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Purpose

The threedimensond visudization is indigpenssble in order to understand
three-dimensond smulation results such as the earth's magnetosphere better. By the
gppearance of the VRML (Virtud Redity Modding Language) which is the internationd and
gandard language for the internet's three-dimensiond visudization, it would be possble to
watch the three-dimensiond image as VRML file by the VRML viewer, even if people does
not have three-dimensona image processng machinery and three-dimensiona image
processing software. However, utilization and popularization of the VRML do not advance
very much in present state, because that there is no a convenient tool which makes the VRML
fileand that it isnot easy to make the complicated VRML file.

From the viewpoint of the method for visuaizing three-dimensiona smulation result of the
magnetosphere according to the VRML, we have wrestled in making the VRML file earlier by
utilizing experience and knowledge cultivated for a long time for the image processing using
Fortran and C language. In the computer science and technology project as the extension, we
have made this manud "How to Use VRML" for the purpose of the three-dimensond
visudization of the smulation utilizing by presenting interface subroutine package for the
VRML contents preparation according to Fortran and C language, and offering to the project
participants by advancing development and standardization of the visudization tool.

Content

Three-dimensiona visudization is necessary in order to know what it has obtained in the
three-dimensiond and globa MHD smulation of the solar wind and earth's magnetosphere
interaction. For example, to make the moving image by the rotation of coordinae axis is a
method for usng well in order to undersand three-dimensond lines of magnetic force
dructure, etc.. Though three-dimensiond visudization tools such as AV'S of the marketing, etc.
are not dways conveniently worthwhile, the thing leaves the three-dimensond image display
the part which isnot sufficient a any cost, when it intends to describe the figure redly described,
because it istoo rich in adiversity. In such case, basic program of the image processing will be
composed. We have carried out this by using three-dimensond graphics machinery TITAN
and Indigo-2 and three-dimendond graphics software Dore, AVS, Open-GL. Usng
three-dimensiond image processing function of Z buffers of the specid-purpose machinery, etc.,
by rotating the object immediately, and doing the scaling line of magnetic forceis described in



the three dimensiond space, and by choosing and seegble viewpoint, it has been utilized for the
understanding of the three-dimensiond structure.

However, the situation has completely changed by appearance of the VRML, that is, it is not
necessxy for the three-dimensona image processng to have three-dimensond graphics
machinery and three-dimensond image processng <oftware. The speed of the
three-dimensiond image processing (rotation, scaling, etc.) is decided with the dependence on
the ability of the computer, and viewers such as Cosmo Player of the VRML20
correspondence have standardly been added, if browsers such as recent Netscgpe and Internet
Explorer are used. The persond computer became aso recently high-speed, and the
performance which is not inferior to Indigo-2 made by SGlI, etc. can be demondrated, if
high-speed cpu and graphic accelerator are piled, and if the more and more sufficient memory
(over 128 MB) is put. And, we can comfortably observe the three-dimensiond image with the
high accuracy by using Webspace and Cosmo Worlds of SGI.

How the preparation of the VRML file isredlized, is described in the following. We prepare
the Fortran Interface Subroutine Package for the VRML file preparation, and VRML file
(*.wrl) is directly made from three-dimensonad smulaion data usng the Fortran program.
Though there is a difference between two-dimension and three-dimension, this method is
smilar to the method for making the PostScript image file. In the viewer of the VRML, there
generdly "wak mode' and "examine mode'. The wak mode moves the viewpoint, and the
examine mode does transfer and rotation and scaling of the object. It is possble to examine
more gpparently the three-dimensond sructure of the magnetosphere in this way. Present
important problem is for the VRML files to grow with severad MB very much, snce VRML
file of the three-dimensiond line of magnetic force drawing of the earth's magnetosphere uses
the ascii file. By using the VRML binary file or compression of the ascii VRML filg, it isaso
expected that it is condderably improved this problem. It is future most interesting problem to
display the three-dimensional moving image of time change of the earth's magnetosphere with
the change of IMF inthe VRML, namely ared three-dimensiona animation movie.

This "How to use VRML" includes the following content. In chapter 1, chapter 2, the
fundamenta examples which makes the three-dimensiona image file of the VRML 2.0 type by
using the Fortran program, and examples which can be utilized as it is for the analyss of
gmulation result are shown. In addition, the specific example in gpplying to the MHD
smulation result of solar wind and earth's magnetosphere interaction is shown in chapter 3. In



chapter 4 is shown a series of specific example which demongtrated how image anadlyssin the
three-dimensionad globd MHD simulation and the image processing by Postscript and VRML
in the earth's magnetosphere are executed. In find chapters 5 and 6 are shown practica VRML
examples for visudization of the earth’'s magnetogphere smulated by various 3-dimensond
MHD modeds. And, CD-ROM is putting dl main Fortran programs and subroutine packages
shown in this manua as a source program format. We are happy if it is useful for the computer
science and technology program participants.



1. Fundamental example (1)

In this chapter, the fundamenta example which makes the image file of the VRML2.0 type
using the Fortran program is shown. Concretely, the image file of the VRML2.0 type is made
by compiling, linking and executing each main program and subroutine package.

Usage:

1. 177 -c-O pklsubrtn.f
The object module (pklsubrtn.o) is made by the compilaion of subroutine package
(pkl1subrtn.f).

2. 177 -O boxLf pklsubrtn.o
The execution file (a.out) is made by the link of the main program (box1.f etc.) with the
object module (pklsubrtn.o).

3. aout
TheVRML 2.0 (fort.10) fileis made by the execution of the execution file (a.out).

4. mv fort.20 boxL.wrl
Thefile name of made VRML ischanged at "*** .wrl".



1-1. Cube

main program box1.f
subroutine box1 (r, g, b, =2)

Description: This program draws a cube by giving the color vaue and the length of one side.

Input varigble:
r: Thered vdue[0,1]
g: Thegreenvaue[0,1]
b: Thebluevaue[0,1]
< : Thelength of one sde of the cube

Drawing example: box1.wrl




1-2. Rectangular parallelepiped

main program box2.f
subroutine box2 (r, g, b, s, sy, 2)

Description: This program draws a rectangular paralelepiped by giving the color value and the
length of three edges.

