Jooooogoogon

gboboboogoboboooooobon

oobOo0ooO0o0oOoOobObOoOooOOoOoOOobooOobOoOOoDbo"OoOgr’oooboOooboo
gboboobobbooooboooboboooboobobobbobobobobooboooobonog
oof

1 0ooond

gobooobobooooboboobooboobooboooooobooobobobooon
gboobbobooboobobboboobbobooboooboboboooboobonog
gboooobooboonog

e NDIDODOODODOOODOOODOODN

e DI DODOO0DOOOODODOODDODDODODNO

gbooboooboogboobooooboaon
goboboobooboooboooobobobuooboobooboooobobbo
gboboboboooobooobdooboobobboboooboboboboooboobonog
goboobooooboobooboboobobonooooobobooboooboboobon
gobobobooboobboboooboooboboobobobobobooboooboonoo
gbobobooooboooooboobobboboooboboobooboobooon
goobobobbooboooooobobooooobobobobobobonoooon
gbobobooboobooboobooobobboboooboboboboooboobong
gooond
gobooboboboooobboboobooboobuoooboooboboooon
gbobobooboobooboboboooobboboobooboboboooboobonog



gbobobobobooboboboobooobooboboooboboboboobooooboong
gbboobuoobooooboobooboobooobobobbobobooon
goboobobboobooboobuoboooobobobooooooobonbooon
gboobobobooooboboboobooboboobobooobonoooobonog
gbobooobooood
goobobboboooboobobboooobobboboooboobooboooboaon
gboboobooboobooboooobooog

1.1 0gooood

gboboboboboooobodopoooooboobobooonoooooboooboanon
gboobobbooooooboboboooboobooboooboooooooboobonog
gboobobobooboobobobbooboobobbooooboboobooooad
gbboobuoobobooobuooooooboobbooboobbooon

' (a) O| @
@ |Oole =2
L — —
w | — | - |
A u N =
B[ O -
1 o A El

©  pm— =
1 (- v () R - | =

gboboobuoobooobooboooobooboboobooboobonoo

goboobooboboooobbbooboooboobobbooooboboobon
gbobobooboobooobboboobobobooboobobooooobooad
O000O000 AQ0OBOOOOOOOOOOOODODOOOOOOA,BOOODODO
gboboooboobuooboooboooobooboa

gobobooboboooboboobboooboboooooboooobboooobood
gbobooboobooboobobobooboboobboboooboobobooooboobonog
gbobooboboooooboobbobobooboobbobooobooboobooooonog



gboboobooboobooboooobooog

10 |0
II
@ A L)
B’ ¥ ( ,
: ‘ A
o] A qula
3 1o B o
B~ A !
(b) i {
A 00 N 10
]
oL L A x, B

O00O0O0 A, BODODOOOOOODOOODOOOOOODDOOOO

1.2 0OO0O0O0d

goobooboboboboooboboobbooboobobbooboooooboobonon
0000000000000 000D0O000 w(£0)000000D0ODOOOOOODODO
gboobooobooboooobobobobuonooboobbooboon

dn _
ar

gboboobobooboobooobooboon

U = uge

gboogboooboboobobooooobobobooboobobobobobobooo
gboboboboobooobobooboobobobboboooboboboobooboonog
gboboboboobooobobooboboooobobbobooobobobonoobooobonog
gboboboooboooobooobooobobbobooobobbooooboboboooo
gbobooobooboooooooobood

du

%:’YU‘(l—ﬁu)

gbobooobpboboooobobobbonoo

nye”
u(t) = —1°
L+ ~yBne”

0000000000000 0O00O0000 1/p00000000000O00O0OO



22500{
17500,

12500

AB(HA)
-
g

2500+

t
i
1
|
i
[
I
i

Loy 1t PR R T |
TT0F 1800 900 7000 7160
0 =i T AV ADAREMOTFH (H—-A LV —FRLB)

000000000000000 u(t) =nye"/(1 4+ v8ne™)

00000000000 o00ooo0ooOOo0oooO0bODO t00 W oooo
00000000000 O00o0oO000ODO0O0O0O0O0O00DOO0Owu( ODOODO
gboboooboobooobooooboobuonoooobobooboon

gobobooboboobbooobooboobobooooan

Au Ui — Ug
- = —— =yu(l - Py
i N yui(l — Bu;)
g1 = u; +yui(l— Bug) At
AL )
(I+v )U< 1+7Atﬁu

