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A Program for Fitting Hugonio~ Data 

to a Polynomial in (Vo/V- 1) 

George E. Duvall 

I. Program Name: LIOUID COEFF. III 

II. Program Description: 

This program reads N data points (PH(I), BETA(!)), 
+ determines coefficients in the equation 

PH = 
2 3 

Ax+. Bx + Cx , (1) 

where x = (Vo/V)-1, and calculates sets of values PH from the 

coefficients A,B,C. 

In order to use the program, punch the following data 

in the prescribed format: 

N = number of data points 

C02 = square of _sound velocity, K0 / 0 , at atmo~ 

vr/J = 

SB == 

CV = 

spheric pressure; C = 
0 Ko/ o in cm/ sec. 

Ko in megabai-s 

1 . / 0 

o/Vo • = Grµneisen coefficient 
0 specific heat at constant volume, Mbar cc/g K 

,1 . 
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N.AME(I), I=l,3 = name of substance 

F¢RMAT (I2,8X,4Fl0.5,3A6) 

PH(I) = pressure in megabars 

BETA(I) = v/vo 

F0RMAT (2F10.5) 

84 

The output of the computation consists of a listing-of. 

the material name and constants, the data pairs (PH, BETA), 

two sets of constants: B!, Cl and B2, 0.0, and two parameters 

of good fit: SUMl aud SUM2. V ls incremented suc9essively. 

and PH= Yl or Y2 is calculated from Eq. (1) for each set of 

constants and printed in tabular form. 

SUMl and SUM2 represenff-the total square deviations of 

calculated values of PH from the input values for (Bl, Cl) and 

(B2 1 0.0), respectively. If SUMl ,..- SUM2, (Bl, Cl) represent 

the best fit. 

III. Program Listing 

The program consists of MAIN and 3 subroutine_s listed 
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5 I , 

below. Binary and Source Decks are located in File Gl, 

Room 102A, Dana. 

3 \ , ; ::-$1 BFfCH-iA~I N • = - •• • ~ --- ·~ -- ·- ·· •· 

\ : '. ,. . CAJ.~\L J,NPU T • • . 
l '. • ·, C: Ii LL • SCH f0 ] ( R l , C l ) 

1 ,. CALL OUTPUT(Rl,Cll 
CALL SCHM2( R2) 

. CALL OUTPUTIR2)-0~0J 

· r 1 . .. -·-~\ - --- ;~~:iop~ ~-T ( B 1 'Cl' 82 'o_- 0 l _ 

_ J . END • 
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$JBFTC INOUT 0ECK 

(" 

C. 

SUBROUT_I'NE )N-P~JT 
INPUT SF<;:TI ON • BEG I NS HEF-<E 

OIMENSI01~ NAf'-1E(3 l ,BET A.I 100) 
COMMON Pi,( -1◊0), EJAllOO), N,~ PO, CO2, VO, SR , CV 
COMMON /SUMS/ s0M1,suM2 • 
DAT A IS TOP /6.HQ'U IT I 
PO=C• 
READ(5,1,00) N,c:02,vo,ss,cv,1NAME(I l ,I=l,3) 
CV=CV*l.OE--3 
IF(NAME (l). EO. IST9Pl . CALL F.XIT 
DO 1 I= 1, N 
READ(5, 101) PHCI l ,BETA( I l 

1 ETA.( I l = 1 • 0 /B,E TA. (;I l . ; 
IN.DEX= 1 • 

10,0 FO.~~A T·( 1:2., 8X t4F 10 • 5, 3 A6) 
101 FORMAT,( 2F:10 • 5 l 

• RE'.T·-t:J.'RN • , • · · ~ 
• OUT"PU.l SE'C,T..lON BEGINS HERE 
E'.N'.fRY . OIDTP.UT ( £ ,C) ' • • 

·• • I:f U ND EX'. t{o .. .. 2, ) GO TO 2 . 
WR l 'T-E ( 6 , 1-0 3 f 'l NAM E ( I ) , I = l , '3 l , P O , CO 2 , VO , .$ 8 , ,C V ·, { PH ('I l , E T A ( I l , I :; l , N l 

2 W-R ITEi 6 ,1 0 4 l . I Nb EX , B , I ND E X , C 
I F ~( I No EX • E Q • 2 ) WR IT E ( 6 ,1 O 5 l S Ut-'11 , SUM 2 :t • 

INDEX=~ • 
RETURN . I ' 

_103 FORMAT(',1.H,l, ,5X,3A6,3HPO=,Ell.4,3X,'7HC0**.2 =,E11.,.,3x·,.3HVO=,Ell•·4,ix 
1 , 4H.S•B , =~• /: ,11 • 4 , 3,x, 4H CV = , E 1 1 •· 4- / / 1.0 X.., t2 MRHl OX , 4 HB ETA,t / ( ·7 X·, F 8. 5 , 4 X , F 8. 
2 5 / l ) • • • . . ' . • . 

