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1. 3C &I

R—al—vav . YRAT AL, BEFMECHIMEREST v X 2EEORLEARAN T
ATHDB, ThE, BURKRTLECS VAL R p TAREEL, 31, 508K
BOAFETIE, T 22008 %HK Ky F) THES LGS B TR HEINCH > TR X
NHEBRTHD (A b f—av—ray) R—av—rvav (BF LW 5E0O@EDH, HEX
PEODHHEACKEL LTV L, RV FTHENT 2 TR F —DFHY 1 R KB
{ieh, HEERNORE p. DL ZATHRE (BE) T5. CORE p %, BIFMHERBIC
BIEREE LRABROBRELEOZ LD, BARE LI T3, BRBELF KT
BoX—av—vay e 2T AR - ORAFNRE L, DEOMVRERERICL - (AT
ELTENURINBDAbLNT VS, ThbDEEL, v & shBEXYROWELYEHBT L
TEETHYH, BahFErnicIncb (Stauffer (1985)).

R—V = a Vs YRAT AR, p i THANCIRES &\ 5 2 &, pc AFBCEIT R
M7 57 ZAANTHEE ERENRT L. TF, cn75 72005 BSYyEBROCFHAEL, 5
VEAREHEHNCEML L S ETARBA IR TS, Bio, Wi, BB, BB 0B
FIMEIBS L T, CoHERMTHIELVWHEYET 5, de Gennes (1976) 1%,
SYRARDEEATLEA T 3 2 ARMBIDIIE, FTORTORKBESZAYERT LI V2 &
wRL7c, D%, Gefenetal. (198X h, 7527 24« 2y b Lol sd s Ry —
VY rEENAE 2 DR, THARESWREFAF I 7 ADRr— ) v I7BHBNIEL OFEE
Iotma&nk, ToFTRIBHEREGERO 2 "7 57 F vEIR OFRLEHDH. 7T
7 b v 21X, Alexander and Orbach(1982) 0 X » THEZ I Nt 7 T 7 Z L RWCEA ek T,
BPERCRT LR LEIZE ERIRBEELFED, o - FRAEHMMKBEL W5
(Rammal and Toulouse (1983)). Z® X 5 7afphicly, BERP, BF R EELLHYHZRT
BULLSFETHEELNRLTWE0, UTTHREMEBCR-CERTH LTS,

FTrxi, aA—t—a2va—F—FHVILKREERY I av - vETR > LR L - T,
Bk —alv—vav 23R8 -7 27 b RBETAHBZECEI LE, Zhick
b, 737 b vOIREIRBEEE L 7 5 7  vEEBEEEXRD ., TOKR, REEEZIA 7 —
VY IBRICEBTFRE—RL, 777 FvEn) HRIERICELE TSI EXELMC -
fody, FOREBBEKIL, ERHCELLR TV L5 7eb D L3R E I LR T,

KEPBEOERIIRDOBY CTH S, H2ETE, 7527 FwWHRHEEHTAEIAyr—V v I/ DH
BEBEBEICRAL, 757 v ERIMAIRAELYHET S, EHhiy 32 BRI

* AR, FFHBOEPIERT AR (63-3#2-51) KRFARRLESIDTHS.
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DWW, EORRTFENREIN T AL REETS, F3FTE, B4avBuvicriar—as
VDT AT Y RALDOWTHN, TR > THEIWEHERYELFECRT. BiREIER
THY, B, 7727 vDE—F - 2 ~VIEHETIEA«DOERL, HEOERLOHED
BERiOWTERS IS,

2. 7357 broBiBORT—) L TER

77 ENRDEAF I 7 AN, ROPHMEFECHEL CW5 2 ik BTN, gy
TET B~ A —HEALLIESOREEE 2 RD 5551, Alexander and Orbach (1982)
CIXbhEzbhTwb, ABTE, JAOFETYZ 7 b vIREBEELZRD TR S,
Alexander & Orbach IZ X 5L, A7 5 —BNOZETETHRICER EN SR, LTk
NBEFETE, X —Bie27 b VB LCSERTH B, & 2 TlE, A

2.1 H =%a/<i2j>gij[(uﬁ u;): rij]2+%6<§>gijgik(80jik)?

THEARIATBELTELS, B—HIE, AV VEE (stretching) HxEBRT2ECHD,
a BT DEEEFRELT VDS, g 3F A4 i L JOMEAREEIRTWS & XITiz], Fhlist
DEZFRFOREDLRDETS, T, , 3H A+ i OBEATHY, ro 34+ b j AR
DOHAN2 FARET, ETHE, Av FEA (bending) HEELTEDY, BRFDOHEK
THD, 00 XAV F G ERVE GRS ODROBDOFHENLOTHEEREL TS, MK
EERTFEATRCED2WTESLRS,

