335dE+CO .t353 9E•OO .136SQE+OO .13724E+OO .13 7)~~+00 +l3705E ♦ JO +13621E+O~ .t3437t•oo .t330~E+CJ .13051~•~0 

.ti7i2E+OO .13Cl4E+OO .t315dE ♦ OO .13237E+OO .l3256E+OO .13 222~•00 .tll31E +JO .129doE+OO .127d3E+CO .ll52 05+J0 .1 21-=Ji.,.E • JO 

.l2429E+OO + 126llE+CC .L2715E+OO .t2746E+00 .L27L3E+OO .1201;e+oo .l2463E+OO .12244;+00 .11q,9E+OO .LlbC7E+CO .lll~l~•0J 

.12 CLCE~oo .l2149C+GO .L22 01E+OO .12176E+OO .12000E+OO .1 1q1s E~oo .11cel E• OO .tl374E+OO .to9q2E•O~ .lOS lO~+CV .;;a2~E-Ul 

.11!;27E+OO .ll6l3E+CC +1160 ... E+OO .11513E+OO .ll342E+OO .11093~+00 .1C762E+~O .10350E+OO .98530E-Ol .q25qoE-CL 

.lO~odE+OJ .10992E+CO .10912E+CO .1074CE+OO +1047dE+OO . !Ol26E+OO .~~319E-Jl . •'H4.12E - 01 .a4qqsE-Ol .77 436£ - Jl 
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.c :)401C - Cl .S~741E-Ol .522G1 E-Ol .427lci:-Ol +31206:2-Ul 
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. 352olE -CL .24711E -Ol +ll377E-Ol 
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(K) 
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TABLE XVI. SUPERFLUID RATIO (continued) 

Pressure (atm) 

o.oo 2.so 5.oo 7.50 10.00 12.50 1s.oo 11. 5:l 20.JO 22.50 

.96440E+OO .98259E+OO .98049E+OO • 9 7il lOE +00 .97537E+OO .97227E•OO .%877E+OO .9648CE+OO .9603l:+OO .95524E+OO 

.97843E+OO ,97606E+OO .97331E+OO ,97018E+OO .,6664E+OO ,96262E+OO .958llE+OO • 95 3C2E +00 ,94721~•00 ,940S4E+OO 

• 9 70-il>E +00 .96790E+CC .9643dE+OO .96038E+OO .95 5ij6E+OO . 95078E • OC ,94507E+OO .93866E+OO .93149:•00 ,9234 3E•OO 

.96174E+OO ,95789~•00 ,95346E+OO ,94843E+OO .94277E+OO .9~o43E•CO ,92933E+OO. o92l40E+OO .9125?E•OO • "026 2E •~'.l 

,95CSdE+OO .94579E+CO .94J 29E +OO ,93408E+OO .92710E+OO .9l930E•OO ,9l058E+CO ,9QQq7~+00 ,890J6E•OO .~7797:H>~ 

.9312tE+OO ,G3137E+OO ,92463E+OO ,9l702E+OO .90852E+OO .89900E+OO • 838'+2E+OO ,d7665E•OO ,863 55E •OO . r3!.t.q02E ♦ ~J 

,92l.3'1E•CO .9l4lOE+OO ,9Col5E+OO ,S9i>G5E+OO .d8663E+OC ,375l3E•OC , 86240E+OO ,B4824E•OO .83254 c•OO ,Sl5l2"+C) 

,90233E•CO ,d9432E+OO ,il8449E+OO ,87344E+OO .136l05E •00 .a'+726E•0'.) ,d320lE+ •),) .al503E+00 ,79o30E • OO .7754~E•CO 

,ddl22E•OO ,87lOtE+OO .85926E+OO ,d46C2t+OO .d3119E+OC ,3l4SOE+OO ,79650E•OO • 776 32E +00 • 75 3·'7f: ► 00 , 7292.~E•O•) 

.d56l0f+OO .c4396E•OO , ij299oE +00 ,dl416E+OO • 79 6 54E +00 , 7 76'1'->E+CO ,75523E+OO .7"J!l6E•OO . 7J45JE•00 ,6 75l~f•O".l 

, 327::J~E •OO .Sl2oiE+CC ,7959qE +OC ,777l9E+OC .75626E +OO ,732A9E•0J , 707CoE+OO , 6 7~40E +0') ,64o7l::•OJ ,;,ll~~E•C0 

.71365E+CO ,77644£+00 .75o62E•OO .73423E+OO • 70~32E+OO ,6315<+~•0:.. ,65064E•JO ,6l643E•OO ,57379E+OO ,5)b97E•O".l 

, 75502E•il0 , 13457E+CO • 71 lOJE+CO ,ld4 J<,E+OO , o5'+5'-IE+OO .62134E•CJ .53446E+JJ . 5431>9E +01 • 4'134 l E +00 ,4'+d22E • C'.) 

.7!0i2E+O'.) .6db09E+DO .c 5d04E+ro ,o26 2lE +OO ,S9051E•OO .5507~E•~C ,5Co50E•OO ,45744E +OO ,40211E•OO .3~24 ➔ E+00 

,o5'JC~=•OO ,629•&E+OO .5963JE+OJ .558C7E +OO .51532E+OO ."1'67 49E+OO ,4l4C9E+JI) .35466:+00 ,2dij7l~•OO .z152 qE +CO 
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• 53028E +OIJ ,4dN7~•CC .4B9tE•OO ,3d3nE•OO .32036E+OO .24Sld7E+0O • l 7039E +JO ..:!1927E-Ol 

,,c,<;4•JE+C'.) .3S782E•OO ,33d34E+CO , 2 7029E +00 
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w 
(ft 



Temp . 

_(.§) 

• IS 

• 20 

• 25 

• 30 

• 35 

• 40 

• •5 

• 50 

. " 
• bO 

.05 

• 70 

• ?S 

• •o 

. " 
.90 

.qs 

1 • 00 

l. 0 5 

1. 10 

.. 

TABLE XVII. 

0.'10 z.so s.oo 7.50 

.13808E+05 • l4885E•05 .15832E.05 .16681.E+OS 

.1.388 1E•05 .l4929E+C5 .15860E•05 .t6700E+05 

.l3958E+C5 .14969E+C5 .1587 8 E+-05 .t6702E+05 

.14041.E+0S .1.5011.E+OS .t5894C+05 el67ClE•OS 

• l4 l25E ♦ OS .15051.E+CS .15905€+05 .l669ZE+05 

.14200E•05 .1507SE•OS .1Sd85~•05 • lb6 23E •OS 

• l +20SE .. us • l4%5E+C5 .l5605E+05 .l6080E•05 

• l )377€•:)5 • l4234E•05 .1428.:JE•OS .l3957E-+-C5 

• lloSoE•OS .12200€+05 .11354E+05 .1C219E •05 

.1c 357E •05 ,.gzJJOE•C4 .800liE•04 .b791i7!:•'.)4 

.77757E• 04 .65565E•04 .54652E+ 04 .45327E•04 

.s6e)9E•04 .4bbB7E•C4 .36434E•04 • 3 La 3C't: 1-04 

VELOCITY OF SECOND SOUND 

Pressure (atm) 

iv.oo lZ. 50 l 5.00 

• 17452!:•05 .181.61.E+OS .l88l9E+05 

.17465£+05 .191.11E+05 .1 S829 E+05 

-1 
(cm•sec ) 

17 .. 50 20.00 22. 50 

.l9434E+05 .20012E+05 .20558E+0 5 

.19445E•05 .20025E+OS .1057SE+OS 

.t7457E•05 ol815SE•05 .i8805E +05 .19414€+05 .1.19S ~ E• OS .2053!.E+JS 

el744.4E+05 .l8132E:+05 • 18 774!:•05 .1.9H7E+05 • l <M46E +CS • 20485€ •05 

.174.1.SE ♦QS .1go91E+O S .1871. SE +OS .1929.r.;:-,.05 .lg825E•OS .20300!:•0 5 

• l 7282E ♦ 05 .1 7849£-,.os • t9300E•CS .1ssg4E•OS .1so~J E•OS .13426!:+05 

.l6329E•05 .t627dE•05 .lS85dE+OS .lS034 E• 0 5 .13~33 E •OS .123-~ZE+OS 

.132182:•VS .12~25E•05 • t079gE+05 .93840E•04- .79'H5l; •04 .~7.227E+04 

.89433E•04 .76o~7E•04 .64742E+04 .54l26E•04 .:.4934E•04 .37235E+04 

• 5 706of. +04 .475 70E+04 • B519E•04 .3282 9E•04 .l7323E•04 .22361E•04 

• 37580E+04 .31245E•04 .20 127:•04 • 2202<H: •04 • t'3771E•04 .1:>1q~e+o4 

.2659SE•04 .22466E•04 .lg234E+04 • 16 7C 7c. •0 4 • l47BE+04 .111qSE•fl4 

.42274E+C4 .34oQqE•C4 .23561!•04 .240S4[•04 .2C563E+ 04 .178 52E•04 .t576lE•04 .t4150E•04 .l29J2E+04 .il133:•04 

.327~0E+04 .27161E•C4 .22~23 E•C4 .l973~E•O<t • 1731SE•04 .l54a2t•04 .t40SOE•04 .13000f • V4 .121~7E•04 .11Sl'3E+04 

.26797E+J4 .22675E•C4 .19olSE+C4 .l7337E•U4 .15o33C+V4 .14337€•04 .l3354E•04 .l2586E•04 .ll9-1i::'•04 • 115;5E•04 

.21caoe •o4 .2ooosE•04 .111s4e~o4 .l6C76.:.•04 .l4132r..E•04 .t387JE•04 .13141E•04 .12579E+04 .12132E•04 .ll78)E+O~ 

.20816€•04 • l8478E•04 .1676iE+04 .ts4ao.=•o:~ 

.1g.;. 74E•C~ .17 651E+C 4 .to299E•04 .15292::•0:0. 

