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WE T TW5, Berry (1979) i diffraction & fractal D& EEETH % diffractal &\~ 5 FH,
RV, 77272 X 5ERHAKOEBEEYBFAT S L b, 1RTDOITVE LT 52
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DiE, VA2 Ol KD (Fig. 3 ks, Ebik, K O&EH%, 1/ cfihlics =
FU—RATBER2IHI LI, VA 3OME K (Fig.3(c)) MNERINS, H¥M
BBAERTO MY 754 » 27 a2y wfliff KO, VANOHE KV O N > confEREE L
TEHEINAD, HRAPADVEBATO 7527 21 2RETHEFALELTCUL, BREAZ —
VI7/EREYFEORRL D » mHlFEERE 25— RESNEL, HEH LW,

FY T 54 w2 2y mEIBOMBLMRTIE, O =F L —20RLED1/3DEIDES 4
ADLERINRTWBZ Enb, D=log4/log3~1.2619 7%, AL, 27 FF54 v 72
= o A HB oML KT, D=log3/logv5 ~1.3652 TH 5.
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B35 EGHE, K& 1/3 Nt D TBERLIOTHY, KXo =3 —20%
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1

75 —tan"(%) tan"(%)
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(2.3) Ko(p)={ 0 ;|x|>L/2
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B 2 Tk f(p) OBRIE P. it 5 EEIREE f(q) 13,
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ERbTZEATES, R Qla)-Q2le) TERLEZD2DF RV -2, ZDO7—) =4
BRI L RO X 5 B F - T 5,

Observation

Fig.8. 75 v vh—7 7y EFDOIDDOIER,
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(3.2a) OT[d]f(p)=exp[2nieqL cos(¢—a)]@f(p)
=exp[27rieqL cos(p—a)lf(a),

(3.2b) OR[6]/(p)=R[0]10f(p)=Flq; $—0),

(3.20) oM[clf(p)=cMl/clof(p)=cf(cq).
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LB nb, Kylq) 3EEHE,
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BFZl Einrnrb, R G5 i,
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(3.82) I(T’=j=21_1 Rl27j/ 3] exp(v' 3/ 37iLg sin ¢),
(3.8b) 1©= gj R[xj/ 2] exp(7iLg sin ¢)

HEHIRAZERIVHEEIRS, 2hAbDA=2v=—F FOLMNITF4 v 27KIVOZ 7 ¥
SF4 v 27yl K (D) BIOKN (D) T, EThbD7 5w yk—7 7 @S
DEFEEEY Ky(q) L0 K8 (q) tFbT o LicT 5.

4. RESES JUEER
EHFBOBMESF, TIhbbEIT 2 — v Walq) 3, ERIER Kv(q) 2T
WN(Q):IKN(q)IZ

TEZINS, Fig.6(a)-(c) DE=ZEHA1=v=—2 LD MV 754 v 7 2o kRO
T, R (35), B8a) LU Tablel »»HEE L7 Walq) % Fig.9(a)-(c) iiFx+. Mo (a)-
© & Thrzthv~<nr (AN=3 (4 @OQ5ELTED, WwFhd (2zLE 2xLy)=
(—900, —900) ¥ X T (900, 900) © 2 F & HE S & W FHIR &5 EHEBN OME S /A xR
LTWwW5,

—77, Fig. 10 13 Fig. 8 DFERE AV TERBRNERDI L V7 T4 v 7 2 v AHEDO 7 5 ¥
V=7 y B2 - VOERTH L. KR TILFig6(@D7 778 rkavEa—xL XY
7Ry FEACTEHRO BICBVCEEE LCHE, 3bmm s =2 -7 1 s bitix e LT
XA bodis s LTHW, Fig. 10 (a)-(c) I, Fig.9 L[EEE, v (a) N=
3, (M4, FI® @5 LTV5,

