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VRML Virtual Reality Modeling Language

VRML VRML
VRML
VRML VRML
VRML
Fortran
VRML
VRML
Fortran C VRML
VRML
MHD
AVS
TITAN Indigo-2 Dore AVS

Open-GL



VRML Virtual Reality Modeling Language

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

PostScript  VRML

subroutine package CD-ROM

VRML
main Fortran program



Fortran VRML2.0

pklsubrtn.f VRML2.0

1. f77 -c -O pklsubrtn.f

pklsubrtn.f
pklsubrtn.o
2. 77 -O box1.f pklsubrtn.o
box1.f etc. pklsubrtn.o
a.out
3. a.out
a.out VRML 2.0 fort.10
4. mv fort.10 box1.wrl
VRML « edkk wirl < <



main program
subroutine

b

SZ

box1.wrl

box1.f
box1 (r, g, b, s2)

[0.1]
[0.1]

[0.1]



main program box2.f

subroutine box2 (r, 9, b, sx, sy, sz)

r [0,1]

g [01]

b [0,1]

X X

Sy 'y

sz z

box2.wrl




main program
subroutine

rd

conel.f
conelkl (rd,h,r,g,b, X, Y, 2)

[0.1]
[0.1]

[0.1]

conel.wrl




main program cylinderl.f

subroutine cylinderl (rd, h, r, g, b)
rd
h
r [0,1]
g [0.1]
b [0,1]
cylinderl.wrl




main program spherel.f

subroutine shere2 (r, g, b, rd)
rd
r [0,1]
9 [0.1]
b [0,1]
spherel.wrl




main program backgrd4.f

subroutine backd (n1, n2, rd),
nl
n2
rd ( )
backgrd4.wrl




main program textl.f

subroutine textl (x,Y,2,n,1,0,Db,sz chl)
X X
y'y
z z
n (10 )
r [0,1]
g [0,1]
b [01]
sz
chl [40 ]
textl.wrl

Nagovya 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 y.2)

r [0,1]
9 [0,1]
b [0,1]
linesetl.wrl
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main program lineset2.f

subroutine line2 (In, po, sco, eco)
( )
In
po(3*In) Xy, 2)
SO ( )
eco ( )

(1: white 2: yellow 3: mazenda 4: red 5: sian 6: green 7: blue )

lineset2.wrl
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main program pointsetl.f

subroutine pointl (In, po, r, g, b)
In
po(3*In) x,¥,2)
r [01]
g [0.1]
b [01]

pointsetl.wrl
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main program pointset2.f
subroutine point2 (In, po, sco, eco)

( )

In
po(3*In) (X, ¥, 2)
SCo ( )

eco ( )

(1: white 2: yellow 3: mazenda 4: red 5: sian 6: green 7: blue )

pointset2.wrl
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main program arrow2.f
subroutine arrow2 (nx, ny, u, p, rd1, rd2, h, cx, cy, cz, br, bg, bb, cr, cg, cb)

( )

nx X
ny 'y

u (.9, b)

P x,¥,2)

rdl

rd2

h

X X

cy y

cz z

br [0,1]
bg [0,1]
bb [0.1]
cr [0,1]

cg [0,1]
cb [01]

arrow2.wrl
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main program linemeshl.f

subroutine linemesh (p, n1,rd, r, g, b)
P (x,¥,2)
nl
rd
r [0,1]
9 [0,1]
b [0.1]
linemeshZ1.wrl
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main program meshl.f

subroutine facel (In, po, 1, g, b)
In
po (X y.2)
r [0,1]
g [0.1]
b [0.1]
meshl.wrl
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main program triangbl.f

subroutine triangbkl (nx, ny, u, p)
nx X
ny 'y
u (r.9,b)
P Xy, 2)
triangbl.wrl
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main program triangm2.f

subroutine triangm (nx, ny, u, p)
nx X
ny y
u (r,9,b)
p Xy, 2)
triangm2.wrl
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main program defuseml.f

subroutine defusem (nx, ny, u, p, X1, y1, z1, X2, y2, 22, r, n)
nx X
ny y
u (r.9,b)
P x,¥,2)
X1 X
yl y
z1 z
X2 X
y2 y
z2 z
r ( )
n
defuseml.wrl
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main program imagel.f

subroutine imagetx1 (In, po, chl, n)
In
po (X y.2)
chl URL
n URL
imagel.wrl
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main program ebmesh3d.f

subroutine triangm1 (nx, ny, u, p)
nx X
ny y
u (r.9,b)
P Xy, 2)
ebmesh3d.wrl

23



Fortran VRML 2.0

zvrsuba.f
VRML 2.0
1. f77 -c -O zvrsuba.f
zvrsuba.f
zvrsuba.o
2. f77 -O msymbol.f zvrsuba.o
msymbol.f etc. zvrsuba.o
a.out

3. a.out

a.out VRML 2.0 fort.10
4. mv fort.10 msymbol.wrl

VRML ©exxE wrl <«
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main program  msymbol.f

subroutine  symblv (X, y, z, h, chr, n)