000 a; =vAt/(1+vAH)fu;,, a=14+~vAt 00000

Tip1 = oxi(l — ;)

t, = to + nAt

0000000000000 0 0000000000 000w ooooool/poO0O0O0O
0<e<10O0000O00O0DODDOOOOOOODODDOOOOO0OODbOObDODbOO0nn

gboboobooboooboobooooboooboobog
0000000000000 00000O0000O0000O000D00 (<2< )O
000 (0<a<4) 00000000000 ODOOOODODOOOODOOODOO



(a) O<a<}

Xn

b I<a<2

/“"'

i X =3.\
=95 (d) 3<a<3.44- r
Lm+ v
n
o Xo X b
a=1.4 XCn
Cmet
(®) 3.44.--< @
e ZERA > 7 XX a=4.0
qu 3
n Dty AN

L L . L
] 1 2 3 -

() 2<a<3

Xn

5 E

fo &%

NN

\

2 3 4 5 6 ICo

gboboobuoobobooobuoooobboobooooboobd

i
il
il
vi

A%

0<a<l1

l<a<?2

2<a<3
3<a<14++6
1+v6 <a<4

gogboooogn
gogboooogn
gogboooogn
gobooboooooon
gobooobooboooooon

gbobobooboobobboboobooouoooooboobuooooboobonbad

gbooboobbooooboooobooooboon ¢, 000bb 2, 000000000

gboboboooobobooboobooboooboboobooobobooooboobonog

gboobobobobooboddobobooobobob «0booooobbooooogd

gboboboobooboobooboboobooboobooboboobobobooooboobonog

gboooobogooon

gobooobooboobobooboobooboobobobooooooboboboonon

gboboboobooobooooboboboooobboboboooobbobon o, OO0

0oooooooooono |z, —2;41|=d,00000000000000000000
gbobooooboboobooobbobbooboboobbooboobooooboooboon

(o, — 1) (g1 — @) & 4.6692. ..

dy/dnyy ~2.5029 . ..

gboboobuooboooboobooooobooog

Xn




I

5L

gbooboooboobooooooboobnobooobood

1.3 00oouogoooo

goboooboboooooooobooboooobbbobooobobobooooo
gboboboboobooboboobooobooboboobobobobonooboooobonog
gbooboboboooobooobobooobobobooboobobbobooobonbg
gboboooboobuoonoooooon

dx

-V _Pr Pr

o r+ Ly
d

d—i = —rz4rr—y
dz

a = xy-—bz

oooooboooogooooooboog P, rb0O0D0OO0O0O00ODDOODODDOOOOOO
0000000000000 0000O00000o0DoooDoooOOo0gd Po=10, b=28/3
goobdroboboobobooboboboobooboboboobobooooooonoag
gbooobouooobooibotdr<24740000000000000000O0Or > 24.74
gbobobooboobooobobooobboboobooboouobooobooboonog
gbobobooooooobobboboooboboboobooboobboboooonog

gboobobooooboboboooooboobooooobonoobooobgon og
gboobooon




gbobooboobbooobuoooooobooooon

1.4 0J0O0O0OO0Ooon

O00000000000000000000000000000000000000
O0000000000000000000000000000000

Xjp1 =14Y, — aX?

Yiq1 = BXg
o0000000000000040000000000000000000a=1.4, 8=
030000000000000000000000000D0000D0000D00000

gbooobuoobooobobooboobooboboooboobobooobooboonog
gooboboboooobooboobobboobooobuoobooboobobooobooboonog

- 2

R hanien
ey
- -
oo
——
——
T ]
i
e
o

gbobooboobooooooboobobonoo



2 JOooooon

gobooboboboooooobboobooboobooobobbbooboobobooon
gboobobooboobbooboobooboobooboobooboboooboobonog
gboboobobooboboobobboboobobbobooboo 1ovomOO0nbDonog
gbobobboooboooboooobobooobb icom0obooobob 10000004
O00o0O000oboOooDpoooOobo wm x 100 =1kmOD00OOCOOOODOOOOOO
gooboboo ioomODO0bO0OD0DO0O0O0O0b0bO0ob0obo0ob0obDonooobglom 0d
gbobobobopobooobooobooboobbdlocom DOODOODDOOODOO0O0OOd
gbbobobooobooobooboobdloom0bbobDbO0lm 0bO0o0obOoon
gbobobooboooboboboobooboobobooboobooooboobonbad
gbobobooboobobooobuoobooobobboboooboobobooboobog
00000000 1km, Im, lem, lmm, lgm, --- 000000000000000000
gboboboboobooobooboobooobooooboobobobobooobooobonog
ggboobuooooboobdooboobobbbbooboboboboooboobonog
gboboobooboobooobdooboobobuobobooboboboboooboobonog
gbobooboobooboobboboobooboboboboobooboboooonog
gbobooboboobooboobooboboooboobooobobooboboboooonog
gooond

goboobopoboboobobbobooobobobooboooboobobooboon
oooo0o0o0o0ooO r000O00OD0OO0OO0ODOOO0 N(nODOODOODOOODOODOOo
good

