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C~**:«:1:t:l:********t:l:*********************:,:n******:t::I:********************** 
C C 
C ******** C 
C * DI.VO * C 
C ******** C 
C C 
C ll!ITiEN BY N,DUNLOP-JONES & M.J.JAYCOCK, C 
C DEPARTr-ENT OF CHEMISTRY, LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY, (1981) C 
C C 
C FOR THE PRir-E INTERACTIVE SYSTEM. C 
C C 
C CALCUlATES THE TOTAL ENERGY OF INTERACTION BETWEEN TWO NON-IDENTICAL C 
C SPHERES, WITH OR WITHOUT ADSORBED LAYERS, USING DI.VO THEORY. C 
C C 
C ORIGINAL REFERENCES:- C 
C 1.DERJAGUIN,B. V. a LANDAU,L., ACTA PHYSICO-CHIM<USSR), C 
C 14,633 (1941), C 
C 2,VERWEY,E.J.W., CHEM WEEKBL., 39,563 <1942) C 
C 3.VERWEY,E,J,W; & OVERBEEK,J,TH.G,, "THEORY AND STABILITY OF C 
C L YOPHOBIC COLLOIDS.", ELSEVIER (1948) C 
C C 
C THE REPUlSIVE ENERGY OF INTERACTION MAY BE CALCULATED USING EITHER C 
C THE HOGG, HEALY & FUERSTENAU CONSTANT POTE:NTIAL OR C 
C THE WIESE a HEALY CONSTANT CHARGE EQUATION. C 
C C 

·C THE ATTRACTIVE ENERGY IS CALCULATED USING EITHER THE VINCENT ET AL, C 
C THE H=IMAl<ER OR THE CLAYFIELD ET Al EQUATIONS, C 
C C 
C DISTAI\CES IN ANGSTROMS, POTENTIALS ENTERED AND OUTPUT IN MILLI VOL TS. C 
C C 
C THE l:~TIONS USED ARE All IN THE C,G,S. SYSTEM OF UNITS. C 
C C 
C PROGRAM WILL NOT FIND A SECONDARY MINIMUM DEEPER THAN -25KT, C 
C TO CHANGE THIS VALUE ALTER THE IF STATEr-ENT ON LINE 1097, C 
C i.: 
U.************************************************************************** 

A 01 

DLVO 

C*~~-tttt'tf'.ttt:f'Ut:l:*t:f:tffn:t:t:U********************************************** C C 
C PRU£ LIBRMIES USED AAE VAPPLB & Ll/SleV, THE: NAGF LIBRARY ALSO USED, C 
C C 
C . • .. .. . C 
C ff£ SttlAOurlM:'.S LlSfE:Ji IIELOW AAE CAlLED IN THE HAIN PROCFIAM. I' 
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~tt:t::l:tt**********************************************tt************** 36 
C C 37 
C PRir-E LIBRARIES USED ARE VAPPLB & LUSUBV. THE NAGF LIBRARY ALSO USED. C 38 
C C • 
C C ~ 
C THE SUBROUTIIIES LISTED BELOW ARE CALLED IN THE MAIN PROGRAM. C 41 
C C ~ 
C UPDATE - CONTROLS THE INPUT AND UPDATE OF DATA. C 43 
C DELSS - DETERMIIIES DELTA* THE CHANGE-OVER POINT FROM HS TO Hl. C 44 
C FIND - CONTROLS THE CALCULATION OF DATA - CALLS SORT & MAXMIN. C 45 
C INTER - CALCULATES THE TOTAL EIIERGY OF INTERACTION WITH THE OPTION C 46 
C OF USING VARIOUS FORMS OF EQUATION. C 47 
C HS - CALCULATES THE VINCENT SHORT-'RANGE GEOr-ETRIC FUNCTION. C 48 
C H.. - CALCULATES THE VINCENT LONG-RANGE GEOr-ETRIC FUNCTION. C 49 
C 1-RFUN - CALCULATES THE HAMAKER:GEOr-ETRIC FUNCTION. C 50 
C CLUM - CALCULATES THE Cl,AYFIELD ET Al GEOr-ETRIC FUNCTION. C 51 
C REPUL - CALCULATES VR AT CONSTANT.POTENTIAL OR CHARGE. C 52 
C SORT - SORTS DATA INTO DECREASING ORDER & DELETES REPEATED OUTPUT. C 53 
C 1'1lXMIN - LOCATES THE PRIMARY MAXIMUM & SECONDARY MINIMUM. C 54 
C STABIL - CALCULATES THE STABILITY RATIO. C 55 
C FUN1 - FUNCTION FOR STABILITY RATIO CALCULATION USED IN STABIL. C 56 
C FUN2 - FUNCTION FOR STABILITY RATIO CALCULATION USED IN STABIL. C 57 
C VSS - FUNCTION USED IN STABIL. C 58 
C C ~ 

~=***************************************************************** 60 

B 01 

{,,~'1<11<=1",l'."';"<"tC~~~~ffl~~ ".,,.__ $/4.~ 

IDl1:ar£ 

Tr.£. 02 
1..Y.(16:22 

It.VO 

c:n:n:n:i:-.rnu·.rrr.r~****************************************************** C 
C 
C WllN PROGRAM SEGr-ENT 
C 

C 
C 

tNTEGER DIRECT 
lNTEGE/Wf ll'llN, IMAX, ISLAM<:, 11 
llf'LlClT DOlfil.E PREClSlON<A-H,L,O-Z) 
OCdlE PRECISION EMTSA 
Dil'ENSION VTKT<200),I/Al<T(200), VRKT(200> ,HX(200),UP<26), IUP<4), 

UTlTLE<28>, tA,5>, IFlLE(iO>, l0UT(10>, l 1<200), YVTSS<200,, YVASS<200> 
~-NZ<10>,C<10>,MTE<2> 

Caff:JN/AIU",IUP 
CcntlfJ /B/VTKT, IIAl<T, VRKT, HX, YVTSS, YVASS 
Ct»Klfl /C/DELS,DS1S2,DP1P2,DP1S2,DP2S1 
CaKJN /11/Af'EAN 

C Ctl.L STATEl'ENT PERHJTJ.,;; TT£ USE OF AS LIBRARY ROUTIIIES. 
C 
tl'ffl!T SYSC(]M:,.~fYS 
C 
C 
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C**n:nr.t:******************************************************************** C 
C 
C MAIN PROGRAM SEGMENT 
C 

C 
C 

INTEGER DIRECT 
INTEGER*4 !MIN, IMAX, !BLANK, I I 
IMPLICIT DOUBLE PRECISION<A-H,L,0-Z) 
DOLl3LE PRECISION EDAT$A 
DIMEr-..'SION VTKT<200). VAKT<200), VRKT<200), HX<200), UP<26). IUP<4), 

8.ITITLE<28), IA(5), IFILE<10), IOUT(10), I I (200), YVTSS(200), YVASS<200) 
e., NZ<10), C(10), DATE(2) 

COr-tlON /A/UP, IUP 
COMMON /B/VTKT,VAKT,VRKT,HX,YVTSS,YVASS 
COr-JWJN /C/DELS,DS1S2,DP1P2,DP1S2,DP2S1 
COlflJN /D/RMEAN 

C CALL STATEMENT PERMITING THE USE OF A$ LIBRARY ROUTINES. 
C 
$INSERT SYSCOM>A$K£YS 
C 
C 
C INITIALISE A FORMAT VARIABLES e. ARRAYS 
C 

C 
C 

PARAMETER<IBLANK=' ',IMAX=' MAX',IMIN=' MIN') 
DATA IFILE<1)/'**'/,IOUT(1)/'$$'/,IF/' '/ 

C SET OUTPUl LINE LENGTH TO 130 CHARACTERS 
C 

C 
C 
C 

C 
C 

CALL ATTDEV<S,7,2,65) 

l-llITE<1,1> 
1 FORMAT(//T31,8<1H*)/T31,8H* DLVO */T31,8<1H*)/// 

8. 'i..HICH TERMIM=ll. ARE YOU Jo.ORKING AT ? '/ 
&'ENTER EITHER VDU OR PAI IF AT A PRINTING TERMINAL.'//) 
READ<1,150)IDEV 
IF<IDEV.EQ. 'VD' )GO TO 2 
IDEV='PR' 

2 CONTIIIUE 

C ARE INSTRUCTIONS FOR OPERATION REQUIRED - YES OR NO 
C IF FILES ARE REQUIRED FOR NUMBER OUTPUT OUTPUT AND FOR PLOTTING 
C - USE CORRESPONDINGLY YF AND NF • 
C 

f\t.1=3 
130 l-llITE<i,140) 
140 FORMAT(//'INSTRUCTIONS? - YES OR NO - DEFAULT NO'> 

READ(1,150,END=720,ERR=740>INST 
150 FORMAT< 1A2) 

C 01 

DLVO 

C 
C 

150 FORMAT<1A2> 
CALL CASE$A(A$FUPP,INST,2) 
IF<INST.EQ. 'YE' )GO TO 95 
IF«INST.EQ. 'YF' >.OR. <INST.EQ. 'NF' ))GO TO 10 
INST='NO' 
GO TO 95 

C Nl'I-E 8. OPEN I/0 DATA FILES 
C 

C 
C 

10 J.S!ITE<1,20) 
20 FORmTU//'ENTER OUTPUT FILE FILENAME IN A FORM ', 

e.. IM:LUDING YOUR USERNUMBER '/' -IT rs A CHEMISTRY DEPARTMENT RULE 
8. Tf-RT A FILENl'I-E SHOULD'/' CONTAIN A USERNUMBER, OFFENDING', 
I!.' FILES MAY BE DELETED.') 

f\t.1=1 
READ<1,30,END=720 ,ERR=740) < IFILE(J), J=2, 10) 

30 FORmT<9A2) 

C SU3ROUTINE TO CHANGE ALL L.C. TO U.C. LETTERS 
C 

C 
C 

ci:w..L CASE$A(A$FUPP,IFILE,20) 
DO 60 I=1,10 
IF<IFILE(I>,EQ,' '>NC=2*I-2 
IF<IFILE(I>,EQ,' ')GO TO 70 

60 CONTIM.E 
70 CONTIM.E 

DO 90 J=2,10 
IOUT<J>=iFILE<J> 

90 CONTIM.E 

C OPEN FlLES FOR DATA OUTPUT, 
r.: 

IF<FXSTIA<IFILE:.~>>CO TO ?R 
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C 
C ARE INSTRUCTIONS FOR OPERATION REQUIRED - YES OR NO 
C IF FILES ARE REQUIRED FOR NUMBER OUTPUT OUTPUT AND FOR PLOTTING 
C - USE CORRESPONDINGLY YF AND NF • 
C 

flN=3 
130 l,llITE<1,140) 
140 FORMATU/'INSTRUCTIONS? - YES OR NO - DEFAULT NO') 

READ<1,150,END=720,ERR=740)INST 
150 FORMAT<1A2) 

C 01 
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C 
C 

150 FORMAT<1A2) 
CALL CASE$A(A$FUPP, INST, 2) 
IF<INST.EQ.'YE')GO TO 95 
IF«INST.EQ. 'YF'),OR.<INST.EQ. 'NF'))GO TO 10 
INST='NO' 
GO TO 95 

C M=ll'E & OPEN I/0 DATA FILES 
C 

C 
C 

10 1,1!ITE<1, 20) 
20 FORMATU//'ENTER OUTPUT FILE FILENAME IN A FORM ', 

&'INCLUDING YOUR USERNUl13ER'/' -IT IS A CHEMISTRY DEPARTMENT RULE 
& THAT A FILENAME SHOULD '/' CONTAIN A USERNUMBER. OFFENDING', 
&' FILES MAY BE DELETED.') 

NN=1 
READ<1,30,END=720,ERR=740)<IFILE(J),J=2,10) 

30 FORMAT<9A2) 

C SUBROUTINE TO CHANGE ALL L.C. TO U.C. LETTERS 
C 

C 
C 

CALL CASESA(A$FUPP,IFILE,20) 
DO 60 !=1,10 
IF<IFILE<I).EQ,' ')NC=2*I-2 
IF<IFILE<I).EQ.' ')GO TO 70 

60 CONTINUE 
70 CONTINUE 

DO 90 J=2,10 
IOUT(J)=iFILE<J) 

90 CONTINUE 

C OPEN FILES FOR DATA OUTPUT. 
C 

IF<EXSTSA<IFILE,NC))GO TO 76 
75 CALL OPEN$A(AMIT+ASSAl'F,IFILE,NC,2) 

CALL OPEN$A<AMIT+ASSAl'F,IOUT,NC,3) 
IF<IF,EQ, 'AP' >CALL GENDSA<2> 
IF<IF,EQ, 'AP'>CALL GENDSA<3) 
GO TO 79 

76 1,1!ITE<1, ??> 
?? FORMAT(//'DO YOU WISH TO DELETE THE EXISTING CONTENTS OF THE FILE 

&'/'APPEND TO THE BOTTOM OF THE EXISTING FILE'/ 
&'OR CREATE A NEW FILE?') 

READ<1, 150) IF 
CALL CASESA(ASFUPP,IF,2) 
IF<IF.EQ. 'CR' >GO TO 10 
IF<IF.EQ. 'DE' )GO TO 78 
IF<IF,EQ, 'AP' )GO TO 75 
GO TO 76 

78 CALL DELESA<IFILE,NC) 
CALL DELE$A(IOUT,NC) 
GO TO 75 

D 01 
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C 
C 

GO TO 75 
79 IF<IF.NE. 'AP') WAITE<6,80) 
80 FORMAT<1H1> 

WRITE<1,100) IF ILE, IOUT 
100 FORMATU'YOUR OUTPUT FILE HAS BEEN OPENED AND IS CALLED :-'// 

&20X,10A2//'YOUR FILE FOR GRAPH PLOTTING HAS BEEN OPENED AND' 
&'IS CALLED:-'//20X,10A2//) 

f#.1=2 

C CONTROL FOR SPOOLED OUTPUT PRINTED PAGE SIZE 
C 

C 
C 

110 WRITE<1,120) 
120 FORMAT<'SPOOLED OUTPUT "A4" SIZE OR "LP" SIZE 1 DEFAULT "LP".') 

READ< 1, 150, END:720, ERR=740 ) LIN 
ci:t.L CASESA<ASFUPP,LIN,2> 
IF<LIN,EQ,'Alf'> GO TO 125 
LIN='LP' 

125 IF<LIN,EQ,'Alf'>M..INES=45 
IF<LIN,EQ,'LP'>M..INES:60 

C OPEN FILE IILVODATA TO P.EAD IN INITIAL VALUES 
C 

35 CALL OPENSA<ASREAD+A$SAl'F, 'DLVODATA' ,8,1) 
,;: 
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C 
C 

IOUT<J);;IFILE<J) 
90 CONTIME 

C OPEN FILES FOR DATA OUTPUT. 
C 

IF<EXST$A< IF ILE, NC»GO TO 76 
?S CALL OPEN$A(A$1J'lIT+A$SAMF,IFILE,NC,2) 

CALL OPEN$A(A$1J'lIT+A$SAMF,IOUT,NC,3> 
IF<IF.EQ. 'AP' )CALL GEND$A(2) 
IF<IF.EQ. 'AP'>CALL GEND$A(3) 
GO TO 7S 

76 IJ'lITE<1, 77> 
77 FORl't:IT(//'00 YOU WISH TO DELETE THE EXISTING CONTENTS OF THE FILE 

a'l'APPEND TO THE BOTTOM OF THE EXISTING FILE'/ 
a 'OR CREATE A IIEW FILE?') 

READ<1, 150) IF 
CALL CASE$A(A$PJPP,IF,2> 
IF<IF.EQ. 'CR' >GO TO 10 
IF<IF.EQ. 'DE' >GO TO 78 
IF<IF.EQ. 'AP' )GO TO 75 
GO TO 76 

78 CALL DELE$A(IFILE,NC> 
CALL DELE$A(IOUT,NC> 
GO TO 75 
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C 
C 

GO TO 75 
79 !F<IF.NE. 'AP'> WR!TE<6,80) 
80 FORMAT<1H1> 

IJ'lITE<1,100)IFILE,IOUT 
100 FORMAT(/'YOUR OUTPUT FILE HAS BEEN OPENED AND IS CALLED :-'II 

t20X,10A2//'V'OUR FILE FOR GRAPH PLOTTING HAS BEEN OPENED AND ' 
t'IS CALLED:-'//20X,10A2//) 

NN=2 

C CONTROL FOR SPOOLED OUTPUT PRINTED PAGE SIZE 
C 

C 
C 

110 IJ'lITE<1, 120) 
120 FOP.MAH' SPOOLED OUTPUT "A4'' SIZE OR "LP" SIZE ~ DEFAUL i "LP". ') 

READ<1,150,END=720,ERR=740>LIN 
CALL CASESA<ASFUPP,LIN,2> 
IF<LIN.EQ.'A4') GO TO 125 
LIN='LP' 

125 IF<LIN.EQ. 'A4')NLINES=45 
IF<LIN, EQ. 'LP' >NLINES=BO 

C OPEN FILE DLVODATA TO READ IN INITIAL VALUES 
C 

C 
C 
C 

95 CALL OPEN$A<ASREAD+A$SAMF, 'DLVODATA' .8,1) 

C DATA Iflf'UT FROM DL VODATA AND UPDATE 
C 

155 READ<S,160><IUP<N>,N=1,4), <UP<N>,N=S,22> ,UP<26) 
160 FORMAT(4A2/3(6D11.5/),D11.5) 

NI=UP(14) 
IF<NI. GT. 0 )READ<S, 170) <NZ< J>, C< J>, J=1, NI> 

170 FORMAT<I2,D11.5) 
CALL CLOS$A<1> 
IF«INST.EQ. '00' >.OR.< INST.EQ. 'NF' »GO TO 240 
IJ'lITE<1, 180 > 

180 FORMAT<l//'CALCULATION OF THE INTERACTION ENERGY BETi.EEN TWO', 
a• IIK>N-IDENTICAL SPHERES, '/'WITH OR WITHOUT ADSORBED LAYERS. 'II 
a•THE REPULSIVE ENERGY OF INTERACTION MAY BE CALCULATED USING EITHE 
aA'/' THE HOGG, HEALY t FUERSTEIIRJ <CONSTANT POTENTIAL> OR'/ 
t• THE WIESE AND HEALY <CONSTANT CHARGE> EQUATIONS. 'II 
&'THE ATTRACTIVE TERM MAY BE CAI.CULATED USING THE 'I 
a' VINCENT, I-R1Al<EA OR CLAYFIELD ET AL EQUATIONS. 'I I 
a'ALL DISTANCES IN ANGSTAOMS.'l'ALL POTENTIALS IN MILLIVOLTS. 'II) 

IF«INST.EQ. 'YF' >.OR. <INST.EQ. 'NF'» IJ'lITE<1,182) 
182 FORMAT<'DATA IS OUTPUT TO TERMINAL t FILE • 'II> 

IJ'lITE<1,184) 
184 FORMAT<'THE PAOl'PT > INDICATES A PAUSE WHEN USING A VDU. 

a'TO RESTART PRESS RETURN.'/) 
IJ'lITE<1,190) 

190 FORMAT< 'INITIALLY THE VALUES OF ALL PARAMETERS ARE SET TO 'I 
&'THOSE READ FROM THE FILE DLVODATA. 'II) 

E 01 

DLVO 

t' THOSE REAI, FROM THE FILE DLVODATA, 'I I> 
IF<IDEV.NE. 'VD'> GO TO 220 
J.llITE<i,200) 

200 FOAMAT<1H> > 
READ<1,210)PAUSE 

210 FORMAT<1A4) 
C 
C 
C ENTER TITLE AND AUN CODE INFORMATION 
C 

PAGE S 
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rev 1982 

Tt.E. 02 
15:06:22 

mv 1982 

ll.E, 02 
15:06:22 

a .. Tl£,WIESE~~-~f:LY~(CONSTANTCHARGE>°EQUATIONS:!v' un' 

& 'Tl£ ATTRACTIVE TERM MAY BE CALCI.A..ATED USING THE 'I 
&' VINCENT, HAMAKER OR CLAYFIELD ET AL EQUATIONS. 'II 
&'ALL DISTANCES IN ANGSTROMS. '/'ALL POTENTIALS IN MILLIVOLTS. 'II) 

IF«INST.EQ. 'YF' ).OR. <INST.EQ. 'NF'» WRITE(1,182) 
182 FORl'RT< 'DATA IS OUTPUT TO TERMINAL & FILE • '//) 

loflITE<1,184) 
184 FORl'RT('TI£ PROMPT> INDICATES A PAUSE WHEN USING A VDU. ' 

&'TO RESTART PRESS RETURN.'/) 
loflITE<1,190) 

190 FORl'RT<' INITIALLY THE VALUES OF ALL PARAMETERS ARE SET TO 'I 
&'THOSE READ FROM THE FILE DLVODATA. 'II) 

E 01 
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&'THOSE READ FROM THE FILE DLVODATA."//) 
IF< !DEV. NE. 'VD') GO TO 220 
loflITE<1, 200) 

200 FORMAH1H>) 
READ<1,210)PAUSE 

210 FORMAH1A4) 
C 
C 
C ENTER TITLE AND RUN CODE INFORMATION 
C 

C 
C 

220 IF«INST.NE. 'NF' >.AND. <INST.NE. 'YF')) GO TO 295 
loflITE<1,230 > 

230 FORMAT< 'ENTER 1J UP TO 56 CHARACTERS OF TITLE INFORMATION', 
&' & PRESS RETURN'/' 2J A RUN IDENTIFICATION CODE < MAX. 10 ' 
&'CHARACTERS>, PRESS RETURN, 'I' 3J A RUN NUl'EER < <1,000/), 
&'PRESS RETURN,'/) 

GO TO 260 
240 NN=4 

loflITE<1,250) 
250 FORMATU'ENTER TITLE, RUN CODE & CODE NO,'/) 
260 READ<1,270,END=720,ERR=740)<ITITLE(J),J=1,28),(!A(K),K=1,5),NUM 
270 FORMAH28A2/SA2/I3) 

C loflITING OF Tl£ TITLE TO THE OUTPUT FILE 
C 

C 

IF<LIN.EQ, 'A4' >loflITE<6,280H ITITLE<J>, J=1,28> 
280 FORMAH1H1,10U),21X,28A2//) 

IF<LIN.CQ. 'LP' )ll'IITE<6,290 )< ITITLE<J), J=1,28) 
290 FORMAT<1H1//21X,28A2//) 
295 I1£AD=1 
300 NSTEP=O 

!STAB=' ' 

C ZERO ARRAYS 
C 

C 
C 

C 
C 

DO 5 J=1,200 
HX<J)=O. 
VTKT<J)=0, 
VAKT<J)=O, 
VRKT<J)=O, 
YVTSS(J)=O. 

5 YVASS(J)=O. 

UP<23)=500./(10,**8) 
UP(24)=100./(10.**8) 
UP(25)=0. 