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

X X
y y
z z
h
r [0,1]
g [0.1]
b [0,1]
chr [80 ]
n
msymbol.wrl

Southward Turning from Northward IMF

Bz=18.2nT Nsw=46/cc Vsw=412km/s t=342m({42m)

Bz=18.2nT Nsw=46/cc Vsw=412km/s t=342m{42m)
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main program  mpoint.f
subroutine  point3d (nx, ny, nz, X0, y0, z0, xI, yl, zl, ico, u)

nx*ny*nz

nx X
ny 'y

nz z

X0 X

y0 y

z0 z

X1 x

yl y

z1 z

ico [1,7]

u (Nx*ny*nz) X ¥2)

mpoint.wrl
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main program  mline.f
subroutine line3d (lasl, r, g, b, po)

lasl
[ [0,1]
g [0.1]
b [0,1]
po (3*lasl) X, ¥, 2)
mline.wrl

27



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

u@*nx*ny)

nx X
ny y
u (3*nx*ny)

p (3*nx*ny)

mtriangm.wrl

28
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main program  mzpt03.f
subroutine  pixel2(nx, ny, xb, yb, x1, y1, ipx0, ico, icc, zcc, u)

(nx*ny)

nx X

ny 'y

xb X

ico [1,7]
icc 1=xy , 2=XZ , 3=yz
zcc

u (nx*ny)

mzpt03.wrl
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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)
pixel2 (nx, ny, xb, yb, X1, y1, ipx0, ico, icc zcc, u)

mpix015.wrl

Magoya Urniversity

Solar Terresirial Bnvirpnmeni l.sﬂ,‘-r,'rr.',tu_ln_.-'

30



main program mcube301.f
subroutine  csuba (ic, aa, u) < (nx, ny, nz, x0, y0, z0, xl, yl, zl, nol, ico)

u (nx*ny*nz)

nx=ic(2) x

ny=ic(3) vy

nz=ic(4) z

x

x0=aa(11)
y0=aa(12) y

z0=aa (13)

N

xl=aa(8) x
yl=aa(9) vy

z1=aa (10) z

ico=ic (1) [1.7]
nol 12

u (Nx*ny*nz)

mcube301.wrl
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main program  outline3d.f
subroutine lat3d1 (ic, aa) < (nx, ny, nz, xl,yl, zl,r,g,b)

nx=ic(l) x
ny=ic(2) y
nz=ic(d) z

xl=aa(l) x
yl=aal2) y
z1=aa(3) z
r=aa(4) [01]
g =aa(d) [0.1]
b =aa(6) [0,1]

outline3d.wrl
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main program  inline3d.f
subroutine lat3d2 (ic,aa) < (nx, ny,nz, xl,yl, zl,r,g,b)

nx=ic(l) x
ny=ic(2) y
nz=ic(3) z
xl=aa(l) x
yl=aa(2) y
z1=aa(3) z
r=aa(4) [01]
g =aa(5) [01]
b = aa(6) [01]

inline3d.wrl
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main program  denline3d.f

subroutine lat3d3 (ic,aa) <(rel, re2,r,g,b)

rel =aa(l)
re2 = aa(2)
r=aa(3)
g=aa(4)
b =aa(5)

denline3d.wrl

Re

Re
[01]
[01]
[01]
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cat outline3d.wrl inline3d.wrl denline3d.wrl > line3d.wrl

line3d.wrl

I
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MHD

1. 77 -¢ -O zvrsuba.f

zvrsuba.f
zvrsuba.o
2. 77 -O zvrcroa.f zvrsuba.o
zvrcroa.f or zvrmaga.f
a.out
3. a.out
a.out VRML 2.0

4. mv fort.10 zvrcroa.wrl

VRML € ek wrl <

5. cat zvrcroa.wrl zvrmaga.wrl > zvrl.wrl
VRML

36

fort.10

zvrsuba.o



zvreroa.f zvrsuba.f

VRML

pixel1(nx,ny,xb,yb,xl,yl,ipx0,ico,icc,zcc,vmin,vmax,u)
3D MHD earthal0.f

zvrcroa.wrl

subroutine pixel1(nx,ny,xb,yb,x1yl,ipx0,ico,icc,zcc,vmin,vmax,u)

u(il) vmax vmin u(il)

37



nx X

ny y

xb X

zcc
vmin u(i1)
vmax u(i1)
u (nx*ny) u(iL), 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,yl,icc,zcc)

38
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zvrmaga.f zvrsuba.f

VRML

aintela(ia,aa,f,p)
zsub33(ia,aa)

aintela(ia,aa,f,p)
ainte21(ia,aa,f,p)

3D MHD earthal0.f

zvrmaga.wrl

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

30Re //////

|

V) Z

30Re

A\

\

-BORe

subroutine aintela(ia,aa,f,p)
f(i1)

