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Abstract

To review the present status of the research on plasma chaos, a working group was
organized in 1990 as a collaboration research of National Institute for Fusion Science and
ended on March 1993. This is the report on the activity which contains both experimental

and theoretical works.

Keyword : Chaos, sheath, electron-beam, RFP, dynamo, self-organization, stochastic

magnetic field, Alfven wave



Bill. 75 X7 B On+ 2 BT SHEHSNACEHSAS LS KB oFeo Tk
ﬁﬁx@m%u‘s5—&%$®ﬁﬁMﬂ¢mﬁﬁ@ﬁ12%@&%m&5n6¢
5m\fﬁi?%E-ﬁﬁéGW%%ﬁﬁﬁ%T§otoCDC&%%iiT\i
TXIHOAAZABRREHTIWAE, HEAHEH A XBEABRAF RO —1B
ELTHBALTE o FHMER. CHOZER2F IV 4EDI HERET EH 5 b
DC. TONEFERBNBOH 42, BRER, RFP, br w2, 2<—2@%E0
ﬁ@E&ATM5°H£\ﬂ1zwohfm®%ﬁwmﬁﬂ%ﬂﬁx@ﬁ§m@ﬁ

HEFHEL CIT- o

ms R

ol

(REF - LM RFERFERBEBEIZHRER)

MR FEk (HEA: BRENEHER)



10.

Il

U BT memermmo e

K -RET BT ®. A&GRIE
HMBEBRAAZOEBHYEFR -
K- ®BT BT ®. ASGHRF
HAZDBEOT AT Y XA e
WK -RETL HT . MARE
TIXRPOAAZRHER-HEBER e
£ N K G
RFPOFMILBER L A A X woomemmm oo
REBT@MA - I= BwA S
WD A R e
%’ & B & F %
FHE7IZX7PER NN AZARROFROBHK -
AK BB ' NHE =
FBRCHMEABRREERLAET I X 2=y -2 F  --vommemmoee
RRFKR - & & &8 A
A4 Y v —RREBWBEHA AR mmmmmmmmmm e
k- REL INERER, HPHE
mlaBE
Y A N YR ] B S i
BYE—4L - 5 X7RBIBAARBERE c-emmmmmees
FEHH T H R
ERAA Y E—b - 75 X2ROBBMMEFERCHES » 4 2 --
REBA- T Bl R
BFYA 70 b vELHEBTFO A BB -
WK -BHET Hop M., EliE
& R(E
% & o INFRER
TRK-ES ] 5F ok i
HARABBPFEOLA . e
A TR &

A reduced model of chaotic magnetic fluctreations
in a tokamak plasma = = -mmemmmmmmmemmmmmeemme
WA L Y.Yamakoshi,
Y.Sakuragi,
Z.Yoshida

1

33

39

52
57

69

76

81

87

95



111

| ER®
FiHLHE
H % E R
{48 §1L K

v—v3 YBBH

A
773 IHEFE

>

g
X

in

H - B4
BKsi
e T R0 B £

RFP7 3 X =D F 4 FETBEED

12.

117

B oECHEBE S AR

R

BH
\%%

| &N
# S
WS

Ba<iE

HEW



FB—F QBLHI

FEOERFALORK. HEOREHEDOH 4 X OHR L. HRR CHE
éﬂ%%ﬁ%ﬁﬁ%®ﬁﬂ®&ﬁﬁ\%%ébtébooééo

HRBHEOHT, VU b v HRBEEEOR S RGBSR B CE
bnaﬁ%?ﬁémmﬁLr\ﬁzzuwﬁamﬁmﬁﬁ%féuaxﬁwmﬁ
BOTH5, (tk, HAROP TARAALGREE2HR LA L &, COFRBLHMS
DEIICHEOROPEHENZ VI L I3 FRAAXATELNERE (FAEHN T o+
A) THBEEXATVR, L L, PHEBREONER (REHRMN T o) 5,
Kﬁ%ﬂﬁﬁh%ﬁhﬁéctu\:@ﬁﬁﬁ%mxﬁﬁﬁitﬁféﬁﬁwﬁ
FAeBEEZB-7cDTH 3,

ECAT, ARARGEHAI Lt s. ChLRoFREHT (BRHH)
7nﬁxm;5§®m~&ﬁﬁm7n&x(ﬂ#zim;&ﬁ@@ézmﬁmt
THEHRZDTHA I b Feigenbaum B W »hoMENEFALEHVT, F
HRE,LSAAZ~EL2ERR ( bifurcation ) 2 v CABOHFETERIL
(&gm%mniﬁ)T%Cam&wbt”oﬁ&@%ﬁ?cogﬁﬁﬁﬁﬁﬂé
NETERED, A4 RDERNFARCAKESDT B Lithok, CORRE. WE
FoAFE, BRKLHF. 2ot 0o3FTH+ A H3EK ( bifurcation ) BSHELE S
5c&m%5mmmotoLmb\ﬁwﬁ#zmﬁﬁﬁﬁﬁéﬁﬂL\ﬁwzmﬁ

EEFTRUTHEEENUL. A4 A2 LR L EROCBE ST B LB



Hbdo

AR, BLEHRBROAARLODVWTR, #4224 ¥ST 3 ERNBED
BROHRSEATVS, £OPT b, Grassberger & Procaccia 557, HEK T
OELEFThE*EEBENCROIFELIMRLAIELIE. 7+ 20ERNFAROH
LWEMEET OO ELTEET<EIETH L, . BE. EROATFRCR
WTHERTOESERES L f(o) 222 tAd eV HSBEEEBVT. REPT
ﬁwéntﬁgémmmﬁﬁﬁ%Fw&ﬁ—&?éca%%TH%ﬁﬁbnéi

CIE-TW2Y,

—F. TS5 X-0oRFoEB T, bifurcation KBF e —4- 73 X =& 4
tvE—n.73x<%Y. RUKBRVTRAICHAEVIHE, 5501, M
REH A ZAOBMTED, A2 b0 1/f /74 XBHBRCHAIE LV
ﬂ%mﬁﬂénfhéoit\iﬁ%m\%ﬁﬁ@7517%T\WMwMH%
#88 L . Feigenbaum T ERH T w39, & BI:-\ Barkley S, rH=s
75X THLNAEELSHMBMRAERDLEBELTVWS, L2L. COH
LSRBHRFECHENSOERESFVWEELOSNE, WFhiZL A, 75X
PHBORFT TR, BEETOEAA20FRNEBEL*BRESTI2HACEE -
TWd,

R, #AZXEETEF+2 P HBEHEDL->TLEH, PILERTEHE_TLE
CETHER YA ADOERILEENT 2o TEE L SNV, B, ChoDOHE

RETER (RE BYBER) OBLHRIX» 5>0ER, MBELLLDOTS 2,



o HEEN A AOEBHUYS

2 -1 hAZDER

AA R,

l)ﬂﬁﬁ(ﬁﬁ%\ﬁﬁ%%ﬁbf)@%ﬁxﬁﬂmﬁﬁic&

2) ROWEMTORERREETS B C &
EERINTVEY, ) oRER., BOBEBO 79— <2 FLOERD E LT
REN, 2)OUER, HEMORERBEOBMEBI & b > KRNI L
DtLT%énéoﬁﬁ%?m\EEE@@EM%%&&%E%¢T%ﬁ\@@
ﬁgmxbgzﬁmmumﬁém&nﬁuéﬁuoLmL\mgﬁmﬁﬁuﬁm
RREEERS. ROBIERTERVOT, OB LV HIHEERE-
CERTW D - THER I+ 20HE, HEMOREKEHTHLUNE 7527 7 0
BEROCLIERD, B2, (0757 7 AEERRA &L D, MBH A 4 2
&%&dﬁé:tbf&ﬂ%o 7378 NDEEIEOVWTR2ITGTHELLIRRS,

COLSHBERAZATH, HEMOREANEETSH 3, C OB, BA
ERBRELALEEESAC LI INESOREGOIEET 50 4 — & 1F3, *
Lf7b579—®55?\ﬂﬁﬁﬁ@%ﬁﬁwxﬁﬁv$5ﬁmézbuyv

T RS oy — E0F 512,



2-2 Y+ 7, 73K

mﬁoﬁrzmﬁﬁmm36M®ﬁﬁusMMﬁmgmaﬁuﬁﬁ%kéﬂ
£2 bk 0% (NBEEFE) CEERLTVI, MERROBAITRBEZRS
CENATETEEACEEELINE., COoBER. BRERIIBRMOESLLBRE
BEEIE E b IRIEAINZLVLOIFRARTRECREINLIOLOTH DI, COYMY
BEGEHETRRI60H. V¥ 7/ 7188 TH 5, BEc i, HENER OBEE
d(t) 2 d(t) = d(0)exp[At] TRENBEE, A2 Y X T/ 7HEEV S, A,
— Bk, ROBHEORETSD. FhEhosRoXEREER LTV 2, H
EHOHEXARLEETH S LI <‘: 2, bR Eb looFEoYy ¥ 7 718
HHBETHEEVWSIIETHD, ADHOBFAOSODE M EFHHE 4 >0T
‘&5OEE\A1>0?£6C&ﬁ\ﬁﬁz@ﬁﬁ?&é&b“é:tﬁ&%%n
Fig. 1 c;h BHEEX ] @%é@ Y¥ 7/ 7HEROBBRE AR RT. WO HERA
@@Liﬁsj:éﬁ X(0) ., EERESEHRBKN LY 3 HEI di(0) \. Qﬁéﬁrﬁ]
i dz(0) . EEBESHHBEH CHUF AR d3(0) 2O PRI,
di(2) . da(t) . da(t) o, [di(t)] = [di(0)|exp[Ait] (i=1,2,3) v X &R
HEENHED, M DHEEREVFEIRIESALLD., T OBE (A1, A2, A3)
AU TSI TRARI PAEVD, CORARTI P ADIATREIDT +F575-%5
BB CEBHES, BEENIORERN 1+ A0BA, HERTHEC L5,
MFA+A<0, . BBOBBRFARRBUSHASLIVEDES Ap=0.

FLTHAARTHEZCEDS >0, BF (H0,-)D 547DV YT/ 7



A7 b EFI2CERLNRLZ, VY 7/ 7800 BELRIEWIC>WVLWTIR 3-3

MTHhR~<B,

2—-3 73579 NVRT

2-3-1 73/s5sro@ls

-1Hie R VT, BRI A XBEEMIC 737 2L EBE (A Ly o7 b
5749 =) RFOlEERNILN, TR, COT7524LV0EE L, THETE

BitLAz723290r&RTics0wTaE~N3,

BER. RTEEXBEE, AR 0OKRT, BB} I KL, PER 28T, Z
ﬁm3aﬁun&u5&5w\aﬁﬁmﬁ?&ﬁ§&bruéo&:5ﬁ\cm
HHEORERTETA3ZAFTCENBHBELBELAOB<T /HiBO L 37,
2RAFHLOSROERE. 1 20ERTRLI 2B TH 2, ~7 ./ iR
mgzmﬁénaxaummmﬁmatrﬁagn\aamu%raag;@ﬂ%
RnRTOZEMIcLBATE, nKTOFMEEHEDLSBACIRTEENRE
BEVIFEHEL 5, COMBERRT AADLEARINARTOEREOH
w\m%éwwﬁm&thmﬂﬁmiwaéocoﬁwﬁmﬁmsaa@ﬁw
&% 1ja oL EUEE al B k-THBRKaATVWEEE, co D,
&of&i%ﬁﬁ?%wﬁaéoC@ﬁﬁﬁ&ﬂﬁ\ﬁ52®¢5ﬂﬂ?/ﬁﬁ5
Q&E&ED%E%EUHUO&Céﬁ\cmﬁwﬁkilhﬁpamﬁﬁﬁﬁﬁ

THHEELREBRUARTE—RTEY, ZoF#d. D,ELFLIBHRET



HE2LRBTFLEVWDTHS, CORBEHEBHRAZLDRLAYI—LVESE
Exbo AvE—ARBLLIOR. Fig JeRshTwarie, ¥R 1%
3ERL. PREBVTHEEE T, REB-LES 30220883 cH L TH
Li{Eed. CORELTHRBLBIELABROBETERT S, COREE.

/3 /b LAHEHRFE 2B 0> T3, BE» T, HEHRE D,k

D, = =0.6309 - S (@2-1)

ERDHBRMER S, COFBRBEORTS ¥ + — A REOWH S R
KRBELTED, 77379083, COLIUBUNTESERLT VL I TEE
PHE. BEB ol Ts 59,
éT\CCTQEWﬁ\ﬁ%%®ﬁ§%@ﬁﬁ@7599wﬁéﬁﬁéct
?55#é\ﬁ%ﬂﬁﬁﬁ%ﬁ?ﬂ%mLbiﬁ?%ﬂuﬁﬂﬁ&fﬁﬁﬁfé
B, £IT. HUBKTOBSERBELLY 57 5 ARTE>LT, HEMOD
ﬁﬁ&%@dﬁ%&uﬁﬁﬁ@@ﬂ?wm&5o
2-3-2 7325%0KRT
dRTHEMICEPATNARA LY PTS539 5 —%2FEXE, COT L3 2
s - L RBEORRIIN (X}, 25, o HEME—DOREN | 0
B (dmanAak) 2L, nEs (X} zatvmon: M), ig80om0

PeSEh2BROME LT ELE

pi = lim % (2-2)

N—oo



R i EHOHCRENT N IHELEERT, Fig. 41t d=3 DB OEBE % T4,

CoLaEBRT D %

D= —lim lim 28

I-0N—o logl (2-3)

TEHRT Do
FRRUE. MEROFET IHOBEH KT 26D TH L5, Bl bE
ﬁm%néﬁé%iTUMﬁbﬁtﬁth?mﬁo%:?\cmﬁﬁﬁﬁ%%n

PHEETERLAGORIERERT o b, LITOXL 3 IcERT 3,

S{)

7 E%ﬁﬂu%l (2-4)
Lo
M(}) |
Z pi log p; (2-5)

. BBz bR -7, TS5/ /- LORAERE | THLHETORAER
BNAOWHBERT C&r o, HHARTEWHIAZY,
HHBXRT o tELCES K, BEESR p; .’F:%JE L7 & @iz, Grassberger &

Procaccia it X W RE A A MK T v 55 & b .

M)
v =lim lim 282i=i P (2-6)
I-0N—-o0 IOgl

Tﬁ%TéoC®ﬁﬁ&ﬁVﬁ\iD&U@?UWQ%Eﬁﬁ&%\ﬁfz®¥
ﬁﬁﬂﬁ%&i@ME%ﬁﬁéﬁ%CtmﬂotmTééﬁ\%Gﬁﬁﬁohf

. 32 @i TR~ 3,



PlED 3-okmicit. —fic, v<o <D olEsKkhiLE. TF37
S B -BUBE (p B iRESFRTELVEE) KESHHY I
2-3-3 —#E{t&x

xT. HBRETR., (2-60)RIK32X5E.p D2R/EM-THED., K-
2RO EEATWAN, T35 29— H—BTHVEE, ROBNLEE
ThHBEEAOND. COEAHE—MILT 3 C &ic & v Hentschel & Procaccia
B, BEBORTHERTELEERLAY, COBRBBORTOZ &2 —M
bRt Dy& v

1 log M pie

qu}l—{%h}iﬂoq—l log! (2-7)

TEHT Do 2O DcBLTR. (> g Dy <Dy THD. TF375—
ﬁf—ﬁfit%éic%%ﬁ%bﬁoo ¥ Do=D. Dy=0. Dy=v f&béc.&li
BRRT I ENHE D,

gDl —coh S+ TEAONEIY., JO Djick->T. 7 b—:-.ai—@

752 S ABELELRIERTEE I EHEETH b,

2 -4 fla) =<z b

Fle) 2~z r rid, Halsey 5 Dic & » THRES W BRT, 7375 VRE
rtoEBbahisn®h (UE) 28R T30 TH5, tHbLE, MEOREKE
EZBLTRAYy— Vv I/FHEEEXLBHOT. %Eﬁ@?ﬁé%&b% a k&, @ D5

HOEEESobT fick-TRBEhI, BARNICRUTOLIRERS O 20



2-3-2HicERLAL DT, daiﬁﬁfﬁmﬁ}@]%%iéo IDEE(2:-2) K

TERINZ I FHOHOREERE p; 3. fOo—DDEX Ic:ggl,—c
pi ~ 1% (2-8)

DIRGEEERF S LDEEI NI, M~ 7505 n0Thid o 12 1 Ik S
B, —RIci o R—BTHBERBONVOT. of OEMBHFICL D E(ELT
WBET B FOTHK a DA o ~o' +do’ OFOEEE ZHOMEE R B

& %@{mﬁ N{a')da' 13
N(a')do' ~ da'p(a’) 177() (2-9)

- OBETERE D, D f(o) W fla) 27 b ATHBH, it o OEN o ~
o' +dd TEIRHOBLEOERRTERLTVS, 3T, 2o f(a) BEUTFTOF

MEZ & » T—M{LIRT Dy e BFE S o B Edad b,

2-3-3MiTERE N —{L®T Dy

Y . 1 logx(q)
D, _zll—IorcIJArll—{nooq—l logl (2-10)
M(l)
x@=>_p" (2-11)
i=1 .

THd, (2-11)Ri (2-8)K& (2-9XERALT
(o) = [ do'pfa) 171 10 (2-12)

82,1 2 00BET (2 -12)RNoBHRBOFIE5T 0. g0 — f(o!) #

BNCRBBETHD, E0LH5 o DR qicikBETE L., alq) ¢BE.



(2-12) i

x{a) ~ plalg)) 1721 (o()

THUTE S, COE EB/NRE

#lola)) _
do

d? f(a(g))

o <0

285, (2-13) X% (2-10)RicRALT
D= — (a(q))
q—q—_I[qa(q)—faq
BEOhB, £/ (2-18) Kb 5
_ d .D
olg) = 7=l(g— 1))

fla(q)) = galq) — (¢ —1)D,

BEoh, Dk fla) 2 RDBEHEED

(2

(2-

(2-

@‘

(2-

13)

14)

- 15)

- 16)

17)

18)

19)

-20)



I HAZAORBRFTOTNLTY X A

3-1 7%599—®§ﬁﬁ‘

%:Efﬁ&t;am\ﬁﬁ%ﬂxzmmgm@ﬂﬁ(xrvyv?baa
5—§v%aﬁuename\%oﬁﬁ%msmttwum\mgﬁoﬁﬁ%&b
HERERE SRV UL, ERTHBAIMR LEHTH5BENEC. foT.
1E#» 5B RAMEMO BB+ BHRRT 3 LENH 5o € hicit, Takens'Sic
xﬁrﬁiéntHTmimf”a

Atow v 7)Y FEMTRIMLARRIE y(iAl) & LT {2 = y(i A},
LT B, COBERT o S dREO~I FAEEDICE., BELEBEEAR

td = mAt %ER - 'C\
Xi=(Zi, Tigm, -, Tig(d-1)m) . (3-1)

Tl v, COFEEEDAZ LV, dZEDALKRTE WS, Fig. 5 i,
BHOABICLZBEHOBEOBRBKOBBRERY, LW BEENILABDIT,
hAZRE2RT2HRTESZD 1 >0 Hénon mapicoWwT, BHALOFEEZAHL
% . Hénon map i ,
X,=Y,+1+aX,?