Input varigble:
r: Theredvaue[0,1]
g: Thegreenvaue[0,1]
b: Thebluevaue[0,1]
sx: Thelength of one 9de of thex direction
sy : Thelength of one Sde of they direction
<z : Thelength of one sde of the z direction

Drawing example: box2.wrl




1-3. Trigonal pyramid

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

Description: This program draws the trigond pyramid by giving the color vaue and the radius
of the basal plane, the height.

Input varigble:
rd : Theradiusof the basd plane
h: Theheght
r: Theredvdue[0,1]
g: Thegreenvaue[0,1]
b: Thebluevaue[0,1]
x : Pardle trandation quantity of thex direction
y : Pardld trandation quantity of they direction
z: Pardld trandation quantity of the z direction

Drawing example: conel.wrl




1-4. Column

manprogran  cylinderlf
subroutine cylinderl(rd, h, r, g, b)

Description: This program draws a column that it gives vaue of the color and radius of the
basd plane, the height.

Input varigble:
rd : Theradiusof the basd plane
h: Theheght
r: Theredvdue[0,1]
g: Thegreenvaue[0,1]
b: Thebluevaue[0,1]

Drawing example: cylinderlwrl




1-5. Sphere

manprogram  pherelf
subroutine shere2 (r, g, b, rd)

Description: This program draws a spherethat it gives value of the color and radius.

Input varigble:
rd: Theradius
r: Theredvaue[0,1]
g: Thegreenvaue[0,]
b: Thebluevadue[0,1]

Drawing example: spherel.wrl




1-6. Background color

main program backgrd4.f
subroutine backd (n1, n2, rd)

Description: This program givesthe color to the background.

Input varigble:
nl : The number of the step in which the color of the ground changes
n2 : The number of the step in which the sky of the ground changes
rd : The angle per one sep

Drawing example: backgrd4.wrl
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1-7. Character string

mainprogram  textlf
subroutine textl (X,y,zn,1,0,b, sz chl)

Description: This program draws character string that it gives character string and font color,
fontsze.

Input varigble:
X : Pardld trandation quantity of thex direction
y : Pardld trandation quantity of they direction
z: Pardld trandation quantity of the z direction
n : The number of the character string (maximum is 10)
r: Thered vaue[0,1]
g: Thegreenvaue[0,]]
b: Thebluevadue[0,1]
< : Thefontsze
chl: Theinput character string [ within 40 characters]

Drawing example: text1.wrl

Nagoya University

Solar-Terrestrial Environment Laboratory
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1-8. Polygonal line : monochrome

main program linesetlf
subroutine linel (In, po, 1, g, b)

Description: This program draws a polygona line in giving double end coordinate and color of
the segment, and in connecting the coordinate in one strokein the order.

Input varigble:
In : The data number.
po(3*In) : The coordinate of the point (X, Y, Z) isgiven inthe order.
r: Theredvdue. [0,1]
g: Thegreenvaue. [0,]]
b: Thebluevaue. [0,1]
Drawing example: lineset1.wrl
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1-9. Polygonal line : gradation

main program lineset2 f
subroutine line2 (In, po, sco, eco)

Description: This program draws a polygond line in giving double end coordinate and color
( gradation ) of the segment, and in connecting the coordinate in one stroke in the order.

Input varigble:
In : The data number
po(3*In) : The coordinate of the paint (x, y, Z) isgiven inthe order
sco : The color inthe start of the gradation (color code)
eco : The color in the end of the gradation (color code)
color code (1: white 2: ydlow 3: mazenda 4: red 5: San 6: green 7: blue)

Drawing example: linesst2.wrl

13



1-10. Dotted line : monochrome

main program pointset1.f
subroutine pointl (In, po, r, g, b)

Description: This program draws dotted line thet it gives the coordinate of the point.

Input varidble:
In : The data number
po(3*In) : The coordinate of the paint (x, Y, Z) isgiven inthe order
r: Thered vdue[0,1]
g: Thegreenvdue[0,1]
b: Thebluevaue[0,1]

Drawing example: pointsetd.wrl
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1-11. Dotted line : gradation

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

Description: This program draws dotted line thet it gives the coordinate of the point.

Input varidble:
In : The data number
po(3*In) : The coordinate of the paint (x, Y, Z) isgiven inthe order
sco : The color in the start of the gradation (color code)
eco : The color in the end of the gradation (color code)
color code (1: white 2: yelow 3: mazenda4: red 5: 9an 6: green 7: blue)

Drawing example: pointset2.wrl
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1-12. Arrow with the thickness

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

Description: This program draws an arrow with the thickness by combining the cylinder
(gradetion color) with thetrigond pyramid.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
u: Color (r, g, b) of the point isgiven in the order
p : The coordinate of the point (X, y, Z) isgivenin the order
rd1 : Theradiusof the cylindrica basd plane
rd2 : Theradius of the basd plane of trigona pyramid
h: The height of thetrigond pyramid
cx : The centrd x coordinate of thetrigond pyramid
cy : Thecentrd y coordinate of thetrigona pyramid
cz : The centra z coordinate of thetrigona pyramid
br : Thered vaue of the cylinder basd plane[0,1]
bg : The green value of the cylinder basa plane[0,1]
bb : The blue value of the cylinder basd plane[0,1]
cr : Thered value of thetrigona pyramid [0,1]
cg : Thegreen vaue of thetrigond pyramid [0,1]
cb : The blue vaue of thetrigond pyramid [0,1]

Drawing example: arrow2.wrl
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1-13. Curve with the thickness

main program linemeshlf
subroutine linemesh (p,n1,rd, 1, g, b)

Description: This program draws aline with the thickness by connecting cylinder.

Input varigble:
p : The coordinate of the point (X, y, z) isgivenin the order
nl: The data number
rd : Theradius of the cylinder
r : Thered vaue of the cylinder [0,1]
g: Thegreenvaue of the cylinder [0,]]
b : Theblue vaue of the cylinder [0,1]

Drawing example: linemeshl.wrl
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1-14. Plane (1) : Monochromatic triangular mesh

main program meshl.f
subroutine facel (In, po, 1, g, b)

Description: This program draws a plane by triangular mesh thet it gives the coordinate of the
point and.