BT, A—avrv—vzsVREYERTHIHDEFAE LT nodes-links-blobs model 734 %
(Stanley (1977), Coniglio (1981), Kantor and Webman (1984), Feng (1985), Webman
and Grest (1985)). Z i, #Hiie<—av—vav -y b 7—27 (K1@) »—TMH &
(HBIE) oA AR v b 7 —2 ERRL, FO—UHR1 (D) Ok 5 kAMBEELFE>T W5
YohEFATHS, HEBEEI -2V~ a2 VREHE—DBEIEITHD, p<p. TiL7
SAZ—DKREZX, p>p. TRAM FOREZDOBEXE 2%, node LK1 () @ TRE
NBHXORESHEYIEL TS, ¥, link L3FO—AX M T3 L LN 5I3h5L 57
AV FEWS, TRUND, 2BEICEE LRy FES92blobTHh%. = D nodes-links-
blobs icX %% » b7 =22 EBER1 QDI ICEGAFER K O F 1 X 5HAB* v
P77 BEERARLTLE S, BRHAXER Y EHICEHET 5 & & 38 L V23, blobs %Rl

<4ma S, E—— K (&)
(a) (b) (c)

X 1. Nodes-links-blobs model: TDA—a b —vav 275 2x%— (a)DFEH (back bone)
% nodes & links & blobs Itk A(b)D X 5 EELE LD, &b, ThEHD - FEHK
K (&) 0BT (c)EAied.
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EEZBHZ LI 5T,

-1 i_l B\
2.2) &~ (£) +<L1§§)
r#*w % (Kantor and Webman (1984), Feng (1985), Webman and Grest (1985)). Z Z
T, L% link 0B ThH v, L, 0BREREMER
(23> Ll ~ (I)_ﬁc)_l

THBH I EM Coniglio(198DIC L » THEINTWS, Q.OXMLEEEHRIS S HE 5,
Fhebb, TS -2l — 1 VR, FH

@.40 de ~ (£)"
TEBINDIHEORINVETD Z i d, HEIRSE 2 6H<de THIUE, Q2.2 LD
(2.5 _ K ~ -

b, BANICLODBERIAF IRV FOMENES 2 L2/ ), &E>de 7o b, £
v FOEADHRLELD,

B

L&

LB, COXOREFLVWES de NEETHZ LiL L b, ROEBEBOREFEL, &, de, A
£) DRPBIRICKESEKAET S Z LILind.,

XC, HRYARL(KE)DA—av—vay - 7 F3RAE—%F2 L5, ZORORAEIRE
BoEEEIZ 351 B RAERE 1

(2.6) K ~

1
(2.7) ,O(C(), L) ~ LD—ACU

TEZOND, D375 27 2A0KRITTHY, (o T LY XROEFIMTE, T, do 3k

NEEE womn T OBEEEERTHZ. WEEEIQ. DR TRINLDHITIE, =R A1F—

BEBEICFEER N EDMETBEINB D, —av—a VROIEWFREICKRE T 5 #BA R FH

DD, COEHERBRENTVWEEEZLND Ao 3D EE, mn LB EBRZOND D
' (K(L))”z

M (L)

LLTtEzbhs, 22C, M(L)ZRDEE, K(L)ZROBHAAFTEHTHY, Q2.20K

DEHLTBEHAILIDTELbRS, DL, L O LEKEENMBE 2 H0, Zhi3E
R4 X -2y —Vvr7oEnmy CAIANCHEAHATAZ L1tk D,

2.9 L, ~ LY

Lih, 22T, vIXHBIEBICTT AR THDL (S~ | p—pel ™). AT A - A XLMH
LLd: ThhiE, CORIVEYAAFTER K (L) Z a/L AL, L>d. 7aHiE(2.6) 5
I K(L) ~ B/(L.L?) 5D, (2.5-2.9) KXo,

(2.8) Ao ~ Wuan ~

(210) 1% (Q)min, L) ~ 0)21711
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L85, kWL, dik