N(r) o rP

ogooboooboboboobo po oo oboooopbobgob oo
gboboobooobooboofobodobobooboofobobooobobobooboooonog

gbboobuoobobooobuooooooboobboobooog



1000 -

| ]

01 1 10
€ (km)

gboboooboobuoooooobooobobobboon -0 N(r)DDDl)

lo |: Lie ] A

1]
910 () "'“'"“'———_f_r_-:r”d“""'da'l

4.0 = . - = =
CikeLe m“‘

. 3
é BOUTIT AFHICAN COAST
-L’-I &b
i
1
=
n
s

3.5
limten 4 63 2 — 0 F 0 M 2203 ) log, (€ )

0000000000000000000O00O0o0Q0 ?

go0ooooooooooooooooooooooooooooooooooon
ooooooooooooooouoooooooooooooooooooooooo
ooooooooboooooouoooooooooooooooooooooooo
gooooooooooooooooooooooooooooooooooooooon
goooooooooooooooon



O00000ooooopooooooooooo

00000o0dooo0oo0ooooooooooooooooooooooooooog
g0ooo0o0o00o00oUo0oooooooooooooOOoO0ODOOUODOoODOOoOgoo-
gooo0ooOoO0oOU0oOoUUODOO00OU0O0ODUO0U00OL0D000D0OUDUODODOOoO-
0000000ODO000doo0o0o0oo0oo0ooooooooooooooooooog
000000000000 0D0O000D0O000D00O00O00O0O Diffusion-limited aggregation:
00000o00ooo00ooO0o0oDoU0UoooO0oDOoO00oDooooOoooDoooDoOd
ooo

2.1 JOoOoboboooooo

gobooboobooobobboboobobobooooboobooooobobooobon
gboboobooboooobobobobooboboboon

10



gbobooobooboooboobooooon
gobooboboboooooobboboboooboooboboobooboboobooon
gbobobooooobobbooboobobbobobooboobonoobooooboonog
gbbooobbooobooobboobbooobobooobooboboooobobooyg
gboobobooobobobbooobobobbobbooboobooobooobooan
gobooobobobooobooboobooobooobobbooooobobobooon
gbooboboboboobooboboobbobooobobonoboobooboboooboobong
gbobobooobooboboobooboboobobobboooobooobooo
gbboobuogbobooobuooooooboobbooboobbooon

goooobobobooboboooooooobbboonooobooboobboouoooon
000000 (Bes2)000oOoOoooOoooOon

3 Uogoon - ogbbbougooooooof

goboobobobobooobbobobboooboobobobobooooboboboon
gboboboobooboooboooobobooboobobbooooboboboon
gobobooooobooboboboooboooboboobobboboobooobooo
gbooobooobooobobooooboboboobooboobooooboobonoag
goooao

goboboobobooobboobboooobobbooooboobboooon

11



gboboooboooboobobobooboobobbobooboobooooobonog
ooobooobbooodoobooboobooooboobOon sinbeosOonobonoO
gboboooboobuoooooobooobobobboobooboobood
gobooboboboooboobobboooboboboboboobooobobooon
gboboboboobooobooobbooobooboobooobobobbooboooobad
gboboboobooboobobooboobooboboboobobboboooboooyg
gboboooboobooooooboood

3.1 Ugoobooooood

gobooboobobooboooobobooboooboooobbobooobooobobobon
gboobobobooobooboobobboooobbobooobooboboooboobonog
gboobopooboobooboboboboobobobobooooobobobboooobog
gbobooobbooobooobboobbooobooboobbooooooobobg
gboboobuoobobooobuooooooboobboobooog

dx
%:f(t,$)

oo0oooobo0oooOOoobobooboO0otooobO v, OODOODOD At0DOOO

t, = tg + nAt z, = x(ty,)

U000, 00 2,4 O
Tp41 = Tp + f(tnv xn)At

oo00O0O000 At0DO00DOOO0ODOOODOOOOOOOOOOOODDOOOODO
gbooooooon

4 0OJO0Oooo0O - 00

gbobooboobobobobobooooboboonoooooboboooooon
gbooobopooboobboobooooboobobobbooobobobonoobooobooonog
gboboboooboobooobuoooobobobobooobbobooobooboobooo
gboboobooboobooobooboooboobooobooboobobooooboobonog
gbobooboboooboobooboboobobobdobooboobooboooooobood
goooao

