


VRML

Fortran




VRML

Fortran




VRML

Fortran




< 0O © N~ 00 O

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

28

29

30



MHD

3-Dimensional MHD Simulation of Earth's Magnetosphere (English)

Visualization to Various 3-Dimensional MHD Models of Earth's Magnetosphere (English)

5-a. Half volume model of earth’s magnetosphere with IMF By and Bz components
5-b. Quarter volume model of earth’s magnetosphere
5-c. Half volume model of earth’s magnetosphere with dipole tilt

5-d. Whole volume model of earth's magnetosphere
Application of VRML to 3-Dimensional MHD Models of Earth's Magnetosphere (English)

6-a. 3-dimensional visualization of earth’s magnetosphere with multiple planes
6-b. 3-dimensional visualization of earth’s magnetosphere with equivalence planes

6-c. Cropping of 3-dimensional data

Fortran

31
32
33
34
35

36
37

37

39
39
41
42

45
46

48

56
59
61

63
65
67

69



VRML Virtuad Redity Modding Language

VRML VRML
VRML
VRML VRML
VRML
Fotran C
VRML
VRML
Fotran C VRML
VRML
MHD
AVS

TITAN Indigo-2 Dore AVS

Open-GL



VRML Virtud Redity Modding Language

VRML
VRML2.0 Cosmo Player
cpu
128 MB Gl Indigo-2
Webspace SGI CosmoWorlds
VRML VRML
Fortran Interface Subroutine Package
VRML * wrl
PostScript
VRML walk
examine
VRML astii
VRML VRML
VRML
VRML Fortran
VRML2.0
MHD

PostScript VRML

subroutine package CD-ROM

VRML
main Fortran program



Fortran VRML20

pklsubrtn.f VRML20

1. 177 -c-O pklsubrtn.f

pklsubrtn.f
pklsubrtn.o
2. 177 -O boxL.f pklsubrtn.o
box1f etc. pklsubrtn.o
aout
3. aout
aout VRML 2.0 fort.10

4. mv fort.10 box1.wrl
VRML “oExE wrlt



main program
subroutine

74

box1.wrl

box1.f
box1 (r, g, b, =2)

[0.]
[0.1]

[0]]



main program box2.f

subroutine box2 (r, g, b, s, sy, 2)

r [0,1]

g [01]

b [0,]]

X X

Yy

sz z

box2.wrl




manprogran  conel.f
subroutine conelkl (rd, h,r, g, b, x,y, 2)

rd

r [0,1]

g [0.1]

b [01]

conel.wrl




manprogran  cylinderlf

subroutine cylinderl (rd, h, 1, g, b)
rd
h
r [01]
g [0.1]
b [01]
cylinderl.wrl




manprogram  pherelf

subroutine shere2 (r, g, b, rd)
rd
r [0,1]
g [0,1]
b [0,]]

spherel.wrl




main program backgrda.f

subroutine backd (n1, n2, rd),
nl
n2
rd ( )
backgra4.wrl




manprogram  textlf

subroutine textl (x, Y,z n,1,0,b, sz chl)
X X
y'y
z z
n (20 )
r [0,1]
g [0,1]
b [01]
74
chl [40 ]
textL.wrl

Nagoya University

Solar-Terrestrial Environment Laboratory
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main program linesetl f

subroutine linel (In, po, 1, g, b)
In
po(3*In) x.¥.2)
r [0,1]
g [0.1]
b [0,1]
linesetLwrl
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main program lineset2 f

subroutine line2 (In, po, sco, €co)
( )
In
po(3*In) x.¥.2)
S0 ( )
€eco ( )

(1: white 2: yellow 3: mazenda4: red 5: San 6: green 7: blue)

linesat2.wrl
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main program pointset1.f

subroutine pointl (In, po, r, g, b)
In
po(3*In) x V¥ 2
r [0,1]
g [0.]
b [01]
pointset1.wrl
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main program pointset2.f

subroutine point2 (In, po, Sco, €co)
( )
In
po(3*In) x,y,2)
0 ( )
€co ( )

(1: white 2: yellow 3: mazenda4: red 5: 9an 6: green 7: blue)

pointset2.wrl
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manprogram  arow2.f
subroutine arrow2 (nx, ny, u, p, rdl, rd2, h, cx, ¢y, cz, br, bg, bb, cr, cg, cb)

( )

u (r.g,b)
p X ¥, 2)
rdl

rd2

CcX X

br [01]
bg [0.1]
bb [0.1]
cr [0.1]
cg [01]
cb [0.1]

arrow2.wrl
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main program linemeshlf

subroutine linemesh (p,n1,rd, 1, g, b)
p x,¥:2)
nl
rd
r [0,1]
g [0.1]
b [0.1]
linemeshl.wrl
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main program meshl.f

subroutine facel (In, po, 1, g, b)
In
po xy.2)
r [01]
g [0.1]
b [0.1]
meshL.wrl
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mainprogram  triangbl.f
subroutine triangbkl (nx, ny, u, p)

u (r,g,b)