(3-2)

| Y, =bX,
TRah., JITHa=l4, b=03cs o, Fig. 6 3, 2kt ZMo7 b5

?9—"5.‘\ (Xn;Yn) & (.Xn,Xn+1) T/ o v b Lt{)@féj%o (TL =1 N?OOO)

2OoD7 M35 -}, BERBIN, PR S —@BLVWI LSS, B, 1D



OB SERAOEEMONEETBERCEL e, UTORREERK

LTW3,

3-2 B T

CETERLAETIS IS AKTR, FhbdRTOEEME—AX ! 5%?
DREFT B EEZEATVS, L L. COFENERELZOR D BNESVWBRT
T, dNKECHZE, BOBPNKECRDTECREALHERARICE
3. - OMEEESEIRT 5 7 o ic Grassberger & Procaccia? it & » TEAME ht
Dps. i B HBRTETH B, (2-6) RERERIBRTERS B,

23 2MTERE LA L . HEMOBE L N Aok {XiHL, 2R3,

[«

m& E. HERS®

N—oo

1

C(r) = Jim — > 8- 1Xi - X)) (3-3)
Tof,j=1
(%9

fﬁﬁ‘?‘éo.CC’?\ B(z) R~E¥ 4 FORBMEKT
b(z) = (3-9)
THb, £ LTCOEMES C(r) :# TOINENWEIAT
Clr)x r* (3-3)

DMEEEL T, COEED v OEHBEBARTTH 3, (3-3) Ak, BALALT

OEKHLT 2AMOEREs L. TORBATMBELT O(r) BREB L



ERLTB., OREHBET A TAT Y XA LEXTHENERETH 5, (3-3)

K& (2-6)REOMFEIC>VWTR, LTORMEETI> CEic L vREH 31,

Y p'=—TOESIOFCT 575 —LOEBABEE

:7}57%—1@%&@%%&1&?&@5@%

= Jim (1% - X <IEmATRGHOR)

= C(I)
ER oL il T v BREL2pERTDic, EEMHB. EHILE. LT
(3-2)ACcEH&N 5 Hénon map it >\ T 2000 50 ¥ — 7 CHBARITTE FML
oo Fig. T R ERHBIC>VWTOHERERET T, () 3EDALKTdE 15D
0 TEASEARBEORAr — N r & C(r) 2BHBTT oy FLELDTE B
L@@ﬁbé?@ﬂﬁ«&dm@mtruaoxv—»ruﬁ?écmﬂoﬂ#ﬂ
Wor ORWEECH L THERs S, gigokco@sEdicd LTt 7oy b L
e (b) Thd, dB LB BIL>NBEOEM Licfl@BHILTVWEC &EBg» 3,
COCEBIEFHBRY LML THES L LE—HT 2, CITHDRALOROBE
Ntg BAYPD 1/4 el 7o Fig S EHEABOBSORBOHNEZERE I 4o
Fig. 8(b) o h s iiic. EHAZKRTAdELF TV &, HERFBFEAL
TRELB2TV B, CHEFEMOFBESEbOTREVW I ERIIBLTY B,
EENICE. v B RAARTEd—KTBRTTH BN, HELRR v = db
5ﬁmﬂruéocmfhm\ﬁﬁﬁ%%ﬂEﬁ?4zvmmmca&\?—9

BEDLITWCERLEIBODEELZORE, L Lohi@ddic, v=ddiKoniro



d=4 2 TORTOZFHEOELEETLTVWE ¢E LS50 5, Hénon map it o
ToHEERE%E Fig. 9ieFRd. (b)) &v v =122%2 4, Chit Hénon map ©

TrF329—DFS735 290X RLT WS,

3-3 ¥ S s 7Y

VY 7 7B EROF— b o EDRIELTRDEDLRIDVTREXBH
o, BHRMUHEFERDVWTHRX B,

Shimada & Nagashima 4. HEHERA b VY 7/ 7HEKEHET 2 H
EieowTHTFo X3 wiRBELTWS!,

nRxDxr—7 Yy FERTHERN
= F(x) (x€R (3-6)
TREARENATVEEEE2EL 5, YIHEN x(0)=x © (3-6) XN0FiR
x(1) = T'xq (3-7)

EBI B, LT T REEMOLTORORMt ORBREEXREBT 584 T

Hbo —h. BuEb s oMM ETFhERELTIHFEAR

. _OF
5x = ax(T XO)éx. (3-8)
ThHb, (3-8) R0
5x(t) = UL, bxo (3-9)

— 14—



ThHoo Uy, BoxnOffflTc o B3 i=0comforncs s, Ul RO
EM%ﬂt%o

Uxs" = Ux, U, \ (3-10)
%mmfnoﬁﬂﬂﬁﬁﬁhu\bﬁm?mU;TﬁﬁfééohﬁmT@UL

DB LT

1. Uy et AUL es A--- AUL e
= n
ft—oco i |e1/\ezl\---/\ekl

(3-11)

THERET 2. ST B, RRIIEEMO kREHBAEMTH 0. {ei}h,
He* DBRETH 5. £ ARARTH B, (3-11) RTER 15 Mk, x0) 2.
xdéﬁﬁéLt§§%®k&i¥ﬁ?ﬁ¢®¢ﬁ@ﬁﬁm%akﬁkﬁ%iﬁo
Lt - ThkRTY ¥ 77 7HBEF N B, Aeh,x0) 12, MM & wwikr
Lo OBE (e} ORMEF RIS Bvo 5T (3-11) %o % 8T 58 %
%mﬂk?é%mﬁer\ﬁﬁm@#—w—7u—®ﬁﬁm550coﬁg%
ﬁﬁétbw‘ﬁ%ﬁﬁE%ETC&KEE%Eﬁﬁéo%LT\7§A-V;
1y POBEXMLIZEVHLVWERBEREERERD B, THbb j 257 7
t=jr%k)o&EE {e} t+hiE. j+1 257, 7ROEREHR

i+ _ Useer

b el

J+l

t ) j+1 r o
j+l Uxer — (el i anez) " €]

i Uspes = (€] ) ¢
UZ,€5 — (& Ug,e}) -7

T oo J¥L e iy i1 i+1 T j+1
o+l Ugoer —(e17" - Uz e}) -] = (el - Ugen) ey

k= ; ; : - - - - (3- 12)
Uz el — (e]™"- Uzel)-eltl .. _ (et Uzel)-ett



-

oo 1 ll\,-e.-l = Jim A e°|
UT J
1mf—mZﬂA x o (3-13)
S n—ear Ly | A €l
B, & o IIEHER
ULel =T (x; +€)) - Tx; (3-14)
2E>E. (3-11) R
ek, xg) = lim — Zl IA(T (x; +ei) =77 x;)| (3-15)

n—co NT

|m.
LB,
xT. HEHFERESP TR EEB, 3-15) REAVWTHREFET S
cEickbhyw T 7iENERDP LAY, ERF S OBECRTOF ERE
immo%:f‘“Mb#@uSmmmagmﬁﬁﬁiﬁ?—ymﬁ%LEkuv
S IEBARDBFEEREL TV S, £, Sano 5" VRERF s b S HE
UL, zRo, UL, oBHELSY YT/ 7237 PAZRDZFHEERRLTY
69Lbb\hfﬂ@%éﬁ?k?ﬁ?—@&ﬁﬁ%mﬁémdﬁﬁ?ﬁbﬁﬁ
BH B, chIHLT, Sato SVRAAHBEVBAC b EBRNEBCREKRY v 7
JIEBAHETESHELBELTVWEOT, UTREDABERDVWTRR S,
7545+ 2E0OEREE dis (x,y) TEL. ROFELE ' THRT. b

Lyz2 xcBoFEVALERE, fly BRIt OBMRCLLH > TRORKEENL



HaiciE5C &E&EX D, - T

A(t) = % <In W) | (3-16)

BBYRIENICERL-TRBAIY S, 7HEHBICES . CI?<> x ioB
TETvHrTANEETHEE, LEL B 1)RRBy & XOREFELAIFEOR
VWEWC IO BEREL, Fadis(fix fly) BT FS 2 —DKkE 31;1.!;::?:3
<ﬁnmutbm\t%%é?c&qufﬂﬁﬁétmmemho%CTGJQ

HEFEMA

A, 1) = %{]n AL, 1)) (3-17)

_ dis(f7x, f+7y)
At,T) = T F7) (3-18)

%%%?50cmwinﬁfﬁiénaAoﬁu\w&mﬁfi£$n5Aa
m&rﬁwﬁﬁﬂﬁtécaﬁSuoéwxar%antmocoﬁ&;ﬁmrm
SR, EREM. RO Hénonmap k> WTHE LAREEEh¥h Fig 100
(). (b) . () R¥o ERBBR IRTORERTHEHS A=0. EHEAKS

A=0T%H %, Hénon map DBA =3~ TOR S LI IIMHABIRTHE LIFT D

EWELTd=47 A=042 28 %,



3—4 — ek E fla) z=o b o

ATMTRNE LS. —ERTE fla) =<2 rrioficix (2-19) K.
(2-20) A CHFESB O TR, #->T fla) 217 b AERD D ICR—BRILR
T DERdvOLET LS, D (2-TNRATERShTVI LS5 cHEBOSE%E
Zihdnod. ERALHERE#ETH 3, AHRA TR, I2HTR~HMERK
ﬁ%ﬁ§?57wjuXA%%%LtSMoémmﬁEﬁE%ﬁmtto%wé
ODHFERUTOEY TH 50

dxTiHZEMoBE Lo NEoBRS (XM, 2E1 3, colzEME—2
RS IOFTHANL. i BEHOHOTOMEXROM%E n; & ¢ 50 pi = ni/NiX
NYB+BKEWEET 529 -—ORERERNEZFA S, CoL shER Xikc

ML T. BE5NHAR®RE
1 N
Cxi(r) = 7 D0 0(r —~ 1X; — Xi) (3-19)
i

TE#ET S, FLT
[Ii czi,k(r)] " oar) (3-20)
k—1

ERET 3, TRt FEHOHODLDORT., Ziyit. i FHOHEORILS
ZETHD. (3-19) X2, i BHoHoDLEREIT 2 EREMHENY, mod
DETOAOENEMEMEEOSFAEE TS L LEEERLT VS, 5T

1

nj

<=Y a0 (2
Y k=1

{Ca(m)) = ﬂcz;,.,(r)"}
k=1



BEOIL5. r B+ /P E TR

ZPiq o ZP{CZ;(T)'I—l

g

n; 1 A
<)y == ()t
- Z Noni Caun )
1 -
= —A—,;sz(r)" : (3-22)
Bt~ T
1 . In <Cz(r)q_1>
v, = .
7 q_lrﬂ% Tnr (3-23)

B3, 3-22) XX DOLRAEEZ LN, B DBE v, 2 D,OBVER &1

5LEXLL, =l DHEE

by = lim 41 Cz(r))
r—0 Inr

(3 24)

THdo COBFEER VT Hénonmapic > \Wv D& D1 2B LA 8% Fig. 11
WRdoe Dp=1.29, D;=1.26 %7217,
COBRICLT DytssRE B & (2:19), (2-20)K2HWT fla) A~7 +Fak

STRET S &KL,



.2)

3)

5)

6)

8)

9)

ZE XK

M. J. Feigenbaum, J. Stat. Phys., 19, 25(1978); 21, 669(1979).

P. Grassberger and I. Procaccia, Phys. Rev. Lett., 50, 346(1983);
Physica, 9D, 189(1983).

T. C. Halsey, M. H. Jensen, L. P. Kadanoff, I. Procaccia and

B. I. Shraiman, Phys. Rev., A33, 1141(1986).

M. H. Jensen, L. P. Kadanoff, A. Libchaber, I.-Proca.ccia, and

J. Stavans, Phys. Rev. Lett., 55, 2798(1985).

R. W. Boswell, Plasma Physics and Controlled Fusion, 27, 405(1985).
RHEH HERS BORE NBUX AAAE

A ARELECETFMAMPE 9, 23(1987).

P. Y. Cheung and A. Y. Wong, Phys. Rev. Lett., 59, 551(1987).

P. Y. Cheung, S. Donovan and A. Y. Wong, Phys. Rev. Lett., 61,
1360(1988).
N. Ohno, M. Tanaka, A. Komori and Y. Kawai, J. Phys. Soc. Jpn., 58,

28(1989).

10) H. J. Barkley, J. Andreoletti, F. Gervais, J. Olivain, A. Quemeneur

and A. Truc, Plasma Physics and Controlled Fusion, 30, 217(1988).

11) RBaLE, BxmEESE 41, 19(1986).



12) B S. T3 R ﬁﬂ‘zbﬁﬁ&-;—;-ay;” 752 % Lk
BEEH &F (FEEFE, 1987) ,pss.

13) &EZEM. 75250 (HaEE, 1986) .

14) H. G. E. Hentschel and I. Procaccia, Physica, 8D, 435(1983).

15) F. Takens, in Dynamical syn;ms and Turblence, Vol. 898 of
Lecture Notes in Mathematics, edited by D. A. Rand and
L. 8. Young (Springer, Berlin, 1981), 366.

16) C. W. Sim, M. L. Sawley, F. Skiff and A. Pochelon, Res. Rep. of LRP,
29?;/86(1986).

17) I. Shimada and T. Nage.:shima,, Prog. Theor. Phys., 61, 1605(1979).

18) A. Wolf, J. B. Swift, H. L. Swinney and J. A. Vastano, Physica, 16b,
285(1985).

19) M. Sano and Y. Sawada, Phys. Rev. Lett., 55, 1082(1985).

20) S. Sato, M. Sano and Y. Sawada, Prog. Theor. Phys., 77, 1(1987).



Fig. 1. V¥ / 7#EROBKKN



Fig. 2. X7 g



T

{

9
— —
T
27
H H H H
. |
81

HH HH

Fig. 3.

——

HH HH

By h—ILES

— 24—

H H

HH HH



Fig. 4. HZERDOTFOBBEE] -



X;=( X;, Xiom, Xio2m )

>
x“_m=Y(t"'td)

xi. =y(t)
(b)

Fig: 5. 18&55A A0 F i B



R v e
ey
= "/
- n

“
Y
- S
/ / }:\.‘!‘\_
: N ."“,‘
,! & - 3 ‘ \\
P "
! LY x
‘.\ 3 n
/ \\
/ ! ke
! \\
! !
d v
%
y

(b)

Fig. 6. Hénon map N7 +F 7 7;—
(b) 131 ZE (X, } P BHRLAT NT27 5 —



-6 -4 -2 0 2
log r
(a)
IO T T T T T T _I T 1
g L A
6 L i
~ L i
4 = -
2 - -
- ) [} [} - L) . ) [ ] -
0 2 4 6 8 10
d

Fig. 7. EZ##HRDOMEKIT



10 1 T ‘[ 1 | 1 H -I 1
o | 1
6 7 -
> t , d
| ]
L )
0 2 l l: |~ 6 1 8 10
d
(b)

Fig. 8. FHEKOEERT



logC(r)

-6 —;. -2 0 2
log r

]0 1 T T I‘ T 1. T Y
8} -
6 F .
> - -
L F .
2y -
0 2 A 6 8 10
d

Fig. 9: Hénon map DB XIT

—30—



Fig. 10. ®|AU¥T/ 7EHDEHE

d=12
3.0 r ...
s 20k |
< 10 f i
‘. 00 t+. ¢ a. ® 8 © o6 @ 5 © 0 ° 0 0 8 0 0 0 @ o o
1
=10 9 5' 1(1} 15 20
t
(a) [E5ZEH#R
4'-_0 T T T
- d.=4
3.0 - §
-~ 2.0 | -1
. F.-
<10 ¥ .
R
Q0 I °oe ¢ 4 © © © © 0 & & o6 0 9 O © a o -+
19 5 10 5 20
t
(b) IEFREE
1.6 r . .
d=4
1.2 i
= 08 r .
0:0 ™ ® . ¢ °o o
= 0.4 o é 1l0 115 %
t
i - - (c) Hénon map



0

A A

o~ | -

| - _5 S

-, o

Q = B

Vv L I

g | v

I -0 } -0 [
-6 -4 -2 0 2 -6 -4 -2 0 2

log r log r

10 10 -
8 r 7 8 F T
6 g b A

> I > - -
4 4 .
2 - . . I 2 . . .
0 2 4 6 8 10 0 7 4 s 8 10

d d
(a) Do(BEKIT) NEHE (b) Dy (fE4REKT) DEE

Fig. 11. Hénon map ® Do & D DFHE

—32—



T5XIhDHFAZBR

LEBAETEE KEEH

1. 13U ®IC
AAZFEI9T4E I Mayll & ) R a s o0, BET CH4 2WHESTFICHEL 7-

HRE L TERACHREIITOACTEL, RHIILIE YorkDRFRRICAZE SN B & 5 1cBD
WIRFETdH o 72H2 | 1979412 Feigenbaum!s & 1) ERMICERITEE 2 & F 2 D58
EBPERINLOEZBIEA G TERARITONDL L ) 10 hot=d , R
ETAT AT TYERE LT, FELEROK. BEET. mikhe, Fenres
A AERIER G EPRESATVREO ) | IR TH 2B AIREITEMI
ZoTVABDOPRHMTHY), 7IATRERLBERLALEL TBIBELROMAE L
=25,

RBROUSGHONFTAOEREYEZTHRL), WA ADEHE T

(1) hEFR (RFER. BERZEOT) OBISRERICIEES o
(2) BOMZERTORMENREETHLI L

Thb, (1) BEBRMICINT—ART VI ANERERT ¥/ O LIZL 055,
Ll SO LEFANRT PVEINBESCROEHESERKTHBBEICD
s, FIZ77 X<0BE, SRR BORAEWICIERBAEORZRTHY . &
PORBRTINY 775 Y FRLTHRERFVHEET 5720, #HEARS P AFRD
FRERICINRELZLDOTHY), NPEBELROEREAEFICI 20T v
CERHBTHILEPEETH S, (2) 2B L TIAEZRE OB EE OB BB 1T
LBIEHFN ZRRELEND L, L L, EBTHEOLNIOI—RTOBEREF— ¥
THEDHWIILEAETHY, 22 h o tROYHELRTABRYBEALEND L, 70
TDIZHRIILU T RT I A ABFTO-DOFENEZ ST,

(1) —RTERF T — &5 5 DI BEHER

(2) HBBEAXTT

(3) V77 74%

(4) —BRILRTCERa)ARY b T L4
(1) i3TakensiZ & D RV 2 E N FET—RTEHRIF— & L CEYLEEELS &
AL o THMAEMABERTELLDOTHEE , (2) - (4) Ee:2i 30 R A
MAZEOBE,rCEXLINLIETHY, 22 ROL-DIBLLTLTY X
ATRFEEINTVEI 19, BIzIE, BHEANY FABBRASN-BES. HERTY
RN T =D oRODZLICL D ROBEENKE SZRETE, FHHNEBE
DLARAVEREHETHLILICLAb0D, FNELHFTRABRTHELP LR
W BENTEL, T2, WA ADERTH ABOWEM TCOMPIRLETDH S
L (3) DUT 7 7HEBFETHE Z L CHIET 5, LA LERERTY T
S 7IRBERD B0 ) BEREOBRTF — ¥ BLETH B, BED LS 28



BERMII I AhTHNLCHAZFBRU SN L EFRDT DT ATHLNE ) T
REDIZBOTHEMTH L, BfE. BBE 77 AOFLROEGYHED. 3T EF
77 A< FOEEIIN L TERIIThRATWARTH S,

=7, BRI HZHES AL ) EBROICHE LR/ (72— B2E, RED
BE. BE. Biikl) CEILTAHE. WA ANDEBLYAREIELTE 5, 7
+ANEBEBOREHLH L LTI, '

(1) BBt r oD h F A

(2) BIRMED F A

(3) HEFHEEIrLDH A R
FETHN D, BIIEE~/-FeigenbaumDERBERKIT (1) OBRBIIBVWTRWEIRL
bDTHb, MOSBERULL., 7IXTOEBRERTH LRD LS L EROBIEIMN
FROPBESR TV, LTEAMLZBREIIOVTEO2EMNT 2,

2. T3 XTERERTDOHAX

BT, 79 XVDOEBREBRTH+ ARKORILL Y& L7220 Boswell DEF Y
—LRNERTH S EREBOBMBHYR 1 @IRT, 77 ATRERELRF
(6X106Tom) KEFHICLNBEFY -2 ABHLART S, SOLABTFY—4
DHFETRELZEAADENERICLD ., BEESA+ 77 XFARBEEEOR
ZEM (Kelvin-Helmholz N K EH) PEARMESNL, BEFY - ADEREL LITT
FLERIOISTRERTYVS LI 12820 ATEEME LY RS L 2 BHESI B s h
bo BICE— LB ARSI L I A ARELBELAE, 3APRSFBA S,
703 ORI LERETo2k 2 AEIRILES ba Dot LBESRTS
N, COBRUDOBIIH A ADTREREROH S ITHIEL T B EHRITNT
Wb, COEERTIE., BHEZIL 2 BT TLABE 2N THB S5 $FeigenbaumEE D 15
LRTWLVH, WA ALHENRE LEBYO TI AVEBERL LTEEDHD
DEER LI TN’ WERRICHE L 7245 EHE HCheung & WongiZ L D X2 h
7218 BEHRIZY Y RATF T 4T Ay MEV, BEEBEBICIVAOREERE
(7SVANE2 ~ 3msec) ZEMML 77 AV EERKT o COLERBEEEXRELL
T e, FERBRAVBRUSNA[E2) o 72, FeigenbaumEH & ~4.41£03 2155
NTvbd, REHARIIEL TREICBramb il L Y BEOAN) T ARBEETRET 5 H
BHREY D BRI LBEAREIATVAEY | T2 TCREISIETETEIICITRTDOANS
YRy T o THBSNAH LW SEBRFBH SNz, T, ¥ —ADORREN
8 CHE L B BB A AT L L L o THESATVED , F7L - 75 Kok
BRCEINLTY Y FEy—4y MEORMICBR & 7 LAEIC R SRS 4 4 >
Y= APLERRERDSBR S NI, 7)) v FICARL 6 EXM L BE % 0T
Bo SOk EREEN LHNRAMEHOAERL L TS €5 LR KFT &) 2
BEIBBREFTRAN I NG, T 7T AvOEBERIZ BV TEO»BHELS
EBRFOHENHH2021

PIRYES A X IR L TidCheung 510 & 2 BB A 520 o B IRBBEIC ) ¥ 7RO
§YIRTYTATAY P ERCLERAREORBBEV,CERRLERL, Z0K



BERES LTSI EIZED, 4 7OBRBEAFZAZEBR L7z, FOBE. H5iC
MRENTVB LI IIERETF RN LETHAY/ A X LB TWE
@ﬁﬁh@#B@ﬁixﬂﬂﬁﬁﬁkﬁ%kl@ﬁ%éﬂTW%z”oE%%ﬁﬁﬁ
PERA SN ARAROERRIZBE VT, BHEEILERL YR, SEIINT 2 EREOR
BENhS{REL, AEERENTISDEZBELHESYE, MEHEZRLEHT 2,
CDEE, HEPLENT A ERECRBAESELE, M6k ic, EME
PO HFANDBEO—DE L THLRATWVAE Y —1) ——F — 2 DEF VIS
bAFXANDEBBIFFZONT VS, T2, WERRICME D ERMEE DS 0 H + A28
Weixing* b HrF ST A 24
DEDERSH A ARROBHMENSLT*ZLLERTH o7, LIL, 75X
FOHRBIEBHRR L EOR-EHEEIREN TH L L EIONS, BIfE, B-ZHY
¢2k%LTE RGO 2 3h0o0bb, TS XTOEBERICEB VT D -2 %
AT 2EERD Chu 5 12X o THiFbh 72y , £RIEEK 7 @O & 5 2 FEE oy

%ﬁﬁfﬁbntoW%mﬁﬁﬁéﬁw%ﬁkkéw@ﬁ@%@tw$£%ﬁﬁmﬁ
ANt fBEFEOHNEZERNI T T CHEMEH S shE, cok X HufF
mif12" A TBELr N2 RO U —7ESOMEMBEL RO B L. ot AL E
TEBUERAEA T 2, HFFEIEH-ZMAIFATHEEEZEL TS, H6(Mb)IT
FOEBRERTHL, dIZHBRTERL TV 5, f DR N250.2VE L CHEABOE
POTEFTHEAIL, AP 1R2EFTREL L2 TVEI LSS, LA L, TOEE
uﬁwfﬁﬁmmwBﬂt?~ﬁﬁMmmﬁL#&<‘—ﬁmmﬁ?mﬁ@%i&i
DOLDUEATTRLEZLOND 20, ERARIEFRENIZ 2 o TV B THEEDE
1tﬁ§ﬁ%@ﬁ&ﬁﬁﬁﬁ%ﬁw#XT&%aﬂ%bfw%ﬁ#ﬁétLfﬁ%o
SO ZDBERVEG-ZEAIAAEFRILEL:ETHIZEIATGTHEELR A, 7
TARDEREBRIIBOWTHD TH-EEHIF AL TR L -ERAL SN L I1345%
DEBRMROFIMEEZTRELTWEEEZ LR S,

NI TOTSIATEBERIIBII A2 F AL ETLE (1) WEBERD
AEEME, (2) BEERERRU/SEMIRER. (3) RELLRUE-ZEELE
=DODEHTHETESL, CREITOERICNS=ZDODHEEOFNFNOMAEYE
TREND, EFMICIE, IFHRERELED T3 AVPYHEROBEL S THF A
BVT I ATHIEETEOPERIEL TWAIBRKTH 5,

3. SRDRA

INETBALLI T T AVOEBERICBT 24+ ARKOWER, 7504
ADRKFEEFEICH D . IV IER ) ESoTL v, THDPLOMEDFImE L
TR ARRHPREYT S XL TCED L) 2 BBE 5L A2 HIRT 54
BEHLLEEZOND, —DEAFTADREIVEBOT S A HOYEE HIX
RIERE) S0P EIET PP EROCASILEN DS, T2, TIXT
PO BBTS B EMRE R Fo 1 A R LOBRETLMT BT LS EE
THHEEROND, OBE, THEKEEUZEHEHEOCRMEY YD & 512k
W, RREOICZHEHEELHET 2 0MEL 25, WTLOBE D ERIFESITT



BATSTHY., BRMEVATRTHLHLEZOLNSE, LPL, TREITTIFIX<
ERERCHESN A ABREYHBPTLIBRIIL AL P o LE>TL vy,
Fhil, 75 A0 A ABEORIDOAMIFEBL T, BHRBEILEL
EBEHYBREICHATS 7 — ¥ v EBAINRBEL Chdro 0P E—DEETHL L E
ZAbNb, FDLD, 5% T XhOHFABRRIIN L TEREBRZIRFTOMESE
L AN RIITONALENH B,

EENM

1) R. M. May, Science, 18 6(1974)645.

