J. Chem. Software, Vol. 8, No. 1, p. 716 (2002)

oo bubbogtdbubbtobuoubbugbgon

0000 00008 0000%0000300000P,0oO?P

d000000000OO0O0O0,0 3388700000000 255
bOpoDODO0000000DO0,O 154-0002000000 4-1-1
*e-mail: tokita@apc.saitama-u.ac.jp

(Received: April 6, 2001; Accepted for publication: July 5, 2001; Published on Web: November 29, 2001)

0000000000000 0O0o00o000ooOO0C0oOO0o0OoOOoOooU0oOoDUoOoOoooo
g,oobo,0oob,gggoobooboboobobo,bodoobobobbooobboboboobobooa
0.000000,CD-R (Compact Disk Recordable) D 000 0.00000000O0C0OODOODOOO
0000,00000000000O0O0C0O0OO00O00O00OO00OLO,D0DDO0O0OODO0OUbOOO
gooo,0bbbotboobbboboooboooo.

00000 : Hydrogen Atom, Atomic Orbital, Visualization, Combinatorial Representation, Isosurfaces,
Pseudo-three-dimensional representations, Contour map, Cross sections, Oscillating Circular Membrane

1 00

000000000000,0000000000
0000000000000 0000000 [1-16].
0000000,0000000000000000
000000,00000 [17]0000000000
000000000000 [18-201.00,00000
0000000000000000000000,C
0000000000000 [21.00,000000
00000000000000000 [22, 23] R. M.
Whitnell D0, 0000000000000 QuickTime
Movie [24]0 000 [13],D.SmithD, 0000000
000 MPEGOO [25]0 0000 [26. 000,00
0000000000,0000000000000
000000000000000000000000
000 [27)

00,CD-ROMO OO0 [28)000000, CD-R
[29] O CD-RW [30] OO, FD (Floppy Disk) 0 0 O O
00000000000000000000,000
000000000000000000C000000O
oooo.

gad,ooboboboboboooboobooan

http://cssjweb.chem.eng.himeji-tech.ac.jp/jcs/content.html

gboooooboo,obooboobobooboobaoo
gbooouooooaob,obooobaoood
ubooboaoaobooboood.

2 0O0O0O

21 OO00O0OO0ODOOO0OO

ooOoOoO0O1soehOOOO0OODOOOOOOOOO,
gooo,00o0o,boooo,bbuoooogo
gooobooooooo.

0000, AVS5.1[31] 0 PV WAVE Advantage 1.0
[321000000000.000000 AVSOOOO
O000,00 [17]1000000.

OOoOoooao, Adobe Photoshop 3.0J [33]0 00O
goooobooob.0ogobboooobboogo
O Adobe Premiere5.0[34]0 00 0. 0000 HTML
[35]000,0000 [36]0000000000. O
0,00 QTVR[37]U00CO0UOUODOOOOO
O00dooooo.QTvROOOODOOO [22100
doooooooooooooo. oo,QTVROO
000000000 oooooooo [eguoon



oo.

PV WAVE OO OO0, PC/AT (Personal Computer
/Advanced Technology) 0 0O O OO OS (Operation Sys-
tem) DO 0O Windows NT3500000000. AVS
O, OO0 Silicon Graphics Inc. 0 EGWS (Engineer-
ing Graphic WorkStation) O O O IRIS INDIGO R4000
XS2420000O00O0O0O0,00 PCOOOODOOO
0ooo0oo,000 pCOO OSOO O Windows 2000
Professional 0 0 OO OO 0OO.

22 OO0

PCOODODOOOOODOOOODODOOOOOOOOO
0, BMP [39], GIF [40], JPEG [41], PNG [42], TIFF [43]
oo0oo0O.000b000D000,GIFOO0 JPEGO
goobbobo,b0dddobooooboobo
O. 00O, Windows 95/98/NT/2000 (O O, Windows O
oo0)yooooo,BMPOODODOOODOODOODOO
O0O0,WindowsOOOOOOOODO Internet Explorer
[44]0D000,GIFOJPEGODOO BMPO OO OODO
doooooooooooo. gopoooa, GIFO
ghi 256 J DO UUOOOOO,BMPO JPEGO O OO
OO0 [45)00000. GIFO JPEGD, 000000
ooo,000o0oooo BBMPOCOOOODO.OO,
JFEGO,00000 [46]00000D0O0O0ODODO
00o0o0opoooOoooo.oooa,Jecoonoad
goooboooboobobo.boooo,ooo
odoooodooooooo,0o0o sMPOOOO,
doOdJPEGOODOODOODOOO.

23 ODO0O00O0OO0O0OO0

ggo,0ddgooooodoobbouonoooa
goooooo,oobooboooooboboooo, b
0000000 FDO0OOO0OO0O0O00O00 (O Mbytes)
000000ooooOo. ooog, MO[47], CD-R,
CD-RW, DVD-R [48], DVD-RAM [49], DVD-RW [50]
000000000000 oooooooooo.o
ooOoo,pPCOO0000O00O Cb-ROMO O OO00OO
oooooo,FDO000OoDOooooooooo,
0o00o0O0ooodo Ccb-ROODbDOOOOODOD
ooo.

PCOO0ODODOOODOOOOOOOOOOOOOOn
OO, AVI [51], QuickTime Movie, MPEGO O O. O
O 00, QuickTime MovieD MPEG O, 000000

oooooboooooooboooboobo.oooo,
WindowsOOOOOOOOOODOOOOOOOOOO
oooooooooOOoAvIDOODOODOOOOO
oooooboo.