I* INITIAL PARTICLE SEPARATION *I 
I* STEP SIZE *I 
I* FINAL PARTICLE SEPARATION *I 

C CALL OF THE UPDATE SUBROUTINE 

F 01 

PAGE 6 

219 
220 
221 
222 
223 
224 
225 
226 
227 
2GB 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 

·;,~,,-x,.';!"'.~'i&:l'?'5"}lJ;?;:*:~i'Af~~~~~~-"{!'.~~•J;.-,,§WffiW$~;t,~·,~%~?..'i\:."ifil-roi'i,~,P~0'~\W'~"i,:C"W.,ZC:,t;.H•,:-~•-, 

•,'.,;'a II& IN!b 9%Jil!jlll!§ .Ali! Ml 't~~~'Sf(~:\¥)~; 

DLVO 

C CALL OF THE UPDATE SUBROUTINE 
C 

C 
C 

CALL UPDATE<IA, INST. !DEV,DIRECT ,NZ, C) 
IF<DIRECT,EQ.'FI') GO TO 650 
IF<IUP(3),EQ, 'OU') IN=15.+UP<14)+0.1 
IF(IUP<3),EQ. 'WI'> IN=19, +UP<14)+0, 1 
IF< !!£AD. EQ, 1> IN=IN+4 
IF<LIN,EQ.'A4'>IN=IN+10 
IF«IUP<2),EQ, 'V!'),AND,<IUP<3),EQ. 'WI')) IN=!N+3 
IF«IUP<2),EQ, 'VI' >,AND, <IUP<3>,EQ, 'OU'» IN=IN+2 

C R1=UP(5) R2=UP(6) D1:UP(7) D2:UP(S) PSI1=UP<9) PSI2=UP<10) 
C TEl'f>=UP<11) EPS=UP<12) CAPPA=UP<13> NI=UP<14) 
C A11=UP(16> A22=UP<17) A33:UP(18> A44:UP(19> A55=UP<20) 
C A:132..-UP<21> LAMDA=UP<22> VSF=UP<2f) 
C 

C 
C 

fl=l'->(23) 
HSTEP=UP<2'f> 
lfll'.R..=UP<25) 

,-. f"'l'.".I NI n"fr IJt'.aAf'T_ \ID./VT O lrf.lVT 
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269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
2'33 
284 
285 
286 
287 
288 
289 
290 
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C 
C 

C 
C 
C 

5 

VHKI\J):=U. 
YVTSS(J)=O. 
YVASS( J>:O. 

UP<23>=500./(10.**8) 
UP(24)=100./(10.**8) 
UP(25>:0. 

/* INITIAL PARTICLE SEPARATION*/ 
/* STEP SIZE */ /* FINAL PARTICLE SEPARATION */ 

CALL OF THE UPDATE SUBROUTINE 

F 01 

;:::,::, 
260 
261 
262 
263 
264 
265 
266 
26? 
268 
269 

<.,..;;,s<-:;'.ifE:,,;rr!!:u~g~~?Ji.<i!-_...;t!w",t!t~w,_~e~~~w.~•,:,~'1.J.:½v"ls!~'!!D:WJ-,>;!!c%,•,'0.~-CM.;;:i.f«&1,,,,fu",·:--c0 
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DLVO 

C CALL OF THE UPDATE SUBROUTINE 
C 

C 
C 

CALL UPDATE<IA,INST,IDEV,DIRECT,NZ,C> 
IF<DIAECT.EQ. 'FI') GO TO 650 
IF< IUP(3). EQ. 'OU') IN=15. +UP<14)+0 .1 
IF<IUP<3>.E.Q. 'WI') IN=19.+UP<14>+0.1 
IF< If-EAD. EQ.1) IN=IN+4 
IF<LIN.EQ. 'A4' >IN=IN+10 
IF« IUP<2) .EQ. 'VI') .AND.< IUP(3) .EQ. 'WI')) IN=IN+3 
IF« IUP<2). EQ, 'VI'), AND.< IUP(3). EQ, 'OU')) IN=IN+2 

C A1=UP<5) A2=UP(6) D1=UP<?> D2=UP(8) PS!1=UP(9) PSI2=UP<10) 
C TEl'f'=UP<11) EPS=UP<12) CAPPA=UP<13) NI=UP<14) 
C A11=UP<16) A22=UP<1?) A33=UP<18) A44=UP<19) A55=UP<20) 
C A:1.32=UP(21) LAMDA=UP<22) VSF=UP<26) 
C 

C 
C 

H=UP<23> 
HSTEP=UP<24) 
1-Fif\R..=UP<25> 

C CALCULATE VA/KT, VA/KT e. VT/KT 
C 

CALL FIND<NSTEP,NMAX,NMIN> 
C 
C 
C INITIAL DATA OUTPUT TO TERMINAL. 
C 

310 l,I\ITE<1,320) 
320 FOAl'RT(/BX, 1HH, ?X,5HVT /KT, ?X, 5HVA/KT, ?X, 5HVR/KT, 5X, 

&12HSMOLUCI-IOWSKI,3X,5HFUCHS/) 
I\U1..IN=1 
IV=D 

DO 360 J=1,NSTEP 
II<J>=IBLAM< 
IF<J. EQ. M1AX) I I <J>=IMAX 
IF<J.EQ.N-\lN) I I <J>=IMIN 
IF«VTKT<J>.GT ,300. >.OR. <VTKT<J>,LT. -25. » IV=1 
IF«IV.EQ,O),ANll, <VAKT<J), GE, -200, » WAITE<i,330) 

& II<J>,HX<J>, VTKT<J), VAKT<J), VAKT<J>, YVTSS<J>, YVASS<J) 
IF«IV.f::Q,0).AND. (VAKT(J).LT. -200.)) l,/F/ITF.<:1.,336> 

& II<J),HX<J>, VTKT<J>, VAKT(J), VAKT<J>, YVTSS(J) 
IF<IV,EQ,1) WAITE<1,33?) 

e. II<J>,HX<J>, VTKT(J), VAKT<J>, VAKT<J) 
330 FOAl'RT(1A4,BPF9. 2,5(1X,OPG11. 4» 
336 FOAl'RT<1A4,BPF9. 2,4<1X,OPG11. 4), 2X, 10 (1H*>) 
337 FOAl'RT<1A4,BPF9. 2,3(1X,OPG11.4) ,2(2X,10(1H*>)) 

IF<IDEV,1'£. 'VD') GO TO 360 
IF<I\U1..IN. EQ. 22)WAITE<1, 340) 
IF<MK.IN. EQ. 22)REAJJ(:1,350 )PmJSI: 

340 FORMAT<:1.H> > 
350 FORMAT(1A4) 

IF<"'-ll'LIN. EQ. 22)NUMLIN=1 

G 01 
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269 
2?0 
2?1 
2?2 
2?3 
274 
2?5 
276 
277 
2?8 
2?9 
280 
281 
282 
2B3 
284 
285 
286 
28? 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
3:10 
311 
312 
313 
314 
315 
316 
317 
318 
3:19 
320 
321 
322 

i 'o<i>Jf;-¥:0.>,-,'¾c..i.J-1·'.~·,i'.&,,1:~el'b-'%_~~~~~~~~~~'\iB9"!~!';!o/;,-,';'{¼fu"~J!:W1""'AW!.•"il/_<_i, ·• 

--1& Jm .!!i!!iill~~u1a,mtr~.*~~,"'D'~9\· 

DI..VO 

C 
C 

IF<MM..IN.EQ, 22>NUMLIN=1 
MJIII.. IN=MM.. I N+1 

360 CONTIAAJE 

C EXTENSION OF H RANGE IF DESIRED 
C 

3?0 WAITE<i,380 > 
380 FOAl'RTU'D0 YOU WANT TO EXTEND THE RANGE OF THE DATA CALCULATED ? ' 

&) 
m=s 

390 AEAD<1,150,END=720,ERA=740>K 
Cl'LL CASESA<ASFUPP,K,2> 
IF<K,l::Q, '00' > GO TO 490 
IF<K,NE, 'YE') GO TO 720 

410 WAITE<1,lf20) 
420 FORMAT<l'l:NTER r-EW Vl'Ll.£S FOA H, HSTEP i I-FINAL.',/) 

m,J3 
430 AEAD<1,*,END=720,1:AR=740)H,HSTEP,HFINAL 

TEST=H+fFlfA. 
lF<«mH>,LT. <HSTEP*HSTEP».AND. <<HFINAL*HFINAU. LT. <HSTEP*HSTEP>) 

UGO TO 700 
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322 
323 
324 
325 
326 
32? 
328 
329 
330 
331 
332 
333 
334 
335 
336 
33? 
338 
339 
340 
341 
342 
343 



& ll<J>,HX<J>, VTKHJJ, VAKHJ), VRKHJ), YVTSS(J) 
IF<IV.EQ.1) l#lITE<1,337) 

i. II<J),HX(J), VTKT<J), VAKT<J), VRKT<J) 
330 FOR!t:lT(1A4,8PF9.2,5<1X,OPG11.4)) 
336 FOR!t:lT<1A4,BPF9. 2,4<1X, OPG11. 4), 2X, 10 <1H*)) 
337 FOR!t:lT<1A4,8PF9. 2,3(1X, OPG11. 4), 2<2X, 10 (1H*))) 

IF<IDEV.NE. 'VD') GO TO 360 
IF<NUMLIN.EQ.22)1..fUTE(1,340) 
IF<NUMLIN. EQ. 22)READ(1,350 )PAUSE 

340 FORMAT(1H>) 
350 FORMAT<1A4) 

IF<Mml..IN.EQ.22)NUMLIN=1 

G 01 

311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
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DLVO 

C 
C 

IF<NUMLIN.EQ.22)NUMLIN=1 
NUMLIN=NUMLIN+1 

360 CONTINUE 

C EXTENSION OF H RANGE IF DESIRED 
C 

370 loflITE<i.380) 
380 FORMAT(/'DO YOU WANT TO EXTEND THE RANGE OF THE DATA CALCULATED?' 

&) 
NN=5 

390 READ<1,150,END=720,ERR=740)K 
Cl'l.L CASE$A(A$FUPP,K,2) 
IF<K.EQ. 'NO') GO TO 490 
IF<K.NE. 'YE') GO TO 720 

410 loflITE<1, 420) 
420 FORMAT</'ENTER NEW VALUES FOR H, HSTEP & HFINAL. ', /) 

1\111..--€ 
430 READ<1,*,END=720,ERR=740)H,HSTEP,HFINAL 

TEST=H+HFI1'A. 
IF«<H*H>.LT. (HSTEP*HSTEP)).AND. «HFINAL*HFINAU. LT. (HSTEP*HSTEP)) 

i.) GO TO 700 
IF<TEST.LT.1.D-4) GO TO 680 
IF<H.GT.O)GO TO 440 
H=HFI1'A. 

440 IF«H*H>.GT.1.D-24)H=DABS(H/<10.**8)) 
IF<<HFI1'A.*HFI1'A.).GT,1,D-24)HFINAL=DABS<HFINAL/(10.**8)) 
IF«HSTEP*HSTEP),LT,1.D-24)GO TO 450 
HSTEP=DABS(HSTEP /( 10. **8) ) 
NSTEP1=DABS(H-HFINAL)/HSTEP+1.1 
IF<H. GT. HFINAL)HSTEP=-HSTEP 
IF«-HSTEP).GT, (H/2, ))HSTEP=HSTEP/2, 
GO TO 460 

450 NSTEP1=1 
460 NSTEP2=NSTEP1+NSTEP 

NSTEP=NSTEP+1 
HX(NSTEP>=H 
ll'lITE<1,320 > 
NUMLIN=1 
IV=O 

DO 470 NV=NSTEP,NSTEP2 
Cl'l.L INTER<HX<NV), VAKT<NV), VRKT<NV), VTKT<NV>) 
IF«VTKT<NV),GE,-25, >,AND, <VTKT<NV>.LE,300,)) 

& YVTSS<NV>=VSS<VTKT(NV),NV) 
IF<VAKT<NV>. GE. -300, > YVASS<NV)=VSS<VAKT(NV), NV) 
I I <NV>=IBLAN< 
IF«VTKT(NV), GT,300, ),OR. <VTKT<NV),LT,-25, )) IV=1 
IF«IV.EQ.O).AND, <VAKT(NV).GE. -200. )) l#lITE(1,330) 

i. II<NV),HX(NV), VTKT<NV), VAKT<NV), VRKT<NV), YVTSS(NV), YVASS<NV> 
IF«IV.EQ.O),AND, <VAKT(NV>.LT.-200.)) loflITE<1,336) 

& II<NV>,HX<NV>, i/TKT<NV>, VAKT<NV>, VRKT<NV), YVTSS<NV> 
IF(IV,EQ, 1) l#lITE<1,337) 

& I I <NV> ,HX<NV), VTKT<NV), VAKT<NV>, VRKT<NV> 
IF<IDEV.NE. 'VD') GO TO 465 

H 01 

DLVO 

C 
C 

IF<IDEV,NE. 'VD') GO TO 465 
IF<NUMLIN.EQ.22> WRITE<i.340> 
IF<NUMLIN.EQ,22> READ(1,350) 
IF<NUMLIN.EQ,22) NUMLIN=1 
NUML I N=NUML I N+1 

465 HX<NV+1>=HX<NV)+HSTEP 
IF<HX<NV+1). LT .1E-12)NSTEP=NV 
IF<HX<NV+1). LT .1E-12)GO TO 370 

470 CONTINUE 
480 NSTEP=NSTEP2 

GO TO 370 

C SORT AND ARRANGE EXTRA POINTS IN THE DISTANCE ARRAY 
C 

C 
C 

490 Cl'l.L SOAT<NSTEP) 
Cl'l.L MAXMIN<NSTEP,VTKT,NMAX,NMIN> 

C Cl'l.CU..ATION OF THE STABILITY RATIO 
C kt-ETHER THIS WILL BE POSSIBLE OR NOT DEPENDS ON THE SHAPE OF THE 
C POTENTil'l. Er-EAGY CURVE • IF THE MAX, IS TOO CLOSE TO THE SURFACE 
C THE Cl'l.CIJ_ATION IS NOT PERFORMED, 
C 

ft:l''fll0l"l1, C't'\ 'llll"'lif'\ ,..,.. Tn e~n 

PAGE 8 

322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
35? 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
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375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
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8. YVTSS<NV>=VSS<VTKT<NV), NV) 
IF<VAKT<NV).GE. -300.) YVASS<NV)=VSS<VAKT<NV),NV) 
I I <NV>=IBLAM< 
IF«VTKT<NV>.GT.300. ).OR. <VTKT<NV).LT.-25. )) IV=1 
IF«IV.EQ.O).AND. <VAKT<NV). GE. -200. )) WRITE<1,330) 

8. II(NV),HX<NV), VTKT<NV), VAKT<NV), VRKT<NV), YVTSS(NV), YVASS(NV) 
IF«IV.EQ.O).AND. <VAKT<NV). LT. -200. )) WRITE<1,336) 

8. II<NV>,HX<NV), VTKT<NV), VAKT<NV), VRKT<NV), YVTSS<NV) 
IF< IV.EQ.1) WRITE<1,33?) 

8. II<NV),HX<NV), VTKT<NV), VAKT<NV), VRKT<NV) 
IF< IDEV. NE. 'VD') GO TO 465 

H 01 

"'"" 365 
366 
36? 
368 
3S9 
3?0 
3?1 
3?2 
3?3 
3?4 
3?5 

______ ..,. .................................. ,. .. , ..... , .. ;l§_W ........... _i!im_H~~\,.°"$%..,'\¼%.,~~\?5-!,<;;i-~-Sli'G?\ti 

DLVO 

C 
C 

IF< IDEV. NE. 'VD') GO TO 465 
IF<MJMt.IN. EQ. 22) WRITE<1,340) 
IF<NU/1..IN.EQ.22) READ<1,3SO> 
IF(NU/1..IN. EQ. 22) MJMI.IN=1 
NUl'I.. I N=MJMt. I N+1 

465 HX(NV+1>=HX<NV>+HSTEP 
IF<HX<NV+1). LT .1E-12)NSTEP=NV 
IF<HX(NV+1).LT.1E-12)GO TO 3?0 

4?0 CONTIM.£ 
480 NSTEP=NSTEP2 

GO TO 370 

C SORT AND ARRANGE EXTRA POINTS IN THE DISTANCE ARRAY 
C 

C 
C 

490 CALL SORT<NSTEP) 
CALL l'RXMIN<NSTEP, VTKT, t-n!X, M'IIN) 

C CALCU.ATION OF THE STABILITY RATIO 
C l,,f-ETHER THIS WILL BE POSSIBLE OR NOT DEPENDS ON THE SHAPE OF THE 
C POTENTIAL El'ERGY CURVE • IF TI£ f'RX. rs TOO CLOSE TO THE SURFACE 
C THE CALCU.ATION IS NOT PEAFORl£D. 
C 

C 

C 

IF<llf'(4),EQ. 'NO') GO TO 520 
IF<VTKT<M'IAX>,GT.300,) IIUTE<1,495) 

495 FORl'RT<'TIC f'RX,1/R.LE OF VT/KT IS >300 AND THE STABILITY RATIO'/ 
8.' Cr:tNJT THEREFORE BE ci:l.CLA.ATED. 'I 
8.'A 1/R.LE CAN BE OBTAil'ED USING APPROX. EQTNS. AND <VTIKT\11AX • 'II) 

IF(VTKT(t-n!X),GT.300.> GO TO 520 
IF<M'IAX. EQ. 0) GO TO 2?2 
GO TO 505 

2?2 WRITE<1,2?1> 
2?1 FORl'RT(TI£ DATA TA8Ul.ATED SO FAR DO NOT SHOW A l'RXIMUM.'I 

8.' DO YOU STILL WISH TO ATTEIPT TO CALCU.ATE THE'/ 
8. STABILITY CONSTANT ? YES OR ~ ? • > 
READ<1,1SO>ICALC 
IF< ICALC. l'E. 'YE•) GO TO 520 

SOS WRITE<1,510> 
510 FORl'RT(//' INTEGRATIONS BEING P£AFORl£D. '> 

CALL STABIL<W,FlJCHS,RO,M1AX,ERROR1,ERROR2,NOFUN1,NOFUN2,VTl 
IF<VT.GT,0) GO TO 520 
WLOG=DLOG10 <W> 
SMOL=Z, :fFUCHS 
Sl1..0G=DLOG10(Sl'10L) 
ROLOG=DLOG10<RO) 

520 CONTIM.£ 
C 
C 

I 01 

DLVO 

C 
C DELETE NEGATIVE POINTS CLOSER IN THAN THE PRIMARY MAXIMUM 
C 

IF<M'IAX. EQ. 0 )GO TO 550 
MSTEP=O 

DO 530 ND=1, NSTEP 
IF«HX<ND). LT. HX<NMAX)). AND. <VTKT<ND). LT. VTKT<NMIN> > > 

8. GO TO 540 
530 CONTINUE 

GO TO 550 
540 MSTEP=MSTEP+1 

C 
550 IF«INST.NE. 'YF' ).AND. (INST.NE. 'NF' ))GO TO 625 

C 
C 
C OUTPUT OF CODE, RUN NUMBER AND DATA TO FILE 
C 

C 

IF«IHEAD.NE.1>.AND.<LIN.EQ. 'A4')) WRITE<S,800) 
800 FORMAT<1H1,10U)) 

IF«IHEAD,M::.1).AND. <L!N.EQ. 'LP')) WRITE<6,80) 
CALL EDAT$A( DATE> 
i.fl!TE<6,810) ( IA(K) ,K:1, 5), NUM, DATE(1), DATE(2) 

810 FORMAT<1SX,SA2, 13, T122,A8/T122,A8) 
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505 l-llITE(1,510> 
510 FORMAT(//'INTEGRATIONS BEING PERFORMED,') 

CALL STABIL(W,FUCHS,RO,NMAX,ERROR1,ERROR2,NOFUN1,NOFUN2,VT> 
IF<VT.GT.O> GO TO 520 
IJ..0G=ILOG10<W> 
SMOL=2. :l:FUCHS 
Sl'1...0G=DLOG10(Sr-TOL) 
ROLOG=DLOG10 <RO> 

520 CONTIMJE 
C 
C 

I 01 

DLVO 

C 
C DELETE NEGATIVE POINTS CLOSER IN THAN THE PRIMARY MAXIMUM 
C 

IF<NMAX,EQ,O>GO TO 550 
MSTEP=O 

DO 530 ND=1,NSTEP 
IF«HX<ND>,LT,HX<NMAX) > ,AND, <VTKT<ND> ,LT. VTKT<NMIN>) > 

& GO TO 540 
530 CONTIMJE 

GO TO 550 
540 MSTEP=MSTEP+1 

C 
550 IF«INST,NE, 'YF' >,AND, <INST.NE, 'ff' »GO TO 625 

C 
C 
C OUTPUT OF CODE, RUN MJl'IIER AND DATA TO FILE 
C 

IF(( IHEAD.NE,1>,AND. <LIN,EQ. 'Alf'» l1f1ITE<6,800 > 
800 FORMkT<1H1,10(/)) 

IF<<IHEAD,NE,1>,AND. <LIN,EQ, 'LP'» ll!ITE<6,80> 
CALL EDATSA<DATE> 
l-llITE<6,810) < IA<K> ,K .. 1, 5> ,N.11,DATE<i) ,DATE<2) 

810 FORMAT(15X,5A2,I3,T122,A8/T122,A8> 
C 
C LISTII\G OF THE EQUATIONS USED 
C 

C 
C 

IF<IUP<1>,EQ, 'CH' >liAITE<6,820> 
IF<IUP<1>,EQ, 'PO' >liAITE<6,830> 

820 FORMAT<T13, 'CAI..CIA.ATION USII\G THE HQGC, HEALY If. FUERSTENAU CONSTAN 
er ci-mc.e: ' > 

830 FORMAT<T13, 'CAI..CIA.ATION USII\G THE HOGG, HEALY & FUERST[NAU CONSTAN 
er POTENTIAL•> 

IF(IUP(2),EQ, 'HA' )liAITE<6,840> 
IF<IUP<2),EQ, 'VI' >liAITE<6,8SO> 
IF< IUP(2),EQ, 'CL' >liAITE<6,86() > 

840 FORMAT<T13,'AND THE HAl'R<ER ATTRACTIVE EQUATIONS.'//) 
850 FORMAT<T13, 'AND THE VIM:ENT ATTRACTI\/t EQUATIONS,' II) 
860 FORMAT<T13, 'AND THE CLAYFIELD, Llf'IB & MACKEY ATTRACTivt:: EQUATIONS. 