2D )
2.1 - | Ea—pny o LS4
d= 2D

THH, TIT, HEEECRKT, fIEANEDIROBUEROEHTHD., ok
512, RDOKE I o TRIERBEII K TORBEFE IR A RBEEKEHY R T L
B, oD ED, ERICAKE I A—av—va VRICHEINCREE o 1< DRSO IREE
BEEAEZDZENTES, CORBOEEY A ET5 L, o TBEOREEEIAR X
ADAR—a v — a3 VROREFRDE wmn T TOREBECZE L\, #oT, EBRTOR
REELLT,

(2.13) | | g(w) ~ o
NESLHD, 75L, (2.11), @A) HIEL T,
2D =
(2.14 P m =ds; wlwsy
- 2D -
(2.15) m =dov; WDws»

THhD., 0w d, WENdBELRD 7 v At —A—FEBRTHY, (2.8), (2.9)5575361%%
B BBtk

2.16) w (k) ~ kP4
ZHWSE L, ws L

2.17) wsy ~ dzP%s

LIREDS LB, (2.14), QDA TERIIS d %757 F VRTERS, (2.13),
QIORDREFE X FHORRICE, BICROMENVEEL WA, TD7527 vk
TEAH T —BMDO7F5 27 b VREERALTHS, chib, 2.13), QlOATEdIhS
BErAh T — 752 by, Fiz, (2.13), Q.15DXD X 577 b AIEAEE O RERE
BEORRE RS L 7T LV LRSS LIt B, '
FEREBELEDA—a2v—>avRHEEZTARLS, 20 E, JEYFHET 5 RENHEERE
XV LEVOEWHICE s THEEIEL-TL B, & LD IEVAr —ATIE, RE7 52
EALTHD, ChIVdE b E—HFEELLTRLTLS. -7, 3L, A—a2v—=
VRIEBEFHIRBFREOBEEN & L D bR CETIE, BRI —IEDEEFRD 7 1+
JVELTIEES THAOIL, BEMN & LIV IEFIE, 752y vaEEhBZ LD
THAHS, FLTHER, BURERBRDOLIATI/ v RAA—"—FH2itib, DR
A A — N —IRBE wpr 13

(2.18) {~$D@;71/%%ﬁ9~-77&bv7mx#—ﬂ—

WDpr _
(2.19 ~ EPe gy ) RPN TSN 7B AF S

DESWAY—1END,
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In g(®)
In g(w)

r"".
’
7
-~ a)d—l
]

W,y Wsp In @ Wpf Inw

(a) =7 F WEfE (b) 2 7 —241

K2 —zav-—va yROREEEOEAN: (A)BEBNDOHLRTD E>d. Xt % IREHE
E. (b) A% 7 —FERCOREBEE.

XC, HA—av—vav 23R E-FCFEEINCTIZ P VvDT T2 VKT, O
FERWEHA, v, D, t, FARERCRkD ALt vB s LM TE5, Alexander and
Orbach (1982) 1%, Z O LTKRDIAIT—+ 7527 bV/DT7527 b vRTD ds DN EAEZE
MIATd CEKEET 1.3 ES DER EBZE0b, FLWwds 3d el b34/3ThsEFH
Lic, 72, 7 b - 7527 b VvDRT dold, 2RTA—ab—2 a3 vRT0.8, 3KRLT
0.9DEXR LB EDHBRT VS, ZDEE, 7527 P VRTENL X O/PNEL Do, KIE
BRCORBEEORTIT 18R (g (w) ~ o) TRBEND 74/ VEIXELLR
%, &b, de, AL, BEARE p, MERDEEABNONEEDL, BIORBEYELLIEE
ETE2BENTESL, ROREEER, ThbOBRX/AbLRBIRIVEAIEEV- YRS
el h, M2(a) & (b) B &> Tp+p DIREBBEL, AH 5 —FLDHZD p*pe.
TORBEEYEANCRL TV, BIBER5X5K, HADviar—vavidzhs—
BRI D ZDBE WO\ TIT bz,

7357 b VRO, REBELT T, S—av—vav iDorIz il ¥
R LI ® — F &7 %, Rammal and Toulouse (1983) 1%, d<2Th 57 biE, FOfpie
BRI RTE L TWA Z Ex#E G, bl P Re o ARERAEREBT S kL F —
CARZ PNE, EORTOIVE L - v+~ LOBBREFIA LY, T TRERYAX
AT =V v ERGWEE, XOBELERIOES LR UERYSIEHES Z EERT.
R—av—vaVROGEEIERBERLS To ~ (b—p) TERD Z L ZATIREBNL
B, CHIEERIY A X - Ar— Vv /0B RyBRATLE, b ~ pc T