Fig.9(a)-(c) & Fig.10(a)-(c) @HR BB L BIT, =2 v RO 7 7 v vk — 7 7 B2
2~V OE—OREEHIL, BCHLEBENFEET S ETHD, & i, Allain and Cloitre(1986)
D, H Vb= VEEDEHT A — VICECALEE Y 2 LI D 2 RTTHIIREE & 7 5.
THIRERTAEC &, KEBRECAMESNE bR 5 BIBIEE < 2 — v oduElic iR
bhTkb, FOMICTAEE N BbhsETHE. ZOTO0ERY, BELY 74
MRS X ORI & RS LTS, MR T2 2DV RANRLEBNTSE, 7T
7 A VRBOKE X L AP B, tdt e (EDRBERB, T, HiK Fig. 9(b)=e
Fig. 10(b) wHEE AL A X 51, AHEEZ, —BR/FELRECHEL s — v 2 BN
CEBERC SR s EER LTKY, FOEKEOFENL, WhY 57 2 2 BRTHHBID
iR EBEBETH D, 77 7 £ HEEEBINEIEOSE R ETRE OB ) v 7RO
FEARONS, Fig 9% AL EIRL Y, 20V v 7 OXRIT g=p"/L wiziF%L
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Fig.10. NV 754 v 27 2 hfiEDN7 5 vk —
7rEfTc s —v (EBRFER): (@) N=
3, (b4, ()5,

Fig.9. v V754 v 27 a2 v xlliffn 75 v v k-
7 7Elfrc 2 —v (BEEwER) : (@) N=3,
(b) 4, (c)5.

W ERGHA, X (B5) Lbh, ZofR, = v lROBESSOEYTICL 5> TEL S sinc
BBOE 1 BSIC—HLTEY, LkdsT, R G7D @X7 357 2aA@BodLffrrFEbL
T 5,

BEICS 5 biE, 777 2 HEBICA BN S BEHMEE XSS TRV, 2o L,
Fig. 9(b) D 1 KB OIS % p (=DFEF 2K L T~ Fig 11 ICBHBIRERTW5, T
bbb, 2 —vEkufEIEKTAI41, ToHVEED 2 —vRHBL, RERICE, A



232 METEHEE $£38% 25 1990

Fig.1l. v V7541 v 27 a2y sl 075 v vk —7 v @£ —
v 3 L DILKRD.

== RO AL -V DA =KL —DKREEEFOFRLE -2 LD, ToBCHELUEED
Toeathid, RV <102y sl B TE B CHUE YR on 2 LD BRDIRRE T
BB, 2y AHBICELLECHUSE YBT3, NELNESICEROBRYE 2 50
BERHD, COLE, FDTITUVA—7 7 EHAE — VDT T 7 X AR O 220 E
BizETIEMnY, TORCBERNMEOE — 27 0E&EN G e b T BCAHALUES Bbh
HEEZLNS,

A IS 7 5 7 A VOO —21, FOHCHUMICh LB D ETH S, &
DI LWL, 2y RAHRBES LB CHMM A TR T L EMRNTH S, Shik, BHH
759 vh—7 7EHDOT7 - ) =BHREHIC LI LD TH S,

MYV 754 w22y mxlifBO7S v vk —7 sEF AR — B BRB S 5 — DD BEERFEL
BE#e LT, 2EOHCHEM S S, bbb, Fig. 11 iR 3ffo MM N T,
VIEDILKE n/6 DEERIC L 5 HEOMHEMELFAET S, ZhiE, I 754 972 HfR
RERTAEL 5 —2DHRBTHEF =FrDY = %L —4% (Mandelbrot(1977)) 1 X - T
TE5,

Lo =20z .y kOB E LT, Fig. 7(@-(ODEHHA = =—2 D27 F 5T 4 »
73y REROBETONT, HIEFHE R X OEROKEE %, Fig. 12(a)-(0)# X 0 Fig. 13(a)-
(© TRT, NITT 49272y +wHiE0BELBERECEEILZDLNS, KL, 2O
BT u=y5 THHEND, NOBINCL 77 7 2 VEBORE L ORI HEEE O Ao
BIMEKL/5 ThHAH, FTio, APEESIC 3L — 20t L T4 R OTEy, N
DI A L LB, TOFANEAE tan ' (1/2)TOREERT A, IHIL, 757 2 AHBOH
CHIMEIZ S, VEfEoIKicing T tan ' (1/2) DOEE MES T 5,

