@ https://ntrs.nasa.gov/search.jsp?R=19750021821 2020-03-22T20:56:48+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



J
%Z% OLD DOMNION UNIVERSITY RESEARCH FOUNDATION

SCHOOL OF SCIENCES
OLD DOMINION UNIVERSITY
NORFOLK, VIRGINIA

(NAS&-CR—1U3286) CCMEUTEF SIMULATICN OF
ELASMA ANC N-ECDY PFOELEMS Annual Fegport,
Jun. 1974 - May 197% (c1ld Dominion Univ.
Research Fcundation) 222 p HC $7.25

CSCL 201 G3/75

By
Wynford L. Harries
and

John B. Miller

Annual Report

Prepared for the
National Aeronautics and Space Administration
Langley Research Center

Hampton, Virginia

Under
Grant NSG 1040

August 1975

s oo S i e R sl e e e e e L g

DEPARTMENT OF PHYSICS AND GEOPHYSICAL SCIENCES

§75-29894

Unclas
3235¢&

COMPUTER SIMULATION OF PLASMA AND N-BAODY PROBLENMS

¢

-




TABLE OF CONTENTS

Introduction

Potential Solvers

Three-Dimensional Isolated
Galaxy Simulator

Two-Dimensional Gaseous Jeans
Instability Simulator

Polar Coordinate Simulator for a
Rotating Gas

Appendix A
Listing of the Two-Dimensional Potential
Solver of Increased Efficiency (including
Input/Output Routine MEMDISK)

Appendix B
Listing of the Three-Dimensional Isolated
Galaxy Dynamic Simulator (including the
Three-Dimensional Potential Solver of
Increased Efficiency)

Appendix C
Computer Plots Produced by the Three-
Dimensional Galaxy Simulator of Appendix B

Appendix D .
Listing of the Two-Dimensional Particle-in-
Cell Simulator of the Jeans Instability
in an Infinite Self-Gravitating Compressible
Gas

Appendix E
Computer ?lot® Produced by the Jeans Instability
Simulator of Appendix D

Appendix F
Listing of the Two-Dimensional Polar Coordinate
Particle-in-Cell Simulator of a Rotating
Self-Gravitating Compressible Gas

Appendix G
Comparison of Computer Pdots Produced by the
Polar Coordinate Rotating Gas Simulator
of Appendix F and an Earlier Rectangular
Coordinate Code

Page No.

B-1

E-1

F-1

G-1




INTRODUCTION

Research during the period June 1974 through May 1575 has resulted in
the following Fortran language computer codes: (1) more efficient two- and
three-dimensional central force potential solvers; (2) a three-dimensional y
simulator of an isolated galaxy which incorporates the aforementioned poten-
tial solver; (3) a two-dimensional particle-in-cell simulator of the Jeans
instability in an infinite self-gravitating compressible gas; and (4) a
two-dimensional particle-in-cell simulator of a rotating self-gravitating
compressible gaseous system of which rectangular coordinate and superior

polar coordinate versions were written.
POTENTIAL SOLVERS

The two- and three-dimensional potential solvers listed in Appendices

A and B respectively decrease computing cost as compared to the previous

versions by 50 and 75 percent respectively. Their methods of operation
were detailed in the Semi-Annual Status Report for the period June 1974
through November 1974. The three-dimensional potential solver (pages B-4
through B-17 of this annual report} is virtually self-explanatory due to

extensive use of comment cards.

THREE-DIMENSIONAL ISOLATED

GALAXY SIMULATOR

Through multiple overlays the three-dimensicnal potential solver has

been incorporated into an efficient n-body dynamic code, which provides for
plotting of various views of the particle distribution in position and velocity
space as well as printed diagnostics. A set of balanced initial conditions have

been tested for a thin disk of particles. In creating the initial conditions,




the particles are first randomly distributed according to an axi-symmetric

2]1/2, where T

radial density distribution which varies as [1 - (r/roj
and r, are the radius and maximum radius respectively, and accordiny to
a Gaussian axial density distribution. After solving for the potential,
the particles are assigned a Maxwellian velocity distribution after deter-
mining the compoment standard deviations. That of the axial velocity is
determined by balancing the axial components of the gradients of the potential
and the pressure. The standard deviation of the radial and azimuthal velocity
distributions are determined by dividing the galaxy into layers of constant
axial position and by applying to each layer the Toomre* stability criterion
for infinitesimally thin disks. An average azimuthal velocity is calculated
for each radius and height by reducing the square of the angular velocity of
the balanced cold disk by terms involving (a) the radial pressure gradient,
(b) the difference in the squares of the standard deviations of the radial and
azimuthal velocities, and (c¢) the aiial derivative of the eipectation value of
the product of the radial and axial velocities.

This code is listed in Appendix B; position and velocity space plots of
a set of initial conditions and the first few cycles of a run are presented
in Appendix C.

Longer runs on larger meshes (up to 64 x 64 x 16) with initial conditions
computed with this method and probably other methods will be made in the near

future.

*Toomre, Alar: On the Gravitational Stability of a Disk of Stars.
Astrophys. J., vol. 139, no. 4, May 15, 1964, pp. 1217-1238.




TWO-DIMENSTONAL GASEOUS JEANS

INSTABILITY SIMULATOR

The particle-in-cell method attempts to combine the advantages of the
Lagrangian and Eulerian approaches to non-steady compressible gas simulation.

The basic method as described in Ths Particle-in-Cell Method for the Calcula—

tion of the Dynamics of Compressible Fluids by A. A. Amsden, Los Alamos

Scientific Laboratory Report LA-3466 of February 1966, was modified to
include self-gravitation and periodic boundary conditions. Self-gravitation
was implemented by adding gravitational terms to the cell calculation of
new velocity and specific internal emergy. Periodic boundary conditions were
implemented by (2) requiring that particles leaving one boundary carry their
mass, energy, and momenta into the opposite boundary and (b} finite differencing
pressure and potential near the boundary in such a way that a value required
from a cell just outside the boundary is obtained from a cell just inside the
opposite boundary.
This code is listed in Appendix D and plots from two full length runs
(150 cycles) made on a small mesh (32 x 32 cells) are presented in Appendix E.
These runs verify the analytic prediction that an increase in initial tempera-
ture decreases both the number of instabilities per unit area and their rate
of evolution. That the code conserves total energy is evident from the
plots of Appendix E while printed diagnostics (not shown) verify conservation E
of linear momentum.
When point masses of a collisionless gravitational n-body code were given

an initial position distribution identical to that given the gas 'particles" in

this particle-in-cell fluid code and an initial velocity dispersion corresponding




to the initial specific internal energy of the cells in this fluid code, an :
almost identical pattern of instabilities resulted. The dymamics of the
instabilities occuring in these two codes will be compared in the near
future. Also planned is the combination of these two codes for use in

studying stellar—gaséous gravitational two-stream instabilities.

POLAR COORDINATE SIMULATOR FOR

A ROTATING GAS

The status report for June 1974 - November 1974 described the modifica-
tion of a two-dimensional particle-im-cell code wi“h square cells and linear
dynamics to a code with square cells but with angular and radial momentum
transfer during the particle movement phase. Although this modification
conserved angular momentum and greatly reduced artificial heating, extensive f
testing demonstrated that the combination of square cells and polar dynamics
produced a large assymetric radial outward acceleration. A "quick fix" of
rotating the meshes (+) or (-) 45° on alternate cycles served only to symmetrize
the artificial radial acceleration.

Recently a code was written which combines a rectangular mesh potential
solver with polar meshes for the cell values of radial and angular momentum,
specific internal energy, mass, x and y coordinates of the cell center of
mass, and the average radius squared for the center and end of each time step.
At the center of mass of each polar cell a combination finite differencing and
bilinear interpolation of the rectangular potential mesh yields the x and
y components of gravitational field which are then resolved into radial and
gravitational components. The particle movement phase depends on the princi-
ple that for a collection of particles moving with a uniform angular velocity,

e.g., a cell, both the rotational kinetic energy and the angular momentum are

proportional to the average of the radius squared (radius of gyration squared) times:




a power of the angular velocity. During the particle movement phase, the new
1 35 density is built up simultaneously in the polar mass density mesh and in
the rectangular mesh which was used to store the potential during the cell
calculations. The possibility of high random cell velocities near the center
of the gas was provided for by making the radial and azimuthal dimensions of
all cells roughly equal to one unit; this was accomplished by increasing the
numher of cells per mass ring from four for the first ring to 128 for the
31st. ripg. Since the basic particle-in-cell method is a leap frog method,
it is critically important that all positions, forces and accelerations be
computed at the center of the time step and that all velocities, momenta,
kinetic energies and the associated radii of gyration be computed at the end .
of the time step; a verification of this code is that identical results were
produced by alternate procedures for leap frogging velocity and radius of
gyration one half time step ahead of particle positiom.

The above polar coordinate code is listed in Appendix F. Appendix G
presents plots produced by runs of the polar and earlier rectangular codes,
describes their identical initial conditions, and demonstrates the superiority
of the polar code by a brief analysis, The polar code suffers from a very
small radial outward acceleration and this is being investigated with a view
toward elimination,

To conserve computer resources, the system state at the end of a run
may be stored on magnetic tape and the run may later be continued if desired.
If the time scaled velocity of any cell exceeds the dimension of that cell,
the run is terminated with a complete set of plets and a long printout of

cell quantities and a continuation tape is generated for possible later

use with a smaller time step.




gr

Plans for the use of this code include investigation of the evolution

of (a) a purely gaseous system (1isting of Appendix F with one parameter

i e i et i

change (b) a gaseous system acting under the influence of an analytically
computed con: :ant stellar central force component (Appendices F and G) and .
(c) a gaseous system‘interacting through the gravitational potential with
an existing collisionless stellar n-body code. The code may be modified

to allow star formation and/or permit internal energy loss by electro- %

magnetic radiation.




APPENDIX A

Listing of the Two-Dimensional Potential Solver of Increased Efficiency.

This subroutine decreases cost by 50% by replacing central memory
storage with disk file storage. To minimize file buffer size and peripheral
process time it utilizes the input/output routine MEMDISK and associated
assembly language subroutine MDFUNC which were written by R. Bulle of the

Analysis and Computations Division of the Langley Research Center.

Subroutine Name Page No.
GETPHI A-2
MEMDISK A-9
MDFUNC A~11

P




10

15

SUBROUTINE GETPHI
COMMON Z{1025)+Y{1025)¢RHO(12B84+128)+I2A»ITESTHF (B385)

DIMENSION RHD1(128+64)yRHOZ2(128B+64})yHINZ21(128)+HJINZ2]1(128)
DIMENSION IPAR(S)

EQUIVALENCE (RHO(1+1)9RHDO1(191)) 9o (RHO(1965)+sRHDZ{1s1))
IF(ITEST«EQ.0) GO TO 70

ITEST=0

12B=12A-1

N=2#]2A

NO2=N/2

N21=Np2+1

NO4=N /4

N34=NO2+NO4
NN24=NO2#N0&
RNI=1./(N#N)

DO 5 J=1wNO2

DO S I=1e¢NO2
IF({I.EQs]lAND.JLEQ.
R2={I=1)#(I=1)+{J=1
R=SQRT (R2)
RHO(I 4 J)=RNI/R

CONT INUE
RHO(1 411 =RHO{142)
NO250=N02#NO2

DO 10 J=14NO2
R2=N02SQ+ (J=1)#(J=1}
R=SQRT (R2)

HINZ1 (J)=RNI/R

HJNZ21 (J)=HINZ21 {(J)
R2=N02S0+N025Q
R=SQRT (R2)
HIJNZ21=RMI/R

CALL. GETSET(2+12B)
DO 20 J=14N0O2

DO 15 I=1sNO2

Z{I)=RHO(1+J)
Z(NZ21)=HINZ21 (J)

CALL FTRANS(2,12B}

1) GO TO 5
Y {J~1)



20
25

30

35

40
45

50

55

60

HINZ21 (J) =Y {N21)
DO 20 I=1.NO2
RHO(L4J)=Y{])
DO 25 1=1+N02

Z{I}Y=HJINZL1 (D)
ZINZ21)1=HIJNZ2]
CALL FTRANS(2.12B)
HIJNZ21=Y (N21)

DO 30 I=1sNOZ2
HIN21(I)=Y (1)

DO 40 I=14NO2
DO 35 J=14NO2
Z{J)=RHO (14 J)
Z(N21)=HJIN21{])
CALL FTRANS(2,12B)
HJNZ21 (1) =Y {N21)

DO 40 J=1+NO2

RHO(I,J)=Y (J)

DO 45 J=14NO2
Z(JI=HINZ21 (D)
Z(N21)=HIJN21

CALL FTRANS{2,128)
HIJN21=Y (N21)

DO 50 J=1,NO2
HIN21¢J) =Y (D)

DO 55 I=1yNO2

DO 55 J=l,1

M=L+(J=1) #N21=(J=1) #J /2
F{M}=RHO (I5J)

DO 60 J=1yNOZ

M=N21+ (J=1) #N21=(J=1) #J/2
F (M) =HIN21 (J)
NFM=N21+NO2#N21=NO2#N21/2
F(NFM)Y=HIJN21

IPAR (1) =1

IPAR(2)=0

IPAR(3) =NFM

IPAR(4)=5L TAPES

CALL MEMDISK(F(1),IPAR)



70

72

75

B8O

85

REWIND 5

GO TG 200

IPAR(1}=0

IPAR{3)=NFM
IPAR (41 =5LTAPES

CALL MEMDISK(F(1),IPAR)
REWIND 5

IPAR(]1)=1

IPAR{3)=NN24
IPAR{(4)=5LTAPE3

CALL MEMDISK(RHO2{(1s1)sIPAR)

REWIND 3
CALL GETSET(3,12A)

DO 80 J=lsNO4

DO 75 I=lsNO2
ZII)=RHO1 (s J)
ZINO2+1)=0,

CALL FTRANS(3,12A)
DO 80 I=1,NO2
RHOL1 (I, J2=Y({D)

RHOZ{I+»J)=Y{NO2+1)
IPAR(1) =1

IPAR(4)=5LTAPE]

CALL MEMDISK({RHO1 (1+1)+IPAR)
REWIND 1

IPAR(4)=5LTAPEZ

CALL MEMDISK{RHGZ2(1ls1)+IPAR}
REWIND 2

IPAR(1}=0

IPAR (4} =5LTAPE3
CALL MEMDISK(RHOl{(1s1)9sIPAR)

REWIND 3

DO 90 J=1.NO4

DO 85 I=1sNO2
Z(I)=RHOI(I+J)
Z(NO2+1)=0,

CALL FTRANS(3,12A)



90

95

96
97

" 100

7Y

115

DO 90 I=1.NO2
RHO1(T9J}=Y (1)

RHO2 (14J) =Y (NO2+1)

IPAR(1)=1

IPAR (4) =5LTAPE4

CALL MEMDISK{RHO2(1ls11,IPAR)
REWIND 4

IPAR (1) =0

IPAR (4)=5LTAPEL

CALL MEMDISK(RHOZ(1s1)sIPAR)
REWIND 1

DO 115 I=1,N0O2

DO 95 J=1,N0&
Z(J)=RHO2 {14 J)

Z{NO4+J}=RHO1 (fs+J)
Z(NOZ2+J)=0.

Z{N34+J3=0,

CALL GETSEY(3,12A)

CALL FTRANS{3,12A)

DO 100 J=24N02
IF{1.LT.4)60 TO 96

M+ (J=1)8N21={J=1)8J/2
GO 10 97
M=ge(I=-1)9N2]1=(1=1)%]1/2
Z(J)=Y(J)#F (M)
ZINOZ2+J) =Y (ND2+J) #F (M)
ZED=Y () #F (1)

M=NZ21+ (I-1)#N21=(I=-1)%]1/2
2(N21)=Y (N21)=*F (M)

CALL GETSET (44 12A)
CALL FTRANS(4+12A)

DO 115 J=1sNO4

RHOJ (I+J) =Y (J)
RHG2 (14 J)=Y {NO4+J)

IPAR(1) =1

IPAR(4)=5LTAPE1l
CALL MEMDISK(RHOl(1s1)+IPAR)



120

121

122

123

125

127

REWIND 1
IPAR(4)=5LTAPE3

CALL MEMDISK(RHOZ2{(1ls1)+IPAR)
REWIND 3

IPAR(1)=0

IPAR (4)=5LTAPE2

CALL MEMDISK(RHOl (1ls1)+IPAR)
REWIND 2

IPAR (4)=SLTAPES
CALL MEMDISK(RHO2(14+1)+IPAR)

REWIND 4

DG 130 I=1.N0Z2

DO 120 J=1+ND4
Z(J)=RHO1(I.J)
Z{NO&+))=RHOZ2(1+J}
Z(NO2+J)=0,
Z(N34+J)=0.

CALL GETSET(3,12A)
CALL FTRANS(3sI2A)

IF{I.EQ.1)6G0 TO 125

DD 123 J=24N02
IF(JaLT«J)GO TO 121
M=T+{(J=1)#N21=(J=1)%d/2
GO 70 122

M=J+ {I=1)#N21=(I~1)#1/2
Z(J)=Y (J}#F (M)
Z(NO2+J)=Y{NO2+J)2F (M)
ZL1)y=sY (1) #F (1)

M=N2L+ (I=1)%¥N21=(I=1)%]1/2
Z(N21)=Y(N21)*F (M)

GO TO 128

DO 127 J=24N02

M=N21+ {J=1)#N21=(Jd=1)%#J/2
Z{J)=Y (JYHRF (M)

ZINO2+J)=Y (NO2+J)HF (M)

ZI{1)1=Y{1)#F (N21)
Z(N21)=Y{N21)*F (NFM)



128

130

135

140

145

CALL GETSET(4412A)
CALL FTRANS({4sI2A)

DO 130 J=1+NO4&
RHOL{T,J)=Y(J)

RHOZ2 (I4J) =Y {(NO4+J)

IPAR(1)=1

IPAR (4)=5LTAPE2

CALL MEMDISK(RHOl{1le1)4IPAR)
REWIND 2

IPAR(]1)=0

IPAR(4)=5LTAPE3

CALL MEMDISK{(RHO1(1s1)+IPAR)
REWIND 3

DO 140 J=1+NO4
DO 135 I=1yNO2
Z{I}=RHO1(I+J)
ZINOZ2+I)=RHOZ{I9J)
CALL FTRANS(4412A)
DO 140 I=1eND2
RHO1 (T J)=Y(I)

IPAR(1)=1

IPAR(4)=SLTAPE3

CALL MEMDISK(RHOl(1+1)sIPAR)
REWIND 3

IPAR(1)=0

IPAR(4)=5LTAPEL

CALL MEMDISK(RHO1(lesl)eIPAR)
REWIND 1

IPAR(4)=5LTAPEZ

CALL. MEMDISK{RHOZ2{1ls1)+IPAR}
REWIND 2

DO 150 J=1+NO4

DO 145 I=14N02
Z{I)=RHO1(I,J)

Z(NO2+1)=RHO2(I+J)
CALL FTRANS(4412A)



: DO 150 I=1,NO2
150 RHOL(I40)=Y(I)
IPAR(1)=0
IPAR{4)=5LTAPE3
CALL MEMDISK(RHO2(1+1),+IPAR)

REWIND 3
200 RETURN

END
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SUBROUTINE MEMDISK (IBUFF . IPARAMS)
DIMENSION JPAR(S)

EQUIVALENCE
1 (JPAR(1)+IFUNCT )

2(JPAR(2) + IMODE )
I{JPAR{3) s LENGTH )
4{JPAR{4)}»yIAGTN )
S{JPAR(S} s ISTATUS)

DIMENSION IPARAMS (5}
DIMENSION IBUFF (130)

YT LY T 2-2-1-1-L- 20 2 2 20 4.8 518 4

IBUFF ~- BUFFER
IPARAMS = PARAMETER LIST

1 IFUNCT = FUNCTION 0=READ +1=WRITE
2 IMODE = MODE 0=BINARY s 1=CODED
3 LENGTH = LENGTH OF MESSAGE
5 ISTATUS = ERROR STATUS

0 NO ERROR

1 INVALID MoDE

2 INVALID FUNCTION

s T e e L L 2
IFUNCT =1PARAMS(])
IMODE =IPARAMS(2)
LENGTH =IPARAMS (3}
IAGTN =IPARAMS(4)
ISTATUS=0

IF({IMODE) 44945443
IF (IMODE=1)45+45+44

ISTATUS=]

GO TO 999

CONTINUE
IF(IFUNCT)9,7,+8
IFUN=108

IF ({IMODE.EQ.0) IFUN=12B
GO 70 11
IF{IFUNCT=1)9+10+9
I1STATUS=2

GO 1D 999

IFUN=34B
IF (IMODEWEQ.0) IFUN=36B

CONTINUE
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RAPLUSI
+

RA

FN

FET

FST

IN

ouT

LIM
CIOCALL

MDFUNC

IDENT
ENTRY
ENTRY
MACRO
S5A1
NZ
ENDM
EQU

BSS
DATA

DATA

DATA
DATA

DATA

VFD
VFD

DATA

MDFUNC
MDFUNC
MDSETF

RA+1
}

oo 0o QO

18,3LC

I
42/0HMD

0

21/1422/70418/FET
1873

CALL MDFUNC(IFUNCT+L+STAT)

SAl B1

MX 0 42

5a2 FET

BX3 =X0#X1
BX4& X0#x2
sB7 1

BXs Xa+X3
SA6 A

Sal CIOCALL
BX6 X1
RAPLUS1

Sas B7

XJ

SAl A2

SA2 IN

BX6 =X0%#X1
5A3 A2+B7
SA6 B3

Ix7 X2=X3
PL XTsFFT1

«X1=IFUNCY

+X0=42BITS

o X2=FET

«X3=18RA{IFUNCT)

o Xa=42LUFET)

-8731

o X6=42LH{FET) + 18R (IFUNCT)
FFT=FET+IFUNCT

#X1=CID

OX6=CI@

«ISRA+1 CLEAR

.CALL CIO

+EXCHANGE JUMP 70 MONITOR
«X1=FET

X2=IN

«X6=CODE AND STATUS
.x3=0UT

«STAT=CODE AND STATUS
«X7=IN=-0UT
«IF(INSGE.QUTIGO TO FFT1



5A1 AZ2-B7 o X1=FIRST

SA4 A3+B7 eX&=LIMIT

Ix7 X7=X%1 e X7=IN~FIRST-0UT

IX7 X7+X4 «XT=IN=FIRST+LIMIT-0UT
FFT1 SA7 B2 +L=IN=FIRST+LIMIT=-0UT

EQ MDFUNC

VFD 42/70HMDSETFs18/2
MDSETF DATA 0

-
# CALL MDSETF (IBUFF s JPARAMS)
++
S86 3 «B6=3
584 1 <B4z}
5A1 B2+B6 «X1=AGT NAME
585 B4+B4 «B5=2
583 FET «B3=FET
Bxé& X1 «RBE=AGT NAME
Sp7 B4+B6 B7=4
SA6 83 +FET=AGT NAME
Sal B2 «X1=IFUNCT
axX6 Bl e X6=1BUFF
ZR X1 +READ «IF{IFUNCT.EQ.0)GO TO READ
WRITE SAS B2+R5 «XS=LENGTH
Ix7 X6+XS e X7=1BUFF+LENGTH
S5a6 B3+B6 OUT=IBUFF
SA7 B3+RS «IN =IBUFF+LENGTH
EQ BOTH «GO TO BOTH
READ SA6 B3+86 «OUT=1BUFF
SA6 B3+B5 «IN =I1BUFF
BOTH SAS B2+B5 » X5=LENGTH
Sx4 B4 e Xba=1
IX7 X6+X5 «X7=IBUFF +LENGTH
Sag B3+B4 «15T=IBUFF
Ix7 XT+X4 o X7=IBUFF+LENGTH+1
SA7 B3+B7 oLIM=IBUFF+LENGTH+1
£Q MDSETF +RETURN'

END
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APPENDIX B

Listing of the Three;Dimensional Isclated Galaxy Dynamic Simulator.

The initial conditions are for a thin balanced disk the velocity
dispersion of which satisfies the Toomrgllocal stability criterion.

Overlay programs GETH and GETPHI constitute an improved three-
dimensional potential solver which decreases cost by 75% by replacing
central memory storage with disk file storage.

To make the listing easier to understand, use of the input/output -
routine listed in Appendix A has been replaced in this listing by the less
efficient Fortran binary READ and WRITE statements and their accompanying

larger disk file buffers.

Overlay No. Program/Subroutine Name Page No.
(0,0) PROGRAM STARS3D B-2
{(1,0) PROGRAM GETH B-4
(2,0) PROGRAM GETPHI B-6
SUBROUTINE ANLX B-9
SUBROUTINE ANLSYN B-11
SUBROUTINE SYNX B-16
(3,0) PROGRAM INITIAL E-18
(4,0) PROGRAM STARS B-33

*Toomre, Alar: On the Gravitational Stability of a Disk of Stars.
Astrophys. J., vol. 139, no. 4, May 15, 1964, pp. 1217-1238.

i g = e e i b
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OVERLAY (IFILEQ+0)
PROGRAM STARS3DI(OUTPUTYTAPElsTAPE2sTAPE3sTAPEAsTAPESsTAPEGsTAPET

1 TAPEB+TAPE9sTAPELOsTAPELL+TAPELZ)
COMMON/BLLCOM/NsNO29aN21 sNO&9sN41 N34 s NHeNHO2 s NH2L s NCHyNRHD 9 NHH»
1 12A+128By13A,138+NHO4
COMMON/7HN21COM/HN21 (33+9)
COMMON/ INITCOM/MASSD (1694 )
COMMON/ADVCOM/NBR¢NBSsRI s XMsDTsDTE2 s NOGM]L 4 NOGM2y VXYMAX 9 VZMAXT s
1 CYsCYYsNPLOTINPRINT2IN(Z) o XMINs XMAX e YMINs YMAX 9 ZMIN»
2 ZMAX s RMIN s RMAX s VRMINs VRMAX s VTMINOVTMAX ¢ VZMIN s VZMAX 9 XPP (3}
3 YP;ZP!YPP(3)1RPP(3)QUTP!VRP’VzpoITAPXQPIlMASKlysavJTstiﬂMKs
4 NEBS3+CXYsCZsVZAV14DR ITESTs STFILE+ JSFILE+DDD9NO4P]
INTEGER CY#CYY
REAL MASSD
C NAME OVERLAY FILES '
c NAME THE FILE FOR THE GETH AND INITXAL OVERLAYS
IFILE=SLIFILE

c NAME GETPHI OVERLAY FILE
GPFILE=6LGPFILE

c NAME STARS OVERLAY FILE
SFILE=5LSFILE

C SET DIMENSIONS
124=6
13A=4
128=I2A~1
I13B=I3A~1
N=2#&ET2A
NO2=N/2
NZ21=NQp2+]
NO4=N /4
NO4P1=NO4+1
N41=NO4+1
N34=NO2+NO4
NH=2##13A
NHO2=NH/2

2 NHZ21=NHO2+1

- . NHO4=NH/%

NCH=NDO2#NOZ2#NH02

: NRHO=NO4#N04#NHO2

o NHH=NO4#NO4#NH21

it C CALL GETH OVERLAY IN ORDER TO COMPUTE THE TRANSFORMED GREENS FUNCTION AND
J2 ¢ STORE CHUNKS OF IT ON DISK FILE 9 IN THE ORDER APPROPRIATE FOR LATER USE IN




THE GETPHI OVERLAY
CALL OVERLAY(IFILEs)l9s0s6HRECALL)

ITEST=0
CALL THE INITIAL OVERLAY IN ORDER TO SET INITIAL VALUES, GENERATE INITIAL STAR
POSITIONS, AND COMPUTE INITIAL DENSITY.

CALL OVERLAY(IFILE#+390+5HRECALL)
CALL GETPHI OVERLAY IN ORDER TO COMPUTE THE INITIAL POTENTIAL! FROM THE INITIAL

DENSITY.

CALL OVERLAY{(GPFILE»2+096HRECALL)

ITEST=1

CYY=0
CALL INITTAL OVERLAY IN ORDER TO ASSIGN INITIAL VELOCITIES TO STARS, HALF
TIME STEP THE INITIAL STAR POSITIONSs COMPUTE A NEW INITIAL. DENSITY, AND MAKE

AN INITIAL SET OF PLOTS,.
CALL OVERLAY(IFILEs390+6HRECALL)
cYyY=1
10 PRINT 12s CYY
12 FORMAT (7H CYCLE=,18)
CALL SECOND(T1)
C CALL GETPHI OVERLAY IN ORDER TO COMPUTE POTENYIAL!
CALL OVERLAY(GPFILEs29096HRECALL)
CALL SECOND (T2)
TGETPHI=T2=-T1
PRINT 27s TGETPHI
27 FORMAT(12H FIELD TIME=y E16.8)
C CALL STARS OVERLAY IN ORDER TO COMPUTE NEW STAR POSITIONS AND VELOCITIES AND
C A NEW DENSITY MESH.
CALL OVERLAY{SFILEs49s096HRECALL)
CALL SECOND{T3)
TSTARS=T3=-T2
PRINT 42+ TSTARS
42 FORMAT (19H STAR ADVANCE TIME=4E16.8)
¢ IF IT IS NOT THE LAST CYCLE (TIME STEP) CY +NCREMENT THE CYCLE NUMBER CYY AND
C GO TO STATEMENT 10.
IF(CYYLGEL.CY) GO TO S0
45 CYY -= CYY « 1
GO TO 10
59 5T0P
END




OVERLAY(IFILEs1s0)
PROGRAM GETH

C THIS OVERLAY PERFORMS A COSINE ANALYSIS OF THE THREE-DIMENSIONAL GREENS
C FUNCTION ARRAY, IT THEN WRITES CHUNKS OF THIS ARRAY ON DISK FILE 9 IN THE

C ORDER IN WHICH THEY WILL BE READ INTO THE HH ARRAY DURING THE GETPHI

C OVERLAY. VALUES FOR I=Ns2+1 AND J=N/2+1 ARE TRANSFERRED TO THE HNZ21 ARRAY

C WHICH IS5 IN COMMON WITH THE GETPHI OVERLAY,
COMMON/ALLCOM/N,NOE,Nel,N04,N41,Naa,NH,NHoz,NHEI,NCH.NRHO,NHH.

