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D(e)= —(2—71[)7 ffozn dqlqué[e— %, 1231 (cos qi)]
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DR E L IRBBOBOBHEIET 52 b v A ER LI > TV 5A, € — 7 OFEAlTO~<F
B OMEE 20 gmax) & —2(aDgmax) B E>TH Y, BEHEORBRLEI RT3,
ZhizReiry, R—av—ravio2 SHEoMEREEY E Bivied, 757 vOERB TR
Tkl EOBEI D ANDBRTWIWHADETHA S,

(D) SEHEEBEHKOHE
Alexander et al. (1985, 1986) 1= X - TR T - BB EEIS (2.5) RxH\vC, Bk
ERTFOEHKFEELRDTH L S, EEEY C OBEBBEIRCA I ML cROREE 25,

e ] -enl -(5)]
B r BT ABREMOFE (~d T /dr) BT 5. $€-T,

ddgf N’[ZT/T sin‘<2;[17>+ 1:/‘;"1'1 cos (2;1'17')]67@//1)«¢
Efed, 22T, A=Aw 7" (d/D=0.705) TH b, LAIEK A FHEERERICL > TELR
7= (Yakubo and Nakayama (1989b)) (w=0.01 ® & ¥ A=17.20) »bkDd B, Z51L T
HESNCBEERTZ, R7TIR TR, B g 0N WEBREARE VCEBRIZET S
~FEBOMEE, FEEERIIPEALICKES ER-TD, TOZ L%, FHEEBEHK
XoT753 27 Vv OBBYERI ARSI TERVWI EERTEL T35,

5. # B

BEERT S(q, o) #BMEHETHRA LI 5T, RDZ EdbhoTe.

D S(q, w) PEKXEE & BEH gnax EIREIE 0 & OROBIR (75 7 + v HEEIR) 22
F= Vv 7BEwEFFCIL TS, ChilB«0HEBRER» ZILL 757 rvefs
TWBZ EEHERLTWS, () SEBEGRE, EHys5 7+ vEBEEY Y s 2v—vavic
X oTRD, TOREEDIRBEEREUXANL L TLRDB ENTESD, KFEDO X
SHAETHELETIPRESLINRIVEETIhEB L ENTE S Edvbh o, (i)
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FEED gmax T S(q, w) &V Ay —n 35 L, BRDEHETCHEONIEREIECRA—HR(=
= A=H A SAVIEEDBZEDNE LN, ThiE, S(q, w) BME—D R — 1 - 3
FA—B = rax L L s TAy —AENRB I EERRLTWS, (v) ¥—27 o< S(q, w) ik
WD~ FER

q*, a<g
Stwore] 7 oS
q ", q > Qmax

LitoTw5h, ZoHEEOMEIL, T ToOFHIN-EEBEKY A= kS E R EE L
PRI FETEBORAZEEFE RS, ZOFEEY, hETORUFEN7S 7 + viE
FEARKOF OBEHE TR EL 2TV W EEWE ST B, B, 4073527 volk
DIARE— IR IRE) < & — vV OBEOBEROFTETERER IR T inho T,

DEDX 5772 v vpiROBET2HEARYERTHEE, 757 F vOoTRE—#
DEHETRTAF L CFENTHELLELR S Ebhote, BHig, A——avEa—%8—%
AU RBEEREEFTRC L - TEEMCB b ERERY, C0X5BHLWERLE %
BT L 3BOTCEETHS,

Appendix

HohiEE Rl (Effective Medium Approximation : EMA)

EFALERBDIERY F-R—2r—vav 2y b ThHDB, 2F 0V EBECOKRTF A
HPpTIVHFACEY P THEATTELIRKIFAA—%ELSL, BTFALIBoEY FD
NEXBHERDOERGHIIE->TEHE 2 5.