104 . FO.RMAT(lH0,5X-,lHB, kh'rn = ,E.lf;.8,-?;X,lHC,Il,3H = ,Eil5.8)
1 

105 FO-RMAT(i8tHOSUMl - ,E11.4,3'X,7HSIJM2- = ,E11.A·1 . 
END . 

. . 
SUBROUTrNE PLOT(B1,c1,02,c21 
D I ME NS I .ON YI ( 1 0 0- ) , Y 2 1'1·-© 0 ) , · 
COMMON PH(J.00), ETA('JOO), N, PO, cb2,yo, SB! CV, A 
DELTAV•~VO/SO. • 
V=VO 
I= 0 • • 

1 V=V+DELTAV 
I=I+l. •• 
X=VO/V-1• 
Yl(I)=PO+C02/VO*X+BJ*X**2+CJ*X**3 

Y2(I l=PO+C02/VO*X+B2*X**2 
IF(V-V0/2.) 5,5,1 

5 1JJR IT E ( 6 , 100 l 
V=VO 
DO 6 M=ltl 
V=V+DELTAV 
X=VO/V-1• 

6 l✓RITE1 (6,102) X, V, YllM), Y;?.(M) 
RETUf~N 

100 FORMAT(J~1,1sx,1HX,1 5 X,1HV,14X,2HY1,14X,2HY211 
. 02 FORMAT(1J:;fd,6X,t,(7.X, E l 5 .8)) ' 

END 
-. . ,·,· ... 

r•· ..... .. 



4 ...... 
. ·'I: :: 

$ t BFi-' CALC'.S, DECK 
' SUBR:POTr N-6'. SCtJM l ( R , ·C) 

. c.dMM@N"··•PH'.htO◊'l , E.T A '1 oo 1 , N, Po, cb2, vo, SR, cv 
· COMMQN.- l ;'StJMS·.·1· SUM'i, SUMZ 
·l i:;•'. tN..•_;1.;.~··. ,z;f ' GO TO . 2 0 

·C S,Cl-jf':'M:t 1-A STARTS HERE 
A'AC0.''2J;V O • 
SY2·;-0 · 
S Y,X::=.O 
SY;Xi=O• 
sx-2:.:_o .• 
SYX3=0• 
SX3=O• 
'$X·Lt = O • 
SX5·=O • 
SX6=0• 
00.· JO I.= l , N 
X=ETA( I )-1• 
Y'=PH'( I l 
SYX2=SYX2+Y·*X**2 
SY2=:-SY2+Y'-il-*2 
SYX=S'YX+Y*X 
sxi~SX2+X*,*2 
SYX3;::SY.X3+Y*X**, 
sx 3 =·s x '3+ x *·* 3 
·s-X.,4= SX4+-x~·*4 
SX 5 = S X 5 + X * •* 5 

1'0 S'X'6-=SX6+X**6 
S1=5Yx2~Ro•sx2-C02/VO*~X3 
,s2:::s_Y.)(3~f)O*SX·3-C02 /VO*SX 4 
C= ( S:1-*S X 5-.S2* SX4) / ( sx 5** 2-sxt~* S.X6) 
B;:: ,('S l •"".C:*·$)(6 l / ·s ·x4 
S~M,l,=S Y 2+.SX2*A➔~* 2+2· • O* A* 8*SX'3'+ ( 2 • 0* A *C+B* *7) *SX4-2 • O* A* S YX-2 • O·*B* 

- • S•Y1X2-2'.0*C*SYX1+·2•0*-B*C*·SX·5+SX6*C**2 
RE.TURN 

C SCHEME 1-A STARTS HER£ 
2 0 X 1 = ETA ( l) ,-1 • 

• X2 =E'T A ( 2 ) -1 • 
Sl=PH(l)-P.0-CO?/VO*Xl 
s2 =PH<21-Po-co21vo~x2 
C::051*~2**2-S~*Xl**2 )/( (X 2**? )*(X l**?l*IX 1-X2) l 
·B=. ( s·1-<:>*X l **3) / X l **2 
RETURN 

C SCHEME 2 STARTS HERE 
·ENT.RY SCHM2 I BI 
A=C02/VO 
SY.?=0 
SYX=O 
SYX2=0• 
.SX2=0 • 
SX)3=0• 
SX4=0 . 
DO 100 I.;: 1, N 
X::.ETA( .I 1-1 • 
.Y= PH·( I ) 
SYX2=SYX2+Y*X**2 
SY2=5Y2+Y**2 

I. 