2)T. Y. Liand J. A. Yorke, Amer. Math. Montly 8 2(1975)985.

3) M. J. Feigenbaum: J. Stat. Phys. 19(1978)25.

4) A. Brandstater, J.Swift, H. L. Swinney, A. Wolf, J. D. Farmer, E. Jen and P. J. Crutchfield:
Phys. Rev. Lett. 5 1(1983)1442.

5) H. Nakatsuka, S. Asaoka, H. Itoh, K. Ikeda and M. Matsuoka: Phys. Rev. Lett. 5 0(1983)109.

6) S. D. Brorson, D. Dewey and P. S. Linsey: Phys. Rev. A2 8(1983)1201.

7) P. 8. Linsey: Phys. Rev. Lett. 47(1981)1349.

8) F. Takens: in Dynamical Systems and Turblence: Vol. 898 of Lecture Notes in Mathmatics,
edited by D. A. Rnad and L. S. Young(Springer, Berlin, 1981), 336

9) M. H. Jensen, L. P. Kadanoff, A. Libchaber, 1. Procaccia and J. Stavans: Phys. Rev. Lett.
55(1985)2798. |

10) I. Shimada and T. Nagashima: Prog. Theor. Phys. 6 1(1979)1605..

11) P. Grassbergaer and 1. Procaccia: Phys. Rev. Lett. 5 0(1983)346 . _

12) T. C. Halsey, M. H. Jensen, L. P. Kadanoff, I. Procaccia and B. I. Shraiman: Phys. Rev.
A33(1986)1141. |

13) S. Sato, M. Sano and Y, Sawada: Prog. Theor. Phys. 7 7(1987)1.

14) H. G. E. Hentschel and 1. Procaccia: Physica, 8 D(1983)435.

15) R. W. Boswell: Plasma Physics and Controlled Fusion, 2 7(1985)405.

16) P. Y. Cheung and A. Y. Wong: Phys. Rev. Lett. 3 9(1987)551.

17) T. Braun, J. A. Lisboa, R. E. Francke and J. A. C. Gallas: Phys. Rev. Lett. 5 9(1987)613.

18) N. Ohno, M. Tanaka, A. Komori and Y. Kawai: Phys. Fluids B 3(1991)228.

19) N. Ohno, M. Tanaka, A. Komori and Y. Kawai: J. Phys. Soc. Jpn. 5 8(1989)28.

20) D. Boro, V.N. Rai and P. K. Kaw: Phys. Lett. 119(1987)411.

21) J. Qin, L. Wang, D. P. Yuan, P. Gao, and B. Z. Zhang: Phys. Rev. Lett. 6 3(1989)163.

22) P. Y. Cheung, S. Donovan and A. Y. Wong: Phys. Rev, Lett. 6 1(1988)1360.

23) N. Ohno, A. Komori, M. Konno and Y. Kawai: Phys. Fluids B5(1993)798.

24) D. Weixing, H. Wei, W. Xiaodong and C. X. Yu: Phys. Rev. Lett. 70(1993)170.

25) J. H. Chu and I. Lin: Phys. Rev A 39(1989)223.



[
! 100 cm

FiG. |.—The experimental device WOMBAT.

(b) .
60— #0,,
- é
‘;!‘_ L R T
* (b} =t 1=~20ms (d)
“time
Ve o M2 HAZBBICSVTEBRERLEERTERT

geom current {10°* omps}

M1 WIC-LROHTREB (2) ZMEE; oo Tm1E) SUER

(b)) BREBABOIAT I 4L, Xih15) LUK

E <R '
T T T _nlC T T L
(a) 'i WIW‘WMWNMWM I| Q - 130 'OL te ) '6"'5'58_
1 ' o i - 30} .
(b) M"'VMMMM b e - s0f;
: ' [ 70 ] \ ]
. R E - 10 -
(c) W‘WW/(VMAW u@j} '; -50 | (F) 0.498
- < -30f 7
L-70 B .
L PO TN R ANAN
| .3 UL ]
() t@» o e |
T - o ) m:(g) 0.a97:
- 50 : /\ -50
(C) . - 1 1 1 ]
.MWWWWWM; o % 5o 10 o 7% 56 oo iso
. . ) Frequency | kHz } .
3 AUILEEETEHIAS L5 BERBR B4 1F>>—-2hTHEE-BBELIRE
DEMEILRR, M1 7) &0 iR, B, X1 9) Ly,

g



Amplitude {arp. units)

I @ & veeov 11 @1 o | | of 561
B - - 40 ..
1 l T' 1 1 1 1 1 A | _ o —
T T @ T T T w0 - T T T o3 g - \ﬂ 1
. o 5 N\
é Ny .
- 20_ '\ -
10 1 \
1 ] 1 1 1 [ ‘0! |0’ IO!
T T T ' T T —T T ¥ frequency {Hz)
() 15 n 495
|- o '
i} s METHUShLEARESFT
ZAOBWTHAIUNS A XERT AN
i i M0, XEk2 2) &Y.
0 200 400 0 200 400 0 200 400
Frequency (kHz)
@6 1F>—AhTHHAS h- R ERLEE 2
5NHF R, LM 2 3} LR,
LANGMUIR ————————— T
(a) PRCBE (b) 16k spaley-
tPagord chaos — [~ {emparal
[ ] L ) e d s
ye T :_IHL.':-“ (0 Cman
é -on T_(.) 12 *
NSO SSNNSNN N e 000 0000 o 1'°
. E -7p 8- : dﬁ- | Cmx
. — ’ . ‘oo
— A
| gmwen AMPLIFIER ooty 1
f FUNCT. [ L nheng t 1
L- GENERATOR o 1T YEe .
Q10 Q20
Vl": [V]

E7 B-ZRAFIAOERH, (a) ZREE . (b) dHAICHT 5K T L BAEEEOE
DEAL, X2 5) &4 &7,



RFPOIEREREE AT R
RBEIHAIE ESaE
1. &z

HHIE L F (Reversed Field Pinch, RFP) "JZIMHDEMB R THE S AN S, B
RLANF-DEEBORBICEWIOAIALBRERZDLI D TH3., BENLRFPRA

Bl EEBRHEqOBHasfiEn/nE-F ( s,n BFrhFhFEo4 ¥, boA¥ILE
- N T A3RBEBHE(E-FEEHE) ONBEAZH1IICET. RFPEMTIE Bl £ —
F OB E DR ﬁbfﬁ&bfhh,bu%ywm%ﬁﬁﬁﬁﬁvmﬁtﬁ%brh%m
Bh®B. 5T, RFPTRABE - FORESEEN I WBBTRASOEL) S
WHEZH2D, TERNOER - BRKBWITIZXVORBHE - FESHESLE
FiEREZT. Thik, RFPHIIATORERZBVWEBAS T REELTWEZ 20K
BeErxohs. ABERT-FECOBR, BHIRIBKIBHIZEY (- FE) 298
L UAH o FELEMBEARTI ML ERS, CHIZ, BOBOBREAILE > TTSXYA
?@Lﬁ%ﬁL#X%ﬁ274v7L&OThé(ﬂﬁﬁ@ﬂiK)HtwﬁﬂT%Eé

rEXBNEG,
AWTIREY, RAORFPERIZBWTIHELMN XA TR, EHicMET 28R
REZEBTE. CITHWOMTWABKFHER IR 7 - YLERTE A, Kz, EH

@im?5%®§mﬁkﬁﬁbt,ﬂﬁxm4%@6®ﬁﬁﬁﬁ®ﬂ£%f T3, &i%
CELDESHEORE, EExE N3,

2. RFPRBII3IBERBRLIFT X

2~-1., BMEEBE-FEs
RFPEUOHABIETIE =1 (1) $> 7 E - FILL2MOWRSEHFBEHE AT
5. BUIOBRBEICEITS vl £- FORHNIE, BN RE 20 I EEL6RATY
6.3ml%-F@&EL%M%MP%ﬁNUﬂ»K%ﬁT%(%%%ﬁ,@2b)&
BEEAMBOBHEHETE, BHBAOBOEBCRBIREWERERLE->TED,
#oTZ heéﬁmmEWLcﬁéﬁnGmmﬁﬁﬂﬁ,&ﬁu:iavayﬁsza
TOHEEREMAHMRFPERAIERINS.
BRENhERFPREMRUBOERNBEICHLIEEEO#BER L L2il1D
BNTHBD, COWMMARFPY A+ ELMATWS. REPYAFEDRE ERMIC
A LEOHETHRETES. I, FREZOXELSRF PR, BB OERGT



EoT, WS ODPDOHBE - FIRLITEERDAT~EENRT S, -~V ¥ T4-0
F-FOAREELZIBEBESIER, TOT-FICESBre viOEEEBICE > THERE
BEFELEFOAINVEBTHIEDL, Thiztk-> TEGERBIH LT RO Y VERIHE
Z2Axn5. "NE>BRFPEMERBIUEO#HFIE, RFPREFIEACHBLLOBM
55, *

MEQE-FHIOXSHMAENRER (- FE6) OREBIBWTIR, BABELOLS
B A - LOKENEELARCRIZEBHESLHRT S, Jhiz, 2OHEEY
HEGAT 22 o0 - FORRONTERAINIMBECHET 5. ZHBR T - A Ob
X CHEHER I ALY - DERENAEWADEDIICHE R, Ay LOkEWEEYE
55, COEOLBENMRABICHIVWRESENIETELIcE> T, RFPEMHN
HEHMHICEBE IR TWELEZONE, ERLERERRI»ELDZEDIEANY YT 4 -D
Bh5E- FPBESAZED, AHMIRIBEABDORBIFELHEETS 3.

THREDERICBIABRIEHORSEIE, Fourier TROFETHIFINT &R, =7
o4&, PO YILAEMOBAT O -7 55 0ES% Fourier P LTHREDE -
BO(EE) AR MV ABZZLHTES, —BOZEME LTI, B3 ITRET &I,
FOA YN E- FRIZBLTI 21,0 XEENHTSHD, PO YLE-FRICBLTR
n~2R/a ItV - 2% Kb, BEVWARY FLOESDEEHLTWS. BEKKSIIEICH
LDHEREBEZED =l FTYYIE-FIcL 588, SAERIIADKRET S
HIBE - F (ERMKEEgT-F?2) KEA3BHTHLILXRINTWS.

BT - FESOREABEZHANSEDIC, KST TIE bispectrun OFEZH W TH
?. ° three wave coupling 2 HE ST a3 42-L2RXb (k1,k2,k3) (k3=
kKi1+k?2) OHELROMEE4LFRT. KOAFLE- FI2oWTid 0=l £~ F& u=
2 T-FORHSHEHLTBY, FRFOAINE-FIZDOWTI n=5-8 (RLHEICHK
BEEED) O~ FEOESHWBWI 22bn s, HST TRY (4 FEXNMRMERRL
LTHBEEhD2, COrSRXE, B Lu4 ¥ I REZ Y REEREDZRT. 20
FBHDIIv a7z 4 X (ZOLEPOAYVBENBMN TRE-FESGICHEETS
T-NFOBRABRKENTEZLSRIATNS,

2~2. 44 m#k
RFPRBWIBHMINZ4F VEER, T-I v IMBEIRAEFLOI OV GE
DHEFHINIZMBEINLFIEL, A FVOREMBLPEFhTEE, 112 EROIICE
BARESHLAL (BE) 44 yEEOMBBOB3 2 bR EN, ThICEITWTHE
BOLINF-—D—BHAFT VBRIV ERIN AT UMBNBEZIZEWSEBEET IV
idiah s, 12114
B, MST TR&EFHMDAEEED NPA (Neutral Particle Energy Analyzer, iR Fx



ANE-SFB) 2AVIATVBEORMRBES L ARG AE, 'S HRBH LD
METI, 7SXAHARDO MO YLVRBENEMNT B2 4XTC, 4F 91 70buy
BHEEEZECERAEABOBEBREBM B BEZ A, shitHEoTAT Y BECLREI R
MEHRB2LLTWD (RS). 62, 1F 0L ANFE-FHITELANF -FANUN
FEITAZA2%#7THRLED. BHOE-FRARI ML (BREARZ ML) LiEEE
EOHBISHBWESI A PhE 2620, BRE LTRUZAIEHOMKIL, £
- FEASL1F U MBBHONMREZEZALTLHGLIMEBETHS S,

2-3. BEBHrH® |
RFPAIBOBH L 2hicHMET 5GROEROTR " 2 HHHOICEDSRT S
TWwa. BE7o0-7, A7 -Jiti-oTHEIhAEBHHEEOoHE»OMTE,
ANVF-RRY%2FETS. REETOERKEREZILOILRDESLB B,
RFHXCHELTIR, AXBOBEREHICI AN FRMAEXATEN 7718, ZHizH
aBAEPLTEMERS (£) HFRIEHLTAERZFEZLTVWE S LMFREATH
5 (H4). —%, BB IARNTFRRIET, 17 2 2hehENcAETsL
HTETwany, NFRONTHIBHOBHAEL S, BABHICLIKFHEIZAH
BEOKMFLHAT LEINTVE (H6). ChBRREBLIINTRORIIHDT
BMEWERZ-TH), EBRELWIENBEES 3, |
TRNF -G TCRHLTE, BERBIC X AT FORERIRERNBA S DL0LLL
FETHD, THMEVEIRTVWE (H7) . X LEHROBRARE N IY 7 ics
FBENEABETS 5. RFPTU MV 7 ERTHEABH L AABr/ BaiAEn (
~1%) . 20RY, BABEPEFIANY -BRCEERENARATEEIBATL
5, COWARBRIIETFRARRACERNEIRELDONRTWBLEISTHS.
BROEWRE? V' IRFPYATEOBBLEHMRIZOTHEY, REDL B0k
“LYMRE- FORESED -RABDOMERA<VxE>1c: 5 (MEDY (%)
B,oEEE, F-IvrEBRINERINIEEBIIBOIBHOBAER IC X 0
HEGBETHIEEZRBRAT VS,

2-4. AR BOLTZ

RFPEUOBER L EOMNARL B s RBHBORMBR L WM EMTHDOS &,
ROESRERTES. FTREE- FORBLEOBREL 3T - FEAR, BETHT
DARTENDEHFNE2SEDT. O35, WEOKEW, WHEHMIChIWHAES
SOBBRIFILF -OMRIE>TRERSNS. TOBR, BHONEn, ZHMLC
REOK X WHEN BT L5185,

MEOBERE, BREMTINENSS L35, SABER (RELELRA) ~OR



Er, BELOHE0RE, ISP KAHERDOREOHARBETHAHLILRAS.
DREBBICEII2ZRVDEHEAEX3eMNTEIZOTHAI>D. bdnid., FRHAZ
BBEYLTOGHEBHEORNEET Z2O0TE S Db

IDEOBBANS, RFP@%%%b#X@I%#BﬁﬁL 7r30% -OHENBK
TERDAIRADNWLONThRTWwWS, HBTX-1A TIXB 6, BoDEMRITY~5-7
TH5H22ELTWD. —F, ST TREUEBED, #BEDL2roBMYThh Y, HX
TOT7 FI379 - (v<18) BEELAZWSBELLTWS,

T TR IS AYOS TE-2RFPEERLBIIIHAEHESOBIRORAA
ZonWTHE~RS., iz, RFPHREE Ultra-Low-§ (ULQ) HEBK BT AHMAEBHFES
NPOHBERTARDE, 8@, MRFARFNRNOMBEREA2TRT. I X EIMERLE
HITH 50 kA, HBRHSEHMEIZW los TH5. BMIKEHESE0.1us ORBTY 7Y
VLR, F -V EIZW0HTH A, T hit Grassberger-Procaccia 7 NI A AICE
CSWTEFL, AERTERDE.

HREOFA%RB(OREYT. ULQHEDEA, HERT v >2it@md»r> THAALTVS
E5THN, BRAT +I 7Y -OFEVTEE SIS, —F, RFPRENSE &M
ki gimoEaizReohazn. BEOLI S, TOHMKRITOBWIEIULQERFPO
BIBSHODEBWICEH IS HDLELZTWS., 72bb, ULQIEBWIRARD p=l -
FHBABEBAZ XL TWA3DOIIHLT, RFPTREEOE- FXAMELTWATHE
HH B, RE, FAhFRORBLBETA2TLHEEBIN, T -FARIMIOEFREZE
HTW5.

3. ¥t

BEBRRELESIZ, BHOBIKIZRFPOY A TI VA 4#EBISLTEELREETS
2, BDROBHIEXRTOA MV Y Y7 S 29 -2EETHIE, BHRPEEBED
HWEZRTEFNIETEATaENENS 2. Thiz, AIBRHORKNLZBERICOEM B, &
Biz, PFI 99 - ORFTLEBHONKE, ¥4+ T0HHE, BULiofftky ooy
EREYFEETRE, 79XV AFIIRE2BRIBELETHEREFAIEDZEH
*RETHRENS S.

Sk, FYRFFEOERALPE IS, 26z, BBEGORE., MLADFNESR
EREHDTEHERIBEYORBHEHAOD L THHEMIHET 2 ED I LBV H B, (P 7
I DB T, TEXIRTED L S BRATDEATWS. ) ChEEBHFLIRAEDOD
ETFANORBELEDICENEETH B,



References

.A.B.Bodin: Nucl. Fusion 30 (1980) 1717.

1. H

2. J.B.Taylor: Rev. Mod. Phys. 58 (1986) 741.

3. D.A.Baker: Geophysical KHonograph 30, American Geophysical Union 1984, 332.
4. A.Hasegawa: Adv. Phys. 34 (1985) 1.

5. K.Hattori, Y.Hirano et al: Phys. Fluids B 3 (1991) 3111.

6. H.Arimoto, A.Nagata et al.: J. Phys. Soc. Jpn. 61 (1992) 1202.
7. S.Hokin, A.Alpmagri et al.: Phys. Fluids B 3 (1991) 2241.

8. W.Shen, R.Dexter et al.: Phys. Rev. Lett. 68 (1992) 1319.

3. k.Alpagri, S.Assadi et al.: Phys. Fluids B 4 (1992) 4080.

1¢. S.Assadi, S.Prager et al.: Phys. Rev. Llett. 69 (1992) 281,
1i. R.B.Howell, Y.Nagayama: Phys. Fluids 28 (1985) 743,

12. Y.Hiranec, Y.Nogi et al.: Jpn. J. Appl. Phys. 27 (1988) 397.
13. C.Gimblett: Europhys. Lett. 11 (1996) 541.

14. Z.Yoshida: Nucl. Fusion 31 (1991) 386.

15. E.Scime, S.Hekin et al.: Phys. Rev. Lett. 68 (1992) 2165.

16. E.Scime, M.Cekic et al.: Phys. Fluids B 4 (1992) 4082,

17. H.Ji, H.Toyama et al.: Phys., Rev. Lett. 67 (1991) 62.

18. TpRempel, £.Spragins et al.: Phys. Rev. Lett. 67 (1991) 1438.
19. T.Rempel, A.Almagri et al.: Phys. Fluidé B 4 (1992) 2136.

20. H.Ji, H.Toyama et al.: Phys. Rev. Lett.‘ﬁg (1992) 616.

21. S.0rtolani: Plasma Phys. Control. Fusion 34 (1992) 1963.

22. 5.J.Gee, J.B.Taylorﬁ 12th Europ. Conf. on Control. Fusion and Plasma

Phys. Vol.2 (1985) 446.
23. C.¥Watts, J.Sprott: Bull. Am. Phys. Soc. 35 (1980) 2011.
24. V,Budaev, G.Fuchs et al.: Plasma Phys. Control. Fusion 35 €1993) 429,



Bp
Bpw
|
}
N ———— 1 {Bp
) !
\j radius
Btw
: . NV ADN-IA
i =7 0N
| Z ‘
Iqa PRt SN ‘;,. ATy Lo
| . B2, n=l¥-FORKE L
EI.RFPM?QW’Q - RFPEMOBRBIE.
HEEOMNE. N3 LnEE.
X= 46 (Cm) """""
x =42 {(cm)
(a) 3 ) Npeak = 6 tmpesk = 1
N 1
s <.
[«¥
1
-100 0 100 -20 0 20
n m
(b) puak = 20 Mpesk = 1
’;’: Npesk = =25
S |
-9 I}
)i k _ N\
-100 0 100-20 0- 20
n - m

FIG. 4. Mode number spectra of magnelic fiuctuations. (a)
Spectra at low frequency (5 kHz to 50 kHz) and (b} spectra at
high frequency (50 kHz to 250 kHz). The dashed lines corre-
spond 1o minor radius r =46 cm, and the solid lines 10 r=42
c¢m. The poloidal and toroidul mode numbers are denoted by m
and n, respectively. The values of a1 and # at the peaks are in-
dicaled in the figures.

H3. MEEHOE - FART ML,
WEE S kD ERER.