(2.20) o~ L

LD, TZTCLEIRDIARTHD, avEI2EVAGLIE, GLOKEREZAT, G ~
oLe? LB DT, T LIKFHEI

(221) GL ~ L—t/u+d—2

ik, T, 75272 AARTICHTERAY — ) v 7EFRRK
2.2 D=d—€

L QIADKXEAVBD E, Gk
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(2.23) G, ~ [ (praxa-z

LEGL, COavEr BV ALLRE - FREXHET S L=dInGL)/dlIn L] kD%
&y

(2.24) Bsz%(i—z)

s, hib, ds=4/3, d,=08~09Thh—av—>av D7 F27 v, B
BrihBRETHI LGS,

FBfELE7 77+ vOEBEKE, SANEhCTE7 v -V vRELERLD I LN
FHE D, Alexander £, 7 77 + voORBEEBEIICH LT,

(2.25) bsr ~ expl—(#/A (@))%]

D #AEE L 7c (Entin-Wohlman et al. (1985), Alexander et al. (1986)), =T, A (w)
X, 7527V VOREETHY, de DREDHEIEERTIHEE LR > TV B, BIZ, di>1DE
X, ¢ T EBREE" LTWaB ERENRS, d, DfEET 5EH# (Levy and Souillard (1987),
Harris and Aharony (1987), Aharony et al. (1987)) X\ < 2o #EI T30, BED
L5, 095<dy<1.4(d=2) DEHET—HLAERBRIBLR TV, ThLOERIIV-TH
L, 737 FvoORERLLLFSENCE AT, BEEESPLATELF-TWBE
EEREELTC D, BIEBANRDXIIE, AFZIOFERENELL W EXALEL, #E
EZrbhT\Wick 5ir de TREFEEATRTERVZ EERLE, WThElLTh, 757
P OREDKETEBEERTAZ LR, 732 FVEIESEELL S v E AROBIWEL EE
T35 LETHOTEETHY, R[FMLHARLZENS,

BAL, FLOWHERTASY XAt A—R—a v —%EHFIATHZLITL 5T,
757 N VOREEE, £—F - S2—v, BIOGHEREZRD, RETE A WE
Bo7ara) X s lBCHENT5,

3. BERETFTNITI)XAL

BIROBEIIEY HEEYACTHANLHEE L TR BN, £4F3H0 -
2P} ) o 7 ALIRINDENXN EFT% (NEROBHE) OEEERIVCEENZ v
DHHLDTHD, ZOFHER, HERNSERROEFRBBECLEARFE - V2RO HICEIE
MICHBULNELD, BRBKRELRLELDELHERTREIEZ-TLEI> LWLHIRALY R
TB, DR, HEAEFT L b LELRa Y Ea— g — DY) — « 4 XN N2t
GlFBicdT, FlziE2RITCEFERFED 2N 7 B & HIREREY FHR AR =2~
B o — & —CHETLESIIL, —LN50 1 PEEOKRFULIELIWZ ECkb, -2
V= av sy b LORBRREYE 2 ABIIE, ZoFHWIHEGHTHS, T TRAE, &
BieAx) — « 4 ABRNEHFITH L5 e{FiLv7r=) Xa (Williams and Maris
(1985)) AL, CO4BREERIBV, REEELE—F - 8 - vE&E IR T L=
VAARE - TRDBNDBD, FOELLAIEANTA 577 L LT [FROBEHFESHEZL AL
FEH A ORNA N LEB TS L VWOFEERFIHL W5,

HBUBEOEAL, FNbEORSAZTER1OEH A2 nbEBR IR -z -3V
s 7 5 R E - IXT B EEH SRR
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3.1 (1) + 2 Kiu;(t)=0

ThH5H, u; 3 i FEORTELOESOEMNEZRT, 2T, BEIADFT—ELTELS.
K W%, 23 OREERTFRATHO, oW TERCESSSHBER]L, i+7 T, Thll
NOBEX0ELEEZBDETSH, IHIC, Kulk, BF A OFOBETESC L b &HF Ik
THEOEE z ¢ T5&, —zDfERES, T, Q. DARTEINLFRELIRIST Fo cos(:)
ccos(wt) Mz H ExE 2D, 22T, FRbRELKTHY, 3 LT v & alafif
THBH, 2O LS e ek v, BREREH 0. 2 o EWVCERREBIZEBAR L, ZoEE
ZFAAF—IN TR AR MR TL L o=k — 2 B0 S-EB 0 X 5Tl
H, IOz kXY, REBEE g (o)X