Input varigble:
In : The datanumber
po : The coordinate of the point (X, y, 2) isgivenin the order
r : Thered vaue of the plane [0,1]
g: Thegreenvaue of the plane[0,1]
b : Theblue vadue of theplane[0,1]

Drawing example: meshl.wrl
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1-15. Plane (2) : Triangular belt

mainprogram  triangbl.f
subroutine triangbkl (nx, ny, u, p)

Description: This program draws a plane by the triangular belt that it gives coordinate of point
dataand color.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
u: Color (r, g, b) of the point isgiven in the order
p : The coordinate of the point (X, y, Z) isgivenin the order

Drawing example: triangbl.wrl
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1-16. Plane (3) : Polychrome triangular mesh

mainprogram  triangmLf
subroutine triangm (nx, ny, u, p)

Description: This program draws a plane by the triangular mesh that it gives coordinate of point
dataand color.

Input varidble:
nx : Data number of the x direction
ny : Datanumber of they direction
u: Color (r, g, b) of the point isgiven in the order
p : The coordinate of the point (X, y, Z) isgivenin the order

Drawing example: triangm2.wrl

20



1-17. Solid : It is composed of the triangular mesh

mainprogram  defuseml.f
subroutine defusem (nx, ny, u, p, X1, y1, 1, X2, y2, 2, r, n)

Description: This program draws a solid by the plane made from the data of the point by the
triangular mesh gradually moving.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
u: Color (r, g, b) of the point isgiven in the order
p : The coordinate of the point (X, y, Z) isgivenin the order
x1: Pardle trandation quantity of thex direction
y1: Pardld trandation quantity of they direction
Z1 : Pardld trandation quantity of the z direction
X2 : x coordinate of the rotating shaft
y2 :y coordinate of the rotating shaft
22 : z coordinate of the rotating shaft
r : Thetrandfer rotation angle ( radian)
n : The processing frequency

Drawing example: defusem.wrl
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1-18. Texture mapping

main program imagel.f
subroutine imegetx1 (In, po, chl, n)

Description: This program gicks a textured image designated for the plane drew by the
triangular mesh.

Input varigble:
In : The data number.
po : The coordinate of the point (X, y, z) isgivenin the order.
chl: The URL of thetextured image.
N : The number of charactersof the URL.

Drawing example: imagel.wrl
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1-19. The complicated curved surface : Triangular mesh

main program ebmesh3d.f
subroutine triangm2(nx, ny, u, p)

Description: This program is draws a picture by the triangular mesh it reads the point data of
condtituting the plane.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
u: Color (r, g, b) of the point isgiven in the order
p : The coordinate of the point (X, y, Z) isgivenin the order

Drawing example: ebmesh3d.wrl
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2. Fundamental example (2)

In this chapter, the example that it is fundamenta for making the image file of the VRML 2.0
type using the Fortran program and can utilize asit isfor analys's gpplication of smulation data
is shown. Concretely, the image file of the VRML2.0 type is made by compiling, linking and
executing each main program and subroutine package (zvrsubar).

The usage:

1.177-c-O zvrsubaf
The object module (zvrsubaf) is made by the compilation of subroutine package
(2vrsuba.o).

2. 177 -O msymbol.f zvrsuba.o
The execution file (a.out) is made by the link of the main program (msymbol .f etc.) with
the object module (zvrsuba.o).

3. aout
TheVRML 2.0 (fort.10) fileis made by the execution of the execution file (a.out).

4. mv fort.10 box1.wrl
Thefile name of made VRML ischanged a "*** .wrl".
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2-1. Character

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

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

Description: This program draws characters by giving width and height (, color) of character
and origin, character.

Input varigble:
X : Thex coordinate of the origin
y : They coordinate of the origin
Z: Thez coordinae of the origin
h: The height of the character
r: Theredvaue[0,1]
g: Thegreenvdue[0,1]
b: Thebluevaue[0,1]
chr : Theinput character [ within 80 characters]
n : Thenumber of the character

Drawing example: msymbol .wrl

Southward Turning from Northward IMF

z=18.2nT Nsw=46/cc Vaw=412km/s =342m{42m)

1z=18.2nT Nsw=46/cc Vew=412km/s I=342m(42m)
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2-2. Point

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

Description: This program draws points by giving postion and colored code of the
three-dimensiond point of the nx* ny* nz piece.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
nz : Datanumber of the z direction
X0 : Thex coordinate of theorigin
y0 : They coordinate of theorigin
z0: The z coordinate of the origin
x1 : Thelength of the x direction
y1: Thelength of they direction
z1: Thelength of thez direction
ico: color code[1,7]
u (nx*ny*nz) : They areinput data, and the coordinate of
the multipoint (X, y, 2) isgivenin the order

Drawing example: mpoint.wrl
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2-3. Line

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

Description: This program draws a line in giving coordinate and color of sequence of points,
and in connecting sequence of pointsin the one stroke.

Input varigble:
lad : The number of sequence of points
r: Theredvaue[0,1]
g: Thegreenvdue[0,1]
b: Thebluevadue[0,1]
po (3*lad) : The coordinate of sequence of points (X, Y, z) isgiven in the order

Drawing example: mline.wrl
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2-4. Triangular mesh

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

Description: This program draws the image of the two-dimensiond data of the coordinate of
the nx*ny piece by giving postion in the origin and length of one sde, data number, colored
code by the triangular mesh.

Input varidble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
u (3*nx*ny) : Input data
p (3*nx*ny) : Auxiliary data necessary for the calculaion

Drawing example: mtriangm.wrl
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2-5. Pixel image

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

Description: This program draws a image of the two-dimensiond data u (nx*ny) by giving
position in the origin and length of one sde, data number, colored code in the pixel image.

Input varigble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
xb : Thex coordinate of the origin
yb: They coordinate of the origin
x| : Thelength of thex direction
yl : Thelength of they direction
ipx0 : 3=rgb color, 4=rgb color and transparency can be set
ico: color code[1,7]
icc : Fictureisdrawn inthe 1=xy plane, 2=xz plane, 3=yz plane
zce : The position in chosen plane
u (nx*ny) : Input data

Drawing example: mzpt03.wrl
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2-6. Frame and pixel image and character
main program  mpix015.f
Description: This program draws picture by combining frame and pixel image and character.