{a} Exporiment (a) Experiment . b2

i)
i {16,0)
i 4
NS -
AL
"th:ik."
(0.32)
be
(b} MHD Cods (®) MHD Code
9.2) 3 bk,
" : YAYH _(18.0)
LY}
F1G. 1. Bicoherence, blnina,misl, of poloidal inodes ob- FIG. 2. Bicoherence, 6(.nzmy), of loroidal modes obtained

tarined from the peloidal magnetic field component from (a) ex-  from the toroidal magnetic field component from (a) experi-
periment and (b) MHD code. The horizontul axes denote /it ment und (b} MHD code. The harizonta axes denole #) and
and nry. The vertical uxis denotes the bicoherence correspond-  ny, The vertical axis denotes the bicoherence for ry=u+u,
ing 1o ary*=my+m, The peak amplitude has o value 0.35 0 The peak amplitude has a value 0.45 in () and 0.61 in {b). '

(a} and 0.6 in {b).
(a) (b)

FIG. 4. Experimental bicoherence at the onsel of a suwiooth
crush for (a) poloidal modes and (b) loroidal modes. The peak
amplitude has a value of 3.52 in (4) and 0.42 in (b).

H4. BEEHONNra-LY X, QFEULCYLE-—F, O P4 ¥NLE-F,
LWENLERSEEHOZWIES. OEEREBFOSNIIE - L X,
XE1 O & dEd,



4.1

.12
0.14
Q.16

FaB,(a)/<By>

.18
0.2

0.25

015 ¢
005
.05 ¢

B, tarb)

015 }+
.25

&00
500
400
200 FtE

100 |

<)

T;(eV)

0 H
11 1.4 11.8

Time (ms)

126 13

FIG. 3. (a} Enlarged view of reversal parameter during a
dynamo burst (not Lhe same discharge as Fig. 1). (b) High-
frequency, 0.5-5.0 MHz, toroidal magnetic-ficld fluctuations
during the sume time interval. {c) lon temperature from CXA

during the same inlerval.

BS. BeRRBBHOIFT v EELLE
mEAEEEAEE. XH15 k.

100 . T T T

T E H 3
g [ vexT -

e 10L== il
8 3 E
o 3 ]
=i .
bt E E
=] F E
L [ 1
g 0.1 .
=

o]

o

s - —? Limiter
0.0 4 A/Il!//

1 . . .
0.9 092 094 096 098 1
r/a

FIG. 4. Radial profile of edge electrostatic fluctuation-induced particle
flux, TS (solid line) in MST. Peak edge electrostatic particle flux mea-
sured on TEXT (Ref. 10), and total edge losses in MST inferred from H,
measurements are shown for comparison. The ion Larmor radius in MST
is also illustrated.

B6. HEMBEICL 8T H.
NEl9&nEs.,

100 ¢ v T T T
S Rl Por Pao
E 10 E
2 3
= ]
X 1k : 3
[ E
P ]
&

s 01 ¢ 5
& E
r Limiter

0.01 A (0

0.9 092 094 096 098 1
rla

FIG. 6. Radial profite of edge electrosiatic fluctuation-induced energy
loss flux, QF (solid line) in MST. Peak edge clectrostatic energy flux for
TEXT (Ref. 12} and total nonradiative losses for MST are shown for
comparison.

B7. BENENCIAETORFEHE.
NEEl19 knEngk.



400
> B 300
> JES—
M| —~ 2001
=] =
-0 ] = 100
60 .
e L) s e e e A 60
i \ ;—I\ 40 / LL‘-“"{_
/ : h g 0 7 ¥
S 20 / > s
/ . R 20-. N \
0 : X / N
1000 : 750 E
ORI I o B e B I
~ 500 0
l'\ﬂ =
= S 2504
1002 0
' BOO
o i 600
~ 500 e ‘J v © 400~
3 - w2004 :
II? U? 0 v\vﬁrjf "'--u.‘.
20017 WA ]
-0 02 04 06 08 10

0
0 02 04 06 08 10
t (ms)

(a) (b)

t {ms)

i (c)
g 4r
& RFP
(a8 .
5 L L.
5 .
w 2F o © © °uLQ
v 2 8 °
o] o
1J - g ™Y

| 1 t ) I 1 L ' 1 ] L 1

OO 5 10

embedding dimension

98, STE-~2LBIsMARIOEN. (ULQKEHEE, (WRF P RTEE,
(MR E DA S KT.



WNEOH+ 2B
ERSHERAR HR/FK

1.@ridic
WABO 4 AT ARRRBEICVWLS 55255 ([1),[2])e B XE[1] R
b—RBEORUTH S, — AN 77 XEEO—EOITEHETH 5,
MHEoFBRR 22— v HBRBETHCLBTAHTEL2DT, WA
BONZFAEZHET IR, RENFROAAZERAATHELFLY
3] MBMDOSH BN I A F=2T Y TRAF\AF ZREC SRVH, MKk %
BB EDORKSEIVERAEZBA LA LA APBENELET 2. L L.
COLETHLHBEHELLI-TRAARPBEERSTEVWEEEHE, P—35 2
EMoBBes W THEATmARE Y4 AHESKELTVWIDRCOHEL S
TH3o

2. B oBEE F

bod SABBOBEEE~3Es, LELEAVORIRERHR o4 5 M
BEHABOXERET vy VT 52ETHB, FIAE. BAPSF—F3R%—
ALAROEXEBRE?B., STOMBEIEHL TCRA»SHABRBSE
MERSHNEMABOBELZH~200ErEHHICE S, HABRZENFK
HhaRAASHE, beda YABBEBRIHELTVS, BEZERN 27>
OERMARHECFIEBLTWVWE I (RS, COEIHINAADSHB~D
RO ELEBAUBEREFATVE, COBEREIER*RETLIHEY S 3,
REOHMDE W L TRENEEGEE2RDZ LA THAIN, —20
ERELT,. HAVHBEEIVELT. BASATVWE DX H 5[4 Al
AHB®EEB NS L, BEEQRIMB O 7 - —F XM, v 7 - 0ERHKEF
MERD ANLIEREERLH S [56] . BRLOBERLETVWLEFALEL
‘T. 2-Wave Hamiltonian 5% 3 [T] o COEF LV REKHEEFTATHEDER
T3 W, Tearing mode N2 OFHEFTIW/OEFVELVE B, EFNVIT
EF<HROMAR., EBAoAKSI»odh. BESRERIERMBIGE
Th-1-n. BROLGHEVWSTHERRILCE-DT 3 [57],

3.Tearing Mode D IR S

COMBRBATRI M A7 0BHRBERRYPBRE > THRIIEE - o
WETHZORBLBO>PRSEF SN TV ELEIpRAGAVSE, L L
FOLESREEEKRECLTHSCOMAID BEREHEOI X Z0EHALGR



NEFEFTCERECRR TS5 [9,10,11.12) s F— 7 ZBHEO X 2 1 & VB
i HEOMBEERMEHELTWE, MHD B CRUEERFELEMELT
BATWAI,LRNSE, JoXol SAMEOEEN MHED oM E % E ]
HIEEBRTL2LETARVWICEL?, flAE. OO ZDFLECHEL T,
TAY Vflﬁﬁ;%EE?%ﬁ%ﬂf?}Oﬁ")Tlﬂc 3 [11] o

4. ~UHNFE b — 35 2 0E DA
NYANE—FRFDRS5 Yy s REMTH A RFEBEET S [13]). &
OYWNDBREDLIW NI N =Ty TERBENZ20hERTHO 120, Lie
EHRIC X2 RENBTEAERC LT3V b=7 Y BEGHIIRE - 72 [14],
CONINP2TFTryiiihiffSMEcx A F-—B—-FEL, BIdicmd >
BEBCND, RoCEIAALF—OBBERIEABRRECHI I NEHE SR
HARACIE T WNWE, 285 P o 2 ZONRFERIBHRELELTVE NS,
FEFfHOoBEBFHEARroOBHRTHE Szl # v L h 2 YEEiE s
~YAN PSS REABEREFNLREESI (T S,

NIV bP=TrOBEESESLsLOTAI A2 T rRODICEHRE
Wty T Vv i 70 2E2BALTHABORESTKMITEN M E L - 1,
RO TV F 40 7BETREABONI AV b2 T YICBEBATE D 12
B, FIhRFEOHRRBEOD EHASL[15] . RERERFSETT TS 3,

5 MEHE/ 74 2O RAE

MREOH2BERTSXAE2H L DD LERBETH 5, - CTHE
[ERBROBREME LB 7IXA-HALCHOHNIc E - THEELREC
REVBLWSE, EFLOEMNIPCHNTOIMHE LT~ ARKES 2RE T
»35[16,17 . MEKH LOoBWMABRI VW sRVWENBEBH L T IHSTE LN 2
CliRV, COBMTEMBEBERAKICHLTEECH S, —HFHENLH
ARAMABENEHE L TR TE 2L oRNBETOBREEERLGE 31
HERIBWEEREONG, COLICETFEFERIERAKDOK» SHR
DETEDLISIREBERST IO EMDIZ 0, COEBOLFRHEERBCEUL
TLWB I EHERAINT WS, A4 RRAEL SHIAEHBERA~EETHIT, 20
EEEBHEHRZASHICR->TVE I BTV, CARBABD
BMEP 7S 729 03HIE-TWEIE¢FERLBENS L, — RS TOH
oAt RAEHMCHEFESEHIAP EOL > KERTOWCOLICEHE S 2,
Bhbh3TwaBKHELTHY F—FREFEATVWE—-RBOoRMAmP S 32
[17] o CARBRESTOMAETH 2. ROMBEBBTH Y F—nty b %



ERLTW3ELAMSIDHEUENTEL, COLHS>UBBEEELSIHCHE
WABNBOHEER LI REI VL AAENSZ, -5 ADOFEHET K
CTRBEHREREL TR T I ShIWES S,

& E K
(1) T. Hatori, “BHBROH A R” #Y5F 4~ 6HS (1993)

(2) T. Hatori, “73 X vtk 284 2BR” HKMSWHN 58#%. 43 3
(1987)

(3) T. Hatoni, “7 5 X v DL D ORI NIE" 7S5 A~EFHOERERT (1
992)

(4) T. Hatori, H. Irie, Y. Abe and K. Urata, “Chaotic Magnetic Field Line in
Toroidal Plasmas”, Prog. Theor. Phys. Suppl. No.98, 83(1989)

(5) T. Hatori, T. Kamimura and Y. H. Ichikawa, “Turbulent Diffusion for the
Radial Twist Map” Physica 14D, 193(1985)

(6) Y. H. Ichikawa, T. Kamimura and T. Hatori, “Stochastic Diffusion in the
Standard Map” Physica 29D, 147(1987)

(7) T. Hatori and H. Irie, “Long-Time Correlation for the Chaotic Orbit in
the Two-Wave Hamiltonian” Prog. Theor. Phys. Vol.78, 249(1987)

(8) Y. H. Ichikawa, T. Kamimura, T. Hatori and S. Y. Kim, “Stochasticity
and Symmetry of the Standard Map” Prog. Theor. Phys. Suppl. No. 98,
1(1989) -

(9) T. Hatori and K. Urata, “7 3 X =it iF aWiB &L ¥ e -7 Ukh
Vol.11, 96(1992)

(10) T. Hatori, “Magnetic Structures in Confined Plasmas” Forma Vol.7,
101(1992) -

(11) K. Urata and T. Hatori, “Formation and Decay of Current Bubble in the
Nonlinear Coupling Process of Resistive Tearing Modes”, Research Trends in
Physics:Chaotic Dynamics and Transport in Fluid and Plasmas;I. Prigogine et

al, published by ATP(1991)

(12) K. Urata, “Nonlinear Coupling of the Resistive Tearing Modes under the
Unperturbed Shear Flow”, J. Phys. Soc. Jpn Vol.59, 2742(1990)



(13) T. Hatori and T. Watanabe, “Structures of Magnetic Field Lines in the
Helical Torus”, 2nd Toki Conf. on Plasma Physics and Controlled Fusion, Non-
linear Phenomena in fusion Plasma-Theory and Computer simulation (1991)

(14) G. Gnudi and T. Hatori, “Hamiltonian for the Toroidal Magnetic Field
Lines in the Vacuum”, J. Phys. Soc. Jpn Vol.62, 2030(1993)

(15) G. Gnudi and T. Watanabe, “A New Numerical Integration Scheme of
Very High Order and A-Stable”, J. Phys. Soc, Jpn, Vol.62, 3492(1993)

(16) Y. Aizawa, Y. Kikuchi, T. Harayama, K. Yamamoto, M. Ota and K.
Tanaka, “Stagnant Motion in Hamiltonian Systems”, Progr. Theor. phys.
Suppl. No.98, 36(1989)

(17) J. D. Meiss,“Symlectic Map, Variational Principles, and Transport”, Rev.
Mod. Phys. Vol.64, No.3, 795(1992)



FETSX7PICRoN3HARABBOFROBIK

NMXFHZW - PR F

LAGFPEEHBERCAZLBEEERE DR THILEBAONEN. TOPTREETHIRRD
HaiE, bEBELHARERICUHTIBMETHINAZORANSBRLLSIETHIRHAEN LI N
T3, BEOMBRYOXLBOY X +E. RELBECRT., SETOLIAXELHRIATLSO
. ULTORILY 2 ATH B,

+EBSBEOBHEOHE
AKERTSX7 (4D OFEOLEICE LTI MBI BOBEEE, I —050FHEE X
THHERSIEROBRIBRICL YEBET 5.
s HRIGES S AR LEGENTOHEIER
EZoh-75X7RHOEBETTCOFRTBRFOEHE T X MIFHUEMoHERITT 5,
e FSX7v— rhOFHBHNFOES
Za— SNV FEBEOHBIEKOPOT X R TFOEIDREN.
e SIRIGIE IR EEIOREAIE
TS X7 RMERBTZEFIAHAERNETAL. BDERFLEIIABOERRERRERRBT 5.
o F Dt '

LITIEBEZEOBREOBELEDOTHD (FNFNOHREOARICOLTIE., EENPEEXR LN &
T54LYNE. PAORNESRULTHEWVANLOHERD) &

WHBSEOBHEQHER. BELLELELIDOTIL—TTETFhATEY. XRO2ATEES
Na. 7. ThoD T NL—THTRAEZ AU DT IN—TTHAEIE, FELTNODTIL—T
HOWTHLRLZEEIWHESBOEHEL L THBLTLEETHD (1) . chold, BiFHE
HMEFE - BSHHEEOHM THEELZSILOICVELGRFEN, 7AUHMHSETEETH S I L.
Ft- BRINS T FSHIY—-—ORTEROBIFEXEEIIABRYLIAINGFHRINTALCBHT (N
ichol i sBICLBPHERFT—YORRINBIAE) . /A XOEEE, HROBMBEAQOIKAICSER->T
KIFCKBROBEZEMNEZL{BIATOHBRI L, E4NFNRBL. BREO, '

TS X THIPORBRFOEEOCOEBPIBICDOOTE, KarneyBEILLBHARE, & bL R
&TS5X7 (RFM#ete) 6B E LT, TLOEBRIEINTHKL, COT7TO-—FE2EFDOEFE
FETISAIEBCERTIRFIINNINTNBRLSTHAN, FETSATREODRT. EEKE
EHWBRINBENTHDIEEBEBULNIZO, i, BIFOE|HNEMCEISEZEZNY ANSC
EN. FHTISAXIDOIEE, EH3LTHHETHIEBLNE, SHOBBORRICHAFTLICO,

TSATo—~ FAOHBEHMFOEFHONEG., HME I P21 -FOHURICULHIRTLEDOSNT
Wi foht, BELE>T. DA REEF ODHNFNIES Z 2 —F3 P — FORBIRNNEIHRES
h, TBEEDH, boéb. FOREBEROED NI TILHLATH . HDOEXENCEHLSD
OTIREL, #B. REENEVS 7V PBILCENTE. BsoRTFOoh+ EHDIFOIEHE
(ECEERNS) GHIMICES{LEh,. RECROGSODABKLEOIYHROEENTINEZI &
Pl Al ol

ERETSATOREBRISR. BELAGLEFE > TOIMHETHY. PEEM TS X7 EIERN
BN &, KIGEANGEELEII L, F0BACLY. PHEAFBERDNOARDOIHDIBFOR
BETHEEE->TNB, FO—FH T, FHOREEHEBTI-DOHENEFTINE, EEOTSX
THOBRMEDOMICE, BELNOEFRELEFE(TLEVWENH B LI THD. AL, EREDIEE
KREAERTZXAFRUODETDI RATTIINY z VIEOREIIDNL SHIER (FJHfS) TEALGH
BH. BEOTSXvLENTIE. SREOBMEEMR., 3AxH. YA OEHBBIHRF. DN
LSEDOHBREZTOEFFTERIZIELEEPTAHAOERNH Y., ChoDBORRBICASEORE
ICEAF T B L ANKEL,



Chaos Research in Space Plasma Physics

-1985
Not found.

1986 :

Biichner, J., and L. M. Zelenyi, Deterministic chaos in the dynamics of charged particles near
a magnetic ficld reversal, Phys. Lett. A., 118, 395, 1986.

Burlaga, L. F. and L. W. Klein, Fractal structure of the interplanetary magnetic field, J.
Geophys. Res., 91, 347, 1986.

. Chen, J., and P. J. Palmadesso, Chaos and nonlinear dynamics of single-particle orbits in a
magnetotaillike magnetic ficld, /. Geophys. Res. 91, 1499, 1986.

Martin, R. E, Chaotic particle dynamics near a two-dimensional magnetic neutral point with
application to the geomagnetic tail,J. Geophys. Res. 91, 11985, 1986.

1987

Biichner, J., and L. M. Zelenyi, Chaotization of the electron motion as the cause of an internal
magnetolail instability and substorm onset, J. Geophys. Res. 92, 13456, 1987.

Ghosh, S. and K. Papadopoulos, The onsct of Alfvenic turbulence, Phys. Fluids 30, 1371,
1987.

1988

Martin, R. E and T. W. Speiscr, A predicted energetic ion signature of a neutral line in the
geomagnetic tail,J. Geophys. Res. 93, 11521, 1988.

Gabriel, P. et al, Mutifractal aanlysis of resolution dependence in satellite imagery, Geophys.
Res. Lew. 12, 1373, 1988.

1989

Biichner, J. and L. M. Zclenyi, Regular and chaotic charged particle motion in magnetotaillike
ficld reversals, 1, Basic theory of trapped motion, J. Geophys. Res. 94, 11821, 1989.

Chan, A. A. et al, Nonlincar intcraction of energetic ring current protons with magnetospheric
hydromagnetic waves, Geophys. Res. Lett. 10, 1133, 1989,

Goertz, C. K., and R. A. Smith, The thermal catastrophe model of substorms, J. Geophys.
Res. 94, 6581, 1989.

Huang, C. Y. et al, Observational determination of the adiabatic index in the quict time plasma
sheet, Geophys. Res. Lett. 16, 563, 1989.

Terasawa, T. and M. Nambu, Ion heating and acceleration by magnetosonic waves via
cyclotron subharmonic resonance, Geophys. Res. Lett. 5, 357, 1989.

1990
Ashour-Abdalla, M. et al, Chaotic scattering and acccleration of ions in the earth's magnetotail,
Geophys. Res. Lett. 17, 2317, 1990.
Baker, D. et al, The evolution from weak to strong gecomagnetic activily: an nlerpretation in
-terms of deterministic chaos, Geophys. Res. Lett. 17, 41, 1990.
Biichner, I, and L. M. Zclenyi, The separatrix tentacle effect of ion acceleration to the plasma
sheet boundary, Geophys. Res. Lewt. 17, 127, 1990.
Chen, J. et al., Observational signatures of nonlinear magnetotail particle dynamics, Geophys.
Res. Leu. 17, 2237, 1990.
Chen, J., et al., Differcntial memory in the trilincar model magnetotail, J. Geophys. Res. 95,
15141, 1990.




Chen, J., etal., Fractal boundaries in magnctotail particle dynamics, Geophys. Res. Lett. 17,
1049, 1990.

Hada, T eral.,, Chaos in driven Alfvén systems, Phys. Fluids B2, 2581, 1990.

Horton, W, and T. Tajima, Decay of correlations and the collisionless conduciivity in the
geomagnetic tail, Geophys. Res. Lett. 17, 123, 1990.

Karimabadi, H., ef al., Parliclc orbits in two-dimensional equilibrium models for the
magnetotail, J. Geophys. Res. 95, 17153, 1990.

Lanzerott, L. J. and A. Hascgawa, Comment on "lon healing and acceleration by
magnclosonic waves via cyclotron subharmonic resonance” by T. Terasawa and M.
Nambu, Geophys. Res. Lett. 2, 191, 1990.

Vassiliadis, D.V. et al, Low-dimensional chaos in magnetospheric activity from AE time
scrics, Geophys. Res. Leut. 17, 1841, 1990.

Zelenyi, L. M. eral, lon precipitation from the inncr plasma sheet duc to stochastic diffusion ,
J. Geophys. Res., 95, 3871, 1990.

1991

Ashour-Abdalla, M. et al, The quasi-adiabalic ion distributions in the central plasma sheet and
its boundary layer, J. Geophys. Res. 96, 1601, 1991.

Ashour-Abdalla, M. et al, Large and small scalc structures in the plasma sheet: A signature of
chaotic motion and resonance effects, Geophys. Res. Lett. 18, 1603, 1991.

Ashour-Abdalla, M. and D. Baker, Chaos and stochasticity in space plasmas, Geophys. Res.
Lett. 18, 1573, 1991.

Baker, D. et al., Examination of time variablc input effects in a nonlinear analogue
magnclosphere model, Geophys. Res. Lett. 18, 1631, 1991. '

Brittnacher, M. J. and E. C. Whipplc, Chaotic jumps in the generalized f{irst adiabatic invariant
in current sheets, Geophys. Res. Leit. 18, 1599, 1991.

Biichner, J., Correlation modulated chaotic scattering in the earth's magnetosphere, Geophys.
Res. Lett. 18, 1595, 1991.

Burkhart, G. R., and J. Chen, Diffcrential memory in the carth's magnetotail, J. Geophys.
Res. 96, 14033, 1991.

Burkhart, G. R. et al, Neutral line chaos and phase space structure, Geophys. Res. Lett. 18,
1591, 1991.

Biichner, J., Correlation-modulated chaotic scattering in the earth's magnetosphere, Geophys. '
Res. Lett. 18, 1595, 1991.

Burlaga, L. F, Multifractal structure of the interplanetary magnetic field: Voyager 2
observations ncar 25 AU 1987-1988, Geophys. Res. Lett. 18, 69, 1991.