(A1) P(Ku'):ﬁa(Kzz'—K)+(1—p)5(Kzz')

EBL, Kp=KThsb. BEBLOKBTE [ LBFEMY w(t) 35 &, B OEE Y
) — VB IRKORTE L BN,

(A.2) 9", U, ==t K [u(t), uch
W ) —/BIRD 7 — ) =R g7, 1, 0) ST HERE, (DRI (A2) ERALT
7y = FHEEHL RIS,

(A3) [02=3 Jo=(t, 1, @)+ 3 Kung™0, 1, @)=

EMA ©it, 1 RKDORVF Q-2 RV FERSE) BT, @ TDORY FORRER K #E%)
A" FEH W(w) TEEB®R2S, D LED7 ) — VvEERKATHABEN S,

(A.4) g¥x(, U, w)=GX1, ', w)— é GR(1, i, 0)TuGRG, I, w)

i,j=1

ZZT, GRIETORY FOAXERY W TE %E’%ma XOWE KT ORES V) — B
¥cehsn, Fte, 2X20 T 4750

T=A4,(14+G&A4.,)!

(A.5) 1
st 7]
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T, GRUIKTALL2D2X2WEY ) —vERTHS.

B AFERE W L, (A4)REBERSH (A RTFEH LA E T TFIRHELZT, g%,
U,w) Z"—HEED 7 ) —vEB G U, w) LE L kb 2 EnbB LS HOHEL L HE
Rk > THREZI NS,

(A.6) —}Z—(W—K)[l—a)zGR(O, 0, w)]—W+pK=0

ZORLD, 0> 0 DEEE & 5 & AR p(EMA)=1/d ’Ebh %, W OREBUKEH
PRI, (A7 Y — vBEHEBRAT T L,
d WRICEMIT FHEF Tk

G*a, )= *=2W (@) & 1—cos 40|
TIT, ¢ R TERREMLLTIHEEAN7 P ArORFTHY,
(A7) GM1, I, )= 3 e DG (g, )

L2L, BEBERZ (AR q BT 5B BTN ET T2 L XRETH A, 7
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TEBLRD W hb, 7V —-vBK Ga, 0) kD bh, REFE N(0) PHNELEET
S(q, w) ZETOFEBICH L TELIZ LRTES,

(A.8) N(@)==2-TIm G*(0,0, )
(A9) S(q, w)=—2Im G*q, w)
2(]2W2

- o' —2w*q* W1+q41 w I

BHEORIE, FAMFL L1l eBt5 270 - vEE GXq, 0)=(*— W) ' #RALTE
St ch B (Polatseck et al. (1988)).

2 £ X #

Aharony, A., Entin-Wohlman, O. and Orbach, R. (1987a). Scaling theory for anomalous dynamics on
fractals: Fractons, Time Dependent Effects in Disovdeved Systems, 233-241, Plenum Press,
New York.

Aharony, A., Alexander, S., Entin-Wohlman, O. and Orbach, R. (1987b). Scattering of fractons, the
Ioffe-Regel criterion, and the 4/3 conjecture, Phys. Rev. B, 58, 132-135.

Alexander, S. (1986). Fractons, Physica, 140A, 397-404.

Alexander, S. (1989). Vibrations of fractals and scattering of light from aerogels, Phys. Rev. B, 40,
7953-7965.

Alexander, S. and Orbach, R. (1982). Density of states on fractals: «Fractons>>, J. Phys.(Paris)
Lett., 43, L625-631.

Alexander, S., Entin-Wohlman, O. and Orbach, R. (1985). Relaxation and nonradiative decay in
disordered systems: 1. One fracton emission, Phys. Rev. B, 32, 6447-6455.

Alexander, S., Entin-Wohlman, O. and Orbach, R. (1986). Phonon-fracton anharmonic interactions :
The thermal conductivity of amorphous materials, Phys. Rev. B, 34, 2726-2734.



H—za v —rav e Fy OEHEERT 87

Allen, P. (1980). Electron localization in a random walk analogue, J. Phys.(Paris) Lett., C13, L667-
669.

Courtens, E. and Vacher, R. (1987). Structure and dynamics of fractal, Z. Phys. B, 68, 355-361.

Courtens, E. and Vacher, R. (1989). Experiments on the structure and vibrations of fractal solids,
Proc. Roy. Soc. London Ser. A, 423, 55-69.