Input varigble: X, y, z, h, chl, n,icc, zcc, 1, g, b, X1, y1, X2, y2, nx, ny, xb, yb, X1, y1, ipx0, ico, u
It iswell-informed the each subroutine reference.

Using subroutine :
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) :

Drawing example: mpix015.wrl

[ @adva LInuvcrsiry

nlar Terreslripnd Ensaroimeid ] 1barhLorg
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2-7. Equivalence plane

main program  mcube301.f
subroutine  csuba(ic, ag, u) < (nx, ny, nz, X0, y0, 0, xl, yl, zl, nal, ico)

Description: This program draws equivaence plane by giving and three-dimensiond data (u
(nx*ny*nz)).

Input varigble:
nx =ic (2) : Datanumber of the x direction
ny =ic(3) : Datanumber of they direction
nz = ic (4) : Datanumber of the z direction
x0=aa(11) : Thex coordinate of theorigin
yO0=aa(12) : They coordinate of the origin
z0=aa(13) : Thez coordinate of the origin
x| =aa(8) : Thelength of thex direction
yl =aa(9) : Thelength of the x direction
zl =aa(10) : Thelength of the x direction
ico=ic(1): colorcode [1,7]
nol : The number of the edge of the rectangular paraleepiped ;12
u (nx*ny*nz) : Three-dimensiona input data

Drawing example: mcube301.wrl
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2-8. Outer magnetosphere by three-dimensional lattice

main program outline3d.f
subroutine  lat3dl1 (ic,aa) <(nx, ny,nz xl,yl, zl,r,g,b)

Description: This program draws the outer magnetosphere by three-dimensiond |attice.

Input varigble:
nx =ic(1) : Datanumber of the x direction
ny =ic(2) : Datanumber of they direction
nz = ic¢(3) : Datanumber of the z direction
x| = aa(1) : Thelength of the x direction
yl =aa(2) : Thelength of thex direction
Zl = aa(3) : Thelength of thex direction
r=aa4): Theredvaue[ 0,1]
g=aa5): Thegreenvaue[ 0,1]
b=aa6) : Thebluevdue[ 0,1]

Drawing example: outline3d.wrl
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2-9. Inner magnetosphere by three-dimensional lattice

main program outline3d.f
subroutine  lat3d2 (ic, aa) < (nx, ny, nz, x1, yl, zl, r, g, b)

Description: This program draws the inner magnetosphere by three-dimensiond |attice.

Input varigble:
nx =ic(1) : Datanumber of the x direction
ny =ic(2) : Datanumber of they direction
nz = ic¢(3) : Datanumber of the z direction
x| = aa(1) : Thelength of the x direction
yl =aa(2) : Thelength of thex direction
Zl = aa(3) : Thelength of thex direction
r=aa4): Theredvaue[ 0,1]
g=aa5): Thegreenvaue[ 0,1]
b=aa(6) : Thebluevaue[ 0,1]

Drawing example: inline3d.wrl
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2-10. lonosphere by three-dimensional lattice

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

Description: This program draws the ionosphere by three-dimensiond |attice.

Input varigble:
rel =aa(1) : Theradiusof inner circle
re2 = aa(2) : Theradiusof outer circle
r=aa(3): Theredvaue[ 0,1]
g=ad4) : Thegreenvaue[ 0,1]
b==aa(5) : Thebluevaue[ 0,1]

Drawing example: denline3d.wrl




2-11. Unification of outer / inner magnetosphere and inosphere
cat outline3d.wrl inline3d.wrl denline3d.wrl > line3d.wrl

Drawing example I|ne3d er
BT Iy e
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3. Application to the MHD simulation

In this chapter, the concrete application which makesthe VRML file by using the asymmetrica
three-dimensond magnetosphere data of the three-dimensiond globa MHD smulation of
interaction between the solar wind and the earth's magnetosphere with dawn-dusk asymmetry,
isshown.

The usage:
1.177-c-O zvraubaf
The object module (zvrsubaf) is made by the compilation of subroutine package
(2vrsuba.o).
2.177-O zvrcroaf zvrsubao
The execution file (a.out) is made by the link of the main program (zvrcroaf or zvrmagaf)
with the object module (zvrsuba.o).
3. aout
TheVRML 2.0 (fort.10) fileis made by the execution of the execution file (a.out).
4. mv fort.10 box1.wrl
Thefilename of made VRML ischanged a "*** .wrl".
5. cat zvrcroawrl zvrmagawrl > zvrL.wrl
Thefile of two VRML is synthes zed.
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3-1. Sectional views such as plasma temperature of the earth's magnetosphere are
drew by the pixel image

VRML file which describes sectiond views such as plasma temperature of the earth's
magnetosphere in the pixel image is made to the three-dimensiond MHD simulation data with
dawn-dusk asymmetry, in executing man program: zvrcroaf and subroutine package:
zvrsubaf, ismade.

Main using subroutine:
pixel 1(nx,ny,xb,yb,x1,yl,ipx0,ico,icc,zcc,vmin,vmax,u)

3D MHD smulation code which recaives the reault. : earthalO.f

Drawing example: This drawing example is drew pixel image of the sectiona view of the
three-dimensiond MHD simulation result of the earth's magnetosphere using the tranducency
method. : zvrcroawrl

Thedetails of main subroutine.

<The pixel image using maximum value and minimum value>
subroutine pixe 1(nx,ny,xb,yb,x1,yl,ipx0,ico,icc,zcc,vmin,vmax,u)

Description: This program draws pixel image usng maximum vaue (vmax) and minimum

vaue (vmin) of u(il) are given from the outside, u(il) is normaized, and by giving postion in
the origin and length of one side, data number, colored code, theimage of two-dimensiond data
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u(nx*ny).