P (xy.2)

triangbl.wrl
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mainprogram  triangmLf

subroutine triangm (nx, ny, u, p)
nx X
ny y
u (ro,b)
p (x,y,2)
triangmZL.wrl
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mainprogram  defuseml.f
subroutine defusem (nx, ny, u, p, X1, y1, 1, X2, y2, 2, r, n)

u (r.g,b)
p x,¥.2)
X1 X

yly

zZ1 z

X2 X

y2 y

defuseml.wrl
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main program imagel.f

subroutine imegetx1 (In, po, chl, n)
In
po xy.2)
chl URL
n URL
imagel.wrl

22



main program ebmesh3d.f

subroutine triangm1 (nx, ny, u, p)
nx X
ny y
u (ra,b
p x,y,2)
ebmesh3d.wrl

23



Fortran VRML 20

zvrsubaf
VRML 2.0
1. 77 -c-O zvrsubaf
zvrsubaf
zvrsuba.o
2. 177 -O msymbol.f zvrsuba.o
msymbol.f etc. zvrsubao
aout

3. aout

aout VRML 2.0 fort.10

4. mv fort.10 msymbol.wrl
VRML “orEE Wl

24



main program  msymbol.f
subroutine  symblv (X, Y, z, h, chr, n)

symblvc (X, Y, z, h, r, g, b, chr, n)

r [0,1]
g [0,1]
b [0,1]

chr [80 ]

msymbol .wrl

Southward Turning from Northward IMF

z=18.2nT Nsw=46/cc Vaw=412km/s =F342m{42m)

1Z=18.2nT Nsw=46/cc Vew=412km/s I=342m{42m)

25



main program  mpoint.f
subroutine  point3d (nx, ny, nz, X0, y0, zO, I, yl, Zl, ico, u)

nx* ny* nz

x0 X

yo y

z0 z

X1 X

yly

zZ1 z

ico [1,7]

u (nx*ny*nz) (xy.2)

mpoint.wrl

26



main program  mlinef
subroutine  line3d (lad, 1, g, b, po)

las
r [01]
g [01]
b [01]
po (3*lad) % y.2)
mlinewrl

27



main program  mtriangm.f
subroutine  triangm (nx, ny, u, p)

u(3*nx*ny)

nx X

ny y

u (3*nx*ny)

p (3*nx*ny)

mtriangm.wrl

28

nx*ny

xy.2)



main program  mzpt03.f
subroutine  pixd2(nx, ny, xb, yb, X1, y1, ipx0, ico, icc, zcc, U)

(nx*ny)

29



main program  mpix015.f

X, ¥,z h,chl, n,icc, zce, r, g, b, X1, y1, X2, y2, nx, ny, xb, yb, x1, y1, ipx0, ico, u

symblv (x, Y, z, h, chl, n)
rectl (icc, zcc, 1, g, b, X1, y1, X2, y2)
pixe2 (nx, ny, xb, yb, X1, y1, ipx0, ico, icc zcc, u)

mpix015.wrl

fe gagva Lo crsay

Terresirij] Frsariveid ] DiilwraLpr
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main program  mcube301.f
subroutine  csuba(ic, ag, u) < (nx, ny, nz, X0, yo, 0, xl, yl, zl, nal, ico)

u (Nx* ny* nz)

x=ic(? x
ny=ic(3 vy
nz=ic(4) z
x0=aa(11) X
y0=aa(12) y
20=2za(13) z
xl=aa(8 x
yl=aa(9) vy
Z=2a(10) z

ico=ic (1) [17]

nol 12
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main program outline3d.f
subroutine  lat3dl (ic, aa) < (nx, ny, nz, xl, yl, zl,r,g,b)

nx =ic(1)
ny =ic(2)
nz=ic(3)
x1=aa1)
yl=a2)
z1=a43)
r=ax4) [01]
g=2aa(d) [01]
b= aa(6) [01]
outline3d.wrl

|- -
T T
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main program inline3d.f
subroutine  lat3d2 (ic,aa) <(nx, ny,nz, xl, yl, zl,r,g,b)

nx =ic(1)
ny =ic(2)
nz=ic(3)
x1=aa1)
yl=aa(2)
z1=a43)
r=ag(4) [01]
g=2aa(d) [01]
b= aa(6) [01]

N <« x N < X

inline3d.wrl

33



main program  denline3d.f
subroutine  lat3d3 (ic,aa) <(rel, re2,r,g,b)

rel =aa(1) Re

re2 = aa(2) Re

r=aa3) [01]

g=aa(4) [01]

b=aa(5) [01]
denline3d.wrl




cat outline3d.wrl inline3d.wrl denline3d.wrl > line3d.wrl

line3d.wrl

Bt
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MHD

1. f77 -c-O zvraubaf

zvrsubaf
zvrauba.o
2. 177 -O zvrcroaf zvrauba.o
zvrcroaf or zvrmegalf
aout
3. aout
aout VRML 2.0
4. mv fort.10 zvrcroa.wrl
VRML “xEE wrl®

5. cat zvrcroawrl zvrmagawrl > zvr1l.wrl
VRML

36

fort.10

zvrsubao



zvrcroaf zvrsubaf

VRML

pixe 1(nx,ny,xb,yb,xl,yl,ipx0,ico,icc,zcc,vmin,vmax,u)
3D MHD earthalO.f

zvrcroawrl

subroutine pixe 1(nx,ny,xb,yb,x1,yl,ipx0,ico,icc,zcc,vmin,vmax,u)

u@il) vmax vmin u@il)

37



ipx0 3 rgb 4 rgb
ico [17]

icc 1=xy , 2=XZ , 3=yz

zce

vmin uil)

vimax u(id)

u (nx*ny) u(id), il=i+nx*(j-1)
pixebe(nx,ny,ipx0)

pixeco(nx,ny,ico,u) rgb
pixect(nx,ny,ico,u) rgb

pixeen(xb,yb,xl,ylicc,zce)