$,'l'.~X':;.$ Y:.X .. .fi•Y~*.,~ • 
SX '.) - ·~2:fX•lK-l~:'2• • ·, · ".~ 1\t'lt \ ·,.. .. ·: < •:t . ..: : 

$~!•3;f.~;a.\~r(~~3-
·1q,6 ' I,:xp~S:,_'f /+,f.r'rjff·&. · , . 

S.~.~:SMX.r2~-~Q,'tl-'&X'2-C02'.IVO*S·X 3 
s'.i::;s:1:is:kt. • •. - • 
S\JM'2;:1~:l('{i:t,.~J<.2#·A*3f-•~:t ,2'._.,0~M(:13,~,i-.$X3. +.C 2-.• O:* A *C.+:8** 2 ) * S,X4- 2. O ➔r A* SY X-2•0 1rB* 

- . . :'s.~~x_:2...,.tr,.~<~s Y;X3~.? ~ O'*B *'.C* sx 5 +8. X(?.~..-c{( * 2 
·RE.'.'TUR_N • 
END 

I 



~l/~'4/1:t •. , .~t:(~:~:~.,·:~-~) ~--•i '-~;~~~-~~ CS'-'. ~,t:•hlll! · ~'t,O t.L•M~ 1 ''':f.t,r~ :.tt.t)i&AIL ~· i~l4' ·::, 
• ~ - • ~:. ' .• ··~J... • . • ' • • • • ~ . . . . . .- . • • . . 

> Subroutine ·,INPUT 
--·-- s,ta.t.eme~t•"t: E'.rA (I) = 1.0/BETA (I) 

_It ts ·a ,s,surned that the input data are punched as BETA (I) = 
V (I),.tvo... Since , the fitting variable, is (V~/Y) -1, ETA (I) clefined in c.J 

:t;h:ts :st4:t,e:i._nen:p.'; • In the rest. of the · ppogram /1 

ETA ( I) == Vr/J/V (I) 
ETA•iI-and 
X • = ET A (I) - 1 .. 0 

Subr.outine SCRM1. (B, C) 

Scheme 1A computes Band C by.least squares. A is determined 
di:r-ectly by the no.rmal-densi ty sound sp·eed., 

Scheme lB assumes that there are only 2 data points and Band C 
are calculat~~- exactly. 

Scheme :2 • . C = 0 a;nd Bis obtained from least squares, even when 
tl;lere are only 2 .. data po:i,hts·. 

SUMl i .s, t):le tottiJ:l sq~e .deviat~on of data po,i,n,ts from calculated 
values of P, us-ii:tg B and· C determi~ed by lA 

SUM2 is total~~viation for S.cheme 2 

N c- .] SUM2 = ~ • ji - (AX\. + BX1. 
2 ) 2 

1;:;:l 

The cubic or quadratic coefficient should be used, depending on which set 
gives the small.er value of SUM. 



9M Vo o/Vo Cv B1 C1 B2 
Liquid N (Cro,1\ sec)2 CC/g g/cc MbCC/g0 Mbarr 1'-fbar Mbar smu sm-12 

I 

Acetone 2 .01447 1.266 .7717 .221ox10-4 .06664 .06529 .12057 ~~ 

Ethyl <: 

Alcohol 2 .01350 1.266 .500 .2390 II .01272 .18343 .15044 
. 

Mercury 3 .02105 .07390 37.14 .0140 11 .33709 5.2384 2.1931 :::0 

Glycerine 2 .03625 .7950 .9770 .2360 II .18572 .39734 .40461 
(D 
CJ) 

Benzene 2 .01726 1.139 1.105 .1700 11 .07614 .13401 .17368 
s:: 
f-' 
c+ 

Ethyl m 

Ether 2 .01012 1.405 -. 5270 .2260 II .03693 .08276 .10653 H;i 

Methanol 2 Offil257 1.264 .4150 .2510 II .04493 .11398 .13558 
0 
'i 

__ cc/44 2 .009025 .6260 2.114 .08400 II -(}}1873 .15974 .20732 (/) 

Water i:~ .02199 1.002 .1070 .4180 II 
(D 

~ 
CD 
'i 
pl 
f-' 

t"-i 
I-'• 

.,0 
s:: 

I _ _ J I-'• 

'✓ 
p. 
DJ 

* 

* 
P-V Data from J. M. Walsh and M.H. Rice, J. Chem. Phys, 26 (Apr 57) p 815 