Input varidble:
nx : Datanumber of the x direction
ny : Datanumber of they direction
xb : Thex coordinate of the origin
yb : They coordinate of theorigin
x| : Thelength of the x direction
yl : Thelength of they direction
ipx0 : 3=rgb color, 4=rgb color and transparency can be set
ico: color code[1,7]
icc: Pictureisdrawn inthe 1=xy plane, 2=xz plane, 3=yz plane
zce : The pogition in chosen plane
u (nx*ny) : Input data
vmin : The maximum vaue of u(i1) given from the outside
vmax : The minimum vaue of u(i1) given from the outside
u (nx*ny) : Input datau(il), i1=i+nx*(j-1)

Main using subroutine;
pixebe(nx,ny,ipx0) : The sart of the pixel image
pixeco(nx,ny,ico,u) : The setting of thergb color
pixect(nx,ny,ico,u) : The setting of transparency and rgb color
pixeen(xb,yb,xl,yl,icc,zce) : Theend of the pixel image
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3-2. Three-dimensional structure of the earth's magnetosphere

This program draws the three-dimensiond gtructure of line of magnetic force of the earth's
magnetogphere in making to be inputting three-dimensond MHD smulétion data with
dawn-dusk asymmetry, in executing man program: zvrmagaf and subroutine package:
2vrsubaf.

Main using subroutine:
antela(iaaaf,p)
zsub33(iaae)
antela(iaaaf,p)
ante21(iaaaf,p)

MHD simulation code which receives the result.; earthalO.f

Drawing example:.  zvrmagawrl
T=22-10-1999 06:30:00

30Ee

Details of main subroutine
<The decision by beforehand describing line of magnetic force>
subroutine aintela(ia,aalf,p)

Description: Line of magnetic force is tracked by using magnetic field data of 3 components
from three-dimensond MHD simulation data f(i1), closed, detached, line of magnetic forceis

judged.
Input varigble:

nx=ia(1) : Datanumber of the x direction in the sarting point of line of magnetic force
ny=ia(2) : Datanumber of they direction in the starting point of line of magnetic force
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mx=i&a(3) : Datanumber of the x direction of three-dimensond dataf(il)
my=ia4) : Datanumber of they direction of three-dimensiond dataf(il)
mz=ia(5) : Datanumber of the z direction of three-dimensiond dataf(i1)
nxz=ia(6) : The parameter which adjuststhe global center
mi=ia(7) : Thefirg pogtion of theinput varigble
mo=ia8) : Thefirg position of the output variable
thO=aa(1)*pi/180.0 : The lowest latitude in the starting point of line of magnetic force
aru=aa(2) : The parameter which characterizesthe trangtion of theinner edge
arl=aa(3) : The outsde edge radius of the trandition region of inner edge
arb=aa(4) : The edge radius within the transition region of inner edge
xxl=a&(5) : Thelength of Smulation box of thex direction
yyl=a&(6) : Thelength of smulation box of they direction
zz1=aa(7) : Thelength of smulation box of the z direction
b0=aa(8) : The sze of the dipole magnetic fidd (generdly 1.0)
gx0=aa(13) : The x coordinate of the origin which describes the graph
gyO=aa(14) : They coordinate of the origin which describesthe graph
oxl=aa(15) : Thelength of x direction which describesthe graph
gyl=a&(16) : Thelength of y direction which describes the graph
gth=aa(17)* pi/180.0 : The rotation angle of the coordinate of the graph
ogxmi=aa(18) : The minimum vaue of x direction which describesthe graph
ogxma=aa(19) : The maximum vaue of x direction which describesthe graph
epl=aa(20) : The minimum threshold of decision in length of field line
Main using subroutine:

quant1(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aaf,q) :

MHD dataq(8) of optiond place (x,y,z) iscdculated from MHD dataf(il)

of the three-dimensiond |attice point.

<Three-dimensional line of magnetic force starting from polar region>
subroutine aintel(ia,aaf,p)

Description: This program draws three-dimensiond line of magnetic force starting from polar
region using magnetic field data of 3 components from three-dimensond MHD smulation
dataf(il).

Input varigble:
nx=ia(1) : Datanumber of the x direction in the starting point of line of magnetic force
ny=ia(2) : Datanumber of they direction in the sarting point of line of magnetic force
mx=ia(3) : Datanumber of the x direction of three-dimensiond dataf(il)
my=ia4) : Datanumber of they direction of three-dimensiond dataf(il)
mz=ia(5) : Datanumber of the z direction of three-dimensond dataf(i1)
nxz=ia(6) : The parameter which adjuststhe global center
mi=ia(7) : Thefirgt pogtion of theinput variable
mo=ia8) : Thefirgt position of the output variable
thO=aa(1)*pi/180.0 : The lowest latitude in the starting point of line of magnetic force
aru=aa(2) : The parameter which characterizesthe trangtion of theinner edge
arl=aa(3) : The outside edge radius of the trangtion region of inner edge
arb=aa(4) : The edge radius within the trangition region of inner edge
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xxl=a&(5) : The length of smulation box of the x direction
yyl=a&(6) : The length of smulation box of they direction
zZ1=aa(7) : Thelength of smulation box of the z direction
b0=aa(8) : The sze of the dipole magnetic field (generdly 1.0)
ogx0=aa(13) : Thex coordinate of the origin which describesthe graph
gyO=aa(14) : They coordinate of the origin which describesthe graph
gxl=a&a(15) : Thelength of x direction which describes the graph
gyl=aa(16) : Thelength of y direction which describes the graph
gth=aa(17)* pi/180.0 : The rotation angle of the coordinate of the graph
gxmi=a&(18) : The minimum value of x direction which describesthe graph
ogxma=aa(19) : The maximum vaue of x direction which describesthe graph
epl=aa(20) : The minimum threshold of decision in length of field line
Main using subroutine;
quant1(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aaf,q) :
MHD dataq(8) of optiond place (x,y,2) iscaculated from MHD dataf(il)
of the three-dimensiond |attice point.
linebe(r,g,b) : The sart of the polygond line description
lingp2(x1,y2,z1,1,lad) : The execution of the polygond line description
lineen(lad) : The end of the polygonda line description

<Three-dimensional line of magnetic force starting from equatorial plane>
subroutine ainte21(ia,aaf,p)

Description: This program draws three-dimensond line of magnetic force gtarting from
equatorid plane usng magnetic fidd data of 3 components from three-dimensond MHD
gmulation dataf(il).