38
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zvrmagalf 2vrsubaf

VRML

antelaiaaaf,p)
zsub33(ia,28)

antelaliaaaf,p)
ante21(iaaaf,p)

3D MHD earthalO.f

zvrmagawrl

T=22-10-1999 06:30:00

2 39*}/7///////// %
30Re T ™ —ﬁéﬁ

subroutine aintela(ia,aa,f,p)
(i1)
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open, closed, detached

nx=ia(1) X
ny=ia2) y

mx=ia(3) fi1) x

my=ia(4) fi1) vy

mz=ia(5) fi1) z

nxz=ia(6)

mi=ia(7)

mo=ia8)

thO=ae(1)* pi/180.0

aru=aa(2)

arl=aa(3)

arb=aa(4)

xxi=aa(5) X

yyl=a&(6) 'y

zzl=ee(7) z

bo=aa(8) 10
gx0=aa(13) X
gyO=ea(14) y
gxl=aa(15) X

qyl=2a(16) y

gth=aa(17)* pi/180.0

40



oxmi=aa(18) X
oxma=aa(19) X

epl=aa(20)

quantl(x,y,z,hx,hy,hz,1,mx,my,mznxp,aaf,q)
f(i1)

()

subroutine aintel(ia,aaf,p)
(1)

nx=ia(1) X
ny=ia(2) y
mx=ia(3) fi1) x
my=ia(4) fi1) vy
mz=ia(5) fi1) z
nxz=ia(6)

mi=ia(7)

mo=ia8)

thO=ag(1)* pi/180.0

au=aa(2)

arl=aa(3)

41
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arb=aa(4)
xxl=aa(5) X

yyl=aa(6) 'y

z=aa(7) z

bO=2&(8) 1.0
gx0=aa(13) X
gyO=aa(14) y
gxl=aa(15) X

ayl=aa(16) y

gth=aa(17)* pi/180.0

gxmi=aa(18) X

gxma=aa(19) X

epl=aa(20)

quant1(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aaf,q) f(i1)
(xy.2) q(8)

linebe(r,g,b)

lingp2(x1,y2,z1,1lad)

lineen(lad)

subroutine ainte?21(ia,aaf,p)
f(i1)
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nx=ia(1) X
ny=ia(2) y
mx=ia(3) fi1) x
my=ia(4) fi1) vy
mz=ia(5) fi1) z
nxz=ia(6)

mi=ia(7)

mo=ia8)

thO=ae(1)* pi/180.0

au=aa(2)

arl=aa(3)

arb=aa(4)

xxi=aa(5) X

yyl=a&(6) 'y

zl=ae(7) z

bO=2a(8)

ox0=ae(13) X
gyO=aa(14) y
gxl=aa(15) X
qyl=aa(16) y
gth=aa(17)*pi/180.0

oxmi=aa(18) X

43
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oxma=aa(19) X

epl=aa(20)

xlim=aa(23) x

xli2=aa(24) yz

quant(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aaf o) f(i1)
(Xy.2) a®)

linebe(r,g,b)

lingp2(x1,y2,z1,1)lad)

lineen(lad)

subroutine zsub33(ia,aa)
antela

antel

nxg=ia(1) X

nyg=ia(2) y

antela(iaaaf,p)
antel(iaaaf,p)



zvrcroawrl + zvrmagawrl - zvrOLl.wrl

cat zvreroawrl zvrmagawrl > zvrOL.wrl

2vrOl.wrl

MHD Simulation of Earth's Magnetosphers

T=22-10-1999 06:30:00
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zvrmpxa.f 2vrsubaf
VRML
tra: (00~05:00 100% 0.5
ipn:
icc: (1:z 2:yz 3:xy )
( )
pixd 1(nx,ny,xb,yb,xl,yl,ipx0,ico,icc,zcc,vmin,vmax,tra,u)
fig3-1 :fadlOzxwrl zx (icc=l, ipn=11
fig3-2 :fadlOyzwrl yz (icc=2, ipn=11
fig3-3 :fadlOxywrl xy (icc=3, ipn=11
fig.3-4 :fadlOxyz.wrl 3 ca

46
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fig.3-1: fad10zx.gif fig.3-2: fad10yz.gif
(made from fad10zx.wrl) (made from fad10yz.wrl)

X (multiple zx planes) yz (multipleyz planes)

fig.3-3 : fad10xy.gif fig.3-4 : fad10xyz.gif
(made from fad10xy.wrl) (made from fad10xyz.wrl)
Xy (multiplexy planes) 3

47



3-Dimensional MHD Simulation of Earth's Magnetosphere (English)
<Exampleto execute the MHD Code and Graphic programs>

We will demondrate how to execute the 3-Dimensiond magnetohydrodynamic (MHD)
Simulation of Earth's Magnetosphere in 1/4 volume and how to use the graphics programs to
make PostScript filesand VRML filesin this section. In the MHD modd, MHD and Maxwell's
equations are solved in the sola-magnetospheric coordinate sysem by using modified
legp-frog method when the upstiream solar wind and interplanetary magnetic fidd (IMF)
boundary conditions are given. Moreover, north-south symmetry and dawn-dusk symmetry are
assumed, therefore it is enough to solve 1/4 volume as the smulation box. The main smulation
Fortran program, earthblOf is fully vectorized and can be executed on many kinds of
computers. By executing the main MHD simulation code, asmulated binary fileis produced as
output. When the output binary file is used as input, graphics programs can be executed to
make PogtScript filesand VRML filesfor three dimensiona visuaization.