39




open, closed, detached

nx=ia(1) X
ny=ia(2) y

mx=ia(3) fi1) x

my=ia(4) fi1) vy

mz=ia(5) f(i1) z

nxz=ia(6)

mi=ia(7)

mo=ia(8)

thO=aa(1)*pi/180.0

aru=aa(2)

arl=aa(3)

arb=aa(4)

xxl=aa(5) X

yyl=aa(6) y

z71=aa(7) 2

b0=aa(8) 1.0
gx0=aa(13) X
gyO=aa(14) y
gxl=aa(15) X

gyl=aa(16) y

gth=aa(17)*pi/180.0
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gxmi=aa(18) X
gxma=aa(19) X

epl=aa(20)

quantl(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aa,f,q)
f(i1) (Xy,2)

q(8)

subroutine aintel(ia,aa,f,p)
f(i1)

nx=ia(1) X
ny=ia(2) y
mx=ia(3) fi1) x
my=ia(4) fi1) vy
mz=ia(5) f(i1) z
nxz=ia(6)

mi=ia(7)

mo=ia(8)

thO=aa(1)*pi/180.0

aru=aa(2)

arl=aa(3)

41



arb=aa(4)

xxl=aa(5) x

yyl=aa(6) y

zzl=aa(7) z

b0=aa(8) 10
gx0=aa(13) X

gy0=aa(14) y

gxl=aa(15) X

gyl=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,aa,f,q) f(il)
(x.y,2) q(8)

linebe(r,g,b)

linep2(x1,y2,z1,1,lasl)

lineen(lasl)

subroutine ainte21(ia,aa,f,p)
f(i1)
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nx=ia(1) X
ny=ia(2) y
mx=ia(3) f(i1) x
my=ia(4) fi1) vy
mz=ia(5) fi1) z
nxz=ia(6)

mi=ia(7)

mo=ia(8)

thO=aa(1)*pi/180.0

aru=aa(2)

arl=aa(3)

arb=aa(4)

xxl=aa(5) X

yyl=aa(6) y

zz1=aa(7) z

b0=aa(8)

gx0=aa(13) X
gyO=aa(14) y
gxl=aa(15) X
gyl=aa(16) y
gth=aa(17)*pi/180.0

gxmi=aa(18) X

43
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gxma=aa(19) X
epl=aa(20)

xlim=aa(23) X

xli2=aa(24) vz

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

linebe(r,g,b)

linep2(x1,y2,z1,1,lasl)

lineen(lasl)

subroutine zsub33(ia,aa)

aintela

aintel
nxg=ia(1) X
nyg=ia(2) y
aintela(ia,aa,f,p)
ainte1(ia,aa,f,p)

44



”Cat"

zvrcroa.wrl + zvrmaga.wrl - zvrOl.wrl

cat zvrcroa.wrl zvrmaga.wrl > zvrOL.wrl

zvr01.wrl

MHD Simulation of Earth's Magnetosphere
T=22.10-1999 06:30:00

\ Z AA0Re

30Fk;

LL7
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zvrmpxa.f zvrsuba.f

VRML
tra: (00~05:00 100% 0.5 50%)
ipn:
icc: (1:zx 2:yz 3:xy )

( )

pixel1(nx,ny,xb,yb,xl,yl,ipx0,ico,icc,zcc,vmin,vmax,tra,u)
fig.3-1 :fadlOzx.wrl zx (icc=1, ipn=11 )
fig.3-2 :fadlOyzwrl yz (icc=2, ipn=11 )
fig.3-3 :fadlOxywrl xy (icc=3, ipn=11 )
fig.3-4 :fadlOxyz.wrl 3 cat

46



fig.3-1 : fa410zx.gif fig.3-2 : fa410yz.gif
(made from fa410zx.wrl) (made from fa410yz.wrl)

zX (multiple zx planes) yz (multiple yz planes)

fig.3-3 : fa410xy.gif fig.3-4 : fad10xyz.gif
(made from fa410xy.wrl) (made from fa410xyz.wrl)
Xy (multiple xy planes) 3
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3-Dimensional MHD Simulation of Earth's Magnetosphere (English)

<Example to execute the MHD Code and Graphic programs>

We will demonstrate how to execute the 3-Dimensional magnetohydrodynamic (MHD)
Simulation of Earth's Magnetosphere in 1/4 volume and how to use the graphics programs to
make PostScript files and VRML files in this section. In the MHD model, MHD and Maxwell's
equations are solved in the solar-magnetospheric coordinate system by using modified
leap-frog method when the upstream solar wind and interplanetary magnetic field (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 simulation box. The main simulation
Fortran program, earthb10.f is fully vectorized and can be executed on many kinds of
computers. By executing the main MHD simulation code, a simulated binary file is produced as
output. When the output binary file is used as input, graphics programs can be executed to
make PostScript files and VRML files for three dimensional visualization.

main program : earthb10.f
earthb10.f  using modified leap-frog scheme
3D MHD simulation of 1/4 earth's magnetosphere
Cartesian coordinate  finite resistivity 45 degree boundary

graphics program to make PostScript files

1. gm2150b.f (main) + gsub150.f (subroutine)

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

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

3-dimensional magnetic field lines

3-dimensional graphics program by VRML files
<Virtual Reality Modeling Language>

1. zvrmagb.f (main) + zvrsubbf (subroutine)
3-dimensional magnetic field lines

2. zvrerob.f (main) + zvrsubb.f (subroutine)
cross sectional pattern by pixel image