5. 75 20%IRTIZOWT

777 AR X HERBAE R AN B AN bE XD L, MED T F 7 2tk RbHT
T A= R B IREM D OERINCRIE T HRE A RMTH DL LD ENTES, BRI
FA—RELTR, 777 20K, BCHOKOFEET S Ay — A8 (ERETR) &
BHFobhL S, Z05b, HCHUKEOHFET S TRE, MIECHE/NDLOHLNLE 51T,
B <8 —vD7 727 ZARBOEENLHIET S L23TE S, —7, HkoBCHLED
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JE Flg13 27 N7 74 -yﬁj-yiﬁfﬁ*]ﬁ@']:j“?‘/
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EREFA === 2D KT IRL > THEIND D, TR, B2 —viZE8 T, Fub
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) WX ABENE =N oFLE -2 IKEETAH I EnD, [ 2 — v oLk 2 R
B ERERETHS, Lrl, BRBEKOBHALBE LML S, EF 82 —vE
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b L, WEIEHRIET 7 7 2 VB EAREE (Bl = =— %) STUEEXRHSID
E, KRR E M s, BUBEOREL, B s - vEBRT ST XToe -7 it
MEBELECIRDE T END, B2 —vOMMEELOWEY 5 7 2 »OHEMEMED E
BERDZOILTULIEZG TR R20EE DB, —T, WD 7 772 VT HE
B, EFAX - v o RPRERCEEY RS LEL, CoFEBoBEILTL S AN TR
{IBbDEEZORD, LichioT, —BHNCIE, o 8L SO FRIZEH <2 —
vinbRD, FRIEIWEYEEBETAII LI IVRDEOIFEYTHS S,

DSFWR, 772 EANRTLDERDLFEICOWTEZSL, vV hDareA FREBEKLRED
FYRARTZ 2 AATE, FOMEBENI(g)~qg P bz tPhmbh Tk b (Feder
1988)), =D I(g)DWHEI D 75 27 A LRTEDERD B LNT&E %, —7F, Allain and
Cloitre (1986) 23R Lc X 5iic, HAWE 75 2 240 ThHD LIRTH v b —AEETE, EF
RE—VIEFVEATTZ ZAADEED Y 5 BB AENEIFACIIfEL IV, ZOBE, Z2HE
AR g% 3B L CER 5B oET5 &, Hiki(G=1,2,.., N) BT HEERTDOFE
IR | S(q) |%: 23,

] S@)|»:=S(@)*>g?

DOREXFERCHET S, ZOBEGRNLDS, hV I —LEEDT T2 AAKRTLDERD B Z ENT
¥ % (Allain and Cloitre (1986)),

2y AHBIEOWT IR B oD FEERH L TERSE, 2RTL7 7 A0THDB 2 v ~HR
T, 27 ¥774 v 72y SHROBED L S, O BCHEPCHEELA I BELD 5.
LicttnT, HE—EDAE 1Lk} b Kn(q) 2EZ5 X0 b, TORBETH

~ 10°
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E
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Fig. 14. El#f <4 — v OBEFYRESH: (@) PITT4 02, BIVO D) 77 K554 »
7 2y R,
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Un(@)=<WlaDs=5—[ | Rula)|?dp

HEZDLDIPBETCHE, N=5D I 75749 28IP 277 ¥IF74v 72y O
T, BEFH B X v kD1 Un(q) %, ¢q=0 BT HETHRE L T Fig. 14 wrd. Unx(q) 13,
FNEND 7 T 7 EAKRTDIEHT D ¢ % Ol (FOBEHR) CiIEFEL WEEEZRL T
5, Linl, FOBELBCIAX RSN EILE- TR, 2 v &R0 AR DB
HOMAELHEI X - T Wh(q) CEE S RICERAIENRBEY — 7 OFEN, AEFHLET T
BETERWZEERELLTVS,

DER, qFEE pETOMOENS—EOHBRER
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Laser Diffraction by Generalized Koch Curves

Jun Uozumi, Hiroyuki Kimura and Toshimitsu Asakura

(Research Institute of Applied Electricity, Hokkaido University)

Fraunhofer diffraction by generalized Koch curves with a finite range of self-similarity
is studied theoretically and experimentally. Results of the numerical evaluation for the
intensity distribution in the Fraunhofer diffraction pattern coincide with the experimental
results. Both results show that the diffraction pattern is divided into fractal and periodic
areas and that the former is surrounded by the latter. The inner and outer cutoffs of self-
similarity of the object fractal can be estimated by the outer and inner cutoffs, respectively,
of self-similarity of the Fraunhofer diffraction pattern. The fractal dimension of the
object is determined from a variation of the intensities averaged locally over the annular
areas whose width increases successively by the discrete scaling factor of the object
fractal. Randomization of Koch curves is performed by introducing the angular fluctua-
tion into the segments of a generator. This randomization process destroys gradually the
self-similarity in the Fraunhofer diffraction pattern with an increase of the standard
deviation of the angular fluctuation of the generator. For a moderate standard deviation
of the phase fluctuation, the diffraction pattern becomes a random fractal which takes a
form of the speckle pattern having an unordinary appearance.

Key words: Koch fractal, regular fractal, random fractal, diffraction, spectrum.