3 oooog

31 DO000ODO0OO

000,0000000000,000000000
000000000000000000,00000
000000000000000000000000
oooo.

000000, FiguelDODOOOO,(1)000 O
000000000000000,()0000,@B)0
0000000000O00.00000000000
00000000000 00000000O0O0OO
oooooooo.

32 OD0000ooobooooooooon
gobobooogooboboobogod

Figure2(a) 0,2px 00 000000000000,
00000,0000000000000000, 0
2)00,2px 00000 -1.40x 102,0,+1.40x 107
ar¥? 0000000000, Figure2(@ DO 0O000
O000000000,0000000000000
000000.000000000000 Figure 30
O0. Figure2(b) 0,20 0000000000000
0000,z0OOODOODODODOOOO0O0O0DOO
0000000000000 0000. Figure 2(b) O
00000000000000,z000000000
0000000000000 0000. 000000
000000 Figure4O OO .Figure 2(c) O, Figure 2(b)
0zO0OODODODOOOOOODOOOODOODOOOOOOOO

OXyoOoOoooooooDoooooooooooo

O000O00. Figure 2(b) O, Figure 2(a) O Figure 2(c)
OO0O00O0O0O0000. Figure 2(d) O, Figure 2(b) O z
000000000000000,000000 Figure
2d)00,00000000000D0000ODOO
0000000000000 000000 Figure 2(d)
00,000000000000 Figure2(d)O 0O O
000000000000. Figure2(d)0 00000
00,00000000.Figure2(d)0O,0,00,0
ggooboodoobobboooboboa.

J. Chem. Software, Vol. 8, No. 1 (2002)



_ D Various kinds of visualization ‘

Atomic
Orbital

_ @ Cross section

- @ Modal surface

Oscillation
of
Circular

=

Membrane

-

Figure 1. Comparison of the atomic orbital with the oscillation of a circular membrane.
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Figure 2. Various kinds of visualization on the atomic orbital of the hydrogen atom (a-d) and the oscillation of
the circular membrane (g, f): (a) Representing isosurfaces of a 2py atomic orbital; (b) Representing isosurfaces
of the square of a 2py atomic orbital together with an animation of their cross sections; (c) The cross section of a
2pyx atomic orbital; (d) The pseudo-three-dimensional representation of a 2py atomic orbital and the contour map
of a 2py atomic orbital; (e) Representing the maximum displacement of the oscillating circular membrane at i=1,
j=1 by Bessel function; (f) Snapshot of the simulation of an oscillating circular membrane at i=1, j=1 by Bessel
function
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Figure 3. An animation of the isosurfaces of a 2py atomic orbital of the hydrogen atom.
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Figure 4. Representing isosurfaces of the square of a 2py atomic orbital of the hydrogen atom together with an
animation of their cross sections.
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Figure 5. The cross section on the atomic orbital of the hydrogen atom (a) and the oscillation of the
circular membrane (b, c): (a) The pseudo-three-dimensional representation of a 1s atomic orbital
and contour surfaces of a 1s atomic orbital; (b) Representing the maximum displacement of an
oscillating circular membrane at i=1, j=0 by Bessel function; (c) The snapshot of the oscillating
circular membrane at i=1, j=0 by Bessel function.

Figure 6. An animation on the pseudo-three-dimensional representation of a 1s atomic orbital and contour surfaces
of a 1s atomic orbital in variation with different viewpoints.
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Figure 8. The nodal surfaces on the atomic orbital of the hydrogen atom (a-f) and the oscillation of the circular
membrane (g-j): Isosurfaces of a (a) 2px, (b) 3px, and (c) 4px atomic orbital; The cross sections of a (d) 2py, (e)
3px, and (f) 4py atomic orbital; Representing the maximum displacement of the oscillating circular membrane at
(9)i=1, j=1, (h) i=1, j=2, (i) i=1, j=3 by Bessel functions.
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A Combination of Various Visualization Methods of Atomic
Orbitals and Representations of Their Wave Char acter

Sumio TOKITA?*, Fuyuko KIDO?, Takao SUGIYAMA?®, Tomohiro WATANABE?,
Nakako TOKITAP and Chiaki AZUMAP
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255 Shimo-Ohkubo, Urawa, Saitama, 338-8570 Japan
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This paper reports various kinds of visualization (isosurfaces, pseudo-three-dimensional representations,
contour map, and cross sections) on the atomic orbitals of a hydrogen atom using multimedia techniques
(animation and still image), and relation to visualization of the wave character by the oscillating circular
membrane. These visualizations are very important, because they are suitable methods to understand the
character of the atomic orbital wavefunctions. Interactive visualization methods on the wave character of the
atomic orbitals of a hydrogen atom were investigated using large capacity and random accessible recording
media, i.e.,, CD-R (Compact Disk Recordable). The wave character of atomic orbitals, such as a node or
a nodal surface, was represented by using their classical oscillator in contrast to the atomic orbitals of a
hydrogen atom through the interactive operations on a computer.

Keywords: Hydrogen Atom, Atomic Orbital, Visualization, Combinatorial Representation, lsosurfaces,
Pseudo-three-dimensional representations, Contour map, Cross sections, Oscillating Circular Membrane

16

J. Chem. Software, Vol. 8, No. 1 (2002)