11.'//) 

C OUTPUT OF fU'ERICAL DATA TO FILE 
C 

PSI1=UP(9)*2SS, 8*1000, 
PSI2=UP(10>*29S,8*1000, 
'-'lITE<6,8'i'O) UP<5>,UP<6>,PSI1,PSI2 

870 FORMAT<T13, 'PARTICLE RADII1 Ai=' ,8Pf'10,2,' & A2=' ,8Pf'10.2,' AI\G 
11.STROMS. '/T13, 'PARTICLE POTENTIALS1 PSI1=' ,G10,4,' & PSI2=' ,G10.4 
&, 'MV'> 

IF< IUP<3>, EQ, 'WI'> '-'lITE<S,880 >UP<?> ,UP<8> 
880 FORMAT<T13, 'ADSORSED LAYER THICKNESSES1 D1=' ,8Pf'10,2,' 11. D2=', 

&8Pf'10. 2, ' AI\GSTROMS, ') 
l-llITE(6, 890 )UP(16>, UP<i'i'>, UP(18>, UP<21>, UP<22> 

890 FORMATUT1'i', 'A11', T31, 'A22', T45, 'A33', TSB, 'A132', T'i'2, 'LAMDA' I 

J 01 

'+.I.-' 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
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425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
43? 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
4!;3 
454 
4!;$ 
4!.{; 
4$7 
4$8 
459 
460 
461 
462 
463 
4SI+ 
465 
466 
46? 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
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C 

890 FORMATUT1'i', 'A11', T31, 'A22', T45, 'A33', T58, 'A132', T72, 'LAMDA' I 
11.T13,4(G10.4,4X>,BPG10.4//) 

IF<IUP(3).EQ. 'OU'> GO ro 910 
l-llITE(6,900 )UP(19), UP<20 > 

900 FORMAT<T17, 'A44', T31, 'A55'/T13,2(G10.4,4X)) 
910 IF<NI.GE.2> lollITE(6,920)NI,<NZ<J>,C<J>,J=1,ND 
920 FORMAT(/T16,'NI',T37, 'Z',T47,'C'/T16,I2,(T36,I2,T42,G10,4)) 

lollITE<S,930 >UP<11>, UP<12>, UP<13>, UP<26> 
930 FORMAT(/T13, 'TEMP=' ,F?.2, 'K' ,24X, 'EPS=' ,F?.2// 

&T13,'KAPPA=',G10,4,' /CM',10X,'VISSER FACTOR=',G10.4//) 
IF«IUP(2).EQ. 'VI' >.AND. <IUP(3),EQ. 'WI')) WRITE<6,940)DS1S2,DP1P2, 

& DP1S2,DP2S1 
940 FORMAT<T14,'DEL*S1S2',T29,'DEL*P1P2',T44,'DEL*P1S2',T59, 'DEL*P2S1' 

11./T14,8PF?,2,T29,8PF?.2,T44,8PF?,2,T59,8PF7.2//) 
IF«IUP(2),EQ. 'VI' ),AND. (IUP(3),EQ. 'OU'>> WRITE<6,950)DELS 

950 FORMAT<T13,'DEL*=',8PF7.2//) 

l-.flITE(S,500) 
500 _ l;~~!.<~~~!.!!-ll:I• ~~- §!-!~(I<! ·-~o_x. ~tl\/A~T ! ~OX, SHVR/KT, ?X, 
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483 
484 
485 
486 
487 
488 
489 
490 
491 
4S2 
493 
494 
495 
496 
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C 
C 

lt-UUPG:!).EQ. 'VI' )l,fl!TE(S,850) 
IF(IUP(2).EQ. 'CL' )l,fl!TE(S,860) 

840 FORmT<T13, 'AND THE HAMAKER ATTRACTIVE EQUATIONS.'//) 
850 FORmT<T13.'AND THE VINCENT ATTRACTIVE EQUATIONS.'//) 
860 FOAMAT<Ti3,'AND THE CLAYFIELD, LUMB & MACKEY ATTRACTIVE EQUATIONS, 

&'II) 

C OUTPUT OF MJl'EAICAL DATA TO FILE 
C 

PSii=lJP(9):t;ZS9. 8*1000. 
PSI2=UP(10 ):t;ZS3. 8*1000. 
J,llITE<6,8?0) lJP(5),lJP(6),PSii,PSI2 

8?0 FOAl'l'IT<T13, 'PARTICLE RADII: Ai=' ,8PF10.2.' & A2=' ,8PF10.2,' ANG 
&STAOMS.'/T13,'PAATICLE POTENTIALS: PSii=',Gi0.4,' & PSI2=',G10.4 
&, 'MV') 

IF<IUP<3).EQ. 'WI') loflITE(6,880)LJP(?),UP(8) 
880 FOAMAT<T13,'ADSOABED LAYER THICKr-ESSES: D1=',8PF10,2,' & D2='• 

&8PF10.2,' ANGSTROMS.') 
l,fl!TE(6,890)LJP(16),UP(1?),UP(18),UP(21),UP<22) 

890 FOAMAT</T1?, 'A11', T31. 'A22'. T45, 'A33'. T58, 'A132'. T?2, 'LAMDA' / 

J 01 

DLVO 

C 

890 FOAMATUT1?, 'A11', T31, 'A22', T45, 'A33', T58, 'A132', T72, 'LAMDA' / 
&T13,4<G10,4,4X1,8PG10,4//) 

IF<IUP<3>.EQ.'OU'> GO (0 910 
J,ll!TE<S,900 >UP<19), UP(20 > 

900 FOAl'l'IT<T17,'A44',T31,'A55'/T13,2<G10,4,4X)) 
910 IF<NI,GE,2) WAITE<8,920>NI,<NZ<J>,C<J>.J=1,NP 
9ZO FOAMAT(/T18, 'NI', T37, •z·, T47, 'C'/T16, I2, <T38, Ia, T4Z,G10, 4)) 

J,llITE<S, 930 )lJP<11), UP<ia>, UP<13>, UP<$) 
930 FOAMAT<IT13, 'TEl'f'=' ,F7,2, 'K' ,24X, 'EPS•' ,F7,2II 

&T13, 'l<Af'f'A-' ,G10,4,' /CM' ,10X, 'VISSER FACTOR•' ,G10,4//) 
IF«IUP(2),EQ, 'VI' >,AND, <IUP<3),EQ, 'WI')) WAITE<6,340)DS1S2,DP1P2, 

e. W1S2,llP2S1 
940 FOAr-RT(T14,'llEL.*S1S2',T29,'llEL.:tP1P2',T44,'llEL.:t:P1S2',T59,'DEL*P2S1' 

&IT14,8PF7. 2, T29,8PF7, 2, T44,8PF7,2, TSS,8PF7. 21 I> 
IF«IUP<2>,EQ, 'VI• >,AND, <IUP<3>,EQ, 'OU')) ll'IITE<6,SSO>DELS 

950 FOAMAT<T13, 'DEL*=' ,l!IPF7,2/I) 

WAITE<S,500> 
500 FOAMAT(/21X,1HH,9X,5HVT/KT,10X,$HVA/KT,10X,5HVIVKT,'i'X, 

i12HSl1ll.UCHOWSl<I,5X,5HFlJl:HSl1H+,17X,82<1H>II> 
IN=IN+3 
l3=NSTEP-MSTEP 
Jr-RX=I3-<l-ff!X-MSTEP> 
JMIN■I3-<M'IIN-MSTEP> 
ll'IITE<?,SSO><ITITLE<M>,'1=1,28> 

560 FOAMAT<aeA2) 
hflITE<'i',570 > %3, Jr-RX, JMIN 

570 FOAr-RT(I3,2X, I3,2X, I3) 
IV=O 

DO 620 Ia•1,NSTEP 
II< I2>•ISLAN< 
IF< Ia,EQ, 1-ffl)() I I< Ia>-IMAX 
IF< Ia, EQ, M'IIN> I I< I2>•IMIN 
IF«VTKT<Ia),GT,300, ),OR. <VTKT<I2>,LT, -25. » IVa1 
IF« IV.EQ,0),AND, (IIR(T(I2>.GE.-aoo. » l,l'UTE<S,580) 

e. ll(I2>,HX<I2), VTKT<Ul>,VAl<T<Ia>,IIRKT< 12), YVTSS<I2), YVASS< 12> 
IF(( lV,EQ,0),RNlJ, (VAl<T<Ia>.LT.-aoo. » WAITE<S,586) 

e. ll<l2>,HX<l2>,VTKT<I2>,IIR(T< l2>,lll'll<T<I2>, YVTSS< Ia> 

& 
580 
586 
58? 

IF<IV,EQ,1) WAITE(6,587) 
I I< 12) ,HX< 12), VTKT( I2>, IIR(T< %2), 111'1KT< 12> 

F0Ar-RT<12X, 1f'll+, 8PF9, 2, S<4X,OPG11. 4) > 
FOAr-RT(12X,1f'll+,8PFS, 2,4<4X,OPG11,4> ,5X, 10 <1H*> > 
FOAMAT(12X,1A4,8PF9, 2,3<4X,OPG11,4> ,a<5X,10<1H*> > > 
IF(l3,LT,1) GO TO 600 
J,lllTE<7,SSO>HX<l3>,VTKT<I3> 

590 FOAMAT<8PF12.S,2X,E1a.s> 
13=13-1 

600 IN=IN+1 
IF<IN,LT.M..Il'ES>GO TO 820 
J,llITE<S,80> 
IN=O 
IF<LIN,EQ, 'A4' >WAITE<6,610> 
IF<LIN,EQ, 'A4' >IN=10 

610 FOAr-RT<10 (I)) 

K 01 

458 
459 
460 
461 
462 
463 
464 
465 
466 
46;' 
468 
469 
4?0 
4'/'1 
4?2 
4'/'3 
4'/'4 
4?5 
4'/'6 
4'/''i' 
4?8 
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'+-78 
479 
480 
481 
48a 
483 
484 
i.as 
486 
487 
4flll 
"88 
490 
491 
49a 
493 
4911 
495 
496 

497 
498 
499 
500 
501 
S02 
503 
SOIi 
505 
506 
SO? 
508 
sos 
510 
511 
5i2 
513 
514 
515 
516 
51'/' 
518 
519 
5ao 
sa1 
522 
5a3 
524 
sas 
528 
Sa'/' 
528 
sas 
530 
531 
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610 FOAMAT<10<I» 
1-RITE(6,SOO> 

620 CONT IM£ 
625 IF(!UP(4),EQ,'NO'> GO TO 650 

IF«VTKT<NMAX>.GT.300>.0A. <VT.GT.O» GO TO 650 
J,llITE<1,630>W,SMOL,AO,WLOG,SMLOG,AOLOG,EAROA1,NOFUN1,EAAOR2, 

&I\OFUN2 
630 FOAMAT<l/'STABILITY RATIOS :-' IT12, 'FUCHS', Ta3, 'SMOLUCHOWSKI ', 

&T3?,'AEEAINK & OVEABEEK'/'W',T10,G9.3,T25,G9.3,T40,G9.3/ 
& 'LOG(W) ', T10,G9.3, T25,G9.3, T40 ,G9,3// 
&'ERROR IN INTEGRAL EXP(VT/KT>/(S*S>=',G9,3, ', NO. OF INTERVALS=' 
&, I4/ 
&'ERROR IN INTEGRAL EXP(VA/KT)/(S*S>=',G9.3,', NO. OF INTERVALS=' 

&:!~~~?-T ·- 0 - ,_ Moh , ... ~T •- .. ,~ •-' -- T- -~~ 
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531 
532 
533 
534 
535 
536 
53'/' 
538 
539 
540 
541 
542 
543 
544 



& 

& 
580 
586 
58? 

590 

600 

610 

II< I2);HX<I2), VTKT<I2>, VAKT< !2); 1/RKT< I2>, YVTSS<I2> 
IF<IV.EQ.1> WRITE(6,58?> 

I I< I2) ,HX< I2>, VTKT< I2>, VAKT< 12), VRKT< 12> 
FORMAT<12X,1A4,8PFS. 2,5(1/X, OPG11. 4> > 
FORMAT<12X,1A4,8PFS.2,4(4X,OPG11.4>,5X,10(1H*>> 
FORMAT(12X,1A4,8PFS. 2,3(4X,OPG11. 4>, 2<5X,10 <1H*> > > 
IF<I3.LT.1) GO TO 600 
WRITE<? ,590 >HX< 13), VTKT< 13> 
FORMAT<BPF12, 5, 2X,E12. 5) 
I3=13-1 
IN=IN+1 
IF<IN.LT.NLINES>GO TO 620 
WRITE<6,80) 
IN=O 
IF<LIN.EQ. 'Al/' )WRITE<6,610) 
IF<LIN.EQ. 'Al/' )IN=10 
FORMAT<10U)) 

K 01 

515 
516 
51? 
518 
51S 
520 
521 
522 
523 
524 
525 
526 
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610 FORMAT<10U)) 
WRITE<6,500) 

620 CONT IMJE 
625 IF<IUP(4),EQ,'N0') GO TO 650 

IF«VTKT<M'IAX),GT,300),0R, <VT,GT,O» GO TO 650 
WRITE<1,630)W,Sl10L,RO,ILOO,Sfl.OC,ROLOG,ERAOR1,NOFUN1,ERROR2, 

&NOFUN2 
630 FORr-RT<l/'STABILITY RATIOS 1-'/T12,'FUCHS',Ta3,'SMOLUCHOWSKI', 

11.T37, 'REERIM< t 0\/ERSEEK' /'W', T10,G9,3, T2S,G9.3, T40,G9.3/ 
t 'LOG<W> ', T10,G9,3, T2S,G9,3, T40,G9,3// 
11. 'ERROR IN INTEGRAL EXP<VT /KT>l<S*S>=', GS, 3, ', NO. OF INTERVALS=' 
11.,14/ 
11.'ERROR IN INTEGRAL EXP<VRIKT>l<S*S>=' ,GS,3, ', NO, OF INTERVALS=' 
&, 14//) 

IF«INST,NE, 'YF'),AND,<INST,t,E:, 'M'')) GO TO SSS 
IF< IN,GT, <~1.ll>E:S-10 > >t.flITE<S,90> 
WRITE<6,6\l~)W,SMOL,RO,ILOG,Sfl.OC,ROLOC,ERROR1,NOFUN1,ERROR2, 

11.NOFUN2 
840 F0Rr-RT(//T13, 'STABILITY RATIOS 1-' IT2S, 'FUCHS', T38, 'SMOLUCHOWSKI ', 

11.T50,'REERIM< t O\/ERSE£K'IT13,'W',T23,G9,3,T38,GS,3,TS3,G9,3/ 
11.T13, 'lOC<W> ',T23,G$,3, T-38,Gll,3,TS3,GS,:3/1 
1!.T13, 'ERROR IN INltGRAL EXP<VTIKT>/<S*S>•' ,G9,3, 
II.• NO. OF INTERVALS=' , Iii/ 
1!.T13, 'ERROR IN INTEGM.. EXP<VRIKT>l<S*S>=' ,G9,3, 
11.' NO. OF INTERVALS=',111//) 

650 CONTIMJE 
C 
C 
C FUTl-£R CALCLlATION OR TEflMIM'lTION CONTROL SECTION 
C 

C 
C 

65!: WRITE<1, 660 > 
660 FORMAT<l'ENTER O TO FINISH,'/ 

t 'ENTER 1 TO REPEAT WITH NEW VALIF.S ONl Y, • I 
11. 'ENTER 2 TO CHANGE TITLE AND REPEAT CALCU.ATION WITH NEW VALUES. ') 

IF«INST,EQ, 'YF' >,OR,< INST,EQ, 'M'' » t.fllTE<1,8GS> 
865 FORr-RT< 'ENTER 3 TO FINISH t STORE VALlES OF CONSTANTS IN 

11.'DLVODATA • '> 
NN=7 
ICALC='YE' 

ti70 READ<1•*•EN?l=7i0,ERR=?40>L 
IF(I., EQ, 0 >GO TO 770 
Il-£AD=O 
l'IU'!=IIA.IM+1 
IF<<L,EQ,2),AND, <INST,EQ, 'YE' >>GO TO 220 
IF«L. EQ, 2>. AN?l, <INST. EQ, • YF • »GO TO 220 
IF«L,EQ,2),AND, <INST,EQ, 'NC')) GO TO 2110 
!F«L.EQ,2>,AND. <INST,EQ. 'M'' » GO TO 240 
!F<L.EQ.1>GO TO 300 
GO TO 770 

L 01 
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C 
C INPUT ERRORS SECTION 
C 

680 l-ll!TE<i,690) 
890 FORMAT< 'BOTH H & HFINAL =0 ! ! CALCULATION NOT POSSIBLE ! ! ') 

GO TO ?20 
?00 l-ll!TE<1, 710 > 
?10 FORMAT< 'HSTEP > H & HFINAL ! ! ') 
?20 1-.P.!TE<1,?30) 
?30 FORMAT<l'DATA INPUT INCORRECT. TYPE IN WHOLE LINE AGAIN,'/) 

GO TO ?80 
740 WRITE (1,750) 
?50 FORMAT<l'DATA MISREAD. TYPE IN WHOLE LINE AGAIN.'/) 
?60 IF<NN,EQ, 1) GO TO 10 

IF<NN. EQ, 2) GO TO 110 
IF<flllJ.EQ.3) GO TO 130 
IF(f\llJ,EQ,4) GO TO 240 
!F(NN,EQ,5) GO TO 390 
1~{"""1_ ►t:L R'> r.:n Tn U':1:n 
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5~ 
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Sl/9 
S$0 
$51 
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SS!> 
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$l.8 
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!llG.l 
$.3 
SG .. 
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S72 
573 
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57? 
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580 
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C 
C 

IIIJM=lll/1'1+1 
IF< <L. EQ. 2>. AND.< INST. EQ. 'YE' »GO TO 220 
IF«L.E0.2>.AN!l. <INST.Ea. 'YF' ))GO TO 220 
IF«L.E0.2>.AND.<INST.EQ. 'NO'>) GO TO 240 
!F«L.EQ.2>.AND. <INST.EQ. 'NF'» GO TO 240 
IF<L.EQ.1>GO TO 300 
GO TO 770 

L 01 

573 
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576 
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579 
580 
581 
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C 581 
C INPUT ERRORS SECTION 582 
C 583 

680 i,,RITE<1,690) 584 
690 FORMAT< 'BOTH H & HFINAL =0 ! ! CALCULATION NOT POSSIBLE ! ! '> 585 

GO TO 720 586 
700 i,,RITE<1, ?10 > 587 
710 FORMAT< 'HSTEP > H & HF I NAL ! ! ' > 588 
720 -.P.ITE<1,730) 589 
730 FORMAT(/'DATA INPUT INCORRECT. TYPE IN WHOLE LINE AGAIN.'/) 590 

GO TO 760 591 
740 i,,RITE <1,750) 592 
750 FORMAT(/'DATA MISREAD. TYPE IN WHOLE LINE AGAIN.'/) 593 
760 IF<NN.EQ.1) GO TO 10 594 

IF<NN.EQ.2> GO TO 110 595 
IF<NN.EQ.3) GO TO 130 596 
IF<NN. EQ. 4) GO TO 240 597 
IF<NN.EQ.5) GO TO 390 598 
IF<NN.EQ.6) GO TO 430 599 
IF<NN. EQ. 7) GO TO 670 600 

770 CONTINUE 601 
C 602 
C 603 
C PROGRAM TERMINATION - DATA FILE SPOOLING & DELETION INSTRUCTIONS 604 
C 605 

IF« INST. NE. 'YF'). AND. (INST.NE. 'NF'>) GO TO 780 606 
i,,RHE<6,80) 607 
CALL CLOS$A(2) 608 
CALL CLOS$A(3) 609 
IF<L. NE. 3)GO TO 780 610 
CALL OPEN$A(A$WRIT+A$SAMF, 'DLVODATA' ,8,2) 611 
i,,RITE<6,160;< IUP<N> ,N=1,4), (UP<N>, N=5, 22), UP(26) 612 
NI=UP<14) 613 
IF<NI.GT. 0 )i,,RITE<6, 170 ><NZ<J), C<J), J=1,NI > 614 
CALL CLOS$A(2) 615 

780 IF«INST.EQ. 'YF'>.OR.<INST.EQ. 'NF')) WRITE<1,790>IFILE,IFILE,IOUT 616 
IF«INST.NE. 'YF' >.AND. <INST.NE. 'NF')) WRITE<1,795) 617 

795 FORMAT(///80(1H*)//30X, 'PROGRAM RUN COMPLETE!'//80<1H*)///) 618 
790 FORMATU//80(1H*)//'PROGRAM RUN COMPLETE-'//3X, 'SPOOL OUTPUT', 619 

&' BY TY:'ING:-'//2;,<,'SPOOL ',10A2,' -LP -FTN',//3X,'THEN ', 620 
&'DELETE DATA FILE BY TYPING:-'//27X, 'DELETE ',10A2//25X, '11. DELETE 621 
&',10A2//'WHEN GRAPH PLOTTING USING DLVOPLOT COMPLETE. '//80<1H*)//) 622 

CALL EXIT 623 
END 624 

C 625 
C-.tT-¥************************************************************************ 826 

M 01 

I,_'/(J 

cnn:r;cnurur:t:tn:ru:r:t**H*****************"'·'·t:r.*************************** 
C 
C 
C ,1.Jef,JJIJTII£ UPDATE COIJTROLS THE INPUT AND UPDATE OF DATA 
C 
C 

SJ.Bf'.tJIJTWE UPDATE< IA, INST, IDEV,DIRECT.NZ,C> 
HJTEGER DIRECT 
IW·UCIT OOUBLE PRECISION<A-H.L,O-Z> 
DrJI.JBLE PRECISION NR1,Nll2 
!Jil"E.N3IOl'J I.Jf-'26), I•Jf-<4>, NZ'10), C<10), IA(5), 

'l.!,TR.D<40 >. IWW40 >, IBLANr.<40) 
UJ/ffJI-J /A/UP, IUP 
l';{Jlff'JIJ /C/IJ€lS,DS1S2,DP1P?.,DP132,DP2S1 

J;II r.-EP.T S'(SC0/1,A-W.E'fS 

!NHffLISE rir,m FOR THE CALCULATION OF KAPPA 

r•tlf:eft'E.TER<t=•I. 00?."'JD-:l.O. BOl TZ=i. 380SfJ-18, AVOa5. 0 22.3D+:s.3. P b3. 1 '1159 > 
no s r1,,1,r10 
I eiJ<!-1>'. <II>~ • 
li-irJfltVW~ • 
tr,11iM,,,,~"- • 
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626 
627 
628 
629 
621) 

631 
632 
633 
634 
635 
6-36 
637 
638 
639 
640 
641 
642 
643 
6'14 
6lf5 
646 
64i' 
648 
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1(// 1:+% 

T~f, ; .: 
~--:::)~',;,;;:, 

CALL CLOS$A(2) 
780 IF«INST.EQ. 'YF'>.OR.<INST.EQ. 'NF')) WRITE<i.790)IFILE,IFILE,IOUT 

IF«INST.NE. 'YF' ).AND. <INST.NE. 'NF')) WRITE<1,795) 
795 FORMRTU//80(1H*)//30X, 'PROGRAM RUN COMPLETE! '//80<1H*)///) 
790 FORMRTU//80(1H*)//'PROGRAM RUN COMPLETE-' //3X, 'SPOOL OUTPUT', 

& ' BY TYi'ING: - '//2, X, 'SPOOL ', 10A2, ' -LP -FTN', //3X, 'THEN ', 
&'DELETE DATA FILE BY TYPING:-'//27X, 'DELETE ',10A2//2SX, '& DELETE 
& ',10A2//'WHEN GRAPH PLOTTING USING DLVOPLOT COMPLETE.' //80(1H*)//) 

CALL EXIT 
END 

C 
C**H'n*************H****************************************************** 

615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
826 
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C 

626 
62;' 
628 
€23 
620 
631 
632 
633 
6:34 
6:35 
636 
63;' 
6.38 
6.38 
640 
641 
642 
643 
f,44 
645 
64G 
647' 
61;8 
f,;4~~1 
,~so 
(i~:1 
(.;S~2 
G53 
854 
65S 
n~:.:n 
B~:? 
€5£, 
(,;52:1 
680 
661 
662 
683 
664 
66S 
666 
687 
868 
889 
670 
671 
672 
673 
874 
675 
€76 
877 
678 
673 

C 
C SUBROUTINE UPDATE CONTROLS THE INPUT AND UPDATE OF DATA 
C 
C 

SUBROUTINE UPDATE< IA, INST, !DEV.DIRECT ,NZ,O 
INTEGER D !REC T 
IMPI.ICIT DOUBLE PRECISIONrn-H,L,0-Z> 
DOUBLE PRECISION NR1, NR2 
DIMENSION UP(26), JUP(4) ,NZ(10), C(10), !A(5), 

&IWORD<40), !DUM(40), IBLANf'.<40) 
COMMON /A/UP, ! UP 
COMMON /C/DELS, DS1S2, DP1P2, DP1S2, DP2S1 

$INSERT SYSCOM>A$¥.EYS 
C 
C 
C INITIALISE DATA FOR THE CALCULATION OF KAPPA 
C 

C 
C 

PARAMETER<E=4, 8029D-10 ,SOL TZ=1. 3805D-16, rJV0,,6, 0223D+;~J. Pl c.J.1Ll1S8l 
DO 5 N=1,40 
IBLANk(N)=' 
IWORD<N>=' 

5 !Dl!M<N>=' 
IF«UP(1o).NE. 0 ). OR. <UP<17). NE. 0 >) UP(21h0. 