1 12A+12B+ I13A413B+NHO4
COMMON/HN21COM/HNZ21{33+9)

COMMON Z(1025)s Y(1025)

DIMENSION H{33s33+9)

RNI=1,./ {N#N#NH)

DO 1 K=1sNH21

DO 1 J=leN21

DO 1 I=1sNZ1

RIS (Km1}# (K=1)#(J=1)3 {J=1) ¢ (1=1)¥(]=1)

IF{RI+LTele) RI=1,
H{IsJsK)=RNI/SQRT(RI)

1 CONTINUE
CALL GETSET(2+12B)
DO 2 K=1lsNHZ21
DO 2 J=1sNZ21
DO 3 I=1sN21

3 ZII)=H(I+JsK)
CALL FTRANS(2,128)
DO 4 I=1lsN2l

4 HilsJsK)=Y(I)

2 CONTINUE

DO 5 K=1sNH21
DO S I=1sN21

DO & J=1sN21

6 Z{J)=H(IsJeK)
CALL FTRANS({2s12Bb)
DO 7 J=1lsN21

7 H{IsJeK)=Y{J}
5 CONTINUE

CALL GETSET(2,13B)

DO 10 J=1sN21
DO 10 I=1sN21

DO 8 K=lsNHZ21

i mia et e = mommtn e - P P R e A b 1 RS L B S B




B8 ZIK)=H{IsJsK)
CALL FTRANS{2.,13B}

DO 9 K=1sNHZ21
H{TleJoKYISY (K]

15

CONTINUE
NO4P1=Nal
WRITE{9)
WRITE(9)
WRITE (9}
WRITE(9)
WRITE(9)
WRITE(D)
REWIND 9

(C{H(IsJdeK) 9 1=14N0&4) yJ=14NO4) oK=14NH21)
(C{H{TsJsK) 9 I=19NO&} »J=NO4P1sNO2) 9 K=19NH21)
(C{H(ToJeK)} o I=14N0O4) 9 J=19NO%) 9 K=14NH21)
(({H{TeJdsK) s I=NOGPLsNO2) s J=19NO4) sK=19NHZ21)
(((H(IngK)91=N04P19N02),J=N04P1’N02),K=19NH21)
(C(H(T 9 oK) 9 I=N04P 19 NO2)Y 9 =1 9NDG) o K=19NHZ1)

DO 15 K=1lsNHZ1

DO 15 1=l

sN21

HN21(T1sK)=H{IsN21sK}

RETURN
END
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OVERLAY (GPFILE»2+0)
PROGRAM GETPHI

THIS OVERLAY SOLVES FOR THE POTENTIAL' MESH (DIMENSIONED Ns2 BY N/2 BY NH/2}
DUE TO A DENSITY MESH (DIMENSIONED Ns/2 BY N/2 BY NH/2) BY DOING A PERIODIC

ANALYSIS pF THE DENSITY AND THEN A PERIODIC SYNTHESIS OF THE PRODUCT OF THE
TRANSFORMED GREENS FUNCTION (DIMENSIONED (Ns2+1) BY (Ns2+1) BY (NHs2+1)}) AND
THE TRANSFORMED DENSITY. FORMALLY SPEAKING, EACH OF THE TRANSFORMS EXCEPT
THE COSINE ANALYSIS OF THE GREENS FUNCTIONs WHICH IS PERFORMED IN THE GETH

OVER.AY) REQUIRES AN ARRAY DIMENSIONED N BY N BY NH/2. TO REDUCE CORE
STORAGE THIS OVERLAY PERFORMS THESE TRANSFORMS IN CHUNKS BY THE ALIGNMENT

OF FOUR SMALLER ARRAYS NAMED RHO1l,RHD2sRH0O3s AND RHO4s EACH OF WHICH IS

DIMENSIONED Ns& BY Ns4 BY NHz2. THE CHUNKS OF THE LARGER ARRAY NOT IN CORE
AT ANY ONE TIME ARE STORED ON DISK FILES 1 THROUGH Be THE FOLLOWING ARE TWO

TOP VIEWS OF THE LARGER ARRAY SOTH OF WHICH DESIGNATE THE CHUNKXS AS IROW AND
JCOLUMN. IROW 1 AND 2 OF JCOLUMN 1 AND 2 CONSTITUTE THE ACTIVE MESH. 1IN
THE DIAGRAM ON THE LEFT THE NUMBERS WITHIN THE CHUNi - ¥ JCOLUMN 1 AND 2
INDICATE THE DISK FILES ON wHICH THOSE CHUNKS ARE STulcD. (N@ DISK STORAGE

IS REQUIRED FDR JCOLUMN 3 OR 4.,) REFERRING TO THE DIAGRAM ON THE RIGHTs THE
NUMBERS WITHIN FHE CHUNKS ARE THE ORDER IN WHICH CHUNKS OF THE TRANSFORMED

DENSITY ARE MULTIPLIED (ELEMENT BY ELEMENT) BY THE APPROPRIATE PORTION OF THE
TRANSFORMED GREENS FUNCTION WHICH HAS BEEN READ FROM DISK FILE 9 INTO ARRAY
HH{N/&sN/49sNH/2+41) s (AN EXCEPTION IS THE SET OF TRANSFORMED GREENS FUNCTION
BOUNDARY VALUES FOR I=Nys2+1 AND J=N/2+1 WHICH REMAIN AT ALL' TIMES IN COMMON

IN THE ARRAY HN21(N/2+1«NH/2+1}+} A PLUS IN A CHUNK INDICATES THAT NEW VALUES
MUST BE READ INTO ARRAY HH BEFORE THAT CHUNK IS MULTIPLIED BY HH. THIS SYSTEM
MINIMIZES PERIPHERAL PROCESS TIME Y UTILIZING 7THE PERIODICITY OF THE
TRANSFORMED GREENS FUNCTION.
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TWO TOP VIEWS OF LARGER MESH (N BY N BY NH/2)

- IROW 1 AND 2 OF JCOLUMN

1 AND 2 CONSTITUIC THE ACTIVE MESH (Nv/2 BY N/2 BY NH/2). THE
DIRECTIONS ARE X AND I =~ DOWN' ON PAGEy Y AND J = TO RIGHT ON PAGE, -
Z AND K = 0UT OF PAGE.

IROW=1

IROW=2

IROW=3

IROW=4

JCOLUMN
1 z 3 4

[ E-2-2-5-8-3-2-2-L-2-2-2- 30 -2

% # # # @
# 1] # 5§ # i i
LY ST T
# i # * *
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# o4 W g @ ) 4

[-2-2-2-2-2-3-2-2-2-3-5-X-3-2-5- 12

DISK FILES ON WHICH CHUNKS
ARE STORED

JCOLUMN
1 2 3 4

-2-%-2-2-X-2-3.%-2-3.X-2-2-3-2-3 -2
* » B ¢ @ -3 #
IROW=]l # ]} # 3 % 2 & 4 #
L R-3-2-%-T-%-T-2-3-%-%-2-X-2-%-3
- B - - i+ $#+
IROW=2 # 9 #1] %} #12 =
[-X-2-3-3-3: 32 F-2-2-%-2-2-2-2-3-]
% ¢ H# # #* -
IROW=3 % 7 # 5 % g # g #
[ X-3.2-2-X-5-3-F-2-F.- 2 -2 2 2.4
- B +# # ++

IROW=4 #]15 #13 #1g #]14 #
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DRDER IN WHICH CHUNKS ARE
MULTIPLIED BY APPROPRIATE
PORTION OF TRANSFORMED GREENS

FUNCTION

COMMON/ALLCOM/NyNOZ2 ¢N21 sNO4 9 NG o N34 o NHoNHO2 ¢ NH21 ¢ NCH 9 NRHO 9 NHH
I2A+IZ2B+ I3Ay I3ByNHOS

COMMON/TRANCOM/RHOL1(1691698) sRHO2(169169B) s RHO3(1641648)
RHO4 (1641698} 4HH(16916,9)

COMMON /HN21COM/HN21 (334+9)

C THE INITIAL CONDITIONS OVERLAY {PROGRAM INITIAL) OR PARTICLE ADVANCING
C OYERLAY {(PROGRAM STARS) STORES THE DENSITY CHUNKS OF IROW i1 AND 2 FOR
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JCOLUMN=1 ON DISK FILES 1 AND 2 RESPECTIVELY AND FOR JCOLUMN=2 ON DISK FILES
S AND 6 RESPECTIVLEY. THE GETPHI OVERLAY REPLACES THE DENSITY ON THESE DISK

FILES WITH THE CORRESPONDING VALUES OF POTENTIAL WHICH ARE THEN USED IN THE
PARTICLE ADVANCTYNG OVERLAY. THIS IS ACCOMPLISHED THROUGH CALLING SUBROUTINES

ANLX (JCOLUMN) » AnLSYN(IROW)s AND SYNX(JCOLUMN) AS DETAILED BELOW.

SURROUTINE ANLX(JCOLUMN) READS RESPECTIVELY IROW 1 AND 2 FROM. THE FOLLOWING
DISK FILES = 1 AND 2 FOR JCOLUMN=1 AND 5 AND 6 FOR JCOLUMN=2. IT THEN
PERFORMS A PERIODIC ANALYSIS IN THE X DIRECTION OVER JCOLUMN FOR I=lsN AND
WRITES THE RESULTS RESPECTIVELY FOR IROW 15293+ AND 4 ON THE FOLLOWING DISK
FILES = 19293s AND & FOR JCOLUMN=1 AND Ss6+7s AND B FOR JCOLUMN=Z,.

CALL ANLX(1)

CALL ANLX(2)
SUBROUTINE ANLSYN(IROW) READS RESPECTIVLEY JCOLUMN'1 AND 2 FROY THE FOLLOWING
DISK FILES = 1 AND 5 FOR IRQW=1s2 AND 6 FOR IROW=2+3 AND 7 FOR IROW=3s AND
4 AND 8 FOR IROW=4, IT THEN PERFORMS A PERIODIC ANALYSIS 1IN THE Y DIRECTION

OVER IROW FOR J=14N. FOR EACH CHUNK: IT THEN PERFORMS A PERIODIC ANALYSIS IN
THE Z DIRECTION FOR K=1sNHs ELEMENT BY ELEMENT MULTIPLICATION WITH A

SIMILARLY SHAPED CHUNK OF THE TRANSFORMED GREENS FUNCTION AND THEN A PERIODIC

SYNTHESIS IN THE Z DIRECTION FOR K=1sNH, THE RESULT FOR K=19NH/2 IS THEN
PERIODICALLY SYNTHESIZED IN THE Y DIRECTION GVER IROW FOR J=1sN. THIS LAST

RESULT FOR JCOLUMN 1 AND 2 IS WRIVTEN' RESPECTIVLEY ON THE FOLLOWING DISK

FILES - } AND S5 FOR IROW=1ls, 2 AND 6 FOR IROW=2s 3 AND 7 FOR IRDW=3, AND & AND
8 FOR IROW=4. THE ORDER IN WHICH ANLSYN IS CALLED FOR IROW 1 THROUGH 4

MINIMIZES READING FROM DISK FILE 9 OF CHUNKS OF THE TRANSFORMED GREENS

FUNCTION AS MENTIONED ABOVE.
CALL ANLSYN(I)

CALL ANLSYN(3)

CALL ANLSYN(2)
CALL ANLSYN(&)

SUBROUTINE SYNX (JCOLUMN) READS RESPECTIVELY IROW 19293+ AND 4 FROM THE

FOLLOWING DISK FILES = 19233, AND & FOR JCOLUMN=1 AND 5,697y AND 8 FOR
JCOLUMN=2, IT THEN PERFORMS A PERIODIC SYNTHESIS IN THE X DIRECTION OVER

JCOLUMN FOR J=1sN. 1T THEN WRITES THE RESULTY RESPECTIVELY FOR IROW 1 AND 2

ON THE FOLLOWING DISK FILES ~ 1 AND 2 FOR JCOLUMN=1 AND 5 AND 6 FOR JCOLUMN=Z2.
CALL SYNX(1)

CALL SYNX(2)

RETURN
END



SUBROUTINE ANLX (JCOLUMN)
COMHON/ALLCOM/N¢N029N21-ND#;N#I;NS#;NH;NHOE;NHZI9NCH,NRH0;VHH;

1 128+12B+13A,138sNHOA
COMMQN/TRANCUM!RHOI(1601698?{RHOZ(IG’IGQB)cRH03(16116v8)!
1 RHO%(1691638) sHH(1651649}

COMMON Z{1025)s Y (1025}
IF (JCOLUMNLEQ.2) GO TO 2
READ (1) RHO1L

REWIND 1

READ{2) RHOZ

REWIND 2

GO TO 3
2 READ(S) RHO1l

REWIND 5
READ(6) RHOZ
REWIND 6

3 CONTINUE
CALL GETSET{3s12A)
DO 10 K=1sNHOZ
DO 10 J=1+NO4&

DO 5 I=1.NO4
Z(I)=RHO1(IsJdeK)

Z(NO4+1)=RHOZ2(I+JeK)

ZI{NO2+1)=0e
5 Z(N34+11=0,.

CALL FTRANS(3,12A)
D0 10 I=1sNO4

RHO1 (TsJeK) =Y (I)
RHOZ2 (1 9JsK)=Y (NOG+1)

RHO3 (14JsK)=Y (NO2+1)
10 RHO4{IsJsK)=Y (N34+]I)

1F (JCOLUMN.EQ.2) GO TO 12
WRITE (1) RHO1

REWIND 1

WRITE(2) RHOZ

REWIND 2

WRITE(3) RHO3

REWIND 3

WRITE(4) RHO4

REWIND 4




12

RETURN |
WRITE(5) RHO1
REWIND 5
WRITE(6) RHO2
REWIND 6
WRITE(7) RHO3
REWIND 7

WRITE (8) RHO4

REWIND 8
RETURN

END




SUBROUTINE ANLSYN{IROW)
COMHDN/ALLCOM/NQNOZsNEIvNOQoNQl!N34,NH§NHD2;NH21sNCHyNRHOONHHﬁ

1 - I2A+128,13A+13ByNHO4
COMMON,/TRANCOM/RHO1{164165R) sRH02(1691648) yRHO3(1691648) s

1 RHQ#(]6;1698)9HH(16916’91
COMMON/HNZ21COM/HN21 {33+ 9)
COMMON Z(1025)s Y(1025)

GO TO (1+2+394) IROW

1 READ(1}) RHO1
REWIND 1
READ(5) RHO2
REWIND 5
GO TO0 5

2 READ{2) RHO1

REWIND 2
READ(6) RHO2

REWIND 6
GO TO0 S

3 READ(3) RHO1
REWIND 3
READ(7) RHOZ
REWIND 7
GO TQ &

4 READ(4) RHO1
REWIND 4

READ{8} RHO2
REWIND 8

5 CALL GETSET(3,12A)
DO 10 K=1lsNHOZ

DO 10 I=1e¢NO4%
DO 7 J=1sNO4

Z(JY=RHO1 (T4 JsK)

Z{NO4+J)=RHO2(IsJeK)
ZIND2+J)=0a

T Z{N34+J)=0.

CALL FTRANS(3,1I2A)
DO 10 J=1+NO4

RHOL (s JeK)=Y (J)

RHOZ2{1yJsK)=Y (NO4G+J)
RHO3(IsJsK) =Y (NO2+J)

RO
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100
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RHO4{T e JeKI=Y (NI4+J)
GO TO(49949+75+75) IROW

READ(9) HH
JCOLUMN=1

PO 70 I=1+NO4
DO 70 J=1sNO4
DO 52 K=14NHDZ2
ZIK}=RHO1(1+4JsK)

Z (NHO2+K) =0,
CALL GETSET(3+I3A)

CALL FTRANS(341I3A)

IF(IROW.NE.3) GO _TO 300
IF{I1.NEs1}G0O TO 300

ti=J

GO 70 200

DO 70 K=1+NHO2
RHOL (T4 JsK)=Y (K)
GO 70 100
READ(9) HH

JCOL UMN=2

DO 95 I=1+NO&
DO 95 J=1eNO%

DO 77 K=1+NHDZ
Z{K)=RHOZ2({IyJsK)
Z(NHD2+K) =0,

CALL GETSET(3+I3A)

CALL FTRANS(3413A)
IF (IROWNE.3) GO 70 300

IF(Il.NE«1)GO TO 300

LL=NO4+J
GO TO 200

DO 95 K=1sNHOZ2

RHOZ (I JsK) =Y (K)
GO TO 125

JCOLUMN=3

DO 120 I=1sND4
DO 120 J=1sNO4&
DO 101 K=1+NHOZ

Z{K)=RHO3(IsJsK)
ZANHQ2+K)}=0.




CALL GETSET(3,13A)
CALL FTRANS{3+I3A}

GO TO(103410551075115) IROW
103 IF(J«NE.1)GO TO 300

LL=I
GO TO 200

105 IF(J.NE«1}GO TO 300
LL=N04+]

60 70 200 .
107 IF(IeNEelsANDeJeNEL1)GO 70 300

IF(I1eFEQel e ANDJEQa1)GO TO 111
IF(I.EQ.1)G0 TO 109
LL=1
Go TO 200
109 LL=J
GO TO 200
111 LL=N21
G0 TO 200
115 IF{J«NE.1) GO TO 300
LL=NO4+]
GO TO 200
117 DO 120 K=1,NHOZ
120 RHO3(I+JeK)=Y(K)
GO TO (T4s74+400+350) IROW
125 JCOLUMN=4
DO 145 I=1sNO4&
DO 145 J=1¢NO&
DO 127 K=1eNHOZ2
Z(K)=RHO4(XsJsK)
T 127 Z{NHDO2+K1=0.
i CALL GETSET(3,13A)
? CALL FTRANS(3,I3A})
H IF (IROW.NE.3) GO TO 300
1 IF(I.NE«1)GO TO 300
LL=ND4+J

GO 70 200
129 DO 145 K=14NHOZ2

145 RHO4 (IsJeK)=Y{K)
GO TO (400+400949+49) IROW
2006 DO 205 K=Z2#NHO2Z




205

300
305

310

390
400

405

410
415

420

425

ZK)=Y (K)#HN21 (LL K}
Z (NHOZ2+K) =Y (NHO2+K) #HN21 (LL'wK)

Z{1)=Y (1)} #®HNZ21 (LLs1)
Z{NH21)=Y {NH21)#HN21 (LLeNH21)

GO 7O 310

DO 305 K=2+NHO2
ZKI=Y (K)#HH (T s JoK)

Z(NHD2+K) =Y (NHO2+K)#HH (1 4 JoK)
Z{1i=Y(1)#HH(IsJdsl)

ZINHZ21) =Y (NH21)#HH (19 JeNH21)
CALL GETSET (44 13A)

CALL FTRANS(4,13A)

GO TO (S4+¢79+1172129) JCOLUMN
REWIND 9

CALL GETSET(4el2A)
DO 410 K=1+NHOZ

DO 410 I=1sNO4&

DO 405 J=1«ND4
Z{JY=RHO1(I+JsK)

ZINO4+J)=RHOZ (1+JsK}
Z{NO2+J)=RHO3(I+.sK)
Z{N34+J)=RHO4(IvJsK)
CALL FTRANS (4,12A)

DO 410 J=1sND4
RHO1(IyJeK)=Y ()

RHOZ2{I9JoK)=Y (NC4+J)

GO TO (4159420+425430) IROW
WRITE(1) RHOl

REWIND 1

WRITE(5) RHOzZ
REWIND 5

RETURN

WRITE(2) RHO1
REWIND 2

WRITE (6) RHOZ

REWIND 6
RETURN

WRITE(3) RHO1

REWIND 3
WRITE(7) RHOZ




430

REWIND 7
RETURN

WRITE (4) RHOIL
REWIND 4

WRITE (8) RHOZ
REWIND 8
RETURN

END



SUBROUTINE SYNX{JCOLUMN)
COMMON/ALLCOM/NeNO2yN21 9NOGoaNG1 o N34 9 NHoaNHO2 9 NHZ21 9 NCrHo NRHO 9 NHH »

1 I2A912B913A5 I3BsNHO4
COMMON/TRANCOM/RHOL1 {1641648) sRHOZ2(169169B8) yRHO3(16416498)

1 RHO4(1641648) yHH(16416,9)
COMMON Z(1025),Y(1025)
IF(JCOLUMN.EQ.2) GO TO 1
READ(1) RHO1
REWIND 1
READ(2) RHO2
REWIND 2

READ(3) RHO3
REWIND 3

READ (4) RHO4
REWIND &
GO 70 4

1 READ(S5) RHO1l

REWIND S
READ(6) RHO2

REWIND 6

READ(7) RHO3
REWIND 7

READ(8) RHO4
REWIND 8

4 CALL GETSET (4412A)
DO 10 K=14NHO2

DO 10 J=1sNO4&
DO 5 I=1:ND4

Z(I1=RHOY(I+JsK)

ZINOG+ I} =RHOZ2(IvJeK}
ZINOZ2+1)=RHO3(1+JyK)

5 ZIN34+1)=RHO4 (s JsK)

CALL FTRANS (4,12A)
DO 10 I=14NO%

RHOL (TeJsK)=Y (1)

10 RHOZ2(I4JsK)=Y(NO4+]T)
IF (JCOLUMN.ER.2) GD TO 12

WRITE(1) RHO1

REWIND 1
WRITE(2) RHOZ
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REWIND 2
RETURN

WRITE (5) RHO1
REWIND 5
WRITE(6) RHOZ

REWIND 6

- RETURN

END




" OVERLAY(IFILEs3.0)
PROGRAM INITTAL )
C THIS OVERLAY SPECIFIES INITIAL CONDITIONSs GENERATES INITIAL STAR POSITIONS
C AND VELOCITIES AND CREATES THE INITIAL NDENSITY MESH.

COMMON/ALLCOM/NyNOEgNEI9Mo4qN41vNBﬁoNHcNHOBqNHZIoNCHaNRHOsHHHo

12841284134, I3B4NHO4
COMMON/ADVCOH/NBRQNBb!RIvXM!DngTE29N04M19N04M2QVXYMAX9VZMAXI9

CY;CYY;NPLOTqNPRINTsIN(Z)sXMINoXMAK’YMINnYMAX9ZMINs

1

1

2 ZMAXQRMIN,PMAXqVRMIN,VQMAX9VTMIN9VTMAX9VZMIN1VZ%AX’XPP(3)1

3 YP!ZP’YPP{B)9RPP(3)!VTP!VRngzpvITAPK;PI!MASKI’52!JT9J59NHK9
4

N8539CXYvCZOVZAVlyDRo1TEbToJTFILEQJSFILEQDDD’NOQPI

COMMON/INITCOM/MASSD(1694)
DIMENSION PHI(32+3248)

DIMENSION X5(6)sR5(6)

DIMENSION XPACK(2048) s YPACK (2048) 2 ZPACK (2048)

DIMENSION RPACK (2048) 4 TPACK(2048) ’

DIMENSION E(l&;#)eSIGMAUZ(lﬁqQ)yVTR(l&;#)9VRR(1694)$TH(16;4)9

1 VRVZ (1694) +STGMAVR (1644}
EQUIVALENCE (xS(l),X),(x5(21,vx),(xS(3>.Y),(xS(41,VY),(xS(S).Z),

1 {x5(6)svZ)
EQUIVALENCE(RS(I)qR)’(R5(2)¢VR)9(R5(3)!THETA)Q(RS(Q)QVT)!
1 (R5(5)+ZR) s (RS{6) 4y VZR)

EQUIVALENCE (XPACK(1)¢RPACK(1)) s (YPACK(1),TPACK(1))
INTEGER QaCYsCYY

REAL MASSD

CALL PSEUDO

¢ IF THIS IS5 THE SECOND CALL TO THIS OVERLAY GO TO 70
IF{ITEST.EQR.1) GO TO 70

¢ SET INITIAL VALUES

£ ¢ SET TOTAL NUMBER OF STARS

NBR=20480

i C SET NUMBER OF STARS PER READ OF STAR FILE

1 NBS=2048

I c SET INITIAL RADIUS(MUST BE JLE. N/&-3)

i R1=12.

T oc SET INITIAL STANDARD DEVIATION OF Z AT ZERO RADIUS

: SIGMAZ= e b _
1 C SET INITIAL MAXIMUM DEVIATION OF Z AT ZERO RADIUS (MUST BE LEe NH/4+-1)
: IMAXI=1.2

4 C SET NUMBER OF TIME STEPS PER ROTATION

iD

| 0




it

t;ghﬁvm_

B

o

o O 0

SET

DpD=50

SET SCALED MASS

XM=3,55E6/NBR

SET NUMBER OF POINTS PER PLOT

NP=NBR

SET INITIAL MAXIMUM ABSOLUTE vALUE OF VX AND VY
VXYMAX =3.

SET IMITIAL MAXIMUM ABSOLUTE VALUE OF VvZ

VZMAXI=.5
SET TOTAL NUMBER OF TIME STEPS

CY=8 _

SET NUMBER OF TIME STEPS BETWEEN PLOTS(MUST BE.GE.6)
NPLOT=6 .
SET NUMBER OF TIME STEPS BETWEEN PRINTED DIAGNOSTICS
NPRINT=Z .

PLOTTING SPECIFICATIONS

SET PLOT TITLE

IN(1)=10HJ. MILLER

IN(2)=10H3D~TEST

SET MAXIMUM AND MINIMUM yALUES TO BE PLOTTED

XMIN="‘8-
XMAX=40»
YMIN==B.
YMAX=40.
ZMIN="8-
ZMAX=40.
RMIN=0.
RMAX=24 .
VRMIN==10.
VRMAX:ID-
VTIMIN==10.
VTMAX=10.
VZMIN==10,.
VZMAX=10.

SET COORDINATE LABELS

XPP{1)=10HX,
XPP(2)=10HCYCLE=

YP=10H Y

ZP=10H zZ
YPP({1)=10HY

B s



YPP(2)=10HCYCLE=
RPP({1)=10HR«

RPP(2)=10HCYCLE=
VTP=10H VT ‘ETA

VRP=10H VR

vZP=10H VZ

SET TAPE NUMBER FOR DDIPLT
ITAPX=6LTAPEZZ

CONSTANTS

PI=3.1415926536
MASK1=077777777770000000000

S52=54RT(2.)
INITIALIZE STAR TAPE NUMBERS

Jr=10
J5=11
REWIND 10
REWIND 11
NMK=NP=NBS
NBS3=3#NBS
CXY=N04

CZ=NHQ4+.5
NO4M1=NO4~1

NO4M2=N04=2
DR=xM/2
DR=DR .AND.MASK1
RIZ2=RI*RI
END OF CONSTANTS .
SET PHI TO ZERO FOR BUILD UP OF X=Y=Z MASS DENETTY
DO 25 K=1+NHO2

DO 25 J=leNO2Z2
DO 25 I=14NO2

25 PHI{I+JeK)=0.
SET MASSD TO ZERD FOR BUILD UP OF AN AXISYMMETRIC (R=Z) MASS DENSITY
WHICH WILL BE USED LATER IN INITIALIZING PARTICLE VELOCITIES.

DO 30 IZ=1sNHO4

DO 30 IR=1,NO4&M1
30 MASSD{IRsIZ)=0.

GENERATE RANDOM STAR POSITIONS WITH A RADIAL DENSITY DISTRIBUTION OF

SQRT {1~ (RADIUS/MAXRADIUS)}##2) AND A MAXWELLIAN Z DENSITY DISTRIBUTION. BUILD
UP AN X=Y=2 MASS DENSITY IN PHI AND AN R=Z MASS DENSIYY IN MAS5D, TEMPORARILY




C ASSIGN ZEROES AS THE STELLAR VELOCITY COMPONENTS. PACK THE POSITION AND
C VELOCITY COMPONENTS INTO EACH WORD OF XPACKs YPACKy AND ZPACK AND WRITE
c THOS%éSRgAYS ON DISK FILE 10.

X=URANI{T72737.)
35 DO 60 I1S=1,NBS
40 X=2.%(URAN(04)=+5)
Y=2e# (URAN(Qe)=e5)
Z7=2 % (URAN{0 .} =45)
RR=X#EX+Y#Y+ZT#27
IF{RR.GTele) GO TO 40
X=RI#x
Y=RI#Y
R2=X¥X+YHY
R=5QRT(R2}
IF(IS.EQ.NBS) R=({NSZ2+NBS)#RI/NBR
IF(R-LTQIOE-S) x=0-0001
s THETA=ATAN2 (=Y X2
4 X=R#*COS(THETA) +CXY
3 ==R#¥SIN{THETA) +CXY
ZR=5QRT (1=R*R/R12)
ZZ=52#7R¥SIGMAZ#SQRT (~ALOG(1l+~URAN(DW)))
2=2Z2#COS(2.#PI*URAN(O.Y;
: ' ZM=ZR#ZMAXI
£ IF(ABS{Z)+6TeZM) Z2=SIGN(7ZMaZ)
2=7+CZ
VX=0-
VY=0.
VZ=0.
IR=R+1 5
1Z=ABS(Z-CZ)}+1.5
C BUILD UP R-Z DENSITY IN MASSD (DIVISION BY AREA OF MASS RINGS WILL BE
c PERFORMED LATER) .
MASSD (IR IZ)=MASSD(IRs1Z)+DR
IX-‘-‘X*-S
JY=Y+ .5
KZ=Z+.5 )
c BUILD UP X=Y=Z DENSITY IN LAST HALF OF EACH WORD OF PHI.

CALL DENS({DR+PHI(IX9JYsKZ))
CALL PACK({XS(1)sXPACK{IS)+YPACK(IS) +ZPACK(IS})
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60 CONTINUE

WRITE (10) XPACK,YPACK»ZPACK
NS2=N52+NRS
IF (NS2.LT.NBR) GO TO 35
REWIND 10
GO TU 800

C THE SECOND CALL TO THIS OVERLAY BEGINS HERE.

C READ THE POTENTIAL INTO THE PHI MESH FROM DISK FILES 142459 AND 6.

70 READ(1) (((PHI(IsJsK)sI=1aNO&)sJ=13N0&)»K=1,NHO2)

REWIND 1

READ(2) (({PHI(IsJsK)»I=NO4P14N0O2)+J=19NO4)sK=19NHOZ}
REWIND 2

READ(S) (((PHI(IsJeK)eI=1aND4) s J=NO4P1sNOZ)sK=1sNHOZ)
REWIND S .