Burlaga, L. F,, Multifractal structure of speed fluctuations in recurrent streams al 1 AU and
near 6 AU, Geophys. Res. Lett. 18, 1651, 1991.

Burlaga, L. F, Intermittent turbulence in the solar wind, J. Geophys. Res. 96, 5847, 1991.

Cros, B. et al., Laboratory simulation of ionospheric heating experiment, Geophys. Res. Leit.
18, 1623, 1991.

Goertz, C. K. etal, Chaos in the plasma sheet, Geophys. Res. Lett. 18, 1639, 1991.

Holland, D. L. and J. Chen, Effects of collisions on the nonlincar particle dynamics in the
magnctotail, Geophys. Res. Lett. 18, 1579, 1991.

Horton, W., and T. Tajima, Collisionless conductivity and stochastic heating of the plasma
sheet in the gcomagnetic tail, J. Geophys. Res. 96, 15811, 1991.

Horton, W. ez al, Collisionless plasma transport across loop magnetic ficlds, Phys. Fluids B3,
2192, 1991.

Horton, W. et al., Stochastic mixing of protons from chaotic orbits in the nightside
geomagnelosphere, Geophys. Res. Lett. 18, 1575, 1991.

Karimabadi, H. and C. R. Menyuk, A faxt and accurale method of calculating particle

. diffusion: application to the ionosphere, J. Geophys. Res. 6, 9669, 1991.

Klimas, A. J. ct al., Lincar prediction filters for linear and nonlincar modcled geomagnetic
activity, Geophys. Res. Lett. 18, 1635, 1991.

Lewis, Z. V., On the apparent randomness of substorm onset, Geophys. Res. Leit. 18, 1627,
1991].

Liu, W. W, Chaos driven by kinetic Alfven waves, Geophys. Res. Lett. 18, 1611, 1991.



Lin, Y. and L. C. Lee, Chaos and ion heating in a slow shock, Geophys. Res. Lett. 18, 1615,
1991.

Roberts, D. A. et al, Indications of low dimensionality in magnetospheric substorms,
Geophys. Res. Lett. 18, 151, 1991,

Roberts, D. A, Is there a strange attractor in the magnetospherc? J. Geophys. Res. 96, 16031,
1991.

Savenkov, B. V. eral., Regular and chaotic aspects of charged particle motion in a
magnetotatil-like ficld with a neutral line, Geophys. Res. Leu. 8, 1587, 1991.

Schriver, D. and M, Ashour-Abdalla, Consequences of wave-particle interactions on chaotic
acceleration, Geophys. Res. Lett. 18, 1607, 1991.

Shan, L-H. et al., Chaotic appcarance of the AE index, Geophys. Res. Lett, 18, 147, 1991.

Shan, L-H. et al., On the embedding-dimension analysis of AE and AL time serics, Geophys.
Res. Letwt. 18, 1647, 1991.

Sonmor, L. J. and J.-G. Laframboise, Chaotic particle motion in Coulomb electric and uniform
magnetic fields, Geophys. Res. Leit. 18, 1619, 1991.

Vassiliadis, D. e al., Lyapunov exponent of magnetospheric activity from AL time scries,
Geophys. Res. Lett. 18, 1643, 1991,

1992,

Burkhart, G. R., and J. Chen, Chaotic scattering of pitch angles in the current sheet of the
magnetotail, J. Geophys. Res.- 97, 6479, 1992, :

Burkhart, G. R., and J. Chen, Particle motion in x-dependent Harrislike magnecitotail models,
J. Geophys. Res, in press, 1992.

Burlaga, L. E, Multifractal structure of the magnetic field and plasma in recurrent streams at

- 1AU, J. Geophys. Res. 97, 4283, 1992.

Buti, B., Chaotic Alfven waves in multispecics plasmas, J. Geophys. Res. 97, 4229, 1992.

Chen, J. Nonlinear dynamics of charged particles in the magnetotail, J. Geophys. Res. 97,
15011, 1992,

Holland, D. L., and J. Chen, On chaotic conductivity in the magnetotail, Geophys. Res. Lett.
19, 1231, 1992. '

Klimas, A. J., etal., A nonlincar dynamical analogue model of geomagnetic activity, J.
Geophys. Res. 97, 12253, 1992. ‘

Lee, N. C. and G. K. Parks, Chaotic structurcs of nonlinear magnetic ficlds, I theory,
Geophys. Res. Lett. 19, 637,1992; ibid, 11 numerical results, Geophys. Res. Lett. 19,
641, 1992

Prichard, D. and C. P. Price, Spurious dimension estimates {rom time series of geomagnetic
indices, Geaphys. Res. Lett. 19, 1623, 1992,

Wallen, H. P, On Arnol'd diffusion in a perturbed magnetic dipole ficld, Geophys. Res. Lett.
19, 941, 1992.



chaos

5 AR

w0

NN

¥

< MRy

S ST

2 MiIimmmmmiiiy

S _W//////////////////

2 T

7 SIS
= R

RN
LN
~ N

i
o
v
e

189

— — 71 1771

—1

@2556598’1418

=

1

70

700
608
S0
83
300
208
100

s1aded g

%

74

2

chaos + space physics

31
E
!

sraded#

- year



ERTHRERLARLE S Av=v—2 %

YA AR a7
rEREEZERY T s #

1. U IS
BETIXTDAA-—JELT., HASEBEIHESEC., LHrb&EBRIvBnIRIL¥—
REBTHD1-0, ERBDBEF - A7 UMD LOEH-T, Bl - HTEEFEHLELHO
HESREL TNWI2HE., L VWIELAEES, FIWHIZRAALF—PRNFONENEEE
AOBENBA->THEY, BROREPCERECHETEZIZARA-TEST., ZOEH»S
HEOER (BCHE) ¥ HEO /S X T TERICRSNI2BENREL LIV, D
ChIREBEREAULEEDLN D, EBERTLOBRKZ2BEHRORETH2LybOY—0
ERTCHHT L., ¥
TIXAVITHRTZ2ERPBENE TS, + 0RO —HBOEEAp. LthiIZp.=1
(Z:2WTOM) o Ol —l@H=—-Zp.logp.ThHd. FARBLEHREL
WEr (BB¥E) . Nooo TEBBIIERT 2,5 p.=1/N > TH=1logN—cw ,
MIEBETHEST 20 (fladsinwt) . REBOKTH20Tp.=1. nFBBUNDORE
BRO. E>TH=1ogl =0, MHFIEBEERL., BFUBRORN BB EL R
ELZNWEERLTW2, B S X3y bor—0RiBBcOETH S,
RMEOT X7}, TRALF-—PRTFOHENRELELLIC. WRORE -Fhsdhdo., #E
DR - #BE¥Hd. 77 Xv%, HHEBAET2—2DHZRET2RACBLTE 2R
Thidi sz,

2. BEm 75X~

EBEZILUAXEOTISIXVE. HOPSBFEETZLOTHRE T, T2 LF¥F-BE525
NTERZND2LDTH->T. LT FORIIVRIBRER. - dfhoBo TSI
MEE DinterfaceHED (K1) . "HAALRIESFORELHC,. HH - 32N F— .
- WBEORNBEETI2HMTHS. +OBFFEAREOREDEBFITHD . FERTHY -
RN LZEASERL TR, HEO TS5 AVOROBEA*E2ITT. EHEY (44
N2T 1+ 22) ODFEAZEI> L, I20BEREBR 7S XAv0Rob T M(HER) okl
ERET. PAR—VRITLL—F (V— 2, M20BEREN) TURS - 0oXRES
BELETHETDEFRELTND, P coFhid THH) OBKT S (HE2Y2AF5280
T ZDRDEE (RA2KECHMBETI-O0REME) 2818 TH2) LS B2
KBLD2BDTHD, THHEIR. 73X BI23TLL—Yid, B2
(TIXT ATy, BN AVTLY) LZ20BBICBONTHMLTEY., wih
LT IXVDERYTHY TS XVOERN - #55 - ARBEESSOBRBOLDICEL Th
S5RNLDTHD. LERLTWVWS. VHECHETIHEOEE - He4+AHT2L. 1



DESCHBVWEOHUEAMRWEEZNE, “YHBEORIBWTEETIHRIZ. ER
FROBBMMZIESE THS, NEHPORICKT2BELEE - 2FEHFE - FH (HE
) BEY»S50MRMEATED. FORHEL+ERT L LK. HULTWBET I X7
FOBRBUIUOWTERLZHABORS»PSERLZEDIBTRERHIBLEDN S,

3. HMEEELORRS

MBS ENEIC IV RCEBES T 2B TS, (14 E0BEFFREICEDA
THEEOBE LI TERHICBEEINDG. F0IBGAT UV F ey R2ARAF AT
EDFHbhdA4F yOBIROEHEY., BREBEOEBRIIFSLTVS, RI3(a)M
CHEHAFT NN -KATP7 — ¥ (BEEHHE. A4 v H07) K&-T, B3 (a0
ACONa*MEBALICHEEA. HIRALOK* PHABACIKEARAALSNRTWVWD., 20
R, CHMBRNAT N KT AREENREL T WD, RZICEDHAROBEZOH
ERY. EEDZE - UBR2GBE LY MEMRBTY. RBUOSE - BolE (&ih)
THLWED, 2HRBI ALY DTSN BREELHFTLILDIN R A F R T TH
Bahsd, filRECEAF 2B T4 0Fr» 2 L0BDATNTED. 20/ERDS
K*2BIK'A A vFrx 2Nt Na*'28T Na*' 413 vFr 2 NTHd. HIFDEA
DIXETI, KB —220—T. Na*d#iBERLZY (BI3Mb)) . £-T. KO
T HMBCHSLOAMICEID., FAAVOREBCIZ2BHAOEMREEL. BREEH MK
AFHEEEAELETZ2HEHDEOFEHEBEEOIMNRDI. PRIV AFDOR

RT C,
= — In —
ZF Ci
R=8.314 J-mol~'-K~', F=9.648-10* C-mol~"', T=300" K, Z=1
C.%H@W%Z“/iﬁﬁ. C“:%ﬂﬂﬂ%#?fﬁlﬁ

(1)

TiRd. HIRESHIHRAZZRBCIL-ABRANOEN THD. K* 58 —2 20—k
DEMNZBLEBM O HY., -8nVEETH D, HEEDOEHIZL801y) M 0-ATH DD
5. BIHEEIZIOV/emE NI RBERELBIC RS, AFBBEOENTSIDL — 28
GRBFEBELEREICL-T. 729XV HIPOSOBFONEBTHRSL M., LEOBHILEBUD
RNDBEBAUTWS, ABBHBICST2HREHLEBHNORABEBARI P LIZ20WTO
Al RS E N, BLEBHRIOSWTED, FONT—2ARZ FILIZI000HzD S
0.1IHzD A HEHBET 7)) v BN/ A X)THd. " AREBENLERBROR
B, 7V v HBEOREE. K'4FvoFEREEBESHS, tHExhE, ©

AL F e ZN0OREY. B2BBTI A VR TdIAaVYII 252K
Bt d. —lHOAAYFr R HL. AF VT rENIBESERICLIVEILT
BY., Y—FEBAON DBOFF) O _fRkEx L, ¥Y—rBEIEBNTREMBERAESEE
TEHEELFATIRLLY, H2BBMAE L VEARKBICEYXOBERELZF-ihdssn
We #£->T. H2BEME. Y~ FMOEOPTHEBAOF» 2 ALBRKETHEL. WD



O F > FNTY—FOMERENWSFAABEND., Bl oB%it TBE) 0HER
EXRHBLTNWD, A VFr o200 EERR. AFF v RILEHRTEAA
OB (44 #EGER) | WEBRE. A3 VRE. BE (B28RBLED) O TH B,
Na*Fx 2 LDGE0HBEROF BENA+BEHC L >THAKCTEST, cOBE. I
BUPBEME o ..LALECh2E, BENARICHET. Na*Fr 2L C@ssr0ny
PO Y — FHBECENa* SHEERCEALBEGAENEE 2, Tr3toEET
BREBEAHMLD W WETEHE. Na*Fr U R2AY—FEBEE>0LAZD. Na*MaBAIC
MALBRBUAHML., ChAR > THEICHEESEM T 2. T 2bOLED T+ — KXy
PREL2D, Na*'Fr 3Ny — %, —FHRARGHOREIZAY., BB
PO WL ETH > TOREFROTHD. COESINa*'Fy Y FADAVY 2502
BEREHLFS, BEUS NNV ABUARET2EREL S, QAL ABHORE
i K'Fx 200 avy oy s AbERENEBT > izgEzT 2,

Na*Fr»VRADY - HEZEBAOKOBMIZ. Na*ZHT3(RAboRHSN
5, COBUAEHBN . LIFY. +5mVEFETHS (M3(c).=22881E) .

LB, EOHEA. HEHE. Amxmmﬁ%ISLvTom&&&;ruﬁmﬁuw
REELDE. DBREEBE T L 2 HEAE L IEX,

HOEROMBMR T, WL ZABEMRIEL TV A SRESZ., EX-a—0 4R
DHLAEMBHEICEL. B6NEHSCHIAER (Y4 2708w t) THIEBEAEEL.
BENEBRA TS, COLERERANSIBBEBREL. NLAFHBEHxNI:, N
AP FFTOCRISEBBWTAE. NULAFIE0. IHz» 510 ‘Bz D B & T1/£ /) 4 X
TOLSNWTWBIEeBBEShLIZENE, ¥

FEALZOEEME (BLEEG) OBBRODSE S, %A?émﬁmw(am%ﬁﬂ
NWAS) ODRBHOOSES., BHAlE N ABHMEARIIEL S M. 1/fONT —2 5~
NEEORMEAEF>TWd,

MR EZEB T 2BEOR L TRICTRT.

Zg. (d—d.) +1,+1.=0 (2)
Z:iK* . Na*O#l., g::if4 4 vicxt+ 2175 1972
$ o HIFEAEEN. & i/ A IcHT2EESY
Ly ARV TEBR. 1o V28l

Ioo TWR QKX ZOHICHERT. hE W, > TNa*icH T 2195 000 TH D IE
RKEDOBMIE &=, (i=K*, #LBNY) TLZHAELZST. 284 P RBEOIEL.
HiS, Na' il T 2100 MIBRESERICLIRENEBMNIZ ©=0, (i=Na*. ZH)
E&)TﬁUhﬁ&%&mgﬁ%ﬁm%n&ﬁﬁ?ébmtﬁoTMéa

REIERBE. WAL AFBRHOTHICAHASNEIDHEO S X1 (2) ROIERFIV 2oy
RETH LR TE?. ERICLZE. BUBHNRPHEL LV DL FT. BIEHD
DOSEHMBT(N/EARI PLIONT -, BEORSE (BLEERKL O +10av) . BES



B (+00V) . SEBOE (BLEBHELED -100V) OfEic/hx{kh,. BEATE (BL
Bk —20mV) THRICKRS. XBRBOEZFL. VEARIMLBK A F VHEILH
EHs. LT,

MIOBILIKE., RAKRBIIEWIA A VHEOBRFAERTERT. (a) OB LERETH.
K*MREICESHAET N0 vV O0N-0FFOONIKABIZ BB T 2. ONKRERIESEHNLZE
BT, 7TI39XTOV—ABTORBEOERP Ly —ARLUABA22AINVL¥F—%2F-8F
RAFVDBEERE Y —ALALP>TAD Y — A R4 BBRITIERIHNLT 2.
(b)oRiRHEETIE., BLEBHOKEL., [M>PDOFEETHIIAw /BB EIEI«- Nk
EEHBMEE., TRyl LB TRIE. TN O REERIEICR
CBLEBHORKEADBERE. CWH ERLZAEXHZ, KLrrbOoTHELOWS EH
Zid. (a)bBELI/EARIZIPALTH S, (b) TRUBESFELZOWEZEADLZEN
HE (F7-P N9 BB, A2 Fr 2 A0EKREHICED, KENEHBTS
BEBOLNHBLTWAOD TEERNALARNORELTAGHIILTINVWS, BBE»S 1. 7IX
THEOBHEL. 2. BBLBF ~SREEE /5 XAVvICB I 2HE - 505 - B -
BECIHEIMGTRIUBEOEELHIE -TE - BEYS ¥, BHEBEIND. Fil2.
DHBEOMETCHOEND7 + — Ry 7 MBWRENOINE., AN 275D & 52 RIEY
TOISXTLATLTREISD., LHBTES (V2 XTVYATLORIRIRE) .

4. v Z2burREBELLE BB ELR

ME8WEBICHWLAEEOERBA2RT. '""REJAWMA®GREOBH Y 2 b0 TH
5., AV—FiR I ZAHBEEB (HE0.5m) T. BEANRIZ0mmTHS. BEOREEI
WAMBHARBET LDV L /A FEREBELTVS. HOKEH (Fu—-7) RAHEK
BITEOBIRAAE--TEHEA TS, - T7TO0—-—TARENAA MBHAL, 70—
TBUMMHIBETC Z2LBNVWIRANLX—0BFLRATES, 770-7 Bhild. B&
FTUu—TJHAEDEBBHUTEH T ILEEAONSE, RBTH. HBLLTHENMNEZ -
EEOTo-TJBUEODSERSTABA TS, BF /2o rolfsg. BRK - TH
BFRIICHENABFHESL Dy P2 72 32BAREBROEHFEBLHASATNSE LD,

U

“[‘kz

Isc=Co

(3)

r.?

Co: LEBIER. U-BEEBE. r.: BEBEE. o AV - FEE

THd. FEDHTAXBEARANINICHBABRE =1 TEBFHFEMXIv bF 7303
TenBAlank., BROT /200 BAe. CORGTHBBICHALADSNEEFD
HNBEZANF BT /RO V/BFABTORELZILX—IIERSHh, BHBEZ ALY
OHETABICIHRETELIICIXRZIATVE, BEOH 2L KBEAICANZE, Ay b
F7FHEIsSlschroMEBEMHGEN., REERAIXER, BILBWEARARERIsc' T
A b A 7Fd, TNHODOEFEROKERYT., Y720 VHBTR. BFOKEZ RN



XTI R2 O VBB TORBIANLF —ICEREINEZ LIRS, FOBAIK
DNWTEFSRIEICHFEHBELEZ, ""ALIPH2EEOHEIIRZIEHEBTOENREET S, 12
B1OWEUAATRS. ' "D EABEHARLZ LT, W7 =22 M LEBRTHHN 2L

- a

P(f}=C- ¢

ORI d, '"EFEUCREN,. al@2aAXI P LIEETHE, cldMBBHEA I OB L
OV I AR @ o= EBCH AFH0.07PaTCHEBEEU=200V, 0.2mA<AI<S0mAICE N T

2.9a=1 al (bit) (4)
.Ct—ngAI 1.

0

ATo=1.5puh

PEBALLTEZLONE, 'Y LERBERBHETIE 2.5¢a<5.5 THo .,
BMEENOBLET ¢ (V—AFICHAEL., RETKR Y- AWK TEHSHEEZh 3 H
MHASHhTWD) . FDHFHOaAyF oy r2%egedhid. 5Re . g XDa1 ek
BEhflEl&RezR-TEh., chsoBRIXRDISCERLEN S,

— -_— —

a Al ¢ 4 (5)

[ — —

LAE. O EREREABOBUBRT L +0HUEO V¥ 25 A LEET2E 2R,
BAERIT. 73 XvHBRABOMBE T2 -O0EELBEAE-TRY, TOHHS
ERSTWHEBHAGH» TH 2., TLFOHMIE. FALEFICHE T -DIC. —@oEH
HEfToTWwWd., LRELTLBER2. ChRRFBFEHERLEZ2DTH D, 'V
K2, 79 X37-Y—2ADFZOREH. BRAABICEIZ 4B - 0o ¥ERAICL-T
BAEENTED, AHMCIEBELZRIIL - THFLDOATNWEIEEFRELTWNS, 519
AMADOMBELOERRT. BF Vv /20 rpoRlBY /20T 2E. Ay b A
THABRSBATOLABIDSEHEVRESTICEATRLE. BRABHEOBMZ(3)
APSHERNE., r. 0D (r. £ T2) X oM (r2T53) xicL. EIL
KWHRT LD, MBELETIXv - —ABESsRA-C e b, iR 0OERE
RS, COBBORELYWSXHBOREBBVERMRICHS D, LHBETE2., B
TN EBBDITI2X7L—A0HBRIT, REBEOTEIARET> T EWNMN, ¥ —
ABhizke. P—ADEBEaI VYIS A% g, WBEBHEEAL . B 7B (1Y
THEH) i, LT, RRBICHTIR () LTty -poRBMICHTIEREROR

Tgo+i.,+Ai=0 {6)

MHEROGND. P glEHORLZIFBERFIINTIIVY Iy VA, i, @32 NF—
Ao BN FCTRERBOSHERIC L~ THIEEIE, BBRATHD 0D £5+(-a)



woErWXNOBAGER. OIRE2FHZ T 3L0TH3. O)RXNOEHOHEBMFREHRT
5 (E12) . HOEBHERIT. Al.o.c.i.OHEBEZzRLOENSKER. HEWME%
BHOZRELTEEL. TR, 095 ¥ a2 RE (XEEE) LTWs., LRBRRTED.
LLRESDTRICHARIT 2001 -BEAZH., ATRERERA*RL. ¢iX®D
BOBGEBEATRL., gBFRRA A D108 193 % 7T, ChoOEBRIANXTHE
CEBLTEY. F0Po—on/ I RElETsE. LIt ERICEEBL-—KT 5.
FLTRRBLVETLUEBABI R T THB. COXEFDBOM/N2ELMN. poELL
T. Zfveobdeshiziihidgoizn, FEFRCNBEZNEYSEY, OS5 aTDH
HEEZATIND,

5. L&

PR LRBROBER. —BOLEBMOBBE L TRBRTES (HAZXKNETE) .
ChicHL T, EBRELRER Y. BREHRNLEEZEMAO. REMBELULBEL L TRY
THROPEMNH D, FITR. RAIALF— - EEANTORAOM. BHORELEZHFOES
MAY., ZORBEOBENETINTL S, BRRICIBERCBIT D THE) 3EELRL
was, THE] 0ZbHIEABLTWDE (KFAOSETR. 9501 TWD) ERRNLE
BEETS (BRME) . FETR, BRCFEETSI 7T IXAIREBRETERTEI S 5 X7
. BEAFOIEBELRO-BLLTEELE, ZTCTREREARTHEI T I XTI —2A
DIE/REHEFCBARLTWS, P2 EYHBEBORZLOBICHUAMBEET S Z
LERL, ThERSELELT, 79 X9=y 2ROV TREL 2.

