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Introduction 

In this report, FORTRAN programs and subroutines useful for modelling moving 

boundaries in electrochemical systems are listed. These programs were used by Kenneth Guy 

Jordan1 to simulate moving boundaries during electrodeposition in presence of transport lim-
. ' 

ited additives that acted either by (i) blocking the electrode to electrodeposition, or (ii) dis-

. solving the electrode instantaneously upon their arrival, lowering the current efficiency. The 

programs were also used to analyze the behavior of evolving surface profiles during periodic 

current reversal. 

The following elements of programming style were used: 

(1) Local subroutines (subroutines used only be that program) are listed in alphabetical order 
in the program listing, following the END of the main program module, 

(2) Global subroutines (subroutines used by more than one program) are listed in alphabetical 
order in the subroutine file listing following the program listings. The global subroutine files 
are ECFSUBS, ECBSUBS, SUBS, or MATHSUBS. 

(3) Variables in common blocks are defined in "Include" files. These files contain the 
declarations, common block, and description of the variables. The statements in the file are 
incorporated into the FORTRAN programs during compilation by using the INCLUDE state­
ment. The "Include" files are listed in alphabetical order following the subroutines. 

There are two distinct sets of programs: one set based on the finite element method, 

and another set based on the boundary element method. Both sets are written in FORTRAN 
. . 

for V AXNMS. In the following, the intended sequence for using the programs, as well as 

the purpose of the program, the input required, and the output generated are briefly described. 

. 
1 K.G. Jordan, "Levelling Of Microprofiles In Electrodeposition", Ph~ D. Thesis, U.C. 

Berkeley, Dec ( 1990) · 
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Overview of Finite Element Method Programs 

There are six basic programs in the set using FEM. The intended order of use is to 

first run ECFMESH, then ECFDEFINE, followed b~ ECFPREPRO, and ECFCOMPUTE. 

The results from ECFCOMPUTE may be prepared for graphs by then running ECFPLOT, 

and ECFISO. A brief description of each program follows 

ECFMESH 

This program takes a concise geometric description of the FEM problem to be. solved 
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from a *.MAC file (see subroutine ReadECFMac) and generates mesh used to solve the prob-

lem: the boundary node numbers, locations, and condition, as well as node nl.unbers and loca-

tions. The description of the FEM problem is written into *.HDR, *.MSH, *.BC, *.PAR, 

*.RES and *.NAM files. (See subroutines WriteMeshHdr, WriteMesh, WriteBC, WritePar, 

and WriteRes) 

ECFDEFINE 

This program allows a new FEM problem description to be entered, or an old FEM 

problem description to be modified. Information is read from and written to all the files that 

describe the problem (see subroutine WriteFEMUser.) 

ECFPREPRO 

This program computes the bandwidth for the FEM problem. It reads the entire FEM 

problem description (se'e subroutine ReadFEMUser) but only the mesh header file *.HDR is 

written (see subroutine WriteMeshHdr.) . 

@ .. 
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ECFCOMPUTE 

This program uses the Galerkin Finite Element Method to calculate the solution to the 

current distribution or convective-diffusion problem described in the files created by 

ECFMESH, ECFDEFINE, and ECFPREPRO. The entire FEM problem description is read 

(see subroutine ReadFEMUser), the results calculated, only the results are written (file *.RES, 

see subroutine WriteRes.) 

ECFPLOT 

This program takes the FEM results and prepares them for use a suitable graphics 

package such as TELL-A-GRAPH, or a user program that uses the ·package DISSPLA. The 

entire FEM problem description is read, and files created with X, Y data isopotential or iso­

concentration contours (*.ISO), as well as concentration of potential values on the boundary 

(*.VAL) and the slopes of these on the bondary (* .SLP). 

ECFISO 

This program will take data from a *.ISO file and generate a graph using the DISS-. 

PLA graphics package. 

Overview of Boundary Element Method Programs 

There are five programs in the set that uses the boundary element method. These are 

usually run in the order, ECBPAR, ECBPREPRO, ECBM, ECBINT, and ECBPLOT. A 

brief description of each program follows. 



ECBPAR 

This program reads a concise description of the type of BEM problem to be solved 

from a *.DIM file (see subrouine ReadUserParams), creates an appropriate *.PAR file (see 

subroutine WritePar), and prints a report on the problem to be solved (see subroutine Prin­

tUserParams.) 

ECBPREPRO 

This program reads a concise geometrical description of the BEM problem to be 

solved (including boundary conditions) from file *.MAC (see subroutine ReadMAC) and 

creates the boundary mesh, stored in file * .MSH (see subroutine WriteMesh), and the source 

points, stored in file "'.SRC (see subroutine WriteSrc). 

ECBM 

4 

This program uses the boundary element method to solve potential problems, or 

simultaneous diffusion and potential problems, for the current distributions in electrochemical 

systems with moving boundaries. The. BEM problem description is read from files *.PAR, 

* .MSH, and *.MAC. Time vs. maximum profile depth is stored in file * .TD. The location 

of the moving boundary is stored in a series of files named * .BND. The final results are 

stored in * .MSH. 

ECBINT 

This program reads the solution from *.MSH and a list of internal points from *.INT 

(see subroutine Readlnt), and computes the value of the potential at all of the internal points. 

.,., 
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The value of the potential at all of the internal points is written to file *.INT. 

ECBPLOT 

From the results generated by ECBM, this program generates files suitable for use in 

a number of grapics packages, such as TELL-A-GRAF, DISSPLA, or LOTUS. The x,y loca­

tions of the nodes are placed in file ECBPLOT.NOD; the x,y locations of the source points 

are written to file ECBPLOT.SRC. If desired, the user can cause solution values to be stored 

in file ECBPLOT.SOL, and BC values to be storeed in ECBPLOT.SET. This program will 

also perform an integration of the flux along a given portion of the boundary. This is useful 

for computing cell resistances . 



ECFMesh 

PROGRAM ECFMesh 

C MakeMesh Program Takes FEM.MAC input file and generates 
C BdNodesO 
C NLoc(,)- x 
C Nodes(,)x 
C NoOfBDNodes 
C NoOfDim x 
C NoOfElems x 
C NoOfNodes x 

INCLUDE 'ECFHDR.INC' 
INCLUDE 'ECFMAC.INC' 

INTEGER MacElm,FilLen 
LOGICAL Shared(4) 
CHARACTER*80 FileName 

CALL Chinp('File name? (no extension)' ,FileName) 
CALL StringLength(FileName,FilLen) · 

CALL ReadECFMac(FileName(l :FilLen)//' .MAC') 

DO MacElm= 1 ,NoOtMacElem 

Shared( 1 )=.FALSE. 
Shared(2)=.FALSE. 
Shared(3)=.FALSE. 
Shared( 4 )=.FALSE. 

CALL SharedSides(MacElm,Shared) 
IF (MacElemType(MacElm).EQ.'S') THEN 

CALL ProcSqrMacElm(MacElm,Shared) 
ELSE IF (MacElemType(MacElm).EQ.'T') THEN 

CALL ProcTriMacElm(MacElm,Shared) 
ELSE 

WRITE(*,*) 'Error: Unknown macro element type=', 
& MacElemType(MacElm) 

STOP 'ECFMesh: Main Program' 
END IF 

END DO 

CALL GenerateBDNodes 
ECFMesh=.TRUE. 

CALL PrintMacReport 

CALL WritcMeshHdr(FileName(l :FilLen)//' .HDR ') 
CALL WriteMesh(FileName(l :FilLen)//' .MSH') 
CALL WriteBC(FileNamc(1 :FilLen)//' .BC') 
CALL WritcPar(FileName(1 :FilLen)//' .PAR') 
CALL WriteRcs(FileName(l :FilLen)//' .RES') 

OPEN (UNIT= 1 ,FILE=FileName(l :FilLcn)//' .NAM' ,ST A TUS='NEW', 
& FORM='FORMATTED') ' 

WRITE(l ,*) "" ,FileName(l:FilLen)//' .HDR' ,"" 
WRITE(l ,*)- "" ,FilcName(l:FilLcn)//' .MSH' ,"" 
WRITE(l ,*) "" ,FilcName(l:FilLen)/1' .MAC',"" 

6 



ECFMesh 

WRITE(l,*) "" ,FileName(l:FilLen)//' .BC' ,"" 
WRITE(!,*) "" ,FileName(l:FilLen)/1' .PAR',"" 
WRITE( I,*) "" ,FileName(l:FilLen)//' .RES',"" 
WRITE( I,*) "" ,FileName(l:FilLen)/1' .ISO',"" 
WRITE( 1, *) "",FileName( 1 :FilLen)//' .SLP',"" 
WRITE(!,*) '" "' 
WRITE(!,*) "' "' 
CLOSE( I) 

STOP 'MakeMesh: Nonnal End' 
END 

C ************************************************************** GenerateBDNodes 

SUBROUTINE GenerateBDNodes 

INCLUDE ;ECFHDR.INC' 
INCLUDE 'ECFMSH.INC' 
INCLUDE 'ECFMAC.INC' 

LOGICAL SideNotFound 
INTEGER BDSeg,BDSegp1,MacElem,MacSeg,MacSegpl,M,Vertl,Vert2. 
INTEGER Upper . 

DO BDSeg=1,NoOfMacBDNodes 

CALL Incrementi(BDSeg,BDSegp 1, l,NoOfMacBDNodes) 
SideNotFound=. TRUE. 

· C The following DO Loop locates the side on the boundary. 

D 
5 

D 
10 

DO MacElem= 1 ,NoOfMacElem 
CALL GetUpper(MacElemType(MacElem),Upper) 
DO MacSeg=1,Upper 

CALL Incrementi(MacSeg,MacSegpl,l,Upper) · 

Vertl=MacElem Vert(MacElem,MacSeg) 
Vert2=MacElem Vert(MacElem,MacSegp 1) 

IF ((Vertl.EQ.MacBDNodes(BDSeg)).AND. 
& (Vert2.EQ.MacBDNodes(BDSegp1)) ) THEN 

MacB DNodeNo(Vert 1 )=NoOfBDNodes+ 1 
WRITE(* ,5) Vert 1 ,NoOfB DNodes+ 1 

FORMAT(X,'Mac BD Node No ',15,' is Boundary Node ',15) 
SideNotFound=.F ALS E. 

DO M= 1 ,NoOfMicElm(MacElem,MacSeg) 
NoOfBDNodes=NoOfBDNodes+ 1 

BDNodes(NoOIBDNodes)=SharedNodes(MacElem,MacSeg,M) 
WRITE(*,10) NoOIBDNodes,BDNodes(NoOfBDNodes) 
FORMAT(X,' BDNodes(',I5,')=',15) 

END DO ' 

END IF 
END DO 

END DO 

7 
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IF (SideNotFound) THEN 
WRITE(*,*) 'Error: Boundary Side not found.' 
WRITE(*,*)' BD Seg=',BDSeg 
STOP 'In Routine: GenerateBDNodes' 

END IF 

END DO 

RETURN 
END 

C ******************************************************************** ~eSpine 

SUBROUTINE MakeSpine(StaPtX,StaPtY,EndPtX,EndPtY,' 
& NoOfMicElems,SpaType,SpaFac, 
& SpineX,SpineY) 

C StaPtX,Y Starting Point Location 
C EndPtX,Y Ending Point Location 
C NoOfMicElems The number of microelements that must be on this side 
C SpaType Spacing Type for microelements 
C SpaFac Spacing Factor for microelements 
C SpineXO X Locations for spine 
C SpineYO Y Locations for spine. 

INTEGER NoOfMicE1ems 
REAL*8 StaPtX,StaPtY,EndPtX,EndPtY,SpineX(*),SpineY(*),SpaFac 
CHARACTER*(*) SpaType 

INTEGER I 

IF (SpaType.EQ. 'LIN') THEN 

SpineX(I)=StaPtX 
SpineY(l)=StaPtY 

DO I= I ,NoOfMicElems 
SpineX(I)=StaPtX + (EndPtX-StaPtX) * FLOAT(I-I) 

& I FLOA T(NoOfMicElems) 
SpineY(l)=StaPtY + (EndPtY-StaPtY) * FLOAT(I-I) 

& I FLOA T(NoOfMicElems) 
END DO 

SpineX(NoOfMicElems+ I )=EndPtX 
Spine Y(NoOfMicElems+ l)=EndPtY 

ELSE 

WRITE(*,*) 'Error: Unknown Spacing Type=' ,Spa Type 
STOP 'In Routine: MakeSpine' 

END IF 

RETURN 
END 

C *************************************************************** Prin~acReport 
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ECFMesh 

SUBROUTINE PrintMacReport 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFMAC.INC' 

INTEGER I,J,MacNodeNo,Upper 
CHARACTER*80 Dummy ,Output 

CALL PrintPr-obHeader 
WRITE(*,*)' ' 

C 123456789a123456789b123456789c123456789d123456789e12 
C ---------------------------------------------------- Macro Vertices & Elements 
C lUI UU 

C 123456789a123456789b123456789c123456789d123456789e123456789 1234567 

WRITE(* ,300) NoOfMacVert,NoOfMacEiem 
300 FORMAT(X,52('-'),' Macro Vertices & Elements'J 

& X,59X,I4,7X,I4) 

WRITE(*,*) ' ' 
WRITE(* ,31 0) 

310 FORMAT(X,23X,'Vertex No',3X,'X Coord',7X,'Y Coord') 
WRITE(*,*) ' ' 

DO l=l,NoOfMacVert 
WRITE(*,320) I,MacVertX(I),MacVertY(I) 

END DO 
320 FORMAT(X,25X,I4,4X,G 11.4,3X,G 11.4) 

C 123456789a12345 123 1234567 
C Vertex No X Coord Y Coord 
C 1m sd.dddde+dd sd.dddde+dd 
C 123456789a12345 1234123456789a1123 

c 
c 
c 

MA CR 0---------------------------
Elem Vertex Spacing 
No Type Factor 

MICRO--------------­
Elems Vertex Bdry 

No Node 

C iiii iiii aaaa sd.dddde+dd iiii iiii iiii 
C 1234 1234 1234 123456789a1 1234 1234 1234 

WRITE(*,*)' ' 
WRITE(* ,340) 

DO I=1,NoOfMacElem 
MacNodeNo=MacBDNodeNo(MacElemVert(I,l)) 
IF (MacNodeNo.NE.O) THEN 

WRITE(* ,350) I,MacElemTypc(l), 
& MacEicmVert(I,1),SpaType(I,1),SpaFac(I,1), 
& NoOfMicElm(l,1 ),BDNodes(MacNodeNo),MacNodeNo 

ELSE 
WRITE(* ,350) I,MacEicmType(I), 

& MacEicm Vert(I,I),SpaType(I,1),SpaFac(I,l ), 
& NoOfMicEim(l,l),BDNodes(MacNodeNo) 

END IF 

9 
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CALL GetUpper(MacElemType(I),Upper) 

DO J=2,Upper 
MacNodeNo=MacBDNodeNo(MacElem Vert(!))) 
IF (MacNodeNo.NE.O) THEN 

WRITE(* ,360) MacElem Vert(I,J),SpaType(I)),SpaFac(I,J), 
& NoOfMicElm(I)),BDNodes(MacNodeNo),MacNodeNo 

ELSE 
WRITE(* ,360) MacElem Vert(I,J),SpaType(I)),SpaFac(I)), 

& NoOfMicElm(I)),BDNodes(MacNodeNo) 
END IF 

END DO 
WRITE(*,*) ' ' 

ENDDO . 

340 FORMAT(X,7X,'MACRO' ,27('- '),5X, 'MICRO' ,15('- ')J 
& X,7X,'Elem Vertex Spacing' ,12X,'Elems Vertex Bdry' J. 
& X,8X,'No' ,12X,'Type Facto(,18X,'No Node' J) 

c 12345 
C1234567 123456789a123456789b1234567 123456789a12345 
C 123 12345 123456789a12 12 123 
Cl2345678 123456789a1 123 123456789a12345678 12345 
C1234567 1234 123 12 12345 1234 1234 

350 FORMAT(X,7X,I4,A1,3X,I4,3X,A4,2X,G 11.4,5X,I4,4X,I4,:,4X,I4) 
360 FORMAT(X,7X,4X,4X,I4,3X,A4,2X,G 11.4,5X,I4,4X,I4,:,4X,I4) 

RETURN 
END 

C *'!'************************************************************** ProcSqrMacElm 

SUBROUTINE ProcSqrMacElm(MacElm,Shared) 

C Process MacroElement 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' · 
INCLUDE 'ECFMAC.INC' 

INTEGER MacElm 
LOGICAL Shared(*) 

REAL *8 SpineX12(MaxNo0fMic Vert),Spine Y12(MaxNo0fMic Vert) 
REAL *8 SpineX23(MaxNoOfMic Vert),Spine Y23(MaxNoOfMic Vert) 
REAL *8 SpineX34(MaxNo0fMic Vert),SpineY34(MaxNoOfMic Vert) 
REAL*8 SpineX41(MaxNoOfMicVert),SpineY41(MaxNo0fMicVert) 
REAL *8 SpineX(MaxNoOfMic Vert),Spine Y(MaxNoOfMic Vert) 
REAL*8 StaPtX,StaPtY,EndPtX,EndPtY 
INTEGER MicNode,Point,MicSta,MicEnd,Error,l) 

C Make Spine for First, Second, Third, and Fourth Sides _ 
C (The following calls we really typing aids to the call of MakeSpine) 

·- CALL SideSpine(MacElm,1,2,l,SpineX12,SpineY12) 
CALL SideSpine(MacElm,2,3,2,SpineX23,SpineY23) 

10 



ECFMesh 

CALL SideSpine(MacElm ,4,3, 1 ,SpineX34,Spine Y34) 
CALL' SideSpine(MacElm, 1 ,4,2,SpineX41 ,Spine Y 41) 

C Store Spine Into Mesh (for side 4) 

C +3+ Spine Side definition. I 4-3 Loc. Vert. Def. 
C4 2 Ill 
C +1+ I 1-2 

IF (Shared(!)) THEN 
MicSta=2 

ELSE 
MicSta=l 

END IF 

IF (Shared(3)) THEN 
MicEnd=No0fMicElm(MacElm,2) 

ELSE . 
MicEnd=NoOfMicElm(MacEJm,2)+1 

END IF 

D WRITE(* ,20) MicSta,MicEnd 
20 FORMAT(X,'Square Macro Elem: Start=',I5,' End=',l5) 

IF (.NOT.Shared(4)) THEN 
CALL TransferSpine(MicSta,MicEnd,MacElm,4, 1, 

& SpineX41,SpineY41) 
END IF 

t= Now do spines next to side 4 

DO MicNode=2,No0fMicEim(MacEJm,l) 

C Locate Intersections Between Crossing Spines 

C Store first point on next spine. 

SpineX( l)=SpineX12(MicNode) 
. SpineY(l)=SpineY12(MicNode) 

C Store last point on next spine. 

SpineX(NoOfMicEim(MacEim ,2)+ I )=SpineX34(MicNode) 
Spine Y (NoOfMicEim(MacEim ,2)+ I )=Spine Y34(MicNode) 

C Find intennediate points. 

DO Point=2.NoOfMicEim(MacEim,2) 

CALL Computelntersection(SpineX(I),SpineY(I), 
& SpineX(NoOfMicEim(MacEim ,2)+ I), 
& SpineY(NoOfMicEim(MacEim,2)+1), 
& SpineX41 (Point),Spine Y 41 (Point), 
& SpineX23(Point),Spine Y23(Point), 
& SpineX(Point),SpineY(Point),Error) 

IF (Error.NE.O) THEN 
WRITE(*,*) 'Error: Spines do not intersect' 

11 



ECFMesh 

STOP 'In Routine: ProcMacElm' 
END IF 

END DO 

C IF--- Store node numbers of possible shared nodes. (on side 1) 
C CALL- Transfer spine locations into NodesO. Save node numbers 
C IF--- Store node numbers of possible shared nodes. (on side 3) 

IF (MicSta.EQ.1) THEN 
SharedNodes(MacElm,l,MicNode)=NoOtNodes+l 

D WRITE(*, 1 0) Mac Elm, 1 ,MicNode,NoOtNodes+ 1 
10 FORMAT(X,'SQRSharedNodes(' ,15,' ,' ,15,' ,' ,15,')=' ,15) 

END IF 
CALL TransferSpine(MicSta,MicEnd;O,O,MicNode;SpineX,SpineY) 
IF (MicEnd.EQ .NoOfMicElm(MacElm,2)+ 1) THEN 

SharedNodes(MacElm,3,NoOfMicElm(MacElm,3)+2-MicNode) 
& =NoOtNodes 

D WRITE(* ,10) MacElm,3,No0fMicElm(MacElm,3)+2-MicNode, 
D & NobtNodes · 

END IF 

END DO 

C If Side 2 is not shared, (last side parallel to side 4), store it 

IF (.NOT.Shared(2)) . 
& CALL TransferSpine(MicSta,MicEnd,MacElm,2, 
& NoOfMicElm(MacElm,1)+1, 
& SpineX23,SpineY23) 

C Store comer nodes as appropriate 

C Side 4 

SharedNodes(MacElm,l,1) 
& = SharedNodes(MacElm,4,NoOfMicElm(MacElm,4)+ 1) 

SharedNodes(MacElm,3,No0fMicEim(MacElm,3)+ 1) 
& = SharedNodes(MacElm,4,1) 

D WRITE(* ,10) MacEim,l,l,SharedNodes(MacElm,1,1) 
D WRITE(*,lO) MacEim,3,NoOfMicElm(MacElm,3)+1, 
D & SharedNodes(MacEim,4,1) 

C Side 2 

SharedNodes(MacEim,3,1) 
& = SharedNodes(MacEim,2,NoOfMicEim(MacElm,2)+ 1) 

SharedNodes(Macelm, 1 ,NoOfMicElm(MacEim, 1)+ 1) 
& = SharedNodes(MacEim,2,1) 

D WRITE(*,lO) MacElm,3,l,SharedNodes(MacElm,3,1) 
D WRITE(*,lO) MacEim,1,NoOfMicElm(MacEim,3)+1, 
D & SharedNodes(MacEim,2,1) 
D WRITE(*,*) ' ' 

C Store node #~ of-mesh along shared sides of macro element. 

DO I= 1 ,No0fMicEim(MacEim,2)+ 1 

12 
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IF (Shared(2)) MacNodes(NoOfMicEim(MacEim,l)+ 1 ,I) 
& =SharedNodes(MacEim,2,1) 

IF (Shared(4)) MacNodes(l,I) 
& =SharedNodes(MacEim,4,NoOfMicEim(MacElm,4 )+ 2-I) 

END DO 

DO 1=1,NoOfMicElm(MacElm,1)+1 
IF (Shared(l)) MacNodes(l,1) 

& =SharedNodes(MacEim,1,1) 
IF (Shared(3)) MacNodes(I,NoOfMicEim(MacElm,2)+1) 

& =SharedNodes(MacEim,3,NoOfMicElm(MacElm,3)+2-l) 
END DO 

C Use saved node numbers to generate NLoc matrix, and element type. 

DO J=1,No0fMicEim(MacEim,1) 
DO I= 1 ,No0fMicElm(MacElm,2) 

NoOtEiems=NoOtElems+ I 
ElemType(NoOtElems )=' S' 
NLoc(No0tElems,1 )=MacNodes(J ,I) 
NLoc(NoOtEiems,2)=MacNodes(J + 1,1) 
NLoc(NoOtEiems,3)=MacNodes(J+ 1,1+ 1) 
NLoc(No0tEiems,4 )=MacNodes(J ,I+ I) 

END DO 
END DO 

RETURN 
END 

C **************************************************************** PTocTriMacEim 

SUBROUTINE PTocTriMacEim(MacEim,Shared) 

C Process MacroEiement 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFMAC.INC' 

INTEGER MacElm 
LOGICAL Shared(*) 

REAL*8 SpineX12(MaxNo0fMicVert),SpineY12(MaxNoOfMicVert) 
REAL *8 SpineX21 (MaxNoOfMic Vert),Spine Y21 (MaxNoOfMic Vert) 
REAL *8 SpineX32(MaxNoOfMic Vert),Spine Y32(MaxNoOfMic Vert) 
REAL*8 SpineX31(MaxNo0fMicVcrt),SpineY31(MaxNoOfMicVert) 

REAL *8 SpineX(MaxNoOfMic Vert),Spine Y(MaxNoOfMic Vert) 
REAL*8 StaPtX,StaPtY,EndPtX,EndPtY 
INTEGER MicNode,Point,MicSta,MicEnd,Error,IJ, Upper 

C Make Spine for First, Second, Third, and Fourth Sides 
C (The following calls are really typing aids to the call of Mak:eSpine) 

CALL SideSpine(MacEim ,2,1,I,SpineX21,Spine Y21) 
CALL SideSpine(MacEim ,1,2,I,SpineX 12,Spine Y 12) 
CALL SideSpine(MacEim ,3,2,2,SpineX32,Spine Y32) 
CALL SideSpine(MacEim,3,1,3,SpineX3l,SpineY31) 
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C+ 
c 21 
c +3+ 

Spine Side definition. I 2 
I I 
I 3-1 

Loc. Vert. Def. 

C Store Spine Into Mesh for sid~}· 

IF (Shared(3)) THEN 
MicSta=2 

ELSE 
MicSta=1 

END IF 

· Upper=NoOfMicElm(MacElm,2)+ 1 
IF (Shared(!)) THEN 

MicEnd=Upper·l 
ELSE 

MicEnd=Upper 
END IF 

D WRITE(* ,20) MicS ta,MicEnd 
20 FORMAT(X,'Triang Macro Elem: Start=',I5,' End=' ,15) 

IF (.NOT.Shared(2)) 
& CALL TransferSpine(MicSta,MicEnd,MacElm,2,1, 
& SpineX32,Spine Y32) 

C Now do spines next to side 2 

DO MicNode=2,No0fMicElm(MacElm,3) 

C MicEnd must be decreased by one for each subsequent spine. 

MicEnd,;.MicEnd-1 
Upper=Upper-1 

C Locate Intersections Between Crossing Spines 

C Store first point on next spine. 

SpineX(l )=SpineX31 (MicNode) 
SpineY(l)=SpineY31(MicNode) 

C Store last point on next spine. 

SpineX(Upper)=SpineX21 (MicNode) 
Spine Y (Upper)=Spine Y21 (MicNode) 

C Find intermediate points. 

DO Point=2,Upper-1 

CALL Computeintersection(SpineX( 1 ),Spine Y( 1), 
& SpineX(Upper),SpineY(Upper), 
& SpineX32(Point),Spine Y32(Point), 
& Spine X 12(Point),Spine Y 12(Point), 
& SpineX(Point),SpineY(Point),Error) 

IF (Error.EQ.2) THEN 

14 
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WRITE(*,*) 'Error: Spines do not intersect' 
STOP 'In Routine: ProcMacElm' 

END IF 

END DO 

C IF--- Store node numbers of possible shared nodes. (on side 1) 
C CALL- Transfer spine locations into NodesO. Save node numbers 
C IF--- Store node numbers of possible shared nodes. (on side 3) 

IF (MicSta.EQ.1) THEN 
SharedNodes(MacElm,3,MicNode) 

& =No0fNodes+1 
D WRITE(* ,10) MacElm,3,MicNode, 
D & NoOfNodes+ 1 
10 FORMA T(X,'TRISharedNodes(' ,15,' ,' ,15,',' ,15 ,')=' ,15) 

END IF 
CALL TransferSpine(MicSta,MicEnd,O,O,MicNode,SpineX,SpineY) 
IF (MicEnd.EQ.Upper) THEN 

SharedNodes(MacElm, 1 ,NoOfMicElm(MacElm,1 )+2-MicNode) 
& =NoOfNodes 

D , WRITE(*,IO) MacElm,1,No0fMicElm(MacElm,1)+2-MicNode, 
D & NoOfNodes 

END IF 
END DO 

IF ((.NOT.Shared(1)).AND.(.NOT.Shared(3))) THEN 
NoOfNodes:NoOfNodes+ 1 
SharedNodes(MacElm,1,1 )=NoOfNodes 
SharedNodes(MacElm,3,NoOfMicElm(MacElm,3)+1)=No0fNodes 
Nodes(NoOfNodes,1)=MacVertX(MacElemVert(MacElm,1)) 
Nodes(No0fNodes,2)=Mac Vert Y (MacE I em Vert(MacE1m, 1)) 
MacNodes(No0fMicEim(MacEim,3)+ 1,1 )=NoOfNodes 

END IF 

C Store comer nodes as appropriate 

C Side 2 

SharedNodes(MacEim, 1 ,NoOfMicEim(MacEim, 1 )+ 1) 
& = SharedNodes(MacEim;2,1) 

SharedNodes(MacEim ,3, 1) 
& = SharedNodes(MacEim,2,No0fMicEim(MacElm,2)+ 1) 

D WRITE(*,10) MacEim,1,NoOfMicEim(MacEim,1)+1, 
D & SharedNodes(MacEim,2,1) 
D WRITE(* ,10) MacEim,3,1 ,SharedNodes(MacEim,3,1) 

C Side 1 

SharedNodes(MacEim, 1,1) 
& = SharedNodes(MacEim,3,No0fMicEim(Macelm,3)+1) 

D WRITE(* ,10) MacEim,1, 1 ,SharedNodes(MacEim,1,1) 

D WRITE(*,*) ' ' 

C Store node #s of mesh along shared sides of macro element. 
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DO 1=1.No0fMicElm(MacElm,l)+1 

IF (Shared(1)) MacNodes(I,NoOfMicElm(MacElm,2)+2-l) 
& =SharedNodes(MacElm,l,NoOtMicElm(MacElm,l)+2-l) 

IF (Shared(2)) MacNodes(l ,I) 
& =SharedNodes(MacElm,2,No0fMicElm(MacElm,2)+2-l) 

IF (Shared(3)) MacNodes(l,1) 
& =SharedNodes(MacElm,3,1) 

END DO 

C Use-saved node numbers to generate NLoc matrix, ~d element tyt}e. 

DO J=1,No0tMicE1m(MacElm,3) 

DO I= t ,NoOtMicElm(MacEim,i)-J 
NoOfEiems=NoOfEiems+ 1 
ElemType(NoOfEiems)='S' 
NLoc(NoOfEiems, 1)=MacNodes(J ,1) 
NLoc(NoOfEiems,2)=MacNodes(J+ 1 ,1) 
NLoc(No0fEiems,3)=MacNodes(J+ 1 ,1+ 1) 
NLoc(No0fEiems,4 )=MacNodes(J ,1+ 1) 

END DO 

NoOfEiems=NoOfEiems+ 1 
ElemType(NoOfElems)='T' 
I=No0tMicElm(MacElm,2)+ 1-J 
NLoc(NoOfEiems, 1 )=MacNodes(J ,1) 
NLoc(NoOfElems,2)=MacNodes(J + 1 ,I) 
NLoc(No0fEiems,3)=MacNodes(J,I+l) 

END DO 

RETURN 
END 

C ******************************************************************* ReadECFMAC 

SUBROUTINE ReadECFMAC(FileName) 

INCLUDE 'ECFHDR.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMAC.INC' 

CHARACTER*(*) FileName 
INTEGER I,J,NoOfVert 
LOGICAL FileEXIST 

INQUIRE(FILE=FileName,EXIST=FileExist) 
IF (.NOT.FileExist) THEN 

WRITE(*,*) 'Error: Unknown File Name=' ,FileName 
CALL LIB$SPA WN('TYPE ECFMAC.STR ') 
STOP 'In Routine: ReadECFMAC' 

END IF 

OPEN (UNIT= 1 ,FILE=FilcName,ST A TUS= 'OLD' ,FORM='FORMA TTED') 
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READ (I,*) BasisDeg,Tolerance,NoOfGaussPts,MaxNoOflter 
READ(l,*) NoOfEqu,NoOfDim 
READ (I,*) Debugging,Convection,PolyFlow ,Guess ,Nonnegative 

C Read Macro Vertices 

READ(l,*) NoOfMacVert 
DO I=l,NoOfMacVert 

READ(l,*) Mac VertX(I),Mac VertY(I) 
END DO 

C Read Macro Elements 

READ(l,*) NoOfMacElem 
DO l=l,NoOfMacElem 

READ(l,*) MacElemType(I) 

CALL GetUpper(MacEiemType(I),NoOfV ert) 

READ(l,*) (MacEiemVert(I,J),J=l,NoOfVert) 
READ( I,*) (NoOfMicElm(I,J).J= 1 ,NoOfVert) 

IF (MacEiemType(I).EQ. 'S') THEN 
C Square Macro Element 

NoOfMicElm(I,3)=No0fMicElm(I,l) 
NoOfMicElm(I,4)=NoOfMicEim(l,2) 

ELSE 
C Triangular Macro Element 

NoOfMicEim(I,2)=No0fMicEim(I,l) 
NoOfMicElm(I,3)=No0fMicElm(I,l) 

END IF 

C The following DO-Loop to check that number of micro elements on each 
C side is less than the maximum number of micro elements that this program 
C can handle. 

DO J=l,NoOfVert 
IF (NoOfMicElm(I,J).GE.MaxNoOfMicVert) THEN 

WRITE(*,*) 'Error: Too many microelements! Either' 
WRITE(*,*) ' a) reduce number of microelements, or' 
WRITE(*,*)' b) increase MaxNoOfMicVert in ECFMAC.INC' 
WRITE(*,*) ' and recompile programs.' 

WRITE(*,*) ' NoOfMicEim= ',NoOfMicEim(I,J) 
WRITE(*,*) ' MaxNoOfMicVert=',MaxNoOfMicVert 
STOP 'In Routine: ReadECFMAC' 

END IF 
END DO 
READ( I,*) (SpaType(I,J).J= I ,NoOfVert) 
READ(l,*) (SpaFac(l,J)J=l,NoOfVert) 

END DO 

C Read the macrovertices on the boundary 

READ(l,*) NoOfMacBDNodes 

DO I=l,NoOfMacBDNodes 
READ(l,*) MacBDNodes(I) 

ENDbO 
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CLOSE( I) 

C FEM.MAC File Structure 

c BasisDeg,Tolerance,NoOfGaussPts,MaxNoOflter 
c NoOfEqu,N'oOIDim 
c Debugging,Convection,PolyFlow,Guess,Nonnegative 

C NoOfMac Vert 
C Xl,Yl 
C X2,Y2 
c ... 
C XN,YN 

C NoOfMacElm 

C MacElemType 
C Mac Vert l,Mac Vert2,Mac Vert3,Mac Vert4 
C NoOfMicElm12,23,34,41 
C SpaType12,23,34,41 
C SpaFac12,23,34,41 

c ... 
C NoOfMacBDNodes 
C MacBDNodes(l) 
c ... 
C MacBDNodes(N) 

RETURN 
END 

)- goes. to mesh hdr file 
) 
) 

)- goes to mesh file 

C ****************************************************************** SharedSides 

SUBROUTINE SharedSides(MacElm,Shared) 

INCLUDE 'ECFMAC.INC' 

LOGICAL Shared(*) 
INTEGER MacElm,PrevElm,K,L,M,Kpl,Lpl,Kml 
INTEGER UpperPrev,UpperMac · 

CALL GetUpper(MacElemType(MacElm),UpperMac) 

DO PrevElm=l,MacElm~l 

CALL GetUpper(MacElemType(PrevElm),UpperPrev) 

DO K:I,UpperMac 

CALL Incrementi(K,Kp l,l,UpperMac) 

DO L= l,UpperPrev 

CALL Incrementi(L,Lpl,l,UpperPrev) 

IF( 
& (MacElemVert(MacElm;K).EQ.MacElemVert(PrevEim,Lpl)).AND. 
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& (MacElemVert(MacElm,Kp1).EQ.MacElemVert(PrevElm,L))) THEN 

D WRITE(* ,10) MacElm,K,PrevElm,L 
10 FORMAT(X,'Note: Mac Elem ',15,' Side ',15, 

& ' is shared with Mac Elem ',15,' Side ',15) 
Shared(K)=.TRUE. 

NoOfMicElm(MacElm ,K)=NoOfMicElm(PrevElm,L) 

DO M= 1 ,NoOfMicElm(MacElm,K)+ 1 
SharedNodes(MacElm,K,M) 

& =SharedNodes(PrevElm,L,NoOfMicElm(MacElm,K)+2-M) 
END DO 

CALL Incrementi(K,Km1,-1,UpperMac) 
SharedNodes(MacElm,Kp 1,1 )=SharedNodes(MacElm ,K, 

& NoOfMicElm(MacElm,K)+1) 
SharedNodes(MacElm,Km 1, 

& NoOfMicElm(MacElm ,Km 1 )+ 1 )=SharedNodes(MacElm,K,1) 
END IF 

END DO 
END DO 

END DO 

RETURN 
END 

C ******************************************************************** SideSpine 

SUBROUTINE SideSpine(MacElm ,S ta Vert,EndVert,Side,SpineX,Spine Y) 

C MacElm 
C StaVert 
C EndVert 
C Side 
C SpineX 
C SpineY 

The current macro element being processed 
The local macro vertex for starting point 
The local macro vertex for ending point. 
The side of the mesh. 
The X locations on the spine 
The Y locations on the spine 

INCLUDE 'ECFMAC.INC' 

REAL*8 SpineX(*),SpineY(*) 
INTEGER MacElm,StaVert,EndVert,Side 

REAL *8 StaPtX,StaPtY ,EndPtX,EndPtY 

StaPtX=MacVertX(MacEiemVert(MAcElm,StaVert)) 
StaPtY=MacVertY(MacElemVert(MacElm,StaVert)) 

EndPtX=Mac VertX(MacEiem Vert(MacElm,EndVert)) 
EndPtY=MacVertY(MacElemVert(MacEim,EndVert)) 

CALL MakeSpine(StaPtX,StaPtY,EndPtX,EndPtY, 
& NoOfMicElm(MacEim,Side), 
& SpaType(MacEim,S ide ),SpaFac(MacEim ,Side), 
& SpineX,SpineY) 

RETURN 
END 
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C ***************************~************************************ Tr.ansferSpine 

SUBROUTINE Tr.ansferSpine(MicSta,MicEnd,MacElm,MacSide,SpeNode, 
& SpineX,SpineY) 

C This subroutine stores the node locations from one spine into Nodes. 

INCLUDE 'ECFHDR.INC' 
INCLUDE 'ECFMAC.INC' 
INCLUDE 'ECFMSH.INc' 

C SpineXO 
C SpineYO 
C MacElm 
C MacSide 
C SpeNode 

X Locations 
Y Locations 

- ·c MicSta 
C MicEnd 

1st (local) mic node number 
last (local) mic node number 

INTEGER MicSta,MicEnd,MacElm,MacSide,SpeNode 
REAL*8 SpineX(*),SpineY(*) 
INTEGER MicNod 

DO MicNod=MicSta,MicEnd , 
NoOfNodes=NoOfNodes+ 1 

IF (NoOfNodes.GT.MaxNoOfNodes) THEN 
WRITE(*,*) 'Error: Too many micro nodes.' 
WRITE(*,*) ' Maximum allowed=',MaxNoOfNodes 
WRITE(*,*) ' Either Scale back, or increase ', 

& 'MaxNoOfNodes in ECFHDR.INC' 
WRITE(*,*) ' and recompile.' 
STOP 'In Routine: TransferSpine' 

END IF 

IF {MacSide.EQ.4) THEN 

S haredNodeS(MacElm,MacSide, 
& NoOfMicElm(MacElm ,MacSide )+2-MicNod)=NoOfNodes 

D WRITE(* ,10) MacEim,MacSide, 
D & NoOfMicElm(MacElm,MacSide)+2-MicNod,NoOfNodes 
10 FORMAT(X,'TFRSharedNodes(' ,15,' ,' ,15,' ,' ,15, ')=' ,15) 

ELSE IF (MacSide.EQ.2) THEN 

IF (MacElemType(MacElm).EQ.'S') THEN 
SharedNodes(MacElm,MacSide,MicNod)=NoOfNodes 

D. WRITE(*, 1 0) MacE 1m ,MacSide,MicNod,NoOfNodes 
ELSE 

SharedNodes(MacEim ,MacS ide, 
& NoOfMicElm(MacEim ,MacS ide)+ 2-MicNod)=NoOfNodes 

D WRITE(*,lO) MacEim,MacSide, 
D & NoOfMicEim(MacEim ,MacSide)+2-MicNod,NoOfNodes 

END IF 

END IF 

Nodcs(NoOfNodes, I)=SpineX(MicNod) 
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· Nodes(No0tNodes,2)=Spine Y (MicNod) 
IF (SpeNode.GT.O) MacNodes(SpeNode,MicNod)=NoOtNodes 

END DO 

RETURN 
END 
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PROGRAM ECFDefine 

C This program get the problem_ definition from the user. 
- C Written by: Ken Jordan -8/1/87 

C Modified by: Mike Annstrong 9/l/87 
C Added multiple equations. 
C Modified by: Ken Jordan 9/24/87 
C Debugged multiple equations. 
C Modified by: Ken Jordan 10{22/87 
C Added: EC Problem Report (prints parameters used to solve EC problem) 
C Added: Uses POL YFLOW Boundary Node numbers, converts to EC bdnodes 
C internally. 

c *****************************************************'************************* 
C Variables 
c *******~********************************************************************** 

c ****************************************************************************** 
C Subroutines 
c ****************************************************************************** 

C ComputeCLoc 
C ComputeComers 
c 
c 
C DefineBC 
c 
C DefineECFParams 
C PrintProb 
c 
C SetCoef 
C Titles 
C WriteFEMUser 
c 
C WriteResO 

Computes the contents of the CLoc matrix. 
Computes the location of the comer points based 
on the boundary node numbers from polymesh and the 
degree of the basis functions. 
Allows the user to define the upper, lower electrode 
potential, and the type of current distribution. 

Writes a report on the CRT about the FEM problem 
to be solved. 

Writes the FEM.* files for later reading· by 
FEM2dBAND 
Writes the C and CLoc variables 

c **************************************************************************** 
C Main Program Follows 
c **************************************************************************** 

INCLUDE 'ECFNam.INC' 
INCLUDE 'ECFHdr.INC' 

CHARACTER*80 MenuTitlc/'EC Problem Modification'/, 
& MenuTxt(l3)/ 
1 'Code To', 
2.' 

' 
3 ' P Print a problem report', 
4 •• 

' 5'F 
7'B 
8'C 
9' N 
a'', 
1 'X 
2. Q 
3' ', 

Modify FEM Parameters', 
Modify Boundary Conditions', 
Modify Convection or Kinetics Parameters', 
Modify File Names', 

Exit (saves modifications & recomputes first guess)', 
Quit (forgets modifications)', 

4 ' ? Repeats this list'/ 
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CHARACTER*80 MenuPrompt/'Enter a Code'/ 
CHARACTER* 1 MenuResps(8)/'P' ,'F' ,'B ','C' ,'N' ,'X' ,'Q' ,'?' /, 

& DetResp/'X'/,Resp 
INTEGER NTxt/13/,NResps/8/ 

INTEGER Length 
LOGICAL FileExist,Editing,Another ,Reset,OldProb 
CHARACTER*80 FileName/'FEM.NAM'/ 

CALL Titles 

1 CALL EditCh('Names file?' ,FileName) 

IF (FileName.NE.' ') THEN 

INQUIRE(File=FileName,Exist=FileExist) 
IF (FileExist) THEN 

WRITE(*,*) 'Reading data from old files' 
CALL ReadNames(FileName) 
CALL ReadFEMUser 
IF (.NOT.ECFMesh) CALL UnComputeComers 
CALL PrintProb(FileName) 
OldProb=.TRUE. 

ELSE 

OldProb=.FALSE. 
CALL Defaults 

CALL StringLength(FileName,Length) 
Length= MAX (Length, 1) 

WRITE(*,*) 'Warning: File ',FileName(l:Length), 
& ' doesn "t exist.' 

WRITE(*,*)' I am assuming that you are entering', 
& ' data for a new problem.' 

END IF 

ELSE 

OldProb=.F ALSE. 
FileExist=.FALSE. 
CALL Defaults 
WRITE(*,*) 'Geuing data for a new problem!' 

END IF 

IF (FileExist) THEN 

Editing=. TRUE. 
DO WHILE(Editing) 

CALL Menu(MenuTitle,MenuTxt,NTxt,MenuPrompt, 
& MenuResps,NResps,DefResp,Resp) 

C P=print problem report 
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C F=Method, Problem Parameters 
C B=Boundary Conditions 
C C=Kinetics, Convection Parameters 
C N=File Names Definition 

C X=Exit (saves modifications) 
C Q=Quit (no modifications saved) 

IF (Resp.EQ. 'P') CALL PrintProb(FileNarhe) 

IF (Resp.EQ.'F') CALL DefineECFParams(FileName) 
IF (Resp.EQ,'B') CALL DefineBC 
IF (Resp.EQ:'C') CALL DefinePar 
IF (Resp.EQ.'N') CALL'DcfineNames(FileName) 

IF (Resp.EQ. 'X') Editing=.FALSE. 
IF (Resp.EQ. 'Q') STOP 'Quit--No Modifications Saved!' 

END DO 

ELSE 

CALL DefineECFParams(FileName) 

CALL DefineBC 
CALL DefinePar 

CALL DefineNames(FileName) 

END IF 

IF (.NOT.ECFMesh) THEN 

C The mesh was generated using POL YMESH · 

WRITE(*,*) 'Transferring mesh from polymesh file' 
CALL ComputeComers 

C The following call transfers the mesh from the polyflow file to 
C a EC file. 

CALL MeshTransfer 

END IF 

· C Compute the number of coefficients. Check to make sure we have enough memory 
C to solve_ this problem, 

NoOfCoef=NoOfEqu*NoOfNodcs 
IF (NoOfCoef.GT.Max.NoOfCoet) THEN 

WRITE(*,*) 'Error: No of coefficients is too large.' 
WRITE(*,*)' NoOfCoef=',NoOfCoef 
WRITE(*,*) ' MaxNoOfCoef=' ,MaxNoOfCoef 
STOP 'ECFDEFINE: Abnormal End' 

END IF 

C The following call computes the matrix CLoc used to locate the 
C coefficients for each equation. 

24. 



ECFDefine 

CALL ComputeCLoc 

C The following call computes a first guess for the coefficients 

IF (Old.Prob) THEN 
CALL YorN('Reset Coefficients?' ,Reset) 

ELSE 
Reset=. TRUE. 

END IF 

IF (Reset) CALL SetCoef 

C The following two calls store the information for later use by FEM2D 

CALL WriteNames(FileName) 
CALL WriteFEMUser 

CALL EditYorN(' Another?' ,Another) 
IF (Another) GOTO 1 

STOP 'Normal End' 
END 

C ****************************************************************** ComputeCLoc 

SUBROUTINE ComputeCLoc 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
INTEGER I,ElemCol,ElemRow ,J ,NodeNo,K, 

& LocNodes((MaxNoOfBasisDeg+ 1)**(MaxNoOfDim)) 
INTEGER Upper 

C The following DO-Loop Computes the CLoc (or NOP) Matrix 
C (Currently set up for BasisDeg= 1 or 2) from NLoc, the node numbers 
C for each element. 

IF ((BasisDeg.NE.1).AND.(BasisDeg.NE.2)) THEN 
WRITE(*,*) 'Error: Degree of Basis Functions incorrect.' 
WRITE(*,*) ' BasisDeg=' ,BasisDeg 
STOP 'In Routine: ComputeCLoc' 

END IF 

DO I= 1 ,NoOfEiems 
CALL GetUpper(EiemTypc(I),Upper) 
DO K=1,Upper 

DO J=l,NoOfEqu 

C This is the most effifient way to store coefficients. 
C Coefficients are numbers Cl =node 1 ,cq 1, c2=nodc1 ,eq2, ... 

CALL ComputeCocfLoc(NLoc(I,K),J ,CLoc(J ,I,K)) 
D WRITE(*,*) 'NLoc' ,I,K,Nloc(I,K) 
D WRITE(*,*) 'CLoc' ,J,I,K,CLoc(J,I,K) 

C For Coefficients stored as C1=node1, eq1; c2=node2, cq1, ... 
C CLoc(J ,I,K)=NLoc(I,K)-(J-1)*No0fNodcs 
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END Db 
END DO 

END DO 

RETURN 
END 

C *************************************************************** ComputeComers 

SUBROUTINE ComputeComers 

C This subroutine computes the comer points for the problem based 
C on the comer points from the POL YFLOW Mesh, and on the BasisDeg chosen 
C by the user. . 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFbc.INC' 

INTEGER Equ,Cmr 

IF ((BasisDeg.EQ.1).0R.(BasisDeg.EQ.3)) THEN 
DO Equ=1,NoOfEqu 

DO Cmr= 1 ,NoOfComers(Equ) 
Comers(Equ,Cmr)=(Comers(Equ,Cmr)+ 1 )(2 

END DO 
END DO 

END IF 

RETURN 
END 

C ********************************************************************* Defaults 

SUBROUTINE Defaults 

INCLUDE 'ECFNam.INC' 
INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 

MeshHdrFile= 'EC.HDR' 
MeshFile='EC.MSH' 
BCFile='EC.BC' 
ParFile= 'EC.PAR' 

ResFile= 'EC.RES' 
PlotFile='EC.ISO' 
SlopeFile='EC.SLP' 

NoOfEqu=l 
NoOfDim=2 
BasisDeg=l 
Tolerance=0.00001 
NoOfGaussPts=4 
MaxNoOfiTer= 10 

Debugging=.FALSE. 
Convection=.F ALSE. 
Poly Flow=. TRUE. 
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Guess=.F ALSE. 

Nonnegative=.FALSE. 

RETURN 
END 

·c ********************************************************************* DefineBC 

SUBROUTINE DefineBC 

C This subroutine allows the user to define the type of current distribution 
C and the voltage at the upper and lower plates (Vu,Vl) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFbc.INC' 

INTEGER I,Ip1,Equ) 
INTEGER Corn(MaxNoOfCorners) 

CHARACTER*80 Prompt,Dummy 
LOGICAL Inputting,EntKin 

CHARACTER*80 BCMenuTitle/'Boundary Condition Selection'/, 
& BCMenuTxt(13)/ 
1 'Code Boundary Condition', 
2, ', 
3 ' P Primary Current Distribution ', 
4 ' (Surface is equipotential)', 
5 ' S Secondary Current Distribution', 
6 ' (Current depends on voltage near surface)', 
7 ' Insulator', 
8 ' (No current through surface)', 
9 ' E Essential', 
a ' (Potential at surface set by external subroutine', 
1 ' N Natural'. 
2 ' (Current at surface set by external subroutine', 
3 ' ? Repeats this list' I 

CHARACTER*80 MenuPrompt 
CHARACTER* 1 BCMenuResps(6)/'P' ,'S ', T ,'E' ,'N' ,'?'I. 

& DefResp/'?'/,UsrResp 
INTEGER BCNTxt/13/,BCNResps/6/ 

CHARACTER*80 KIMenuTitle/'Kinetics Selection'/, 
& KIMenuTxt(6)/ 
1 'Code Electrode Kinetics Selected', 
2. •• 
3 ' BV Butler Volmer', 
4 ' LI Linear', 
5 ' TA Tafel', 
6' ? Repeats this list'/ 

CHARACTER*2 KIMcnuRcsps(4)/'BV','LI','TA','?'/,KIDefResp/'?'/, 
& KIUsrResp 

INTEGER KINTxt/6/,KINResps/4/ 

DO Equ=1,No0fEqu 
EntKin=.FALSE. 
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'' 
WRiTE(*,*) ' ' 
WRITE(*,*) 'BC Condiiions----------------------:-·------------' 

C The following statements get the comer points from the user for 
C eqution #L 

IF (NoOtEqu.GT.l) WRITE(*,*) 'For Equation ',Equ 
WRITE(*,*) ' ' 

DO J=l,NoOfComers(Equ) 
Com(J)=Comers(Equ,J) 

END DO 

CALL Codei(Com,NoOfComers(Equ),Dummy) 

IF (ECFMesh) THEN 
WRITE(*,*) 'Mesh generated by ECFMESH' 

ELSE 
WRITE(*,*) 'Mesh generated by POL YMESH' 

END IF 

CALL EditCh( 
& 'Enter Comer Points (boundary node #s)?' ,Dutnmy) 

CALL Decodei(Dumrny ,Com,NoOfComers(Equ),MaxNoOfComers) 
DO l=l,NoOfComers(Equ) 

Comers(Equ,J)=Com(J) 
END DO 

C The following statements and DO-loop allow the user to select the 
C current distribution. (Primary or Secondary) 

DO I= 1 ,NoOfComers(Equ) 

CALL Incrementi(I,Ipl,l,NoOfComers(Equ)) 

WRITE(MenuPrompt,FMT=27) I,Equ, 
& Comers(Equ,I),Comers(Equ,lpl) 

27 FORMA T('Boundary Condition for side ',I2, 
& ' Equ ',I2,' (Nodes ',13,' to ',13,')') · 

DetResp=BCs(Equ,l) 
IF (DetResp.EQ.' ') DcfResp='?;. 

Inputting=.TRUE. 
DO WHILE (Inputting) 

CALL Menu(bcMenuTitle,bcMenuTxt,bcNTxt,MenuPrompt, 
& bcMenuResps,bcNResps,DetResp,UsrResp) 

Inputting=(UsrResp.EQ. '? ') 
END DO 
BCs(Equ,I)=UsrResp 

C The following statements get whatever parameters are required for the 
C boundary condition. 

IF ((BCs(Equ,I).EQ.'S').OR.(BCs(Equ,I).EQ.'P')) THEN 
WRITE(Prompt,FMT=30) I,Equ,BCs(Equ,l) 

30 FORMAT('Voltageapplied to side ',12, 
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& 'Equ ',I2,' (BC=',Al,')') 
CALL EditDP(Prompt,BCPar(Equ,I)) 

IF (BCs(Equ,I).EQ.'S') EntKin=.TRUE. 

ELSE IF (BCs(Equ,I).EQ.'E') THEN 

WRITE(Prompt,FMT =31) I,Equ,.aCs(Equ,I) 
31 FORMAT('Essential Parameter? (side',I2, 

& 'equ ',12,') (BC=',A1,')') 
CALL EditDP(Prompt,BCPar(Equ,I)) 

ELSE IF (BCs(Equ,I).EQ. 'N') THEN 

WRITE(Prompt,FMT=32) I,Equ,BCs(Equ,I) 
32 FORMAT('Natural Parameter?. (side' ,I2, 

& 'equ ',I2,') (BC=',Al,')') 
CALL EditDP(Prompt,BCPar(Equ,I)) 

ELSE IF (BCs(Equ,I).EQ.'I') THEN 
BCPar(Equ,I)=O 

END IF 

END DO 

C Get the kinetics code to use for this problem. 

IF (EntKin) THEN 
WRITE(MenuPrompt,Fmt= 1 0) Equ 

10 FORMAT('Kinetics Code? (Eqn ',I2,')') 

- KIDefResp=Kinetics(Equ) 
IF (KiDefResp.EQ.' ') KIDefResp='?' 

Inputting=.TRUE. 
DO WHILE (Inputting) 

CALL Menu(KIMenuTitlc,KIMenuTxt,KINTxt, 
& MenuPrompt,KIMenuResps,KINResps,KIDefResp,KIUsrResp) 

Inputting=(KIUsrRcsp.EQ. '?') 
END DO 
Kinetics(Equ) =KiUsrResp 

ELSE 
Kinctics(Equ)= ' ' 

END IF 

END DO 

RETURN 
END 

C ************************************************************** DefineECFParams 

SUBROUTINE DefineECFParams(FileName) 

INCLUDE 'ECFHdr:INC' 
INCLUDE 'ECFGauss.INC' 

CHARACTER*(*) FileName 
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CHARACTER*3 Code 
CHARACTER*80 Dummy 
INTEGER Length 

C The following CALL obtains the tolerance for testing convergence of the 
C Newton-Raphson iterations. 

OPEN (UNIT= l,ST A TUS='NEW' ,FORM='FORMA TTED' ,FILE='ECFDEF.TMP') 

IF (Convection) THEN 
IF (PolyFlow) THEN 

Code='PFC' 
ELSE 

Code='EXC' 
END IF··· 

ELSE IF (Binary) THEN 
Code='BIN' 

ELSE IF (Supporting) THEN 
Code='SUP' 

ELSE 
Code='LAP' 

END IF 

WRITE(l,*) "",Code,"' "Problem Code:' 
WRITE(l,*) ' " PFC=polyflow convective-diffusion' 
WRITE(l,*) ' " EXC=extemal convective-diffusion' 
WRITE(l,*)' " BIN, SUP=', 

& 'binary, or supporting electrolyte' 
WRITE(l,*) ' " LAP=Laplace"s Equation', 

& ' for potential or cone.' 
WRITE(l, *) ' ' 

WRITE(l,*) BasisDeg,' " Degree of Basis Functions (0-2)' 
WRITE( 1, *) N oOfGaussPts, 

& ' ~· No. of Gaussian Integration Points ', 
& ' ( 1- ',MaxNoOfGaussPts,')' 

WRITE(l ,*) NoOfDim,' "Number of dimensions (2)' 
WRITE(l,*) NoOfEqu,' "Number of Equations (1-)' 
WRITE(l,*) MaxNoOflter,' "Maximum number of NR Iterations' 
WRITE(l,*) Tolerance,' " Convergence Tolerance' 
WRITE(l,*) ' ' 

WRITE( I,*) Debugging,' ''T if debugging' 
WRITE(l,*) Guess,' "T for external first guess routine' 
WRITE(l,*) Nonnegative, 

& ' " T for nonegative coeff. constraint' 

WRITE(l,*) ' ' 
CALL SLringLength(FileName,Length) 
WRITE (I,*) 'FEM MeLhod Parameters-------------------------------' 
WRITE(l,*) 'File: ',FileNarne(l:LengLh) 
CLOSE(l) 

CALL LIB$SPA WN('EDIT ECFDEF.TMP') 

OPEN(UNIT=l,STATUS='OLD',FORM='FORMATTED',FILE='ECFDEF.TMP') 

READ(l, *) Code 
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READ(l,lO) Dummy(l:l) 
10 FORMAT(Al) 

READ(l,IO) Dummy(l:l) 
READ(l,lO) Dummy{l:l) 
READ(l,lO) Dummy(l:l) 
READ(l,IO) Dummy(l:l) 

IF (Code.EQ.'PFC') THEN 
Convection=. TRUE. 
Polyflow=.TRUE. 
Binary=.FALSE. 
Supporting=.F ALSE. 

ELSE IF (Code.EQ. 'EXC') THEN 
Convection=. TRUE. 
Polyflow=.FALSE. 
Binary=.FALSE. 
Supporting=.F ALSE. 

ELSE IF (Code.EQ. 'BIN') THEN 
Convection=.F ALSE. 
Binary=.TRUE. 
Supporting=.FALSE. 

ELSE IF (Code.EQ. 'LAP') THEN 
Convection=.F ALSE. 
Binary=.FALSE. 
Supporting=.FALSE. 

ELSE IF (Code.EQ.'SUP') THEN 
Convection=.FALSE. 
Binary=.FALSE. 
Supporting=. TRUE. 

ELSE 
WRITE(*,*) 'Error: Unknown pro_blem code.' 

END IF 

READ (I,*) BasisDeg 

IF ((BasisDeg.L T.O).OR.(BasisDcg.GT.2)) THEN 
WRITE(*,*) 'Error: Degree of Basis Functions is out of range' 

END IF 

READ(l,*) NoOfGaussPts 
IF ((NoOfGaussPts.GT.MaxNoOfGaussPts) 

& .OR.(NoOfGaussPts.LT.l)) THEN 
WRITE(*,*) 'Error: No. of gauss pts is out of range.' 

END IF 

READ(l,*) NoOfDim 
READ (I,*) NoOfEqu 

READ(l,*) MaxNoOflter 
READ (I,*) Tolerance 
READ(l,IO) Dummy(l:l) 

READ( 1, *) Debugging 
READ(l,*) Guess 
READ(l,*) Nonnegative 

CLOSE(l) 
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RETURN 
END 

C ****************************************************************** DefineNames 

SUBROUTINE DefineNames(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFNam.INC' 
CHARACTER*(*) FileName 

C The following lines put in default names 

WRITE(*,*) 'File Names Selection----------------------------' 

WRITE(*,*) ' ' 
WRITE(*,*) ~******Mesh Source File******' 
WRITE(*,*) ' ' 

CALL GetFileName( 
& 'Poly Flow Mesh File to transfer to EC Mesh?', 
& MeshSrcFile) 

WRITE(*,*) i ' 

WRITE(*,*) ' ****** Input Files for ECCotnpute ******' 
WRITE(*,*) ' ' 

CALL EditCh('Names file?' ,FileName) 
WRITE(*,*) ~ ' 

CALL EditCh('EC Mesh Header File?' ,MeshHdrFile) 
CALL EditCh('EC Mesh File?' ,MeshFile) 
CALL EditCh('BC File?' ,BCFile) 
CALL EditCh('Miscellaneous Parameters File?' ,ParFile) 

IF (Convection.AND.PolyFlow) THEN 

WRITE(*,*) ' ' 
WRITE(*,*) '****** Velocity Profile Files From POL YFLOW ', 

& 'Program ******' 
WRITE(*,*) ' ' 

CALL GetFileName('Polyflow Mesh Filename?',PFMeshFile) 
CALL GctFilcName('Polyflow Results FileName?' ,PFCoefFile) 

END IF 

WRITE(*,*) ' ' 
WRITE(*,*) '****** Output Files fr~m ECCompute ******' 
WRITE(*,*)' ' 

CALL EditCh('Results File?' ,RcsFile) 
WRITE(*,*) ' ' 
WRITE(*,*) '****** Graphics Files from FEM2dPiot ******' 
WRITE(*,*) ' ' 
CALL EditCh('Plot File?' ,PiotFilc) 
CALL EdiLCh('Siope File?' ,SiopcFilc) 
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RETURN 
END 

C ******************************************************************** DefinePar 

SUBROUTINE DefinePar 

C This subroutine will allow the user to define the various parameters used 
C in the problem. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFPar.INC' 
INCLUDE 'ECFbc.INC' 

LOGICAL Kinet 
INTEGER I,Equ 

Kinet=.F ALSE. 
DO Equ=l,NoOfEqu 

DO I=l,NoOfComers(Equ) 
Kinet=KinetOR.(BCs(Equ,I).EQ.'S') 

END DO 

IF (Kinet) THEN 

IF (.NOT.Binary) THEN 
WRITE(*,*) ' ' 
WRITE(*,*)' WagnerLin =Kappa R TIL F iO' 

ELSE 

C For Binary or Supporting cases. 

WRITE(*,*) ' ' 
WRITE(*,*)' WagnerLin = 2 F Dl Cref I L iO' 

END IF 
CALL EditDP('WagnerLin?',WagnerLin) 
CALL EditDP(' Anodic Transfer Coefficient' ,aA) 
CALL EditDP('Cathodic Transfer CoeTficient' ,aC) 

IF ((Binary).OR.(Supporting)) THEN 
CALL EditDP('Integration Constant (binary)?' ,BinaryK2) 

END IF 
IF (Supporting) THEN 

CALL EditDP('Integration Constant (supporting)?', 
& SupportingK3) 

END IF 
END IF 

IF (Convection) THEN 
CALL EditDP('Peclct numbcr?',Pcclet) 

END IF 
END DO 

RETURN 
END 

C ***************************************************************** ~eshTransfer 
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SUBROUTINE MeshTransfer 

C This subroutine will generate NLoc(,) and Nodes(,) from data in a polyftow 
C mesh tiie generated by POL YMESH 

INCLUDE 'ECFNarn.INC' 
INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'POL YMesh.INC' 

INTEGER I,NodeMax,Zero/0/,Nv J ,Stp 
LOGICAL Triangular 

CALL ReadPFMesh(MeshSrcFile) 

C Transfer the boundary node information 

NoOfBDNodes=O 

IF ((BasisDeg.EQ.l).OR.(BasisDeg.EQ.3)) THEN 
Stp=2 

ELSE IF (BasisDeg.EQ.2) THEN 
Stp=l 

END IF 

C Check Limits too see if max no of ... needs to be set higher; 

IF (PolyNBd/Stp.GT.MaxNoOfNodes) THEN 
WRITE(*,*) 'Error: too many nodes. Problem can"t be' 
WRITE(*,*) ' solved by present program configuration' 
WRITE(*,*) ' Max No Of Nodes=' ,MaxNoOfNodes 
WRITE(*,*)' Cur No Of Nodes=' ,PolyNBd/Stp 
STOP '(ECFDEFINE) In Routine: Meshi'ransfer' . 

END IF 

IF (PolyNEiem.GT.MaxNoOfNodes) THEN 
WRITE(*,*) 'Error: Too many mesh elements. Either decrease', 

& ' the size of the mesh, ' 
WRITE(*,*) ' or increase MaxNoOfNodes in ECFHDR.INC' 
WRITE(*,*)' PolyNElem=',PolyNEiem 
WRITE(*,*) ' MaxNoOfNodes=' ,MaxNoOfNodes 
STOP '(ECFDEFINE) In Routine: MeshTransfer' 

ENDIF -

DO l=l.PolyNbd,Stp 
NoOfBDNodes=NoOfBDNodes+ I 
BdNodes(NoOfBDNodes)=PolyBDNod(D 

END DO 

C Find 'the maximum node number and Transfer the node numbers to NLoc 

NodeMax=O 
DO I=l,PolyNElem 

IF (PolyNod(9,I).EQ.Zero) THEN 
Triangular=.TRUE. 

ELSE 
Triangular=.F ALSE. 

END IF 
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IF (BasisDeg.EQ.l) THEN 

IF (Triangular) THEN 
Nv=3 

ELSE 
Nv=4 

END IF 

ELSE IF (BasisDeg.EQ.2) THEN 

IF (Triangular) THEN 
Nv=6 

ELSE 
Nv=9 

END IF 

ELSE 

Nv=O 
WRITE(*,*) 'Error: Routine not written for BasisDeg=', 

& BasisDeg 
WRITE(*,*) ' BasisDeg must be 1 or 2' 
STOP 'In routine: MeshTransfer' 

END IF 

C Make NLoc 

DO J=l.Nv 
IF (NodeMax.LT.PolyNod(J ,1)) NodeMax=PolyNod(J,I) 
NLoc(IJ)=PolyNod(J ,I) 

END DO 

END DO 

C Transfer the node locations from POL YX, POL YY to Nodes(.) 

IF (NodeMax.GT.MaxNoOfNodes) THEN 
WRITE(*,*) 'Error: Too many nodes. Number of Nodes = '.NodeMax 
WRITE(*,*) ' Max Number of Nodes = ',MaxNoOfNodes 
WRITE(*,*) ' Either decrease mesh, or increase MaxNoOfNodes', 

& ' in ECFHDR.INC' 
WRITE(*,*) ' and recompile, relink ECF programs.' 
STOP 'ECFDEFINE=In Routine: MeshTransfer-Abnormal End' 

END IF 

DO l=l.NodeMax 
Nodes(l,l)=PolyX(I) 
Nodes(I,2)=PolyY(I) 

END DO 

NoOIElems=PolyNElem 
NoOfNodes=NodeMax 

RETURN 
END 
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C ******************************************************************** Prin~b 

SUBROUTINE PrintProb(NamesFile) 

C This subroutine outputs a report on the problem defined by the user. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFbc.INC' 
INCLUDE 'ECFPar.INC' 
INCLUDE 'ECFNam.INC' 

INTEGER I,L,J ,Equ,Length 
INTEGER Corn(MaxNoOfComers) 
LOGICAL Kinet 
CHARACTER*80 Dummy,Output 
CHARACTER*(*) NamesFile 

CALL PrintProbHeader 

WRITE(* ,230) NoOfElems,NoOtNodes,Nlc,NoOfBDNodes,Nuc 

230 FORMAT(X,7X,'Number of Elements: ',I6J, 
& X,IOX,'Number of Nodes: ',I6,4X,'Codiagonals: lower=' ,14, 
& /,X,' Number of Boundary Nodes: ',I6,18X,'upper=' ,14) 

c 1234567 1234 12 
C Number of Elements: iiiiii 
C Number of Nodes: iiiiii Codiagonals: lower=iiii 
C Number of Boundary Nodes: iiiiii upper=uu 
C 1 123456789a12345678 
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c ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

WRITE(* ,1 0) 
10 FORMAT(X,58('-'),' Boundary Conditions') 

C 123456789a123456789b123456789c123456789dl23456789e12345678 
C ---------------------------------------------------------- Boundary Conditions 

c 123456789al23456789b123456789c123456789d123456789e1 
C Equation ii iii Corners: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
C 123456789a1234567 
C Side iii: BC (a) BC Parm (dd.dddddd e+dd) Kinetics (aa) 

DO L=l,NoOfEqu 

DO J=l,NoOfCorners(L) 
Corn(J)=Corners(L,J) 

END DO 

Dummy='' 
CALL Codei(Corn,NoOfComers(L),Dummy) 
IF (NoOfEqu.EQ.l) THEN 

WRITE(* ,21) NoOfComers(l),Dummy 
21 FORMAT(X,' ',2X,3X,I3,' Corners: ',A51) 

ELSE 
WRITE(* ,20) L,NoOfCorners(L),Dummy 
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20 FORMAT(X,'Equation ',12,3X,I3,' Comers: ',A51) 
END IF 

DO I= 1 ,NoOfComers(L) 
IF (I.EQ.L) THEN 

IF (Kinetics(L).NE.' ') THEN 
WRITE(* ,30) I,BCs(L,I),BCPar(L,I),Kinetics(L) 

ELSE 
WRITE(* ,30) I,BCs(L,I),BCPar(L,I) 

END IF 
ELSE 

WRITE(* ,30) I,BCs(L,I),BCPar(L,I) 
END IF 

30 FORMAT(X,I7X,'Side ',13,': BC (',AI,') Param. (',G14.7, 
& ')' ,:,' Kinetics (' ,A2,')') 

END DO 
END DO 

C +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++I I I I I I I++++ 

Kinet=.F ALSE. 
DO Equ=1,NoOfEqu 

DO I=l,NoOfComers(Equ) 
Kinet=KinetOR.(BCs(Equ,I).EQ. 'S') 

END DO 
END DO 

C 123456789al23456789bl23456789c123456789dl23456789e123 
C -------------------------------------------------·-~-- Miscellaneous Parameters 
C. 123456789a12 1234 1234 
C Constants: R=dddddddddddddd F=dddddddddddddd T=dddddddddddddd 
C Transport Parameters: K=dddddddddddddd Pe=dddddddddddddd 
C Kinetic Parameters: iO=dddddddddddddd aA=dddddddddddddd aC=dddddddddddddd 

IF (KinetOR.Convection) THEN 
WRITE(* ,I 00) 

100 FORMAT(X,53('-'),' Miscellaneous Parameters') 
120 FORMAT(X, 'Transport Parameters:Pe=' ,G 14.7) 
130 FORMAT(X,'Kinetic Parameters: Wa=',G14.7,' aA=',G14.7, 

& ' aC=',G14.7) . 
135 FORMAT(X,'Kinetic Par.: k2=',Gl4.7) 

IF (Convection) THEN 
WRITE(*,l20) Peclet 

ELSE IF (Binary) THEN 
WRITE(* ,130) WagnerLin,aA,aC 
WRITE(* ,135) Binaryk2 

ELSE 
WRITE(* ,130) WagnerLin,aA,aC 

END IF 

END IF 

c ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

C 123456789a123456789b123456789c123456789dl23456789el23456789f1234567 
C -----------------------~-------------"----------------------------- File Names 
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WRITE(* ,300) 
300 FORMAT(X,67('-'),' File Names') 

-c 123456789a123456789b123456789c123456789 123456789a12345 
C Input Files: Names File: AAAAAAAAAAAAAAA 

WRITE(* ,310) NamesFile 
310 FORMAT(X,'Input Files:',34X,'Names File: ',A20) 
C 123 123456789a12345 

C (PolyFlow Mesh Source: AAAAAAAAAAAAAAA) 

IF (.NOT.ECFMesh) THEN 
CALL StringLength(MeshSrcFile,Length) 
WRITE{* ,320) MeshSrcFile(I:Length) 

320 FORMA T(X,' (Poly Flow Mesh Source: ',A <Length>,')') 
END IF 

C 123456789a123 1234 
C Mesh Header: AAAAAAAAAAAAAAA Mesh: AAAAAAAAAAAAAAA 

WRITE(* ,330) MeshHdrFile,MeshFile 
330 FORMAT(X,13X,'Mesh Hea~er: ',A20,4X,'Mesh: ',A20) 

c 12345 
C Boundary Conditions: AAAAAAAAAAAAAAA 
C Miscellaneous Parameters: AAAAAAAAAAAAAAA 
c 

WRITE(* ,340) BCFile,ParFile 
340 FORMAT(X,5X,'Boundary Conditions: ',A20j,X, 

& 'Miscellaneous Parameters: ',A20,/) 

C Velocity Profile Files: 
C 123456789a123456789bl23 123456789al23456789b 
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C Polyflow Mesh: AAAAAAAAAAAAAAAAAAAA 
c 

Polyflow Results: AAAAAAAAAAAAAAAAAAAA 

IF (Convection.AND.PolyFlow) THEN 
WRITE(* ,350) PFMeshFile,PFCoefFile 

350 FORMAT(X,'Velocity Profile Files:' /,X, 
& 'Polyflow Mesh File: ',A20,3X, 'Polyflow Results: ',A20J) 

END IF -

C Output Files: 
c 123456 . 
C Results: AAAAAAAAAAAAAAAAAAAA 
c 123456789 123 
C Plot: AAAAAAAAAAAAAAAAAAAA Slope: AAAAAAAAAAAAAAAAAAAA 

WRITE(* ,360) ResFile,PlotFi lc,S JopeFi le 
360 FORMAT(X,'Output Files: 'J,X, 

& 6X,'Results: ',A20J,X, 
& 9X,'Plot: ',A20,3X,' Slope: ',A20) 

RETURN 
END 
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C ******************************************************************* SetCoef 

SUBROUTINE SetCoef 

C This subroutine sets up the values of the potential for the first guess. 
C (Note, currently the subroutine will only handle 1st 
C order ba5is functions) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFbc.INC' 

REAL*8 dV,Avg,X(MaxNoOID(m) 
INTEGER J ,NodeNo,K,Equ,Side,Sidepl ,Elem,Upper 

IF ((BasisDeg.GT.2).0R.(BasisDeg.L T.O)) THEN 
WRITE(*,*) 'Warning: illegal degree of basis functions' 
WRITE(*,*) ' BasisDeg=',BasisDeg · 
STOP 'In routine: SetCoef 

END IF 

DO Equ=l,NoOfEqu 

IF (.NOT.Guess) THEN 

Avg=O.O 
DO Side= 1 ,NoOfComers(Equ) 

Avg=Avg+BCPar(Equ,Side) 
END DO 
Avg=A vg/(NoOfComers(Equ)-2) 

END IF 

C The following do-loop makes the first guess for coefficients 

IF ((Binary).OR.(Supporting)) THEN 
Avg=ABS(Avg) 

END IF 

DO Elem= l,NoOfElems 
CALL GetUpper(ElemType(Elem),Upper) 
DO 1= !,Upper 

IF (.NOT.Guess) THEN 
C(CLoc(Equ,Elem,J))=Avg 

ELSE 
DO K= l,NoOfDim 

X (K)=Nodes(NLoc(Eiem ,J),K) 
END DO , 
CALL FirstGuess( I ,Elem,X ,C(CLoc(Equ,Elem,J))) 

END IF 

END DO 
END DO 

END DO 

C The following DO-Loop sets the voltage of the plate for primary 
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C current distribution. 

DO Equ= 1 ,NoOfEqu 
DO Side= 1 ,NoOfComers(Equ) 

CALL lncrementi(Side,Sidep 1,1 ,NoOfComers(Equ)) 

IF (BCs(Equ,Side).EQ. 'P') THEN 

DO J=Comers(Equ,Side ),Comers(Equ,Sidepl) 
C((BDNodes(J)-1 )*NoOfEqu+Equ)=BCPar(Equ,Side) 

ENDDO . . 

ELSE IF (BCs(Equ,Side).EQ.'E') THEN 

IF (Comers(Equ,Side).LE.Comers(Equ,Sidepl)) THEN· 

DO J:::iComers(Equ,Side),Comers(Equ,Sidepl) 
DO K= 1 ,NoOfDim 

X(K)=Nodes(BDNodes(J),K) 
END DO 
CALL Essential(Side,l,X,BCPar(Equ,Side), 

& C((BDNodes(J)-1)*NoOfEqu+Equ)) 
END DO 

ELSE 

DO J =Comers(Equ,S ide ),NoOfBDNodes · 
DO K= J:.;NoOfDim . 

X(K)=Nodes(BDNodes(J),K) 
END DO 
CALL Essential(Side,1,X,BCPar(Equ,Side), 

& C((BDNodes(J)-1 )*NoOfEqu+Equ)) 
END DO 

DO J=1,Comers(Equ,Sidep1) 
DO K=l,NoOfDim 

X(K)=Nodes(BDNodes(J),K) 
END DO 
CALL Essential(Side,l,X,BCPar(Equ,Side), 

& C((BDNodes(J)-l)*NoOfEqu+Equ)) 
END DO 

END IF 

END IF 
END DO 

END DO 

RETURN 
END 

C *********************************************************************** Titles 

SUBROUTINE Titles 

C This subroutine prints the run-time-message thatlets the user know 
C the name of the program being run, etc. 
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WRITE(*,*) 'Program ECFDefine' 
WRITE(*,*) 'Version 2' 
WRITE(*,*) ' ' 
WRITE(*,*) 'This program allows the user to define the type' 
WRITE(*,*) 'of problem the FEM program will solve' 
WRITE(*,*)' ' 

RETURN 
END 

C ************************************************************* UnComputeComers 

SUBROUTINE UnComputeCorners 

C This subroutine computes the corner points of the polyflow mesh based 
C on the corner points for the problem and on the BasisDeg chosen 
C by the user. - - · 

c * 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFbc.INC' 

INTEGER Equ,Cmr 

IF ((BasisDeg.EQ.l).OR.(BasisDeg.EQ.3)) THEN 
DO Equ=l,NoOfEqu 

DO Cmr= 1 ,NoOfCorners(Equ) 
Corners(Equ,Crnr)=2*Comers(Equ,Crnr)-l 

END DO 
END DO 

END IF 

RETURN 
END 
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PROGRAM ECFPrePro 

C This program computes the bandwidth for the EC problem. 