LE (¢, w)

ntF¢ N
LETIENTED, 22T, NIROBBEETHD, KE(t, o) ¥ o TEHI IR
DZFAF—%FET. ZORLLEH4E, SvAARBHBAIEZN:LbRERZDOL = %L
FRHETEZ LT, REBELELZLNTES,

B — FPE) HI 7D b BHIEEIC L 2 HENEYTHS. REBELYRDB L& &
FL LA NEMLTt 2o &ThiE, RCHBELLVIED, ATOERBE o ik bIT
BEREHEOEE T~ FOLPHEMMICHEEIhE, LrL, SR TRIFEIE CPU %Y
NE LT HDRRETLIIN, 22T, - FOBRERED LD, KO X Dk
nE bz,

BEEOEME, t=00LE 0T, ADbboTuRndn T3, Kic, fEEETH,
N Ficos(wt) Fzb, Z0OLE, REVHIBEHRBLRIL, o CEVEENE < OEF
E— PRI X 57 B, W E, [ BOBRBEAOEMY ulP L35, kg, A0
1BA V=3 LEHRL, R2WHREBCELCHrORUFEYREVIEST. - ORIEY PEE
DiET &, IREIOILBIF 42 IIEF /N E ey, - FORERMERIMETS, 2okl
T, [ EPRBEBEESZ LIC L > TH—E— FEELZEMNTE D,

AP THG-bRAET AT ) ok, REBEECLTS, £—F - 22 —-viZLTh, RO
EFTEAYRENCE S, ZOREBRY KDDL ZEXEARLLTWS, ZhiE, EEOF
BBV, ROEHEECHATZAE) -« AR—2RFFETLZ LB T B, bk, 7
AT ) R ADRIEECEMISID, TS - ey b BRHOA - —a v e — X 2BV,
Tr 75 AFEBELCRZ b E NG, 2O, Bt BEOTAITYAALEBEEOKE
HEEAH Y I ar—2vavind, 50BAERTY AT A% 200 fEOHERECHET S
ZEMTER,

3.2 glw)=

4. ® R
T THWONIHERIL, KO3 ODFEILLID, FOBENF = » 7 Shi,

(i) 2%THARCKTHREFE

(i) S3*kITHRARCKTHREEE

(iii) 1 %&ICAs4 (light mass impurity) #4670 EEEIH
W d, BEEMRBS 5Tk D (Montroll and Potts (1955)), Fh b & BBEFE K L A
RenBIhic, Z0EE, EhdbTohRBRELH - TBREBRLZBERLTWA I L2190
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fo., B, ThECERBEDHELELDNEETDH - HEEBR ST HAREEELS LT
AKFEFBDTCEYTHH T ERELNE T,

4.1 RERBE

QRER LI KRGO —av—>avRERLT, EBROREFELX TR, 7527 +v
PEREFHEL, FoRBEESR RS (Yakubo and Nakayama (1987)).

QWA —alL—vay - 7FAZ—X, T00X700 DEFEF LI/ESh, BE p=0.593
(=pe)THA FE116,91 Db DL, p=067 THA 317,672 DL DOBAB I, K3
i3, p=p. TORBEETH S, BRI, g (w) ~ 0 D guiding line TH 5, Z DR, w<l
nh, HEIhERERBBICES T, REHEE L Alexander and Orbach (1982) o F#H
B 0P ICHBIL T B ENGNE, CHIE, 7527 F VIRT ds MM 4/3 IEBITREVZ &%
BRLTVS, RIBEABRECHH D, HER &H 3R BEL TR, f-T7 + /7 VXMl
HIEEEH I L ChBRINERE, T2 b, K374/ v-7F 2 bvVDI rAF—
A=A NI LG LTV, o~1 G TAEREL Y SE R 7y — LT, RiTd
B v 57 2L REERVOT, REBEX o~1 X0 EToPclfiLin s,

p=067D2WILEA—av— a2V RORBEEIN 4 CRIAT5, 0.1<w<l DIRF
¥ T, REBEE R, 1) 0P REAILTWBE, Zh i VERSEACIE o kLT
W, o-KEEHEOTTAESHE (2T, BX*0.1) TRCEENTESGE TR, =
DIEBENE 2B CRRIc 7+ / V-5 27 Vv 7 eAA—_—1EB R wyy TH5B. THEIR
580, BxDHBELB VT 0py<w<l TR 757 + vVIREBEED, wlwpy TE7 /7 VIR
RREEN& <« bit:, Derrida et al. (1984) OFIEERL. (EMA) X 55E T, 7
R A — A = AR OREF E IR RO & b 78> TRBIC ER LTV 55, BxOFHE
Tk, =0k 5B (steepness) R ONZV, wpr B, ROBEMBAYERECERL
PEERSRTHHExELDE, EMAKRY o TEHEINK 0 FL TORBEEDIES
WIZIEL 7o\ FTREME AR, ZORKRBEL TR, BE5ETH 5 —EHRR/RINS.