C CONVERSION OF UN I TS 
C 

C 
C 

UP(S)=UP<S>*<10. **8) 
UP(6)=UP(6)*(10. **8) 
UP(7)=UP(7)*(10. *:t8) 
LJP(8)=UP(8)*(10. **8) 
LJP(9)=UP<9>*299. 8*1000. 
UP<10 >=UP<10 >*299. 8*1000. 
UP(22)=UP<22>*<10, **B) 
LJP(23)=UP(23)*<10. **8) 
LJP(24)=LJP(24)*(10. **8) 
NI=UP<14> 

C DATA INPUT 
C 
C 

C 
C 

8 MZ=1 
IF«INST.NE. 'NC1' >.AND. <INST.NE. 'NF')> GO TO 12 

C LISTING OF DATA IN ,HE NO INSTRUCTIONS FOAM 
C 

WRITE(i, 13) < !UP< J), J=1• 4), UP<S>, UP(6), UP<9>. UP<10). UP(7), UP<8). 
i.<UP<K) ,k=ii.13) ,NI 

13 FORMRTU/'THE PRESENT VALUES OF THE DATA ARE: '//T10,4(1A2,2X)/1Hll 
&/'R1=' ,G10. 4, T21, 'A2=', G10. 4. T41, 'PSli=', G10. 4. T6i, 'PSI2='. G10. 4/ 

N 01 

!fi. ;r, 

V'P.1=' ,G10. 4, T21, 'P.2=' ,G10. 4, T41. 'PS!i='. G10. 4, T61. 'PSI2='. G10. 4, 
V1J1=' ,!;10. 4, T21, 'D2=' ,GiO. 4/1Htt/ 
,. · TEr-"F-"' ,r;1(,. 5. Tc:L 'EPS=' ,G10. 4. T41, 'f-:APPA='. G10. 4, T61, 'Nl=', !2/ 
~1H#/ 

!FINl.LT.2iGO TO 17 
i,P.ITE'1,14)1f-JZIJ). J=1,1Jl: 

1'i F(f,,MfiTI ·z· .2x.10 1 11, J;.,8X)) 
i,.~1TE 1 1,1S>((;(.J), J:.:1,rH I 

1S Ff.RJ1hi', 'C' ,2'/.,10(G1U., t♦ ,1X)) 
,T,ITF.1 1.1€! 

JC, FOf;1~T'1Jln) 
! 7 ~P.!TE11, :1B) f.lJf•( J), Jz:1.8, 22/, UP(2€), IIELS 
1rl t'f)f11(,ff I_' f-tl1.::c:', (~llJ, t♦, T21, 'A22;:', G10. 4, T41, 'A.33::: 1

, G10. lf/ 
t 'Ct•i,,,,,' ,r;1(1,. 4, T21-, 'rt.:;s:,:: •, r;i(,. 4, T41, 'A132:::', (;1(1. 4/ 
r!, "IJf"Jfr,' ,r;/0, 1i. T?.1, 'V3F"', G10. 4, T41, '!JELS=', G10. 4, dltll/' 

r.h U; SO 

usrnr, fflf.: 1111rn !N THE: rt:; IIJSTRUCT!ONS FOflM 
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679 
680 
681 
682 
683 
684 
685 
686 
68;' 
688 
689 
890 
831 
68~ 
g;:)3 
13;:14 
fi::1r; 
b::1H 
f~:4~' 
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C 
C 
C DATA IrfUT 
C 
C 

C 
C 

8 MZ=1 
IF«INST.1£. 'l-1::'>.ANIJ.<INST.M::. 'NF'>) GO TO 12 

C LISTING OF MTA IN THE NO INSTF!!JCTICH> A:illll'I 
C 

i.#lITE<1,13> < !UP< .J>, J=i, 4) ,UP<S> ,UP<6>, UP<'.9) ,Uf't:tli). UH'/'J ,UP<1>,, 
e.<UP<I0,1<=11,13> ,NI 

13 FOAMAT<//'T1£ PAESENT V>L!£S OF Tl£ llll'TA 
8./'R1=' ,GW.4, T21, 'R2=' ,GifJ.4, T41, 'PS!i=' 

J<J t1 

!A.VO ~ i'i> 

C 

11./'R:1.=' ,G10. 4, T21, 'R2=' ,G10. 4, T41, 'PSli=' ,G10 .... nu. 'P,;!2=' ,(;1ij. '-,, 
€. 'D1=' ,G10.4, T21, 'D2=' ,G10,4/1HI/ 
e.' TEr-F'=' ,G:1.0.5, T21, 'EPS=' ,G10.4, T41, 'KAPPA=' ,G10 .... na. 'Nl=', I2 
!l.1HII) 

IF<NI.LT,2>GO TO 17 
i.#lITE<1, 14) <NZ<J) ,J=1,NI> 

14 FORMAT( 'Z' ,2X,10(1X, !2,8X)) 
i.#lITE<1,15!<C<J), J=1,NI ! 

15 FOAMAT< 'C' ,2X,10(G10, 4,1X)) 
l,,f!!TE<i,16) 

16 FORMAT< 1HI) 
17 l,,f!!TE<1,18)(UP<J>,J=16,22),UP<26>,DELS 
18 FOAMAT< 'A11=' ,G10, 4, T21, 'A22=' ,G10,4, T41, 'A33=' ,G10,4/ 

e. 'A44=' ,G10. 4, T21, 'ASS=' ,G10, 4, T41, 'A132=' ,G10, 4/ 
€. 'LAMIIA=' ,G10, 4, T21, 'VSF=' ,G10, 4, T41, 'DELS=' ,G10. 4./1Hl:/l 

GO TO 90 

C 6~ 
C LISTING THE DATA IN THE YES INSTRUCTIONS FORM 697 
C 698 

12 IF«INST,EQ,'NO'>,OR,<!NST,EQ,'NF')) GO TO 90 699 
i,,f!ITE(1, S) 700 

11 i,,f!ITE<1,10)(!UP(J),J=1,4> 70J 
S FORmTU/'TO CHANGE CALCULATION ENTER CODE LETTERS GIV':N IN', 702 
II.' CAPITALS'/' OF THE EQUATIONS TO BE USED,'// 703 
11.'TO TERMINATE It..F>UT ENTER I ON A SEPARATE LIi£. '///) 704 

10 FOAMAT<T10,1A2, • CONSTH'JT POTENTIAL/CHARGE EQUATION.'/ 705 
8.T10,1A2,' USING HAMAKER/VINCENT/CLAYFIELD ATTRACTIVE EQUATIONS. 706 
t'/ 707 
8.T10,1A2,' PARTICLES WITH/WITHOUT ADSORBED LAYERS.'/ 708 
&T10,1A2,' STABILITY CONSTANT BEING/NOT BEING CALCULATED.'> 70S 

GO TO 90 710 
20 MZ=2 711 

i,,f!ITE<1,25> 712 
WRITE<1,30)UP(5), UP(6), UP(S) ,UP(10), UP<7>, Uf'(8) 713 

25 FOAMATU/'llETAILS OF CALCULATION PARAl'ETERS II. THEIR CURRENT VALUES 714 
e. •. /' TO CKWGE A PARAl'ETER .VALUE ENTER PARAl'ETER NAME = IEW VALUE as 
e.. • /'TO. TERMit,:iTE IM"UTENTER II ON A'. SEPARATE LIi£, '///) 716 

30 F~T<TS, !R1;,,, ,G10;4,T25,\'THE.RADIUS OF PARTICLE 1. '/ 717 
e.rs; 'R2=' ,Gi0.4; T25, 'THE/RADIUS"Of'.PAR'f'.ICLE 2, '/ :'18 
!l.TS, 'PSI1;,',G10,4,T25i'.Tl£>POTENTIAL OF PARTICLE 1, '/ 71S 
U5,.'PSI2='.,G10~4,T25,'TJ-E;POTENTIAL OF PARTICLE 2. '/ 720 
tT5,'D1=',G10,14,T25, 'Tl·£>THICKIIESS.OF Tl£ ADSORBED LAYER ON PARTICL 721 
tE :1.'/f5;•na,;,•,G10.4,T25,'TI£ THICKIESS OF THE ADSORBED LAYER ON P 72Z 
UVITIC\.E z. • > 723 oom~ ~ 

~ ffZ"3 725 
Ut.u><ilf> 728 
illt1E<1,lf5) 727 
IIIJTE<:1,SC><W<J>,J=11,13),Nl 728 

'6 ~CCWl!ACTERlSTICS OF Tl£ MEDIUM:'> 72S 
~ ~<U:, 'raf=' ,F7,2, T25, 'THE TEr-F'ERATURE IN DEGREES KELVIN. '/ 730 

t5, •~• ,CiD.!f, TZS, 'THE AELATIVE PERHITTIVITY OF THE MEDIUM. '/ 731 
l1$,'t~•,C10,lf,T2S,'IEBi'£-HUCKEL PARAIETER. '/ 732 

i'.)(;i 
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IJLVO 

C 
C 

eTS, 'KAPPA=' ,G10.4, T25, 'DEBYE-HUCKEL PARAMETER.'/ 
&TS,'Nl=',I2,T25, 'THE NUMBER OF ION TYPES.') 

IF<NI.LT.2) GO TO 90 
l,,fl!TE<i,60) 

60 FORMAT<T10, ·z·, T30, ·c·) 
DO 62 J=1,NI 
l,,fl!T£(1, 61)NZ<J), C<J) 

61 FORMAT<T9,I2,T25,G10.4> 
62 CONTIMJE 

l,,fl!TE(1,65) 
65 FORMAT ( 'J,J,£RE Z IS THE VALENCY OF THE ION a C ITS 

e' CONCENTRATION. ') 
GO TO 90 

70 MZ=4 
l,,flITE<1,?5) 
l,,fl!T£(1, 80) (LJP(J), J=16, 22), UP(26) 

75 FORMAT< 'HAMAKER CONSTANTS OF PARTICLES a MEDIUM:•) 
80 FORMAT(TS,'A11=',G10,4,T25,'HAMAKER CONSTANT OF PARTICLE 1. '/ 

a TS, 'A22=' , G10. 4, T25, 'HAMAKER CONSTANT OF PARTICLE 2, '/ 
&TS,'A33=',G10.4,T25,'HAMAKER CONSTANT OF THE MEDIUM.'/ 
&TS,'A44=',G10,4,T25,'HAMAKER CONSTANT OF LAYER ON PARTICLE 1. '/ 
&TS, 'ASS=' ,G10 ,4, T25, 'HAMAKER CONSTANT OF LAYER ON PARTICLE 2, '/ 
& TS, 'A132=' , G10. 4, T25, 'COl'POSITE HAMAKER CONSTANT. '/ 
&TS, 'LAMDA=' ,G10,4, T25, 'CHARACTERISTIC WAVELENGTH.'/ 
&TS, 'VSF=' ,G10,4, T25, 'VISSER FACTOR IN ATTRACTIVE EQUATION.') 

C ENTRY POINT FOR DATA CHANGES 
C 

C 
C: 

90 READ(1,100)(IWORD<J),J=L40) 
100 FORMAT(40A2) 

CALL CASE$A(A$FUPP,IWORD,80) 
NFF=O. 

DO 120 J =L 40 
L.,o IDUM(J)=IWORD<J) 

C SUBROUTINE IDENTIFYING CHARACTERS IN STRINGS 
C 
C THE CHARACTER U MARKS DATA ENTRY TERMINATION 
C 

C 
C 

CALL LSTR$A('U',1,IWORD,80,NF,Nl) 
IF(NF,NE.O> GO TO 210 
IF<MZ. GT.1) GO TO 125 

C IUP< ) VALUE CHANGES 
C 

CALL LSTR$A( 'PO' ,2, IWORD,80,NF,Nl) 
IF<NF.NE,0) IUP(1)='PO' 
NFF=NFF+NF 
CALL LSTR$A('CH',2,IWORD,80,NF,NL) 
IF<NF.NE.0) IUP(1)='CH' 
NFF=NFF+NF 

A 02 
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732 
733 
734 
?35 
736 
73'? 
738 
?39 
740 
741 
742 
743 
744 
?45 
746 
?4? 
748 
749 
750 
751 
752 
753 
754 
755 
756 
?57 
758 
?59 
760 
7€1 
762 
763 
?84 
765 
768 
76? 
768 
789 
770 
771 
772 
??3 
774 
??5 
776 
77? 
??8 
779 
?80 
781 
782 
?83 
?84 
?85 
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NFF=NFF+NF 
CALL LSTR$A('HA',2,IWORD,80,NF,~L> 
IF(NF,NE,0) IUP(2)='HA' 
NFF=NFF+NF 
CALL LSTA$A('CL',2,IWOAD,80,NF,Nl) 
!F(NF,NE.O> IUP<2)='CL' 
NFF=NFF+NF 
CALL LSTR$A('VI',2,IWORD,80,NF,NL> 
IF(NF,NE.O> IUP<2)='VI' 
NFF=NFF+NF 
CALL LSTA$A<·WI',2,IWOAD,80,NF,Nl) 
IF<NF,NE,0) IUP(3)='WI' 
NFF=NFF+NF 
CALL LSTA$A('OU',2,IWORD,80,NF,Nl) 
IF<NF,NE,0) IUP(3)='0U' 
NFF=NFF+NF 
CALL LSTR$A( 'BE' , 2, I WORD, 80, NF, NL) 
IF(NF,NE,0) IUP<4>='BE' 
NFF=NFF+NF 
CALL LSTA$A('N0',2,IWORD,80,NF,NL> 
IF<NF,NE.O> IUP(4)='N0' 
NFF =NFF +r-F 
IF<NFF.NE,0) GO TO 90 
IF«INST,EQ, 'NO'),OR.<INST.EQ. 'NF')) GO TO 125 
GO TO 200 
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C ,br 
C 768 
C SOOROlJflNE IDENTIFYING CHARACTERS IN STRINGS 763 
C 770 
C Tl-£ CHARACTER n MARKS DATA ENTRY TERMINATION 771 
C 772 

CALL LSTRSA<'#',1,IJ..OAD,80,NF,NL) 773 
IF(NF.:-.£.0) GO TO 210 774 
IF<MZ.GT.1) GO TO 125 775 

C 776 
C 777 
C !UP< ) VALUE CHA.'IIGES 778 
C 773 

CALL LSTRSA< 'PO' ,2, IJ..OAD,80,NF ,NL) 780 
IF<NF.NE.0) IUP<1'='PO' 781 
NFF=IIFF +NF 782 
CALL LSTRSA<'CH',2,IWORD,80,NF,NL) 783 
IF<NF.NE.0> IUP<1)='CH' 784 
NFF=NFF+NF 785 

A 02 
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TU,, 02 
15:08:22 

DLVO 

C 
C 

NFF=NFF+NF 
CALL LSTRSA<'HA',2,IWORD,80,NF,NL) 
IF<NF.NE.O) IUP<2)='HA' 
NFF=NFF+NF 
CALL LSTRSA<'CL',2,IWORD,80,NF,NL> 
IF<NF.NE.0) IUP<2>='CL' 
NFF=NFF+NF 
CALL LSTRSA<'Vl',2,IWORD,80,NF,NL> 
IF<NF.NE.0) IUP(2)='VI' 
NFF=NFF+NF 
CALL LSTRSA<·WI',2,IWORD,80,NF,NL) 
IF(NF,NE.O) IUP<3>='WI' 
NFF~.NFF+NF 
CALL LSTRSA<'OU',2,IWORD,80,NF,NL) 
IF<NF,NE.O) IUP<3>='0U' 
NFF=NFF+NF 
CALL LSTASA< 'BE', 2, IJ..OAD,80,NF,NU 
IF<NF.NE.0) IUP(4)='BE' 
NFF=NFF+NF 
CALL LSTRSA<'N0',2,IWORD,80,NF,NL> 
IF<NF.NE,0) IUP(4)='N0' 
NFF=NFF+NF 
IF<NFF.NE.0) GO TO 90 
IF« INST. EQ. 'NO'>. OR.< INST. EQ. 'NF')) GO TO 125 
GO TO 200 

C UP( ) VALUE CHANGES 
C 

C 
C 

125 CALL LSTRSA<'=',1,IDUM,80,NF,NL) 
IF<NF.EQ.0) GO TO 580 

C SUlAOUTINE BLANKING OUT THE NON-NUMBER PART OF THE STRING 
C 

C 
C 

CALL MSUlSA<IBLANK,80,1,80,IDUM,NF,1,NF) 

C PAil'E FORTRAN STATEl'ENT PUTS NUMBERS IN THE STRING INTO A VARIABLE 
C 

DECODE<80,*,IDUM,ERR=580)VAAI 
IF<MZ.EQ.3) GO TO 130 
IF<MZ.EQ.4) GO TO 180 
CALL LSTRSA< 'Ai' ,2, IWORD,80,NF,NL> 
IF(NF.NE.0) LJP(5)=VAAI 
NFF=NFF+NF 
CALL LSTRSA< 'R2' ,2, IJ..OAD,80,NF,NU 
IF<NF.NE.0) UP(6)=VAAI 
NFF=IIFF +NF 
CALL LSTR$A('D1',2,IJ..OAD,80,NF,NL) 
IF<NF.NE.0) UP(7)=VAAI 
NFF=IIFF+NF 
CALL LSTASA< 'D2' ,2, IWOAD,80,NF,NL> 
IF<NF.NE.O> UP(8)=VAAI 

B 02 

PAGE 17 

785 
786 
787 
788 
789 
790 
791 
'.'92 
793 
794 
795 
796 
797 
798 
799 
800 
80:i. 
802 
803 
804 
805 
806 
807 
808 
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814 
815 
816 
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819 
820 
821 
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823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 
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Y_'/>J 

!FCIF,f£,O> UP<8>=VAIH 
fFF=fFF+fF 
CALL LSTAUV 'PSI1' ,4, UJOAD,80 ,IF ,NL> 
IF<fF.U?.,0) UP<3>=VAR! 
1-FF=fFF+IF 
<:ALL LSTAUWF>Sl2' ,4, l~JOAD,80,/IF,NU 
IF<Pf'.NE,O> Lf'<10>=VARI 
fFF =fl'F +Pf' 
!F<OUST.EO. 'U)').00.<!NST.EO. 'NF')) GO TO 130 
GO TO 200 

1.3(, Cl'lll lSTAUl< 'TEMP' , 4, HJOAll, 80, IF, Nl > 
IF<fF.~£.0) !Jf'(iihVAflf 
~FF=I-FF•lsF 
Ci't.l L3TA"IA< 'EPS' ,3, 11¥.)(lD,OO ,NF" .}i'I..) 
1F".fF.f£.O) Uf'(12hVMf 
,rF=I-Fr+fF 
r::rr.L LSTP.M( •,;tl' ,2, fW!Oflll,80 .,w ,NU 
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NoCODe:<80.*• I.DIM.EAR=S80>VARI 
IF<MZ.EQ.3> GO TO 130 
IF<MZ.EQ.4> G;) TO 180 
CA..L LSTRSA< 'R1' ,2, IWORD,80,IIF,M..> 
IF<IIF.f>E.O> UP<5>=VARI 
l#'F=M'"F+/>F 
CALL LSTRSA< 'R2' ,2, IWORD,80 ,IIF ,M..> 
IF<IIF.f>E,O> UP(6>=VARI 
IIFF=M'"F+M' 
Cll..L LSTRSA< 'Di' .2. IWORD,80,1#'.M..> 
IF<IIF.f>E.O> UP<7>=VARI 
IIFF=M'"F +IIF 
Cll..L LSTRSA< 'D2' ,2.IWORD,80 ,IIF ,M..) 
IF<IIF.!>E.O) UP(8)=VARI 
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Dl\/0 

C 

IF(IIF. !>E. 0) UP(8)=VARI 
IIFF =IIFF +IIF 
Cll..L LSTRSA< 'PSI1' ,4, IWORD,80,NF,NU 
IF<IIF.!>E.0) UP(9)=VARI 
IIFF=IIFF+IIF 
CALL LSTR$A('PSI2',4,IWORD,80,NF,Nl) 
IF<IIF.!>E.0) UP(10>=VARI 
IIFF=M'"F+NF 
IF«INST.EQ. 'NO').OR.<INST.EQ. 'NF')) GO TO 130 
GO TO 200 

130 Cll..L LSTRSA<'TEMP',4,IWORD,80,NF,Nl) 
IF<NF.!>E.0) UP(11)=VARI 
IIFF=NFF+NF 
CALL LSTRSA<'EPS',3,IWORD,80,NF,Nl) 
IF<NF. f,£, 0) UP(12)=VARI 
IIFF=IIFF+NF 
CA'..L LSTRSA('KA',2.IWORD.80,NF.Nl) 
IF<IIF. !>E. 0) UP<13)=VARI 
IIFF=NFF +NF 
IF«NF.EQ.O).OR. <UP(13).EQ,0, )) GO TO 160 

DO 150 M=i. 10 
NZ<M>=D 

150 C(M)=O 
160 CALL LSTRSA< 'NI' ,2, IWORD,80,NF,Nl) 

IIFF=IIFF+IIF 
IF<IIF.EQ.0) GO TO 180 
UP(14)=VARI 
Nl=UP<14) 

169 L,,FIITE<1,170) 
170 FORMAT(//'ENTER THE VALENCY & CONCENTRATION OF EACH 

&' ON ONE Llf>E. '/'SEPARATE BY A COMMA.') 
READ<1, *' <NZ<J), C<J), J=i. NI> 

C CHECKING CONCENTRATION ENTRIES FOR VAPPA CALCULATION. 
C 

C 

SI=O. 
DO 175 K=1,NI 
FNZ=NZ<K) 

175 SI=SI+FNZ*C<K) 
IF<SI.GT.1D-10) GO TO 176 
GO TO 178 

176 L,,f!JTE<1,177) NI 
17? FORMAT<'IONIC CONCENTRATIONS IN ERROR ! '/'NI=', I2//) 

GO TO 169 
178 CONTIM.IE 

IF«INST.EQ. 'NO' ),OR. <INST.EQ, 'NF')) GO TO 180 
GO TO 200 

180 CALL LSTRSA< ' A11 ' , 3, I WOAD, 80 , NF, NL) 
IF(IIF.!>E.0) UP(16>=VARI 
IIFF=NFF +IIF 
CALL LSTRSA<'A22',~,IWORD,80,NF,Nl) 
IF<IIF. f,£, 0) UP<17)=VARI 
IIFF=IIFF+IIF 

C 02 

ION', 
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a.vo 
r-FF =r-FF +NF 
CALL LSTR$A('A33',3,IWORD,80,NF,Nl) 
IF<r-F,IE.O) UP(18)=VARI 
IIFF =~iFF +IIF 
CALL LSTRSA< 'A44' ,3, IWORD,80 ,NF, Nl) 
IF<NF,f,£,0) UP<19)=VARI 
NFF:fFF+NF 
CALL LSTRSA<'A55',3,IWORD,80,NF,Nl> 
IF<N,. fE, 0) UP<20 >=VARI 
IIFF =IIFF +NF 
CALL LSTR$A('A132',4,IWORD,80,NF,Nl) 
IIFF =IIFF +IIF 
IF<IIF.EO.O) GO TO 195 
UP<21)=VAfll 
IF<UP(21>,EQ.0) GO TO 195 

DO 190 -1=16,20 
190 UP<J)=O. 
195 CALL LSTRSA<'LAMD' ,4,IWORD,80,NF,NL> 

!F<IIF.IE,0) UP<22>=VARI 
IIFF:r-FF+NF 
';~~~ L~,!A~( /:t:!:.:~3:l~D, 80, NF, NL) 
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lF\UNST.EO. 'NO').OA.<INST.EQ. 'NF')) GO TO 180 
GO TO 200 