12



4.1 0O0O0OoOoOOOOO0Ogoon

gboobobooooboboooobobooooboobooooboobooboooon
gboobouogooobbobooboobooboobooboooboooboobonbg
gboboboobooooobooboooobobobooboboobooboooobog
gbobooboobooobooboooboobobobbooboobobobobon

i

Ne
L
e Eosinwt

00 ()000000000oo0o0ooOU0ooO0O0 ) booooboooooo
goboooboboooobooobonoooobobobonooboooobobobooon
gboboboobooobobbobooobobboboobobobonoooobooboonog
goooboobobobooooobbboooooooboobobbooooooooooboad
gbobobooboooboboooobobobooboobooboooobobonag
ggboboboobooboobuoboobooboobbooobobobonooboooboobad
gboboboboobooboboobobooobobboboobooobobooboooobonog
gobooboooooobboboobobooboobooboboboboobooboo
gboboobuooboooboobooooobooog

13



RIRBO
HhaF 20000
023470
7a-7~
afn
INGOOI ' 1 4 — K V0G4
\ A0R3-
RERHO ‘\7®?—1
T—RMF 7 = FAN

gbooboooboobooooooboobnobooobood

4.2 U0O00O0OOOOO0O0OO00

gobobobbobobooobobobbooboooboobon

G ir=g(vg)

" MA— s

mo

ve, ~Cy AL ve, ~Cy vR . -

mo

ir

0000000000000 00000D000000000000000 ®
gobooobobobooooboobuooboooobooboboooboboboon
gboobbobooboobobbobooobobboboooboobooboooobonog

14



gbobooobooboooobobobobuobooboobbooboon

dv

Ch dfl = G(U02 - Ucl) - g(vcl)
dv )

Cs d? = G(vo, —ve,) +ir
&

L&L — —v0,

dt

1 1
g(ve,) = move, + §(m1 —mg) |ve, + Bp| + 5(77”&0 —my) |ve, — Bp|

ooooooooOnwe,, ve, DOOODOOOO0OOOOODOO:,, 0000 LOOODOO

gooo

gbooboooboobooooooboobnobooobood
gobooboobpoomuoob bobobooboooboboooooboboboono oo
gboobooobooboooobood

4.3 UU0O0OoOoOOOOoOoOoo

goboobooboboooooobobobooboobobbbooboobobooon
gbbooobooboooboboobobboboobbooobboobbooooobooyg

15



0000000000000000000000
21 = owj(l — ;)

oooooooooodooooooood yjO0000 ;00000000 1—-2;00
0000000«;0 (1—2;) 000000000«,(1-2;) 000 «0000O00OOO
ooooodobodn =, 000oo00oooodooooboooooooooooon
gbobobooboobooobobobooboboooboobooboobooooboooonoag
odoodoooooooooooooooooodn =z, x40 D0O0000O0O0OO
gboobobobooobobooobooooboobobooboobobonoooboobong
gbbooboobooooboboboboobobobboobobooboboobooon

0000000000000 D00000D00000000o00ng ¥

_ Vny .
d Viv % I

h

.

Ay FbFeN
Vi AL S AV 27 (BRI
Ay F(ANBEVNE B ICEETHIE
Bl TEETD) e EHICEHO)

gbboooboobuoooooobooobobobboooboon

16



44 OU00O0OO0OODOOOOOO

gooboo-0booboboobbooobobooobboobobooobobboonoon
gbooboboobooboooboboobobooboooooobobboboooboonog
gboobobooboobooboobooboobobboooboobooooobooboonog
gboobobobooboobobobooboobobbobooboobobooooboobobog
gboboboooboobobooboboobbooboobobboboobooobooo
gboboboobboooobobbooboobbobbobooooobobooboobooonog
goboooon

4.5 UO0OogoOoOoOooogo

goboobooboboboooboboobooooboobonoooobooboobobobon
gobboooboobooboboboooboobooboobobboboobooobooo
gbooooboooon

5 Uoooooon

gbobooboooooooboboboboboboouoobooboobobbooooon
gooboboooobooboobooooboboboboooboboboooobobobooo
gooooooo

e IO DOODOOOO0ODOODOOOODODODDOODLOOODO

e DO DODOODOOO0DOODODOODODOODDOODN

e D IDDOODOOOO0DOODOOO0ODOOODDOODLOOODLO

gboboboooboooboboobooboboobooboboooobooobooo
goobooon

5.1 JUdboboogoobodoodan

gobooboobobooboobobbobooboooboboobooooboboooon
gbbooboobuooooooboobboboboobobobbonobooon

17



5.1.1 0OO0O0OD0O0O0O

gobob 0000000
f(z)=0
00000000000000000000000D000000000 f(2)=22+10

00O
f(zn)