READ(6) {({(PHI{(IsJsK) s I=NO4PLeNO2) 9 J=NO4PL¢ND2) sK=19NHOZ2)
REWIND 6

C SET LEAST SIGNIFICANT HALF OF EACH WORD OF PHI MESH EQUAL TO ZERO.

DO 80 K=1sNHOZ
DO 80 J=lsNO2

DO 80 I=1leNO2

80 PHII¢JsK)=PHI(IsJsK) «ANDMASK] .
C AVERAGE THE Z COMPONENT OF GRAVITATIONAL FIELD ALONG FOUR RADIAL DIRECTIONS.

C STORE IT IN THE E ARRAY AS A FUNCTION OF R AND Z AND PRINT IT.

DO 130 I=1sNO4M]
DO 120 K=29NHO&

KP=NHO4+K

KM=NHO4+1~-K .
EIPKP=2«% (PHI{NO4+IsNQ4GsKP~1)=PHI(NO4+I19NO&sKP))

EIMKP=2 % (PHI (NO4=~1 yNO&4yKP=1)~PHI (NO4~T19NO44KP))

EJPKP=2 4% (PHI (NO4 ¢NO&+ I 4KP=1) ~PHI{ND44NO&+T4KP))
EJMKP=2 ¢ #* (PHI (NO4 ¢NO&~1 sKP~1)~PHI {NO4sNOG~T+sKP))

EKP={FIPKP+EIMKP+EJPKP+EJUMKP) /4,

EIPKM=2.%{PHI(MO4+1sNO4sKM+1) =PHI (NO4+IsNO4sKM))
EIMKM=2+% (PHI (NO4=TsNO4siKM+1) =PHI (NO4=TsND49KM) D

EJPKM=2,# {PHI (NO4yNO4+TsKM+1) ~PHI (NO4sNO4+TsKM) )
EJMKM=2 % (PHI (NO4 ¢ NO4=~T o KM+1) =PHI (NO& s NO&=T4KM))
EXKM=(EIPKM+EIMKM+EJPKM+EJMKM) /44

120 E (I+1sK)=(EKP+EKM) /2,

130 E{I+141)=0.
DO 140 K=2+NHO4




KP=NHO4+K
KM=NHQ4+1-K

EKP=2 4% (PH] (NO49yNQ4 ¢ XP=1}=PHI
EKM=2 4+ (PHI (NO4 ¢ NO4 KM+ 1) =PH]

140 E (leK)=(EKP+EKM) /2.
E (1!1}=0.
PRINT 910
910 FORMAT(1HO #Z COMPONENT OF FIELD*)
PRINT 9204 ((E(IRsI1Z)¢IZ=]1+NHDG) ¢ IR=1sNO&M])
920 FORMAT(1H s4E14.7)
C DIVIDE THE RING MASSES IN MASSD BY RING AREA TO STORE MASS DENSITY IN MASSD.
DO 160 17=1+NHO4
DO 150 IR=2.NO4M1
150 MASSD(IRYIZ)=MASSD(IR,IZ)/(4ou#PI%(IR=1))
160 MASSD(1+12)=MASSD(141Z)/(.50%P1}
COMPUTE A STANDARD DEVIATICN OF THE Z VELOCITY WHICH WILL CREATE A PRESSURE
GRADIENT IN Z JUST SUFFICIENT TO BALANCE THE Z COMPONENT OF THE GRAVITATIONAL
FIELDs STORE THE STANDARD DEVIATION IN SIGMAVZ AS A FUNCTION OF R AND Z.
NHO4P 1 =NHO4 +1
DO 180 IR=1,NO&M1

SIGMAYZ (IR9yNHO4) =0,
DO 180 I1Z=2sNHO4

g 1Z=NHO4P1-112

f 180 SIGMAVZ(IRs1Z)=SIGMAVZ (IR91Z+1} +MASSD(IRyIZ+1)#E(IRyIZ+1)
DO 190 IR=14ND&M1

| DO 190 1Z=1sNHO4

! IF (MASSD(IR,1Z)4EQ.0.) GO TO 185 .

; IF(SIGMAVZ (IRsIZ).LTe04.) SIGMAVZ (IR, IZ)=0,

SIGMAYZ (IR91Z)=SQRT{SIGMAVZ (IR»IZ) /MASSD(IR»1Z))

GO TO 190
185 SIGMAYZ(IR»1Z)=0.

190 CONTINUE

C AVERAGE THE RADIAL COMPONENT OF THE GRAVITATIONAL FIELD ALONG FOUR RADTIAL
C DIRECTIONSs, STORE 1T IN THE E ARRAY AS A FUNCTION OF R AND Zs AND PRINT IT.

DO 200 1Z=1,NH04
KP=NHO4+17
KM=NHO&4+1~17

DO 200 IR=1,NO4M2

IP=NO4+ IR
IM=NO4=-]R

{NO4 4 NO4sKP) )
(NO4sNOGaKM) )

e NeN e
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EIPKP =PHI(IP=1sNQ&4sKP)=PHI(IP+]1sNO4sKP)
EIMKP =PHI(IM+14NO4 s KP)=PHT (IM=14NO4sKP)

EJPKP =PHI (NO4 s [P=14KP)~PHT (NO4s JP+]1+KP)
EJMKP =PHI(NO4s IM+1sKP)=PHI(ND4yIM~1sKP)

EKP= (EIPKP+ EIMKP+ EJPKP+ EJMKP) /4,

EIPKM =PH] (IP=1+NO4eKM)~PHI (IP+]1sNO&sKM)
EIMKM =PHI(IM+14NO&¢KM)=PHT (IM=14NO4 KM}
EJPKM =PHI (NOGsIP~14KM)=PHI (NOGy IP+1 9KM)

EJMKM =PHI (NO4 s IM+1 KM} =PHT {NO4 s IM~19KM)
EKM=( EIPKM+ EIMKM+ EJPKM+ EJMKM) /4.

200 TH{IR+1+IZ)=(EKP+EKM) /2.

DO 220 IR=2sNO4M]
DO 210 IZ=24NHO4

210 E(IRsIZ)=(TH(IRyIZ)+TH(IRsIZ~1)1}/2s

220 E(IRy11=23/2+#TH(IR92)~o5*TH(IRs 3}
DO 230 IZ=14NHO4

230 £ (1s1Z)=0.

PRINT 930
930 FORMAT(1HO0+*R COMPONENT 0F FIELD#)

PRINT 9204 ((E(IRsIZ) +I1Z=14NHO4) 4 IR=14NO4M])
COMPUTE THE ANGULAR VELOCITY ANGV REQUIRED TO BALANCE THE RADIAL COMPONENT
OF TrE GRAVITATIONAL FIELD AT HALF OF THE INITIAL RADIUS,

IR022R1/2|+105 .

ANGV=SQRT ( ABS(E(IR02,1))/(IR02-1))

"COMPUTE THE TIME OF ROTATION TROT.

TROT=2.#PI/ANGY
USING THE NUMBER OF TIME STEPS PER ROTATION DDD, COMPUTE THE TIME STEP DT.
DT=TROT,/DDD
PRINT 242+¢XM
242 FORMAT(1HO43HXM=4E1648)
PRINT 244407
244 FORMAT(1H 93HDT=4E16.8)
TIME SCALE THE PARTICLE MASS DR AND SET ITS LEAST SIGNIFICANT DIGITS EQUAL
TGO ZERO
Dr12=DT+**®2
DR=DR#DT2
DR=DR . AND «MASK]
COMPUTE DTE2 WHICH IS LATER USED TO APPLY A CENTRAL GRAVITATIONAL FORCE TO
STARS WHICH ARE QUTSIDE OF THE MESH.
DTEZ2=~XM*NBR#DT2
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C TIME SCALE THE RADIAL GRAVITATIONAL FIELD Es THE STANDARD DEVIATION OF THE
C 7 COMPONENT OF VELOCITY SIGMAVZ AND THE R-Z MASS DENSITY MASSD.
DO 246 1Z=1,NHO4
DO 246 IR=14NO4M1
FE(IRs1Z)=E(IR,1Z2)%#DT2
SIGMAVZ (IR 1Z)=SIGMAVZ (IR 1Z)#DT
246 MASSD(IR.IZ)=MASSD(IR,1Z)*DTE
FOR EACH R-Z MESH POINT COMPUTE THE MINIMUM STANDARD DEVIATION OF THE RADIAL
VELOCITY WHICH SATISFIES THE TOOMRE STABILITY CRITERION AND STORE IN SIGMAVR.
COMPUTE THE ANGULAR VELOCITY REQUIRED TO BALANCE THE RADIAL GRAVITATIONAL
FORCE AND STORE IN VTR (COMMENTS WILL HENCEFORTH REFER TO THIS QUANTITY AS
THE ANGULAR VELOCITY OF THE COLD DISK.)
DO 260 IZ=1.NHO&
DO 250 IR=2.N04M2
SIGMAVR(IR;IZ)=(E(IQ+1;IZ)-E(IR-];IZ))/2.+E(IR912)*3./(IR-1.)
VIR{IR, 1Z)=SARTI(E(IRs 12}/ (TR=14))
250 SIGMAVR (IR91Z)=3.36%MASSDIIRIZ)#2.000/5QRT (ARS(SIGMAVR(IRS1Z)1})
SIGMAVR (19 1Z)=2.#SIGMAVYR(241Z)-SIGMAVR(3+1Z)
STIGHAAVR (NO4M1 4 12)=STGMAVR (NO4Mz-127)
VTIR(1417)=2.#VTR(2+1Z)~VTR(3+12)
260 VTRINO4M1s1Z)=VTR(NO4M2+1Z)
C FOR EACH R-Z MESH POINT COMPUTE THE RATIO OF THE STANDARD DEVIATIONS OF THE
C AZIMUTHAL AND RADIAL VELOCITIES AND STORE IN TH.
DO 280 IZ=1sNHD4
DO 270 IR=2yNO4&M2
270 TH(IRsIZ)=SQRT(ABS(1le+{IR-1.)#(VTR{IR+1sIZ})-VTR(IR=1+1I2Z}}/
(4. 2VTR(IRYIZ)))) i
TH{ls1Z)=1.

280 TH(NO4M1+1IZ)=TH(NO4MZ,12Z)
FOR EACH R=7 MESH POINT COMPUTE THE PRODUCT OF THE MASS DENSITY AND THE
SQUARE OF THE STANDARD DEVIATION OF THE RADIAL VELOCITY AND STORE IN VTRe.

DO 290 IZ=1.NHO4

DO 290 IR=14NO4M]
290 VTR(IR+1Z)=MASSD(IRsIZ)#SIGMAVRI(IRyIZ)%#%2

FOR EACH R~Z MESH PQINT COMPUTE THE DIFFERENCE 1IN THE SQUARES 0OF THE ANGULAR
VELOCITIES OF THE COLD AND WARM DISKS AND STORE IM VRR. THIS WILL NOT INCLUDE
A TERM INVOLVING THE AVERAGE OF THE PRODUCT OF THE AXIAL AND RADIAL VELOCITIES
WHICH WwILL BE COMPUTED LATER,

DO 310 IZ=1.NHO4
DO 300 IR=2.N04M2

OO0
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IF (MASSD (IR I2)4EQ.0.) GO TO 295
VRRIIR¢IZ)Z=(VTR(IR+19IZ)=VTR{IR=14IZ}}/{(IR=1.)#*MASSD(IRsIZ)¥#2,.)+

1 VIR(IRsIZ}#{1a=TH(IRaIZ}#52) /{{IR=14)}#(IR=14)#MASSD(IRYIZ))
GO TO 300

295 VRR({IR,IZ)=0.

300 CONTINUE
VRR{1+IZ2)}=2.#YRR{2¢1Z)~VRR (3412}
IF(MASSD(391I7Z) sEQe0s) VRR{1+1Z)=VRR(2+1Z)
IF(MASSD(1+412),EQ.0.) VRR(141Z)=0,
VRRNO4M]1» IZ)=VRR (NO4M2e12)
IF (MASSD(NO4ML 4 IZ) EQale) VRR(NOGM1o1Z)=0.

310 CONTINUE .
SET TO ZERO THE R=Z MESH vyRyz IN WHICH WILL BE SUMMED THE PRODUCT OF THE

AXIAL AND RADIAL VELOCITIES.
DO 320 IZ=1+NHO4%
DO 320 IR=14NO4MI1

320 VRVZ(IRs1Z)=0,

READ THE PACKED STAR POSITION AND VELOCITY COMPONENTS FROM TAPE 10. UNPACK
THE POSITION AND VELOCITY COMPONENTS. DO A BILINEAR INTERPOLATION OVER THE

R-Z MESH POINTS OF THE STANDARD DEVTATION OF THE RADIAL vELOCITY IN SIGMAYR

AND STORE THE VALUE IN VR, DO A BILINEAR INTERPOLATION OF THE RATIO OF THE
STANDARD DEVIATIONS OF THE AZIMUTHAL AND RADIAL VELOCITIES CONTAINED IN TH

AND STORE THE VALUE IN VvT. DO A BILINEAR INTERPOLATION OF THE STANDARD
DEVIATION OF THE AXIAL VELOCITY AND STORE IN vZ, USING THESE INTERPOLATED
VALUES OF THE STANDARD DEVIATIONS OF THE VELOCITIES IN THE RADIAL AZIMUTHAL
AND AXIAL DIRECTIONSs GIVE THE PARTICLES MAXWELLIAN VELOCITY DISTRIBUTIONS
IN THESE DIRECTIONS AND STORE IN vRs vTs AND vZ. IN THE yRvVZ MESH SUM THE
PRODUCT OF THE RADIAL AND AXIAL VELOCITIES. COMPUTE VX AND VY FROM yR AND VTe.
PACK X AND VXs Y AND VYs AND Z AND VZ AND STORE ON DISK FILE 11,

X=URAN(1234567.)

VZAV1=0,

NS2=0
330 READ(10) XPACK.YPACKsZPACK

DO 360 IS=1,NBS

CALL UNPACK(XS(1)sXPACK{IS)sYPACK(IS)+ZPACK(IS))

XC=X~CXY

YC=Y=CXY

R2=XC#XC+YC®YC

R=SQART(R2)

IR=R




DRR=R-IR

IR=1IR+1

ZC=ABS(Z-CZ)

12=ZC

Dzz=2Cc-12Z

1Z=12+1

D11=1-D7ZZ~DRR+DRR#DZ2Z
Di2=DzZzZ#*(1-DRR)

D21=0RR*(1~-DZ2)

D22=0DRR*DZZ

3 TF{MASSD{IRs17Z).EQe0s) D11=0.

IF (MASSD(IRsIZ+1) 4EQa0.) D12=0.
IF(MASSD(IR+14+1Z) .EQs04) D21=0.
IF (MASSD(IR+141Z+1}.EQ.0.) Dg2=0.
DSUM=N11+D12+D21+D22
VR=D11#SIGMAVR{IRsIZ)+D12#SIGMAVR (IR IZ+1} +D21#SIGMAYR(IR+1+12) +

1 N22#*SIGMAVR (IR+1s1Z+1)

VR=VR /DSUM
VTuDll*TH{IRoIZ)*DlE*TH(IRylZ+1)+D£1*THEIR+1’IZ)*U22*TH(IR+1;IZ+1)

VTsVT/DSUM

VZ=D11#SIGMAVZ (IR, 1Z)+D12#SIGMAVZ (IRs1Z+1) +D21#SIGMAVZ (IR+1+12)+
1 D22#SIGMAVZ (IR+191Z+])

vZ=yZ/D5UM

VR=VR#SORT{=-ALOG{1.=~URAN((Q,)))#52 .
THET1=2.#PI#URAN{Q.)

VT=VT2yR#SIN(THETL)

YR=VR#COS(THET1)
THETA=ATANZ (=YC+XC)

VX=VR#COS{THETA)~VT#SIN(THETA}

IF (ABS(VYX) o GTa VXYMAX) yX=STGN(YXYMAXsVX}
VY==yR#SIN(THETA)=VT*COS (THETA)
IF(ABSIVY) e GT«VXYMAX) VY=SIGN{VXYMAXsVY)
VZ=VZ#SQRT(-ALOG{1.-URAN{0.}})#52
VZ=VZ#COS(2.%PI*URANI{0,})
IF(ABS{VZ)aGT.VZMAXI) VZ=DIGN(VZMAXIsVZ}

VZAV1I=VZAV1+yZ
1Z=2C+1.5

IR=R+1.5

VRVZ(IRyIZ)=VRVZ(IRsIZ) +yR#VZ
360 CALL PACK(XS(1)sXPACK{IS)sYPACK(IS)+ZPACK(IS))
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WRITE(11l) XPACKsYPACKsZPACK
NS2=NS2+NBS

IF (NS2.,LT«NBR) GO TO 330
REWIND 10 _

REWIND 11

VZAV1=yZAV1 /NBR
ADD THE AXIAL PARTIAL DERIVATIVE OF THE AVERAGE VALUE OF THE PRODUCT GOF THE
RADIAL AND AXIAL VELOCITIES vO WHAT IS ALREADY IN THE YRR MESH TD FORM THE
DIFFERENCE IN THE SQUARES OF THE BALANCED ANGULAR VELOCITIES OF THE COLD
AND WARM DISKS.

NHO4M1=NHO4~]

DO 385 IR=24ND4M]

DO 383 IZ=2.NHO4M1

IF(MASSD(IR.1Z)«EQe04) GO TO 383

VRR{IRsIZ)=VRR{IR:IZY+{(VRVZ{(IR+IZ+1)=VRVZ(IRsIZ~1))¥DR/

1 (2% (IR=1)}#MASSD(IReIZ})
383 COWTINUE

VRR{IR,1)=2.%VRE{[R+2)~VRR (IR 3}
IF(MASSD(IRs3) oEGeala) VRRIIRs1)=VRR(IRs2)

IF (MASSD(IRe1} -EQa04) VRR(IRs1)=0,

VRR IR «NHO%&) =yRK { TRy NHO4M1)
IF (MASSD (IR4NHG%Y oEQe 0.} VRR{IRGNHO4) =0

385 CONTINUE
VRR({141)=2.%VRR(Z2:1)=VRR (3,1}
IF (MASSD(391)4EQeDa) VRR(141)=VRR(2s1}
IF({MASSD(1+1).EQeDs) VRR(1s1})=0.

ENCODE CYCLE NUMBER CYY IN PREPARATION FOR PLOTTING.
ENCODE(104+388+XPP(3)) CYY

ENCODE(103884YPP(3)} CYY

ENCODE(1¢+388sRPP(3)) CYY
388 FORMAT(I1D)

READ THE STAR POSITIONS AND VELOCITIES FROM DISK FILE 11 AND UNPACK, DO A

BILINEAR INTERPOLATION OVER R-7 OF THE RADIAL GRAVITATIONAL FIELD IN E AND
STORE IN ER. DIVIDE BY THE RADIUS TO OBTAIN THE SQUARE OF THE BALANCED

ANGULAR VELOCITY OF THE COLD DISK AND STORE IN ANGv. DO A BILINEAR

INTERPOLATION OF VRR AND SUBTRACT FROM ANGY AND TAKE SQRT TO YIELD AVERAGE
BALANCED ANGULAR VELOCITY AT THAT POINT. ADD THE RESOLVED COMPONENTS OF THIS

VALUE TO vX AND VY. SUBTRACT THE AVERAGE VAL!IE OF VZ FROM VZ. TIME CENTER

THE POSITIONS. COMPUTE A NEW DENSITY IN THE L ST HALF OF EACH WORD OF THE PHI
MESH., PACK THE STAR POSITIONS AND VELOCITIES AND WRITE ON DISK FILE 10. MAKE

AN X~-Y PLOT OF STAR POSITIONS.
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NS2=0
READ(11) XPACK.YPACKsZPACK

DO 420 15=1.N8S i .
CALL UNPACK(XS{1) ¢XPACK (1S)sYPACK(IS)4ZPACK (15))

XC=X-CXY

YC=Y=-CXY

R=S5QRT (XCHXC+YCH*YC)
IR=R

DRR=R=-1IR

IR=IR+]
ZC=ABS(Z~-C2)

1Z=2¢C

DZz=ZC-12Z

IZ=17+1
D11=1-D7ZZ~-DRR+DRR#DZZ
D12=07Z2#(1-DRR}
D21=DRR¥*(}1=DZ2Z)

D22=DRR*DZZ
ER= D11#E(IRsIZ)+DI2¥E(IRsIZ+1) +D21#E(IR+141Z)+D22*E(IR+191Z+1)

ER=ABS(ER)

RR=R

IF(RR,L.Te0asll) RR=RR+0,05
ANGY=ER/RR

IF (MASSO{IRy1Z)«EQs0s) D11=0.
IF(MASSD(IRyIZ+1) EQe0.) D12=04
IF(MASSD(IR+141Z}«EQe0.) D21=0.

IF(MASSD(IR+1417+1)EQ.0,) D22=0.
DSUM=D11+D12+D21+D22

VP=D11#VRR{IRsIZ)+D12#YRR(IRs1Z+1)+D21#VRR(IR+1+12Z)+
D22*VRR{IR+1s1Z+1}
VP=yP /DSUM
ANGV=ANGV~ABS (VP)
IF (ANGV L. Te0e) ANGY=0,
ANGV=SQRT {ANGV}
VY=yY=ANGVH#XC
VX=VX+ANGY®YC
VZ=VZ-yZAV1
THETA=ATANZ (=YCs XC)
X=R#COS (ANGV /2« +THETA) +CXY



Y==R#¥SIN(ANGV /2. +THETA) +CXY
IX=X+.,5
JY=Y+,.5
KZ=Z+.5
CALL DENS{DR+PHI(IXsJYsKZ))
420 8A%L PACK(XS(I)aXPACK(IS)9YPACK(IS)sZPACK(IS))
IF(NS2.EQeNMK) Q=1
CALL DDIPLT(Q!IN!NBS’XPACK,YPACK’XHIN’XMAX’YMIN,YMAX’
1 39XPPslsYPe135ITAPX)
WRITE{10) XPACK+YRPACKsZPACK
NS2=NS2+NBS
IF(NS2.,LT.NBR) GO TQ 390
REWIND 10
REWIND 11 _
C READ THE POSITIONS AND VELOCITIES FROM DISK FILE 10 AND MAKE AW X=7Z PLOT OF
C STAR POSITIONS,
NS2=0
430 READ(10) XPACK+YPACKsZPACK
Q=0
IF {N52,EQ.NMK) Q=1
CALL DDIPLT(QsININBSsXPACKsZPACKsXMINsXMAXsZMINsZMAX,
1 3+XPPs1sZPal13sITARPX)
NSE:N52+NBS
IF(NS2LT«NBR) GO TO 430
REWIND 10
C READ FROM DISK FILE 10 AND MAKE A Y-Z PLOT OF STAR POSITIONS. CONVERT THE
C X AND Y POSITIONS AND VELOCITIES TO RADIAL AND AZIMUTHAL POSITIONS AND
C VELOCITIES AND WRITE THEM ON DISK FILE 12.
NSZ2=0
450 READ{10) XPACK.YPACK+ZPACK
Q=0

[F{NS2,EQ.NMK) Q=1
CALL DDIPLT(Qs+INSNBS+YPACK¢ZPACKsYMINsYMAXsZMIN9ZMAX9s3+YPPy

| 1,ZP 13, ITAPX)

DO 480 IS=1,NBS )
CALL UNPACK(XS(1)yXPACK{IS)sYPACK(IS)+ZPACK(IS))
XC=X-CXY

YC=Y~CXY

R=SORT (XCHXC+YC#YC)
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THETA=ATANZ2 (=YCs XC)
VR=(XCH#yX+YCHYY) /R

VT== (XCH#VYY=YC*VX) /R
ZR=Z

A bl

VIR=VZ
480 CALL PACK(RS(1)+RPACK(1S)sTPACK{IS) +ZPACK(IS))
WRITE(12) RPACKsTPACKsZPACK
NS2=NS2+NBS
IF (NS2.LT+NBR) GO TO 450
REWIND 10
REWIND 12
C READ FROM DISK FILE 12 AND MAKE A PLOT OF RADIAL VELOCITY vS RADIUS,
NS2=
490 READ(12) RPACK»TPACK»ZPACK
DO 510 I5=14NBS
510 TPACK (I5)=RPACK(IS)

CALL SHIFT2(RPACK(1} s+NBS)

0=0
IF (NS2.EQ.NMK) G=1
CALL DOIPLT(QyINsNBSsTPACK+RPACKsRMINIRMAXsVRMINIVRHMAXs3sRPP

1 13 VRP 4134 ITAPX)
NS2=NSZ2+NBS

IF {NS2.LTeNBR) GO TO 490

REWIND 12
C READ FROM DISK FILE 12 AND MAKE A PLOT OF AZIMUTHAL VELOCITY V3 RADIUS.,
NS2=0

S20 READ(12) RPACK<TPACKsZPACK

CALL SHIFT2{TPACK(1)+NBS)

Q=0

IF (NS2.EQ.NMK} Q=1

CALL DDIPLT(QsIN,NBS9RPACK,TPACKgRMIN,RMAX;VT”IN,VTMAX;39RPP,
1 1awTPs13+ ITAPX)

NSZ2=NS2+NRBS

IFINSZ.LT«NBR) GO TO 520

REWIND 12
C READ gﬁbg DISK FILE 12 AND MAKE A PLOT OF AXIAL VELOCITY v5 RADIUS.
NoZ=

540 READ(12) RPACK.TPACKsZPACK
SA%L SHIFT2 (ZPACK (1) sNBS)




IF(NSZ2.EQ.NMK) Q=]
CALL DDIPLT(QyININBSsRPACK4ZPACKsRMINsRMAX s VZMIN9VZMAX s 39RFPPy

1 1svZPs13+ITAPX)
NS2=NS2+NBS

IF (NS2.LT«NBR) GO TO 540 |
REWIND 12 o ,
C SHIFT THE DENSITY TO THE MOST SIGNIFICANT HALF OF EACH WORD OF THE PHI MESH,
800 CALL SHIFTZ(PHI(1lsls1}sNCH)

" C WRITE THE DENSITY FROM THE PHI MESH ONTO DISK FILES 142959 AND 6.
WRITE (1) (((PHI(I53JeK)aI=14NO4)+J=14NO4G)eK=]4NHOZ)

REWIND 1

WRITE(2) (({(PHI(TsJeK)sI=ND4P1aND2)sJ=1eNO4)eK=1sNHO2)
REWIND 2

WRITE(S) ({(PHI(IsJeK)sI=1aNO&)sJ=NO4P1sNO2)sK=1aNHO2)
REWIND 5

WRITE(6) (((PHI(IsJeK) s I=NO4P14ND2) ¢ J=NOAP1,NO2) 9K=14NHOZ)
REWIND 6

RETURN

END

e 65_%-;
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OVERLAY({(SFILEy4+0)
PROGRAM STARS
C THIS OVERLAY USES THE GRAVITATIONAL POTENTIAL: COMPUTED IN THE GETPHI

AT

COMMUN/ALLCOM/N;NOZ!NEI9N04;N41vNB#vNHsNH029NH21-NCH-NRHO;MHH9

12A912B+ I3A,13B4NHO4
COHHON/ADVCO“/NBR!NBsyﬂl9KMvDT’DTE21NO4M1,NOQ“E!VXYMAX:VZMAXI!
CYeCYYINPLOT+NPRINT9IN(2) ¢ XMINy XMAX» YMINs YMAXy ZMIN,

1
1
2 ZMAX sRMIN9RMAX s VRMING VRMAX s VTMINs VTMAX 9 VZMINS VZMAX» XPP (3) »
3
4

YP4ZP s YPP(3) sRPP(3) s VTPsVRPsVZP s ITAPXsPIsMASK1 sS25 T e U5+ \NMK,
NBSJ!CXYOCZOVZAVI!DR!ITEST!JTFILE’JSFILE!DDD’N04P1

DIMENSION PHI{3293248) +MASSDR(16)sVR2AVGR{16) ¢ VRAVGR(16) s

1 VTZAVGR(IB};VTAVGR(IG)yVZEAVGR(lB)9VZAVGR(16)9MASSDZ(8)’
2 VZ2AVGZ{BY+VZAVGZ(B)

DIMENSION XS(6)

DIMENSION XPACK (2048)sYPACK(2048)+ZPACK(2048)
EQUIVALENCE (XS(1)eX) e (XS{2)oy¥X) 9 (XS(3)sY) o (XS(4)aVY) s (XS(5)sZ)o

1 (XS(6)sv2)

INTEGER Q¢CYWsCYY9DDM
REAL KE +MASSDRIMASSDZ

CALL PSEUDO

PRINT 20
20 FORMAT (40H STAR NUMBER X VX ’
1 56H Y vY z vZ ’

2 14H R /)
C READ THE POTENTIAL INTO THE PHI MESH FROM DISK FILES 1s2+5s AND 6.

READ (1) {({((PHI(IsJsK)yI=19N04)sJ=1sND%4)+K=]1,NHOZ)

REWIND 1
READ(2) {L(PHI(IaJeK) 9 I=NOaP14NO2) 9 J=19ND4) yK=14NHOZ)
REWIND 2
READ(S) (((PHI(I s JoK) e I=1eNO4) e J=NOGP1sND2) +K=1sNHOZ)
REWIND 5
READ(8) (((PHI(IoJ’K),I=N04P1;N02)-U=N04P1;NOE);K=19NH02)
REWIND 6
C SET TO ZERO THE LEAST SIGNIFICANT HALF OF EACH WDRD OF THE PHI MESH,
DO &0 K=1,NHO2

DO 60 J=1sNOZ
DO 60 I=1eNO2

OVERLAY

C TO COMPUTE NEW STAR POSITIONS AND VELOCITIES AND TO COMPUTE A DENSITY MESH
C USED IN THE GETPHI OVERLAY. IT ALSO PRINTS OUT CERTAIN DIAGNOSTICS EVERY
C CYCLE AND PERIODICALLY PRINTS OUT MORE EXTENSIVE DIAGNOSTICS AND MAKES PLOTS,



60 PHI{(I4JsK)}=PHI(IsJeK) JANDWSMASK] X
DETERMINE WHICH PLOTS AND,/OR PRINTED DIAGNOSTICS (IF ANY) ARE TO BE MADE THIS

CYCLE.
IPRINT=1

IF(CYY=CYY/NPRINT#NPRINT.EQa0asOR.CYY.EQel) IPRINT=2
iIPLOT=1

IF(CYY+5~(CYY+S) /NPLOT*NPLOT.EQ.04) IPLOT=2
IF(CYY+4~(CYY+4) /NPLOT*NPLOTWEQ.04) IPLOT=3

IF(CYY+3=(CYY+3) /NPLOT*NPLOT«EQa04) IPLOT=4
IF(CYY+2=(CYY+2) /NPLOT#NPLOTWEQa04) IPLOT=5

IF(CYY+1~=(CYY+1) /NPLOTH#NPLOT.EQ.0.) IPLOT=6

IF (CYY~CYY/NPLOT#NPLOT.EQ.04) IPLOT=7
IF NECESSARY EMCODE THE CYCLE NUMBER CYY INTO PLDT AXES LABELS.