TR PO UVHBUENLNDORBIZLEST, 7 I7XT=v—A RORBEEN 72N 2
PSS Ex+{-a)IOBBTOSEOHRHESHEMGKRAF D ZELATRL., RBRIIBWTH
FEOLEOREIT. BEORELEFEL BRI I LAETBRLAE. OOEIRIERERERD
ITRANF—DLOZHAE,. RBEN. BUBE. 275 A LHEMERALEZMNS, &
AEEICER - B EE2L00FBRLELTIEAL. 2V ¥ 28 ARELREREFLOV—
AWM (T XTEABORFHEL) M. aWSEHROREBFTHILEAOND, ¥ —
AWMEFHABLERL, RVLOEBEFHEEBRBILEDLIO R LDOPBRF 2#EDTITEL N,



25X

1) 8F B :BREGCBYIADNY A HEBRMHEIERATESEHEE SRE—H.
Hit® £4&HMR(B).pp.157-166(19315FE2H). ‘

2) Abramson N.3#F, BEJI| #f:Information Theory and Coding (1§ i % A F9) . McGraw
-Hill Inc..New York (1963) (fF%4t.8861) .

3) Alfven H.:Double Layers and Circuits in Astrophysics, TRITA-EPP-86-4.R.I.T..

.~ Stockholm(1986). , |

4) B8 R 7V 1T BRAFSHESHES TR Er. 32(1991438), H BWOEESF
. 72 (199253A).

5) B R 7T HEABRAR B AR FHEINEMREBEE. BHE—H,
pp.28-33(199242H8). .

6) B.Alberts et al. ¥, FFIETFMER : THE CELL (Il 0 5 FE M%), Garland Pub.
Inc..New York(1983) (# & #.1985) .

7 ) Verveen A.A. and Derksen H.E.:Kybernetic vol.2.no.4,pp.152-160(1965).

8 ) Derksen H.E. and Verveen A.A.:Science, 151, pp.1388-1389(1966).

9 ) Musha T. et al.:IEEE Trans. Biom. Eng. BME-30.pp.194-197(1983).:
BREFN:ICHWE vol.54, pp.429-435(1985) .

-1 0) Tanizuka N.:Jpn.J.Appl.Phys.,30,pp.171-177(1991}.

11) 88 R BEFHBEEFERWIEC vol.J70-C,no.6,pp. 868-876(1987) .

1 2) Tanizuka N.:Proc.7th Symp. on Plasma Processing, ed.T Kato and R.Itatani.
RGPE of JSAP, Tokyo., pp.488-492 (Jan,1990).

1 3) Tanizuka N.:Proc.of Int.Seminar on Reactive Plasmas, ed.T Goto. OCISRP,
Nagaoya Univ.,pp.121-124 (June, 1991).

1 4) Tanizuka N.:Forth Symp.on Double Layers and Other Nonlinear Potential
Structures in Plasmas.ed.R.W.Schrittwieser, Innsbruck(July,1992). in Pro-—
ceedings to be published.



%1 FIXT-v—AREHMB-BROMLE

5)

TI5X< # o fa
E R plasma I.Langmuirl928 plasma/ plotoplasm —JEHZE
£ MEBIRESR MR R R
& sheath/ double layer cell membrane /plasma membrane
& 8 6k FEDRE» Splasma%k SF D BARBE»SEBEATY., Eak
MiFT D - Dplasma s i MiFTrr-boEREMD
B BF /14 Na*4 # >/ K4 7+ v ith
IR R ﬁﬁ’ﬁ/ﬁﬁ@iﬁﬂﬂﬁﬂ ﬁ’@/ﬁﬁﬁﬁ'ﬁ
Inet=0/Inet¢00)1fﬁ'§:T?E Inet=0 /I net 0O KEFELE
RS 66 1% mE /1y -/ R WME / L3y - /ﬁ%ﬁ
MR8 v— A8 0B A& 2R {57 (membrane potential)
B power spectrum 1/f power spectrum 1/f
K2 HHEANDA A v BELBESIAEFHTLEH BN
e P26
117 1 MLt st ‘ FECoL/C, & (nV)
Na* 5~156 145 29~9.7 +§7~+59
K* 140 5 0.036 -86
B -1 4584
M EEREE WA TFENES 5.
ay | mr !t AL (o) ‘ EEC. i /C, | ¢ (V)
Na* 50 440 ' +56
K+ 400 20 -77



- P:795 X~
B:HEAE
W: BB OgE

¥
-U
+‘;1‘
3

WEDT 5 X< idboundary® i & @

interface 2 FHOWBEWM TH D, EE

BMZERELZLOICTBEEINTDINE
THd. TORCIBEROFENEH B,

M1 ExEtas75x<"

P B W
TS5V B R N R 30 %
CHE o |
LS E CHFTBRABHICELHETHD

(FoRE-AEHER] BOFELLLOMESEL B,

"2 73Xv-v-20F%0RERFE""""

mnl A e
ﬁ: =—K* Ay A% Na*e— g:

K* ="K i ¥ Na*+—="Na*
‘i. C M L C M L

ol ol

C : Hmfak

M : 452 R

L : Ma s

(a) Rt " (b) B i WAIIRAE (c) i& B 8 1 4k 12

K3 #flgemEEo %



Dy, N VAD R 5 LN vl

max
D.BHEAD2BETI
Krvib D JEG I & 2
2 4} 4B 0
E74-F A 97 Ri t—
ORF 73
TS A t \/ﬁi%{@
Mmoo ®EF @ th —
0 cbf?ﬁﬁ g
d th D —
B4 Na'$eyihd -b B e 5 £ HHE- - HEEe
(FE179" 99720 I8 45)° W /8L 2 0 B %

1
1T K*  K*Na* K*
1 IZI_D‘EZI‘E' - 0 =,
UFF OFFy. OFF OFF “7v4#
&6 %lﬂﬂ@ﬂﬁ%ﬁi%ﬂﬂﬂ 7T (@) AL LGB (FiEBAD
11 Na* Na* Na*K* @
Ididp &mle o
1 7 t—
A K* K* Na* Na*
j[[:]-l:m:] ¥ jﬁ-&tq[l\:l Pﬁ@%ibm?ﬁﬁ ~ -

ON OFF ON OFF OFF OFF #" 77" K*#+iMiEt%E .

K*K* 7 (b) B RIRAERBEO /L AF]

Jdlerdn BEE BQURLRISERRLR.
&7 DIEBIEIrY 290 A L ARA5§ 37

'f’ Wiy - B 2D ER.




L K

Is— - Igc Isc
B8 ey stayEe'” K9 BMABHEILICL2BEBHEEL
YN BR CH A B R A 8 Isc: BF77 10y 0B S I BEERSS

b7 ENAMABIR
Isc' : HEBHWOB AT A B
REBRAINBFENZ L Z2HIODSEA

wHBL -,
f =280y
I IS ac0.05P
mA 3
1 Ar gas ‘ 0 :
[ -
‘mA 2 5
1 U. =200V, P=0.032Pa
i i -l JE—
0% 2 4 5 ]
Ig A—

Power (10dB/dlv)

L1 1
-2 4 6 .81 2
Frequency({MHz}

X 10 MEMITI I AZEALBFESEHFOBRBR - BHEROBE L
WOEHMTOREW. HEONI-IN I ML/ a it ag4+ .Y



B1l1 BFVHUHLSBRBOIAOTLEOOERMTREBLIUBREEN
E¥. B - BEBERSFNRFAr.0.TH-oHOMMEBERELCENTr., ory’
(r.' <r. and/or ri >r.) LB TACLAMIBRBROEA T LFIER
POED., MERELABCREBOWCH-CBEBESEREATNSY

[
(JERRFZa28" 25 4R)
Al g
“r\\A’;/
Y~ 2%_\\&
¢ : ip

(T8 {3t 15)
' B B D1ihy - B

K12 75XVvREZOEBFEFL



AFXV T —AIBITAEAXA

AKRBETL AHRER. BPEE., WaRE
ARISTHE B R

1. Loz
CRETOWEICLY, A4V~ ABE LA ABROLEINZIZHL 2L &
ol BFRAICEBN—PMELTiE, BRSIEL— F C¥EBBL—- D220V — F
BRWIZE N, MR, BEEEH O ARBICER T HE XTI, BER
BErGCEMEHIERT S L 2B, BHRORITLITON, BEIEL— b
B, AFVHBEFYANESIVTIaFRITREINIA A —RAIBREINE X I2E
ESTHIENHELNE R o, T2, BERIV- PO IOETATERMIZHBETE S
e ol

2. EBERE

ERIA Y2 THOONA Y TN TFIATEBORAICBEOS VTS X< i 2
TAEIERLoTITo7 COTFSFATHIIBVI AT LVAROAKRE A v 2D
WHRDIE, A v ahPBELLEDCEREBEEZEIML., BERERTRT. CDL &,
EHRER L, - EMMBIEV, RUX Y V22HDAF ¥~ ADIEd DEICIZF v AN
FIVT7IaTRIFEDL->TEB), ERMNBEERVERERIEA ¥ 2 — 2A0E% il
TAHEEE L TVA,

A. MR

FIXTDFE L —FILL THMER V, 2 LIFCw L BERE e B s s,
Ay v a bt REAOBEENEBEMSVHE, COREREDP S BHESH~OZEBRICH
RUEFBREINDY , 29 VanBEAOTIAIORT Y v Ay ot (EEO
RFZI Y NVEDBEVEVE FELREERNBREINAZ L, REEWEORE £, &
(eV,/ m, Y1 d \CHBILTHBY Y —R2BT B4+ v OBBEBEIZERZLTVEZ L

b, FREMBRAA VY —ABIAREAAYONVF Y FILI NV RETH LD
ERbBENY 1, BAMORETSELEWEY, H~ 7.6 VDOBIZRLTWA,
V, FEWEDPL VGBS Ioh, N—ARRI VI RD vV, LD ERWETIZ
IN—ZAMBEEL TRV, BRRICOIC2LDIE, "—AMDIRIBTH/ - MR
FRETL L, TR LERBTHAZ LIl DR, M2/ —ARZ M UVEFRELT
BY, R LTWwd, COEPL, BRIIZEARUELSZEDoNEEFTD/IT—A
NPV F < 100kHzDEHIIZ 1 /1 f JAXFBEELTWBI LN TS, &
DEIEREOUERFELASLER, 77 AN —v =y TRBE, AR
TEHESN-BRMEE, 74 71 EREN 2 EHER P S hF A~NOEBEBIZRE LR
AEREEFLEE R BoTWAI L HLNE 7P,



B. ®EFHIL— T

M CRREALERISBRIN TS EE, X v ¥ 2 IZRIBO/N S WAL B IRE)
2INZ5EEFMEREL 25, ChEPERI3IORT. CORTR, AEEHOBREIY,
*200kHz ICEEL ., SERRENO BT, % 100kHz A5 200kHz T TEX T ho
A. B. CTRLZE®E. f, &L f, ORERKSITLIVELCLOIDTf=mf, +m, [, D
BHREEILTVWBI LT D, TIT. o my &m BEHERLTWD, b,/ f *
ERHRY. NBRBORIBEYV, 2 0VELLEAICKE LTV ERHADE S 2fE
£%1B5Y, V,=3VETDARY PVRAELKBMPVE -3, £Tf, &f, O
EHEATEL TS, f, =dVTHEISAREL LY, BREEO yF 7> T
AIENGE, COEE, f,1f, SABEELY, AT VNS, =f15=f13 D
BREDOHRE D, VEBIIKELSTHE DA RKREE 2B, HARKBTH BT &1,
HEIRTRV Y7/ 7HEERODBIEC Lo THPOLIENTEEY v, 2 11V
b EREERIFZ L F IR, SEREBOBFELZITIBRE SN LI LIk b, &
DKETTIXAIOBERf, EXEL2 LRV A A AREL L5 | Z0FE,
HAARRGERLUEBTELTWLE DL RbNS,

C. BAHtgEsgr— |

Ay aDEMO TSI ATOEEY LITTWE, Av3a0BAO T ADORT
YN NMETHEN, AvVabtAWRBIORT I vIIIFEAEREL W), @
TIAXAIMDET vy VEAGBNSLK R b, RTV YA NVEA PN DAF
VORETRINIIL B E, REERIEELsNL Y, CoRERIALFR
CHVERIREIZEIN L . Bl ITASBIRBIDER I, © LT FREmMD A Ay —
FEETHAARESBLNEY  ChERISIIRY, f, 2BICEIFBEf 13 &2,
/3 DEFFEPIL, Wb AENHEINL, COEREMERTCHIFRIZB LY+
A3, SMESORIIEDS D WiE A v ¥ o LB OEE + 2L s ¢ THEE s 545,
MPEICBO THERTH S, DREOBTAHICL > TiE, RI6ITRLAZLDIT, 1/3-
FIEASA T RICBNE R /2-FICEDLLE I RIEERHE LB L IZh B, T,
1/2-FEE1/3-FIFEOELLBRILHEbNEPE Vo2 B MBEIIEFEL TS

6)

o

3. B
HERIT, AF P —RA@HREN, A1 F V- ABFvANFEFT I aTHIT
EINAEREREFOLEEETH L, WRBNCH L TH A AMELZTLHIL
KEZLRBET Y, '
A% — A0 EER
an 0

—+—nv=0,

dt oOx



9E _en
ox g,
DERHE L TRDLN

o 8[5)

A={w,EL,/1,) /2
EREND, CDAF VI —ADBETAF VOB EL S, EBTEHN S h 290
ARG —FEAFARHBRTHD L EERTH L, NRIBEBI v &0 A 4V OERF

A

dx

— v,
dt
v e .
= = ;(Eo - E) -wW+ Eex[sm((ult)

TRIBTE Do B,- B W (x - x))eEy | m ) )=x FHNT

E,-E _ x

E, — 1+Alx+(1-34)x" /3]
LHEMTEBT EDD, &

p. .

ax &y L E_sin(Q)=0

dt dt 1+ A[x+(1-34)x* /3] °
285, CNERMEERE LERE. B70L5 IMMEROEE—E TIRBHE E L
Th, EHB—ETIRIBEZEL T, DA RY — FAL A+ AERT, THIEER
THESNFIEL H A ZZ L —BKLTHES O, 4 2] CRAMMESORE Y &
RIzEE 13-, 1/2- PEDSBEONE DS, MPEICED TRIEETH + A~DER
PROLALZVEHEO DD, CHOEROBEREL(E2T055 Y,
MEHL~ FConTh, BEEL~ 0L T2 L0k D, BT ERE R+ 35
TAHIENTED, COBE, V-RAIHREENTA T DY v AEHHIREERED
BEEELLTWEEZEZONRDY

4. FEo

T, 77 AHhTERMNICBANE N T A2 BET S TEHBIEN L.
NI T, ERMICHRE SR A A 2EBROCHEH IR T o 1220, AFREI,
BHLREIOHF AL 3V ERF HABIOTHEIOWHITH LY , KRz L,
RADRDH A ALEBE, FYANFS /T I a7 TRINLIFEEREN S -7-4 F
VU ARZAFVYIHBERBIEIZEN, AL TVAIENELRE ot



BE
1) N. Ohno, A. Komori, M. Tanaka, and Y. Kawai, Phys. Fluids B 3, 228(1991).
2) A. Komori, N. Ohno, T. Yamaura, and Y. Kawai, Phys. Lett. A 170, 439(1992).
3) N. Ohno, A. Komori, S. Takamura, and Y. Kawai, in 1992 International Conference on
Plasma Physics , Innsbruck (European Physical Society, Geneva, 1992), Vol. III, p. 1807.
4) N. Ohno, A. Komori, M. Kono, and Y. Kawai, Phys. Fluids B S5, 796(1993).
5) N. Ohno, M. Tanaka, A. Komori, and Y. Kawai, J. Phys. Soc. Jpn. 58, 28(1989).
6) A. Komori, M. Kono, T. Norimine, and Y. Kawai, Phys. Fluids B 4, 3573(1992).
7) M. Kono, H. Nakashima, and A. Komori, J. Phys. Soc. Jpn. 61, 407(1992).
8) M. Kono and A. Komori, Phys. Fluids B 4, 3569(1992).
9) /IFHE X, BRESHRE 68, 18(1992).

I | I
=7.63V
S PO NI
5 | 7.92
B S 2 S N e aasnsand
O
- 8.39
2
2 I e o B el
E |
< 9.63
] | ]
0 1 2 3 4

t (msec)
i1 ZEREDS EELEE~DER,



Log(S) (arb. units}

-6 { 1 1

10 102 108 10* 105 10°
Frequency ( Hz )

B2 ZEREDSEESH ~OBRFIZEONINT—ZRY ML, B 1 OBZRE|T

'_5' t‘:jﬁ“:ﬁ: L.(V‘z)o

fo

200 ©:6-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-P

Peak Frequency (kHz)

100 150 200
fi (kHz)

K3 AREMWIIRIBEDONS IEBEIREZ MA 5 2 L IC X o TE SR - HEERIIREE,
ANEEWDEWRES, % 200kHz [ZEE L. SEHRBI OB,  100kHz 225 200
kHz ¥ TEZ T\ b,



T T -
(a) s Vo= 0V (d) ;‘ l; a0 (g) ? ? 5.61
| ‘ | HWM | |

(h) 63

y M=

T

Amplitude (arb. units)

(f) T T T a5

1
0 200 400 0 200 400

, Frequency (kHz)
M4 #BEEHLV—- ML FTADEE, ﬂiﬁ#fﬁﬁboﬁﬁﬁlm%*ﬂ:éﬁ“ﬂ\%o

-10 |-

—50

=10 - (v)

% VA\A" |

E
.d ‘*50 i 1
: . M_
G
5
2
= =30 -
2 =50 . ' .
=10 | () ! .
—30 Nﬁ
=50 1 ] Il
=10 + (e) . - -
-0 M |
=50 1 | 1
0 100 200

Frequency (kHz)

K5 BESESEV— MIE BN T AORE, SEREBOBRE T ELSE T D,



L@ L

] 1
| (e)
-30 |- ~ ;’\‘J\ n
—50 \ £ . L

~50 : L—~ .

0 100 200 0 100 200
Frequency (kHz)

K6 1/2-G&1/3-FUEASBHONDEIFH A ZANEREL 20,

Amplitude {arb. units)

0.69] | 0.86

(), =054
0.58 0.70 0.88
0.63 0.79 0.89
0.64 0.82 0.91

K7 BHLALXZD L CHEECRONAABEIEL— Mo LB h+ X D5AE,



BFVEr—»b - 75X 2RicbBI Bz 4 2RHR
FHEHHERAHF SHRBRE

1. BLHE

535X 7RI ANF—OH-ABFUEC—LEARHTIE, 2HELEER
D EAGEEPBF IS A ~AERCREIZELVENKES 5, COB, E—
LAEDBEERBRTIHEIRE. vt—a2 B THERBIXKEL, REHKS
(Rt BRUEOLDERINT 3, ARIPOSFRXEEROARHELREEIF L L
EErRHET I E. BRESNMI A E3LLSBREOEMATRER T » ¥
FryF—nABHBEIACLEBICENbh-7[1) s $LERPEROCEECRE
Hrerhid. TOBRARTOHRORFicIy, FHEEKLNL B, COBREKLAMRD
SEBERET 2 E. BREH NP EN 2 LD, RBEOKMBAKRZEEP
o7y v Fr A EFRATEDREINDZ EHHHPL 2] .
BRAAZOPEBERELTDODOHATWI N, ZOoRMAs 77 ¥ 77 F -0
FEREZEEBLARENITOLDA, ANDEZ2HETLIBEICRHEZ T A -5 ThA
ZRBEWHI>EBHENS Z(3) o Thilt. xEROENR. LEEOCHRE
PBFVE— 4 - 53X R BUYIBFRYY, 24 2HERB\BVWETRTPER
NBIEWRHB WAREZEBRTELDCREBHUEERSSTILEN b B
LEZ. MOERBIVE-LAFEERE(LTERL 2o

2. ERFE

M1 #AEREBOEAKNTH 3, HEISmD ALy 72 FS5ZAERLETH
VRS —%|TmBLTHEADE 2, BEE2m0oBFHERI, FREOBRIMLR
EErhoBMHBEANIBBT250~100VETMET S b0T, F—2BREIFW
Y9 o FOBETHBL. 0.1~3pATH 5, V55—, mM#syY v FEEEB
o7y » FrBEBBLEABHNOSEBER»PSEBHEH, P> TERLE—- L48BF
O—FEBVWVEFTIERIVBRAEDLT . TLE—- A BERMHRIELEBB L&
A<y, —Ho~Anrakay a4 iRt —BUABBUI~604 Y R) %H
MLTW 3, '

MERSFS 2BEEZ2 —~FH/FHRy7TeEEHNLHEILEB S, TAT 22
EEHARKBALTIT e N AER(2~20)%x10"%Torr T. 73 X 7R ¥E— 4
BFIFTAVNLI v RFE2EBHETLZE LI ERSNSZ, 75X ~EERIFNZE
E Vv —ABRICKETZH, H10°m™? ThHd, 75X~ INLLEF
73X RBERROEHTRZEL, AERASFBETCHMELALD, F¥ 5 v F



e 23 —-FERAVTEE2HERCRVRAATER T B LS RBIFET - 720
APPSO RBREFREOBB Y v FEREEILODY S viE2ER S 2 &
EiR B L o

3. ERBREEE

E—a ¢t 750 HEERARKE - TRESTIBF 75X K. EBF#% &
VRS- DRRETRLETIEERTH E([2]e BF 73X ~RABBI S5 X 2%
HEORLHRiCEATIN, WIOBAFTAEROLD, 75X ~~FELESEN
WMMLTHPRERABEHRBRERNCE(CRZ D, BAREROBRE(E— V)T
L eBF 7> A-FBERECEVWHEE 3,

Sy E-FHATABRR(,=4IVzORB B RAEL TVWABBEIC, f,=30Miz
DRBEFHB 7Y » FRMA, TOLEFBEZRKELTW L E (B2) . %
THRERY (M2 @) ofvwry—7) BHWEIhs, BEZABEE K& L
TWLCE (D), () HMILTVWI20 B~ BAENBOERK TS 34, B
ENNBEDORRI PV REB T WVWE, COLISREN-T2A=2 FLEHFS
ZORNAROBETSH B |

HEZHICS T 2082 r»r 82k, MEBS2EBEH B ICRI—F &
e S>—FEHEMECLTHE TSI WS, COBAOLI BRI F—-3 1B
HoBa (X)) tdBHESX (2RO ATFTAERL LBV, LAL. X (t
I SHEMA LD X(MNEBELRETIBHCRAL. B EARORS
PEETIHRENATH S, +ATI(MORbIIc HUBEEFSLALMESE
FAwvTe (X (), X(t+2)) 2EFETHE (X (). X (1)) & &7 il 5 413
Bo HETOEMNPEVEMESEOEBILE>TLESOT. ¢ £ LHM
HEMOBGO1L L&y, LER 2K ToEZThasd, mRcHZERTo#H
BErfibe e, ERBOAEE - LT (X(t). X (t+r ). - X (t+(n-1
YT )) ERInTAHE LV, 3RAEZEM TCORMBEORA XK LR Y,

THBEESEBLABORE (7152 57—) BEARBIKBE>TWS Oh
DEBMBELEBTORTTH D TOD—2RB 75735 VKRLDTEH3H. £
B ChZHHNT2LDRRBALFS - 2BHELBERN LD, Fhicfb-»T
LELERDSHh208HEKRTo THE S mRcHERcHEbhitT b5 2
s—to2m, X X,0OMOBH | X, -X, | 2RO TKROMBEN 2 HE
T 5o




8 (x)R~EY A FOPRSBEBMEBET. x< 0@t a8 (x)=0, x=>000¢
EO0(x)=1T&5, rdEphasunes, c(rlerEiszoe, rEC(r)o
HXNRTS 700 S v BKE 2, v ORENEHEBTEFS52 9 —Lo &
EDEICRHELTWESLERYT, HEMOKTm (BHAIRT) K&
LTWw-sThb, REFAETH LY H T HREFEERI—FELE(ry = 2)I24 3,
lelT, R3(c)oBgo®dE (K2 (b)) oHBERAER4CTTe mEX
B LTWCLEAERRKEIC(BBAN—FHAILELE 2. ThE2RLAOHKES
THHo mMBPMEZVE, v EmicEAT 28, P TRNT 2. KIS TEAR
v=1.4T, AALR Y =2.5T—F ¢ >2TWV3, bB3ALTBE N/ & EF
R, BBEXFAHEB 3Dy =1TH5, COLHS5—REBETEBRBATSH
KTOHBPE VOB IS AO0HEBTEH %,

4. Bbbhi

B2(c)ozxa=2 +a?, REBEOKERKRFTHFISDBATWVWEH, 228
3 2HR. — S HOEREHOSHFEICH - TWHW, ThothiToFdEHeE
Aofhd, 5O0BFO0A2 ARRHETCREAPILRRCASZ R, COLDNH
A2RERWTTcemlils b a(5),

% F X #k

[1). P.DeNeef and H.Lashinsky., Phys.Rev.Lett. 31, 1039 (1973).
[2]. Y.Nakamura, J.Phys. Soc. Japan 31, 278 (1871).