.l87HE+C4 • l7265 E ► 04 .t617 6E • 04 .l5349E.,04 

.13BOE•C4 .l7lb9!::•04 .16243::•04 .1555,;E .. 0 4 

.1B277E•04 .t7 243 E•C4 .l6455E+04 .l~ €56C~C 4 

" N 

.145212•04 .1 3794C 1-V4 .1322 6 E ♦ ,J4 .t2738E•04 .12~34E•J4 • t2t':d!:•U4 

• l4535E•04 .1394SE +C4 • l3493E•04 . 13127~•04 .L234JE•04 .12~~gE• ~~ 

. l 4720E•04 .14231E•O~ .l31347E•04 .t353d€•0~ .l3291E ► V ... t3072E•04 

.l5V20!:•o:. • t45nE•U4 .14259~•04 .13qa 5E •O ... l3752E•04 .tl56~E•O• 

.15l85E+04 .l5001E+04 .l4697E•04 .t4:.J~E•J4 .l .. 213E+04 • l40HE•0-. 

zs.oo 

.ll077E•05 

.21107!:•05 

e21.')!,SE+iJ5 

.ZJ~96E+05 

.20701E• 05 

• t 7902E •05 

.1J75 7E+05 

• 55'"H6E•O-i-

.30773E•04 

• 1no 11.:+o~ 

• l4l 70E+04 

• t20•J6E•04 

.lll31C• 04 

.tlJO'iE ► .J4 

.tll61i:.•:H 

• l 1501( •.)4 

.tl932f:.•J-i-

• l24Q'5Et-'.)4 

.129-l3f ► 04 

• t ll~ U~ .. 0 4 
w 

• l3S6 tE•04 "' 



Temp. 
(K) 

l • 10 

l, 15 

l, 20 

l, 25 

l, 30 

l • 35 

1 • 40 

1. <tS 

l. SU 

1 . s, 
l. 60 

1.65 

! • 70 

i.. /5 

1.80 

l • dS 

l. 90 

l. 95 

2. 00 

.?. O", 

2. 10 

.. , • 

TABLE XVII. VELOCITY OF SECOND SOUND 
- 1 (cm•sec ) (continued) 

Pressure (atm) 
o.oo 2. 50 s.oo 7.50 10,00 12.50 l S. 00 11. 50 20.~o 22. 50 

.1~277!:•04 ,17243E+04 , l6455E+04 ,15856E+04 ,15385E+04 ,l5001E+04 ,l~o97E+04 ,l4438E+04 ,14213E+04 ,14031!:+04 

,1834~E•C4 ,l7440E+04 ,1674SE+04 , l62C6E+:)4 , l5774E+04 , l5426E•C4 ,l5132E+J4 ,l4Ba2E+04 ,l46bqE+14 .L~~7JE+04 

,l8507E+04 ,17700E+04 ,17~7SE+U4 ,16570€+04 ., 16 l o6E +04 , l"i835t•04 ,15545€+04 , 15301€+04 ,1507~~•04 , l4871E•~➔ 

,19743E+C4 ,17996E+04 ,l7407C+04 ,l6936E+-04 , 16547E+04 , 16il9E+04 ,15930!:•04 , l5672E+04 ,15431€+14 , 15209€+)4 

.1~~99E+04, 18311€•04 ,17744€+04 ,17285€+04 , 16901E+04 . lb5b2E ♦04 • lb26CE.,04 el5939E+04 elS729E+04 .154BOE+04 

. 19255C+04 .18595!:•04 . 18".155€+04 • l 75'i9C+04 .17201E+04 .lb855E+04 .16531E+04 .16234C+04 .15944E ►04 .15t,~".E+')4 

. 19507E+J4 .186~SE+04 .1B315E+04 .17856E+04 .17441E+04 .1706.:!C+:'.;• .l6727E+J4 • t63i:l9C+04 • 1607 2E +04 .15745: +J:. 

e l9727E•04 el9073E+C4 el8519E.,•J4 .lB036E+04 .17600E+04 .t7204E+04 .t6dl7Et-04 .16448€+04 .!b071E+04 . 15703!:+.)t,. 

.19i77E ► C4 .tQ220E+04 .1ao51E+04 .18140E+04 .17677E+04 .17239!:: +04 • lbd07E+04 .16386C+04 + t5~52E•C4 • 1552~€•04 

.19'q5d!:•04 .1~2d3E•04 .13b92E.-04 .1814!iC•04 .17646!: ►04 • 17144-E:•04 .l6o71E•04 .16182E+04 .t5~d4E•04 .15!~o:+C4 

• l9'i73E•04 .19259~+C4 .13622E+G4 .13034E+04 e l7471E+04 • lo920E•04 .Lo362E+<J4 .t5797E.,O'+ .1523U:.,04 +l4oHE•04 

• t9d62E.,04 • 19119E•04 .l842SE+C4 el7783E~04 .17147E•04 .1651BS•0* ,15376E•04 e l522UE+ti4 • l4S3H"•Q4 • 13;:lJ5E .,C4 

.19t33!:+~<t . 16d32E.,C4 .180n E +04 .1736bt•H 

• l9267E•04 • ld~03[+C4 el757~Et-04 ol6752E.,04 

• ld 717E+04 • t7771E•C4 .toS'-U:.•04- .15910E+O't 

.17C,.67EY14 • l6907E+04 +1Sii-.2E+04 .l47t3E+O't-

. lo9blE+04 .1<;BQE+C4 .t45l~E•04 +132C2E+04 

• tS::25E+C4 • l420 4E•C4 .t27G:3E+04 ell041E+04 

• l31=',3E+C4 .!2112E•C~ .tOl3ijE+04 .77243E+03 

.113dlE+C4 .~02b3E+C3 .SS28dE+03 

.7~~ 3dE+C3 .23lo7E+03 

C: 

'" 

.!o646E•04 .1s-;;::3f:+J'- • lSldC-E• )4 . l44◊6=.,c4 .13570E•04 • l?~T')i:t- 04 

• 15937!:+04 .150~.'.JE+J4 .l4.21JE+04 • t3257E+04 .l2l31E~04 • ll ";EE•:: ... 

.L4950E+04 ol!~-~E+04 .12~6~E•04 .11679E•O'+ .lOJliEt-J'- .~7142~+03 

• l3009E•04 .!D7bf+')4 .1oq~aE+04 .94002E+o1 .r4336E .. 03 . 40502~•01 

• ll 773E•04 .l0l45E•04 ,S13 9 5f+')3 .S55.25E+03 

.90675E+03 .o5721E+03 • lS 3C2E+ ·J3 

o4058.3E+Q3 

2 5. c-o 

, 133-> l!:+ ')4 

, l 42 "Hf •:)lo 

, lt.07~:•J ... 

, 11o1~?!: ♦ )1o, 

• i.523':,:"• ; .. 

• t 533.,E• )4 

.15.;.20:•~4 

• l=i32!::•:-.;. 

• t'.)J72::+ )4 

• 1.:.0 3,: :+ :i-. 

.1)-~02:+ ·.: .. 

.l}'J.2:::•)'-

• t~o :'. .::;E•::'-. 

.,n,.,- =•Jl 

0 07<:i73E•)~ 

'-' 
-.J 



'• 

TABLE XVIII. ENERGY OF FIRST MAXIMUM AT 1 . 1 A-l (K) 

Pr essur e (atm) 

Temp. o. oo ;>. 50 s.oo 7. 50 10.00 12 , 50 1 5 , 00 l 7, 50 20 . 00 22 , s:, 25,00 

(K) 
• l O , lJijleE +02 , l 4\97E • 02 , 14 ,33': •02 , 1 .. 5'l2E+D2 , 14&91 E • 02 . 1 1,75~~ .. !Jl ,l4789E•02 , l480~E•02 ,14il~: •02 , l49!1~ • J2 , l4i122: •)~ 

• l 5 ,:.idlbE•02 , l4 l 97E+CZ ,l4 .. J3E +02 ,1"592E • 02 , l4b91E • 02 . 1 .. 1~. _r .. c; , I., H'lE +OZ , 1460'lE +02 ,l48lOE+02 , 14 ➔21c•J2 , 14~2? " •)2 

,;:o , 138loE+02 , l 4197E• C2 ,t 1,,3 tlc•02 , 145,.ZE+OZ , 14b91E+O.? , 14 75Zi •02 ,1 1, 789E +02 , l4809f+D2 , l4ill"E•J2 • t..<12 2E •02 , l4d2:o• :2 

, 25 .l3 8 16c•C2 ,14197E+02 ,l , 438E•02 , l 4592E +02 . 1469 l E• D2 , l47 52E • 02 ,l'♦ 789E•02 . t4809E+02 .l 48li2•02 • l4~l2~•02 . 1 +a2,=• .>~ 

• JJ , l)3\oE+OZ , 14197E+O.! , l4437E•02 , l4S<;ZE • DZ , l469lE+02 , l,7'\2 [ •02 • l4 789E +02 . t4~09E +02 , 143\~E • Oi , l4322E • C2 • lc.322::•~.? 