Input varigble:
nx=ia(1) : Datanumber of the x direction in the Sarting point of line of magnetic force
ny=ia(2) : Datanumber of they direction in the sarting point of line of magnetic force
mx=i&a(3) : Datanumber of the x direction of three-dimensiond dataf(il)
my=ia(4) : Datanumber of they direction of three-dimensiond dataf(il)
mz=ia(5) : Datanumber of the z direction of three-dimensiond dataf(i1)
nxz=ia(6) : The parameter which adjuststhe globa center
mi=ia(7) : Thefirg pogtion of theinput varigble
mo=ia(8) : Thefirst pogtion of the output variable
thO=aa(1)*pi/180.0 : The lowest latitude in the starting point of line of magnetic force
aru=aa(2) : The parameter which characterizesthe trangtion of theinner edge
arl=aa(3) : The outsde edge radius of the trandtion region of inner edge
arb=aa(4) : The edge radius within the trangtion region of inner edge
xxl=a&(5) : Thelength of smulation box of thex direction
yyl=a&(6) : The length of smulation box of they direction
zZ1=aa(7) : Thelength of smulation box of the z direction
b0=aa(8) : The sze of the dipole magnetic field (generdly 1.0)
ogx0=aa(13) : Thex coordinate of the origin which describesthe graph
gyO=aa(14) : They coordinate of the origin which describesthe graph
gxl=a&a(15) : Thelength of x direction which describes the graph
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gyl=aa(16) : Thelength of y direction which describes the graph
gth=aa(17)* pi/180.0 : Therotation angle of the coordinate of the graph
gxmi=aa(18) : The minimum value of x direction which describesthe graph
gxma=aa(19) : The maximum vaue of x direction which describes the graph
epl=aa(20) : The minimum threshold of decision in length of field line
xlim=aa(23) : Therestriction of the minimum vaue of the x coordinate
xli2=aa(24) : Theredriction of the minimum vaue of the'y,z coordinate

Main using subroutine;

quant1(x,y,z,hx,hy,hz,1,mx,my,mz,nxp,aaf,q) :
MHD dataq(8) of optiond place (x,y,2) iscaculated from MHD dataf(il)
of the three-dimensiond lattice point
linebe(r,g,b) : The sart of the polygond line description
linep2(x1,y2,z1,1,lad) : The execution of the polygond line description
lineen(lad) : The end of the polygonda line description

<The test of the boundary in the closed region with that it opens>
subroutine zsub33(ia,aa)

Description: The test result is handed in aintel from three-dimensiond line of magnetic force of
the earth's magnetosphere, in order to use with aintela result, and by sdecting line of magnetic
force which exigtsin the narrow region between open open region and closed region, in order to

describe only the chasen line of magnetic force.

Input varigble:
nxg=ia(1) : Datanumber of the x direction in the starting point of line of magnetic force
nyg=ia(2) : Datanumber of the x direction in the starting point of line of magnetic force

Reating subroutine:

antela(iaaaf,p)
antel(iaaaf,p)
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3-3. The synthesis of the three-dimensional image of pixel image and line of magnetic
force

The example of synthesizing result of describing sectional views such as plasma temperature of
the earth's magnetosphere in the pixel image (it refers to 3-1) and result of describing the
three-dimensiond structure of line of magnetic force of the earth's magnetosphere (it refers to
3-2) usng "cat" isshown.

zvrcroawrl + zvrmagawrl - zvrOLl.wrl

cat zvrcroawrl zvrmagawrl > zvrOl.wrl

Drawing example:zvrOL.wrl

MHD Simulation of Earth's Magnetosphers

T=22-10-1999 06:20-00

-~

FJEE-EI-J

—r  _~

30K

m——————————————————— ———
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3-4. Three dimensional distribution of the plasma temperature in the whole earth’'s
magnetosphere drawn by the multiple pixel image planes

The VRML file, which shows the three dimensiona digtribution of the plasma temperature in
the whole earth’s magnetosphere with dawn-dusk asymmetry by the multiple pixe image
planes, is made by the three-dimensonad MHD smulation data. It is executed by main
program: zvrmpxaf and subroutine package: zvrsubaf.

Input varigble:
tra: Trangparency of pixel image plane (0.0 ~ 0.5 : 0.0 means 100% Trangparency
0.5 means 50% Transparency )
ipn : Number of planes
icc: Direction of planes(1: zx plane, 2: yz plane, 3 : xy plane)

Main using subroutine (refer to 3-1):
pixe 1(nx,ny,xb,yb,xl,yl,ipx0,ico,icc,zcc,vmin,vmax,tra,u)

Drawing example: This example shows how to draw the plasma temperature distribution of the
earth’'s magnetosphere from the result of three-dimensona MHD simulation. It is drawn with
multiple pixel image planes by using transparent method.

fig.3-1: fad10zx.wrl Example by drawing multiple zx planes
(incaseof icc=1land ipn=11)
fig.3-2: fad10yz.wrl Example by drawing multiple yz planes
(incaseof icc=2, ipn=11)
fig.3-3 : fad10xy.wrl Example by drawing multiple xy planes
(incas=of icc=3, ipn=11)
fig.3-4 : fad10xyz.wrl asynthesisfilewith above threefilesby usng “ cat”



fig.3-1: fadl0zx.gif fig.3-2 : fad10yz.gif
(made from fad10zx.wrl) (made from fad10yz.wrl)
Image of multiple zx planes Image of multipleyz planes

fig.3-3 : fad10xy.gif fig.3-4 : fad10xyz.gif
(made from fad10xy.wrl) (made from fad10xyz.wrl)
Image of multiplexy planes Synthesisimage with multiple planes

in threedirections
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4. 3-Dimensional MHD Simulation of Earth's Magnetosphere
<Exampleto execute the MHD Code and Graphic programs>

We will demondrate how to execute the 3-Dimensond magnetohydrodynamic (MHD)
Simulation of Earth's Magnetosphere in 1/4 volume and how to use the graphics programs to
make PogtScript filesand VRML filesin this section. In the MHD modd, MHD and Maxwell's
equations are solved in the sola-magnetospheric coordinate syssem by using modified
legp-frog method when the upstream 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, earthbl10f 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
earthbl0.f usng modified legp-frog scheme
3D MHD smulation of 1/4 earth's magnetosphere
Catesancoordinate  finiteresidtivity 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-dimensiond magnetic field lines