C Written by: Ken Jordan 
C Modified by: Mike Armstrong 
C Debugged by: Ken Jordan 

c ****************************************************************************** 
C VARIABLES 
c ****************************************************************************** 

INCLUDE 'ECFNam;INC'· 
INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

CHARAC1ER*72 FileName 
INTEGER Elm,I,J,BandWidth,MaxN,MinN,MaxDiff,Upper 

c ****************************************************************************** 
C Main Program 
c ****************************************************************************** 

C The following call reads the values of variables that define the problem and 
C solution technique (BasisDeg, NoOfElems, NoOfNodes, NoOfXElems, NoOfYElems, 
C Tolerance) 

CALL GetFileName('Names file?' ,FileName) 
CALL ReadNames(FileName) 

CALL ReadFEMUser 

C New routine to calculate bandwidth based on max difference between node 
C number on each element. 

MaxDiff=l 

DO Elm= 1 ,NoOfEiems 

MaxN=NLoc(Eim, I) 
MinN=MaxN 

CALL GetUpper(ElemType(Eim),Upper) 

DO 1=2,Upper 
MaxN=MAX(MaxN,NLoc(Eim,l)) 
MinN=MIN(MinN,NLoc(Eim,I)) 

END DO 

MaxDiff=MAX(MaxDiff,MaxN-MinN) 

END DO 

Nuc=MaxDiff 
Nlc=MaxDiff 
Bandwidth=Nic+Nuc+ 1 

WRITE(*·,*) 'Number of Lower Codiagonals;::' ,Nic 
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WRITE(*,*) 'Number of Upper Codiagonals=' ,Nuc 
WRITE(*,*) ' Bandwidth=' ,Bandwidth 
WRITE(*,*) 'Matrix Order=' ,NoOfCoef,' ,' ,NoOfCoef 

CALL WriteMeshHdr(MeshHdrFile) 

STOP 'Nonnal End' 
END 
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eROGRAM ECFCompute 

C This program uses the galerkin method in two dimensions to 
C solve migration-diffusion problems. 

C The differential equation is: 

C a2Phi d.2Phi 
C ----- + ------ - Pe (Vx. dPhi/dX + Vy dPhi/dY) = 0 
c dy-2 cb(2 

C with the following possible boundary conditions, 

C Constant Potential 
C Arbitrary Potential Profile 

C Insulator (Slope=O) 
C Constant Slope 
C Tafel, Linear, or BV Kinetics (Slope dependent on overpotential) 

C Written by: Ken Jordan 4/2/86 

C Modified 8/3/87 

c ****************************************************************************** 
C Variables · 
c ****************************************************************************** 

C Converged 
C FileName 
c 

.TRUE. when solution has converged. 
The name of the names file. (Contains file names 
for reading remaining data. E.g. HULL.NAM) 

c ****************************************************************************** 
C Subroutines · 
c ****************************************************************************** 

c 
C AdjustForKinetics 
C AdjustForKnown 
C AssembleBC 
c 
C AssembleMatrices 
C VecNormDP 
c 

Computes the BC for secondary current distribution. 
Resets R and RJacobian for known coefficients. 
Adjusts the R, RJacobian matrices for the 
boundary conditions. 
Assembles the R, RJacobian matrices. 
Compares 2-norm of dC to Tolerance to check for 
convergence 

Internal 

C ComputeDeiPotDotNorm Computes the normal wall current (used in secondary 
C current distribution boundary conditions.) 
C ComputeisoPara Given the Element number, and PhiZeta, computes 
C XZcta, and the determinant of the jacobian. 
C ComputePot Computes th~ value of the potential and the potential 
C derivative. 
C NewtonRaphson Performs the newton-raphson technique to solve the 
C differential equation. 
C PrintCLoc Prints the contents of the CLoc matrix. 
C PrintMat Prints the Jacobian Matrix, and the Residual Vector 
C PrintNodes Prints the node locations 
C PrintResults Prints the coefficients and parameter settings used 
C to run problem. 
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C UpdateC 
C ZeroRJ 

c 

Adds dC to C and stores result in C 
Zeros the R,RJacobian,dRdP vectors. 

External 

C ComputelDPhis 
c 

Computes the value of the local weighting functions 
Phi and dPhi/dZetaO (ZetaO is the local variable) in 

c I dimension. 
C Compute2DPhis 
c 

Computes the value of the local weighting functions 
and derivatives for 2D. 

C GaussPtsWts 
c 

Generates the Gauss Pts and Wts in two vectors for 
1-6 Gaussian Quadrature integration points. 

c ****************************************************************************** 
C Files 
c ****************************************************************************** 

C *.BC Contains the boundary conditions 
C * .C:MP Comparison between two slope files. 
C * .HDR Contains problem header information. (i.e. No of coefficients, 
C Number of dimensions, Number of equations ... ) 
C *.ISO Contains the data needed for isopotential plots. 
C *'.MSH Contains the mesh and node locations and boundary node locations 
C * .NAM Contains the names of the files to use in solving the problem 
C E.g. *.NAM defines the filenames for *.be, *.hdr, *.par, *.msh, 
C *.msh 
C *.PAR Contains parameter information. E.g. Kinetic parameters such 
C as the exchange current density, the transfer coefficients ... 
C * .RESContains the Coefficients and CLoc(,) 
C * .SLP Contains slope at the boundary 

c ****************************************************************************** 
C Main Program FoJiows 
c ****************************************************************************** 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFNam.INC' 
INCLUDE 'ECFGauss.INC' 

LOGICAL Converged 
CHARACTER*80 FileName 
INTEGER NoOflterations,Totallterations 

*** IMSL workspace for DLSARB. The workspace is based on N, NLCA, and 
*** NUCA, where N = 377, NLCA = 27, and NUCA = 27 are given. 

COMMON /WORKSP/ RWKSP 
REAL RWKSP(3343481) 
CALL IWKIN(3343481) 

C The following call reads the values of variables that 
C define the problem and solution technique (BasisDeg, NoOfEiems, 
C NoOfNodes,NoOfXEiems,NoOtYEiems,Tolcrance) · 

CALL GctFileName('Namcs file?' ,FileName) 

IF (FileName.EQ.' ') THEN 
WRITE(*,*) 'Error: No file name entered.' 
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STOP 'In Program: ECFCompute' 
END IF 

CALL ReadNames(FileName) 

CALL ReadFEMUser 

IF (Convection.AND.PolyFlow) THEN 
CALL ReadPFMesh(PFMeshFile) 
CALL ReadPFCoef(PFCoetFile) 

END IF 

C The following call obtains the Gauss Points and Weights for 
C integrals over the interval 0 to I. · 

CALL GaussPtsWts(NoOfGaussPts.Pts,Wts) 
CALL TriPtsWts 

IF (Debugging) THEN 
CALL PrintNodes 
CALL PrintCLoc 

END IF 

Totallterations:=O 

CALL NewtonRaphson(NoOflterations,Converged) 

CALL WriteRes(ResFile) 

IF (Converged) THEN 

Totaliterations=Totaiiterations+NoOflterations 
IF (Debugging) THEN 

CALL PrintNodes 
CALL PrintResults(Totall terations,Totallterations) 

END IF 

ELSE 

STOP 'Abnormal End: Not Converged, try continu~tion?' 

END IF 

STOP 'Nomial End' 
END 

C ************************************************************ AdjustForKJnetics 

SUBROUTINE AdjustForKinetics(Nodals,PhilD,DelPotDotNorm, 
& DelPotDotNormPot, WtsJx,dR) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFCal.INC' 

INTEGER Nodals(*),BandCol 
REAL *8 Phi 1 D(*),WL<;]x,dR,DelPotDotNorm,DelPotDotNormPot 
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INTEGER LocRow ,LocCol 

C The following statements and DO-Loops adjust the residual and jacobian 
C for the boundary conditions on a plate when there are kinetics. 

DO LocRow= 1 ,BasisDeg+ 1 

R(Nodals(LocRow))=R(Nodals(LocRow))-WtsJx* 
& De!PotDotNorm*PhilD(LocRow)*dR 

DO LocCal= 1 ,BasisDeg+ 1 
CALL ComputeBandCoi(Nodals(LocRow),Nodals(LocCoi),BandCol) 
RJacobian(BandCol ,Nodals(LocRow))= 

& RJacobian(BandCol ,Nodals'(LocRow)) 
& +WtsJx*Phi1D(LocRow)*Phi1D(LocCoi)*De!PotDotNormPot 
& *dR 

END DO 
'END DO 

RETURN 
END 

C *************************************************************** AdjustForKnown 

SUBROUTINE AdjustForKnown(CNodals, Val) 

C This subroutine sets the appropriate residual and jacobian 
C elements to zero or one for known coefficients (i.e. b.c.'s like 
C T=1 at X=3 ... ) 
C This subroutine is usually called by AJUSTFORBC 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFCai.INC' 

INTEGER CNodals(*) 

INTEGER I,BandCoi,LocRow 
REAL*8 Val 

DO LocRow= 1 ,BasisDcg+ 1 
C(CNodals(LocRow))=Val 
R(CNodals(LocRow) )=0.0 
DO I=1,No0fCocf 

CALL ComputeBandCoi(CNodals(LocRow),I,BandCol) 
IF ((BandCoi.GT:O).AND.(BandCoi.LE.Nuc+Nic+ 1)) THEN 

RJacobian(BandCol ,CNodals(LocRow ))=0.0 
END IF 

END DO 
CALL ComputeBandCoi(CNodals(LocRow),CNodals(LocRow), 

& BandCol) 
RJ acobian(BandCol ,CNodals(LocRow) )= 1.0 

END DO 

RETURN 
END 

C ************************************************************* AdjustForNatural 
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SUBROUTINE AdjustForNatural(Nodals,PhilD,BCPar,WtsJx,dR) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFCal.INC' 

C Variables 

C PhilO 
C WtsJx 

lD Phis (At Surface) 
Wts(Jx) 

INTEGER Nodals(*) 
REAL*8 PhilD(*),WtsJx,dR,BCPar 

INTEGER LocRow 

C The following statements and DO-Loops adjust the residual 
C for the natural boundary conditions. 

· DO Lac Row= l,BasisDeg+ I 
R(Nodals(LocRow) )=R(Nodals(LocRow) )-WtsJ x* 

& BCPar*PhilD(LocRow)*dR 
END DO 

RETURN 
END 

C ********~**************~******************************************* AssembleBC 

SUBROUTINE AssembleBC 

C This subroutine adjusts the Jacobian and Residual vector for the essential 
C boundary conditions. The variables passed are described in the main 
C program. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFbc.INC' 

INTEGER I,JJpl,Equ 

C The following IF-THEN blocks check to see that the basis degree is in 
C the range that is used by the program. 

IF {(BasisDeg.NE.l).AND.(BasisDeg.NE2)) THEN 
WRITE(*.*) 'Warning: BasisDeg is not 1 or 2.' 
WRITE(*,*) ' BasisDeg=' ,BasisDeg 
STOP 'In routine: AssemblcBC' 

END IF 

DO Equ=l,NoOfEqu 
DO J=l.NoOfComers(Equ) 

CALL Incrementi(JJpl,l,NoOfComers(Equ)) 

IF ((BCs(EquJ).EQ. 'P').OR.(BCs(EquJ).EQ. 'E')) THEN 

C For the primary current distribution, the_ value of ·the potential at the 
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C upper and lower plates is known. These are essential b.c. 's, 
C BC type P or E 

& Equ,J) 

IF (Corners(Equ)).LE.Corners(Equ,Jp1)) THEN 
CALL SubKnown(Corners(Equ,J),Comers(Equ,Jp1)-1, 

ELSE 
CALL SubKnown(Corners(Equ,J),NoOfBDNodes,Equ,J) 
CALL SubKnown(l,Corners(Equ)p1)-1,Equ,J) 

END IF 

ELSE IF (BCs(Equ,J).EQ.'S') THEN 

C For secondary current distribution 

IF (Corners(Equ,J).LE.Corners(Equ,Jp1)) THEN 
CALL SubSecondary(Corners(Equ,J),Corners(Equ,J p 1 )-1, 

& Equ,J) 
ELSE 

CALL SubSecondary(Corners(Equ,J),NoOfBDNodes,Equ,J) 
CALL S ubSecondary(l,Comers(Equ,J p 1 )-1,Equ,J) 

END IF 

ELSE IF (BCs(Equ,J).EQ. 'N') THEN 

C For natural boundary condition (slope set) 
C (No need to call if condition is insulaLOr,' because, slope =0, adds 
C nothing to residual or jacobian) 

IF (Comers(Equ,J).LE.Comers(Equ,Jp l)) THEN 
CALL SubNatural(Comers(Equ,J),Corriers(Equ,Jp 1)-1, 

& Equ)) 
ELSE 

CALL SubNatural(Comers(Equ,J),NoOfBDNodes,Equ,J) 
CALL SubNatural(l,Comers(Equ,Jp1)-l,Equ,J) 

END IF 

END IF 

END DO 
END DO 

RETURN 
END 

C ************************************.************************* AssembleMatrices 

SUBROUTINE AssembleMatrices 

C Internal Variables 

C NoOfGaussPts 
c 
C Phi() 
c 
c 
C PhiZeta() 
c 

The number of points LO use in the Gaussian 
. quadrature approximatioin of the integration. 
The value of the Local Weighting function at the current 
gauss point. (Phi(l) is local weighting function 1, 
while Phi(2) is local weighting function 2.) 
The slope of the weighting functions at the 
current gauss point. 
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INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INTEGER Elem,Equ 

IF (NoOIDim.NE.2) THEN 
WRITE(*,*) 'Warning: NoOIDim is not 2' 
WRITE(*,*) ' The code must be altered!' 
STOP 'In Routine: AssembleMatrices' 

END IF 

C The following CALL zeros the residual vector and the jacobian 

CALLZeroRJ 

DO Equ=l ,NoOfEqu 

C The following. DO-LOOP. loops·over the-number ofelements 

DO Elem= I ,NoOfEiems 

IF (EiemType(Eiem).EQ.'S') THEN 
CALL AsscmbleSquare(Equ,Eiem) 

ELSE IF (EiemType(Eiem).EQ.'T') THEN 
CALL AssembleTriangle(Equ,Eiem) 

END IF 

END DO 
END DO 

- RETURN 
END 

C ***************************************************************· AssembleSquare 

SUBROUTINE AssembleSquare(Equ,Eiem) 

C Internal Variables 

C NoOfGaussPts 
c 

The number of points to use in the Gaussian 
quadrature approximatioin of the integration. 

C PhiO 
c 

The value of the Local Weighting function at the current 
gauss point. (Phi(l) is local weighting function 1, 

c while Phi(2) is local weighting function 2.) 
C PhiZeta() 
c 

The slope of the weighting functions at the 
current gauss point. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFCal.INC' 
INCLUDE 'ECFPar.INC' 

REAL *8 Zeta(MaxNoOfDim),XZeta(MaxNoOIDim,MaxNoOIDim),DetXZeta, 
& Vlcty(MaxNoOIDim) 

REAL *8 PHI((MaxNoOfBasisDeg+ 1 )**MaxNoOfDim), 
& PhiZeta(MaxNoOIDim,(MaxNobfBasisDeg+ l)**MaxNoOIDim), 
& PhiX(MaxNoOIDim,(MaxNoOfBasisDcg+ l)**MaxNoOfDim), 
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& Pot(MaxNoOfEqu),PotX(MaxNoOfDim,MaxNoOfEqu), 
& dX(MaxNoOfDim),X(MaxNoOfDim) 

INTEGER LocRow ,LocCol,Elem,J ,Jx,Jy ,BandCol,Equ,Upper 

C The following DO-LOOP loops over the Gauss Points (perfonning the gaussian 
C quadrature numerical integration). It fonns the RJacobian matrix and the R 
C vector in an element by element fashion. 

CALL GetUpper(ElemType(Elem),Upper) 

DO Jx=l,NoOfGaussPts 
DO Jy=l,NoOfGaussPts 

Zeta(l)=Pts(Jx) 
Zeta(2)=Pts(J y) 

CALL Compute2DPhis(Zeta,Phi,PhiZeta) 
CALL ComputelsoPara(Elem,PhiZeta,XZeta,DetXZeta 

& ,Upper) 
CALL ComputePhiX(Upper,PhiZeta,XZeta,DetXZeta,PhiX) 
CALL ComputePot(Elem, Upper ,Phi,PhiX,Pot,PotX) 

C The following call computes the velocity in the zeta(l) and 
C the zeta(2) directions. To do this, it needs to know the 
C current values of Zeta(l) and Zeta(2), as well as the current 
C element number. 

IF (Convection) THEN 
CALL ComputeLoc(Phi,Elem,X) 
CALL Velocity(X,Vlcty') 

END IF 

DO LocRow=l,Upper 

C The following statements compute the Residual vector 

R(CLoc(Equ,Elem,LocRow))=R(CLoc(Equ,Elem,LocRow)) 
& + Wts(Jx)*Wts(Jy)*(PotX(l ,Equ)*PhiX(l ,LocRow)+ 
& PotX(2,Equ)*PhiX(2,LocRow))*DctXZeta 

IF (Convection) THEN 
R(CLoc(Equ,Elcm,LocRow))=R(CLoc(Equ,Elem,LocRow)) 

& .+ Wts(Jx)*Wts(J y)*(Peclct*Phi(LocRow)* 
& (Vlcty(l )*PotX(l ,Equ)+ Vlcty(2)*PotX(2,Equ)))*DetXZeta 

END IF 

DO LocCol=l,Uppcr 

<; The following statements compute the Jacobian 

CALL ComputeBandCol(CLoc(Equ,Elem ,LocRow ), 
& CLoc(Equ,Elem,LocCol),BandCol) 

RJacobian(BandCol,CLoc(Equ,Elem,LocRow))= 
& RJacopian(BandCol,CLoc(Equ,Elem,LocRow))-Wts(Jx)*Wts(Jy)* 
& (PhiX(l ,LocRow)*PhiX(l ,LocCol)+ 
& PhiX(2,LocRow)*PhiX(2,LocCol))*DctXZeta 

51 



ECFCompute 

IF (Convection) THEN 
RJ acobian(BandCol,CLoc(Equ,Elem,LocRow ))= 

& RJacobian(BandCol,CLoc(Equ,Elem,LocRow))-Wts(Jx)*Wts(Jy)* 
& (Peclet*Phi(LocRow)*(Vlcty(l)*PhiX(l,LocCol)+ 
& Vlcty(2)*PhiX(2,LocCol) ))* DetXZeta 

END IF 

END DO 
END DO 

END DO 
END DO 

RETURN 
END 

C ************************************************************* AssembleTriangle 

SUBROUTINE AssembleTriangle(Equ,Elem) 

C Internal Variables 

C NoOfGaussPts 
c 

The number of points to use in the Gaussian 
quadrature approximatioin of the integration. 

CPhiO The value of the Local Weighting function at the current 
gauss point. (Phi(l) is local weighting function 1, c 

c while Phi(2) is local weighting function 2.) 
c PhiZetaO 
c 

The slope of the weighting functions at the 
current gauss point. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFTriPts.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFCal.INC' 
INCLUDE 'ECFPar.INC' 

REAL *8 Zeta(MaxNoOfDim),XZeta(MaxNoOfDim,MaxNoOfDim),DetXZeta, 
& Vlcty(MaxNoOfDim) 

REAL *8 PHI((MaxNoOfBasisDeg+ 1 )**MaxNoOfDim), 
& PhiZeta(MaxNoOfDim,(MaxNoOfBasisDeg+ l)**MaxNoOfDim), 
& PhiX(MaxNoOfDim,(MaxNoOfBasisDeg+ l)**MaxNoOfDim), 
& Pot(MaxNoOfEqu),PotX(MaxNoOfDim,MaxNoOfEqu), 
& dX(MaxNoOfDim),X(MaxNoOfDim) 

INTEGER LocRow ,LocCol,Elem,J ,Jx,J y ,BandCol,Equ,Upper 

C The following DO-LOOP loops over the Gauss Points (performing the gaussian 
C quadrature numerical integration). It forms the RJacobian matrix and the R 
C vector in an element by element fashion. · 

CALL GetUpper(ElcmType(Elcm),Upper) 
DO Jx= l,NoOITriPts 

Zeta(l)=TriPts(Jx,l) 
Zeta(2)=TriPts(Jx,2) 

CALL ComputeTriPhis(Zcta,Phi,PhiZeta) 
CALL Com puteisoPara(Elcm ,PhiZeta,XZeta,DctXZeta,Upper) 
CALL ComputcPhiX(Uppcr,PhiZcta,XZcta,DetXZeta,PhiX) 
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CALL ComputePot(Elem,Upper ,Phi,PhiX,Pot,PotX) 

C The following call computes the velocity in the zeta(l) and 
C the zeta(2) directions. To do this, it needs to know the 
C current values of Zeta(l) and Zeta(2), as well as the current 
C element number. 

IF (Convection) THEN 
CALL ComputeLoc(Phi,Elem,X) 
CALL Velocity(X,Vlcty) 

END IF 

DO LocRow=l,Upper 

C The following statements compute the Residual vector 

R(CLoc(Equ,Elem,LocRow))=R(CLoc(Equ,Elem,LocRow)) 
& +TriWts(Jx)*(PotX(l,Equ)*PhiX(l,LocRow)+ 
& PotX(2,Equ)*PhiX(2,LocRow ))* DetXZeta 

, IF (Convection) THEN 
R(CLoc(Equ,Elem,LocRow))=R(CLoc(Equ,Elem,LocRow)) 

& + TriWts(Jx)*(Peclet*Phi(LocRow)* 
& (Vlcty(l )*PotX(l ,Equ)+ Vlcty(2)*PotX(2,Equ)))*DetXZeta 

END IF 

DO LocCol=l,Upper 

C The following statements compute the Jacobian 

CALL ComputeBandCoi(CLoc(Equ,Elem ,LocRow ), 
& CLoc(Equ,Elcm,LocCoi),BandCol) 

RJ acobian(BandCol ,CLoc(Equ,Eiem ,LocRow ))= 
& RJacobian(BandCol ,CLoc(Equ,Eiem ,LocRow))-TriWts(Jx)* 
& (PhiX(l ,LocRow)*PhiX(l ,LocCol)+ 
& PhiX(2,LocRow)*PhiX(2,LocCoi))*DetXZeta 

IF (Convection) THEN 
RJacobian(BandCoi,CLoc(Equ,Eicm,LocRow))= 

& RJacobian(BandCoi,CLoc(Equ,Eiem,LocRow))-TriWts(Jx)* 
& (Peclet*Phi(LocRow)*(Vlcty(l)*PhiX(l ,LocCol)+ 
& Vlcty(2)*PhiX(2,LocCoi)))*DetXZcta 

END IF 

END DO 
END DO 

END DO 

RETURN 
END 

C *************************************************************** ComputeBandCol 

SUB ROUTINE ComputeBandCoi(Row ,Coi,BandCoH 

C This function computes the column in a banded matrix given the 
C row and column of a square matrix, and (from ECFHdr) the number of 

53 



ECFCompute 

Clower columns (Nlc) 

INCLUDE 'ECFHdr.INC' 
INTEGER Row,Col,BandCol 

BandCol=Col+Nlc+ 1-Row 

RETURN 
END 

C ********************************************************* Compu~DelPotl)o~orm 

SUBROUTINE. ComputeDelPotDotNorm(V,Kinetics,Pot,DelPotDo~orm, 
& DelPotDo~ormPot) · 

C This subroutine computes .the normal current/conductivity (DelPotDo~orm) and 
C the derivative of the nonnal current/conductivity (DelPotDo~ormPot) with 
C respect to po~ntial for a given wall voltage (V) and electroly~ potential 
C (Pot) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFPar.INC' 

REAL *8 Pot,DelPotDotNorm,DelPotDotNonnPot, V ,Curr,CurrPot 
CHARACTER*(*) Kinetics 

REAL *8 Eta,dEtadPot 
REAL *8 C2,dPotdC2,CurrC2,C1 ,C3,dC1dC2 

IF ((BINARY).OR.(Supporting)) THEN 

C This block handles butler-volmer kinetic conditions for a 1:1 binary 
C electrolyte where metal is depositing. The exchange current density is 
C assumed to vary with the surface concentration to the first power. 

C2=Pot 
Pot= LOG(C2/BinaryK2) 
dPotdC2= 1.0/ C2 

Eta=(v-Pot) 
dEtadPot= -1.0 

IF (Binary) THEN 
C1=C2 
dC1dC2=1.0 

ELSE IF (Supporting) THEN 
C3=BinaryK2*SupportingK3/C2 
Cl=C2-C3 
dCldC2=1.0+BinaryK2*SuppottingK3/(C2*C2) 

END IF 

Curr = 1.0/WagnerLin * cl * (EXP(aA*Eta)-EXP(-aC*Eta)) 
CurrC2 = 1.0/WagnerLin * 

& ((+dC1dC2+aA *dEtadPot*dPotdC2*c l)*EXP(aA *Eta) + 
& ( -dCldC2+aC*dEtadPot*dPotdC2*c 1 )*EXP( -aC*Eta)) 

C The following two variables would be better named (for this block of code 
C only) DelC2DotNorm and DelC2DotNormC2 
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DelPotDotNorm = Curr 
DelPotDotNormPot= CurrC2 

ELSE 

C The following definition for the overpotential (V>O, Pot>O) gives eta<O for 
C cathodic current. 

Eta=(V -Pot) 
dEtadPot=-1.0 

IF (Kinetics.EQ. 'BV') THEN 

Curr = 1.0/WagnerLin * (EXP(aA*Eta)-EXP(-aC*Eta)) 
CurrPot = 1.0/WagnerLin 

& *(aA *EXP(aA *Eta)+aC*EXP( -aC*Eta))*dEtadPot 

DelPotDotNorm = Curr 
DeiPotDotNormPot = CurrPoi 

ELSE IF (Kinetics.EQ. 'LIN') THEN 

Curr = (aA+aC)*Eta/WagnerLin 
CurrPot =(aA+aC)*dEtadPot/WagnerLin 

DelPotDotNorm=Curr 
DelPotDotNormPot=CurrPot 

ELSE IF (Kinetics.EQ.'USER') THEN 

CALL UserKinetics(V ,Pot,DelPotDotNorm,DelPotDotNormPot) 

ELSE 

WRITE(*,*) 'Error: Unknown Kinetics=',Kinetics 
STOP 'ECFCompute: In Routine: ComputeDelPotDotNorm' 

END IF 

END IF 

RETURN 
END 

C *************************************************************** ComputeTangent 

SUBROUTINE ComputeTangent(Phi 1 DZeta,Nodals,dX,dY) 

C The following DO Loop computes the change in pathlength for a change in 
C zeta (integration variable) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

REAL*8 dX,dY,PhilDZeta(*) 
INTEGER Nodals(*),K 

dX=O.O 
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dY=O;O 
DO K=l,BasisOeg+l 

dX=dX +Nodes(Nodals(K),1 )*Phi 1 DZeta(K) 
dY =dY +Nodes(Nodals(K),2)*Phi 1 DZeta(K) 

END DO 

RETURN 
END 

C ******************************************************************** GE~ODJUlS 

SUBROUTINE GetNodals(I,Equ,Nodals,CNodals) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

INTEGER I,Equ 
~GER Nodals(*),CNodals(*) 

INTEGER K,lpK 

C The following DO-loop loads the nodal locations for the current element 
C into Nodals(*), and coefficient locations into CNodalsO 

DO K=O,BasisDeg 
CALL Incrementi(I,IpK,K,NoOfBDNodes) 
Nodals(K+ l)=BDNodes(IpK) 
CALL ComputeCoefLoc(BDNodes(IpK),Equ,CNodals(K+l)) 

END DO 

RETURN-
END 

C **************************************************************** NewtonRaphson 

SUBROUTINE NewtonRaphs0n(No0flterations,Converged) 

C This subroutine uses the iterative Newton Raphson technique to obtain a 
C solution to the differential equation. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFCal.INC' 
INCLUDE 'ECFRes.Inc' 

INTEGER NoOflterations 
. LOGICAL Converged,FirstLoop 

REAL *8 NormR,NormdC,LastNormdC,dC(MaxNoOfCoet) 
INTEGER l,J 
REAL*8 VecNormDP 
EXTERNAL VecNormDP 

C The following DO-LOOP Performs the Newton-Raphson iterations. 

Converged=.F ALSE. 
LastNormdC=O.O 
NormdC=SQRT(Tolerance) 
NoOflterations=O 
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FirstLoop=.TRUE. 

DO WHILE(.NOT.Gonverged) 

C The following CALLS assemble the matrices used in the Newton-Raphson 
C technique, and solve the set of simultaneous equations, and Updatec the 
C coefficient vector. 

CALL AssembleMatrices 

C Note: the following call adjusts the residual and Jacobian for the 
C essential and natural b.c.'s 

CALL AssembleBC 

IF (Debugging) CALL PrintMat 

C The following statements prepare for and solve the system of linear 
C equations. The subroutine DLSARB is an IMSL subroutine for solving 
C a banded system of equations. 

CALL DLSARB(NoOfCoef,RJacobian,MaxBandWidth,Nlc,Nuc, 
&R,2,dC) 

C The following DO-Loop transfers the coefficient values from the DLSARB 
C routine to the dCO vector. 

IF (NonNegative) THEN 
DO I= 1 ;NoOfCoef 

IF (dC(I)+C(I).LT.O) dC(I)=-C(I) 
END DO 

END IF 

C The following statements _check the norm of the change in coefficients 
C for quadratic convergence. 

LastNormdC=NormdC 
NormdC= VecNormDP(NoOfCoef,dC) 

IF ((.NOT.FirstLoop).AND.(NormdC.GT.IOOO)) THEN 
WRITE(*,*) 'Warning: Guesses might be diverging.' 
WRITE(*,*) ' Current Guess Norm=' ,NormdC 
WRITE(*,*)' Last Guess Norm=',LastNormdC 

END IF 
FirstLoop=.FALSE. 

CALL UpdateC(dC) 

NormR= VecNormDP(N oOfCocf,R) 
Converged=( (NormR.L T. tolerance ).OR.(NormdC.L T. Tolerance)) 

C The following WRITE statement prints the 2-norm of dC for 
C each iteration. This allows the user to check- for quadratic 
C convergence. 

WRITE(*,90) NormdC,NormR 
90 FORMAT{X,IOX, 

& 'ijCb',G14.5,:,' IR.esiduaib',G14.5) 

57 



ECFCompute 

C tld::gggggggggggggg IR.esiduall=gggggggggggggg 
NoOflterations=NoOflterations+ 1 

C The following IF-THEN block prevents the subroutine from performing 
C more than MaxNoOflter iterations. 

IF (NoOflterations.GT.MaxNoOflter) THEN 
WRITE(*,*) 'Warning: number of newton-raphson iterations' 
WRITE(*,*) 'exceeds ',MaxNoOflter 
STOP 'In routine: NewtonRaphson' 

END IF 

END DO 

C The following write statement concludes the report for this newton iteration 
C (# of Iterations, and whether or not the last two steps 
C converged quadratically) 

IF (LastNormdC**2.L T.NormdC) THEN 
WRITE(*, 100) NoOflterations 

100 FORMAT(X,' **** ',14X,' #of Iterations:',I3, 
& ' UNQUADRATIC CONVERGENCE') 

ELSE 
WRITE(*,101) NoOflterations 

101 FORMAT(X,' ",14X,' #of Iterations:',I3, 
& ' >=Quadratic Convergence') 

END IF 

IF ( (NormdC.GT.O).AND.(LastNormdC.GT.O).AND.(LastNormdC.L T.1 )) 
& WRITE (*, 110) LOG(NormdC)!LOG(LastNormdC) 

110 FORMAT(//,X,' Order of Convergence=' ,G 14.7 Jf) 

IF (NormR.GT.Tolerance) 
& WRITE(*,*) 'Warning: !Residua~ is greater than ',Tolerance 

RETURN 
END 

C ********************~*********************************************** PrintCLoc 

SUBROUTINE PrintCLoc 

C This subroutine prints the CLoc matrix for user verification. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 

INTEGER I,J,K 

WRITE(* ,99) 
99 FORMAT(X,'Matrix CLoc' j, 

& X,'Eqn Elem Local Coefficients' J. 
& X,' 1 2 3 4' j) 

DO I= 1 ,NoOfEiems 
DO J=1,NoOfEqu 

WRITE(*, 1 00) J ,I,(CLoc(J ,I,K),K= 1 ,(BasisDeg+ 1 )**NoOfDim) 
100 FORMA i(X,I2,3X,I2,3X;<(BasisDcg+ l)**No0fDim>(I4,XX)) 
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END DO 
END DO 

C Eqn Elem Local Nodes 
C iixxxiixxx ... 

RETURN 
END 

C ********************************************************************* Prin~t 

SUBROUTINE PrintMat 

C The following subroutine prints the jacobian and residual vectors. This 
C subroutine is useful for debugging the program. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFCal.INC' 

INTEGER I,J 

WRITE(*,*) ' ' 
WRITE{*,*) ' Jacobian ' 
WRITE{*,*) ' ' 

DO I= 1 ,NoOfCoef 
WRITE(*,*) '---ROW (',1,')' 
WRITE(* ,10) (RJacobian(J,I)J=l,Nic+l+Nuc) 

END DO 
WRITE(*,*) '--- END ' 

10 FORMAT(X,8(G10.3)) 

WRITE(*,*) ' ' 
WRITE(*,*) 'Residual Vector' 
WRITE(*,*) ' ' 

WRITE(*, 1 0) (R(I),I= 1 ,NoOfCoet) 

RETURN 
END 

C ****************************************************************** Prin~odes 

SUBROUTINE PrintNodes 

C The following subroutine prints the node locations. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

INTEGER I,K 

WRITE(*,*) ' ' 
WRITE(*,*) 'Node Locations' 
WRITE(*,*) ' ' 

'DO l=1,NoOfNodes 
WRITE(* ,100) I,(Nodes(I,K),K= l,NoOfDim) 
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END DO 
100 FORMA T(X,'Node(' ,13,')=(' ,FlO.S,<NoOtDim-1>(' ,' ,F10.5),')') 

RETURN 
END 

C ***************************************************************** PrinUResul~ 

SUBROUTINE PrinUResul~(Totallterations,NoOITimeSteps) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 
INTEGER I,Totallterations,NoOITimeSteps 

WRITE(*,*) '----------·--------------------------:..--------------' 
WRITE(* ,10) Totallterations,NoOITimeSteps 

10 FORMA T(X,'Final Coefficients (' ,16,' iterations)' J, 
& X,' (' ,16,' Total Iterations)') 

WRITE(*,*) ' ' 

WRITE(* ,11) BasisDeg,NoOtEiems 
11 FORMAT(X,' ',lOX, 

13 

& ' Degree of Basis Functions=',Il,' No Of Elems=',I3) 

&' 

WRITE(*,13) NoOfNodes 
FORMAT(X,' 

DO I= 1 ,NoOfCoef 
WRITE(*,lOO) ·I,C(I) 

END DO 

',lOX, 
No Of Nodes=',I3J) 

100 FORMAT{X,'C(',I3,')=' ,F10.5) 

RETURN 
END 

C ********************************************************************* SubKnown 

SUBROUTINE SubKnown(Start,End,Equ,J) 

C This subroutine loops over known coefficients, and calls a subroutine 
C that sets them to zero. 

INTEGER Start,End,Equ,J 

INCLUDE 'ECFHdr.INC 
INCLUDE 'ECFbc.INC' 

INTEGER Nodals(MaxNoOfBasisDeg+ 1 ),I 
INTEGER CNodals(MaxNoOfBasisDeg+ 1) 

DO I=Start,End,BasisDeg 
CALL GetNodals(I,Equ,Nodals,CNodals) 
CALL AdjustForKnown(CNodals,BCPar(EquJ)) 

END DO 

RETURN 
END 
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C ******************************************************************* Sub~a~ 

SUBROUTINE SubNatural(Start,End,Equ,Side) 

C This subroutine loops over boundary nodes that have Natural boundary 
C conditions. 

INCLUDE 'ECFHdr.I~C' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.I~C' 
INCLUDE 'ECFCal.INC' 
INCLUDE 'ECFbc.I~C' 

INTEGER Start,End,Equ,Side 

REAL *8 dX,dY ,dR, 
& Phi 1D(MaxNoOffiasisDeg+ 1 ),Phi 1 DZeta(MaxNoOffiasisDeg+ 1) 

INTEGER Jx,Nodals(MaxNoOfBasisDeg+ 1 ),IpK,I,K 
INTEGER CNodals(MaxNoOffiasisDeg+ 1) 

C I Boundary Node index 
C K Local Node Index 

DO I=Start,End,BasisDeg 

CALL GetNodals(I,Equ,Nodals,CNodals) 

C The following DO-loop loops over the integration points. 

DO Jx=l,NoOfGaussPts 

C The following statements compute the slope of the path with respect to 
C the integration parameter at the Gauss Point. 

CALL Compute! DPhis(BasisDeg,Pts(Jx),Phi ID,Phi lDZeta) 
CALL ComputeTangent(Phi lDZeta,Nodals,dX,dY) 
dR=SQRT(dX*dX+dY*dY) 

CALL AdjustForNaturai(CNodals,Phi 1 D, 
& BCPar(Equ,Side),Wts(Jx),dR) 

E~DDO 
END DO 

RETURN 
END 

C ***************************************************************** SubSecondary 

SUBROUTINE SubSecondary(S tart,End,Equ,Side) 

C This subroutine loops over boundary nodes that have secondary boundary 
C conditions. · 

INCLUDE 'ECFHdr.I~C' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
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INCLUDE 'ECFCal.INC' 
INCLUDE 'ECFbc.INC' 

INTEGER Start,End,Equ,Side 

REAL*8 dX,dY,dR,Phi1D(MaxNoOfBasisDeg+1), 
& PhilDZeta(MaxNoOfBasisDeg+l) 

REAL *8 Pot,DelPotDotNorm,DelPotDotNormPot 
INTEGER J x,Nodals(MaxNoOfBasisDeg+ 1 ),IpK,I,K 
INTEGER CNodals(MaxNoOfBasisDeg+ 1) 

C The following DO-loop goes along the boundary. 

DO I=Start,End,BasisDeg 

CALL GetNodals(I,Equ,Nodals,CNodals) 

C The following DO-loop loops over the integration points. 

DO Jx=l,NoOfGaussPts 

C The following statements compute the slope of the path length vs. the 
C integration variable at the intregation point 

CALL Compute 1 DPhis(BasisDeg,Pts(Jx),Phi 1D ,Phi lDZeta) 
CALL ComputeTangent(Phi lDZeta,Nodals,dX,dY) 
dR=SQRT(dX*dX+dY*dY) 

C The following DO-loop compute the potential at the boundary location. 

Pot=O.O 
DO K= I ,(BasisDeg+ I) 

Pot=Pot+C(CNodals(K))*Phi 1 D(K) 
END DO-

C The following CALL computes (Del Potential).(Unit Normal) and · 
C d[(Del Potential).(Unit Normal)]/d[Potential] · 

CALL ComputeDe!PotDotNorm(BCPar(Equ,Side),Kinetics(Equ), 
& Pot,DelPotDotNorm ,DelPotDotNormPot) 

CALL AdjustForKinetics(CNodals, 
&· PhilD,DelPotDotNorm,DelPotDotNormPot,Wts(Jx),dR) 

END DO 
END DO 

RETURN 
END 

C ******************************************************************** TriPtsWts 

SUBROUTINE TriPtsWts 
INCLUDE 'ECFTriPts.INC' 

C See Burnett p 596 for other than No0fTriPts=4 
C (Note: weights are divided by 2 as indicated in formula given on p 596 
C Gaussian integration poims for a triangular element. 
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NoOITriPts=4 

TriPts(l,l)= 1.0/3.0 
TriPts(l,2)= 1.0/3.0 
TriWts(l )=-27 .0/48.0/2.0 

TriPts(2,1)=1.0/5.0 
TriPts(2,2)= 1.0/5.0 
TriWts(2)=25.0/48.0/2.0 

TriPts(3,1)=3.0/5.0 
TriPts(3,2)=1.0/5.0 
TriWts(3)=25.0/48.0/2.0 

TriPts(4,1)=1.0/5.0 . 
TriPts(4,2)=3.0/5.0 
TriWts( 4 )=25.0/48.0/2.0 

RETURN 
END 

C **********************************************~*********************** UpdateC 

SUBROUTINE UpdateC(dC) 

C This subroutine Updates the coefficients CO by adding the correction 
C dCO to them. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 

REAL *8 dC(*),Norm 
INTEGER I,K 

DO I=l,NoOfCoef 
C(I)=C(I)+dC(I) 
IF (Debugging) WRITE(*,*) 'C(' ,I,')=' ,C(I) 

END DO 

RETURN 
END 

C *********************************************************************** ZeroRJ 

SUBROUTINE ZeroRJ 

C This subroutine zeros the residual vector, the jacobian, and the continuance 
C vector 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFCal.INC' 

INTEGERI,J 

DO I= I ,NoOfCoef 
R(I)=O.O 
DO J=l,Nuc+Nlc+l 

RJacobian(J .n=o.o 

63 



ECFCompute 

·C * 

END DO 
END DO 

RETURN 
END 
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PROGRAM ECFPlot 

C This program reads a results file and makes a plot file 

C Written by: Ken Jordan 8/29/87 

c ****************************************************************************** 
C Variables 
c ****************************************************************************** 

C FileName 
c 

The name of the names file. (Contains file names 
for reading remaining data.) 

c ****************************************************************************** 
C Files 
c ****************************************************************************** 

C, * .BC Contains the boundary conditions 
·c *.HDR Contains problem header information. (i.e. No of coefficients, 
C Number of dimensions, Number of equations ... ) 
C *.PAR Contains parameter information. E:g. Kinetic parameters such 
C as the exchange current density, the transfer coefficients ... 
C * .MSH Contains the mesh and node locations and boundary node locations 
C *.RES Contains the Coefficients and CLoc(,) 
C * .NAM Contains the names of the files to use in solving the problem 
C E.g. *.NAM·defines the filenames for *.be, *.hdr, *.par, *.msh, 
C *.msh 
C * .iso Contains the data needed for isopotential plots. 
C * .SLP contains slope along boundary. 

c ****************************************************************************** 
C Main Program Follows 
c ****************************************************************************** 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFNam.INC' 
CHARACTER*80 FileName,Va!File 

C The following call reads the values of variables that 
C define the problem and solution technique (BasisDeg, NoOfElems, 
C NoOfNodes,NoOfXElems,NoOfYElems, Tolerance) 

CALL GetFileName('Names file?' ,FileName) 
CALL ReadNames(FileName) 

CALL ReadFEMUser 

CALL F:indlso(PlotFile) 
CALL PlotBdrySlope(SlopeFile) 
Val File=' Bdry. Val' 
CALL PlotBdryVai(VaiFile) 

STOP 'Normal End' 
END 

C ******'********************************************************* ComputeLocStep 

SUBROUTINE ComputeLocStep(BDNodcLoc,dX,XBase) 
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C The following statements compute the step to take and in which 
C direction on the local element. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 

INTEGER BDNodeLoc 
REAL *8 dX(*),XBase(*) 

C For Square Elements, there are four cases: 
C 4-3 B,BP1= 1,2 dX(l)=l.O/NoOfGaussPts dX(2)=0 
C II 2,3 dX(l)=O dX(2)=1.0/NoOfGaussPts 
C 1-2 3,4 dX(l)=-1.0/NoOfGaussPtsdX(2)=0--
C 4,1 dX(l)=O dX(2)=-1.0/NoOfGaussPts 

dX(l)=O.O 
dX(2)=0.0 

IF (BDNodeLoc.EQ.1) THEN 

XBase(l)=O.O 
XBase(2)=0.0 
dX(l)= 1.0/NoOfGaussPts 

ELSE IF (BDNodeLoc.EQ.2) THEN 

X Base( 1 )= 1.0 
XBase(2)=0.0 
dX(2)= I ~0/NoOfGaussPts 

ELSE IF (BDNodeLoc.EQ.3) THEN 

X Base( 1 )= 1.0 
XBase(2)= 1.0 
dX(1)=-1.0/NoOfGaussPts 

ELSE IF (BDNodeLoc.EQ.4) THEN 

XBase(l)=O.O 
XBase(2)= 1.0 
dX(2)=-1.0/NoOfGaussPTs 

ELSE 

WRITE(*,*) 'Error: Location of Boundary node in Local Element' 
WRITE(*,*) ' is unknown.' 
WRITE(*,*) ' Local Element Location=',BDNodeLoc 
WRITE(*,*) ' Perhaps basis degree is larger than one?' 
STOP 'In Routine: ComputeLocStep' 

END IF 

RETURN 
END 

C **************************************************************** ComputeNormal 
' 

SUBROUTINE ComputcNormai(BdNode,BDNodePt,UnitNormal) 
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C This subroutine computes the outward pointing unit normal given the boundary 
C node number. The normal is perpendicular to the line segment from BdNode 
C to BdNode+ 1. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

REAL *8 UnitNormal(*),Distance,dX(MaxNoOtDim),Sum 
INTEGER BdNode,BdNodePl,I 

Sum=O.O 
DO l=l.NoOtDim 

dX(I) = Nodes(BDNodes(BDNodePl),I)-Nodes(BDNodes(BDNode),I) . 
Sum=Sum+dX(I)*dX(I) 

END DO 
Distance=SQRT(Sum) 

C UnitDistance(l)= dX(l)/Distance 
C UnitDistance(2)= dX(2)/Distance 

UnitNormal(l) = dX(2)/Distance 
UnitNormal(2) = -dX(1)/Distance 

RETURN 
END 

C ********************************************************************** Findlso 

SUBROUTINE Findlso(FileName) 

C This subroutine compute the location of isopotential points and stores 
C them in file FileName. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 
INCLUDE 'ECFPar.INC' 

PARAMETER MaxNo0fPot=25 
CHARACTER*(*) FileName 
REAL *8 PotMax,PotMin,dPot,Pots(MAxNoOfPot+ 1 ):ZCro/0.0/,0ne/1.0/, 

& XPts(MaxNoOfPot+ 1,2*Max.NoOfNodes). 
& YPts(MaxNoOfPot+ 1,2*Max.No0fNodes), 
& XTemp(2*Max.No0fNodes). YTemp(2*Max.No0fNodes) 

REAL *8 C3Min,C3Max. 
INTEGER NoOfPPts(MaxNoOfPot+ 1 ),I,J ,K,L,RNode,LNode, 

& Pointer(2*MaxNoOfNodes),Kp I ,NoOfi>ot,Upper,Fi!Len 

C The following statements find the max and min potentials. 

PotMax=C(l) 
PotMin=C(l) 

DO I= 1 ,NoOfCoef 
, PotMax=MAX(PotMax,C(I)) 
PotMin=MIN(PotMin,C(I)) , 

END DO 
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WRITE(*;*) ' ' 
WRITE(*,*) ' Iso Potential Plot Information: File ',FileName 
WRITE(*,*)' ' 
IF (.NOT.((Binary).OR.(Supporting))) THEN 

WRITE(*,*) 'Maximum Potential Found:' ,PotMax 
WRITE(*,*) 'Minimum Potential Found:' ,PotMin 

ELSE 
WRITE(*,*) 'Maximum Potential Found:' ,LOG(PotMax/BinaryK2) 
WRITE{*,*) 'Minimum Potential Found:' ,LOG(PotMin/BinaryK2) 
WRITE{*,*) ' ' 
IF (.NOT.Supporting) THEN 

WRITE(*,*) 'Maximum Concentration Found:' ,PotMax 
WRITE(*,*) 'Minimum Concentration Found:', PotMin 

ELSE 

C3Min=BinaryK2* SupportingK3/PotMax 
C3Max=BinaryK2*SupportingK3/PotMin 

WRITE(*,*) 'Maximum Concentration 3 Found:',C3Max 
WRITE(*,*) 'Minimum Concentration 3 Found:' ,C3Min 
WRITE(*,*) ' ' 
WRITE(*,*) 'Maximum Concentration 2 Found:' ,PotMax 
WRITE(*,*) 'Minimum Concentration 2 Found:', PotMin 

END IF 
END IF 

WRITE{*,*)' ' 

CALL Ilnp('No Of Iso- curves?' ,NoOfPot) 
CALL EditDP('Maximum ',PotMax) 
CALL EditDP('Minimum ',PotMin) 

C The following statements find the (NoOfPot+ 1) isopotentials that will be 
C plotted. 

dPot=(PotMax-PotMin)/Fioat(NoOfPot) 

DO L= 1 ,NoOfPot+ 1 
Pots(L )=PotMin+(L-1 )* dPot 

END DO 

CALL PlotPots(NoOfPot,Pots,FileName) 

IF ((Binary).OR.(Supporting)) THEN 

C The following statements find the (NoOfPot+ 1) isopotentials that will be 
C plotted. 

dPot=(LOG(PotMax/BinaryK2)-LOG(PotMin/BinaryK2)) 
& /Fioat(NoOfPot) 

DO L= 1,NoOfPot+ 1 
Pots(L )=LOG (PotMin/B inary K2)+(L-1 )*dPot 
Pots(L)=BinaryK2*EXP(Pots(L)) 

END DO 

CALL StringLength(FileName,FilLen) 
CALI.; PlotPots(NoO!Pot,Pots;FilcName(l :FilLen)//'Pot') 
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END IF 

IF (Supporting) THEN 
dPot=(C3Max-C3Min)/Float(NoOtFot) 

DO L=l.NoOtFot+l 
Pots(L)=C3Min+(L-1 )*dPot 
Pots(L)=BinaryK2*SupportingK3/(Pots(L)) 

END DO 

CALL StringLength(FileName,FilLen) 
CALL PlotPots(NoOtFot,Pots,FileN ame(l :Fi1Len)//'C3 ') 

END IF 

RETURN 
END 

C ************************************************************* LocateGlobalElem 

SUBROUTINE LocateGlobalElem(BDNode,BDNodePl,Elem,BDNodeLoc) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

INTEGER .BDNode,BDNodePl ,Elem,BDNodeLoc,LocNode 
LOGICAL BDNodeFound,BDNodeP1Found 

C This subroutine locates the global element containing the current boundary 
C node and the next boundary node. 

C Loop over elements 
C Check to see if BDNode Found 
C Check to see if BDNodcPl Found. 

BDNodeFound=.F ALSE. 
BDNodeP1Found=.FALSE. 

Elem=O 

DO WHILE(.NOT.(BDNodeFound.AND.BDNodeP1Found)) 

Elem=Elem+ 1 
IF (Eiem.GT.NoOIEiems) THEN 

WRITE(*,*) 'Error: Boundary nodes not found in any element', 
& ' (Searched ',NoOIEiems,' elements)' 

WRITE(*,*) ' Boundary Node Numbers:',BDNode 
WRITE(*,*) ' ',BDNodcs(BDNode),BDNodes(BDNodeP1) 
STOP 'In Routine: LocateGiobalEiem' 

END IF 

BDNodeFound=.FALSE. 
BDNodeP1Found=.FALSE. 

C Search all the outside nodes ( Squares: 1,2,3,4,5,6,7,8) 
C (Triangles: 1,2,3,4,5,6) 

DO LocNode= 1 ,8 · 
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IF (NLoc(Eiem,LocNode).EQ.BDNodes(BdNode)) THEN 
BDNodeFound=.TRUE. 
BDNOdeLoc=LocNode 

END IF 
IF (NLoc(Eiem,LocNode).EQ.BDNodes(BdNodePl)) BDNodePlFound=.TRUE. 

END DO 

END DO 

C We return when Elem has BDNode and BDNodePl on it! 

RETURN 
END 

C *****.************************************************************** PlotlSiope 

SUBROUTINE PlotlSiope(J,Upper ,Eiem) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFPlotiNC' 

INTEGER J,Upper,Eiem 

INTEGER K 
REAL *8 Cx,Xs(MaxNoOfDim) 
REAL *8 Zeta(MaxNoOfDim),XZeta(MaxNoOfDim,MaxNoOfDim),DetXZeta 
REAL *8 PHI((MaxNoOfBasisDeg+ I )**MaxNoOfDim), 

& PhiZeta(MaxNoOfDim,(MaxNoOfBasisDeg+ l)**MaxNoOfDim), 
& PhiX(MaxNoOfDim,(MaxNoOfBasisDeg+ 1 )** MaxNoOfDim), 
& Pot(MaxNoOIEqu),PotX(MaxNoOfDim,MaxNoOIEqu) 

DO K= I ,NoOfDim 
Zeta(K)=XBase(K)+J*dX(K) 

END DO . 

IF (EiemType(Eiem).EQ.'S') THEN 
CALL Compute2DPhis(Zeta,Phi,PhiZeta) 

ELSE 
CALL ComputeTriPhis(Zeta,Phi,PhiZeta) 

END IF 

CALL ComputelsoPara(Eiem,PhiZeta,XZeta,DetXZeta;Upper) 
CALL ComputePhiX(Upper,PhiZeta,XZeta,DetXZeta,PhiX) 
CALL ComputePot(Eiem,Upper,Phi,PhiX,Pot,PotX) 

C The following DO-Loop computes the dot product between PotX and 
C Normal. 

Cx=O 
DO K=l,NoOfDim 

Cx=Cx+Normai(K)*PotX(K, 1) 
END DO 

C The next few lines compute the change in distance between the last 
C computation and this one. 

XLast=X 
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YLast=Y 

CALL ComputeLoc(Phi,Elem,Xs) 

X=Xs(l) 
Y=Xs(2) 

Distance=Distance+SQRT((X-XLast)**2+(Y-YLast)**2) 

C The next line writes the distance and the slope computed into a file. 

WRITE(l,*) Distance,Cx 

RETURN 
END 

C **************************************************************** PlodBdrySlope 

SUBROUTINE PlotBdrySlope(FileName) 

C This subroutine computes the slope of the potential at the boundary. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFPlot.INC' 

CHARACTER*(*) FileName 
INTEGER I,J ,K,BDJ';-lode,BDNodePI ,Elem,LocNode,BDNodeLoc 
INTEGER Upper 

OPEN (UNIT= 1 ,FILE:::FileName,ST A TUS= 'NEW' ,FORM='FORMA TIED') 
WRITE(l,*) NoOfBDNodes*(No0fGaussPts+1) 

Distance=() 
X=Nodes(BDNodes(l ), 1) 
Y =Nodes(B DNodes(l ),2) 

C The following DO-Loop loops over the boundary nodes. 

DO BdNode= 1 ,NoOfBDNodes 

CALL Incrementi(BDNodc,BDNodcp I ,1 ,NoOfBDNodes) 

CALL ComputeNormai(BdNodc,BdNodePl ,Normal) 
CALL LocateGlobalElcm(BDNode,BDNodeP1,Elem,BDNodeLoc) 
CALI:. ComputeLocStep(BDNodeLoc,dX,XBase) .· 
CALL GetUpper(ElcmType(Elem),Upper) 

C The following DO-Loop Loops over the gauss points and computes the value 
C of the potential and the potential slope at at each point on the boundary. 

IF (ElemType(Elem).EQ. 'T') THEN 
CALL Plot 1 S lope(No0fGaussPts/2,Upper,Eiem) 

ELSE 
DO J=O,NoOfGaussPts 

CALL PlotlSiope(J ,Upper,Elem) 
END DO 
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END IF 
END DO 

CLOSE( I) 
CLOSE(2) 
CLOSE(3) 

RETURN 
END 

C *************************.***************************************** PlotBdryVal 

SUBROUTINE PlotBdryV al(FileName) 

C This subroutine computes the value of the potential at the boundary. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFMsh.INC' 

CHARACTER*(*) FileName 
INTEGER I,J ,K,BDNode,BDNodePl ,Elem,LocNode,BDNodeLoc 
INTEGER Upper 
REAL *8 Distance,X, Y ,XLast, YLast,Xs(MaxNoOfDim) 
REAL *8 Normal(MaxNoOfDim),dX(MaxNoOfDim),XBase(MaxNoOfDim); 

& Zeta(MaxNoOfDim),XZeta(MaxNoOfDim,MaxNoOfDim),DetXZeta 
REAL *8 PHI((MaxNoOfBasisDeg+ l)**MaxNoOfDim), 

& PhiZeta(MaxNoOfDim,(MaxNoOfBasisDeg+ l)**MaxNoOfDim), 
& PhiX(MaxNoOfDim,(MAxNoOfBasisDeg+ l)**MaxNoOfDim), 
& Pot(MaxNoOfEqu),PotX(MaxNoOfDim,MaxNoOfEqu) 

OPEN (UNIT= 1 ,FILE=FileName,STA TUS='NEW' ,FORM='FORMA TTED') 
WRITE(!,*) NoOfBDNodes*(NoOfGaussPts+l) 

Distance=() 
. X=Nbdes(BDNodes(l),l) 

Y =Nodes(BDNodes(l ),2) 

C The following DO-Loop loops over the boundary nodes. 

DO BdNode= 1 ,NoOfB DNodes 

BDNodePl=BdNode+l 
IF (BDNodcPl.GT.NoOfBDNodes) BDNodePl=l 

CALL LocateGlobalEiem(BDNode,BDNodePl,Elem,BDNodeLoc). 
CALL ComputeLocStep(BDNodeLoc,dX,XBase) 
CALL GetUpper(ElemTypc(Eiem),Upper) 

C The following DO-Loop Loops over the gauss points and computes the value 
C of the potential and the potential slope at at each point on the boundary. 

DO J=O,NoOfGaussPts 

DO K= l,NoOfDim 
Zeta(K)=XBase(K)+J*dX(K) 

END DO . 
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IF (ElemType(Elem).EQ.'S') THEN 
CALL Compute2DPhis(Zeta.Phi.PhiZeta) 

ELSE 
CALL ComputeTriPhis(Zeta,Phi,PhiZeta) 

END IF 

CALL ComputelsoPara(Elem,PhiZeta,XZeta,DetXZeta,Upper) 
CALL ComputePhiX(Upper ,PhiZeta,XZeta,DetXZeta,PhiX) 
CALL ComputePot(Elem,Upper,Phi.PhiX,Pot,PotX) 

C The next few lines compute the change in distance between the last 
C computation and this one. 

XLast=X 
YLast=Y 

CALL ComputeLoc(Phi,Elem,Xs) 

X=Xs(l) 
. Y=Xs(2) 

Distance=Distance+SQRT((X-XLast)**2+(Y-YLast)**2) 

C The next line writes the distance and the slope computed into a file. 

WRITE( 1, *) Distance,Pot(l) 

END DO 
END DO 

CLOSE( I) 
CLOSE(2) 
CLOSE(3) 

RETURN 
END 

C ********************************************************************* PlotPo~ 

SUBROUTINE PlotPo~(NoOfPot,Pots,FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
INCLUDE 'ECFRes.INC' 

PARAMETER MaxNoOfPot=25 

INTEGER NoOfPts 
REAL *8 Pots(*),PotMax,PotMin 
CHARACTER*(*) FileName 

REAL*8 Zero/0.0/,0ne/1.0/, 
& ~(MaxNoOfPot+ 1 ,2*MaxNoOfNodes), 
& ~(MaxNoOfPot+ 1 ,2*MaxNoOfNodes), 
& XTemp(2*MaxNoOfNodes), YTcmp(2* MaxNoOfNodes) 

INTEGER NoOfPPts(MaxNoOfPot+ 1 ),I,J ,K,L,RNode,LNode, 
& Pointer(2*MaxNoOfNodes),Kp 1 ,NoOfPot,Upper 
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C Open the file that will contain endpoints of segments to be plotted. 

OPEN(UNIT=l,FORM='FORMAITED',FILE=FileName,STATUS='NEW') 

C The following statements Loop through elements. 

DO J=l.NoOtElems 

CALL GetUpper(ElemType(J),Upper) 

C The following DO-Loop clears the number of pts found at a given potential 
C for the element. 

DO L=l,NoOfPot+l 
NoOfPPts(L)=O . 

. END DO 

C The following DO-Loop loops through the local segments.· 

DO K:=l,Upper 

CALL Incrementl(K,Kp 1,1,Upper) 

PotMax=MAX(C(CLoc(l ,J ,K)),C(CLoc(l,J,Kpl))) 
PotMin=MIN(C(CLoc(l,J,K)),C(CLoc(l,J,Kpl))) 

C Next, we loop over all the isopotential values. 

DO L=l,NoOfPot+1 

C The following IF-THEN block locates all the points on the boundary 
C of the element that have potential values we are interested in. 

IF ((Pots(L).GE.PotMin).AND.(Pots(L).LE.PotMax)) THEN 
NoOfPPts(L)=NoOfPPts(L)+ 1 

CALL Interp1D(C(CLoc(1,J,K)),Nodes(NLoc(J,K),l), 
& C(CLoc(l ,J ,Kp 1)),Nodes(NLoc(J ,Kp 1),1 ),Pots(L), 
& XPts(L,NoOfPPts(L))) , 

, CALL Interp1D(C(CLoc(1,J,K)),Nodes(NLoc(J,K),2), 
& C(CLoc(l,J,Kpl)),Nodes(NLoc(J,Kp1),2),Pots(L), 
& YPts(L,NoOfPPts(L))) 

END IF 

END DO 
END DO 

C The following statements store the points found for this element into 
C the plot file. 

DO L=l,NoOfPot+1 
IF (No0fPPts(L).GT.1) THEN 

DO I= 1 ,NoOfePts(L)-1 
WRITE(!,*) XPts(L,I),YPts(L,I),Pots(L) 
WRITE( I,*) XPts(L,I+ 1),YPts(L,I+ l),Pots(L) 

END DO 
END IF 

END DO 
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END DO 

CLOSE(l) 

RETURN 
END 

C ************************************************************* SubnDutineCal~ 

C Internal Subroutines (ECFPLOT.FOR) 

c 
c 
c 
c 
c 
c 

SUBROUTINE ComputeLocStep(BDNodeLoc,dX,XBase) 
SUBROUTINE ComputeNormal(BdNode,BDNodePl,UnitNormal) 
SUBROUTINE Findlso(FileName) 
SUBROUTINE LocateGloba!Elem(BDNode,BDNodePl,Elem,BDNodeLoc) 
SUBROUTINE PlotBdrySlope(FileName) 
SUBROUTINE PlotBdryVal(FileName) 

C Calls to Internal Subroutines 

c CALL ComputeLocStep(BDNodeLoc,dX,XBase) 
c CALL ComputeLocStep(BDNodeLoc,dX,XBase) 
c CALL ComputeNormal(BdNode,BdNodePl,Normal) 
c CALL Findiso(PlotFile) 
c CALL LocateGlobaiElem(BDNode,BDNodePl,Elem,BDNodeLoc) 
c CALL LocateGlobaiElem(BDNode,BDNodePl,Elem,BDNodeLoc) 
c CALL PlotBdrySlope(SlopeFile) · 
c CALL PlotBdryVal(ValFile) 

C Calls to External Subroutines (ECFSUBS.FOR)--------------------F.E.M. routines 

c CALL Compute2DPhis(Zeta,Phi,PhiZeta) 
c CALL Compute2DPhis(Zeta,Phi,PhiZeta) 
c CALL ComputelsoPara(Elem,PhiZeta,XZeta,DetXZeta) 
c CALL ComputeisoPara(Elem,PhiZeta,XZeta,DetXZeia) 
c CALL ComputeLoc(Phi,Elem,Xs). 
c CALL ComputeLoc(Phi,Elem,Xs) 
c CALL ComputePhiX(PhiZeta,XZeta,DetXZeta,PhiX) 
c CALL ComputePhiX(PhiZeta,XZeta,DetXZeta,PhiX) 
c CALL ComputePot(Elem,Phi,PhiX,Pot,PotX) 
c - CALL ComputePot(Elem,Phi,PhiX,Pot,PotX) 
c CALL ReadMesh(MeshFile) 
c CALL ReadMeshHdr(MeshHdrFile) 
c CALL ReadNames(FileName) 
c CALL ReadRes(ResFile) 

C Calls To External Subroutines (SUBS.FOR)----------------------General Routines 

c CALL EditDP('Maximum Potential' ,PolMax) 
c CALL EditDP('Minimum Potential' ,PolMin) 
c CALL GctFileName('Names file?' ,FileName) 
c CALL Ilnp('No Of Isopotential curves?',NoOfPot) 

C Calls To External Subroutines (MATHSUBS.FOR)---------------------Math Routines 

c CALL InterplD(C(CLoc(l,J,K)),Nodes(NLoc(J,K),l), 
c CALL Interp lD(C(CLoc(l ,J ,K)),Nodes(NLoc(J ,K),2), 
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PROGRAM ECFiso 

C This program will read an *.ISO file and plot the contours. 

INCLUDE '[KJ .DAT A]PLOTLABL.INC' 

INTEGER Length,NoOfPlots,NoOfSegs 

REAL Potl,Pot2,Xl,X2,Yl,Y2 

CHARACTER TermType*3,File*80 

C Get Plotter and Set It Up 

CALL GetPlotter(TermType) 

C The following statements will read the data from the data ,file. 

-
NoOfPlots=O 
File='*' 
DO WHILE(File.NE.' ') 

File=' ' 
CALL LIBSSPAWN('DIR [ ... ]*.ISO') 
CALL GetFileName('Iso-potential plot file?' ,File) 

CALL StringLength(File,Length) 
IF ((Length.EQ.O).AND.(NoOfPlots.EQ.O)) THEN 

WRITE(*,*) 'Error: no filename entered.' 

ELSE IF (Length.GT.O) THEN 

NoOfPlots=NoOfPlots+ I 

CALL GetMaxMin(File,NoOfSegs) 

Title=File 
XLabel='X' 
YLabei='Y' 
CALL GetLabels 

CALL PlotCurve(TermType,File,NoOfSegs) 

END IF 
END DO 

CALL DoncPI 

WRITE(*,*) 'Normal End: ',NoOfPiots,' plots.' 
STOP 
END 

C ******************************************************************** GetLabels 

SUBROUTINE GetLabels 

INCLUDE '[KJ.DATA]PLOTLABL.INC' 
INTEGER Length 
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REALT 

OPEN(UNIT=2,FILE='PLOT.LAB',STATUS='UNKNOWN', 
& FORM='FORMATTED') 

CALL StringLength(Title,Length) 
WRITE(2,*) "" ,Title(l:Length),"' ,"Title'" 
CALL STringLength(XLAbel,Length) 
WRITE(2,*) "",XLAbel(l:Length),"','1XMin,XMax1 

& 1, ''XLabel ' 1, XMin1 XMax' 
WRITE(21*) LogX1

1
1"LogX"' 

CALL StringLength(YLabel,Length) 
WRITE(2, *) "" 1 YLabel(l :Length),"',', YMin, YMax, 

& ',"YLabel", YMin, YMax' 
WRITE(2,*) LogY,',''LogY"' 
CLOSE(2) 
CALL LIB$SPA WN('EDIT PLOT.LAB') 

OPEN(UNIT=2,FJLE='PLOT.LAB' ,ST A TUS='UNKNOWN', 
& FORM='FORMA TTED') 

READ(2, *) Title 
READ(2,*) XLAbel,XMin,XMax 
READ(2, *) Log X 
READ(2, *) YLabel, YMin, YMax 
READ(2,*) LogY 
CLOSE(2) 

c WRITE(*,*) 'You must enter a tille.' 
c CALL EditCh('Title?' ,Title) 

C Get X & Y Axis type and label 

c CALL GetAxis('X' ,XLabel,XMin,XMax,LogX) 
c CALL GetAxis('Y' ,YLabel,YMin,YMax,LogY) 

RETURN 
END 

C ******************************************************************** GetMaxMin 

SUBROUTINE GetMaxMin(File,NoOfSegs) 

INTEGER NoOfSegs 
CHARACTER*(*) File 
REAL XI,YI,Poti 
REAL X2, Y2,Pot2 
INCLUDE '[KJ.DATA]PLOTLABL.INC' 

NoOfSegs=O 

OPEN (UNIT= I ,FILE=File,ST A TUS='OLD' ,FORM='FORMA TTED') 

90 READ(l, *,END= I 00) X I, Y I ,Pot I 
READ( I,* ,END= 1 00) X2, Y2;Pot2 

NoOfSegs=NoOfSegs+ I 

IF (NoOfSegs.EQ.l) THEN 
XMin=MIN(Xl ,X2) 
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YMin=MIN(Yl, Y2) 
XMax=MAX(Xl,X2) 
YMax=MAX(Yl, Y2) 

ELSE , 
XMin=MIN(XMin,X2) 
YMin=MIN(YMin,Y2) 
XMax=MAX(XMax,X2) 
YMax=MAX(YMax,Y2) 

XMin=MIN(XMin,Xl) 
YMin=MIN(YMin,Yl) 
XMax=MAX(XMax,Xl) 
YMax=MAX(YMax,Y 1) 

·END IF 

GOT090 

100 CLOSE(l) 

RETIJRN 
END 

C ******************************************************************** PlotCurve 

SUBROUTINE PlotCurve(TermType,File,NoOfSegs) 

CHARACTER*(*) TermType,File 
INTEGER NoOfSegs 

INCLUDE '[KJ .DA T A]PLOTLABL:INC' 

INTEGER l,J,K,Length 
PARAMETER MaxNo0fPoints=2 

REAL PtsX(MaxNoOfPoints),PtsY(MaxNoOfPoints) 
CHARACTER XI*30,YI*30,Ti*30 
REAL Pot 1 ,Pot2 

C Set up the Graphics output using DISSPLA 

CALL SetPlotter(TermType) 

CALL Height(0.25) 
CALL StringLcngth(Title,Lcngth) 
IF (Length.GT.O) CALL Headin(Title,Length,l.l,l) 

CALL StringLength(XLabei,Lcngth) 
CALL XNamc(XLabei,Length) 
CALL StringLength(YLabcl,Lcngth) 
CALL YName(YLabei,Length) 

CALL Y AXANG(O.O) 
CALL Graf(XMin,'SCALE',XMax,YMin,'SCALE',YMax) 

CALL NoChek 

OPEN (UNIT= 1 ,FILE=File;STA TUS;,'OLD' ,FORM::::'FORMA TTED') 
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DO l=l,NoOfSegs 

READ(l,* ,END=200) PtsX(l),PtsY(l),Potl 
READ(l,* ,END=200) PtsX(2),PtsY(2),Pot2 

CALL Marker(O) 
CALL Curve(PtsX,PtsY ,2,0) 

END DO 

200 CLOSE(l) 

CALL EndPI(O) 

RETURN 
END 
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C File ECSUBS.FOR 

C **************************************************************** Compuoo2DPh~ 

SUBROUTINE Compuoo2DPhis(Zeta,Phi,PhiZeta) 

C This subroutine compuoos the values of the local weighting functions, and 
C the values of their slopes. 

C Input Variables 

C Zeta(NoOtDim) The value of the local variable at which to evaluaoo the 
C functions. 
C(In COMMON BasisDeg=degree of basis functions, 3 are hennite· cubics) 
C( NoOtDim) 

C Output Variables 

C PhiO Phi(l) is the first local weighting function evaluaood at 
C local node. Phi(2) is the second. 
C PhiZeta(NoOfDim,) These are the derivates (with respect to zeta) 
C evaluated at zeta(i). 

INCLUDE 'ECFHdr.INC' 

REAL *8 Phi((MaxNoOfBasisDeg+ 1 )**MaxNoOfDim), 
& PhiZeta(NoOfDim,(MaxNoOfBAsisDeg+ 1)*MaxNoOtDim), 
& Zeta(NoOfDim) · 

IF (No0fDim.NE.2) THEN 
WRITE(*,*) 'Warning: NoOfDim is not 2' 
STOP 'In Routine: Compute2DPhis' 

END IF 

IF (BasisDeg.EQ.1) THEN/ 

C The following local bilinear basis functions are based on the 
C numbering scheme showri below: 

c 
c 
c 

4-3 
II 
1-2 

Phi( 1 )=(1.0-Zcta(l)) 
Phi(4)=(l.O-Zeta(l)) 
Phi(2)=(Zeta( I)) 
Phi(3)=(Zeta( I)) 

PhiZcta( I,1 )=-1.0 
PhiZcta( I ,4 )=-1.0 
PhiZeta( 1,2)= 1.0 
PhiZeta( 1,3)= 1.0 

*(1.0-Zcta(2)) 
*(Zeta(2)) 
*(1.0-Zcta(2)) 
*(Zeta(2)) 

*( I.O-Zcta(2)) 
*(Zcta(2)) 
*(1.0-Zeta(2)) 
*(Zcta(2)) 

PhiZeta(2,I)=(I.O-Zeta(l)) 
PhiZcta(2,4)=( I.O-Zeta( 1 )) 
PhiZeta(2,2)=(Zeta( 1)) * ( -I.O) 
PhiZcta(2,3)=(Zcta(l)) *(1.0) 

*( -1.0) 
*(1.0) 
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ELSE IF (BasisDeg.EQ.2) THEN 

C The following local biquadratic basis functions are based on the 
C numbering scheme shown below: 

c 4-7-3 
Cl I 
C896 
Cl I 
c 1-5-2 

ELSE 

WRITE(*,*) 'Warning: Higher order basis functions not' 
WRITE(*,*) 'yet programmed for 2D' 
STOP 'In Routine: Compute2DPhis' 

END IF 

RETURN 
END 

C *************************************************************** ComputeCoeflloc 

SUBROUTINE ComputeCoefLoc(NLoca,J ,CLoca) 

C This subroutine is used to compute coefficient locations. 

. INTEGER NLoca,J,CLoca 

INCLUDE 'ECFHdr.INC' 

CLoca=(NLoca-l)*NoOfEqu + J 

RETURN 
END 

C **-************************************************************* ComputeisoPara 

-SUBROUTINE ComputeisoPara(Elem,PhiZeta,XZeta,DetXZeta,Upper) 

C This subroutine computes XZeta (dxU)/dzeta(i)) (j=col, i=row) and DetXZeta 
C (Det XZeta) where XZeta is the jacobian for the isoparametric transformation 
C between the global element (represented by the x's) and the local element 
C (represented by the zeta's) 

INCLUDE 'ECFHdrJNC' 
INCLUDE 'ECFMshJNC' 

C Note: written for BasisDeg= 1 

REAL *8 XZeta(MaxNoOfDim,MaxNoOfDim),DetXZeta, 
& PhiZeta(MaxNoOfDim,(MaxNoOfBasisDcg+ l)**MaxNoOfDim), 
& IsoJacobian(MaxNoOfDim,MaxNoOfDim) 

INTEGER Elem,I,J ,K,Uppcr 

C The following DO-loop loops over the global dimensions. 
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DO J=1.No0fDim 

C The following DO-Loop loops over the local dimensions. 

DO I= 1 ,NoOfDim 
XZeta(I,J)=O.O 

C The following DO-Loop computes the value of XZeta(I,J)= 
C sum (x(I,K).PhiZeta(K,J) 

DO K=1,Upper 
XZeta(I .J)=XZeta(I ,J) 

& :+PhiZeta(I,K)*Nodes(NLoc(Eiem,K),J) 
END DO 

END DO 
END DO 

C The following· statement computes th.e determinant of the transformation 
C Jacobian for 2 dimensions. 

DetXZeta=XZeta(1, 1 )*XZeta(2,2)-XZeta(l ,2)*XZeta(2,1) 

IF (DetXZeta.EQ.O.O) THEN 
WRITE(*,*) 'Error: Detenninant of Jacobian is ZERO!' 
STOP 'In Routine: ComputelsoPara' 

END IF 

RETURN 
END 

C ***~*************************************************************** ComputeLoc 

SUBROUTINE ComputeLoc(Phi,Eiem,X) 

C Given the element number and the Basis Functions at the Desired point, 
C This subroutine computes the location within the element of the local 
C point (i.e. the point in the transfonned domain) 

C PhiO The basis functions evaluated at the point in the local element 
C Elem The global element number 
C XO The global location of the local point. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 

REAL *8 X(MaxNoOfDim),Phi((MaxNoOfBasisDeg+ 1 )**MaxNoOfDim) 
INTEGER Elem,I,J,Upper 

CALL GetUpper(ElcmTypc(Elcrri),Upper) 
DO I= 1 ,NoOfDim 

X(I)=O.O 
DO J=1,Upper 

X(I)=X(I)+Nodes(NLoc(Elcm,J),I)*Phi(J) 
END DO 

ENDQO 

RETURN 
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END 

C ****************************************************************** ComputePhiX 

SUBROUTINE ComputePhiX(Upper,PhiZeta,XZeta,DetXZeta,PhiX) 

C This subroutine computes PhiX from PhiZeta and the Jacobian of the 
C isopararnetric mapping. 

INCLUDE 'ECFHdr.INC' 

REAL *8 PhiZeta(MaxNoOfDim,(MaxNoOffiasisDeg+ l)**MaxNoOfDim), 
& PhiX(MaxNoOfDim,(MaxNoOtBasisDeg~l)*'*MaxNoOfDirn) 

REAL *8 XZeta(MaxNoOfDim,MaxNoOfDim),DetXZeta 
INTEGER !,Upper 

IF (NeOfDim.EQ.I) THEN 

C Inverse is easy 

DO I= 1,BasisDeg+ 1 
PhiX(l,I)=PhiZeta(l ,I) 

END DO 

ELSE IF (NoOfDim.EQ.2) THEN 

C Inverse of 2x2 is known 

IF (DetXZeta.EQ.O.O) THEN 
WRITE(*,*) 'Error: Attempting to divide by zero!', 
WRITE(*,*) ' DetXZeta=O.O!' 
STOP 'In Routine: ComputePhiX' 

END IF 

DO l=l,Upper 
Phi X( l,I)=(XZeta(2,2)*PhiZeta( l,I)­

& XZeta( 1,2)* PhiZeta(2,I) )/DetXZeta 
PhiX(2,I)=(XZeta(l,l)*PhiZeta(2,I)­

& XZeta(2, 1 )*Ph iZeta( 1,1) )/DetXZcta 
END DO 

ELSE 

WRITE(*,*) 'Error: NoOfDim too great! I can' 't invert' 
WRITE(*,*) ' the isoparametric mapping!' 
WRITE(*,*) ' NoOfDim=' ,NoOfDim 
STOP 'In Routine: ComputePhiX' 

END IF 

RETURN 
END 

G ******************************************************************* ComputePot ' 

SUBROUTINE ComputePot(Elem,Upper,Phi,PhiX,Pot,PotX) 

C This subroutine computes the local value of the potential and the derivative 
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C of the potential with respect to the local coordinates. 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 

INTEGER Elem),K,I,Upper 
REAL*8 Pot(MaxNoOtEqu),PotX(MaxNoOIDim,MaxNoOfEqu), 

& Phi((MaxNo0fBAsisDeg+1)**MaxNoOtDim), 
& PhiX(MaxNo0tDim,(MaxNo0fBAsisDeg+1)**MaxNoOIDim), 
_& dX(MaxNoOtDim) 

C The following DO-Loops 3:ero the Pot and PotZeta matrices 

DO K= 1 ,NoOfEqu 
Pot(K)=O.O 
DO I= 1 ,NoOtDim 

PotX(I,K)=O.O 
END DO 

END DO 

C The following DO-Loop computes the CONC(i) and slope PotZeta(I,K) 

DO l=l,NoOfEqu 
DO J=l,Upper 

. Pot(l)=Pot(I)+C(CLoc(I,Eiem,J))*Phi(J) 
DO K= 1 ,NoOtDim 

PotX(K,I)=PotX(K,I) 
& + C(CLoc(I,Eiem,J))*PhiX(K)) 

END DO 
END DO 

END DO 

RETURN 
END 

C *************************************************************** ComputeTriPhis 

SUBROUTINE ComputeTriPhis(Zcta,Phi,PhiZeta) 

INCLUDE 'ECFHdr.INC' 

REAL *8 Zeta(MaxNoOfDim) 
REAL *8 Phi((MaxNoOfBasisDcg+ 1 )**MaxNoOIDim) 
REAL*8 PhiZcta(MaxNoOfDim,(MaxNoOfBasisDeg+l)**MaxNoOtDim) 

IF (BasisDcg.NE.l) THEN 
WRITE(*,*) 'Error: basis functions for triangular elements' 
WRITE(*,*) ' are only known for basis degree=!' 
WRITE(":..*) ' BasisDcg=' ,BasisDeg 
STOP 'In Routine: ComputcTriPhis' 

END IF 

Phi (I)= 1-Zeta(l )-Zeta(2) 
Phi(2)=Zeta(l) 
Phi(3)=Zeta(2) 

PhiZeta(l,l )=-1.0. 
PhiZeta(2,1 )="1.0 
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PhiZeta(l,2)=1.0 
PhiZeta(2,2)=0.0 

PhiZeta(l,3)=0.0 
PhiZeta(2,3)= 1.0 

RETURN 
END. 