• .)S , l 3ill6E+J2 ,l4196E +02 . 14437E+02 , l45HE•02 • 14o91E +02 ,14752E • 02 . 147o9E +02 , 14809E+02 , 14919E•02 , 14HZE •02 . L4~?2i: • )2 

... o , 13dl61:+02 • l'.t9~E•02 ,14437E+02 .l4592E•02 , l4 690E•02 , l4752E+02 ,147~q2+02 , l4809E+02 . l4dl?E•02 • l4'32ZE+02 , 14,22.:•02 

•• 5 • Uol6E•02 • 1419.~E • OZ , l4437E+02 , l45<;ZE•02 , l4610E+IJ2 . 14 7 52:: • 02 , 14 7cl'lE+02 , l4809E +02 . 148 l 9E • 02 • 14"3.? ~E .. ~2 • L .. 3l:': • ~Z 

• 5u , 1 3:l iSE•C.? ,14l'l6E+C2 , l',437E +02 , l45<JZE+02 .l4b90E +02 .l4752E+Ol ,l47d9:+02 ,l4809E+02 , l4'319E•D2 , l 4 '322E • 02 , l<o322':•'l2 

. ,s , l3 ll'>i: • 02 ,l4lq::,E+ IJ2 , l4437E+02 • l45'l2E+02 , l4b90E•02 , lH52E+02 ,l4789E +02 , l480'lE•OZ , l49\9E•02 , l4322E.•02 , l4-3Z ?.E • .... Z 

.bO .l3 9l5C: •Cl • l 4\9oE•02 .14437E+02 , l 45 <; l E •02 , l4690E+02 , l4752E+02 , 14 7-, 9E +')2 , l4909E+OZ , 148l9E•02 • l 4dl ?: • 02 , l'-3U::•Jl 

,o5 , D6l5E+02 , l4l9SE +02 , 14 43 7: +02 ,1',5<; 1E•Ol . l4b90E+02 • l4752E•v2 , l47o9E +02 , 14809E +02 . 14d l 9E+02 . 1~a22e,n • \!.'12,':•'.l? 

, 70 , l 1-'l5t:•C~ , 14 l 9 5 E • C 2 , 144 3 7 E +O 2 , l 45-. l E •02 . l4690E+02 , 14752':+02 , l4769c•02 ,l480'1E•0 2 , l49ll E•02 , l " A22E•')~ .:4 ~?2; • :l 

.75 • l 31314E +C2 • 14 1 cs e • oz • 1 4,. 3 -,e • o 2 , .451IE•02 , l4b90E•02 .1:.1 ~zE +Ol , 147~9E•OZ , l46C9E+Ol , l<oil ~E+')Z , l'-'122: • CZ , 14.iZ2:• : 2 

, 80 , l .>dl4t: +02 • i"19-;E +02 , t 44 3 6 E t-0 2 • l 4 5 9 l E +O 2 . l4bOOE•02 ,l4752E•02 • l-♦ 789E •02 .l4i?01E •O? , l4dl~E•Ol ,l4i2Z: • JZ , l4cl22:•12 

, cl5 , l3114E • 02 • 141 'l5i:•02 , 144 361: •02 , l45'12f •OZ , 146<; \ E+OZ , l ',752E•02 , 1~78'H +02 . l4d09E +02 , 14d l 9E+J2 ,14822: • 02 .L4:! 2Z: • JZ 

.90 ,ll8l4E+C2 , l·<olq5E+02 ,l 4437E+02 • l45'l2E•02 , l4691E +02 . L475lE • 02 , l47d~E•02 .l4d09E+02 . 148l9E•02 .14~22:•02 , 143Zl:•02 

. 9-, .13 cll3E • 02 • l4 l9SE+02 ,l 4.,37c +O, , l45 'Hc +02 , l4691E +02 • l 4753E +0 2 , l4789E+02 ,l48lOE • 02 , l4cll9E•OZ . l4d2?':+02 . l'-32,:•)2 

l • CO • L31!13C • C2 , 1419~E•02 .14437E+02 , l4593F. +02 , l4o91E+02 . L4 7 5 3 E• 02 .l4790E +02 , 148\0E+OZ ,l4'3 l 9E•02 , l 4 d22E•02 • ! .. ~.::~~ • C. 2 

l , JS ,l3ailc+02 , l-.195E•D2 , l 44313E • 02 • l4593E • 02 , 14o97E • 02 .1 4 7 54E+'J2 .14790E +02 , l48LOE+02 ,1 481-.E • OZ . l 4 ~2 2E • 02 , l48l,:•'J2 

l, 10 , l3813E +02 . 14191>E+OZ . l 4438E +02 ,14 594 E• 0 2 • l 4 :,93E •02 . L4 7 5 .. E•02 . l4790E+02 ,14810E•C2 .1 4~ 1 1€ • 02 , l 4i22E•OZ , l 4dl2:•)2 
w 
00 

('l 

~ 
X .... 



Temp. 
(K) 
I • l J 

: .is 

l . 20 

l. ~s 

l . 30 

1 , 35 

l, 40 

l, 45 

l , ,o 

1 , 55 

l. bO 

l , i>S 

l, 70 

1 . 7 ~ 

l, dO 

1 • .:15 

I • <lO 

l . 95 

2 . 00 

2. 05 

2 .10 

TABLE XVII I. 
0-1 

ENERGY OF FIRST MAXIMUM AT 1. 1 A (K) (continued) 

o. oo 2 . 50 s. oo 7.50 

. 13Bl3E +)l • 14 l 9oE + 02 • l 443SE+02 • 14 S94oE +02 

. 1 )lll3E • C.! .14196:•02 . 14439:+0 2 • l4 595E • 02 

, 131114••02 • 141 '1H • 02 , 14.:.40E+02 ol 4 5~6E • J2 

, 13814i:+02 .14 l 9 3E • 0 2 . 14 442E +C2 ,l 45 n E+0 2 

, D815E+02 ,l4lOOE +C2 , l 4 443E+02 . l4599E+02 

, 13816E +02 ,1 420 lE•02 ,l4445E+02 ,1 460IE•02 

, 1 381 7 E +02 .14203E+02 .l4448E +02 ,1 4603E • 02 

, ll318E • 02 , l 4206E•C2 . 1445 l E+02 , l46CbE +02 

,13E20E+C2 , 14209E +02 , l4454E • CZ . L4609E•02 

, l3 622E • CZ , l 4212E + C2 , l 4 4 58f • 02 , l 46 l 3E+02 

.1 3825c +02 .142loc +C2 , l44~2E +02 ,l 4617E +02 

, 13 &l7c +02 , l42ll E+ OZ , l4467 E•02 , l '► 62 l E •02 

,l3°JLE•02 , l ',22oE +02 . l 447lE • 02 • l4627E +02 

, 13€3:,!: +02 • l4232E + C2 , l4',79E •02 .l 4633E +02 

• l394vE • C2 , l4 2BE • v2 .1448 7E • Q2 • i 4 !>J<;E +02 

, 13645 E•C2 , l4247E•C2 , h 495E +02 . l4647E • 02 

, 13 E 51 c • 02 , l425oE+02 , l«.50:,E+02 • l4 65SE • 02 

, 13E5BE+C2 . l426o!: • 02 ,i451SE +J2 , l 4 66l,E +02 

.l3a66E +C2 .14 27:!E • CZ , L4 527 E+02 , 1 4 6 75: +02 

,l 38 75E • C2 

, 13686E • C2 

,l429lE + 02 ,1454 0E •C2 

, l4 30oE +0 2 

(Tl 

3 
:ll 
X 

Press ure (atm) 
1 0 . 00 12 . 50 I S . JO 11. so 20 . 00 2 2 . 5~ 

• 14693E +02 . 1,15, c: • 02 , l479JE +J2 • l 48 l OE +02 .1 4611~•'.l2 • 14e2 2: •C2 

• 14694E • 02 . l4755 c: • C2 • ... 1c;1i: •JZ , l4810E +02 .l43 l 9E•02 . 1482?: • 0 ! 