IF(IPLOTAEQe2+ORIPLOTLEQs3) ENCODE{10+65,xPP(3)) CYY
65 FORMAT(110) '

IF(IPLOT.EQe.%) ENCODE(10465+YPP(3)} CYY

IF(IPLOT.GE.S) ENCODE(104,65sRPP(3}) CYY
IF LONG DIAGNOSTIC PRINTING IS TO BE DONE THIS CYCLE SET CONSTANT R MESHES
AND CONSTANT Z MESHES TO ZERO.
o IF(IPRINT.EQ.1) GO TO 90
g DO 70 IR=1+ND4
W MASSDR{IR)}=0.

VRZAVGR{IR}=0.

VRAVGR{IR) =0,

VT2AVGRUIR) =0,

VTAVGR(IR) =0,

VZ2AVGR{IR}=0.
70 VZAVGR{IR)=0,

DO 80 KZ=1sNHO2

MASSDZ(KZ)=0.

VZ2AVGZ(KZ}=0.
80 VZAVGZ(KZ)=0,
READ THE PACKED S5TAR POSITIONS AND VELOCITIES FROM DISK FILE JT. IF LONG
DIAGNOSTIC PRINTING IS NOT TO BE DONE THIS CYCLEs THE S5TARS ARE PROCESSED
THROUGH A FIRST DO LOOP ENDING WITH LINE 150 IF LONG DIAGNOSTIC PRINTING
IS TO BE DONE THIS CYCLE THE STARS ARE PROCESSED THROUGH A SECOND 00 LDOP
ENDING WITH LINE 210. BOTH LOOPS TAKE THE GRADIENY OF THE POTENTIAL IN THE
PHI MESH AND USE IT TO COMPUTE NEW STAR POSITIONS AND VELDCITIES. ADVANCE
THE PARTICLES WHICH ARE OUTSIDE OF A CYLINDER TANGENT TO THE PHI MESH BY
ASSUMING THAT THE TOTAL MASS OF THE GALAXY RESIDES AT ITS CENTERe. SUM THE




NUMBER OF PARTICLES OUTSIDE OF THIS CYLINDER. COMPUTE THE DENSITY AND STORE
IT IN THE LEAST SIGNIFICANT HALF OF EACH WORD OF THE PHI MESH. PACK THE
NEW STAR POSITIONS AND VELOCITIES AND WRITE THEM ON DISK FILE JS. DEPENDING
ON THE VALUE OF IPLOT (WHICH DEPEND> ON CYCLE NUMBEZ AND PLOTTING FREQUENCY)
ONE OF SIXx PLOTS MAY BE MADE,

KE=0.

PEIN=0,

PEOUT=0.

90 NUMBER=1
DDM=0
NS2=0
95 READ{JT) XPACK:YPACKsZPACK
IFLIPRINT.EQ.2) GO TO 155
BEGINNING OF STAR ADVANC}NG LOOP FOR NO LONG DIAGNOSTIC PRINTING

DO 150 I1S=14NBS
CALL UNPACK (X5 (1) s XPACK (1S} s YPACK(IS) +ZPACK(IS))

XC=X~N04

YC=Y-ND4
R=SQRT(XC#XC+YCHYC)
IX=X+,5

JY=Y+,5

KZ=Z+,5

IR=R+1 D

IF(KZJ L E.1} GO TO 110
IF(KZ.GE«NHO2) GO TO 110
IF(IR.GE.NO4) GO TO 110

VX=VX+PHI{IX*19JYsKZ)=PHI(IX=19JYsKZ)
VY=VY+PHI{IX,JY*IgKZI—PHItIx,JY-ngz)
VZ=VZ+(Z=KZ+,5)% (PHI{IX9sJYsKZ+1)~PHI{IX9sJIYKZ))
1 + (KZ=Z+eB)#(PHI(IXoJIY»KZ)~PHI(IX9JY9KZ=1))
GO TO 120

110 ZC=Z-C2
R2=XCuXC+YCuYC+Z2C#2ZC
R32=R2?SQRT{R2)
E=DTE2/R32
VX=VX+E#XC
VY=VY+E#Y(C




OOONOOO0O 0000000

120

140
150

155

VZ=yZ+E#ZC

X=X +VX

y=Y+VY

2=7+V7

AC=X=-N04%

YC=Y=NO4

R=SQRT{XC#AT+YCHYC)

IX=K"‘.5

JY=Y+ .5

KZ=Z+.5

IR=R+1.5

IF(KZ.LTe1) GO TO 140

IF (KZ.GTNHO2) GO TO 140

IF{IR.GT«M0O4) GO TO 140

CALL DENS(DRePHI(IXeJYsKZ))

GO TO 150

DDM=DDM+1

CALL PACK{XS(1)sXPACK{IS)+(PACK(IS)+ZPACK.(IS))
GO TO 220

BEGINNING OF STAR ADVANCING LOOP USED FOR' LONG DIAGNOSTIC PRINTING. THE

FOLLOWING MESHES SUM THE DESIGNATED QUANTITY FOR A PARTICULIAR MASS RING =
VRZAVGR(IR) = RADIAL VELOCITY SQUARED

VRAVGR(TIR) = RADIAL VELOCITY
VT2AVGR(IR) AZIMUTHAL! VELOCITY SQUARED
VTAVGR (IR} AZIMUTHAL VELOCITY
VZ2AVGR(IR) =~ AXIAL VELOCITY SQUARED

VZAVGR({IR)} = AXIAL VELOCITY
MASSDR(IR} = NUMBER OF PARTICLES

THE FOLLOWING MESHES SUM THE DESIGNATED QUANTI®Y FOR A PARTICULAR AXIAL

MASS LAYER =
MASSDZ (KZ) = NUMBER OF PARTICLES

VZ2AVGZ (KZ) = AXIAL VELOCITY SQUARED

VZAVGZ(KZ) = AXIAL VELOCITY
THE LOOP ALSO SUMS THE POTENTIAL AND KINETIC ENERGIES

DO 210 IS=14NBS

CALL UNPACK({XS(1)9XPACK(IS)sYPACK(IS)+ZPACK(IS))
XC=X=N04 '

YC=Y=NO4
R=SART(XC#XC+YCHYC)
IX=X+,5

JY=Y+,5

KZ=Z+,5




IR=R+1,5
IF(KZ.LE.1) GO TO 160

IF(KZ.GEWNH0O2) 6O TO 160
IF{IR,GE.NO4) GO 7O lé60

VX=VX+PHI(IX+19JYsKZ)=PHI(IX~19JY4KZ)
VY=VY+PHI (IX o JY+14KZ)=PHI(IXsdY=14KZ)
VZISVZ+ (Z=KZ+ .51 (PHI(IX oY sKZ+1 )} =PHI{IXsJY4KZ))
1 +(KZ=Z 4+ 5)#{PHI{IXsJYsKZ)=PHI(IXsJYsKZ=~1}))
GO TO 170

160 2C=72-CZ
R2=XCu#xC+YC#YC+ZC#2ZC
R32=R2#SQRT (R2)
E=DTE2/R32
VX=VX+E*XC
VY=VY+ERYC
VZ=VZ+E#ZC

170 X=X+VX
Y=Y+VY
Z=2+VZ
XC=X~NO4
YC=Y=~NO4
R=SQRT{XC#XC+YCH#YC)
IX=X+,5
JY=Y+,5
KZI=Z+.5
IR=R+1.5
IFIKZ.LT«1) GO TO 200
IF(KZ.5T«NHO2) GO TO 200
IF(IR.GT.NO&4) GO TO 200

CALL DENS(DRsPHI(IXsJYsKZ))
MASSOR (IR)=MASSDR(IR)+1.

IF{R.EQ.0.) GO TO 180
VR=(XC#yX+YC#YY) /R
VT={XCHVY=YC#yX) /R
GO TO 150

180 ¥$=30RT(VX“VX+VY*VY)

190 VR2AVGR(IR)=VRZAVGR(IR) +yR#VR
VRAVGR (IR)=VRAVGR (IR) +VR




VT2AVGR(IR) =VT2AVGR {IR) +yT#VT
VTAVGR (IR} =VTAVGR(IR) +VT

VZ2a=vzZs#yZ
VZ2AVGRUIR)=VZ2AVGRIR) +VZ2
VZAVGR{IR)Y=VZAVGR (IR} +VZ
MASSDZ (KZ)=MASSDZ(KZ)+1,.
VZ2ZAVGZ(KZ)=VZ2AVGZ (KZ) +vZ2
VZAVGZ (K2)=VZAVGZ (KZ) +VZ
PEIN=PEIN+PHI(IXsJYsKZ)
GO 7O 205
200 DDM=DDM+1
ZC=2=-CZ
RR=SQRT(XCH#XC+YCH#YC+ZCH#Z L}
PEQUT=PEOUT+1,/RR
VZ2=VZevl
205 KE=KE+VX#VX+VYRVYYeVZZ
210 CALL PACK(XS{1)sXPACK(IS)sYPACK(IS)+ZPACK({IS))
220 PRINT 225+NUMBERsXsVXsYsVYsZoVZsR
225 FORMAT(IH +1BeT7EL4.T)
WRITE(JS) XPACKsYPACKsZPACK
Q=0
IF (NS2.EQ.NMK) Q=1
DETERMINE WHICH PLOTS IF ANY ARE TO BE MADE.
GO TO{30092409250+42609270+2805250) IPLOT
MAKE AN X=Y STAR POSITION PLOT.
240 CALL DDIPLT(Q2sININBSsXPACKsYPACKsXMINs XMAXsYMINs YMAX,
1 3.%XPPsleYPs 134 ITAPX)
GO TO 300
MAKE AN X~Z S7AR POSITION PLOT
256 CALL DDIPLT (4 INSNBSsXPACK$ZPACK 9 XMINXMAX 4 ZMINyZMAX,y
1 3¢XPPsleZPs134ITAPX)
GO TO 300
MAKE A Y=Z STAR POSITION PLOT

260 CALL DDIPLT(QsINJNBSyYPACKsZPACKsYMINs YMAX s ZMINs ZMAX

i 3.YPP9leZPs 135 ITAPX)
60 T0O 300
MAKE A RADIAL VELOCITY VS. RADIUS PLOT
270 DO 275 IS5=14NBS
CALL UNPACK({XS(1)sXPACK(IS) s YPACK(IS) +»ZPACKI(IS))
XC=X=N0&
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YC=Y=NO&4
R=SQART (XCH#XC+YC®YC)
IF(R.EQ.04) GO TO 272
YPACK (13)=(XC#yX+YCH*VY) /R
GO TO 275
272 YPACK{IS}=SQRT(VA#VX+VY#yY)
275 XPACK(IS)=R
CALL DDIPLT{(QsINsNBSsXPACKyYPACKsRMINSRMAXsVRMINsVRMAX

P 1 3,RPP»1sVRP113y ITAPX)
, GO TO 300

C MAKE AN AZIMUTHAL VELOCITY VS. RADIUS PLOT

280 DO 285 IS5=1,NBS
CALL UNPACK (XS{1)sXPACK(IS5) s YPACK(IS) sZPACK(IS))
XC=X~N0O4
YC=Y=~NO&
R=SQRT (XC#XC+YCH#YC)
IF(R<EQs04) GO TO 282 )
YPACK({IS)==(XCH®VY=-YCH#VYX) /R
GO TO 285

282 YPACK(1S)=0.

285 XPACK(IS)=R
CALL DDIPLT(QoINoNBSvXPACKsYPACKsRMINvRMAXoVTMINsVTMAX;

1 33RPPsYeVTP13+ITAPX)
GO 70O 300
C MAKE AN AXIAL' VELOCITY VvSe. RADIUS PLOT
290 CALL SHIFT2(ZPACK (1) sNBS)

DO 295 I5=]1,NBS
XC=XPACK(IS)=NO4

YC=YPACK(IS)=NO4
295 XPACK(ISI=SQRT(XC#XC+YC#YC)
CALL DDIPLT(QsINJNBSsXPACKsZPACKsRMINyRMAX yVZMINIVZMAX,
1 34RPPs14VZPe134ITAPX)
- 300 NS2=N52+NBS
NUMBER=NUMBER+1
IF (NS2.LT«NBR) GO TO 95
C REWIND DISK FILES JS AND JT AND EXCHANGE THEIR TAPE NUMBERS
REWIND JT
REWIND JS
JSAVE=JS
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305

JS=JT1
JT=JSAVE

PRINT 305,DDM
FORMAT ( 1HO » 40HNUMBER OF PARTICLES OUTSIDE OF CYLINDER=,16)

IF (1IPRINT.EQ.1) GO TO 500

IF LONG DIAGNOSTIC PRINTING IS TO BE DONEs PRINT TOTAL KINETIC ENERGY» TOTAL
POTENTIAL ENERGY AND TOTAL EMERGY. ALSOs COMPUTE AND PRINT AVERAGED

QUANTITIES AS FUNCTIONS OF Ry Zs AND R=Z.

310

320

336

DT2=DT%DY

KE=KE/(B«%¥DT2)

PE=(DTE2#PEQUT-PEIN)/DTE

ET=KE+PE

PRINT 310+sKEsPESET

FORMAT {1H0O 9 3HKE=+E16+8+6H PEzsE16.8+10H TOTAL E=+E1648)

COMPUTE AND PRINT THE FOLLNWING AVERAGED QUANTITIES AS FUNCTIONS OF
RADIUS = MASS DENSITY. AVERAGE RADIAL VELOCITYs STANDARD DEVIATION OF
RADIAL VELOQCITY AVERAGE AZIMUTHAL VELOCITYs STANDARD DEVIATION OF
AZIMUTHAL VELOCITY+ AVERAGE AxIALi VELOCITY AND STANDARD DEVIATION oF
AXTAL VELOCITY.

DO 320 IR=1,NO2

IF (MASSDR(IR) ,LTele) GO 7O 320
URZAVGR(IR}=SQRT((VREAVGR(IR)-VRAVGR(IR)“VRAVGR(IR)/MASSDR(IR))

1 /7 (MASSDR (IR) #DT2) )

VRAVGR(IR)=VRAVGR(IR)/(MASSDR(IR)*DTJ
VTZAVGR(IR)=5QRT({UTEAVGR(IR)-VTAVGR(IR)*VTAVGR(IR)/MASSDR(IR})
1 7 (MASSDR (IR} #DT2})}

VTAVGR(IR):-VTAVGR(IR)/(MASSDR(IQ)*DT)
VZEAVGR(IR)=SQRT((VZEAVGRiIR}-VZAVGR(IR)*VZAVGR(IR)/MASSDR(IR))
1 7/ {MASSDRI(IR}*DT2))

VZAVGR(IR)=VZAVGR(IR)/(MASSDR(IR)*DT)

CONTINUE

ﬂASSDR(1)=MASSDR(1)*XH/(.ES*PI)

XMO2PI=xM/ (2#P 1}

DO 330 IR=2+N0O4%4

R=IR-1

MASSDR(IR)=MASSDR(IR)*XH02PI/R

PRINT 340
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340

350
360

370
380

390
400

410

420

430

FORMAT {1H0+»38HRADIUS MASS DENSITY AVG VR
48H SIGMA VR AVG VT SIGMA VT,

32H AVG VZ SIGMA VZ/)
DD 350 IR=14NO4

R=IR=-1

PRINT 360sRyMASSDR{IR) s VRAVGR (IR) s VRZAVGR(IR) s VTAVGR (IR} »
VT2AVGR(IR) +VZAVGR (IR) 4 VZ2AVGR IR}

FORMAT(1H +F6.1+47E1648)

DO 370 KZ=1sNHO2 X
COMPUTE AND PRINT THE FOLLOWING AVERAGE QUANTITIES AS FUNCTION:

OF AXJAL POSITION(HEIGHT) = MASS DENSITYs AVERAGE AXIAL! VELOCITYes AND
STANDARD DEVIATION OF AXIAL VELOCITY.
IF(MASSDZ{KZ) .. Tals) GO TO 370
VZ2AVGZ (KZ)=SQRT({VZ2AVGZ(KZ)~VZAVGZ (KZ)#yZAVYGZ (KZ) /MASSDZ (KZ))
/ (MASSDZ(KZ}y#DT2))
VZAVGZ(KZ)=VZAVGZ {KZ) /(MASSDZ(KZ)#DT)
MASSDZ (KZ)=MASSDZ(KZ)#XM
CONTINUE
PRINT 380 _
FORMAT (1HO 4 2HHEIGHT (Z) MASS DENSITY AVG VZs

16H SIGMA VZ/}
DO 390 KZ=1+NHOZ

Z=KZ

PRINT 4009ZeMASSDZ(KZ) ¢ VZAVGZ(KZ) s VZI2AVGZ(KZ)

FORMAT(IH +F6.193E16.8)

COMPUTE AND PRINT AVERAGE RADIAL GRAVITATIONALI FIELD AS A FUNCTION OF R-Z.

PRINT 410
FORMAT(1HOySOHRADIAL FIELD AS A FUNCTION OF R AND Z(KZ=2sNH02~-1))

PRINT 420

FORMAT(7H RADIUS)

NHOZ2M1=NHO2~-1

DO 440 IR=2+ND4M1

R=IR=}

NO4PIR=ND4+IR

DO 430 KZ=24NHO2M]

MASSDZ (KZ)=PHI (NO4P IR+l sNCGsKZ)}=PHI (NO4PIR=1+ND4oKZ)
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440 PRINT 445;R,(MASSDZ{KZ)sKZ=29MH02M1)
445 FORMAT(1H +F6,1+BE16.8)
gg¥Z$TESSND PRINT AVERAGE AXIAL GRAVITATIONAL' FIELD AS A FUNCTION OF R=Z.
&
450 FORMAT{1HO+45HZ FIELD AS A FUNCTION OF R AND Z({KZ=2sNHD2-1})
PRINT 460
460 FORMAT(7H RADIUS)
DO 463 KZ=2+NHOZ2M]
463 MASSDZ(KZ)=PHI(NOQ;ND#;KZ*I}—PHI(NO#;NO#;KZ-I)
PRINT 4659 {MASSDZ(KZ) +KZ=24NHD2M])
465 FORMAT({TH 0.0+BE16.8)
DO 480 IR=2+NO4MI1
R=IR-1
NO4PIR=NO4+IR
DO 470 KZ=2sNHOZMI1
470 MASSDZ(KZ)=PHI(NO#PIRyNOQsKZ+ll-PHI(NO@?IRvNOQsKZ-l)
480 PRINT 4454Ry (MASSDZ(KZ) sKZ=2sNHOZML) )
SHIFT THE DENSITY TO THE MOST SIGNIFICANT HALF OF EACH WORD OF THE PHI MESH.
500 CALL SHIFT2(PHI{lelel}sNCH)
WRITE THE DENSITY FROM THE PHI MESH ONTO DISK FILES 142459 AND b
ARITE(Y) (((PHI(TeJoK) o I=14N0%) s J=1aN04) sK=19NHOE)
REWIND 1
WRITE(Z2) (l(PHI(I;J;K).I:NoaPlyNoa),J=1,N04).K=1-NH02)

REWIND 2
WRITE(S) (((PHI(I!J,K}QI=1’N04)9J=N04P11N02)'K=1!NH02)

REWIND 5
ARITE (6} (((PHI(chyK)9I=N04P10N02)|J=N04P1qN02)sK=lqﬂH02)

REWIND 6
RETURN
END




APPENDIX G
Computer Plots Produced by the Three-Dimensional Galaxy Simulator
é of Appendix B.
- A long run has yet to be made. These are sample plots showing a
set of initial conditions and eight subsequent cycles (time steps).
The rough appearance of the initial velocity distributions is due to

the small mesh size (32 x 32 x 8) which necessitated making the galaxy

only about two cells thick. For an actual run, the dimensions will be
increased to 64 x 64 x 16. It may prove necessary to generate initial

conditions in whole or part by analytic means.

Plot Type (Stars in

% Cycle No. Position/Velocity Space) Page No.
é 0 y position vs x position C-2
% 0 z position vs x position C-3
é 0 z position vs y position Cc-4
i 0 r velocity vs r position C-5
0 azim. velocity vs r position C-6
0 z velocity vs r position C-7
1 y position vs x position C-8
2 z position vs x position c-%
3 z position vs y position c-10
4 T velocity vs ¢ position c-11
5 azim. velocity vs T position Cc-12
6 z velocity vs r position C-13
7 y position vs x position C-14
8 z position vs x position C-15
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APPENDIX D

é Listing of the Two-Dimensional Particle-in-Cell Simulator of the Jeans
Instability in an Infinite Self-Gravitating Compressible Gas.
Comment cards necessary to make this listing self ekplanatory will be

added later.

Overlay No. Program Name Page No.
(0,0) GASJ D-2
(1,0) GETPHI D-3
(2,0) INITGAS B-6
(3,0} ADVGAS D-11

(4,0) GASPLAT D-25




U bW e

o
no

15

OVERLAY{IFILEsCsD)
PROGRAM GASJ(OUTPUT s TAPE]1 s TAPEBTAPES,TAPE1QsTAPEL])

COMMON/ALLCOM/I2A«ITESTeNsCY2CYYyRHO(33433)
COMMON #GASCOM/NPLOTGsNPRINTG s NPRNTMGyNOZ5QsNO2+NOZP19NO2M1 4 DMG

GM102 s AUD2 s AUQG » SAVPE (2001 sSAVIE(200) 9 SAVKE (200) « SAVTE{200)
CYMINyNBRGyNBSGaJTG s JSGINUKGeP I 4MASKL 4 ING(Z2) s XMING» XMAXG
YMINGs YMAXGo XPG(2) s YPGy ITAPXGeXYL(3) sPLP (2} sPLT (2) o PLM(2)
RCOSsRSINs XPR(5) s YPR(5) » XMAX 4 o XMING s YMAX 6 s YMING 9 SPHIMy SPHIT
SPHIPEMINSEMAX s SCALMeDT 9 DT2eDT39DT4 9y SUMMAS s SUMP X SUMPY
SUMKE + SUMIE « SPHI#PL (2)

INTEGER CYsCYY

IFILE=SLIFILE
GPFILE=6LGPFILE

AGFILE=6LAGFILE

CALL OVERLAY{IFILE+2+0s6HRECALL)
ITEST=1

PRINT SsCYY

FORMAT (1HO+6HCYCLE=918)

CALL SECONDI(TL)

CALL OVERLAY(GPFILEs1ls0s6HRECALL)
CALL SECOND{(T2}

T3=T2-71
PRINT 15, T3
FORMAT(12H FIELD TIME=+E16.8)

- CALL OVERLAY (AGFILEs3+096HRECALL)

a5

40

CALL SECOND(T4)
T5=T6=T2
PRINT 35,75

FORMAT (14H ADVANCE TIME=, E16.8)
IF(CYY.GECY) GO TO 40

CYyy=CyyY+l

GO TO 10

CALL OVERLAY(IFILEs4+0,6HRECALL)
END

e st SR

IR )

e g e



OVERLAY (GPFILE»1+0)
PROGRAM GETPHI
COMMON/ALLCOM/I2A¢ ITESToNsCYsCYY4RHO(33433)
COMMON Z(1025)+Y(1025)
DIMENSION G(33,33)
NO2=N/2

N21=N02+1
IF(ITEST.EQ,0} GO YO 40
12B=12A~1

RNI=1,/ {N®N)

NO2P1=N21

DO 1 J=1.N
DO 1 I=1.N

IF(I.EQelcAND.JoEQeY) GO TO
GUIyJ)=RNI/SART((I=14)#{T=1a)¢{J=1la)®(J=]e¢})

1 CONTINUE .
Gilel)=GI(1s2)

CALL GETSET{2412B)
DO 3 J=1+N0O2P1

DO 4 I=1,NO2P1

4 Z{I)=G(IJ)
CALL FTRANS(2,12B)
DO 10 I=1.NOZ2P1

10 G{I« J)=Y(T)
3 CONTINUE

DD 2 I=1sNO2P1
DO 19 J=1,NO2P1
19 2{41=G(1+J)
CALL FTRANS(2412B)
DO 22 J=1+N02P1
22 Gl =Y L)
2 CONTINUE

ARITE(1) G
REWIND 1

40 READI(]1) G
REWIND 1
CALL GETSET(3,12A)

0O 7 J=1sN

00 8 I=1yN
8 Z(I)=RHG(Is+J)

e A R et i T P e = gk e n a1 3 MY

[

i i s
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-0

26

27
25

11

37

38

12

CALL FTRANS(3,12A)
DO 9 I=]1eN

RHO(14J)=Y(])
CONT INUE

DG 25 I=1sN

DO 26 J=lsN
Z(J)Y=RHO(I+J)

CALL FTRANS(3,412A)

DO 27 J=1eN
RHO{I+J)=Y{S)

CONTINUE
DO 11 JU=Z.NO2
DO 11 I=2sND2
I1=1+ND2
J1=J+ND2
RHO(I ¢ J)=RHO (I J)}H*G{IsJ)
RHO(I1 o JI=RHO{I1eJ)8G({TeJ)
RHO(T 9 J1)=RHO{I s J1)I#G{IsJ)
RHO{I1 e J1)=RHO(ELyJL)I®G(sJd)
CONT INUE

D0 37 I=24ND2
RHO(I+ND2+1)=RHO(I+NO241)%G{I41)
RHO{I+NO2sN21)=RHO{I+NO2,N21)#G(I.N21)
RHO(T41)=RHO(TI+13®#0G(I41)
RHO{I 4NZ211=RHO{I+N21)#G(TIeN2])
DO 38 J=Z2«N0O2

RHO(14J)=RHO(1+ J)#G(14J)
RHO {14 J4NO2)=RHO{1+J*NO2)¥G(1sJ}

RHO(NZ21+J)=RHO(N21+J) 4G {N21sJ)

RHO(NZ21 9 J+NO2)=RHDO(N21 ¢ J*ND2)#B(N2LyJ)
RHO(1411=RHO{1+1)%G({1s1)
RHD{N21+})=RHO(N21s1)RGI(N2L1s1)

RHO (1 4NZ2I)=RHO(1aN21L)#G(1eN21)

RHO (N21+N21)1=RHO(NZ21aN21)#GIN21sN21)
CALL GETSET(441I2A)

DO 14 J=1sN

BO 12 I=14N

Z{IY=RHO(T+J)

CALL FTRANS (4s12A)
DO 13 I=1leN

[P



13
14

29

30
28

Bl

RHO (I J)=Y (1)
CONTINUE

DO 28 I=1N

DO 29 J=lsN
Z{JI=RHO{I+J)

CALL FTRANS(4512A)
DO 30 J=laN
RHO(I,4J)=Y{J)
CONTINUE

DO 81 I=lsN
RHO(N+141Y=RHO(1s1}

RHO (T ¢N+1)=RHO(1s])
ITEST=0

RETURN
END




OVERLAY{IFILEy2+0)

PROGRAM INITGAS

COMMON/ALLCOM/I2Av ITESToNsCYsCYYsRHO(33433)

COMHON/GASCOHfNPLOTGoNPRINTG.NPRNTMG.NOESQoNDEpNOZPlqNOZMlgDMG»
GM102.AU02.AU04.SAVPE(200:.SAvlﬁtaoo).SAVKE(aoo),SAvTEtzoo).
CYMINoNBQG.NBSGoJTG’JSG-N%KGsPI.MASKIyING(E)oXMINGeXHAsz
YHINGoYMAxGwXPG(E)oYPGqITAPchXYL(B)vPLP(Z)qPLT(E);PLH(Z);
RCOSQRSINaXPR(SBvYPR(S)sXMAxaqXMIN#;YMAXQsYMINAsSPHIMsSPHIT-
SPHIPaEMINqEMAX,SCALMooT-DTZoDTBsDT4»SUMHAS;SUHPX95UHPY-
SUMKE « SUMIE ¢ SPRISPL(2)

DIMENSION AL (32+32) yA2{32932) +A3(32+32) 9A4(32932) +XHOLD(52B) »

} YHOLD (528}

EQUIVALENCE (RHO(1e1)yXHOLD(1)) s (RHO(1917)4YHOLD(1))

INTEGER CY!CYY

REAL _INITIE

U P Wy

C SET INITIAL VALUES
(™ SET SIZE WHERE N=N02=2##12A IS5 THE SIZE OF THE ACTIVE MESH
[2A=5
c SET TOTAL NUMBER OF GAS PARTICLES
NBRG=12672
c SET NUMBER OF GAS PARTICLES PER READ OF GAS PARTICLE FILE
NBSG=528
C SET ARTIFICIAL VISCOSITY CONSTANT OF GAS
AU=0.
c SET MASS PER GAS PARTICLE
XMG=1,
c SET THE INITIAL SPECIFIC INTERNAL! ENERGY
INITIE=5.
C SET TOTAL NUMBER OF TIME STEPS
CY=150
c SET NUMBER OF POINTS PER GAS PLOT
NPG=NBRG
c SET PERIOD OF GAS LONG PRINTING
NPRINTG=50
C SET PERIOD OF GAS DENSITY SHORT PRINTING
NPRNTHMG=25
c SET PERICD OF GAS PLOTTING
NPLOTG=25
c SET RATIO OF SPECIFIC HEAT AT CONSTANT VDLUME YO SPECIFIC HEAT AT CONSTANT
i € PRESSURE. (GAMMA MUST BE GREATER THAN OR EQUALI TO 1. GAMMA IS EQUAL. TO 2a0



T OO0

C SET

C SET

FOR NORMAL SIMULATION OF MONATOMIC GAS IN fHO DIMENSIONS. GAMMA MAY BE SET
EQUAL TO 1.0 FOR A SIMULATION WITHOUT PRESSURE TERMS,)

GAMMA=2,0

SET ITAPE=1 TO START RUN, SET ITAPE=2 TO CONTINUE RUN WITH PICK UP TAPE

ITAPE=]

CONSTANTS

PI=3.1415926536
MASK1=077777777770000000000
JTG=9

J5G=10
GM102=(GAMMA=1.) /2.
AUDZ=AU/2,

AUQ4=AU/sG .