main program : earthb10.f
earthb10f using modified legp-frog scheme
3D MHD smulation of 1/4 earth's magnetosphere
Catesancoordinate  finiteresgtivity 45 degree boundary

graphics program to make PostScript files

1. gm150b.f (main) + gsub150.f (subroutine)

noon-midnight meridian and equatorid plots (black and white)
2. gm220b.f (main) + gsub220.f (subroutine)

energy distribution of cross section
3. gm480b.f (main) + gsub480.f (subroutine)

3-dimensond magnetic field lines

3-dimengond graphics program by VRML files
<Virtua Redity Modeing Language>

1. zvrmagb.f (main) + zvrsubbf (subroutine)
3-dimensiond magnetic fied lines

2. zvrcrob.f (main) + zvrsubb.f (subroutine)
cross sectiond pattern by pixel image

<<Summary of parametersin MHD Simulation Code>>

(nx,ny,nz) = (180,60,60) grid number without boundary
nxp=30 parameter to determine earth postion
last=1024 number of time steps
iig0=8 aunit of modified legp-frog scheme
iip0= 32 adjust upstream boundary condition
i1s0=1024 sampling step of data
thx=4.00 parameter to adjust time step

48



(xl,yl,z) =(90.530.5305)Re lengthineachdirection
hx=xI/float(nx+1)=0.5Re gridinterva inx direction
hy=yl/float(ny+1)=0.5Re gridintervd iny direction

hz=2zl/float(nz+1)=0.5Re gridinterva in z direction

t=0.5* hx*thx timeinterva

t(red)=t*ts red timeto onetime step advance
=0.5*0.5*4.00*0.937 tsisnormdizationvaueintime
=0.937 s=c

x=0.5* hx*float(2* i-nx2-1+2* nxp) X pogition versus grid number

y=0.5* hy*float(2*]-3) y position versus grid number

z=0.5*hz*float(2*k-3) z pogition versus grid number

where nx2=nx+2, ny2=ny+2 and nz2=nz+2

ro01=5.0E-4 (5/cc) meass density of solar wind
prO1=3.56E-8 pressure of solar wind
vaw=0.044  (300km/s) Speed of solar wind
bis=CP(11)=1.5E-4 (5nT) amplitude of IMF

edtt resdivity

rmuu viscosity

eud0 friction or collisonterm

1-dimensional array variable f(i1)=f(ij,k,m)

nl=nx+2,n2=n1* (ny+2),n3=n2* (nz+2)
nb=8,nbb=11,n4=n3* nb,n5=n3* nbb

i1=i+n1* (j-1)+n2* (k-1)+n3* (m-1)

m=1 :rho, plasmadengty

m=2 :VX
m=3 W
m=4 :Vz
m=5 PR plasma pressure
m=6 :Bx
m=7 :By
m=8 :Bz

49



<<execution of main program>>
1. 77 -O earthb10.f
2.ao0ut &
where file must be defined in open satement like

c open(10/file="earthb10.data,

c 1 access="sequentid’,form="unformetted)
open(11,file='earthbll.data,
1 access='sequentia’,form="unformaited)
c

or

1. 77 -0 earthb10 -O earthb1Of
2. eathbl10 &

<<execution of PostScript graphics program>>

1.f77-c-O gaub150.f

2. 177 -O gm150b.f gsub150.0
3. aout >gmls0b.ps&

4. gsgm150b.ps

5. [pgm150b.ps

1.177 -c-O gub220.f
2. 177 -O gm220b.f gsub220.0
3. aout > gm220b.ps &

1. 177 -c-O gaub480b.f
2. 177 -O gm480b.f gsub480b.o
3.aout & : output iswrittenin fort.10

<<execution of VRML graphics program>>

1. 77 -c-O zvrsubb.f

2. 177 -O zvrmagb.f zvrsubb.o
3.aout & : output iswrittenin fort.10
4. mv fort.10 fort.102

1. 77 -c-O zvrsubb.f

5. 177 -O zvrcrob.f zvrsubb.o

6. aout & : output iswrittenin fort.10
7. mv fort.10 fort.101

8. cat fort.101 fort.102 > zvrmlOL.wrl

50



References.

T. Ogino, A three-dimensona MHD simulation of the interaction of the solar
wind with the earth's magnetosphere: The generation of field-aligned
currents, J. Geophys. Res,, 91, 6791-6806 (1986).

T. Ogino, R.J. Walker and M. Ashour-Abdalla, A globa magnetohydrodynamic
smulation of the magnetosheeth and magnetopause when the interplanetary
magnetic field is northward, | EEE Transactions on Plasma Science,

Vol.20, No.6, 817-828 (1992).

T. Ogino, Two-Dimensona MHD Code, (in Computer Space Plasma Physics),
Ed. by H. Matsumoto and Y. Omura, Terra Scientific Publishing Company,
161-215, 411-467 (1993).

T. Ogino, R.J. Walker and M. Ashour-Abdalla, A globa magnetohydrodynamic
smulation of the response of the magnetosphere to anorthward turning of
the interplanetary magnetic field, J. Geophys. Res,, Vol.99, No.A6,
11,027-11,042 (1994).