<<Summary of parameters in MHD Simulation Code>>

(nx,ny,nz) = (180,60,60) grid number without boundary
nxp=30 parameter to determine earth position
last=1024 number of time steps
1iq0=8 a unit of modified leap-frog scheme
iip0=32 adjust upstream boundary condition
iis0= 1024 sampling step of data
thx=4.00 parameter to adjust time step
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(xlyl,zl) = (90.5,30.5,30.5)Re length in each direction

hx=xI/float(nx+1)=0.5Re grid interval in x direction

hy=yl/float(ny+1)=0.5Re grid interval in y direction

hz=zl/float(nz+1)=0.5Re grid interval in z direction

t=0.5*hx*thx time interval

t(real)=t*ts real time to one time step advance
=0.5*0.5*4.00*%0.937 ts is normalization value in time
=0.937 sec

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

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

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

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

ro01=5.0E-4 (5/cc) mass density of solar wind
pr01=3.56E-8 pressure of solar wind
vsw=0.044  (300km/s) speed of solar wind
bis=CP(11)=1.5E-4 (5nT) amplitude of IMF

eatt resistivity

rmuu viscosity

eud0 friction or collision term

1-dimensional array variable f(i1)=f(i,j,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, plasma density

m=2 :VX
m=3 W
m=4 :Vz
m=5 P plasma pressure
m=6 :Bx
m=7 :By
m=8 :Bz
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<<execution of main program>>
1. f77 -O earthb10.f
2.a.0ut&

where file must be defined in open statement like

c open(10,file="earthb10.data,
c 1 access="sequential’,form="unformatted’)
open(11,file="earthbll.data’,
1 access="sequential’,form="unformatted’)
C
or

1. f77 -0 earthb10 -O earthb10.f
2. earthb10 &

<<execution of PostScript graphics program>>

1. 77 -c -0 gsub150.f

2. 77 -O gm150b.f gsub150.0
3. a.out>gm150b.ps &

4. gs gm150b.ps

5. Ip gm150b.ps

1. 77 ¢ -O gsub220.f
2. f77 -O gm220b.f gsub220.0
3. a.out>gm220b.ps &

1. f77 -c -O gsub480b.f
2. 77 -O gm480b.f gsub480b.0
3. a.out & : output is written in fort.10

<<execution of VRML graphics program>>

1. f77 -c -O zvrsubb.f

2. 77 -O zvrmagb.f zvrsubb.o

3. a.out & : output is written in fort.10
4. mv fort.10 fort.102

1. 177 -c -O zvrsubb.f

5. f77 -O zvrcrob.f zvrsubb.o

6. a.out & : output is written in fort.10
7. mv fort.10 fort.101

8. cat fort.101 fort.102 > zvrmIO1.wrl
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3D MHD Simulation of Earth’s Magnetosphere 3D MHD Simulation of Earth’s Magnetosphere
Incoming Southward IMF, Bz = -5 nT Density and energy of cross section
Incoming Southward IMF, Theta= 30 degrees

=l

-
Z 30Re B Z_ 30Re

¥ 30Re
Z 30Re

lasi= 1 ii= 1 oxp= 30 or= 180

last= 1 ii= 1 oxp= 30 or=180 x = -30.0Re

Fig.4-1. gm150b.gif Fig.4-2. gm220b.gif
(converted from gm150b.ps) (converted from gm220b.ps)
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3D MHD Simulation of Earth's Magnetosphere
Bz= 0.0nT Nsw= 5/ce Vsw=300km/s t=180m

Z 35Re

20Re

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

AN MHED Simwilation of Banpy

= § Magneiosphere

=300T Mbe Sfee Vs, =i Dl
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Visualization to Various 3-Dimensional MHD Models of Earth's Magnetosphere
(English)
We will show how to use the graphics programs to make VRML files of various
3-Dimensional MHD models of Earth’s Magnetosphere. The output binary files produced by
various MHD simulation codes by using modified leap-frog scheme are used as input.

<<execution of VRML graphics program>>

1. f77 -c -O zvrsubb.f
2. 77 -O zvrmagb.f zvrsubb.o

where file must be defined in open statement like
c open(10,file="earthb10.data,
c 1 access="'sequential’,form="unformatted’)
open(11,file="earthbll.data’,
1 access="sequential’,form="unformatted’)
C

3.a.out & : output is written in fort.10
4. mv fort.10 fort.102

1. f77 -¢c -O zvrsubb.f

5. f77 -O zvrcrob.f zvrsubb.o

6. a.out & : output is written in fort.10
7. mv fort.10 fort.101

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

<<Summary of parameters in MHD Simulation Code>>

(nx,ny,nz) = (180,60,60) grid number without boundary
nxp=30 parameter to determine earth position
(xxlyyl,zzl) = (90.5,30.5,30.5)Re length in each direction
hx=xxl/float(nx+1)=0.5Re grid interval in x direction
hy=yyl/float(ny+1)=0.5Re grid interval in y direction
hz=zzl/float(nz+1)=0.5Re grid interval in z direction