C ******************************************************************** Essentiru 

SUBROUTINE Essentiru(Side,Eqn,X,BCPar,C) 

C This subroutine is used to set essentiru boundary conditions. 
C Input Variables 

C Side The side number currently set to its essentiru boundary condition 
C XO The location of the node 
C BCPar The be input parameter assigned to the ith side. 
C Eqn The .equation number. 

C Output Variables 

C C The values of the coefficients at the node for equations 

REAL *8 X(*),BCPar,C 
INTEGER Side,Eqn 

WRITE(*,*) 'Warning: external subroutine ESSENTIAL has not been', 
& 'linked into' 

WRITE(*,*) ' ECDEFINE. Please refer to users manual.' 

RETURN 
END 

C ******************************************************************* FrrstGuess 

SUBROUTINE FirstGuess(Eqn,Eiem,X,C) 

C This subroutine is used to make a first guess for the coefficients. 

C Input Variables 

C Elem The current element. 
C. XO The location of the node 

· C Eqn The equation number. 

C Output Variables 

C C The values of the coefficients at the node for equations 

REAL*8 X(*),C 
INTEGER Elem,Eqn 

WRITE(*,*) 'Warning: external subroutine FIRSTGUESS has not been', 
& 'Fnked into' 

WRITE(*,*) ' ECDEFINE. Please refer to users manual.' 
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RETURN 
END 

C ******************************************************************* GeUF.E~b 

SUBROUTINE GeUF.EMProb(Prompt,FileName) 

CHARACI'ER*(*) FileName,Prompt 
INTEGER Length,PrLen 
LOGICAL FileExist 

CALL StringLength(Prompt,PrLen) 
CALL EditCh('Names file :for '//Prompt(l:PrLen)/1'?' ,FileName) 

IF (FileName~NE.' ') THEN 

INQUIRE(File=FileName,Exist=FileExist) 
IF (FileExist) THEN 

WRITE(*,*) 'Reading data from old files' 
CALL ReadNames(FileName) 
CALL ReadFEMUser 

ELSE 

CALL StringLength(FileName,Length) 
Length=MAX(Length,l) 

WRITE(*,*) 'Error: File ',FileName(l :Length), 
& ' doesn "t exist' 

STOP 'In Routine: GetFEMProb' 

END IF 

ELSE 
STOP 'In Routine: GetFEMProblem Normal End' 

END IF 

RETURN 
END 

C ********************************************************************* GetUpper 

SUBROUTINE GetUpper(ElemType,Upper) 

CHARACTER* I ElemType 
INTEGER Upper 

INCLUDE 'ECFHdr.INC' 

C This routine only works for BasisDeg= I 

IF (ElcmType.EQ.'S') THEN 

C Square type of element 

Upper=(BasisDeg+ 1 )**NoOfDim 
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ELSE IF (ElemType.EQ.'T') THEN 

C Triangular type of element 

Upper=3 
IF (BasisDeg.NE.l) THEN 

WRITE(*,*) 'Error: Can' 't handle orders higher than 1 with' 
WRITE(*,*) ' triangular elements' 
STOP 'In Routine: GetUpper' 

END IF 

ELSE 

C Unknown 

WRITE(*,*) 'Error: Uknown type of element=',EiemType 
STOP 'In Routine: GetUpper' 

END IF 

RETURN 
END 

C************************************************************** PrintlPnobfleader 

SUBROUTINE PrintProbHeader 

INCLUDE 'ECFffdr.INC' 
INCLUDE 'ECFGauss.INC' 
INCLUDE 'ECFbc.INC' 
INCLUDE 'ECFNam.INC' 

CflARACTER*80 Output 
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C 123456789a123456789bl23456789cl23456789d12345 
C ------------------~------------------------- Finite Element Method Parameters 

WRITE(* ,200) 
200 FORMAT(X,45('-'),' Finite Element Method Parameters') 

Output=' ' 

C 123456789al23456 
IF (Guess) Output='Ext. 1st Guess ' 

IF (Convection) THEN 
IF (PolyFiow) THEN 

C 123456789al234 
Output= 'PF Convection '//Output 

ELSE 
Output='Extemal Conv '//Output 

END IF 
ELSE IF (Binary) THEN 

Output='Binary Elec. '//Output 
ELSE 

Output=' '//Output 
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END IF 

IF (ECFMesh) THEN 
c 123456789 

Output='ECF Mesh '//Output 
ELSE 

Output='PF Mesh '//Output 
END IF 

IF (Debugging) THEN 
c 123456 

Output='DEBUG '//Output 
ELSE 

Output=' '//Output 
END IF 

WRITE(* .41 0) Output,NoOfDim,NoOfEqu 
210 FORMAT(X,A50,12,' dimensions, ',13,' equations') 

C 123456789a123456789b123456789c123456789d123456789e 
C DEBUGGING CONVECTION EXTERNAL 1ST GUESS ii dimensions, iii equations 

WRITE(* ,220) BasisDeg,Tolerance,NoOfGaussPts,MaxNoOflter 
220 FORMA T(X, 'Degree of Basis Functions: ',13, 

& ' Convergence Tolerance: ',G14.7J, 
& X,' Number of Gauss Points: ',I3,6X, 
& 'Maximum No. NR Iter: ',13) 

c 123 1234 
C Degree of Basis Functions: iii Convergence Tolerance: dddddddddddddd 
C Number of Gauss Points: iii Maximum No. NR Iter: iii 
c 123456 

RETURN 
END 

C *********************************************************************** ReadBC 

SUBROUTINE ReadBC(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFbc.INC' 
INTEGER I,J 
CHARACTER*(*) FileName 

C The following state~ents read the boundary conditions 

OPEN (UNIT= I ,FILE=FileName,STA TUS='OLD' ,FORM='FORMA TTED') 

DO J=l,NoOfEqu 
READ(I, *) NoOfComers(J) 
DO I= 1 ,NoOfComers(J) 

READ(1, *) Comers(] ,I),BCs(J ,I),Kinetics(I),BCPar(J ,I) 
END DO 

END DO 

CLOSE(l) 
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RETURN 
END 

C ****************************************************************** ReadFE~ser 

SUBROUTINE READFE~ser 

C This subroutine read the file FEM.IN created by WriteFEMPser 

INCLUDE 'ECFNam.INC' 

CALL ReadMeshHdr(MeshHdrFile) 
CALL ReadMesh(MeshFile) 
CALL ReadBC(BCFile) 
CALL ReadRes(ResFile) 
CALL ReadPar(ParFile) 

RETURN 
END 

C ********************************************************************* ReadMesh 

SUBROUTINE ReadMesh(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
CHARACTER*(*) FileName 
INTEGER I,J,K 

C The following statements read the node locations 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS= 'OLD' ,FORM=' FORMA TIED') 

DO I= 1 ,NoOfNodes 
DO J=l,NoOfDim 

READ(l, *) Nodes(IJ) 
END DO 

END DO 

C The following statements read the NLOC matrix for finding the 
C node numbers for various element locations. 

DO J=l,NoOfElems 
READ(l,*) ElemType(J) 
DO K= l,(BasisDeg+ l)**NoOfDim 

READ(!,*) NLoc(J,K) 
END DO 

END DO 

C The followin'g statements read the number of the nodes on the boundary. 

DO I=l,NoOfBDNodcs 
READ(l,*) BDNodes(I) 

END DO 

CLOSE(!) 

RETURN 
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END 

C ****************************************************************** R~eshHdr 

SUBROUTINE ReadMeshHdr(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 

CHARACTER*(*) FileName 
LOGICAL FileExist 

C The following stateQlents read the degree of the basis functions, tolerance 
C No of elements, nodes, boundary nodes, coefficients 
C and debugging or canvection flags, as well as file names. 

INQUIRE(FILE=FileName,EXIST =FileExist) 
IF (.NOT.FileExist) THEN 

WRITE(*,*) 'Error: File ',FileName,', does not exist.' 
STOP 'In Routine: ReadMeshHdr (ECFSUBS)' 

END IF 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS= 'OLD' ,FORM='FORMA TTED') 

READ( I,*) BasisDeg,Tolerance,NoOfGaussPts,MaxNoOflter -
READ(l,*) NoOfEqu,NoOfDim 
READ(l, *) NoOfElems,NoOtNodes,NoOfBDNodes 
READ(l, *) NoOfCoef ,Nlc,Nuc 
READ( 1, *) Debugging,Convection,PolyFlow ,Guess,Nonnegati ve 
READ( I,*) ECFMesh,B inary ,Supporting 

CLOSE( I) 

RETURN 
END 

C ******************************************************************** ReadNames 

SUBROUTINE ReadNames(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFNam.INC' 

CHARACTER*(*) FileName 

OPEN (UNIT= I ,FILE=FileName,STA TUS='OLD' ,FORM='FORMA TTED') 

READ(l, *) MeshHdrFile 
READ(l,*) MeshFile 
READ(l, *) MeshSrcFile 
READ(l,*) BCFile 
READ(l, *) Par File 
READ (I,*) ResFile 
READ(l,*) PlotFile 
READ(l,*) SlopeFile 

READ(l,*) PFMeshFile 
READ(l,*) PFCoefFile 
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CLOSE( I) 

RETURN 
END 

C ******************************************************************* ReadPFCoef 

SUBROUTINE ReadPFCoef(FileName) 

INCLUDE 'POL YCOEF.INC' 

INTEGER iol/1/J 
CHARACTER*(*) FileName 

OPEN(UNIT=IOl,FILE=FILENAME,ST A TUS='OLD' ,FORM='UNFORMATTED') 

READ(iol) PolyNVers " 
READ(Io 1) PolyNTot,PolyNComp,PolyNNodeR,PolyVerTr 
READ(iol) POlyTitle ' 
READ(io 1) (PolyFill(J)J= 1 ,PolyNComp) 
READ(io 1) (PolyFil2(J)J= 1 ,PolyNComp) 

IF (PolyNVers.NE.20) THEN 
WRITE(*,*) 'Error: Expecting to read data from the version' 
WRITE(*,*) ' 20 Polyflow.' 
WRITE(*,*) ' NVers=' ,PolyNVers 
STOP 'In Routine: ReadPFCoer 

END IF 

READ(io 1) PolyCase,Poly Ax,PolyFluid,PolyStres 
READ(io1) PolyTestRH,PolyTestZ 

IF (PolyCase.NE.l) THEN 
WRITE(*,*) 'Error: Expecting to read data for PolyFlow' 
WRITE(*,*) ' for I CASE= 1' 
WRITE(*,*) ' I CASE=' ,PolyCase 
STOP 'In Routine: RcadPFCoer 

END IF 

READ (io1) PolyFac,PolyTNat,PolyExpO,PolyRO 

IF (PolyNTot.GT.PolyMaxNoOtZ) THEN 
WRITE(*,*) 'Error: Too many coefficients!' 
WRITE(*,*) ' PolyNTot=' ,PolyNTot 
WRITE(*,*) ' PolyMaxNoOtZ=' ,PolyMaxNoOtZ 
STOP 'In Routine: ReadPFCoer 

END IF 

READ (io1) (PolyZ(J)J=1,PolyNTot) 

CLOSE(I01) 

RETURN 
END 

.C ******************************************************************* ReadPFMesh 

SUBROUTINE ReadPFMesh(FilcName) 
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INCLUDE 'PolyMesh.INC' 
CHARACTER*(*) FileName 
INTEGER l),lol/1/,K 
LOGICAL Error ,FileExists 

Error=.F ALSE. 
INQUIRE(File=FileName,Exist=FileExists) 
IF (.NOT.FileExists) THEN 

WRITE(*,*) 'Error: The filename doesn "t exist.' 
WRITE(*,*) ' FileName=' ,Filename 
STOP 'In Routine: ReadPFMesh' 

END IF 

OPEN(UNIT=iol,FILE=Filename,STATUS='OLD',FORM='FORMATTED') 

READ (iol,lOO) PolyNVert,PolyNNode,PolyNbd,PolyNElem 

IF (PolyNElem.GT.PolyMaxNElem) THEN 
WRITE(*,*) 'Error: PolyNElem is larger than PolyMaxNEiem' 
WRITE(*,*)' PolyNElem=',PolyNelem 
WRITE(*,*) ' PolyMaxNElem=' ,PolyMaxNElem 
Error=. TRUE. 

END IF 

IF (PolyNBd.GT.PolyMaxNBd) THEN 
WRITE(*,*) 'Error: PolyNBd is larger than PolyMaxNBd' 
WRITE(*,*) ' PolyNBd=' ,PolyNBd 
WRITE(*,*)' PolyMaxNBd=',PolyMaxNBd 
ERROR=. TRUE. 

END IF 

IF (PolyNNode.GT.PolyMaxNNode) THEN 
WRITE(*,*) 'Error: PolyNNode is larger than PolyMaxNNode' 
WRITE(*,*) ' PolyNNode=' ,PolyNNode 
WRITE(*,*) ' PolyMaxNNode=' ,PolyMaxNNode 
ERROR=. TRUE. 

END IF 

IF (Error) STOP 'In Routine: ReadPFMesh' 

DO I= 1 ,PolyNElem 
READ(io 1,1 00) (PolyNod(J .DJ= 1,9) 

100 FORMAT(2014) 
END DO 

READ(io 1,100) (Poly BDNod(K),K= l,PolyNBd) 
DO l=l,PolyNNode 

READ(io1,200) PolyX(I),PolyY(I) 
200 FORMAT(2E14.7) 

END DO 

CLOSE(iol) 

RETURN 
END 

C ********************************************************************** ReadPar 
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·SUBROUTINE ReadPar(FileName) 

INCLUDE 'ECFPar.INC' 
CHARACTER*(*) FileName 

OPEN(UNIT=l,STATUS='OLD',FORM='FORMATTED',FILE=FileName) 

READ(!,*) WagnerLin,aA,aC 
READ(!,*) Peclet 
READ(!,*) BinaryK2,SupportingK3 

CLOSE( I) 

RETURN \ 
E~m 

C ********************************************************************** ReadRes 

SUBROUTINE ReadRes(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 
INTEGER I,J ,K 
CHARACTER*(*) FileName 

OPEN (UNIT= I ,FILE=FileName,STA TUS='OLD' ,FORM='FORMA TTED') 

DO l=l.NoOfCoef 
READ(l,*) C(I) . 

END DO 

DO l=l.NoOfEqu 
DO J=l.NoOfEiems 

DO K=l,(BasisDeg+l)**NoOfDim 
READ (I,*) CLoc(IJ ,K) 

END DO 
END DO 

END DO 

CLOSE( I) 

RETURN 
END 

C ************************************************************** SearchForPFElem 

SUBROUTINE SearchForPFEiem(X,PFEiem,Triangular) 

C The following subroutine searches the Polyflow mesh element by element. 
C The polyflow element containing the point X is returned. 

C XO We wish to find the polyflow element containing this point. 
C PFElem The polyflow element number containing X, or 0 if no 
C element found. 
C Triangular Set to .TRUE. if the polyflow element is triangular 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'POL YMesh.INC' 
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REAL*8 X(MaxNoOtDim),ThetaSum,p1x,p1y,p2x,p2y, 
& Pi/3.141592/ 

INTEGER PFElem,Nv.IJJp1 
LOGICAL Triangular 

DO 1=1.PolyNElem 

Triangular=(PolyNod(8,1).EQ.O).AND.(PolyNod(9,1).EQ.O) 
ThetaSum=O.O 

IF (Triangular) THEN 
Nv=3 

ELSE 
Nv=4 

END IF 

C The following statements compute the angles 

DO J=1.Nv 

Jp1=J+1 
IF (Jpl.GT.Nv) Jp~=l 

p1X=PolyX(PolyNod(J,I))-X(1) 
plY=PolyY(PolyNod(J,I))-X(2) 
p2X=PolyX(PolyNod(Jp1,I))-X(1) 
p2Y =PolyY(PolyNod(Jp 1,I))-X(2) 

IF (((P1X.EQ.O.O).AND.(P1 Y.EQ.O.O)).OR. 
,& ((P2X.EQ.O.O).AND.(P2Y.EQ.O.O))) THEN 

PFElem=I 
RETURN 

END IF 

ThetaSum=ThctaSum+ACOS((plX*p2X+p1Y*P2Y)/ 
& SQRT((PIX**2+Pl Y**2)*(P2X**2+P2Y**2))) 

END DO 

IF (ThetaSum.GE.2.0*Pi) THEN 
PFElcm=l 
RETURN 

END IF 

END DO 
PFElem=O 

RETURN 
END 

C ********************************************************************* Velocity 

SUBROUTINE Velocity(X,Vlcty) 

C The subroutine computes the velocity Vlcty() calculated by PolyFlow at the 
C location X(). 
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REAL *8 X(*), Vlcty(*) 
LOGICAL Found 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'PolyMesh.INC' 
INCLUDE 'PolyCoef.INC' 

PARAMETER Np=9 

INTEGER Elem,PFElem,Indx(Np),NoOfPhis,I,J 
REAL PtMat(Np,Np),PhiCoef(Np,Np),Col(Np),Phis(Np) 
LOGICAL Triangular 

IF (.NOT.PolyFlow) THEN 
WRITE(*,*) 'Error: No external subroutine linked into ECCOMPUTE.FOR' 
WRITE(*,*) ' for computing velocity' 
STOJ> 'In Routine: Velocity (internal)' 

END IF .. 

DO I= 1 ,NoOfDim 
Vlcty(I)=O.O 

END DO 

CALL SearchForPFElem(X ,PFElem, Triangular) 

C PFEiem is zero when no polyflow element could be found. The following 
C IF-THEN block tests for this and if true, tells the user and stops the 
C program. 

IF (PFElem.EQ.O) THEN 

IF (PolyFiow) THEN 
WRITE(*,*) 'Error: point X() not found', 

& ' within polyflow mesh' 
ELSE 

WRITE(*,*) 'Error: point X() not found', 
& ' within external subroutine Velocity' 

END IF 

DO l=l,NoOfDim 
WRITE(*,*) ' X(' ,1,')= ',X(I) 

END DO 
STOP 'In Routine: Velocity (internal)' 

END IF 

C The following do-loop makes the inverse of the matrix that will be used to 
C compute phis for PolyFiow elements 

IF (Triangular) THEN 
NoOfPhis=6 

ELSE 
NoOfPhis=9 

END IF 

DO I= 1 ,NoOfPhis 

PtMat(l,1 )= 1.0 
PtMat(I,2)=PolyX(PolyNod(l,PFEicm)) 
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PtMat(I,3)=PolyY(PolyNod(I,PFElem)) 
PtMat(I,4)=PolyX(PolyNod(I,PFElem))*PolyY(PolyNod(I,PFElem)) 
PtMat(I,5)=PolyX(PolyNod(I,PFElem))*PolyX(PolyNod(I,PFElem)) 
PtMat(I,6)=PolyY(PolyNod(I,PFElem))*PolyY(PolyNod(I,PFElem)) 

IF (.NOT.Triangular) THEN 
PtMat(I,7)=PolyX(PolyNod(I,PFElem)) 

& *PolyY(PolyNod(I,PFElem))*PolyY(PolyNod(I,PFEiem)) 
PtMat(I,8)=PolyX(PolyNod(I,PFElem)) 

& *PolyX(PolyNod(I,PFElem))*PolyY(PolyNod(I,PFElem)) 
PtMat(I,9)=PolyX(PolyNod(I,PFElem)) 

& *PolyX(PolyNod(I,PFElem))*PolyY(PolyNod(I,PFEiem)) 
& *PolyY(PolyNod(I,PFElem)) 

END IF 

END DO 

C The following CALL finds the inverse of the matrix 

CALL Matinv(PtMat,PhiCoef,Indx,Col,NoOfPhis,Np) 

C The following Statements compute the position vector Col 
C for use in computing the Phis at the point XO 

Col(l)=l 
Col(2)=X(l) 
Coi(3)=X(2) 
Col( 4 )=X(l )* X(2) 
Coi(5)=X(l)*X(l) 
Coi(6)=X(2)*X(2) 

IF (.NOT.Triangular) THEN 
Coi(7)=X(l )*X(2)* X(2) 
Coi(8)=X(l)*X(l)*X(i) 
Coi(9)=X(l )*X( 1 )*X(2)*X(2) 

END IF 

C The following DO-Loop computes the PHis for the PolyFlow Element 

DO I= I ,NoOfPhis 
Phis(I)=O.O 

DO J=1,No0fPhis 
Phis(I)=Phis(I)+PhiCoef(J ,I)*Coi(J) 

END DO 
END DO 

C The following DO-loop computes the velocity in I' and y directions. 

DO I= 1 ,NoOfDim . 
Vlcty(I)=O.O 

DO J=1,No0fPhis 
V lcty(l)= Vlcty(l)+ Phis(J)* 

& PolyZ(PolyNod(J ,PFEiem)+(I-1)*PolyNNode) 
END DO 

END DO 
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RETURN 
END 

C ********************************************************************** WriteBC 

SUBROUTINE WriteBC(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFbc.INC' 
INTEGERIJ 
CHARACTER*(*) FileName 

C The following statements Write the boundary conditions 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS= 'NEW' ,FORM='FORMA TIED') 

DO J=1,NoOfEqu 
WRITE(l,*) NoOfComers(J) 
DO I= 1 ,NoOfComers(J) 

WRITE(l,*) Comers(J,l),' ,'" ,BCs(J ,1),"' ;'", 
& Kinetics(!),"',' ,BCPar(J ,I) 

END DO 
END DO 

CLOSE(l) 

RETURN 
END 

C ***************************************************************** WriteFE~ser 

SUBROUTINE WriteFEMUser 

INCLUDE 'ECFNam.INC' 
INCLUDE 'ECFHdr.INC' 

CALL WriteMeshHdr(MeshHdrFile) 
CALL WriteMesh(MeshFile) 
CALL WriteBC(BCFile) 
CALL WriteRes(ResFile) 
CALL WritePar(ParFile) 

RETURN 
END 

C ******************************************************************** WriteMesh 

SUBROUTINE WritcMesh(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFMsh.INC' 
CHARACTER*(*) FileName 
INTEGER IJ,K 

C The following statements Write the node locations 

OPEN (UNIT= 1 ,FILE=FileName,ST ATUS= 'NEW' ,FORM='FORMA TIED') 
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DO l=l,NoOtNodes 
DO J=l,NoOfDim 

Write(l,*) Nodes(I,J) 
ENODO 

END DO 

C The following statements Write the NLOC matrix for finding the 
C node numbers for various element locations. 

DO J=l,NoOtElems 
WRITE(l,*) "" ,ElemType(J),"" 
DO K=l,(BasisDeg+l)**NoOfDim 

Write(l,*) NLoc(J,K) 
END DO 

END DO. 

C The following statements Write the number of the nodes on the boundary. 

DO I=l,NoOfBDNodes 
Write(l,*) BDNodes(D 

END DO 

CLOSE(l) 

RETURN 
END 

C ***************************************************************** Write~eshHdr 

SUBROUTINE Write~eshHdr(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFGauss.INC' 

CHARACTER*(*) FileName 

C The following statements Write the degree of the basis functions, tolerance 
C No of elements, nodes, boundary nodes, coefficients 
C and debugging or convection flags, as well as file names. 

OPEN (UNIT= 1 ,FILE=FileName,STA TUS='NEW' ,FOR~='FORMA TTED') 

Write( 1, *) BasisDcg,',' ,Tolerance,',' ,NoOfGaussPts,', ' .• ~axNoOflter 
Write(l, *) NoOtEqu,' ,' ,NoOfDim 
Write( I,*) NoOfElems,' ,' ,NoOtNodes,' ,' ,NoOfBDNodes 
Write(l,*) NoOfCoef,Nlc,Nuc 
Write(I ,*) Debugging,',' ,Convection,',' ,PolyFiow,' ,',Guess, 

& ',',Nonnegative 
WRITE(l ,*) EC~esh,' ,',Binary,',' ,Supporting 

CLOSE(l) 

RETURN 
END 

C ******************************************************************* WriteNames 

SUBROUTINE WriteNames(FilcName) 
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INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFNam.INC' 

CHARACTER*(*) FileName 
INTEGER Length 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS='NEW' ,FORM='FORMA TIED') 

CALL StringLength(MeshHdrFile,Length) 
Write(!,*) "",MeshHdrFile(l:Length),"" 
CALL StringLength(MeshFile,Length) 
Write( I,*) "" ,MeshFile(l:Length),"" 
CALL StringLength(MeshSrcFile,Length) 
Write(l,*) "" ,MeshSrcFile(l:Length),"" 
CALL StringLength(BCFile,Length) 
Write(l,*) "" ,BCFile(l :Length),"" 
CALL StringLength(ParFile,Length) 
Write(l,*) "",ParFile(l:Length),"" 
CALL StringLength(ResFile,Length) 
Write(l,*) '"',ResFile(l:Length),"" 

CALL StringLength(PlotFile,Length) 
WRITE(l,*) '"' ,PlotFile(l:Length),"" 
CALL StringLength(SlopeFile,Length) 
WRITE(!,*) "",SlopeFile(l:Length),"" 

CALL StringLength(PFMeshFile,Length) 
IF (Length.LE.O) Length= I 
Write(l,*) "" ,PFMeshFile(l:Length),"" 
CALL StringLength(PFCoeiFile,Length) 
IF (Length.LE.O) Length= 1 
Write(l,*) "",PFCoeiFile(l:Length),"" 

CLOSE(l) 

RETURN 
END 

C *.******************************************************************** WritePar 

SUBROUTINE WritePar(FileName) 

INCLUDE 'ECFPar.INC' 
CHARACTER*(*) FileName 

OPEN(UNIT=l,STATUS='NEW',FORM='FORMATIED' ,FILE=FileName) 

Write(l,*) WagnerLin,' ,' ,aA,' ,' ,aC 
Write(!,*) Peclet 
WRITE(!,*) BinaryK2,SupportingK3 

CLOSE(!) 

RETURN 
END 

C ********************************************************************* WriteRes 
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SUBROUTINE WriteRes(FileName) 

INCLUDE 'ECFHdr.INC' 
INCLUDE 'ECFRes.INC' 

INTEGER IJ ,K 
CHARACTER*(*) FileName 

OPEN (UNIT= 1 ,FILE=FileName,ST ATUS='NEW' ,FORM='FORMA TTED') 

DO l=l.NoOfCoef 
WRITE(l,*) C(l) 

END DO 

DO l=l.NoOfEqu 
DO J=l,NoOtElems 

DO K=l,(BasisDeg+l)**NoOfDim 
WRITE(l,*) CLoc(IJ,K) 

END DO 
END DO 

END DO 

CLOSE(l) 

RETURN 
END 
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C Include File: ECFbc.INC 
C Written by: Ken Jordan Date: 8{3/87 

C This INCLUDE file defines and dimensions the variables in COMMON block 
C FEMbc. The variables are described in program FEM2d.FOR 

C ------------------------------------------------------------------ Parameters 

C MaxNoOfComers The maximum number of boundary condition changes 
C allowed. (i.e. the maximum number of insulators, electrodes, 
c ... ) 

C ------------------------------------------------------------------- Variables 

C BCPar(j,i) 
c 
c 
C BCs(,) 
c 
c 
C Comers(,) 
c 
c 
C KineticsO 
C NoOfComers 

The voltage to apply to side i for equation j. 
This may also be a parameter used for computing 
boundary values for side i and equation j. 
The type of boundary condition to apply to each 
side (BCs(,i) applies to Nodes(Comers(,i))-Nodes(Comers(,i+l)) 
The first index is the equation number. 
The node numbers for the corners. The first index is the 
equation number, the second index is the comer number, 
the contents are the boundary node number for the comer. 
The type of kinetics to use for each side. 
The number of ~omcr points 

C ----------------------------------------------------------------- Declarations 

PARAMETER MaxNoOfCorncrs=4-
COMMON /ECFbc/ Corners,NoOfCorners,BCs,Kinetics,BCPar 

INTEGER Corners(MaxNoOfEq u,MaxNoOfComers), 
& NoOfCorners(MaxNoOfEqu) · 

REAL *8 BCPar(MaxNoOfEqu,MaxNoOfCorners) 
CHARACTER* l BCs(MaxNoOfEqu,MaxNoOfCorners) 
CHARACTER*2 Kinctics(MaxNoOfComers) 
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C Include File: ECFCal.INC 
C Written By: Ken Jordan Date: 8{3[87 

C This INCLUDE file defines and dimensions the variables in COMMON block 
C FEMCalcs. The variables are described in program FEM2d.FOR 
C Note: Assumes FEMMesh.INC precedes it. 

C ------------------------------------------------------------------. Variables 

C RO The Residual vector for the last guess. 
C RJacobian(,) The jacobian (dR(i)/dcoefficient(j)) 

C ---------------------------------------------------------------- Declarations 

COMMON /ECFCal/R,RJ acobian 

REAL *8 R(MaxNoOfCoef),RJacobian(MaxBandWidth,MaxNoOfCoef) 
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C Include File: ECFEqu.INC 
C Written By: Ken Jordan 

C This file is only used when integrating concentrations (e.g. in binary, 
C supporting or complex problems to get k's) 

C Equ 
c 

The equation number being solved. Should be 1 for binary and 
supporting 

C Species The species number being integrated 
C !=depositing species 
C 2=depositing species anion 
C 3=supporting cation 

INTEGER Equ,Species 
COMMON /ECFEQU/Equ,Species 
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C Include File: ECFGauss 
C Written By: Ken Jordan 

C This file contains declarations for gaussian integration points. 

7/10/90 

C NoOfGaussPts 
C Pts(NoOfGaussPts) 
c 

The number of points used in the numerical integration. 
The points to be used in the evaluation of the 
integral. 

C Wts(NoOfGaussPts) The weights to be used at each Gauss point. 

PARAMETER MaxNo0fGaussPts=5 

COMMON /ECFGauss/ Pts;Wts.NoOfGaussPts 

INTEGER NoOfGaussPts 
DOUBLE PRECISION Pts(MaxNoOfGaussPts),Wts(MaxNoOfGaussPts) 
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C Include File: ECFHdr.INC 
C Written by: Ken Jordan Date: 8(3/87 

C This include file defines and dimensions variables in COMMON block ECFHdr 

C --------------------------------------------------------------- Parameters 

C MaxNoOtNodes The maximum number of nodes allowed (A Parameter) 
C MaxBandWidth The maximum bandwidth for the problem 
C MaxNoOfEqu The maximum number of equations the ECF prograni can handle 
C MaxNoOfDim The maximum number of dimensions 
C MaxNoOffiasisDeg The maximum degree of basis functions . 
C MaxNoOfCoefThe maximum number of coefficients 

C ------------------------------------------------------------------ Variables 

C BasisDeg The number I for linear Lagrange Basis Functions 
C 2 for quadratic Lagrange Basis Functions 
C 3 for cubic Hermite Basis Functions 
C Convection .True. if the user wishes to include convective terms 
C (program computes velocity in subroutine 
C Binary .TRUE. if the user is solving a binary electrolyte problem. 
C (program uses kappa for diffusivity, kinetics have cone. dep.) 
C Supporting .TRUE. if the user is solving a tertiary electrolyte problem. 
C Debugging .TRUE. if want CLoc, RJAcobian, ... printed out between 
C iterations 
C Guess .TRUE. if the user wants the first guess computed in 
C program E<;PEFINE. 
C MaxNoOflter The maximum number of iterations allowed before NewtonRaphson 
C routine stops 
C Nlc The number of lower codiagonals for the RJacobian Matrix 
C NoOfBDNodes The number of nodes on the boundary 
C NoOfDim The number of dimensions. 
C NoOfEiems The number of elements 
C NoOfEqu The number of equations being solved 
C NoOtNodes The number of distinct nodes 
C Nonnegative .TRUE. if the coefficients are not allowed to be negative. 
C Nuc The number of upper codiagonals for the RJacobian Matrix 
C PolyFiow .TRUE. if the program is to use POLYFLOW results for Convection. 
C Tolerance The norm of the C(N+l)-C(N) must be less than this for 
C solution to be considered converged. 
C ECFMesh .TRUE. if mesh was generated by ECFMESH (.FALSE. if mesh 
c was generated by POL YMESH) 

C ----------------------------------------------------------------- Declarations 

PARAMETER MaxNoOfNodes=2000 
PARAMETER MaxBandWidth=lOO 
PARAMETER MaxNoOfEqu=l 
PARAMETER MaxNoOfDim=2 
PARAMETER MaxNo0fBasisDeg=3 
PARAMETER MaxNoOfCoef=MaxNoOfEqu*MaxNoOfNodes 

COMMON /ECFHdr/ BasisDeg,Tolcrance,MaxNoOilter, 
& NoOfDim,NoOfEqu, 
& NoOfEiems,NoOfNodes,NoOfBDNodcs, 
& NoOfCoef,Nlc,Nuc, 
& Debugging,Convection,Guess,PolyFiow,Nonnegative, 
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& ECFMesh,Binary,Supporting 

·iNTEGER Ba~isDeg,NoOfElems,NoOfNodes,NoOffiDNodes, 
& NoOfCoef,NoOfDim,NoOfEqu,Nlc,Nuc,Max.NoOflter 

LOGICAL Debugging,Convection,PolyFlow,Guess,Nonnegative 
LOGICAL ECFMesh,Binary,Supporting 
REAL *8 Tolerance 
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C Include File: ECFHdr2.INC 
C Written by: Ken Jordan Date: 8!3/87 

C This include file defines and dimensions variables in COMMON block ECFHdr2 

C --------------------------------------------------------------- Variables 

C BasisDeg2 
c 
c 
C NoOfDim2 
C NoOtElems2 
C No0tEqu2 
C No0fNodes2 

The number 1 for linear Lagrange Basis Functions 
2 for quadratic Lagrange Basis Functions 
3 for cubic Hermite Basis Functions 

The number of dimensions. 
The number of elements 
The number of equations being solved 
The number of distinct nodes 

l 

C --------------------------------------~------------------------ Declarations 

COMMON /ECFHdr2/ BasisDeg2,NoOfDim2,No0tEqu2,No0tElems2,NoOfNodes2, 
& NoOfCoef2 

INTEGER BasisDeg2,NoOtElems2,NoOfNodes2, 
& NoOfCoef2,NoOfDim2,No0tEqu2 
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. C Include File:. ECFMAC.INC 
C Written By: Ken Jordan 

C Parameters 

C MaxNoOtMacVert 
C MaxNoOtMacElem 
C MaxNoOtMicVert 

C Variables 

C NoOtMacVert The number of macrovertices. 
C MacVertXO X location of macrovertices 
C MAcVertYO Y location of macrovertices 

C NoOtMacElem 
C MacElemTypeO 
C MacElem Vert(,4) 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
C NoOtMicEim(.4) 
c 
C SpaType(,4) 
c 
c 
C SpaFac(,4) 

The number of macro elements 
'S' for square elements, 'T' for triangular. 

Macrovertex numbers that make up the element 
(Macro element number, vertex number) 
The following conventions apply: 

Square macro elements 
4-3 +3+ 
II<- Vert. No. 4 2 <- Side No. 
1-2 +1+ 

Triangular Macro Elements 
2 * 
I C 
II I C 

(Mac Elem No, Side), number of microelements to split 
the side up into. 
(?v,lac Elem No, Side), spacing to use on the side. 
'LIN' for linear spacing (currently the only type 
known 
(Mac Elem No, Side), factor for spacing on the side. 

. . 

c NoOtMacBDNodes The number of macrovertices on the boundary 
c MacBDNodeNo(MaxNoOtMac Vert) 
C The micro node number of !he macro vertex. Used 
C in printing reports on mesh, and in setting up B.C. 
c MacBDNodes(MaxNoOtMacVert) 
C The macrovertex numbers in the order that make up the 
C boundary; 

c MacNodes(MaxNo0fMicVert+1,MaxNo0fMicVert+1) 
C (MicNode X, Mic Node Y) 
C The node numbers of the microvertices in the whole 
C macroelement. Two cases. 

c 
c 
c 
c 
c 

c 

Square macro element. 

1,2--2,2--3,2 etc. 
I I I 
1,1--2,1--3,1 

Triangular Macro Element 
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c 
c 
c 

1,3 
lc 
I b 

IC 
I I c 

1,2--2,2 
1,1--2,1--3,1 

c SharedNodes(MAxNoOtMacElem,4,MaxNoOtMic Vert+ 1) 
C (Mac Elem No, Side, Micro Vert. No) 
C The node numbers of micro vertices on the sides of each 
C macro element . 

PARAMETER MaxNoOtMacVert= 10 
PARAMETER MaxNoOtMacElem=lO 
PARAMETER MaxNoOFMicVert=50 

INTEGER NoOfMacVert,NoOtMacElem, 
& MacE I em Vert(MaxNoOtMacElem,4 ),NoOtMicElm(MaxNoOtMacElem ,4) 

INTEGER SharedNodes(MAxNo0tMacElem,4,MaxNoOtMicVert+l) 
INTEGER MacNodes(MaxNoOtMicVert+l,MaxNoOfMicVert+l) 
INTEGER MacBDNodes(MaxNoOtMacVert),NoOtMacBDNodes 
INTEGER MacBDNodeNo(MaxNoOtMac Vert) 
REAL*8 MacVertX(MaxNoOtMacVert),MacVertY(MaxNoOtMacVert), 

& SpaFac(MaxNo0tMacElem,4) 
CHARACTER*4 SpaType(MaxNo0tMacElem,4) 
CHARACTER* 1 MacElemType(MaxNoOtMacElem) 

COMMON /ECFMAC/NoOtMacVert,NoOtMacElem,MacElem Vert,NoOfMicElm, 
& Mac VertX,Mac Vert Y ,S paFac ,SpaType,SharedNodes,MacNodes, 
& NoOtMacBDNodes,MacBDNodes,MacBDNodeNo,MacElemType 
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C Include File: ECFMsh.INC 
C Written by: Ken Jordan Date: 8(3/87 

C This include file defines and dimensions variables in COMMON block 
C ECFMsh. Read to and written from ReadMesh, WriteMeshO 

C ------------------------------------·------------------------- Variables 

C BdNodesO 
c 

c NLoc(,) 
c 
c 
c 
c 
C Nodes(,) 
c 
c 

C ElemTypeO 

The vertex number of nodes on the boundary. (In order 
around the boundary.) 

The first index is the global element number (numbered 
from the lower left comer and up) 
The second index is the local node number 
(1-> (BasisDeg+Ir(NoOfDim) 
The contents are the Node location in matrix NODES. 

The location of the nodes. 
The first index is the node number (1-> NoOfNodes) 
The second index is coordinate number {l=x, 2=y) 

The type of element 'S' for square and 'T' for triangular. 

C --------------------------------------------------------------- Declarations 

COMMON /ECFMsh/ Nodes,NLoc,BDNodes,ElemType 

INTEGER NLoc(MaxNoOfNodes,(MaxNoOfBasisDeg+l)**MaxNoOfDim), 
& BDNodes(MaxNoOfNodes) 

REAL *8 Nodes(MaxNoOfNodes,MaxNoOIDim) 
CHARACTER* 1 ElemType(MaxNoOfNodes) 
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C Include File: ECFMsh2.INC 
C Written by: Ken Jordan Date: 813/87 

C This include file defines and dimensions variables in COMMON block 
C ECFMsh. Read to and written from ReadMesh, WriteMeshO 

C ------------------------------------------------------------------ Variables 

c NLoc2(,) 
c 
c 
c 
c 

C Nodes2(,) 
c 
c 

The first index is the global element number (numbered 
from the lower left comer and up) 
The second index is the local node number 
(1-> (BasisDeg+1r(NoOfDim) 
The contents are the Node location in matrix NODES. 

The location of the nodes. 
The first index is the node number (1-> NoOfNodes) 
The second index is coordinate number (1=x, 2=y) 

C ElemType20 The type of element 'S' for square and 'T' for triangular. 

C --------------------------------------------------------------- Declarations 

COMMON /ECFMsh2/ Nodes2,NLoc2,EiemType2 

INTEGER NLoc2(MaxNo0fNodes,(MaxNo0fBasisDeg+1)**MaxNoOfDim) 
REAL *8 Nodes2(MaxNo0fNodes,Ma.xNo0fDim) 
CHARACTER* 1 ElemType2(MaxNo0fNodes) 
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C Include File: ECFNam.INC 
C Written by: Ken Jordan Date: 8/11/87 

C ---------------------------------------------------------------- Variables 

C BCFile 
C. MeshFile 
C MeshHdrFile 
C MeshSrcFile 
c 
C ParFile 
C PFMeshFile 
C PFCoefFile 
C PlotFile 
c 
C ResName 
c 
C SlopeFile 
c 

The name of the * .BC file. 
The filename for the * .MSH file 
The filename for the * .HDR file 
The filename of the polyftow mesh file that serves as the 
source for the * .MSH file 
The name of the *.PAR file. 
The filename for the hydrodynamic flow mesh. (from POL YFLOW) 
The filename· for the hydrodynamic coefficients( from POL YFLOW) 
The name of the *.ISO file containing line segments 
of constant value. 
The filename for the results file (also used for 
first guess.) 
The name of the * .SLP file containing the slope of coefficients 
along the boundary. 

C --------------------------------------------------------------- Declarations 

CHARACTER*72 MeshHdrFile,MeshFile,MeshSrcFile,BCFile,ParFile, 
& PlotFile 

CHARACTER*72 PFMeshFile,PFCoefFile,ResFile,SlopeFile 

COMMON /ECFNam/MeshHdrFile,MeshFile,BCFile,ParFile, 
& ResFile,PFMcshFile,PfCoefFilc,PiotFile,SiopeFile, -
& MeshSrcFilc 
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C Include File: ECFPar.INC 
C Written by: Ken Jordan Date: 8{3/87 

C This INCLUDE file defines and dimensions the variables in COMMON block 
C ECFPar. The variables are described here. They 
C represent parameters used to define kinetic and convection conditions. 

C ------------------------------------------------------------- Variables 

C Kinetic Variables 

C WagnerK.Lin Linear wagner number for kinetics to ohmic 
C bppa R T I L F iO 
C aA The anodic transfer Coefficient 
C aC The cathodic transfer Coefficient 
C BinaryK2 · Integration constant when considering binary electrolyte 
C SupportingK3 Integration constant when considering supporting electrolyte. 

C Convection Variables 

C Peclet The peclet number for convection problems 

C --------------------------------------------------------------- Declarations 

COMMON /ECFPar/ WagnerLin,aA,aC,Peclet, 
& BinaryK2,SupportingK3 

REAL *8 aA,aC,WagnerLin 
REAL*8 Pcclct,BinaryK2,SupportingK3 

113 



ECF*JNC 

C Include File: ECFPlot.INC 
C Written By: Ken Jordan 

C This file contains variables used internally to program ecfplot and 
C subroutines. This file just saves retyping all of this stuff in each routine 
C and in each call pass list. 

C XBaseO 
CdXO 
C Distance 
CX,Y 
C XLast, YLast 
C NorrilalO 

The starting point for the current segment 
The total step across the segment (if straight) 
The total distance moved along the bondary so far. 
The current X,Y location plotted. 
The last x,y locatio plotted. 
The outward pointing unit normal to the surface. 

REAL*8 Distance,X,Y,)(Last,YLast 
REAL *8 XBase(MaxNoOfDim),dX(MaxNoOfDim), 

& Normal(MaxNoOfDim) 

COMMON IECFPiot/Distance,X, Y ,XLast, YLast,XBase,dX,Normal 
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C Include File: ECFRes.INC 
C Written by: Ken Jordan Date: 8/11/87 

C This file contains the dimensions and common block necessary for accessing 
C the ECF results. 

C ··········-······-······································-········ Variables 

ceo The coefficients for the basis functions. 
C CLoc(,) 
c 

The first index is the equation number (l=potential) 
The second index is the global element number (numbered 
from the lower left comer and up) c 

c 
c 
c 

The third index is the .local node number (1-> (BasisDeg+1r2) 
The contents are the Global Coef location. 
(Some people call this the NOP array) 

C ··-······················-······················-······-····· Declarations 

COMMON /ECFRes/C,CLoc 

INTEGER CLoc(MaxNoOfEqu,MaxNoOfNodes, 
& (MaxNoOfBasisDeg+ 1 )**(MaxNoOfDim)) 

REAL *8 C(MaxNoOfCoel) 
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C Include-File: ECFRes2JNC 
C Written by: Ken Jordan Date: 8/11/87 

C This file contains the dimensions and common block necessary for accessing 
C the ECF results. 

C ----------------------------------------------------------- Variables 

CC20 The coefficients for the basis functions. 
c CLoc2(,.) 
c 

The first index is the equation number (!=potential) 
The second index is the global element number (numbered 
from the lower left corner and up) c 

c 
c 
c 

The thiid index is the local node number (1-> (BasisDeg+Ir2) 
The contents are the Global Coef location. 
(Some people call this the NOP array). 

C -----------·------------------------------------------------ Declarations 

COMMON /ECFRes2/C2,CLoc2 

INTEGER CLoc2(MaxNo0fEqu,MaxNo0tNodes, 
& (MaxNoOfBasisDeg+ 1 )* *(MaxNoOfDim)) 

REAL *8 C2(MaxNo0fCoet) 
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C Include File: ECFrriPts.INC 
C Written By: Ken Jordan 

C This file contains integration points to use for triangular elements. 
C Currently, only NoOITriPts=4 is allowed. See Burnett, p 596 for others 

COMMON /ECFrriPts/NoOITriPts,TriPts,TriWts 

INTEGER NoOITriPts 
REAL *8 TriPts(10,2},TriWts(lO) 

117 



ECF*JNC 

C Include File: PolyCoef.INC 
C Written By: Ken Jordan · Date: 8/5/87 

C This include file contains the· declarations and common block necessary 
C to access the polyflow coefficient data. 

C --------------------------------------------------------------- Variables 

C PolyNVers 
C PolyNtot 

· C PolyNComp 
C PolyNNodeR 
C PolyVerTr 
C PolyTitle 
C PolyFill(*) 
C PolyFil2(!) 
C PolyCase 
C PolyAx 
C PolyFluid 
C PolyStres 
C PolyTestRH 
C PolyTestZ 
C PolyFac 
C PolyTNat 
C PolyExpO 
C PolyRO 
C PolyZ(*) 
c 
c 
c 
c 

The polyflow version number that made the coefficient file. 
The total number of coefficients. 
The number of ?? 
? 
? 
The title 

The type of problem that POL YFLOW solved 
? 
? 
? 
? 
? 
? 
? 
? 

The Coefficient Values at each node location 
Stored in the form UI, U2, U3, ... UNNode, 

VI, ... 
PI, .. . 
Psil, .. . 

C --------------------------------------------------------------- Declarations 

PARAMETER PolyMaxNoOfZ=8000 

. INTEGER Poly NV ers,PolyNTot,PolyNComp,PolyNNodeR,Poly VerTr 
INTEGER PolyTitle(l9) 
INTEGER Poly Fill (20),PolyFil2(20),PolyCase,Poly Ax.PolyFluid 
INTEGER PolyStres 
REAL *8 PolyTestRH,PolyTestZ,PolyFac,PolyTNat,PolyExpO,PolyRO 
REAL *8 PolyZ(PolyMaxNoOtZ) 

COMMON /PolyCoef/PolyNVers,PolyNTot,PolyNComp,PolyNNodeR, 
& PolyVerTr,P.DiyTitle,PolyFill,PolyFii2,PolyCase,PolyAx, 
& PolyFluid,PolyStres,PolyTestRH,PolyTcstZ,PolyFac,PolyTNat, 
& PolyExpO,PolyRo,PolyZ 
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C Include File: PolyMesh.iNC 
C Written by: Ken Jordan Date: 8/5/87 

C This file contains the declarations and common block required to 
C read the polyflow mesh. 

C ------------------------------·----------------------------- Variables 

C PolyNVert The number of vertices 
C PolyNNode The number of nodes 
C PolyNbd The number of points on the boundary 
C PolyNElem The number of elements 
C PolyNod(9,*) The nodes locations for each element 
C PolyBDNod(*)The ?? Boundary nodes 
C PolyX(*) The X points of the mesh 
C PolyY(*) TheY Points of the me~h 

C __ _:__________________________________________________________ Declarations 

PARAMETER PolyMaxNElem=1300 
PARAMETER PolyMaxNBd=360 
PARAMETER PolyMaxNNode=5400 

INTEGER PolyNVert,PolyNNode,PolyNBd,PolyNElem 
INTEGER PolyNod(9,PolyMaxNElem) 
INTEGER PolyBDNod(PolyMaxNBd) 

REAL PolyX(PolyMaxNNode),PolyY(PolyMaxNNode) 

COMMON /PolyMesh/PolyNVert,PolyNNode,PolyNBd,PolyNElem, 
& PolyNod,PolyBDNod,PolyX,PolyY . 

119 



ECBPar 

PROGRAM ECBPAR 

C This program generates the *.PAR file 

CHARACTER*80 FileName 
INTEGER FiiLen 

CALL Chlnp('Dimensional File? (No .DIM)' ,FileName) 

CALL StringLength(FileName,FilLen) 
CALL ReadUserParams(FileName(l :FilLen)//' .DIM') 
CALL PrintUserParams(FileName(l :FilLen)//' .DIM') 
CALL WritePar(FileName(l :FiiLen)//' .PAR')-

STOP 'Normal End' 
END -

C ************************************************************** PrintUserParams 

SUBROUTINE PrintUserParams(FileName) 

CHARACTER*(*) FileName 

INCLUDE 'ECBPAR.INC' 
INCLUDE 'ECBPar2.INC' 

INTEGER FiiLen 

10 FORMAT(X,55('*'),' Constants & Parameters') 

C 123456789a123456789b123456789c123456789d123456789e12345 
C ******************************************************* Constants & Parameters 

20 FORMAT(X,' Fundamentai:',7X,'F =',F12.0,' C/mol') 

C 1234567 123456789a12 
C Fundamental: F = ddddd.de+dd C/mol 

30 . FORMAT(X,' Additive: C Bulk =',G10.3,' mol/l'J 
& X,19X,' D =',G10.3,' cm"2/s') ' 

35 FORMAT(X,'Current Revrsl: CRRatio=',GIOJ, 
& ' i cathodic/i anodic', 
& /,X, ' WaLinPCR=' ,G10.3) 

c 123 12 123456789 
C Additive: C Bulk = d.ddde+dd mol/1 
C 123456789a123456789 
C D = d.ddde+dd cm"2/s 

40 FORMAT(X,4X,' Kinetic: alpha A =' ,F6.3, 
& llX,' iO =',F7.2,' mNcm"2', 
& /,X,13X,' alpha C =' ,F6.3) 

C 1234 ~ 12345123456789a1 123456 
C Kinetic: alpha A = d.ddd iO = ddd.dd mA/cm"2 
C 123459789a 123 1234567.89 
C alpha C = d.ddd 
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50 FORMAT(X,' Electrolyte: kappa =',F6.3,' mho/em') 

C Electrolyte: kappa= d.ddd mho/em 

60 FORMAT(X,'Characteristic: xstar =',GI2.4,' microns', 
& I .X. · phistar =' ,GI2.4,' v·. 
& I .X. istar =',G12.4,' mNcmA2', 
& 5X,'idep =',Gl2.4,' mNcmA2', 
& /,X, ' ',12X, ' 
& 5X,'BC 4 =',G12.4, 
& /,X, ' tstar =',G12.4,' s') 

c 123456 
C Characteristic: xstar = ddd.d microns 
C istar = ddd.ddd mNcmA2 
c 12345678 
C phistar = ddd.ddd V 

70 FORMAT(X,78('*')) 

c 1 2 3 4 5 6 7 
C 123456789al23456789bl23456789c123456789d123456789el23456789f123456789gl2345678 
c ****************************************************************************** 

WRITE(* ,1 0) 
CALL StringLength(Fi1eName,FilLen) 
WRITE(*,*) 'File=' ,FileName(l :Fi!Len) 
WRITE(*,*) ' ' 

_WRITE(* ,20) F ·-
WRITE(*,*) ' ' 
IF (CorLev) THEN 

WRITE(*,30) CaBulk;Da 
WRITE(*,*) ' ' 

END IF 
IF (PerRcv) THEN 

WRITE(* ,35) CRRatio,WaLinPCR 
END IF 
WRITE(* ,40) aA,iO,aC 
WRITE(*,*) ' ' 
WRITE(* ,50) kappa 
WRITE(*,*)' ' 
WRITE(* ,60) xstar,phistar,istar,idep,(idcp/istar),tstar 
WRITE(*,*)' ' 
WRITE(* ,70) 
WRITE(*,*) ' ' 
WRITE(* ,80) 
WRITE(*,*) ' ' 
IF (CorLev) THEN 

WRITE(* ,90) WagLin,Corros, WagLin/(idcp/iO),idep/iO 
ELSE 

IF (PcrRev) THEN 
WRITE(*,*) ' AN 0 D I C' 
WRITE(*,*) ' ' 
WRITE(* ,91) WagLin,WagLin/(idep/iO);idep/iO 
WRITE(*,*) ' ' 
WRITE(*,*)' CATHODIC' 
WRITE(*,*) ' ' 
WRITE(* ,91) WagLin*WaLinPCR, 
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& WagLin*WaLinPCR/(idep*CRRatio/iO),idep*CRRatio/iO 
ELSE 

. WRITE(* ,91) WagLin, WagLin/(idep/iO),idep/iO 
END IF 

END IF 
WRITE(*,*)' ' 
WRITE(* ,70) 
WRITE(*,*)' ' 

80 FORMA T(X,57('*'),' Dimensionless Groups') 

C 123456789a123456789bl23456789c123456789d123456789e1234567 
C **"'****************************************************** Dimensionless Groups 

90 FORMAT(X,6X,'WagLin =',G11.4,3IX,'Corrosion =' ,G11.4, 
& /, X._6X,'WagTaf =',Gl1.4, 
& /,X, 'Nonlinearity =' ,G 11.4) 

91 FORMAT(X,6X,'WagLin =',Gll.4, 
& /, X,6X,'WagTaf =',Gll.4, 
& /.X, 'Nonlinearity =',Gll.4) 

C 123456 123456789all23456789al23456789b123456789cl 
C WagLin = d.dddde+dd Corrosion = d.dddde+dd 
C Nonlinearity = d.dddde+dd 

RETURN 
END 

C *************************************************************** ReadUserParams 

SUBROUTINE ReadUserParams(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBPar2.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECBMAC.INC' 

CHARACTER*(*) FileName 

C Read the data in the kinetics file (usually called corros.dat, filename 
Cis set in *.PAR file for the problem) 

OPEN (UNIT= 1 ,FILE=FileName,Si A TUS= 'OLD' ,FORM=' FORMATTED') . 

READ(l,*) F 
c 96487 

READ(l, *) CaBulk,Da, kappa 
c mol/1, cm·2/sJohm-cm 

READ(l,*) nelcc,aA,aC,iO 
c mNcm·2 

READ(l,*) xstar, PhiStar 
c urn, V 

READ(l, *) rho, MW 
C- glee, g/mol 

READ(l,*) idep 
c m·Ncm·2 
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READ(l, *) Axisymmetric,CorLev ,Spline3D,PerRev 
READ(l, *) Maxiter,SrcFactor,Tolerance 
READ( I,*) KineticsFile 
READ(l, *) NoOIDim,BasisDeg,NoOfGaussPts 
READ(l,*) CRRatio,WaLinPCR 
IF (PerRev) THEN 

READ(l,*) NoOtPCR 
~ READ(l,*) PCRMax 

END IF 
CLOSE( I) 

C Compute characteristic quantities 

istar = (kappa * PhiStar I xstar) * 10**7 
C mNcm2 

c 
tstar = rho * nelec * F * xstar I ( MW * istar ) I 10 

s 

C Compute Dimensionless Groups 

WagLin = istar I iO 
Corros = ( Da * nelec * F * CaBulk I Idep I Xstar) * 10**4 

c Note: Corros must be multiplied by (Xstarldelta)(istarlidep) 
C to get the correct physical meaning. (>!=corrosion, <l=net dep) 

RETURN 
END 

C ********************************************************************* WritePar 

SUBROUTINE WritePar(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBPAR2.INC' 
INCLUDE 'ECGaus.INC' 

CHARACTER*(*) FileName 
LOGICAL FileExist 
INTEGER Length,!, Version,KinLen 

Version=6 

OPEN (UNIT= l,FILE=FileName,STA TUS= 'NEW' ,FORM='FORMA TTED') 
WRITE(!,*) Version 

WRITE(!,*) NoOIDim,',',BasisDcg,',' ,NoOfGaussPts 
WRITE(!,*) Spline3D,' ,',Axisymmetric 
WRITE(!,*) Cor Lev,',' ,Per Rev 
WRITE( 1, *) Corros 
WRITE(!,*) NoOfPCR, ', ',CRRatio,' ,' ,WaLinPCR,' ,' ,PCRMax 
WRITE(!,*) SrcFactor; ,',Tolerance,',' ,Maxiter 
WRITE(!,*) WagLin 
WRITE(!,*) aA,',',aC 
CALL StringLength(KineticsFilc,KinLen) 
IF (KinLcn.GT.O) THEN 
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WRI1E(l,*) "" ,KineticsFile(l:KinLen),"" 
ELSE 

WRI1E(l,*) "' "' 
END IF 
WRITE(l,*) tstar,istar 

WRITE(l,*) ' ' 
WRITE(l,*) 'Dim, BasisDeg, GaussPts' 
WRITE(l,*) 'Spline 3 d?, Axisymmetric ?' 
WRITE(l,*) 'Corrosive Levelling?, Periodic Current Reversal?' 
WRITE(l,*) 'Corrosion #' 
WRITE(l,*) 'NoOtPCR, CRRatio, WaLinPCR, PCRMax' 
WRITE(l,*) 'Src Factor, Tolerance, Max Iter' 
WRITE(l,*) 'Wagner Number for Linear Kinetics' 
WRITE(l,*) 'alpha A, alpha C' 
WRITE(l,*) 'Kinetics Filename' 
WRITE(l,*) ' t star, i star' 
CLOSE(l) 

RETURN 
END 
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PROGRAM ECBPrePro 

CHARACTER*80 FileName 
INTEGER Length,I,Lgth 
LOGICAL User 

INCLUDE 'ECBHdr.INC' 
fli{CLUDE 'ECBMsh.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC'· 

COMMON /WORKSP/ RWKSP 
REAL RWKSP(250000) 
CALL IWKIN(250000) 

C This program read rnacro vertices and b~'s and makes the *.MSH & *.SRC 
C file 

CALL Titles 
CALL Chlnp('Filename? (No extension)' ,FileName) 
CALL UpperCaseCh(FileName) 
CALL StringLength(FileName,Length) 

User=(FileName(l :Length).EQ. 'USER') 
IF (.NOT.User) THEN 

IF ((FileName(Length:Length).EQ.' A').OR. 
& (FileName(Length:Length).EQ.'B')) THEN 

CALL ReadPar(FileName( 1 :Length-1 )//'.PAR') 
ELSE 

CALL ReadPar(FileName(1 :Length)//' .PAR') 
END IF 

ELSE 
BasisDeg= 1 · 

END IF 
CALL ReadMac(FileName(l :Length)//' .MAC') 

IF (No0fMacEiems.GT.1) CALL LocateTrans 
CALL· MakeNodeMap 
CALL WriteMac(FileName( 1 :Length)//' .MAC') 

CALL MakeMeshPts(.FALSE.,.FALSE.) 
CALL PrintMacroEiem s(Fi leNa me) 

IF (.NOT.User) THEN 
CALL WriteMesh(FilcName(1 :Length)//' .MSH') 
WRITE(*,*) FilcNamc(l:Length),'.MSH has been created' 

CALL MakeSrcPts 
CALL WriteSrc(FileName(l :Length)//' .SRC') 
WRITE(*,*) FileName(l:Length),'.SRC has been created.' 

ELSE 

OPEN(UNIT=1,FILE='USER.ORIG',STATUS='NEW',FORM='FORMATTED') 
WRITE(1,*) NoOfCoords 
DO I= 1 ,NoOfCoords-1 

WRITE(1,*) Coords(I,1),Coords(I,2) 
END DO 
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WRITE(l,*) MacVertX(Maclndx(NoOfMacElems,2)), 
& MacVertY(Maclndx(NoOfMacElems,2)) 

CLOSE (I) 
WRITE(*,*) 'USER.ORIG has been created.' 

END IF 

STOP 'ECBPrePro: Nonnal Completion' 
END 

C **************************************************************** CopyMactoTMac 

SUBROUTINE CopyMactoTMac(I,Offset) 

INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBTMac.INC' 
INTEGER I,J,Offset 

TMacBCType(I+Offset)=MacBCType(I) 
TMacBCVai(I+Offset)=MacBCV al(I) 
TNoOfMicEiems(I+Offset)=NoOfMicEiems(l) 
DO 1=1,2 

TMaclndx(l+OffsetJ)=Maclndx(l,J) 
END DO 
DO 1=1,3 

TMacPar(I+Offset.J)=MacPar(IJ) 
END DO 
TMacRatio(I+Offset)=MacRatio(l) 
TMacShape(l +Offset)=MacShape(l) 
TMacSpac(I+Offset)=MacSpac(l) 

RETURN 
END 

C **************************************************************** CopyTMactoMac 

SUBROUTINE CopyTMactoMac 

INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBTMac.INC' 
INTEGER 1,1 

DO I= I ,NoOfMacEicms 
MacBCType(l)= TMacBCTypc(l) 
MacBCVal(I)=TMacBCVal(l) 
NoOfMicEiems(l)= TNoOfMicEicms(l) 
DO 1=1,2 

Maclndx(IJ)=TMaclndx(l,1) 
END DO 
DO 1=1,3 

MacPar(l J)= TMacPar(IJ) 
END DO 
MacRatio(I)=TMacRaLio(l) 
MacShape(I)=TMacShape(l) 
MacSpac(I)=TMacSpac(l) 

END DO 
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RETURN 
END 

C *************************************************************** Crea~~cTr.ans 

SUBROUTINE Crea~MacTr.ans(I,IPlus 1 ,Offset) 

INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBTMac.INC' 
INTEGER I,J,Offset,IPlus1 

TMacBCType(I+Offset)=MacBCType(I) 
TNoOfMicElems(l +Offset)= 1 

TMacRatio(I+Offset)= 1.0 
TMacShape(I+Offset)='TRNS' 
TMacSpac(I+Offset)='EQUL' 
DO 1=1,3 . 

TMacPar(I+Offset,J)=O 
END DO 

Mac VertX(NoOfMac Vert+ 1 )= 
& 0.95*(MacVertX(Maclndx(IPiusl,l))- MacVertX(~clndx(IPlusl,2))) 
& + MacVertX(Maclndx(IPiusl,2)) 

MacVertY(No0fMacVert+1)= 
& 0.95*(MacVertY(Maclndx(IPiusl,l)) - MacVertY(Maclndx(IPlusl,2))) 
& + MacVertY(Maclndx(IPlus1,2)) 

MacVertX(TMaclndx(l+Offset-1,2))= 
& 0.95*(MacVertX(TMaclndx(I+Offset-1 ,2)) -
& MacVeitX(TMaclndx(I+Offset-1,1))) 
& + MacVertX(TMaclndx(I+Offset-1,1)) 

MacVertY(TMaclndx(I+Offset-1,2))= 
& 0.95*(MacVertY(TMaclndx(I+Offset-1,2)) -
& MacVertY(TMaclndx(I+Offsct-1,1))) 
& + MacVertY(TMaclndx(I+Offset-1,1)) 

Maclndx(IP!us 1,1 )=NoOfMac Vert+ 1 
TMacindx(I+Offset,l ):::TMaclndx(I+Offset-1 ,2) 
TMacindx(I+Offset,2)=Macindx(IPlusl,l) 

NoOfMacVcrt=NoOfMacVert+ 1 

RETURN 
END 

C ****************************************************************** LocateTrans ~ 

SUBROUTINE LocatcTrans 

C This subroutine locates 'trans' -elements. Those elements that must span 
C between two regions with different boundary conditions, but the same BC 
C type (e.g. NAT, 0, to NAT, 1) 

INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBTMac.INC' 

INTEGER I,Offset,IPius1 
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LOGICAL MacNat 
EXTERNAL MacNat 

Offset=O 
DO 1=1.NoOfMacElems 

CALL Copy MactoTMac(I,Offset) 
CALL Incrementi(I,IPlus1,1.NoOfMacElems) 
IF ( ( MacNat(MacBCType(l)) 

& .EQ. MacNat(MacBCType(IPlus1)) ) .AND. 
& ( MacBCVal(l) .NE. MacBCVal(IPlus1) ) .AND. 

- & ( (MacShape(IPlus1) .NE. 'TRNS').AND. 
& (MacShape(I).NE.'TRNS') )) THEN 

Offset=Offset+ 1 
CALL CreateMacTrans(I,IPlus !,Offset) 

END IF 
END DO 
NoOfMacElems=NoOfMacElems+Offset 

CALL CopyTMactoMac 

RETURN 
END 

C ************************************************************** PrintMacroElems 

SUBROUTINE PrintMacroElems(FileName) 

INCLUDE 'ECBMac.INC' 

INTEGER LOutput/6/,I,Length,MSFLen 
CHARACTER*(*) FileName 
CHARACTER*20 FileN 

FileN=Filename 
CALL StringLength(FileN,Length) 

WRITE(LOutput,IOO) 
100 FORMAT(X,80('*')) 

C 123456789a123456789b 
WRITE(L0utput,250) 'Macro Element Report' ,FileN 

250 FORMA T(X,30X,A20,<30-Length>X,A<Length>) 

WRITE(LOutput,IOO) 

WRITE(L0utput,500) 
500 FORMAT(Xj,X,I8X,'--- ~MAC R 0 V E'R TIC E S --- -' j, 

& X,I8X,'Point',IOX,'X' ,18X,'Y' ,/) 

C 123456789a123456 
c ----MACROVERTICES----
C 123 123456789a 123456789a12345678 
c Point X Y 

510 FORMAT(X,19X,I3,2(5X,G 14.5)) 
c 1234 12345 12345 
c iii gggggggggggggg gggggggggggggg .. 
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DO l=l,NoOfMacVert 
WRITE(LOutput,510) I,MacVertX(I),MacVertY(I) 

END DO 

WRITE(L0utput,600) 
600 FORMAT(XJJ.X.15X,'Micro' ,6X,'Boundary' ,27X;'MicroNodes' J 

& X,'Element Type Elements Type Value',lOX, 
& 'Macro Vertices Start End' J) 

C 123456789a12345 123456 123456789a123456789b1234567 
C Micro Boundary MicroN odes 
C 12 1 12 123 123456789a1 12 12 
C Element Type Elements Type Value MacroVertices Start End 

610 FORMAT(X,2X,I3,4X,A4,3X,I3,5X,A4,3X,G 14.5,X,2(X,14), 
& 5X,I4,2X,I4) 

611 FORM_AT(X,9X,A) 
615 FORMAT(X,9X,A4,;,3X,'Spacing Factor:',G14.5) 
616 FORMAT(X,9X,A4,:,3X,' Spacing File:',A) 
C 123456789a12345 
c 12 1234 123 12345 123 12 12345 -12 
C iii aaaa iii xxaaaax gggggggggggggg iiii iiii iiii iiii 
c (transition) 
620 FORMAT(X,2X,13,4X,A4,3X,13,5X,A4,3X,' (transition) ', 

& X,2(X,I4),5X,I4,2X,I4) 

DO l=1,NoOfMacElems 
IF (MacShape(I).NE.'TRNS') THEN 

WRITE(L0utput,61 0) I ,MacShape(I),No0fMiCE1ems(l), 
& MacBCType(I),MacBCVai(I),Maclndx(I,1),Maclndx(I,2), 
& MacStart(I),MacEnd(I) 

IF (MacShape(I).EQ.'USER') THEN 
CALL StringLength(MacBdryFile,MSFLen) 
WRITE(LOutput,61l) MacBdryFile(1:MSFLen) 

END IF 

IF (MacSpac(I).EQ. 'USER') THEN 
CALL StringLength(MacSpaFile(I),MSFLen) 
WRITE(L0utput,616) MacSpac(I),MacSpaFile(l)( 1 :MSFLen) 

ELSE IF (MacSpac(I).EQ.'LOG') THEN 
WRITE(L0utput,615) MacSpac(I),MacRatio(l) 

ELSE 
WRITE(L0utput,615) MacSpac(I) 

END IF 

ELSE 

WRITE(L0utput,620) I,MacShape(I),NoOfMicEiems(I), 
& MacBCType(I),Maclndx(I,l ),Macindx(I,2), 
& MacStart(I),MacEnd(l) 

END IF 

IF ((Maclndx(I, 1 ).GT.NoOfMac Vert).OR. 
& (Maclndx(I,2).GT.No0fMacVcrt)) THEN 

WRITE(*,*) 'Error: Macindx is out of range. Mac Elem=' ,I 
WRITE(*,*) ' Maclndx=' ,Maclndx(I,l),Maclndx(I,2) 
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STOP 'In Routine: PrintMacroElems' 
END IF 

END DO 

RETURN 
END 

C *********************************************************************** Titles 

SUBROUTINE Titles 

WRITE(*,*) ' PROGRAM: ECBPrePro 
WRITE(*,*) 'Written by: Ken Jordan 
WRITE(*,*) ' ' 

2/23188' 
Version 2' 

WRITE(*,*) 'This program reads input from the data file' 
WRITE(*,*) '*.MAC and generates output files *.MSH & *.SRC' 
WRITE(*,*)'' 
WRITE(*,*) 'These files are used as input for program ECB' 
WRITE(*,*)'' 
WRITE(*,*) 'This program generates the BEM Mesh from the Macro' 
WRITE(*,*) 'mesh stored in *.MAC' 
WRITE(*,*)'' 

RETURN 
END 
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program ECBM 

C This program will solve for the current distribution and move boundaries 
C for various levelling problems. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCai.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMOVE.INC' 
INCLUDE 'ECBTime.INC' 

CHARACTER*80 FileName 
INTEGER FiiLen,I 

C Declarations required by IMSL 

COMMON /WORKSP/ RWKSP 
REAL RWKSP(l36973) 
CALL IWKIN(136973) 

C ---------------------------------------------------------- Initialize Problem 

C---------------------------------------
C The following CALLS obtain from the user the name of the problem he is 
C solving and time stepping criteria. · 

CALL Chlnp('Filename?' ,FileName) 
WRITE(*.*) ' ' 

CALL DPinp(' Start Time (in seconds)' ,Time) 
CALL DPinp(' End Time' ,EndTime) 
CALL DPinp('Desircd dTime',DcsdTime) 
WRITE(*,*) ' ' 

CALL DPinp('Desircd Maximum dX per time step (unitless)' ,DesdX) 
WRITE(*,*) ' ' 

C---------------------------------------
C The following CALLS read data from files describing the BEM problem to solve. 

CALL StringLengt.fi(FileNamc,FiiLen) 
CALL ReadPar(Filcname(l:FilLcn)//'.PAR') 
IF (CorLev) THEN 

CALL ReadMcsh(Filename( 1 :FilLcn)/ /' A.Msh ') 
CALL ReadMac(FileNamc(l:FilLen)//'B.MAC') 

ELSE 
CALL RcadMcsh(Filename(l :FilLen)//' .Msh ') 
CALL ReadMac(FileName(l :FilLcn)//' .MAC') 

END IF 

' 
IF (PerRev) THEN 
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C Save time step for use in periodically reversing the current 

· DeltaTime=Endtime 
END IF 

C Note, the following two calls can be replaced by IMSL routines. 

CALL GauLeg(NoOfGaussPts,GaussPts,GaussWts) 
NoOfGauLogPts=NoOfGaussPts 
CALL GauLog(NoOfGauLogPts,GauLogPts,GauLogWts) 

c - -- ~- - -- ----- ---- -- ---------- -----------
C Make dimensional quantities dimensionless 

Time= Time/tstar 
EndTime=EndTime/tstar 
DesdTime=DesdTime/tstar 
MaxTimeCounter= 1.5*(EndTime-Time )/DesdTime 
LastTime=.F ALSE. 
TimeCounter= 1 

OPEN(UNIT=3,FILE=Filename(l :FilLen)//' .TD' ,ST A TUS='NEW', 
& FORM='FORMATTED') 

WRITE(3,*) 1000 

IF (PerRev) THEN 

IF (PCRMax) THEN 
CALL PerCurRevMax(FileName) 

ELSE . 
CALL. PerCurRev(FilcName) 

END IF 

ELSE 

CALL TimcLoop(FileName) 

END IF 

CLOSE(3) 

STOP 'Normal End' 
END 

C ****************************************************************** AdjustForPT 

SUBROUTINE AdjustForPr(St,En) 

INTEGER St,En 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBBC.inc' 
INTEGER I 

DO I=MacStart(St),MacEnd(En) 
D WRITE(*,*) 'Old BC Valuc:',I,BCValucs(l) 
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BCValues(l)= - BCValues(I)*CRRatio 
D WRITE(*,*) ' New:' ,I,BCV alues(l) 

END DO 

DO I=St,En 
MacBCVal(l)= - MacBCVal(I)*CRRatio 

END DO 

RETURN 
END 

C ************************************************************************** Bern . '. 

SUBROUTINE Bern 

C This subroutine solves the BEM problem posed in the include .files. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 

REAL*8 dBCValucs(MaxNoOfCoords),MagDiff,MagBC,MagdBC 
INTEGER NoOfdBCValues,Iteration 
LOGICAL Convergence,SolvedOnce 

REAL*8 VecNormDP 
EXTERNAL VecNormDP 

C Make set of source points 

CALL MakeSrcPts 

C Assemble G & H Matrices, and re-arrange into A & C 

CALL AssembleGH 
CALL AssembleAC 

lteration=O 
SolvedOnce=.FALSE. 
Convergence=. FALSE. 

DO WHILE(.NOT.Convergence) 

C Solve the system BemG.SolValues= (BemA.BCValues) for SolValues 

CALL BeinMatSol(SolvedOnce) 

C Iterate to solve kinetic BCValues 

CALL NewtonRaphson(Iteration, 
& NoOfdBCValues,dBCValues,MagDiff,MagBC) 

IF (NoOfdBCValues.GT.O) THEN 

C Test for convergence on kinetic boundary condition 

MagdBC= V ecNormDP(NoOfdBCValues,dBCValues) 
Convergence=(MagdBC.L T.Tolerance) 
Convergence=Convergence.AND.(MagDiff.LT.Tolerance) 
IF (MagBC.NE.O) Convergencc=Convergence.AND. 
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& (MagdBC/MagBC.LT.Tolerance) 

C Increment Number of Iterations, and print iteration status report 

lteration=Iteration+ 1 
IF (MagBC.EQ.O) THEN 

WRITE(* ,10) Iteration,MagDiff,MagdBC 
ELSE 

WRITE(* ,10) Iteration,MagDiff,MagdBC,MagdBC/MagBC 
END IF 

10 FORMAT(X,'Iter ',13,2X,'ak-Ipb',G13.6,2X, 
& 'tlBCb' ,G 13.6,:,2X,'tiBC11Bd=' ,G 13.6) 

clter iii [k-Ipbggggggggggggg tiBCbggggggggggggg tiBd'tBCbggggggggggggg 

C Check to ~e that we haven't iterated too many times. 

IF (lteration.GE.Maxlter) 
& CALL ErrMaxlter(NoOfdBCValues,dBCValues) 

CALL UpdateBCValues(NoOfdBCValues,dBCValues) 

ELSE 
Convergence=. TRUE. 

END IF 

END DO 

C If we have been iterating on a kinetic be, re-solve the BEM equations 
C before returning. 

IF (NoOfdBCValues.GT.O) CALL BemMatSoi(SolvedOnce) 

RETURN 
END 

C ******************************************************************** BemMatSol 

SUBROUTINE BcmMatSol(SolvcdOnce) 

LOGICAL SolvedOncc 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBBC.INC' 

REAL *8 VecB(MaxNoOfCoords) 

CALL MatVecMultDP(MaxNoOfCoords,NoOfCoords,BemH, 
& BCValues,VecB) 

IF (SolvedOncc) THEN 
CALL SolvcRclEq(VccB,SoiValues) 

ELSE 
CALL SolveSimEq(BemG,VccB,NoOfCoords,SoiValues, 

& MaxNoOfCoords) 
SolvedOnce=.TR UE: 

END IF 
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RETURN 
END 

C *****************~********************************************** CopylnsPoin~ 

SUBROUTINE CopylnsPoin~(Ntc,NodeMap.Elem,Coords) 

C Passed Variables 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER Ntc.Elem, 
& NodeMap(MaxNoOfCoords,MaxBasisDeg+ 1) 

REAL *8 Coords(MaxNoOfCoords,MaxNoOfDim) 

C Local Variables 

INTEGER Loc 

DO Loc=BasisDeg+1,2,-1 
CALL CopyPoint(NodeMap(Eiem,Loc),Coords,NoOflns,Ins) 

Ntc=Ntc+l 
IF (Ntc.EQ.l) First=NoOtlns 
IF (Ntc.EQ.2) Second=NoOtlns 

NextToLast=NoOtlns 

END DO 

RETURN 
END 

_ C ********************************************·********************** CurReversal 

SUBROUTINE CurReversal 
/ 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBTime.INC' 

C The following CALLs adjust the current be's for Current Reversal 

CALL AdjustForPr(3,5) 
CALL AdjustForPr(l,l) 

WagLin=WagLin*WaLinPCR 
DeltaTime=DcltaTime/CRRatio 
DesdTime=DesdTime/CRRatio 

EndTim~Time+DeltaTime/~tar 
MaxTimcCountcr= 1.5*(EndTime-Time)/DesdTime+ TimeCounter 
LastTime=.FALSE. 

C The following lines place the current reversal message into the output file. 