NMKG=NPG=NBS5G

N=Z##T2A

NOTE FOLLOWING DEFINITION
NOZ2=N

NO2P1=N02Z2+]

NO2M]1 =ND2-1
NOZ25Q=NO2®*NQ2
N04=NQ2/s2
GMU=XMG#¥NBRG/NO25Q
TAU=1)$QRT(GHU)
DT=TAU/S0.
DT2=07+DT
DT3=0T2%DT

DT4=072%DT2
PLOTTING SPECIFICATIONS

ING(1)=10H2D=GAS

ING{2)=10H
XMING=~10

XMAXG=40

YHING==~10

YMAXG=40
XPG{l)=10HXs CYCLE=
YPG=10H Y

ITAPXG=6LTAPEZ23
XYL{1)=10HX=Y PLANE,

XYL{2)=10H CYCLE =
PL{1Y=10HPOTENTIAL®

PLP(1)=10H PRESSURE#

ik N L T e T
Bt Mk

-t

prom

B



25

30

PLY(13=]0H TEMP*
PLM(1)=10H DENSITY*
ANG=PT /3.

RCOS=C0OS (ANG)

RSIN=SIN (ANG)

IC=ND2+1
XPR(1)=]1,+NO2#RCOS
XPR‘E)':IO

XPR{3)=1.+NO2
XPR(4)=1C+NO2#RCOS
XPR(5)=XPR (1)
YPR{1)=1.+NO2#RSIN
YPR(2)=1,

YPR(3)=1l
YPR{4)=1.+NOZ#RSIN
YPR(5)=YPR(1)
AMAX4=IC+NO2#RCOS
XHIN4=“1-

YMIN4==1.

YMAXG=XMAX G
HT=IC+NQOZ2#RCOS=NO2#RSIN
PMAX=2,#NBRO*XMG#DT2/N04
PMAXM=10,.%#GMU2DT2
PMAXT=S50,.,*INITIE®*DT2
PMAXP=,25PMAXMHPMAXT
SPHI=HT/PMAX
ENCODE{10+4254PL{2))} SPHI
SPHIM=HT /PMAXM
ENCODE(10+25+PLM(2)) SPHIM
FORMAT(F10.3)
SPHIT=HT/PMAXT
ENCODE{10+25S+PLT(2))} SPHIT
SPHIP=HT/PMAXP
ENCODE({104304PLP({2)) SPHIP
FORMAT(F10.0}

EMIN== ( (XMG#*NBRG) ##2) /NO4
EMAX==EMIN
SCALM=GMU#DT2/7.,
INITIE=INITIE®*DT2
DMG=XMG#Df2
DMG=DMG + AND s MASK

i
e

e =



Y&

105

110

115

120

125

128

130

IF(ITAPELEQ.2) GO TO 350
CYv=1

DO 105 I=1+NO2

DO 105 J=1«ND2
AG(TesJ)=0o

CONTINUE
X=URAN{7654321,4}

NS52=0

DO 130 15=1,NBSG
X=NO2#URAN(O4) +e5
Y=NOZ#URAN{(QO.)+5
IX=X+ .5

JY=Y+ 5

IF{IX,GE.1} GO TO 115
X=X+NO2

IX=X+,5

GO 70 120

IF{IX.LLE«NO2) GO TO 120
X=X=N02

IX=X*.5

IF(JY.GEsYl)} GO TO 125
Y=Y+NQ2

JY=Y+,5

G0 70O 128

IF{JY.LE.NO2) GO TO 128
¥=Y~NO2

JY=Y+ 5

AG({IX s JYI=AG(IXeJY)+DMG
XHOLD (IS)=X

YHOLD(15)=Y

CONTINUE

WRITE(9) XHOLD.YHOLD
NS2=N52+NBSG

IF(NS2.LT.NBRG) GO TO 110

REWIND O
SUMMAS=0
SUMIE=DMG*NBRG#INITIE

SUMKE=0o

SUMPX=0.

sz Ll

[



“iTN

DO 140 I=1sNOZ
DO 140 J=14ND2

IF{A4(1sJ)sEQs0s) GO TO 135
SUMMAS=SUMMAS+A4 (1.4}

A3(1+J)=INITIE
GO0 TO 138

135 A3(I,4)=0

138 Al(I+J)=0. |
A2(EsJ1=0. %
RHO (I5J) =+5%A4 (1+J) 3

140 CONTINUE ;
DO 150 I=1,N0O2P1
RHO(INO2P1)=0.
RHO(NOZ2P1l,1}=0,

150 CONTINUE

GO TO 400 : ?
STATEMENTS 350 TO 400 ENABLE RUN TO BE CONTINUED WITH PICK UP TAPE, ;
350 NS2=0 ;

355 READ(11) XHOLDsYHOLD
WRITE(9) XHOLDsYHOLD é
NS2=NS2+NBSG 1.
IF(NS2.LT.NBRG) GO TO 355
REWIND 9
READ(II)Al9AEOA39A49CYY;SUMMASQSUMPXQSUMPYQSUHKEOSUHIE
CY=CY+CYY
CYY=CvyYel
DO 360 I=l+NO2
DO 360 J=1eNO2
RHD(I,J’=-5*A4(IQJ’

360 CONTINUE
D0 370 1=1+N0O2P1
RHO (I 4NOZ2P1)=0. -

RHO(NQ2P1s11=04
370 CONTINUE

400 CYMIN=CYY=-]

CALL EVICT(6LTAPEI1]) ;
WRITE UsVsIs AND M ONTO TAPES s

WRITE(8)Al9A2+A35A% :

REWIND 8
RETURN
END




o F W

1
2

OVERLAY (AGFILE»340)
PROGRAM ADVGAS

COMHON/ALECOM/IEAoITESToNoCY9CYY;RH0(33o33)
COMMON /GASCOM/NPLOTGsNPRINTGaNPRNTMG eNO25SQsNO2sNOZ2P1 9 NO2M1 9 DMG

GM102+AUD2 s ALIO4sSAYPE (200} s SAVIE(200) s SAVKE(200) « SAVTE(200)

CYMINsNBRGsNBSGs JTGa JSGINUKGsP I ¢ MASK]Y s ING(2) s XMING s XMAXG)
YMINGy YMAXGeXPG(2) a YPG o ITAPXGs XYL (35 «PLP(2)+PLT(2),PLM(2),

RCOSeRSINGXPR(S) s YPR(S) ¢ XMAX 49 XMINu 9 YMAX &y YMING 9 SPHIMs SPHIT,
SPHIPyEMINSEMAX s SCALMsDT9DTZ29DT3eDT4 9o SUMMAS ¢ SUMPX ¢ SUMPY s
SUMKE s SUMIE +SPHI#PL (2}

DIMENSION Al(32+32)9A2(32+32)9A3(32+32)2A4(32+32)+A1HORZ(32)

AIVERT(32)+A2HORZ(32) s A2ZVERT (32) 9 ABHDRZ (32) s ABVERT (32) »
XHOLD(528) s YHOLD (528) ¢PX(32932) sPY (32+32) +ETOTAL (32,32)

EQUIVALENCE (RHO(1+1)aXHOLD(1)) s (RHO(1917),YHOLD(1})

INTEGER CYY+CYQ
REAL MCoMIPeMIMsM IPsMIMe TEKESIC )

REAL IEIPSIEIPJPSJEIPIMe IEUP 2 IEIMe IEIM IEIMUP s IEIMUM

C IF GAS PLOTTING IS 7O BE DONE THIS CYCLE SET IPLOTG=ls OTHERWISE SET IPLOTG=0

21

IPLOTG=0
IF(CYY~CYY/NPLOTG*NPLOTG.EQ«0+OR-CYYWEQel) IPLOTG=]

CALL PSEUDO
ENCODE(10421+XPG(2)) CYY

ENCODE(10+219XYL(3)) CYY

FORMAT(110)
IF(IPLOTG.NE.1) GO T0O 120

C MAKE A CONTOUR PLOT OF YHE GRAVITATIONAL POTENTIAL:

T

1

CALL DOIPLT(O9INGsSsXPReYPReXMING o XMAXG o YMINGs YMAX4934XYL'(1)
2ePL(1) 214+ ITAPXG)

DX=0.

DY=1l.

DO S0 J=2¢NO2

K=0

DX=DX+RCOS

DY=DY+RSIN

DU=0.

Dv=l.

DO 40 I=2sN0O2

K=K+1

bDU=DU+RCOS

DVv=DV+RSIN




AYHORZ (K)=J+DU
AIVERT (K)=SPHI#RHO (Js 1) +DV

AZHORZ (K)=T+DX
40 A2VERT{K}I=SPHI®RHO(Is+J) +DY
CALL DDIPLT{0sINGeKsAZHORZ4AZVERT s XMINSG s XMAX G YMINGy YMAX Gy
1 IeXYL(1)Ya2sPL(Y)slasITAPXG)
CALL DDIPLT{O0+INGsK+AITHORZ 4ALVERT+ XMING o XMAX G YMING s YMAX S
1 e XYLUEYe2ePL{))el1402ITAPXG)
50 CONTINUE
K=0
DO 60 I=2+NO2
XI=I
K=K+l
AZHORZ (K)=X1+RCOS
APVERT(K}=1.+RSIN
60 CONTINUE
CALL DDIPLT(l+INGeKsA2ZHORZ 4 AZVERT o XMING s XMAX 49 YMING s YMAX S
1 3aXYL{L1)e2+PL{1)}Ys13+ITAPXG)
C IF GAS PRINTING IS TO BFE DONE THIS CYCLE SET IPRINTG=1+0THERWISE SET IPRINTG=0
120 IPRINTG=0
IF{CYY=CYY/NPRINTG*NPRINTG ., EQ.0.0R.CYYEQ, 1) IPRINTG=]
C IF GAS DENSITY SHORT PRINTING IS TO BE DONE THIS CYCLE SET IPRNTMG=]»
C OTHERWISE SET IPRNTMG=0,.
IPRNTMG=0
IF{CYY=CYY/NPRNTMGH*NPRNTMG . EQs0+ORCYYEQ,1) IPRNTMG=]
C READ UsVsIsAND M FROM TAPES INTO AlsA2+A3s AND A4 RESPECTIVELY

READ(8) AlsA2sA3¢A4
REWIND 8

NHIVEL=0

SUMPE=Da

DG 200 J=1eNO2

DO 200 I=1eNO2
MC=A4(TyJ)
IF(MC.LT-DMG) GO TO 183
SUMPE=SUMPE «MC#RHO(I+J)
UC=Al(IsJ)

VE=A2(1+J)

PC=A3(I+4)8MC

IF{I«EQ-1) GO TO 130
IF{I.EQ.NO2) GO TO 140
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¢=q

130

140

15¢

160

UIP=A1(1+}sJ)
MIP=A4(I+140)
PIP=A3(I+1sJ)#A4(1+]1sd)
UIM=A1 (I=1e0)

MIM=A4 (I=1+J)
PIM=A3(I-1+J)#A4{(I~1sJ)
GA=RHO(I1+1+sJ)=RHO(I=14U)
GO TO 150

UIP=A1(2+J}
MIP=A4(2+J)

PIP=A3({2+J)*A&(24J)

UIM=A1{NOZ2+J)
MIM=A4 (NO2+J)

PIM=A3(ND29yJ) #A4(NOZ2yJ)

GX=RHO (2+9J) «RHO(NDOZ2yJ)
GO 70 150

UIP=A1{l,J}

MIP=A4(1sJ)
PIR=A3(1+J)#A&(]1+J)
UIM=A]1({ND2M1,J)

MIM=A4 (NOZ2M1+J)
PIM=A3(NO2Ml s J} #A4 {NO2M] 4 J}

GX=RHO (1o J) =RIONEINO2ML 9 J)
IF (Ju.ERL1) GO TO 160
IF(J«EQ.NO2) GO TO 170
VJP=A2({1edel)

MJP=A4 (TeJ+1}
PUP=A3(JeJel)#A4(TosJ+])
VIM=A2 (T ed-1)

MUM=A4 (IsJd=1)
PIM=A3(Isd-1)#AG(TvJ~1)

GY=RHO(IsJ+1)=RHO(XyJ=1}

GO TO 175
VJIP=AZ(1.+2)

MJP=A4 (Ie2)

PUP=A3(1+2)%A4(]1+2)
VJM=A2 (T1+NO2)

MJM=A4 (1+NO2)

PIM=A3{1,NO2)*A4 (IyNO2)
GY=RHO(1+2)~RHO(I«NO2Z2)

60 TO 175




170 VJP=A2(1,1)
MIP=A4(Is1)
PIP=A3{I1y1)%A4(1s1)
VJM=AZ2 (1 4NO2ZM])
. MJUM=A4 (1+NO2M1)
f PUM=A3 (1+4NO2M1) #A4 ([9NO2M1)
i GY=RHO(Is1)=RHO{I,NO2M])
: 175 QIP=MIP# {UC~UIP)/ (MC+MIP)
IF{QIP.LE,D,) QIP=0,
FIM=MIM# (UIM=UC) 7 {MC+MIM)
IF(QIMLLELO,) QIM=0,
GM=GM102/MC
IF(PC,LT.04) PC=0,
PIPB=pC+PIP
PIMB=PC+PIM
PJPB=RPC+PJP
PIMB=PC+PJM
¢ IF{PIP.,.LE.O,) PIPH=0.
; IF‘pIH.LEIOQ) PIMB=0.
IF(PJP.LE.O4} PJPB=0.
IF(PJM.LEIOO) PIMB=0.
UT=UC+GM® (PIMB=PIPB) +AUO2* (QIV=QIP) +GX
QUP=MJP# (YC=VJIP) 7 (MC+MJP}
! IF{QJPJLE.O4} QUP=0.
! QUM=MJM# (VUM=YC) 7 {MC+MIM}
' IF(QUMLLE.0,) QJM=0,
: VT=VC+GM#* (PUMB=PJPB) +ALOZ# {QUM=-QJP) +GY
VIPB=UC+UIP i
UIMB=UT+UIM
VJPB=YC+VJIP
VJMB=VC+VUM
TIESAI(Ted) 4,58 (UCEUCHYCHYCH (UCHUT) #GX+ (VC+VT I #GY)
P 1 +AUQGH (QIMSUIMB=QIP* U IPR+QIMHVIMB=QJIP*Y IPB)
b 2 +GM# (PIMP#UIMB=-PIPRB#UIPB+PUMBEY JMB=PIPB®*VJIPB) /2.
: 3 = 5H(UTHUT+VTEVT)
? 1IE=MC#®IE
IF(MC.LT«S5.0%DMG) GO TO 180
IF(UT eGEee375.0ReVT oGl ss375) NHIVEL=NHIVEL+]

180 IF(ABS(UT)WLT.1.0,AND.ABS(VT).LT.1.0) GO TO 185
. cy=CYY




IPLOTG=1
IPRINTG=1
IPRMTMG=1
PRINT 182+UTsVTelJ
182 FORMAT(1HO#UT=%*E16.8% AND VT=%#E16.8% FOR I=#]2# AND J=#12)
GN TO 185
183 UT=99,
VT=99,
IE=0.
185 PX(I+J)=UT
PY(IvJ)}=VT

ETOTAL(IsJ)=1E
200 CONTINUE

IF{NHIVEL.GT.0) PRIMT 20S:MHIVEL
205 FORMAT (1HO#NUMBER OF CELLS CONTAINING GREATER THAN S5 PARTICLES AND
1 HAVING SCALED VELOCITY COMPONENT(S) GREATER THAN .375= #15)
DO 210 I=1sNO2
DO 210 J=1eNO2
AL(TIe )=PX(IeJ)
PX{Is+Jd)=0.
A2(T+ N=PY(IeJ)
PY{1+J)=0.
AS(Is NI=ETOTALLI»J)
ETOTAL(I+J)}=0.
210 CONTINUE
DO 222 I=1sNO2
DO 222 J=1lsNO2
222 RHO{(I+J3=0.
DD 224 I=2+NOZM1

DO 224 J=24,N02M1
IF(A3(TsJ) «GELDe) GO TO 224

IE=A3(1I.+J)

IEIP=A3{1+1+0)
IF(IEIP.LT«04) IEIP=0,
JIEIPJP=A3(1+¢1sJ+])
IF(IEIPJPLT«0.) IEIPUP=0.
IEIRPIM=A3(]+1sJd=1)
IF(IEIPJH-LT.O.) JIEIPJUM=04
IEJP=A3(1sJ+]1)

IF{IEJP LT a00) 1EJP=0,

i
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IEJM=A3(TyJ=1)
IF(IEUMeLTw04) IEIM=0.
FEIM=A3(I=1ed)
IF(IETMaLT404) TEIM=0,
IEIMJP=A3(1-1%J+1)
IF(IEIMJP-LT 0:4) IEIMJIP=0w
IEIHJHfﬂ3(I le 1)
IFAIETMIML LT W 0e) TEIMJIM=0.
SUMzIETIP*IEIRPIP+IETPIM+ IEJP+IEIM+ TEIM+IEIMUP+ IEIMUN
1F (SUMsLT o ~1E) GO TO 223
QUOTNT=IE/SUM

RHO(I+19JI=RHO(I+19J) «QUOTNT#IEIP.
RHO{TI+¢19J+1)=RHO(I+19J¢1)+QUOTNT*IEIPJP

RHO(I419J~1)=RHO(I+1sJ=-1)+QUOTNT#*IEIPJUM
RHO(IyJ*1)=RHO (19 J+ 17 +QUOTNT=#IEJP
RHO (T J=1)=RHO (T9J=1) +QUOTNTH#IEIM
RHO(I=19J)=RHD(I=1 ) +QUOTNTHIEIM:

RHO(I=1sJ+1)=RHO(1=19J¢]1)+QUOTNTH*IEIMJIP
RHO(I~19J=1)=RHO(I~10J=1} *QUOTNTH#IEIMJIM

223 RHOUI4J)=RHO(IsN)~1E

224 CONTINUE
DO 228 I=1eNO2

DO 228 J=1sNO2
IF(AG(T+J) L T.DMG) GO TO 226
AI{Is ) ={A3(1+J)*RHO(I s J)) /A4 (I9J))
IF(A3(1e.0)uLTa0a) A3{I4J)=0.
GO TO 227
226 A3 (1yJ)=0.
227 A4(ls =0,
228 COYTINUE
PXX=SUMPX/DT3
PYY=SUMPY/DT3
T TM=SUMMAS/DT2
PE==5UMPE/DT4
IE=SUMIE/DT4
KE=SUMKE /DT4%
TE=PE+1E+KE
ERINT 232
232 FORMAT(1HO #THE VALUES ON THE NEXT TWO LINES ARE FOR THE END OF TH
1E LAST CYCLE®*)




PRINT 234sPXXePYYsTM
b 234 FORMAT(LIH #PX=HEl14.TH* PY=#El14.7% TM=#E1447)
5 PRINT 236sPEsIEsKESTE )
i 236 FORMAT(1H +#PE=%El4.7%# JE=#El4,.7% KE=s#El&4.7® TE=%*El14.7)
ICYPLTsCYY-CYMIN
SAYPE (ICYPLT)=PE
SAVIE(ICYPLT)=IE
SAVKE (ICYPLT)=KE
SAVTELICYPLT)Y=TE
PRINT 250
250 FORMAT{(1HOs47HLAST PARTICLE OF EACH SET OF NBSG GAS PARTICLES)

PRINT 260
260 FORMAT(1H #NUMBER X Y UEFF

1 VEFF#*)
NS2=0
NUMBER=1

270 READ{(JTG) XHOLDsYHOLD

DO 350 IS=1,NBSG
X=XHOLD(1S)
Y=YHOLD(IS)
IXOLD=X+.5

JYOLD=Y+.5

IX=X-

JY=Y

DX=X=1X

DY=Y=JY
D11=1=DY=DX+DX*DY
Dr2=DY®*{(1-DX)}
D21=Dx#{1-DY)
D22=DX*DY

IF(IXLTel) IX=IX+NO2Z
IF{JY.LTe1) JY=JY+NOZ

IXPl=1IX+1
JYPI=JY+]

IF(IXP14GTaNO2) IXPl=IXP1=NO2Z2

- IF{JYP1.GT«NO2) JYP1=JYP1-NO2
IF (AL (IXsJY)aGTa98.) D11=0,

IF(AL(IXeJYPL) oaGTa984) D12=0.

IF(AL{IXPlyJY)+GT.98s) D21=0.
IF(AY{IXPI+JYP1).GT.98.) D22=0,

i
&
v

brpimns i m e b b



DSUM=D11+D12+D21+D22
UEFF=(D11#A1 (IXsJY) +D12#A1 (IX9JYPY) +D21%AL (IXP19JY)

1 +D22=A1(IXP1sJYP1))/DSUM
VEFF=(D11#A2{IX»JY) +D12% A2 (IXeJYP1) +D21#AZ(IXP14JY)

1l +D22¥A2 (IXPl9JYP1)) /DSUM
X=X+UEFF
Y=Y+VEFF
IXNEH=X+¢5
JYNEW=Y+,5
IF(IXNEWLGE.1) GO TO 310
X=X+NO2
IXNEW=X+45
GO0 70 320
310 IF(IXNEW.LE.NOZ2) GO TO 320
A=X«N02
IXNEW=X2*e5
320 IF(JYNEW.GE.1) GO TO 330
Y=Y +NQO2
JYNEW=Y+,5
GO TO 340
330 IF (JYNEW.LE.NO2) GO TO 340
Y=Y=NG2
JYNEW=Y+,5
340 DPX=DMG#*A1l (IXOLD+JYOLD)
DPY=DMGH*AZ2 {IXOLDsJYOLD)
DE=DMG*(A3(IXOL09JYOLD)*.5*(A1(IK0LDvJY0LD)*A1(IXOLD.JYOLD)
1 +A2 (IXOLDyJYOLD) #A2(IXOLDsJYOLD)})
PX(IXNEWs JYNEW) =PX {IXNEW JYNEW) +DPX
PY(IXNEH-JYNEH)=PY(IXNEN;JYNEH)+DPY

ETOTAL {IXNEWy JYNEW) =ETOTAL ( IXNEWy JYNEW) +DE
Ad {TXNEWs JYNEW) =A4 (IXNEWJJYNEW) +DMG

XHOLD (15)=X

350 YHOLD(IS)=Y
WRITE (JSG) XHOLD»YHOLD

IF (NUMBER.GT+10) S0 TO 365

J PRINT 360¢NUMBER«XsYsUEFFIVEFF
360 FORMAT(1H +16+4E1648)

365 NUMBER=NUMBER+]

IF{IPLOTG.ER.0) GO TO 370
Q=0
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IF(NS2.EQ.NMKG) Q=1

CALL DDIPLT(Q4INGyNBSGyXHOLDs YHOLD s XMINGyXMAXGsYMING, YMAXG
1 29XPGeleYPGel13:ITARPXG)

370 NS2=NS2+NB5G

IF{NS?2,LT.NBRG) GO TO 270

REWIND JTG

REWIND JSG

C EXCHANGE TAPE NUMBERS OF JTG AND JSG

JSAVE=JSG

J5G=JT6

JTG=JSAVE

C COMPUTE .S5%DENSITY AND STORE IN RHO
C COMPUTE UP AND STORE IN Al. COMPJUTE VP AND STORE IN A2. COMPUTE. IP AND STORE

C IN A3,
SUMMAS=0,
5UMPX=0:
SUMPY=0.
SUHKE=0:
SUMIE=0.
DO 380 I=1sNOP2

DO 380 J=1sNO2
MC=A4(1+4)

IF(MC.EQ.04) &3 TO 376
RHO (I 4J)=45%MC
SUMMAS=SUMMAS +MC
SUMPX=SUMPX+PX(TsJ)
SUMPY=SUMPY+PY{IvJ)
Al(Ls }=PX(I+J)/MC
A2(L+JY=PY(Is.4)/MC
KE=oD#MC2 (A (T o JIHAL(I o J) +AZ2 (I J)#A2(IeJd))
SUMKE=SUMKE +KF
IE=ETOTAL{I:J}-KE
SUMIE=SUMIE+IE
A3(XsJ)=IE/MC

GO TO 380

376 Al(IsJi=0.
AZ(IeJ)=0.

A3(Is)=0.

RHO(IsJ)=0,
380 CONTINUE

DO 390 I=14N0OZ2P1



RHO(I4NO2P1) =0,
RHO{NOZ2P1+1)=0.

350 CONTINUE
WRITE(8) Al+AZ2A34A4

REWIND 8

IF GAS PRINTING IS5 NOT TO BE DONE THIS CYCLEs GO TO 485
IF(IPRINTG.NE.1) GO TO 485

400 FORMAT(1H +1348E15.7)
NOZMT=NO2=7 e
DO 420 JIHIN=14NOZ2MTH8
IMAX=IMIN+T

PRINT 410y IMINsIMAXsNO2
410 FORMAT{1HO®J ((UCTgJ) o I=#IR ]3]} U=],y#][3%) %)

420 PRINT 4008 (Je (A1 (TsJ) s ISIMINSIMAX) o J=13ND2}

DO 440 IMIN=1+NOZ2M7.8

IMAX=TMIN+T

PRINT 430+IMINSIMAXINOZ
430 FORMAT(1HO#J ((y(ToJ) s I=sunI3Fy#]38)4au=x]ytt[3%}4)
440 PRINT 4000 (Js{A2{TIeJ) o I=TMINyIMAX) 9 J=1eNO2)

DO 460 IMIN=]1+NOZ2M74+8

IMAX=TIMIN+7
PRINT 450+ IMINs IMAXeNOZ

450 FORMAT(1HO®J ((T(TaJ) s IRy WU} g ]l HI3%#) %)
460 PRINT 4000 (Je{A3(1ad} s I=IMINsIMAX) v J=14ND2)

DD 4B(0 IMIN=14NOZMT+8

IMAX=IMINT

PRINT 470+IMINsIMAXeNOZ
470 FORMAT{lIHO®J ((MITod) o I=RI3%,#]I3AR) 4 Jz]le]32)#)
480 PRINT 4009 (Je{AG{LIo ) o I=IMINyIMAX) 2 J=1+ND2)

IF GAS PLTTTING IS NOT TO BE DONE THIS CYCLEs RETURN,
485 IF(IPLOTG.NE.1) GO TO 600

PLOT VELOCITY VECTORS
XNOZ2=NOZ2
A=Q.
CALL DDIPLT{(UsINGelsAsAsQrXNO2r»0sXNO2929XPGelsYPGs13+ITAPXG)
XYSCALE=10e/NO2
VSCALE=.1/DT
DO S00 I=1lsNOD2

DO 500 J=1lyNO2
IF (A4{IsJ) «LT.DMG) G2 TO 500




P %

500

XA=XYSCALE®]

YA=XYSCALE#®]
XB=XYSCALE#{I+VSCALE®#AYI(TI+ 1))}
YB=XYSCALE® (j+VSCALE*AZ{I+4))
CALL PARROW({XA+YA9XBsYBel)

CONTINUE
CALL DDIPLT{l9sINGslsAsAs0sXNOR2s0sXNO2s2sXPGslyYPGs13,ITAPXG)

C MAKE A CONTOUR PLOT OF THE DENSITY

1

510

1
515

520

CALL DDIPLT (09 INGySeXPReYPRoXMING s XMAX4 s YMING s YMAX%G 939 XYLi(1)
23PLM(1) 914+ ITAPXG)

DX=0.

D¥Y=1.

DO 515 J=2«N0O2

K=0Q

DX=DX+RCOS

DY=DY+RSIN

DU:OQ

Dy=1.

DO 510 I=2eNO2

K=K+1

DU=DU«RCODS

DV=0DV+RSIN

A1HORZ (K)=J+DU

ALVERT(K)=3PHIM® A4 (Je 1) +DV

AZHORZ (K)=1+DX

AZVERT(K)=SPHIM#*A4 (1) +DY

CALL DOIPLT(0yINGeK+sAZHORZsARVERT e XMING s XMAXGs YMING s YMAX Gy

1 JeXYL({1)92sPLM(1)s14,ITAPXG)

CALL DDIPLT(09INGeKyAIHORZ2AIVERT ¢ XMING 9 XMAX &9 YMING s YMAX &9
I AYLU1) 924PLM{1) 314, ITAPXG)

CONTINUE

K=0

DO 520 I=24NO2

XI=1

K=K+l

APHORZ (K)}=X1+RCOS

APVERT(K) =] 4 +RSIN

CONTINUE
CALL DDIPLT(l9INGyReAZHORZyAZVERT 9 XMING s XMAX% s YMING s YMAX G




1 3aXYL{1)92+PLM(1)413,1ITAPXG)
C MAKE A CONTOUR PLOT OF THE TEMPERATURE

CALL DDIPLT(OsINGsSsXPReYPReXMING s XMAX4s YMING s YMAXAs39XYLi(1)
1 2ePLT(1)s14s ITAPXG) '
DX=0.

bY=1.

DO S40 J=2+N02

K=0

DX=DX+RCOS

DY=DY+RSIN

DU:O.

DV=1e.