T T )
T

Ubdbdz, 0D0000O0O0DOODOODOO0ODO0OO0OOO0OOOO00bOO0O00o0O0onDd

gboboobooooboooboouooboboobooobbobbuoonooog 0O
gboboobuoooooobboboboobboobd s 0obboobobaonooo
gboobobooobooboboooboobobobobbiobt-, 00b000b0boOobo
Ul 0000 000000000000 00DOO000O000O0DO0O000O0000O0000
gbooooboobooooogo

gbobooobooboooboobooooon

5.1.2 00000000
gobooboobpboobooobobaooboobooboo

fulz) =2 +n

Zntl = fu(zn) +u

18



gbobobobOwpd 20000z, O0DD0OO0O0ODOODODDOO0OOO0OOO0-,00000000
,, 000000000000 p 00000000 DOO0ODOO0DO0O00O0OO

gboboobuoogboboooboooooobooonoo
gbooboobboooooboboboboooobobobooboooobobooon
gbbooboobuoooooobooobbobbooon

6 UUduoooon

goboobobobooobooboobooboooobobooboobooboboboooon
gbooboboooobooobobuonoooobooboboooooobooooooon
gbobobooooboobobobooboboboobooboboooobooooooboonog
gboooobooboooo

" Jddooooooooo

goboboboboooobbobooobobobooboooboobboboooon
gbooboboobooboboobboboobooboboboobobobonooobooboonog
goobobobobooobobdogoboooobobobobobooooobobooo
gboboboobooboooboooobbobooboobobooboobbobooon
gboboboooboobobooboooboboboobobbooooboooboonoo
gbobooobooboooobooogd

19



gobooboboobooboobobbobooobooobobobooooooboboooon
gboobobooobooobobobdooboboboboobooboobooooboobonog
goboboobooobooboboboobooobobobobobboboobooobooo
gboboobboooboooboobboooboobooobobooboboooobooyg
gbobobobobooboooboooooboboobooboboboboooooboonog
gbobobobooboooboboboobooboboboboobooboooboobonbad
goobobooooooobobobboodoooooobobbooooooooooboad
oon

2100000000000 0b000b0bO0b0bOOobDbOo0oobobobboobooboobd
goobobboooooooooboboboobobboboboobobooooobooog
gboobobobooboobooboobooobooboboobobobobonoobooobonog
gboooooboobood
gboboobobobobobobobobobobobobobobobooooon

7.1 ODO0O0OOO0O0O

gbooboboooboboobobooboboboboooobobobooooboonog

gboobobooooobobobobobooooboboooooboboboboobg
gbooboobboooooooobobooobooobobo-0b000o0obooonbog
goobobooooooobobo en 000000000 DOODOOOO0ODOODOODOOO
goboobobooboobobbobooobooobobooooboooboonoooon
gbobobooboobobobooobobobooboobobooboobobooon
gbobobooboobobbobooboobooboobooobonoooboobong
gboboobuogoboooboobouoooboobboboboobobobboood

gbooboooboobooooooboobnobooobood

20



goboobobpooboooboboboboobooboobbooooobobobooon
goobbbooooooobobboooooooooboobobbooooooboobooboobobag
oon

)

gbbooboobooobooooooboobbooboobboooon

00001/2000000000000000000 2%, 22 220000000000
gooboboboooboooobb ., 2, 300000000000 00000o0000od
0000000000 1/« 000000000 <P 0000000000000000
0 pO000000O0O0OD0O0000DO0O0O0O0O0OO0O0O0O0OD0O0O0O0OO /200000 4
gbbooboobooooooboobobo 2000000

000000000 0000000000000 0ODDOD0OD 1/ ODOOODDOOO
OpsgO0000O0OobooOooooo

f=aP
oobooobooooboo pod

B log 3

~ loga

gooood

goboboobboooboboobbuoooooobboooooobobooooboood
gboboboboobooboobooboooobobobobobobobobonoobooobonog
goboobobbooboobobobooboobobboboobobobonooooobooad
gbboboooooboboboobooboobooboobooboobooobooog
gboboobogbooboobuoooboobuobooboobobobobooboobonbg
gbobooobooboooooobood

21



() 00000
00000000000000000000000000000000000
000000000000000000000000000 »r00000r0
00000000000000000000 N()00O0OO0r000000
00000000000000O0O0N()O000000000O0-00000
0000000000000000000000N()000000000 r
0000 N(r)OOoOoOoOo

log N
l%z—hmfiiﬁ
r=0 logr

ooobooboooooobL yooobobooboobooboobooo
gogboboopooboboooobood-.00oboboobobobbobon
ooooo0ooo »r0 000000000 rO0000 N(r)oODOOO
Doy0oobooooboooooooo

gobooobooobbobobooboobobood

logN(d)