[(3). G.Qin, D.Gong, R.Li and X.¥en, Phys.Lett. 1414, 412 (1989).
[4]. EBE, BBAM A4 2 AF] . ZEAE (1992).

[5]. S.H.Fan et al., Phys.Lett. 164A, 295 (1992).



m_ M FLITw A

AN LAY DT ]__,‘LI
— 7 =
§—ra3F
W L
,,_J- FoF¥ “’F},
-

X-YiE@lt — RSN

Arta-F- F0R1~7 I

Bl1. HEBEE

40

Log. Amplitude (arb. units)

0 100 200
Frequency(MHz)

H3. SRaotHFEMick T 5HE
(a )ZEFABEO. 3V (b)) 0.9V,

K2, BE7-—VERTHELLBAHEH RS
2 P NETE B I0MEz, MEBEFELV,
‘" (a) ZEWBEO. 3V (b)0.6Ve (c)0.9V o



LOG(C(r))

— " + L N " & - L b
T T

lo 1 2
LOG(r)

K4, rEcC(r)ofYg—8HFe o ¢+
m‘iﬁ&l&&&io Q%QEGQVQ

4r
>

I [#]

© o © o ©
2" oo
® 9 o
o * *

1 )
0111111!1;[
O 2 4 6 8§ 10

5. #HMETy OEDAL &R Em kG,
' BEHREEBE.IV. HARTHBE0. 9V,



LA AV — L - I XHROMNEHEERICES 24 2
EBAYTYE Wl &

1. 3L &IC ‘

Bl PHBHEBERIIBULIAF ABROMENBAILTDONITWEN, TS5 X0
SGMEELAZLOTRENBONFACHEON A ANE L. 75X 7KL OMICIC B
MOUENTOWDLDHEAAF AW TRIBEAYREINTWEYL, BEFSREBREE—-FE
SEFEE-FPRETLIWILR 5P TORHBHIA A4A HE— FBIOZRZLYX -
b niFESLotkaVolterra ABRRIZE W THEANT-,

2. EHAAE—L - TIXIROEHBHEERE TFILAHER
-ty o X7 LEBILT I XvDIEE —
JFig{tMaxwellian7 S X EBMT2EEHE A A 0 BR (2L X —FBEX) LEBHK
FyIATE(Y) OB ALY —OHEBERER L IZRT,

A5 : Langmuir3y

R — — — Landauig &
= =
T3
Induced — | BT | EH B A —Af - RET |HE
Scattering —JELLiE

‘ & - 139 NTGA M) w2
A4F E—h—
(EH - EH)

B 753X A-F-HREESURHEEEIEH

CTA AV EREE T34 v E—AIIEREMASEFOEFLAERIIHEIGS
R B DR BiLotka-VolterraFFE 3,

]

X8

d X

E-.E=a(1+Acos6)X—G}(Y—SX2 . (1)
4y oy xY-sY (2)
dat | '

de

_— = N 3
kY (3)

TaihENd. ERAFT U E—L - 7T XAVRIBUHIEFAAHEATIR. —HBoARBKEYK
HRALEEY. 1A AREFLELZY, 220 ZHAADE—A - TIX2RTAF
BHOGERE#EN a (1+Acos (wet)) TREINDZLTBE. ZORRIHIAZMIES
B ERTIOILES, ZoME#BLotka-Volterra ABRRB X=Y=0CAEELEFEHOD
T. x=logX. y=logYOERAFL., Lz

d x

E¥=a(l+Acose)—Be”—ee" , (1)
dy

—_——= x— 5 ’ 2’
dt Ye (2")
de

paa— + 3
dt [£1 ()

E0d UTFTTRHINSOROHEFBEOERIISDVWTHT 2,

3. WM

MEERILEWT, MHEx—Fe T8 ERTTLLDIITFOIMCNTIA-F %
B HEBSUIBHhRVWHBELET N LTSN H D, 22T HELSBHEL T,
NI A—FEBILETRTULRELTFI 22N ELZ LI LTEONEPEREE L H>EE
TOLENSH D, Thabb FHEOHIZATy T TORKBBEKROAT vy 7TOYBBEICKA



TEZEICED. ERLEAAS
—EMNBoNELHIIb, JEE
(k7S5 ZvicBI208XO0—H

AR2IERT. CORPST 24 F(” )
N LEH O Convergence Ra K 5
texHE T2 L. 2" T4. 6 § o3l :
LD, ZrA4 ¥ ynonDs T 3
FYA RS TRAMEIBERT 8 A
NAACED T ENHBEL & 0-2r //#_%\\\““\4 0
4. BL7 5 X< 3 : \\ﬁ
Bl Xehci3ABEREB 5 °'— %
OFENA 4 HEBEZERL. 57 3 | _ 3
/I ATHIABEOETHRDIC B . \ﬁm_ﬁ_ . <

v+ sL. FEHELTZX
0 0.1 0.2 0.3 0.4 0.5 .6

FICHXTHEREMELTSZ, &
HopmENSERS I UBROEE
ICLDETNDULEREETLHTR
VWRd. Bk o9 X7t 5
TS5 XA —HW—FHRIZBENT,
1A EROHBBIEE L THEHE
HEaM IR VIILTHOB
RIIDBEAVTITELLZLANMIE
Bt 75 Xv0BarBiza,

Bty x<v0B&50ME%
EZBLIA-EHAR3ICRT,

b) 32, S,

) eSS HTR

LANGMUIR WAVE ENERGY DENSITY Y

AMPLITUDE OF ION BEAH MODULATION A

(b)

t 1 1 t

a

[

T BVWAERMEE
& THbH, ZOEMS
& A —Riz2FEBO A
A7 —FICERXTZRANLF—HH
WwWizth, A= 0O oilmE ez

SPH o

(a)
(c)
LTE
L&D
6 & K

= 2

0.1 0.2 0.3 0.4 0.5

AMPLITUDE OF ION BEAM HODULATION A

HHE = @8 L 7= 78X (B=0)

SGUGEBMOH Ay — R 2AMO I Ay — FIZBENTEllE A,
1 HMROBBILLDZETAOLE.
157 51 RS FEBIL TS X2 it X<
a/ 2 A FvE=AKIZLB HEMEERORKE
y BIERER®E
| BY /2| TOXTA—HY—i24d | pEBESHKE BESALE
i ERFEHESR FEa8EA -5 —
[=]
HM e X2 | IEBIEEAE UFlnduced
Scatteringlz X S IEEIE Induced Scattering®hs ¥
HRE
S| yX/2 | FIXeA—F—RU
Vs JEHBNNS AR v D BiEESDH nBEAEBE
2’ Ik DIEEERRSE
2|6/2 | BHlLandauEBE TNETHhONEMEGIT L 2
-
#

BOREFRTR BERMBHRAECLI->TRLSLT

FZ25IZIRNAL. #F AT b2 %0

7 5020080 ETE, AETFLVAFERATOLDHONH LI ALY —Xo. Yol2th 77



1.0 0.5 r

» -—
{(a) . (b)
o . o
5 0.8 | g w 0.4
©v . 1 +
- =
tud B %]
= =
& 0.6 | e S 0.3 - .
& AL i '
= / h% = ;
w04 ! (3 @ o 0.2 | —qﬁ
i Fy .
3 ~ s 3 ,}}
g 0.2 ‘\ :l!' 'n_ﬂ‘ \'l*.!“
E ~— 5 0.1 __/ ‘
@ "'\i ] 4
= op =
o 0 i A I o 0 1 '
0.3 0.4 0.3 0.3 0.4 0.5
AMPLITUDE A AMPLITUDE &
e 1.0 B . 0.5
. (c) o . (d)
B 5 2
» 0.8 | ! : 06|
= =
= d
A a
G 0.6 L 5z 0.3}
[-53
=) P
L =
= S (5]
A = b 0.2 -
0.4 i .t .
z z
= o >
[~] "‘,
Z 0.2} £ o0 -
=] 95 ¥
%] &
= § =
= 0 m—— 3 v} 1 J
: 0.3 0.4 0.5 0.3 0.4 0.5
AMPLITUDE A AMPLITUDE &

X3 #HE%ZEL /=985 (B=5006)

ATNTADLF ) FIIHSABOAZAr—RFHBRELTWB L HAHBLE K427
Fo2o220BARTERT. -

e, R2WABDOHAT—RFIZBBZ7 747 RO AERENFTARKEORKY 77
7B (20L& D AH) %R ¥. Basin Boundary Map (H5: COXLE T2 %)) |2
LLEYMEHFOOTHPLEBVICLOBREIBERE 7 NS 77 ICRE[&a N3,

-0.88
16 2040 g
/ \ | "
5 | /-5 Liollite =
lslll"e 2

I 6 12 [[3e 2 £

S . 2 . 24 .

0.480 0.485 0.490 0.495 70.500

AHPL.ITUDE QF IDN BEAM MODULATION A . ] 7 . ,
*Ne -1.08
IHITIAL VALUE LOG X{D)
K4 7r3050BHADH K5 Basin Boundary Map



2 AOHAY—-F

HAHT—F T4 R AEH mAV7 T 7188
2x2n 5s=4. 756 906+16 (0. 5850
5x2® §,=4. 545 449+15 (0. 5003
6x2° 8,=4. 571 438+16 (0. 4948
8§x2n 5,=4. 048 24610 (0. 4909

5. MERMOHINER

SIT AAAMREOT IO -—FERGIZELHTRT, FPRIIETHEFNHEAL
BEWTo 67 70—-—F2lHlz. EDI35. HRROT NI 77 2/KHS035U7
TI)TART RN, KL, K=-SxrbobE—%5dR0LEEREEXD,

ﬂ#i@ﬁﬁ}
L e e o
-
B 7 So—F AR VBRI W7 So—-F
A ORAt REEHART A 7377 MK
7502 NEE JE1iRE B 77 B3 HDOEFEEE
FOE FNAL
73 5z I B A B RS & WTF T OB
T AT LEH Bl O AR BBOAEES
55432 - _
$hE o [E 5 @ BE Hr K-Sz hbob-
o3 U5 1% 08 BEHOELM X
I
. |
EBENBEOH T T —F —M{t (BAHhZ L oL
Initial Conditon Map fla)A~NZ ML
Basin Boundary Map 2r9bTT2IN
REGEE~Y v 7 h(A)axs b
BELEy S
ZEEERE ThZ27DFMREBED
7ThZ250OHIE Ar—)7
fyh@@

e HAZADOMROEBEE

FEILTIXTETFNT, A AVE-—LADOEHEAZTLZ L 212, VXL ER
L= E%A 2" 20 TET7I. 6 X 2" 2o2WTHS8IZRT. chsoRICHIE
BTCYT T/ 7ARIZMNEHELEEEXROIOERILOTH S, FITL =0T A0
CHRDAACESKEEHER L. FOLEODADO@MEESLLES, T A~0.

TTRARV7TZ7/722EHLPELRLZOT, FELEBBECCOERBLIRI A A RIK
I->TWnd, F1O0OTLEBIZA~O0. 493LIEBEAEAAAHETH S, K1 0iZxiS
MHERESTEZT2EAM»SHREZMNBIZIODWVWTYTT) TART L ERDE=OHE L
1THs, ZOEMS bbw:iacl:')t FEBETHREIVT T ) 7ARI PV LER D, L ED
L=0DEENRMEATHN, L\ DBIEICRDENFAREBERTCEVBIHLH
. A—F—-30 ‘J‘??’/?#aiiti‘}??’/?zm?b)b@*ﬂ'@bé:t#%.
émﬁgmbrﬁJz:t/?h&u%iozkbam

CA=0., 60EZ0HHAHAORImIINGT2HEER y . 0BFBEETRY. m%i

2T OVO Oy
i

AN~

9 -

RE T
@lllg:}_(\v
-39 &

N K@ 7



-1
]
-2 -2
eyl
~ -3 ~
o z
:; 0]
T s
. (¥
-5 -5 |
jﬂ
—6 __6 [ ] i 1 1 |
0.5 0.52 0.5 0.56 0.58 0.6 0.4B5 0,487 0.489 0.491 0.493 0.495
AMPLITUDE OF 10N BEAM MODULATION A AHFLITUDE OF ION BEAM MODULATION A
-0.5 ¢ -0.5 ’-
-1.0 -1.0 }
-~ ~L.5 - =1.5 =
- bl
o o
o -0 _ o 220 F —ae
2.5 | i -2.5 |
‘2
-3.0 1 1 1 Y -3.0 1 I 1 ) ]
0.5 0.52 0.5 0.56 0.58 0.6 0.485 0.487 0.489 0.491 0.493 0,495
AMPLITUDE OF ION BEAM MODULATION A AMPLITUDE OF ION BEAM MODULATION A

B7 JF{L7 5 XvponmM (2 24 K8 FHLT T XvhOFHK (6 x 2 "57i)

7 -
— o
%y oa®
3 1 F hnﬁad’ 1 —
- ° o
(o)
."N 0 yeuopoo l.’mogg:muuoan g o 00
g E IR 7. 0 $000009@0Q000Q00RAAA
< * » ~< ab
-t |k o A a4 A
" Sssnssnsssnansasnsan ah :, A
£ o < J_A
& . ° a4 ' é
E -2 fqbun nq" o S UD
y s 2 (a8 o o
3 -3 ¥ oo -1 [~ DDUUD GDD
§ ﬂu‘b_ B UDD[J
= o g o
-+ s I 2 ' 3 9 5 .3 1 1
0.5 0.52 0.54 0.36 0.58 0.8 0.485 0.49 0.495

AMPLITUDE OF TQON BEAH HMODULATION & AHPLITUDE OF IDN BEAM MODULATION A

K9 2 37T/ 7ARZML 10 6X2"RWBDOYFTTITART ML

(O: A FANH & 2 0 3»:3) (O: 1. FARH 12‘ O: 13)

MM d2L v REAITA2MEEH 2. 210872, (E-2T. TrI 2208ty
2. 2R THH bbb,

RISV TT I ITARZENLEDHELFXRCEZ2"HIZHO>VWTEL 312, £/-26x2%
BWIZDOWTHI L 4iICRd. RTHEIURSEMICERTERDE, 7354 VAHRIDIEYE
TR LU T oMMmSH 5, £ HHMETOEETHLIK-STybab—-%2hF
NOBEIZODVWTEHEBETSE, MISERIG6DEINIHD. CORMOLKILLBERYS A
ABRIBEHTEFI PO —DFHALTWEILAELDLS, T, 2342 Ak
TrES 2230 CEMIcRhD., BEXERIIL DS,



LYAPINOY EXPONENTS 3,.h. A, (x10%)

l p—
3.0
¢ QOOO000000000000000000 .
AAADA =
AAAAAA&AAA ool
- ad 8
- !IQHEQBDD =
OpDog z
DDDDDUDDD £ 1o}
-2 - :
(]
8
-3 1 - 1 1 1 i ' |
0.485 0.49 0.495 o 2 4 6 L 1o

EMBEDDING DIHENSION =&
AMPLITUDE OF 10N BEAH HODULATION A

Bl11 A=0.49EFEO2"3MiIlETS 12 4BMXT(A=0.6)
WP T IANRT L

2.5 2.1 -
) (8] (o]
= - ]

.4 I~ (] =1
2= O Q
2 o 5 o
= e 7] o)
¥ 23 |- o) E 2.1 |
a O a Q
- o &
2 o =
£ - E o
E 2.2 5 2
-

_] .
2.1 1 2.0 1 |
.58 0.5% 0.6 0.493 0.494 0.495
AMPLITUDE OF 1OH BEAN MODULATION A AMPLITUDE OF IO BEAM MODULATION A

M13 ACHT2Y 7T/ 7% @k} K14 ACHT S Y77/ 7R (6275 6)

o1 -
o
0.4
o 0.08 |-
o] —
~ 03 | o © S o
= 0.06 [~ o
- © ° 2
=4 - =]
2 0.2 o (o) ﬁ o
L o = 0.4 |-
« © %
el
w01 o )\
0.02 p=
o 1
0.58 0.59 0.6 o 1 J
AHPLITUDE OF 10K BEAH MODULATION A 0.493 0.494 0.495
AMPLITUDE OF LON BEAM MODULATION A
15 AT BAK-S2vboE— 16 AlCTHBK-Sxvhbod—
6. Bb b {2747 8f) (6x2 "7 7))
. BH i

AMATIE. EHAALE—L TIX2HI B BEEEERL G+ 5EHR
Lotka-VolterraF BB OB D, FEHIE 2SS THAAIZEDS L ERL =, T-1H{EI
ét? S ELABDT M52 YHEFEMLL. MHEEMEERICEEFITNDC LY



BIY94 70 te yELHIRBTON + xifbfE

AMAY LABETYWAN HOEE, FLBDR, AABE
XWE  HRAMNEHER SREE
hhRAY LAKRESH 39 0T S 1

T LHic

HEE S S X RFORBEHEGACLZ2 74 2RROWFER, 75 X<k
BROCFECBY AV~ R TFORERELME LA EERWRER L2, 7
5 X REAGRICL-TEEOEHNT—FEARAEIRIYN, —HFTREB-—HFHO
EEEMEERAC L A+ 2R EE2RT. bif, HOHEBLE H 4 2 {LBRET L H
Th 5.

REXOBEPRFROA A ARREBKHMBE VI SECERS LT E L. Kt
HEEEHMOS v oo+~ 2RBBRLTED, 205 v F a2 L0L > nYyl
BBz TCH-Ff. -7, CHLETOWRIEEHHERZEZ W R LALZLD
BEWL, L, K—KNTREEEHOKTEZHB OB L OHBEEHICKRDDOTH 5.
Dandl, #ESic k3 ABHHRBICOBEELELTVE., €T, BERNTSE
RET2ERBEN I S—MEINABFEMeVHEBOT 3£ — 2 Tdid 5 &%
EB M IR L 7[1-3].

EEH A RERORE, PHEHEORCBLT A ABRELETEIEERL,
AAZLDORERBROFBEREECIZ LWL L., COBBARYTIES —K
FROMAZHABPOHEBE, DbH-EHEPNRINAEZETTARTABZIENY
EETHE, HBAEOF—CHBMLT 2207 v~ HERARELIT-TWVWS, 12
Re—-—Fry2O075V—77, Wi (A A v N—vas4rE) EHEFERTZA L+
OMBEF<TWE[4,5]. BReik, BT - FLHEEEATIBFor 4 2BREAN
TW3[6,7. B%, BEET - FRIRREXDNIVWAHEENATEERNL, F+ 74
TE—F (FEFH) LTS A PREETLIIEHBEL, T, BFLEE0M
HYER=£Z 288, 2BORYIES T8 (FEHE) RRELIPT V., KA
BLOMATHEREELLAR, EBNCRLEHEEOBEVWREERTLIFICLH» 12,
CHRBEBEEELBVWTOBRNENKRENBTF YA /e b rEE2AVElEick->TH
LoTrafed s, LUTTR, BREETIKESN TV AIERERERIAL, R OB
fEeF i L2 FHMBHERCO VT HHEST 3.