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

m=1 :rho, plasma density

m=2 :VX, Xxcomponentof velocity

m=3 W, ycomponent of velocity

m=4 :Vz, zcomponent of velocity

m=5 :P, plasma pressure

m=6 :BX, xcomponentof magnetic field
m=7 :By, ycomponentof magnetic field
m=8 :Bz, zcomponentof magnetic field

53



5-a. Half volume model of earth’s magnetosphere with IMF By and Bz components

<<example data file used in this section>>

0g220410.data
(nx,ny,nz) = (180,60,120)
nxp =30
time =410m
BIMF = (Byl B,)
theta = 30 deg

ZA

A

E||v||: = (By1 Bz)

N,

<<3-dimensional graphics program by VRML files>>

1. 3-dimensional magnetic field lines

zvrmaga.f (main) + zvrsuba.f (subroutine)
2. cross sectional pattern by pixel image

zvrcroa.f (main) + zvrsuba.f (subroutine)
3. cross sectional pattern by velocity vectors

zvrvela.f (main) + zvrsuba.f (subroutine)

a synthesis file with above three files using “cat”

4. 3-dimensional pixel image with multi-planes

zvrmpxa.f (main) + zvrsuba.f (subroutine)
zx planes selected in parameter
yz planes selected in parameter
Xy planes selected in parameter
a synthesis file with above three files using “cat”
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>y

> fa410m.wrl
> fad10c.wrl
> fa410v.wrl

> fa410w.wrl

> fad410zx.wrl
> fa410yz.wrl
> fad410xy.wrl
> fad10xyz.wrl



Eartly
! arth’g Magnelo.sphere
=410m theta= 34 degr

30Re

/\\\\m\mwlf D

fig.5-1 : fa410w.gif (made from fad10w.wrl) fig.5-2 : fa410s.gif
Whole image of magnetosphere (made from fa410w.wrl)
View from the sun

fig.5-3 : fad10yz.gif (made from fa410yz.wrl) fig.5-4 : fad10xyz.gif (made from fa410xyz.wrl)
Image of multiple yz planes Synthesis image with multiple planes
in three directions
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5-b. Quarter volume model of earth’s magnetosphere

<<example data file used in this section>>

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

<<3-dimensional graphics program by VRML files>>
1. 3-dimensional magnetic field lines
zvrmagb.f (main) + zvrsubb.f (subroutine) > fb240m.wrl
2. cross sectional pattern by pixel image
extended pattern to whole volume
zvrerob.f (main) + zvrsubb.f (subroutine) > fb240c.wrl
quater volume pattern
zvrcrobg.f (main) + zvrsubb.f (subroutine) > fbg240c.wrl
3. cross sectional 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

a synthesis file with fb240m.wrl , fb240c.wrl and fb240v.wrl using “cat” > fh240w.wrl
a synthesis file with fb240m.wrl , fbg240c.wrl and fbg240v.wrl using *“cat” > fhg240w.wrl

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

zx planes selected in parameter > th240zx.wrl

yz planes selected in parameter > fb240yz.wrl

Xy planes selected in parameter > fb240xy.wrl
a synthesis file with above three files using “cat” > fb240xyz.wrl
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12Re

X
fig.5-5 : fb240w.gif (made from fo240w.wrl) fig.5-6 : fb240s.gif
Whole image of magnetosphere (made from fh240w.wrl)
View from the sun

fig.5-7 : f0240yz.gif (made from h240yz.wrl) fig.5-8 : h240xyz.gif (made from fh240xyz.wrl)
Image of multiple yz planes Synthesis image with multiple planes
in three directions
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o g Magnel{)spllere
- VEW= BUOkm,fs -

240m

12Re

fig.5-9 : fbq240w.gif (made from fbg240w.wrl)
Whole image of magnetosphere

fig.5-10 : fbq240s.gif (made from fbg240w.wrl)
View from the sun
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5-c. Half volume model of earth’s magnetosphere with dipole tilt

<<example data file used in this section>>
gccla360.data
(nx,ny,nz) = (180,60,120)
nxp =30
time = 360m
dipole tilt + IMF Bz (By =0)

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

zvrmagc.f (main) + zvrsubc.f (subroutine) > fc360m.wrl
2. cross sectional pattern by pixel image
zvrcroc.f (main) + zvrsubc.f (subroutine) > fc360c.wrl
3. cross sectional pattern by velocity vectors
zvrvelc.f (main) + zvrsubc.f (subroutine) > fc360v.wrl
a synthesis file with above three files using “cat” > fc360w.wrl

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

zx planes selected in parameter > fc360zx.wrl

yz planes selected in parameter > fc360yz.wrl

Xy planes selected in parameter > fc360xy.wrl
a synthesis file with above three files using “cat” > fc360xyz.wrl
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18R

fig.5-11 : fc360w.gif ( made from fc360w.wrl) fig.5-12 : fc360s.gif
Whole image of magnetosphere (made from fc360w.wrl)
View from the sun