3D MHD Simulation of Farth's Magnetosphere W0 M Simulstion of Tank's Magaeisaghen

Incoming Southward IMF, Bz = -5 nT Demuty and pacrgy of croan section

Imceming Scutbmand IME, Thas- 10 fa greas

Fig.4-1. gm150b.gif Fig.4-2. gm220b.gif
(converted from gm150b.ps) (converted from gm220b.ps)
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I MU Simuolation of Eanh's Magnetasphere
Hi= 0.0aT ¥New= Sfee Ven=lidkmd 1=1Edm

Fig.4-3. gm480b.gif (converted from gm480b.ps)

A0 MHD simalarion of Bl Mignaiospag

BE= =11 SWE Mt 3000 Vewe ks po e nt

=

Fig.4-4. zvrml1b.jpg (made from zvrml 1b.wrl)
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Visualization to Various 3-Dimensional MHD Models of Earth's Magnetosphere
(English)

We will show how to use the grgphics programs to make VRML files of various
3-Dimensiona MHD modds of Earth’'s Magnetosphere. The output binary files produced by
various MHD simulation codes by using modified legp-frog scheme are used asinpuit.
<<execution of VRML graphics program>>

1. 77 -c-O zvrsubb.f
2. 177 -O zvrmagb.f zvrsubb.o

where file must be defined in open satement like
c open(10;file="earthb10.data,

c 1 access="sequentid’,form="unformatted’)
open(11,file="earthbll.datd,
1 access='sequentid’,form="unformetted)
c

3.aout & : output iswritteninfort.10
4. mv fort.10 fort.102

1. 77 -c-O zvraubb f

5. 177 -O zvrcrob.f zvrsubb.o

6. aout & : output iswritteninfort.10
7. mv fort.10 fort.101

8. cat fort.101 fort.102 > zvrmlOL.wrl

<<Summary of parametersin MHD Simulation Code>>
(nx,ny,nz) = (180,60,60) grid number without boundary
nxp=30 parameter to determine earth postion
(xxl,yyl,zzl) = (90.5,30.5,30.5)Re  lengthineachdirection
hx=xxl/float(nx+1)=0.5Re gridinterva inx direction
hy=yyl/float(ny+1)=0.5Re gridinterva iny direction
hz=zzl/float(nz+1)=0.5Re gridinterva in z direction

1-dimensond array variable f(i1)=f(i,j,k,m)
i1=i+n1* (j-1)+n2* (k-1)+n3* (m-1)

m=1 :rho, plasmadengty

m=2 :VX, Xxcomponentof velocity

m=3 :\y, ycomponentof velocity

m=4 :Vz, zcomponent of velocity

m=5 :P  plasmapressure

m=6 :BX, xcomponentof magneticfield
m=7 :By, Yy componentof magneticfied
m=8 :Bz, zcomponentof magneticfied
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5-a. Half volume model of earth’s magnetosphere with IMF By and Bz components

<<example datafile used in this section>>

ZA

A

09220410.data 5
(nx,ny,nz) = (180,60,120) Buve = (B, B,)
nxp =30
time=410m 1]

B|MF :(By’Bz) W =y
theta= 30 deg
<<3-dimendond graphics program by VRML files>>

1. 3-dimensiond magnetic field lines
zvrmagaf (main) + zvrsubaf (subroutine) > fad10m.wrl

2. cross sectiond peattern by pixe image
zvrcroaf (main) + zvrsubaf (subroutine) > fad10c.wrl

3. cross sectiond pattern by velocity vectors
zvrvelaf (main) + zvrsubaf (subroutine) > fad10v.wrl

asynthessfilewith abovethreefilesusing “ cat” > fad10w.wrl

4. 3-dimensond pixd image with multi-planes
zvrmpxaf (main) + zvrsubaf (subroutine)

zx planes sdlected in parameter > fad10zx.wrl

yz planes selected in parameter > fad10yz.wrl

Xy planes selected in parameter > fad10xy.wrl
asynthesisfile with abovethreefilesusng “cat” > fad10xyz.wrl



fig.5-1: fadlOw.gif (made from fad10w.wrl) fig.5-2: fadl0sgif
Wholeimage of magnetogphere (made from fad10w.wrl)
View fromthe sun

fig.5-3: fad10yz.gif (made from fad10yz.wrl) fig.5-4 : fad10xyz.gif (made from fad10xyz.wrl)
Image of multipleyz planes Synthesisimage with multiple planes
inthreedirections
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5-b. Quarter volume model of earth’s magnetosphere

<<example datafile used in this section>>

ggswhb240.data
(nx,ny,nz) = (180,60,60)
nxp =30
time=240m
IMF Bz (By=0)

<<3-dimensiond graphics program by VRML files>>
1. 3-dimensiona magnetic fidd lines
zvrmagh.f (main) + zvrsubb.f (subroutine) > fh240m.wrl
2. cross sectiond pattern by pixe image
extended pattern to whole volume
zvrcrob.f (main) + zvrsubb.f (subroutine) > fh240c.wrl
quater volume pattern
zvrcrobg.f (main) + zvrsubb.f (subroutine) > fbg240c.wrl
3. cross sectiond pattern by velocity vectors
extended pattern to whole volume
zvrvelb.f (main) + zvrsubb.f (subroutine) > fh240v.wrl
quater volume pattern
zvrvelbg.f (main) + zvrsubb.f (subroutine) > fbg240v.wrl

asynthessfilewith fb240m.wrl , fb240c.wrl and fb240v.wrl usng “cat” > fb240w.wrl
asynthessfilewith fb240m.wrl , fbg240c.wrl and flbg240v.wrl using “cat” > fbg240w.wrl