14

Do

} 1 1

-10 -0.8 -06 -0.4 -02 |0 02 04 06

+— logd

000000000000 logN(r)O logr00O00O000OO

22



r0000000000 N(r)0DOOOlgr 0000 logN(r) 000000
00O0Ologr O logN(r) 00000000000000000000000
00000 D, 0000000000000000000000000000
00000000D, 0000000000000000000000000

goboooboobooobobboooooobood

gboobobobboboobobooobobobuoooooboonooooon
goboodobboobooboobuooobooobooooooobonboo

(2) DO0O00ODO

goboooboboboboobooboobbobbooooboooobooboon

Cr) = 7 S H O~ 117 - 71

H(z) =

i#J

(2> 0)
(z<0)

goboooooooobobooboooboobg o000

C(ry~r"

gogod

log C'(r)

~ —

log r

gooboobb 0000000000 DbOO000ob0oboo0obDbOoOoonon
O00o00O0o0o0oo0ooO0o0oOooOoooU0ooUoD C(rpooooo vo
gboobooboooobobobooooboobobobobobooooon

gooond

Log C(r)

(a)

IR R |

v 3¢ WHITE NOISE f
5 i
O RAYLEIGH- BENARD 3
O Eeno. ¥
6l
L — 5.1
R R
4L}
B el AL S é 2-'.8
2L [
- ()]
{ E S S S SR N TN

4logr

2 4 6 8 10 n

D00DO0000D0O00DO0DOoOooooog ®
o0ooooo0oO0oooO0oO0oooOoooooooo0 C(npoobovOOOODOO
gbobooobooobooboobobboooboobbooboobooboboooboobonog

23



gboboobbooooooboboobbonoboooboboobboooooobobd
0000000000000 000000000000 legC(r)0 logr000oOO0O
gboobobooobooobooobobboboobooboboobobonoobooboobonog

o0o0OO0o0oOoOoOOO000UooooDoOoDoOoOoOUoOoUoooDoOO
Log C(r)

a1t

2 3 4logr

gboobooobooboo boobobobooboooobobbooboon

7.2 0OOO0O0OOO0ODOOOO

gobooobobobooooboobuooboobobboonoooboboboooon
gboobobo r0D0O0000bO0obO00ooooboboooobooboboboooobobod
oooo s, 0004d000DO0O0O0O0OC0O0ODO0OOOOODO rODO

f; = (Si7 Si41y Si425 Si43s 7y Si-l—(d—l))

dooooooooodoogggooon
T; = (84, Sit1s Six2)

ooooo0oboU0oDbOo0 s;0000DOO0O0ODOODCODOOOOODOOODDOOOO
gbobobooboobobbobooboobobbooooobonoooboobong
gbobodboogbbooobuoooooobooboboobooboo

24



’x (t+27)

X((t+2Z)

7

gbobooboobbooobuoooooobooooon

7.3 OUOOobOOooboOoobOobon

gobooboboboooobooboooboboobobobooboooooooboobooon
gbobobobobooboobouonoooboobobboboobooboobooobooboonog
gboboobooboooobood

X_—1.0000 v _—0. 0000 =_—1. 0000

20 S I SEe=—1. 00071 Y. —0.0000 =1.0000 I

I =10 == b= 656567 I

10 H

1o

—2C

o
o ooo °
a [
° % ° oi&ﬁu o
o ] @ po
o
ooooo‘-‘d:o e oo.poo
-]
o o
o o o
o .°0°o o

000

/gﬁlﬁﬁ

gbboobooboooboobuooobooo eoobbobboobobooobd

25



0000000000000 0000 10000000000 107000000000
O000O0O000bOOoO00bODbO0OOOOUOOOOUObObOOoOOgObbOOoOOoDO
gboboboooooobobooboobooboboobooboboooboobong
gbobooboogboboobooooboog