3L A—av—yay « 7 5RZ—=1% TOXTOXT0 DN FHETF ECRBE p=0.4 (pc=

1.0 T T T
8
g
172}
Yy
© 0.1 7
2
‘B
I~
8 oc wllS

0.01 . L L

0.001 0.01 0.1 1.0 10
Frequency

K3 BABECKF?2RTA-—a2v—vaVvRORBEE. 77 2%~ ¥4 XL, 116,991.



Density of states

TSP ERNRDELF I TR 55
1.0 T T T
e
(N H
‘Q
L]
- L]
0.1+ < e N
l o @3
[ ]
0.01} .
I ] !
0.001 0.01 0.1 1.0 10
Frequency

4. »=0.67 WRTH 2R S—ar—a V%@jﬁ%%g

Density of states

1.0

7 7 ALE— « %A R, 317,672.

0.1p

0.01

0.001

I [

0.001

0.01 - 0.1

Frequency

1.0 10

5. p=041BFABIERT—alL—vaVvRORBEE. 77 A& — « %14 X3, 122,448.

0.311) THEB NI, 7 5 A X — - 4 1122, 448 TH 5. [ 513, FFE I hic & DRDOIRRER
EThBHN, ZOHPEL 7+ vEE (g(w) ~ 0®) E7 527 b VvER (¢ (0) ~ o) 2 FF
LTS, ZOREEND, DI LD 2RTEESKTIEBVTL, 777 F vRitds 3dic
KEET 4/3THEZ EXEIDBII, TORTD wpr 13, BLZ0.1THBD, 71/ v
PET T2 P YADZ B AF— A= ZELNT, D, BARTELR, o=1 IREE

Eov—273RbR5H,
EOEE® — NIz LTWwW5,

HHENE-T ey T,

1ARKDORY Feofhehote 1LECE
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K 6. EBEREECET2RTA-—av—vay FERiEI 7 w=00107527 v £—F.
NRE—-VDIEKR. 75 AF — 4 R1F, 169,576. EIBIZEKHNOEETRLTWLS.

4.2 EF—F - nNH§—>

EIE RN FEIL LD, BAZ2KTA—av—vay 2528 —FFEfpiEdht>
SZPVODE—NF X —vERFHELL, K6IE, 700X700 DEFEF Lz p=0593 (=p.)
TR Iy 14 X169,576 DA—av—vay 232X —Fcw=001D757 vk
B L, HABEOEM AL —VvERNTELLLDDIEARTHS, ORI, HIET
ARV E LB P 16, wi=80 & LTELRI., ZOFRIIELMCRHEL TV, Bic
BB OO TSI, FORBIEL LTS, ZoRKIE, RE6ETRIATWBETA
ER-WER (M7(a)) 2B, Thidoxods, zoc H7a)0EAIIESE
AL EELTCS, BENIZEAE AT v 7RIBHICIRE - TV 5 2 &b, KIEECREE
LTWbZ08Hg GREO a7 ] LS ET5) XTX_TEMBET—HICEEL TV %
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AL, TDT75 s b vOHEEs, a7 ZABOTSE1IRORY FTHELTWLS (=
7FD L) M, WEITZOFHICP - D EFEELTWS (®T7 (b)), ZZTEERI &1,
27 b o LN EZARBWTELD, T—F « % — v 3RO E &
52 LTH5S,

B—0D7 57 Vb LRHRER L VWE LTS, BERESREFE 752 F vOES
L, RO I P ERBE R A B LI S h s, Fxlk, T00XT700 OTEFBKTF LCER
BED2KT —2lb—vaviE 9z —v{Eh, 0T, 0=0.01 D CEVIREIH %

o 1290757+ vaBiEL, FHEBBHERO(REBR). AL, FobnbolE

[y
(=)

LONR 00 66 4.4 0 45 0N SUUNR 45 3% & 4 4

Line A

Amplitude
=}
(=]
‘KI‘I‘III\‘\\lI‘I\|I

|
s
o

1.0

[
(=)

Amplitude

lllll|llllllll|llll

—1.0

10 20 30 40
T T L S | I [ 10
—10°
Al , ~In (<))
0.5 - [) O\o
o ~10-
2 o
o
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*£1. Rls5200RBECHTE2RERE
¥ dy, DfE.