WRITE(*,*) ' ' 
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WRITE(*,*) 'Reversing Current! ', 
& 'Current Ratio Final/Initial=' ,CRRatio 

WRITE(*,*) ' ', 
& ' Wa(lin) PCR =',WaLinPCR 

WRITE(*,*) ' Delta Time=',DeltaTime 
WRITE(*,*) ' ' 

RETURN 
END 

C ******************************************************************* Err~axlter 

SUBROUTINE Err~axlter(NoOfdBCValues,dBCValues) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 

INTEGER J,I,NoOfdBCValues 
REAL*8 dBCValues(*),Factor,VecNormDP,~agdBC 
LOGICAL KineticBC 
EXTERNAL KineticBC, V ecNormDP 

MagdBC=VecNormDP(NoOfdBCValues,dBCValues) 
IF (MagdBC.GT.1.0) THEN 

Factor=MAX(MIN(0.9D0,2.0DO/MagdBC),0.2DO) 
ELSE 

Factor=1.0 
END IF 

WRITE(*,*) 'Error: Maximum number of iterations reached' 
WRITE(*,*) 'ECBM: (In Routine: Bern) Abnormal End' 

WRITE(*,5) 
5 FORMAT(/,X,' dBC Value BC Value Sol Value' J) 
10 FORMAT(X,I3,3X,G 11.4,3X,G 11.4,3X,G 11.4) 

c 
c iii 

.C 
c 

dBC Value 
ggggggggggg 
md.ddddemdd 
12345678901 

1=1 

BC Value Sol Value 
ggggggggggg ggggggggggg 

DO I= 1 ,NoOfCoords 
IF (KineticBC(BCTypc(l))) THEN 

WRITE(* ,10) I,dBCValues(J)*Factor, 
& BCValues(I)-dBCValues(J)*FActor,SoiValues(I) 

1=1+1 
END IF 

END DO 

STOP 'In Routine: Bern' 
END 

C *************************************************************** IntegrateBnddX 

REAL *8 FUNCTION IntegratcBnddX(Dummy) 

136 



ECBM 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMove.INC' 

INTEGER NoOfX,I 
LOGICAL Dummy 
REAL *8 X(MaxNoOfCoords), Y(MaxNoOfCoords), 

& Break(MaxNo0fCoords),CSCoef(4,MaxNo0fCoords) 
REAL *8 LowerLim,UpperLim,DCSITG 
EXTERNAL DCSITG 

IF (.NOT.Dummy) THEN 

NoOfX=NoOfMicElems(I )*BasisDeg+ I 

DO I= 1 ,NoOfX 
X(I)=Coords(l,l) 
Y(l)=Coords(I,2) 

D WRITE(*,*) I,' X=',X(I),' Y=',Y(l) 
END DO 

LowerLim=Coords(l, 1) 
UpperLim=Coords(No0fX,1) 

ELSE 

NoOfX=NoOfMoved 
DO I= 1 ,NoOfX 

X(I)=Moved(I,l) 
Y(I)=Moved(l,2) 

D WRITE(*,*) I,' X=' ,X(I),' Y=' ,Y(l) 
END DO 

LowerLim=l\:foved( 1,1) 
UpperLim=Moved(NoOfX,l) 

END IF 

C Compute Integral 

CALL DCSAKM(NoOfX,X, Y ,Break,CSCoef) 

D WRITE(*,*) 'Lower Limit=',LowerLim 
D WRITE(*,*) 'Upper Limit=' ,UppcrLim 

lntegrateBnddX=DCSITG(LowerLim,UpperLim,NoOfX-l,Break,CSCoef) 

RETURN 
END 

C ********************************************************************** Makelns 

SUBROUTINE Makeins(ElcmStart,ElcmEnd,NodeMap,Coords,NoOfElems, 
& FileName) 

C Passed Variables 

137 



ECBM 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER Coord,EiemStart,EiemEnd, 
& NodeMap(MaxNo0fCoords,MaxBasisDeg+1),NoOfEiems 

REAL *8 Coords(MaxNoOfCoords,MaxNoOIDim) 
CHARACTER*(*) FileName 

C Local Variables 

INTEGER Elem,Loc,Ntc 
LOGICAL FirstExec/.TRUE./ ,InsExt/.FALSE./ 
REAL *8 BegPtX,BegPtY,EndPtX,EndPtY 

COMMON /MakelnsVar/lnsExt,FirstExec . 

IF (FirstExec) CALL ReadlnsExt(BegPtX,BegPtY,EndPtX,EndPtY, 
& InsExt,FileName) 

· IF (InsExt) THEN 
No0flns=1 
Ins(l, 1 )=BegPtX 
Ins(1,2)=BegPtY 

ELSE 
NoOflns=O 

END IF 

C Forces the 1st point on the boundary to be an endpoint for an element 

IF ((EiemEnd+ 1).LE.(EicmSLart-1)) THEN 

Ntc=O 
DO Elem=EicmSLart-1 ,EicmEnd+ 1,-1 

CALL CopylnsPoims(Ntc,NodeMap,Eiem,Coords) 
END DO 

ELSE 

Ntc=O 
DO Elem=EiemSLart-1,1,-1· 

CALL Copy I nsPoints(Ntc ,NodeMap,Eiem,Coords) 
END DO 

DO Elcm=NoOfEicms,EicmEnd+ 1,-1 
CALL CopylnsPoints(Ntc,NodcMap,Eiem,Coords) 

END DO 

END IF 

CALL CopyPoint(NodcMap(EicmEnd+ 1,1 ),Coords,NoOflns,Ins) 
Last=NoOflns 

IF (InsExt) THEN 

NoOflns=NoOflns+ 1 

Ins(NoOflns, 1 )=EndPtX 
Ins(No0flns,2)=EndPtY 
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END IF 

IF (dXdN(l).GT.O) THEN 
IF (InsExt) THEN . 

StaRev=.TRUE. 
Second= I 

ELSE 
WRITE(*,*) 'Error: Moving boundary off of insulator!' 
WRITE(*,*) ' This error could be corrected by creating' 
WRITE(*,*) ' a *.EXT file.' 
STOP 'In Routine: Makelns' 

END IF 
ELSE 

StaRev=.FALSE. 
END IF 

IF (dXdN(NoOIMoved).GT.O) THEN 
IF (InsExt) THEN 

EndRev=.TRUE. 
NextToLast=NoOflns 

ELSE 
WRITE(*,*) 'Error: .Moving·boundary off of insulator!' 
STOP 'In Routine: Makeins' 

END IF 
ELSE 

EndRev=.F ALSE. 
END IF 

CALL AcuteAngles 

Firs!£xec=.FALSE. 

RETURN 
END 

C ********************************************************************* MakedXdN 

SUBROUTINE MakcdXdN(EiemStart,ElemEnd) 

C Passed Variables 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBBC2.INC' 
INCLUDE 'ECBPAR.INC' 
INCLUDE 'ECBMOVE.INC' 
INCLUDE 'ECBTIME.INC' 

INTEGER ElcmStart,EiemEnd 

C Internal Variables 

INTEGER NoOfSmooth,Offset,Eicm,Loc,I,Coord,LastC 

LOGICAL FirstTime/.TRUE./ 

REAL *8 Im(MaxNoOfCoords),la(MaxNoOfCoords) 
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REAL *8 SmoothX(MaxNoOfCoords),SmoothF(MaxNoOfCoords) 
REAL *8 OrigX(MaxNoOfCoords),LastOrig 
REAL *8 Breaka(MaxNoOfCoords),CSCoefa( 4,MaxNo0fCoords) 
REAL *8 Breakm(MaxNo0fCoords),CSCoefm(4,MaxNoOfCoords) 
REAL *8 Ratio ,Factor 

C External Functions 

REAL*8 DCSVAL,SlopeVal,DCSITG 
EXTERNAL DCSV AL,SlopeVai,DCSITG 

C The following DO-loop computes the local metal and corrosive agent flux. 

NoOfdXdN=O 

LastOrig=O.O 
LastC=NodeMap(ElemStart, 1) 

DO Elem=ElemStart,ElemEnd 
DO Loc= 1 ,BasisDeg+ 1 

Coord=NodeMap(Elem,Loc) 
NoOfdXdN=NoOfdXdN+ 1 

Im(NoOfdXdN)= 
& SlopeVal(Natural(Coord),BCValues(Coord),SolValues(Coord)) 

IF (CorLev) THEN 

C Compute Flux of Additive at point and equivalent corrosion current density 
C from additive. 

la(NoOfdXdN)= 
& Slope Val(Natural2(Coord),BCValues2(Coord),SolV alues2(Coord)) 

ELSE 
Ia(NoOfdXdN)=O 

END IF 

C Calculate distances used to smooth c.d. 

OrigX(NoOfdXdN)=SQRT( 
& (Coords(Coord, I )-Coords(LastC, 1)) 
& * ( Coords( Coord, 1 )-Coords(Las LC, 1)) 
& +(Coords(Coord,2)-Coords(LastC,l)) 
& *(Coords(Coord,2)-Coords(LastC,l)) )+LastOrig 

SmoothX(NoOfdXdN)=OrigX(NoOfdXdN) 

LastC=Coord 
LastOrig=OrigX(NoOfdXdN) 

END DO 
END DO 

C Smooth dXdN *) Remove Duplicate X Values. 

NoOfSmooth=NoOfdXdN 
Offset=O 
DO I= 1 ,NoOfSmooth-1 
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IF (SmoothX(I-Offset).EQ.SmoothX(I+1)) THEN 
Offset=Offset+ 1 

END IF 
SmoothX(I-Offset+ 1)=SmoothX(I+ 1) 
IF (CorLev) Ia(I-Offset+l)=la(l+l) 
Im(I-Offset+ 1)=lm(l+ 1) 

END DO 
NoOfSmooth=NoOfSmooth-Offset 

C Smooth dXdN *) Call IMSL Smoothing routine. 

IF (CorLev) CALL DCSSCV(No0fSmooth,SmoothX,Ia,2,Breaka,CSCoefa) 
CALL DCSSCV(NoOfSmooth,SmoothX,Im,2,Breakm,CSCoefm) 

IF (CorLev) THEN 

C Ratio= additive I current 

. Ratio=DCSITG(SmoothX(l),SmoothX(NoOfSmooth), 
& No0fSmooth-1,Breaka,CSCoefa) 
& I DCSITG(SmoothX(l),SmoothX(NoOfSmooth), 
& NoOfSmooth-l,Breakm,CSCoefm) 

C First time through the loop, we must compute Factor = Corros <i> I <Na> 

D 

IF (FirstTime) Factor=Corros/Ratio 
WRITE(*,*) ' Corros=' ,Ratio* Factor 

ELSE IF-(PerRev) THEN 

WRITE(*,*) ' lm=' ,DCSITG(SmoothX(l),SmoothX(NoOfSmooth), 
& NoOfSmooth-l,Breakm,CSCocfm),' Time=',Time*tstar -

END IF 

NoOfdXdN=O 
DO Elem=EiemStart,EiemEnd 

DO Loc= 1,BasisDeg+ 1 
NoOfdXdN=NoOfdXdN+ 1 

Im(NoOfdXdN)=OCSV AL(OrigX(NoOfdXdN),NoOfSmooth-1, 
& Breakm,CSCocfm) 

IF (CorLev) THEN 
Ia(NoOfdXdN)=OCSVAL(OrigX(NoOfdXdN),NoOfSmooth-1, 

& Breaka,CSCoefa) 
ELSE 

Ia(NoOfdXdN)=O.O 
END IF 

dXdN(NoOJdXdN)=Im(NoOfdXdN)-Factor*Ia(NoOfdXdN) 

WRITE(*,*) 'NoOfdXdN ',NoOfdXdN,' X' ,SmoothX(NoOfDxDn) 
END DO 

END DO 

FirstTime=.FALSE. 

RETURN 
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END 

C ******************************************************************** Pen:urRev 

SUBROUTINE Pen:urRev(FileName) . 

CHARACTER*80 FileName 
INTEGER PCRCounter 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC' 

IF (NoOfMacEJems.L T.6) THEN 
WRITE(*,*) 'Error: Improper configuration for ', 

& 'solution of periodic' 
WRITE(*,*) ' current reversal problem.' 
WRITE(*,*) ' Use 4 sides w/ 2 transition elements' 
STOP 'ECBM: In Subroutine: PerCurRev' 

END IF 

IF (MacBCVai(4).GE.O) THEN 
WRITE(*,*) 'Current Initially Cathodic=', 

& MacBCVal(4)*istar,'mNcm2' 
ELSE 

WRITE(*,*) 'Current Initially Anodic =', 
& MacBCVal(4)*istar,'mA/cm2' 

END IF 

DO PCRCounter= 1 ,NoOfPCR 

CALL TimeLoop(FileName) 

C The following call updates the boundary conditions 

CALL CurReversal 

CALL TimeLoop(FileName) 

IF (PCRCounter~LT.NoOfPCR) THEN 

CRRatio= 1/CRRatio 
WaLinPCR= 1/WaLinPCR 

CALL CurReversal 

CRRatio::::: 1 /CRRatio 
WaLinPCR=l/WaLinPCR 

END IF 

END DO 

RETURN 
END 

C ***************************************************************** Pen:urRevMax 
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SUBROUTINE PerCurRevMax(FileName) 

CHARACTER*80 FileName 
INTEGER PCRCounter,FiiLen 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMOVE.INC' 
INCLUDE 'ECBTime.INC' 

INTEGER ElemS tart,Elem End,Eiem ,Loc,I 
LOGICAL BdryFileExist,Iterating 
REAL *8 IntOrig,IntCurr,IntegrateBnddX,dAdis,dAdep,dh,h 
REAL*8 FirstX,FirstY,LastX,LastY,BigdTime 

- REAL *8 BigdMaxTG 
EXTERNAL IntegrateBnddX 

CALL S tringLength(Fi leName,FiiLen) 

IF (NoOtMacElems.L T.4) THEN 
WRITE(*,*) 'Error: Improper configuration for ', 

& 'solution of periodic' 
WRITE(*,*) ' current reversal problem with', 

& ' maximum levelling.' 
WRITE(*,*)' Use 4 sides (ESS,NAT,ESS.NAT)' 
STOP 'ECBM: In Subroutine: PerCurRevMax' 

END IF 

IF (Time.GT.O) THEN 
WRITE(*,*) 'Warning: Start time reset to zero.' 

END IF 
Time=O.O 
BigdTime=EndTime-Time 
BigdMaxTC=MaxTimeCounter 

WRITE(*,*) 'Current Initially Anodic: Maximum Levelling Case.' 

C Moving boundary is always the first macro element. 

C (Note: NoOtMicEiems(l) is the number of microelements on the moving part 
C of the boundary. The program assumes that parts A & B have the same moving 
C part of the boundary, with identical discretization.) 

ElemStart= 1 
ElemEnd=NoOtMicEiems( 1) 

IntOrig=lntegrateB nddX(.F ALSE.) 

DO PCRCounter=l.NoOfPCR 

CALL TimeLoop(FileName) 

IntCul-r=IntegrateBnddX(.FALSE.) 
dAdis=ABS(IntOrig-lntCurr) 
IntOrig=IntCurr 
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h=dAdis/{ABS( 
& MacVertX(Macindx(l,l)) 
& - MacVertX(Macindx{l,2)) )) 

WRITE(*,*) 'Reversing Current! ' 

C ------------------------------------------------------- Boundary Movement 

C Store coordinates in mesh into temporary storage (Moved), then compute 
C the normal to every point on the surface (Nx), and current density at those 
C points (dXdN) 

C---------------------------------------
C The following DO-LOOP stores the 'current density' at each point of the moving 
C boundary; the result is stored in matrix dXdN._ 

NoOfdXdN=O 
DO Elem=ElemStart,ElemEnd 

DO Loc=l,BasisDeg+l 
NoOfdXdN=NoOfdXdN+ I 
dXdN(NoOfdXdN)=-1.0 

END DO 
END DO 

C---------------------------------------
C The following CALL computes the 'normal' at each point of the moving 
C boundary; the result is stored in matrix Nx. 

CALL MakeMoved(ElemStart,ElemEnd,NodeMap,Coords) 
CALL ComputeNx(ElemEnd-ElemStart+l) 

C The following DO-loop iterates on h until dAdep=dAdis - - - - - - - - - -

C Moved;! 

dh= I OO*Tolerance 
Iterating=. TRUE. 
DO WHILE (Iterating) 

D CALL WriteMoved 

C Move the points. 

CALL Move(h) 
C Moved;2 
D CALL WriteMovcd 

C Store coordinates not being moved in Ins 

CALL Makelns(ElemStart,ElemEnd,NodeMap,Coords,NoOfElems, 
& Filename) 

C Search for intersections, and recompute moved boundary w/o intersections 

CALL RemoveLoclntersects 
C Moved;3 
D. CALL WriteMoved 
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c ·cALL RemoveBdrylntersects 
cC Moved;4 
cD CALL WriteMoved 

CALL Removelnslntersects 
C Moved;5 
D CAl--L W riteMoved 

C Compute next change in h. 

IntCurr = IntegrateBnddX(.TRUE.) 
dAdep = ABS(IntOrig-IntCurr) 
dh = (h/dAdep)*(dAdis-dAdep) 
WRITE(*,lOO) h,dh,dAdep,dAdis 

100 FORMAT(X,'h=',G14.7,' dh=',G14.7,' dAdep=',G14.7, 
& ' dAdis=' ,G14.7) 

h = h+dh 
Iterating=(dh/h.GT.Tolerance) 

END DO 
· IntOrig=lntCurr 

CALL WriteMBF(MacBdryFile) 

FirstX=Moved(l,l) 
FirstY=Moved(l,2) 
LastX=Moved(NoOfMoved,1) 
Last Y =Moved(No0fMovcd,2) 

CALL ReMakeMesh(FileName( 1 :FiiLen),FirstX,FirstY, 
& LastX,LastY,.FALSE.) 

CALL WriteBND(l,FILENAME(l :FiiLen)//' .BND', 
& ElemStart,EiemEnd,NodeMap,Coords,Time*tstar) 

C-----------------------------
C The following IF-THEN block resets time constants for the 
C next anodic dissolution step. 

IF (PCRCounter.L T.NoOfPCR) THEN 
WRITE(*,*) 'Reversing Current! ' 
EndTime=Time+ BigdTime 
LastTime=.F ALSE. 
MaxTimeCounter=TimeCounter+BigdMaxTC 
CALL MakeMoved(EiemStart,ElemEnd,NodeMap,Coords) 

END IF 

END DO 
CALL WriteMesh(FileNamc( I :FiiLcn)//' .MSH') 

RETURN 
END 

C ******************************************************************* ReMakeMesh 

SUBROUTINE RcMakcMcsh(FilcName,X 1, Y 1,X2, Y2,Smooth) 

C Xl,Yl, and X2,Y2 arc the starting and ending points for the moved element 
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C of the macro mesh. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBPar.INC' 

CHARACTER*(*) FileName 
REAL*8 Xl,Yl,X2,Y2 
LOGICAL SaveKinetic/.TRUE./,Smooth 

C Alter macro info 

IF (CorLev) CALL ReadMac(FileName//' .MAC') 

MacVertX(l)=Xl 
MacVertY(I)=Yl 

MacVertX(2)=X2 
MacVertY(2)=Y2 

MacShape(l)='USR' 
CALL MakeNo(jeMap 
CALL· MakeMeshPts(SaveKinetic,Smooth) 

RETURN 
END 

C ******************************************************************* ReadlnsExt 

SUBROUTINE ReadlnsExt(BegPtX,BegPt Y ,EndPtX,EndPtY ,InsExt,FileName) 

LOGICAL InsExt 
REAL*8 BegPtX,BegPtY ,EndPtX,EndPtY 
CHARACTER*(*) FileName 
INTEGER FiiLen 

CALL StringLength(FileName,FiiLen) 
INQUIRE(FILE=FileName( I :Fi I Len)//' .EXT' ,EXIST=InsExt) 
IF (InsExt) THEN 

OPEN (UNIT= l,ALE:::FileName( I :FilLen)//' .EXT', 
& STATUS='OLD',FORM='FORMATTED') 

READ(l,*) BegPtX,BegPtY 
READ(l,*) EndPtX,EndPtY 
CLOSE(l) 

WRITE(* ,I 0) 
WRITE(* ,20) Filename(I: FiiLcn)//' .EXT' 
WRITE(*,30) BegPtX,BegPtY 
WRITE(* ,40) EndPtX,EndPtY 
WRITE(* ,50) 

END IF 
RETURN 

C The following comments document the extended insulator--report. 

C 123456789ai23456789bi23456789cl3456789di23456789el23456789 
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C ----------------------------------------------------------Insulator Extension 
C 123456789a123 
C >> Insulator extended beyond solution domain << 
C 123456789a123456789b1234 123456789a 
C Start: ( d.ddde+dd, d.ddde+dd) 
C Finish: ( d.ddde+dd, d.ddde+dd) 
C 123456789al23456789bl23456789cl23456789dl23456789el23456789fl23456789gl2345678 
c ----------------------------------------------------------------------------
10 
20 

FORMAT(X,59('*'),' Insulator Extension') 
FORMAT(X,13X,'>> Insulator Extended Beyond Solution Domain: ', 

& A,' <<') 
30 
40 .. 
50 

FORMA T(X,24X,' Start: (' ,G 1 0.3,',' ,G 10.3, ') ') 
FORMAT(X,23X,'Finish: (' ,G I 0.3,' ,' ,G 1 0.3,')') 
FORMA T(X, 78(' * ')) 

END 

C **********************·********************************************** SaveECBbc 

SUBROUTINE SaveECBbc 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBbc.INC' 
INCLUDE 'ECBbc2.INC' 

INTEGER I 

DO I=l,NoOfCoords 
BCValues2(l)=BCValues(I) 
So1Values2(I)=Sol Val ues(I) 
Natural2(I)=N atural(l) 

END DO 

RETURN 
END 

C ********************************************************************* SlopeVal 

REAL*8 FUNCTION SlopeVai(Nat,BCV,SoiV) 
LOGICAL Nat 
REAL*8 BCV,So!V 

IF (Nat) THEN 
SlopeVai=BCV 

ELSE 
SlopeVai=SoiV 

END IF 

RETURN 
END 

C ********************************************************************* TimeLoop 

SUBROUTINE TimeLoop(FileName) 

C The subroutine performs the Time Iteration Loop 
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INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE :ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMOVE.INC' 
INCLUDE 'ECBTIME.INC' 

CHARACTER*(*) FileName 

INTEGER ElemS tart,ElemEnd,Elem,Loc,I,FilLen 
LOGICAL BdryFileExist 
REAL*8 FirstX,FirstY,LastX,LastY 
REAL*8 MaxdXdN,MindXdN 

CALL StringLength(FileNarne,FilLen) 

DO WHILE(.NOT.LastTirne) 

IF (CorLev) THEN 

C --------------------~------~---------- Compute the concentration distribution 
C Set up for DifEq A 

D WRITE(*,*) 'Solving Differential Equation A--Concentration' 
CALL Bern 

C Save what we need from Dif Eq A for Dif Eq B 

CALL SaveECBbc 
END IF 

C ------------------------------------------- Compute the current distribution 
C Set up for Dif Eq B 

C Read the macro file for part B of the problem (the part that computes the 
C current distribution) 

IF (CorLev) THEN 

CALL ReadMac(FileName( 1: FiiLen)//'B.MAC') 

C Read .the mesh file for part B. 

CALL ReadMesh(Filcnarne(l :FiiLen)//'B.MSH') 
D WRITE(*,*) 'Solving Differential Equation B--Potential' 

ELSE 

D WRITE(*,*) :Solving Differential Equation----Potential' 

END IF. 

C Solve current distribution problem 
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CALL Bern 

C ----------------------------------------------------------- Boundary Movement 

C Moving boundary is always the first macro element. 

C (Note: NoOfMicElems(l) is the number of microelements on the moving part 
C of the boundary. The program assumes that parts A & B have the same moving 
C part of the boundary, with identical discretization.) 

ElemStart=l 
ElemEnd=NoOfMicElems( 1) 

C Store coordinates in mesh into temporary storage (Moved), then compute 
C the normal to every point on the surface (Nx), and current density at those 
C points (dXdN) 

C---------------------------------------
C The following CALL stores the moving boundary into a temporary location, 
C array Moved. 

CALL MakeMoved(ElemStart,ElemEnd,NodeMap,Coords) 
C Moved;l · 
D CALL WriteMoved 

C-"-------------------------------------
C The following CALL computes the 'current density' at each point of the moving 
C boundary; the result is stored in matrix dXdN. 

CALL MakedXdN(ElemStart,ElemEnd) 

C The maximum motion of the boundary determines the maximum allowable time 
C step. For the time step, we choose the minimum of desired time step, and 
C the largest time step allowed by the maximum current density on the boundary. 

CALL VecExtremaDP(dXdN ,NoOfMoved,MaxdXdN ,MindXdN) 
MaxdXdN=MAX(ABS(MaxdXdN),ABS(MindXdN)) 

MotdTime=DesdX/MaxdXdN 
dTime=MIN(DesdTime,MotdTime) 

IF (dTime.LE.O) THEN 
WRITE(*,*) 'Error: dTime < 0.0!' 
STOP 'In Program :ECBM' 

END IF 

C---------------------------------------
C The following IF-THEN-ELSE block determines if this is the last time we 
C run the Time-Iteration Loop 

IF (Time+dTime.GT.EndTime) THEN 
dTime=EndTime-Time 
LastTime=.TRUE. 

ELSE 
LastTime=.F ALS E. 

END IF 

IF (TimeCountcr.GT.MaxTimcCountcr) LastTime=.TRUE. 
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C---------------·-----------------------
C The following CALL computes the 'normal' at each point of the moving 
C boundary; the result is stored in matrix Nx. 

CALL ComputeNx(EiemEfld-EI~mStart+l) 

c --- -- -. - -- -- -------------------------·- -
C Move the points. 

CALL Move(dTime) 
C Moved;2 
D CALL WriteMoved 

C---------------------------------------
C Store coordinates not being moved in Ins 

CALL Makelns(EiemStart,EieinEnd,NodeMap,Coords,NoOfEiems, 
& Filename) 

C---------------------------------------
C Search for intersections, and recompute moved boundary w/o intersections 

CALL RemoveLoclntersects 
C Moved;3 
D CALL WriteMoved 

c CALL RemoveBdrylntcrsects 
cC Moved;4 
cD CALL WriteMovcd 

CALL Removelnslntersects 
C Moved;5 
D CALL WriteMoved 

C---------------------------------------
C Save moved nodes for generating new mesh 

INQUIRE(FILE=MacBdryFilc.EXIST=BdryFileExist) 
IF (BdryFileExist) THEN 

OPEN (UNIT= l,FILE=MacBdryFile,STA TUS='OLD' ,FORM='FORMATTED') 
ELSE 

OPEN (UNIT= l,FILE=MacBdryFile,ST A TUS='NEW' ,FORM='FORMA TTED') 
WRITE(*,*) 'Warning: Moving boundary must have shape type USER' 
STOP 'ECBM: Abnormal End' 

END IF 

WRITE(!,*) NoOfMovcd 
DO I= l,NoOfMoved 

WRITE( 1, *) Moved(I,l ),Moved(l;2) 
END DO 
CLOSE(l) 

FirstX=Moved(l,l) 
First Y =Moved(l,2) 
LastX=Movcd(NoOfMovcd, I) 
Last Y =Movcd(NoOfMovcd,2) 
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C----;,·---------------------------------
C Next, use the current distribution to compute the boundary movement 

Time=Time+dTime 
TimeCounter= Timecounter+ 1 

IF (.NOT.PerRev) THEN 
WRITE(* ,20) TimeCounter,Time*tstar 

20 FORMAT(X,'Boundary ;',14,' corresponds to time=',Gl4.7,' sees') 
END IF 

WRITE(3, *) Time*tstar ,Moved(No0fMoved,2)-Moved{l ,2) 

C---------------------------------------
C The following calls recompute the mesh based on the new boundary 

IF (CorLev) THEN 
CALL ReMakeMesh(FileName(l :Fi!Len)//'B ',FirstX,FirstY, 

& LastX,LastY,.TRUE.) 
CALL WriteMesh(FileName(l :Fi!Len)//'B.MSH') 

CALL ReMakeMesh(FileName(l :Fi!Len)//' A' ,FirstX,First Y, 
& LastX,LastY,.TRUE.) 

CALL WriteMesh(FileName( 1 :Fi!Len)//' A.MSH') 
ELSE 

CALL ReMakeMesh(FileName(1 :Fi!Len),FirstX,FirstY, 
& LastX,LastY,.TRUE.) 

CALL WriteMesh(FileName(l :Fi!Len)//' .MSH') 
END IF 

IF (.NOT.PerRev) THEN 
. CALL WriteBND(l,FILENAME(l :Fi!Len)//' .BND', 

& ElemStart,ElemEnd,NodcMap,Coords,Time*tstar) 
END IF 

END DO 

IF (PerRev) THEN 
CALL WritcBND(l ,FILENAME( 1 :Fi!Len)/ /' .BND', 

& ElemStart,EiemEnd,NodeMap,Coords,Time*tstar) 
WRITE(*,*) FILENAME(l:Fi!Len)//'.BND',' written for ',Time*tstar 

END IF 

RETURN 
END 

C ******************************************************************* WriteArray 

SUBROUTINE WriteArray(NoOfEiem,Array) 

REAL *8 Array(*) 
INTEGER NoOfElem,I 

OPEN (UNIT= 1 ,FILE=' ARRAY .DA T' ,STATUS= 'NEW' ,FORM='FORMA TTED') 
WRITE(!,*) NoOfEiem. 

DO I= 1 ,NoOfEiem 
WRITE(!,*) I,Array(l) 
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END DO 

CLOSE( I) 

RETURN 
END 

C ********************************************************************* VVriteBND 

SUBROUTINE VVriteBND(LunO,Name,ElemStart,ElemEnd,NodeMap,Coords, 
& Time) 

INCLUDE 'ECBHdr.INC' 
REAL *8 Coords(MaxNoOfCoords,MaxNoOfDim),Time 
INTEGER NoOfOrig.LunO,I,K,NodeMap(MaxNoOfCoords,MaxBasisDeg+I) 
INTEGER Elem,Loc,ElemStart,ElemEnd 
CHARACTER*(*) Name 

IF (.NOT.((LunO.EQ.6).0R.(LunO.EQ.5))) THEN 
OPEN(UNIT=LunO,FILE=Name,FORM= 'FORMATTED' ,ST A TUS='NEVV') 

END IF 

'W,RITE(LunO, *) (ElemEnd-ElemStart+ I )*BasisDeg+ I 
DO Elem=ElemStart,ElemEnd 

DO Loe= I ,BasisDeg 
VVRITE(LunO,*) (Coords(NodeMap(Elem.Loc),K),K=I,NoOfDim) 

END DO 
END DO 
\VRITE(LunO, *) (Coords(NodeMap(ElemEnd,BasisDeg+ 1 ),K),K=l ,NoOfDim) 
\VRITE(LunO, *) Time 
IF (.NOT.((LunO.EQ.6).0R.(LunO.EQ.5))) THEN 

CLOSE(LunO) 
END IF 

RETURN 
END 

C ********************************************************************* VVriteMBF 

SUBROUTINE VVriteMBF(MacBdryFile) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMoveJNC' 

CHARACtER*(*) MacBdryFile 
INTEGER I 
LOGICAL BdryFileExist 

C Save moved nodes for generating new mesh 

INQUIRE(FILE=MacBdryFile,EXIST=BdryFilcExist) 
IF (BdryFilcExist) THEN 

OPEN (UNIT= 1 ,FILE=MacBdryFilc,ST A TUS='OLD' ,FORM='FORMA TTED') 
ELSE 

OPEN (UNIT= 1 ,FILE=MacBdryFilc,ST A TUS='NEW' ,FORM='FORMA TTED') 
WRITE(*,*) 'Warning: Moving boundary must have shape type USER' 
STOP 'ECBM: (Subroutine WritcMBF) Abnormal End' 

ENDIF -
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WRITE(l,*) NoOtMoved 
po I= 1 ,NoOtMoved 

WRITE(l,*) Moved(I,l),Moved(l,2) 
END DO 
CLOSE(l) 

RETURN 
END 

C ******************************************************************* VVriteMoved 

c * 

SUBROUTINE VVriteMoved 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER I 

OPEN (UNIT= 1 ,FILE=' MOVED.DA T' ,ST A TUS='NEVV' ;FORM='FORMA TTED') 

WRITE(l,*) NoOtMoved 
DO I=l.NoOfMoved 

WRITE(l,*) Moved(I,l),Moved(l,2) 
END DO 

CLOSE( I) 
RETURN 
END 
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PROGRAM ECBINT 

C This program will be used to compute potential at internal points, 
C after a current distribution problem has been solved. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 

INTEGER Length 
CHARACTER*80 File/'ECB'/ 

CALL Titles 
CALL EditCh('Filename? (No extension)' ,File) 
CALL StringLength(File,Length) 

CALL ReadPar(FILE( 1 :Length)//' .PAR') 
CALL ReadMesh(FILE(l:Length)/1' .Msh') 

CALL GauLeg(NoOfGaussPts,GaussPts,GaussWts) 
NoOfGauLogPts=NoOfGaussPts 
CALL GauLog(NoOfGauLogPts,GauLogPts,GauLogWts) 

CALL Readlnt(File(1 :Length)//' .INT') 
CALL Computelnt . 
CALL Writelnt(File(1:Length)//' .INT') 

STOP 'ECB: Normal Completion' 
END 

C *********************************************************************** Titles 

SUBROUTINE Titles 

WRITE{*,*) ' PROGRAM: ECBINT 10/20/89' 
WRITE(*,*) 'Written by: Ken Jordan Version 1' 
WRITE(*,*)' ' 
WRITE(*,*) 'This program reads input from the data files' 
WRITE(*,*) '*.PAR, *.MSH, and *.INT; generates output files' 
WRITE(*,*) '* .INT' 
WRITE(*,*)' ' 
WRITE(*,*) 'This program solves for the potentialat the internal' 
WRITE(*,*) 'points specified in the * .INT input files.' 
WRITE(*,*) ' ' 

RETURN 
END 
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PROGRAM ECBPiot 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBEim.INC' 
INCLUDE 'ECBINT.INC' 
INCLUDE '[KJ .OAT A]PLOTLABL.INC' 
INCLUDE 'ECBPAR.INC' 

CHARACTER*80 FileName 
CHARACTER*l SubProb 
INTEGER S tart,End,FLen 
LOGICAL IntFile 

CALL GetFileName(FileName,FLen) 

C Read and process the data for later use. 

CALL ReadPar(FileName(l :FLen)//' .PAR') 
IF (CorLev) THEN 

DO WHILE ((SubProb.NE.' A').AND.(SubProb.NE.'B')) 
CALL Chlnp('Sub Problem A or B? (A or B)?' ,SubProb) 

END DO 
FileName(FLen+ 1: )=S ubProb 
FLen=FLen+l 

END IF 

CALL ReadMac(FilcName(l :FLen)//' .MAC') 
CALL ReadMesh(FileName(l:FLen)//'.MSH') 
CALL ReadSrc(FileName(l :FLen)/1' .SRC') 

INQUIRE(FILE=FileName(l :FLen)//' .INT' ,EXIST=Intfile) 
IF (Intfile) THEN 

CALL Readlnt(FileName( 1 :FLen)/1' .INT') 
END IF 

C Put Source Points into a plottable file 

CALL PlotSrc 

C Put Node Points into a plottable file 

CALL PlotNod 

C Read, Process & Plot internal points 

IF (lntFile) CALL Processlnt 

C Process set and solved for values. 

CALL MeshRcport 

CALL StartEnd(Start,End) 

IF (Start.GT.O) CALL ProcessSoiSct(Start,End) 
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C Tell user where plotted data is. 

WRITE(*,*) ' ' 
WRITE(*,*) ' ECBPLOT.NOD 
WRITE(*,*) ' ECBPLOT.SRC 
WRITE(*,*)' ' 

STOP 'ECBPlot: Normal End' 
END 

Node Points (x,y)' 
Source Points (x,y)' 

C ****************************************************************** GetFileName 

SUBROUTINE GetFileName(FileNameYLen) 

C Get filename, 

CHARACTER*(*) FileName 
LOGICAL FileExist 
INTEGER FLen 

FileExist=.F ALSE. 
DO WHILE(.NOT.FileExist) 

CALL EditCh('Enter Problem Name?' ,FileName) 
CALL StringLength(FileName,FLen) 
IF (FLen.LE.O) STOP 'ECBPlot (GetFileName): No name Entered' 
INQUIRE(FILE=FileName(l :FLen)//' .PAR' ,EXIST=FileExist) 
IF (.NOT.FileExist) THEN 

WRITE(*,*) 'Error: File '//FileName(l:FLen)//'.PAR ' 
WRITE(*,*) ' doesn"t exist' · 

END IF 
END DO 

RETURN 
END 

C ******************************************************************* ~eshReport 

SUBROUTINE ~eshReport 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECB~sh.INC' 
INCLUDE 'ECB~ac.INC' 

WRITE(*,*) ' ' 
WRITE(*,*) ' Preparing to Plot BC and Solution Values' 
WRITE(*,*) ' ' 

WRITE(*,*) ·~inimum Element Number=' ,1 
WRITE(*,*) ·~aximum Element Number=' ,NoOfElems 

RETURN 
END 

C ********************************************************************** Plotlnt 

SUBROUTINE Plotlnt(Pot,Con) 

INCLUDE 'ECBHDR.INc' 
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INCLUDE 'ECBINT.INC' 

INTEGER J ,K,Loc,NoOfPts,I,Con 
LOGICAL Between 
REAL PtsX(MaxNoOfCoords),Pts Y (MaxNoOfCoords) 
REAL*S XPt,YPt,Pot 
CHARACTER*3 Ext(10)/'CN1' ,'CN2' ,'CN3' ,'CN4' ,'CN5' ,'CN6', 'CN7', 

& 'CNS' ,'CN9' ,'CNA'/ 

WRITE(*,*) 'Plotting Internal Points ',Pot 

NoOfPts=O 
DO J=1,NoOfSpines 

DO K= 1 ,IntPerSpine-1 
Loc=(J-1)*IntPerSpine+K 

Between= (( (IntemalPot(Loc).LE.Pot) .AND. 
& (Pot.LE.Intema1Pot(Loc+1))) .OR. 
& ( (Intema!Pot(Loc).GE.Pot) .AND. 
& (Pot.GE.Intema!Pot(Loc+ 1)) )) 

IF (Between) THEN 
NoOfPts=NoOfPts+ 1 
CALL Interpld(Intema!Pot(Loc),IntemaiPts(Loc,l), 

& IntemalPot(Loc+ I ),Intema!Pts(Loc+ I, 1), 
& Pot,XPt) . 

PtsX(NoOfPts)=XPt 

CALL Interpid(IntemaiPot(Loc),IntemaiPts(Loc,2), 
& IntemalPot(Loc+ I ),Intema!Pts(Loc+ 1,2), 
& Pot,YPt) 

Pts Y (NoOfPts)= YPt 
,/ WRITE(*,IO) XPt,YPt 

10 FORMAT(X,IOX,G12.4,2X,Gl2.4) 
END IF 

END DO 
END DO 

IF (NoOfPts.GT.O) THEN 
OPEN (UNIT= I ,FILE= 'ECBPLOT. '//EXT(Con), 

& STATUS='NEW',FORM='FORMATTED') 
WRITE(!,*) NoOfPts, Pot,',"Potential'" 
DO I= I ,NoOfPts 

WRITE(l,*) PtsX(I),PtsY(I) 
END DO 
CLOSE (I) 

END IF 

RETURN 
END 

C ********************************************************************** PlotNod 

SUBROUTINE PlotNod 

INTEGER I 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC'. 
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OPEN(UNIT=l ,FlLE='ECBPLOT.NOD' ,STATUS='NEW' ,FORM='FORMA TIED') 
WRITE(l,*) NoOfCoords 
DO l=l,NoOfCoords 

WRITE(!,*) Coords(I,l),Coords(I,2) 
END DO 
CLOSE( I) 

RETURN 
END 

C ******************************************************************* PlotSoiSet 

SUBROUTINE ·PlotSoiSet(NoOfSC,TotDist,Dist,BCPts Y ,SolPts Y) 

INTEGER NoOfSC,J 
INCLUDE 'ECBHdr.INC' 
REAL Dist(MaxNoOfCoords),BCPtsY(MaxNoOfCoords), 

& SoiPtsY(MaxNoOfCoords) 
REAL *8 TotDist 

OPEN (UNIT= 1 ,FILE='ECBPLOT.SOL' ,ST A TUS='NEW' ,FORM= 'FORMA TIED') 
OPEN (UNIT=2,FILE= 'ECBPLOT.SET' ,STATUS= 'NEW' ,FORM='FORMA TIED') 

WRITE(!,*) NoOfSC 
WRITE(2,*) NoOfSC 

DO J=l,NoOfSC 
WRITE( 1, *) Dist(J)ffotDist,SoiPts Y (J) 
WRITE(2,*) Dist(J)(fotDist,BCPtsY(J) 

END DO 

CLOSE(!) 
CLOSE(2) 

RETURN 
END 

C *******************~************************************************** PlotSrc 

SUBROUTINE PlotSrc 

INTEGER I 
INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBSRC.INC' 

_ C Put Source Points into a plottable file 

OPEN (UNIT= l,FILE='ECBPLOT.SRC' ,STA TUS='NEW' ,FORM='FORMA TIED') 
WRITE(!,*) NoOfSrc 
DO l=l,NoOfSrc 

WRITE(l,*) Src(I,l),Src(I,2) 
END DO 
CLOSE( I) 

RETURN 
END 

C ***********************************************.******************* ProcessData 
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SUBROUTINE ProcessData(I,Elem,Loc,lntegrandX,Integrand,TotDist,Dist, 
& BCPtsY,SolPtsY) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBElm.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBBC.INC' 

INTEGER I,Elem,Loc 
REAL Dist(MaxNoOfCoords),BCPtsY(MaxNoOfCoords), 

& SolPtsY(MaxNoOfCoords) 
REAL *8 TotDist 
REAL *8 Integrand(MaxNoOfCoords),IntegrandX(MaxNoOfCoords) 

IntegrandX(I)=TotDist 
IF (ElemNat(Elem)) THEN 

Integrand(I)=BCValues(NodeMap(Elem,Loc)) 
ELSE 

Integrand(I)=SolValues(NodeMap(Elem,Loc )) 
END IF 
IF (Axisymmetric) Integrand(l)=lntegrand(I)*ElemR(l ,Loc) 

SolPts Y (I)=SolValues(NodeMap(Elem,Loc)) 

Dist(I)=TotDist 
BCPtsY(I)=BCValues(NodeMap(Elem,Loc)) 

RETURN 
END 

C ******************************************************************* Processlnt 

SUBROUTINE Processlnt 

INTEGER NoOfPot,I 
INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBINT.INC' 

REAL *8 Pot,PotMax,PotMin 

C Read, Process & Plot internal points 

CALL MatExtremaDP(IntemalPot,NoOflntemal,PotMax,PotMin) 

OPEN(UNIT=3,FILE='POT.INT' ,STA TUS='OLD' ,FORM='FORMA TTED') 
READ(3,*) NoOfPot 
DO I= 1 ,NoOfPot 

READ(3,*) Pot 
CALL Plotlnt(Pot,I) 

END DO 
CLOSE(3), 

RETURN 
END 

C **************************************************************** ProcessSolSet 
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SUBROUTINE ProcessSolSet(Start,End) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBElm.INC' 

INTEGER I,Start,End,Elem,Loc 
REAL Dist(MaxNoOfCoords),BCPtsY(MaxNoOfCoords), 

& SolPtsY(MaxNoOfCoords) 
REAL *8 TotDist,Seg 
REAL *8 Integrand(MaxNoOfCoords),lntegrandX(MaxNoOfCoords) 
REAL *8 Break(MaxNoOfCoords),CSCoef( 4,MaxNo0fCoords) 

REAL *8 DCSITG 
EXTERNAL DCSITG 

TotDist=O.O 

1=1 
DO Elem=Start,End 

CALL GetElemR(Elem) 

DO Loc=l,BasisDeg 

Seg=SQRT((ElemR(1,Loc+l)-ElemR(1,Loc))**2+ 
& (ElemR(2,Loc+1)-ElemR(2,Loc))**2) 

CALL Process Data(! ,Elem ,Loc ,IntegrandX,In te grand, TotDist,Dist, 
& BCPtsY,SolPtsY) -

TotDist=TotDist+Seg _ 
1=1+1 

END DO 

END DO 

CALL ProcessData(I,End,BasisDeg+ 1 ,IntegrandX,Integrand, 
& TotDist,Dist,BCPtsY,SolPtsY) 

C Store Data in Plot Files 

CALL PlotSolSet(I,TotDist,Dist,BCPtsY,SolPtsY) 

C Carry out integration 

CALL DCSAKM(I,integrandx,Integrand,Break,CSCoef) 
WRITE(*,*) '1/Integral=', l/DCSITG(O.O,TotDist,I-1 ,Break,CSCoef) 

WRITE(*,*)' ' 
WRITE(*,*) ' ECBPLOT.SOL , 

& 'Solution Values, Relative TotDistancc' 
- WRITE(*,*) ' ECBPLOT.SET ', 

& 'Proscribed Values, Relative TotDistance' 
WRITE(*,*) ' ' --

RETURN 
END 
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C ********************************************************************* StutEnd 

SUBROUTINE StutEnd(Start,End) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBMsh.INC' 
INTEGER Start.End,T 

C Get the Start and End Element 

c * 

CALL Editi('Starting Elem Number? (<=0 to quit)' ,Start) 
IF (Start.GT.O) THEN 

CALL Editi('Ending Elem Number?' ,End) 

IF (Start.GT.End) THEN 
T=Start 
Start= End 
End=T 

END IF 

Start=MAX(l,Start) 
Start=MIN(NoOtEiems,Start) 

End=MIN(End,NoOtEiems) 
End=MAX(End,l) 

ELSE 
End=O 

END IF 

RETURN 
END 
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C File: ECBSUBS.FOR 

C Boundary Movement subroutines. 

C ~·REAL*8 FUNCTION CrossProduct2D(Ax,Ay,Bx,By) 
C REAL*8 FUNCTION DotProduct(Ax,Ay,Az,Bx,By,Bz) 
C REAL*8 FUNCTION GeomSeries(Ratio,NoOITerms) 
C LOGICAL FUNCTION MacNat(BCType) 

c 
c 
c 
c 
cglobal 
c 
c 
cglobal 
c 
c 
c 
c 
c 
c 
cglobal 
cglobal 
cglobal 
c 
c 
c 
cglobal 
cglobal 
c 
c 
cglobal 
cglobal 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

SUBROUTINE AddOne(NoOfM,M,X, Y) 
SUBROUTINE ChklsoPara(Mac) 
SUBROUTINE ChklsoParaErr(Dim,Mic,MajorError) 
SUBROUTINE ComputeBdry(Moved,NoOfMoved, 
SUBROUTINE ComputeNx(Moved,NoOfElems,Nx) 
SUBROUTINE ComputePrevElem(Elem,PrevElems) 
SUBROUTINE ComputcRelativeSpacing(... . 
SUBROUTINE CopyPoint(Coord,Orig,NoOfMoved,Moved) 
SUBROUTINE CopyPoint2(Coord,Orig,NoOIMoved,Moved) 
SUBROUTINE Locatelntersects(Sign,NoOfMoved,Moved, 
SUBROUTINE MakcCoord(X,Y,MicNod,MacElm,SaveKinetic) 
SUBROUTINE MakeElemBC 
SUBROUTINE MakeMacElem(Mac,SaveKinetic,Smooth) 
SUBROUTINE MakeMeshPts(SaveKinetic,Smooth) 
SUBROUTINE MakeMoved(ElemStart,ElemEnd,NodeMap,Orig, 
SUBROUTINE MakeNodeMap 
SUBROUTINE Move(NoOfMoved,Moved,dXdN ,Nx,dt) 
SUBROUTINE ObtAngAtBdryBeg(Ins,NoOflns, .. . 
SUBROUTINE ObtAngAtBdryEnd(Ins,NoOflns, .. . 
SUBROUTINE ObtAngErr· 
SUBROUTINE ReadMac(FileName) 
SUBROUTINE RcmoveBdrylntersccts(NoOfMoved,Moved) 
SUBROUTINE RemoveBdryAfter(NoOfMoved,Moved,I,Xlnt,Ylnt) 
SUBROUTINE RcmoveBdryBefore(NoOIMoved,Moved,I,Xlnt, Ylnt) 
SUBROUTINE Rcmovelnsintersects(Orig,Ins,NoOfins, 
SUBROUTINE RemovcLocintcrsects(NoOfMoved,Moved) 

SUBROUTINE ShpCir(MacElm,SaveKinetic) 
SUBROUTINE ShpFiat(MacElm,SaveKinetic) 
SUBROUTINE ShpFiatHiPt(MacElm ,Max Y) 
SUBROUTINE ShpLine(MacEim,SaveKinetic) 
SUBROUTINE ShpPrev(MacElm,SaveKinetic) 
SUBROUTINE ShpSine(MacElm,SaveKinctic) 
SUBROUTINE ShpTRNS(MacElm,SaveKinetic) 
SUBROUTINE ShpUscr(MacElm,SavcKinctic,Smooth) 

SUBROUTINE WriteMac(FilcName) 
SUBROUTINE XY2T(X,Y,T) 

C Read/Write subroutines 

c SUBROUTINE ErrorFilcname(Filcname,RoutineName) 
c SUBROUTINE ErrorV crsion(Version,FileName,RoutineName) 
c SUBROUTINE ReadCal(FilcName) 
c SUBROUTINE ReadMcsh(FilcNamc) 
c SUBROUTINE RcadPar(FilcName) 
c SUBROUTINE ReadSrc(FilcName) 
c SUBROUTINE WritcCal(FileName) 
c SUBROUTINE WritcMcsh(FilcName) 
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c SUBROUTINE WriteSrc(FileName) 

C Boundary Element Routines. 

c SUBROUTINE AssembleAC 
c SUBROUTINE AssembleGH 
c SUBROUTINE Integrate(Nodes) 

C Kinetic Boundary Condition routines for BEM methOd. 

c SUBROUTINE NewtonRaphson(NoOfdBCValues,dBGV alues,MagDift) 
c SUBROUTINE UpdateBCValues(dBCValues) 
c SUBROUTINE ECBKinctics(KinTyp,Slope,Pot,Coord) 
c SUBROUTINE Kinetics(Slope,Pot,Elem,X,Y) 

C Miscellaneous 1/0 routines for BEM. 

c SUBROUTINE GetElemR(Elem) 
c SUBROUTINE GetSrcPoint(Source) 
c SUBROUTINE TestForSingularity(Singularity) 
c SUBROUTINE Print.Mesh(Lun) 
c SUBROUTINE PrintPar 
c SUBROUTINE PrintSrc(Lun) 

C ****************************************************************** AcuteAngles 

SUBROUTINE AcuteAngles 

_c The following subroutine determine if the angles between the moving . 
C boundary and the insulator on either side are acute. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

REAL*8 NCross 

C External Functions 

· REAL *8 CrossProduct2D 
EXTERNAL CrossProduct2D 

D WRITE(* ,10) 'Moved' ,Moved(l,1),Moved(l,2),1 
D WRITE(*, 10) 'Ins First' ,Ins(First, 1 ),Ins(First,2),First 
D - WRITE(*, 1 0) 'Ins Second' ,Ins(Sccond, 1),Ins(Second,2),Second 
D WRITE(*,*) ' ' 
D WRITE(* ,10) 'Ins NxtLst',Ins(NextToLAst,1),Ins(NextToLast,2), 
D & NextToLast 
D WRITE(*, 10) 'Ins Last' ,Ins(Last, 1),Ins(Last,2),Last 
D WRITE(* ,10) 'Moved' ,Moved(No01Moved,1),Moved(No01Moved,2), 
D & NoOIMoved 
10 FORMAT(X,A15,G10.3,2X,G10.3,:,2X,I4) 

C The following lines check the beginning of the moving boundary 

NCross=CrossProduct2D(Moved( 1, 1)-Ins(First, 1 ), 
& Moved( I ,2)-Ins(First,2), 
& Ins(Second, 1 )- Ins(First, 1), 
& Ins(Second,2)-Ins(First,2)) 
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D IF (StaRev) THEN 
D WRITE(*,*) 'Bdry Start Moving Backwards' 
D ELSE 
D WRITE(*,*) 'Bdry Start Moving Forwards' 
D END IF 

D WRITE(*,*) 'Cross Product=' ,NCross 
AcuteAngleBefore=(((NCross.GT.O.O).AND.(StaRev)).OR. 

& ((NCross.LT.O.O).AND.(.NOT.StaRev))) 

NoAngleBefore=(NCross;EQ.O.O) 

D IF (AcuteAnglcBcfore) THEN 
D WRITE(*,*) 'At Moving Bdry Start: Acute Angle' 
D ELSE 
D WRITE(*,*) 'At Moving Bdry Start: Obtuse Angle' 

'D END IF 

C The following lines determine if the angle between the end of the boundary 
C and the insulator is acute. 

D WRITE(*,*) ' ' 
NCrosS=CrossProduct2D(Moved(NoOfMoved, 1 )-Ins(Last, 1 ), 

& Moved(No0fMoved,2)-Ins(Last,2), 
& Ins(NextToLast,1 )-Ins(Last, 1 ), 
& Ins(NextToLast,2)-Ins(Last,2)) 

D IF (EndRcv) THEN 
D WRITE(*,*) 'Bdry End Moving13ackwards' 
D ELSE 
D WRITE(*,*) 'Bdry End Moving Forwards' 
D ENDIF -

D WRITE(*,*) 'Cross Product=' ,NCross 

AcutcAngleAftcr=(((NCross.GT.O.O).AND.(.NOT.EndRev)).OR. 
& ((NCross.L T.O.O).AND.(EndRev))) 

NoAngleAftcr=(NCross.EQ.O.O) 

D IF (AcuteAnglcAftcr) THEN 
D WRITE(*,*) ' At Moving Bdry End: Acute Angle' 
D ELSE 
D WRITE{*,*) ' At Moving Bdry End:-Obtuse Angle' 
D END IF 

RETURN 
.END 

C ***************"******************************************************** AddOne 

SUBROUTINE AddOnc(NoOfM,M,X, Y) 

C This subroutine adds the coordinates x,y to the list of coordinates 
C stored in M. 

INTEGER NoOfM 
R.EAL*8 X,Y 
INCLUDE 'ECBHdr.INC'. 
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REAL *8 M(MaxNoOfCoords,MaxNoOIDim) 

NoOfM=NoOtM+ 1 
M(NoOtM,l)=X 
M(No0tM,2)=Y 

RETURN 
END 

C ******************************************************************* AssembleAC 

SUBROUTINE AssembleAC 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBBC.INC' 

INTEGER Row,Col,Elem,LastCol 
REAL*8 Temp 

C Re-arrange matrices G and H so that G will multiply the vector of unknowns. 
C Before this subroutine is executed, G multiplies 
C the natural conditions, so we must exchange the Column with its counterpart 
C in H. After this routine is executed, G multiplies the unknowns; H, the 
C knowns. 

DO Col= 1 ,NoOfCoords 
IF (Natural(Col)) THEN 

DO Row= 1 ,NoOfCoords 
Temp = BemH(Row ,Col) 
BemH(Ro~.Col)= -BemG(Row,Col) 
BemG(Row,Col)= -Temp 

END DO 
END IF 

END DO 

RETURN 
END 

C ******************************************************************* AssembleGH 

SUBROUTINE AssembleGH 

C This subroutine 
C 1) formulates G (stored in BemG) 
C 2) formulates H (stored in BEMH) 
C Note: the following is set up for 2nd order basis functions 

C Common Variables 

INCLUDE 'ECBPar.INc' 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECBG.INC' 
INCLUDE 'ECBCai.INC' 
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C Internal Variables 

INTEGER Elem,Row ,Col,Loc 
INCLUDE 'EcbEim.INC' 
REAL*8 Sum 

C Clear the BemG and BemH Matrices 

CALL MatZeroDP(MaxNoOfCoords,NoOfCoords,NoOfCoords,BemG) 
CALL MatZeroDP(MaxNoOfCoords,NoOfCoords,NoOfCoords,BemH) 

C The following DO-Loop performs the integration by Element, computing 
C the components of .the G and H matrices 

DO Elern= 1 ,N oOfElems 
CALL Preplnt(Eiem) 
CALL Integrate(Eiem) 

END DO 

C Obtain diagonal clements of H. 

DO Row= 1 ,NoOfCoords 
BEMH(Row,Row)=O.O 
Sum=O.O 
DO Col= 1 ,NoOfCoords 

S um=S um+BEMH(Row ,Col) 
END DO 
BemH(Row ,Rqw)=-Sum 

END DO 

RETURN 
END 

C *********************************************************************** tlxi2B3 

REAL *8 FUNCTION Axi2B3(GaussPt) 

C For an Axisymmetric Problem, with 2nd Order basis functions, 
C this function returns the bounded portion of the integrand for 
C loc=3 

_INCLUDE 'ECBHDR.INC' 
REAL*8 GaussPt 

REAL *8 Dcn,A,B,UstarB,KB,RBig,Eta 
REAL *8 R(MaxNoOfDim); IsoJacob 
REAL*8 Phi(MaxBasisDeg+ 1) 

C From Common ElcmR 

.Eta= 1-GaussPt 
CALL AxiSub(Eta,3,A,B,Den,R,IsoJacob,Phi,RBig) 

KB=A+B*LOG(Dcn)-B*LOG(RBig) 
UStarB=2* KB/SQRT(Dcn) , 
Axi2B3 = UStarB*IsoJacob*r(1)*Phi(3). 

RETURN 
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END 

C *********************************************************************** Axi2B2 

REAL *8 FUNCTION Axi2B2(GaussPt) 

C For an Axisymmetric Problem, with 2nd Order basis functions, 
C this function returns the bounded portion of the integrand 
C for loc=2 

REAL *8 GaussPt,Eta 

INCLUDE 'ECBHDR.INC' 
REAL *8 Den,A,B,UstarB,KB,RBig 
REAL *8 R(MaxNoOfDim), IsoJacob 
REA!-*8 Phi(MaxBasisDeg+ 1) 

C From Common ElcmR 

Eta=( 1.0-GaussPt)/2.0 
CALL AxiSub(Eta,2,A,B,Den,R,IsoJacob,Phi,RBig) 

KB=A+B*LOG(Den)-B*LOG(RBig) 
UStarB=KB/SQRT(Den) 
Axi2B2 = UStarB*IsoJacob*r(l)*Phi(2) 

Eta=(1.0+GaussPt)/2.0 
CALL AxiSub(Eta,2,A,B,Den,IUsoJacob,Phi,RBig) 

KB=A+B*LOG(Den)-B*LOG(RBig) 
UStarB=KB/SQRT(Dcn) 
Axi2B2 = Axi2B2 + UStarB*IsoJacob*r(l)*Phi(2) 

RETURN 
END 

C *********************************************************************** Axi2B1 

REAL *8 FUNCTION Axi2B 1 (GaussPt) 

C For an AxisymmeLric Problem, with 2nd Order basis functions, 
C this function returns the bounded portion of the integrand for 
C loc=l 

REAL *8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL*8 Dcn,A,B,UstarB,KB,RBig 
REAL *8 R(MaxNoOfDim), IsoJacob 
REAL*8 Phi(MaxBasisDeg+1) 

C From Common ElcmR 

CALL AxiSub(GaussPt, l,A,B,Den,R,IsoJacob,Phi,RBig) 

KB=A+B*LOG(Den)-B*LOG(RBig) 
UStarB=2* KB/SQRT(Dcn) 
Axi2B 1 = UStarB*IsoJacob*r(l)*Phi(l) 
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RETURN 
END 

C *********************************************************************** Axi2U3 

REAL *8 FUNCTION Axi2U3(GaussPt) 

C For an Axisymmetric Problem, wilh 2nd Order basis functions, 
C lhis function rcttirns the unbounded portion of the integrand for 
C loc=3 (Note: lhe unbounded LN(I/GaussPt) term is NOT included. This 
C is accounted for in the integration routine points and weights) 

REAL *8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL *8 Den,A,B,UstarU ,KU,RBig,Eta 
REAL*8 R(MaxNoOfDim), IsoJacob 
REAL *8 Phi(MaxBasisDeg+ 1) 

C From Common ElemR 

Eta= 1-GaussPt 
CALL AxiSub(Eta,3,A,B,Den,R,IsoJacob,Phi,RBig) 

KU=2*B 
UStarU=2*KU/SQRT(Den) 

Axi2U3 = UStarU*IsoJacob*r(1)*Phi(3) 

RETURN 
END 

C ******************'*******************************************·********** Axi2U2 

REAL *8 FUNCTION Axi2U2(GaussPt) 

C For an Axisymmetric Problem, wilh 2nd Order basis functions, 
C lhis function returns the unbounded portion of the integrand for 
C loc=2 (Note: lhe unbounded LN(l/GaussPt) term is NOT included. This 
C is accounted for in the integration routine points and weights) 

REAL*8 GaussPt 

. INCLUDE 'ECBHDR.INC 
REAL *8 Den,A,B,UstarU ,KU,Eta,RBig 
REAL *8 R(MaxNoOfDim), IsoJacob 
REAL*8 Phi(MaxBasisDeg+l) 

C From Common ElemR 

Eta=( 1.0-GaussPt)/2.0 
CALL AxiSub(Eta,2,A,B,Den,R,IsoJacob,Phi,RBig) 

KU=B 
UStarU=2*KU/SQRT(Dcn) 

Axi2U2 = UStarU*IsoJacob*r(I)*Phi(2) 
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Eta=(l.O+GimssPt)/2.0 
CALL AxiSub(Eta,2,A,B,Den,R,IsoJacob,Phi,RBig) 

KU=B 
UStarU=2*KU/SQRT(Den) 

Axi2U2 = Axi2U2 + UStarU*IsoJacob*r(l)*Phi(2) 

RETURN 
END 

C *********************************************************************** Axi2Ul 

REAL*8 FUNCTION Axi2Ul(GaussPt) 

C For an Axisymmetric Problem, with 2~d Order basis functions, 
. C this function returns the unbounded portion of the integrand for 

C loc=l (Note: the unbounded LN(l/GaussPt) term is NOT included. This 
C is accounted for in the integration routine points and weights) 

REAL* 8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL *8 Dcn,A,B,UstarU ,KU,RBig 
REAL *8 R(MaxNoOfDim), IsoJacob 
REAL*8 Phi(MaxBasisDcg+l) 

C Fr<:>__m Common ElcmR 

CALL AxiSub(GaussPt,l,A,B,Den,R,IsoJacob,Phi,RBig) 

KU=2*B 
UStarU=2*KU/SQRT(Den) 

Axi2Ul = UStarU*IsoJacob*r(l)*Phi(l) 

RETURN 
END 

C *********************************************************************** AxiSub 

SUBROUTINE AxiSub(GaussPt,Loc,A,B,Dcn,R,IsoJacob,Phi,RBig) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBPAR.INC' 
INCLUDE 'ECBELM.INC' 

INTEGER Loc 
REAL *8 GaussPt,A,B,Dcn,R(*),IsoJacob,Phi(*),RBig 

REAL *8 M,M 1 ,dRdZeta(MaxNoOfDim),PhiZcta(MaxBasisDeg+ 1) 

C From Common ElcmR, SourccR 

C Functions 

REAL *8 IsoJacobian 
EXTERNAL IsoJacobian 

169 



ECBSUBS 

C From Common BasisDeg, ElemR, SourceR 

CALL Compute 1 DPhis(BasisDeg,GaussPt,Phi,PhiZeta) 
CALL ComputeRZ(Phi,R) 

Den = (R(l)+SourceR(l))*(R(l)+SourceR(l)) + 
& (r(2)~SourceR(2))*(r(2)-SourceR(2)) 

M=4*r(l)*SourceR(l}/Den 

IF (M.GE.l) THEN 
WRITE(*,*)' M=',M,' Dcn=',Den 
WRITE(*,*)' R=',R(l),R(2) 
WRITE(*,*) ' Source=' ,SourceR(l},SourceR(2) 
WRITE(*,*) 'GaussPt=' ,GaussPt,' Loc=' ,Loc 
WRITE(*,*) ' ' 

END IF 

CALL KelpCocf(M,Ml,A,B) 

IsoJ a cob= I soJ acobian (PhiZeta,dRdZeta) 

CALL ComputeRBig(GaussPt,Loc,RBig) 

RETURN 
END 

C ******************************************************************* ChklsoPara 

SUBROUTINE ChklsoPara(Mac) 

INTEGER MAc 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBE!m.INC' 
INCLUDE- 'ECBMac.INC' 

INTEGER PrcvElcms,Mic,Dim 
REAL*8 Test 

LOGICAL MajorError 

CALL ComputePrevElem(Mac,PrcvElems) 
DO Mic=PrcvElcms+ l,PrevElcms+NoOfMicElems(Mac) 

MajorError=.FALSE. 
CALL GctEicmR(Mic) 

DO Dim= l,NoOfDim 

Tcst=ElcmR(Dim,l} + ElcmR(Dim,3)- 2.0 * ElcmR(Dim,2) 

IF (Tcst.NE.O.Q) THEN 

Test= (ElemR(Dim,l) - ElemR(Dim,3)){fest 
IF (ABS(Test).LE.2.0) CALL ChklsoParaErr(Dim,Mic,MajorError) 

END IF. 
END DO 

END DO 
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RETURN 
END 

C **************************************************************** ChklsoPar.aErr 

SUBROUTINE ChklsoParaErr(Dim,Mic,MajorError) 

INTEGER Dim,Mic 
LOGICAL MajorError 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBEim.INC' 
INCLUDE 'ECBMsh.INC' 

IF (.NOT.MajorError) THEN 
MajorError=.TRUE. 

ELSE 
WRITE(*,*) ' ' 
WRITE(*,*) ' Error: isoparametric mapping from global ', 

& 'element to local element is definitely not 1-1' 
WRITE(*,*) ' ' 
WRITE(*,*) ' 
WRITE(*,*) ' ' 
WRITE(*,*)' 
WRITE(*,*) ' 
WRITE(*,*) ' 
WRITE(*,*) ' ' 

Element # ',Mic 

ElemR(,l)' ,EiemR(l,l),ElemR(2,1) 
ElemR(,2)' ,EiemR( I ,2),EiemR(2,2) 
ElemR(,3)' ,ElemR(l,3),ElemR(2,3) 

WRITE(*,*) '_ NodcMap(,1..3)' ,NodeMap(Mic,l), 
& NodcMap(Mic,2),NodeMap(Mic,3) 

CALL WriteMesh('ISOPARA.ERR ') 

STOP 'In Routine: ChkisoPaia (ChklsoParaErr)' 
END IF 

RETURN 
END 

c ***************************************************************** CrrLinN~xn 

SUBROUTINE CirLinNtrsxn(X1,Y 1 ,X2, Y2,Xc, Y c,R, 
& XIntl, Ylnt 1 ,XInt2, Ylnt2,Error) 

C Input Variables --------------------------------------------------------------

REAL*8 X1,Y1,X2,Y2,Xc,Yc,R 

C XI,Yl 
C X2lY2 

Starting point of line segment 
Ending point of line segment 

C Xc,YcCenter of Circle 
C R Radius of Circle 

C Output Variables -------------------------------------------------------------

REAL*8 Xlntl,Yintl,XInt2,Yint2 
INTEGER Error 
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C Xintl,Ylnt1 
C Xlnt2,Ylnt2 

First intersection between circle and line segment 
Second intersection between circle and line segment 

C Error 0 if only 1 intersection 1 is on the line segment 
C 1 if two intersections are on the line segment 
C 2 if no intersections are on the line segment, but are on the line 
C 3 if no intersections are on the line. 

C Internal Variables ------------------------------------'"Q·------------------
REAL *8 X hat, Yhat,dX,dY ,b _ 2a_y ,c _a _y ,b _ 2a _ x,c _a _x,DiscX,Disc Y 
REAL*8 Temp 
LOGICAL Tangent,One,Two 

C Xhat,Yhat 
c dx,dy 

-xl-xc, yl-yc 
~1-x2,y1-y2 

c b_2a_y dx(yhat dx - xhat dy)l(dx dx + dy dy) 
C c_a_y (r r dy dy - ( xhat dy - yhat dx r2)1(dx dx + dy dy) 
C b 2a X dy(xhat dy .. . 
C c:a.J (r r dx dx .. . 

xhat=xl-xc 
yhat=yl-yc 

dx=xl-x2 
dy=yl-y2 

b 2a y = dx*(yhat*dx - xhat*dy) I (dx*dx + dy*dy) 
b=2a:x = dy*(xhat*dy- yhat*dx) I (dx*dx + dy*dy) 

c a y = ( r*r*dy*dy -
& (xhat*'dy - .yhat*dx)*(xhat*dy - yhat*dx)) 
& I (dx*dx + dy*dy) 

c a x = ( r*r*dx*dx -
& (xhat*'dy - yhat*dx)*(xhat*dy - yhat*dx)) 
& I (dx*dx + dy*dy) 

Disc X = b 2a x * b 2a x + c a x 
DiscY = b:2a:y•b)(y + (a:y 

Tangent=.F ALSE. 
IF (DiscY.LT.O) THEN 

Error=3 
RETURN 

ELSE IF ((DiscY.EQ.O).AND.(DiscX.EQ.O)) THEN 

XIntl=b 2a x 
Yintl=b=2(y 

Xlnt2=b 2a x 
Yint2=b -2a-y 

Tangent=. TRUE. 

ELSE IF ((DiscY.EQ.O).ANO.(DiscX.GT:O)) THEN 
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Xlntl = b 2a x + SQRT(DiscX) 
Ylntl = b-2a-y 

Xlnt2 = b 2a x - SQRT(DiscX) 
Ylnt2 = b:2a:y 

ELSE IF ((DiscY.GT.O).AND.(DiscX.EQ.O)) THEN 

Xlntl = b 2a x 
Ylntl = b)(y + SQRT(DiscY) 

Xlnr2 = b 2a x 
Ylnt2 = b)a=y- SQRT(DiscY) 

ELSE IF ((DiscY.GT.O).AND.(DiscX.GT.O)) THEN 

Xlntl = b 2a x + SQRT(DiscX) -
Ylntl = dy/dx * ( xlntl - xhat) + yhat 

Xlnt2 = b 2a x - SQRT(DiscX) 
Yint2 = dy/dx * ( xlnt2 - xhat) + yhat 

END IF 

Xlntl=Xlntl + XC 
Ylntl=Yintl + yc 

XInt2=XInt2 + xc 
Ylnt2= Yint2 + yc 

One= ( ((MIN(Xl,X2).LE.XIntl).AND.(XIntl.LE.MAX(Xl,X2))) 
& .AND. -
& ((MIN(Yl,Y2).LE.Ylntl).AND.(Ylntl.LE.MAX(Y2,Yl)))) 

Two= ( ((MIN(Xl,X2).LE.XInt2).AND.(XInt2.LE.MAX(Xl,X2))) 
& .AND. . 
& ((MIN(Yl,Y2).LE.Ylnt2).AND.(Ylnt2.LE.MAX(Y2,Yl)))) 

IF (Tangent) THEN 

IF (One) THEN 
Error=O 

ELSE 
Error=2 

END IF 

ELSE 

IF (One.AND.Two) THEN 
Error= I 

ELSE IF (One) THEN 
Error=O 

ELSE IF (Two) THEN 
Error=O 

Tcmp=XIntl 
Xlnt 1 =Xlnt2 
Xlnt2=Temp 
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Temp=Yintl 
Ylntl=Yint2 
Yint2=Temp 

ELSE 
Error=2 

END IF 
END IF 

RETURN 
END 

c *********************************************************************** CrrPts 

SUBROUTINE CirPts(Xc,Yc,Xl,Yl,X2,Y2,NP1s,PtsX,PtsY,Clockwise) 

C This subroutine generates points on a circular arc 
C (centered at xc,yc) starting with (xl,yl) and ending with (x2,y2) 

C Input Variables --------------------------------------------------------------

REAL*8 Xc,Yc,Xl,Yl,X2,Y2 
LOGICAL Clockwise 

C Xc,YcCenter ofthe Circle 
C Xl,Yl First Point on Circular Arc 
C X2,Y2 Last Point on Circular Arc 
C Clockwise .TRUE. for a clockwise circle 

C Output Variables ------------~·-------------------~---------------------------

INTEGER NPts 
REAL *8 PtsX(*),Pts.Y (*) 

C NPts The number of point<; on the arc 
C PtsX(*) X coordinate locations 
C PtsY(*) Y coordinate locations 

C Internal Variables ----------------------------------------------------------

REAL*8 Tl,T2,TStp,T,R 
INTEGER I 
INCLUDE '[kj.for.util]pi.inc' 

C External Functions -----------------------------------·--------·--------------

REAL*8 Mag 
EXTE~~.NAL Mag 

R=(MAG(X 1-Xc, Y 1-Y c )+MAG(X2· Xc, Y2-Y c) )(2 

CALL XY2T(Xl-Xc,Y1-Yc,Tl) 
CALL XY2T(X2-Xc,Y2-Yc,T2) 

IF ((ABS(Tl-T2).LT.0.01) 
& .. OR.(ABS(Tl-T2).GT.(2.0*Pi-O.Ol))) THEN 

NPts=2, 
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ELSE 

IF (Clockwise) THEN 
DO WHILE(Tl.LE.T2) 

Tl=T1+2.0*Pi 
END DO 

ELSE 
DO WHILE(Tl.GE.T2) 

Tl=Tl-2.0*Pi 
END DO 

END IF 

NPts=ABS((T2-T1)*18.0/Pi)+2 
TS tp=(T2-T 1 )/(NPts-1) 

T=Tl+TStp 
DO 1=2,NPts-1 

PtsX(I)=Xc+R *COS(T) 
PtsY(I)=Yc+R*SIN(T) 
T=T+TStp 

END DO 

END IF 

PtsX(l)=Xl 
PtsY(l)=Yl 
'PtsX(Npts)=X2 
Pts Y (NPts)= Y2 

RETURN­
END 

C ****************************************************************** ComputeBdry 

SUBROUTINE ComputeBdry(Spa,NoOfSpa,Smooth,Spl3D) 

C This subroutine computes the new y coordinates based on Spa. An IMSL Cubic 
C Spline routine is used to generate the new boundary points from moved points. 

C Input V ariablcs --------------------------------------------------------------

C UserPtsO Locations of X and Y Coordinates to use in Spline 
C NoOfUserPTs Number of X,Y Coordinates to use spline with. 
C SpaO Location of X coordinates to find Y coordinates (using Spline) 
C NoOfSpa Number of X locs at which we wish to find Y locs. 
C Smooth· .TRUE. if smoothing spline is to be used. 

C Output Variables --------~----------------------------------------------------- -

C UserPtsO Desired Locations of X and Y Coordinates 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMove.INC' 

REAL *8 PtsX(MaxNoOfCoords),PtsY(MaxNoOfCoords) 
REAL *8 Spa(*),OrigSpa(MaxNoOfCoords) 
REAL *8 YBreak(MaxNoOfCoords),YCSCoef(4,MaxNoOfCoords) 
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REAL *8 XBreak(MaxNoOfCoords),XCSCoef(4,MaxNo0fCoords) 
INTEGER I,J ,NoOfSpa,Offset 

LOGICAL Smooth,Sp13D 

REAL*8 DCSVAL 
EXTERNAL DCSV AL 

DO l=l,NoOfMoved 
PtsX(I)=Moved(I,l) 
Pts Y (l)=Moved(I,2) 

END DO 

IF (Spi3D) THEN 

c IF (Smooth) THEN 
c WRITE(*,*) 'Error: Smoothing Not implemented in this version' 
c END IF . 

D WRITE(*,*) ~compuLeBdry: Calling ComputeRelativeSpacing' 
CALL ComputeRelativeSpacing(Moved,NoOfMoved,OrigSpa) 

Offset=O 
DO I= 1 ,NoOfMoved-1 

IF (ABS(OrigSpa(I-Offset)-OrigSpa(I+ 1)) 
& .LE.Tolerance/100.0) THEN 

Offset=Offset+ 1 
END IF 
OrigSpa(I-Offset+ 1 )=OrigSpa(l+ 1) 
PtsX(I-Offset+ l)=PtsX(I+ 1) 
PtsY(I-Offset+ 1)=PtsY(I+ 1) 

/END DO 
NoOfMoved=NoOfMoved-Offset 

IF (Smooth) THEN 

C Use Shape smoothing spline 

D WRITE(*,*) 'Calling DCSSCV from ComputeBdry:', 
D & ' x(l..' ,NoOfMovcd,')' 

CALL DCSSCV(No0fMoved,OrigSpa,PtsX,2,XBreak,XCSCoet) 
D WRITE(*,*) 'Calling DCSSCV from ComputeBdry:', 
D & ' y(l..' ,NoOfMoved,')' 

CALL DCSSCV(NoOfMoved,OrigSpa,PtsY ,2,YBreak,YCSCoet) 

.ELSE 

C Use Akima Spline 

D WRITE(*,*) 'Calling DCSAKM from ComputeBdry:', 
D & ' x(l..' ,NoOfMoved,')' 

CALL DCSAKM(NoOfMoved,OrigSpa,PtsX,XBreak,XCSCoef) 
D WRITE(*,*) 'Calling DCSSCV from ComputeBdry:', 
D & ' y(l..' ,NoOfMovcd,')' 

CALL DCSSCV (NoOfMoved,OrigSpa,PtsY, YBreak, YCSCoef) 

END IF 
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C Generate the new points from -the old X locations. 