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

<<example data file used in this section>>
gdd1e180.data 7 74

(nx,ny,nz) =(180,120,120) il
nxp =30
time = 180m
dipole tilt + IMF B, =(B,,B,) ST W@ >y
tilt =30 deg
theta = 45deg

B.n\/n: = (By’ Bz)

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

zvrmagd.f (main) + zvrsubd.f (subroutine) > fde180m.wrl
2. cross sectional pattern by pixel image
zvrcrod.f (main) + zvrsubd.f (subroutine) > fde180c.wrl
3. cross sectional pattern by velocity vectors
zvrveld.f (main) + zvrsubd.f (subroutine) > fde180v.wrl
a synthesis file with above three files using “cat” > fde180w.wrl

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

zx planes selected in parameter > fde180zx.wrl

yz planes selected in parameter > fde180yz.wrl

Xy planes selected in parameter > fde180xy.wrl
a synthesis file with above three files using “cat” > fde180xyz.wrl
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30Re |

fig.5-15 : fde180w.gif (made from fde180w.wrl) fig.5-16 : fde180s.gif
Whole image of magnetosphere (made from fde180w.wrl)
View from the sun

fig.5-17 : fde180yz.gif fig.5-18 : fde180xyz.gif
(made from fde180yz.wrl) (made from fde180xyz.wrl)
Image of multiple yz planes Synthesis image with multiple planes

in three directions

62



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 data file used in this section>>
idd1i540.data 7 7 Ar

(nx,ny,nz) = (268,134,134) til
nxp = 30
time = 540m
dipole tilt + IMF B = (B,.B,) SR W@ >y
tilt = 30deg
theta = Odeg

g|MF = (By' Bz)

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

2. Plasma velocity vectors in cross section
zvrveld.f (main) + zvrsubd.f (subroutine) > zvrveldc.idd1i540.wrl

3. Pixel image of plasma temperate with multiple planes
zvrmpxd.f (main) + zvrsubd.f (subroutine)

zx planes selected in parameter > pxdzx. idd1i540.wrl

yz planes selected in parameter > pxdyz. idd1i540.wrl

Xy planes selected in parameter > pxdxy idd1i540.wrl
a synthesis file with above three files using “cat” > pxd4. idd1i540.wrl

4. a synthesis file with above three files using “cat” > pxd4mdc2v.idd1i540.wrl
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zvrmagdc2.idd1i540.gif zvrveldc.idd1i540.gif
(made from zvrmagdc2.idd1i540.wrl) (made from zvrveldc.idd1i540.wrl)
3-dimensional magnetic field lines Plasma velocity vectors in cross section

pxd4.idd1i540.gif pxd4mdc2v.idd1i540.gif
(made from pxd4.idd1i540.wrl) (made from pxd4mdc2v.idd1i540.wrl)
Pixel image of plasma temperate Synthesis image with multiple planes
with multiple planes in three directions
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6-b. 3-dimensional visualization of earth’s magnetosphere with equivalence planes

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

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

2. Plasma velocity vectors in cross section
zvrveld.f (main) + zvrsubd.f (subroutine) > zvrveld. idd1n720.wrl

3. 3-dimensional visualization with equivalence planes
mcubvrm.f (main) + mcubsub.f (subroutine) > mcub.idd1n720.wrl

4. a synthesis file with above three files using “cat” > mcubmagdv.idd1n720.wrl

65



MHD Simulation of Earth's Magnetosphere
B=50nT tilt= 30 deq theta = 90 deg t=720m

20Re

20Re B0Re

Al

e

V-ZURQ

zvrmagdc2.idd1n720.gif zvrveldc.idd1n720.gif
(made from zvrmagdc?2.idd1n720.wrl) (made from zvrveldc.idd1n720.wrl)
3-dimensional magnetic field lines Plasma velocity vectors in cross section

mcub.idd1n720.gif mcubdc2v.idd1n720.gif
(made from mcub.idd1n720.wrl ) (made from mcubmagav.idd1n720.wrl )
3-dimensional visualization Synthesis image with equivalence planes
with equivalence planes in three directions
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6-c. Cropping of 3-dimensional data
main program mbikxyz.f

Input variable :

nx : Data number of the x direction
ny : Data number of the y direction
nz : Data number of the z direction
X0 : The x coordinate of the origin
y0 : The y coordinate of the origin
z0 : The z coordinate of the origin
mb : The number of cropping

Description : This program produce a reduced array, fb(jx,jy,jz) from the original away,
fa(ix,1y,iz), where mb is the number of cropping.