4. 3-dimensiond pixd image with multi-planes
zvrmpxb.f (main) + zvrsubb.f (subroutine)

zx planes sdected in parameter > fb240zx.wrl
yz planes selected in parameter > fb240yz.wrl
Xy planes sdected in parameter > fb240xy.wrl

asynthessfilewith abovethreefilesusng “cat” > fh240xyz.wrl
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fig.5-5: fh240w.gif (made from fb240w.wrl) fig.5-6 : fh240sgif
Wholeimage of magnetosphere (made from fb240w.wrl)
View from the sun

fig.5-7 : th240yz.gif (made from fb240yz.wrl) fig.5-8 : fb240xyz.gif (made from fb240xyz.wrl)
Image of multipleyz planes Synthesisimage with multiple planes
in three directions
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fig.5-9 : fhg240w.gif (made from fbg240w.wrl)
Wholeimage of magnetosphere

fig.5-10: fbg240s.gif (made from fbg240w.wrl)
View fromthesun
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5-c. Half volume model of earth’s magnetosphere with dipole tilt

<<example datafile used in this section>>
gcclal360.data
(nx,ny,nz) = (180,60,120)
nxp =30
time=360m
dipaletilt+ IMF Bz (By=0)

<<3-dimensiond graphics program by VRML files>>
1. 3-dimensiond magnetic field lines

zvrmagc.f (main) + zvrsubc.f (subroutine) > fc360m.wrl
2. cross sectiond pattern by pixe image

zvrcrocf (main) + zvrsubc.f (subrouting) > fc360c.wrl
3. cross sectiond pattern by velocity vectors

zvrvelc.f (main) + zvrsubc.f (subroutine) > fc360v.wrl

asynthessfilewith abovethreefilesusing “cat” > fc360w.wrl

4. 3-dimensiond pixd image with multi-planes
zvrmpxc.f (main) + zvrsubc.f (subroutine)

zx planes sdlected in parameter > fc360zx.wrl
yz planes selected in parameter > fc360yz.wrl
Xy planes sdected in parameter > fc360xy.wrl

asynthessfilewith abovethreefilesusng “cat” > fc360xyz.wrl
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fig.5-11 : fc360w.gif ( made from fc360w.wrl) fig.5-12: fc360s.gif
Wholeimage of magnetosphere (made from fc360w.wrl)
View fromthe sun

fig.5-13: fc360yz.gif (made from fc360yz.wrl) fig.5-14 : fc360xyz.gif (made from fc360xyz.wrl)
Image of multiple yz planes Synthesisimage with multiple planes
inthree directions
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5-d. Whole volume model of earth’s magnetosphere

<<example datafile used in this section>>
gdd1e180.data Z z*

(nx,ny,nz) = (180,120,120) til
nxp =30
time=180m B W I2]
dipaletilt+ IMF B, =(B,,B,) <R 2%
tilt=30deg
theta= 45deg

Bnvn: = (By’ Bz)

<<3-dimendond graphics program by VRML files>>
1. 3-dimensiond magnetic field lines
zvrmagd.f (main) + zvrsubd.f (subroutine) > fdel80m.wrl
2. cross sectiond pattern by pixe image

zvrcrod.f (main) + zvrsubd.f (subroutine) > fdel80c.wrl
3. cross sectiond pattern by velocity vectors
zvrveld.f (main) + zvrsubd.f (subroutine) > fdel80v.wrl

asynthessfilewith abovethreefilesusing “ cat” > fdel80w.wrl

4. 3-dimensond pixd image with multi-planes
zvrmpxd.f (main) + zvrsubd.f (subroutine)

zx planes sdlected in parameter > fdel80zx.wrl
yz planes sdlected in parameter > fdel80yz.wrl
Xy planes sdected in parameter > fdel80xy.wrl

asynthesisfile with abovethreefilesusng “cat” > fdel80xyz.wrl
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fig.5-15 : fdel80w.gif (made from fdel80w.wrl) fig.5-16 : fdel180s.gif
Wholeimage of magnetosphere (mede from fdel80w.wrl)
View fromthe sun

fig.5-17 : fdel80yz.gif fig.5-18 : fde180xyz.gif
(mede from fdel80yz.wrl) (mede from fde180xyz.wrl)
Image of multipleyz planes Synthesisimage with multiple planes
inthree directions
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Application of VRML to 3-Dimensional MHD Models of Earth's Magnetosphere
(English)

6-a. 3-dimensional visualization of earth’s magnetosphere with multiple planes

<<example datafile used in this section>>
idd1i540.data Z z1t

(nx,ny,nz) = (268,134,134) til
nxp =30
time=540m ) W 2]
dipoletilt+ IMF By, =(B,,B,) <R 2%
tilt = 30deg
theta= Odeg

é|MF = (By- Bz)

<<3-dimengond graphics program by VRML files>>
1. 3-dimensiona magnetic fidd lines
zvrmagd.f (main) + zvrsubd.f (subroutine) > zvrmagdc2.idd1i540.wrl

2. Plasmavedocity vectorsin cross section
zvrveld.f (main) + zvrsubd.f (subroutine) > zvrvelde.idd1i540.wrl

3. Pixd image of plasmatemperate with multiple planes
zvrmpxd.f (main) + zvrsubd.f (subroutine)

zx planes sdlected in parameter > pxdzx. idd1i540.wrl
yz planes selected in parameter > pxdyz. idd1i540.wrl
Xy planes sdected in parameter > pxdxy idd1i540.wrl

asynthessfilewith abovethreefilesusng “cat” > pxd4. idd1i540.wrl

4. asynthesisfile with abovethreefilesusng “cat” > pxddmdc2v.idd1i540.wrl
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6-b. 3-dimensional visualization of earth’s magnetosphere with equivalence planes