DO J = 1 ,NoOfSpa 
Moved(J, I )=DCSV AL(Spa(J),NoOfMoved-1 ;XBreak,XCSCoef) 
Moved(J ,2)=DCSV AL(Spa(J),NoOfMoved-1, YBreak,YCSCoef) 

END DO 

ELSE 

Offset=O 
DO I=1,No0fMoved-1 

IF (ABS(PtsX(I-Offset)-PtsX(I+ 1)) 
& .LE.Tolerance/100) THEN 

Offset=Offset+ 1 
END IF 
PtsX(I-O(fset+ 1)=PtsX(I+1) 
PtsY(I-Offset+l)=PtsY(I+1) 

END DO 
NoOfMoved=NoOfMoved-Offset 

IF (No0fMoved.LE.3) THEN 
DO J=l.NoOfSpa 

Moved(J, 1 )=Spa(J) 
IF (PtsX(No0fMoved).EQ.PtsX(1)) THEN 

WRITE(*,*) 'Error: X points are not varying.' 
STOP 'In Routine: ComputeBdry' 

END IF 
Moved(J,2)=PtsY(No0fMoved)-(PtsY(No0fMoved)-PtsY(1)) 

& I (PtsX(NoOfMovcd)-PtsX(l)) * (PtsX(NoOfMoved)-Spa(J)) 
END DO 

ELSE 

IF (Smooth) THEN 

D WRITE(*,*) 'Calling DCSSCV from ComputeBdry: ', 
D & 'y(x(l..' ,NoOfMoved,'))' 

CALL DCSSCV (NoOfMoved,PtsX,Pts Y ,2, YBreak, YCSCoef) 

ELSE 

D WRITE(*,*) 'Calling DCSAKM from ComputeBdry: ', 
D & 'y(x(l..' ,NoOfMoved,'))' 

CALL DCSAKM(NoOfMoved,PtsX,Pts Y ,YBreak, YCSCoef) 

END IF 

DO J=l,NoOfSpa 
Movcd(J, 1 )=Spa(J) 
Movcd(J ,2)=DCS V AL(Spa(J),NoOfMoved-1, YBreak, YCSCoef) 

END DO 
END IF 

END IF 

NoOfMoved=NoOfSpa 

RETURN 
END 
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C ******************************************************************* Computelnt 

SUBROUTINE Computelnt 

C This subroutine (for internal points) 

C 0) stores the internal points into the source points 
C 1) formulates G (stored in BemG) 
C 2) formulates H (stored in BemH) 
C 3) computes Pot for internal points 

C Note: the following is set up for 2nd order basis functions 
C Note:· the source points ARE destroyed by this subroutine, so, it 
C should always be called last, after the BEM problem has been solved 
C and saved. 

C Common Variables 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBINT.INC' 
INCLUDE 'ECBG.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBPar.INc' 
INCLUDE 'ECBSRC.INC'. 
INCLUDE '[kj.for.util]pi.inc' 

C Internal Variables 

INTEGER Elem,Row ,Col,Loc,I,J 
REAL*8 U,Q 
INCLUDE 'EcbElm.INC' 

C Clear the BemG and BemH Matrices 

CALL MatZeroDP(MaxNoOfCoords,NoOfCoords,NoOfCoords,BemG) 
CALL MatZeroDP(MaxNoOfCoords,NoOfCoords,NoOfCoords,BemH) 

C Store the internal points into the source points 

NoOfSrc=NoOtlnternal 
DO l=l,NoOflnternal 

DO J=l,NoOfDim 
Src(I.J)=IntemalPts(I,J) 

END DO 
END DO 

C The following DO-Loop performs the integration by Element, computing -
C the components of the G and H matrices 

DO Elem= l,NoOffilems 
CALL Preplnt(Elem) 
CALL Integrate(Elem) 

END DO 

C Compute the value of the potential at the internal points. 
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DO I= 1,No0t1nternal 
IntemalPot(l)=O.O 
DO J=1.NoOfCoords 

IF (Natural(])) THEN 
U=SolValues(J) 
Q=BCValues(J) 

ELSE 
U=BCValues(J) 
Q=SolValues(J) 

END IF 

· . InternalPot(I)=IntemalPot(I)+ 
& BemG(I,J)*Q-BemH(I,J)*U 

END DO 
InternalPot(I)=InternalPot(I)/(2.0*Pi) 

END DO 

RETURN 
END 

C ******************************************************************** ComputeNx 

·SUBROUTINE ComputeNx(NoOfElems) 

C This subroutine computes the unit normals for all the boundary points. 
C K is a CO!Jnter variable. Assumes moving boundary has been placed into MOVE 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBElm.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER Elcm,Loc,K,Dim,NoOfElems 
REAL *8 dRdZeta(MaxNoOfDim), 

& Zeta,Norm,Phi(MaxBasisDeg+ 1 ),PhiZeta(MaxBasisDeg+ 1) 
REAL*8 DeltaX,DcltaY 

REAL*8 VecNormDP 
EXTERNAL VecNormDP 

K=O 
DO Elem=l.NoOfElems 

C Transfer points from global Moved matrix to local ELEMR matrix 

DO Loc= 1,BasisDeg+ 1 
K=K+l 
DO Dim=l,NoOfDim 

ElcmR(Dim,Loc)=Movcd(K,Dim) 
END DO 

END DO 

C Compute the normal to each element at each node 

D WRITE(*,*) 'ComputeNx: ElcmR' 
D WRITE(*,*) ' (.1)' ,EicmR(l,1),ElemR(2,1) 
D WRITE(*,*) ' (.2)' ,ElcmR(l,2),ElcmR(2,2) 
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D IF (BasisDeg+1.GT.2) WRITE(*,*) ' (,3)' ,ElemR(l,3),E1emR(2,3) 

Del taX=ElemR( 1 ,2)-ElemR(l, 1) 

D 
D 

D 
D 

DeltaY=ElemR(2,2)-ElemR(2,1) 

Norm=SQRT(DeltaX*DeltaX+DeltaY*DeltaY) 
Nx(K+1-BasisDeg-1,1) =-DeltaY/Norm 
Nx(K+1-BasisDeg-1,2) = DeltaX/Norm 

WRITE(*,*) ' 
WRITE(*,*) ' 

Nx(,1)=' ,-DeltaY /Norm,K+ 1-BasisDeg-1 
Nx(,2)=', DeltaX/Norm 

DO Loc=2,BasisDeg 

DCltaX=ElemR(l ,Loc)-ElemR(1,Loc-1) 
Delta Y=ElemR(2,Loc)-ElemR(2,Loc-1) 

DeltaX=DeltaX+ElemR(l,Loc+1)-ElemR(1,Loc) 
Delta Y=Delta Y +ElemR(2,Loc+ 1)-ElemR(2,Loc) 

Norm=SQRT(DeltaX*DeltaX +Delta Y*Delta Y) 
Nx(K+Loc-BasisDeg-1,1) =-DeltaY/Norm 
Nx(K+Loc-BasisDeg-1,2) = DeltaX/Norm 

WRITE(*,*) ' 
WRITE(*,*) ' 

END DO 

Nx(,1)=' ,-Delta Y /Norm,K+Loc-BasisDeg-1 
Nx(,2)=', DeltaX/Norm 

Loc=BasisDeg+ 1 
DeltaX=EicmR(1,Loc)-EiemR(I,Loc-1) 
DeltaY=EiemR(2,Loc)-EiemR(2,Loc-1) 

Norm=SQRT(DeltaX*DcltaX+Dclta Y*Dclta Y) 
Nx(K+Loc-BasisDcg-1,1) =-DeltaY/Norm 
Nx(K+Loc-BasisDcg-1,2) = DeltaX/Norm 

D WRITE(*,*)' Nx(,1)=',-DcltaY/Norm,K+Loc-BasisDeg-1 
D WRITE(*,*)' Nx(,2)=', DeltaX/Nonn 

END DO 

RETURN 
END 

C ************************************************************** ComputePTevE1em 

SUBROUTINE ComputePrevEiem(Eiem,PrevEiems) 

C Computes the previous number of micro-clements (PrevEiem) from 
C macro-clcment(1) to macro-clcmcnt(Eicm). 

INTEGER Elcm,PrcvEicms 
INCLUDE 'ECBMAC.INC' 
INTEGER J 

PrcvEiems=O 
DO J=1,Eicm-1 

PrcvEicms=PrcvEicms+NoOfMicEicms(J) 
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END DO 

RETURN 
END 

C ****************************************************************** CornputeRBig 
' 

SUBROUTINE ComputeRBig(GaussPt,Loc,RBig) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBElm.INC' 
INTEGER Loc 
REAL *8 GaussPt,RBig 

REAL *8 RBigr ,RBigz 

IF (Loc.EQ.l) THEN 

RBigr = ElcmR(l,l)*(-3+2*GaussPt) 
& + ElemR(1,2)*4*(1-GaussPt) 
& + ElemR(1,3)*(2*GaussPt-1) 

RBigz = Elem~(2,1)*(-3+2*GaussPt) 
& + ElemR(2,2)*4*(1-GaussPt) 
& + ElemR(2,3)*(2*GaussPt-l) 

ELSE IF (Loc.EQ.2) THEN 

RBigr = ElcmR(l,l)*(l-GaussPt) 
& - ElemR(l,2)*(1-2*GaussPt) 
& - ElemR(l ,3)*GaussPt 

RBigz = ElemR(2,1)*(1-GaussPt) 
& - ElemR(2,2)*(1-2*GaussPt) 
& - ElemR(2,3)*GaussPt 

ELSE IF (Loc.EQ.3) THEN 

RBigr = ElcmR(1,1)*(1-2*GaussPt) 
& + ElemR(1,2)*4*GaussPt 
& - ElcmR(1,3)*(1+2*GaussPt) 

RBigz = ElemR(2,1)*(1-2*GaussPt) 
& + ElemR(2.2)*4*GaussPt 
& - ElemR(2,3)*(1+2*GaussPt) 

ELSE 

WRITE(*,*) 'Error: Information for computing RBig has' 
WRITE(*.*) ' not been entered for Loc=' ,Loc 
STOP 'In Routine: ComputeRBig' 

END IF 

RBig = RBigr*RBigR + RBigZ*RBigZ 
RETURN 
END 

C **********************~********************************************* ComputeRZ 

SUBROUTINE CompuLeRZ(Phi,R) 
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C This subroutine computes the isoparametri~ transformation 

C Input Variables 

C Phi(l),Phi(2),Phi(3) The basis functions evaluated at the gauss point. 
C ElemR(MaxNoOfDim,*) The three coordinates on the element. 

C Output Variables 

C R.Z The coordinates of the current point on the integration path. 

INCLUDE 'ECBHdr.INC' 

INCLUDE 'ECBEimJNC' 
REAL*8 Phi(*),R(*) 
INTEGER Loc;J 

CALL VecZeroDP(NoOfDim,R) 

DO Loc=l,BasisDeg+l 
DO J=l,NoOfDim 

R(J)=R(J)+Phi(Loc )*EiemR(J,Loc) 
END DO 

END DO 

RETURN 
END 

C *************************************************************** CrossProduct2D 

REAL*8 FUNCTION CrossProduct2D(Ax,Ay,Bx,By) 

REAL*8 Ax,Ay,Bx;~y 

C Compute I A x B I 

Cl 
Cl 
Cl 

ax 
bx 

J 
ay 

_by 

Kl 
Ol 
01 

CrossProduct2D=Ax*By-Bx* Ay 

RETURN 
END 

C ******************************************************* ComputeRelativeSpacing 

SUBROUTINE CompulcRclaliveSpacing(Moved,NoOfMoved,Spacing) 

INCLUDE 'ECBHdr.INC' 

REAL *8 Moved(MaxNoOfCoords,MaxNoOfDim),Spacing(*),IncLength 
INTEGER I,NoOIMovcd 
REAL*8 Mag 
EXTERNAL Mag 

Spacing{l)=O.O 
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DO 1=2,NoOfMoved 
IncLength=MAG(Moved(I,l)-Moved(I-l,l),Moved(I,2)-Moved(l-1,2)) 
Spacing(I)=Spacing(I-l)+lncLength 

END DO 

IF (Spacing(NoOfMoved).EQ.O) THEN 
WRITE(*,*) 'Error: Boundary has no length!' 
STOP 'In Routine: ComputeRelativeSpacing' 

END IF 

DO 1=2,No0fMoved-1 
Spacing(l)=Spacing(I)/Spacing(NoOfMoved) 

END'oo 
Spacing(NoOfMoved)= 1.0 

RETURN 
END 

C ******************************************************************** CopyPoint 

SUBROUTINE CopyPoint(Coord,Orig,NoOfMoved,Moved) 

INCLUDE 'ECBHdr.INC' 

INTEGER NoOfMoved,Coord,J 
REAL *8 Moved(MaxNoOfCoords,MaxNoOfDim), 

& Orig(MaxNoOfCoords,MaxNoOfDim) 

NoOfMoved=NoOfMoved+ 1 
CALL CopyPoint2(Coord,Orig,NoOfMoved,Moved) 

RETURN 
END 

C ******************************************************************* CopyPoint2 

SUBROUTINE CopyPoint2(Coord,Orig,No0tMoved,Moved) 

INCLUDE 'ECBHdr.INC' 

INTEGER NoOfMoved,Coord,J 
REAL *8 Moved{MaxNoOfCoords,MaxNoOfDim), 

& Orig(MaxNoOfCoords,MaxNoOfDim) 

DO 1= l,NoOfDim 
Moved(NoOtMoved,J)=Orig(Coord,J) 

END DO 

RETURN 
END 

C ******************************************************************* Dotl7oduct 

REAL *8 FUNCTION DotProduct(Ax:Ay ,Az,Bx,B y ,Bz) 

REAL*8 Ax,Ay,Az,Bx,By,Bz· 

DotProduct=Ax*Bx+Ay*By+Az*Bz 
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RETURN 
END 

C ****************************************************************** ECBKJnetics 

SUBROUTINE ECBKinetics(Pot,KinTyp,Slope,SlopePot,Coord) 

C Given the kinetics type, and the potential slope, this subroutine computes 
C the potential. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER Coord.Elem 
CHARACTER*(*) KinTyp 
REAL *8 Pot,SlopePot,Slope 
LOGICAL Ok 

Ok=.TRUE. 

IF (KinTyp.EQ. 'BV') THEN 
Slope =- (EXP(aA*Pot)-EXP(-aC*Pot)) I Wagl.:.in 
SlopePot = - (aA*EXP(aA*Pot)+aC*EXP(-aC*Pot)) I WagLin 

ELSE IF (KinTyp.EQ. 'LIN') THEN 
Slope = -Pot*(aA+aC) I WagLin 
SlopePot = - (aA+aC) I WagLin 

ELSE IF (KinTyp.EQ.'TAFA') THEN 
Slope = - EXP(aA *Pot) I WagLin 
SlopePot =- aA*EXP(aA*Pot) I WagLin 

ELSE IF (KinTyp.EQ. 'T AFC') THEN 
Slope =- EXP(-aC*Pot) I WagLin 
SlopePot = aC*EXP(-aC*Pot) I WagLin 

ELSE IF (KinTyp.EQ.'USR') THEN 
CALL Kinetics(Pot,Coo,rds(Coord,l),Coords(Coord,2),Coord, 

& Slopc,SiopePot,Ok) 
ENDIF . 

IF (.NOT.Ok) THEN 
WRITE(* ,1 0) Coord,Coords(Coord,l),Coords(Coord,2) 

10 FORMAT(X,' Out of range at ',13, 
& '(',G9.2,',',G9.2,')') 

END IF 

RETURN 
END 

C ********************************************************************** ErrSing 

SUBROUTINE ErrSing 

C This subroutine prints the error message for singularities that the program 
C cannot handle. 

WRITE(*,*) 'Error: Current Program cannot compute for' 
WRITE(*,*) ' singularities. Use source points outside' 
WRITE(*,*) ' of domain of interest:' 
STOP 'In Routine: Integrate' 
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END 

C **************************************************************** ErrorFileName 

SUBROUTINE ErrorFilename(Filename,RoutineName) 

CHARACTER*(*) FileName,RoutineName 
INTEGER Length 

CALL StringLength(FileName,Length) 
WRITE(*,*) 'Error: Filename '" ,FileName(l :Le11gth), 

& '" doesn"t exist.' 
WRITE(*,*) 'In Routine: '//RoutineName 

STOP 
END 

C ***************************************************************** ErrorVersion 

SUB ROUTINE ErrorV crsion(Version,FileName,RoutineName) 

CHARACTER*(*) fi leName,RoutineName 
INTEGER Version 

WRITE(*,*) 'Error: unable to read this version.' 
WRITE(*,*) ' Version=', Version 
WRITE(*,*)' Filename=',FileName 
WRITE(*,*) 'In Routine: '//RoutineName 

STOP 
END 

C ********************************************************************* Gausslnt 

SUBROUTINE Gausslnt(BemG,BemH,Loc) 

INCLUDE 'ECGaus.INC' 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBG.INC' 
INCLUDE 'EcbEim.INC' 

-<: Passed Variables 

INTEGER Loc 
REAL*8 BcmG,BcmH 

C Internal Variables 

REAL *8 Disl2,Gc,Hc,UBJacob,Cor,Den,M 
INTEGER Gs 

C Functions 

REAL*8 UStar,QSt.ar 
EXTERNAL UStar,QStar 

C Subroutine Code 
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DO Gs=l,NoOfGaussPts 

IF (GPhi(Gs,Loc).NE.O.O) THEN 
IF (Axisymmetric) THEN _ 

Den=(GR(Gs,l)+SourceR(l))*(GR(Gs,l)+SourceR(l)) 
& + (GR(Gs,2)-SourceR(2))*(GR(Gs,2)-SourceR(2)) 

M=4.0DO*GR(Gs,l)*Som-ceR(l)/Den 
IF (M.GE.l.O) THEN 

WRITE(*,*) ' M=' ,M,' Gs:' ,Gs 
WRITE(*,*) ' R=',Gr(Gs,l),Gr(Gs,2) 
WRITE(*,*) 'SourceR=' ,SourceR(l ),SourceR(2) 
WRITE(*,*) ' ElemR,;.' ,ElemR(l,l),ElemR(2,1) 
WRITE(*,*) ' ',EiemR(1,2),EiemR(2,2) 
WRITE(*,*) ' ',EiemR(1,3);EiemR(2,3) 
WRITE(*,*) ' ' 

END IF 
END IF 

Dist2=(GR(Gs,l )-SourceR(l ))**2 + (GR(Gs,2)-SourceR(2))**2 

Gc=UStar(Dist2,Gs,Den,M)*GaussWts(Gs)*GisoJacob(Gs) 
BEMG = BEMG + Gc*GPhi(Gs,Loc) 

C Note: the He term does not need to be multiplied by the isojacobian here 
C because this has already been done when computing the normal. 

Hc=QStar(Dist2,Gs,Den,M)*GaussWts(Gs) 
BEMH = BEMH + Hc*GPhi(Gs,Loc) 

END IF 
END DO 

RETURN 
END 

C ******************************************************************* GeomSeries 

REAL *8 FUNCTION GeomSeries(Ratio,NoOITerms) 

C This function returns the value of the sum of the geometric series 
C sum(J_=O.NoOITerms) of (Ratio**J) 

REAL *8 Ratio 
INTEGER NoOITcrms,J 

GeomSerics=O.ODO 
DO J=O,NoOITerms 

GeomScrics=GcomScries+Ratio** J 
END DO 

RETURN 
END 

C ********************************************************************* GetEiemR 

SUBROUTINE GetElcmR(Elem) 

INCLUDE 'ECBHdr.INC' 

186 



.. 

.. 

ECBSUBS 

INCLUDE 'ECBEim.INC' 
INCLUDE 'ECBMsh.INC' 
INTEGER Elem,Loc,Dim 

DO Loc=l,BasisDeg+l 
DO Dim= l,NoOtDim 

ElemR(Dim,Loc )=Coords(NodeMap(Elem,Loc ),Dim) 
END DO 

END DO 

RETURN 
END 

C *********************************************************************** GetSpa 

SUB ROUTINE GetS pa(MacEim,Spa,NoO fS pa) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC' 

, INCLUDE 'ECBMove.INC' 
INTEGER NoOfSpa,MacEim 
REAL*8 Spa(*) 

INTEGER I,J 
REAL*8 D,X 

IF (MacSpac(MacEim).EQ. '=CRY') THEN 

D WRITE(*,*) 'GetSpa: Calling ComputeRelativeSpacing' 
CALL ComputeRelativeSpacing(Moved,NoOfMoved,Spa) 
CALL ReMcsh(NoOfMicEiems(MacEim)+l,Spa,NoOfMoved,Moved) 
NoO fS pa=N oOfMicEicms(MacEim )* BasisDeg 
Spa(NoOfSpa+ 1 )= 1.0 
DO l=NoOIMicEiems(MacEim),l,-1 

Spa( (I-1)*BasisDeg+l )=Spa(I) 
D=Spa( l*BasisDeg+1)-Spa( (1-l)*BasisDeg+l ) 
DO 1= l,BasisDcg-1 

Spa(I*BasisDeg+ 1-J)=Spa((I-l)*BasisDeg+ 1)+ 
& D*FLOA T(J)/FLOA T(BasisDcg) 

END DO -
END DO 

ELSE 

C Calculate Spacing 

CALL ShpSpacing(MacEim,NoOfSpa,Spa) 

END IF 

RETURN 
END 

C ****************************************************************** GetSrcPoint 

SUBROUTINE GctSrcPoint(Source) 
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INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBEim.INC' 

INTEGER Source,I 

IF ((Source.LT.l).OR.(Source.GT.NoOfSrc)) THEN 
WRITE(*,*) 'Error: Source point is out of range!' 
WRITE(*,*)_' Source Point# =',Source 
WRITE(*,*) ' Range=( 1,' ,NoOfSrc, ')' 
STOP 'In routine: GetSourcePoint' 

END IF 

DO l=l,NoOfDim 
'SourceR(I)=S rc( Source,!) 

END DO 

RETURN 
END 

C ********************************************************************* IntAxis 

SUBROUTINE IntAxis(GiiB,GiiU,SingLoc) 

INCLUDE 'ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 

INTEGER S ingLoc 
REAL *8 GiiB,GiiU ' 

C Functions 

REAL *8 Axi2b3,Axi2b2,Axi2b l,Axi2u3,Axi2u2,Axi2u 1 
EXTERNAL Axi2b3,Axi2b2,Axi2b 1 ,Axi2u3,Axi2u2,Axi2ul 

IF (SingLoc.EQ.3) THEN 
CALL GaussQuad(NoOfGaussPts,GaussPts,GaussWts, 

& Axi2B3,GiiB) 
CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 

& Axi2U3,GiiU) 
ELSE IF (SingLoc.EQ.2) THEN 

CALL GaussQuad(NoOfGaussPts,GaussPts,Gauss W ts, · 
& Axi2B2,GiiB) 

CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 
& Axi2U2,GiiU) 

ELSE IF (SingLoc.EQ.l) THEN 
CALL GaussQuad(NoOfGaussPts,GaussPts,GaussWts, 

& Axi2Bl,GiiB) , 
CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 

& Axi2Ul,GiiU) 
END IF 

RETURN 
END 

C ******* **** **** * ********·**** ********* ********************************* IntPlan 
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SUBROUTINE IntPian(GiiB,GiiU,SingLoc) 

REAL *8 GiiB,GiiU 
INTEGER S ingLoc 

REAL *8 Pla2b3,Pia2b2,Pia2b 1 ,Pia2u3,Pia2u2,Pia2u1 
EX1ERNAL Pla2b3 ,Pia2b2,Pia2b 1 ,Pia2u3,Pia2u2,Pia2u 1 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBEim.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 

REAL*8 RSeg 

IF (BasisDeg.EQ.1) THEN 

. C Gii for Planar 1st degree basis functions 

RSeg=SQRT( 
& (ElemR(1,2)-EicmR(l,l))*(EiemR(1,2)-EiemR(1,1)) + 
& (EiemR(2,2)-EicmR(2, 1))*(EicmR(2,2)-EiemR(2, 1)) ) 

GiiB=RSeg{2*(1-LOG(RScg)) 
GiiU=O.O 

ELSE IF (BasisDeg.EQ.2) THEN 

C Gii for Planar 2nd degree basis functions 

IF (SingLoc.EQ.3) THEN 
CALL GaussQuad(NoOfGaussPts,GaussPts,GaussWts, 

& Pla2B3,Gii8) 
CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 

& Pla2U3,GiiU) 
ELSE IF (SingLoc.EQ.2) THEN 

CALL GaussQuad(NoOfGaussPts,GaussPts,GaussWts, 
& Pla2B2,GiiB) 

CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 
& Pla2U2,G iiU) 

ELSE IF (SingLoc.EQ.l) THEN 
CALL GaussQuad(NoOfGaussPts,GaussPts,GaussWts, 

& Pla2Bl,GiiB) 
CALL GaussQuad(NoOfGauLogPts,GauLogPts,GauLogWts, 

& Pla2UI,GiiU) 
END IF 

ELSE 
CALL ErrSing 

END IF 

RETURN 
END 

C ******************************************************************** Integrate 

SUBROUTINE Intcgratc(Eicm) 

189 



ECBSUBS 

C This subroutine performs the integrations for all source points over an 
C element. 

INCLUDE 'ECGaus.INC' 
INCLUDE 'ECGLOG.INC' 
INCLUDE 'ECBPar.INC' 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBG.INC' 
INCLUDE 'ECBSRC.INC' 

C Input Variables 

INTEGER Elem 
INCLUDE 'ECBELM.INC' 

C Internal Variables 

LOGICAL Singularity 
INTEGER Source,Loc,I,SingLoc 

REAL *8 Dist2,DTemp,SmaiV1.0D-05/,Gc,Hc 
REAL*8 GiiU,GiiB 

C Code Follows 

C The following Do-Loop performs the integration along the element for each 
C source point. 

DO Source= 1 ,NoOfSrc 

CALL GetSrcPoint(Source) 
CALL TestForSingularity(Singularity,SingLoc) 

DO Loc= 1 ,BasisDeg+ 1 
IF (SingLoc.NE.Loc) THEN 

C Integrate over elements w/o singularities 

CALL Gaussint(BEMG(Source,NodeMap(Elem,Loc)), 
& BEMH(Source;NodeMap(Eiem,Loc)),Loc) -

ELSE 

C Integrate over clements w/ singularities: 

IF (Axisymmetric) THEN 

C Axisymmetric Elements w/ singularities 

IF (BasisDeg.NE.2) CALL ErrSing 
CALL IntAxis(GiiB,GiiU,SingLoc) 

ELSE 

C Planar elements w/ singularities 
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CALL IntPian(GiiB,GiiU,SingLoc) 

END IF 

BemG(Source,NodeMap(Elem,Loc)) = 
& BemG(Source,NodeMap(Eiem,Loc)) + GiiB + GiiU 

END IF 
END DO 

END DO 

RETURN 
END 

C ****************************************************************** IsoJacobian 

REAL *8 FUNCTION IsoJacobian(PhiZeta,dRdZeta) 

C This subroutine computes the jacobian for the iso-parametric transformation. 

INCLUDE 'ECBHdr.INC' 

INCLUDE 'EcbEim.INC' 
REAL *8 PhiZeta(*),dRdZeta(MaxNoOfDim) 
REAL *8 VecNormDP 
EXTERNAL VecNormDP 

CALL ComputeRZ(PhiZcta,dRdZcta) 
IsoJ acobian= VecNorm DP(NoOfDim ,dRdZeta) 

RETURN 
END 

C ********************************************************************* Kinetics 

SUBROUTINE Kinetics(Pot,X, Y ,Coord,Slope,SlopePot,Ok) 

C Return the potential as a function of the slope in potential 

INTEGER Coord 
REAL *8 Pot,Slope,SlopePot,X, Y 
LOGICAL Ok 

WRITE(*,*) 'Error: Kinetics routine has not been written' 
Ok=.FALSE. 

RETURN 
END 

C ******************************************************************** KineticBC 

LOGICAL FUNCTION KineticBC(BCType) 

CHARACTER*(*) BCType 

KineticBC=(BCTypc.EQ. 'LIN').OR.(BCType.EQ. 'T AFA') 
& .OR.(BCTypc.EQ. 'T AFC').OR.(BCType.EQ. 'BV').OR. 
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& (BCType.EQ.'USR'} 

RETURN 
END 

C •••••••••••••••••• • •••••• •••••••••••••••••••••••••••••••••••• Locate Intersects 

SUBROUTINE Locateintersects(Sign,I,J,XInt,Yint,Error) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

REAL*8 XInt,Yint 
INTEGER Sign,l,J,Errorlnt 

INTEGER ILimits(2),JLimits(2) 
LOGICAL Error 

D WRITE(*,*) '---------: Locateintersects' 

Error= .FALSE. 
IF (Sign.GT.O) THEN 

ILimits(l)=l 
1Limits(2)=No01Moved-1 
JLimits(l)=l 
JLimits(2)=No011ns~ 1 

ELSE 
ILimits(l)=NoOfMoved . 
1Limits(2)=2 
JLimits(l)=NoOilils 
JLimits(2)=2 

END IF 

C Outer loop, goes down moved boundary points 

D 
D 
D 

DO I=ILimits(l ),1Limits(2),Sign 

WRITE(*,*) ' 
WRITE(*,*) ' 
WRITE(*,*) ' . 

I=' ,I 
M1 ',Moved(I,1),Moved(I,2) 
M2 ',Moved(I+Sign,1),Moved(I+Sign,2) 

C Inner loop, goes down insulator points. 

DO J=JLimits(l),JLimits(2),Sign 
CALL Computelntersection(Moved(l, 1) ,Moved(l,2), 

& Moved(! +S ign,1) ,Moved(! +Sign,2), 
& Ins(J,1),lns(J,2), 
& Ins(J+Sign,l),lns(J+Sign,2),Xlnt, Ylnt,Errorlnt) 

D WRITE(*,*) 'J=' ,J,' Errorlnt=',Errorlnt 
D WRITE(*,*) ' I1 ',Ins(J,l),Ins(J,2) 
D WRITE(*,*) ' 12 ',Ins(J+Sign,l),Ins(J+Sign,2) 

IF (Errorlnt.EQ.O) THEN 
D WRITE(*,*) 'lnt=' ,XInt,Ylnt 

RETURN 
END IF 

END DO 
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END DO 

WRITE(*,*) 'Warning: no intersection found between', 
& 'moved boundary and insulator.' 

, WRITE(*,*) ' Time step is probably too big.' 
WRITE(*,*) ' Sign=',Sign 
WRITE(*,*) 'MOVED=' ,Moved(ILimits(l ), 1 ),Moved(ILimits(l ),2) 
WRITE(*,*) ' ',Moved(ILimits(2),1),Moved(ILimits(2),2) 
WRITE(*,*) ' INS=' ,Ins(JLimits(l),l),Ins(JLimits(l),2) 
WRITE(*,*) ' ',Ins(JLimits(2),1),Ins(JLimits(2),2) 

WRITE(*,*) 'In Routine: Locateintersects' 
Error=. TRUE. 

END 

C *********************************************************************** MacNat 

LOGICAL FUNCTION MacNat(BCType) 

C This function returns .TRUE. if BCType represents a natural boundary 
C condition. 

CHARACTER*(*) BCType 
LOGICAL KineticBC 
EXTERNAL KineticBC 

IF (BCType.EQ.'CRNT') THEN 
MacNat=.TRUE. 

ELSE IF (KincticBC(BCType)) THEN 

C For Kinetic BCs, the potential is guessed at and the current is solved 
C for using BEM. Then potential is re-guessed using Newton-Raphson or 
C Picard scheme. 

MacNat=.F ALSE. 
ELSE IF (BCTypc.EQ. 'NAT') THEN 

MacNat=.TRUE. 
ELSE IF (BCType.EQ.'ESS') THEN 

MacNat=.F ALSE. 
ELSE 

WRITE(*,*) 'Error: Unknown Boundary Condition Type=',BCType 
STOP 'In Function: MacNat' 

END IF 

RETURN 
END 

C ************************************************************************** Mag 

REAL*8 FUNCTION Mag(X,Y) 

'REAL*8 X,Y 

Mag=SQRT(X*X+Y*Y) 

RETURN 
END 
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C ******************************************************************** ~eCoord 

SUBROUTINE MakeCoord(X,Y,MicNod,MacElm,SaveKinetic) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBPar.INC' 

INTEGER MicNod,MacElm 
REAL*8 X,Y 
LOGICAL KineticBC,Sa veKinetic,MacNat 
EXTERNAL KineticBC,MacNat 

Coords(MicNod, 1 )=X 
• Coords(MicNod,2)=Y ' 

BCType(MicNod)=MacBCType(MacElm) 
Natural(MicNod)=MacNat(MacBCType(MacElm)) 

IF (MacBCType(MacElm).EQ. 'CRNT') THEN 

C BC Type CRNT no longer allowed. 

WRITE(*,*) 'Error: Mac BC Type "CRNT" is no longer allowed.' 
WRITE(*,*)' Use BC Type "NAT" instead.' 
STOP 'In Routine: MakeCoord' 

ELSE IF (KineticBC(MacBC:rype(MacElm))) THEN 

IF (.NOT.SavcKinctic) THEN 
BCValucs(MicNod)=MacBCVal(MacEim) 
SoiValucs(MicNod)=O.ODO 

END IF 

ELSE IF (MacBCType(MacEim).EQ.'NAT') THEN 

BCValues(MicNod)=MacBCVai(MacEim) 
SoiValucs(MicNod)=O.ODO 

ELSE IF (MacBCType(MacEim).EQ. 'ESS ') THEN 

BCValues(MicNod)=MacBCVai(MacEim) 
SoiValucs(MicNod)=O.ODO 

END IF 

RETURN 
END 

C ******************************************************************* MakeEiemBC 

SUBROUTINE MakeEicmBC 

C Get BC conditions for element from mid node (or first node if BasisDeg=l) 

INCLUDE·. 'ECB Hdr.INC' 
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INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE 'ECBPar.INC' 

INTEGER I 

DO l=l,NoOfElems 
ElemNat(I)=Natural (NodeMap(I,BasisDeg)) 
ElemBCfype(I)=BCfype(NodeMap(I,BasisDeg)) 

END DO 

RETURN 
END 

_ C ****************************************************************** MakeMacElem 

SUB~OUTINE MakeMacEiem(Mac,SaveKinetic,Smooth) 

INTEGER Mac,MacPlusl,Indx,Mic,Dim,PrevEiems,MacPrev,MacNext 
LOGICAL SaveKinetic,Smooth,MacNat,TransNext 
EXTERNAL MacNat 
CHARACTER*4 Shp,NextShp 
REAL*8 MaxY,Test,MinY 

INCLUDE 'ECBMac.INC' 
·INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE_ 'ECBBC.INC 
INCLUDE 'ECBE!m.INC' 

C Compute Coord Locations 

Shp=MacS hapc(Mac) 
CALL Incrcmenti(Mac,MacPius 1,1 ,NoOfMacElems) 
MacNext=MacPlusl 
NextShp=MacShape(MacNcxt) 

IF (NextShp.EQ.'TRNS') THEN 
TransNcxt=.TRUE. 
CALL Incrementi(MacPlus 1 ,MacNext, 1 ,NoOfMacElems) 
NextShp=MacShapc(MacNcxt) 

ELSE 
TransNcxt=.FALSE. 

END IF 

IF (NextShp.EQ. 'FLAT') THEN 
CALL ShpFlatHiPt(MacNcxt,Max Y) 
IF (TransNext) THEN 

MacYertY(Maclndx(MacPlus I ,2))= 
& MaxY +MacPar(MacNcxt,l) 

MacVertY(Macindx(MacPlus1,1))= 
& MacYertY(Maclndx(MacPiusl,2))-0.05 

MacYcrtY(Macindx(Mac,2))= 
& MacYertY(Maclndx(MacPlusl,l)) 

ELSE 
MacYertY(Maclndx(Mac,2))=MaxY+MacPar(MacNext,l) 

END IF 
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ELSE IF (NextShp.EQ.'FLTL') THEN 

C Flat spaced from low point. 

CALL ShpFlatLoPt(MacNext,Min Y) 
IF (TransNext) THEN 

MacVertY(Macindx(MacPlusl,2))= 
& Min Y +MacPar(MacNext, I) 

MacVertY(Macindx(MacPlusl,l))= 
& MacVertY(Macindx(MacPlusl ,2))-0.05 

MacVertY(Macindx(Mac,2))= 
& MacVertY(Macindx(MacPlusl,l)) 

ELSE 
MacVertY(MacindxtMac,2))=Min Y +MacPar(MacNext,l) 

END IF 

ELSE IF (NcxtShp.EQ. 'PREY') THEN 

C Must compute Prev boundary & Store Loc of MacroVertex 

D WRITE(*,*) '_ MakeMacElem:First Call to ShpPrev' 
CALL ShpPrev(MacPlus 1 ,SaveKinetic) 

IF (TransNext) THEN 

MacVertX(Macindx(MacPlus I ,2))= 
& MacVertX(Macindx(MacNext,l)) 

MacVertY(Macindx(MacPlusl,2))= 
& MacVertY(Maclndx(MacNext,l)) 

MacVertX(Maclndx(MacPlusl,l))= 
& MacVertX(Maclndx(MacNext,l)) 

MacVertY(Maclndx(MacPlusl,l))= 
& MacVertY(Maclndx(MacNext,l))-0.05 

Mac VertX(Maclndx(Mac,2))= 
& MacVertX(Maclndx(MacPlusl,I)) 

MacVertY(Maclndx(Mac,2))= 
& MacVertY(Maclndx(MacPlusl,l)) 

ELSE 

MacVertX(Maclndx(Mac,2))= 
& MacVcrtX(Maclndx(MacNcxt,l)) 

MacVcrtY(Maclndx(Mac,2))= 
& MacVcrtY(Maclndx(MacNext,l)) 

END IF 

END IF 

IF (Shp.EQ. 'LINE') THEN 
CALL ShpLine(Mac,SaveKinetic) 

ELSE IF (Shp.EQ.'TRNS') THEN 

IF (MacBCVal(MacPlusl).EQ.O.O) THEN 
CAL~ Incrementi(Mac,MacPrev ,-1 ,NoOfMacElems) 
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MacVertX(Macindx(Mac,l))=MacVertX(Maclndx(MacPrev,2)) 
MacVertY(Macindx(Mac,l))=MacVertY(Maclndx(MacPrev,2)) 

Mac VertX(Macindx(Mac ,2))=Mac VertX(Macindx(MacPrev ,2)) 
MacVertY(Macindx(Mac,2))=MacVertY(Macindx(MacPrev,2))-0.05 

END IF 

MacVertX(Maclndx(MacPlus1,1))= 
& MacVertX(Macindx(Mac,2)) 

Mac Vert Y(Maclndx(MacPlus 1,1) )= 
& MacVertY(Maclndx(Mac,2)) 

CALL ShpTms(Mac,SaveKinetic) 

ELSE IF (Shp.EQ.'SINE') THEN 
CALL ShpSine(Mac,SaveKinetic) 

ELSE IF (Shp.EQ.'CIR') THEN 
CALL ShpCir(Mac,SaveKinetic) 

ELSE IF ((Shp.EQ. 'USER ').OR. 
& (Shp.EQ.'USR')) THEN 

CALL ShpUser(Mac,SaveKinetic,Sm.ooth) 
ELSE IF (Shp.EQ. 'PREY') THEN 

D WRITE(*,*) ' MakcMacEiem:Second Call to ShpPrev' 
CALL ShpPrev(Mac,SaveKinetic) 

ELSE IF (Shp.EQ. 'FLAT') THEN 
CALL ShpFlat(Mac,SaveKinetic) 

ELSE IF (Shp.EQ. 'FL TL') THEN 
CALL ShpFltL(Mac,SaveKinetic) 

ELSE 
WRITE(*,*) 'Error: Unknown Mac Shp!=',Shp 
STOP 'In Routine: MakeMacEiem' 

END IF 

C Make the node at the end of the macroelement. If this is not a double 
C node, it will be re-made in the next loop. However, we must have the last 
C point on the element stored, so that we can next check the micro elements of 
C the macro element to see that the iso-parametric transformation is 1-1. 

Indx=Macindx(Mac,2) 
CALL MakeCoord(Mac VertX(Macindx(Mac,2) ),Mac Vert Y (Maclndx(Mac,2)), 

& MacEnd(Mac),Mac,SaveKinetic) 

C Check the x,y locations on micro elements to make sure the isoparametric 
C mapping is (1-1). 

IF (BasisDcg.EQ.l) RETURN 

IF (BasisDeg.NE.2) THEN 

WRITE(*,*) 'Warning: Unable to test nodes for 1-1', 
& ' isoparametric mapping' 

ELSE 

D WRITE(*,*) 'Shp ',Shp,' Mac',Mac 
CALL ChkisoPara(Mac) 
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END IF 

RETURN 
END 

C ****************************************************************** ~e~es~ 

SUBROUTINE MakeMeshPts(SaveKinetic,Smooth) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' ~ 
INCLUDE 'ECBBC.INC' 

INTEGER Mac,Sum 
LOGICAL SaveKinetic,Smooth 

CALL MatSum I(NoOtMicElems, I ,NoOtMacElems,NoOtElems) 
Sum=NoOtElems*BasisDeg 
IF (Sum.GT.MaxNoOfCoords) THEN 

WRITE(*,*) 'Error: ',Sum,' coordinates have been specified.', 
& ' I only have room for ',MaxNoOfCoords,'.' 

WRITE(*,*) ' Increase the parameter MaxNoOfCoords in ', 
& 'ECBMsh.INC and recompile, or, alter the' 

WRITE(*,*) ' number of microelements specified in your', 
& '*.MAC file.' 

STOP 'In routine: MakeMeshPts' 
END IF 

c IF (Smooth) WRITE(*,*) 'Smoothing Spline will be used!' 

DO Mac=l,NoOtMacElcms 
CALL MakeMacElem(Mac,SaveKinetic,Smooth) 

END DO 

CALL MakeElcmBC 

RETURN 
END 

C ******************************************************************** MakeMoved 

SUBROUTINE MakcMovcd(ElcmStart,EicmEnd,NodeMap,Coords) 

C Passed Variables 

C ElcmStart 
c 
C ElemEnd 
C Coords(,) 

.Moving boundary starts with first point of 
microelemcnt ElemStar.t 
Moving Boundary ends with last point of microelement ElemEnd 

(original) Coordinates of mesh 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

. INTEGER ElcmStart,ElcmEnd, 
&· NodcMap(MaxNoOfCoords,MaxBasisDcg+ I) 

REAL *8 Coords(MaxNoOfCoords,MaxNoOfDim) 
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INTEGER Elem,Loc 

NoOfMoved=O 

C Forces the 1st point on the boundary to be an endpoint for an element 

D WRITE(*,*)' MakeMoved: ElemStart=',ElemStart, 
D & ' ElemEnd=' ,ElemEnd 

DO Elem=ElemStart,ElemEnd 
DO Loc= I ,BasisDeg+ I 

CALL CopyPoint(NodeMap(Elem,Loc),Coords,NoOfMoved.Moved) 
END DO 

END DO 

Orig(l,I)=Moved(2,I) 
Orig(l ,2)=Moved(2,2) 
Orig(2, I)=Moved(NoOfMoved-I ,I) 
Orig(2,2)=Moved(No0fMoved-I ,2) 

RETURN 
END 

C ****************************************************************** ~eNodeMap 

SUBROUTINE MakeNodeMap 

INTEGER Mac,Loc,I,PrevElem,MacPlusi 
LOGICAL MacNat 
EXTERNAL MacNat 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBMac.INC' 

NoOfCoords= 1 
DO Mac= 1 ,NoOfMacElcms 

MacS tart (Mac )=NoOfCoords 

C Compute NodeMap 

CALL ComputcPrcvElem(Mac,PrevElem) 
DO l=PrcvElem+ 1 ,PrevElem+NoOfMicElems(Mac) 

DO Loc= 1 ,BasisDeg+ 1 
NodeMap(I,Loc )=NoOfCoords 
NoOfCoords=NoOfCoords+ 1 

END DO 
NoOfCoords=NoOfCoords-1 

END DO 

C Make Comer Points if necessary (Double node where BC changes) 

CALL Incrementl(Mac,MacPlus 1,1 ,NoOfMacElems) 

MacEnd(Mac )=NoOfCoords 
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IF (MacNat(MacBCType(MacPlus1)).NE.MacNat(MacBCType(Mac))) 
& NoOfCoords=NoOfCoords+ 1 

END DO 

NoOfCoords=NoOfCoords-1 
IF (MacNat(MacBCType(1)).EQ.MacNat(MacBCType(NoOfMacElems))) 

&THEN 
CALL ComputePrevElem(NoOtMacElems,PrevElem) 
NodeMap(PrevElem+NoOtMicElems(NoOtMacElems),BasisDeg+l)=l 

END IF 

RETURN 
END 

C ******************************************************************* MakeSicPts 

SUBROUTINE MakcSrcPts 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBSRC.INC' 
INCLUDE 'ECBPAR.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
INCLUDE '[kj.for.util]pUnc' 
INCLUDE 'EcbElm.INC' 

REAL *8 R,Zeta,Phi(MaxBasisDeg+ 1), 
& PhiZeta(MaxBasisDeg+ 1 ),dRdZcta(MaxNoOfDim), V ecNormDP 

REAL *8 Norm,Nx(MaxNoOfDim) 
INTEGER I,Ip 1 ,NSrc,Loc 
EXTERNAL VecNormDP 

NoOfSrc=NoOfCoords 

NSrc=O 
DO I= 1 ,NoOfEicms 

CALL GeLElemR(I) 
R = SQRT( (ElemR(l,1)-ElcmR(1,2))*(ElemR(l,l)-ElemR(l,2)) + 

& (ElemR(2,1)-ElemR(2,2))*(ElcmR(2,1)-ElemR(2,2)) ) + 
& SQRT( (ElcmR(l,2)-ElemR(1,3))*(ElemR(1,2)-ElemR(1,3)) + 
& (ElemR(2,2)-ElemR(2,3))*(ElemR(2,2)-ElemR(2,3)) ) 

DO Loc=1,BasisDeg+l 
Zeta=FLOA T(Loc-1 )!FLO A T(BasisDeg) 
CALL Compute 1 DPhis(BasisDeg,Zeta,Phi,PhiZeta) 

CALL ComputeRZ(PhiZeta,dRdZeta) 
Norm=VccNormDP(NoOfDim,dRdZeta) 

C Outward Pointing Normal. 

IF (Norm.NE.O) THEN 
N x ( 1) = dRdZcta(2)/Norm 
Nx(2) =-dRdZcta( 1 )/Norm 

ELSE 
WRITE(*,*) 'Error: no normal to surface!' 
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WRITE(*,*) ' ElemR=' ,ElemR(l,l),ElemR(2,1) 
WRITE(*,*) ' ',ElemR(l,2),ElemR(2,2) 
WRITE(*,*) ' ',ElemR(l,3),ElemR(2,3) 
WRITE(*,*)' Loc=',Loc,' Elem=',I 
Stop 'In routine: MakeSrcPts' 

END IF 

NSrc=NSrc+l 
Src(NSrc,l)=Coords(NodeMap(I,Loc),l)+SrcFactor*Nx(l)*R 
Src(NSrc,2)=Coords(NodeMap(I,Loc),2)+SrcFactor*Nx(2)*R 

END DO 

CALL Incrementi(I,IPl, 1 ,NoOfCoords) 
IF (ElemBCType(I).EQ.ElemBCType(IPl)) NSrc=NSrc-1 

END DO 

RETURN 
END 

C ************************************************************************* Move 

SUBROUTINE Move(dt) 

C This subroutine moves the coords. 

C V ariab Ies---------------------------------------------------------------------

c dt The size of the current time step. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER I,J 
REAL*8 dt 

DO l=l,NoOfMoved 
DO J=l,NoOfDim 

Moved(I,J)=Moved(I,J)-dXdN(I)*Nx(I,J)*dt 
END DO 

END DO 

RETURN 
END 

C **************************************************************** NewtonRaphson-

SUBROUTINE NcwtonRaphson(Iteration,NoOfdBCValues, 
& dBCValues,MagDiff,MagBC) 

C Newton Raphson Iteration Scheme. This is guaranteed to converge if our 
C first guess is close enough to the solution. For Kinetics BCs, the 
C current is 'solved for using BEM. The potential guess is adjusted 
C until the current solved for docs not differ from the current using 
C kinetic relation. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
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INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBPAR.INC' 
INCLUDE 'ECBBC.INC' 

REAL*8 dBCValues(*),MagDiff,MagBC 
REAL *8 J acobian(MaxNoOfCoords,MaxNoOfCoords), 

& VecBI(MaxNoOfCoords),SlopePot,Slope,VecB(MaxNoOfCoords) 
REAL *8 SlopePots(MaxNoOfCoords) 
INTEGER NoOfdBCValues,JCol,JRow ,I,J ,Iteration 
LOGICAL KineticBC 
EXTERNAL KineticBC 

MagDiff=O.O 
MagBC=O.O 

JCol=l 

DO l=l,NoOfCoordS 
IF (KineticBC(BCType(I))) THEN 

IF (I'teration.LT.l) THEN 

C Compute the Bern Part of the Jacobian 

DO 1= l,NoOfCoords 
VecB 1 (J)=BemH(J ,I) 

END DO 
CALL SolveRelEq(VccB l,dBCValues) 

JRow=l 
DO J=l,NoOfCoords 

IF (KincticBC(BCTypc(J))) THEN 
Jacobian(] Row ,JCol)=dBCValues(J) 

JRow=JRow+ 1 
END IF 

END DO 

ELSE . 
J acobian(JCol,JCol)=J acobian(JCol,JCol)+SlopePots(JCol) 

END IF 

C Compute the Kinetic Part of the Jacobian 

CALL ECB Kinctics(BCV alues(I);BCType(I), 
& Slopc,SlopcPots(JCol),I) 

Jacobian(JCol,JCol)=Jacobian(JCol,JCol)-SlopePots(JCol) 

C The following lines compute the 8 vector for the matrix equation 
C Jacobian.dBCValucs=VecB 

V ecB(JCol)=-(So!Values(I)-Slope) 
MagDiff=MagDiff+ V ccB(JCol)* V ecB(JCol) 
MagBC=MagBC+BCValues(I)* BCValues(I) 

Clncrcment number of columns 

JCol=JCol+l 
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END IF 
END DO 

C The following line computes the number of Kinetic be values 

NoOfdBCValues=JCol-1 

IF (NoOfdBCValues.LE.O) RETURN 

MagDiff=SQRT(MagDiff) 
MagBC=SQRT(MagBC) 

.~ C Call IMSL Routine DLSARG to get new BCValues by solving equation 
C dBCValues=INV(Jacobian)VecB 

CALL DLSARG(No0fdBCValues,Jacobian,MaxNoOfCoords,VecB,1, 
& dBCValues) 

RETURN 
END 

C ************************************************************** Obu\ngAtBdryBeg 

SUBROUTINE ObtAngAtBdryBeg 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

REAL *8 Xc, Y c,R,XIntl, Ylnt 1,XInt2, Ylnt2 
REAL *8 PtsX(MaxNoOfCoords),PtsY(MaxNoOfCoords) 
INTEGER I,J ,K,Error ,NPts 

REAL*8 Mag 
. EXTERNAL Mag 

D WRITE(*,*) '---------: ObtAngAtBdryBeg' 

Xc=Ins(First,1) 
Y c=Ins(First,2) 
R=Mag(Moved( 1,1 )-Xc,Movcd(1,2)-Y c) 

IF (.NOT.StaRev) THEN 

DO J=First,No011ns-1 
CALL CirLinNtrsxn(Ins(J ,1 ),lns(J ,2),Ins(J+ 1,1 ),Ins(J+ 1,2), 

& Xc, Y c,R,XInt 1, Yintl ,XInt2, Yint2,Error) 
IF (Error.EQ.O) GOTO 1 
IF (Error.EQ.l) THEN 

WRITE(*,*) 'Error: Moved boundary intersects insulator in' 
WRITE(*,*) ' two possible locations.' 
STOP 'In Routine: ObtAngAtBdryBcg' 

END IF 
END DO 
CALL ObtAngErr 

ELSE IF (First.NE.l) THEN 

J=l 
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CALL CirLinNtrsxn(Ins(J,l),Ins(J,2),Ins(J+l,l),Ins(J+l,2), 
& Xc,Y c,R,Xlntl, Ylntl ,Xlnt2, Ylnt2,Error) 

IF (Error.EQ.1) THEN 
WRITE(*,*) 'Error: Moved boundary intersects insulator in' 
WRITE(*,*) ' two possible locations.' 
STOP 'In Routine: ObtAngAtBdryBeg' 

ELSE IF (Error.NE.O) THEN 
CALL ObtAngErr 

END IF 

ELSE 

WRITE(*,*) 'Error:· Start of boundary is moving backwardS, and' 
WRITE(*,*) ' insulator is not extended.' 
WRITE(*,*) ' To extend the insulator, make a file: INS .EXT' 
WRITE(*,*)' containing: x at Beg, y at Beg' 
WRITE(*,*) ' x at End, y at End' 
STOP 'In Routine: ObtAngAtBdryBeg' 

END IF 

1 CALL RemoveBdryBefore(NoOflns,lns.J,XIntl,Yintl) 
Last=Last-J+ 1 
NextToLast=NextToLast-J+ 1 

C Use Counterclockwise circle for backward boundary movement, 
C Clockwise circle for forward boundary movement 

CALL CirPts(Xc,Yc,Xlntl,Ylntl,Moved(l,l),Moved(l,2), 
&NPts,PtsX,PtsY,.NOT.StaRev) 

10 FORMAT(X,A40,2X,GI2.4,2X,GI2.4) 

D WRITE(*,*) ' Bdry Start' 
D IF (.NOT.StaRev) THEN 
D WRITE(*, I 0) 'Counter-Clockwise Circle, Center:' ,Xc, Y c 
D ELSE 
D WRITE(*,IO) 'Clockwise Circle, Center:',Xc,Yc 
D ENDIF 
D WRITE(*,IO) 'From:',XIntl,Yintl 
D WRITE(*,IO) 'To:',Moved(l,l),Moved(1,2) 

IF (NPts.EQ.2) THEN 
IF ((Xintl.EQ.Movcd(l, I)).AND.(Yintl.EQ.Moved(1 ,2))) THEN 

RETURN 
END IF 

END IF 

C Bump Points up to make room for new points 

DO l=NoOfMoved,l,-1 
DO K=1,No0f0im 

Moved(I+NPts-1 ,K)=Moved(I,K) 
END DO 

END DO 

C Add New Points 
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D WRJTE(*, *) 'Adding Points at Beginning:' 
DO 1=1,NPts-1 

Moved(l,1 )=PtsX(I) 
Moved(I,2)=Pts Y (I) 

D WRITE(*,*) PtsX(I),PtsY(I) 
END DO 
NoOfMoved=NoOfMoved+NPts-1 

RETURN 
END 

C ****************************.********************************** ObtAngAtBdryEnd 

SUBROUTINE ObtAngAtBdryEnd 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

REAL *8 Xlnt1, Ylnt 1,Xlnt2, Yint2,R,Xc, Y c 
REAL *8 PtsX(Max.NoOfCoords),PtsY(Max.NoOfCoords) 
INTEGER I,J,K,Error,NPts -

REAL*8 Mag 
EXTERNAL Mag 

R=Mag(Moved(NoOfMoved,l)-Ins(Last,l), 
& Moved(No0fMoved,2)-Ins(Last,2)) 

Xc=lns(Last, 1) 
Y c=lns(Last,2) 

IF (.NOT.EndRev) THEN 

DO J=Last,2,-1 
CALL CirLinNtrsxn(Ins(J, 1 ),Ins(J ,2),Ins(J -1,1 ),Ins(J -1 ,2), 

& Xc, Y c,R,XInt1, Yint1 ,Xlnt2, Ylnt2,Error) 
IF (Error.EQ.O) GOTO 1 
IF (Error.EQ.1) THEN 

WRITE(*,*) 'Error: Moved boundary intersects insulator in' 
WRITE(*,*) ' two possible locations.' 
STOP 'In Routine: ObtAngAtBdryEnd' 

END IF 
END DO 
CALL ObtAngErr 

ELSE IF (Last.NE.No011ns) THEN 

J=No011ns 
CALL CirLinNtrsxn(Ins(J, 1),Ins(J ,2),1ns(J-1 ,1),Ins(J-1 ,2), 

& Xc, Y c,R,XInt 1, Yint1 ,XInt2, Ylnt2,Error) 
IF (Error.EQ.l) THEN 

WRITE(*,*) 'Error: Moved boundary intersects insulator in' 
WRITE(*,*) ' two possible locations.' 
STOP 'In Routine: ObtAngAtBdryEnd' 

ELSE IF (Error.NE.O) THEN 
CALL ObtAngErr 

END IF 

ELSE 
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WRITE(*,*) 'Error: End of boundary is moving backwards, and' 
WRITE(*,*) ' insulator is not extended.' 
WRITE(*,*) ' To extend the insulator, make a file: INS.EXT' 
WRITE(*,*) ' containing: x at Beg, y at Beg' 
WRITE(*,*) ' x at End, y at End' 
WRITE(*,*) 'Last=' ,Last, 'NoOflnS=' ,NoOflns 
STOP 'In Routine: ObtAngAtBdryEnd' 

END IF 

1 CALL RemoveBdryAfter(NoOflns,Ins,J,XIntl,Yintl) 

C Use clockwise circle for forward boundary movement, counterclockwise 
C for backward movement. 

D WRITE(*,*) ' Bdry End' 
D IF (.NOT.EndRev) THEN 
D WRITE(*,10) 'Clockwise Circle, Center:',Xc,Yc 
D ELSE 
D WRITE(*, I 0) 'Counter-Clockwise Circle, Center:' ,Xc, Y c 
D END IF 
D WRITE(*,10) 'From:',Moved(NoOfMoved,l), 
D & Moved(No0fMoved,2) 
D WRITE(*,IO) 'To:',Xlntl,Ylnt1 

CALL CirPts(Xc, Y c ,Moved(NoOfMoved, 1 ),Moved(No0fMoved,2), 
& XIntl,Yint1,NPts,PtsX,PtsY,.NOT.EndRev) 

10 FORMAT(X,A40:2X,G12.4,2X,G12.4) 

C Store new points. 

IF (NPts.EQ.2) THEN 
IF ((Xintl.EQ.Moved(NoOIMoved,l)) 

& .AND.(Yintl.EQ.Moved(No01Moved,2))) THEN 
RETURN 

END IF 
END IF 

D WRITE(*,*) 'Adding Points at Ending:' 
DO 1=2,NPts 

Moved(NoOfMoved+ I -1,1 )=PtsX(I) 
Moved(NoOIMoved+I-1 ,2)=PtsY(I) 

D WRITE(*,*) PtsX(I),PtsY(I) 
END DO 

NoOIMoved=NoOIMoved+NPts-1 

RETURN 
END 

C ******************************************************************** ObtAngErr 

SUBROUTINE. ObtAngErr 

WRITE(*,*) 'Error: No intersection found between insulator and', 
& ' moved boundary.' 

STOP 'Iwroutinc: ObtAngErr' 
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END 

C *********************************************************************** Picard 

SUBROUTINE Picard(NoOfdBCV alues,dBCValues,MagDift) 

C This subroutine uses a Picard iteration scheme instead of Newton-Raphson 
C type of iteration. The Picard scheme, if it converges, can be much faster 

· C than the Newton-Raphson scheme. For Kinetic BCs, the current is solved for 
C using BEM. The potentia~ guess is adjusted until the current solved for 
C does not differ from the current using kinetic relation. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
INCLUDE 'ECBBC.INC' 

REAL *8 dBCValues(*),MagDiff,VecNormDP 
REAL* 8 dBCValue,J acobian(MaxNoOfCoords,MaxNoOfCoords ), 

& VecB(MaxNoOfCoords),SlopcPot 
REAL *8 Slope(MaxNoOfCoords),PotPert,PotUnpert 
INTEGER NoOfdBCValues,JCoi,JRow ,I,J 
LOGICAL KineticBC,Fin9Slope 
EXTERNAL KineticBC,VecNormDP 

WRITE (*,*) 'Error: Picard routine called. This routine doesn"t' 
WRITE(*,*) 'currently work! Sorry .. .' 

c MagDiff=O.O 
c FindSlope=.FALSE. 
c 
c dBCValue=O.OOOl 
c JCol=l 
c DO I= l,NoOfCoords 
c IF (KineticBC(BCType(I))) THEN 
c 
c CALL ECBKinctics(BCType(I),SolVal ues(I),PotUnpert,I, 
c & FindSlope) 
c dBCValues(JCol)=PotUnPert-BCValues(I) 
c MagDiff=MagDiff+dBCValucs(JCol)*dBCValues(JCol) 
cc JCol=JCol+ 1 
c 
c END IF 
c END DO 

c NoOfdBCValues=JCol-1 
c MagDiff=SQRT(MagDiff) 

STOP 'In Routine: Picard' 
END 

C *********************************************************************** Pla2B3 

REAL *8 FUNCTION Pla2B3(GaussPt) 

C For an Planar Problem, with 2nd Order basis functions, 
C this function returns the bounded portion of the integrand for 
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C loc=3 

INCLUDE 'ECBHDR.INC' 
REAL *8 GaussPt 

REAL *8 UstarB,RBig,Eta,IsoJacob,Phi(MaxBasisDeg+ 1) 

C From Common ElemR 

Eta= 1-GaussPt 
CALL PlaSub(Eta,3,IsoJacob,Phi,RBig) 

-- UStarB=-0.5*LOG(RBig) 
Pla2B.3 = UStarB*IsoJacob*Phi(3) 

RETURN 
END 

C *********************************************************************** Pla2B2 

REAL *8 FUNCTION Pla2B2(GaussPt) 

C For an Planar Problem, with 2nd Order basis .functions, 
C this function returns the bounded portion of the integrand 
C for loc=2 

REAL*8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL*8l!starB,RBig,Eta,IsoJacob,Phi(MaxBasisDeg+1) 

C From Common ElemR 

Eta=(l.O-GaussPt)/2.0 
CALL PlaSub(Eta,2,IsoJacob,Phi,RBig) 

UStarB=-0.5*LOG(RBig) 
Pla2B2 = UStarB*IsoJacob*Phi(2)/2.0 

Eta=( l.O+GaussPt)/2.0 
CALL PlaSub(Eta,2,IsoJacob,Phi,RBig) 

UStarB=-0.5*LOG(RBig) 
Pla2B2 = Pla2B2 + UStarB*IsoJacob*Phi(2)/2.0 · 

RETURN 
END 

C *********************************************************************** Pla2B 1 

REAL *8 FUNCTION Pla2B I (GaussPt) 

C For an Planar Problem, with 2nd Order basis functions, 
C this function returns the bounded portion of the integrand for 
C loc=l 

REAL *8. GaussPt 
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INCLUDE 'ECBHDR.INC' 
REAL *8 UstarB,RBig,IsoJ acob,Phi(MaxBasisDeg+ 1) 

C From Common ElemR 

CALL PlaS ub(GaussPt,1,IsoJ acob,Phi,RBig) 

UStarB=-0.5*LOG(RBig) 
Pla2B 1 = UStarB*IsoJacob*Phi(l) 

RETURN 
END 

C *********************************************************************** Pla2U3 

REAL *8 FUNCTION Pla2U3(GaussPt) 

C For an Planar Problem, with 2nd Order basis functions, 
C this function returns the unbounded portion of the integrand for 
C loc=3 (Note: the unbounded LN(l/GaussPt) term is NOT included. This 
C is accounted for in the integration routine points and weights) 

REAL*8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL *8 RBig,Eta,IsoJacob,Phi(MaxBasisDeg+ I) 

C From Common ElemR 

Eta= 1-GaussPt 
CALL PlaSub(Eta,l ,IsoJacob,Phi,RBig) 

Pla2U3 = IsoJacob*Phi(3) 

RETURN 
END 

C ******'**************************************************************** Pla2U2 . / 

REAL *8 FuNCTION Pla2U2(GaussPt) 

C For an Planar Problem, with 2nd Order basis functions, 
C this function returns the unbounded portion of the integrand for 
C loc=2 (Note: the unbounded LN(l/GaussPt) term is NOT included. This 
C is accounted for in the integration routine points and weights) 

REA.t*8 GaussPt 

INCLUDE 'ECBHDR.INC' 
REAL *8 RB ig,Eta,IsoJacob,Phi(MaxBasisDeg+ 1) 

C From Common ElemR 

Eta=(l.O-GaussPt)/2.0 
CALL PlaSub(Eta,2,IsoJacob,Phi,RBig) 

Pla2U2 = IsoJacob*Phi(2)/2.0 
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Eta=( I.O+GaussPt)/2.0 
CALL PlaSub(Eta,2,IsoJacob,Phi,RBig) 

Pla2U2 = Pla2U2 + IsoJacob*Phi(2)/2.0 

RETURN 
END 

C **~******************************************************************** Pla2Ul 

REAL*8 FUNCTION Pla2Ul(GaussPt) 

C For an Planar Problem, with 2nd Order basis functions, \ 

C this function returns the unbounded portion of the integrand for 
C loc=l (Note: the unbounded LN(l/GaussPt) term is NOT included. 
C is accounted fo~ in the integration routin~ points and weights) 

REAL *8 GaussPt 

INCLUDE 'ECBHDR.INC' . 
REAL *8 RBig,IsoJacob,Phi(MaxBasisDeg+ 1) 

C From Common ElemR 

CALL PlaSub(GaussPt,l,IsoJacob,Phi,RBig) 

Pla2Ul = IsoJacob*Phi(l) 

RETURN 
END 

This 

C *********************************************************************** PlaSub 

SUBROUTINE PlaSub(GaussPt;Loc,IsoJacob,Phi,RBig) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBPAR.INC' 

C From Common ElemR, SourccR 
INCLUDE 'ECBELM.INC' 

INTEGER Loc 
REAL *8 GaussPt,IsoJacob,Phi(*),RBig 

REAL *8 R(MaxNoOfDim) 
REAL *8 dRdZcta(MaxNoOfDim),PhiZeta(MaxBasisDeg+ 1) 

C Functions 

REAL *8 lsoJacobian 
EXTERNAL lsoJacobian 

C From Common B,asisDcg, ElcmR, SourccR 

CALL Compute I DPhis(BasisDcg,GaussPt,Phi,PhiZeta) 
CALL ComputcRZ(Phi,R) 

IsoJacob=IsoJacobian(PhiZcta,dRdZeta) 
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CALL ComputeRBig(GaussPt,Loc,RBig) 

RETURN 
END 

C ********************************************************************** Preplnt 

SUBROUTINE Preplnt(Elem) 

C This subroutine prepares variables for use in the integration subroutine. 
C Two things are accomplished here: 1) The node coordinates on the element 
C are put into ElemR and 2) values that need only be calculated once for 
C each element are computed, such as Isojacobian, Normal, ... at each 
C gaussian integration point. 

C Common Variables 

INCLUDE 'ECBPar.INc' 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE ·'ECBGJNC' 
INCLUDE 'EcbElm.INC' 

C Passed Variables 

INTEGER Elem 

C Internal Variables 

INTEGER Gs,Loc,I 
REAL *8 R(MaxNoOfDim),aRdZeta(MaxNoOfDim), 

& lsoJacob,Normai(MaxNoOfDim) 
REAL *8 Phi(MaxBasisDeg+ 1 ),PhiZeta(MaxBasisDeg+ 1) 

C Functions 

REAL *8 lsoJacobian 
EXTERNAL IsoJacobian 

C Code Follows 

CALL Get.EiemR(Eicm) 

C The following DO-Loop computes variables of interest that only need 
C to be calculated one time and stored, so that we save computing time 
C when in the loop over source points. 

DO Gs=l,NoOfGaussPts 
CALL Compute 1 DPhis(BasisDeg,GaussPts(Gs),Phi,PhiZeta) 
CALL ComputeRZ(Phi,R) 
IsoJacob=lsoJacobian(PhiZeta,dRdZeta) 

' C The following two statements compute the outward pointing normal multiplied 
C by IsoJacob. 

Normal(!) =+dRdZcta(2) 
Normal(2) =-dRdZeta( 1) 
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GlsoJacob(Gs)=lsoJacob 
DO I= 1 ,NoOfDim 

GNormal(Gs,I)=Nonnal(l) 
GR(Gs,I)=R(I) 

END DO 
DO I= 1 ,BasisDeg+ 1 

GPhi(Gs,I)=Phi(l) 
END DO 

END DO 

RETURN 
END 

C ********************************************************************'Prin~esh 

SUBROUTINE PrintMesh(Lun,Msg) 

INTEGER Lun,I,K 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
LOGICAL LastNat 
CHARACTER*(*) Msg 

1 FORMAT(X,80('*')) 
2 FORMJ\T(X,A40,29X,'Mesh Report') 
10 FORMAT(X,' Boundary Conditions',12X,'Coordinates', 

& /,X,' Nat BC Value Sol Value' ,5X,'i' ,7X,'X' ,9X,'Y', 
&I) 

11 FORMAT(X,2X,A 1,2X,G 10.4,X,G 10.4,3X,I3,2X,G10.4,X,G 10.4) 

C123 123456789a12 
C Boundary Conditions Coordinates 
C1 12 12 12345 1234567 123456789 
C Nat BC Value Sol Value i X Y 
C12 12 123 12 
C a dddddddddd dddddddddd iii dddddddddd dddddddddd 
C 123456789a 123456789a 123 123456789a 123456789a 

WRITE(Lun,1) 
WRITE(Lun,2) Msg 
WRITE(Lun,1) 
WRITE(Lun,*) ' ' 
WRITE(Lun,lO) 
LastNat=Natural( 1) 
DO 1=1,NoOfCoords 

IF (LastNat.NE.Naturai(I)) WRITE(Lun,*) ' ' 
LastNat=Natural(I) 

IF (Natural(!)) THEN 
WRITE(Lun,11) 'T',BCValucs(I). 

& So1Values(I),I, 
& Coords(I,1),Coords(I,2) 

ELSE 
WRITE(Lun,11) 'F',BCValues(I). 

& So1Valucs(I),I, 
& Coords(I, 1),Coords(I,2) 

END IF 
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END DO 

RETURN 
END 

C ***************************************************************** Prin~ode~p 

SUBROUTINE PrintNodeMap(Lun) 

INTEGER Lun,I,K 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 

c 123 
C Element Nodes 
c iii iii,iii,iii,iii, ... 
c 123456 
20 FORMATrj,X,'Element Nodes'/) 
30 FORMAT(X,X,I3,6X,l3,10(:,' ,' ,13)) 

WRITE(Lun,20) 
DO I= I ,NoOfEiems 

WRITE(Lun,30) I,(NodeMap(I,K),K=l,BasisDeg+ 1) 
END DO 

RETURN 
END 

C ********************************************************************* Prin~rc 

SUBROUTINE PrintSrc(Lun) 

INCLUDE 'ECBHdr.INC' 
INCLUDE .'ECBSrc.INC' 

INTEGER Lun,I 

CSOURCE POINTS 
C 1 1234567 123456789a 
Ci X Y 
c iii dddddddddd dddddddddd 
C 123 123456789a 123456789a 

10 FORMAT(X,'S 0 U R C E P 0 IN T S', 
& /,X,' i' ,7X,'X',IOX,'Y', 
&I) 

20 FORMAT(X,I3,X,G10.4,X,G10.4) 

WRITE(Lun,IO) 
DO I= I ,NoOfSrc 

WRITE(Lun,20) I,Src(l,l),Src(I,2) 
END DO 

RETURN 
END 

C *********************************************************************** QS~ 
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REAL *8 FUNCTION QStar(Dist2,Gs,Den,M) 

INCLUDE 'ECBPar.INc' 

C The following two include files are necessary for dimensioning items in 
C the following third include file. 
C QStar is multiplied by 2Pi 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECGaus.INC' -
INCLUDE 'ECBG.INC' 
INCLUDE 'ECBEim.INC' 

INTEGER Gs 
REAL *8 Dist2,Den,M 
REAL *8 T1 ,T2,T3,First,Second 

REAL *8 K.EIIiptic,EEIIiptic 
EXTERNAL K.EIIiptic,EEIIiptic 

IF (Axisymmetric) THEN 

C The problem is an Axisymmetric. 
C QStar is multiplied by 2Pi 

Tl = K.EIIiptic(M) 

T2 = EEIIiptic(M)* 
& (SourceR(l)*SourceR(l)-GR(Gs,l)~GR(Gs,l) 
& + (Gr(Gs,2)-SourceR(2))*(Gr(Gs,2)-SourceR(2))) 

T2 = 1'2/( (GR(Gs,l)-SourceR(1))*(GR(Gs,l)-SourceR(1)) 
& + (Gr(Gs,2)-SourceR(2))*(Gr(Gs,2)-SourceR(2)) ) 

T3 = 2.0*EEIIiplic(M) * (SourceR(2)-Gr(Gs,2)) 
& I ( (GR(Gs, 1)-SourccR(l))*(GR(Gs, 1)-SourceR(l)) 
& + (Gr(Gs,2)-SourccR(2))*(Gr(Gs,2)-SourceR(2)) ) 

QStar = ( (-Tl+T2) * GNonnai(Gs,l) 
& + T3 * GNormai(Gs,2) * Gr(Gs,l) )/SQRT(Den) 

ELSE 

C The problem is planar 
C QStar is multiplied by 2Pi 

QStar=( (SourceR(l )-GR(Gs,l)) * GNormai(Gs,l) + 
& (SourccR(2)-GR(Gs,2)) * GNormai(Gs,2) ) I (Dist2) 

END IF 

RETURN 
END 

C ********************************************************************** ReadCal 

SUBROUTINE RcadCai(FilcName) 

INCLUDE 'ECBHdr.INC' 
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INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
CHARACTER*(*) FileName 
INTEGER I,J,Version 
LOGICAL FileExist 

\ 

INQUIRE(FILE=FileName.EXIST=FileExist) 
IF (.NOT.FileExist) CALL ErrorFileName(FileName,'ReadCalcs') 

OPEN (UNIT= l,FILE=FileName,ST A TUS='OLD' ,FORM='FORMA TTED') 

READ(l, *) Version 

IF (Version.EQ.l) THEN 
DO I=l,NoOfCoords 

DO J=l,NoOfCoords 
READ(l, *) BemG(I,J),BemH(I,J) 

END DO 
END DO 

ELSE 
CALL ErrorV crsion(V ersion,FileName, 'ReadCal') 

END IF 

CLOSE(l) 

RETURN 
END 

C ***********************~********************************************** Readlnt 

SUBROUTINE Readint(FileName) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBINT.INC' 

CHARACTER*(*) FileName 
LOGICAL FilcExist 
INTEGER Vcrsion,I,K 

INQUIRE(FILE=FileName,EXIST=FileExist) 
IF (.NOT.FileExist) CALL ErrorFilcName(FileName, 'Readint') 

OPEN (UNIT= l,FILE=FilcName,STATUS='OLD' ,FORM=' FORMATTED') 
READ(l, *) V crsion ~ 

IF (Version.EQ.I) THEN 
READ(l,*) NoOflntemai,NoOfSpines,IntPerSpine 
DO I= 1 ,NoOflntcmal 

READ(l, *) (IntcmaiPts(I,K),K= 1 ,NoOfDim),IntemalPot(l) 
END DO 

ELSE IF (Vcrsion.EQ.O) THEN 
READ( 1, *) NoOflntcmai,NoOfSpines,IntPerSpine 
DO I= 1 ,NoOflnternal 

READ(1,*) (IntcmaiPts(I,K),K=1,No0fDim) 
END DO 

ELSE 
CALL ErrorV crsion(Version,FilcName, 'Readint ') 

END IF 
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CLOSE(l) 

RETURN 
END 

C ********************************************************************** Rea~c 

SUBROUTINE ReadMac(FileName) 

C This subroutine reads the contents of the BEM.MAC file. This file contains 
C the information required to make the BEM.INP file, the more detailed file 
C used by the BEMLIN.FOR program for input 

INCLUDE 'ECBMAC.INC' 
CHARACTER*(*) FileName 
INTEGER I,Version,FLen 
LOGICAL FileExist 

INQUIRE (FILE=FileName,EXIST=FileExist) 
IF (.NOT,FileExist) CALL ErrorFileName(FileName,'ReadMac') 

OPEN (UNIT= l,FILE=FileName,STA TUS='OLD' ,FORM='FORMA TI'ED') . 