IX = 1+mb*(jx-1)

Iy = 1+mb*(iy-1)
iz = 1+mb*(iz-1)
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7.C

C VRML2.0
mcube001.c

VRML2.0

1. ccmcube0Ol.c
mcube001.c etc. a.out

2. aout
output file : mcube001.wrl

a.out
VRML 2.0 (mcube001.wrl etc.)

output file : (mcube001.wrl etc.)

marching-cubes

main program mcube001.c
subroutine  mcube000.h

vInX][nY][nZ]

(mcube000.h)
NX X
NY vy
Nz z
nNX=NX+1 X
nY =NY+1 vy
nZ=NZ+1 z

(mcube001.c)
Viewpoint(fp) fp
dr_grid(fp, gc) fp gcl3]
dr_scale(fp, gc) fp gc[3]
mk_equ_face001(fp, th, v, c, tr)
fp th c % tr
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104610}

mcube0011.wrl mcube0012.wrl(grid )

69



main program  mcube002.c
subroutine  mcube000.h

vInX][nY][nZ]

(mcube000.h)
NX X
NY vy
Nz z
nX=NX+1 x
nY =NY+1 vy
nZ=NzZ+1 z

(mcube001.c)
Viewpoint(fp) fp
dr_grid(fp, gc) fo oc3]
dr_scale(fp, gc) fp ac[3]
mk_equ_face002(fp, th, v, c, tr)
fp th c v

1046 10}

mcube0021.wrl mcube0022.wrl(grid )
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VRML2.0 3D 1996

Web3D 2001

The VRML 2.0 Handbook, by Jed Hartman and Josie Wernecke, Silicon Graphic, Inc,
Addison-Wesley Publishing Co., 1996

VRML 2.0 by Rikk Carey and Gavin Bell,

Addison-Wesley Publishers Japan, 1998

PostScript by Adobe Systems, ,1995

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

1.
No. [Contents Fortran Program VRML file gif file
pk1subrtn.f
1 box1.f box1.wrl box1.gif
2 box2.f box2.wrl box2.gif
3 conel.f conel.wrl conel.gif
4 cylinderl.f cylinderL.wrl cylinderl.gif
5 spherel.f spherel.wrl spherel.gif
6 backgrd4.f backgrd4.wrl backgrd4.gif
7 ftextl.f textl.wrl ftext1.gif
8 linesetl.f linesetL.wrl linesetl.gif
9 lineset2.f lineset2.wrl lineset2.gif
10 pointsetl.f pointsetl.wrl pointsetl.gif
1 pointset2.f pointset2.wrl pointset?.gif
12 arrow2.f arrow2.wrl arrow?2.gif
13 linemesh1.f linemeshl.wrl linemesh1.gif
14 1 meshl.f meshl.wrl mesh1.gif
15| 2 triangbl.f triangbL.wrl Triangb.gif
16| 3 triangmX.f triangmL.wrl Triangm1.gif
17 defuseml.f defuseml.wrl defuseml.gif
18 imagel.f imagel.wrl imagel.gif
19 lebmesh3d.f lebmesh3d.wrl [Ebmesh3d gif
2.
No. (Contents Fortran VRMLfile | giffile jpg file rgb file
Program
izvrsuba.f
1 msymbol.f  msymbol.wrl msymbol.gif
2 mpoint.f mpointwrl  |mpoint.gif
3 mline.f mline.wrl mline.gif
4 Mtriangm.f  |mtriangm.wrl |mtriangm.gif |mtriangm.jpg |mtriangm.rgb
5 mzpt03.f mzptO3.wrl | mzpt03.gif  |mzpt03jpg  |mzpt03.rgb
6 mpix015.f  mpix015.wrl mpix015.gif |mpix015.jpg |mpix015.rgb
7 mcube301.f  |mcube301.wrlimcube301.gif mcube301.jpgmcube301.rgh
8 outline3d.f  |outline3d.wrl [outline3d.gif |outline3d.jpg
9 inline3d.f inline3d.wrl finline3d.gif  |inline3d.jpg
10 denline3d.f  |denline3d.wrl (denline3d.gif |denline3d.jpg
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3.

No. |Contents Fortran Program| VRML file gif file
zvrsuba.f
1 . zvrcroaf zvrcroa.wrl zvrcroa.gif
3
[ ]
2 . zvrmaga.f zvrmaga.wrl zvrmaga.gif
[ ]
3 zvrOLl.wrl zvr01.gif
zvrsuba.f
fad10zx.wrl fad10zx.gif
fad10yz.wrl fad10yz.gif
4 zvrmpxa.f fad10xy.wrl fad10xy.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 Subroutine F_’ostScrlpt VRI_\/IITflle
Package file or gif file
Program
3D MHD simulation code of 1/4 earth's magnetosphere earthbl10.f
Graphics program to make PostScript files
noon-midnight meridian and equatorial plots .
1 (black and white) gm150b.f  |gsubl50.f  |gm150b.ps  [gm150b.gif
2 lenergy distribution of cross section gm220b.f  |gsub220.f  [gm220b.ps  |gm220b.gif
3 [3-dimensional magnetic field lines gm480b.f  |gsub480.f  |gsub480.ps  |gsub480.gif
3-dimensional graphics program by VRML files (Virtual Reality Modeling Language)
1 [3-dimensional magnetic field lines zvrmagb.f  |zvrsubb.f zvrmilb.wrl
2 [cross sectional pattern by pixel image zvrcrob.f zvrsubb.f zvrmllb.jpg