,14b95E•02 , l'756E•02 • 1,. 7~ 2= +02 .l4dllc•02 ,l 4~2 0E •02 , 14d22: • 0 2 

• t 4696c +02 . l'•7 '> 7E.,02 , l47'J2E+J2 ,l4S l lE • 02 , l4820E•02 , l_4P,2 2F +02 

, l4697E • 02 , 14753~ ~02 . 14793:•02 , l 4Sl2E+!l2 ,1 4821'1 ( • 02 ,1 4d22E • 12 

, 14699E+l'l2 ,14759: +02 , l4794E • J2 , l4dl2E•02 ,1 4820c • 02 , l4i322': +')2 

, l470 1E+02 , 147'> l E • 02 , l47~5:•J2 .l4813E•O! , l 4 620E•02 , l48 2 2E +02 

,1 4703E +02 , 147o2E •02 ,1479oE • )2 , 148141: +('2 , 146211:•02 , t, • ~2E • 02 

o l 4706E+02 , l47c,4E +02 • l '-' 7 0 CE., :,z • l 4~l4i: +02 ,1 4d2lE•02 , l4d2~E•)2 

. 1470qE• 02 , l47bH•J2 . tt.7~ "= •)2 .14 315E • C2 ,l4~2tE+02 • t43 7 2;; 0 02 

.l 47 l 2E•02 , l4769t • C2 • l"-:,Jli:•)2 , l• -l l6E+02 , 14822 !: • 02 ,l 4922= • C2 

,147l6E+Cl2 . \47'12E•02 , l- D2!:+J2 .i43i7E•C'2 . 14-322 E•02 , 14-¼2 2:• )2 

. l472OE•J2 .147 15E • 0Z .1 .. c)-c • n ,l4dldE +02 ,14822E • ~2 , l4821E•02 

. 14725C:+0 2 . 14f7'l: • i:'2 , l't l: :-:: •J2 , 14d 19E+02 . 14822E • 02 . 14 82 lE +ll2 

, l 4 7 HE • ;)? , l47d2E+02 • t 't8 0H +02 ,l4820E • 0 2 , l4822 E • 0 2 .1482 lE +OZ 

,14 7 36:: • 02 ,1 4 7 00: • 02 . 14oll: • 'l 2 • 149 201: +02 , l48 2 2E • 02 .14tl21 E • 02 

, l 4 7«.3E • 02 , l47<;Q;: +o2 • l "a 1 3E • .;2 , 14821E +02 

.t4750E • 0 2 • l t, 795E +02 , llt5l5E • 02 

,14757E+ 02 

25 , C, 

. 1-. ;zz= .. jz 

. l4Hl:: • J2 

. 1e.~1t: .. .J: 

. l'-5.?!= • =1 

, l ~ H:= ♦ :2 

, l4321= • ;2 

. 1:.321= • ~~ 

. l432l= • j2 

. l .. 521': • ,~:! 

• l~5.? \: • ~:! 

. l4i2:: .. ;z 

.1 ... .;2 .:- :•~l. 

. l'-32'::•JZ 

. l492C: • J2 

, 14 o20E • 02 

w 
\0 



Temp. 

c.~6 
• 1 5 

• 20 

• 23 

, 30 

. )j 

• 40 

• 1.5 

• :50 

• 5:, 

• llC 

, 65 

• 70 

• 7'> 

• dJ 

, d5 

, 90 

, 95 

! . 00 

l , u5 

t. to 

o.oo 2.50 5.00 

o 85b'HE • Ol o84330E + Ol . il2961E • Ol 

. 85705E+Ol .~4336E+O l .82966E•Ol 

.8~709E +Ol o 84339E+0 l . 82969E+Ol 

.!l 57lGE+Cl • 94340E+O l .82%9c +Cl 

.35709~•01 , 84338E•Ol . 82967E •Cl 

. o5 7"..5E+Cl , 843J4E +Ol . 8296 2E +01 

, !l5700E• Ol • E4328E+C l . 82956E+Ol 

.d5692E • C l .e43 20E + Ol , 8294dE•Ol 

, tl5o83E +Cl .e4311E•Cl o 82939E •Ol 

, d5b73E•Ol . 843C,tE•O l . 82?29E+Ot 

. :15o6tE +Ct . 84290E•Ct , 82<;'lu::•Ol 

,d 5oSCf •01 . 8427dE+Cl , d2907E•Cl 

. ::i5el7c•c 1 . 042o6E•Cl . 82.3%: +0t 

. ~5b24E +OI • 84254E +OI . 82da JE •O t 

. dSc:IOE • Ot • 842<+JE• 0 t ,8l.:l6 iE +01 

. 855)5E•Ot , d't224E +Ol , il2c;JE •Ct 

.dS518E•Ct , 8420<-E • Ot ,d2d3 .. E• Ol 

. d~557E•Ot o 84l83E•O l ,BUO'lE •Ol 

. d5531E • OI .841 55!:+0 t , 827idE+C l 

. 8:,4-l'lE +Ot . e411BE•Ct . 8Zl37E•Ol 

, d.>~5;JE • C t , !l407 1E ♦ Ol 

::> 
rt 

---­:,;' 

.d~o8~E +O t 

TABLE XIX . THERMAL ROTON ENERGY GAP (K) 

Pressure (atm) 

7. 50 10. 00 12.50 15,00 l 7. S::> 20 . -JC n. so zs. j.:) 

.dl S'nE+Cl o o0223E •O l .7S S54E +Oi . 174~~E+vl . 76115E+Cl . H7<.!>E • Ol • 7337/!: • 0l • 7lJ•JdE • l'.'l 

. 61596E+O l o80227E•O l .7SS57E +O l • 77<. di!!: • l)l o76ll ~E•O~ • 7-.74 •)[' • 1'1 • 73 3HE•Ol . 72'Ji -: ~ • Jl 

. 81 SS<;E+Ol . 80229L • 01 • 79~ S<;E • 0 1 • 77~~<;'!:+IJI • T!>llSE•Ol • 7474~ [>0! • 7B73E • Ol • 72J:~~ 1- 0 t 

.~1 5<;8E • Ol • 8022!lE•O l • 7!lt157E•Ol • 7hS 7E • 01 ,7611'):•0l . 7474,F+Ol • 73375E • Ol , 72') Jt.= • 1 1 

.815S6E•Ol . eo225E • Ol .71l8~4f.+Ol , 774 S3E • 'll , 7/:1 I li: •Ol • 747 .. J: +Ol . 733b'IE•Ol ,7 l,·H::•1t 

. 81591E+Ol . ~0220E +Ol .Btl48E +Ol , 7747Ti: +;)! • 761C5E+Ol . 74'3<ot • Ol , 73J62~•J l . 7~1~1E.t-)l 

.dl 584E +Ol . ~0213E•Ot . 7~8 "•1E.-ct • 774o9c+'>l , 76G'l7F • O l , 74726:•0l , 7335 •E •Ol , / H~?~•ct 

, 81576!: +0l , dG204E • Ol .1aa;J= •Ol , 77461E•Jl • 7c,<)f:?,: +OL , 7 .. 7!7E+Ol , 73345:+Cl . 7l--l!}C• •11 

, 815o7E+O l , 80195~•01 .78S23E•Ol • 77~52E•lll • 760Sc'E +O l • 74 703E • 01 ,733)~:•0t , ll H~!:•Jl 

• 8 t 5 5 7E +O t . ec1:;6f •Ot . 7'!St4:•0I , 7~442E • 01 • 7607:>E+OI • 74b-> E ••11 , 733l7:+/Jt , 7l 'h5:: • JI 

, al547E +Ol , 801 75E•Ol , 7!ldC4 t: +(It , 77432E•1t ,7o0t.lE•'.Jl • 7<. ~-IJE +Ot ,7331q~•t:t , 71 '1~7:•0I 

, St5 36c +Ol . dOl65E +Ol . 7o7'l4f+Ct • 77423E • :>t , 7~031:+0l .7~'>1 G~•OI ,7) )'.)1C ♦ ,-, [ .7l ~3l.: •~: 

, dl ~25E • Ot . 80t54E+Ol • f97~3E•OI , 77412E•JI , 7bll~l:•OL ,7<.o7J: • O! • 7 3 300[- • C- l , 7l92'l:: • )L 

. 9 ! 512E • Ol • dCt42E+OI .7877lc+O\ • 77 4-0.JC•U l ,7,,03.:JE•Ot • , .. '"':;~= .. ct ,712dd t' +Ol .7[ ,t;;': , .J I 

,814'i8E+Ol • SOI 2dE + 0 I .797 57E •Ol . 773doE •Jl • 7 o 11 t,f ♦I\ t • 74o45e • n • 1 J 2 h: • ,' t , ft 9 'J<. = + .:, l 

. Sl482c • Ot , dCt t IE •Cl , 7d740C +Cl • 77 .lo9E •'ii ,759~7::+'JI • 7402,,;: +'1! , 7375;E•Ol • 71-33t.t;+Ci 

• 814 61 E •0 I ,J0089~•01 • 7 8 7 t 7E +O 1 .77345~•--i ,75973!: • 0 t , 7<,:,JlE +Ot , 1:;22~E•OI , lt'l57E•)L 

, 81435E•Ol • 9006 lE•OI • 78od7E+Ot , 7731H:+JI ,75'l~OE•Oi .1~:-0:>E+'Jl . 131~::!= • C:l . 7t43l~~• ,J l 

• d 14 0 t E • CI .30024E+Ot .7~647E•01 .77:?711: ♦ 01 ,75i9'-c•Ol • 74,t 7~ + ()1 • 7 3~i,,f'lj. .. ~ l .717"E•O• 

odl3~cE +OI • .'9 ·H5E ♦Cl • 785'l~E • Ol , 77 21 3E • •') t • 75B2:+/Jl .J(. .. 5,J~ • Jl . ,· .. ) ?':'S-. . .. 0 ... . l~ :, ~ lc +J I 