READ (I,*) V crsion 
IF ((Version.NE.l ).AND.(Version.NE.2).AND.(Version.NE.3)) 

& CALL ErrorVersion(Version,FileName,'ReadMac ') 

READ( I,*) NoOfMac Vert 
IF (NoOfMacVcrt.GT.MaxNoOfMacVert) THEN 

WRITE(*,*) 'Error: Number of macro-vertices,' ,NoOfMac Vert 
WRITE(*,*) ' is larger than the maximum number of' 
WRITE(*,*) ' macro-vertices allowed:' ,MaxNoOfMacVert 
STOP 'In Routine: ReadMac' 

END IF 

CALL StringLength(FileName,FLen) 
D WRITE(*,*) 'Reading File ',FileName(l:FLen),' Version:',Version 
D WRITE(*,*) ' ',NoOfMac Vert,' macro vertices' 

DO I=l.NoOfMacVcrt 
READ(!,*) MacVcrtX(I),MacVertY(I) 

END DO 

READ(l, *) NoOfMacE1ems 
D WRITE(*,*)' ',NoOfMacEiems,' macro elems' 

DO I= 1 ,NoOfMacEiems 
READ( 1, *) MacS hapc(I) ,NoOfMicEiems(I),MacBCType(I),MacBCVal(I), 

& MacSpac(I),MacRatio(l) 
IF (MacShapc(I).EQ.'LINE') THEN 

READ(l ,*) Maclndx(I, 1 ),Maclndx(I,2) 
ELSE IF (MacShapc(I).EQ.'SINE') THEN 

READ(l ,*) Maclndx(I,1),Maclndx(I,2) 
READ(l,*) MacPar(I,l),MacPar(I,2) 

C (Y-YO)=A*Sin((Par1*X+Par2)*Pi) A and YO are solved for 

ELSE IF (MacShape(I).EQ.'CIR') THEN 
READ(1,*) Maclndx(I,1),Maclndx(I,2) 
READ( 1, *) Mac Par(!, 1 ),MacPar(I,2) 
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C CIR, Radius is determined from center and starting mac vertex # 

ELSE IF ((MacShape(I).EQ.'USER').OR. 
& (MacShape(I).EQ. 'USR ')) THEN 

IF (Version.LE.2) THEN 
READ(1, *) Maclndx(I,1),Maclndx(I,2) 
MacBdryFile='USER' 

ELSE 
READ(l, *) Maclndx(I,1),Macindx(I,2),MacBdryFile 

END IF 
ELSE IF (MacShape(I).EQ.'TRNS') THEN 

READ(l,*) Macindx(I,l),Macindx(l,2) 
ELSE IF (MacShape(I).EQ.'PREV') THEN 

READ(l,*) Macindx(I,1),Macindx(l,2) 
READ(1,*) MacPar(I,1),MacPar(I,2),MacPar(I,3),MacPar(I,4) 

ELSE IF (MacShape(I).EQ. 'FLAT') THEN 
READ(l, *) Maclndx(I,l ),Macindx(l,2) 
READ(l,*) MacPar(I,1),MacPar(I,2) 

C BL thickness, Element to space away from 
ELSE IF (MacShape(I).EQ. 'FL TL ') THEN 

READ( 1 ,*) Macindx(I, 1 ),Maclndx(l,2) 
READ(l,*) MacPar(I,l),MacPar(I,2) 

C BL thickness, Element to space away from 
ELSE 

WRITE(*,*) 'Error: Unknown Macro-Element Type:' ,MacShape(I) 
STOP 'In Routine: ReadMac' 

END IF 
IF (Version.GE.2) READ(l,*) MacStart(I),MacEnd(I) 
IF (MacSpac(I).EQ.'USER') READ(l,*) MacSpaFile(I) 

END DO 
CLOSE(l) 

D WRITE(*,*) ' ' 

RETURN 
END 

C ********************************************************************* ReadMesh 

SUBROUTINE ReadMesh(FilcName) 

CHARACTER*(*) FileName 
INTEGER Length,Vcrsion,I,J 
LOGICAL FilcExist 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.Inc' 

INQUIRE(FILE=FileName,E~IST=FilcExist) 

IF (.NOT.FilcExist) CALL ErrorFileName(FilcName,'ReadMesh') 

OPEN (UNIT= l,FILE=FilcName,ST A TUS= 'OLD' ,FORM='FORMA TTED') 

READ(l, *) V crsion 

IF ((Vcrsion.EQ.1).0R.(Version.EQ.2)) THEN 
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READ(1,*) NoOfCoords 
DO I= 1 ,NoOfCoords 

READ( 1, *) (Coords(I,J)J = 1 ,NoOfDim) 
READ(1 ,*) BCValues(I),SolValues(I),Naturai(I),BCType(I) 

.END DO 

READ(l,*) NoOfElems 
DO I= 1 ,NoOfElems 

READ(1,*) (NodeMap(IJ)J=1,BasisDeg+1),ElemNat(l), 
& ElemBCType(l) 

END DO 

IF (Version.EQ.1) THEN 
DO I= 1 ,NoOfEiems 

DO J=1,BasisDeg+1 
Natural(NodeMap(IJ))=ElemNat(l) 
BCType(NodeMap(I,J))=ElemBCType(I), 

END DO 
END DO 

END IF 

ELSE 

CALL ErrorVersion(Version,FileName, 'ReadMesh ') 

END IF 
CLOSE(l) 

RETURN 
END 

C ********************************************************************** ReadPar 

SUBROUTINE ReadPar(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECGaus.INC' 

CHARACTER*(*) FileName 
LOGICAL FileExist 
INTEGER Length,I,Version 
REAL *8 JohnNewman,IRatio 

INQUIRE(FILE=FilcName,EXIST=FileExist) 
IF (.NOT.FileExist) CALL ErrorFileName(FileName,'ReadPar') 

OPEN (UNIT= 1 ,FILE=FileName,STA TUS= 'OLD' ,FORM=' FORMATTED') 
READ(l,*) Version ' 

CorLev=.FALSE. 
Spline3D=.FALSE. 
Maxlter=25 

IF (Version.EQ.I) THEN 
READ(l, *) NoOfDim,BasisDcg,NoOfGaussPts 
READ( I,*) SrcFactor,Tole(ancc 
READ(l,*) Axisymmetric 
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READ(l, *) JohnNewman,IRatio 
READ(I,*) aA,aC 
Maxlter=25 
WagLin= I/ (JohnNewman*IRatio) 

ELSE IF (Version.EQ.2) THEN 
READ( I,*) NoOfDim,BasisDeg.NoOfGaussPts 
READ( I,*) SrcFactor ,Tolerance,Maxlter 
READ(l,*) Axisymmetric 
READ(l,*) JohnNewman,IRatio 
READ(l,*) aA,aC 
WagLin= II (JohnNewman*IRatio) 

ELSE IF (Version.EQ.3) THEN . 
READ( I,*) NoOfDim ,BasisDeg.NoOfGaussPts 
READ(l,*) Spline3D 
READ( I,*) SrcFactor,Tolerance,Maxlter 
RE;,\D(l ,*) Axisymmetric 
READ(l,*) JohnNewman,IRatio 
READ(l ,*) aA,aC 
WagLin= 1/ (JohnNewman*IRatio) 

ELSE IF (Version.EQ.4) THEN 
READ(I,*) NoOfDim,BasisDeg.NoOfGaussPts 
READ(l,*) Spline3D 
READ( I,*) SrcFactor,Tolerance,Maxlter 
READ(I,*) Axisymmetric 
READ(l,*) JohnNewman,IRatio 
READ( I,*) aA,aC 
READ( I,*) Kinetics File 
WagLin= I/ (JohnNewman*IRatio) 

ELSE IF (Version.EQ.5) THEN 
READ(l ,*) NoOfDim,BasisDeg.NoOfGaussPts 
READ(l,*) Spline3D, Axisymmetric 
READ(l,*) CorLev, PerRev 
READ(l ,*) Corros, CRRatio,WaLinPCR 
READ(l ,*) SrcFactor,Tolerance,Maxlter 
READ(I,*) WagLin 
READ(l,*) aA,aC 
READ( I,*) KineticsFile 
READ(l ,*) tstar,istar 

ELSE IF (Version.EQ.6) THEN 
READ( I,*) NoOIDim,BasisDeg.NoOfGaussPts 
READ(I,*) Spline3D, Axisymmetric 
READ(I,*) CorLev, PerRev 
READ(l ,*) Corros 
READ(l ,*) NoOIPCR,CRRatio,WaLinPCR,PCRMax 
READ( I,*) SrcFactor,Tolerance,Maxlter 
READ( I,*) WagLin 
READ(l,*) aA,aC 
READ(l ,*) KineticsFile 
READ( I,*) tstar,istar 

ELSE 
CALL ErrorV crsion(Version,FileName, 'ReadPar') 

END IF 

CLOSE(l) 

RETURN 
END 
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C **********************************~*********************************** ReadSrc 

SUBROUTINE ReadSrc(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER Version,IJ 
CHARACTER*(*) FileName 
LOGICAL FileExist 

INQUIRE(FILE=FileName,EXIST=FileExist) 
IF (.NOT.FileExist) CALL ErrorFileNaine(FileName,'ReadSrc') 

OPEN (UNIT= l,FILE::::;:FileNarne,ST A TUS='OLD' ,FORM='FORMA TTED') 

READ(!,*) Version 

IF (Version.EQ.l) THEN 
READ(!,*) NoOfSrc 

IF (NoOfSrc.NE.NoOfCoords) THEN 
WRITE(*,*) 'Error: Number of source points is not equal to' 
WRITE(*,*) ' the number of coordinates.' 
WRITE(*,*) ' Filename=' ,FileName 
WRITE(*,*) ' NoOfSrc=' ,NoOfSrc 
WRITE(*,*) ' NoOfCoords=' ,NoOfCoords 
STOP 'In Routine: ReadSrc' 

END IF 

DO I= l,NoOfSrc 
READ(!,*) (Src(IJ)J = 1 ,NoOfDim) 

END DO 
ELSE 

CALL ErrorV ersion(V ersion,FileName, 'ReadSrc ') 
END IF 
CLOSE(!) 

RETURN 
END 

C *********************************************************************** ReMesh 

SUBROUTINE ·RcMesh(NoOfSpa,Spa,NoOfPos,Pos) 

C This subroutine remeshes the nodal locations. 

C Input Variables 

C NoOfSpa 
C SpaO 
C NoOfPos 
C Pos(,2) 
c 

The desired number of Spacings 
The original Spacing 
The number of original spacings and positions Pos(i,l..2) 
The original values of the function whose curvature is 
equidistributcd. 

C Output Variables 
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C SpaO The relocated Spacings 

CPassed Variables 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBRemesh.INC' 
REAL *8 Spa(*),Pos(MaxNoOfCoords,MaxNoOfDim) 
INTEGER NoOfSpa,NoOfPos 

C Local Variables 

INTEGER I,J,K 
REAL *8 Curvature(MaxNoQfCoords),TSpa,Lo\verBound,UpperBound, 

& PosX(MaxNoOfCoords),Pos Y (MaxNoOfCoords) 
REAL *8 Error(MaxNoOfCoords),AvgError,Sum,YMax,YMin 
REAL *8 XCSCoef(4,MaxNo0fCoords),XBreak(MaxNoOfCoords) 
REAL*8 YCSCoef(4;MaxNo0fCoords),YBreak(MaxNoOfCoords) 
REAL *8 Orig(MaxNoOfCoords),Slope 
LOGICAL Changes,FileRead/.F ALSE./ 

C Functions 

REAL*8 DCSDER,DCSITG,DCSVAL 
EXTERNAL DCSDER,DCSITG,DCSV AL 

IF (.NOT.FileRead) THEN 
OPEN(UNIT=2,FILE='REMESH.ECB',STATUS='OLD',FORM='FORMATTED') 
READ(2,*) SpaFac 
READ(2,*) UpFac,LowFac 
CLOSE(2) 
FileRead=.TRUE. 

END IF 

DO I=I,NoOfPos 
Orig(I)=Spa(I) 
PosX (I)= Pos(l, I) 
PosY(I)=Pos(I,2) 

END DO 

D WRITE(*,*) 'Calling DCSSCV from Remesh: x' 
CALL DCSSCV (NoOfPos,Spa,PosX ,2,XBreak,XCSCoet) 

D WRITE(*,*) 'Calling DCSSCV from Remesh: y' 
CALL DCSSCV (NoOfPos,Spa,PosY ,2, YBreak, YCSCoet) 

C Compute the Curvature 

DO I= I ,NoOfPos 
Curva turc(l)=S Q RT( 

& DCSDER(2,Spa(I),No0fPos-l,XBreak,XCSCoet)**2 + 
& DCSDER(2,Spa(I),NoOfPos-I,YBreak,YCSCoet)**2) 

END DO 

C Bound the Curvature 

Sum=O.O 
DO I= 1 ,NoOfPos-1 

Sum=Sum+(Spa(I+ 1 )-Spa(I))* 
& (Curvature(!+ 1)+Curvature(I))/2.0DO 
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END DO 

AvgError=Sum/(NoOtPos~ 1) 

UpperBound=AvgError*UpFac 
Lower Bound= A vgError*Low Fac 

DO I= 1 ,NoOtPos 
Curvature(I)=MIN(UpperBound,Curvature(l)) 
Curvature(I)=MAX(LowerBound,Curvature(l)) 

END DO 

C Compute New Integral Error 

D WRITE(*,*) 'Error' 
D WRITE(*,*) NoOtPos 
D WRITE(*,*) 1,0.0DO,Spa{1) ~ 

Error(1)=0.0 
DO 1=2,NoOtPos 

Error(I)=Error(l-1 )+(Spa(I)-Spa(l-1))* 
& (Curvature(I)+Curvature(l-1) )/2.0DO 

D WRITE(*,*) I,Error(l),Spa(l) 
END DO 

D WRITE(*,*)' ' 

AvgError=Error(NoOtPos)/FLOAT(NoOfSpa-1) 

C Now equi-distribute the residual error for each element. 

C Spa(l) keeps its original value. 
C Spa(NoOfSpa) keeps the endpoint value 

Spa(NoOfSpa)=Spa(NoOtPos) 

TSpa=O.O 
K=1 
DO 1=2,NoOfSpa-I 

TSpa=TSpa+ A vgError 
DO WHILE (TSpa.GT.Error(K+ 1)) 

K=K+1 
D WRITE(*,*) ' Error:' ,K,Error(K),Orig(K) 

END DO . 
Spa(l) = Orig(K) + (TSpa-Error(K)) * 

& (Orig(K+l)-Orig(K))/ 
& (Error(K+l)-Error(K)) 

D WRITE(*,*) 'Location',I,TSpa,Spa(I) 
END DO 

RETURN 
END 

C ************************************************************** RemoveBdryAfter 

SUBROUTINE RemoveBdry After(NoOfMoved,Moved,I,XInt, Ylnt) 

C Remove points between intersection (1,) and end from moved surface. 
C The segment from Moved(I,) to Moved(!+ 1,) intersects with insulator. 
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C Moved(l)=intersection 

INCLUDE 'ECBHdr.INC' 
REAL*8 Moved(MaxNoOfCoords,MaxNoOIDim),)Cint,Yint 
INTEGER I,NoOfMoved 

D WRITE(*,*) '---------: RemoveBdryAfter' ,I 

Moved(!, 1 )=XInt 
Moved(l,2)= Ylnt 

NoOfMoved=I 

RETURN 
END 

C ************************************************************* RemoveBdryBefore 

SUBROUTINE RemoveBdryBefore(NoOfMoved,Moved,I,XInt, Ylnt) 

C Remove points between start and intersection (1,I) from moved surface. 
C The segment from Moved(l,) to Moved(l+1,) intersects with insulator. 
C Moved(l )=intersection · 
C Moved(2)=Moved(l+l), ... 

INCLUDE 'ECBHdr.INC' 
REAL*8 Moved(MaxNoOfCoords,MaxNoOIDim),XInt,Yint 
INTEGER I,NoOfMoved 
INTEGER K 

D WRITE(*,*) '---------: RemoveBdryBefore' ,I 
Moved( 1,1 )=XInt 
Moved( 1 ,2)=: Yint 

IF (I.EQ.1) RETURN 

DO K=l+l,NoOfMoved 
Moved(K-I+l,l)=Moved(K,l) 
Moved(K-1+ 1 ,2)=Moved(K,2) 

END DO 

NoOfMoved=NoOfMoved-I+ 1 

RETURN 
END 

C ********************************************************* RemoveBdryintersects 

SUBROUTINE RcmoveBdrylntersccts 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER I,J ,K,Error 
LOGICAL Thinking 
REAL *8 Xlnt,Yint,Dist 
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D WRITE(*,*) '---------: RemoveBdryintersects' 
I=2 
Thinking=(I.L T.NoOfMoved) 
DO WHILE(Thinking) 

C Check following line segments for intersections with current line segment 

J=I+2 
IF (J.GT.NoOfMoved) THEN 

Error=O 
, ELSE 

Error=1 
Dist=SQRT((Moved(I, 1 )-Moved(J -1, 1))**2+ 

& (Moved(I,2)-Moved(J -1 ,2) )**2) 
IF (Dist.LT.Tolerance*IO.ODO) THEN 

Error=O 
Xlnt=(Moved(I, 1)+Moved(J-1 ,1))/2.0DO 

·. Yint=(Moved(I,2)+Moved(J-1 ,2))/2.000 
END IF 

END IF 

DO WHILE(Error.NE.O) 
CALL· Computelntersection(Moved(I-1 ,l),Moved(I-1 ,2), 

& Movcd(I,1),Moved(I,2), 
& Moved(J -1,1 ),Moved(J -1 ,2), 
& Moved(J, 1),Moved(J ,2),Xlnt, Ylnt,Error) 

IF (Error.NE.O) THEN 
1=1+1 
IF (J.GT.NoOfMoved) Error=O 

END IF 
END DO 

IF (J .LE.NoOfMoved) THEN 

C Insert intersection point between node I-1 and node J. 

Moved(!, I )=XInt 
Moved(I,2)= Ylnt 

. C Remove nodes between I and J-1. 

DO K=J ,NoOfMoved 
Moved(I+K+ 1-J, 1)=Moved(K, 1) 
Moved(I+K+ 1-J,2)=Moved(K,2) 

END DO 
NoOfMoved=NoOfMoved-(J-I)+ 1 

C Recheck for intersections beginning with node I 

ELSE 

C No intersection found with segment I, increment I to check for next segment. 

I=I+l 

END IF 

Thinking=(l.L T.NoOfMovcd) 
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END DO 

RETURN 
END 

C *·********************************************************* Removelnslntersects 

SUBROUTINE Removelnslntersects 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMOVE.INC' 

REAL *8 Xlnt,Ylnt,R,R2' 
INTEGER I,J,K 
LOGICAL Thinking,Error 

D WRITE(*,*) '---------: Removelnslntersects' 

C First check one end of boundary ---------------------------------------------­

IF (AcuteAngleBefore) THEN 

C If Acute angle with insulator, then loop from start until intersection wi~ 
C conductor segment and insulator is found. 

C Check for intersection between boundary and insulator. 

CALL Locatelntersccts( 1,1,1 ,XInt,Yint,Error) 

IF (.NOT.Error) THEN 
IF (XIntEQ.Moved(l+ l,l).AND.(XInt.EQ.Movcd(l+ 1,2))) 1=1+ 1 

CALL RemoveBdry Before(NoOfMoved,Moved,I,XInt, Ylnt) 
CALL RcmoveBdry Beforc(NoOflns,Ins,J ,XInt, Ylnt) 

Last=Last-J + 1 
NextToLast=NextToLast-J+ 1 

ELSE 
WRITE(*,*) 'Warning: Treating nonintersection like', 

& ' obtuse angle.' 

C Use clockwise circle for forward boundary movement, 
C Counterclockwise circle for backward boundary movement. 

CALL ObtAngAtBdryBeg 
END IF 

ELSE IF (.NOT.NoAngleBefore) THEN 

C Compute new point on boundary, add to beginning. 

CALL ObLAngAtBdryBeg 

END IF 

C Second, check other end of boundary (Similar to Above Code) ------------------
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IF (AcuteAngleAfter) THEN 

C Check for intersection between boundary and insulator. 

CALL Locatelntersects(-l,I,.J,XInt, Ylnt,Error) 

IF (.NOT.Error) THEN 
D WRITE(*,*) 'Calling RemoveBdryAfter from Removelnslntersects' 
D WRITE(*,*) ' I=' ,I,' J=',J 
D WRITE(*,*) ' X=' ,Xlnt.' Y=' ,Ylnt 

CALL RemoveBdry After(NoOtMoved,Moved,I)Gnt, Ylnt) 
CALL RemoveBdry After(NoOflns,Ins,J ,XInt, Ylnt) 

ELSE 
WRITE(*,*) 'Warning: Treating nonintersection like', 

& ' obtuse angle.' 
CALL ObtAngAtBdryEnd 

END IF 

ELSE IF (.NOT.NoAngleAfter) THEN . 

CALL ObtAngAtBdryEnd 

END IF 

D WRITE(*,*)' 

RETURN 
END 

C· ********************************************************** RemoveLoclntersects 

SUBROUTINE RcmoveLoclntcrsects 

C This subroutine averages the beginning endpoint with previous segments 
C ending endpoint after a boundary has been moved. 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER I,J,OffSet 
REAL*8 Avg 

D WRITE(*,*) '---------: RemovcLoclntersects' 
DO I=BasisDeg+ l,NoOfMovcd-1 ,BasisDeg+ 1 

DO J=l.NoOfDim 
A vg=(Moved(I,J)+Movcd(l+ I ,.J))/2.0DO 
Moved(! .J)=A vg 
Moved(!+ 1 ,J)=Avg 

END DO 
END DO 

C Remove Duplicate Points 

Offset=O 
DO 1=2.NoOtMoved 

IF ((Movcd(l,1 ).EQ.Movcd(I-Offsct-l,l)).AND. 
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& (Moved(I,2).EQ.Moved(I-Offset-1,2))) THEN 
Offset=Offset+ 1 

ELSE 
Moved(I-Offset, 1 )=Moved(I, 1) 
Moved(! -Offset,2)=Moved(1,2) 

END IF 
END DO 
NoOfMoved=NoOfMoved-Offset 

D WRITE(*,*) ' ',Offset,'points removed :---------' 

RETURN 
END 

C *********************************************************************** ShpCir 

SUBROUTINE ShpCir(MacElm,SaveKinetic) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE '[KJ .FOR. UTIL]Pi.INC' 

INTEGER MacElm,Error,I,NoOfSpa 
REAL *8 X,Y ,Xc, Y c,Radius,AngleStart,AngleEnd,Spa(MaxNoOfCoords) 
LOGICAL SaveKinet:ic 

C Get center of circle. 

Xc=MacVertX(MacPar(MacEim, 1)) 
Y c=Mac Vert Y (MacPar(MacEim, 1)) 

C Compute the radius 

Radius=SQRT( 
& (Xc-MacVertX(Maclndx(MacEim,1))) 
& * (Xc-MacVertX(Maclndx(MacEim,1))) + 
& (Yc-MacVcrtY(Maclndx(MacEim,1))) 
& * (Yc-MacVcrtY(Maclndx(MacEim,I))) ) 

C Locate Start and End Angles 

CALL XY2T(MacVertX(Maclndx(MacEim,1))-Xc, 
& MacVertY(Maclndx(MacEim,l))-Yc,AngleStart) 

CALL XY2T(MacVertX(Maclndx(MacEim,2))-Xc, 
& MacVertY(Maclndx(MacEim,2))-Yc,AnglcEnd) 

IF (MacPar(Macelm,2).GE.O) THEN 

C Clockwise Circle 

DO WHILE(AngleStart.LE.AngleEnd) 
AngleStart=AngleStart+2.0*Pi 

END DO 
ELSE 

C Counter-Clockwise Circle 

DO WHILE(AngleStart.GE.AngleEnd) 

227" --



ECBSUBS 

AngleStart=AngleStart-2.0*Pi 
END DO 

END IF 

CALL ShpSpacing(MacElm,NoOfSpa,Spa) 
DO l=l,NoOfSpa 

X=Xc+Radius*COS(AngleStart+(AngleEnd-AngleStart)* Spa(I)) 
Y = Y c+Radius* SIN(AngleStart+(AngleEnd-AngleStart)*Spa(l)) 
CALL MakeCoord(X, Y ,MacStart(MacElm)+(l-1 ),MacElm,SaveKinetic) 

END DO 

RETURN 
END 

C **************************************************************·******** ShpFlat 

SUBROUTINE ShpFlat(MacElm,SaveKinetic) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 

INfEGER MacElm,NoOfSpa,I 
LOGICAL SaveKinetic 
REAL *8 X,Y,Spa(Ma.xNoOfCoords),MaxY 

C Note: Must Alter Endpoints for Start and End (Note: No TRNS elements!) 

CALL ShpFlatHiPt(MacElm,MaxY) 
Y=MaxY+MacPar(MacElm,l) 
MacVertY(Macindx(MacElm,2))=Y 

CALL ShpSpacing(MacElm,NoOfSpa,Spa) 
DO l=l,NoOfSpa 

X=MacVertX(Maclndx(MacElm,l)) + 
& (MacVertX(Maclndx(MacElm,2)) - MacVertX(Macindx(MacElm,l))) 
& * Spa(I) 

CALL MakeCoord(X,Y ,MacStart(MacElm)+(I-l),MacElm,SaveKinetic) 
END DO 

RETURN 
END 

C ****************************************************************** ShpFlatlliPt 

SUBROUTINE ShpFlatHiPt(MacElm,MaxY) 

C This subroutine locates the high (maximum Y) point on macro element 
C MacPar(MacElm ,2) 

C This subroutine is used for FLAT mass transfer boundary layers located 
C above a profile below. 

INTEGER MacEim 
REAL*8 MaxY 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECB Mac .INC' 
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INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER PrevMac,PrevElems,MicNod,K 

PrevMac=MacPar(MacEim ,2) 
CALL ComputePrevElem(PrevMac,PrevElems) 

MaxY=Coords(NodeMap(PrevEiems+l,l),2) 
DO MicNod=PrevEiems+ 1 ,PrevElems+NoOfMicElems(PrevMac) 

DO K= l,BasisDeg+ 1 
IF (MaxY.LT.Coords(NodeMap(MicNod,K),2)) 

& MaxY=Coords(NodeMap(MicNod,K),2) 
END DO 

END DO 

RETURN 
END 

C ****************************************************************** ShpFlaULoPt 

SUBROUTINE ShpFlaULoPt(MacElm,Min Y) 

C This subroutine locates the low (minimum Y) point on macro element 
C MacPar(MacElm,2) 

C This subroutine is used for FL TL mass transfer boundary layers located 
C above a profile below. 

INTEGER MacElm 
REAL*8 MinY 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER PrevMac,PrevElems,MicNod,K 

PrevMac=MacPar(MacElm,2) 
CALL ComputePrevElcm(PrevMac,PrevElems) 

MinY=Coords(NodeMap(PrevElcms+ 1,1),2) 
DO MicNod=PrevElems+ I ,PrevElcms+NoOfMicElems(PrevMac) 

DO K= I,BasisDeg+ I 
IF (Min Y .GT.Coords(NodeMap(MicNod,K),2)) 

& Min Y =Coords(NodcMap(MicNod,K) ,2) 
END DO 

END DO 

RETURN 
END 

C *************************************~******************************** ShpFIUL 

SUBROUTINE ShpFlUL(MacElm,SaveKinetic) 

INCLUDE 'ECBHdr.INC' 
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INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER MacElm,NoOfSpa,I 
LOGICAL SaveKinetic 
REAL*8 X,Y,Spa(MaxNoOfCoords),MinY 

C Note: Must Alter Endpoints for Start and End (Note: No TRNS elements!) 

CALL ShpFlatLoPt(MacElm,Min Y) 
Y =Min Y +MacPar(MacElm, 1) 
Mac VertY (Maclndx(MacElm,2))= Y 

CALL ShpSpacing(MacElm,NoOfSpa,Spa) 
DO I= 1 ,NoOfSpa 

X=MacVertX(Maclndx(MacElm,1)) + 
& (M?cVertX(Maclndx(MacElm,2)) - MacVertX(Maclndx(MacElm,l))) 
& *Spa(!) 

CALL MakeCoord(X, Y ,MacStart(MacElm)+(I -1 ),MacElm,SaveKinetic) 
END DO 

RETURN 
END 

C ********************************************************************** ShpLine 

SUBROUTINE ShpLine(MacElm,SaveKinetic) 

C This subroutine generates the mesh points for line Shps. (Straight 
C line segments between macro mesh pts) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER MacElm,NoOfSpa,I 
REAL*8 X,Y,Spa(MaxNoOfCoords) 
LOGICAL SaveKinetic 

CALL ShpSpacing(MacElm,NoOfSpa,Spa) 
DO l=1,NoOfSpa 

X=MacVertX(Maclndx(MacElm,l)) + 
& ( MacVertX(Maclndx(MacEim,2)) 
& - MacVertX(Maclndx(MacEim,l))) 
& * Spa(l) 

Y=MacVertY(Macindx(MacElm,l)) + 
& (MacVcrtY(Maclndx(MacElm,2))-MacVertY(Maclndx(MacEim,l))) 
& *Spa(!) 

CALL MakeCoord(X, Y ,MacStart(MacElm)+(I -1) ,MacE 1m ,SaveKinetic) 
END DO 

RETURN 
END 

C ********************************************************************** ShpPrev 

SUBROUTINE ShpPrcv(MacEim,SaveKinetic) 
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INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INc' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBMOVE.INC' 

INTEGER MacElm,MicNod,NoOfSpa,PrevElems, 
& ElemStart,ElemEnd,MacFollow) ,I 

LOGICAL SaveKinetic,Smooth 
REAL *8 X, Y ,Spa(MaxNoOfCoords),D,Temp 
REAL *8 dtime/1.0/ 

C Get nodes of previous element 

MacFollow=MacPar(MacElm,2) 
CALL ComputePrevElem(MacFollow ,PrevElems) 

ElemStart=PrevElems+ 1 
ElemEnd=PrevElems+NoOfMicElems(MacFollow) 

D WRITE(*,*) ' ShpPrev: ElemStart=' ,ElemStart, 
D & ' ElemEnd=',ElemEnd 

D WRITE(*,*) ' ShpPrev: Calling MakeMoved' 
CALL MakeMoved(ElemStart,ElcmEnd,NodeMap,Coords) 

D WRITE(*,*) ' ShpPrev: NoOfMoved=' ,NoOfMoved 

D WRITE(*,*) ' ShpPrev: First Moved Point=',. 
D & Moved(l,I),Moved(l,2) 
D WRITE(*,*) ' ShpPrev: Last Moved Point=:=', 
D & Moved(No0fMoved,1 ),Moved(No0fMoved,2) 

DO MicNod= I ,NoOfMoved 
dXdN(MicNod)=-MacPar(MacElm,1) 

END DO 
D WRITE(*,*) ' ShpPrev: Calling ComputeNx' 

CALL ComputeNx(ElcmEnd-ElemStart+ I) 

C Move Previous Elements Nodes by boundary layer .thickness 

No0flns=4 

Ins( 1,1 )=Moved( 1,1) 
Ins( 1,2)=Moved( 1,2) 

Ins(2,I)=MacVertX(MacPar(MacElm,3)) 
Ins(2,2)=MacVertY(MacPar(MacElm,3)) 

Ins(3,I)=MacVertX(MacPar(MacElm,4)) 
Ins(3 ,2)=Mac Vert Y (MacPar(MacElm,4)) 

Ins(4,1)=Moved(No0fMovcd,l) 
Ins(4,2)=Moved(NoOfMoved,2) 

D WRITE(*,*) ' ShpPrev: Calling Moved' 
CALL Movc(dTime) · 

D WRITE(*,*) ' ShpPrcv: Last Moved Point=', 
___ D __ &_Moved(NoOfMOYCd,J ),MO'.;Cd(No01Moved,2) ---------

D WRITE(*,*) ' ShpPrcv: Calling RemoveLoclntersects' 
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CALL RemoveLocintersects 
D WRITE(*,*) ' ShpPrev: Last Moved Point=', 
D & Moved(NoOfMoved,l),Moved(No0fMoved,2) 
D WRITE(*,*) ' ShpPrev: Calling RemoveBdryintersects' 

CALL RemoveBdryintersects 
D WRITE(*,*) ' ShpPrev: Last Moved Point=', 
D & Moved(NoOfMoved,l ),Moved(No0fMoved,2) 

StaRev=.FALSE. 
EndRev=.FALSE. 

First=! 
Second=2 

NextToLast=3 
Last=4 

D WRITE(*,*) ' ShpPrev: Calling AcuteAngles' 
CALL AcuteAngles 

D WRITE(*,*) ' ShpPrev: Calling Removeinsintersects' 
CALL Removeinslntersects 

C Save the intersection of the profile following boundary with the insulator 
C on the far side. (The whole point of doing the previous steps.) 

MacVertX(Macindx(MacElm,l))=Moved(NoOfMoved,l) 
Mac VertY (Maclndx(MacElm,l) )=Moved(No0fMoved,2) 

MacVertX(Macindx(MacElm,2))=Moved(l,l) 
MacVertY(Maclndx(MacEim,2))=Moved(l,2) 

C Compute the location of the boundary at specified x locations 
C Note·: The orientation of Moved is the inverse of what it should be 
C for SHPPREV; 
C (e.g. it starts at the end of the element, and ends at the 
C beginning of the clement) The following lines reverse the Moved Pts 
C to account for this. 

D 
D 

DO I=l,(NoOfMoved+l)/2 
CALL DpXCHNG(Movcd(I,1 ),Moved(NoOfMoved-I+ 1,1)) 
CALL DpXCHNG(Moved(I,2),Moved(No0fMoved-I+ 1,2)) 

END DO 

CALL GetSpa(MacEim,Spa,NoOfSpa) 

IF (MacSpac(MacE1m).NE.'=CRV') THEN 
DO I= 1 ,NoOfSpa 

X=MacVertX(Maclndx(MacElm,l)) + 
& (MacVcrtX(Maclndx(MacEim,2)) - MacVertX(Maclndx(MacElm,1))) 
& * Spa(I) -

Spa(I)=X 
END DO 

END IF 

WRITE(*,*) ' 
WRITE(*,*)' 

ShpPrev: NoOfSpa=' ,NoOfSpa 
: Calling ComputeBdry' 

CALL. ComputeBdry(Spa,NoOfSpa,Smooth,Spline3D) 
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C Transfer the node locations from moved to coords 

DO MicNod=1,NoOfSpa 
D WRITE(*,*) ' ShpPrev: Spa ',MicNod,Spa(MicNod) 
D WRITE(*,*) ' :',Moved(MicNod,1),Moved(MicNod,2) 

CALL MakeCoord(Moved(MicNod, 1 ),Moved(MicNod,2), 
& MacStart(MacElm)+ MicNod-1 ,MacEim,SaveKinetic) 

END DO 

RETURN 
END 

C ********************************************************************** ShpSine 

SUBROUTINE ShpSine(MacEim,SaveKinetic) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE '[KJ.FOR.UTIL]Pi.INC' 

INTEGER MacEim,I,NoOfSpa . 
REAL *8 X,Y,A,YO,Spa(MaxNoOfCoords) 
LOGICAL SaveKinetic 

C Compute Sine parameters 
C Y=YO+A*SIN( Pi* (Pari *X+Par2) ) 

A=(Mac Vert Y (Maclndx(MacEim, 1) )-Mac VertY (Maclndx(MacElm,2) )) 
& I (SIN( Pi*(MacPar(MacEim,l)*MacVertX(Maclndx(MacElm,l)) 
& + MacPar(MacEim,2))) 
& -SIN( Pi*(MacPar(MacEim,l)*MacVertX(Maclndx(MacEim,2)) 
& + MacPar(MacEim,2) )) ) 

YO=MacVcrtY(Maclndx(MacEim,l))-A* 
& SIN (Pi*( MacPar(MacEim, I)*MacVertX(Maclndx(MacElm,l)) 
& + MacPar(MacElm,2) )) 

CALL ShpSpacing(MacElm,NoOfSpa,Spa) 
DO I=l,NoOfSpa 

X=MacVertX(Maclndx(MacElm,l)) + 
& (MacVcrtX(Maclndx(MacElm,2))-MacVertX(Macindx(MacEim,l))) 
& *Spa(I) 

Y=YO+A*SIN(Pi*( MacPar(MacElm,l)*X+MacPar(MacElm,2) )) 
CALL MakeCoord(X,Y,MacStart(MacElm)+(l-l),MacEim,SaveKinetic) 

END DO 

RETURN 
END 

C ******************************************************************* ShpSpacing 

SUBROUTINE ShpSpacing(MacElm,NoOfSpa,Spa) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE '[KJ.FOR.UTIL]Pi.INC' 
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INTEGER MacElm,NoOfSpa,I,Length,NoOfPts,TNoOfSpa 
REAL*8 Spa(*),StepX 

REAL *8 GeomSeries , 
EXTERNAL GeomSeries 

NoOfSpa=NoOfMicElems(MacElm)*BasisDeg 

Spa(l)=O.O 
Spa(NoOfSpa+ 1)=1.0 

TNoOfSpa=(NoOfSpa+ 1)/2 
IF (MacSpac(MacElm).EQ.'EQUL') THEN 

IF (BasisDeg.EQ.2) THEN 
DO I=2,TNoOfSpa 

Spa(2*I-1 )=FLOA T(I-1 )/FLOAT(1No0fSpa) 
END DO 
DO I=2,NoOfSpa,2 

Spa(I)=(Spa(l+ 1 )+Spa(I-1))/2.0 
END DO 

ELSE 
DO I=2,NoOfSpa 

Spa(I)=FLOAT(I-1)/FLOAT(NoOfSpa) 
END DO 

END IF 

ELSE IF (MacSpac(MacEim).EQ.'LOG') THEN 

IF (BasisDeg.EQ.2) THEN 
Step X= 1.0/GeomScries(MacRatio(MacEim),TNoOfSpa-1) 

DO 1=2,TNoOfSpa 
Spa(2*1-1) = Spa(2*(1-1)-1) + StcpX 
S tcpX=S tepX* MacRatio(MacElm) 

END DO 
DO l=2,NoOfSpa,2 

Spa(I)=(Spa(l+ 1)+Spa(I-1))/2.0 
END DO 

ELSE 

Step X= 1.0/GeomSeries(MacRatio(MacElm),NoOfSpa-1). 

DO l=2.NoOfSpa 
Spa(I) = Spa(l-1) + StcpX -
S tepX=S tcpX* MacRatio(MacElm) 

END DO 

END IF 

ELSE IF (MacSpac(MacElm).EQ.'CHEB') THEN 

IF (BasisDcg.EQ.2) THEN 

DO 1=2,TNo0fSpa 
Spa(2*1-1)=(1.0-COS((I-1 )*Pi/TNoOfSpa))/2.0 

234 



ECBSUBS 

END DO 

DO 1=2,NoOfSpa,2 
Spa(I)=(Spa(l+ l)+Spa(I-1))/2.0 

END DO 

ELSE 

DO 1=2,NoOfSpa 
Spa(l)=(l.O-COS((I-l)*Pi/NoOfSpa))/2.0 

END DO 
END IF 

ELSE IF (MacSpac(MacEim).EQ. 'USER') THEN 

OPEN(UNIT=l ,FILE=MAcSpaFile(MacElm),STA TUS='OLD', 
& FORM='FORMATTED') 

READ(l,*) NoOfPts 

IF (NoOfPts.NE.NoOfSpa) THEN 
CLOSE(l) 
CALL StringLength(MacSpaFile(MacElm),Length) 
WRITE(*,*) 'Error: number of points in ', 

& MacSpaFile(MacElm)(l :Length),' is not ',NoOfSpa 
WRITE(*,*) ' ',MacSpaFile(MacEim)(l:Length),' has ', 

& NoOfPts,' points' · 
WRITE(*,*) ' Program cannot continue until this is ', 

& 'corrected.' 
STOP 'In Routine: ShpUser' 

END IF 

DO I= 1 ,NoOfSpa 
READ(l,*) Spa(l) 

END DO 
CLOSE (I) 

ELSE 

WRITE(*,*) 'Error: Unknown Spacing=' ,MacSpac(MacElm) 
STOP 'In Routine: ShpUser' 

END IF 

RETURN 
END 

C ***************************************************************.******* ShpTRNS 

SUBROUTINE ShpTRNS(MacEim,SaveKinetic) 

C This subroutine generates the mesh points for line Shps. (Straight 
C line segments between macro mesh pts) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBMac.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 
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INTEGER MacElm,MicNod 
REAL*8 StepX,StepY,X,Y,StepBC 
LOGICAL SaveKinetic 

C Compute the steps in the x and y directions for micro elements 
C between macro-end points MacElm and MacElm plus 1. 

StepX=(Mac VertX(Macindx(MacElm,2))-Mac VertX(Maclndx(MacElm,1 )))/ 
& (NoOfMicElems(MacElm )*BasisDeg) 

Step Y =(Mac Vert Y (Maclndx(MacElm,2))-Mac Vert Y (Maclndx(MacElm ,1 )))/ 
& (NoOfMicElems(MacElm)*BasisDeg) 

StepBC=(MacBCVal(MacElm+1)-MacBCVal(MacEim-1))/ 
& (NoOfMicElems(MacElmP'BasisDeg) 

CMake the mesh points and boundary conditions 

DO MicNod=O,BasisDeg*NoOfMicElems(MacEim)-1 
X=Mac VertX (Macindx(MacElm, 1 ))+S tepX*MicNod 
Y=MacVertY(Macindx(MacEim,1))+StepY*MicNod 
MacBCVai(MacElm)=MacBCVal(MacEim-1)+StepBC*MicNod 
CALL MakeCoord(X, Y ,MacS tart(MacElm)+MicNod,MacElm,SaveKinetic) 

END DO 

RETURN 
END 

C ********************************************************************** ShplJser 

SlJBROUTINE ShplJser(MacElm,SaveKinetic,Smooth) 

INCLlJDE 'ECBHdr.INC' 
INCLlJDE 'ECBPar.INC' 
INCLlJDE 'ECBMac.INC' 
INCLlJDE 'ECBMove.INC' 

INTEGER MacElm,I,NoOfSpa,J 
LOGICAL SaveKinetic,Smooth 
REAl,. *8 Spa(MaxNoOfCoords),D,X 

OPEN(lJNIT= 1 ,FILE=MacBdryFile,ST A TlJS= 'OLD' ,FORM='FORMATTED') 

READ(l, *) NoOfMoved 
DO l=1,NoOfMoved 

READ(l ,*) Moved(!, l),Moved{I,2) 
END DO 
CLOSE( I) 

CALL GetSpa(MacElm,Spa,NoOfSpa) 

C Compute the location of the boundary" at specified x locations 

D 
D 
D 

WRITE(*,*) ' 
WRITE(*,*)' 
WRITE(*,*) ' 

ShpUser: NoOfMoved=' ,NoOfMoved 
: NoOfSpa=' ,NoOfSpa 
: Calling ComputeBdry' 

IF (.NOT.Spline3D) THEN 
DO l=I,NoOfSpa 

X=MacVertX(Maclndx(MacElm,l)) + 
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& (MacVertX(Macindx(MacElm,2)) - MacVertX(Maclndx(MacElm,1))) 
& * Spa(l) . 

Spa(I)=X 
END DO 

END IF 

CALL ComputeBdry(Spa,NoOfSpa,Smooth,Spline3D) 

DO I=1,NoOfSpa 
CALL MakeCoord(Moved(l, 1 ),Moved(l,2), 

& MacStart(MacElm)+(l-1 ),MacElm,SaveKinetic) 
END DO 

RETURN 
END 

C *********************************************************** TesUForSingulluity 

SUBROUTINE TestForSingularity(Singularity ,SingLoc) 

INCLUDE 'ECBHdr.INC' 

INTEGER SingLoc 
INCLUDE 'EcbElm.INC' 
LOGICAL Singularity 

INTEGER J. 
REAL *8 D,SmalVI.OE-1 0/ 

C See if we need to correct for singularities. Singularity occurs when 
C source point is the same as the current node. This can be avoided by 
C choosing source points interior to the region. 

Singularity=.F ALSE. 

SingLoc=O 
DO J=l,BasisDeg+l 

D=((SourceR(l)-EiemR(l)))*(SourceR{l)-ElemR(1,J)) + 
& (SourceR(2)-EiemR(2,J))*(SourceR(2)-ElemR(2,J))) 

IF (D.LT:Small*Small) THEN 
Singularity=. TRUE. 
SingLoc=J 
RETURN 

END IF 
END DO 

RETURN 
END 

C **************************************************-************* UpdateBCValu~s 

SUB ROUTINE UpdateBCValues(NoOfdBCValues,dBCValues) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.INC' 

INTEGER J ,I,NoOfdBCValucs 
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REAL*8 dBCValues(*),Factor,VecNormDP,MagdBC 
LOGICAL KineticBC 
EXTERNAL KineticBC, V ecNormDP 

C Based on the magnitude of the desired change in boundary values, 
C use relaxation technique (scale down the desired step). 

MagdBC= VecNormDP(NoOfdBCValues,dBCV alues) 
IF (MagdBC.GT.l.O) THEN 

Factor=MAX(MIN(0.900,2.0DO/MagdBC),0.2DO) 
WRITE(*,*) 'Factor=' ,Factor 

ELSE 
\ Factor= 1.0 

END IF 

J=l 
DO I= 1 ,NoOfCoords 

IF (KineticBC(BCType(l))) THEN 
BCValues(I)=BCValues(l)+dBCValues(J)*Factor 
J=J+l 

END IF 
END DO 

RETURN 
END 

C *********************************************************************** UStar 

REAL*8 FUNCTION UStar(Dist2,Gs,Den,M) 

INCLUDE 'ECBPar.INC' 
INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECGaus.INC' 
INCLUDE 'ECBG.INC' 
INCLUDE 'ECBEim.INC' 

INTEGER Gs 
REAL *8 Dist2,Den,M 

REAL *8 First,Second 

REAL*8 KElP 
EXTERNAL KElP 

C Variables· 

C SourceR(*) Coordinates of !he Source Point 

IF (Axisymmetric) THEN 

C The problem is Axisymmetric. 
C UStar Multiplied by 2Pi 

C Note: the Gr(Gs,l) term is here because it is not included in the computation 
C of the isojacobian for axisymmetric problems. 

UStar = 2.0DO*KEIP(M)*Gr(Gs,l)/SQRT(Dcn) 
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ELSE 

C The problem is planar 
C Ustar multiplied by 2Pi 

UStar = -LOG(Dist2)/2.0DO 

END IF 

RETURN 
END 

C ********************************************************************* VVriteCal 

SUBROUTINE WriteCal(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBCal.INC' 
CHARACTER*(*) FileName 
LOGICAL FileExist 
JNTEGER I,J,Version/1/ 

INQUIRE(FILE=FileName,EXIST=f'ileExist) 
IF (.NOT.FileExist) THEN 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS='NEW' ,FORM= 'FORMA TI'ED') 
ELSE 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS='OLD' ,FORM='FORMA TI'ED') 
END IF ' 

VVRITE(l,*) Version 

DO 1=1.N90fCoords 
DO J=l.NoOfCoords 

WRITE(l, *) BemG(I,J),BemH(I,J),I,J 
END DO 

END DO 

CLOSE(l) 

RETURN 
END 

C ********************************************************************* VVriteint 

SUBROUTINE Writelnt(FileName) 

INCLUDE 'ECBHDR.INC' 
INCLUDE 'ECBINT.INC' 

CHARACTER*(*) FileName 
LOGICAL FileExist 
INTEGER Version,I,K 

OPEN (UNIT= 1 ,FILE=FileName,STATUS='NEW' ,FORM='FORMA TI'ED') 
WRITE(1,*) 1 . 

WRITE( 1, *) NoOflntemal,NoOfSpines,IntPerSpine 
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DO I= l,NoOflntemal 
WRITE(l,*) (lntemalPts(I,K),K=l,NoOfDim),lntemalPot(I) 

END DO 

CLOSE(l) 

RETURN 
END 

C ********************************************************************* WriteMac 

SUBROUTINE WriteMac(FileName) 

C This subroutine writes the contents of the BEM.MAC file. This file contains 
C the information required to make the BEM.INP file, the more detailed file 
C used by the BEMLIN.FOR program for input 

INCLUDE 'ECBMAC.INC' 
CHARACTER*(*) FileName 
INTEGER !,Version 
LOGICAL FileExist 

INQUIRE (FILE=FileName,EXIST=FileExist) 
IF (.NOT.FileExist) CALL ErrorFileName(FileName,'ReadMac') 

OPEN (UNIT= I ,FILE=FileName,ST A TUS= 'NEW' ,FORM='FORMA T1'ED' ,RECL= 132) 

WRITE(l,*) 3 

IF (NoOfMacVert.GT.MaxNoOfMacVert) THEN 
. WRITE(*,*) 'Error: Number of macro-vertices,' ,NoOfMacVert 

WRITE(*,*) ' is larger than the maximum number of' 
WRITE(*,*) ' macro-vertices allowed:' .MaxNoOfMacVert 
STOP 'In Routine: WritcMac' · · 

ENDIF . 
WRITE(l,*) NoOfMacVert 

DO l=l,NoOfMacVert 
WRITE(l,*) MacVertX(I),', ',MacVertY(I) 

END DO 

WRITE(I,*) NoOfMacEiems 
DO I= l,NoOfMacEiems 

WRITE(l, *) "" ,MacShape(l),"' ,' ,NoOfMicEiems(I), 
& ',"' ,MacBCType(I),"' ,' ,MacBCVai(I),' ,"', 
& MacSpac(I),'' ',' ,MacRatio(l) 

IF (MacShape(I).EQ.'LINE') THEN 
WRITE(I,*) Maclndx(l,l),Maclndx(l,2) 

ELSE IF (MacShapc(I).EQ.'SINE') THEN 
WRITE( I,*) Maclndx(I,l),Maclndx(I,2) 
WRITE (I,*) Mac Par( I, 1) ,MacPar(I,2) 

C (Y-YO)=A*Sin(Parl*X+Par2)) A and YO are solved for 

ELSE IF (MacShape(I).EQ.'CIR') THEN 
WRITE(l,*) Macindx(I,l),Macindx(I,2) 
WRITE(!,*) MacPar(I,l),MacPar(I,2) 

ELSE IF ((MacShapc(I).EQ.'USER').OR. 
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& (MacShape(I).EQ.'USR ')) THEN 
WRITE(l ,*) Maclndx(l,l),Maclndx(l,2),' ,'" ,MacBdryFile, "" 

ELSE IF (MacShape(I).EQ.'TRNS') THEN 
WRITE(l,*) Maclndx(l,l),Maclndx(l,2) 

ELSE IF (MacShape(I).EQ. 'PREY') THEN 
WRITE(!,*) Maclndx(l,l),Maclndx(l,2) 
WRITE( 1, *) MacPar(l, l),MacPar(I,2),MacPar(I,3),MacPar(l,4) 

ELSE IF (MacShape(I).EQ.'FLAT') THEN 
WRITE(l,*) Maclndx(l,l),Maclndx(l,2) 
WRITE(l,*) MacPar(l,l),MacPar(l,2) 

ELSE IF (MacShape(I).EQ.'FLTL') THEN 
WRITE(l ,*) Maclndx(l,l),Maclndx(I,2) 
WRITE(l,*) MacPar(l,l),MacPar(I,2) 

ELSE 
WRITE(*,*) 'Error: Unknown Macro-Element Type:' ,MacShape(l) 
STOP 'In Routine: WriteMac' 

END IF 
WRITE(l,*) MacStart(I),MacEnd(l) 
IF (MacSpac(I).EQ.'USER') WRITE(l,*) "",MacSpaFile(I),"" 

END DO 
CLOSE( I) 

RETURN 
END 

C ******************************************************************** WriteMesh 

SUBROUTINE WriteMesh(FileName) 

CHARACTER*(*) FileName 
INTEGER Length,Version/1/,I,J 
LOGICAL FilcExist 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBMsh.INC' 
INCLUDE 'ECBBC.Inc' 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS='UNKNOWN' ,FORM= 'FORMATTED') 

WRITE(l,*) Version 

WRITE(!,*) NoOfCoords 
DO I= 1 ,NoOfCoords 

WRITE(!,*) (Coords(I,J)J=l,NoOfDim) 
WRITE(l,*) BCValues(I),SoiValucs(I),Natural(I), 

& ',"' ,BCType(I),'"' 
END DO 

WRITE(!,*) NoOfEicms 
DO I= 1 ,NoOfEiems 

WRITE( I,*) (NodcMap(I,J)J =I ,BasisDeg+ I ),ElemNat(l), 
& ','" ,EiemBCType(I),"" 

END DO 

CLOSE(l) 

RETURN 
END. 
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C ********************************************************************* WriteSrc 

SUBROUTINE WriteSrc(FileName) 

INCLUDE 'ECBHdr.INC' 
INCLUDE 'ECBSrc.INC' 
INCLUDE 'ECBMsh.INC' 

INTEGER Version/1/,I,J 
CHARACTER*(*) FileName 
LOGICAL FileExist 

OPEN (UNIT= 1 ,FILE=FileName,ST A TUS= 'UNKNOVVN' ,FORM='FORMA TTED') 

VVRITE(1,*) Version 

IF (Version.EQ.1) THEN 
VVRITE{l,*) NoOfSrc 

IF (NoOfSrc.NE.NoOfCoords) THEN 
WRITE(*,*) 'Error: Number of source points is not equal to' 
WRITE(*,*) ' the number of coordinates.' 
VVRITE(* ,*) ' Filename=' ,FileName 
VVRITE(*, *) ' NoOfSrc=' ,NoOfSrc 
WRITE(*,*) ' NoOfCoords=' ,NoOfCoords 
STOP 'In Routine: WriteSrc' 

END IF 

DO I= 1 ,NoOfSrc 
WRITE (I,*) (Src(I,J),J = 1 ,NoOfDim) 

END DO 
ELSE 

CALL ErrorVersion(Version,FileName1'WriteSrc') 
END IF 

CLOSE(1) 

RETURN 
END 

C ************************************************************************* XY2T 

SUBROUTINE XY2T(X,Y,T) 

C This subroutine taken from Ken Jordan's Masters Thesis CalTech 1985 

C This subroutine returns the angle, T, from the positive x-axis, of 
C the point X,Y 

REAL*8 X,Y,T,PI/3.1415926536/ 

IF (X.GT.O.Q) THEN 
IF (Y.GE.O.Q) THEN 

T=ATAN(Y/X) 
ELSE 

T=AT AN(Y /X)+2.0*PI 
END IF 

END IF 
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- IF (XLT.O.O) T=ATAN(Y/X)+PI 

IF (X.EQ.O.O) THEN 
IF (Y.GT.O.O) T=PI/2.0 
IF (Y.EQ.O.O) T=O.O 
IF (Y.LT.O.O) T=3.0*PI/2.0 

END IF 

RETURN 
- END 
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C Include File: ·ECBBC.INC 
C Written by: Ken Jordan Date: 3/18/88 

c This file contains the declarations for the be values and solution results. 
C Used for reading/writing .BC files. 

C ----------------------------------------------------------------- Variables 

C BCfypeQ 
c 

The boundary condition for each node. 
'ESS ' Essential Boundary Condition 
'NAT ' Natural Boundary Condition c 

c 'CRNT' Natural condition where dPot/dn=-Wagner 
c . 'LIN ' Linear. 
c 'TAFA' Tafel Anodic 
c 'T AFC' Tafel Cathodic 
c 'BV ' Butler-Volmer 
c ~ 'USR .' Usr supplied (Function ... ) 

C BCValues(*) The boundary condition value for each node 
C ElemBCfype(*) BC Kinetics Type for each element. _ 
C ElemNat(*) Logical TRUE If element I has natural BC's. 
C Natural(*) Logical True if BCV Alues(I) is a natural BC 
C SolValues(*) if Natural(i) is true, then this is the essential value. 
C if Natural(i) is false, then this is the natural value. 

C ---~----------------------------------------------·--------·----- Declarations 

REAL*8 BCValues(MaxNoOfCoords),So!Values(MaxNoOfCoords) 
LOGICAL Naturai(MaxNoOfCoords),EiemNat(MaxNoOfCoords) 
CHARACTER*4 BCfype(MaxNoOfCoords),ElemBCType(MaxNoOfCoords) 

COMMON/ECBBC/BCValues,SoiValues,Natural,ElemNat, 
& · BCType,Eicm BCl)pe 
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C Include File: ECBbc2 
C Written By: Ken Jordan 8/24/88 

C This file declares variables for saving old BEM problem boundary conditions 
C and solution values 

C ------------------------------------------------------------------ Variables 

C Natural2(*) Logical True if BCV Alues(I) is a natural BC 
C BCValues2(*) The boundary condition value for each node 
C So1Values2(*) if Natural2(i) is true, then this is the essential value. 
C if Natural2(i) is false, then this is the natural value. 

C ----------------------------------------------------------------- Declarations 

REAL* 8 BCValues2(MaxNoOfCoords),SolValues2(MaxNo0fCoords) 
LOGICAL Natural2(MaxNo0fCoords) 

COMMON!ECB BC2/BCV alues2,So1Values2,Natural2 
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C Include File: ECBCal 
C Written by: Ken Jordan Date: 3/18/88 

C This file contains the declarations necessary to access the BEM Matrices 
C BEMH(,) and BEMG(,). 

C ----------------------~----------------------------------------- Declarations 

REAL *8 BEMH(MaxNoOfCoords,MaxNoOfCoords), 
& BEMG(MaxNoOfCoords,MaxNoOfCoords) 

COMMON /ECBCal/BemH,BemG 
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C Include File: ECBELM.INC 
C Written by: Ken Jordan 

8/10/88 

C This include file declares the common block used to store the 
C current local element coordinates, and the current source point for 
C integration over the local element. 

COMMON /ECBELM/ElemR,SourceR 
REAL* 8 ElemR(MaxNoOfDim ,MaxBasisDeg+ 1 ),SourceR(MaxNoOIDim) 
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C INCLUDE FILE: ECBG.INC 
C Written by: Ken Jordan 

7/29/88 

C This file contains declarations for variables passed to UStar and QStar, 
C such as GPhi, GR,GisoJacob,GNormal, that only need to be calculated once 
C for each gauss point on the element, and not for each source point. 

REAL *8 GPhi(MaxNoOfGauss,MaxBasisDeg+ 1), 
& GR(MaxNoOfGauss;MaxNoOfDim),GisoJacob(MaxNoOfGauss), 
& GNormal(MaxNoOfGauss,MaxNoOfDim) 

COMMON /ECBG/GPhi,Gr,GisoJacob,GNormal 
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C Include File: ECBHdr.INc 
C Written by: Ken Jordan Date: 3/18/88 

C This include file contains the declarations for variables and parameters 
C used to solve the BEM problem 

C ------------------------------------------------------------------ Parameters 

C MaxBasisDeg The maximum basis function allowed 
C MaxNoOfCoords The maximum number of mesh points and· source points 
C allowed 
C MaxNoOfDim The maximum dimension allowed. 

C -------------------------------------------------------------------- Variables 

C BasisDeg 
C NoOfDim 

The degree of the basis functions. 
The actual number of dimensions specified by the user. 

C ----------------------------------------------------------------- Declarations · 

PARAMETER MaxNoOfCoords=500 
PARAMETER MaxNo0fDim=2 
PARAMETER MaxBasisDeg=2 

INTEGER NoOfDim,BasisDeg 
COMMON !ECBHdr/NoOfDim,BasisDeg 
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C Include File: ECBINT.INC 
C Written By: Ken Jordan 

C This include file declares the internal points 

C NoOflntemal The number of internal points 
C NoOfSpines The number of spines 
C IntPerSpine The number of internal points per' spine 
C Interna1Pts(,2) The locations of the internal Points. 
C InternalPotO The potential at the internal points. 

Date: 10(20189 

INTEGER NoOflnternal,NoOfSpines,IntPerSpine 
REAL *8 InternalPts(MaxNoOfCoords,MaxNoOtDim), 

& InternalPot(MaxNoOfCoords) 

COMMON /ECBINT/ NoOflnternal,NoOfSpines,IntPerSpint:. 
& InternalPts,lnternalPot - -
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C Include File: ECBMac.INC 
C Written By: Ken Jordan Date: 6/5/87 

C This include file defines and dimensions the variables used in the ECBMAC 
C common block for setting up a mesh. The file is used by program ECBPrePro. 

C ----------------------------------------------------------------- Parameters 

C MaxNoOfMacVert is used to dimension the matrices used to read the BEM.MAC 
C file. 

C -------------------------------------------------------------------- Variables 

C NoOfMacElems The number of macro elements. 
C NoOfMacVert Number of macro vertices in the BEM.MAC file 
C NoOfMicEiems() The number of elements for each macro element. 
C MacBCfype() The b.c. to be applied to the element 
C 'ESS ','NAT' ,'CRNT' ,'B V' ,'LIN', 'T AF A' ,'T AFC' 
C MacBCVaiO The b.c. value for the element 
C Value of the potential in the node I if BCType(i)=O 
C Value of the potential derivative if BCType(i)=l 
C Macindx(,) The first index is th~ macro element number, 
C If the macro element is a line then the contents for 
C second index= 1 is the index number of the macro vertex 
C at the start of the line segment. 
C second index=2 is the index number of the macro vertex 
C at the end of the line segment. 
C MacPar(,) Parameters used for various macro element types. 
C 'LINE' 
C 'SINE' Y=YO+A*SIN(MacPar(I,l)*X+MacPar(l,2)) / 
C 'FLAT' Horizontal surface MacPar(I,l) above highest point 
C of MacroElement MacPar(I,2) 
C 'PREY' Surface of with shape of MacroElement MacPAr(I,2) 
C spaced MacPar(I,l) away. 
C MacShape() The type of macro-clement. Currently, the only type allowed 
C is 'LINE','SINE',FLAT,PREV,USER,CIR 
C MacSpac() The spacing for the macro-element. (LOG:-CHEB, EQUL,=CRV,USR) 
C MacRatio() The spacing parameter for LOG spacing. 
C MacVertX() X coordinate of macro vertex 
C MacVertY() Y coordinate of macro vertex 
C MacSPAFilc() The filename to use for user-defined spacings 
C MacBdryFile The filename to use for temporary storage of the moving 
C bou~ary 

C ----------------------------------------------------------------- Declarations 

COMMON /ECBMac/NoOfMacVert,MacVertX,MacVertY ,NoOfMacElems, 
& MacShapc,NoOfMi.cEicms,MacBCType,MacBCVai,Maclndx,MacPar, 
& MacSpac,MacRatio,MacStart,MacEnd,MacSpaFile,MacBdryFile 

PARAMETER MaxNoOfMacVert=lO 

INTEGER N oOfMac V crt,NoOfMacElcms,NoOfMicEiems(MaxNoOfMac Vert), 
& Maclndx(MaxNoOfMac V crt,2),MacStart(MaxNo0fMac Vert), 
& MacEnd(MaxN oOfMac V crt) 

REAL*8 MacVcrtX(MaxNoOfMacVert),MacVertY(MaxNoOfMacVert), 
& MacBCVal(MaxNoOfMac Vert),MacPar(MaxNoOfMac V crt,4), 
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& MacRatio(MaxNoOtMacVert) · 

CHARACTER*4 MacShape(MaxNoOtMac Vert),MacBCType(MaxNoOfMacVert), 
& MacSpac(MaxNoOtMacVert) 

CHARACTER* 50 MAcSpaFile(MaxNoOtMac Vert),MacBdryFile 

C *.MAC file structure 

C NoOtMac Vert 
C MaxVertX(i),MacVertY(i) 

C NoOtMacElems 

C' MacShape(i),NoOfMicElcms(i),MacBCType(i),MacBCV al(i) 

C Maclndx(i,l),Maclndx(i,2) for mac type 'LINE' 
. 

C Maclndx(i,l),Maclndx(i,2) for mac type 'SINE' 
C MacPar(I,l),MacPar(I,2) 

C Comers can be identified by changes in the BC Type ·· 
C Transition elements are identified by changes in the BC Value. 
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C Include F,ile: ECBMove.INC 
C Written By: Ken Jordan 10/18/89 (After the Big One) 

C This file declares variables for the common· block ECBMOVE. These variables 
C are used in boundary movement 

C NoOflns Number of points in unmoving boundary 
C Ins(,2) Points in unmoving boundary. (,l)=x, (.2)=y 
C Orig(2,2) First Index: = 1, second point on original surface 
C =2, next to last point on original surface 
C Second index: dimension, (=l,x), (=2,y) 
C NoOfMoved Number of points in moving boundary 
C Moved(.2) Points in moving boundary. (.l)=x, (.2)=y 
C AcuteAngleBefore .TRUE. if an acute angle exists between moving and 
C unmoving boundaries at start of moving boundary 
C NoAngleBefore _ .TRUE. if moving and unmoving boundaries start 
C at the same point. ' 
C AcuteAngleAftcr .TRUE. if an acute angle exists between moving and 
C unmoving boundaries at end of moving boundary 
C NoAngleAfter .TRUE. if the moving and unmoving boundaries end at 
C the same point. 
C Nx(.2) normal to point. (, 1) x direction, (,2) y direction 
C dXdNO current density to point. 
C StaRev .TRUE. if the start of the moving boundary is moving backwards 
C EndRev .TRUE. if the end of the moving boundary is moving backwards 

INTEGER NoOflns,NoOfMoved,NoOfdXdN 
INTEGER First,Second,NextToLast,Last 
LOGICAL AcuteAnglcB~fore,AcuteAngleAfter,StaRev,EndRev 
LOGICAL NoAngleBefore,NoAngleAfter 
REAL*8 Ins(MaxNoOfCoords,MaxNoOfDim) 
REAL *8 Moved(MaxNoOfCoords,MaxNoOfDim) 
REAL *8 Orig(2,MaxNoOIDim) 
REAL *8 Nx(MaxNoOfCoords,MaxNoOfDim),dXdN(MaxNoOfCoords) 

COMMON!ECBMOVE/NoOflns,lns,NoOfMoved,Moved,Orig, 
& . AcuteAnglcBcforc,AcuteAngleAftcr ,Nx,dXdN,StaRev,EndRev, 
& First,Second,NcxtToLast,Last,NoAngleBefore,NoAngleAfter 
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C Include File: ECBMsh.INC 
C Written by: Ken Jordan Date: 3/18/88 

C This include file declares the variables that contain the mesh. 

C -------------------------------------------------------------------- Variables 

C Coords(*, *) 
c 
c 
C NodeMap(,) 
c 
c 
C NoOfCoords 
C NoOfElems 

The coordinates of the node. The first index is the node 
number; the second index is the dimension number. The 
first dimension is alway the Rdimension 
The first index is the element number, the second index 
is the local node number. The contents are the index 
of the global node. 
The number of coordinates in the mesh. 
The number of elements in the mesh. 

C -----------------:.------------------------------~--------------- Declarations 

INTEGER N oOfCoords,NoOfElems,NodeMap(MaxNoOfCoords,MaxBasisDeg+ 1) 
REAL *8 Coords(MaxNoOfCoords,MaxNoOfDim) 

COMMON /ECBMsh/NoOfCoords,Coords,NoOfElems,NodeMap 
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C Include File: ECBPar.INc 
C Written by: Ken Jordan Date: 3118188 

C This include file declares the variables used for secondary current 
C distributions (aA, aC, !Ratio, J6hnNewman) and for geometry 
C (Axisymmetric, Rinner) 

C ------------------------------------------------------------------ Variables 

C Kinetic Parameters 

CaA 
C aC 
C WagLin 
c 

Anodic transfer coefficient 
Cathodic transfer coefficient 
Wagner number for Linear Kinetics 
= istar I iO = kappa R T I F xstar iO 

C Nondimensionalization Constants 

Ctstar 
c 
c 
C istar 
c 
c 
C CorLev 
c 
C Corros 
c 
c 
c 
c 
c 
c 
c 

The quantity used to make time dimensioril~ss 
= rho * nelec * F * xstar I (MW * istar) 
= rho nelec F"2 xstar"2 I MW kappa R T 
The quantity used to make current density dimensionless 
= kappa PhiS tar I xstar 
= kappa R T I F xstar 

.TRUE. if solving problem with corrosion and deposition 
at same time 
Quantity used to scale corrosion current to deposition 
current. 
= Da F CaBulk I istar xstar 
Corros only has meaning if CorLev is .TRUE. 
(not ideal: better is = Na(local) F I i(local) ) 

= Da CaBulk F I i(local) delta 
where delta=MT BL thickness 

(it's the best we can do at present.) 

C Periodic Current Reversal Parameters 

C PerRev 
C CRRatio 
c 
C WaLinPCR 
c 

C NoOIPCR 
C PCRMax 
c 

.TRUE. if solving periodic current reversal problem 
Periodic Current Reversal Ratio (>0 always) 
(I inil/1 final). Only has meaning if PerRev=.TRUE. 
Ratio of Linear Wagner Numbers for Periodic Current 
Reversal. 

Number of times to reverse the current 
.TRUE. if primary c.d. during dissolution, and uniform c.d. 
during deposition 

C Method Parameters 

C Axisymmetric .TRUE. if the problem is axisymmetric 
C Spline3D .TRUE. if spline should be based on x(d),y(d),d 
C .FALSE. if spline should be based on Y(x),x · 

C Maxlter 
c 
C SrcFactor 
c 

Maximum number of iterations allowed before program 
. quits when doing Newton Raphson technique . 

Factor (>I) used to determine radius of circle that 
has source points on it. 
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C Tolerance 
c 
C BC Parameters 

Used to determine convergence tolerance for NR technique 
and to tell when two points are the same. 

C KineticsFile filename containing data for user defined kinetics routine. 

C -------------------------------------------------------•-------- Declarations 

INTEGER Maxlter.NoOfPCR 
LOGICAL Axisymmetric,Spline3D,CorLev ,PerRev ,PCRMax 
REAL *8 WagLin,aA,aC,Tolerance,SrcFactor,Corros,CRRatio 
REAL *8 tstar, istar,WaLinPCR 
CHARACTER*80 Kineticsfile . 

COMMON/ECBPar/ aA,aC,WagLin,tstar,istar,Corros,CRRatio,WALinPCR, 
& Axisymmetric,CorLev ,Spline3D,PerRev, 
& Tolerance,SrcFactor,Maxlter,KineticsFile, 
& PCRMax,NoOfPCR 
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C .Include File: ECBPar2.INC 

C This include file contains declarations and COMMON statements for the 
C dimensional parameters describing the ECB problem. 

C -------------------------------------------------------------Input Parameters 

CF 
C CaBulk [mol/l]. Da (Bulk Concentration, Diffusivity) Parameters For 
C Corrosive Chemical 
C Kappa Electrolyte Conductivity [1/ohm-cm] 
C aA, aC, iO [mNcm2] Metal Electrodeposition Kinetics 
C xstar [um].PhiStar [V] Geometry Scale (amplitude), Potential Scale 

C ------------------------------------Calculated Nondimensionalization Constants 

C (phistar 
C istar 

.= RT/F) 
= kappa PhiStar I xsutr 

C ----------------------------------------------Important Dimensionless Groups 

C Waglin 
C Corros 

= istar I iO 
= Da F CaBulk I iO delta 

REAL*8 F 
REAL *8 CaBulk,Da,kappa 
INTEGER nelec 
REAL*8 iO 
REAL *8 xstar, Phi Star 
REAL*8 rho, MW 
REAL*8 idep 

COMMON /EcbPar2/F,CaBulk,Da,kappa,nelec,i0,xstar, 
& PhiS tar ,rho,MW ,idep 
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c Include File: ECBRemesh.INC 

C Contains declarations for common block variables used in remeshing. 

C Variables 

C SpaFac 
c 
C UpFac 
C LowFac 
C SlopFac 

Used to weight importance of spacing (0 = unimportant 
!=equal in importance to curvature) 

Bound the curvature by avg error * Up Fac as maximum 
Bound the curvature by avg error * Low Fac as minimum 
Bound the changes in curvature by (Max-Min)/TotDis/SlopFac 

COMMON /ECBRemesh/SpaFac,UpFac,LowFac,SlopFac 
REAL *8 SpaFac,UpFac,LowFac,SlopFac· 
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C Include File: ECBSrc.INC 
C Written by: Ken Jordan Date: 3/18/88 

C This include file declares the variables used to describe the source 
C points. 

C -------------------------------------------------------------------- Variables 

C NoOfSrc The number of source points. (This should equal the number 
C of nodes) 
C Src(,) The coordinates of the source points. The first index is 
C the source point number,the second index is the dimension 

C -------------------------------------~: __________________________ Declarations 

INTEGER NoOfSrc 
REAL *8 Src(MaxNoOfCoords,MaxNoOfDim) 

COMMON /ECBSrc/NoOfSrc,Src 
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C Include 'File ECBTime.INC 
~ This file contains variables used by program ECBM to do time stepping. 

C TimeCounter . 
C MaxTimeCounter 
CTime 
C dTime 
C EndTime 
C DesdX 
C DesdTime. 
C MotdTime 
C LastTime 

INTEGER TimeCounter,MaxTimeCounter 
REAL *8 Time,dTime,Endtime,DeltaTime 
REAL *8 DesdX,DesdTime,MotdTime 
LOGICAL.LastTime 

COMMON /ECB Time/fimecounter ,MaxtimeCounter, Time,Dtime,endtime, 
& DesdX,DesdTime,MotdTime,LastTime,DeltaTime 
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C Include File: ECBTMac.INC 
C Written By: Ken Jordan Date: 6/5/87 

C This include file defines and dimensions the variables used in the ECBMAC 
C common block for setting up a mesh. The file is used by program ECBPrePro. 

C -------------------------------------------------------------------- Variables 

C 1NoOfMicElems() The number of elements for each macro element 
C TMacBCType() The b.c. to be applied to the element 
C 'ESS','NAT','CRNT' ,'BV','LIN' ,'TAFA' ,'TAFC' 
C TMacBCVal() The b.c. value for the element 
C Value of the potential in the node I if BCType(i)::O 
C Value of the potential derivative if BCType(i)=l 
C TMacindx(,) The first index is the macro element number, 
C If the macro element is a line then the contents for 
C second index= 1 is the index number of the macro vertex 
C at the start of the line segment. 
C second index=2 is the index number of the macro vertex 
C at the end of the line segment. 
C TMacPar(,) Parameters used for various macro element types. 
C 'SINE' Y=YO+A*SIN(MacPar(l,l)*X+MacPar(l,2)) 
C TMacShape() The type of macro-element. Currently, the only type allowed 
C is 'LINE','SINE' 
C TMacSpac() The spacing for the macro-element (LOG, CHEB, EQUL) 
C TMacRatioO The spacing parameter for LOG spacing. , 

C ----------------------------------------------------------------- Declarations 

COMMON /ECBTMac/ TMacShape,1NoOfMicElems,TMacBCType,TMacBCVal, 
& TMaclndx,TMacPar,TMacSpac,TMacRatio 

INTEGER TNoOfMicElems(MaxNoOfMac Vert), 
& TMaclndx(MaxNoOfMac Vert,2) 

REAL *8 TMacBCVal(MaxNoOfMacVert),TMacPar(MaxNoOfMac Vert,3), 
& TMacRatio(MaxNoOfMacVert) 

CHARACTER*4 TMacShape(MaxNoOfMacVert),TMacBCType(MaxNoOfMacVert), 
& TMacSpac(MaxNo011vfac Vert) 
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C Include File: ECGaus.INC 
C Written by: Ken Jordan Date: 3/18/88 

C Contains declarations for the common block containing gaussian quadrature 
C variables. The Gauss Points and Weights may be obtained by calling 
C subroutine GauLegO 

C -------------------------------------------------------------- Parameters 

C MaxNoOfGauss The maximum number of gauss points and weigths allowed by 
C the program. 

C ------------------------------------------------------------------- Variables 

C NoOfGaussPts The number of gauss points specified by the· user. 
C GaussWts(*) The gauss weights to use (interval 0->1) 
C GaussPts(*) The Gauss points to use (interval 0->1) 

C ----------:...----------------------------------------------------- Declarations 

PARAMETER MaxNoOfGauss::20 

INTEGER NoOfGaussPts 
REAL *8 GaussWts(MaxNoOfGauss),GaussPts(MaxNoOfGauss) 

COM~ON/ECGaus/ NoOfGaussPts,GaussPts,GaussWts 
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C Include File: ECGLOG.INC 
C Written by: Ken Jordan Date: 3/18/88 

C Contains declarations for the common block containing gaussian quadrature 
C variables. The Gauss Points and Weights may be obtained by calling 
C subroutine GauLOGO. Points and weights are for integrating from 0 to 
C 1, f(x)*LN(l/x). 

C ----------······························-······················· Parameters 

C MaxNoOfGauLog The maximum number of gauss points and weigths allowed by 
C the program. 

C •••••·•·•···•••·•·······•·•·••··•··••••••••••······················· Variables 

C NoOfGauLogPts The number of gauss points specified by the user. 
C GauLogWts(*) The gauss weights to use (interval 0-> 1) 
C GauLogPts(*) The GauLog points to use (interval 0->1) 

C ----------.: ••••••.....•..•••••••••••••••••.........•.....•.•••••• Declarations 

PARAMETER MaxNo0fGauLog=20 

INTEGER NoOfGauLogPts 
REAL *8 GauLogWts(MaxNoOfGauLog),GauLogPts(MaxNoOfGauLog) 

COMMON/ECGaus/ NoOfGauLogPts,GauLogPts,GauLogWts 
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C I/0 Subroutines 

c 
c 
c 

c 
c 
c 
c 
c 
c 

SUBROUTINE Center(String,TWidth,Centered) 
SUBROUTINE WriteCenter(Lun,Width,Line) 
SUBROUTINE ClrScr 

SUBROUTINE Chlnp(PROMPT,V AR) (Obtains Ch,DP,Dt,I, orR 
SUBROUTINE DPinp(Prompt,Var) from-the user. If a <CR> 
SUBROUTINE Dtlnp(Prompt,Date$,Date) is pressed, 0 or ' ' is 
SUBROUTINE Ilnp(Prompt,Var) stored in the variable) 
SUBROUTINE Rfnp(Prompt, V ar) 
SUBROUTINE GetFileName(Prompt,FileName) 

c SUBROUTINE EditCh(Prompt,Var) (Obtains Ch,DP,Dt,J, orR 
c SUBROUTINE Editl(Prompt,Var) from the user. If a <CR> 
c SUBROUTINE EditR(Prompt,Var) is pressed, the previous 
c StiBROUTINE EditDP(Prompt,Var) value of the variable remains 
c SUBROUTINE EditDtCh(Prompt,Date$,Date) in the variable) 
c SUBROUTINE EditDti(Prompt,Date$,Date) 

c SUBROUTINE PauseCrt 
c SUBROUTINE Menu(McnuTitle,McnuTxt,NTxt,MenuPrompt,MenuResps,NResps, 
c & DcfRcsp,UsrRcsp) 
c SUBROUTINE Yorn(PromptS,Yes) 

C Special I/0 Conversion routines. (e.g. 1 line of data tO a matrix/ 
C matrix to 1 line of data) 

c SUBROUTINE Codcl(List,NoOfElems;String) 
c SUBROUTINE CodcR(List,NoOfElems,String) 

c SUBROUTINE DccodcCh(String,Delimitcr,List,NoOfEiems,MaxNoOfEiems) 
c SUBROUTINE Decodci(String,List,NoOfElcms,MaxNoOfEiems) 
c SUBROUTINE DccodcR(String,List,NoOfElems,MaxNoOfEiems) 
C SUBROUTINE· DccodcDP(String,List,NoOfElems,MaxNoOfElems) 

C Matrix Manipulation subroutines 

c SUBROUTINE CompareListi(Listl ,NoOfElemsl, 
c & List2,NoOfElcms2,Matches,No01Matches) 
c SUBROUTINE CompareListR(Listl ,NoOfElcmsl, 
c & List2,NoOfElcms2,Matches,No01Matches) 

c SUBROUTINE FindMaxCh(Matrix,NoOfElems,MaxCh,MaxLoc) 
C SUBROUTINE FindMaxDt(Dates,NoOfDatcs,MaxDt,MaxLoc) 
c SUBROUTINE FindMaxi(Matrix,NoOfElcms,Maxi,MaxLoc) 

c 
c 
c 

SUBROUTINE FindMinCh(Matrix,NoOfElems,MinCh,MinLoc) 
SUBROUTINE Find,MinDt(Matrix,NoOfElems,MinDt,MinLoc) 
SUBROUTINE FindMini(Matrix,NoOfElems,Mini,MinLoc) 

c SUBROUTINE FindMatchesDP(Matrix,NElements,MatchEiement, 
c & MatchLocs,Found,NoLocs) 
c SUBROUTINE FindMatchesi(Matrix,NElements,MatchElcment, 
c & MatchLocs,Found,NoLocs) 
c SUBROUTINE FindMatchesR(Matrix,NElements,MatchElement, 
c & MatchLocs;Found,NoLocs) 
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c SUBROUTINE MalDateBend(DateCh,NoOtElems,DateN) 
c SUBROUTINE MatExtremaR(Matrix,NoOfPts,Maxi;Mini) 
c SUBROUTINE MatExtremaDP(Matrix,NoOfPts,Maxi,Mini) 

c SUBROUTINE SearchCh(Matrix,NElements,MatchElement,Location,Found, 
c & NoLocs) 
c SUBROUTINE SearchChSub(Matrix,NEiements,StartLoc,EndLoc, 
c & MatchElement,Location,Found,NoLocs) . 
c SUBROUTINE SearchDP(Matrix,NElements,MatchElement,Location,Found, 
c & NoLocs) 
c SUBROUTINE SearchJ(Matrix,NElements,MatchElement,Location,Found, 
c & NoLocs) 
c SUBROUTINE SearchL(Matrix,NElements,MatchElement,Location,Found, 
c & NoLocs) 
c SUBROUTINE SearchR(Matrix,NElements,MatchElement,Location,Found, 
c & NoLocs) · 

c SUBROUTINE SortCh(Matrix,NoEiems,Pointer) 
c SUBROUTINE SortDP(Matrix,NoElems,Pointer) 
c SUBROUTINE Sorti(Matrix,NoElems,Pointer) 
c SUBROUTINE SortR(Matrix,NoElems,Pointer) 

C Single Variable Character/Date Manipulation subroutines 

c SUBROUTINE UpperCascCh(String) 
c SUBROUTINE LowerCascCh(String) 
c SUBROUTINE ConvertChToi(Stririg2,Int) 
c SUBROUTINE ConvertChToR(String2,Re) 
c SUBROUTINE ConvertChToDP(String2,Re) 
c SUBROUTINE ConverlDtToi(Date$,Mo,Da,Yr) 
c SUBROUTINE ConverlDPToWords(Numbcr,Words) 

c SUBROUTINE DatcBcnd(Date$,Date) (converts MM/DDtYY to YYMMDD) 
c SUBROUTINE DatcUnBcnd(TDate,Date$) (converts YYMMDD to MM/DD/YY) 

c 
c 
c 

SUBROUTINE TrimCh(String) (Places first non-blank char 
in String(!:). Sets all 
trailing blanks to nuls CHAR(O)) 

c SUBROUTINE RcmovcBianksFromCh(String) (Places all non-blank chars 
C next to each other starting 
C in String(!:). E.g. 
C 'This is a test' becomes 
C 'Thisisatest ' 
c SUBROUTINE RemovcCharFromCh(String,Blank) 
c SUBROUTINE StringLcngth(String,Length) 
c SUBROUTINE RptString(Rcpcat,NoOITimes,String) 

C File Manipulation Subroutines 

c SUBROUTINE FilcRcnamc(OidName,NewName) 
c SUBROUTINE FilcDcletc(FilcNamc) 
c SUBROUTINE FilcPurgc(FilcName) 

C Numeric Manipulation Subroutines 

c Subroutine PRoundDP(Numbcr,PowcrOITen,Rounded) 
c SU.BROUTINE IXCHNG(I1,12) . 
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C Plotting Routines 

c SUBROUTINE SeLPlotter(TermType) 
c SUBROUTINE GetPlotter(TermType) 
c SUBROUTINE SetUplmagen 
c SUBROUTINE SetUpTalaris 
c ·SUBROUTINE SetUpVT240 
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C *********************************************************************** Center 

SUBROUTINE Center(String,TWidth,Centered) 

CHARACTER*(*) STRING,CENTERED 
INTEGER WIDTH,TWidth 
INTEGER BlankColumns,l,Length 

Width=TWidth 
IF (Width.GT.LEN(Centered)) Width=LEN(Centered) 

CALL TrimCh(String) 

Length=LEN(String) 
DO L=Length,1,-1 

IF (String(L:L).NE.' ') GOTO 100 
END DO 

Centered(!:)=' ' 
RETURN 

100 IF (L.GT.Width) L=Width 
BlankColumns=(Width-L)/2 

Centered(l :BlankColumns)=' ' 

IF (BlankColumns.NE.O) THEN 

Centered(B lankColumns: )=String( 1: 
& MIN(LEN(CENTERED)-BiankColumns,L)) 

ELSE 
Centered(] :)=String(]:) 

END IF 

RETURN 
END 

C ****************~******************************************************* Chlnp 

SUBROUTINE Chlnp(PROMPT,VAR) 

C This subroutine prints the PROMPT and obtains a character response in V AR 

COMMON /EDITSUBS/DataEntered 

CHARACTER*(*) PROMPT,V AR 
INTEGER Apostrophe,Length 
LOGICAL DataEntercd 

CALL StringLcngth(Prompt,Lcngth) 
WRITE(*,*) PROMPT(] :Length) 
READ(*, 100) V AR 

100 FORMAT(A) 

IF (Var.EQ.' ') THEN 
DataEntercd=.F ALSE. 