DO 530 I=24ND2

KsK+1

DU=DU+RCDS

NDY=DV+RSIN

ALHORZ (K)=J+DU

ALVERT(K)=SPHIT#A3(Js 1) +DV
AZHORZ (K)=I+DX

530 APVERT(K)=SPHIT#A3{1sJ)+DY
CALL DDIPLT(0sINGyKsAZHORZ ¢A2VERT e XMING 9 XMAXSG 9 YMING » YMAX G
1 FeXYL (1) 92sPLT (1) 914, ITAPXG)
: CALL DDIPLT{(D¢INGsKsALHORZ ¢AIVERT o XMING s XMAXG s YMING s YMAXG
¥ 1 39XYL{1)e2sPLT (1) 914, ITAPXG)
; 540 CONTINUE
] K=0
DD 545 I=24N02
XI=1
K=K+1
AZHORZ (K)=XI+RCOS
AZVERT(K)=1.+RSIN
545 CONTINUE
CALL DDIPLT(1+INGsKsAZHORZ »A2ZVERT9XMING s XMAX4s YMING s YMAX S
1 3eXYL(1)s24PLT(1) 913, ITAPXG)

C MAKE A CONTOUR PLDT OF THE PRESSURE

E CALL DDIPLT(O,INGySsXPRyYPReXMING s XMAXL s YMINGy YMAXA 939 XYLI(L)
- 1 2sPLP{1) 149 ITAPXG)

x DX=0a

DY=1.

DO 564 J=2+NO2




K=0

DX=DX+RCOS5
DY=DY+R5IN
DU=0.

Dv=l.

DO 550 I=2sND2
K=K+1
DU=DU+RCOS

DV=DV+RSIN
A1HORZ (K)=J+DU

AIVERTIKI=SPHIP#A3(Jes I} ¥AG{Js I} +DV
AZHORZ(Ki=I1+DX

550 AZVERT(RKI=SPHIP#AZ(I+J)#AG(TsJ)+DY
CALL DDIPLT(0sINGsKsAZHORZ ¢ AZVERT ¢ XMING g XMAXG9 YMING 9 YMAX S
1 3eXYL (1) e2sPLP(1)+14,ITAPXG)
CALL DDIPLT(0sINGsKsAIHORZAIVERT e XMING 9 XMAXG s YMING s YMAXG
1 JaXYLI1)»2+PLP (1) o144 ITAPXG)

560 CONTINUE
K=0
DO 570 I=2.ND2
XI=1
K=K+1
AZHORZ{K)=XI+RCOS
AZVERT (K)=1,.+RSIN
570 CONTINUE
CALL DDIPLT(1+INGsKsAPHORZyAZVERT o XMING 9 XMAX4s YMING s YMAXG

1 3eXYL(1)924PLP{1}+13,ITAPXG)
600 IF(CYY.LT.CY) GO TO 650

IF(CYY.EQ.CY) WRITE INFORMATION TO BE SAVED ON TAPE1
TgANSFER PARTICLE POSITINNS FROM TAFE JTG ONTO TAPE1,
NS2=0

610 READ(JTG) XHOLDsYHOLD

WRITE(1) XHOLDsYHOLD
NS2=NS2+NBSG

IF INS2.LT«NBRG) GO TO 610

WRITE(1) AleA29A39A4sCYY ySUMMASySUMPX» SUMPY 3 SUMKE ¢ SUMIE
REWIND 1

650 IF (IPRNTMG.EQ.0) GO TO 700

PRINT 6524+SCALM
652 FORMAT(1H1#THE FOLLOWING IS A PLOT OF MASS DENSITY (ALREADY SCALED




I WITH DT SQUARED) WHICH HAS BEEN DIVIDED BY #E16.8% AND THEN#)
PRINT 653

653 FORMAT(1H #INTEGERIZED, WITH VALUES BELOW 1 OR ABQOVE 9 REPLWACED BY
1 BLANK OR STAR RESPECTIVELY#/)

D0 670 I=1eNO2

DO 670 J=1e+NO2

IM=A4 (1+J) /SCALM

IF(IM,EQ.0) GO TO 660

IF{IM,GT.9) GO TO 665

ENCODE(10+6554A4(IsJ)) IM
655 FORMAT(I10)

GO TO 670
660 A4(lsJ)=10H

GO TO 670

665 A4(l+J)=10H #
670 CONTINUE

DO 672 I=1sN02

A4(l+1)=]10H -
A4 (I+NO2)=10H -

672 CONTINUE

DO 674 J=2sN0OZ2M1
A%(1+0)=10H

A4 (ND24J)=10H I

674 CONTINUE
DO 693 JJ=1,N02

J=NO2P1~-JJ

693 PRINT 695+ (A4{Is.J)sI=1sNO2)
695 FORMAT(1H +64R2) )

PRINT 697

697 FORMAT(1Hles1H )
700 RETURN

END

.1‘1’:."1,:4@5
hf’d




20

U F WD -

1

OVERLAY(IFILE+440)
PROGRAM GASPLOT

COMMON/ZALLCOM/I2As ITESTaNsCYsCYY9RHO{33+33)
COMMON 7GASCOM/NPLOTG s NPRINTGs NPRNTMGaNO25Q s ND2sNO2P 14 NO2ML 9 DMGy

GM102sAUD2+AUO4 »SAVPE (200) »SAVIE(200) + SAVKE (200) s SAVTE(200},
CYMININBRGeNBSGeJTGs JSGaNMKGsP T 9MASKL s ING(2) 9 XMING s XMAXG
YMINGs YMAXGoXPG(2) s YPGo ITAPXGs XYL {3 sPLP(2) 4PLT(2) sPLM (2] »
RCOSyRSINSXPR (5} s YPR(5) s XMAX ths XMING s YMAX Gy YMING 9 SPHIMy SPHIT,

SPHIPyEMINgEMAXISCALM9DT!DT29DTBQDTQQSUMMAS,SUHPXySUHPYQ
SUMKE s SUMIE+SPHIWPL (2}

DIMENSION XDATA(200)+LABLEN(8)
DIMENSION ENDCYY{2) +ENDPE (2) sENDIE (2) +ENDKE (2) yENDTE(2)
INTEGER CY

CALL PSEUDO

CYMAX=CY

NCYY=CY-CYMIN

DO 20 I=1sNCYY
XDATA(I)=CYMIN+I _
LABLCYY=10HCYCLES

LABLEN (1) =10HENERGY#%#C
LABLEN(2)=10HIRCLE=~POTE

LABLEN (3)=10HNTIAL s SQUA

LABLEN (4)=10HRE=-INTERNA
LABLEN(5)=10HL s D1 AMOND~
LABLEN(6)=10HKINETIC» TR
LABLEN(7)=10HIANGLE~TOT
LABLEN (8) =10HAL
ENDCYY (1) =CYMIN+1

ENDCYY (2) =CY

ENDPE (1) =SAVYPE (1)
ENDPE (2) =SAVPE (NCYY)

ENDIE(1)=5AVIE(1l)

ENDIE(2)=5AVIE (NCYY)

ENDKE {1)=5AVKE(1)

ENDKE {2)=5AVKE (NCYY)

ENDTE (1)=SAVTE(1)

ENDTE (2) =SAYTE (NCYY)

IF(NCYY«LT«2) GO TO 40

CALL DDIPLT{(0sINGs2+ENDCYY4ENDPEsCYMINoCYMAXsEMINSEMAX,
14LABLCYY 8L ABLEMA1)



CALL DDIPLT (09 INGs2+ENOCYYsENDIEsCYMINGCYMAXsEMINSEMAK

1 1L ABLCYYs8sLABLEN,2?
CALL DDIPLT(0yINGsZ2sENDCYYsENDKE+CYMINsCYMAXsEMINSEMAX Y
1 1sLABLCYY+BsLABLEN3)
CALL DODIPLT{0sINGy2sENDCYY+ENDTEsCYMINsCYMAXSEMINSEMAX
1 14LABLCYY +84yLABLEN,4)
40 CALL DDIPLT{OsINGsNCYYsXDATAsSAVPEsCYMINCYMAX9sEMINSEMAXS
1 1sLABLCYY+8+sLABLENSCO)
CALL DDIPLT(0sINGeNCYYsXDATA9SAVIESCYMINeCYMAXSEMINIEMAX
1 1,L ABLCYYs8yLABLENSO)

CALL DDIPLT(09ING:NCYY!XDATA;SAVKEQCYMIN;CYHAX,EMIN;EHAX!
19LABLCYYs8sLABLENSO)Y

CaLLl DDIPLT(I’ING’NCYYQXDATA!SAVTEOCYMIN’CTMAX9EHIN1EMAX!

1 leABLCYYyaoLABLEN'Q)

RETURN
END
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APPENDIX E

Computer Plots Produced by the Jeans Instability Simulator of
Appendix D,

These plots are from two full lepgth runs with identical initial
conditions except for the ratio of total internal to total potential
energy. The mesh size is 32 x 32. Later runs will be made with meshes
of 64 x 64 and possibly 128 x 128.

The last plot of each rTun demonstrates that despite rapid changes
in total potential, internal, and kinetic energies, the code conserves

total energy almost exactly.

Page No.
1E/PE 1IE/PE
Cycle No. Plot Type =.00n735 =.0367
1 cell potential over x-y plane E-3 E-22
75 cell potential over x-y plane E-4 E-23
150 cell potential over x-y plane E-5 E-24
1 particle x-y position E-6 E-25
75 particle x-y position E-7 E-26
150 particle x-y position E-8 E-27
1 cell velocity over x-y plane E-9 E-28
75 cell velocity over x-y plane E-10 E-29
150 cell velocity over x-y plane E-11 E-30
1 cell density over x-y plane E-12 E-31
75 cell density over x-y plane - E-13 E-32
150 cell density over k-y plane E-14 E-33
1 cell temperature over i—y plane E-15 E-34
75 cell temperature over x-y plane E-16 E-35
150 cell temperature over x-y plane E~17 E-36
1 cell pressure over x-y plane  E-18 B-37

75 cell pressure over x-y plane E-18 E-~38
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Cycle No.
150

1-150

Page No.

IE/PE

Plot Type =,00735

cell pressure over x-y plane E-20
total potential, internal,
kinetic, and total energy

vs. cycle (time) E-21

IE/PE
=.0367
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APPENDIX F

Listing of the Two-Dimensional Polar Coordinate Particle-in-Cell

Simulator of a Rotating Self-Gravitating Compressible Gas. 5

Comment cards necessary to make this 1isting self explanatory will 3 )

be added later.

Overlay No. Program/Subroutine Name Page No.
(0,0) PROGRAM POLR F-2
(1,0 PROGRAM GETPHI F-3
(2,0) PROGRAM INIGAS B-5
(3,0 PROGRAM ADVGAS F-16 ‘
SUBROUTINE NEGIE F-35 ?
4,9 PROGRAM GASPLT F-41

L.
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15

35

40

OVERLAY(IFILE«O.0Q)
PROGRAM POLR(DUTPUT.TAPEI+TAPFBsTAPEQ«TAPEL0.TAPELL)

COMMON/ALLCOM/IZ2As ITESTaNeNO24CYoCYY o RHQ(32,32)
COMMON /GASCOM/NTH(15) 4 DTH(15) s AREA{LS) v WNPLOTGeNPRNTGoNRINGsNO4

N04H1QNOQHEQRCCgGHCOGHCPIQGMCPEQDHGvDT1D?290T390TQ,NRTCELw
RMAX 9 CENTER s SUMPTH ¢ SUMMAS s SUMTE ¢ SUMKE ¢ PESOLD 9 PEFOLD ¢ XMGs
SAVPTH(200) ¢ SAVYPE(200) +SAVIE{200) »SAVKE(200) «SAVTE (2001} »

MASK] ¢« NBSGsNBRG3JTU 56 ING(2) s XMINGs XMAXGs YMING s YMAXGeXPG(2] »

YPGs ITAPXG+GMI yNMKGy XYL (3) 9 XPR(S) o ¥PR(5) o XMING y XMAX4 s YMING
YMAXGsPLM(2) ¢sRCOSsRSINSPHIMWPLT (2) o SPHITPLP (2) ySPHIP«TWOPI»

pTHMINsPTHHAXgEHIN!EMﬁXtCYHIN’PI9PL(2);SPHIyMTESTOITAPE
INTEGER CY4CYY
IFILE=SLIFILE
GPFILE=6LGPFILE
AGFILE=6LAGFILE
MTEST=1
ITEST=1
CALL OVERLAY(IFILEe«2+0+6HRECALL)
IF(ITAPESFR.1) TALL OVERLAY(GPFILEs1ls0,6HRECALLY
IF(ITAPEEQ.1) CALL OVERLAY(IFILEs24+0s6HRECALLY
PRINT 10+CYY
FORMAT (1HO#CYCLE = #18)
CALL SECONDITID)
CALL OVERLAY({GPFILEs1s096HRECALL)
CALL SECOND(TZ2}
T3=T2~T71
PRINT 15.T73
FORMAT (1IH *FIELD TIME = #E16.8)

CALL OVERLAY(AGFILEs3+096HRECALL)
CALL SECOHNDIT4)

T5=T4~T72

PRINT 35475

FORMAT (1H #ADVANCE TIME = #El6.8)
IF(CYY.GE.CY) GO 70 40

CYY=CYY+l

GO YO 5
CALL OVERLAY(IFILE+4+0+s6HRECALL)

5T0P
END

e




OVERLAY (GPFILEs1+0)
PROGRAM GETPHI

COMMON/ALLCOM/I2As ITESTaNsNOZ2sCYCYYsRHOA(32432)
COMMON Z(1025)+Y{(1025)

DIMENSION G(33+433)+RHD(64432)
128=12A-]
N2l=Nn2+l
IF{ITESTEQ.D) GO TO 10
ITEST=0
RNI=1./ (N#N)
DO 1 J=1¢N21
DO 1 I=1leN2)
IF(I+sEQel eANDeJoEQalY GO TO 1
G{Is+J)=RNI/SOART({I=1la)#{I=1le)+{J=1e)®{J~1,))
1 CONTINUE
G{ls1)=G(1+2)
CALL GETSET(2+12B)
B0 2 J=lsN2l
DD 3 I=le«N2]
3 Z{1)1=G{I+J)

CALL FTRANS(2,128)
DO 4 I=1sN21

4 G(IsJ)=Y (1)

i 2 CONTINUE

I3 DO S I=1sN21

F DD & J=1sN21

6 Z{JI=G(IsJ)
CALL FTRANS(2,128)
DO 7 J=1eN21

7 GlIeJ)=Y ()

5 CONTINUE

WRITE(1) G

REWIND 1
10 READ({1) G

i REWIND 1]

CALL GETSET(3sI2A)
DO 11 J=lsNOZ2

DO 8 I=1l.NO2

i Z (1} =RHOA(I+J)
3 8 Z(NO2+I)=0a

AT




i3

15

14

17

16

18
12

20

21
19

CALL FTRANS({3,12A)
DO 9 I=1.N

RHO{I,J)=Y(I)
CONTINUE

DO 12 I=1eN
DO 13 J=1.NO2
Z(J)=RHO(I+J)
Z{J+NO2})=0.

CALL GETSET{3s12A)
CALL FTRANS(3,12A)

IF{1.GYTosN21) GO TO 14

DO 15 J=2.NOo2
ZIN=Y{J)1#6{1sJ)
Z{JNO2)=Y(J+NO2) G (I J)
Zi1I=Y(1)%G(I,1) '
ZIN21)=Y(N21)#G(TsN21)

GO TO 16 '

DO 17 J=2.N02
Z{J)=Y(J)#G(I=NC2sJ)

Z{J+ND2) =Y (J+NO2)#G(I=NO2sJ)
Z{1)=Y{(1)#G(I=-NO2s1)
ZI(N21)=Y(N21)*#G(I~NQ2sN21}
CONTINUE

CALL GETSET (4s12A)

CALL FTRANS(4+12A)

DO 1B J=1.NO2
RHO(T+3)=Y (D)

CONT INUE

DO 19 J=1sNO2
DO 20 I=1sN

Z{I)=RHO(IsJ)
CALL FTRANS (4412A)
DO 21 1=1sNO2
RHOA (T, ) =Y (1)

CONTINUE
RETURN

END

i P e
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O

0O o0 0O O o

O O

~N O PN

1
2

OVERLAY(IFILEs2+0)
PROGRAM INIGAS
COMMON/ALLCOM/128, ITESTaNsND2+CYsCYYsRHO(32,432)

CDMHON/GASCOH/NTH(IS),DTH(IS)yAREA(IS)QNPLOTG!NPRNTﬁqNRINGQNO#!
NO4M1’NOQHE!RCC;GHC’GMCPlQGHCPE!DMGQDT!DTZiDT3oDT49NRTCELu
RMAXQCENTERySUMPTHQSUMﬂﬁsvSUWIE'5UMKE1PE50LD!PEFOLDQXH69

5AVPTH(200)ySAVPE{2001.SAVIE(EOGJoSAVKE(EUO)ybAVTE

(200)»

HASKI;NBSGONBRGQJTGsJSGQI“G{Z)tXHINGoKHAKGlYHING:YHAKG!XPG(2’1

YPGcITAPXGsGMquMKGnXYL(3).XPR(S)yYPR(S}9XMIN4-XMAX4;YHIVQ¢
YMAXQ;PLM(Z)aRCOb;RSIN-SPHIM,PLT(Z)95PHIT9PLP<2)ySPHIPsTNOPIo

PTHMIN!PTHMAX,EHINQEHAX?CYMIN’PIQPL(2)OSPHI!MTESTOITAPE

DIMENSION RADIUS (1000) + THETA{1000) sRDOT(15,564) +TDOT(15

064)

IE(IS-&Q);MASS(15’64)oPRE5(15,64)gXNﬂAV(ng&@)gYNHAV(lS.ﬁh).

RAMDAV (15¢64) yRZNWAV (15964) + GR(15) 9KAPPAZ(15)

INTEGER CYsCYY _
REAL TE+MINTEsKAPPAsKAPPA2sMASSyNUMBER

INITIAL VALUES

SET I2A WHERE (2#s#12A)/2 IS THE SIZE OF THE ACTIVE MESH

12A=6

SET NUMBER OF CYCLES

Cy=60

SET TOTAL NUMBER OF GAS PARTICLES
NBRG=1000"

SET NUMB. - ¢ GAS PARTICLES PER READ OF GAS PARTICLE FILE

NBSG=10"
SET INIYT- . RADIUS OF GAS

RIG=10.
SET TOTAL MASS OF GALAXY

GMC=3.55E6

SET FRACTION OF GALAXY MABS WHICH IS GAS
PERC=.05

SET RADIUS OF FIXED SPHERE OF STARS

RCC=6,
SET INITIAL MAXIMUM RATIO OF TIME SCALED ANGULAR VELOCITY 70 ANGULAR CELL

WIDTH.

ARATIO=.3

SET NUMBER OF POINTS PER GAS PLOT

NPG=NBRG

SET PERIOD OF GAS LONG PRINTING

NPRNTG=60

SET PERIOD OF PRINTING OF GAS ANGULARLY AVERAGED (RING

) QUANTITIES




O OO0 OO0 O '

O O
v
m
pr

NRING=30

SET PERIOD OF GAS PLOTTING

NPLOTG=30

SET RATIO OF SPECIFIC HEAT AT CONSTANT VOLUME 70 SPECIFIC HEAT AT
CONSTANT PRESSURE,., (GAMMA MUST BE GREATER THAN OR EQUAL' TO ONE «
GAMMA IS FQUAL TO 2.0 FOR NORMAL SIMULATION OF MONATOMIC GAS IN
TWO DIMENSJIONS. GAMMA MAY BE SET EQUAL TO 1.0 FOR A SIMULATION
WITHOUT PRESSURE TERMS,)

GAMMA=2 .0

SET RATIO OF THE VELOCITY DISPERSION OF THE GAS (SQRT OF SPECIFIC
INTERNAL ENERGY) TO THAT REQUIRED FOR LGCAL STABILITY

QGAS=1,.0

SET MINIMUM INITIAL SPECIFIC INTERNAL ENERGY

MINIE=],

SET ITAPE=1 TO START RUN, SET ITAPE=2 TO CONTINUE RUN WITH PICK UP TAPE.

ITAPE=1
CONSTANTS
PI=3.1415926536
TWOPI=2.%P1
MASK1=077777777770000000000
N=2##1ZA
NO2=N/2

NO&4=N /4
NO4M1=NO4=1
NO4MZ=NO4=2
NRTCEL=N#NO4M]
JT6=9

J56=10
GM1=GAMMA~-1,

RIG2=RIGH*#2
NMKG=NPG~NB56

XMG=GMCH*PERC/NBRG

XMG=XMG + AND s MASK1
GMC=06MC#* (1 .~PERC)

CENTER=NQ4&«+,5

RMAX=NO4=2.,0001
NTH{1)=4

NTH(2}=8

NTH(3)=16
NTH{4}=16

et e e 178 o b il A e



10
20

30
C SET

NTH(5)1=32
NTH(6)=32

NTH(7)=32
NTH(8) =32

NTH(9) =64

NTH(10)=64
NTH(11)=64
NTH{12)=64

NTH{13}=64
NTH{l4)=064

NTH(15) =64

IF (NO4.EQ.16) GO TO 20
NTH{16)=64

DO 10 I=17+31
NTH(I)=128

CONTINUE

DO 30 I=1+NO4MI

DYH{I)=TWOPL/NTH(I)
AREA(I)=DTH({I})# (I=s5)

CONTINUE
PLOTTING SPECIFICATIONS
ING(1)=10H2D~GAS

ING(2)=10H
XMING==10
XMAXG=40
YMING=~10

YMAXG=40
XPG(1)=10HX+CYCLE=

YPG=10H Y
ITAPXG=6LTAPEZ3
XYL{(1)=10HX=Y PLANE,
XYL {2)=10H CYCLE =
PL(1)=1DHPOTENTIAL®
PLP(1)=10H PRESSURE#®
PLT(1)=10H TEMP#
PLM(1)=10H DENSITY#®
ANG=PT1/3.

RCOS=COS (ANG)
RSIN=SIN (ANG)
IC=NO2+1




el

C END

145

107

110
120

XPR(1)=1.+N0O2%#RCOS
XPR(2)=1.
XPR(3)=14+N0O2
XPR{4)=IC+NO2*RCOS
XPR{5)=XPR(1)

YPR({1)=1.,+NO2#RSIN
YPR(2)=1.

YPR(3)=10
YPR(&4)=1.+NO24RSIN
YPR(5)=YPRI(}])
XMAX4=IC+NO2%*RCOS

X”IN4="II
YMING=<1,

YMAXG=XMAX G
HT=1C+NO2#RCOS~NO2#RSIN
OF INITIAL DATA

IF (ITAPE.EQ.2) GO TO 350
cYy=1

IF (MTEST.EQ.0) GO TO 160
MTEST=0

DO 105 1=1,N04&M]
NNTH=NTH(I)

DO 105 J=1+NNTH
RDOT(1yJ) =0,
MASS(T9J) =0,

XNWAV {1+J) =0,

YNWAV(I+J) =0,
RZMDAV {1+ ) =0,

R2ZNWAV (1+J) =0,
CONT INUE

DO 107 I=1eND2
DO 107 J=14N0O2

RHO(IQJ)=01
CONT INUE

X=URAN(T7654321.)
NS2=0

DO 130 IS=1.NBSG
X=2+ ¥ (URAN(O4s)=45)

Y=2# {(URAN(D o) =a5)
ZT7=224# {URAN(D.)=o5)



R2=X#X+VRY+ZT#Z7
IF(R2.GT+1s) GO TO 120

XC=RIGH#X
YC=RIG®Y

IF(XC.EQ.O-) XC=o00001
R2=XC#XC+YC®YC
R=SQRT(R2}
TH=ATANZ2(YCy XC)
IF(THeLTe0e) TH=TH+TWGO]
IF(TH.GE«TWOPI) TH=TH-TWOPI
IR=R+1
JT=TH/DTH(IR) +1
IX=CENTER+XC+.5
JY=CENTER+YC¢«5
XNWAV (IR JTI=XNWAV IRy STY+XC
YNWAV (IR JT) =YNWAV (IR UT) +YC
R2ZMDAV (IR 9 JT)=R2MDAV (IR JT) +R2
RZNWAV (IR ¢ JTI=R2NWAV (IR« JT) +R2
MASS (IRsJTI=MASS{IRsJT) +XM4G
RHO{IX s JY)=RHO(IXsJY)} ¢, 54XMG
RADIUS(IS)I=R
THETA(IS)=TH

& 130 CONTINUE

E ARITE(9) RADIUS,THETA

3 NSZ2=N52+NBSG

5 IF (NS2,LT«NBRG) GO TO 110

REWIND 9

DO 140 I=1+NO4M2

NNTHSNTH{I)

DO 140 J=1sNNTH
1F (MASS(I9J)sEQa04) GO TO 140

NUMBER=MASS({T4J) /XM5

XNWAV (T9J)=XNWAV{IsJ) /NUMBER
YNWAV LT+ JISYNWAV (TsJ) /NUMBER

R2ZMDAY (190)=R2MDAY (1+J) /NUMBER

R2NWAY (14J) =R2NWAY (1 J) /NUMBER
140 CONTINUE

WRITE(8) RDOTsMASSsXNWAV,YNWAVIRZMDAVeRZNWAY

REWIND B
RETURN

:;,\,vx;‘..f T TN e
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160

165
170

175

Wi

b s e e

READ(8) RDOTIMASS ¢ XNWAVsYNWAVIRZMDAY s RZNWAY

REWIND 8

DO 170 I=1:ND4M2

GR{(I)=0.

NNMTH=NTH{T)

DO 165 J=1oNNTH

R=I=+5

TH= (U= ,5)=DTH(I)

XCELL=R*COS (TH)

YCELL=R#SIN{TH)

X=CENTER+XCELL

Y=CENTER+YCELL

IX=X

1v=Y

XX=IX=X

YY=1Y¥=Y

RAD3=R#R#R

IF{R4t.T4RCC) RAD3I=RCCHRCCH*RCC

OX=(YY+1a) R U{XX+1 ) (RHO(IX+1oIY}=RHO(IX=1oIY))=XX#{RHO(IX+2+s1Y)~-R
ITHO(IX o IY ) ) =YY # ((XX+) o) # (RHO(IX+1 o I¥Y+1)=RHO(IX«loIY+]1))=XX# (RHO(IX

2+291Y¢1)}=RHO(IXsIY+1)))~GMCHXCELLYRAD3
GY={XX+1a) ¥ ({YY+1 ) ¥ (RHO(IXs IY+1)=RHO{IXsIY=1))=YY*(RHO(IXsIV+2)=R

YHOCIX o IY D) ) =XX#F((YY+] o) F(RHO(IX+19IY+1)~RHO(IX+1eIY=]))=YYH(RHO(IX

2+19IY+2)=RHO(IX+141Y)})=GMCH*YCELLYRAD3
GR{I}=GR(I)+ {XCELL#GX+YCELL*GY) /R

CONT INUE

GR{I}=GR(I)/NNTH
CONTINUE

NO4M3=N0O4~3

DO 175 I=24N04M3

R=I-a5
KAPPAZ({II=(GR{I+1)~GR(I=1))/2.+3.,%GR{I)/R

CONT INUE
KAPPA2(1)={(GR(2)-04)/2.+3+%CGR{1) /45

KAPPAZ (NO4M2) = (GR(NO4M2) ~GR(ND4M3} ) /1. +3.#GR(NO4M2) /7 (NO4GM2=,5)
KAPPA2 (NO4M]1)=0.

DO 185 I=1,N0N4M]

KAPPAZ (1) =-KAPPAZ2(I)

IF(KAPPAZ2(1).LT.0.) KAPPAZ(I)=0.
KAPPA=3QRT (KAPPAZ(I))

NNTH=NTH (1)



178
180

182
185

DO 185 J=1¢NNTH
IF (MASS{I+J)4EQ.04) GO TO 182
IF (KAPPA.EQ.0.) GO TO 17

IE(IsJ)=(3. BE”QGAS*MASS(IsJJ/(AREA(I)*KAPPAJl**Z*MINIE

GO 70 180
IE(I+J)=MINIE
PRES{I+J)=GMI#IE(T+J)#*MASS(I+J) /AREA(TD)
G0 TO 185

IEC(IsJ)=0,
PRES{I+J)=0,
CONTINUE

AMAX=0,

1S5av=)

DO 240 I=1+N04aM2
IPTEST=0

IF(X+EQsl) IPTEST=1
IF{l1sEQs2) IPTEST=1
IF(1.EQ.4) IPTEST=1
IF(I.EQ.B} IPTEST=1
IF{1+EQel6) IPTEST=1
IMTEST=0

IF(L+EQ.2) IMTEST=1
IF{I.EQs3) IMTEST=1
IF({I+EQe5) IMTEST=1
IF{T.EQ.9) IMTEST=1
IF(I+EQel?) IMTEST=1
NNTH=NTHLTI)

DO 2406 J=1+NNTH

IF (MAS5({I+J) «EQe0s) GO TO 230

ANEW=XNWAV (I¢J)
YNEW=YNWAV(Is+J)

RNEN=SQRT (XNEW#XNEW+ YNEW#YNEW)
X=CENTER+XNEW

Y=CENTER+YNEW

IX=X

1y=Y

XX=IX~X

YY=IY=Y

RAD3=RNEW*RNEW#RNEW
IF(RNEW.LT-RCC) RAD3=RCC#RCC#RCC

GX=(YY+1a)#((XX+1a)®(RHO(IX*1oIY)~RHO(EX=1sIY))=XX#(RHO(IX*2sIY)~R




lHO(IXoIY)))-YY*((XX*l.i?(RHO(IX+1-IY01)-RH6(IX-l;IY*l))-KX*(QHO(IX

242 IY+1)=RHO(IXs1Y+1)}}=GMC*XNEW/RAD3
GY=(XX+1at#( (YY)} #RHO(IXyIY#+1}=RHO(IXsIY=1))}=YY2(RHO(IXs1IY+2)~R

1AGCIX o IV ) ) = XX#F (LYY 4+ o} ¥ (RHO(IX+1 oIV 41 ) =RHO(IX+1alY=1))~YY#(RHO{IX
2+191Y+2)=RHO(IX+1y1Y)})=GMC*YNEW/RAD3

GRR=(XNEW#GX+YNEW#GY) /RNF W

IF(IPTEST.EQ.1) GO TO 200

PIP=(PRES{]+J)+PRES{I+1s4}) /2,
IF (MASS(I+1,J) .EQ.0.) PIP=0.