Courtens, E., Pelouse, J., Phallipou, J., Vacher, R. and W01gn1er T. (1987). Brillouin-scattering
measurements of phonon-fracton crossover in silica aerogels, Phys. Rev. Lett., 58, 128-131.

Courtens, E., Pelouse, J., Phallipou, J., Vacher, R. and Woignier, T. (1988). Observation of fractons
in silica aerogels, Europhys. Lett., 6, 245-250.

Derrida, B., Orbach, R. and Yu, KW. (1984). Percolation in the effective medium approximation :
Crossover between phonon and fracton excitations, Phys. Rev. B, 29, 6645-6651.

Entin-Wohlman, O., Alexander, S. and Orbach, R. (1985). Inelastic extended-electron-localized-
vibrational-state scattering rate, Phys. Rev. B, 32, 8007-8012.

Fricke, J. (1988). Aerogels, Scientific American, 258, [5], 68-73.

Harris, A.B. and Aharony, A. (1987). Anomalous diffusion, superlocalization and hopping conductiv-
ity on fractal media, Europhys. Left., 4, 1355-1360.

Levy, Y. and Souillard, B. (1987). Superlocalization of electrons and waves in fractal media,
Europhys. Lett., 4, 233-237.

Nakayama, T., Yakubo, K. and Orbach, R. (1989). Characteristics of fractons: From specific reali-
zations to ensemble averages, /. Phys. Soc. Japan, 58, 1891-1894.

Polatseck, G., Entin-Wohlman, O. and Orbach, R. (1988). Effective medium approximation for a
percolation network : The structure factor and loffe-Regel criterion, Phys. Rev. B, 37, 7726-
7730.

Prassas, M., Phalippou, J. and Zarzycki, J. (1984). Synthesis of monolithic silica gels by hypercritical
solvent evacation, J. Mater. Sci., 19, 1656-1665.

Rammal, R. and Toulouse, G. (1983). Random walks on fractal structures and percolation clusters,
J. Phys. (Paris) Lett., 44, 1.13-22.

Tsujimi, Y., Woignier, T., Pelouse, J. and Courtens, E. (1988). Raman-scattering measurements of
acoustic superlocalization in a silica aerogels, Phys. Rev. Lett., 60, 2757-2760.

Vacher, R., Woignier, T, Pelouse, J. and Courtens, E. (1988). Structure and self-similarity of silica
aerogels, Phys. Rev. B, 37, 6500-6503.

Webman, 1. (1981). Effective-medium apploximation for diffusion on a random lattice, Phys. Rev.
Lett., 47, 1496-1499.

Yakubo, K. and Nakayama, T. (1987). Absence of the hump in the density of states of percolating
clusters, Phys. Rev. B, 36, 8933-8936.

Yakubo, K. and Nakayama, T. (1989a). Fracton dynamics of percolating elastic networks: Energy
spectrum and localized nature, Phys. Rev. B, 40, 517-523.

Yakubo, K. and Nakayama, T. (1989b). Direct observations of localized fractons excited on per-
colating nets, J. Phys. Soc. Japan, 58, 1504-1507.



88 Proceedings of the Institute of Statistical Mathematics Vol. 38, No. 1, 73-88 (1990)

Dynamical Structure Factor of Percolating Networks

" Tsuneyoshi Nakayama
Kousuke Yakubo
Hiroyuki Ohta

(Faculty of Engineering, Hokkaido University)

Computer simulations are essential to develop the insight into dynamics of percolating
nets. We have succeeded in treating very large percolation clusters of more than 10°
particles recently, revealing a wealth of detailed quantitative information. These have
become possible with the advent of array-processing supercomputers, and with the use of
a numerical method that does not require diagonalization.

In this article, we have extended our computer simulations to calculate the dynamic
structure factor S(q, w) for d=2 percolating networks. It is found that S(q, w) has
universal behaviour scaled by a single wave number. It is shown that this wave number
behaviour cannot be explained by the effective medium theory or using average wave
functions.

Key words: Percolating network, fractal, supercomputer simulation, dynamical structure factor.