3-dimensond graphics program by VRML files
<Virtua Redity Modeling Language>

1. zvrmagh.f (main) + zvrsubbf (subroutine)
3-dimensond magnetic field 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 position
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

(x1,y1,21)=(90.5,30.5,30.5)Re lengthin each direction
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hx=xl/float(nx+1)=0.5Re grid interva inx direction
hy=yl/float(ny+1)=0.5Re gridinterva iny direction

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

t=0.5* hx*thx timeinterva

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

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

y=0.5* hy*float(2*]-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 dengity of solar wind
pr01=3.56E-8 pressure of solar wind
vav=0.044  (300km/s) Speed of solar wind
bis=CP(11)=1.5E-4 (5nT) amplitude of IMF

estt resigtivity

rmuu viscosity

eud0 friction or collison term

1-dimensiond 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* nbb,n5=n3* nbb

i1=i-Hn1* -1)+n2* (k-1)+n3* (m-1)

m=1
m=2
m=3
m=4
m=5
m=6
m=7
m=8

:tho, plasmadensty

- VX

vy

'Vz

'R plasmapressure
: Bx

: By

Bz

<<execution of main program>>
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1.f77 -O earthbl10.f
2.a0ut&

wherefile must be defined in open statement like

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

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

or

1. 177 -0 earthb10 -O earthb1Of
2. eathbl0 &

<<execution of PostScript graphics program>>

1.f77-c-O gaub150.f

2. 177 -O gm150b.f gsub150.0
3. aout >gml50b.ps&

4. gsgm150b.ps

5. 1p gm150b.ps

1.f77-c-O gaub220.f
2.177 -0 gm220b.f gsub220.0
3. aout > gm220b.ps &

1. 177 -c-O gaub480b.f
2. 177 -O gm480b.f gsub480b.0
3.aout & : output iswrittenin fort.10

<<execution of VRML graphics program>>

1.f77 -c-O zvrsubb.f

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

1.f77 -c-O zvraubb.f

5.177 -O zvrcrob.f zvrsubb.o

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

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

References;
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Fig.1. gm150b.gif Fig.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.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. zvrml 1b,jpg (made from zvrml 1b.wrl)
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5. 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-Dimensond MHD models of Earth’'s Magnetosphere. The output binary files produced by
various MHD smulation codes by using modified legp-frog scheme are used asinput.
<<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="unformetted’)
open(11 file='earthbll.data,
1 access='sequentid’,form="unformeatted’)
c

3. aout & : output iswritten in fort.10
4. mv fort.10 fort.102

1.f77 -c -O zvraubb.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

<<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,zz) = (90.5,30.530.5)Re  lengthin eachdirection
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 inz direction

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

m=1 :rho, plasmadensty

m=2 :VX, Xcomponentof velocity

m=3 :Vy, ycomponent of 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, zcomponent of 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
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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 using “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



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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zvrmagdc2.idd1i540.gif 2vrvelde.idd1is40.gif
(made from zvrmagdc2.idd1i540.wrl) (made from zvrveldc.idd1i540.wrl)
3-dimensond magnetic field lines Pasmaveocity vectorsin cross section

pxd4.idd1i540.gif pxddmdc2v.idd1i540.gif
(made from pxd4.idd1i540.wrl) (made from pxddmdc2v.idd1i540.wrl)
Pixel image of plasmatemperae Synthesisimage 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 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



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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Fortran program and image file list

1. Fundamental example (1)
No. |Contents Fortran Program VRML file gif file
Subroutine package pk1subrtn.f
1 |Cube box1.f box1.wrl box1.gif
2 |Rectangular pardldepiped box2.f box2.wrl box2.gif
3 [Trigond pyramid conelf conel.wrl conel.gif
4 |Column cylinderLf cylinderLwrl cylinderl.gif
5 [Sphere pherel f pherel.wrl pherel gif
6 [Background color backgrd4.f backgrd4.wrl backgrd4.gif
7 |Character string textLf textLwrl text1.gif
8 [Polygond line: monochrome lineset.f linesetl.wrl linesetl. gif
9 [Polygond line: gradation lineset2 f lineset2.wrl lineset2 gif
10 |Dotted line : monochrome pointst1.f pointsstl.wrl pointset1.gif
11 Dotted line: gradation pointst2.f points=t2.wrl points=t2.gif
12 |Arrow with the thickness arrow2.f arrow2.wrl arrow2.gif
13 |Curvewiththethickness linemeshlf linemeshL.wrl linemeshl.gif
14 |Plane (1) : Monochromatic triangular mesh  jmeshiLf meshlwrl meshl.gif
15 [Plane(2) : Triangular bdt triangbL.f triangbLwrl triangbL.gif
16 |Plane(3) : Polychrometriangular mesh triangmL.f triangmL.wrl triangmL.gif
17 |Solid : It iscomposed of thetriangular mesh [defusem f defusemlwrl defusem.gif
18 [Texture mapping imagel f imagel.wrl imagel.gif
19 |Thecomplicated curved surface cbmeshadf comedizdwrl  eomeshadgif
: Triangular mesh
2. Fundamental example (2)
No. [Contents Efggr"‘;rr‘n VRMLfile | giffile | jpgfile rgbfile
Subroutine package zvraubaf
1 |Character msymbol.f  msymbol.wrl jmsymboal.gif
2 [Point mpoint.f mpointwrl  |mpoint.gif
3 [Line mlinef mlinewrl mlinegif
4 [Triangular mesh mtriangm.f  |mtriangmwrl |mtriangm.gif |mtriangm.jpg |mtriangm.rgh
5 |Pixd image mzpt03.f mzptO3wrl  |mzpt03.gif  |mzpt03jpg  |mzpt03.rgb
6 |Frameand pixe image and character mpix015f  [mpix015wrl |mpix015.gf |mpix015jpg |mpix015.rgh
7 |Equivdenceplane mcube301f  |mcube301.wrljmcube30L1.gif mcube301.jpgimeube301.rgh
g oer magnetosphere by S-dimensionaly ot (oudinesdwrl foutlinedgif - foutlinesdjpg
g rower megnetosphere by SAMenSONyineadt  finlineadwrl  lineddlgif  nlinesdjpg
10 |lonosphere by 3-dimensiond lattice denline3df  |denline3d.wrl [denline3d.gif |denline3d,jpg
3. Application to the MHD simulation
No. [Contents Fortran Program | VRML file gif file
Subroutine package zvraubaf
Sectiond views such as plasma temperature of the earth's
1 magnetoqoherea.redr.erythe.plxel mege zvrcroaf zvrcroawrl  [zvreroagif
e The pixd image usng maximum vaue and
minimum vaue
Three-dimensiond structure of the earth's magnetosphere
e The decison by beforehand describing line of
2 megnetic force zvrmagaf zvimagawrl  [zvrmagagif
o Threedimensond line of magnetic force
garting from polar region
e Threedimendond line of magnetic force
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starting from equatorid plane
e The tes of the boundary in the closed region
with thet it opens
The synthesis of the three-dimensond image of pixd :
3 image and line of magnetic force 2vrOL.wrl 2vrOL.gif
Subroutine package 2vraubaf
Three dimendond digribution of the plasma temperature ;iigyzéx: Igﬁgyb(zg:;
4 |in the whole earth’s magnetogphere drawn by the multiplezvrmpxaf . a410xy.wrl f a410xy.gif
pixel image planes fadlOxyzwrl  ffadlOxyz.gif
4_3-Dimensional MHD Simulation of Earth"s Magnetosphere
(Example to execute the MHD Code and Graphic programs)
Fortran . . '
No. |[Contents Main gjagiguggne E’IC:ISCI’Ipt z)/r%'i\;lll‘”gle
Program
3D MHD smulaion code of 1/4 earth's magnetosphere earthb10f
Graphics program to make PostScript files
noon-midnight meridian and equatorid plots i
1 (black and white) gm150bf  |gubl50f  (gml150bps  |gm150b.gif
2 |energy didribution of crosssection gm220bf  |gub220f  |gm220b.ps  |gm220b.gif
3 [3-dimensiond magneticfiddlines gm480bf  |gsub480f  |gsub480.ps  jgsub480.gif
3-dimensiond graphics program by VRML files (Virtud Redlity Modding Language)
1 [3-dimensond magneticfiedlines zvimaghf  [zvrsubbf zvrml 1b.wrl
2 |crosssectiond pettern by pixe image zvrarobf zvraubb f zvrmi1b,jpg