180 CALL LSTA$A('A:i.1',3.!WOAD,80,NF,NU 
IF<NF. NE. 0) UP<16)=VAAI 
NFF=NFF+NF 
CALL LSTR$A('A22',J,IWOAD,80,NF,NL) 
IF<NF.NE.0) UP(17)=VAAI 
NFF=NFF+NF 

C 02 

DLVO 

C 
C 
C 
C 

NFF=NFF+NF 
CALL LSTA$A( 'A33' ,3, IWORD,80, NF,NL) 
IF(NF.NE.0) UP(18)=VAR! 
NFF=NFF+NF 
CALL LSTR$A('A44',3,!WORD,80,NF,NL) 
IF<NF.NE.0) UP(19)=VAR! 
NFF=N"'F+NF 
CALL LSTR$A('A55',3,!WORD,80,NF,NL) 
IF<N, .NE.0) UP(20)=VAR! 
NFF=NFF+NF 
CALL LSTR$A( 'A132' ,4, !WORD,80 ,NF ,NL) 
NFF=NFF+NF 
IF<NF.EQ,0) GO TO 195 
UP(21)=VARI 
IF(UP(21).EQ.0) GO TO 195 

DO 190 J=16, 20 
190 UP<J)=O, 
195 CALL LSTR$A('LAMD',4,!WORD,80,NF,NL) 

IF<NF. NE. 0) UP(22)=VAR! 
NFF=NFF+NF 
CALL LSTR$A< 'VSF' ,3, IWORD,80,NF,NL) 
IF<NF.NE,0) UP(26)=VARI 
NFF=NFF+NF 

200 IF<NFF.EQ,0) GO TO 580 
GO TO 90 

210 IF« INST, EQ, 'NO'). OR, < INST. EQ, 'NF')) GO TO 220 
IF<MZ. EQ, 1) GO TO 20 
IF<MZ.E0.2) GO TO 40 
IF<MZ. EQ, 3) GO TO 70 

TEST VALIDITY OF DATA 

220 NA1=UP<5) 
NA2=UP(6) 
IF<NA1. GT. IIJA2) GO TO 240 
TEST1=UP(5)*UP<6)*UP<11)*UP<12>*UP(13) 
TEST2=UP<7)*UP<8) 
TEST3=UP(16)*UP<17)*UP<18)*UP<22) 
TEST4=UP<19>*UP(20) 
TEST5=UP<21)*UP<22) 
TEST6=UP(9)+UP<10) 
IF<TEST1. LE, 0. ) GO TO 630 
IF<TEST2.LT.0,) GO TO 630 

/* R1*R2HEMP*EPS*CAPPA U 
/* DI*D2 U 
/* A11*A22*A33*LAMDA */ 
/* A44*A55 */ 
/* A132:tLAMDR U 

IF«TEST2.LE.O. ),AND. (!UP(3),EQ, 'WI')) GO TO 82'1 
IF«TEST3.LE.O, ).AND. <UP(21).LE.O. )) GO TO 830 
!F((TEST4, LE, 0,). AND, ( !UP(3). EQ, 'WI')) GO TO 630 
IF«TEST5, LE. 0.). AND. <TEST3. LE. 0, )) GO TO 830 
!F(TEST6,EQ.0) WAITE<1,225) 

225 FOAMAT<'PSI1 & PS!2 ARE BOTH ZERO! CANNOT CALCULATE VA,') 
IF<TEST6.EQ.O) GO TO 630 
IF«INST.EO. 'NO' ).OR. <INST.EQ. 'NF')) GO TO 280 
WA!TE<1, 230) 

230 FORMATU/'DATA INPUT COMPLETE. THE VALUES ARE AS FOLLOWS:'//) 

D 02 

DLVO 

C 
C 

230 FORMAT(//'DATA INPUT COMPLETE. THE VALUES ARE AS FOLLOWS:'//) 
GO TO 260 

C R1,R2 EXCHANGE SECTION IF R1>R2 
C 

C 
C 

240 WAITE<i,250) 
250 FORMATU/'THE EQUATIONS USED REQUIRE THAT Ai <= R2', 

&/.3X, '-THE DATA WILL BE ADJUSTED ACCORDINGLY.') 
R1=UP<6) 
UP(6)=UP<5> 
UP(5)=R1 
PSI1=UP(10) 
lJP\10 )=UP(9) 
UP(9)=PSI1 
A11=UP<17) 
UP<17)=UP(16) 
UP(16>=A11 
A44=UP(20) 
UP(20 >=UP<19) 
UP(19)=A44 
D1=1JP(8) 
UP(8)=UP(7) 
UP<7>=Di 
GO TO 220 

zi;o !F'!I_P(2).ME. 'VI') r;o TO 280 

884 
885 
886 
887 
888 
889 
890 
891 

PAGE 19 

891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
S35 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
938 
'l37 
938 
939 
940 
941 
942 
943 
944 

PAGE 20 

944 
945 
946 
947 
948 
949 
950 
951 
952 
853 
954 
955 
856 
357 
958 
959 
960 
961 
962 
963 
964 
965 
986 
9B~"' 
988 
989 
'.:);'(l 
9tJ 

""_; 

I 
i 
! 
j 

I 
I 
I 

I 
I 

; 
£ 
{ 
I 
~ 

1 
l 
' ;, 



TEST6=UP<S>+UP(10) 
IF<TEST1. LE. 0. ) GO TO 630 
IF<TEST2. LT. 0.) GO TO 630 
IF«TEST2. LE. 0. ) • AND.< IUP<3). EQ, 'WI')) GO TO Ku 
IF«TEST3.LE.O. ),AND, (UP<21>.LE.O.)) GO TO 630 
IF«TEST4.LE,O. ).AND. <IUP(3).EQ. 'WI')) GO TO 630 
IF«TEST5, LE. 0.), AND. <TEST3. LE. 0.)) GO TO 630 
JF<TEST6.EQ,0) WRITE<1.225) 

225 FORMAT< 'PSI1 ~ PSl2 ARE BOTH ZERO! CANNOT CALCULATE VR, ') 
IF<TEST6,EQ.0) GO TO 630 
IF« INST. EQ. 'NO'). OR. <INST. EQ, 'NF')) GO TO 260 
WRITE<i,230) 

230 FORMAT(!/' DATA INPUT COMPLETE. THE VALUES ARE AS FOLLOWS: '//) 

D 02 
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DLVO 

230 FORMAT<I /' DATA INPUT COMPLETE. THE VALUES ARE AS FOLLOWS: '/ /) 
GO TO 260 

C 
C 
C RL R2 EXCHANGE SECT! ON IF R1 > R2 
C 

240 WRITE<1, 250) 
250 FORMAT<I I' THE EQUATIONS USED REQUIRE THAT R1 <= R2', 

~/3X, '-THE DATA WILL BE ADJUSTED ACCORDINGLY.'> 
R1=UP(6) 
UP(6)=UP(5) 
UP(5)=R1 
PSI1=UP<10) 
UP(10 )=UP<9) 
UP<9)=PSI1 
A11=UP < 17) 
UP<17)=UP(16) 
UP<16>=A11 
A44=UP<20) 
UP<20 )=UP(:L9) 
UP<1S)=A44 
D1=UP<8) 
UP(8)=UP(7) 
UP(7>=D1 
GO TO 220 

260 IF< IUP(2). NE. 'VI') GO TO 280 
C 
C 
C CALCULATION OF DELTA* 
C 

270 R1=UP(5) 
R2=UP(6) 
LAMDA=UP ( 22) 
IF< IUP(3). EQ. 'WI'> GO TO Z72 
CALL DELSS<R1,R2,LAMDA,DELS,DIRECT,O.> 
DELS=DELS/ ( 10 • **8) 
IF<DIRECT.EQ. 'Fl') GO TO 630 
GO TO 280 

Z72 HADS=UP(7)+UP(8) 
CALL DELSS(R1,R2,LAMDA,DP1PZ,DIRECT,HADS) 
DP1P2=DP1P2/ ( 10 • **8) 
IF<DIRECT.EQ. 'Fl') GO TO 630 
RS1=R1+UP(7) 
RS2=R2+UP(8) 
CALL DELSS(RS1,RS2,LAMDA,DS1S2,DIRECT,O.> 
IF<DIRECT.EQ. 'Fl') GO TO 630 
DS1S2=DS1S2/(10. **8> 
CALL DELSS(R1,RS2,LAMDA,DP1S2,DIRECT,UP<7>> 
IF<DIRECT.EQ. 'FI'> GO TO 630 
DP1S2=DP1S2/ ( 10. **8) 
CALL DELSS<RS1,R2,LAMDA,DP2S1.DIRECT, UP<8)) 
IF<DIRECT.EQ. 'Fl'> GO TO 630 
DP2S1=DP2S1/(10.**8) 

280 IF<NZ(1).EQ,0) GO TO 290 I* IF KAPPA CALCULATION NOT REQUIRED *I 
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280 !F(N2(1l,EQ,0) GO TO 2?u I* IF KAPPA CALCULATION NOT REQUIRED ti 
C 
r· 
C C;LCULATION OF KAPPA THE DEBYE-HUCKEL PPRAMt::TER 
r· 
C P.!:F.: PHYSIK z. 24, 305 (1923) 
C 

C 

C 

TEMP=IJP(11) 
EPS=IJP<12) 
SlJM=O, 

00 285 J=Lm 
28S SlJM=SIJ11+C<J>:tNZ<Jn~JZ(J) 

CAPPA=DSt'JP.T<4. tP!rEtE:tAVO:tSUM/(EPStBOL TZHEMPtiOOO.)) 
1.JP<Bl=CAPPA 

230 CONTIMJE 
lFUt%'(16).E0.0.>.0fl.<tf'<17),EQ,O, >> GO 1fJ 29S 
lF<IlJP'3).EQ. '1-J!' > GO ro 295 
M1=t!P(16> 
Cl?..2=lf>( 17 > 
CCJ:"3=1P(18) 
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IF<DIRECT.EQ. 'FI'> GO TO 630 
RS1=R:l+UP(?) 
RS2=R2+UP(8) 
CALL DELSS(RS1,RS2,LAMDA,DS1S2,DIRECT,0.) 
JF(DIRECT.EQ. 'Fl') GO TO 630 
DS1S2=DS1S2/(10.**8) 
CALL DELSS(R1,RS2,LAMDA,DP1S2,DIRECT,UP(?)) 
IF<DIRECT.EQ. 'FI') GO TO 630 
DP1S2=DP1S2/(10.**8) 
CALL DELSS(RS1,R2,LAMDA,DP2S1,DIRECT,UP(8)) 
!F(D!RECT.EQ. 'Fl') GO TO 630 
DP2S1=DP2S1/ ( 10 • **8) 

280 IF(NZ(1).EQ.0) GO TO 280 /;!: IF KAPPA CALCULATION NOT REQUIRED */ 

E 02 
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DLVO 

280 IF(NZ(1).EQ,0) GO TO 290 /:I: IF KAPPA CALCULATION NOT REQUIRED U 
C 
C 
C CALCULATION OF KAPPA THE DESYE-HUCKEL PPRAMETER 
C 
C REF.: PHYSIK Z. 24, 305 (1923) 
C 

C 

C 
C 

TEMP=LIP(11) 
EPS=LIP(12) 
SUM=O. 

DO 285 J=1, NI 
285 SUM=SUM+C < J > *NZ ( J) *NZ ( J) 

CAPPA=DSQRT(4.*Pl*E*E*AVO*SUM/(EPS*BOLTZ*TEMP*1000.)) 
UP(13)=CAPPA 

280 CONTINUE 
IF((LJP(16>.EQ.O. ),OR. (LIP(1?),EQ.O.)) GO TO 285 
IF( JLIP(3). EQ. 'WI') GO TO 295 
A11=LIP(16) 
A22=LIP<1?) 
A33=LIP(18) 

C CALCULATION OF THE APPARENT HAMAKER CONSTANT 
C 
C REF.: HAMAKER, H.C., PHYSICA, 4, 1058(193?) 
C 

C 
C 

A12=DSQRT(A11*A22) 
A13=DSQRHA11*A33) 
A23:DSQRT(A22*A33) 
A132=A12+A33-A13-A23 
UP(21>=A132 

C OUTPUT OF DATA VALUES 
C 

295 IF((INST.NE. "NO').AND.<INST.NE. 'NF')) GO TO 296 
WRITE(1, 13) ( !UP(J), J=L 4), LJF(5), L/P(6), UP(9), UP(10), UP(?), UP(8), 

&(UP(K), K=11. 14) 
IF<NI.LT.2)CO TO 297 
WRJTE(1, 14) <NZ<J>, J=1, NI) 
WRJTE(1, 15) (CO), J=1, NJ) 
WRITE(1, 16) 

297 WRJTE(1, 18) <UP< J), J=16, 22), UP(26) 
GO TO 300 

296 WRITE(1,10)(IUP<J>,J=1,4) 
WRJTE(1,30)UP(5),L/P(6),UP(9),UP(10),UP(7),UP(8) 
WRITE(1, 50) (UP(J), J=11, 13), NJ 
JF(N!. LT. 2>GO TO 317 
JF(IDEV.NE. 'VD') GO TO 317 
WRJTE(i. 60) 
WRITE<1,61) <NZO>, C(J), J=LNI) 
WRJTE(i.315) 

315 FORMAT<1H>) 

F 02 

DlVO 

.315 FORMAT(1H>) 
READ<L.316)PAUSE 

316 FORMAT(1A4) 
317 CONTINUE 

WRITE<L 80) (UP(J), J=16, 22), UP(26) 
300 l-.fl!TE(L310 > 
310 FORMAT< 'ARE YOU SATISFIED THAT THE DATA ARE CORRECT?') 

READ( 1, 320 ) !DATA 
320 FORMAH1A2) 

CALL CASE$A(A$FUPP, !DATA, 2) 
IF< !DATA. EQ. 'NO' )GO TO 8 
!F(IDATA.EQ, 'YE' )GO TO 570 
l-.fl!TE(1, 330) 

.330 FORMAT(' INCORRECT REPLY! ANSWER YES OR NO.'> 
GO TO 300 

C 
C 
C CONVERSION OF UNITS 
C 

s;,a UP<22>=LIP(22>/<10. **8' 
UP(23)=LIP(23)/(10.**8) 
IIP(?U)""IIP(?U)/(-fl'? :t:t-A:) 
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i:RITE(1: 16) ,~,,,,a-~"", 
297 i.11ITE<1,18)(UP(J),J=16,22),UP(26) 

GO TO 300 
296 i.11ITE<1,10)(IUP<J>,J=1.4) 

"'1ITE<1,30 )UP(5), UP(6), UP(9), UP(10), UP(?), UP(8) 
i.11ITE<L 50 > <UP<J>, J=11, 13), NI 
IF<NI.LT.2)GO TO 317 
IF( IDEV. M::. 'VD') GO TO 317 
"'1ITE(1,60) 
i.11ITE<1,61)<NZ<J>, C<J>, J=1,NI > 
i.11ITE<1,315) 

315 FORMAT<1H>) 

F 02 

DLVO 

C 
C 

315 FORMAT<1H>) 
READ<1,316>PAUSE 

316 FORMAT<1A4> 
317 CONTINUE 

"'1!TE(1,80) (UP( J), J=16, 22), UP(26) 
300 "'1ITE<1,310) 
310 FORMAT< "ARE YOU SATISFIED THAT THE DATA ARE CORRECT?') 

READ<1,320) !DATA 
320 FORMAT< 1A2 > 

CALL CASE$A<A$FUPP,IDATA,2> 
IF<IDATA.EQ. 'NO')GO TO 8 
IF< I DATA. EQ, 'YE' >GO TO 570 
/,ll!TE<1,330 > 

330 FORMAT< ' INCORRECT REPLY! ANSWER YES OR NO. ' ) 
GO TO 300 

C CONVERSION OF UNITS 
C 

C 
C 

5?0 UP<22)=UP<22)/(10, **8) 
UP(23)=UP<23)/(10, **8) 
UP(24)=LIP<24)/(1C,**8) 
UP(9)=UP(9)/(299,8*1000,) 
l.lP(10>=LIP(10)/(299,8*1000.> 
UP<5)=UP<5)/(10, **8) 
LJP(6>=LIP<E:)/(10, **8) 
IF<LIP(7).EQ,0,) GO TO 571 
UP(7)=UP<7)/(10,**8) 

571 IF(UP(8),EQ,0,) GO TO 650 
UP<8)=UP(8)/(10. **8> 
GO TO 650 

C INPUT ERRORS SECTION 
C 

C 

C 
C 

580 /,llITE<1,590> 
590 FORMATU/'DAT:'l INPUT INCORRECT. TYPE IN WHOLE LINE AGAIN.'/) 

GO TO 90 
630 "'1ITE<1,640> 
640 FORMAT<l/'DATA INPUT INCORRECT/INCOMPLC:TE. RECHECK DATA!'/) 

GO TO 8 
650 CONTI l>IJE 

RETURN 
END 

C***************************************"'*********************************** 
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C*************************************************************************** 
C 
C 
C CALCULATION OF THE CRITICAL CHANGE-OVER POINT, DELTA*, FOR 
C NON-IDENTICAL SPHERES USING VINC[NTS EQUATIONS. 
C 
C REF.: VINCENT. B., JCIS, 42, 270 (1973). 
C 
C ALL DISTANCES ARE IN ANGSTROM UNITS 
C 
C 

SUBROUTIM:: DEL:3S(R1, R2, LAMDA, DELS, DIRECT, HADS) 
IMPLICIT DOUBLE PRECISION<A-H,L,O-Z> 
INTEGER DIRECT 

$INSERT SYSCOM>A$KEYS 
C 
C 
C ITERATE TO WITHIN 0,001 ANGSTROM OF DELTA* USING A HALF STEP 
C 

HD=5, 
NCYCLE=O. 
HTEST=100. 
RD1=R1 
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C 
C 
C*:n::l:*:i::t*********************************:"********************************** 
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Ct:!'H**********"'************************************************************ 
C 
C 
C CALCULATION OF THE CRITICAL CHANGE-OVER POINT. DEL TA*, FOR 
C NON-IDENTICAL SPHERES USING VINCi:NTS EQUATIONS. 
C 
C REF.: VINCENT, B., JCIS, 42, 270 <1973). 
C 
C ALL DISTANCES ARE IN ANGSTROM UNITS 
C 
C 

SUBROUTINE DELSS<R1,R2,LAMDA,DELS,DIRECT,HADS) 
IMPLICIT DOUBLE PRECISION<A-H,L,0-Z) 
INTEGER DIRECT 

$INSERT SYSCOM>A$KEYS 
C 
C 
C ITERATE TO WITHIN 0,001 ANGSTROM OF DELTA* USING A HALF STEP 
C 

C 
C 

HD=S, 
NCYCLE=O, 
HTEST=100, 
RDi=Ri 
RD2=R2 
LAM=LAMDA 

1 GSTEF'=5, 
HDINIT=HD 
HDFOLD=O, 

10 HSHORT=HS<RD1,RD2,HD,LAM,HADS) 
HLONG=HL<RD1,RD2,HD,LAM,HADS) 
NCYCLE=NCYCLE+1 
IF<NCYCLE,GT,1000,) GO TO 95 
IF<<HSHORT,GT,O,),AND,<HLONG,GT,0,)) HDIFF=DABS<HSHORT-HLONG> 
IF«HSHORT,GT,O, ),AND, <HLONG,LT,O. )) HDIFF=HSHORT+DABS<HLONG) 
IF«HS:-lORT,LT,O, ),AND. <HLONG, GT.O. )) HDIFF=DABS<HSHORD+HLONG 
IF«HSHORT,LT,O. ), AND, <HLONG.l T.O, )) HDIFF=DABS<DABS<HSHORD-

i<DABS<HLONGl) 
IF<DABS<HTEST-HD>,LT,0,001)GO TO 40 
IF<HDIFF, GT. HDFOLD> GSTEP=-GSTEP /2, 
HDFOLDsHDIFF 
HTEST=HD 
HD=HD+GSTEP 
GO TO 10 

40 DELS=HD 

C TEST FOR CONVERG!::NCE 
C 

CONVER=<HDIFF /HSHORT >t100. 
IF(CONVER,GT,O,Ci>GO TO 50 
GO TO 100 

SO i..fiITE<1,60 )HDINIT ,DELS,HSHORT ,HLONG 
60 FORMAT( 'ESTIMATION ')F DEL* HAS FAILED CONVERGENCE TEST'/ 

is' INITIAL VALUE DEL:,: =', G11. 5, T40, 'ESTIMATED VALu£ OF DEL:t: =', 

H 02 

1094 
1095 
1096 
1097 

PAGE 23 

1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
112? 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 

DLVD PAGE 24 

1150 
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C 
C 

11.'INITIAL VALUE DEL* =',G11.5,T40, 'ESTIMATED VALUE OF DEL*=', 
S.G11. 5, /, 'HS=' ,G11. 5, T40, 'HL=', G11. 5/ 
S. 'ENTER: - CONTINUE IF YOU WISH TO CONTINUE',/ 
11.' REPEAT IF YOU WANT TO ENTER YOUR INITIAL GUESS FOR 
11.'Df"L*'/ 
&' FINISH TO QUIT THE PROGRAM ALTOGETHER.'//) 

READ<1, 70)D!RECT 
70 FORMAT(1A2) 

CALL CASE$P.(A$FUPP,DIRECT,2) 
IF<DIRECT. EQ. 'CO') GO TO 100 
IF<DIRECT,EQ,'RE'> GO TO 80 
GO TO 100 

80 i..f!ITE<1, 90) 
90 FORMAT< ' ENTER NEW GUESS FOR DEL*. ' / / > 

READ<1•*•END=80,ERR=80)HD 
GO TO 1 

95 i..f!ITE<1,96> 
96 FORMAT<' DELSS ITERATION EXCEEDS 1000 ! '/ I) 

DELS=HD 
NCYCLE=O 
GO TO 50 

100 CONTINUE 
RETURN 
END 



~ 

C TEST FOR CONVERG!::NCE 
C 

CONVER=<HDIFF/HSHORT)*100. 
IF<CONVER.GT.O.C1)G0 TO 50 
GO TO 100 

50 i,,R!TE(1.60)HDINIT ,DELS,HSHORT ,HLONG 
60 FORMAT< 'ESTIMATION '.JF DEL* HAS FAILED CONVERGEcJC'E TEST'/ 

&'INITIAL VALUE DEL:i: =',G11.5,T40,'ESTIMATED VALuE OF DE*=', 
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C 
C 

&'INITIAL VALUE DEL* =',G11.5,T40, 'ESTIMATED VALUE OF DEL*='• 
&G11.5,/, 'HS=' ,G11.5, T40, 'HL=' ,G11.5/ 
& ' ENTER: - CONTINUE IF YOU WI SH TO CONTINUE ' , / 
&' REPEAT IF YOU WANT TO ENTER YOUR INITIAL GUESS FOR ' 
&'DEL*'/ 
&' FINISH TO QUIT THE PROGRAM ALTOGETHER.'//) 

READ<1,70)DIRECT 
70 FORMAH1A2) 

CALL CASE$A(A$FUPP,DIRECT,2) 
IF<DIRECT.EQ. 'CO'> GO TO 100 
!F(D!RECT.EQ. 'RE') GO TO 80 
GO TO 100 

80 i,,R!TE<i,90) 
90 FORMAT< 'ENTER NEW GUESS FOR DEL*. ' / /) 