<<example datafile used in this section>>
idd1n720.data
(nx,ny,nz) = (268, 134, 134)
nxp =30
time=720m
dipoletilt + IMF
tilt = 30deg
theta=90deg

<<3-dimendond graphics program by VRML files>>
1. 3-dimensiond magnetic field lines
zvrmagd.f (main) + zvrsubd.f (subroutine) > zvrmagd. idd1n720.wrl

2. Plasmavedocity vectorsin cross section
zvrveld.f (main) + zvrsubd.f (subroutine) > zvrveld. idd1n720.wrl

3. 3-dimengond visudization with equivaence planes
mcubvrm.f (main) + mcubsub.f (subroutine) > mcub.idd1n720.wrl

4. asynthesisfile with abovethreefilesusng “ca” > mecubmagav.idd1n720.wrl
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zvrmagdc2.idd1n720.gif zvrvelde.idd1in720.gif
(made from zvrmagadc2.idd1n720.wrl) (mede from zvrveldc.idd1n720.wrl)
3-dimensond magnetic field lines Plasmaveocity vectorsin cross section

mcub.idd1n720.gif mcubdc2v.idd1n720.gif
(meade from mecub.idd1n720.wrl ) (mede from mcubmagdv.idd1n720.wrl )
3-dimensond visudization Synthesisimage with equivalence planes
with equivaence planes inthreedirections
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6-c. Cropping of 3-dimensional data
main program mbikxyz.f

Input varigble:

nx : Datanumber of the x direction
ny : Datanumber of they direction
nz : Datanumber of the z direction
X0 : The x coordinate of the origin
y0: They coordinate of the origin
20 : Thez coordinae of the origin
mb : The number of cropping

Description : This program produce a reduced array, fb(jx,jy,jz) from the origind away,
fa(ix,ly,iz), where mb isthe number of cropping.

IX = 1+mb* (jx-1)

Iy = 1+mb* (iy-1)
iz=1+mb*(iz-1)
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VRML20 3D 1996

Web3D 2001

TheVRML 2.0 Handbook, by Jed Hartman and Josie Wernecke, Silicon Graphic, Inc,
Addison-Wedey Publishing Co., 1996

VRML 2.0 by Rikk Carey and Gavin Bdll,

Addison-Wedey Publishers Japan, 1998

PostScript by Adobe Systems, ,1995

PostScript by Example, by H. McGilton and M. Campione,
Addison-Wedey Publishing Co., 1992
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Fortran

1.
No. [Contents Fortran Program VRML file gif file
pk1subrtn.f
1 box1.f boxLwrl box1.gif
2 box2.f box2.wrl box2.gif
3 conel.f conel.wrl conel.gif
4 cylinderLf cylinderLwrl cylinderL.gif
5 spherel f spherel.wrl spherel.gif
6 backgrd4.f backgrd4.wrl backgrdd.gif
7 text1.f textLwrl text1.gif
8 linest1 f linesstd.wrl linest1.gif
9 lineset2.f lineset2.wrl lineset2.gif
10 pointsst1.f pointsstd.wrl pointset1.gif
1 pointset2.f pointset2.wrl pointset2.gif
12 arow2.f arrow2.wrl arrow2.gif
13 linemeshlf linemeshlwrl linemeshl.gif
14| 1 meshl.f meshl.wrl meshl.gif
15| 2 triangb.f triangbL.wrl Triangbl.gif
16| 3 triangml.f triangmLwrl Triangm1.gif
17 defuseml.f defuseml.wrl defuseml.gif
18 imagel.f imagel.wrl imegel.gif
19 ebmesh3d.f ebmesh3d.wrl Ebmesh3d.gif
2.
No. [Contents E‘r’ggr‘;rr‘n VRMLfile | giffile ipgfile rgbfile
zvraubaf
1 msymbol.f  msymbol.wrl jmsymboal.gif
2 mpoint.f mpointwrl  mpoint.gif
3 mlinef mlinewrl mlinegif
4 Mtriangm.f  |mtriangmwrl |mtriangm.gif |mtriangm,jpg [mtriangm.rgb
5 mzpt03.f mzptO3wrl | mzpt03.gif  |mzptO3jpg  |mzpt03.rgh
6 mpix015f  mpix015wrl |mpix015.gif |mpix015jpg mMpix015.rgb
7 mecube30Lf  mcube301.wrljmcube30L1.gif mcube301.jpgimcube301.rgb
8 outline3df  |outline3d.wrl joutline3d.gif |outline3d.jpg
9 inline3d.f inline3dwrl jinline3d.gif  finline3d,jpg
10 denline3d.f  |denline3d.wrl |denline3d.gif [denline3d,jpg
3.
No. [Contents Fortran Program| VRML file gif file
zvraubaf
1 zvreroaf zvreroawrl zvreroagif
[ ]
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3
2 o zvrmagalf zvrmagawrl zvrmagagif
[ ]
[ ]
3 zZvrOL.wrl 2vrOL.gif
zvraubaf
fad10zx.wrl fad10zx.gif
fad10yz.wrl fad10yz.gif
4 Zvrmpxaf fadloxywrl  ffad10xy.gif
fad10xyz.wrl fad10xyz.gif
4_3-Dimensional MHD Simulation of Earth"s Magnetosphere
(Example to execute the MHD Code and Graphic programs)
Fortran . . .
No. |[Contents Main gjagzxgne Elc:IScrlpt ?)/r%'i\ﬂ_ilgle
Program
3D MHD smulaion code of 1/4 earth's magnetosphere earthb10.f
Grgphics program to make PostScript files
noon-midnight meridian and equatorid plots i
1 (black and white) gml150bf  |gubl50f  (gml150bps  |gm150b.gif
2 |energy digtribution of cross section gm220bf  |gub220f  (gm220bps  |gm220b.gif
3 [3-dimensiond magneticfidd lines gm480bf  |gub480f  [gsub480ps  |gsub4B80.gif
3-dimensond graphics program by VRML files (Virtua Redity Modding Language)
1 [3-dimensiona magnetic fidd lines zvimaghf  [zvrsubbf zvrml 1b.wrl
2 |crosssectiond pettern by pixe image zvrerobf zvraubb f zvrml1b,jpg