, 812S7c•Jl , 79~l0E • Ot , 7 9 5 2 3 E • O 1 . 77l~t>E • ~l , i 5 7 49!: • 0 l , 7'-3'>!~•0 1 ,7 ~l7 ':- =• ~ l . ,~; ➔ t:: .. 01 ~ 

0 



'• 

Temp. 
(K) 

l • l O 

l • l5 

l , 20 

1. 25 

l . 30 

l, 35 

l . 4 0 

l, 45 

1. 50 

l • 55 

l, 60 

1. 65 

l, 70 

l , 75 

l, 80 

1 , 85 

l. '10 

t . <;5 

2 , 00 

2 . 0 5 

2 , l O 

TABLE XIX. THERMAL ROTON ENERGY GAP (K) (cont i nued) 

O.OIJ 2.50 5.00 7.50 

.S5 4 58E +Ol oB407lE+Ol . 8268 4 E+Ol .812 S7E+Ol 

. 85 '>0 4 E+O l . 84 00 9 E+Ol . 826 l4E+Ol .81 2 19E +Ol 

, d53J5E +Ol . 8 39 30E +Ol . 82524 E+Ol ,8lll 9E+O l 

. d5~47 E • Ol • f3 d28E +Ol o82409E +Ol . 809<;0E +Ol 

. 85135E+O ! .€3699E +Ol . B2263E +Ol . 808 2 7E +Ol 

, 84<;94E+Cl , 8 3 537E • Cl . 112080E +Ol , 80623E +Ol 

. 8<t8l8E +Ol , 83335E +O l , 8 1&52E +Cl , 80369E +Ol 

, 8 4 600E +Ol , 8 308oE +Ol , 8 1 57 2E +Ol • 8005SE+Ol 

, o4333E • Ol , 827S2E +O l . 81230E +Ol ,7<;6 79E +Ol 

. a ~co9E +Ol , S 24l3E + Ol . a08 l 7E +Ol , 7 '12 ZZE +Ol 

, :l36 18E • 0 1 ,81Y 70E +Ol , 80322E +Ol • 786 75E +Ol 

, 83l~lE + Ol , El44-2E + Ol ,79 733E +Cl , 7il025E +Ol 

, 8 2 5'l6E +01 . S'.ldl 7E•O l .79037€. +0 '. • 77 25dE +Ol 

. 8l~4 2E • Ol , 80 )d l E • 0 l . 7~220E +Ol • 7 6 3 60E +O l 

, till 76E • 01 ,792l2E +O l , 7726 7E +Ol • 7 5313E +Ol 

. 110263E • Ol . 78222E • Ol , 76lo l E+Ol • 74 l OOE +Ol 

,79241E • Ol • 77 Cb7E +Ol ,74b85E • Ol ,72 7C3E +Ol 

. 73057 € • 0 1 

. 76o90E•O l 

• 75130E • Ol 

, 73355E•Ol 

• 7573l!E +Ol ,734 l 9E +Cl , 7ll00E +Ol 

, 742l 7E + Ol , 71 744E +Ol 

. 7~~S3E +Ol , 69837E +Ol 

. 7C5l 5E • Cl 

> ,.. -r. 

, 6'1271E • Ol 

Pressur e (atm) 
l 0 .00 l.?. 50 l5.00 l7.50 20.00 22. s::, 

• 799 l OE +Ol .7852 JE•C l • 77 l 36E+Ol • 7 574 9 E +Ol • 74362: +0l . 72975E +Ol 

• 79S24 E+O l .78 '- 29E +Ol , 77034E +Ol ,756 3 9E +Ol ,74244E +Ol , 72 8 4 CIE +Ol 

• 797l3E+Ol .7S 30 dE +Ol , 76902E +Ol ,754 9 7E +Ol .740HE +n t ,7 2i,;;6E • Ol 

• 79571E +Ol • 781 SH • Ol , 76733E +Ol • 75 314E+Ol .7389SE • Ol . 72 4 7b'= +Cl 

• 79391E +Ol , 77955E +Ol , 7b5 l 9E+O l .75083E +Ol .73b 4 7E • Ol ,7Z2llf • Ol 

.79166E +Ol , 777J1E • Ol , 76252E +Ol .74795E +Ol , 7333 7E •01 • 715~.'.IE • Ol 

, 78d86E +Ol • 7 7404E • Ol • 7592 lE +Ol • 74438E +Ol • 72955E +Ol • 7l472E +Ol 

0 7 c3544 E+Ol • 77010E+O l ,755 1 6E +Ol • 7400 LE • Ol .72487E +Ol ,7097l'= • Jl 

• 7d l 27E • Ol • 7o576E • Ol , 75025E+Ol , 73473E +Ol ,7 l92 2E • OI , 7037'.'IE • Ol 

. 7762oE +Ol , 76J30E +Ol • 74 434-E +Ol .72839E•Ol .7l243E • Ol , 696'- 7c +Ol 

• 7702 7E • Ol .75379E +Ol , 7373 1E+Ol ,72083E • Ol . 70435c • Ol , 6.:!H 7E +Ol 

, 7o3l6E +Ol ,7 46J7:: • 0 l • 7289SE +Ol ,7 ll90E+O l , 694SLE +Ol . 67172 !.: • Cl 

. 7547'1€.• 0 l . 73o 'l9E • Ol . 7l'l20E • Ol , 70L40~ +0 l , 68361E • Ol . ~65~2~•0! 

, 741+'19E +Ol • 7 26 )8: • 01 , 70777c • Ol , 689 l oE • Ol , 6705-;E • Ol . o5,~i...E. • 0t 

• 733 59E • Ol • 71't!J4E • O! , 69450E•Ol • 6 74 96E • O 1 , 65541E +Ol . 635~7~ • 01 

• 720Hc +Ol , 6'1978E • Ol . o7'1l 7c • Ol , 6585 7f•O l , 6379bE • "l . ~l 735E • Ol 

• 7052 1E+Ol , 63339E • vl , 66 l 57E+O l , 63'1 7 5E • Ol 

, 6878 LE• Ol , oo~~?:: • 01 , 041 4 3: +0l 

. 6679 7E• Ot 

2 5 . 00 

,71 ,8~: • 0l 

. 714:>4E • Ol 

, 7l2 ~0E • ".lt 

• 71".>57!: • 0 l 

, 7::'775E • Ol 

• 1 )-.13':•11 

. =,~.;.,i9E • Cl 

• ,9~ ,9: + ') l 

, t331~: • Jl 

. !d~~ lc •Ol 

, 67l39E • Ol 

. o~Jb3E •Ol 

, !>43~2: • Cl 

. b3333E • O l 

, 61!,H~ • Ol 

.t,.. 
I-' 
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TABLE XX. ROTON EFFECTIVE MASS (~e) 

Pressure (atm) 
Temp. o.oo 2.so s.oo 7.50 10.00 12.50 15.0 0 l7 . 50 20 .00 22.50 2 5, (I) 

(K) 
.10 • lbOlOE•OO .t555 5E + OO .l5lbOE•OO .l4909E•OO ol 4490E•OO .l4l~7E•OO • l392bE•00 • l3b73E+OJ .l3435 E • OO .l321 0E +OO .1 29<>71: • .'0 

• 15 • lb Oll!: •00 .l555bE + CO .l5lblE+OO ,l4809E+CO o l'-49lE•OO • l'-l9BE•OC • l3 92 7E • OO . l3b 73E •OO .l3435 E • OCI . 132lJE+OO ,l 299 7E• ,, 

• 20 • l bO lZ E • OO .l555 7E•CO .l5lb2E•OO . 148 l OE • OO • l4 :.9 tE•OCI .l4l~BE•?? , l3927E • OO . l3b74E+O O .l3435c •O O .l32lOE•CCI , !21H:: • -~J 

• 25 • lb O l2E +0 0 .l5 557E • OO ,l5l b2E • 00 ,l 4310E+CO ,l449l E•OO • l4l'JSE • OO , l3927E+OO .l3b73E•OO .l3~J5E•OO .t 3210E+CIO .12 :n ,;=, :-~ 

• .30 .lb0l2E +OO • l 555 7E+ OO • t5l o2E • OO • 1"81CE•OO • l4 '+90E• OO .l 4 l 98E• OO , l392bt •00 .l 3b72E • OO .!34J4E •OO .l320<>E • OO .1 2':.f~;-:,-; ,: 

• 35 . tb OllE+OO .l555oE +CO .l5l o l E • OO . l't8C9E+OO • l4490E +00 ,l4l 9 7E • OO • l 39 25E ♦ 0)0 . l~b7lE•OC .l3433E•OO . l3203E • CO . l2?~4E• J~ 

, 40 .lbO l OE • OO , l5555E +OO .l5loOE •OO ,l48C 8E •00 ,l4489E • OO .l'tl9bE• OO , l3924E •:l0 • l 3b70E • OJ • l3432E • 00 ,l 320bE•CO ,1 29'2~• ·'.)J 

• 45 • l bCC4E •OJ .l5554E +OO ,L 5159E • OO .l43C7E•OO ,l4 48 7E•OO .l4l94E +OO .t 3'123E • )O , l 3bo9E • '10 • l343 r)E • 00 • l 3'0 SE •00 .12-i1 1< +QJ 