EHH o RER A dy
0.005 28.13 2.25
0.006 24.18 2.24
0.007 23.49 2.34
0.008 19.41 2.26
0.010 17.20 2.31

By (BTHEREY 1 &35 T3 RBOBSHEDOFR (| dH(r)|> ELTEY, BT,
r&—In(K|gr(r)[>)Dlog-log 72 v b THB, BEAXBLIERE, 2hbDF— 2L
BUNTRECEVWRERT, ZOEROEENQ.2)RD dp 5 25 (AHYES R, =
DERDOY =7 - 7ry b THB), HAOFEMRIIZ, db=2.310.1THBHLERLTW
5, ki, BEER, A(0=001)=172Th5. R8LLH0n5EY, ZDHER, 0<r<
0 I L TTebhT\wa, Zhit, 22 CELRE dy 22 7 DL O 0Ty EHEI B & 52
BLTWBZERERLTWS,

B2BETHRNTEY, dp OMECETIEFNTEIZLELTHDHY, R DERILED
HHME (2K/ITT0.95<ds<1.0) IO dbRERde ¥ EHF 2 TS, ZOFR—FHILOWTIEKRE
THRRBLZ LT B,

RBIZ, TRETCR-CERRHENT7IZ PV THAT EHENDDBIDIT, 757 bvD
SHEBARTH HRIER A (0) DRBBEKFEUERFTE LI, ChExitET50Dic, kb 40
DIREE, »=0.005, 0.006, 0.007, 0.008 *FHF>7 57 b vEH LA E5DDA—a2L—2aV -y
FAE - LIBES R EE, FRERALAETI & A(w) KD EI1IBR)., K ds
i, FTEBE BN TIRBEICKEL W, BERE, A (0) ~ o 0k 5 IESKIcKk
FTHILENZDORI VWD, RADZEECID A #KDBE, 1=071ThHDH, Ar—1
VBRI BRER, A=ds/D=0705 L I —FH LT3, f-T, RABHEIZTF 7 b v
REHEORFLE LT LT B,

5. # )

R—av—vaVREFHRIhILAD T -+ 7527 + VOEKHEBEX BB T 501,
KOLDOEMEERI Titbhilc, BEXGv AT 22O F O LEBEHELD, BAIFLVWHED
ThITYVRAEA—N—avEa—R AT ialb—vav®EThat, 9%, 24K
BLOZKTEEE TS 757 b vRIROREBEL RO, LOKE, 777 + v HELHH
SHBT75 7 P VRT ds 13, ThOHE S 4/3 DT, Alexander and Orbach
(1982) &k 2 FHEVPHRINI, A—a2v—va vROMHEE & X v A RERORRICK L
T, IRREFEE 1L Debye BRICHE 5 C E 3D ot (7 # 7 VI, ¥ic, REBEWR, 71/
VETZFI MDD R A —A—FHRICEBCTELATH Y, BYERELLICL > TTFHES R
Tk ST AAE IR bR o, 75 7 b vORBEE R, EEEROCIFASH
T %5 (Rosenberg (1985), Dianoux et al. (1987), Fontana et al. (1987), Courtens et al.
(1988)), 7 m A+ — A —FFBIC KT 5 RAMOF L L T, Hi—MRR@ENELh Tt
W, e, HERBEEOY Y I AAERE < Bbh (Rosenberg (1985), Dianoux et al.
(1987)), 5 TlhwWwboiZhrAbhls& & 225 (Fontana et al. (1987), Courtens et al.
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(1988)), AARDERIEANCHHEE2H LS TES, ThETORMENER, T
AHT—BUNEHRELICDDTHAD, B2ETRRCBIYBANEYER TS &, REE
B2 &, dey, ADKPBERICE o THEARIBBEVERED LIRS, 5T, TANOHB
N—a v = VRERTSEBHEORE A EENCHRT L LI, 74/ Vb7 5
ZhVYADI v RF = AN —FRATHEETTRL, LVEENLRTOY S 7 b vEIEOKE
EEOLNCTHETCTHREERILTH S,