ELSE 
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DataEntered=.TRUE. 
END IF 

200 Apostrophe=INDEX(Var,"") 
IF (Apostrophc.NE.O) THEN 

Var(Apostrophe:Apostrophe)=''' 
GOTO 200 

END IF 

RETURN 
END 

c *********************~************************************************* CkScr 

SUBROUTINE ClrScr 

C This subroutine clears the digital terminal's screen 

BYTE E.SCAPE/27/ 
WRITE(* ,1 00) ESCAPE 

100 FORMAT(' ',Al,'[2J') 

RETURN 
END 

C ************************************************************************ Code! 

10 

SUBROUTINE Codei(List,NoOfEiems,Stting) 

CHARACTER*(*) String 
CHARACTER*80 Dummy 
INTEGER List(*) 
INTEGER NoOfEiems,Length,I,Comma 
LOGICAL Zeros 

Length=O 
DO I= 1 ,NoOfEicms 

Dummy(1:)=' ' 
writc(unit=Dummy(1 :),FMT= 1 0) List(I) 
FORMAT (I,',') . 
CALL RcmoveBianksFromCh(Dummy) 

Comma=INDEX(Dummy,', ') 

String(Lcngth+ 1 :Lcngth+Comma)=Dummy(l :Comma) 
Lcngth=Lcngth+Comma 

END DO 

IF (Length:GT.O) THEN 
String(Lcngth:)=' ' 

ELSE 
String=' ' 

END IF 

RETURN 
END 
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C *********************************~************************************** CodeR 

10 

SUBROUTINE CodeR(List,NoOfEiems,String) 

CHARACTER*(*) String 
REAL List(*) 
CHARACTER*80 Dummy 
INTEGER NoOfEiems,Length,I,Comma,Dot,ELoc,J,NewELoc 
LOGICAL Zeros 

Length=O 
DO I= 1 ,NoOfEiems 

Dummy(l :)=' ' 
writc(unit=Dummy(l:),FMT=10) List(!) 
FORMAT (G,',') 
CALL RemoveBianksFromCh(Dummy) 

Comma=INDEX(Dummy,' ,') 
Dot= INDEX(Dummy,'. ') 
ELoc=INDEX(Dummy,'E') 
IF (ELoc.EQ.O) THEN 

DO J=Comma-1 ,Dot+ 1 ,-1 
IF (Dummy(J:J).NE.'O') THEN 

Comma=J+l 
GOTO 20 

END IF 
END DO 
Comma= Dot 

20 Dummy(Comma:)=',' 
ELSE 

NewELoc=Eioc 
DO J=Eioc-1,Dot+1,-1 

IF (Dummy(J:J).NE.'O') THEN 
NewELoc=J+ I 

GOTO 30 
END IF 

END DO 
NewELoc=Dot 

30 Dummy(NewELoc:)=Dummy(ELoc:) 
Comma=INDEX(Dummy,', ') 

END IF 

String(Length+ 1 :Length+Comma)=Dummy(l :Comma) 
Lcngth=Length+Com rna 

END DO 

IF (Length.GT.O) THEN 
String(Length:)=' ' 

ELSE 
String=' ' 

END IF 

RETURN 
END 

C ***************************************************************** CompareListl 
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SUBROUTINE CompareListi(Listl ,NoOfElemsl, 
& List2,NoOfElems2,Matches,NoOtMatches) 

INTEGER NoOfElcms 1 ,No0fEiems2,NoOtMatches 
INTEGER List1(*),List2(*),Matches(*),I,J 

NoOtMatches=O 
DO I=l,NoOfElemsl 

DO J=l,NoOfElems2 
IF (Listl(D.EQ.List2(J)) THEN 

NoOtMatches=NoOtMatches+l 
Matches(NoOtMatches)=Listl (I) 

END IF 
END DO 

END DO 

RE'(URN 
END 

C ***************************************************************** CornpareLisUR 

SUB ROUTINE CompareListR(L ist 1 ,NoOfElems 1, 
&. List2,NoOfEicms2,Matchcs,No0tMatches) 

INTEGER NoOfEiems 1 ,NoOfEiems2,NoOtMatches,I,J 
REAL List I (*),List2(*),Matches(*) 

NoOtMatches=O 
DO l=l,NoOfEicmsi 

DO J =I ,NoOfEiems2 
IF (Listi(D.EQ.List2(J)) THEN 

NoOfMatches=NoO fMatches+ 1 
Matches(NoOfMatches )=List I (I) 

END IF 
END DO 

END DO 

RETURN 
END 

C ***************************************************~*********** ConvertChToDP 

SUBROUTINE ConvcrtChToDP(String2;Re) 

CHARACTER*(*) String2 
CHARACTER*80 String 
INTEGER S tringLength,NoCharac tcrs,NoDots,NoSigns;NoE,ErrNo,l) 
LOGICAL Quit 

' DOUBLE PRECISION Rc 

String=S tring2 
CALL UppcrCa<>cCh(String) 

NoE=O 
NoSigns=O 
NoDots=O 
NoCharacters=O 
StringLength=LEN (String) 
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3 

5 

I::O 
QUIT=.FALSE. 
DO WHILE (.NOT.QUIT) 

1=1+1 
IF (I.GT.StringLength) GOTO 3 

IF (((String(I:I).GE. 'O').AND.(String(I:I).LE. '9')) 
& .OR.(String(I:I).EQ.'. ').OR.(String(I:I).EQ. '+') 
& .OR.(String(I:I).EQ. '-').OR.(String(I:I).EQ. 'E')) THEN 

IF ((String(I:I).EQ.'- ').OR.(String(I:I).EQ. '+ ')) THEN 
NoSigns=NoSigns+ I 
IF (NoSigns.GE.2) GOTO 5 

END IF 

IF (String(I:I).EQ.' .') THEN 
NoDots=NoDots+ 1 
IF (NoDots.GE.2) goto 5 

END IF 

IF (String(I:I).EQ.'E') THEN 
NoE=NoE+l 
IF (NoE.'GE.2) GOTO 5 
NoSigns=O 

IF ((String(I+1:I+1).EQ.'-') 
& .OR.(String(I+1:I+1).EQ.'+')) THEN 

StringLength=MIN(I+3,StringLength) 
ELSE 

S tri ngLength=MIN (I+ 2,S tringLength) 
END IF 

IF (NoDots.EQ.O) THEN 

DO J=StringLength,I,-1 
String(J+ 1 :J+ l)=String(J:J) 

END DO 
StringLength=StringLength+ 1 
NoCharacters=NoCharacters+ I 
String(NoCharacters:NoCharacters)='.' 
NoDots=NoDots+ 1 
I=I+1 

END IF 
END IF 

NoCharactcrs=NoCharacters+ 1 
String(NoCharactcrs:NoCharacters)=String(I:I) 

END IF 
IF (I.GE.StringLength) QUIT=.TRUE. 

END DO 

DO I=StringLcngth,NoCharactcrs+ 1,-1 
String(!: I)=CHAR(O) 

END DO 

IF (NoCharactcrs.EQ.O) THEN 
Rc=O. 
RETURN 
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END IF 

IF ( (String(NoCharacters:NoCharacters).EQ. '+').OR. 
& (String(NoCharacters:NoChatacters).EQ.' -')) THEN 

NoCharacters=NoCharacters-1 
END IF 

IF (NoCharacters.EQ.O) THEN 
Re=O. 
RETURN 

END IF 

IF (NoDots.EQ.O) THEN 
NoDots=NoDots+ 1 
NoChamcters=NoCharacters+ 1 
S tring(NoCharJcters:NoCharactcrs )= '.' 

END IF 

IF (String(1:1).EQ.'.') THEN 
DO J=NoCharacters,1,-1 

S tring(J + 1 :J + 1 )=S tring(J :J) 
END DO 
NoCharncters=NoCharacters+ 1 
String(1: 1)='0' 

~END IF 

IF (((String(1: 1).EQ. '-').OR.(String(I: 1).EQ. '+')) 
& .AND.(String(2:2).EQ.'. ')) THEN 

DO J=NoCharacters,2,-1 
Stting(J+ 1 :J+ 1)=String(J:J) 

END DO 
NoCharactcrs=NoCharacters+ J 
String(2:2)='0' 

END IF 

IF (NoE.EQ.I) THEN 

IF (String(1:1).EQ.'E') THEN 
DO l=NoCharactcrs,1,-1 

String(I+2:I+2)=String(I:I) 
END DO 
String(l: 1)='1' 
S tring(2:2)='.' 
NoCharacters=NoCharacters+2 

END IF 

IF (S Lring(NoCharacters:NoCharactcrs).EQ. 'E ') THEN 
NoCharacters=NoCharacters-1 
NoE=NoE-1 

END IF 

END IF 

DECO DE(NoCharacters,1 O,String,IOST A T=ErrNo,ERR=20) Re 
10 FORMAT(G) 
20 IF (ErrNo.GT.O) Re=l.E+37 

RETURN 
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END 

C ***************************************************************** ConvertChTol 

SUBROUTINE ConvertChToi(String2,1nt) 

CHARACTER*(*) String2 
CHARACTER*80 String 
INTEGER Int,StringLenglh,NoCharacters,Sighn,I 

String=String2 
NoCharacters=O 
StringLenglh=LEN (String) 
Sighn=l 

DO I= I ,S tringLenglh 
IF (String(I:I).EQ.' -') Sighn=-Sighn 
IF ((String(I:I).GE. 'O').AND.(String(I:I).LE. '9')) THEN 

N oCharacters=NoCharacters+ 1 
String(NoCharacters:NoCharacters)=String(I:I) 

END IF 
IF (String(I:I).EQ.' .') GOTO 5 

END DO 

5 DO I=StringLenglh,NoCharacters+l,-1 
String(I: l)=CHAR(O) 

END DO 

IF (NoCharactcrs.GT.9) NoChara_£~ers=9 

DECODE(NoCharacters, IO,String) Tnt 
10 FORMA T(l<NoCharacters>) 

Int=Sighn*Int 

RETURN 
END 

C ***************************************************************** ConvertChToR 

SUBROUTINE ConvertChToR(String,Re) 

CHARACTER*(*) String 
REAL Re 
REAL*8 Dp 

CALL ConvertChToDP(String,Dp) 
Re=Dp 

RETURN 
END 

C ************************************************************* ConvertDPToVVords 

SUBROUTINE ConvertDPToVVords(Number,VVords) 

C Include file: Numwords.inc 
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C Written by: Ken Jordan Date: 7/12/85 
C Approved by: Date: 

C This file contains declarations and data statements for variables 
C useful for-converting numbers to words. 

c ----------------------------------------------------------------------------
c VARIABLES 

COne to 20$0 
C TeaSO-
C Hundred$ 
C Thousand$ 

The words for one to twenty. 
The words for ten to ninety. 
'Hundred' 
'Thousand' 

c --------------------"---------------------------------------------------------
c Declarations 

CHARACTER*10 One to 20$(19)/' One',' Two',' Three',' Four', 
& 'Five',' Six',' Seven',' Eight',' Nine',' Ten',' Eleven;, 
& 'Twelve',' Thirteen',' Fourteen',' Fifteen',' Sixteen', 
& ' Seventeen',' Eighteen',' Nineteen'/ 

CHARACTER*8 Tea$(9)/' Ten',' Twenty',' Thirty',' Forty', 
& 'Fifty',' Sixty',' Seventy',' Eighty',' Ninety'/ 

CHARACTER*? Hundred$/' Hundred'/ 
CHARACTER*9 Thousand$/' Thousand'/ 

INTEGER WordLoc,I,Space 
DOUBLE PRECISION Number,Amt 
CHARACTER*80 WordList(lO) 
CHARACTER*(*) Words 
LOGICAL Thou _flag 

Thou llag=.FALSE. 
WordLoc=O 

DO 1=1,10 
/ WordList(I)=' ' 

END DO 

Amt=Numbcr 
IF (Amt.GE.1 E5) THEN 

WordLoc::INT(Amt/1 E5) 
WordList(10)=0ne to 20$(WordLoc) 
WordList(9)= HundfcdS 
Amt=Amt-WordLoc* 1 E5 
Thou llag=.TRUE. 

END IF-

IF (Amt.GE.20000) THEN 
WordLoc=INT(Amt/1 E4) 
Thou llag=.TRUE. 
WordList(8)= Tea$(W ordLoc) 
Amt=Amt-WordLoc* 1E4 

END IF 

IF (Amt.GE.100d) THEN 
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Thou llag=.TRUE. 
WordLoc=INT(Amt/1000) 
WordList(7)=0ne to 20$(WordLoc) 
Amt=Am t-WordLoc*IOOO 

END IF 

IF (Thou_flag) WordList(6)=Thousand$ 

IF (Amt.GE.100) THEN 
WordLoc=INT(Amt/1 00) 
WordList(5)=0ne to 20$(WordLoc) 
WordList( 4)=Hundred$ 
Amt=Amt-WordLoc*lOO 

END IF 

IF (Amt.GE.20) THEN 
WordLoc=INT(Amt/10) 
WordList(3)=Tea$(W ordLoc) 
Amt=Amt-WordLoc*lO 

END IF 

IF (Amt.GE.1) THEN 
WordLoc=INT(Amt) 
WordList(2)=0ne to 20$(WordLoc) 
Amt=Amt-WordLoc-

END IF 

C Print out the pay in words 

CALL PRoundDP(Amt*100,0,Amt) 

WRITE(UNIT=Words,FMT=lO) INT(Amt) 
10 FORMAT(' and ',I2,' /100 Dollars') 

DO I=2,10 
IF (WordList(I).NE.' ')THEN 

CALL RemoveS lanksFromCh(WordList(I)) 
Space=INDEX(WordList(I),' ') 
Words (I :)=WordList(I)(l :Space)//Words(l :) 

END IF 
END DO 

RETURN 
END 

C ***************************************************************** ConvertDtTol 

SUBROUTINE ConvcrtDtToi(DateS,Mo,Da,Yr) 

CHARACTER*(*) Date$ 
INTEGER Mo,Da,Yr . 

CALL ConvcrtChTol (Date$( 1: 2) ,Mo) 
CALL ConvcrtChToi(Date$(4:5),Da) 
CALL ConvcrtChToi(Date$(7:8),Yr) 

RETURN 
END 
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C ***********************~************************************************ DPinp 

SUBROUTINE DPinp(Prompt,Var) 

C This subroutine prints the Prompt arid obtains a double precision Var 
C from the user 

COMMON !EDITSUBS/DataEntered 

CHARACTER*(*) PROMPT 
DOUBLE PRECISION Var 
CHARACTER*80 Response 
LOGICAL DataEntered 

CALL Ch lnp(Prompt,Response) 
IE (Responsc.EQ.' ')THEN 

DataEntercd=.F ALSE. 
ELSE 

DataEntcred=.TRUE. 
END IF 
CALL ConvcrtChToDP(Response, V ar) 

RETURN 
END 

C ********************************************************************* DateBend 

SUBROUTINE DatcBcnd(Date$,Date) 

INTEGER Date,Year,Month,Day 
CHARACTER*8 Datc$,Temp 

Temp=Date$(7:8) 
CALL ConvertChTol(Temp,Year) 
Temp= DateS( 1 :2) 
CALL ConvcrtChTol(Tcmp,Month) 
Temp=Date$(4:5) 
CALL ConvertChTol(Temp,Day) 
Date= Year* IOOOO+Month* lOO+Day 

RETURN 
END 

C.******************************************************************* DateUnBend 

SUBROUTINE DatcUnBcnd(TDate,Date$) 

INTEGER Y car,Datc,Month,Day ,Tdate 
CHARACTER*8 Date$ 

IF (TDatc.GT.999999) THEN 
DA TE$='99199!99' 
RETURN 

END IF 

Date=Tdate ~ 

Year= Date/ I 0000 
D<llc=Datc-Y car* 1 0000_ 
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10 

Monlh=Date/100 
Day= Date-Month* 100 

WRITE(Unit=DateS(l:),FMT=lO) Month 
FORMAT(12) 
WRITE(Unit=Date$(4:),FMT=l0) Day 
WRITE(UNIT=Date$(7:),FMT=l0) Year 

Date$(3:3)='/' 
Date$(6:6)='/' 

RETURN 
END 

C ******************************************************************** DecodeCh 

SUBROUTINE DecodeCh(String,Delimiter,List,NoOfE1ems,MaxNoOfEiems) 

CHARACTER*(*) String,Dclimiter,List(*) 
INTEGER NoOfElems,MaxNoOfElems,NoOfParans,Length,MaxLength 
INTEGER I,NoOfChar,MaxLen2 •' 
LOGICAL Spaces,Word,Quotes,Skip 

Spac;cs=(Delimiter.EQ.' ') 
NoOfElcms=O 
NoOfChar=O 
NoOfParans=O 

MaxLenglh=LEN (List(l )) 
CALL StringLenglh(String,Lcngth) 
MaxLen2=LEN(String) 

Word=.FALSE. 
Quotes=. FALSE. 
Skip=.FALSE. 

DO I= 1 ,MaxNoOfElems 
List(I)(1 :)=' ' 

END DO 

DO I= 1 ,Length 

IF ((String(I:MIN(I+ I ,MaxLcn2)).EQ.""") 
& .OR.(String(I:MIN(I+1,MaxLen2)).EQ."")) THEN 

Skip=.TRUE. 
ELSE IF ((String(I:I).EQ." ").OR.(String(I:D.EQ. "')) THEN 

IF (.NOT.Skip) Quotcs=.NOT.Quotcs 
Skip=.FALSE. 

ELSE IF (.NOT.Quotes) THEN 
IF (String(I:I).EQ.'(') No0f1>arans=No0f1>arans+ 1 
IF (String(I:I).EQ. ') ') No0f1>arans=No0f1>arans-1 

END IF 

IF (Word) THEN 
IF ((String(I:I).EQ.Dclimiter(l: 1)).AND. 

& (.NOT.Quotcs).AND.(No0f1>arans.LE.O)) THEN 
Word=.FALSE. 

ELSE 
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NoOfChar=NoOfChar+ 1 
IF (NoOfChar.LE.MaxLength) THEN 

List(NoOfElems)(NoOfChar:NoOfChar)=String(I:I) 
ELSE 

WRITE(*,*) 'Warning: too many characters. The' 
WRITE(*,*) 'following was ignored:' 
WRITE(*,*) String(!:) 
WRITE(*,*) 'The following was kept:' 
WRITE(*,*) List(NoOfEiems) 
WRITE(*,*) ' ' 
RETURN 

END IF 

END IF 
ELSE 

IF (String(I:I).NE.Delimiter(l: 1 )) THEN 

Word=. TRUE. 
NoOfChar=l 
IF (NoOfElems.GE.MaxNoOfElems) THEN 

WRITE(*,*) 'WARNING, TOO MANY ELEMENTS IN LIST' 
WRITE(*,*) 'THE FOLLOWING WAS IGNORED:',String(I:) 
GOTO 100 

END IF 
NoOfEiems=NoOfElems+ 1 
List(NoOfElems)(NoOfChar:NoOfChar)=String(I:I) 

ELSE 

IF (.NOT.Spaces) THEN 
IF (NoOfElcms.GE.MaxNoOfElems) THEN 

WRITE(*,*) 'WARNING, TOO MANY ELEMENTS IN LIST' 
WRITE(*,*) 'THE FOLLOWING WAS IGNORED:',String(I:) 
GOTO 100 

END IF 
NoOfEiems=NoOfEiems+ 1 
List(NoOfEiems)=' ' 

END IF 

END IF 
END IF 

END DO 

100 DO l=l,NoOfEiems 
CALL RcmoveBlanksFromCh(List(I)) 

END DO 

RETURN 
END 

C ********************************************************************* DecodeDP 

SUBROUTINE DecodeDP(String,List,NoOfElems,MaxNoOfEiems) 

CHARACTER*(*) String 
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CHARACTER*80 Dummy 
DOUBLE PRECISION List(*) 
INTEGER NoOfElems,MaxNoOfEiems 
INTEGER CommaLoc,Length 

NoOfElems=O 
CommaLoc=l 
CALL StringLength(String,Length) · 
String(Length+ 1 :Length+ 1)=',' 

DO WHILE (CommaLoc.GT.O) 
CommaLoc=INDEX(String,', ') 
IF (CommaLoc.GT.O) THEN 

IF (NoOfElems.L T.MaxNoOfEiems) THEN 

IF (CommaLoc.EQ.l) THEN 
Dummy=-'0' 

ELSE 
Dummy=String(1 :CommaLoc-1) 

END IF 

String=String(CommaLoc+ 1 :) 
NoOfEiems=NoOfEiems+ 1 

CALL ConvertChToDP(Dummy ,List(NoOfEiems)) 

ELSE 

WRITE(*,*) 'Warning: the following information was' 
WRITE(*,*) 'lost:' ,String 
CALL PauscCrt 
RETURN 

END IF 
END IF 

END DO 

RETURN 
END 

· C ********************************************************************** Decode! 

SUBROUTINE Decodei(String,List,NoOfElems,MaxNoOfElems) 

PARAMETER MaxListl.en=200 
CHARACTER*(*) String 
INTEGER List(*) 
INTEGER NoOfElems,MaxNoOfElems,l 
DOUBLE PRECISION ListDP(MaxListl.en) 

IF (MaxNoOfElems.GT.MaxListLen) THEN 

WRITE(*,*) 'Waming: Programming error. Decode! has' 
WRITE(*,*) 'been called with MaxNoOfElems greater than' 
WRITE(*,*) 'MaxListl.en. MaxListl.en in subroutine Decode!' 
WRITE(*,*) 'will have to be increased to ',MaxNoOfElems 
WRITE(*,*) 'and the accounting programs re-compiled' 
WRITE(*,*) '(Note: Decodei is in file SUBS.FOR)' 
STOP 
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ELSE 

CALL DecodeDP(String,ListDP,NoOfEiems,MaxListLen) 
DO I= 1 ,NoOfElems 

List(I)=INT(ListDP(I)) 
END DO 

END IF 

RETURN 
END 

C ********************************************************************** DecodeR 

SUBROUTINE DecodeR(String,List,NoOfElems,MaxNoOfEletns) 

PARAMETER MaxListLen=200 
CHARACTER*(*) String 
REAL List(*) 
INTEGER NoOfElems,MaxNoOfElems,I 
DOUBLE PRECISION ListDP(MaxListLen) 

IF (MaxNoOfElems.GT.MaxListLen) THEN 

WRITE(*,*) 'Warning: Programming error. DecodeR has' 
WRITE(*,*) 'been called with MaxNoOfElems greater than' 
WRITE(*.*) 'MaxListLen. MaxListLen in subroutine DecodeR' 
WRITE(*.*) 'will have to be increased to • ,MaxNoOfElems 
WRITE(*,*) 'and the accounting programs re-compiled' 
WRITE(*,*) '(Note: DecodeR is in file SUBS.FOR)' 
STOP' 

ELSE 

CALL DecodcDP(String,ListDP,NoOfEicms,MaxListLen) 
DO I= 1 ,NoOfElems 

List(I)=ListDP(I) 
END DO 

END IF 

RETURN 
END 

C ********************************************************************** DpXChng 

SUBROUTINE DpXCHNG(Dp I,Dp2) 

REAL*8 Dpl,Dp2,Dp3 

Dp3 = Dpl 
Dp1 = Dp2 
Dp2 = Dp3 

RETURN 
END 

C-************************************************************************ Dtlnp 
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SUBROUTINE Dtinp(Prompt,Date$,Date) 

CHARACTER*(*) Prompt,Date$ 
INTEGER Date, Day ,Month, Year,I 
CHARACTER*2 Dummy -
LOGICAL Err 

6870 WRITE(*,*) 'Enter date as MM/DD/YY' 
CALL Chinp(Prompt,Date$) 
IF (Date$.EQ.' ') THEN 

Date=O 
RETURN 

END IF 

IF (LEN(Date$).EQ.8) GO TO 6820 

-WRITE (* ,6760) Date$ _ 
6760 FORMAT (' Error: date is not 8 characters long: ',A) 

GO TO 6870 

6820 IF ((DateS(3:3).EQ.'/').AND.(Datc$(6:6).EQ.'I')) GO TO 6890 

WRITE (* ,6830) Date$ 
6830 FORMAT (' Error: Invalid date: ',Aj, 

1 ' 3rd and 6th characters must be '/") 
GO TO 6870 

6890 Err=.FALSE. 
DO I=1,8 

IF ((I.NE.3).AND.(I.NE.6)) THEN 
IF ((Date$(I:I).LT.'O').AND.(Date$(I:I).GT.'9')) THEN 

IF (.NOT.Err) THEN 
WRITE(*,*) 'Error: nonnumeric characters at positions:' 

END IF 
Err=. TRUE. 
WRITE(*,*) I 

END IF 
END IF 

END DO 

IF (Err) GO TO 6870 

Dummy=Datc$(1:2) 
CALL ConvertChToi(Dummy ,Month) 
IF ((Month.GE.l).AND.(Month.LE.l2)) GO TO 7080 

WRITE (* ,6990) Month 
6990 - FORMAT (' Error: impossible month: ',IS) 

GO TO 6870 

7080 Dummy=Date$(4:5) 
CALL ConvertChTQI(Dummy ,Day) 
IF ((Day.GE.l).AND.(Day.LE.31)) GO TO 7140 
WRITE (*,7090) Day 

7090 FORMAT (' Error: impossible day: ',IS) 

GO TO 6870 
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7140 Dummy=Date$(7:8) 
CALL ConvertChToi(Dummy,Year)" 

Date=lOOOO*Year+lOO*Month+Day 

RETURN 
END 

C *******************************************************.**************** EditCh 

SUBROUTINE EditCh(Prompt, V ar) 

C This subroutine prints the Prompt and the old value of Var, and obtains 
C a new value of Var from the user · 

COMMON /EDITSUBS/DataEntered 

CHARACTER*(*) Prompt,Var 
CHARACTER*80 OVar 
INTEGER VarLen,Length 
LOGICAL DataEntered 

VarLen=LEN(Var) 
OVar=Var 
CALL StringLength(OVar,Length) 
IF (Length.GT.O) THEN 

WRITE(*,*) 'Old Value was:' ,OVar(l:Length) 
WRITE(*,*) '<cr> keeps old value' 

END IF 

CALL Chlnp(Prompt,Var) 
IF (.NOT.DataEntered) Var=OVar(l:VarLen) 

RETURN 
END 

C *********************************************************************** EditDP 

SUBROUTINE EditDP(Prompt, Var) 

C This subroutine prints the Prompt and the old value of Var, and obtains 
C a new value of Var from the user 

COMMON /EDITSUBS/DataEntcred 

CHARACTER*(*) Prompt 
DOUBLE PRECISION Var,OVar 
LOGICAL DataEntered 

OVar=Var 
IF (OVar.NE.O) THEN 

WRITE(*,*) 'Old Value was:',OVar 
WRITE(*,*) '<cr> keeps old value' 

END IF 

CALL DPinp(Prompt, V ar) 
IF(.NOT.DataEntcrcd) Var=OVar 
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RETURN 
END 

C ********************************************************************* EdiUDtCh 

SUBROUTINE EditDtCh(Prompt,Date$,Date) 

CHARACTER*(*) Prompt,Date$ 
INTEGER Date,Day,Month,Year,I 
CHARACTER Dummy*2,0Date$*8 
LOGICAL Err 

0Date$::Date$ 

6870 WRITE(*,*) 'Enter date as MM/DD/YY' 
Date$=0Date$ 
CALL EditCh(Prompt,Date$) 

IF (LEN(DatcS).EQ.8) GO TO 6820 

WRITE (* ,6760) Date$ 
6760 FORMAT (' Error: date is not 8 characters long: ',A) 

GO TO 6870 

6820 IF ((Date5(3:3).EQ.'/').AND.(Date$(6:6).EQ.'!')) GO TO 6890 

WRITE (* ,6830) Date$ 
6830 FORMAT (' Error: Invalid date: ',A,/, 

1 ' 3rd and 6th characters must be '/") 
GO TO 6870 

6890 Err=.FALSE. 
DO I=1,8 

IF ((l.NE.3).AND.(I.NE.6)) THEN 
IF ((DateS(I:I).LT.'O').AND.(DateS(I:I).GT.'9')) THEN 

IF (.NOT.Err) THEN , 
WRITE(*,*) 'Error: nonnumeric characters at positions:' 

END IF 
Err=. TRUE. 
WRITE(*,*) I 

END IF 
END IF 

END DO 

IF (Err) GO TO 6870 

Dummy=DateS(l :2) 
CALL ConvcrtChToi(Dummy ,Month) 
IF ((Month.GE.1 ).AND.(Month.LE.12)) GO TO 7080 

WRITE (* ,6990) Month 
6990 FORMAT (' Error: impossible month: ',I5) 

GO TO 6870 

7080 Dummy=Datc$(4:5) 
CALL ConvertChToi(Dummy ,Day) 
IF ((Day.GE.1).AND.(Day.LE.31)) GO TO 7140 
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WRITE (*, 7090) Day 
7090 FORMAT (' Error: impossible day: ',IS) 

GO TO 6870 

7140 Dummy=Date$(7:8) 
CALL ConvertChToi(Dummy, Year) 

Date=lOOOO*Year+lOO*Month+Day 

RETURN 
END 

C ********************************************************************** EditDtl 

SUBROUTINE EditDLI(Prompt,Date$,Date) 

CHARACTER*(*) Prompt,DateS 
INTEGER Date 
CHARACTER*2 Dummy 

CALL DateUnBend(Date,DateS) 
CALL EditDtCh(Prompt,Date$,Date) 

RETURN 
END 

C **************************************.********************************** Editl 

SUBROUTINE Editi(Prompt,Var) 

C This subroutine prints the Prompt and the, old value of Var, and obtains 
C a new value of Var from the user 

COMMON /EDITSUBS/DataEntered 

CHARACTER*(*) Prompt 
INTEGER Var,OVar 
LOGICAL DataEntered 

OVar=Var 
IF (OVar.NE.O) THEN 

WRITE(*,*) 'Old Value was:',OVar 
WRITE(*,*) '<cr> keeps old value' 

END IF 
CALL Ilnp(Prompt,Var) 

IF(.NOT.DataEntered) Var=OVar 

RETURN 
END 

C ************************************************************************ EditR 

SUBROUTINE EditR(Prompt,Var) 

C This subroutine prints the Prompt and the old value of Var, and obtains 
C a new value of Var from the user 
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COMMON /EDITSUBS/DataEntered 

CHARACTER*(*) Prompt 
REAL Var,OVar 
LOGICAL DataEntered 

OVar=Var 
IF (OVar.NE.O) THEN 

WRITE(*,*) 'Old Value was:',OVar 
WRITE(*,*) '<cr> keeps old value' 

END IF 

CALL Rinp(Prompt,Var) 
IF(.NOT.DataEntered) Var=OVar 

RETURN 
END 

C ********************************************************************* ErutYorN 

SUBROUTINE Edit Yom (Prompt$, Yes) 

LOGICAL Yes,No 
CHARACTER Prompt$*(*),Response* 1 

C This subprogram obtains a Y or N response from the user. 

C Prompt$ is the prompt to be used. 
C Yes is the logical variable 

IF (Yes) THEN 
Response='Y' _ 

ELSE 
Response='N' 

END IF 

Yes=.FALSE. 
No=.FALSE. 
DO WHILE(.NOT.(Yes.OR.No)) 

WRITE (* ,*) Prompt$ 
CALL EditCh('(Y or N)?' ,Response) 

Yes=(Response.EQ.'Y').OR.(Response.EQ.'y') 
Na=(Rcsponse.EQ. 'N').OR.(Responsc.EQ. 'n ') 

IF (.NOT.(Yes.OR.No)) THEN 

WRITE(*, I 00) Response 
100 FORMAT(' ','Error: response ',A,' is not Y or N.') 

END IF 

END DO 

RETURN 
END 

285 



SUBS 

C ******************************************************************* FileDelete 

D 
D 
D 

SUBROUTINE FileDelete(FileName) 

CHARACTER*(*) FileName 
CHARACTER*80 DFile 
LOGICAL FExist 

DFile=FileName 
CALL RcmoveBianksFromCh(DFile) 
INQUIRE(FILE=DFile,EXIST=FExist) 

IF (FExist) THEN 
CALL LIB$DELETE FILE(DFile//';*') 

ELSE -
WRITE{*,*) 'Warning: Attempt to delete a non-existent file.' 
WRITE(*,*) 'File name:' ,FileName ' 

END IF 

RETURN 
END 

C ******************************************************************** FilePurge 

Sl.JBROUTINE FilePurge(FileName) 

CHARACTER*(*) FileName 
LOGICAL FExist 

INQUIRE(FILE=FileName,Exist=FExist) 

IF (FExist) THEN 
CALL FilcRename(FileName,'TE:MP '//FileName) 
CALL FileDelete(FileName) -
CALL FilcRcnamc('TEMP '//FileName,FileName) 

D EUE -
D WRITE(*,*) 'Warning: Attempt to Purge a nonexistent file.' 
D WRITE(*,*) 'File name:' ,FileName 

ENDIF . 

RETURN 
END 

C ******************************************************************* FileRename. 

SUBROUTINE FileRename(OidName,NewName) 

CHARACTER*(*) OldName,NewName 
CHARACTER*80 DOid,DNcw 
LOGICAL FExist 

DOid=OidName 
CALL RemoveB lanksFromCh(DOid) 
DNew=NcwName 
CALL RemoveBianksFromCh(DNew) 

INQUIRE(FILE=DOid,EXIST=FExist) 
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IF (FExist) THEN 
CALL LIB$RENAME FILE(DOid,DNew) 

ELSE -
WRITE(*,*) 'Warning: attempting to rename a nonexistent file.' 
WRITE(*,*) 'Old Name:',OidName 
WRITE(*,*) 'New Name:' ,New Name 
CALL PauseCrt 

END IF 

RETURN 
END 

C **************************************************************** Fin~atchesCh 

SUBROUTINE FindMatchesCh(Matrix,NEiements,MatchElement, 
& MatchLocs,Found,NoLocs) 

CHARACTER*(*) Matrix(*),MatchEiement 
INTEGER NEicments,MatchLocs(*),Length,NoLocs,I 
LOGICAL Found 

Found=.FALSE. 
NoLocs=O 

IF (LEN(Matrix(1)).GT.LEN(MatchEiement)) THEN 
Length=LEN(MatchEiement) 

ELSE 
Length=LEN(Matrix(l )) 

END IF 

DO I= 1 ,NEiements 
IF (Matrix(I)(I :Length).EQ.MatchEiement(I:Length)) THEN 

Found=. TRUE. 
NoLocs=NoLocs+ 1 
MatchLocs(NoLocs )=I 

END IF 
END DO 

RETURN 
END 

C **************************************************************** Fin~atchesDP 

SUBROUTINE FindMatchesDP(Matrix,NEiements,MatchEiement, 
& MatchLocs,Found,NoLocs) 

DOUBLE PRECISION Matrix(*),MatchEiement 
INTEGER NEicmcnts,MatchLocs(*),NoLocs,I 
LOGICAL Found 

Found=.FALSE. 
NoLocs=O 

DO I= 1 ,NEicmcnts 
IF (Matrix(I).EQ.MatchEiement) THEN 

Found=. TRUE. 
NoLocs=NoLocs+ 1 
MatchLocs(NoLocs)=I 
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END IF 
END DO 

RETURN 
END 

C ***************************************************************** Fin~~hesl 

SUBROUTINE FindMatchesi(Matrix,NElements,MatchElement. 
& Ma~hLocs,Found,NoLocs) 

INTEGER Matrix(*),MatchElement 
INTEGER NElements,Ma~hLocs(*),NoLocs,I 
LOGICAL Found 

Found=.F ALSE: 
No{]ocs=O 

DO I= I ,NE!ements 
IF (Matrix(I).EQ.MatchElement) THEN 

Found=. TRUE. 
NoLocs=NoLocs+ 1 
MatchLocs(NoLocs)=I 

END IF 
END DO 

RETURN 
END 

C ***************************************************************** FindMa~hesR 

SUBROUTINE FindMatchesR(Matrix,NElements,MatchElement, 
& Ma~hLocs,Found,NoLocs) 

REAL Matrix(*),MatchEJemcnt 
INTEGER NElcments,MatchLocs(*),NoLocs,I 
LOGICAL Found 

Found=.FALSE . 
. NoLocs=O 

DO I= I ,NE!ements 
IF (Matrix(I).EQ.MatchElcment) THEN 

Found=. TRUE. 
NoLocs=NoLocs+ 1 
MatchLocs(NoLocs)=I 

END IF 
END DO 

RETURN 
.END 

C ******************************************************************** FindMaxCh 

SUBROUTINE FindMaxCh(Matrix,NoOIElcms,MaxCh,MaxLoc) 

CHARACTER*(*) Matrix(*),MaxCh 
INTEGER MaxLoc,NoOfElcms,I. 
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IF (NoOfEiems.LT.l) THEN 
MaxLoc=O 
MaxCh='' 
RETURN 

END IF 

MaxLoc=l 
MaxCh='' 

DO I=2.No0fElems 
IF (Matrix(I).GT.MaxCh) THEN . 

MaxLoc=I 
MaxCh=Matrix(I) 

END IF 
END DO 

RETURN 
END 

C ******************************************************************** FindMaxDt 

SUB ROUTINE FindMaxDt(Dates,NoOfDates,Date,Loc) 

CHARACTER*8 Dates(*) 
INTEGER NoOfDates,Date,Loc,TDate,l 

IF (NoOfDates.LE.O) THEN 
Date=O 
Loc=O 
RETURN 

END IF 

CALL DateBcnd(Dates(l),Date) 
Loc=l 

DO 1=2.NoOfDates 
CALL DatcBcnd(Datcs(I),TDate) 
IF (TDatc.GT.Datc) THEN 

Loc=I 
Date=TDate 

END IF 
END DO 

RETURN 
END 

C ********************************************************************* FindMaxl 

SUBROUTINE FindMaxi(Matrix,NoOfElcms,Maxi,MaxLoc) 

INTEGER MaxLoc,NoOfElems,Matrix(*),Maxi,I 

IF (NoOfElcms.LT.l) THEN 
MaxLoc=O 
Maxi=O 
RETURN 

END IF 
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MaxLoc=l 
Maxi=Matrix(l) 

DO I=2,NoOfEiems 
IF (Matrix(I).GT.Maxi) THEN 

MaxLoc=l 
Maxi=Matrix(I) 

END IF 
END DO 

RETURN 
END 

C.******************************************************************** FindMinCh 

SUBROUTINE FindMinCh(Matrix,NoOfEiems,MinCh,MinLoc) 

CHARACTER*(*) Matrix(*),MinCh 
INTEGER MinLoc,NoOfEiems,I 

IF (NoOfEicms.L T.l) THEN 
MinLoc=O 
MinCh='' 
RETURN 

END IF 

MinLoc=l 
MinCh='' 

DO 1=2,No0fEiems 
IF (Matrix(I).L T.MinCh) THEN 

MinLoc=I 
MinCh=Matrix(I) 

END IF 
END DO 

RETURN 
END 

C **************************~*****************************·************ FindMinDt 

SUBROUTINE FindMinDt(Matrix,NoOfEiems,MinDt,MinLoc) 

CHARACTER*(*) Matrix(*),MinDt 
INTEGER M inLoc,NoOfEiems,Eiem l,Eiem2,I 

IF (NoOfEiems.L T.l) THEN 
MinLoc=O 
MinDt='00/00/00' 
RETURN 

END IF 

MinLoc=l 
MinDt=Matrix(I) 
CALL DatcBcnd(MinDt,Elem2) 

DO I=2,NoOfEicms 
CALL DatcBcnd(Matrix(I),Eicm 1) 
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IF (Elern l.L T .Elern2) THEN 
MinLoc=I 
MinDt=Matrix(I) 
Elern2=Elern 1 

END IF 
END DO 

RETURN 
END 

C ********************************************************************* Fin~I 

SUBROUTINE FindMinl(Matrix,NoOfElerns,Mini,MinLoc) 

INTEGER M inLoc,NoOfElerns,Matrix(*),Mini,I 

IF (NoOfElerns.LT.l) THEN 
MinLoc=O -
Minl=O 
RETURN 

END IF 

MinLoc=l 
Mini=Matrix(l) 

DO I=2,NoOfElerns 
IF (Matrix(I).L T.Minl) THEN 

MinLoc=I 
Mini=Matrix(l) 

END IF 
END DO 

RETURN 
END 

C ************************************************************************ FraDP 

SUBROUTINE FraDP(Nurnber,Fraction) 

DOUBLE PRECISION Nurnber,Fraction 

Fraction=N urn ber-INT(N urn bcr) 

RETURN 
END 

C ********************************************************************** GetAxis 

SUBROUTINE GetAxis(AxisNarne,AxisLabel,AxisMin,AxisMax,AxisLog} 

CHARACTER*(*) AxisNarne,AxisLabel 
LOGICAL AxisLog 
REAL AxisMin,AxisMax 

WRITE(*,*) 'If you don"t enter an axis label, axis will NOT' 
WRITE(*,*) 'be plotted!' 
CALL EditCh(AxisNarne//' Axis Label?' ,AxisLabel) 

291 



SUBS 

CALL EditR(AxisName//' Minumum' ,AxisMin) 
CALL EditR(AxisName//' Maximum' ,AxisMax) 

IF ((AxisMin.LE.O).OR.(AxisMax.tE.O)) AxisLog=.FALSE. 

IF (AxisLog) 
& CALL EditYorN('Take Log of '//AxisName//' Values?' ,AxisLog) 

IF (AxisLog) THEN 
AxisMin=LOG(AxisMin) 
AxisMax=LOG(AxisMax) 

END IF 

RETURN 
END 

C ****************************************************************** GetFileName 

SUBROUTINE GetFileName(Prompt;FileName) 

INCLUDE 'IO.INC' 

. INTEGER Length 
CHARACTER*(*) Prompt,FileName 
LOGICAL FileExist 

IF (LunO.EQ.O) Lun0=6 

FileExist=.FALSE. , 
DO WHILE (.NOT.FileExist) 

CALL EditCh(Prompt,FileName) 

CALL TrimCh(FileName) 
CALL StringLength(FileName,Length) 
IF (Length.EQ.O) RETURN 

INQUIRE(FILE=FileName,EXIST=FileExist) 
IF (.NOT.FileExist) WRITE(Lun0,20) FileName 

END DO 

RETURN 
20 FORMAT(X,'Waming: Filename ',A<Length>,' doesn"t exist.' J. 

& X,' Please try again.' J) 

END 

C ******************************************************************* GetPlotter 

SUBROUTINE GetPiotter(TermType) 

CHARACTER*80 TermTitle/'Piotting Device Selection'/, 
& TermTxt(8)/ 
1 'Code Plotting Device', 
2' ', 
3 ' IMA Imagen Printer', 
4 ' TAL Talaris Printer', 
5 'TEK Tcktronics4010 Terminal', 
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6 ' VT · VT240 Terminal', 
7' SEL Selanar 100 Terminal', 
8 'LAS Apple Laserwriter'/, 
& TermPrompt/'Plotting Device Code?' I 

CHARACTER*3 TermResps(6)/'IMA','TAL' ,'VT' ,'TEK','SEL' ,'LAS'/, 
& TermDetResp/'VT' /,TermType 

INTEGER TermNTxt/8/ ,TermNResps/6/ 

CALL Menu(TermTitle,TermTxt,TermNTxt, TermPrompt, 
& TermResps,TermNResps,TermDetResp,TermType) 

RETURN 
END 

C ******************************************************************* HeapSortDP 

SUBROUTINE HeapSortDP(N,Matrix) 

C This subroutine will use the Heap Sort technique to sort Matrix in ascending 
C numerical order. This subroutine is taken from Numerical Recipes: The 
C Art of Scientific Computing by Press, Flannery, Teukolsky, and Vetterling, · 
c p. 231. . 

INTEGER N,L,I),IL,IR 
REAL *8 Matrix(*),RRA 

IF (N.EQ.1) RETURN 

L=N/2+1 
IR=N 

C The index L will be decremented from its initial value down to 1 during 
C the "hiring" (heap creation) phase. Once it reaches 1, the index IR will 
C be decremented from its initial value down to 1 during the "retirement 
C and promotion" (heap selection) phase. 

10 CONTINUE 
IF (L.GT.1) THEN 

C This section of the IF-THEN-ELSE block is executed if we are still 
C in the hiring phase. 

L=L-1 
RRA=Matrix(L) 

ELSE 

C This section of the IF-THEN-ELSE block is executed if we are in the retirment 
C and promotion phase. First we clear a space at the top of the array, 
C and retire the top of the heap into it. Then we decrease the size 
C of the corporation. 

RRA=Matrix(IR) 
Matrix(IR)=Matrix(J) 
lR=fR-1 

IF (IR.EQ.l) THEN 
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C This IF-THEN block is executed if the last promotion has been made. 

Matrix(l)=RRA 
RETURN' 

END IF 

END IF 

C Whether we are in the hiring phase or promtion phase, we here set up to 
C sift down element RRa to its proper level. 

I=L 
1=L+L 

DO WHILE(J .LEJR) 

IF (1 .L T .IR) THEN 
IF (Matrix(1).LT.Matrix(1+1)) 1=1+1 

END IF 

IF (RRA.L T.Matrix(1)) THEN 
Matrix(I)=Matrix(1) 
I=1 
1=1+1 

ELSE 
1=IR+1 

END IF 

END DO 

Matrix(I)=RRA 

GOTO 10 

END 

C ************************************************************** HeapSortlndexCh 

SUBROUTINE HeapSortindexCh(N ,Matrix ,Index) 

C This subroutine will use the Heap Sort technique to sort Matrix in ascending 
C numerical order. This subroutine is taken from Numerical Recipes: The 
CArt of Scientific Computing by Press, Aannery, Teukolsky, and Vetterling, 
c p. 233. 

INTEGER N ,L,IJ ,IL,IR,Index(*),Indx 
CHARACTER*(*) Matrix(*) 

DO l=1,N 
Index(I)=l 

END DO 

IF (N.EQ.1) RETURN 

L=N/2+1 
IR=N 

C The index L will be decremented from its initial value down to 1 during 

• 
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C the "hiring" (heap creation) phase. Once it reaches 1, the index IR will 
C be decremented from its initial value down to 1 during the "retirement 
C and promotion" (heap selection) phase. 

10 CONTINUE 
IF (L.GT.l) THEN 

C This section of the IF-THEN-ELSE block is executed if we are still 
C in the hiring phase. 

L=L-I 
Indx=Index(L) 
Matrix(N+ 1 )=Matrix(Indx) 

ELSE 

C This section of the IF-THEN-ELSE block is executed if we are in the retirment 
C and promotion phase. First we clear a space at tl:le top of the array, 
C and retire the top of the heap into it. Then we decrease the size 
C of the corporation. 

Indx=Indcx(IR) 
Matrix(N+ l)=Matrix(Indx) 
Index(IR)=Index(l) 
IR=IR-1 

IF (IR.EQ.l) THEN 

C This IF-THEN block is executed if the last promotion has been made. 

Index(! )=Indx 
RETURN 

END IF 

END IF 

C Whether we arc in the hiring phase or promtion phase, we here set up to 
C sift down clement RRa to its proper level. 

I=L 
1=L+L 

DO WHILE(J .LE.IR) 

IF (J.LT.IR) THEN 
IF (Matrix(Index(1)).L T.Matrix(Index(1+ I))) 1=1+ I 

END IF 

IF (Matrix(N+ I).LT.Matrix(Index(J))) THEN 
Indcx(I)=Indcx(J) • 
1=1 
1=1+1 

ELSE 
1=IR+l 

END IF 

END DO 

Index(l)=lndx 
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GOTO 10 

END 

C ************************************************************** HeapSonlndexDP-

SUBROUTINE HeapSortlndexDP(N ,Matrix,Index) 

C This subroutine will use the Heap Sort technique to sort Matrix in ascending 
C numerical order. This subroutine is taken from Numerical Recipes: The 
CArt of Scientific Computing by Press, Flannery, Teukolsky, and Vetterling, 
c p. 233. 

INTEGER N ,L,I,J ,IL,IR,Index(*),Indx 
REAL *8 Matrix(*),RRA 

DO I=1.N 
Index(I)=I 

END DO 

IF (N.EQ.1) RETURN 

L=N/2+1 
IR=N 

C The index L will be decremented from its initial value down to 1 during 
C the "hiring" (heap creation) phase. Once it reaches 1, the index IR will 
C be decremented from its initial value down to 1 during the "retirement 
C and promotion" (heap selection) phase. ' 

10 CONTINUE 
IF (L.GT.1) THEN 

C This section of the IF-THEN-ELSE block is executed if we are still 
C in the hiring phase. 

L=L-1 
Indx=Index(L) 

· RRA=Matrix(Indx) 
ELSE 

C This section of the IF-THEN-ELSE block is executed if we are in the retirment 
C and promotion phase. First we clear a space at the top of the array, 
C and retire the top of the heap into it. Then we decrease the size 
C of the corporation: 

Indx=Indcx(IR) 
RRA=Matrix(Indx) 
Index(IR)=Index( 1) 
IR=IR-1 

IF (IR.EQ.I) THEN 

• 

C This IF-THEN block is executed if the last promotion has been made. 

lndex(l )=lndx 
RETURN 

END IF 
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END IF 

C Whether we are in the hiring phase or promtion phase, we here set up to 
C sift down element RRa to its proper level. 

I=L 
1=L+L 

DO WIDLE(J .LE.IR) 

IF (J.LT.IR) THEN 
IF (Malrix(Index(J)).LT.Matrix(Index(J+ 1))) 1=1+1 

END IF 

IF (RRA.LT.Matrix(Index(J))) THEN 
Index(I)=Index(1) 
I=1 
1=1+1 

ELSE 
1=IR+1 

END IF 

END DO 

Index (I)= I ndx 

GOTOIO 

END 

C *************************************************************** HeapSortlndexR 

SUBROUTINE HeapSortindexR(N ,Matrix ,Index) 

C This subroutine will use the Heap Sort technique to sort Matrix in ascending 
C numerical order. This subroutine is taken from Numerical Recipes: The 
C Art of Scientific Computing by Press, Flannery, Teukolsky, and Vetterling, 
c p. 233. 

INTEGER N ,L,I,J,IL,IR,Index(*),Indx 
REAL Matrix(*),RRA 

DO l=l,N 
Index(I)=I 

END DO 

IF (N.EQ.I) RETURN 

L=N/2+1 
IR=N 

C The index L will be decremented from its initial value down to 1 during 
C the "hiring" (heap creation) phase. Once it reaches 1, the index IR will 
C be decremented from its initial value down to 1 during the "retirement 

, C and promotion" (heap selection) phase. 

10 CONTINUE 
IF (L.GT.l) THEN 
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C This section of the IF-THEN-ELSE block is executed if we are still 
C in the hiring phase. 

L=L-1 
Indx=Index(L) 
RRA=Matrix(Indx) 

ELSE 

C This section of the IF-THEN-ELSE block is executed if we are in the retinnent 
C and promotion phase. First we clear a space at the top of the array, 
C and retire the top of the heap into it. Then we decrease the size 
C of the corporation. 

Indx=Index(IR) 
RRA=Matrix(Indx) 
Index (IR )=I ndcx(l) 
IR=IR-1 

IF (IR.EQ.l) THEN 

C This IF-THEN block is executed if the last promotion has been made. 

Index( 1 )=Indx 
RETURN 

END IF 

END IF 

C Whether we are in the hiring phase or promtion phase, we here set up to ' 
C sift do-wn element RRa to its proper level. 

l=L 
1=L+L 

DO WHILE(J .LE.I~) 

IF (J.L T.IR) THEN 
IF (Matrix(Index(J)).L T.Matrix(Index(1+ 1))) 1=1+ 1 

END IF 

IF (RRA.L T.Matrix(lndcx(J))) THEN 
Indcx(I)=Index(1) 
I=1 
1=1+1 

ELSE 
1=1R+l -

END IF 

END DO 

Index(I)=Indx 

GOTOIO 

END 

C **************************-****************************************** HeapSortR 
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SUBROUTINE HeapSortR(N,Matrix) 

C This subroutine will use the Heap Sort technique to sort Matrix in ascending 
C numerical order. This subroutine is taken from Numerical Recipes: The 
C Art of Scientific Computing by Press, Flannery, Teukolsky, and Vetterling, 
c p. 231. 

INTEGER N,L,I,J,IL,IR 
REAL Matrix(*),RRA 

IF (N.EQ.I) RETURN 

L=N/2+1 
IR=N 

C The index L will be decremented from its initial value down to 1 during 
C -the "hiring" (heap creation) phase. Once it reaches 1, the index IR will 
C be decremented from its initial value down to 1 during the "retirement 
C and promotion" (heap selection) phase. 

10 CONTINUE 
IF (L.GT.1) THEN 

C This section of the IF-THEN-ELSE block is executed if we are still 
C in the hiring phase. 

L=L-1 
RRA=Matrix(L) 

ELSE 

C This section of the IF-THEN-ELSE block is executed if we are in the retirment 
C and promotion phase. First we clear a space at the top of the array, 
C and retire the top of the heap into it. Then we decrease the size 
C of the corporation. 

RRA=Matrix(IR) 
Matrix(IR)=Matrix(l) 
IR=IR-1 

IF (IR.EQ.1) THEN 

C This IF-THEN block is executed if the last promotion has been made. 

Matrix (I )=RRA 
RETURN 

END IF 

END IF 

C Whether we are in the hiring phase or promtion phase, we here set up to 
C sift down clement RRa to its proper level. 

l=L 
J=L+L 

DO W-HILE(J.LE.IR) 

. IF (J.LT.IR) THEN 
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IF (Matrix(J).LT.Matrix(J+l)) J=J+l 
END IF 

IF (RRA.L T.Matrix(J)) THEN 
Matrix(I)=Matrix(J) 
I=J 
J=J+J 

ELSE 
J=IR+l 

END IF 

END DO 

Matrix(I)=RRA 

GOT010 

END 

C ************************************************************************* IInp 

S~ROUTINE Ilnp(Prompt, Var) 

C This subroutine prints the Prompt and obtains an Integer from the user 

COMMON /EDITSUB~/DataEntered 

CHARACTER*(*) Prompt 
INTEGER Var 
CHARACTER*80 Response 
LOGICAL DataEntered 

CALL Chlnp(Prompt,Rcsponsc) 
IF (Response.EQ.' ')THEN 

DataEntcrcd=.F ALSE. 
ELSE 

DataEntercd=.TRUE. 
END IF 
CALL· ConvertChToi(Rcsponsc,Var) / 

RETURN 
END 

C *********************************************************************** IXChng 

SUBROUTINE IXCHNG(I 1 ,12) 

INTEGER -I 1 ,12,13 

I3=11 
Il=I2 
I2=13 

RETURN 
END 

C ******************************************************************* Increment! 
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SUBROUTINE Incrementi(I,Ip 1,Inc,Limit) 

C This subroutine returns l+Inc in Ip1 (or I+Inc-Limit if I+Inc is over 
C Limit) 

INTEGER I,Ip1,1nc,Limit 

lp1=1+Inc 
IF (lp 1.GT.Limit) Ip 1=1p 1-Limit 
IF (lpl.LE.O) lpl=Limit+lpl 

RETURN 
END 

C ****************************************************************** LowerCaseCh 

SUBROUTINE LowerCaseCh(String) 

CHARACTER*(*) String 
INTEGER S tringLength,NoCharac ters,Char,I 

NoCharacters=O 
StringLength=LEN(String) 

DO I= l,S tringLength 
IF ((String(I:I).GE.' .').AND.(String(I:I).LE. ·- ')) THEN 

NoCharacters=NoCharacters+ 1 
IF ((String(I:I).GE.' A ').AND.(String(I:I).LE. 'Z')) THEN 

String(NoCharacters:NoCharacters)=CHAR(ICHAR(String(I:I))+32) 
ELSE 

String(NoCharacters:NoCharacters)=String(I:I) 
END IF 

END IF 
END DO 

DO I=StringLength,NoCharacters+ 1,-1 
String(I:I)=' ' 

END DO 

RETURN 
END 

C ********************************************************************* ~ati)PToR 

SUBROUTINE MatDPToR(DP ,NoOfE!ems,R) 

REAL*8 DP(*) 
REAL R(*) 
INTEGER NoOfElems,I 

\ 

DO I=l,NoOfElems 
R(I)'=DP(I) 

END DO 

RETURN 
END 

C ****************************************************************** ~atDateBend 
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SUBROUTINE MatDateBend(DateCh,NoOtElems,DateN) 

CHARACTER*(*) DateCh(*) 
INTEGER NoOtElems,DateN(*),I 

DO I=l.NoOtElems 
CALL DateBend(DateCh(I),DateN(I)) 

END DO 

RETURN 
END 

C ***************************************************************** ~UExtremaDP 

SUBROUTINE MaUExtremaDP(Matrix,NoOfPts,Maxi,Mini) 

C This subroutine locates the Jllinimum and maximum elements in a REAL matrix. 

REAL *8 Matrix(*),Maxi,Mini 
INTEGER NoOfPTs,I 

IF (Maxi.EQ.Mini) THEN 
Maxi=Matrix(l) · 
Mini=Matrix(l) 

END IF 

DO I= 1 ,NoO!Pts 
Maxi=MAX(Maxi,Matrix(I)) 
Mini=MIN(Mini,Matrix(I)) ·· ... 

END DO . 

RETURN 
END 

I ---

C ****************************************************************** MaUExtremaR 

SUBROUTINE MaUExtremaR(Matrix,NoO!Pts,Maxi,Minl) 
REAL Matrix(*),Maxi,Mini 
INTEGER NoOfPTs,I 
WRITE(*,*) 'Error: incorrect routine. Use VecExtremaR' 
STOP 
END 

C ********************************************************************** MatSumi 

SUBROUTINE MatSuml(Matrix,S~rt.End,Sum) 

C This subroutine finds the sum of values in Matrix(*) from item Start to 
C item End. The sum is returned in variable Sum. 

INTEGER Matrix(*),Start,End,Sum,I 

Sum=O 
DO I=Start,End 

S um=S urn+ Matrix (I) 
END DO 

RETURN 
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END 

C ************************************************************************* ~enu 

SUBROUTINE Menu(~enuTitle.~enuTxt,NTxt,~enuPrompt~enuResps,NResps, 
& DefResp,UsrRcsp) 

C This subroutine prints a menu title, menu text, and a menu prompt, and 
C obtains the response from the user. If the user mere ley presses return. 
C the DEFRESP is used. If ~NUTITLE is passed as blanks. only the prompt 
Cis used. Special Response codes are: 
C date - the computer checks the input for a valid date 
C # - the computer checks each character to verify it is a digit. comma 
C E, +, -, period, or space . 

.INTEGER NTxt,NResps.I) ,Length 

CHARACTER*(*) MenuTxt(NTxt) 
CHARACTER*(*) MenuResps(NResps),DefResp,UsrResp 
CHARACTER*(*) MenuTitle.~enuPrompt 

LOGICAL Match,NumMatch,DateMatch 

IF (~cnuTitle.NE.' ') THEN 
CALL StringLength~enuTitlc,Length) 
Length=MAX(l,Length) 
WRITE(*,*) McnuTitle( 1: Length) 

DO I=l.NTxt 
CALL S tringLength(~enuTxt(I),Length) 
Length= MAX(! ,Length) 
WRITE(*,*) McnuTxt(I)(l :Length) 

END DO 
WRITE(*,*) ' ' 

END IF 

Match=.FALSE. 
DO WHILE (Match.EQ .. FALSE.) 

WRITE(*,*) 'Default Response:' ,DefResp 
CALL Chinp(MenuPrompt,UsrResp) 
CALL UppcrCaseCh(UsrResp) 
IF (UsrRcsp.EQ.' ')THEN 

UsrRcsp=DcfRcsp 
WRITE(*,*) UsrResp 

END IF 

DO I= l.NResps 
IF (MenuResps(I).EQ.'#') THEN 

NumMatch=.TRUE. 
DO 1= l,LEN(UsrResp) 
IF (INDEX(' ,.+-1234567890E' ,UsrResp(J:J)).LE.O) 

& NumMatch=.FALSE. 
END DO 
Match=Match.OR.NumMatch 

ELSE IF (MenuResps(I).EQ. 'date') THEN 
DateMatch=.TRUE. 

IF (UsrResp(3:3).NE.'I') DateMatch=.FALSE. 
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IF (UsrResp(6:6).NE.'I') DateMatch=.FALSE. 
DO J=1,8 

IF (INDEX(' /0123456789' ,UsrResp(J:J)).LE.O) 
& DatcMatch=.FALSE. 

END DO 
Match=Match.OR.DateMatch 

ELSE 
CALL UpperCaseCh(MenuResps(I)) 

CALL StringLength(MenuResps(I),Length) 
Length=MAX(1 ,Length) 
IF (UsrResp(l:Length).EQ.MenuResps(l)(1 :Length)) Match=. TRUE. 

END IF 
END DO-

IF (Match.EQ .. FALSE.) THEN 
WRITE(*,*) 'Warning: "' ,UsrResp,"' is an invalid response.' 

END IF 

END DO 

RETURN 
END 

C ******************************************************************* PowerRound 

REAL *8 FUNCTION PowerRound(Number,PowerOITen) 

INTEGER PowcrOITen,NoOIDigits,Sign 
REAL* 8 Number ,Rounded,Divisor,Ten/1 0.0/ 
CHARACTER*80 Test 

IF (Number.L T.O) THEN 
Sign=- I 
Numbcr=-Number · 

ELSE 
Sign=1 

END IF 

IF (Numbcr.GT.O) THEN . 
NoOIDigits=LOG(Number)JLOG(Ten)-PowerOITen+ 1 

IF (NoOIDigits.LE.O) THEN 
Roundcd=O.O 

ELSE 
Divisor=Tcn**PowcrOITcn 
WRITE(UNIT=Test(1 :),FMT=l 0) 

& , Number/Divisor 
10 FORMAT(F<NoOIDigits+2>.0) 

CALL ConvertChToDP(Test,Roundcd) 
/Roundcd=Rounded*Divisor 

END IF 

IF (Sign.LT.O) THEN 
Rounded=-Rounded 

END IF 

ELSE 
Rotmdcd=O.O 
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END IF 

PowerRound=Rounded 
RETURN 
END 

C ********************************************************************* PRoundDP 

Subroutine PRoundDP(Number,PowerOITen,Rounded) 

DOUBLE PRECISION Number,TenRaised,Ten/10.0/ ,Rounded,Intermediate 
INTEGER PowerOITen 
INTEGER*4 Biglnt 

TenRaised=(Ten)**(PowerOITen) 
Bigint=Numbcr/TenRaised 
Intermediatc=Bigint 

Roundcd=Intermcdiate*TenRaised 

RETURN 
END 

C ********************************************************************* PauseCRT 

SUBROUTINE PauseCrt 

CHARACTER*! DummyVar 

CALL Chinp('Press Return to Continue' ,DummyVar) 

RETURN 
END 

C ************************************************************************ QPinp 

SUBROUTINE QPinp(Prompt,Var16) 

C This subroutine prints the Prompt and obtains a quadruple precision Var 
C from the user 

CHARACTER*(*) PROMPT 
DOUBLE PRECISION Var8 
REAL*16 Var16 

CALL DPinp(Prompt,Var8) 
Varl6=Var8 

RETURN 
END 

C ************************************************************************* Rinp 

SUBROUTINE Rinp(Prompt, Var) 

COMMON /EDITSUBS/DataEntered 

C This subroutine prints the Prompt and obtains a real Var from the user 
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CHARACTER*(*) PROMPT 
REAL Var 
CHARACTER*80- Response 
LOGICAL DataEntered 

CALL Chlnp(Prompt,Response) 
IF (Response.EQ.' ') THEN 

DataEntered=.F ALSE. 
ELSE 

DataEntered=.TRUE. 
END IF 
CALL ConvertChToR(Response,Var) 

RETURN 
END 

C *********************************************************************** RXChng 

SUBROUTINE RXChng(R 1 ,R2) 

C This subroutine is called by Bub2Sort to exchange two real numbers 

REAL R 1 ,R2,T 

T=R1 
Rl=R2 
R2=T 

. -- ----- --·. -- ~ ---·-
-RETURN' 

END 

C ******************************************************************** ReOrderDP 

SUBROUTINE R.eOrderDP(Matrix,NoElems,Pointer) 

PARAMETER MaxNo0fEiems=2000 
REAL *8 Matrix(*),Temp(MaxNoOfEiems) 
INTEGER NoEiems,Pointer(*),I 

IF (NoEiems.GT.MaxNoOfEiems) THEN 
WRITE(*,*) 'Error: Number of elements in Matrix is larger' 
WRITE(*,*) ' than the maximum number of elements allowed.' 
WRITE(*,*)' NoEiems=',NoEiems 
WRITE(*,*) ' MaxNoOfEiems=' ,MaxNoOfEiems 
STOP 'In Routine: ReOrderDP' 

. END IF 

DO I= 1,NoEiems 
Temp(I)=Matrix(l) 

END DO 

DO I= 1 ,NoEicms 
Matrix (I)= Tern p(Poi n ter(l)) 

END DO 

RETURN 
END 
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C ********************************************************************* ReOrderR 

SUBROUTINE ReOrderR(Matrix,NoElems,Pointer) 

PARAMETER MaxNoOtElems=2000 
REAL Matrix(*),Temp(MaxNoOtElems) 
INTEGER NoEiems,Pointer(*),I 

IF (NoEiems.GT.MaxNoOtEiems) THEN 
WRITE(*,*) 'Error: Number of elements in Matrix is larger ' 
WRITE(*,*) ' than the maximum number of elements allowed.' 
WRITE(*,*) ' NoEiems=',NoElems 
WRITE(*,*) ' MaxNoOtElems=' ,MaxNoOtEiems 
STOP 'In Routine: ReOrderR' 

END IF 

DO l= 1 ,NoElems 
Temp(I)=Matrix(I) 

END DO 

DO I=l,NoElems 
Matrix (I)= Tern p(Poi n ter(I)) 

END DO 

RETURN 
END 

C *********************************************************** RemoveBlanksFromCh 

SUBROUTINE RemoveBlanksFromCh(String) 

CHARACTER*(*) String 
CHARACTER*! Blank/' '/ 

CALL Rcmov~CharFromCh(String,Blank) 

RETURN 
END 

C ************************************************************* RemoveCharFromCh 

SUBROUTINE RemoveCharFromCh(String,Blank) 

CHARACTER*(*) String,Blank 
INTEGER Length,Char,I 

Length=LEN(String) 
Char=O 
DO I= 1 ,Length 

IF (String(I:I).NE.Blank(l:l)) THEN 
Char=Char+ 1 
String(Char:Char)=String(I:I) 

END IF 
END DO 
DO I=Char+ I ,Length 

String(I:I)=' ' 
END DO 
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RETURN 
END 

C ******************************************************************** RptStting 

SUBROUTINE RptStting(Repeat,NoOITimes,Stting) 

CHARACTER*(*) Repeat,Stting 
INTEGER NoOITimes,SLen,RLen,I 

SLen=O 
RLen=LEN(Repeat) 

DO 1=1,NoOITimes 
String(SLen+ 1 :)=Repeat 
SLen=Slen+RLen 
IF (SLen.GE.LEN(Stting)) RETURN 

END DO 

RETURN 
END 

C ***********·********************************************************** SearchCh 

SUBROUTINE SearchCh(Matrix,NElements,MatchElement,Location,Found, 
& NoLocs) 

CHARACTER*(*) Matrix(*),MatchElement 
INTEGER NElements,Location,NoLocs,I,MatchLength 
LOGICAL Found 

Location=O 
Found=.FALSE. 
NoLocs=O 

IF (NElcmcnts.GT.O) THEN 
MatchLcngth=MIN (LEN (Matrix( 1) ),LEN(MatchElement)) 

END IF 

DO I= 1 ,NEiemcnts 
IF (Matrix (1)(1 : MatchLengtli) .EQ. 

& MatchElcmcnt(l:MatchLength)) THEN 
Found=. TRUE. 
Location= I 
NoLocs=NoLocs+ 1 

END IF 
END DO 

RETURN 
END 

C ****************************************************************** SearchChSub 

SUBROUTINE ScarchChSub(Matrix,NElements,StartLoc,EndLoc, 
& MatchEicmcnt,Location,Found,NoLocs) 

CHARACTER*(*) Matrix(*),MatchEiement 
INTEGER NElcmcnts,Location,NoLocs,I,StartLoc,EndLoc · 
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LOGICAL Found 

Location=O 
Found=.FALSE. 
NoLocs=O 

DO I= 1 ,NEiements 
IF (Mauix(I)(StartLoc:EndLoc).EQ.MatchEiement) THEN 

Found=. TRUE. 
Location= I 
NoLocS=NoLocs+1 

END IF 
END DO 

RETURN 
END 

C ********************************************************************* SearchDP 

SUBROUTINE ScarchDP(Matrix,NEiements,MatchElement,Location,Found, 
& NoLocs) 

INTEGER NEiements,Location,NoLocs,I 
DOUBLE PRECISION Matrix(*),MatchEiement 
LOGICAL Found 

Location=O 
Found=.FALSE. 
NoLocs=O 

DO I=1,NEicments 
IF (Matrix(I).EQ.MatchEiement) THEN 

Found=.TRUE. 
Location= I 
NoLocs=NoLocs+1 

END IF 
END DO 

RETURN 
END 

C ********************************************************************** Search! 

SUBROUTINE Searchi(Matrix,NEicmcnts,MatchEiement,Location,Found, 
& NoLocs) 

INTEGER Matrix(*),MatchEiement 
INTEGER NEicmcnts,Location,NoLocs,I 
LOGICAL Found 

Location=O 
Found=.FALSE. 
NoLocs=O 

DO I= 1 ,NElements 
IF (Matrix(I).EQ.MatchEiement) THEN 

Found=. TR lJE. 
Location=! 
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NoLocs=NoLocs+ 1 
END IF 

END DO 

RETURN 
END 

C ********************************************************************** SearchL 

SUBROUTINE SearchL(Matrix,NElements,MatchElement,Location,Found, 
& NoLocs) 

LOGICAL Matrix(*),MatchElement 
INTEGER NElcments,Location,NoLots,I 
LOGICAL Found 

Location=O 
Found=.FALSE. 
NoLocs=O 

DO I= l,NE!ements 
IF (Matrix(I).EQ.MatchElement) THEN 

Found=. TRUE. 
Location= I 
NoLocs=NoLocs+l 

END IF 
END DO 

RETURN 
END 

C ******************************************************************** SearchLEI 

SUBROUTINE SearchLEI(Matrix,NElements,MatchElement,Location) 

INTEGER Matrix(*),MatchElement,NElements,Location,I 

Location=O 

DO I= l,NE!ements 
IF (Matrix(I).LE.MatchElcment) THEN 

Location= I 
RETURN 

END IF 
END DO 

RETURN 
END 

C ********************************************************************** SearchR 

SUBROUTINE SearchR(Matrix,NElements,MatchElement,Location,Found, 
& NoLocs) 

REAL Matrix(*),MatchElement 
INTEGER NElcmcnts,Location,NoLocs,I 
LOGICAL Found 
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Location=O 
Found=.FALSE. 
NoLocs=O 

DO I= 1 ,NEJements 
IF (Matrix(I).EQ.MatchEiement) THEN 

Found=. TRUE. 
Location= I 
NoLocs=NoLocs+ 1 

END IF 
END DO 

RETURN 
END 

C *************************************************.****************** SetPlotter 

SUBROUTINE SetPlotter(TermType) 

CHARACTER*(*) TermType 
INTEGER IErr 

IF (TermType.EQ. 'VT') THEN 
CALL dev(' dec vt240 general' ,IErr) 

ELSE IF (TermType.EQ:'SEL') THEN 
CALL dev('tektronix 4014 general' ,IErr) 

ELSE IF (TermType.EQ. 'TEK') THEN 
CALL dev('tektronix 4014 general' ,IErr) 

ELSE IF (Termtype.EQ-:-'LAS') THEN 
CALL dev('postscript all general' ,IErr) 

· CALL HWROT('AuTO') 
ELSE 

WRITE(*,*) 'Error: unknown terminal type.' 
WRITE(*,*)' TermType=',TermType 
STOP 'In Routine: SetPlotter' 

END IF 

CALL Pagc(8.5,11.0) 
CALL Area2D(5.0,5.0) 

CALL HWSCAL('SCREEN') 

RETURN 
END 

C ************************************************************************ SgnDP 

INTEGER FUNCTION SgnDP(Number) 

DOUBLE PRECISION Number 

IF (Number.L T.O) THEN 
SgnDP=-1 

ELSE IF (Number.GT.O) THEN 
SgnDP=1 

ELSE 
SgnDP=O 

END IF 
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RETURN 
END 

C *************************************************~********************* Sor«:h 

SUBROUTINE SortCh(Matrix,NoEiems,Pointer) 

INTEGER NoEiems,Pointer(*) 
CHARACTER*(*) Matrix(*) 

CALL HeapSortlndexCh(NoEiems,Matrix,Pointer) 

RETURN 
END 

C *******************.**************************************************** SortDP 

SUBROUTINE SortDP(Matrix,NoElems,Pointer) 

C This subroutine sorts the matrix to pointer. Upon return from the 
C subroutine the elements of pointer(l),pointer(2), ... are the locations 
C in Matrix of the. first element, second element, .. . 

INTEGER NoEiems,Pointer(*),Top,Bottom,l 
DOUBLE PRECISION Matrix(*),Eiem l,Eiem2 

LOGICAL Exchanges 

DO I= 1 ,NoElems 
Pointer(!)= I 

END DO 

Bottom= I 
Top=NoElems 

Exchanges=. TRUE. 

DO WHILE (Exchanges) 

Exchanges=.FALSE. 
DO l=Bottom,Top-1 

Elem 1 =Matrix (Pointer(!)) 
Elem2=Matrix(Pointer(I+ 1)) 
IF (Eicm l.GT.Eiem2) THEN 

CALL IXCHNG(Pointer(I),Pointer(I+ 1 )) 
Exchanges=.TRUE. 
Top= I 

END IF 
END DO 

IF (Exchanges) THEN 
Exchanges=.F ALSE. 
DO I=Top,Bottom+l,-1 

Elcm 1 =Matrix(Pointer(I-1)) 
Elcm2=Matrix(Pointcr(I)) 

IF (Eiem 1.GT.Eiem2) THEN 
CALL IXCHNG(Pointer(I-1 ),Pointer(!)) 
Exchangcs=.TRUE. 
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Bottom=! 
END IF 

END DO 
END IF 

END DO 

RETURN 
END 

C *********~************************************************************** So~ 

SUBROUTINE Sorti(Matrix,NoElems,Pointer) 

C This subroutine sorts the matrix to pointer. Upon return from the 
C subroutine the elements of pointer(l),pointer(2), ... are the locations 
C in Matrix of the first element, second element, .. . 

INTEGER NoElems,Pointer(*),Top,Bottom,I 
INTEGER Matrix(*),Elem l,Elem2 

LOGICAL Exchanges 

DO I=l.NoElcms 
Pointer(I)=I 

END DO 

Bottom= I 
Top=NoElcms 

Exchanges=. TRUE. 