• 50 .lvCC7E • 00 . l5553c•OO . L5lqE +CO ,l4c05E • OO .l448bE•OO .l 4l93E•Ov • l 3'l2lE • 0C ,l 3bb7E • OO .t3429E • 00 .l 32C3E • OO .1 7.199~ • :l" 

• :,5 • loC ObE • 00 • l 555lE •OO .l 5 l 5oE • CO ,h8J:.E• OO , l4484E•OO • l~l 9lE • OO , 1392 JE • JO • l 3b:,o: • OQ . l3427E • OO , l3202E•OO . 12) \-j~ • "·, 

• i,.;, .l~CC-. E • OO • l5,49E•OO . t515 ~ E • .JO • l 4802E•OO • l448 3E • 00 • l'+l 'lOE • Ool .LJ9l~ E • OO • l3oo4E•O(l .13423!: • 0CI . 11 210"•00 • 12-..; ,:,of• J:' 

• oS • l o OO ZE • 01 • 1~5-.dE • OC ,l 5l5ZE•CO , l4800E • OO .l449lE•OO • l4 ld8!: +00 • l39lb:•00 • t )o:,Z:: • CO .1 3424: •00 • l J l 43E • 0(l .lZH'-: • :i' 

• 70 . loCC1E • r~ . t5 54oE • CO . lSlSOt • CO , t<.H'3i:•C.0 • t:.479E +OO • !4l ~bc +Ov • lJH ~t. • )') • I 3b:,!:: •00 .t3'-Zl:• OO • l 119!,E • C) . t?">.,lE .. ) 

• 75 . t 5<;S 7 E • OO • l 5544E +OO .l Sl:.o:' • 00 • l4H6':•00 .l4't77E • OO . l'-1~3E• 1 0 . l 391l:: +•)0 . l3bHE •C1 .U'-13E +'l0 ,t>!" ):'•OJ . ti;1i':•) ·~ 

• !10 .1;cG;[,Q') .LS~-.l E ♦ c'C ,1 514:,E+CO ,l-.7 S3E • OO • l 44 74E +00 • l 4 l l3CE • :,o • l HC3!: • 1'l . t3t54c • OJ . l 34 1 5E • OO .LJt e-'IE •JO . 12974C. • :J 

. as .t5'i~3!: • 0') , l 55J8E • OC .t5l 43E • OO , 1•7-iCE•OO .! 4 .70E • OO .14176~ • 00 .t HC4E • JO . 13b,.9~ +00 ,134lOE•OJ . l •ld4E•OJ • L 2 1 => ..:-: • ~ ~ 

. 90 • l 5'd0E • OO • 15535E• CO • l 5 lHE •<'0 .!•7 :oE • C'O • I <t4!>5E +-00 • t'-1 71f•oo • ua9~c •10 , l3b• 3E • C~ . l341H~ • OO .11!7-,f• C~ • l).1~1~•): 

. o; , l> 'l8!>E • 00 • t 553LE • OO • l 5l34E • CO ,i• 'dC! +lO ,l4•5'lE•OO .l4lo4~ • 0J .1 3890::+')0 . l}o35!:•CO .1 33-'l•E•OO .l 3l:,7f• OO . 1?~s1: - :. 

l • OJ , l 5~8 l i: •OO • l 5525E •00 • t511 dE•OJ ,l •773c • JO • l4451C•CO ol'- J~';~ • O•J ,l3 31J[ +.)0 . l3o2;E • C') ,l33,,2E • OO .l ll '>1E • C1 . :.?13 1 =• ,; 

I . 05 .l 5S7~E • C(l . t 55l3E +CO .15l l H • OO . l~H3~•00 , 14,.41JE • CO . l•l42E+OO .1 39!>bE • JO • I 3ou 9 E •O:: • l 1. 3hoE tC\) • l , l 3 ',f • ,? - ~~~t~: .. ,;, 

l • l 0 • bSc,7i:+C'O .155u9E +OO .l~lJ:lE • Oi) .1 .:..1:,JC•C:> ,l442SE • OO , l • I 2oE • 00 • 13 3 •• iE • 'J:) • • )5d~E • 00 • 133•4~ • C,:J ,l3ll 3f • (,) .~ 2.,'> - :. • :,: ~ 
N 

"C 



'• 

TABLE XX. ROTON EFFECTIVE MASS (°1fe) (continued) 

Pressure (atm) 

o.oo 2.50 s. oc 7.50 10.00 12.50 15 . 00 17.50 20.00 2 2.50 25, O'.l 
Temp . 
l • ~\}) ,l5967 E•OO . l5509E•OO .l510SE•OO ,l4750E•OO .14425E • OO . t,126:•00 .t3S 48E•OO .13589E•OO .l 3344E•OO ,13ll3E• OO • L2'!~4E•JO 

:.. • 15 ,1 5957E•OO ,l5497E • OO ,1 5094E +OO ,l4734E♦OO ol4406E• 00 ,141 '.l5E•OO ,13825E •OO .13 564E•OO . t3~17E•OO ,1306~E • CO . 17:3:,Z: • 0') 

1. 20 .t5944E • OO ,l548lE • OO ,1 5075E +OO ,l4712E• CO ,14382E•OO ,14078: •00 , 13 7qoE • OO , 1353lc • OO ,l32~ZE • OO ,1 3046E•C'.l . 12;22 ;: , n 

l, 25 ,1 5927E • OO ol 54~0E • OO ,1 5052E • OO ,l46 E5E+OO ,l 4352E•OO ,l4v44E•OO , l375'lE • OO , l34?LE •OO , 1323JE • OO .1 zqqqe +CO ,1 277.: • '1) 

1. Ju ,1 5905E•OO ,l5435E•CC ,1S022E•OO ,l4c5 1E•OO ,14313E•OO ,l4002E•OJ ,i3712E • OO ,l3440E • Ov , 13133E • OO , l294JE•CO , 117 0'!o•OJ 

1. 35 ,l >d78E • OO ,1 54CZE•OO ,l4984E •OO ,l 46C'!E+OO ,14266E•OC ,1 3949E•OO , 13b54E•OO ,1 3377c +O() ,1 3116E • OO , l23o3E•OJ ,1 2~31:: • JO 

l , 40 ,l 5b44E • OO ,1 5362E•OO ,l 493dE +OO ,l4 55tE•OO , l4207E•OO ,1 33S5E•OC ,13594E•OO ,1 3301E+OO ,L3034E•00 , 1211,>F. +O) , 1253 7: • 0J 

l,45 • L5 802E • OO , L5313E•CO , L4 d81E•OO , l 44~2E•OO ,L4L36E•OO ,1 3d06c • OO ,1349dE•JO ,13209: • 00 ,L 293~E • OO , 12o73E • JO , L247.3E•JO 

l. 50 , 1S750e•OO ,1 5253E•CO ,l4dl3E •OO ,l 4415E+CO , l4050E•OO , l 3 712E • OO , 1339oE•OO , l30'l:3E•OO , 12~15E•OO ,1 25~5E • CJ • 12 2 9 7c •OO 

1, 5:> , 15o8dE•OO , l SldOE-00 , l4730E+OO , l4322E•OO , 1394dE • 00 , 13o00E• 'I) , 132 73i:•OO ,1 2966E•OO ,1 2673E • OO , 12~94E•01 , lZIZ:,:•00 

l, oO , L56 l2E •00 , 15C93E • OO .L463lE • OO ,14212E•CO ,l3926E•OO ,t 34o6~•Q.) , 1312qE•OO ,l2Sl0E•00 ,l250oE • OO , 12.H ~E • OJ , l l q 3 ~F • vO 

l,b5 , L,52.!E • OO , l49'10E•OO ,1 45l4E•OO , l4081E •OO , l)bd2E • OO , L33 ~9E+ 01" ,l295qE+OO ,l2626:+C1 ,1 2310: • 0C , t20C 6E • C'l . 117l4: • (':'l 

1,70 .1,q ~E • ,)J .14007:.•00 , l43hE • OO , l3923E • CO , l3513E•'l0 , :H?5E•/l0 . l2760E • '10 . l24t3E • '10 .120-HE•JI" , l\76lc • .,J • l 1 t.. =; ":>: "0.j 

l , 7, , l,2~9E • O:l , l4 724C • CC ,14 215: • vO , l)H<;f+e,0 , l3:;t 7E•OO , 1.!H2E • u0 . t2szqE•OO .l2l65E•OO , ll~l7!:•v'l , ll4r,2:•C') • l l l ; i ~ .. )\; 

1 . eo ,l5l42E • OO • l45~oc • CO ,l 4J27E • OO , 135~L E•OO ,l308'1E • OC , 12o~SE•v0 , 122~3E •CO • l l8dOE •01 ,ll5 l 2E • OO .tll58f • CO , l;;-ll5: • 0J 

l, d5 , l4970c•rJ , l 4361E • OO , l381 0E •OO ,1 3301E•'.l0 ,12:!2"/E • JO ,12331E•:JO , ll'l57E•OO , ll553E•OO ,tt lh'tE • OO , l •J 7~ 3E • 0•1 

t. -,J . l,.77lE+OO .14137E•CO ,135&0E• OO ,130.!t>E•OO ,l 2527E • JO , l205oE•OO .tl 6JdE•OO , lll7?E+OO 

1,c;5 , 14:><,2::+ 00 , ! HdOE • OC • l3273E•OO ,l2711E•OO , lll85E•OO , lt~~o~•,10 ,11211:•00 
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TABLE XXI . o-1 MOMENTUM AT ROTON MINIMUM (A ) (continued) 

Pressure (atm) 
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:CABLE XXI I. 

p u • 
(atm) .L 
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COEFFICiENTS u1 .A.\'D a OF THE }!DC SERIES (K•An) (continued) 
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Part II 

Formulae and Discussion 

1. Equation of State for Helium II 

The only equation of state for helium II in the literature is that 

of Keesom (1942) based on the data of Keesom and Miss Keesom. It is repro­

duced in Table A2 of Wilks (1967) . 