READ<1,*.END=80,ERR=80>HD 
GO TO 1 

95 i,,R!TE<1,96l 
96 FORMAT<' DELSS ITERATION EXCEEDS 1000 ! '//) 

DELS=HD 
NCYCLE=O 
GO TO 50 

100 CONTINUE 
RETURN 
END 

c:t:n:r******************************************'"**************************** 

I 02 

J.J.. .. C:: 

1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 

PAGE 24 

1150 
1151 
1:1.52 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
116? 
1168 
1169 
11?0 
11?1 
11?2 
11?3 
11?4 
11?5 
11?6 

, ·•~,c••._r,,_._,~,,.;,:.,.-::A \S,,:,·,-.~, ..... ~t-'l,,J:i':f~,,i,;g•\~~j!,;Jllif~-'il'l!!lll!IMl~~~-~~Jll!llf!;i~.!Jl.•~, .. ~1-"'•~~-"4>~,,,¼?<•' 

r~N 1382 

TU:, 02 
15:06:22 

DLVO 

C*************************************************************************** C 
C 
C SUBROUTINE FIND CONTROLS THE CALCULATION OF DATA 
C CALLS SUBROUTINES SORT & MAXMIN 
C 
C 

C 
C 

3UBROUTINE F!ND<NSTEP, NMAX, NMIN> 
IMPLICIT DOUBLE PRECISION <A-H,L,0-Z) 
DIMENSION UP<26), !UP(4), VTKT<200), VAKT(200), VRKT<200 >, HX(200 J, 

&YVTSS(200),YVASS(200) 
COMMON /A/UP,!UP 
COMMON /B/VTKT, VAKT. VRKT, HX, YVTSS, YVASS 
COMMON /C/I:~l5, DS1S2, DP1P2, DP1S2, DP2S1 
H=UP(23) 
HSTEP=UP(24) 
HF INAL=UP< 25 > 
NSTEP=DABS<H-HFINAU/HSTEP+i.1 
IF«H.L T.1D-10l.OR. <HFINAL. LT. iD-10)) NSTEP=NSTEP-1 
!F(H. GT. HFINAUHSTEP=-HSTEP 
IF«-HSTEP>.GT. (H/2. ))HSTEP=HSTEP/2. 
HX(1)=H 

C CALCULATE FIRST SERIES OF RESULTS (500-100 ANGSTROMS IN 
C STEPS OF 100 ANGSTROMS.) 
C 
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C*************************************************************************** C 
C 
C SUBROUTINE FIND CONTROLS THE CALCULATION OF DATA 
C cnLLS SUBROUTINES SORT e MAXMIN 
C 
C 

C 
C 

SUBROUTINE FIND<NSTEP, NMAX, NMIN) 
IMPLICIT DOUBLE PRECISION <A-H,L,O-Z) 
DIMENSION UP<26), IUP(4), VTKT<200), VAKT<200), VRKT(200), HX(200), 

&YVTSS(200),YVASS<200) 
COMMON /A/UP, !UP 
COMMON /8/VTKT,VAKT,VRKT,HX,YVTSS,YVASS 
COMMON /C/!J'CLS,DS1S2,DP1P2,DP1S2,DP2S1 
H=UP(23) 
HSTEP=UP<24) 
HFINAL=UP(25) 
NSTEP=DABS<H-HFIML)/HSTEP+1,1 
IF< (H, LT, 1D-10). OR. <HFINAL. LT .1D-10)) NSTEP=NSTEP-1 
lF <H. GT. HF INAUHSTEP=-HSTEP 
IF«-HSTEP). GT. (H/2,) )HSTEP=HSTEP/2, 
HX(1)=H 

C CALCULATE FIRST SERIES OF RESULTS <500-100 ANGSTROMS IN 
C STEPS OF 100 ANGSTROMS. ) 
C 

C 
C 

ISIGN=O 
Nid 
NF=NSTEP 
I=1 
HST=HSTEP 

5 DO 10 N=Nl ,NF 
!F(HX<N>.GT.DABS<HST)) GO TO 6 
NSTEP=N-1 
GO TO 14 

6 CALL INTER<HX<N>,VAKT<N>,VRKT<N>,VTKT<N)) 
IF<VTKT<N>.GT. 0) ISIGN=1 
!F(VTKT<N>.LT.-25.) GO TO 11 
IF«VTKT•'N).GE.-25. ).AND. <VTKT(N).LE.300. )) 

e YVTSS<N>=VSS<VTKT<N). N) 
IF<VAt:T<N,. GE. -ZOO.) YVASS<N>=VSS<VAKT<N) ,N) 
HX<N+1)=HX<N>+HST 

10 CONTINUE 
11 IF<I.GT.1) GO TO 13 

lF«ISIGN.E!l.O>.AND,<VTKT(N).LT.-25>) GO TO 13 

C EXTEND SERIES IN SMALLER INCREMENTS (HSTEP/10) UNTIL VT/KT NEGATIVE 
C 

12 1=1+1 
IF<VTKT<NSTEP>.LT,-25) GO TO 14 
HST =HST /10 • 
Nl=NSTEP+1 
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C 
C 

Nl=NSTEP+1 
HX<ND=HX(NSTEP)+HST 
NSTEP=DABS(HX(NSTEP)/HST>-1+.1 
NF=NI+NSTEP 
GO TO 5 

13 IF<N.EQ,NF) NSTEP=NF 
IF<N.LT,NF) NSTEP=N 

C SORT AND FIND MAX. AND MIN. VALUES OF THE ARRAY VT/KT 
C 

14 CALL SORT ( NS TEP) 
CALL MAXMIN<NSTEP, VTKT, NMAX, NMIN) 
IF<DABS<HST),LT,1D-8) GO TO 15 
IF«NMAX,EO.O>.AND.<I.LT.2)) GO TO 12 
IF«NMAX,EQ.NSTEP),OR, (VTKT<NSTEP),GE.O. )) GO TO 12 

C 
r· 
C LOCATE POSITION OF PRIMARY MAXIMUM TO WITIN 0.001 ANGSTROMS 
C 

15 !F«VTKT<NSTEP>.LT,0,),AND.<NMAX.EQ,O))GO TO 120 
IF<HX<NMAX),LT.1.1E-8) WRJTE(1,18) 

18 FORV~T('PROGRAM CALCULATING AT UNREALISTIC DISTANCES< 1 ANGSTROM 
e '/' e MAY RUN INTO D!FFICUL TIES. ') 
HST=HX(NMAX)/20, 
NSTEP=NSTEP+1 
HX<NSTEP)=HX<NMAX) 
VTKT(NSTEP>=VTKT(NMAX) 
VAKT<NSTEP>=VAKT<NMAX) 
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1 
,,~.,. L.c.~uv • .,., 1216 

IF<VRo:T<N). GE. -200.) YVASS<N>=VSS<VAKT<N), N> 1217 
HX<N+1)=HX<N>+HST 1218 

10 CONTINUE 1219 
11 IF<I,GT.1) GO TO 13 1220 

IF«ISIGN.EQ.O),AND. (VTKT<N).LT.-25)) GO TO 13 1221 
C 1222 
C 1223 
C EXTEND SERIES IN SMALLER INCREMENTS (HSTEP/10) UNTIL VT /KT NEGATIVE 1224 
C 1225 

12 I=I+1 1226 
IF<VTKT<NSTEP>. LT. -25) GO TO 14 1227 
HST =HST /10. 1228 
NI=NSTEP+1 1229 
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C 
C 

NI=N3TEP+1 
HX<NI >=HX<NSTEP)+HST 
NSTEP=DABS<HX<NSTEP)/HST>-1+.1 
NF=NI+NSTEP 
GO TO 5 

13 IF<N.EQ,NF) NSTEP=NF 
!F(N. LT. NF) NSTEP=N 

C SORT AND FIND MAX, AND MIN. VALUES OF THE ARRAY VT/KT 
C 

C 
C 

14 CALL SORT<NSTEP) 
CALL MAXMIN<NSTEP, VTKT, NMAX, NMIN) 
IF<DABS(HST>.LT.1D-8) GO TO 15 
IF«NMAX. EQ, 0). AND. <I.LT. 2)) GO TO 12 
IF«NMAX.EQ.NSTEP).OR. <VTKT<NSTEP>.GE.O. )) GO TO 12 

C LOCATE POSITION OF PRIMARY MAXIMUM TO WITIN 0.001 ANGSTROMS 
C 

C 
C 

15 IF«VTKT<NSTEP>,LT,O, ).AND. <NMAX,EQ,O))GO TO 120 
IF<HX<NMAX), L T.1.1E-8) WRITE(i, 16) 

16 FORMAT< 'PROGRAM CALCULATING AT UNREALISTIC DISTANCES < 1 ANGSTROM 
ll.'/' ll. MAY RUN INTO DIFFICULTIES,') 

HST =HX < NMAX) /20. 
NSTEP=NSTEP+1 
HX<NSTEP)=HX<NMAX) 
VTKT<NSTEP)=VTKT<NMAX) 
VAKT<NSTEP)=VAKT(NMAX> 
VRKT<NSTEP)=VRKT<NMAX) 
YVTSS(NSTEP)=YVTSS(NMAX) 
YVASS<NSTEP)=YVRSS<NMAX) 

30 J=NSTEP 
35 HST =-HST /2. 

IF<DABS<HST). LT, 1. D-11> GO TO 45 
40 NSTEP=NSTEP+1 

HX<NSTEP>=HX<NSTEP-1)+HST 
CALL INTER(HX(NSTEP), VAKT<NSTEP), VRKT<NSTEP), VTKT<NSTEP)) 
IF<<VTKT<NSTEP),GE.-25.).AND,<VTKT<NSTEP>.LE.300,)) 

ll.YVTSS<NSTEP>=VSS<VTKT<NSTEP), NSTEP) 
IF<VAKT<NSTEP),GE,-200,) YVASS<NSTEP)=VSS(VAKT<NSTEP),NSTEP) 
IF<VTKT<NSTEP),LT. VTKT<NSTEP-1)) GO TO 35 
GO TO 40 

C DELETE POINTS CALCULATED IN HUNTING FOR A PRIMARY MAXIMUM 
C AND STORE PRIMARY MAXIMUM VALUES 
C 

45 HH=HX(NSTEP) 
VT=VTKT<NSTEP> 
VA=VAKT<NSTEP) 
VR=VRKT<NSTEP) 
YT =YVTSS(NSTEP) 
YA=YVASS<NSTEP) 
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YA=YVASS(NSTEP) 
DO 48 K=J,NSTEP 
HX(K)=O, 
VTKT<K)=O, 
VRKT<K>=O, 
VAKT(K)=O, 
YVTSS<K>=O, 

48 YVASS<K>=O. 
NSTEP=J 
HX<NSTEP)=HH 
VTKT < NS TEP>= VT 
VAKT<NSTEP>=VA 
VRKT<NSTEP)=VR 
YVTSS<NSTEP>=YT 
YVASS(NSTEP)='fA 

C: 
r· 
C IF NO SECONDAR'f MIN. FOUND LOOK AT LARGER SEPARATIONS 
C 

50 IF<NMIN, GT. 1>GO TO 87 
l-f)((N~j,=p.,_1 ),,,,~Y(1) .f~l"l':1 



r-lJV 1982 

TUE, 02 
15:06:22 

f-1JV 1:'.182 

11.£, 02 
1S:DS:22 

C 
C 

J.r"\.JJHCl~\.M~1,;.L1.:1..JJ-J.:l.) l.:,U IU Lt!:> 
40 NSTEP=NSTEP+1 

HX<NSTEP>=HX<NSTEP-1)+HST 
CALL INTER<HX(NSTEP),VAKT<NSTEP),VRKT<NSTEP),VTKT<NSTEP)) 
IF<<VTKT<NSTEP).GE.-25.).AND.<VTKT<NSTEP).LE.300.)) 

ll. YVTSS<NSTEP )=VSS<VTKT(NSTEP), NSTEP) 
IF<VAKT<NSTEP). GE. -200.) YVASS(NSTEP)=VSS(VAKT<NSTEP), NSTEP) 
IF<VTKT<NSTEP).LT.VTKT<NSTEP-1)) GO TO 35 
GO TO 40 

C DELETE POINTS CALCULATED IN HUNTING FOR A PRIMARY MAXIMUM 
C AND STORE PRIMARY MAXIMUM VALUES 
C 

45 HH=HX<NSTEP) 
VT=VTKT<NSTEP) 
VA=VAKT<NSTEP) 
VR=VRKT<NSTEP) 
YT=YVTSS(NSTEP) 
YA=YVASS<NSTEP) 

DLVO 

C 
C 

YA=YVASS(NSTEP) 
DO 48 K=J, NSTEP 
HX(K)=O. 
VTKT(K)=O. 
VRKT<K)=O. 
VAKT<K>=O. 
YVTSS(K)=O. 

48 YVASS(K)=O. 
NSTEP=J 
HX<NSTEP)=HH 
VTKT<NSTEP)=VT 
VAKT<NSTEP)=VA 
VRKT<NSTEP)=VR 
YVTSS<NSTEP)=YT 
YVASS<NSTEP)=YA 

K 02 

C IF NO SECONDARY MIN. FOUND LOOK AT LARGER SEPARATIONS 
C 

C 
C 

SO IF<NMIN. GT. 1)GO TO 8? 
HX<NSTEP+1)=HX(1) 
VTKT<NSTEP+1)=VTKT<1) 
VAKT<NSTEP+1>=VAKT(1) 
VRKT<NSTEP+i>=VRKT<i) 
YVTSS<NSTEP+i)=YVTSS(i) 
YVASS<NSTEP+1)=YVASS(1) 
NSTEP=NSTEP+1 
HST=DABS<HSTEP) 
J=NSTEP+1 

52 NSTEP=NSTEP+1 
55 HX<NSTEP>=HX<NSTEP-i)+HST 
60 CALL INTER<HX<NSTEP), VAKT<NSTEP), VRKT<NSTEP), VTKT<NSTEP)) 

IF<<VTKT<NSTEP).GE.-25).AND.<VTKT<NSTEP).LT.300)) 
ll. YVTSS(NSTEP>=VSS<VTKT<NSTEP),NSTEP) 

IF<VAKT<NSTEP). GE. -200) YVASS(NSTEP)=VSS<VAKT<NSTEP), NSTEP> 
IF<VTKT<NSTEP).GT.VTKT<NSTEP-1)) GO TO 85 
IF<HX<NSTEP).GT. (1.D-04))GO TO ?O 
GO TO 52 

C IF NO SECONDARY MIN. AT SEPARATIONS LESS THAN 10,000 ANGSTROMS 
C DELETE EXTRA POINTS FROM ARRAYS 
C 

C 

?O DO 80 K=J, NSTEP 
VTKT<K>=O. 
VAKT<K>=O. 
VRKT<Kl=O. 
HX<K>=O. 
YVTSS<K)=O. 
YVASS(K)=O. 

80 CONTINUE 
NSTEP=J-1 
GO TO 110 

DLVO 

C 
r 

L 02 

C SORT e FIND MAX. P. MIN. VALUES OF THE ARRAY VT/KT 

C 
C 

85 CALL SORHNSTEP) 
CALL MAXMIN'NSTEP,VTKT,NMAX,NMIN) 

C LOCATE POSITION OF SECONDARY MIN.TO WITHIN 0.001 ANGSTROMS 
C 

8? J=fvSTEP+1 
80 HST=DABS(HSTEP)/10. 

N0=1 
35 HST :::-HST /2, 

IF(DA83(HST>.LT. <1.D-11))GO TO 105 
1JD lf:t1:~t=~T~P:':~ ___ ···---- . _ 
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C 
C 

iF(\ITl(T(NSTEP): GT: VTKf (NSf£p:{))'GQ✓ TQ.;,85 vMr-
1 

,,v.;,i ~• ✓ ~iv.;,•~• ✓ 
IF<HX<NSTEP).GT. <1.D-04))GO TO 70 
GO TO 52 

C IF NO SECONDARY MIN. AT SEPARATIONS LESS THAN 10,000 ANGSTROMS 
C DELETE EXTRA POINTS FROM ARRAYS 
C 

C 

70 DO 80 K=J,NSTEP 
VTKT<Kl=O. 
VAKT<K):O. 
VRKT<Kl=O. 
HX<K)=O. 
YVTSS(K)=O. 
YVASS<K)=O. 

80 CONTINUE 
NSTEP=J-1 
GO TO 1:10 

L 02 

DLVO 

C 
C 
C SORT & FIND MAX. & MIN. VALUES OF THE ARRAY VT /KT 
C 

85 CALL SORT(NSTEP) 
CALL MAXMIN<NSTEP,VTKT,NMAX,NMIN) 

C 
r 
C LOCATE POSITION OF SECONDARY MIN.TO WITHIN 0.001 ANGSTROMS 
C 

C 
C 

87 J=NSTEP+1 
90 HST:DABS<HSTEP)/10. 

N0=1 
95 HST =-HST /2. 

IF<DABS<HSD.LT. (1.D-iil)GO TO 105 
1.JO NSTEP=NSTEP+1 

IF<NO. GT.1)HH:HX(NSTEP-1) 
IF<NO. EQ.1lHH=HX<NMIN) 
HX<NSTEP)=HH+HST 
N0=2 
CALL INTER<HX<NSTEP), VAKT<NSTEP), VRKT<NSTEP), VTKT<NSTEP)) 
IF<<VTKT<NSTEP).GE.-25).AND.<VTKT<NSTEP).LT.300)) 

& YVTSS(NSTEPl:VSS<VTKT<NSTEP),NSTEP) 
IF< VAKT< NS TEP) • GE. -20 0 ) YVASS< NS TEP) =VSS < VAKT< NS TEP) , NS TEP) 
IF<VTKT<N&TEP).GT.VTKT<NSTEP-1))GO TO 95 
GO TO 100 

C DELETE POINTS CALCULATED HUNTING FOR A SECONDARY MINIMUM 
C AND STORE SECONDARY MINIMUM VALUES 
C 

C 

105 HH=HX<NSTEP) 
VT:VTKT<NSTEP> 
VA:VAKT<NSTEP) 
VR=VRKT<NSTEP) 
YT:YVTSS<NSTEP) 
YA=YVASS<NSTEP) 

DO 108 K=J, NSTEP 
HX<K):0, 
VTKT<K):0. 
VRKT<Kl:O. 
VAKT(K)=O. 
YVTSS(K)=O. 

108 YVASS(K):0. 
NSTEP=J 
HX < NS TEP) =HH 
VTKT<NSTEPl=VT 
VAKT<NSTEPl=VA 
VRKT<NSTEP)=VR 
YVTSS(NSTEP):YT 
YVASS<NSTEP)=YA 

IA.Vu 

C 
r 

M 02 

C SOfH ~ FHJD MAX. ~ MIN. VALUES OF THE ARRAY VT/KT 
(: 

C 
C 

11/J CALL SOF<T 1 NSTEP) 
CALL MAXMmrnsTEP, VTKT' IJMAX, NMIN) 

120 CWTIIIJE 
RETIJfW 
END 

C 
e:nnnHHHtHtt:ttttttttttttttttt:tttn:tr:1·rtrt~:n:n**nnn:1:1:t~:n:1:r:nr1::1:1:n 
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YA=YVASS<NSTEP) 

DO 106 K=J, NSTEP 
HX<K):0. 
VTKT<K):0. 
VRKT(K):0. 
VAKT<K):0. 
YVTSS(K):0. 

106 YVASS<K):0. 
NSTEP:J 
HX<NSTEP>=HH 
VTKT<NSTEP)=VT 
VAKT<NSTEP):VA 
VRKT<NSTEP):VR 
YVTSS<NSTEP):YT 
YVASS(NSTEP):YA 

C 

M 02 
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C 
r· 
C SORT e FIND MAX. e MIN. VALUES OF THE ARRAY VT /KT 
C 

C 
C 
C 

110 CALL SORT<NSTEP) 
CALL MAXMIN<NSTEP,VTKT,NMAX,NM!N) 

120 CONTINUE 
RETURN 
END 

C*****************~'********************************************************* 
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c r nrnnrn nnnunn:rnr*nrr:r:nn********f*****nnttlr:tttttnttttltHt 
r 

C 
C 

Sl.Jf:!r-fJ<JTII/€ !I/TEP. COIJTROLS THE CALCULATION OF 
THE WTAL EIF.:RGf OF HITERACTION (VT' 

SUE<PfJJT!I/€ IfJTER (H,VA¥.T,VP.n.vrn, 
lMKli:IT DWE<Lt f'f<f:ClSlOIJ rA-H,L,0-Z' 
l)(J<.JE<lE PRECIS!O,'I !% 
Dlf'ENS!Ofl Lf'(2€), !UP"•' 
Uil'H',+I //1/Uf,, !UP 
(JJl'WII /Ulltl3, l!S1S?., r,nr-2, DP1S?., !IP2SJ 
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i:rnnnnnnuun:rnuunnn:t:tnnn:t:t:t********H::t:t:n::tnn:n:rnnn:nn 
(' 
,·· 
(; SUBAOUTII£ INTER CONTROLS THE CALCULATION Of 
C THE TOTAL El-EAGY Of INTERACTION (VT) 
,: 
(' 

$lJBROUTIM;; INTER (H, VAKT. VRr.T. vn:n 
IMPLICIT DOUBLE PRECISION <A-H,L,0-Z' 
DOUBLE PRECISION ISS 
Dlr-ENSION UP<28),!UP(4) 
COMMON /A/UP, !UP 
COMMON /C/DELS,DS1S2,DP1P2,DP1S2,IJP2S1 

(: 
('· 

r.. INITIALISE VARIABLES 
(: 

C 

C 

TEMP=UP< 11) 
A132=lJP(21) 
LAMDA=UP < 2") 
R1=UP<S> 
R2=lJP<B> 
AH=UP<18) 
AZ2=UP<17) 
A33:UP(18) 
VSF =UP< 28) 
HADS=O, 

IF<:IUP(3),EQ, 'OU') GO TO 5 
A44:UP(19) 
A55=UP<20 > 
D1=UP<7) 
D2:Uf'(8) 
AS1',A1+D1 
AS2=A2+D2 
HADS=D1+D2 

5 !F<IUP<2),EQ.'HA') GO TO 150 
IF<IUP<2),EQ, 'Cl') GO TO 170 
IF<IUP(3), ECl, 'WI') GO TO 35 
IF<H-DELS) 10, 10, 20 

10 HFUN=HS(A1,A2,H,LAMDA,0,) 
GO TO 30 

20 HFUN,.HL<A1,A2,H,LAMDA,0,) 
30 VA=-A132*VSF/12,*HFUN 

GO TO 200 
35 IF<H-DS1S2) 40, •~o, 50 
40 HS1S2=HS(AS1,AS2,H,LAMDA,O.) 