5_.Visualization to Various 3-dimensional

MHD Models of Earth’s

Magnetosphere
5-a. Halfvolume model of earth”smagnetosphere with IMFBy and Bz components
Fortran ' o
No. |Contents Main Program VRML file gif file
Subroutine Package zvraubaf
1 [3-dimensiond magnetic fidd lines 2vrmagalf oA 10wGif
2 |crosssectiond pettern by pixe image zvrcroaf fad10wwrl 4105, '?f
3 |crosssectiond pattern by velocity vectors 2vrvelaf 9
i . - , . fad10xyz.wrl fad10xyz.gif
4 3-dimensond pixel imagewith multi-planes zvrmpxaf ta10yz il taa10yz gif
5-b. Quarter volume model of earth’s magnetosphere
No. (Contents Fortran VRML file gif file
Main Program
Subroutine Package zvraubb f
1 [3-dimensond magnetic fidd lines z:zgagt;f th240wgif
2 (crosssectiond paitern by pixel image - obq f fb240w.wrl fb240s.gif
—y elbf. f240w.wrl fb240w.gif
3 (crosssectiond paitern by velocity vectors ivelbaf fbg240s.gif
i . L . . fb240xyz.wrl fb240xyz.gif
4 3-dimensond pixel imagewith multi-planes zvrmpxb.f th240yz il th240y7 gif

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

No. (Contents Fortran VRML file gif file
Main Program
Subroutine Package zvraubc.f

68




1 [3-dimensiond magnetic fidd lines zvrmege f  360wGif
2 |crosssectiond pettern by pixe image zvrerocf fc360w.wrl 3605, '?f
3 |crosssectiond pattern by velocity vectors 2vrvelcf 9
i . - , . fc360xyz.wrl fc360xyz.gif
4 3-dimensond pixel imagewith multi-planes zvrmpxc.f tc360yzwrl tc360yzgif
5-d. Whole volume model of earth’s magnetosphere
No. [Contents e VRML file giffile
ain Program
Subroutine Package zvraubd f
1 |3-dimensond magnetic field lines zvrmagd.f  de180w.Gif
2 |crosssectiond pattern by pixe image zvrcrod f fdel80wwrl t4e180s, '?f
3 [crosssectiond paitern by velocity vectors zvrveldf 9
i . L . . fdel80xyz.wrl fdel80xyz.gif
4 3-dimensiond pixe imagewith multi-planes zvrmpxd.f tde180yzwil 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 giffile
Main Program
Subroutine Package zvraubd f
1 [3-dimensond magnetic fidd lines zvrmagd.f zvrmagdc2.idd1i540wrl  [zvrmagdc2.idd1is40.gif
2 [Plasmaveocity vectorsin cross section 2vrveldf zvrveddc.iddlis4Owrl  [zvrvelde.idd1i540.gif
3 [Pxd imege of plasma temperde with, st |oxddicdtis4ownd OXd4.idd1iBA0.Gif
multiple planes
4 [Ynthessimegewith multiple planesin threq oxcmdc2viddi5A0wT [oxcdmdc2vidd1is40 gif

directions

6-b. 3-dimensional visual izationofearth’smagnetospherewithequivalence

planes
No. |[Contents ForFran Subroutine Program VRML file
Main Program
1 [3-dimensond magneticfiedlines zvrmagd f zvraubd f zvrmagdc2.idd1n720.gif
2 |Plasmaveocity vectorsin cross section zvrvedf zvraubd f zvrveldc.idd1n720.gif
3 gl*ggr‘so”d visualization with euiVaIence .yt Imcubsub moubidd1n720.gif
4 ?/nth_essmwagewnh multiple planesin three moubdc2vidd1n720.gif
irections
6-c. Cropping of 3-dimensional data
Fortran . '
No. [Contents Main Program Subroutine Program VRML file
1 |cropping of 3-dimensiond data mbikxyz.f
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