Our empirical equation of state was developed from multiple regression 

analysis of the combined PVT data of Abraham et al. (1970), Boghosian & 

Meyer (1966, 1967), Elwell & Meyer (1967) and Kerr and Taylor (1964). The 

form was prompted by the success of the l ow temperature CT-independent) 

equation of state of Abraham et al. (1970). The resulting expression, which 

has temperature dependent coefficients, is 

P(p , T) = A(T) + B(T) p + C(T)p 2 + D(T)p3, (1) 

where 

A(T) 2 3 4 
= A

0 
+ A

1
T + A2T + A3T, 

B(T) = B , 
0 

C (T) C + 2 4 
0 

c1T + c2T, 

D(T) D + D T2 + D T3 + 4 
0 1 2 D3T; 

and 

A = -74.28059, Al = -.23016, A2 = -.41029, A3 = - 1.38002, 
0 

B = 2007.539, 
0 

C = -20944 .09, c1 = 28.05456 c2 = 254 . 3206, 
0 

D = 73300.0, D
1 

= -124.4081, D2 = 162.6083, D3 = -1318 . 33. 
0 
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Here Pis in atmospheres , Tis in degrees Kelvin, p is in grams per cubic 

centimeter. 
-n 3n -m 

The constants are in the appropriate units of atm gm cm K , 

where n is the power of pn, and mis the power of Tm. Any variable P, P or 

T may be solved in terms of the other two by simple root searching methods. 

The standard in pressure is± 0.1969T2 -2 error atm K . 

Eq. (1) is shown in Fig. 1, plotted in the form V(P, T) - V(P, 0) 

[o (Molar Volume)) vs. T for one atmosphere increments in P. To the left 

of the dotted lines, the thermal expansion is positive, to the right , it is 

negative. Beyond T = 1 .5 K the change in molar volume becomes large and 

negative, and has not been drawn. 

8 (MOLAR VOLUME (cm3 •mofe-1)] 
~ 50--_---+--------.----

.0025 

TEMPERATURE (K) 

Figure 1. 

The relative change in molar volume as calculated 
PVT relation. The dotted line represents the locus of 
pansion. (Note that the pressure increases toward the 

from the empirical 
zero thermal ex­
viewer.) 
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In order to complete the analysis successfully, the data of Iloghosian 

& Meyer had to be slightly modified to match the T = 0 values of Abraham 

et al . There still remained, however, certain difficulties in matching 

different sets of PVT data (Boghosian & Meyer, Elwell & Meyer) a t about 

1 . 25 K for pressures greater than 10 atm. This mismatch (discussed in 

detail by Brooks, 1973) made it difficult to obtain a good fit in the region 

where the expansion coefficient changes sign, and a, which is defined by 
p 

(2) 

is in only qualitative agreement with thermal expansion data. The tabu­

lated values of a in Table V are not calculated from the equation of stat e , 
p 

but from the Landau theory. 

We show in Fig. 2 the general agreement of our equation of state with 

the experimental data of Boghosian & Meyer and Elwell & Meyer. The agree-

ment of (1) in terms of p(P,T) (Table I) or V(P,T) (Table II) with the 

experimental data used in the analysis is in all cases better than+ .5% . 

There are several other quantities which may be calculated from (1) , 

such as the isothermal velocity of sound 

(3) 

Results calculated from (1) and (3) are shown in Fig. 3 with the data of 

Atkins & Stasior (1953) and Vignos & Fairbank (1966). Also shown is the 

velocity of sound corrected for thermal expansion using calculated values 

of C /C to be discussed below. The corrected velocity of sound (Table III) p V 
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is in± 0 . 5% agreement with the experimental data below 1.5 K, and deviates 

no more than+ 4% between 1.5 Kand 2.0 K. 

w 
~ 
:::> 
_j 

0 
> 
a:: 
<! 
_j 

0 
~ 

TEMPERATURE (K) 

28 

27 

26 

25 

24 

23 

22 i.<__ _ __,1.:.____---L.._-~ 

5 10 i5 20 25 

PRESSURE (atrn) 

Figure 2. 

The PVT surface of helium II. The solid l i nes are from (1); 
the soli d circles are the data of Elwell & Meyer; the open circles a re 
from Boghosian & Meyer, and represent the data as determined from thei r 
errata note. Deviations of the data from the lines are interpreted as 
vertical departures normal to the P-T plane. 
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2.0 2.2 

The velocity of firs t sound u
1 

vs. temper ature for different pres ­
s ures. The solid lines are for u

1
, corrected for C /C fl; the dotted 

lines a r e u
1 

uncorrected. The open circles are thepdaia of Vignos & Fair­
bank (1966). The r est of the data are from Atkins & Stasior (1953) . 
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The isothermal compressibility 

( 4) 

has been calculated from Eq. (1) and is tabluated in Table IV . The devi­

ation from the data of Boghosia~ & Meyer is at worst 8% low for T< 1 . 2 K. 

For T< 1 . 8 Kand P < 20 atm the deviation from Elwell & Meyer is less than +3% . 

The Gruneisen constant 

) 

(5) 

and the second order derivative 

( 
ol. lt.1) 

U1 O~l. T > (6) 

are listed in the short tables below. They are in agreement with the values 

of Abraham et al. at T = 0.1 K to within+ .25% for uG and± 1.5% for w. 

GRUNEISEN CONSTANT uG TABLE 2. SECOND ORDER DERIVATIVE (-) 

Preuure (ata) Y-p. (IC) Pressure (at11) 

0 5 10 15 20 25 0 5 10 15 20 25 

8.083 6.803 6.054 5.549 5.179 4.893 o.o 2.843 2.608 2.461 2.356 2.276 2. 212 

8.035 6 . 774 6.034 5.533 5.166 4.881 0.5 2.835 2.603 2.456 2.352 2.27) 2.209 

7.657 6.540 5 . 865 5.401 5.051 4.788 1.0 2.767 2.557 2. 421 2.)24 2.2G9 2,188 

2. The Excitation Spectrum 

(a) Parametrization of neutron data 

Until about one year ago the best available representation of the 

excitation spectrum, especially under pressure, was the Landau approxima tion: 

w 
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(7) 

(8) 

In {7) and (8), p andµ were considered functions of pressure , and 6 a 
0 

function of pressure and temperature (see, for example, Donnelly, 1967, 

p. 213) . 

This situation was dramatically changed by the systematic studies of 

Dietrich, Huang, Graf & Passell (1972) at Brookhaven and Cowley & Woods 

(1971) at Chalk River. Donnelly (1972) and Brooks (1973) have found simple 

parametrizations of this data by considering 6 andµ to be functions of r 

only at T = 0: 

K 
(9) 

and 

A (e,o) (10) 

They have attempted a representation at finite temperatures by additional 

terms: 

6 (~,1 )/'rl :: 6 ( ~ 1 o)/~ - ~ T ( I - a. Nr·) 
~ T I (11) 

(~ =- -2J 3 
1-75 " Io c.- . K ) 

and 

fa. (~\T) :::: /"-(f>o) ~(e>T)/l)(f)O). (12) 



• 

Finally we have the relation of Dietrich et al. for p /fi: 
0 

1IJ o -I 

-fo/~ =- 3· b'f ~ A · 
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(13) 

If we wish to improve on the Landau approximation we need more experi­

mental information . The maximum energy, £max' of single particle excita-
0_1 

tions near Q = p/fi = 1.1 A has recently been observed as a function of 

pressure by Passell et al. (1973). The position of £ in momentum space max 

does not change noticably with pressure . The energy may be parametrized as 

:: 
(14) 

where 

E 
0 

= -216.5672 K, 

El = 3998.6005 K gm-\ 3 cm, 

E2 -23028 .6027 K gm-2 6 cm, 

E3 
-3 9 = 44199.7232 K gm cm. 

It is tabulated in Table XVIII . 

For momenta larger than p, the slope of the spectrum approaches the 
0 

velocity of sound, then bends over and goes to 26 for increasing momentum, 

finally terminating at p'. This behavior has been theoretically predicted 
.., 

by Pitaevskii (1959) to be 

E ( -fl-) :::: 
(15) 
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where a and a are constants. Neutron measurements have not yet been 

made over the (P,T) plane which would allow extr action of a and a as 
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a function of temperature and pressure. Fortunately, this region of phase 

space has little thermodynamic content, and it is sufficient for many pur­

poses to locate the momentum p to the right of p at which dE/dp from (8) 
C 0 

reaches the velocity of sound, u1 , and continue the dispersion curve as a 

straight line of slope u
1

: 

E(p): u
1
(p-p) + E(p ), 

C C 

where 

£ (p) 

(b) A series representation of the excitation spectrum 

We have found that the series (p < p ) 
- C 

can be used to represent the neutron data up top= Pc· We show in 

Fig. 4 the fit to the neutron data with equations (16)-(18) . 