DO WHILE (Exchanges) 

Exchanges=.F ALSE. 
DO I=Bottom,Top-1 

Elem I =Matrix(Pointer(I)) 
Elem2=Matrix(Pointer(I+ 1 )) 
IF (Elem l.GT.Elem2) THEN 

CALL IXCHNG(Pointcr(I),Pointer(I+ 1)) 
Exchanges=.TRUE. 
Top= I 

END IF 
END DO 
IF (Exchanges) THEN 

Exchanges=. FALSE. 
DO I=Top,Bottom+l,-1 

Elcm 1 =Matrix(Pointer(I-1)) 
Elem2=Matrix(Pointer(I)) 

IF (Matrix(Pointer(I-l)).GT.Matrix(Pointer(I))) THEN 
CALL IXCHNG(Pointer(I-l),Pointer(I)) 
Exchanges=.TRUE. 
Bottom=! 

END IF 
END DO 

END IF 

END DO 
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RETURN 
END 

C ************************************************************************ SorUR 

SUBROUTINE SortR(Matrix,NoElems,Pointer) 

C This subroutine sorts the matrix to pointer. Upon return from the 
C subroutine the elements of pointer(l),pointer(2), ... are the locations 
C in Matrix of the first element, second element, .. . 

INTEGER NoElems,Pointer(*) 
REAL Matrix(*) 

CALL HeapSortlndexR(NoElems,Matrix,Pointer) 

RETURN 
END 

C ***************************************************************** StringLength 

SUBROUTINE StringLength(String,Length) 

CHARACTER*(*) String 
INTEGER Length 

Length=LEN(String) 
DO WHILE((String(Length:Length).EQ.' ').OR. 

& (String(Length:Length).EQ.CHAR(O))) 
Length=Length-1 
IF (Length.EQ.O) RETURN 

END DO 

RETURN 
END 

C *********************************************************************** TrimCh 

SUBROUTINE TrimCh(String) 

CHARACTER*(*) String 
INTEGER Length,! 

Length=LEN(String) 

DO I= l,Length 
IF ((ICHAR(String(I:I)).LT.32) 

& .OR.(ICHAR(String(I:I)).EQ.255)) String(I:I)=' ' 
END DO 

IF (String.EQ.' ')RETURN 
IF (Length.L T.2) RETURN 

DO WHILE (String(l:l).EQ.' ') 
String(l :)=String(2:) 

END DO_ 

RETURN 
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END 

C ****************************************************************** Uppen2aseCh 

SUBROUTINE Uppen2aseCh(String) 

CHARACTER*(*) String 
INTEGER StringLength.NoCharacters,Char,I 

NoCharacters=O 
StringLength=LEN (SIring) 

DO 1=1,StringLength 
IF (ICHAR(String(I:I)).LT.32) String(I:I)=' ' 
IF ((String(I:I).GE.' ').AND.(String(I:I).LE.'- ')) THEN 

NoCharacters=NoCharacters+ 1 
IF ((String(I:I).GE.'a').AND.(String(I:I).LE.'z')) THEN 

String(NoCharacters:NoCharacters)=CHAR(ICHAR(String(I:I))-32) 
ELSE 

String(NoCharacters:NoCharacters)=String(I:I) 
END IF 

END IF 
END DO 

IF (NoCharactcrs+ 1.LE.StringLength) String(NoCharacters+ 1: 
& StringLength)=' ' 

RETURN 
END 

C ***************************************************************** VecExtremaDP 

SUBROUTINE VecExtremaDP(Matrix,NoOfPts,Maxi,Mini) 

C This subroutine locates the minimum and ma:'imum elements in a REAL array 

REAL *8 Matrix(*),Maxi,Mini 
INTEGER NoOfPTs,I 

Maxi= Matrix (I) 
Mini=Matrix(l) 

DO I=2,NoOfPts 
Maxi=MAX(Maxi,Matrix(I)) 
Mini=MIN(Mini,Matrix(l)) 

END DO 

RETURN 
END 

C ****************************************************************** VecExtremaR 

SUBROUTINE VecExtremaR(Matrix,NoOfPts,Maxi,Mini) 

C This subroutine locates the minimum and maximum elements in a REAL array 

REAL Matrix(*),Maxi,Mini 
INTEGER NoOfPTs,I 
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Maxi=Matrix(l) 
Mini=Matrix(l) 

DO 1=2,NoOfPts 
Maxi=MAX(Maxi,Matrix(I)) 
Mini=MIN(Mini,Matrix(l)) 

END DO 

RETURN 
END 

C ****************************************************************** WriteCenter 

SUBROUTINE VV riteCenter(Lun,Width,Line) 

PARAMETER MaxVVidth=::108 

INTEGER Lun,Width,TrueWidth 
CHARACTER*(*) Line 
CHARACTER *(Max Width) In,Out 

IF (Width.GT.MaxWidth) THEN 
TrueWidth=MaxWidth 

ELSE 
True Width= Width 

END IF 

In= Line 
CALL Center(ln,True Width, Out) 

WRITE(Lun,IO) Out 
10 FORMAT(X,A<TrueWidth>)-

RETURN 
END 

C *************************************************************************YarN 

SUBROUTINE Yom(Prompt$, Yes) 

LOGICAL Yes,No 
CHARACTER Prompt$*(*),Response*l 

C This subprogram obtains a Y or N response from the user. 

C Prompt$ is the prompt to be used. 
C Yes is the logical variable 

Yes=.FALSE. 
No=.FALSE. 
DO WHILE(.NOT.(Yes.OR.No)) 

WRITE (* ,*) Prompt$ 
CALL Chlnp('(Y or N)?' ,Response) 

Yes=(Response.EQ.'Y').OR.(Response.EQ.'y') 
Na=(Response.EQ. 'N').OR.(Response.EQ.'n') 
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IF (.NOT.(Yes.OR.No)) THEN 

WRITE(*, 1 00) Response 
100 FORMAT(' ','Error: response ',A,' is not Y or N.') 

c * 

END IF 

END DO 

RETIJRN 
END 
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C *********************************************************************** CrucCF 

SUBROUTINE CrucCF(XI,C,N) 

C This subroutine is from Conte and DeBoor, p.287 

C Variables---------------------------------------------~-----------------------

C Input Variables 

C XI(l), ... ,XI(N+ 1) strictly increasing sequence of breakpoints. 
C C(l,l), C(2,1), VAlue and first derivative at XI{I), l=l, ... ,N+l 
C of the piecewise function. 

C Output Variables 

C C(l,I), C(2,1), C(3,1), C(4,1) Polynomial coefficients of the function on the 
C interval (Xl(I},XI(I+l), I=l, ... N. 

INTEGER N,I 
REAL*8 C{4,N+l),XI(N+l),dX,DivDFI,DivDF3 

DO l=l,N 
dX=XI{I+ 1 )-XI(I) 
DivDFI =(C(l ,1+1)-C(l,l))/dX 
DivDF3=C(2,1)+C(2,1+ 1)-2.0*DivDFI 
C(3,I)=(Div DFI-C(2,1)-DivDF3)/dX 
C(4,I)=DivDF3/(dX*dX) 

END DO 

RETURN 
END 

C **************************************************************** ComputelDPhis 

SUBROUTINE Compute 1 DPhis(BasisDeg;Zeta,Phi,PhiZeta) 

C This subroutine computes the values of the local ID weighting functions, and 
C the vruues of their slopes. 

C Input Variables 

c Zeta 
c 
C BasisDeg 

The value of the local variable at which to evaluate the 
functions. (Range: O<Zeta<l) 
degree of basis functions, 3 are hermite cubics 

C Output Variables 

C PhiO 
c 

Phi(l) is the first local weighting function evaluated at 
zeta. Phi(2) is the second. . 

C PhiZetaO 
c 

These arc the derivates (with respect to zeta) evaluated at 
zeta. 

DOUBLE PRECISION Zeta 
REAL *8 Phi(*),PhiZcta(*) 
INTEGER BasisDeg 
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IF (BasisDeg.EQ.I) THEN 

Phi(l)=l.ODO-Zeta 
Phi(2)=Zeta 

PhiZeta(1)=-l.ODO 
PhiZeta(2)= 1.opo 

ELSE IF (BasisDeg.EQ.2) THEN 

Phi(1 )= l.OD0-3.0DO*Zeta+2.0DO*Zeta**2 
c O<z<l -l<x<l x=2z-l;z=(x+1)/2 
c (2z-l)(z-1) (1!2)(x)(x-l)-

Phi(2)=4.0DO*Zeta-4.0DO*Zeta**2 
c 4(z)(l-z) (1-x)(l+x) 

c 2zA2- z 
c z (2z-l) 

Phi(3)=Zeta*(2.0DO*Zeta-l.ODO) 

( 1/2)(x)(x+ 1) 

PhiZeta(l )=-3.0D0+4.0DO*Zeta 
PhiZeta(2)=4.0D0-8.0DO*Zeta 
PhiZeta(3)=-l.OD0+4.0DO*Zeta 

ELSE IF (BasisDeg.EQ.3) THEN 

Phi(l )= 1.0-3.0*Zeta**2+2.0*Zeta** 3 
Phi(2)=Zeta-2.0*Zeta**2+Zeta**3 
Phi(3)=3.0*Zeta**2-2.0*Zeta**3 
Phi( 4 )=-Zeta* *2+Zeta* * 3 

PhiZeta(l )=-6.0*Zeta+6.0*Zeta* *2 
PhiZcta(2)= 1.0-4.0*Zeta+ 3 .O*Zeta * *2 
Ph iZeta(3 )=6. O*Zeta * ( 1. 0-Zeta) 
PhiZeta(4)=-2.0*Zeta+3.0*Zeta**2 

ENO IF 

RETURN 
END 

C ********************************************************** Computelntersection 

SUBROUTINE Computelnterscc tion(Xa 1, Ya 1 ,Xa2, Y a2,Xb 1, Yb 1 ,Xb2, Yb2, 
& XInt, Yint,Error) 

C =0 => line segments intersect 
C Error=1 => lines intersect, but segments do not. 
C =2 => lines are parallel 
C Xal X or Y Coordinate, segment a or b, 1st or 2nd point. 
C Yb2 

INTEGER Error 
LOGICAL Intersect 
REAL*8 Xal,Yal,Xa2,Ya2,Xbl,Ybl,Xb2,Yb2,Ta,Tb 
REAL *8 Denom,Xlnt, Yint,Temp,PowerRound 
EXTERNAL PowerRound 

Error=2 
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Denom=(Xa I-Xa2)*(Yb2-Yb 1)-(Yal-Ya2)*(Xb2-Xbl) 
Intersect=(Denom.NE.O.ODO) 

IF (Intersect) THEN 

C The lines intersect. Compute the intersection point in parametric form 
C (Y,X)=(Y(t),X(t)) for both segment a and b 

Ta = ((Yb2-Ybl)*(Xal-Xbl)+(xbl-xb2)*(yal-ybl))/Denom 
Tb = ((ya2-yal)*(Xal-Xbl)+(xal-Xa2)*(Yal-Ybl))/Denom 

IF ((O.LE. Ta).AND.(Ta.LE.l ).AND.(O.LE. Tb ).AND.(Tb.LE.l)) THEN 
Error=O 

ELSE 
Error= I 

END IF 

C Compute the location of the intersection. 

Xlnt=Ta*(Xa2-Xal)+Xa I 
Yint=Ta*(Ya2-Yal)+ Yal 

C Round to the nearest -16 place 

XInt=PowerRound(XInt,~ 16) 
Yint=PowerRound(Yint,-16) 

END IF 

RETURN 
END 

C ******************************************************************** EElliptic 

REAL *8 FUNCTION EEIIiptic(M) 

C Taken from Numerical Recipes, p. 187 
C This function returns the complete elliptic integral with 
C QQC=kc 

REAL*8 M 

REAL*8 QQc,Qc,A,B,P,F,E,Em,G,Q 

C CA Square-root of desired accuracy. 

PARAMETER CA=O.OOOOOOOS 
PARAMETER PI02= 1.570796326794896619231322. 

IF (ABS(M).GE.l) STOP 'Error in Routine EEIIiptic: M>=l.' 
Qc=SQRT(l.O-ABS(M)) 

A=l.O 
B=l-M 
P=l.O 
E=Qc 
Em=l.O 
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1 F=A 
A=A+B/P 
G=E/P 
B=2*(B+F*G) 
P=G+P 
G=EM 
EM=QC+EM 
IF (ABS(G-QC).GT.G*CA) THEN 

QC=2*SQRT(E) 
E=QC*EM 
GOTO 1 

END IF 

EElliptic=PI02* (B+A *EM)/ (EM* (EM+ P)) 
RETURN 
END 

C ******************************************************************~****** EEIP 

REAL *8 FUNCTION EEIP(M) 

C Polynomial Approximation for Complete Elliptic Integral E, from Abramowitz arid 
C Stegun, p. 587 

REAL* 8 M,M 1,First,Second 
REAL *8 A(4)/0.44325141463,0.0626060 1220,0.04 757383546, 

& 0.01736506451/ 
REAL *8 B(4 )/0.2499836831 0,0.09200180037,0.04069697526, 

& 0.00526449639/ 
INTEGER I 

IF (M.GE.l.O) STOP 'In Routine: EElP; Error, M>=1' 
M1=1.0-M 

First= 1.0 
Second=O.O 
DO I=1,4 

First=First+A(I)*(M1 **I) 
Second=Second+B(I)*(M1 **I) 

END DO 

EeiP=First-Second*LOG(M 1) 

RETURN 
END 

C *********************************************************************** ErfCDP 

'REAL *8 FUNCTION ErfCDP(X) 

C This function returns the complementary errof function of x. See 
C numerical recipes p. 164 

REAL *8 X,GammaQDP,GammaPDP 
EXTERNAL GammaQDP,GammaPDP 

IF (X.L T.O.O) THEN 
ErfCDP= l.ODO+GammaPDP(0.5,X**2) 
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ELSE 
ErfCDP=GammaQDP(0.5,X**2) 

END IF 

RETURN 
END 

C ************************************************************************ Erfl)P 

REAL *8 FUNCTION ErfDP(x) 

C This function from NUMERICAL RECIPES, p. 164 

REAL *8 X,GammaPDP 
EXTERNAL GammaPDP 

IF (X.LT.O) THEN 
ErfDP=-GammaPDP(0.5,x**2) 

ELSE 
ErfDP=GammaPDP(0.5,x**2) 

END IF 

RETURN 
END 

C ********************************************************oi'************** Factor 

SUB ROUTINE Factor(W ,N,D,IPivot,IFlag,MaxDim) 

C This subroutine, taken from Conte and DcBoor pl65, computes the LU 
C factorization of the Matrix W. The program follows Algorithm 4.2 in 
C Conte and DeBoer using scaled partial pivoting. 

C/Input Variables 

C W(N,N) 
CN 
C D(N) 

Contains the matrix to be factored. 
The order of the Matrix 
Work Vector, holds row sizes. 

C Output Variables 

C W(N,N) 
c 
c 
C IPivot(N) 
C !Flag 
c 
c 
c 
c 

The LU Factorization of P*W where W is the 
original input matrix, and P is a permutation matrix 
specified by !Pivot. 
The Row IPivot(K) was used to eliminate-X(K), K=l, ... ,N 
= 1 if an even number of interchanges was carried out, · 
=-1 if an odd number of interchanges was carried out, 
·=0 if the upper trangular factor has one or more zero 

diagonal entries. 
Thus, the determina!lt is Illag*W(l ,N) 

INTEGER IFlag,IPivot(*),I,IStar ,J ,K,MaxDim,N. 
REAL *8 D(*), W(MaxDim,MaxDim),Awikod,CoiMax,Ratio,RowMax,Temp 

!Flag= I 

C Intialize IPivot,D 
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DO l=l.N 
IPivot(l)=l 

RowMax=O.O 
DO J=l,N 

RowMax=MAX(RowMax,ABS(W(I,J))) 
END DO 

IF (RowMax.EQ.O.O) THEN 
IFlag=O 
RowMax=l.O 

END IF 

D(I)=RowMax. 
END DO 

IF (N.LE.l) RETURN 

C Compute Factorization 

DO K=l,N-1 

C Determine Piyot Row, IStar 

CoiMax=ABS(W(K,K))!D(K) 
IStar=K 
DO I=K+l.N 

A wikod=ABS(W (I ,K) )!D(I) 
. IF (Awikod.GT.CoiMax} THEN 

CoiMax=Awikod 
IS tar= I 

END IF 
END DO 

IF (CoiMax.EQ.O.O) THEN 
IFiag=O 

ELSE 
IF (IStar.GT.K) THEN 

C Make K the Pivot Row by Interchanging it with the chosen row !Star. 

IFiag=-IFiag 

I=IPivot(IStar) 
IPivot(IStar)=IPivot(K) 
!Pi vot(K)=I 

Temp=D(IStar) 
D(IStar)=D(K) 
D(K)=Temp 

DO J=l,N 
Tcmp=W(IStar ,J) 
W(IStar ,J)=W(K,J) 
W(K,J)=Temp 

END DO 

END IF 
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C Eliminate X(K) from Rows K+l, ... ,N. 

DO I=K+l,N 
W(I,K)=W(I,K)/W(K,K) 
Ratio=W(I,K) 
DO J=K+l,N 

W(IJ)=W(IJ)-Ratio*W(KJ) 
END DO 

END DO 
END IF 

END DO 

IF (W(N,N).EQ.O.O) IFlag=O 

RETURN 
END-

C ********************************************************************* GammaPdp 

REAL *8 FUNCTION GammaPdp(A,X) 

C This function returns the incomplete gamma function P(a,x). See Numerical 
C Recipes p. 160. 

REAL *8 A,X,GamSer,Gin,GammCF 

IF ((X.L T.O).OR.(A.LE;O)) THEN 
WRITE(*,*) 'Error: X<O or A<=O' 
WRITE(*,*)' X=',X,' A=',A 
STOP 'In Function: GammaPdp' 

END IF 

IF (X.LT.A+l) THEN 

C Use the series representation 

CALL GSerDP(GamSer,A,X,Gin) 
GammaPdp=GamSer 

ELSE 

C Use the continued fraction representation and takes its complement 

CALL GCFDP(GammCF,A,X,Gin) 
GammaPdp= 1.0-GammCF 

END IF 

RETURN 
END 
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REAL *8 A,X,GamSer,Gln,GammCF 

IF ((X.L T.O).OR.(A.LE.O)) THEN 
WRITE(*,*) 'Error: improper A or X values. Proper Ranges are:' 
WRITE(*,*) ' O<=X, and O<A' 
WRITE(*,*)' X=',X 
WRITE(*,*) ' A=' ,A 
STOP 'In Function: GammaQDP' 

END IF 

IF (X.L T.A+ 1.) THEN 
CALL GSer(GamSer,A,X,GLN) 
GammaQdp= 1.0DO-GamSer 

ELSE 
CALL GCF(GammCF,A,X,Gln) 
GammaQDP=GammCF 

ENDIF . 

RETURN 
END 
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C ********************************************************************* GammLNDP 

REAL *8 FUNCTION GammLnDP(XX) 

C Returns the value LOG(GAMMA(XX)) for XX>O. Full accuracy is obtained 
C for XX>l. For O<XX<l, the reflection formula (6.1.4) can be used first. 
C See Numerical Recipes p.I57 

REAL *8 Cof(6)n6.18009173D0,-86.50532033D0,24.01409822DO, 
& -1.231739516D0,0.120858003D-2,-0.536382D-5/, 
& Stp/2.50662827465DO/,Half/0.5DO/,One/l.ODO/,FPF/5.5DO/, 
& X,Tmp,Ser,XX 

INTEGER J 

X=XX-One 
Tmp=X+Fpf 
Tmp=(X+Half)*LOG(Tmp)-Tmp 
Ser=One 

DO 1=1,6 
X=X+One 
Ser=Ser+Cof(J)/X 

END DO 

GammLnDP=Tmp+LOG(Stp*Ser) 

RETURN 
END 

C ************************************************************************ GCFDP 

SUBROUTINE GCFDP(GammCF,A,X,GLN) 

C Returns the incomplete gamma function Q(a,x) evaluated by its continued 
C fraction representation as GammCF. Also returns LOG Gamma(A) as GLN. 
C See Numerical Recipes p. 162 
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REAL*8 GammCF,A,X,Gln,G,GOid,AO,Al,BO,Bl,Fac 
REAL *8 An,Ana,Anf,GammLnDP 
INTEGER N 
EXTERNAL GammLnDP 

PARAMETER ITMax=500 
PARAMETER Eps=3.E-7 

C Variables 

C GOld The previous value of G tested against for convergence. 

Gln=GammLnDP(A) 

GOid=O. 

AO=l. 
Al=X. 

BO=O. 
Bl=l. 

Fac=l. 

DO N~l.ITMax 
An=FLOA T(N) 
ANA=AN-A 

COne step of the recurrence (5.2.5) 

AO=(A 1 +AO* ANA)*Fac 
BO=(B 1+80* ANA)*Fac 

C The next step of the recurrence (5.2.5) 

Anf=AN*Fac 
A 1=X* AO+Anf* A 1 
B l=X*BO+Anf*B 1 

C Shall we renormalizc? 

IF (A 1.NE.0.0) THEN 
Fac=l./Al 
G=Bl*Fac 
IF (ABS((G-GOld)/G).L T.Eps) THEN 

GammCF=EXP( -X +A *LOG(X)-Gln)*G 
RETURN 

END IF 
GOid=G 

END IF 
END DO 

WRITE(*,*) 'Error: A too large or ITMax too small' 
WRITE(*,*) ' A=' ,A 
WRITE(*,*) ' X=' ,X 
WRITE(*,*)' ITMax='.ITMAX 
STOP 'In Routine: GCFDP' 
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END 

C *********************************************************************** GSerDP 

SUBROUTINE GSerDP(GamSer,A,X,Gln) 

C Returns the incomplete Gamma Function P(a,x) evaluated by its series 
C representation as GamSer. Also returns LOG Gamma(a) as Gin . 

INTEGER N 
REAL *8 GamSer,A,X,Gln,Ap,Sum,Del,GammLnDP 
EXTERNAL GammLnDP 

PARAMETER ITMax=lOO 
PARAMETER Eps=3.0E-7 

Gln=GammLnDP(A) 

IF (X.LT.O) STOP 'In Subroutine: GSerDP' 

IF (X.EQ.O.O) THEN 
GamSer=O.O 
RETURN 

END IF 

AP=A 
Sum=l.O/A 
Del=Sum 

DO N=l,ITMax 
AP=AP+l. 
Dcl=Del*X/AP 
Sum=Sum+Dcl 
IF (Abs(Del).L T.ABS(Sum)*Eps) THEN 

GamSer=Sum *EXP( -X+A *LOG(X)-GLN) 
RETURN 

END IF 
END DO 

STOP 'In Routine: GSerDP, A too large or ITMax too small' 
END 

C *****************************************************************~***** GauLeg 

SUBROUTINE GauLeg(Np,Points,Weights) 

C This subroutine returns the Gauss-Legendre integration points and weights for 
C a Np-point gaussian quadrature integration over the interval O<x<l. 
C The value of Lhe integral is approximated by the 
C sum(F(PoinLs(i))*Weights(i),i= 1 ,Np) 

C (Modified from Press, Flannery, Teuukolsky, and Vetterling, 
C NUMERICAL RECIPES: The Art of Scientific Computing, 1986, Cambridge 
C University Press, p. 125-126) 

REAL *8 Points(*),Weights(*),Z,PP :Z 1 :Z2,P1 ,P2,P3 
INTEGER Np,I,J 
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PARAMETER Eps=3.D-14 

C Loop over the desired roots 

DO I= 1,(Np+ 1 )/2 
Z=COS(3.141592654DO*(I-0.25DO)/{Np+0.5D0)) 

C Starting with the above approximation to the lth root, we enter the main 
C loop of refinement by Newton's method. 

1 CONTINUE 

Pl=l.DO 
P2=0.DO 

DO J=1.Np 
P3=P2 
P2=P1 
P 1 =((2. DO* J -1. DO)*Z*P2-(J -1.DO)*P3)/J 

END DO 

C P1 is now the desired Legendre polynomial. We next compute PP, its 
C derivative, by a standard relation involving also P2, the polynomial of 
C one lower order. 

PP=Np*(Z*P1-P2)/(Z*Z-1.DO) 
Z1=Z 
Z=Z1-P1/PP 

IF (ABS(Z-Zl).GT.Eps) GOTO 1 . 

Points(Np+ 1-I)=Z 
Weights(Np+ 1-1)=2.DO/((l.DO~Z*Z)*PP*PP) 

END DO 

DO l=l,NP/2 
Points(!)=-Points(N p+ 1 ~I) 

_ Weights(l)=WeighL'>(Np+ 1-1) 
END DO 

C The following DO-LOOP convert the gauss points and weights from an interval 
C of -1 to 1 to an interval from 0.0 to 1.0 

DO l=l,NP 
Points(l)=(Points(I)+ l.OD0)!2.0DO 
Weights(I)=Wcights(I)/2.0DO 

END DO 

RETURN 
END 

C *********************************************************************** GauLog 

SUBROUTINE GauLog(Np,Points,Weights) 

INTEGER Np 
REAL *8 Points(*), Weights(*) 
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C This subroutine returns the gauss points and weights for integrating 
C Ln (1/x) * f(x) from 0 to I. The integral is the sum of 
C Weights(i)*f(Points(i)) for i=l to Np. The the values for points and 
C weights come form GAUSSIAN QUADRATURE FORMULAS, A.H. Stroud and Don Secrest 
C Prentice-Hall, Inc., Englewood Cliffs, N.J. C 1966 

IF (Np.EQ.2) THEN 

Points(l)=0.11200880616697618295 
Points(2)=0.6022769081187381 027 5 

Weights(l)=0.71853931903038444066 
Weights(2)=0.28146068096961555933 

ELSE IF (Np.EQ.3) THEN 

Points( 1 )=0.063890793087325404996 
Points(2)=0.36899706371561876554 
Points(3)=0.76688030393894145542 

Weights( I )=0.51340455223236332512 
WeighL-;(2)=0.39198004120148755480 
Weights(3)=0.094615406566149120064 

ELSE IF (Np.EQ.4) THEN 

Points(l )=0.041448480199383220803 
Points(2)=0.24527491432060225193 
Points(3)=0.55616545356027583718 
Points( 4 )=0.84898239453298517464 

Weights( I )=0.38346406814513512485 
Weights(2)=0.386875317774 76262733 
Wcights(3)=0.19043512695014241536 
WcighL<;( 4)=0.039225487129959832452 

ELSE IF (Np.EQ.5) THEN 

Points( 1 )=0.0291344 72151972053303 
Points(2)=0.17397721332089762870 
Points(3)=0.41170252028490204317 
Points(4)=0.67731417458282038070 
Points(5)=0.894 77136103100828363 

Weights( 1 )=0.2978934 7178289445727 
Wcights(2)=0.34977622651322418037 
Weights(3)=0.23448829004405241888 
WcighL-;(4)=0.098930459516633146976 
Weights(5)=0.018911552143195796489 

ELSE IF (Np.EQ.6) THEN 

Points( 1 )=0.021634005844116948995 
Points(2)=0.12958339115495079613 
Points(3)=0.31402044991476550879 
Points(4)=0.53865721735180214454 -
Points(5)=0.75691533737740285216 
Points(6)=0.92266885137212023733 
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Weights( 1 )=0.2387636o257854 756972 
Weights(2)=0.30828657327394679296 
Weights(3)=0.24531742656321 038598 
Weights(4)=0.14200875656647668542 
Weights(5)=0.055454622324886290015 
Weights(6)=0.010168958692932275886 

ELSE IF (Np.EQ.7) THEN 

Points(1)=0.016719355408258515941 
Points(2)=0.1 0018567791567512158 
Points(3)=0.24629424620793059904 
Points( 4 )=0.4334634932570331 0583 
Points(5)=0.63235098804 776608846 
Points(6)=0.81111862674010557652 
Point~(7)=Q.94084816674334772176 

Weights( 1 )=0.196169389425248207 52 
Wcights(2)=0.27030264424727298214 
Weights(3)=0.23968187300769094830 
Wcights(4)=0.16577577481043290656 
Wcights(5)=0.088943227137657964435 
Weights(6)=0.033194304356571067025 
Wcights(7)=0.0059327870151259239991 

ELSE IF (Np.EQ.8) THEN 

Points(l )=0.0133202441508924650 12 
Points(2)=0.079750429013894938409 
Points(3)=0.197971 02932618805379 
Points(4)=0.35415399435190941967 
Points(5)=0.52945857523491727770 
Points(6)=0.70181452993909996383 
Points(7)=0.8493793204411 0667604 
Points(8)=0.95332645005635978876 

Weights(1)=0.16441660472800288683 
Weights(2)=0.23 7 52561002330602050 
Wcights(3)=0.22684198443191912636 
Wcights(4)=0.17575407900607024498 
Weights(5)=0.1129240302467 5905185 
Wcights(6)=0.05785221 0717782072398 
Wcights(7)=0.020979073742132978043 
Wcights(8)=0.0036864071 040276190133 

ELSE IF (Np.EQ~9) THEN 

Points(1 )=0.010869336084175477113 
Points(2)=0.064983666338007939406 
Points(3)=0.16222939802388293870 
Points( 4 )=0.293 7 4990397167 465807 
Points(5)=0.44663188190546803720 
Points(6)=0.60548166277612862084 
Points(7)=0.7541101371571635666'5 
Points(8)=0.87726582883583825317 
Points(9)=0.96225055941 028184144 

Wcight~(1)=0.14006843874813473426 
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Weights(2)=0.20977220520 103044 750 
Weights(3)=0.2l142714989660272853 
Weights(4)=0.17715623393907998954 
Weights(5)=0.12779922803329549588 
Weights(6)=0.07847890261156217546 
Weights(7)=0.03902250498539909684 7 
Weights(8)=0.0 13867295549593023290 
Weights(9)=0.002408041 0363923115729 

ELSE IF (Np.EQ.10) THEN 

Points( 1 )=0.0090426309621996506369 
Points(2)=0.053971266222500629504 
Points(3)=0.13531182463925077487 
Points( 4 )=0.24 705241628715982422 
Points(5)=0.38021253960933233397 
Points(6)=0.52379231797184320116 
PoinL~(7)=0.66577520551642459722 
Points(8)=0.79419041601196621735 
Points(9)=0.898161 09121900353816 
Points( I 0)=0.96884 798871863353939 

Weights(! )=0.12095513195457051498 
Weights(2)=0.186363,54256407187032 
Weights(3)=0.19566087327775998271 
WcighL~(4)=0.17357714218290692084 
Weights(5)=0.13569567299548420166 
Wcights(6)=0.093646758538110525987 
Weights(7)=0.055787727351415874075 
Wcights(8)=0.0271 59810899233331145 
Wcights(9)=0.0095151826028485149992 
Weights( 1 0)=0.0016381576335982632548 

ELSE IF (Np.EQ.11) THEN 

Points( 1 )=0.0076439411746377066292 
Points(2)=0.045541828256578918548 
Points(3)=0.11452229745512458369 
Points( 4)=0.21 037858122703353088 
Points(5)=0.32669555322169284 797 
Points(6)=0.45545324692881343831 
Points(7)=0.58764835635908440789 
Points(8)=0.71396385001256144053 
Points(9)=0.82545321780181180417 
Points(10)=0.91419392161254313794 
Points( 11 )=0.97386025627558615232 

Weights( 1 )=0.1 0565225609910049130 
WcighL'>(2)=0.16657168060062904863 
Wcights(3)=0.180563218287753724 76 
Wcights(4)=0.16727873677378417932 
Wcights(5)=0.13869705740163122050 
Wcights(6)=0.1 0383343336504406027 
Wcights(7)=0.069536697888735232346 
WcighL'i(8)=0.040541600803596329568 
Wcights(9)=0.019435402476218172780 
WcighL<>(10)=0.0067374293424500627021 
Wcights(ll )=0.00 11524869610574777832 
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ELSE IF (Np.EQ.12) THEN 

Points( 1 )=0.0065487222790800587892 
Points(2)=0.038946809560449959161 
Points(3)=0.0981502631 06006628862 
Points( 4)=0.18113858159063157735 
Points(5)=0.28322006766737255470 
Points(6)=0.39843443516343664370 
Points(7)=0.51995262679235266272 
Points(8)=0.64051091671610645430 
Points(9)=0. 75286501205183057837 
Points(l0)=0.85024002416230220067 
Points(l1)=0.92674968322391410104 
Points(12)=0.97775612968999747917 

Weights(l)=0.093192691443931324491 
Weights(2)=0.14975182757632236417 
Weights(3)=0.16655745436459300532 
WeighLs(4)=0.15963355943698765l16 
Weights(5)=0.13842483186483562106 
Weights(6)=0.11001657063572116233 
Weights(7)=0.079961821770828970264 
Weights(8)=0.052406954824641770650 . 
WcighL<i(9)=0.030071 088873761187123 
Weights(10)=0.014249245587998279107 
Weights(11)=0.0048999245823217609390 
Weights( 12)=0.00083402903805690336469 

ELSE IF (Np.EQ.I3) THEN 

Points( I )=0.005674 7662562426690299 
Points(2)=0.0336901 08799032536748 
Points(3)=0.085036754474175028089 
Points(4)=0.15749755947788902873 
Points(5)=0.24 756957887684314613 
PoinLs(6)=0.35074431236085520042 
Points(7)=0.46177374676161 024622 
Poinls(8)=0.57495946652556132074 
Points(9)=0.68445988035043004253 
Points(l 0)=0. 78460256881034 708051 
Points(11)=0.87018642840788838882 
Points(12)=0.93675782930675139337 
Points(13)=0.98084345181159094850 

WcighL<i( 1 )=0.082900496793275787818 
Wcights(2)=0.13536867316574450040 
Wcights(3)=0.15377328439229220085 
Wcights(4)=0.15145815850998819062 
Weights(5)=0.13604033653728306071 
Weights(6)=0.11317682288163380335 
Weights(7)=0.087374430480045258238 
Wcighls(8)=0.062160230641804869517 
Weights(9)=0.040087728934165851898 
WcighLs(l 0)=0.022723844939972195328 
Weights( 11 )=0.0 10671230412968444087 

-Wcights(12)=0.0036464922759741400797 
WcighL<i(13)=0.00061827003485169707685 
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ELSE IF (Np.EQ.14) THEN 

Points(1)=0.0049660035738685422439 
Points(2)=0.029432540118885178286 
Points(3)=0.074376292224535762610 
Points(4)=0.13813849198918628179 
Points(5)=0.21805564849895907807 
Points(6)=0.31066208391810198317 
Points(7)=0.4118724 7 51777 5020720 
Points(8)=0.51717930739865432972 
Points(9)=0.62186485972851111970 
Points(10)=0.72122074520810885373 
Points( 11 )=0.81 076598807158985635 
Points( 12)=0.88645403803443465718 · 
Points(l3)=0.94485913946181863892 
Points(l4)=0.983331 02648567848004 

I 

Weights( I )=0.074291225067510412498 
Weights(2)=0.12298877246932291429 
Weights(3)=0.14219930656252335570 
WeighLS(4)=0.14322929764l26422201 
Weights(5)=0.13234508377208520926 
WeighLS(6)=0.11413587573667647525 
Weights(7)=0.092283038079073613216 
Weights(8)=0.069753673293937564550 
Weights(9)=0.048830323600513564644 
WeighLS(10)=0.031101796064416141117 
Weights(11)=0.017462811950196093832 
Wcights(12)=0.0081424234298759361332 
Weights(13)=0.0027684364185639373318 
Weights( 14 )=0.000467935914040560 13532 

ELSE IF (Np.EQ.15) THEN 

Points(1)=0.0043831101754754038348 
Points(2)=0.0259358981 05330616102 
Points(3)=0.065596095412316245254 
Points(4)=0.12210 193407333160332 
Points(5)=0.19339526237400711598 
Points(6)=0.2767728387061 0202439 
Points(7)=0.36901512713974294381 
Points(8)=0.466524 328964 70658267 
Points(9)=0.56547347379181730642 
Points(l0)=0.66196291901245642138 
Points(l1 )=0.75217888337878579878 
Points( 12)=0.83254803386618958925 
Points(l3)=0.899882050 12089808432 
Points(14)=0.95150618874340990272 
Points(15)=0.98536446812213193892 

Weights(l )=0.067009978916493713603 
WeighL'>(2)=0.ll226415028670574182 
Wcights(3)=0.13176017703967990373 
Weights(4)=0.13521764906193472513 
Wcights(5)=0.12788179864568037040 
Wcights(6)=0.11353290749021942129 
Weights(7)=0.095205239784358658511 
Weights(8)=0.075389314167395954339 

333 



MathSubs 

Weights(9)=0.056078424492653717992 
Weights(10)=0.038768295375018231110 
Weights(11)=0.024451483268750075960 
Weights( 12)=0.0 13624630138238846905 
Weights(13)=0.0063164475985907611998 
Weights(14)=0.0021388899159444713478 
Weights(15)=0.00036061381833540664685 

ELSE IF (Np.EQ.16) THEN 

Points(! )=0.0038978344871159159240 
Points(2)=0.023028945616873239820 
Points(3)=0.058280398306240412348 
Points( 4)=0.1 0867836509105403648 
Points(5)=0.17260945490984393776 
Points(6)=0.24 793705447057849514 
Points(7)=0.33209454912991715598 
Points(8)=0.42218391058194860011 
Points(9)=0.5150824 733814626034 7 
Points( 1 0)=0.60755612044 772872408 
Points(11)=0.69637565322821406115 
Points(12)=0.77843256587326~40520 -
Points(13)=0.85085026971539108323 
Points(14)=0.91108685722227190541 
Points(15)=0.95702557170354215759 
Points(16)=0.98704780024798447675 

Weights(1)=0.060791710043591232851 
Weights(2)=0.10291567751758214438 
Weights(3)=0.12235566204600919355 
Weights(4)=0.12756924693701598871 
Wcights(5)=0.12301357460007091542 
Weights(6)=0.11184724485548572262 
Weights(7)=0.096596385152124341252 
W cights(8)=0.079356664 3514 73138782 
Weights(9)=0.061850494581965207095 
Weights( I 0)=0.045435246507726668628 
Weights(11)=0.031098974751581806409. 
Weights(12)=0.019459765927360842078 
Weights(13)=0.010776254963205525645 
Weights(l4)=0.0049725428900876417125 
Wcights(15)=0.0016782011100511945150 
Weights(16)=0.00028235376466843632l77 

ELSE 

WRITE(*,*) 'Error: Np is too large or small!--',Np,'=Np' 
STOP 'In Routine: GauLog' 

END IF 

RETURN 
END 

C ****************~************************************************* GaussPtsWts 

SUBROUTINE GaussPtsWts(Np,Points,Weights) 
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C This subroutine returns the Gauss-Legendre integration points and weights for 
C a Np-point gaussian- quadrature integration over the intervall O<x<l. 
C The value of the integral is approximated by the 
C sum(F(Points(i))*Weights(i),i= l,Np) 

C (Modified from Conte and de Boor, ELEMENTARY NUMERICAL ANALYSIS, 3d eel. 
C McGraw Hill p.316) 

C Input Variables 

C Np The number of points approximating the interval 

C Output Variables 

C Points(NP) The points to use in approximating the integral 
C Weigh~(NP) The weights to use. 

C Internal Variables 

C I Loop counter 

DOUBLE PRECISION Points(*),Weights(*) 
INTEGER Np,I 

IF (Np.EQ.l) THEN 

Points(! )=0.0 
Weights(] )=2.0 

ELSE IF (Np.EQ.2) THEN 

Po in ts(2)=0 .5 773 50269189626 
WeighLc;(2)= 1.0 

ELSE IF (Np.EQ.3) THEN 

Points(2)=0.0 
Points(3)=0.774596669241483 
Weights(2)=0."8888888888888889 
Weights(3)=0.5555555555555556 

ELSE IF (Np.EQ.4) THEN 

Points(3)=0.339981043584856 
Points(4)=0.861136311594053 
Wcights(3)=0.652145154862546 
Wcights(4)=0.347854845137454 

ELSE IF (Np.EQ.5} THEN 

Points(3)=0.0 
Points(4)=0.538469310l05683 
Points(5)=0.906179845938664 
WeighLc;(3)=0.568888888888889 
Weights( 4)=0.4 78628670499366 
Weights(5)=0.236926885056189 

ELSE IF (Np.EQ.6) THEN 
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Points( 4 )=0.238619186083197 
Points(5)=0.661209386466265 
Points(6)=0.932469514203152 
Weights(4)=0.467913934572691 
Weights(5)=0.360761573048139 
Weights(6)=0.171324492379170 

ELSE IF (Np.GT.6) THEN 

WRITE(* ,600) NP 
600 FORMAT(X,'The number of points (',13,') is greater than 6.', 

& /,X,'Please call this GaussPtsWts with Np <= 6.', 
& /,X, 'The GauLeg routine will compute the gauss points ', 
& /,X,'for an Np') 

STOP _'In Ro.utine GaussPtsWts' 

END IF ' 

DO I=l,NP/2 
Points(I)=-Points(Np+l-I) 
Weights(l)=Weights(Np+ 1-I) 

END DO 

C The following DO-LOOP convert the gauss points and weights from an interval 
C of -1 to 1 to an interval from 0.0 to 1.0 

DO I=l,NP 
Points(l)=(Points(l)+ l.OD0)/2.0DO 
WeighLc;(l)=Weights(1)/2.0DO 

END DO 

RETURN 
END 

C ******************************************************************** GaussQuad 

SUBROUTINE GaussQuad(NoOfGauss,Points,Weights;Funk,Sum) 

C This subroutine will perform the gaussian quadrature tsummation. 
C (Note, can be used for. integration by gaussian quadrature of 
C f(x) or ln(l/x)f(X) by changing the weights passed to the subroutine 

C Passed Variables 

INTEGER NoOfGauss 
REAL *8 Sum,Points(*),Weights(*) 

C Passed Functions 

REAL*8 Funk 
EXTERNAL Funk 

·c Internal Variables 

INTEGER Gs 

C Subroutine Code 
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Sum=O 
DO Gs=1,NoOfGauss 

Sum=Sum+Funk(Points(Gs))*Weights(Gs) 
END DO 

RETURN 
END 

C ********************************************************************* In~rp1D 

SUBROUTINE Interp 1 D(X1 ,Fl ,X2,F2,Xd,Fd) 

REAL*8 Xl,X2,Xd,Fl,F2,Fd 

. IF (X2.EQ.X1) THEN 
Fd=Fl 

ELSE 
Fd=F1+(F2-Fl)*(Xd-X1)/(X2-X1) 

END IF 

RETURN 
END 

C ********************************************************************* In~rp2D 

SUBROUTINE Interp2D(X1,Yl,X2,Y2,F11,F12,F21,F22,Xd,Yd,Fd) 

REAL*8 Xl,Y1,X2,Y2,F11,F12,F21,F22,Xd,Yd,Fd 
REAL*8 FXI,FX2,FDI,FIY,F2Y,FD2 

CALL InterplD(X1,F1l,X2,F21,XD,FX1) 
CALL Interp 1 D(X 1 ,F12,X2J:22,Xd,FX2) 
CALL Interp1D(Y1,FX1,Y2,FX2,Yd,Fd1) 

CALL InterplD(Y1,F11,Y2,F12,Yd,F1Y) 
CALL Interp 1 D(Y 1 ,F21, Y2,F22, Y d,F2Y) 
CALL Interp 1 D(Xl ,F1 Y ,X2,F2Y ,Xd,Fd2) 

FD=(Fd 1 +Fd2)/2.0 

RETURN 
END 

C ******************************************************************** KElliptic 

REAL *8 FUNCTION KElliptic(M) 

C Taken from Numerical Recipes, p. 187 
C This function returns the complete elliptic integral with 
C QQC=k 

C CA Square-root of desired accuracy. 

PARAMETER CA=O.OOOOOOOS 
PARAMETER PI02= 1.570796326794896619231322 

REAL *8 M,PP,AA,BB 
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REAL*8 Qc,A,B,P,E,EM,F,G 

IF (ABS(M).GE.l) THEN 
WRITE(*,*) 'Error: M>=l ',M,'=M' 
STOP 'In~Routine: KElliptic' 

END IF 

QC=SQRT(l.O-ABS(M)) 

A= I 
B=l 
P=l 
E=QC 
EM=l.O 

F=A 
A=A+BIP 
G=EIP 
B=2*(B+F*G) 
P=G+P 
G=EM 
EM=QC+EM 
IF (ABS(G-QC).GT.G*CA) THEN 

QC=2*SQRT(E) 
E=QC*EM 
GOTO 1 

END IF 

K.Elliptic=PI02'!'(B+A*EM)/(EM*(EM+~)) 
RETURN 
END 

C ************************************************************************* KElP 

REAL *8 FUNCTION KElP(M) 
REAL*8 M 

REAL *8 First,Sccond,Ml 

CALL KclPCocf(M,M 1 ,First,Sccond) 
KelP=First-Sccond*LOG(M 1) 

RETURN 
END 

C ********************************************************************* FUE~oef 

SUBROUTINE KElPCoef(M,M1,First,Second) 

C Polynomial Approximation to Complete Elliptic Integml K, taken from 
C Abramowitz and Stcgun, p 587 

REAL*8 M,M1,First,Second 
REAL *8 A(5)/1.38629436112,0.09666344259 ,0.03590092383, 

& 0.03742563713,0.01451196212/ 
REAL *8 8(5)/0.5,0.12498593597 ,0.06880248576, 

& 0.03328355346,0.00441787012/ 
INTEGER I 
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IF (M.GE.l.O) THEN 
WRITE(*,*). 'Error: M>= 1 
M=M/0.0 
STOP 'In Routine: KElP' 

END IF 

Ml=l.O-M 

First=O.O 
Second=O.O 
DO 1=1,5 

M=',M 

First=First+A(I)*(M1 **(1-1)) 
Second=Second+B(I)*(M1 **(1-1)) 

END DO 

RETURN 
END 

C *********************************************************************-LtnBksbDP 
C ************************************************************************LtnBksb 

StnBROUTlNE LUBksb(A,N,Np,Indx,B) 

C This routine from Numerical Recipes, p. 37. 

C Solves the set of N linear equations A.x=B. Here A is input, not 
C as the matrix A but rather as its LU decomposition, determined by the 
C routien LUDcmp. Indx is input as the permutation vector returned by 
C LUDcmp. B is input as the right-hand side vectore B, and returns with 
C the solution vecter X. A,N,Np and Indx are not modified by this routine 
C and can be left in place for successive calls with different right-hand 
C sides B. This routine takes into account the possiblity that B will begin 
C with many zero elements, so it is efficient for use in matrix inversion. 

INTEGER N ,Np,Indx(Np),II,I,LL,J 
REAL A(Np,Np),B(Np),Sum 

C When II is set ot a positive value, it will become the index of the first 
C nonvanishing element of B. We now do the forward substitution, equation 
C 2.3.6. The only new wrinkle is to unscramble the permutation as we go. 

II=O 

DO l=l,N 
LL=Indx(I) 
Sum=B(II) 
B(II)=B(I) 
IF (ii.NE.O) THEN 

DO J=ii,i-1 
Sum=Sum-A(I,J)*B(J) 

END DO 
ELSE IF (Sum.NE.O) THEN 

C A nonzero element was encountered, so from no on we will have 
C to do the sums in the loop above. 

ll=i 
END IF 
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B(l)=Sum 

END DO 

C Now we do the backsubstitution, equation 2.3.7 

DO l=N,l,-1 
Sum=B(I) 
IF (I.LT.N) THEN 

DO J=I+l.N 
Sum=Sum-A(I,J)*B(J) 

END DO 
END IF 

C Store a ,compononent of the solution vector X. 

B(l)=Sum/ A(I,I) 
END· Do 

RETURN 
END 

SUBROUTINE LUBksbDP(A,N,Np,Indx,B) 

C This routine from Numerical Recipes, p; 37. 

C Solves the set of N linear equations A.x=B. Here A is input, not 
C as the matrix A but rather as its LU decomposition, determined by the 
C routien LUDcmp. Indx is input as the permutation vector returned by 
C LUDcmp. B is input as the right-hand side vectore B, and returns with 
C the solution vecter X. A,N,Np and Indx are not modified by this routine 
C and can be left in place for successive calis with different right-hand 
C sides B. This routine takes into account the possiblity that B will begin 
C with many zero elements, so it is efficient for use in matrix inversion .. 

INTEGER N ,Np,Indx(Np),II,I,LL,J 
REAL *8 A(Np,Np),B(Np),Sum 

C When II is set ot a positive value, it will become the index of the first 
C nonvanishing element of B. We now do the forward substitution, equation 
C 2.3.6. The only_new wrinkle is to unscramble the permutation as we go. 

II::O 

DO I=l,N 
LL=Indx(I) 
Sum=B(ll) 
B(ll)=B(I) 
IF (ii.NE.O) THEN 

DO J=ii,i-1 
Sum=Sum-A(I,J)*B(J) 

END DO 
ELSE IF (Sum.NE.O) THEN 

C A nonzero clement was encountered, so from no on we will have 
C to do the sums in the loop above. 
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Il=i 
END IF 
B(I)=Sum 

END DO 

C Now we do the backsubstitution, equation 2.3.7 

DO I=N,l,-1 
Sum=B(I) 
IF (I.LT.N) THEN 

DO J=l+l.N 
Sum=Sum-A(l,J)*B(J) 

END DO 
END IF 

C Store a compononent of the solution \'ector X. 

B(I)=Sum/A(I,I) 
END DO 

RETURN 
END 

C ***************************************.******************************** LUDcmp 

SUBROUTINE LUDcmp(A,N,Np,Indx,D) 

C This routine from NUMERICAL RECIPES'by W.H. Press, B.P. Flannery, 
C S.A. Teukolsky, W.T. Vctterling. 

C Given an NxN matrix A, with physical dimension Np, this routine replaces 
C it by the LU decomposition of a row,-wise permutation of itself. A and 
C N are input. A is output, arranged as in eqaution (2.3.14); Indx is an 
C output vector which records the row permutation effected by the partial 
C pivoting; D is output as + or- I depending on whether the number of 
C row interchanges was even or odd, respectively. This routine is used 
C in combination with LUBKSB to solve linear equations or to invert a 
C matrix. 

C NMax.Largest expected N 
C Tiny A small number 
C 'YVO The implicit scaling of each row. 

PARAMETER NMax=lOO 
PARAMETER Tiny=l.OE-20 

INTEGER N,Np,Indx(Np),I,J,K,IMax 
REAL A(Np,Np),VV(NMax),AAMax,Sum,D,Dum 

IF (N.GT.NMax) THEN 
WRITE(*,*) 'Error: matrix dimension too large.' 
WRITE(*,*) ' N=',N 
WRITE(*,*)' NMax=',NMax 
STOP 'In Routine: LUDcmp' 

END IF 

D=l 
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C The following DO-loop loops over rows to get the implicit scaling 
C information. 

DO I=1,N 

AAMax=O. 
DO J=l,N 

AAMax=MAX(ABS(A(IJ)),AAMax) 
END DO 

IF (AAMax.EQ.O.O) THEN 
WRITE(*,*) 'Error: Singular Matrix.' 
STOP 'In Routine: LUDcmp' 

END IF 

VV (0= 1.0/ AAMax 

, END DO 

C The following DO-loop loops over the columns of Crout's method. 

DO J=l,N 

C The following DO-loop computes equation (2.3.12) except for i=j. 

DO I=1J-1 

Sum=A(IJ) 

DO K=1,I-1 
Sum=Sum-A(I,K)* A(KJ) 

END DO 

A(I,J)=Sum 

END DO 

C The following DO-loop searches for the larges pivot element 

AAMax=O.O 
DO I=J,N 

Sum=A(I,J) 
DO K=I,J-1 

Sum=Sum-A(I,K)* A(K,J) 
END DO 
A(I,J)=Sum 

Dum=VV,(I)* ABS(Sum) 
IF (Dum.GT.AAMax) THEN 

IMax=l 
AAMax=Dum 

END IF 

END DO 

C The following IF-THEN block makes the row-exchange if it is required. 

IF (J .NE.IMax) THEN 
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DO K=l,N 
Dum=A(Imax,K) 
A(Imax,K)=A(J ,K) 
A(J,K)=Dum 

END·DO 

D=-D 
VV(IMax)=VV(J) 

END IF 

Indx(J)=IMax 
IF (A(JJ).EQ.O) A(JJ)=Tiny 

IF (J .NE.N) THEN 
Dum=l.O/A(J,J) 
DO I=J+l,N 

A(IJ)!:A(IJ)*Dum 
END DO 

END IF 
END DO 

RETURN 
END 

C ********************************************************************* LtnDcmpDP 

SUBROUTINE LUDcmpDP(A,N,Np,Indx,D) 

C Thi~ routine from NUMERICAL RECIPES by W.H. Press, B.P. Flannery, 
C S.A. Teukolsky, W.T. Vetterling. ' 

C Given an NxN matrix A, with physical dimension Np, this routine replaces 
C it by the LU decomposition of a row-wise permutation of itself. A and 
C N are input. A is output, arranged as in eqaution (2.3.14); Indx is an 
C output vector which records the row permutation effected by the partial 
C pivoting; D is output as + or - 1 depending on whether the number of 
C row interchanges was even or odd, respectively. This routine is used 
C in combination with LUBKSB to solve linear equations or to invert a 
C matrix. 

C NMaxLargest expected N 
C Tiny A small number 
C VVO The implicit scaling of each row. 

PARAMETER NMax=IOOO 
PARAMETER Tiny=l.OE-20 

INTEGER N,Np,Indx(Np),IJ,K,IMax 
REAL *8 A(Np,Np),VV(NMax),AAMax,Sum,D,Dum 

IF (N.GT.NMax) THEN 
WRITE(*,*) 'Error: matrix dimension too large.' 
WRITE(*,*) ' N=',N 

. WRITE(*,*r' NMax=',NMax 
STOP 'In Routine: LUDcmp' 

END IF. 
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D=l 

C The following DO-loop loops over rows to get the implicit scaling 
C information. 

DO I=l.N 

AAMax=O. 
DO J=l,N 

AAMax=MAX(ABS(A(I,J)),AAMax) 
END DO 

IF (AAMax.EQ.O.O) THEN 
WRITE(*,*) 'Error:· Singular Matrix.' 
STOP 'Iri Routine: LUDcmp' 

ENDIF. 

VV(I)=l.O/AAMax 

END DO 

C The following DO-loop loops over the columns of Crout's method. 

DO J=l,N 

C The following DO-loop co.mputes equation (2.3.12) except for i=j. 

DO 1=1.J-1 

Sum=A(I,J) 

DO K=I,I-1 
Sum=Sum-A(I,K)* A(K,J) 

END DO 

A(I,J)=Sum 

END DO 

C The following DO-loop searches for the larges pivot element 

AAMax=O.O 
DO I=J,N 

Sum=A(I,J) 
DO K=l,J-1 

Sum=Sum-A(I,K)* A(K,J) 
END DO 
A(I,J)=Sum 

' Dum=VV(I)*ABS(Sum) 
IF (Dum.GT.AAMax) THEN 

IMax=l 
AAMax=Dum 

END IF 

END DO 

C The following IF-THEN block makes the row-exchange iLit is required. 
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IF (J.NE.IMax) THEN 

DO K=l,N 
Dum=A(Imax,K) 
A(Imax,K)=A(J ,K) 
A(J,K)=Dum 

END DO 

D=-D 
VV(IMax)=VV(J) 

END IF 

Indx(J)=IMax 
IF (A(J J).EQ.O) A(J J)=Tiny 

IF (J.NE.N) THEN 
Dum=lJJ/A(J,J) 
DO I=J+l,N 

A(IJ)=A(IJ)*Dum 
END DO 

END IF 
END DO 

RETURN 
END 

C *********************************************************************** Matlnv 

SUBROUTINE Matlnv(A,Inv ,Indx,Col,N,Np) 

C This routin~ from Numerical Recipes p. 38 · 

C Matrix A will be destroyed! 

INTEGER N,Np,Indx(Np),IJ 
REAL A(Np,Np),Inv(Np,Np),Col(Np),D 

DO l=l,N 
Col(I)=O.O 

END DO 

CALL LUDcmp(A,N,Np,lndx,D) 

DO l=l,N 

DO J=l,N 
Col(J)=O.O 

END DO 

Col(I)=l.O 
CALL LUBksb(A,N,Np,Indx,Col) 

DO J=l,N 
Inv(J ,I)=Coi(J) 

END DO 

END DO 
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RETURN 
END 

C *******************.********************************************** MatVecMultDP 

SUBROUTINE MatVecMultDP(MaxDim,Dim,Mat,Vec,Res) 

INTEGER MaxDim,Dim,IJ 
REAL *8 Mat(MaxDim,MaxDim),Vec(*),Res(*) 

DO l=l,Dim 
Res(I)=O.DO 
DO J=l,Dim 

Rcs(I)=Res(l)+ Mat(I,J)*V ec(J) 
END DO 

END DO 

·RETURN 
END 

C ******************************************************************** MatZeroDP 

SUBROUTINE MatZcroDP(RowDim,NoOtRows,NoOfColumns,Matrix) 

INTEGER NoOtRows,NoOfColumns,I;J ,RowDim 
REAL *8 Matrix(RowDim,*) 

DO I= 1 ,NoOtRows 
DO J=1,NoOfColumns 

Matrix(I,J)=O.O 
END DO 

-END DO 

RETURN 
END 

C *********************************************************************** PCubic. 

REAL *8 FUNCTION PCubic(XBar,Xi,C,N) 

C This function is from Conte and DeBoor p.285. Returns the value at XBar of 
C the piecewise cubic function on N intervals with breakpoint sequence Xi and 
C coefficients C. 

INTEGER N,I,J 
REAL*8 C(4,N),XBat,Xi(N+l),dX 
DATA I/1/ 

IF (I.GT.N+l) l=N+1 

IF (XBar.GE.XI(I)) THEN 
DO J=I,N 

IF (XBar.L T.XI(J+ 1)) GOTO 30 
END DO 
J=N 

ELSE 
DO J=l-1,1,-1 . 

IF (XBar.GE.XI(J)) GOTO 30 
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END DO 
1=1 

END IF 

30 I=J 
dX=XBar-XI(I) 
PCubic=C(1 ,I)+dX*(C(2,I)+dX*(C(3,I)+dX*C(4,I))) 

RETURN 
END 

C ******************************************************************* Prin~aUDP 

SUBROUTINE PrinLMatDP(MaxDirn,Dirn,Mat,Title) 

INTEGER Dirn,MaxDirn,Length,I,J,K 
REAL*8 Mat(MaxDirn,*) 
CHARACTER*(*) Title 
LOGICAL FirstLine 

CALL StringLength(Title,Length) 
IF (Length.OT.O) THEN 

WRITE(*,*) ' ' 
WRITE(*,*) Title(l:Length) 
WRITE(*,*) ' ' 

END IF 

c 12345678 1234567 1234567 1234567 1234567 
c~ ~~ ~2 ~3 ~4 ~5 
C 12312345123456789a 
c iii dddddddddd dddddddddd dddddddddd dddddddddd dddddddddd 
c dddddddddd dddddddddd dddddddddd dddddddddd dddddddddd 

10 FORMAT(X,'Row' ,8X,'Col 1 ',7X,'Col 2' ,7X,'Col 3' ,7X,'Col 4' ,7X, 
& 'Col 5'/) 

20 FORMAT(X,I3,3X,5(:,2X,G10.4)) 
30 FORMAT(X,3X,3X,5(:,2X,G 10.4)) 

WRITE(*, 1 0) 

DO I=1,Dirn 
FirstLinc=.F ALSE. 
DO J=O,Dirn-5,5 

IF (.NOT.FirstLine) THEN 
WRITE(* ,20) l,(Mat(I,J+K),K=l,5) 
FirstLine=.TRUE. 

ELSE 
WRITE(* ,30) (Mat(I,J+K),K=1,5) 

END IF 
END DO 

IF (J+5.LT.Dirn) 1=1+5 

IF (.NOT.FirstLine) THEN 
WRITE(*,20) I,(Mat(I,K),K=J+l,Dirn) 

ELSE 
WRITE(* ,30) (Mat(I,K),K=J + 1 ,Dim) 

END IF 
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IF (FirstLine) WRITE(*,*) ' ' 

END DO 

RETURN 
END 

C ******************************************************************** Prin~dR 

SUBROUTINE PrintMatR(MaxDim,Dim,Mat,Title) 

INTEGER Dim,MaxDim,Length,I,1 ,K 
REAL Mat(MaxDim, *) 
CHARACTER*(*) Title 
LOGICAL FirstLine 

CALL StiingLength(Title,Length) 
IF (Length.GT.O) THEN 

WRITE(*,*) ' ' 
WRITE(*,*) 'Title(l: Length) 
WRITE(*,*) ' ' 

END IF 

c 12345678 1234567 1234567 1234567 1234567 
C Row Col 1 Col 2 Col 3 Col 4 Col 5 
C 12312345123456789a 
c iii dddddddddd dddddddddd dddddddddd dddddddddd dddddddddd 
c dddddddddd dddddddddd dddddddddd dddddddddd dddddddddd 

10 FORMAT(X,'Row',8X,'Coi1',7X,'Coi2',7X,'Coi3',7X,'Coi4',7X, 
& 'Col5'/) 

20 FORMAT(X,I3,3X,5(:,2X,G10.4)) 
30 FORMAT(X,3X,3X,5(: ,2X,G 10.4)) 

WRITE(*,10) 

DO I=1,Dim 
FirstLinc=.FALSE. 
DO 1=0,Dim-5,5 

IF (.NOT.FirstLine) THEN 
WRITE(* ,20) I,(Mat(I,1+K),K=1,5) 
FirstLine=. TRUE. 

ELSE 
WRITE(*,30) (Mat(IJ+K),K=1,5) 

END IF . 
END DO 

IF (J+5.L T.Dim) 1=1+5 

IF (.NOT.Fir-stLine) THEN 
WRITE(* ,20) I,(Mat(I,K),K=1+ 1 ,Dim) 

ELSE 
WRITE(* ,30) (Mat(I,K),K=J+l,Dim) 

END IF 

IF (FirstLine) WRITE(*,*) ' ' 

END PO 
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RETURN 
END 

C ******************************************************************** ReadSI~Q 

SUBROUTINE ReadSI~Q(FileName) 

CHARACTER*(*) FileNAme 
INCLUDE 'SI~Q.INC' 
INTEGER I,J 

OPEN(UNIT=l,FILE=FileNAme,STATUS='OLD' ,FORM='FORMATIED') 
READ(l,*) Nl,IFlag 

DO l=l,Nl 
READ(l,*) IPivot(I) 

END DO 

DO l=l,Nl 
DO J=l,Nl 

READ(l,*) Wl(I,J) 
END DO 

END DO 

CLOSE(l) 

RETURN 
END 

C ************************************************************************ Slnpd 

SUBROUTINE Slnpd(A,B,Determinant,N,Nx) 

C Solultion of linear systems of equations by the gauss elimination method 
C providing for interchanging rows when encountering a 
C zero diagonal coefficient 

C A System Matrix (Ax=B) 
C B Originally contains the independent coefficients. After solution 
C it contains the values of the system unknowns.(x). 
C N Actual number of unknowns 
C Nx Row and Column dimension of A 
C Determinant The determinant of the matrix A 
C Tolerance Values below this are interpreted as zero. 

INTEGER·Nx,N 
REAL *8 A(Nx,Nx),B(Nx),Determinant,Tolerance/0.000001/ 

INTEGER KJLocJ ,L,I 
REAL*8 C 

Determinant=O.O 

DO K=l,N-1 
IF (ABS(A(K,K)).LT.Tolerance) THEN 

C Try to interchange rows to get non-zero diagonal coefficients 
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2 

JLoc=O 
. DO J=K+l.N 

IF ((ABS(A(J ,K)).GT.Tolerance).AND.(JLoc.NE.O)) THEN 
JLoc=J 

END IF 
END DO 

IF (JLoc.EQ.O) THEN 

WRITE(6,2) K 
FORMAT(X,'**** Singularity in row ',I5) 
RETURN 

END IF 

DO L=K.N 
CALL DPXchng(A(K,L),A(J,L)) 

END DO 
CALL DPXchng(B(K),B(J)) 

END IF 

C Divide row by Lhc diagonal coefficient 

DO J=K+l.N 
A(K,J)=A(K,J)/A(K;K) 

END DO 
B(K)=B(K)/A(K,K) 

C Elimimite unknown X(K) from row i 

DO I=K+l.N 
C=A(I,K) 
DO J=K+l.N 

A(I ,J)=A(I,J)-C* A(K,J) 
END DO 
B(I)=B(I)-C* B(K) 

END DO 
END DO 

C Compute Last Unknown 

IF (ABS(A(N,N)).LT.Tolerance) THEN 
WRITE(6,2) N 
RETURN 

END IF 

B(N)=B(N)/A(N,N) 

C Apply backsubstitution process to compute remaining unknowns 

DO L=l.N-1 
K=N-L 
DO J=K+I.N 

B(K)=B(K)-A(K,J)*B(!) 
END DO 

END DO 
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C Compute Determinant 

Determinant= 1.0 
DO I=l.N 

Determinant= Determinant* A(I,I) 
END DO 

RETURN 
END 

C ******************************************************************* SolveRelEq 

SUBROUTINE SolveRelEq(B,X) 

REAL *8 B(*),X(*) 

INCLUDE 'SIMEQ.INC' 

IF (IFlag.NE.O) THEN 
CALL Subst(Wl ,IPivot,B,Nl ,X,MaxNoOfEqus) 

ELSE 
WRITE(* ,200) 

200 FORMAT(X,'Warning: the system of linear equations is', 
& ' not solvable.') 

STOP 'In Routine: SolveRelEq' 
END IF 

RETURN 
END 

C ******************************************************************* SolveSimEq 

SUBROUTINE SolveSimEq(W,B,N,X,MaxDim) 

C Variables 

C W The (N,N) matrix of coefficients. 
C B The (N) vector, WX=B 
C X The Solution (N) 
C MaxDim The maximum dimension of the ma1rices. 

INCLUDE 'SIMEQ.INC' 

INTEGER N,MaxDim,I,J 
REAL *8 W(Max Dim,MaxDim),D(MaxNoOfEqus),B(*),X(*) 

IF (N.GT.MaxNoOfEqus) THEN 
WRITE(*,IOO) N,MaxNoOfEqus 

100 FORMAT(X,'Warning: There are ',14,'simultaneous equations', 
& /,X,'This routine SolveSimEq can only solve up to ',I4,' .')' 

STOP 'In Routine: SolvcSimEq' 
END IF 

C Copy the Maxtrix to a dummy malrix so that original matrix is not deslroyed 
C by call to Factor. Also, this allows a routine SolveRclEq to be used 
C to solve for related problems W.x=b'#b 

Nl=N 
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DO l=l.N 
DO J=l.N 

W 1 (I ,J)= W (I,J) 
END DO 

END DO 

CALL Factor(Wl,Nl ,D,IPivot,IFlag,MaxNoOtEqus) 

IF (IFlag.NE.O) THEN 
CALL Subst(Wl,IPivot,B,Nl,X,MaxNoOtEqus) 

ELSE 
WRITE(* ,200) 

200 FORMAT(X,'Waming: the system of linear equations is', 
& ' not solvable.') 

STOP 'In Routine: SolveSimEq' 
END IF 

RETURN 
END 

C ***************************************************************** SolveTriDiag 

SUBROUTINE SolveTriDiag(Sub,Diag,Sup,B,N,X) 

C This subroutine solves a tridiagonal linear system of equations: 
C Sub(I)*X(I-1) + Diag(I)*X(I) + Sup(I)*X(I+l) = B(l), l=l, ... ,N 
C (With Sub(l) and Sup(N) taken to be zero) by factorization and 
C substitution. 

C (Taken from Conte and de Boor, ELEMENTARY NUMERICAL ANALYSIS, 3d. ed. 
C McGraw Hill, p.l55) 

C Input Variables 

C Sub(N) 
C Diag(N) 
C Sup(N) 
C B(N) 
CN 

The subdiagonal of the Matrix. 
The diagonal of the Matrix 
The superdiagonal of the matrix. 
The load vector. 
The number of equations 

C Output Variables 

C X(N) The solution 

C Internal Variables 

C I Loop counter 
C Beta(lOO) The load vector after the elimination 
C Gamma(lOO) The diagonal after the elimination 

REAL *8 Sub(*),Diag(*),Sup(*),B(*),X(*) 
REAL *8 Beta(100),Gamma(100) 
INTEGER N,I 

IF (N.GT.lOO) THEN 
WRITE(*, 1 00) N 

100 FORMAT(X,'Warning: too many simultaneous equations.', 
& /,X,'N=' ,13,' and N must be <= 100') 
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STOP 'In Routine:,SolveTriDiag' 
END IF 

IF (N.LE.1) THEN 
X(l)=B(l)/Diag(l) 
RETURN 

END IF 

Gamma(l)=Diag(l) 
Beta(l)=B(l) 

DO 1=2,N 
Gamma(I)=Diag(I)-Sub(I)*Sup(I-1)/Gamma(l-1) 
Beta(I)=B(I)-Sub(I)*Beta(I-1 )/Gamma(l-1) 

END DO 

X(N)=Beta(N)/Gamma(N) 
DO l=N-1,1,-1 

X(I)=(Beta(I)-S up(I)*X(I + 1) )/Gamma(!) 
END DO 

RETURN 
END 

C *********************************************************************** Sparse 

SUBROUTINE Sparse(B,N,X,Rsq) 

C This subroutine solves the linear system A.X:;;;b for the vector X of length 
C N, given the right-hand vector B, and given two subroutines, ASub(Xin,Xout) 
C and ATSub(XIn,XOut), which respectively calculate Ax and A Tx for x given 
C as their first arguments, returning the result in their second arguments. 
C These subroutines should take every advantage of the sparseness of 
C the matrix A. On input, X shout be set to a first guess of the desired 
C solution (all zero components is fine). On output, X is the solution 
C vector, and Rsq is the sum of the squares of the components of the residual 
C vector A.X-b. If this is not small, then the matrix_ is numerically singular 
C and the solution represents a least-squares best approximation. 

C NMaxThe maximum expected N 
C Eps RMS Accuracy desired 
C Eps2 Criterion for sum-squared residuals 
C IRst THe numbe~ of restarts attempted internally. 

PARAMETER NMax=700 
PARAMETER Eps= l.OE-6 

INTEGER N ,IRst,J ,Iter 
REAL *8 B(*),X(*),G(NMax),H(NMax),Xi(NMax),XJ(NMax) 
REAL *8 Eps2,Rp,Bsq,ANum,ADen,Rsq,GG,DGG,Gam 

Eps2=N*Eps*Eps 

Irst=O 
IRst=IRst+ I 

CALL ASub(X,XI) 
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Rp=O 
Bsq=O 
DO J=l,N 

Bsq=Bsq+B(J)**2 
Xi(J)=XI(J)-B(J) 
RP=RP+XI(J)**2 

END DO 

CALL ATSub(Xi,G) 

DO J=l,N 
G(J)=-G(J) 
H(J)=G(J) 

END DO 

DO Iter=l,lO*N 

CALL ASub(H,XI) 

ANum=O. 
ADen=O. 

DO J=l,N 
ANum=ANum+G(J)*H(J) 
ADen=ADen+XI(J)**2 

END DO 

IF (ADen.EQ.O.) TJ-IEN ---­
WRITE(*,*) 'Error: Singular Matrix' 
WRITE(*,*) ' Iteration number ',Iter 
WRITE(*,*)' X Vector:' . 
WRITE(*,*) (H(J).J= I ,N) 
STOP 'In Routine: SPARSE' 

END IF 

ANum=ANum/ Aden 
DO J=l,N 

XI(J)=X(J) 
X(J)=X(J)+ANum*H(J) 

END DO 

CALL ASub(X,Xj) 

Rsq=O. 

DO J=l,N 
XJ (J)=XJ (J)-B(J) 
Rsq=Rsq+XJ(J)**2 

END DO 

C The following IF statement tests for convergence. 

IF ((Rsq.EQ.RP).OR.(Rsq.LE.BSQ*Eps2)) RETURN 

IF (Rsq.GT.Rp) THEN .-· 

C Not improving. Do a restart 
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DO J=I.N 
X(J)=XI(n 

END DO 

C Return if too many restarts. This is the normal return when we run into 
C roundoff error before satisfying the return above. 

IF (IRstGE.3) RETURN 

GOTO 1 
END IF 

Rp=Rsq 

CALL ATSub(Xj,Xi) 

GG=O. 
Dgg=O. 

DO J=l.N , 
GG=GG+G(J)**2 
DGG=DGG+(Xi(J)+G(J))*XIU) 

END DO 

C A Rare but normal return. 

IF (GG.EQ.O) RETURN 

Gam=Dgg/GG 
DO J=l,N 

G(J)=-Xi(j) 
H(J)=G(J)+Gam* H(J) 

END DO 

END DO 

WRITE(*,*) 'Error: too many iterations.' 
WRITE(*,*)' Number of iterations=',IO*N 

STOP 'In Routine: Sparse' 

END 

C *********************************************************************** Spline 

SUBROUTINE Spline(Xi,C,N) 

C This subroutine from Conte and DeBoor p.290 

C Variables---------------------------------------------------------------------

C Input Variables 

C XI(l), ... ,XI(N+ 1) Strictly increasing sequence of breakpoints 
C C(l,I),C(2,1) Value and 1st derivative at XI(I), l=l, ... .N+l 
C of the cubic spline 

C Output Variables 
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C C(l~I),C(2,1),C(3,I),C(4,1) Polynomial Coefficients of the spline 
C on the interval (XI(I),XI(I+l)), l=l, ... ,N. 

PARAMETER NplMax=lOOO 
INTEGER N,M,Offset 
REAL*8 C(4,N+l),XI(N+l),D(Np1Max),Diag(Np1Max),G 
DATA Diag(l)/1.0/,D(l)/0.0/ 

IF (N+l.GT.NplMax) THEN 
WRITE(*,*) 'Error: N is too large. N=' ,N 
WRITE(*,*)' Maximum N Allowed='.NplMax-1 
STOP 'In Routine: Spline' 

END IF 

Offset=O 
DO M=2,N+l 

IF (XI(M)-XI(M-l).LE.O) THEN 
Offset=Offset+ 1 
WRITE(*,*) 'Warning: Sequence of breakpoints is'. 

& ' not strictly increasing' 
WRITE(*,*) ' Used: XI(' ,M, ')= ',XI(M),C(l,M) 
WRITE(*,*)' XI(',M-1,')=',XI(M-l),C(l,M-l) 

END IF 
XI(M-Offset)=XI(M) 
C(l,M-Offset)=C(1,M) 
C(2,M-Offset)=C(2,M) 
C(3 ,M-Offset)=C(3 ,M) 
C(4,M-Offset)=C(4,M) 

END DO 
N=N-Offset 

DO M=2,N+l 
D(M)= XI(M)-XI(M-1) 
IF (D(M).LE.O) THEN 
END IF 
Diag(M)=(C(l,M)-C(l,M-1))/D(M) 

END DO 

DO M=2,N 
C(2,M)=3.0*(D(M)*Diag(M+l)+D(M+1)*Diag(M)) 
Diag(M)=2.0*(D(M)+D(M+1)) 

END DO 

DO M=2,N 
G=-D(M+1)/Diag(M-1) 

- Diag(M)=Diag(M)+G*D(M-1) 
C(2,M)=C(2,M)+G*C(2,M-1) 

END DO 

DO M=N,2,-1 
C(2,M)=(C(2,M)-D(M)*C(2,M+ 1 ))/Diag(M) 

END DO 

RETURN 
END 

C ************************************************************************ Subst 
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SUBROUTINE Subst(W,IPivot,B,N,X,Max.Dim) 

C This subroutine uses the factorization from FACTOR to solve the system 
C of linear equations W*X=B (where W is the original matrix input to FACTOR. 
C Taken from Conte and DeBoor, pl64. 

C Input Variables 

C W(N,N) 
C IPivot(N) 
CN 

The matrix output from FACTOR 
The pivoting matrix output from FACTOR 
The dimension of the matrix. 

C B(N) The right side of the system to be solved. 

C Output Variables 

C X(N) The vector satisfying W*X=B 

INTEGER IPivot(*),I,IP J,Max.Dim,N 
REAL *8 B(*),W(Max.Dim,MaxDim),X(*),Sum 

IF (N.LE.l) THEN 
X(l)=B(l)/W(l,l) 
RETURN 

END IF 

Ip=IPivot(l) 
X(l)=B(IP) 
DO I=2,N 

Sum=O.O 
DO 1=1,1-1 

Sum=W(I,J)*X(J)+Sum 
END DO 
IP=IPivot(I) 
X(l)=B(IP)-Sum 

END DO 

X(N)=X(N)/W(N,N) 
DO I=N-1,1,-1 

Sum=O.O 
DO J=l+l,N 

Sum=W(I,J)*X(J)+Sum 
END DO 
X(l)=(X(I)-Sum)/W(I,O 

END DO 

RETURN 
END 

C ******************************************************************** VecNonnDP 

- REAL*8 FUNCTION VecNormDP(NoOfElem,Vec) 

C This subroutine Computes the norm of Vee 

INTEGER I,NoOfEicm 
REAL*8 Vec(*),Norm 

Norm=O.O 

357 



MathSubs 

DO I= 1 ,NoOfElcm 
Norm=Norm+Vec(I)*Vec(I) 

END DO 

VecNormDP=SQRT(Norm) 

RETURN 
END 

C ***************************************************************** VecSc~ultlDP 

SUBROUTINE VecScaMultDP(Dim,Vec,Sca,Res) 

INTEGER Dim,I,J 
REAL *8 Vec(*),Res(*),Sca 

- DO I=I,Dim 
Res(l)= Vec(I)* Sea 

END DO 

RETURN 
END 

C ********************************************************************* VecSumDP 

REAL*8 FUNCTION VecSumDP(NoOfElems,Vector) 

C This subroutine sums the elements from 1 to NoOfElems in Vector(*). The 
C result is stored in Sum 

REAL*8 Vector(*),Sum 
INTEGER NoOfElems,I 

Sum=O.ODO 
DO I= 1 ,NoOfElcms 

Sum=Sum+ Vector(I) 
END DO 

VecSumDP=Sum 

RETURN 
END 

C ******************************************************************** VecZeroDP 

SUBROUTINE V ccZeroDP(NoOfElcms, Vector) 

REAL *8 Vector(*) 
INTEGER NoOfElcms,I 

DO I= 1 ,NoOfElems 
Vector(I)=O.DO 

END DO 

RETURN 
END 

C ******************************************************************* WriteSIMEQ 
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c * 

SUBROUTINE WriteSIMEQ(FileName) 

CHARACTER*(*) FileNAme 
INCLUDE 'SIMEQ.INC' 
INTEGER I,] 

OPEN (UNIT= l,FILE=FileNAme,STA TUS='UNKNOWN' ,FORM='FORMA TTED') 
WRITE(l,*) Nl,',',IFlag 

DO l=l,Nl 
WRITE(l,*) IPivot(I) 

END DO 

DO l=l,Nl 
DO J=l,Nl 

WRITE(l,*) Wl(I,J) 
END DO 

END DO 

CLOSE( I) 

RETURN 
END 
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