GO TO BO 
50 HS1S2=H..(AS1,ASZ,H,LAMDl1,0,) 
80 IF<H-DP1P2) 70, 70 ,80 
70 HP1P2=HS(R1,R2,H,LAM.DA,HADS) 

GO TO 90 
80 HP1P2=Hl<A1,A2,H,LAMDA,HA[IS) 

0 02 
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C 

C 

C 

80 W1P2:H..<R1,R2,H,LAMDA,HADSJ 
90 IF<H-DP1S2) 100,100,110 

100 fi'>1S2=HS<R1,RS2,H,LAMDA,D1l 
GO TO 120 

110 fi'>1S2:H..<R1,RS2,H,LAMDA,D1) 
120 IF<H-DP2S1) 130,130,140 
130 fi'>?.S1=HS<RS1,R2,H,LAMDA,D2l 

GO TO 190 
140 fi'>2S1:ti..(RS1,R2,H,LAMDA,D2) 

GO TO 190 

150 IF<ILf>(3).EQ. 'WI') GO TO 1€0 
VA:--A132*VSF/12. *HAMFUN<R1,R2, H, 0. ) 
GO TO 200 

1€0 HS1S2=HAMFUN<RS1,RS2,H,O.l 
HP1P2=HAMFUN<R1,R2,H,HADS> 
HP1S2:HAl'f1.JN(R1,R$2,H,D1) 
fi'>2S1:HAl'f1.JN<RS1,R2,H,D2l 
GO TO 190 

170 IF<ILP(3).EQ. 'WI') GO TO 180 
CTl.L CLUM<H,ISS,R1,R2,0.> 
VA=--A132*VSF* I SS 
GO TO 200 

180 CALL CLUM(H,HS1S2,AS1,RS2,0.> 
CALL CLUM<H,fi'>1P2,R1,R2,HADSJ 
CALL CLUM(H,fi'>1S2,R1,RS2,D1> 
CALL CLUM<H,fi'>2S1,RS1,R2,D2l 

190 VA:-(HS1S2*<DSQRT<A44>-DSQRT<A33) l*(DSQRT<A55)-DSQRT<A33l) 
e +!i"1P2*<DSQRT(A11>-DSQRT<A44> >* (DSQRT <A22)-DSORT<A55)) 
e +HP1S2*<DSOAT<A11l-DSQRT(A44> >* <DSORT<A22>-DSQRT<A55> > 
e +HP2S1*<DSORT<A22>-DSQRT(A55) )*<DSORT<A44l-DSQRT<A33))) 
e *VSF/12. 

200 CALL REPU..<H, VR) 
VT=VA+VR 
VTKT=VT*(10.**1€)/(1.3805*TEMP> 
w.KT=VA*<10,**1€)/(1,3805*TEMP) 
VRKT=VR*(10. **1€)/(L 3805*TEMP) 

RETURN 
ENil 

C 
C:t:n:-.t:-.t:n******************************************************************U 
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c:rnrnnntn rn--**:rn:t:t:t:t-"*U*:t:t.**:t:t****************************"'******"'*** r-
r; FlJIJCT!OIJS HS ~ HL INVOLVED IN THE 
C 
C ,;;,v:u..ATIOtl (jf' THE SHOP.T RANGE (HS) e LONG RANGE <HU GEOMETRIC 
C FUNCTIOIIS FOR NOl~--IDENTICAL SPHERES 
C 
C F£F.: 
C 1. VIW-£1/T, B,, JUS, 112, 270 ,:J973l. 
C 2,ifYMfJIID, D,w,J,, vmcENT, e., €. wil!TE, F.A.W., JCIS, 42, 262 (1373) 
C 

F".ft>l'.:TION H;< Ai, R2, H, LAMDA, HP.llS J 
!W'L!C!T Dr~AE PAECISION<A-H,L,0-Z> 
~i .. 01 
Bc,(J, 14t2, ¥3.1'd6/l.f41DA 
C~14-fi2:~f.DS+H 
/ ;,,-fll ".2AfU ) 
'f±l'l:2/IU 
(.h//tX+'Y.tf#-X 
Ti~tt<·'(/U-'- f /"'."t.h,.l}.,2,. tDLuG"'.l!l/0..Jf-Y) >) 
T2"'8, fftlmHliH•2, t'(•'2, W• O t!iJLf./GilJl<l/, ,')) )IC 
t~11+.1'2 
ff.!1iffl 
£/Jill 
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c~=inn:n:t;::t************************************************************ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

FUNCTIONS HS & Hl INVOLVED IN THE 

o:LCULATION OF THE SHORT RANGE <HS) & LONG RANGE <HL) GC:OMETRIC 
FUNCTIONS FOR NON-IDENTICAL SPHERES 

REF.: 
1.VINCENT. B •• JCIS, 42, 270 <1973). 
2.0SMOND, D.W.J., VINCENT, B., & WAITE, F.A.W., JCIS, 42, 262 U973) 

FUNCTION HS<R1,R2,H,LAMDA,HP.DS) 
Il'PLICIT DOUBLE PRECISION<A--H,L,0-Z) 
11:1.01 
B=0.14*2.+3.1416/LAMDA 
C=Ri +R2+1-ilDS+H 
X=H/(2. *Ai) 
Y=R2/R1 
U=xtX+xtY+X 
T1=A*(Y/U+·f /(U+Y)+2. *DLOG(U/<U+Y))) 
T2=8. *Ai*R1*8*<2. *Y+<2. *U+Y)*DLOG(U/(lJ+Y)) )/C 
HS=T1+T2 
RETURN 
END 

FUNCTION H..<RLR2,H,LAMDA,HADS) 
Il'PLICIT DOUBLE PRECISION<A-H, L, 0-2' 
PI=-3.14159 
AP=2.45:t:lAMIJA/(2,*PI) 
BP=2.04*(LAMDA/<2. *PI) )*<LAMDA/(2. *PI)) 
C=R1+R2+HADS+H 
X=H/(2. *Ai) 
Y=R2/R1 
U=xtX+xtY +X 
S1=AP*(Y*(1. +Y)*(1. +Y)/(U*U)+Y*(1. -Y)*(1. -Y)/( <U+ Y)*<U+ Y))) 
S2=Af'*(2. *<Y*Y-Y+1. )/<U+Y)-2. *<Y*Y+Y+1. )/U+4. *DLOG< (U+Y)/U)) 
S3=BP*<2. /(U+Y)-2. /U+(Y*Y+Y+1. )/<U*U)-(Y*Y-Y+1. )/( <U+Y)*<U+Y))) 
3"=BP*(Y*(1. +Y)*(1. + Y)/(U*U*U)+Y*(1. -Y)*<1.-Y)/( <U+Y)*<U+Y)*(U+Y)) 

€.) 

Hl=<S1+S2)/(10.*C)+(S3-S4)/(60.*R1*R1) 
RETURN 
END 

C 
~**~******;-*****~************************************************* 
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C 

C 

3U800'JT!IJE 1-lfff'IJN WHICH CALCULATES THE: 
r;::~rn!c f'l.Jf;:HCAl Ill Tl-£ CAtCULATIOI-J OF Vil USING KAl-!Al'.ER' s EQUATION 

FLflC1U.li HfWLJWRi,PZ,fl,fiv:ll'.ISi 
!%'J.,{;U', FflEUS!ot·I fl,HQl'.13,P.1,P.2,X,Y,Z 
/z(~J•Wdr3}/i'.fti,.f-Q> 
,~r<1./R2 
Z:o:/f't'Z, -,.,ZtY +./ 
fiil[Wl!f£!'c ( /1. .. r /<Z~ (f"<l.2, tllf'.L{Jzf;(l/ ✓ z, ·o) 
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C*************************************************************************** 1538 
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C*************************************************************************** 
C 
C SUBROUTINE HAMFUN WHICH CALCULATES THE 
C GEOMETRIC FUNCTION IN THE CALCULATION OF Vil USING HAMAKER' S EQUATION 
C 

C 

C 

FUNCTION HAMFUN(R1, R2, H, HADS) 
DOUBLE PRECISION H,HADS,R1,R2,X,Y,Z 
X=<H+HADS)/(R1+R2) 
Y=R1/R2 
Z=X**2,+X*Y+X 
HAMFUN=Y /Z+ Y /(Z+ Y)+2. *DLOG(Z/(Z+ Y)) 

RETURN 
END 

C 
C:t***************************************************************~'~'********* 

C 03 

DLVO 

C***************************************"'**************"'******************** 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

SUBROUTINE CLUM CALCULATES THE GEOMETRIC FUNCTION USING THE EQUATIONS 
OF CLAYFIELD ET Al 

REF.: 1. CLAYFIELD, E.J., LUMB, E.C. AND MACKEY, P.H •• 
J. COLLOID INTERFACE SCI., 37, 382 (1971). 

2. CASIMIR, H.B.G. AND POLDER, D., PHYS. REV., 73, 360 <1948) 

SUBROUTINE CLUM <H, ISS,R1.R2,HADS> 
IMPUC!T DOUBLE PRECISION (A-H. l,l,0-Z) 
!JIMENSIOI.J I.IP(26), NIUP(4) 
COMMOU /(J/UP, NIUP 

C INITIALISE VARIABLES 
C 

LAMDA=UP ( 22) 
PI=3.14159 
H=H+HADS 
RH0='.3.*LAMDA/(2.*PI> 
A=i.01 
B=O. 14:t:2. *PI/LAMDA 
C=2.45/(2,*PI/LAMDA) 
D=2. 04/((2. *PI/LAMDA):t:<2. *PI/LAMDR> > 
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C*************************************************************************** 
C 
C 
C 
C 
c­
c 
,: 
1: 
I 

r: 

C 

SUBROUTINE CLUM CALCULATES THE GEOMETRIC FUNCTION USING THE EQUATIONS 
OF CLAYFIELD ET AL 

REF,: 1. CLAYFIELD, E.J .. LL'MB, E.C. AND MACKEY, P.H., 
J. COLLOID INTERFACE SCI •• 37, 382 (1971). 

2, CASIMIR, H.B.G. AND POLDER, D •• PHYS. REV,, 73, 360 (1948) 

swr,rJUllll (LUM (H, ISS,R1,R2,HADS) 
JMPLJ!::/ I lJfJ\Jfl\E PRECISION <A-H, I ,L,O-Z) 
DIMENSION r.JPi2E),NJIJP(4) 
COMMON /IVUP, N !UP 

, .. 
C INITIALISE VARIPBLES 
C 

C 

C 
C 

LAMDA~LJP < 2;;) 
Pl:3,14159 
H=H+HADS 
RH0~3, *LAMDA/<:2, lP I> 
Aei.01 
a~o. 14*2, :tPI/LAMDA 
c~2. 1;5/(2, :t.PI/LAMDA> 
D~2.04/((2, :l:Pl/LAMDA):t(2, tPl/LAMD1.:p > 

H2RhH+2. :tR1 
H2R2~H+2.tR2 
H2R12~H2R1+R2*2, 
!F<RHO, GE, H2R12) CO TO 300 
!F«H2R12,GE.RHO).AND. <RHO.GT.H2R2>> GO TO 300 

C IS1 REGION OF INTEGRATION, 
C 

C 

C 

C 

DLVO 

C 
C 

1srn~DLOG<H2R1*H2R2/(H*f-l2Ri2) )+(Ri+R2)»:( 1. /H2R12-L /H.\ 
& +(R1-R2)*(1. /Hc"'ll2-1. /l-!.3R1>+RHA2 
I?. :f:(1. /H!:*2+1. /(H2A1:t.H2Ri)+1. /(H2R2*H2Rii)+1. /<H2A1.+.2. *A2*A2 > > 

1s1s~1. /H-1. /H2R1-1, /H2R2+1. /fl2fl12+(1U +R2):t•. 1. /(H2f.~2:rH2Rl2' 
& -1. /<H:tH> ),.(R1-A2)t<1. /(H,,'R2*H2R2)-1. /(H2RHH2R1') 
& +2. :tR1*R2:H1. /H**3+1. /l-l~1:n3+1. /H2R2n3+1. /H2R12H J > 

!S1=C/30. *ISlA-D/100, *1S1!l 
!F((fG::ALGE.RHO>.AND,<RHO.GT.Hl) GO TO 100 
IF<(H2R2.GE.RH0),AND.<RHO.Gl,H2RV' GO TO 200 
JSS=IS1 
GO TO 1♦00 

D 03 

C 1S2 REGION OF INTEGRATION, 
C 

C 

C 

C 

C 

C 

100 RH01=AH0-H 
ALPHA=A/(2, :tRHO:tRH0)-8/RHO-C/(3, tRHO:t*3)+D/(4. :tRH0**4) 
BETA=-2,:tA/(3,tRHOt:t3)+8/(RHO:tRHO)+C/(2.*RHO:t:t4)-2,*D/(5.:tRH0**5) 
GAMMA=A/(4. tRHO:t:t4)-8/(3. :tRHO:t*3)-C/(5. :tRHO:t:t5l+D/(8. tRHO:t*8) 

!S2A=ALPHA:tRH01:tRH0:1t<R:1-RH01/3,)+8ETA:t<RH01*RH01:tR1*<R2+H) 
e +RH01*:t3t(2,:tR1-R2-H)/3,-RH01tt4/4,) 

I S2B=RH01:tRH01*H:tR1*H2R2+RH01:t*3/3. :t(4. tR1:t.<H+R2)-H:tH2R2) 
e +RH01:t:t4/2. *<R:1-R2-H)-RH01*:t5/5. 

!S2C=RH01-2, :t(R1+R2+H)tDLOG(RHO/H)+H:tH2R1:t<1. /H-1. /RH0)+2. :tR2 
e :t<2, :t<R1+H):t.(1. /H-1. /RHO)-H:tH2R1/2, t<1. /<H:tH)-1. /(RHO:tAHO))) 

IS2D=<AHO:tRHO-H:tH)/2. -2. t(R1+H)tRH01+<H:tH+2. *<A1+R2)*H+2. :t.R1*R2) 
e :tDLOG(RHO/H)+A2:t(-RH01-H*H2A2:t(1, /H-1. /AHO)) 

JS2E=DLOG<RHO/H)-2, :t<R1+HJ:t.<1. /H-1. /RHO)+H:tH2A1/2. *<1. /(H*H) 
e -1./(RH0tRH0))+3.:tR2 
e *<-<1. /H-1. /RHO)+(R1+H)t<1. /(HtH)-1. /(RHOtRHO) )-H:tH2A1/3, 
& t<i. /Ht*3-1. /RHO:tt3)) 

0 !S2F=~~-~(H;1.,~~!:!2l::;~R~+~~~(1. /(Ht.H)-1. /(AHO:tRHO) )+H*H2R1/3. :t:(1. / 
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& -1./(H:l:H>>+(R1-R2>*<1./(H2R2*H2R2>-1./(H2R1*H2R1>> 
& +2.*R1*R2*<1./H**3+1./H2R1**3+1./H2R2**3+1./H2R12**3) 

C 
IS1=C/30. *1S1A-D/180. *IS1B 
IF«H2R1. GE. RHO>. AND. (RHO. GT. H> > GO TO 100 
IF«H2R2.GE.RHO>.AND. <RHO.G1.H2R1)) GO TO 200 
ISS=IS1 
GO TO 400 

C 

D 03 

,;-·_ ~ ~31 ~fWf 

DLVO 

C 
C 
C IS2 REGION OF INTEGRATION. 
C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

100 RH01=RHO-H 
ALPHA=A/(2.*RHO*RHO)-B/RHO-C/(3.*RH0**3>+D/(4.*RH0**4) 
BETA=-2. *A/ ( 3. *RH0**3) +B/ ( RHO*RHO > +C/ ( 2. *RH0**4 >-2. *D/ ( 5. *RH0**5) 
GAMMA=A/(4. *RH0**4)-B/(3. *RH0**3)-C/(5. *RH0**5>+D/(6. *RH0**6) 

IS2A=ALPHA*RH01*RH01*<R1-RH01/3.)+BETA*<RH01*RH01*R1*<R2+H> 
& +RH01**3*<2.*R1-R2-H)/3.-RH01**4/4.) 

I S2B=RH01*RH01*H*R1*H2R2+RH01**3/3. * (4. *Ai* ( H+R2 )-H*H2R2) 
& +RH01**4/2. *<R1-R2-H)-RH01**5/S. 

IS2C=RH01-2. *<R1+R2+H>*DLOG<RHO/H>+H*H2R1*<1. /H-1. /RH0)+2. *R2 
& *<2. *<R1+H>*<1. /H-1. /RHO>-H*H2R1/2. *<1. /(H*H)-1. /(RHO*RHO) > > 

IS2D=(RHO*RHO-H*H)/2. -2. *<R1+H>*RH01+<H*H+2. *<R1+R2>*H+2. *R1*R2> 
& *DLOG(RH0/H)+R2*(-RH01-H*H2R2*(1./H-1./RHO)) 

IS2E=Dl0G(RH0/H)-2. *<R1+H>*<1. /H-1. /RHO>+H*H2R1/2. *<1. /(H*H> 
& -1./(RHO*RH0))+3.rA2 
& *<-(1. /H-1. /RHO)+<R1+H>*(1. /<H*H>-1. /(RHO*AHO> >-H*H2R1/3. 
& *<1. /H**3-1./RH0**3)) 

IS2F=(1. /H-1. /RHO)-<R1+H)*(1. /<H:f.H)-1. /(RHO*RHO> >+H*H2R1/3. *<1. / 
& H**3-1./RH0**3)-4.*A2 
& *<0.5*(1. /(H*H)-1. /(RHO*AHO) )-2. *(A1+H)/3. *<1. /H**3-1. / 
& RH0**3)+H*H2R1/4. *<1. ✓H**4-1. /RH0**4)) 

ISS=IS1+IS2A+GAl".MA*IS2B+A/12. *IS2C-B/3. *IS2D-C/30. *IS2E+D/60. *IS2F 
GO TO 400 

C IS3 REGION OF INTEGRATION. 
C 

C 

C 

C 

C 

C 

200 ALPHA=A/(2.*RHO*AHO)-B/RHO-C/(3.*RH0**3>+D/(4.*RH0**4) 
BETA=-2.*A/(3.*AH0**3)+B/(AHO*RHO)+C/(2.*AH0**4)-2.*D/(5.*RH0**5) 
GAMl'Jl=A/(4.*RH0**4)-B/(3.*AH0**3)-C/(5.*AHO**S)+D/(6.*AH0**8> 

IS3A=4.*R1**3/3.*ALPHA+4.*R1**3/3.*<R1+R2+H>*BETA 
& +4.*A1**3*<<<H*H>+2.*<R1+R2)*H+(R1+A2))+8./5.*R1*R1)*GAMMA 

IS3B=4. *A1-2. *<R1+R2+H>*DLOG<H2R1/H)+2. *A1*R2*(1. /H+1. /H2R1> 

IS3C=< <H*H>+2. *H*<R1+R2)+2. *A1*A2)*DLOG(H2R1/H)-2. *A1*<A1➔• 
& <2. *R2)+H) 

IS3D=Dl0G(H2R1/H)-A1*<1./H+1./H2R1)+A2*<-1./H+1./H2R1+R1*<1./(H*H> 
& +1./(H2A1*H2R1))) 

IS3E=1. /H-1./H2R1-A1*<1. /(H*H>+1. /(H2R1*H2A1) >+R1*<-1. /(H*H) 
& +1. /(H2A1*H2R1>+2. *R1*(1. /H**3+1. /(H2R1**3))) 

E 03 
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C 

C 
C· 

e +1. /(H2R1*H2R1>+2. :tR1*<1. /H:t:t3+1. /(H2A1n:3))) 

lS5=IS1+lS3A+A/12.:tlS3B-B/3.tlS3C-C/30.tlS3D+D/180.*lS3E 
GO TO 400 

C I :;4 INTEGRATION REG!O•J. 
r_, 

C 

300 !9~A=A1+A2+HtDL.OG<H:t(H2R1+J. tR2)/(H2R1:tH2R2) >+R1*A2t<1. /H+i. /H2A1 
0. +1./H2A2+i. /(H2R1+2, tR2!) 

f';!•B=Wf't+2. UA1+A2>:rH+2. tA1*A2>:tDLOG(H2R1 tH2R2/(Ht(H2A1+2. :tR2) l) 
e -4.:tRHR2 

lS4=iV6. HS½A-8/3. tIS48 
lSS=lS4 
!F"<P.HO.GE.H2R12> GO TO 400 

rss !NTEGA(Hf{)f,J REGION .. 

At.Nii'.!sA/(2. tFIH)#ffJ),£1/l'lHO~C/(.J. tRfiOlt3>+D/(4. lfi4IH r<i) 
llETA,,,-2. IA/C3. tflJIIOH.Jh!l/(llJW,Off~l-,C/(2. tflliOU~ '-2. HV(!-' lfi!l!/H 15, 
f' • .111>~.,,iJJ[~ ~lin·•t'f~_jj\,~_f4/,/';j, i'IQl!.llllr1 _."J,i, ,"'/OC. '1-l'll.llt\."l>"i-t:::\.J\/flt~ il-""-iJlf',dlH'.:''t 
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C 

C 
C 

& +1. /(H2R1*H2Ril+2. *R1*<1. IH**3+1. /(H2R1**3))) 

ISS=IS1+IS3A+A/12. tIS3B-B/3. tIS3C-C/30. *IS3D+D/180. *IS3E 
GO TO 400 

C I 34 INTEGRATION REGION. 
C 

C 

C 
C 

300 !St¼A=R1+R2+H*DLOG<H*<H2R1+2. *R2)/(H2R1*H2R2) )+R1*R2*<1. IH+1. /H2R1 
& +1./H2R2+1.l<H2R1+2.*R2)) 

IS4B=<H*H+2.*<R1+R2)*H+2.*R1*R2)*DLOG<H2R1tH2R21<H*<H2R1+2.*R2))) 
& -4.*R1*R2 

IS4=A16.*IS4A-B/3.*IS4B 
ISS=IS4 
IF<RHO.GE.H2R12) GO TO 400 

C rss INTEGRATION REGION. 
C 

C 

C 

C 

C 

C 

C 

C 

C 

ALPHA=A/(2.*AHO*RHO)-B/RHO-C/(3.*RH0**3)+D/(4.*AH0**4) 
BETA=-2.*Al<3.*RH0**3)+B/(RHO*RHO)+C/(2.*RH0**4)-2.*D/(S *AH0**5) 
GAl'l"Jl=A/(4. *RHOU4)-B/<3. *RH0:1-¥3)-C/(5. *AHOU5)+D/(6. *RHOU6) 
RH01=RHO-H 
Q---2. *<2. *R2+R1+H) 
R=<H+R2)*<H+2. *R1+2. *R2) 

IS5A---4. *R1**3/3. -<RH01-<2. *A2)**2)*<R1-(RH01-2. *A2/3. ) ) 

IS5B=4. *Rln3/3. *<R1+R2+H)+(RH01-2. *R2)**414. -<RH01-2. *R2)**3 
& /3.*<2.*R1-R2-H)-<RH01-2.*A2)U2*<R2+H)*R1 

ISSC=4. *R1**313. *< <H*H)+2. *<R1+R2)*H+2. *A1*R2+6. *A1*R1/5.) 
& -(RH01-2.*R2)**2*H*R1*H2R2-<RH01-2.*R2)**313.*<4.*R1*<H+R2) 
P. -H*H2R2)-<RH01-2. *A2)**4/2. *<R1-R2-H)+<RH01-2. *R2)U5/5. 