26



8 Oooooo®

gobooboboboooobooboooboboboobooboobonooobobooaon
gbooboobobooboobboboobooboooboooooboooboooboooonog
gbobobooboooboooboboboboobobobooboobobobooobobonog
oon

e OO DOODLDDOOODOO
gobooobboooobobbooooobbonoobooobod

e IDUODODOOODODOO
gobobobboooooobobobobooobooobobooboooboooonoo
gobooobboboboooboboboboobooobbd

e OO DOODOODODOODO
gobobobboooooobobobboooboobbooboooobooooon
goboooboobooooobod

goboobobobooobooobooboboboooobobooboooboobobobooon
gooood

e IDUODODOOODODOO
gobooobboboboobobboobooboboobooooon

goboooboobooon

gobooobboboboooboboboboobooobbd

e DODODOODO
gobooobooboobobooooogd

e DODODOODO
gobooobooobooobobobboobooobbooboooobd

gooooog

gobooobboooboonooooobg

gooooog

goboooboobooon

27



goboooboobooon

gobooobboobooboobbooood

e DODODOODO
gooooood

gooooog

goboooboboobooon

gobooobooboooood

gobooobooooboobooo

e IDUODODOOODODOO
gobooobboooobobbooooobbonoobooobod

goboboobbobooomobooooooboboobboooboobboooon
gooood

8.1 UUUOODDOOO

gooobooboobooooobboboboobooboooboobooboobooboon
gbooboboboobooboobooboobobdobobbooboboboboooboobonog
goodboobobobbooooooboooboobooooooooooboobooboboooon
gooboboboooboooboboooobobobobooboobobbobooboooboonoo
gbobobooboobooooboooobooboobobooboobooboooo
gboobobooobooboboobobobobooboobooboooboooobbooo
gboboboobooboooboboboobooobooooobooboooooonog
gboobobopooooboooboboboooboobbobooboobobboooboonog
gbobooobooboooobooobooboboobooboobooboooobooyg

gobooobopobobooboobuoobooboobonoooboboboooboon
gbobobooboobooobuoooboooboboobbobobooooooobobboonoo
gbooboboboobooooobobooboboboboboobobobobooobobonog
gboobobobooobooobobooboobobbobooobooobonooooboonog
gboboooboonoooon

goboobobobooooobobobobooobobobobooboboobobobooon
gbobobobpobooboobooboooboobobobbboooboobboboooboonog

28



gbobobooboobobooboboboboooboboobooboobooooobooboonog
gboobobobooobooboobooboooobooboboooboboboooboobonog
gbobobooboobobobobooboooboooboboobonoooobonog
gboobuooooobobbooboobobdoboobooboobonooooboobonog
gbooboobuoobooobobooboboobooooboobobonoooobooboonog
gboboboobooobboboboooboobbooobooobbuoooobooooboog
gbooboboboobooobobobobobobobobooboobobboboooboonog
gbobooboooboobooooom

gobooboboboooooboooboboboobobboboooboobonbooon
gboboboobooobobboboobooouoooooboobonoooboobonbg
gbooobooboobooobuooobooobobbooboboboobooboobonoag
gbobobobooobobooboobooboobobboboobouonoooobooboonog
gboobobooooobobobobboobobooboobonoooboooboboonbog
gboboboboboooboobooboooobooobobbobobooboboboooonbog
googbboboboboboboobobobobonooooobobobobobobg
gboboboobooboobobooboobobobobooboboobooobooobag
gbbooobooboooooobood

O
External input o ass o
O

Fq
20k
R LFassg LF33g
= - 20k j
Rz + =

WNJIM2 068 +N.JM2DSS Eg £ EE £
4 L

Y 7;7 7J7 I

Rs 151588 Ry

MJMZOEBS

1-dim mapping circuit

+8Y % T T

§ Output é % o 0 & O3 O

§ NJMZOES Pro—rotizo £ 4017 S
€ I Clock circuit

-8y Threshold circuit

0000000000000 0O0OoOoooooog ®

29



8.2 IFS(Iterated Function System)

gobooboobooboooobboboboobooobobbooboobobonoboooon
gboobobobobobooboobobobooboobobobboboooobobooboobooobooon
ggboobuoooobobboooobbobooboobooboboooobooboonog
gooooooo

gobooboboboooboooboboboboobooboobooooboboboooon
goobboooboobboooboobouoooboobobooobbooooboooboo
googboboboboobobooooobobboooooboboboboboboboo
gbobobooobooboboobooooboboooboobbobooboooboonoo
0000000000000 000O00000O000DO0000D0000000 (Iterated
Function System) 00 0 0000000000000 O0OO0OOOOOOOOOOOOO
gboobobooboobooobbboooboobbobooboobobbooooboog
gbobobooboobobbobooboobobboooooboboobooboobonog
goobooobooood

30



8.3 ULUUOoOobDDOd

gobooboobobooooobooobobobooooboobonoooobboobooon
gboobobobooobooboobooobobbobooobobobobooobooboong
gboobobooboobobodobdoobooboobobooobooboboooboobonog
gboobobobobobobobobobobobobooobooboooooooboyg
gooboboboboooooobobobboooooooboobooboboooooooooboad
goobbobooobooobobboboobobouobooobooboboooboooboobonog
goooao

gobooboobobooobooboboobooooboobonoooboobobobobon

goooood
200 ‘ 200
180 180
160 160

M T
9 12 15 18 21 0 3 6 9 12 15 18 2 0 3 6
By M (8%) ’