GO TG 210

200 PIPLI={(PRES(I+J)+PRES(T1+1,2%J~1))/2.
IF(MASS(I+]1,2%J-1).EQ.0.) PIP1=0,
PIP2={PRES(T+J)+PRES(I+1,2%J}) /2.
IF{MASS{I+142%J).EQ.0.) PIP2=0,
PIP=(PIPL+PIPZ) /2,

210 IF{I.NEs1) GO TO 215
JP2=Je2
IF{JP2.GT.4) JP2=JP2=~4
PIM=(PRES(14J)}+PRES(144P2)) /2.

IF{MASS{1+JP2) 4EQ.0s) FIM=0,.
GO 1O 220

215 JJ=J )
IF(IHTEST.EQOI) JJ=(J*1)/2
PIM=(PRES(I4J)+PRES(I=19JJ)}} /2
IF(HASS{I“IIJJ).EQQO.) PIM:O.

220 TDOT2=={{(PIM=PIP) /MASS{1,4J) +GRR) /RNEW
IF(TDOTZ2L.Te0s) TDOTZ2=0.
TDOT{I+J)==SART(TDOT2)
ASAY==TDOT(I+J) /DTH(I)
IF{ASAV.LT«AMAX) GO TO 240
AMAX=ASAY
ISAvV=]

GO TO 240

230 TDOT(I+J)=0.

240 CONTINUE
NNTH=NTH(NO4M]1)

DO 245 J=1,NNTH

TDOT(NO4MLlsJ)=0.
245 CONTINUE

DT=ARATIO/AMAX
PRINT 2504+0T
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250 FORMAT(1HO#TIME STEP DT = #E16.8)
DDDG=NTH(ISAV}) /ARATIO

PRINT 253+I5AVsDDDG R .
253 FORMAT(1HO®#AT R+.5 = #]3% THERE ARE #F10.3% TIME STEPS PER ROTAT

1ION#)
DT2=DT#DT
DY3=DT24%DT
DT4=0T12%DT2
DMG=XMG*DT2
DMG=DMG+ ANDJMASK]
PRINT 255+0MG

255 FORMAT (1HO#TIME SCALED PARTICAL MASS = #E16,8)
GMC=06GMCHDT2
GMCPI=3.*GMC/(2.§RCC)
GMCP2=GMC/ {2 ., #RCCH##3)
DO 260 I=1.N04M2
NNTH=NTHIT)

DO 260 J=1e+NNTH
IF(MASS(I+J).EQ.0.) GO TO 260
TDOT(I+3)=TDOT (144) DT
IE(I+ NI=1E(14J)%#DT2
MASS (T4J)=MASS (143)%#DT2

260 CONTINUE
ANGVG=TWOPI/{(DDDG*DT)
EMAX=,2% XMGHNBRG#*RIG2# ANGVGH*ANGVG
EMIN==10.%EMAX
PTHMAX=04
PTHMIN== 5% XMG*NBRG#RIG2#ANGVG
PMAXZ2.% (2 #RHO (NO4 ¢ NO& ) #OT2+GMCP1] )
PMAXM=]0,%DMG#NBRG/ (PI#RIG2)
PMAXT=100.#(IE{Se1)+TE(E,2)+IE(6+3)+JE(60G)) /4
PMAKP= o 29PMAXM*PMAXT

SPHI=HT/PMAX
ENCODE(104275+PL(2)) SPHI

275 FORMAT(F1043)
SPHIM=HT /PMAXM
ENCODE (10+275,PLM(2)) SPHIM
SPHIT=HT/PMAXT

ENCODE(10+275+PLT(2)} SPHIT
SPHIP=HT /PMAXP

et ey At st LT Aoy b b (Tt rn



280

300
C STA

350
355

400

ENCODE(10+2804PLP(2)) SPHIP
FORMAT(F10.0?

SUMMA5=00
SUHPTH:G.

5UHKE=00

SUMIE=D.

DO 300 I=14NO4M2

NNTH=NTH(I)

DO 300 J=1eNNTH

IF{MASS(I4J).EQ40.) GO TO 300
R2ZMID=R2MDAV{I,J))
SUMMAS=SUMMAS +MASS (I J)
SUMPTH=SUMPTH+MASS([+J)#R2MID2TDOT (T e )

SUMKE=SUMKE++S#MASS (14 J)4R2ZMID*TOOT (I J)} *TDOT (I +J)

SUMIE=SUMIE+MASS{Is J)#IE(IaJ)

CONT INUE

GO 70 400
TEQSNES 350 TO 400 ENABLE RUN TO BE CONTINUED wITH PICK UP TAPE

READ(11) RADIUS,THETA

WRITE (3} RADIUSTHETA

NS2=NS2+NBSG

IF(NSZ2.LT.NBRG) GC TO 355

REWIND 9

READ(11) RDOT»TDOT+IEsMASS s XNWAV e YNWAV2R2MDAV s R2ZNWAV s SUMMAS,

1 SUMPTHe SUMIE + SUMKE s PESOLDsPEFOLDsCYYeDT+DT29DT390T49DMGGMCy
2 GMCP1yGMCP2¢SPHIMySPHITeSPHIPWwPLM(2) sPLT(2) sPLP(2) yEMAXSEMINY
3 PTHMAX« PTHMIN s SPHISPL (2}

CY=CY+CYY

CYY=Cyy+1

CYMIN=CYY~-1

CALL EVICT(6LTAPEl11l)

DO 405 [=14NOD2
DO 405 J=1+NO2

RHO{T9d)=0.

CONTINUE

NSZ=0

READ(9) RADIUSTHETA
DO 420 IS5=1,NBSG




54

420

IF (RADIUS(IS) 4GT.RMAX) GO TO 420
IX=RADIUS{IS)#COS({THETA(IS))+CENTER+.5

JY=RADIUS (IS)#SIN(THETA(I5)) +CENTER+.5S
RHO(IX o JY)=RHO{IX9JY) +,5#0MG

CONT INVE

N32=N52+NBSG
IF(NS2.LT«NBRG) GO TO 410
REWIND 9

WRITE (B) RDOTsTDOT»IEsMASSyXNWNAV s YNWAVsR2MDAVIR2NWAY
REWIND 8 :

RETURN
END




OVERLAY (AGFILEs3+0)
PROGRAM ADVGAS

COMMON/ALLCOM/12Ay ITESToNsNO2sCYaCYY9RHO (324 32)
COMMON/GASCOM/NTH(IS)9DTH(15);AREA(IS)sNPLOTG’NPRNTGaNRING.NOQq

NOQMIQNOQHZQRCC,GMC'GMCPIQGMCPZQDMG9DTQDTBQDTBQDTQQNQTCELw
RMAX s CENTER » SUMPTH » SUMMAS s SUMTE ¢ SUMKE s PESOLDsPEFOLD« XMGy
SAVPTH(200) +SAVPE (200) + SAVIE (200) » SAVKE(200) »SAVTE(200} »
MASKliNBSGoNBRGiJTGOJSGo[NG(Z)-XMING9XHAXGQYMIN60YHAXGQXDG(2)1

YPGeITAPXG;GHIoNHKGoXYL(3}gXPR(S),YPR(S)’XMIN4vKMAX4gYWIﬂ4g
YMAXQ;PLM(E)’RCOBgRSIN,SPHIMqPLT(Z);SPHITprP(Z)oSPHIPcTNOPIo

PTHHINvPTHMAKvEHINyEMAX'CYHIVQPI9PL(2)QSPHIQMTESTvITAPE

CGHHON/NEGCOH/Iﬁ(lS;bQ)cMASS(ISaﬁh)sXNNAV(IScBQ)
DIMENSION RADIUS(1000)«THETA(1000) sRDOT(15+6%)

TDOT(15964) s YNWAV (15464) 9 RZMDAV (15+64)

i
2 RENWAV(15¢64)vPRES(15164}9RDDOT(15¢64)qPRAD(lS;BQ)o

3 PTHETA(ISth)'ETOTAL(15964)0XPL0T(1000)’YPLDT(IOOD)qGR(IS)n
4

5

- O W

RNEWR(IS)1DENSR(15)9PRESR(15),HASSR(IS)9IER(15)0KAPPA(1519
XPLOT1{32) 4 YPLOT1(32)sxXPLOT2(32)sYPLOTZ2(32)
EQUIVALENCE (RADIUS(1)+XPLOT{1}) s (THETA(1),YPLOTI(1))
INTEGER CYsCYY+Q
REAL IE!INE!IER?KAPPA,KAPPAEQKE!“AssiMASlMASSR’NUMBER
C IF GAS PLOTTING IS5 70O BE DONE THIS CYCLE SET IPLOTG=les OTHERWISE SET IPLOTG=0.
IPLOTG=0
IF(CYY~CYY/NPLOTGH*NPLOTGEQa0«ORCYY.EQs1) IPLOTG=]
ENCODE (10415+XPG(2)) CYY
ENCODE (10415 XYL(3)} CYY
15 FORMAT(I10)
CALL PSEUDOD
IF GAS LONG PRINTING IS TO BE DONE THIS CYCLE SET IPRNTG=1ls OTHERWISE
C SET IPRNTG=0
IPRNTG=0
IF(CYY=CYY/NPRNTG*NPRNTGL,EQ+0+ORCYYEQ.1) IPRNTG=1

%;ISSSORING AVERAGES ARE TO BE PRINTED THIS CYCLE SET IRING=l yOTHER#ISE SET
IRING=0
IF {CYY=CYY/NRINGH*NRING.EQe0+ORCYY.EQ.1) IRING=1
READ(8) RDOT»TDOTeIEsMASSyXNWAY s YNWAVJRZUMDAYV s RENWAY
REWIND 8

]

o0
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| IF (IPLOTGWNEJ1) GO T2 40
C MAKE A CONTOUR PLOT OF THE GRAVITATIONAL POTENTIAL

CALL DDIPLT(09ING,S;XPRQYPQ,KHIN41XMAKQ,YMINQQYHAX4939XYLW1)9
1 2ePLI{1) 414+ ITAPXG)

DX=0.
DY=1.
DO 30 J=24NOZ
K=0
DX=DX+RCOS
DY=DY+RSIN
DU=0-

3 DV:I.

; DO 25 I=2yN02

g K=K+l

; DU=DU+RCOS

; DV=DV+RSIN

1 XC=I-CENTER
YC=J=CENTER
R2=XCuXC+YCHYC
R=SQRT (R2)

EGC=GMCP1~GMCP2#R2
IF{R«GT+RCC) EGC=GMC/R

XPLOTI (K}=J+DU
YPLOT] (K)=SPHI# (2.%RHO(J, 1) +EGC) +DV
XPLOT2{(K)=1+DX
; 25 YPLOT2(K)=SPHI®*(2,#RHO(14J)+EGC)+DY
; CALL DDIPLT(OqINGvaXPLOTE;YPLOTZ-XMIN#yKHAXQqYHIN4yYMAX49
1 3eXYL{1)92+sPLI1)Y 214+ ITAPXG)
CALL DDIPLT(O;INGoKyXPLOTloYPLOTl9XMIN#;KMAX#.YMINthHAxﬁo

} 3¢XYL(1)92sPL{1) 9149 ITAPXG)
30 CONTINUE

K={

DO 35 I=24N02

! XI=1

! K=K+1

XPLOT2 (K)=XI+RCOS
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! YPLOT2(K)=1.+RSIN
35 CONTINUE
CALL DDIPLT(1yING!K’XPLOTEoYPLOTZ’XMINQQXMAXQQYMINQQYHAXQG
1 FeXYL{1)92+PLI1) 913+ ITAPXG)
40 IF(IRING.NE.1) GO TO 120
DO 50 I=14NO4M2
GRR=0,
NNTH=NTH{T)
DO 45 J=1yNNTH
R=I~s5
TH={J=.5}#DTH(I)
: XCELL=R*COS(TH)
YCELL=R#SIN(TH)
X=CENTER+XCELL
Y=CENTER+YCELL
IX=X
1Y=Y
: XX=IX~X
; YY=1Y-Y
: RAD3I=R#R#*R

R R L i o

: IF (ReLTeRCC) RAD3=RCCH#RCCH#RCC
% Bxz (Y410t 8 ({XX*1a)® (RHO(IX+1s IY)=RHO(IX=151Y)}=XX#* (RHO(IX+2s IY) =R

lHD(IKgIY)))-YY*((XX+1.)*(RHO(IK+1oIY*1)-RHO(IX-1|IY+1})-KX*(RHD(IX
2+291Y+1)=RHO(IXsIY+1)))=GMC#XCELLYRAD3
GY:(xx+1.)*((YYol.)*(RHO(Ix,1Y+1)—RH0(Ix.1Y-1:)-YY*(RHO(IX.IY+2)-R

: lHG(Ix-IY)))-XX*((YY+1.)*(RHO(IX+1oIY*I)-RHO{IX*lvif-ll)—YY*(RHO(IX
: 241,1Y+2)-RHO(IX+151Y)))=GMC*YCELLYRAD3

GRR=GRR+ (XCELL#*GX+YCELL#GY) /R ‘
45 CONTINUE

GR{I)=GRR/(NNTH*DT2}
50 CONTINUE

PRINT 52
52 FORMAT (1HO®ANGULARLY AVERAGED QUANTITIES FOR THE END OF THE LAST C
1YCLE wHICH HAVE BEEN COMPUTED AT CELL GEOMETRIC CENTERS#}

PRINT 53
53 FORMAT(1HO® i R GR KAPPA(=GR)#)
, DO 60 I=1+NO4M2
R=I=.5

IF(1.EQs1)G0 TO 5S4
IF(I.EQ.NO4M2) GO TO 56

KAPPA2=(GR(I+1)=GR(I=1)) 72.+3.#%GR{I) /R
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i GO TO 58 .
54 KAPPA2={(GR(2)=04) /72443, %GR (1) /R

GO 70 58
56 KAPPA2=GR (NO&M2) =GR (NO4~3) +3.%GR(NO4M2) /R

G5R KAPPAZ==KAPPAZ

IF(KAPPA2.LTe0e) KAPPAZ=0.
KAPPA(1)=SQRT (KAPPA2)

PRINT 61s14RyGR(I)KAPPA(I)}

5 &0 CONTINUE
L B1 FORMAT(IH »I13+F5.192E16.5)

PRINT 64

64 FORMAT {1HO#ANGULARLY AVERAGED QUANTITIES FOR THE END OF THE LASY C
1YCLE WHICH HAVE BEEN COMPUTED AT CELL CENTERS OF MASS AND FOR AVER

: 2AGED R.R%)
: PRINT 68

i 68 FORMAT(1IH # I NO. PART. RNEW MASS DENS
i 1 SPECIFIC IE PRES RDOT#)

DO 80 I=1.NO4M2
RNEWR(1)1=0.
MASSR(I)=0e

; PRESR{I}=0.

5 GRR=0,

£ RDOTR=0.

NNTH=NTHI{T}
DO 73 J=1eNNTH

IF{MASS{1+J).EQ.0.) GO TO 73

XNEW=XNWAY (1)
YNEWSYNWAV(IsJ)

RNEW=SQRT (XNEW#XNEW+YNEWHYNEW)

RNEWR (1) =RNEAR (I} «MASS(I,J)*RNEW
MASSR (1) =MASSR({T) +MASS(I4J)

PRESR{1)=PRESR{1)+MASS(I,J)*IE(I+J}

X=CENTER+XNEW
Y=CENTER+YNEW

Ix=X
IY=Y.
XX=IX~X
YY=1Y-Y




RADI=RNEW#RNEW#RNEW
IF (RNEW.LT.RCC} RAD3=RCC#RCC#RCC

GX*(YY+1.)*((XX+1.)*‘RHO{IX*IQIY)—RHO(IX-I9IY
lHO(IKgIY)))-YY*((XX*I.)*(RHO(IX+1;IY+1)-RHO(I

2+2yIY+1)*RHO(IX’IY+1)))-GMC*XHEN/RAD3
GY=(XK+1.)*((YY*I.!*(RHO(IX!IY*I)-RHO(IX;IY—I))-YY*(RHO(IXoIY*E)'R
IHO(IXgIY)l)—XX*((YY+1.)*(RHO(IX+101Y+1)-QHD(IX*IQIY-I))-YY*(RHD(IX
2‘1917+2)-RH0(IX*1oIY)))-GMC*YNEd/RAD3
GRR=GRR+MASS(1141*(XNEN*GX+YNEH*GY)/RNEW
RDOTR=RDOTR+MASS (I1+J)#RDOT (IsJ)
73 CONTINUE

IF (MASSR(1).EQ.0e) GO TO 75
NPARTR=MASSR (1) /DMG

% RNEWR (I} =RNEWR (I} /MASSR(T)

g DENSR (1)=MASSR (1) / (NNTH®AREA (1)#DT2)

£ IER (1) =PRESR (1) / {MASSR(I)*#DT2)

PRESR (1) =GM1#*PRESR(I)/ (NNTH*AREA(T)#*DT4)
GR{1)=GRR/ (MASSR(I)#DT2)

RDOTR=RDOTR/ {MASSR(I1}#DT)
MASSR(I)}=MASSR(I)/DT2

GO TQ 78
75 NPARTR=0

RNEWR(I) =0+,
DENSR(I)=0.
PRESR(I}=0.
GR{I)=0D.
RDOTR=0
78 PRINT SlsloNPARTRqRNENR(I)9MA55R{I)oDENSR(II9IER(I)-PRE5R(I)9
1 RDOTR
80 CONTINUE
B1 FORMAT{1H +13,16+6E16.5)

PRINT 83
83 FORMAT{1HO#® [ R2MID R2NEW TDOT RNEW

1.THDTO2.THDTO2 DP/M GR{CNTR MASS) Q(GR(CELL CNTR))#)

DO 100 I=1sND4M2
R2MDR=04

R2NWR=0 .
PTHR=0.

)Y =XX* (RHO(IX+2yIV) =R
X=1s17+]1))=XX®(RHO{IX

-
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86

: 88

90

95
100

NNTH=NTH(T)

DO B5 J=1sNNTH
IF(MASS(1,)).EQ.0.) GO TO 85
RZMID=RZMDAY (] s J)
R2ZNEW=R2NWAY ([ ¢+ J)
R2ZMDR=RZ2MDR +MASS (4 J) #R2MID
RZNWR=RZNWR+MAS5 (1 +J) #R2NEW
PTHR=PTHR+MASS (14 J) #R2MIDHTDOT (1sJ)
CONTINUE

IF{MASSR(]).EQ.0.) GO TO 90
R2MDR=R2MDR/ {MASSR (1) #DT2)
R2ZNWR=RZNWR/ (MASSR(]}%#DT2)
TDOTR=PTHR/ (MASSR{I)#R2MDR#DT3)
THDTO2=PTHR / {MASSR (1) #R2NWR*DT3)
RTDOT2=RNEWR(])#THDTO2#THDTO2
IF(I1.EQ.)) GO TO 86
IF(1.EQ.NO4M2) GO TO 87
PIP={(PRESR{I)+PRESR{I+1)}/2.
IF{MASSR{I+1).,EQe0:) PIP=0.
PIM=(PRESR{I)+PRESR(I=1))/2.
IF(MASSR(I“I).EQ.O.) PIMZO.

GO TO 88
PIP=(PRESR{I)+PRESR({I+1})) /2.
IF{MASSR{I+1).EQ.0s} PIP=0,
PIM=PRESR(])}

GO TO 88

PIP=0,
PIM={PRES(I)+PRES(I-i}} 2.

IF {MASSR{I-=1).EQs0e) PIM=:0,
DPOM={PIM=PIP) /MASSR(I)
IF(JER(I) sLT«04) IER{(I)=0.
GR=KAPPA{I)#*SQRT(IER(I)) /(3.36%DENSR(I))

GO 70 95
RZMDR=0.

RENWR=0.

JODTR=0.

RTDOT2=0.

DROM=g0.

QAR=0. .

PRINT 101+ T9RZMDRsR2NWR 9 TDOTRIRTDOT29DPOMsGR (1) 9QR
CONT INUE




101 FORMAT(1H sI3»7E16.5)
120 DO 12z I=14NDO4M]

NNTH=SNTH(] )
D0 122 J=1sNNTH

IF{MASS({IsJ}.EQe0.) GO 70O 121
PRES (T+J)=GMI#TE(IsJ)*MASS{I+J) /AREA(])
IF(IEfI!J).LTnO.) pRES(I’J)=O.
GO TO 122

121 PRES{I+J)=0,

122 CONTINUE
JETEST=0
NHIVEL=0
SUMPEF=0,
SUMPES=0.
DO 200 I=1eNO4M2
ARCIP=I%DTH{I)
ARCIM=(I=-1)%#DTH{I}
IPTEST=0
IF{I4E0Q.1) IPTEST=1
IF(1eEQs2) IPTEST=I1

IF(I1.EQe4) IPTEST=1
IF{I«FQ«B) IPTEST=1

IF(1.EQs16) IPTEST=1
IMTEST=0

IF(I1.EQ.2} IMTEST=1

IF(1+EQe3) IMTEST=1

IF(1.EQ.5) IMTEST=1

IF(1.EQe9) IMTEST=1

IF(I<EQe17) IMTEST=1

NNTH=NTHI(I)
DO 200 J=1sNNTH

IF(MASS(1+J).EQe0a.) GO TO 200

XNEW=XNWAV{TeJ)
YNEW=YNWAV (I+J)

RNEW=SQRT {XNEW#*XNEW+YNEW#YNEW)

X=CENTER+XNEW
Y=CENTER+YNEW

IX=X
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130

Y=Y

AX=IX-X

YY=IiyY-Y
RAD3=RNEWHRNEW#RNEW

IF {RNEW.LT+RCC) RAD3=RCC#RCCH*RCC

GX=(YY+lad# L{XX+1a)# (RHO(IX+19IY)=RHO(IX=1o 1Y} }=XX#(RHO(IX+241Y) =R
THOCIX g IYD 1) =YY# ((XX+L ) ¥ {RHO(IX+2a]Y*1)=RHO(IX~1aIY+]))=XK#(RHO (IR
2+231Y+1)=RHO(IXs1Y+1)) ) =GMCHXNEW/RAD3

GY={XX+1a) ¥ ((YY+) ) #{RHO(IX»IY+1)~RHO(IXaIY=1))=YY#(RHO(IX,
THOCIX e IY D) ) XXt i (YY1 I (RHO(IX+19IY+1)=RHO(IX+1sIY¥Y~1))=V¥#

2414 IY+2)=RHO(IX+141IY)))=GMCH*YNEW/RAD3

DX==XX

DY=—YY
Di1l=1=-DY=-DX+DX#DY
D12=DY# (}1=-DX)
D21=Dx*(1-DY}
D22=DxX*DY

SUMPES=5UMPES+MASS (T ) # (DI1¥RHO(IXs IY) +D12#RHO(IXs1Y+])

1 +D214RHOLIX+14 IV +D22¥RHO(IX*191Y+1))
EGC=GMCP1-GMCP2#*RNEW#*RNEW

IF (RNEW.GT.RCCY EGC=GMC/RNFEW
SUMPEF=SUMPEF +MASS{]+J)*EGC

IF(IPTEST.EQ.1) GO TO 130
PIP=(PRES(I14J)+PRES{I+1sJ}) /2.
IF(MASS(TI+)4J) EQe0a) PIP=0.
DEIP==ARCIP#PIP#(RDOT(I9J)+RDOT(I+14J)) /2,

GO TO 140

PIP1={(PRES{I+J)+PRES(I+1,2%J=1)) /2

IF {MASS{I+142%J=1)EQ.0+) PIP1=0.
PIP2=(PRES{I+sJ)+PRES{I*]142%J)) /2.

IF{MASS{I+1+2%J) sEQe0e) PIP2=0.

PIP={RPIP1+PIP2}/2,.

DEIP== ,G#ARCIPH*PIP1# (RDOT(I+J) +RDOT{I+1s2%J=1)) /2.
1 - SHARCIP#PIP2%# (RDOT(IsJ)+RDOT(I+1e2%J)) /2,

140 IF(I.NE.1) GO TO 145

JPasde

IFIJPR2.GT«4) JP2=J4P2=4
PIM=(PRES(14+J)+PRES{1+JP2)) /2.
IF{MAS5(14+JP2) EQuDe) PIM=0.
DEIM=0.
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GO TO 160
145 JJ=J
IF(IMTEST.EQ.1) JJ=(J+l} /2
PIM=(PRES(I»J)+PRES(I=1sJJ}} /20
1F (MASS{1=14JJ) «EQe0e) PI¥=0.
DEIM=ARCIH“PIM*(RDOT(I;J}+RDOT(I'1’JJ}}/2.
160 JPl=J+]
IF (JP1«GTaNNTH) JP1=l

PUP=(PRES({I4J)+PRES(1+JP1)) /2.
IF (MASS(1+JP1) .EQ.04) PIP=0.

DEJP=-PJP*(I-.S)ﬁtTDOT(I.J)*TDOT(IoJPl))/2.
JMi=Jd=-1

IF(UM1.LTe1l) JM1=NNTH

PIM=(PRES{1+J) +PRES{IsJM1)) /20

IF(MASS(I’JMI).EGOOO) pJM=OO
DEJM:PJM*(I-.S)*(TDOT{I!J)+TDDT(19JM1))/2.

GR= (XNEW#GX+YNEWHGY) /RNEW

FR=GR+ (PTM~BIP) /MASS {TsJ)

GTH= (XNEWSGY-YNEW#GX) /RNEW
FTH=GTH*(PJH-PJP)}ﬁASS(IgJ)
R2MID=R2MDAY (IsJ)
R2NEW=R2NWAV {1 +J}
PTH=R2ZMID*TDOT (I +J}
TORQ=RNEW®FTH

PTHDT=PTH+TORQ
THDTOZz-S*(PTH‘pTHDT)/RZNEW
RDDDT(I!J)=FR+RNEW*THDT02*THDT02
RDOTDT=RDOT (I,J)}+RDDOT (T4 J)
RDOT34=RDOT(IQJ)’c?S*RDOOT{I’J}
REDT=R2NEW*RNEW*RDOT34+oZS*RDOTBQ*RDOT34
IF(REDT.EQ.O.} R2DT=1.
TDOTDT=PTHDT/R2DT

IE(IvJ)=IElIyJ}*-5*(RDOT{IaJ)*RDOT(IeJ)+R2MID*TDDT(I;J)*TDOW(IvJ)
1 -RDOTDT*RDOTDT‘RZDT*TDOTDT*TDOTDT)+GR*(RDOT(I,J)+RDOTDT)/2.

2 +GTH*RNEN*THDTOZ*’(DEIP+DEIM+DEJP*DEJM)/MASS(I9.Jl

IF(IE(I’J).LT.O.) IETEST=1
IF (MASS{14J)+LT«5.0%#DMG) GO TO 185

ABRDOT=ABS (RDOTDT)
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165
185
200

205

232

€34

236

ABTDOT=ABS(TDOTDY)

IF (ABRDOT«GE +4375.0R«ABTDOT «GE e« 375#DTH(I)) NHIVEL=NHIVEL+1

IF (ABRDOT . Tels0sAND«ABTDOT.LT.DTH(I}) GO TO 185

CY=CYY

IPLOTG=1

IPRNTG=1

PRINT 165+RDOTDT+TDOTDT "0

FORMAT (1HO®RDOT=*E16.8% AND TDOT=#*E16,.8% FOR I=#I3% AND J=#13)
PTHETA(1+J)=TDOTDT

CONTINUE

IF (NHIVEL «GT+0) PRINT 205sNHIVEL

FORMAT (1HO®*NUMBER OF CELLS WITH 46T« 5 PARTICLES AND WITH SCALED vV

1ELOCITY COMPONENTS 46T 4375.(CELL DIMENSION) = #IS)

IF(IETEST-EQUI-AND.CYY'CYY{S*S‘EQ'0) CALL: NEGIE
PTH=SUMPTH/DT3

TM=5UMMAS/DT?

INE=SUMIE/DT&

KE=SUMKE/DT4

PESNEW==5UMPES /DT4

PEFNEW==SUMPEF /DTS4

IF(CYY.EQ.]) PESOLD=PESNEW
IF(CYY.EQ.1) PEFOLD=PEFNEW

PES=(PESOLD+PESNEW) /2,

PEF=(PEFOLD+PEFNEW) /2.

PESOLD=PESNENW

PEFOLD=PEFNEW

PE=PES+PEF

TE=PE+ INE+KE

PRINT 232

FORMAT (1HO ®THE VALUES ON THE NEXT TWO LINES ARE FOR THE END OF TH
1E LLAST CYCLE®#)

PRINT 234+PESsPEF¢PTHeTHM

FORMAT(1H #PES=w#E14.7% PEF=#El4.7# PTH=#E14. 7% TM=#E14.7)
PRINT 2364PE+INESKESTE

FORMAT(1H #PE=#E14.7% IE=%E}4,.,7% KE=#E]144 7% TE=%E}14.7)
ICYPLT=CYY=~CYMIN

SAVPTH(ICYPLT)=PTH

SAVPE{ICYPLT)=PE
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240

245

248

250
260

270

SAVIE{ICYPLT)=INE
SAVKE(ICYPLT) =KE

SAYTE (ICYPLT)=TE
DO 245 I=1¢ND4M]

NNTH=NTH{T)

DO 245 J=1+NNTH
IF(MASS(I4+J).EQ.04.) GO TO 240
TDOT(1+JI=PTHETA(I s J)
PRAD(T»J)=0,
PTHETA(I+J)=0.
ETOTAL(IsJ)}=0.

MASS (1,4J)=0,
XNWAV{IsJ2=0.
YNWAV(T+d)=0,

RZMDAY (1+J) =0,

RENWAY (T+)=0,
CONTINUE

DO 248 I=1+NO2

DO 248 J=14NOZ2
RHO{IsJ}=0.