ISSD=-2. *<R1+R1+H)*DI...OG<H2R12/RHO)+H2R12-RHO+<R*<1. /RH0-1. /H2R12)) 
& *<2.*A2*<-0*<1.IRH0-1./H2R12))+Rl2.*<1./(RHO*AH0)-1.l<H2R12 
& *H2R12))) 

IS5E=<H2R12*H2R12-<RHO*RH0) 12. )-O*<H2R12-RHO)+( <H*H)+2. *<R1 +R2) *H 
& +2.*Rl*A2)*DI...OG<H2R12/RHO)+R2*<H2R12-RHO+R*<1./RH0-1./H2R12)) 

ISSF=IILOG<H2R12/RHO)-Q*<1. /RH0-1. IH2R12>+R/2. *<1. /(RHO*RHO) 
& -1.l<H2R12:tH2R12> >+3. *R2*<1. /RH0-1. /H2R12-Q/2. *<1. /(RHO*RHO> 
& -1.l<H2R12*H2R12ll+R/3.*<1./RH0**3-1.IH2R12**3)) 

!S5G=1./RH0--1./H2R12-Q/2.*<1./(RHO*RH0>-1./(H2R12*H2R12))+R/3. 
& *<1. IRH0**3-1. /H2R12**3)+4. *R2*<0. 5*<1. /(RHO*RHO> 
& -1./(H2R12*H2R12) )-Q/3. *<1. /RH0**3-1. IH2R12**3)+R/4. 
& *<1./RH0**4-1.IH2R12**4>> 

ISS=<IS4+ALPHA*IS5A+BETA*IS5B+GAMMA*IS5C+A/12.*IS5D-B/3.*IS5E-C 

F 03 

!t.VD 

C 

133=' I S4+HI...PHAt! SSA+BETA:tI S5B+GAMMA:t I SSC+A/12. tr S5D-B/3. * I SSE-C 
£. /30.t135F+D/60.*1S5G> 

4'!0 CT.#THI.£ 
13S=ISS/'.F:1+H+R2) 
F£TUF1l 
£/ID 

,::;-nn.-u-,-;-,-unrtt;-tttn-trtn-n-utntHtnttnttn-:tn-n-tttnnnHttntnt1 
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I SS= < I S4+ALPHA:tl S5A+BETA* I S5B+GAMMA*l S5C+A/12. * I S5D-B/3. * I S5E-C 
& /30.*IS5F+D/60.*IS5G) 

C 
400 CONTINUE 

C 

I 55= I SS/ < R1 +H+R2) 
RETURN 
END 

C 
C*°************************************************************************** 

G 03 

DLVO 

C*************************************************************************** 
C 
C SUBROUTINE REP UL 
C CALCULATES THE REPULSIVE ENERGY OF INTERACTION <VR) 
C 
C 

C 
C 

SUBROUTINE REPUL(H,VR) 
IMPLICIT DOUBLE PRECISION (A-H.L,0-Z) 
DIMENSION UP(26),IUP<4) 
COMMON /A/UP, !UP 

C INITIALISE VARIABLES. 
C 

EPS=UP<12> 
PS!i=UP<S> 
PSI2:UP(10) 
R1=UP<5> 
R2:UP(6) 
IF<IUP<3>. EQ. 'OU'> GO TO 10 
R1=R1+UP<7> 
R2=R2+UP<8> 

10 CRPPA=UP < 13 > 
C 
C 
C <1> CALCULATION OF THE REPULSIVE ENERGY OF INTERACTION <VR) 
C AT CONSTANT POTENTIAL 
C 
,; REF.: HOGG,R., HEALY. T.W. I!. FUERSTENAU,D.W., 
C TRANS. FARADAY SOC., 62, 1638 (1866), 
C 

C 
C 

FAC1=EPS*R1*R2*<PSI1tPSI1+PSI2*PSI2)/(4.t<R1+R2)) 
FA:2=2,tPSI1tPSI2/(PSI1*PSI1+PSI2*PSI2> 
TR1=FAC1*FAC2*DLOG«1. +DEXP<-CAPPAtH))/(1. -DEXP<-CAPPA*H> > > 
TR2=FAC1tllLOG(1. -DEXP<-2. *CAPPAtH)) 
VR=TR1+TR2 

C (2) CALCULATION OF THE REPULSIVE ENERGY OF INTERACTION <VR> 
C AT CONSTANT CHAP.GE 
C 
C REF.: WIESE,G.R. I!. HEALY,T.W., TRANS. FARADAY SOC., 66,490(1970) 
C 
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Cl:******************************************************'"******************* 
C 
C SUBROUTINE REP UL 
C CALCULATES THE REPULSIVE ENERGY OF INTERACTION (VR) 
C 
C 

C 
C 

SUBROUTINE REPUL(H,VR) 
IMPLICIT DOUBLE PRECISION <A-H,L,0-Z) 
DIPENS!ON UP(26),IUP<4) 
COMMON /A/UP, !UP 

C INITIALISE VARIABLES, 
C 

C 
C 

EPS=UP<12) 
PSI1=UP<9) 
PSI2=UP<10) 
R1=UP(5) 
RZ=UP<6) 
IF< IUP<3), £0. 'OU') GO TO 10 
Ri"'11+UP<7) 
RZ=AZ+UP<8) 

10 CAPPA=UP(13) 

C <1> CALCUtATION OF THE REPULSIVE ENERGY OF INTERACTION <VR) 
C AT CONSTANT POTENTIAL 
C 
r; REF.' HOGG,R., HEALY, r.w. €. FUERSTENAU,D.w .. 
C TRANS. FARADAY soc., sa. 1638 (1966), 
C 

FAC1,,fPS*R1*AZ*<PSI1*PSl1+PSIZ*PSIZ)/(4, *<R1+RZ)) 
FACZ=Z,*PSI1*PSIZ/(PSI1*PSI1+PSI2*PSIZ) 
TR1=FAC1*FACZ*DLOG < < 1. +DEXP< -CAPPAtH) ) /( 1. -DEXP < -CAPPA*H) ) ) 
TRZ=FAC1*DlCG(1. -DEXP<-2. *CAPPA*H)) 
Vfi=TR1+TRZ 

C 
(· 

C <Z> CALCU..ATION OF THE REPULSIVE ENERGY OF INTERACTION <VR> 
C AT CONSTANT CHAP.GE 
C 
C REF,: WIESE,G.R, €. HEALY,T,W,, TRANS, FARADAY SOC., 66,490<19?0) 
C 

C 

C 

IF<IUP<1>.EO. 'PO'> GO TO 20 
CC1,,fPStR1tRZ/(Z,t<R1•RZJ) 
CC2=F>SI1*PSl1+PS!ZtPSIZ 
CC.3mDlOG<1, -DEXP<-2. tCAPPA*H)) 
VR=VR-CC1tCC2tCC3 

20 CONTINUE 
RETURN 
END 

H 03 

DLVO 

C 
C 
cn:i:n**********************'f*********************************************** 
C 
C 
C SUBROUTINE SORT 
C SORTS DATA INTO DECREASING ORDER & DELETES REPEATED OUTPUT 
C 
C 

C 
C 

SUBROUTINE SORT<!) 
IMPLICIT DOUBLE PRECISION<A-H,0-Z) 
DIMENSION H<200),T(200),A(200),R(200),S(200),F(200) 
COMmN /B/T.A,R,H,S,F 

C DELETION OF REPEATED OUTPUT. 
C 

DO 60 J=L I 
IF<J. EO. I )GO TO GO 
JK=J+1 

20 DO 30 K=JK, I 
IF<DABS<H<J)-H<K>).GT. (1.D-11)JGO TO 30 
l=l-1 

DO 50 L=K, I 
H<U=H<L+i) 
T<U=T<L+1) 
A<U=A<L+1) 
R<U=A<L+1) 
S<U=S<L+1) 
F<U=F<L+1) 

50 CONTINUE 
1-i<L+1)=0.0 
T<L+1)=0, O 
A<L+1)=0,0 
R<L+1)=0,0 
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ZO CONTINUE 
RETURN 
END 
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C 
C 
cr:rn*********************************************************************** 
C 
C 
C SUBROUTINE SORT 
C SORTS DATA INTO DECREASING ORDER & DELETES REPEATED OUTPUT 
C 
C 

r: 

SUBROUTINE SORT<!> 
!Mf'L!CIT DOUBLE f'REC!SJON<A-H,0-Z> 
D!MEfJSJON H<200), T<200) ,A-:200) ,R 1 200 >, S(2DO) ,F(200) 
COMMON /8/T,A,R,H,S,F 

C DEL.ET! ON OF REPEATElJ OUTPUT. 
C 

C 
C 

DO 60 h1,l 
!FO.EQ,l)GO TO 60 
J,:d+1 

20 00 30 ,:d,:, l 
JF(!J,lBS•:H<J>-fHVl),GT. <1.D-11 ')GO TO 30 
r~I-1 

no so L~:, r 
H(l):,,.H(l+t> 
T(L>""T<L.+1> 
A<L)s,,A(l+i> 
fi'U"'1<L+1l 
S<L>:m5(l+1> 
F(L)~,,F<L+1> 

SO CONTINUE 
l-t(l.+1):;cl).O 
T<L+1.i~.O 
R<L+1)"'11.0 
fl{l+1),s{).0 
S(L+1>,,,0.0 
F(l+1h,,0.0 

:<(J CONT! MJE 
8(1 CONTINUE 

SOl'l< OF THE (JUH'UT r-.Y INTO OCCllHiS!NG OfUlER 

OCJ 130 Mh2,J 
!F(H(M1).LT.H<Mt-Jl)(;O TO no 
WTEMPs+;<Hl > 
:,TEMF'~T<MV 
YTEMf'~•:Mi> 
ZTEl"l'm/1 < M1 > 
UTEMP~S<M1) 
VTEMP,,F <Ml) 
MJJ~l-1 

no oo M2bzf'11, ~1-1 r 
H<M;~),,o_H(M2¥1 J 

03 

DL\/0 

C 

Hd·i2>=H(M2+1 'I 
T\·M2)=T<M2+:1.\ 
Ad'12)::zA(M2+1) 
R1.'M2~ :::::R(M2+1> 
S(M"2>=S(M2+1> 
F(M2):::F(M2+1) 

so CONTINUE 
00 90 M3=1. MJ J 
JF<WTEMP.GT.H<M..0n>GO TO 100 

90 CONTI N\JE 
GO TO 130 

1(10 r-'14=I 
110 H(M4'=H(M4-1' 

T<M4)=T<M4-V 
A<M4)~-A<M4-1> 
R<M4>=R(M4-1> 
S<M4>::::S(M4-1> 
F(M4hF<M4-1) 
M4:::M4-1 
lF(M4.EO.M..J>GO TO 120 
GD TO 110 

120 CONTINUE 
H(M3'=WTEMP 
T<M3>=XTEMP 
A(M3)=YTEMP 
R(M3)=ZTEMP 
SWi3'=UTEMP 
F<M3>=VTEMP 

130 CONT H,'UE 

150 CONTINUE 
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H(f'-'!2):H(;.'!2+1) 
T<~7~-T01?+·1 'i 

A(M2)=A<M2+i) 
R<M2~=A<M2+:D 
S(M2)=S<M2+1) 
F<M2):F<M2+1) 

oil CONTIMJE 
00 90 M3=1,MJJ 
IF<WTEMP.GT.H(M3))GO TO 100 

90 CONTIMJE 
GO TO 130 

100 M'➔=I 
110 H(M4)=H<M4-1) 

T<M4): T<M4-1) 
A(M4)=A(M4-1) 
R(M4)=R(M4-1) 
S<M4>=S<M4-1) 
F(M4):F(M4-1) 
M4=M4-1 
IF<M4. EQ. M3>GO TO 120 
GO TO 110 

120 CONTIMJE 
H(M3)=WTEMP 
T<l'l3>=XTEMP 
A(M3)=YTEMP 
R<M3)=ZTEMP 
S( M3) =UTEMP 
F(M3)=VTEMP 

130 CONTir-.'UE 
C 

C 
C 

150 CONTINUE 
RETURN 
END 

(\11~ 
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c;::n::rnnnn:t::t:n:t:t:r.:t::t::t:t:t:t:t:t:t*********************************************** 
C 
r· 
C SUBROUTINE MAXMIN FINDS THE INDICES CORRESPONDING TO THE 

C 

MAXIMUM AND MINIMUM VALUES OF THE ARRAY X 

SUBROUTINE 1'.AXMIN(N,X,NMAX,NM!N) 
IMPLICIT DOUBLE PRECISION (A-H,0-Zl 
DIMENSION X(200) 
XMRX=X(1) 
XMIN:X(1) 
NMIN=1 
NMAX=i 

DO 10 J:2,N 
!F'XMRX.GT.X(J))GO TO 10 
fffiX=J 
XMRX:X(J) 

10 CONTINUE 
DO 20 L=2,N 
!F(L,Gf.M1AX>GO TO .30 
IFUMI~J. LT. X(U )GO TO 20 
M1lN=L 
YMIN:X(U 

20 COIJT!MJE 
30 CONTHI.JE 

IFUMW,r;T,0,)GO TO 40 
f.JMl';J:=0 
M1Irb0 

'•0 IF'XM!IJ.C;T.O)M1IN=0 

RETUP.1J 
ErlD 

r f ~·r r r r r r r r r r r.r.t .r r t:t .r r ,r- .r:r:t rt·r ,rr:tt:r:t:tl:t:t:f:tl:f:f'lll t:l:f":♦-:n··n:·n -♦-rvn. ll"f":+•·1·t1··n--n··n 
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C*'i:************************************************************************* 
C 
C 
C SUBROUTINE MAXMIN FINDS THE INDICES CORRESPONDING TO THE 
C MAXIMUM AND MINIMUM VALUES OF THE ARRAY X 
C 

C 

C 
C 

SUBROUTINE i :AXM!N(N, X, NMAX, NM!N) 
IMPLICIT DOUBLE PRECISION (A-H,0-Z) 
DIMENSION X(200) 
XMAX=X(1) 
XMIN=X(1) 
NMIN=1 
NMAX=1 

DO 10 J=2,N 
IF<XMAX.GT.X(J))GO TO 10 
NMAX=J 
XMAX=X(J) 

10 CONTINUE 
DO 20 L=2,N 
!F(L.Gr.NMAX)GO TO 30 
IF<XMIN. LT. X(U )GO TO 20 
NMIN=l 
XMIN=X(l) 

20 CONTINUE 
30 CONTINUE 

IF<XMAX.GT.O. )GO TO 40 
NMAX=O 
NMIN=O 

40 IF<XMJN. GT. 0 )NMIN=O 

RETURN 
END 

Cf:************************************************************************** 
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cn:n:n:i::n::1::i:n********************************************~***************** 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

S'JBROUT!NE STABIL CALCULATES THE STABILITY RATIO 
REF.:REERINK, H., OVERBEEK, J.TH.G., DISC.FARADAY SOC.,18,74 

CLENSHAW, A.R., CURTIS, NUM. MATH. 2, 197 (1960) 
OLIVER, J., COMP. J. 15, 141 (1972) 
O'HARA, H., SMITH, F. J,, COMP. J, 11, 213 (1968) 

(1954). 

SUB ROUT I NE STAB I l( W, FUCHS, GUESS, NMAX, ERRORL ERROR2, NOFUNi, NOFUN2, 
P..VT1 ! 

IMPLICIT DOUBLE PRECISION(A-H,0-Z) 
EXTERNAL FUN1,FUN2 
COr,,J-10N /A/UP. IUP/B/VTKT, VAKT, VRKT ,HX, YVTSS, YVASS/D/RMEAN 
DIMEfJSION UP<26), !UP(4), VTKT(200), VAKT<200), VRKT(200), HX<200), 

P..'NTSS<200 >, YVASS(200) 

C TESTS vJHETHER THE STABILITY CONSTANT CALCULATION FEASIBLE 
C 

H=1.D-8 
S U.LL INTER'H, VA, VR, VT1> 

JF<VT1.LT.0) GO TO 15 
IF<H. LE, 1. D-.9>GO TO 40 
•Hl/10. 
GO TO S 

1S Df--1::::H 
GO ro 20 

u;_ClAJJTES THE VALUE OF H vJHErJ VT /f'.T = -10. 

1C, CALL JNTER<H, VA, VR. VT> 
2(: IF'VT.GT.-10. >Nf=-Nl/2. 

fC✓ t",tJ IT ,f r, ..fl',~. r,r, Tr, -,e-. 
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c:i::n:n*'f*'f****************************************************************** 
C 
C 
C 
C 
C 
C 
C 
C 

S'JBROUTINE STRBIL CALCULATES THE STABILITY RATIO 
REF.:REERINK, H., OVERBEEK, J.TH.G., DISC.FARADAY SOC.,18,74 

CLENSHAW, A. R., CURTIS, NUM. MATH. 2, 187 (1860) 
OLIVER, J., COMP. J. 15, 141 (1872) 
O'HARA, H., SMITH, F.J., COMP. J. 11, 213 (1868) 

(1854). 

SUBRCUTI NE STRB IL ( W, FUCHS, GUESS, NMAX, ERRORi, ERROR2, NOFUNL NOFUN2, 
ll.VU) 

IMPLICIT DOUBLE PRECISION<A-H,0-Z) 
EXTERNAL FUN1,FUN2 
COMMON /A/UP, !UP/B/VTKL VAKL VRKL HX, YVTSS, YVASS/D/RMEAN 
DIMENSION UP(26),ILJP(4),VTKT(200),VAKT(200),VRKT(200),HX(200), 

ll.YVTSS(200 >, YVASS(200) 
C 
C 
C TESTS WHETHER THE STABILITY CONSTANT CALCULATION FEASIBLE 
C 

C 
C 

H-=1.D-8 
5 CALL INTER(H,VA,VR,VT1) 

IF<VT1.LT.0) GO TO 15 
!F(H.LE.1.D-8)GO TO 40 
H=H/10. 
GO TO 5 

15 DH=H 
GO TO 20 

C CALCULATES THE VALUE OF H WHEN VT /KT = -10. 
C 

C 
C 

10 CALL INTER(H,VA,VR,VT> 
20 IF(VT.GT.-10.)DH=-DH/2. 

IF<DH. LT. 1. D-10) GO TO 30 
H=H+DH 
GO TO 10 

30 CONTINUE 

C CALCULATES THE VALUES FOR THE STABILITY CONSTANT CALCULATION. 
C 

C 

Ri=LJP(5) 
R2=UP(6) 
IF< IUP(3). EQ. 'ilU') GO TO 35 
R1=R1+UP(7) 
R2=R2+UP(3) 

35 RMEAN=<R1+R2)/2, 
S1=<H•·R1+R2)/RMEAN 
S2=(1.E-4+R1+R2!/RMEAN 

L 03 

RVO 

C 
C 
r 
C 

C 
C 

U+LCULATES AIJ INITIAL GUESS FOR THE VALUE OF W FROM THE 
FORMULA OF REERINK e OVERPEEK 

GIJESS=DEXPtVTY.T<NMAX> )/(2, :i:UP<13>*RMEAN> 
EPSl=GLIESS/1000, 

C FU(HS INTEGRAL BY THE METHOD OF CLENSHAW & CURTIS (NAGF LIBRARY) 
C 

NCOUNT=O 
70 CALL DOiAGF<S1, 52, FUIJ1, 50, EPSL O, 0, FUCHS, ERRORL NOFUN1, 0) 

I T.;J)IJIJT =fJCOUNT + 1 
IFtir.;ouNT.GT. 5)WR!TE(1, 75) 

75 FORMAT<'NO. OF FUCHS INTEGRAL ITERAT!ONS>S !'//) 
IF<NCOUNT.GT.S>GO TO 80 
IF'FUCHS. LT. '1000, :tERRORiJ >EPSi=FUCHS/5000, 
IF'Fl/CHS.l.T. <1000.:tERRORi»GO TO 70 

EST!Mt1TE OF THE ATTRi'ICTlVE INTEGRAL BY THE TRHPEZ!UM RULE 
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C 
C 
C CALCULATES AN INITIAL GUESS FOR THE VALUE OF W FROM THE 
C FORMULA OF REER!NK e OVERBEEK 
C 

C 
C 

GLJESS=DEXP<VTKT<NMAX))/(2,*UP<13)*RMEAN) 
EPS1=GUESS/1000. 

C FUCHS INTEGRAL BY THE METHOD OF CLENSHAW e CURTIS <NAGF LIBRARY) 
C 

C 
C 

NCOUNT=O 
70 CALL DO 1AGF <Si, 52, FUN1, 50 , EPS1, 0 • 0 , FUCHS, ERROR1, NOFUN1, 0 ) 

NCOUNT=NCOUNT + 1 
IF<NCOUNT. GT. 5)WRITE(1, 75) 

75 FORMAT<' NO. OF FUCHS INTEGRAL ITERATIONS>5 ! 'I I) 
IF<NCOUNT.GT.5)GO TO 80 
IF<FUCHS.LT.<1000.*ERROR1))EPS1=FUCHS/5000. 
IF<FUCHS.LT. <1000,*ERROR1))GO TO 70 

C ESTIMATE OF THE ATTRACTIVE INTEGRAL BY THE TRAPEZIUM RULE 
C 

C 
C 

80 AINTEG=O, 
S=Si 
DS=<S2-51)/10, 

DO 80 I=L 10 
AINTEG=AINTEG+<FUN2<S>+FUN2<S+DS) )*DS/2, 
S=S+DS 

80 CONTINUE 
EFS2=AINTEG/1000, 

C ATTRACTIVE INTEGRAL BY THE METHOD OF CLENSHAW e CURTIS 
C 

C 
C 

CALL D01AGF(S1,52,FUN2,50,EPS2,0,0,DENOM,ERROR2,NOFUN2,0) 

C STABILITY RATIO W EVALUATION 
C 

C 
C 

W=FUCHS/DENOM 
WLOG=DLOG10<W) 

40 CONTINUE 
IF(VT1.GT.0) WRITE<1,50)H 

50 FORMAT<' VT/KT POSITIVE AT' ,F4,1,' AfJGSTROM. STABILITY RATIO CALCU 
eLATION OMITTED. 'I' VALUE CAN BE OBTAINED USING APPROX. EQTNS. AND 
e 0 <VT/J<T)MAX. '//) 

RETURN 
END 

u:"*********************************************.,*************************** 
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!JLVO 

cnn:n:nnt:t:t***************************************************"'********** C 
C 
C FUNCTIONS FOR STABILITY RATIO CALCULATIONS - FUN1 & FUN2 
C 

C 
( 
C 

FUNCTION FUN1<5) 
IMPLICIT DOUBLE FRECIS!ON(A-H,0-Z) 
DIMENSION LJP<28), !UP(4) 
COMMON /A/UP,!LJP 
COMMON /D/RMEAN 
R1=lJP(5) 
R2=lJP(8) 
IF(!lJP(3).EQ, 'OU') GO TO 10 
R1=R1+UP<7) 
P.2=R2+UP(8) 

10 H=S:t:RMEAf-1-( R1 +R2) 
CALL !NTER<H,VAKT,VRKT,VTKT) 
FUNi=DEXP<VTKT)/(S:t:S) 
RETURN 
END 

FUNCTION FUN2<S> 
IMPLICIT DOUBLE PRECISION<A-H,0-Z) 
DIMENSIO~J lJP(28), IUP(4) 
COMMON /A/UP, !UP 
COMMON /D/RME:AN 
R1~UP<5) 
R2=UP(8) 
!F(JlJP(3).EQ. 'OU') GO TO 10 
R1~R1+UP<7> 
R2~R2+UP<8> 

1(1 H=S:tRM£AN-<fU+R2) 
CALL INTER' fl, VA¥.T, VH~ T, Vff T) 
FUfr?.~DtXPO:VAY.T)/(S:f'S) 
RF::TlJHIJ 
nm 
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!JLVO 

c:rnn:rn:t:t:i:n:i::i::r.n****"'****"'***************"'*"'*****:t:l:**************tt****** 
C 
(' 

C FUNCTION USED IN THE SUB ROUT! NE STAB I l 
C 
C 

C 
C 

FUNCTION VSS<V, I> 
!"'"'LICIT DOUBLE PRECIS!ON(A-H,0-Z) 
Dil'ENSION UP<26), IUP<4), VTKT<200), VAKT(200), VRKT(200) ,HX(200 \, 

&YVTSS(200 >, YVASS(200) 
COMMON /A/UP, !UP 
COMMON /B/VTKT,VAKT,VRKT,HX,YVTSS,YVASS 
A1=UP<S>+UP(7) 
A2=UP(6)+UP(8) 
S=<HX< l)+A1+A2>l«A1+A2>12. > 
VSS=DEXP<V>l<S:f:S) 
RETURN 
END 

COPYRIGHT 03.12.1981: NDJ ~ MJJ. 
C*******~'*********************************************n'***************~::t:t:tt 
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