(16) 

(17) 

(18) 
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20 
~/k = 8.68 K . . . 

11.·I . . . 
00 = 1.91 

. . 
16 µ =0.16mHe 

-~ 12 Velocity of sound - reached here 
>i 
e-> 
a., 8 C 
w 

4 -

0 <-----'---..l..--_.l,_ __ __,1_ __ .J._ __ ...1,__ _ _J 

0 1.0 2.0 
W b ( i-1) ave num er A 

3.0 

Figure 4 

Energy vs. wave number a t T = 1 . 1 K, P = 0 atm given by (18). The 
dispersion curve is continued as a straight line after the roton group 
velocity reaches u

1
. The points are from Cowley & Woods (1971); the error 

bar represents the minimum quoted error(± . 2 K), and is not associated 
with any particular data point. 

The coefficients a3-a8 are obtained by requiring that the curve meet the con­

straints discussed in section (a) above: 

f (o) = 0 > E'co ) :: u.1 J E ' ( 1·1 ): c 
J 

E1 (p. .. ')::: o j (19) 
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3. Thermodynamic Calculations from Model Dispersion Curves 

(a) Thermodynamic quantities 

Thermodynamic quantities have been obtained by numerical integration 

over the curve determined by (18) and (16) which together we refer to as 

the "Model Dispersion Curve" or MDC. All quantities, of course, make use 

of the equation of state. Integrations in Q-space are in increments of 
0_1 

0.003 A , and are performed by the simple Riemann sum method, which is 

sufficiently accurate compared with other methods, such as Simpson's rule in 

this problem. 
0_1 

The range of integration 1s Oto 3.0 A • 

The Helmholtzfree energy of the excitation gas is 

where 

(20) 

(21) 

The total Helmholtz f reeenergy of the liquid must include the s um of (20) 

and the ground state contribution FG(P,O) at T = 0. This can be determined 

easily from Eq . (1) by integrating the expression dFG = -PdV; a similar 

integration will provide the ground state Gibbs free energy d~ = VdP. 

The results provide FG and ~G at T = 0 to within an additi ve constant, L 

(L = FG(O,O) = ~G(0,0), where Lis the latent heat of vaporization extra­

polated to zero temperature , and is approximately 14 cal/mole (from 

Keesom, 1942) . The two ground state free energies are given as a function 

of pressure in Tables 3 and 4. 
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TABLE 3. Ground State Helmholtz Free Energy 6FG=FG(P,O)-FG(O,O) -1 -6 (ergs •gm )x 10 

Pressure (atm) 
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 

6FG O 0.9297 3.3006 6.6760 10.8000 15.4987 20.6656 26.2145 32 .0703 38 .1851 47.5416 

TABLE 4. Ground State Gibbs Free Energy 6~G=~G(P,O)-~G(O ,O) 
-1 -6 (ergs •gm )x 10 

Pressure (atm) 
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 

~~G O 68.823 136.064 201.680 266.018 329.191 391.477 452.937 513 . 532 573.393 632.2~ 

The entropy is calculated from 

(22) 

and the specific heat at constant pressure C is obtained from (22) hy five 
p 

point numerical differentiation with respect to temperature (cf. Bendt, Cowan & 

Yarnell, 1959). 

The calculated entropy (Table VII) is in agreement with the data of 

Wiebes (1969) and Van den Meijdenberg et al. (1961) to within± 6% over the 

entire range of values calculated. The specific heat C (Table VIII) de­
p 

viates from Wiebes's data at worst+ 4% below 1.6 K, and a maximum of 

+ 20% with the data of Lounasmaa & Kojo (1959) in the range 1.5.2 T<2K. 

The specific heat at constant volume (Table IX) is obtained by cal­

culating C /C from p V 
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where ap is calculated as discussed below, and ( ap / dP)T comes from the 

equation of state. 
2 The term in~ is subject to an accumulation of 

errors and may be as much as 50% in error for T> 1. 6 K. 

The corrected velocity of sound (Table XI) is computed from 

(24) 

The thermal expansion coefficient has proved t o be one of the most 

difficult quantities to obtain. As we have mentioned, the equation of 

state is not accurate enough for direct use of (2). Therefore we have 

used the Maxwell relation (av/aT)P = -(as/ aP)T, and computed ap (Table V) 

from the entropy by five point differentiation. Experimental values of 

a differ from author to author, and estimation of the error a is difficult . 
p p 

Hence, perhaps the most informative s tatement that can be made concerning the 

accuracy of the calculated a is that the average absolute deviation from 
p 

the data of Elwell & Meyer, Boghosian & Meyer, and Mills & Sydoriak is 18%. 

(b) The t hermal roton gap 

If the procedures of the previous three sections a r e followed, the 

thermodynamic results do not agree with experiment at any temperatures above 

1 K (cf. Die trich et al., 1972, Fig. 17). The disagreement arises whenever 

the neutron linewidth becomes significant, and attempts by Dietrich t o 

include corrections for linewidth were unsuccessful. Since there is no 

theory at present which resolves this difficulty and since there i s an 

urgent need to use dispersion curves above 1 K, we have adjusted the roton 
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energy gap so that the calculated entropy agrees with the experimental 

entropy. This new parameter is called the "thermal roton gap" 1\, and 

its usefulness can be judged by the fact that it allows us to es timate 

many quantities with reasonable accuracy and cons istency. Quite clearly 

it should be an important goal in statistical mechanics to discover how 

to go from the neutron data to thermodynamics in the presence of broadened 

and temperature dependent energy levels. 

The entropy used for the determination of 6t was that of Wiebes (1969) 

and Van den Meijdenberg et al. (1961). The latter data had to be adjusted 

slightly to agree with the former at T = 1.6 K; the manner of doing so is 

discussed by Brooks (1973) . 

We find that in general 6t lies above 6 as determined from neutron 

scattering, and that 6t approaches 6 increasingly closely below 1.3 K, 

except at the vapor pressure. There we find 6 /k = 8.57 Kin contrast to 
t 

neutron determinations of 8.65 - 8.68 K. The values of 6t obtained by 

computer search, parametrization and calculation are given in Table XIX. 

These values replace the neutron values of Eq. (11) and allow determination 

of the coefficients of the model dispersion curve at all temperatures and 

pressures. The results are tabulated in Table XXII, and yield E{Q) in 

on 
degrees Kelvin for a in K·A. These dispersion curves were used to cal-

n 

culate all tabulated properties related to the excitation spectrum. The 

dispersion curves automatically contain phonon dispersion, and are excellent 

fits to experimental thermodynamic and neutron data a t low tempera tures 

(Brooks, 1973, Brooks & Donnelly, 1973) • 
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(c) The excitation number densities, and the normal and superfluid 

densities 

The excitation density, which may be calculated by numerical inte­

gration, has been divided into a roton part N and a phonon part N by a r p 
0_1 

perhaps arbitrary method, namely calling excitations with Q<l.l A phonons, 

0-1 
and Q>l.l A rotons. The advantage if; that this momentum division i s 

pressure independent. 

and 

Hence 
l ·I ,t·I 

( M(q) ct't' Jo J 

Tabulations of (25) and (26) appear in Tables XII and XIII. 

The normal fluid density is computed from 

(25) 

(26) 

(27) 

and appears in Table XIV. From the equation of state one obtains Ps = p- pn 

and the ratios p / p and p / p , which appear in Tables XV, XIV, and XVII . 
n s 

The values of p may be compared with torsional pendulum data of 
n 

Romer & Duffy (1969) as shown in Fig. 5. The agreement is obviously no t 

very good, though the general pressure and temperature dependence is satis­

factory. Below 1.7 K, the calculated values of p agree with experimental 
n 
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The normal fluid fraction as a function of temperature for different 
pressures. The data are from Romer & Duffy (1969). 

data (Romer & Duffy, 1969; Tough , McCormick & Dash, 1963) to within 10%. 

Cohen (1960) has indicated that ther e i s no simple way to relate the normal 

flu i d density and the neutron data, and that (27) may be incorrect. One 

should note parenthetically that calculating pn/p from the Landau theory 

at the vapor pressure gives apparently better agreement with experiment. 

There is no reason to be l i eve that this procedure is more reliable than 

the present one. 
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(d) The velocity of second sound 

In the limit C /C +1 
p V 

u
2

2 
= (p / p) (TS2/c ). 

S n V 
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It has recently been pointed out by Romer & Duffy (1969) that by replacing 

C by C, various errors due to thermal expansion cancel, and one obt ains 
V p 

= (p /p )(TS2/c) s n p 
(28) 

We have used (28) to compute u2 in Table XVII. Comparison above 0.8 K 

with experiment is shown in Fig. 6. Below 1.7 K, the calculated u2 is lower 

than the data of Maurer & Herlin by no more than 10%. Below 0 . 8 K the calcu­

lated velocity shows marked effects of phonon dispersion which have yet to 

be observed (Brooks, 1973) . 
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The second sound velocity. Solid curves calculated from (28); data 
points, Maurer & Herlin (1951). 
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