5_Visualization to Various 3-dimensional

MHD Models of Earth’s

Magnetosphere
5-a. Halfvolume model of earth’s magnetosphere with IMF By and Bz components
No. (Contents EA”.“""” VRML file gif file
ain Program
Subroutine Package zvraubaf
1 [3-dimensond magnetic fidd lines zvrmegalf e oA10wGif
2 |crosssectiond peattern by pixe image zvroroaf Fad10w.wrl 4105, '?f
3 |crosssectiond pattern by velocity vectors 2vrvelaf 9
i . - , . Fad10xyz.wrl fad10xyz.gif
4 3-dimensond pixel imagewith multi-planes zvrmpxaf ta10yz wil taa10y7 gif
5-b. Quarter volume model of earth’s magnetosphere
No. (Contents ,f/lor.”a” VRML file gif file
ain Program
Subroutine Package zvraubb f
1 |3-dimensond magnetic fied lines z:glzgt;f 240w gif
2 |crosssectiond pattern by pixd image e obq f fb240wwrl fb240s.gif
vy elbf. fbg240w.wrl fbg240w.gif
3 (crosssectiond paitern by velocity vectors rvelbof fbg240s.gif
i . L . . fb240xyz.wrl fb240xyz.gif
4 3-dimensiond pixe imagewith multi-planes zvrmpxb.f th240yz il th240y7 Gif

5-c. Half volume model of earth’s magnetosphere with dipole tilt
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Fortran

No. |Contents Main Program VRML file gif file
Subroutine Package zvraubc f
1 [3-dimensiond magnetic fidd lines zvrmage f  c360WGif
2 |crosssectiond pettern by pixel image zvrcrocf fc360w.wrl 3605, '?f
3 |crosssectiond pattern by velocity vectors 2vrvec.f 9
i . o . . fc360xyz.wrl fc360xyz.gif
4 3-dimensond pixe imagewith multi-planes zvrmpxc.f tc360yzwil t360yzgif
5-d. Whole volume model of earth’s magnetosphere
No. (Contents EA”.“""” VRML file gif file
ain Program
Subroutine Package zvraubd f
1 [3-dimensond magnetic fidd lines zvrmagd.f 180w Gilf
2 |crosssectiond pattern by pixe image zvrerod f fdel80w.wrl fde180s, '?f
3 |crosssectiond paitern by velocity vectors zvrveldf 9
i . L , . fdel80xyz.wrl fdel80xyz.gif
4 3-dimensond pixel imagewith multi-planes zvrmpxd.f tde180yz wrl tde180yz gif

6.Application of VRML to 3-Dimensional MHD Models of Earth®s Magnetosphere
6-a. 3-dimensional visualization of earth’s magnetosphere with multiple

planes
No. (Contents Fortran VRML file gif file
Main Program
Subroutine Package zvraubd f
1 [3-dimensond magnetic fidd lines zvrmagd.f zvrmagdc2.idd1i540wrl  zvrmagdc2.idd1i540.gif
2 [Plasmavdocity vectorsin cross section zvrveldf zvrvddc.iddlis4Owrl  [zvrveldc.idd1i540.gif
3 [Pxd imege of plasma temperde with, st |oxddicdtisaowrd Oxd4.dd1i5A0.Gif
multiple planes
4 [Yynthessimegewith multiple planesin threq oxcmdc2viddi5A0wT [oxcdmdc2vidd1is40 gif

directions

6-b. 3-dimensional visualizationofearth’smagnetospherewithequivalence

planes
No. |[Contents For_tran Subroutine Program VRML file
Main Program
1 [3-dimensiond magnetic fidd lines zvrmagd.f zvraubd.f zvrmagdc2.idd1n720.gif
2 [Plasmaveocity vectorsin cross section 2vrveldf zvraubd f zvrvedc.idd1n720.gif
3 gi;mom visualization with equiVaIence oyt Imcubsub moubidd1n720.gif
Synthesisimage with multiple planesin three . :
4 irections mcubdc2v.idd1n720.gif
6-c. Cropping of 3-dimensional data
No. |Contents Eﬂor_tran Subroutine Program VRML file
ain Program
1 |cropping of 3-dimensond data mbikxyz.f
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VRML

442-8507 313
TEL:0533-89-5207 FAX:0533-89-5090

E-mail:ogino@stelab.nagoya-u.acjp
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