1274 3479 4

2 3 4 1

2 3
7400 2 MR (D) 1L 2 MM (1)

0000000000000 000000000000000000000%
gbobooboooooooobobobbobobobooooobboobboooooon
gboboooboobuooooooboobobobboobobonbod
goboobobobooooooboooboooooobobooboobooboboooon
gboobobooboobooboooboobobboboooboboboooboooboonog
gbobobooboobooboboobooboobobobooboobobbooooboa

gbooboboboobooboboobooooboboboobobobobonooboooobonog
goobooon

31



gbobooboobooooooboobobonoo

CH iR 9K >
Y I N
E:‘/o’r%%‘f
HIHIE
A = 5 W e
TEHME)
III2LLE
P o2 HCE&ERe TR
e B B -§%fﬁﬁ g?x"gg
Ee gpmiac MM AEEing
T fMpPer ERLaHzZRD
DA |¢:%§ﬁ§'e£ %%ﬁ
27 BIEFRg TEER Tib
; : £2 :
a
R T L
S R
5 fggwéﬁuéa Elw E7
= :eabeziislEiag &L

gboboobogoboooboobooobooobbobobod

8.4 LUUUQd

goobooboboobooboobboboboboooboobbobooboooboooooon
gboobobooboobobboboobooboboboboboobobonoooobooboonog
ggboboboobooobobooboobobbobooboobobobobooboobonog
gboboboboboooobobbboboobobbobooboboooboooboobong
gbobobobooooobobobooboobobobooobobobooobooobonog
gbobobooooooboooobobobooboobooooboobobobooon
gbobobooooboooboooobboboobooboobooobooboboboon

32



gboboobooobooboooboood

W
3

£
h
1}
$
\

W
3
jzg
I
0

Membrane potential

100 mMNaC 1

100 mM - = #%

|

100 mMMSG

WWNWWWMWWMWA
Pt P AN M A A iy

o 5 ) 15 20
Time (sec)
O00oo0ooo0ooooooooooooooo
e o
= —N
L -5
5 '?"._..'“. K '.:‘:_ -\.;.‘3
¥} AR * 3. .{“’f
~ V - r &‘a-r"’
[} i c\! -
I~ . . Py PP N
0.2 0.5 0.2 ! 0.3
[ "
1} Lo €3
S| 7
- L. ..
E S s
_ T .} : &
=0 = Frgas ¥
of <2 o
cozl . . . .05 c.ozll--“A-(_.):;
’ ta(sec) ) tr (sec)

00000000000 D0O0DOO0oOoooon

33



9 Uogu

gboboooboboooobooboboobbooaobooobooobbooboobobooaonoo
gboooogo

e 0000 D0OODDOUOUDODOOUDOODOOUOODDOOUOD (O-18-1)
e IDOODOOOODODLOOODODLOODOODO OD OOOOODODLOOODO B652

e 000D U0OODDOUOUDODOUD OO ODOOOODO (NEW SCIENCE AGE 46)
good

1) 0000000000000 o0000o0o000 OO0 D0o0o0O0ooDoOO0o0O0o0o0 B652

2) ”The fractal geometry of nature”, B. B. Mandelbrot, W. H. Freeman
O0000o0o0oooo oo oooooo

3) ”The double scroll”, T. Matumoto et al., IEEE Trans. Circuits Syst., CA-32, 797 (1985)

4) ”Chaos form switched-capacitor circuits: Discrete maps”, A. Rodriguez-Vazquez et al.,

Proc. IEEE, 75, 1090 (1987)
5) 000000000000 000 oOooooo
6) J000D0O0O0O0 OO0 O00o0oooOooo

7) ”Fractal everywhere”, M. Bansley, Academic Press

gbboobouoboobooboooobobobooboobo ooobooo o oooaoa

8) 0000000000000 00 000000000, No. 3 (1992)

9) "000000007’000 0000000 No. 6 (1992)

10) ”An inductorless double scroll chaotic circuit”, T. Weldon, Am. J. Phys. 58, 939 (1990)
11) ”Generation of noise by electric iteration of the Logistic map”, G. McGonigal et al., IEEE

Trans. Circuits Syst., CAS-34, 981 (1987)
gdoboobooodouo oo booood
13) 0000000000 oooobo oo ooooo

14) 0000 00000000000 000 DO 000000 (NEW SCIENCE AGE

)
)
)
)

15) DOooOooOooobOooOoob0ooobobD booboo oo oooooooboo

34