CONTINUE
PRINT 250

FORMAT (1HO#LAST PARTICLE OF 1ST 10 SETS OF NBSG GAS PARTICLES®)

PRINT 260

FORMAT(1H ¥NUMBER X~CENTER Y=-CENTER
THETA RDOT T0OT#)

NOUT=0

NPART=}

NS2=0

READ{JTG) RADIUSy THETA

DO 350 IS5=1.NBSG

ROLD=RADIUS!{IS)

IF(ROLDGT«RMAX} GO TO 340

IROLD=ROLD+1}

TOLD=THETA(IS)

JTOLD=TOLD/DTH(IROLD)} +1
RDOT34=RDOT {IROLD s JTOLD) +.75%RDDOT (IROLD» JTOLD)

RMID=ROLD++5%RDOT 34

R



273

274
275

340

RDOTT=RDOT ( IROLDsJTOLD) +RDDOT (IROLDJTOLD)
RNEW=ROLD+RDOTT

IF (RNEW.GT«RMAX]) GO TO 340
TDOTT=TDOT ( IROLD»JTOLD)

TNEW=TOLD+TDOTY

IF (RNEW) 27392744275

RNEW=~RNEW

TNEW=TNEW+PT

GO TO 275

RNEW=1.0E-8

IRNEW=RNEW+1

IF (TNEW.LT+00) TNEW=TNEW+TWOPI

IF (TNEW<GE4TWOPT) TNEW=TNEW~TWOPI
JTNEW=TNEW/DTH (IRNEW) +1

DPR=DMG¥RDOTT

R2MID=RMID#RMID

DPTH=DMG#R2MID*TDOTT

DE=DMG#* ( IE (IROLDsJTOLD) +,5% (RDOTT#RDOTT+R2MID*YDOTT#TDOTT)?
PRAD { IRNEW s JTNEW) =PRAD ( IRNEW s JTNEW) +DPR
PTHETA ( IRNEW s JTNEW) =PTHETA ( IRNEW+ JTNEW) +DPTH

ETOTAL(IRNEWaJTNEw)=§TOTAL(IRMEW;JTNEW)+DE
MASS ( IRNEW ¢ JTNEW) =MASS (IRNEWs JTNEW) +DMG

REHDAV(IRNEHvJTNEN)=REMDAV(IRMEW;JTNEW)*REMID
RENNAV(IRNEH;JTNEN)=R2NNAV{IRNEW-JTNEH)*RNEN*RNEW
XNEW=RNEW#COS (TNEW)

YNEW=RNEW#S5IN (TNEW)

IXNEW=CENTER+XNEW+.5
JYNEW=CENTER+YNEW+.5

RHO (L IXNEW s JYNEW) =RHO (IXNEW s JYNEW) + o 5%DMG

XNWAV (JRNEWs JTNEW) =XNWAV (IRNEWs JTNEW} + XNEW
YNWAV ( IRNEWs JTNEW) =YNWAV (IRNEWs JTNEW) « YNEW

GO TO 345

NOUT=NOUT+1
RNEW=990G,

TNEW=99G.

XNEW=999,
YNEW=999,

TDOTT=999.
RDOTT=999.




345 RADIUS({I5)=RNEW
THETA(IS)=TNEW

350 CONTINUE
WRITE (JSG) RADIUS,THETA

IFINPART«LE10YPRINT 360,NPART o XNEW YNEWIRNEWs TNEWSRDOTTTODOTT

360 FORMAT(lH »16+6E16.8)
NPART=NPART+1

IF{IPLOTG.EQ.D0) GO TG 370
DO 365 I5=1,NBSG
R=RADIUS(IS)
TH=THETA {15}
XPLOT(IS)=R#COS(TH) +CENTER
YPLOT(IS)=R#SIN(TH}+CENTER
365 CONTINUE
g a=0
5 IF(NS2,EQ.NMKG) Q=1
; CALL DDIPLT(QyINGsNBSGsXPLOTsYPLOTeXMINGsXMAXGeYMINGs YMAXGY
i 2o XPGelsYPGel139 ITAPXG)
370 NS2=NS2+NBSG
IF INS2,LT«NBRG) GO TO 270

REWIND JTG
REWIND J56

JSAVE=JS6
J56=JT6
JTG=JSAVE
PRINT 373+NOUT
373 FORMAT ( 1HO%NUMBER OF PARTICLES OUTSIDE OF MESH=#16)
5 SUMMAS=0,
SUMPTH=0,
SUMKE=0.
SUMIE=0.
DO 380 I=1sNO4MI]

NNTH=NTHI(I)
DO 380 J=1sNNTH

IF (MASS(I+J).EQ.0,) GO TO 376

NUMBER=MASS (1I+J) /DMG
XNWAV {I+JY=XNWAV (TIs+J) /NUMBER

YNWAY {T9JI=YNWAV(IeJ)} /NUMBER
R2MDAV (I4J)=R2MDAV(Is.J} /NUMBER
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376

380

390
400

410
420

430

440
450

460

470

RZNWAY (1+:J)=RZNWAV (I+J} /NUMBER
SUMMAS=5UMMAS +MASS (14J)

ROOT (14 J)=PRAD(I+J) /MASS(1,4J)
SUMPTH=SUMPTH+PTHETA(I+J)

IFIRZMDAVI1+J) oEQ.0.) R2MDAV(IsJ)=1,0E~8
TDOT(TaJd}=PTHETA(I9J) 7/ (MASS{I4J})#R2ZMDAVIIaJ))
KE=o5#MASS(I+ ) # (RDOT(1+J) #RDOT(I+d)

1 +REZMDAV(T 4 J)#TDOT(I o J) #TDOT(14J))
SUMKE=SUMKE +KE

IE(I+sJ)=ETOTAL(I+J)=KE
SUMIE=SUMIE+IE(I+J)
IECTaJ)=TE(I2J) /MASS (]I 4}

GO TO 380

RDOT(I+J)=0,

TOOT(IeJ)=0,

JIE(LsJ)=04

CONTINUE

WRITE (8) ROOTs+TDOTs IEWMASS s XNWAV I YNWAYIRZUDAVIR2ZNWAY
REWNIND 8

IF(IPRNTG. NEL1) GO TO 485

PRINT 390

FORMAT(1HO#Js (RDOT(I9J)s1I=1415)%)
FORMAT(1H +144915F844)

DO 410 J=1+64

PRINT 4009Js (RDOT(I9J)eI=1415)
CONTINUE

PRINT 420
FORMAT (1HO#Je (TDOT(IsJ)eI=ls15)%)

DO 430 J=le64

PRINT 400+Js (TDOT{I+J)s1I=1,15}
CONTINUE

PRINT 440

FORMAT (1HO#Jy {JE(TeJ)sI=lel5)%)
FORMAT{1H +I4+415E8.1)

DO 460 J=1l+64

PRINT 450eJs (IE(IsJinI=1415)
CONT INUE

PRINT 470
FORMAT (1HO%#Jy (MASS(IyJ)yI=ls15)#)




DO 480 J=l+64
PRINT 4509Jy {MASS{IsJ}sI=1,415)

480 CONTINUE
485 IF(IPLOTG.NE«1} GO TO 600

C PLOT VELOCITY VECTORS
XNOZ2=NO2
A=0.
CALL DDIPLT(O0sINGyloeAsAs0sXNO29s0sXNO2923XPGelsYPGs134ITAPXG)
XYSCAL=10./NO2
VSCALE=.001/DT
DO 506 I=1.NO4M2
NNTH=NTHI(1)

DO 500 J=1+NNTH
IF (MASS(I+J) +EQ.0.) Gu TO S00

XNEW=XNWAV(1+J)
YNEW=YNWAY (1sJ)
RNEW=SQRT (XNEW#XNEW+YNEW#YNEW)

VX==YNEWSTDOT (194J) ¢+ XNEWHRDOT{I+J) /RNEW
VY=XNEW#TDOT (1+J) +YNEAYRDOT (Isd) /RNEW

XMID=XNEW=,5%VyX
YMIO=YNEW=5#*VY
X=XMID+CENTER
Y=YMID+CENTER
XA=XYSCAL*®X
YA=XYSCAL®Y
XB=XYSCAL#®* (X+VSCALE®*VX}
YB=XYSCAL#(Y+ySCALE®VY)
CALL PARROW(XAsYA,XBeYBal)
500 CONTINUE
CALL DDIPLT(1+INGelsAsArsOsxXNO290sXNO2929XPGelsYPGs1341TAPXG)
C MAKE A CONTOUR PLOT OF THE DENSITY
CALL DDIPLT(0sINGsS9+XPReYPRoXMING ¢ XMAXGoYMINGsYMAX4s39XYLI(1)
1 2aPLM (1) +144ITAPXG)
DX=0,
DY=1.
DO 515 J=2sN02
K=0
DX=DX+RCOS

DY=DY+RSIN
DU:O.

DV=la.
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506

508

510

1

1
515

520
1

DO 510 I=2eND2

K=K+

DU=DU+RCOS

Dy=DV+RSIN

%C=1-CENTER

YC=J=CENTER
IR=SQRT(XC*¥XCeYCHYC) +1
[F{IR.GT«NO4M2) GO TO S06

TH=ATANZ (XC,YC)
IF(THLLT+0.) TH=TH¢TWOPI

JT1=TH/DTH{IR} +1
Z1=MASS{IR,JT1) 7AREA(IR)
TH=ATANZ (YC 4 XC)
IF{THJLT+0e) TH=TH+TWOPI
JT2=TH/DTH(IR} +1
Z2=MASS({IR+JT2) 7AREA(IR)
GO 70 508

Z1=0.

22=0.

XPLOT1(K)=J+DU

YPLOT1{K)=5PHIM#Z]1+DV
XPLOT2(K)=1+DX

YPLOT2(K)=SPHIM#Z2+DY

CALL DDIPLTﬂO!ING,K;KPLOTE;YPLDTE;XMINQoKMAX#;YMIN#,YMAX#;
BQXYL(I)929PLM{1}914’ITAPXG}

CALL DDIPLT(OleGcK’XPLOTloYPLOTl!KHIN4QXHAX4QYMIN49VHAK4!

FeXYL(1) 924PLM(1 Y9144 ITAPXG)
CONTINUE

K=0

DO 520 1I=2¢NO2Z
XxI=1

K=K+1

XPLOT2 (K)=XI+RCOS
YPLOT2(K)=1,+RSIN
CONTINUE

CALL DDIPLT{l;INGchKPLOTBoYPLOTEvXMIN#:XMAX#;YMIN#;YMAK41
A,AYL (1) 9 29ePLM{1) 9134 1TAPXG)

C MAKE A CONTOUR PLOT OF THE TEMPERATURE

1

CALL DDIPLT(O;ING;5;XPR;YPR1XHIN4¢KHAX49YMINQ#YHAX413vXYLK1)'

2ePLT (1) 214y ITAPXG)
DX=0.

I
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DY=la

DO 540 J=2+ND2

K=0

DXx=DX+RCOS

DY=DY+3IN

DU=0-

DV=1.

DO 530 1=2+NDZ

K=K+1

DU=DU+RCOS

DV=DV+RSIN

%XC=1=CENTER

YC=J=CENTER

IR=5QRT (XC*XC+YCH*Y ) +1]
IF{IR.GT.ND4M2) GO TO 524
TH=ATANZ2(XC+YC)
IF(TH,LT«04) TH=TH*T”0PI
ST1=TH/DTH(IR)+]
Z1=IE(IR+JT1}
TH=ATANZ (YC» XC)
IF(TH.LTe0a) TH=TH+TWOPI
JT2=TH/DTH(IR) +1
22=1E{IR+JT2)

GO TO 526
524 Z1=0a.
Z22=0¢
: 526 XPLOTI (K)=J+DU
; YPLOT1(K)=SPHIT#Z1+DV
. XPLOT2(K)=X+DX
530 YPLOT2(K)=SPHIT®#Z2+DY
CALL DDIPLT (0sINGsKeXPLOTZ,YPLOT2 ¢ XMING; XMAXSG 9 YMING s YMAX G,y
1 39XYL(1)s2¢PLT{1) 314+ ITAPXG)

CALL DDIPLT(OsINGsKsXPLOT1aYPLDTY s XMING s XMAXGs YHING s YMAX Sy
1 3eXYL(1)92+PLT(1) 9144 ITAPXG)

540 CONTINUE
K=0-
DO 545 I=2«N02
XI=l
K=K+l
XPLOT2(K)}=XI+RCOS

-
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YPLOT2(K}=1,+RSIN
545 CONTINUE

CALL DDIPLT{1sINGsKsXPLOT2+YPLOT2aXMING ¢+ XMAXG e YMINGsYMAXG
1 3eXYL(1)e2sPLT(1)3134,ITAPXG)

C MAKE A CONTOUR PLOT OF THE PRESSURE
CALL DDIPLT{(OsINGsSsXPRAYPReXMING ¢ XMAXG s YMING 9 YMAXSL 239 XYL (1) o
1 2ePLP (1) 914 ITAPXG)
DX=0e
DY=1,.
DO 560 J=2sNOZ2
K=0
DX=DX+RCO5
DY=DY+RSIN
DU=0,.
DV=1,.
DO 550 I=2yN02
K=K+l
DU=DU+RCOS
DV=DV+RSIN
XC=I=CENTER

YC=J-CENTER
IR=SQRT {XC#XC+YCHYC)+1

IF(IR,GT.NO4M2) GO TO 547
TH=ATANZ (XCyYC)
IF(THLT+0s) TH=TH¢TWOPI
JTISTH/DTH(IR) +1 _
Z1=1E(IR+JT1) #MASS(IRsJT1) JAREA (IR}
TH=ATAN2 (YC e XC)
IF(TH,LTe0a) TH=TH+TWOPI
JT2=TH/DTH(IR) +1
Z2=IE{IRsJT2) #MASS (IRsJT2)} /AREA (IR)
G0 TO 549

547 Z1=0s
Z2=0.

549 XPLOT1({K)=J+DU
YPLOT1 (K)=SPHIP%Z1+DV
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610
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XPLOT2({K)=1+DX

550 YPLOT2(K)=5PHIP#Z2+DY

CALL DDIPLT(0sINGsKsXPLOT2sYPLOTZ2sXMING s XMAX G YMING s YMAX Sy
1 34XYL(1)22+sPLP (1) 914, ITAPXG)

CALL DDIPLT(0sINGsKsXPLOTLoYPLOT1 o XMING s XMAXG s YMING s YMAXG
1 XYL (1) s29PLP{1)Ys)4,4ITAPXG)

560 CONTINUE

K=0

DO 570 I=2+N0Z

xi=1

K=K+]

XPLOT2(K)=XI+RCOS

YPLOT2(K)}=1.+RSIN

CONTINUE

CALL DDIPLT(1sINGsKsXPLOT2 s YPLOT2 s XMING o XMAXG 9 YMING s YMAX Sy
1 3eXYLI1Ye24PLP (1) 913, ITAPXG)

£ 600 IF(CYY.LT&CY) RETURN
C IF(CYYJGE.CY) WRITE INFORMATION TO BE SAVED ON TAPEL

NS2=0

READ(JTG) RADIUSTHETA
WRITE(1) RADIUSsTHETA
NS2=NS2 +NBSG
IF(NS2.LT«NBRG) GO TO 610

WRITE(1) RDOT»yTDOT 2 IE yMASS ¢ XNWAY s YNWAY 9 R2ZMDAY » RZNWAY s SUMMAS 4
| SUMPTH SUMIE ¢ SUMKE s PESOLD s PEFOLD9CYYsDTsDT29DT3+DT4+DMG GMC,

2 GMCPL ¢ GMCP2 9 SPHIMy SPHITSPHIPSPLM(2) 9oPLT(2) o PLP{2) sEMAXSEMINY

3 PTHMAX s PTHMINSPHILPL (2)
REWIND 1

RETURN
END
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SUBROUTINE MNEGIE

COMMON/ALLCOM/I2A ITESTeNeNO29CYsCYY9RHO(32,32)

COMMON /GASCOM/NTH{1S) «DTH(15) yAREA(1S) sNPLOTGyNPRNTGyNRINGsNOG o
NO4M1 s NOGMZ2yRCCaGMCoGMCP L 4 GMCPZ s DMG o DT DT2+DT3sDTG s NRTCEL »
RMAX s CENTER s SUMPTH » SUMMAS 4 SUMTE y SUMKE s PESOLD e PEFOLD » XMG s

SAYPTH{200)5 ySAVPE (200) ySAVIE (200) » SAVKE (200) » SAVTE (200) »
MASK1 aNBSGeNBRGeJTG9USGs ING(2) s XMING e XMAXGe YMING s YMAXGy XPG(2) »

YPGyITAPXGoGMY s NMKGe XYL (3) s XPR(S) s YPR(S) o XMING s XMAXG s YMING,

YMAX49PLM(2) ¢RCOSyRSINySPHIMePLT(2) ¢ SPHITsPLP (2) 4 SPHIP»TWOP T »
PTHMINGPTHMAX s EMINSEMAX9CYMINGPISPL (2) s SPHIWMTEST+ ITAPE

COMMON/NEGCOM/IE(15+64) sMASS(15464) 9 IECOR(15464&)

REAL IE»IECOReIElyIE2+IE34IE4sIESsIE6yIET4IEBy IEQsMASS
DO 5 I=1+NO4M]

NNTH=NTHI(I)

DO 5 J=1+NNTH
IECOR(I+J)=0.

IE(T s J)=MASS (T4 JI#IE(I+J)

CONTINUVE
IE(1+8)=0.

IE{1ls9)=0,.

IECOR({1+8)=0,.
IECOR({1+9)=0.

DO B0 I=1y.NO4M2

NNTH=NTHI(I)
IRTEST=1

IF(l1.EQel) [RTEST=2

IF(1.EQe2) IRTEST=3
IF{I.EQs4) [RTEST=4

IF(I.EQe«B) IRTEST=4

IF(IlEGBI6) IRTEST=4
IF(I.EQCB) IRTEST=5

IF{I+EQ.5) IRTEST=5

IF{I.EQ.3) IRTEST=5
IF{1.EQul7) IRTEST=S

DO BO U=1sNNTH

O U1 LD e
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IF{IE(I+J)eGEWL0s) GO TO 80

GO TO (10+20+30440+50) IRTESY
10 Il=1+1
Ji=J
12=1+1
Jz=d+]
‘ 13=1
i J3=J+}
I4=1=1
Ja=J+l
16=1=)
J5=J
I6=I~}
JosJ-i
I7=1
JT=J~1
18=1+}
JB=Jd=1
19=1
JO9=9
IF{JeNE+1} GO TO 15
JO=NNTH
JT=NNTH
JB=NNTH
GO TO &0
15 IF{J.NE.NNTH) GO TO 60
Jz=1
J3=1
Ja=1
GO TO &0
20 Il=1
: Jdiz=Je]
L iz2=1
Je=J+2
I13=1
. J3=J+3
) 14=2

AT R LR R M e

TR

s

TR B

R T NR I AT KR




it

T T AT AT

Rt TS e R D S

T T

30

J4=2% j=p
15=2

J5=2%# }=1
16=2
Jh=2% 4

17=2
JT=2%J+1
i8=1

J8=8

19=1

JO=9
IF{J1aGTe4)
IF{J2.6T%}
IF{J3.GT %)
IF{J7.G6T7.8})
IF{J4.LT.1)
GO TO &0
11=3
Ji=2%]

12=3

J2=2% J+1}
13=2

J3=J+])

Ia=1
JazJsa+«l
15=1

JS=d/2

16=2

Jé=J=]

17=3

JT=2% =2
18=3

JB=2% j=1
19=1

Jo=9

Jl=Jl-4
J2=J2=4
J3=J3~4
J7=J7~8
J4=J4+8

IF(JeNEa1l) GO TO 35

JE=4




a5

40

45

J6=8

J7=16

GO TO &0

IF(J.NE.B) GO TO 60
Ja=l
J3i=1
Ja=]

GO TO 60
Il=]+]
Jl=2#y
I2=1+1
J2=2%4+1
i3=1
J3=Jd+l
I4=]1~1
Jahz=J+}
I15=]=)
JS=J
I6=]~1
Jé=J=1
I7=1
JT=d=1
I1a=1+1
J8=2% -2
19=1+1
JO=2# j=]
IF{J«NE1) GO TO 45
JE=NTH{1I6)

JT=NTH(IT)

JB8=NTH(I8)

GO TO &9

IF(JsNE«NNTH) GO TO 60
J2=1

J3=1

Ja=1

G0 70 60

S o T T O T R

e v ek b o e




4é-o

.50 Il=1+1}

55

60

Jl=J
12=1+1}
Ja=J+]
13=]
J3=J+1
J4=1-1
Ja=Js2+l
15=1-1
Jo=Jd/2
16=1
Je=U=1
17=1+1
JT=d=1
I8=1

J8=8

19=1

J49=9
IF{J«NEel) GO
JS=NTH(IS)

J6=NTH{I6)
JT=NTHLT)

GO TO 60

IF (JeNEsNNTH)
Ja=1

J3=1

Ja=1
IE1=IE(I1+J1)
IF{IEL4LTa04)

1E2=1E{12+J2}
IF(IE2.L.Te04)

IE3=IE(I3+J3)

IF(IE3.LTW0.)
IE4=1E (149 J4)

IF(IE4.LTa04)
IES=IE(154+J5)

TO 55

GO TO 60

[IE1=0.
1£2=0.
IE3=0.
1E4=0,



IF(IES.LT+0,) IES=0.
IE6=IE(164J6)

IF(IE6.LT.0,) IE6=0,
IET=1E(I79J7)

IFTIE7eLTs04) IET=0.
IEB=1E(18,J8)
IF(IEB.LT.0.) IEB=C.
1E9= IE(IQ;JQ)

IF{IE9.LT.0,) IE9=0.
SUM= IE1+IE2¢IE3+IEQ*IES*IE&+IE?*IEB+IE9

IF(SUM.LT«=1E(IsJ)) GO TO 75

QUOTNT=IE(I+J) /SUM
IECOR(115J))=TECOR(T14J1)+QUOTNTHIEL

IECOR(12¢J2)=IECOR(124J42) +QUOTNT*IE2
IECOR(I3+J3)=1ECOR({I3+43)+QUOTNTHIED
TECOR(I49J4)=TECOR{I4¢J4) +QUOTNTHIEL
IECOR (1S9 J5)=1ECOR{ISyJS) +QUOTNT#IES

IECOR(169J6)=1ECOR (164J6) +QUOTNTHIES
JIECOR(I79J7)=IECOR(IT4J7)+QUOTNTH*IETY

IECOR{IB4JB)=IECOR(18,J8)+QUOTNT*IES
IECOR({19+J9)=IECOR(I99J9) +QUCTNTHIES

75 IECOR({I+J)=1ECOR(I¢J}=IE(X+J)
80 CONTINUE

DO 100 I=14NO4M2

NNTH=NTHITD)

DO 100 J=1+NNTH
IF(MASS(I+J)eEQ.0.) GO TO 100

TE(I 9 )={IE(14JY+IECOR(I4J}) /MASS(I+J)

IF(IE(Ied) el T-04) IE{T9J)=0.
IECOR(T+J)=0,

100 CONTINUE

RETURN
END

L
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- e
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IO U B Y e

OVERLAY (IFILEs440)

PROGRAM GASPLT

COMMON /GASCOM/NTH(15) +DTH(15) yAREA(15) yNPLOTG+NPRNTGyNRINGsNDG
NG&4MI s NOGM2 ¢yRCCyGMCyGMCP Yl +GMCPZ2 «+DMGeDTeDT2¢DTIe DTG ¢ NRTCEL
RMAX s CENTER ¢ SUMPTH » SUMMAS ¢ SUME » SUMKE ¢ PESOLD : PEFOLD » XMGs
SAVPTH(200) s SAVPE (200) +SAVIE(200) « SAVKE (200} s SAVTE (200} »
MASK] s NBSGsNBRGyJTGs JSG ING(Z) s XHINGy XMAXG s YMINGs YMAXG XPG(2)
YPGy ITAPXGoGMLaNMKGo XYL-(3) s XPR{S) o YPR{S) 9 XMING ¢ XMAXG 9 YMING

YMAXG s PLM(2) yRCOSHRSINGSPHIMyPLT(2) 9 SPHITPLP(2) o SPHIP+ TWOP] »
PTHMINoPTHMAX sEMINSEMAX s CYMINGPIsPL (2] 9 SPHI«MTEST s ITAPE

COMMON/ALLCOM/I2As ITESToNsNO2sCY+CYY-RHO{32,432)

DIMENSION XDATA(200)sLABLPTH(2) sLABLEN(8)
DIMENSION ENDCYY(2) +ENDPTH(2) sENDPE(2) sENDIE(2) s ENDKE(2) o ENDTE (2}

INTEGER CY

CALL PSEUDO “
CYMAX=CY

NCYV=CY=CYMIN

DO 20 I=1,NCYY
XDATA({I)=CYMIN+I
LABLCYY=10HCYCLES
LABLPTH(1)=10HANGULAR MO
LABLPTH(2)=10HMENTUM
LABLEN(1)=10HENERGY###&(C
LABLEN(2)=10HIRCLE~POTE
LABLEN(3)=10HNTIALS5QUA
LABLEN(4)=]10HRE=~INTERNA
LABLEN(S5)=10HL yDIAMOND-
LABLEN(6)=10HKINETICs TR

LABLEN(7)=10HIANGLE~TOT

LABLEN(8)=10HAL
ENDCYY (1)=CYMIN+]

ENDCYY (2)=CY

ENDPTH(1)=5AVPTH(1)
ENDPTH (2) =SAVPTH{NCYY)



Lol e )

ENDPE (1) =5AVPE(])

ENDPE (2)=SAVPE (NCYY}

ENDIE{1)=5AVIE(]1)

ENDIE (2)Y=SAVIE (NCYY)

ENDKE (1) =SAyKE(1)

ENDKE {2)=SAVKE (NCYY)

ENDTE{(1)=5SAVTE (1)

ENDTE (2) =SAVTE (NCYY}

IF(NCYYl.LT.2)} 6O TO 30

CALL DDIPLT(0sINGs2sENDCYY+ENDPTHsCYMINSCYMAX9PTHMINGPTHHMAX
)| 1,LABLCYY2+LABLPTHe1)

30 CALL DDIPLT(1s INGyNCYY s XDATAySAVPTHCYMINGCYMAXsPTHMINGPTHMAX,

1 1,LABLCYY 29 LABLPTHe0)

IF(NCYY«LT«2) GO TO 40

CALL DDIPLT(09sINGs. 9ENDCYY+ENDPEsCYMINsCYMAX9EMINSEMAX Y
1 19LABLCYY o BolLABLENS 1)

CALL DDIPLT(09sING>2+ENDCYYENDIEsCYMINGCYMAXEMINSEMAX

1 14LABLCYY»8+sLABLEN,2)
ALL DDIPLT(O0sINGe2+ENDCYYyENDKEsCYMINSCYMAXSEMINSEMAX,
1 1, ABLCYY+8sLABLENS3)

CALL DDIPLT(01ING,2!ENDCYY;ENDTE!CYMIN!CYMAKaEHINiEMAXo
1 1,LABLCYY 8+sLABLEN+&)

40 CALL DDIPLT(0+INGyNCYY s XDATAsSAVPESCYMINICYMAX9EMINIEMAX

1,LABLCYYs8+LABLENsO}
CALL DDIPLTlﬂqINGvNCYYoXDATAQSAVIEQCYHINQCYHAX;EMIN’EHAXO

1 1,LABLCYYBsLABLEN,O)

CALL DDIPLT(0;ING'NCYY'XDATAysAVKEsCYHIN;CYMAK;EMIN;EMAX!
1 1yLABLCYYs8sLABLEN,O)

CALL DDIPLT(lsINGsNCYYsXDATAySAVTEsCYMINsCYMAXsEMINIEMAXS

1 14LABLCYY»8sLABLENSO)
RETURN

END

R T b e Rt



APPENDIX G

Comparison of Computer Plots Produced by the Polar Coordinate
Rotating Gas Simulator of Appendix F and an Earlier Rectangular
Coordinate Code.

The initial conditions for the two codes are identical. The
galaxy's mass consists of a 5% dynamic gaseous component of initial
maximum radius of 10 cells and a 95% constant stellar component which
is a uniform density sphere of radius 6 cells. The stellar component
is represented by the application of an analytically computed constant
central force. The gaseous component has an initial density distributiomn
which varies as {1 - &/ro)z]l/z, where r and T, are the radius and
maximum radius respectively. The gaseous component has an initial cellular
specific internal energy distribution which corresponds to a constant times
the minimum velocity dispersion required to satisfy the Toomre stability
criterion for a particulate system. Initially, the cells have zero radial
velocity and radially balancing angular gelocities. Both runs were made
on a 32 x 32 mesh (or polar equivalent) while later runs will be made on a
64 x 64 mesh.

The superiority of the polar coordinate code is most readily apparent
from the last two plots of each run, which show the variation of total
angular momentum and energy with time. Although the rectangular coordinate
code conserves total energy, it rapidly looses angular momentum. This loss
of angular momentum is accompanied by a non-physical decrease in kinetic
energy and a non-physical increase in internal energy of equal magnitude.
The later causes a mon-physical increase in pressure which along with some

rectangular grid effects drives the particles rapidly cutward. (Because of

the rapid non-physical rise in internal energy, the scales of the temperature

*Toomre, Alar: On the Gravitational Stability of a Disk of Stars.
Astrophys. J.} vol. 139, no. 4, May 15, 1964, pp. 1217-1238.



and pressure plots from the rectangular coordinate code are 11 times smaller
than those scales for the polar coordinate code)., The last two plots of the
polar code show that it conserves angular momentum exactly and that for the
first 60 cycles (about one half of one rotation) no heating is evident.

(The printouts show a slight heating.) The slight outward drift of particles
near the maximum radius in the polar code is due partly to the physical effects
of the pressure gradient and partly to a slight instability in the radial

acceleration, which is currently being investigated,

Page No.

Rect. Polar

Cycle No. Plot Type Coord. Coorxd.
1 particle x-y position G-3 G-20

30 particle x-y position G-4 G-21
60 particle x-y position G-5 G-22

1 cell velocity over x-y plane G-6 G-23

30 cell velocity over x-y plane G-7 G-24
60 cell velocity over x-y plane G-8 G-25

1 cell density over x-y plane ' G-9 G-26

30 cell density over x-y plane G-10 G-27
60 cell density over x-y plane G-11 G-28

1 cell temperature over x-y plane G-12 G-29

30 cell temperature over x-y plane G-13 G-30
60 cell temperature over x-y plane G-14 G-31

1 cell pressure over x-y plane G-15 G-32

30 cell pressure over i-y plane G-16 G-33
60 cell pressure over x-y plane G-17 G-34
1-60 total angular momentum vs. cycle G-18 G-35

(time)
1-60 total potential, internd,kinetic, G-19 G-36

and total energies vs., cycle (time)

G-2
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