5.Visualization to Various 3-dimensional

Mag

netosphere

MHD Models of Earth’s

5-a. Halfvolume model of earth”smagnetosphere with IMFBy and Bz components

Fortran 3 e
No. |Contents Main Program VRML file gif file
Subroutine Package zvrsuba.f
1 [3-dimensional magnetic field lines zvrmaga.f 2410w aif
2 [cross sectional pattern by pixel image zvrcroa.f Fad10w.wrl 9
. - fad10s.gif
3 [cross sectional pattern by velocity vectors zvrvela.f
. . - . . Fad10xyz.wrl fad10xyz.gif
4 3-dimensional pixel image with multi-planes zvrmpxa.f fa010yz il ta010y7.if
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5-b. Quarter volume model of earth’s magnetosphere

No. |Contents For_tran VRML file gif file
Main Program
Subroutine Package zvrsubb.f
1 [3-dimensional magnetic field lines Zirc?ggt;f th240wgif
2 (cross sectional pattern by pixel image zvrcrob. f fh240w.wrl fh240s.gif
ZVNer‘]l' fogedowwrl  foqA0wgif
3 [cross sectional pattern by velocity vectors ivelbg f fbg240s.gif
. . - . . fo240xyz.wrl fb240xyz.gif
4 3-dimensional pixel image with multi-planes zvrmpxb.f h240y7 wil th240y7 gif
5-c. Half volume model of earth’s magnetosphere with dipole tilt
Fortran 3 e
No. |Contents Main Program VRML file gif file
Subroutine Package zvrsubc.f
1 [3-dimensional magnetic field lines zvrmagc.f £ -360Waif
2 [cross sectional pattern by pixel image zvreroc.f fc360w.wrl 9
- - fc360s.gif
3 [cross sectional pattern by velocity vectors zvrvelc.f
L . R . . fc360xyz.wrl fc360xyz.gif
4 [3-dimensional pixel image with multi-planes zvrmpxc.f fc360yzwrl fc360yz.gif
5-d. Whole volume model of earth’s magnetosphere
Fortran 3 e
No. |Contents Main Program VRML file gif file
Subroutine Package zvrsubd.f
1 3-d|mens[onal magnetic flgld In_1es zvrmagd.f fde180wgif
2 [cross sectional pattern by pixel image zvrerod.f fde180w.wrl ;
- - fde180s.gif
3 |cross sectional pattern by velocity vectors zvrveld.f
. . R . . fdel80xyzwrl  [fde180xyz.gif
4 [3-dimensional pixel image with multi-planes zvrmpxd.f fde180yzwrl fde180yz.gif
L . . zvrmpxde.f icca810.wrl icca810.gif
5 |3D pixel image for dipole tlt zvrmagde.f icca820.wrl icca820.gif
R . . zvrmpxde.f iddh225.wrl iddh225.gif
6 (3D pixel image for dipole tilt and IMF By vrmagde f iddh230.wrl iddh230.gif
zvrmpxde.f ideca20.wrl ideca20.gif
7 3D pixel image for IMF Bx, By and Bz zvrmagde.f ideda20.wrl ideda20.gif
zvrvelde.f idea20b.wrl idea20b.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 zvrsubd.f
1 [3-dimensional magnetic field lines zvrmagd.f zvrmagdc2.idd1i540.wrl  zvrmagdc2.idd1i540.gif
2 |Plasma velocity vectors in cross section zvrveld.f zvrveldc.idd1i540.wrl  [zvrveldc.idd1i540.gif

Pixel image of plasma temperate with
multiple planes

zvrmpxdc5.f

pxd4.idd1i540.wrl

pxd4.idd1i540.gif

Synthesis image with multiple planes in three
directions

pxd4mdc2v.idd1i540.wrl

pxd4mdc2v.idd1i540.gif
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6-b. 3-dimensional visual izationofearth’smagnetospherewithequivalence

planes
No. |Contents FO’T‘“”‘” Subroutine Program VRML file
Main Program
1 [3-dimensional magnetic field lines zvrmagd.f zvrsubd.f zvrmagdc2.idd1n720.gif
2 |Plasma velocity vectors in cross section zvrveld.f zvrsubd.f zvrveldc.idd1n720.gif
3 g;;i:}r:sensmnal visualization with equwalencemcubvrm f mcubsub f meub.idd1n720 gif
4 S_ynth_esm image with multiple planes in threg mcubdc2v.idd1n720.gif
irections
6-c. Cropping of 3-dimensional data
No. |Contents For_tran Subroutine Program VRML file
Main Program
1 |cropping of 3-dimensional data mbikxyz.f
7. C
No. (Contents C Subroutine /oyl file  [GIFfile
MainProgram  |Program
1 |marching-cubes mcube001.c mcube000.h mcube00L.wrl mcube0011.GIF
2 mcube002.c mcube000.h mcube002.wrl |mcube0021.GIF
marching-cubes mcube03.wrl  mcube03.gif
3 (Fortran) meube0OLf mesub00Lf mcube04.wrl  mcube04.gif
8.
No. |Contents Fortran MainSubroutine Setting file VRML file GlFfile
Program Program
1 main.fo0 subs.fo0 constants.fo0
2 [VRML zvrmpx.f izvrsub.f eolLwrl ebL.gif
PX. ' ebwrl  |eb.gif
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