I, AR 2R A —arv—vav . 275RE—FRE—D75 27  VRFFEL, *
DE—F « A2 —VEHERICHELMC LIS, ZOER2L, 757 F VIIEECHE L BE
LAcE—FTHBERALMER T, FOREORTE, BEPDL (FLNLECREREX
RBERENLEEN ELT) BHRANCEVCEZALE T2, FOLRHE L
v, Zhil, BRBEEHDB A A—av—vav 7522 - ERCEVHEBEEYEOLSDT
B5, Ele, Thborv 77+ vEBBERORGTHEE 2, FHWRBE %~ #(2.25)
AR - TCEHE L7z, TOER, REDOMIBRTIEN ds XBEFDES (Levy and Souillard
(1987), Harris and Aharony (1987), Aharony et al. (1987)) 2 F23 2{E X » L2 ik
E7cfE2.320.1% L5 D0 ole, B EDR—BUIKRD L5 CHBINS, {07 5
7 b VBRI T AERIE, -2l —vav 2 FRE—FDOHBE—AIB T LEEES
2—27 0y N7 BER-BORIEET5 L E, REORER, 02 SAEOFHRERE
R(r)DBRTEKETHZERFELTWS, UL, ZoRERERLA L 5, HEE KK
TB70®, IELL v KalrNESHKDOD, T, HAVHEL 7o dy (dar(r) ~
exp[—(r/Alw))*D &, BFRMED do ($r(Kr>) ~ exp[—(r/A(w))%]) EHNELL LT
RIET s, BxD dy 3732 v a70WMP R L TCOLERNID S, X 5L, tail
Db TEBBIER T 5 &, rS>AREID {be(r) TR AERTF -1 dp TR
ENBTHAH, b, HEENEHL, B—07 77 b V236 D X 5 KD TRFA
k% LT3 &5 EHER, BHECHET5T77IERZROEE T L FHEEBE A AT
BONTHBEREVELD LR bERTS, #-C, 7727+ vIBSTAIYERASYE
BT HBRICEE DR dp TR, PI2IE, Vs 2 div g EDBOELSFHIIREIBE ¢ —
av— s VBERKI-TEIREI 1 ThD, 4%, ThooBEBETZAY — ) v /B
PRETEINERICAT b2 2 LIS,

# 52

KR ED AT DT> T, BB/ E LCEHV-7, R.Orbach#ig &, A—rt—av
Ea— 2 —OFMBELEEYE > TEV, tEEXFRBTE#R v 2 —CE#oEYE
LT,
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Dynamics of Fractals
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Percolating networks have a fractal geometry on smaller length scales than the
percolation correlation length &,. This behavior crosses over to the Euclidean geometry
on larger scales than &,. The scaling argument has suggested that the vibrational density
of states for fractal networks follows to the universal law, D(w) ~ wa-1, where d is the
fracton dimensionality. These excitations are called fracfoms. The exponent d for
percolating nets has been conjectures to be 4/3, which is independent of the Euclidean
dimension 4.

In this article, we start by describing the scaling arguments about fracton dynamics
and present our results of computer experiments on the dynamics of two (2d)- and three
(3d)-dimensional site-percolating elastic networks. 'Our systems treated have the site
number as large as N >10°, for which a novel numerical method is employed. The
vibrational densities of states for these large percolating networks are obtained. It is
confirmed, for both 2d- and 3d-networks, that the vibrational density of states is propor-
tional to wd-1 with 4 close to 4/3 in the regime above the characteristic frequency w,. We
could not find the notable steepness or hump in the density of states at the vicinity of a
phonon-fracton crossover frequency w., incompatible with the prediction by the effective
medium theory.

We also performed supercomputer simulations in order to gain insight into the nature
of localized fracton modes excited on percolating networks. It is found that fracton
modes possess a quite unique character, i.e., the core of fracton excitations falls off sharply
at their edges. This is in contrast with the case of homogeneously extended modes
(phonons), in which the change in their amplitudes is correlated smoothly over a long
distance. In this connection, (we construct the ensemble average of the fracton wave-
functions and find {¢,»> ~ exp [—(r/A(w))*"], where A(w) ~ w~%"'. The exponent, —0.71,
is in close agreement with the prediction of the fracton dispersion law for a 2d-percolating
network, —0.705, and the geometrical exponent ds is much larger than current theoretical
limits for impurity electronic states. These theories presume that the localization is
governed by the averaged distance ¢({7>), not the ensemble average of fracton wave-
function themselves {¢,>. The abrupt property of individual realization for ¢, obtained
implies that the two kinds of averages are not the same. In addition, we should emphasize
that the ensemble average of the matvix element may be different from the matrix element
using the ensemble average of fracton functions. When we analyze physical processes like
an inelastic light scattering or a thermal conductivity, the ensemble average of matrix
element themselves for strained fractons should be taken into account.

Key words: Fractals, percolations, localization, supercomputer.