A -RBBPOMHIEET & XBREL

WBDHVRE—EF52L - ROBFR I3 -—@HRa2AT 2y 2E8HET 3
EI3REUE, FIXvHLBF 9470 torg (ECW) BEETSE, iRBTFR
B9 vyABICECWEHEMFALNMET A REBEREINE, BFSMESL20EES
hoabid, ECWOBETAHEBCELLLEZONY Y RAEHE YV v+ 4 o BEFOfHEOD
HABEBRILk>TRES. WE—HOBRBFIcHBTLE, COBFR~Y ¥2 M
DHEEATEOMBICL-TREZF - 7EZURETHETHEEL> L ez,
£, ECWEHEMERTIHBERTFR, -0 (v 4 o @AM, ~v v xAH) %
BOoRBT+AN+ 20 oRBEREREIEHTE S,

ERBEIIHEBTFHCORROEEZOFETHZ CLE2RT ALY, HBORE—
HEHENICEETEZLILCLTIT-%. Kl cEBEEOBBE S HBEMERT.
AaA nick->T2L Sha#iEi, AORTHEREE (wiwe < 1) &H-TED,
Z=20cmUBRICbTLicHELTE. CoRBETRAB-HiTX->TY 2§
ZEBFREV, ALYV / A VIV EBEE, TOBHEELEI RS ETCHIAEL
fFTMLBEW: 5 —BUEE-> CHEBFEERTS. ¢5—Kizl. 0»51. 086
P CHESHCETILIREENTEDILIRNE-TWE, 75X7132. 45GHz O
v A4 /7 oHEREBMLOBBIEETARTIERI-T2(oNh3. FRRIF7AVT %
HW, BEEANR TS5 X107 Torr 6 5. $AEH2 ALV -—BFOEERFIBRE
EORXEEFBHERUBLEAHVTREL .

SEMICONDUCTOR DETECTER
LANGMUIR PROBE

to PUMP

CIRCULAR PO<‘RIZER mgﬂ N N ( Collimator

2.45GHz
MICROWAVE mg ﬂ m SEMICONDUCTOR DETECTER
. /\

PUNCHING METAL

1 (a) EBREEOKKE



T . I
0 20 ' 40
Z (cm)

B1 (b)) WBHEL
R X~ htBoZMEEE2RY. CORRSMBEREMISECW
THDILEPHERINATVE, ECWIREBRNRRAKEWAY, COLIREE: BEEFD
EREBLWIHTSB(RBELTILIY, TR ROBAOHATENSERM OMER
BIORBWV., #-T, Y3 XvP B EBOABEELTCVWAREELERT A LM
TEH, &oi, I7-HEZSETCOHEBEBRIELREShY, STHE, B
FREESZhZH65+1.0x10Mem ™3, 14+ 2eV &¢—FCdh - 7=,

29— # (}=1.086)

K2 FHkck-THsAEEBOEMKEY



H3ic:s—HERACESLTH~~"HBOHFREXBOLTRZAF—X 2 i

YV /4 FI4AARBIBHZOCLABERIXGEHRERL(HA SR VR,

ERY.
0767

S—HEFLFTIEHE-~TIKeViiiiboho b EEIED I S—H1.
COBR, BAT1I0Ke VIEEZ TNd

1 0KeV{lhiEzToOXBHBEREINS.
ANLE-B/FHEELTVWEIEETRLTVWS, B3 KeVoEr—7 3EBICEBWRET

NTrOBEXBTHED, 3KeVETOoA Y P ROBETRBAE (4 5—-v—1)
FEBERIBE (VY v 4) REA3XERNTHS, BNEHCE Y v O

FHIEIXfT > TV W,

10%

102 ’_ ....................... .......................

COUNTS (/30sec)

10¢ -

102 r ............................ P R

COUNTS (/30sec)

104

102

COUNTS (/30sec)

10+

102

COUNTS (/30sec)

Energy (keV)

B3 15— HEZ(lxBALEEDXBIEILVF—RA NI b



CDORBTIR, "LV TI3XTORS A -8 —BRETHE5,

15 —HhAEEbEx e

BCERHIREFOENDAEFHHML TSI LIt E, -7, 10Ke VEIEE: T

MEXNDIEFGIFANVEF-—BFRECWEHEERTL2HIEET th 5 &4
F—HOBBELTCXELY Y Y V2o, P LESORE4 IR,

Total counts f 30sec

XERERAR~A 7o v~ L cHE» s 5. As5icy 5—H1.
DIFEOAH A s affi  n—XBEAY Y EAERYT. HKA3L501.,

106 3 T T T I 3
F o 1.5kwW g b
E A 2.0kW B o
. F O 25kw B o ]
10" F B o E
3 E
L g -
o 3
102 | o E
] ° 8 E
i A N
N :
100 - 1 1 | ]
1 1.02 1.04 1.06 1.08 1.1
R
m

B4 :I5—kE2LTIEHELE0XBEEI Y Y

3

L B

'I"lll"'lill‘lliil‘T‘
: o
L)
= 2 |- 0 -
r:- (o]
9 o]
n 0
E o.
8 1 o] -
'l'_j o
2 o]
o]
0D
Ollldl P NP o TREE U UV S T T T S T T S T A N S G
0.5 1 1.5 2 2.5 3 3.5 4
Power ( KW )
K5 =A27af 0—¢XBEAY Y IY

T&EB. 1

241
75K

WETTRXHEBBRIECE AT UHE, shlliz v —o¥mEsdbicry v b ¥



BEMIEBDLTOLL, COER, "I YRTEDFy 7DBIICL-THIZETOFH
ExzaF—, NLEFELTHOI A F 4o 7 REARKE{(LT I LD THILETAoN B,

XERHBOBFESHRELZERBIV 1 3By A - bEanEbSRBELL.
Reic+ofgERe2Rd. BERT Lo, XB2HRBLTWAExAANF-—BTR¥E
4 cmPBAROPLFRELPRP(IALETHHLTVEY, EREBELTIAMEFL
W ERB > T,

10° o

COUNTS { / 30sec)

—

o
B

TT

108

t {cm}

e X@EBBoERLwaH
BES (L E F A

WY v ARBTAMEBT AL ORGOBETCECWIRELDF » 722 5EFL
XL, WMBRTHELHKO I 53— BaroNU-TEY, ECWR—FADI -8
SBEBELTWVWE LTS, BMBRETHFROEPHREVWS——BHHTE LA bO %
Huws &

mo, = —ﬂ%—f (1)
THEASHS, CoTpllMBRE—AY 170, EEFNEEXZ AT hu,véTrdu =
m(u?+0?)2BTHE I oM 5. (S -WOMBEE 2 KEKTELNTEE (1) ORI

z = (vﬂo/wb) sin{wp! + a) (2)



TEAoh S, BIREFR (2) CREZ|HBOPT, ECWOBEHET 2HEBLERT
ZHBIEMEEFHEBEEERITE, Loy vREHORHCHELEBEILLTEL 3.
nEEHO Y YA EHTEE Y EEE un,vnTH > L BFHAMEEZSTo+ 1 BE 0
Ny ABBICAS L E, TOEEN upp, tpp - & T B &,

I{JI (Cn)

Unt1 = [un + \/_
2 L2
1(6n) ;.
Unt1 = [un + \/2_.] sint wee T+ vy, cOS wee T (4)
u

JcosweeT — vy sinwe T (3)

EFEITL (FHEREBLL). CCTTR Y Yy 2RHANTHRIBOTEHF L E AT 3
Bl 15 -—HWEHOVEIEHEOMTH 2, SREHOLOERELTE, KIRE
CWoBHoRBHALLBRTH y 70832 %7, «ufm%ﬁh®Mﬁﬁum%

O T
k’v”o

THAONS. kREOKKTHS. KJ1(C)/Vul + 20BN &K~y v 2o i
FEFIA 7 by RBE2ELTSIIME (42268 okBT, K=00H4
2,03) (4) RELS —~=—E®HE oy ARGOAWTHBILLE- b 3,

0.075
o.o25f f3
-6.02 -0.025
-0.04 -0.05

-0.06 -0.075

0.02 0.04 0,98 -¢.075-0.05-0.025 ¢ ©0.0230.050.075

-0.06-0.04-0.02 0
U )

n

7 ZR:(a) gELOBS; HX:(b) BEEK0BS
B7i (3)(4) 2~ T—20NMBEXEEX40000H=y Ev 7 LEEER
7.7 (a) @y v 2FMES —v—RAYOLIEEHR (27 x1/12) OH2&,(b)



REORPEEROBETHS. thlflo s s-s-RHhBre-THs. ML
b, BFUBEEZEMTHAF F 4o 7B E@E-TVAHIEERLTLAEH, A7 (a)
RBEED )l 240K REShE. —F, 220K EEROBARERERO
hAF 40 P HERICY vy 7ROBAFLUAREWNEBBRRES ALY, WFhOHSH
PYBEEOT OBRE (XA L¥—T5000f%) OMEMNE I >TWE.,

e ZBEBT A2 —RBFICABF 7 VW —REBCERALRTH D,
BETHCBI A 742 7 RBEIBVRTH>OBKRRORBEECH I L
TEHI/ s — 2R3, BEEZHCBI31 250BBERAMVIAF 497 U
7 (Web) LOMAEGIVRARKIIMBTCHZH, FLVERRRBLONE LSS
TH5ROBETH 3.

F Lo

BF¥ 44 70btevEeHEERATIETE, "1Vt rRosF ROHALOE
BT~ RAODEROBERB—OEBHSHBINTVIATEY, REOCHH
BEOREPERLTWVWE, IHhFETi, BBORE—RC LB RBTIBHAFZFOEIETH
ZHEEHo L, EREIOFAMCERT IS, RROBAULe 7V EREL,
TFHREBHEE2T -, TOEER, EETHCBII3BFOERBR_»OEFAHOL
CRELTERE S — v 2R s B ibho k. Chit, BIMRSERARE LT
2 BEEMOI v Favr— 2 RO RBRUIERTHS, oDy —vE
e XE222 FPLVOBERESBHSARLEINERSHWEREBERE WY, 753 X
2 EHEMERT AR TOIA F 4 70MER, WAPEATVWAULESZENLY
BESATVWESTH S,

&% K

[1] R. A. Dand], et al; Nucl. Fusion 4(1964)334

[2] H. Ikegami, et al; Phys. Rev. Lett. 19(1967)778

[3) T. Kawamura, ef al; Nucl. Fusion 11{1971)339

[4] G.R. Smith A. N. Kaufman; Phys. Rev. Lett. 34(1975)1613.
[5] F.Skiff, ef al; Phys. Rev. Lett 58(1987)1430

6] HW fth, MEFSE47TEE2 (1992F3H, BRKFE)
[7] AW f, MEFSKO2BE (1992F9H, EHEKRFE)



71 A AR &0
BRI LR

I, dLl®ic

Lid Ui, IEOYEBRRUEFFEIIRELRZ BVWE T2, BELENTELD LD L FHRITE
LRABVET IR, BREFNCHMTES M, TORPFYE CTHETH L FHEL T TR
TELHFRL L v, 773X E)CAEHICEHENRELL L2, HEAEABVRE TR L
D2 OOWBORMRENB &L, COFHEZEDLERF I 2ONIFTATCHE, CZTED
AAAR [PBOBHEL b ORORTEME: GEENNE) RI2BVv] 02 L Thi, BEES
DD, LROBAESH 523 PHOLTCHARERT 2 e Tha L Thid, BEMLBRE H
AAELTRZ DI ERERL I ETHD, IFAPLOT7 TO—FEFEFE—BERLLOTHY,
FORERBEL LB CRELSITTE,

BREOH A ZAONEDRIET, HAAOHRERADLOOELOFENHB IR, ZBEOE,
WMRBILH BT ITATN, AAATHEIEIPRAETCHLY., BEILA-FLDFEEL T X
CREEATAS L REROHLI L THE, IFAOHBYERT 2RENLELLTTITZ S
R VP 7/ 78R ENHb, SO CREBOERT -1 LT, 752 ¥ VRTEREEL,
FOLEAOBBEEIIOWTHEET 5,

2. 730 FVRILOER
FRLZABELFHOR, »5VERERMERRIEERIRIBEVERTORMEEMIC BT 58
rHlER, YWHEL L TRHT L LECHFEXT 250 TH2, BICHERFHEM L VRTOR
WEBALEFICEBODAL LA TENIE, FOEMTOMEBELRARLILEIL T, +0Z0EY
HARBIENTEL, T, BEOAALPLEHCOMERERRTCH LT, FOROBHENH
BRCHLZ & bhb, MEDAKTR IS I INKTETCRTCENTEL, COHOT T2 % VKRITIE
WO LERIZL o TEDL L VAT TH Y, HIERDT7F 27 S VAT R RDB Z LM E1E,
FORODEBMEN 77 S VRTLUT CHE PRI ENE, CNEBRRLYEBRTH-0D0OMD
REREL B, KL KD D HOEL OFEMBRENTORH, BRFIF — 7 0 LTI
RILENITF 0 9 VR RETET A LN TE S, '

3. HERTOHE
HLUERDOERIIVPTFEY 7)) Y IIEHOMBRTEOATWIET S, ThEx() &T
bo 727U WERIEHFERTS 5. HERTIEERIF — % 2552 2 d RITZEM O HiE o 84T
FRLRTERT OO TH D, BRVIF— 7 2 dRITCOEMICHED AL L {Fbh b FEd,
BFok) SRty —s %4> 7L, dRTAZ PVELTRTHETH 2,

XOED = (RCED,XCE+ £, X (E+ 20D, -« ,x(ty+(d- 1)) (D
CCCEERIMME L 2 TEANERY PVEBEREZLIIT S, dXTZEHEONZ L OBEK
LHLE '

X(tg), X(t1), X(tod, -« X(tp) (2)
EREND, ZIT, PBABV2IT AR %
T= ti+]_ti (3)

EL. EFMREFRET LT H, /2, BLONZ MUERBEREPREI LT S, O LT
KLTHELNIdRTOEN LOPERDHAMEHRT, £hd RILEM ETDRTOE LIS



HLTWhIE, 2OROANE FMHEEMORXT) BDARTTH S, b L., HOALZEMDKRIL A
FOEHHED LY HASHAEIRAREM ENTESEOSFH IR dREOMELBERT 5 DAL
ZEOKTA ML L ROBEORTEY AT, LEHOXREIBMT L. 2ORTHROEHE
Eh B, BLEORTRUTOHETCRD 2, dRTOEME+o/MSvEEe o HE LX)
EaEL., FONFBRICEININESORYHL L, CoBEnETE, BEEe ¥ KA T
ofrd &, n(e) A BT IIE, COEEDOKRTIED CHE, dRTEMOBERZELTHIHH
BEX 2L, F0aArLEHe NICTLES IS DRI
Ci(e) = 'L— i He-fxi-x ) @

j=1
t&aacnguHWM®%&?éaoNﬁ@ﬁﬁ@&?h%o%ﬁ%ﬁfokﬁ%mbatbu,
BYESEERSE LTFHE LD L

M
C(a)E(C,-(a))='—2 2 H(e—l;(.i-XjD : (5)
N7 L=
Eh b, CHHERSE LT ETHL, COERTHTXTOPERAMOEREE KD TS
2, BLELECFEHE ELHREFIVTE &v, TORER

[ N '
Cte) ={Ci(e) = N'_H 33 Hefi-X)) . ©

=t j=1
LB, BEIBESAHCIEMEININ L HOAEWETHEBDR2 Y, BB 7T 7 ¥ VHEETYF
Sk E, BEXTDEe D To/NEVEIART, —FEHEICPEL,

o Iim..;—me Ce) o)
log ¢ :
EEREND, RUHEREe KHEKFTLHER
d 1og C{g)
D = - Jd -
dloge ®
LEHRS D,

4. FBEXRITOEEE

ERIHAMRITCEZ KD LGEICR ED L I CRHRINF— 2 dRTEMICEDAL PPEREICE
B, 2FEN., Ny PRt EFRHEBTORFATH D, ChEEENLALYHCTHAT I, B
1RIPPTIIU N 7= 2 2 BWT< 4 7 OGRS CHELAES TH b, 77 AYEHR. BTEE
PELIREICSH DM 160 -240 msecD F— ¥ 2 flv b, <4 7 0 RS OEFUEFERERED ¥
BBt 5, B 1), ), ) 3R% o 2BRAY —VTRR LSO THEBINCH4 2 BABERES
2RIt brB(E20@)). T/, HOHMMEBR A7 AMCR R0y XYM AT A ViR
Twd (F20m) o COLILEFIAFL TR, EHBOARY VMBHAFEGTEVwEFHREINLS,
ARy P VBRITRRPVBOB—FEBOBEAERELEEALELBALFHNTH S, FBE
HATRVEE R, COBID L) CERNZEERAFLZ2VWBEREYG TR L. COLILEFET
N7 NRLERDDHIEHFHET, MOBEEDO T T2 & L RITLEHET 52 EATHRNE,
FUOLPELBESLRL TV 220HMEHTE 5,

3 ) 3HEKS % dRTLEMOBE# e OMBLLTRLAEbOTH S, BHRLUTOL I KE
#T 5,

d

[; - xﬂ=-i-j§ abs(x(ti+(k-1t) - x(t+(k-1DE) - | ©)
K=1 j

KITd & LTi2,4,8 16 %ED, t,113256us Thd, OO ARILERNLOAOHN B



000HTH 2, EIGREORNEMOTHBERTERD AN T L, e DKREVE IS CIHHMES
CEOMBEAMLTATII0ICETL, TR dATEM L TCHEFGROBEBARICH LD TH 5,
EX/PILLTVanb &I, d=2,4 DHBARATELWEKBHNLTVWE, COZLi3ZoBEH
B RKXWHTHLEIERFET S, d=8 DIFHIL d=8 ~DOFEMOEMMHR 6N L, & D/
XNt IATOIELDEBHMESOMBL L VOB NRIIL DX TH B, d=2,4,8,16 £ BD
AL RV Z TS TTF— % (BELAEEN) OFET e DTEPFKEL L TS,
d=16 DFEARPHEOFRBEF Z VTV 2HRICe OTFTHEFFEL. DoffIrRs kv, Zhid,
MEROBEF—EOESIIIEB AL RTEFEZ Tt Lo T, SIS OFYEBRNE <
oTw B Thd, ThENI LY LEREOEMIHD AL IGER T L RORESNLE
ThbHIEWbDIb,

BESOBEERT o L b MBLHERARZ FAVEBRTERMBE NI TEH5IETH I,
CHRPTIRT £ KHEYD 2, BRY 7 — & PRAMEMNL & B/MIMTE 2GR/ T 20X &
—hET, ET he N7 PVHBE Lt B KERTHFSEVE SR BRDIMI TR b, 2F
" Xig=Xi1, Xi1=XKiz, ==X =X+ 1) EVMERPRIT 5, SO, BOAALERTEEIPLE
INSHAE L. EENLRORRRTIRST 2, COZLBM40L S CHEBNCHATE S,
HLESHRAEMTCELVYRITEE2 KDL 2D e DTHREVET A TORTE RO RITNIE,E
HE% v, MEFMLEAESNL TS 2 L) »PRERSOMHEREEETET A LICL > THRB L
BTED,

RS, BERMB 1 2MS T2 E%FBAD, 1 53/hBLTHILI Lo THBEHAOBIIHR ., 1
BAWTCLFTELIY, HEINNELPBLe DNEVETETORTENIRTLOVIIR T
LEdo SR EFDOHFE LD LA, Mb@ EMIZT 23 { LABAT. K50 RERSNE
BOEBBMBO/NS WIEEEBRVIEETH L, H50) REQOBBTHERTELEBEALTS
e REL LT E, EHLLIEY RO, ROBMELYROT 2T CHEBLE 1 RTHICHE
e LADHESORIHZ T, M6 t, 128 LTHES L6000 I 2 LCEHL
12BIT, e /B VEIAET, BIEENZRITEIWNRELL ko TWE2ONLI L, & ICBHALK
LAdPREVEIATRZOEEN e OILVWEREICDOA D, XTLOBNT 2EBENE SNV, L
Loz emb, t,1bHET NS EEERT, 20Tkt BEXTERT, 122w TiiER
B ELOLSMIBWTHEEL-BES ) LOoBEE L EBHHE 0SS0 E#INIITE L%
5LICWMBEDHEL > L bEFLVEN DL D, L{iThbhE t, 1 DBRUFIIHRBHLETD
B (1) OBZOLIRE, t=1ETHRNFTHEB. t=1ETHIER 1)-3) Rebbdh -
5E)IHEEMEIRI 2RI DD, dRTEMTOLMEEHT H2REEFH > Twa,
KICHLBE LS HOAZORIERZEX TR LS, HOAADBNIIDRTOESR® d RTLHN
ZPVTRTIETHD, TZT, BEMIESVT, EFTOIBEOEZ T TCR-T L 5 EH
T h, dRIONZ FVOSHTHEREMIXUBT,EFLVWEEL D s L LM I VEER
bhd, 2F D, HOAKXRATAdEDBETCTLLEAON S, dxtAITHRT, hEnE Eikw
Do DELAEHFENDIITAT, FILREVESHENEHIPEDC TV, BRI F—57 D
FIBHA 2 P VDPTFETHBHEE, DALOBELRTICE 2% ) KELEDRAKKRTT d 4
ETholbFiHIhL,

2T, BHLEIDETAF— AR 1(b) WRSAAB LD ICHRBIA LR (HEBIEM) % b7k
VIES R EEMIC2MY OBSIST B, 1 P35 ALREERORSNES,LIRB LY
BERITHE VS, DH9—2lH T{HDAATRPHIERTERODALIENTEXBIBETH S,
BREDEBEILOVWTEL A, MEINAEEBBA Sy — VTV s, HOALEIICTE 3740}
LRVRIL TR D LAERERVERH% L) OUENDH L, SRR UE, BHAd LT



ARTAMELONIE S TESLEHEVEREASF —VEE Y ILLENH L, CORD—DD
FERTOL S CEEMRORs FAREEEEAVT, dRTONS PV EBRTLIHETH S,

X0t = Oelt), (b £),xCE+ 220, -+ x(t+(d-1)%8) (10)

T=t=tj.|'ti (11)

TR Lo THMAY -t OBERPOBHA Y - (g- 12 OHBRA - LOBREENIL L
HTED, B71200)% FvTd=8, 10, 12, 14, 16 DPBAOEHE LFITH L, TORFTEID
FETHRTOBANIR S Al vy,

AR T ANy ORR
m# KRIEDPBILRTIELREEHLETH LN, COLDICEERNT— 7 FRIEEICD
o TEEHTEHNE RO RV, F— 92 RELTWIBER L IAEBEAROEL( B o2l
FEEUEAVLIELEDL L, COBUIORS TR BRIt SERREEROAL WY
WEeH A H D, Lfibhd 7—Y 2 ERYBVABHAER 7V IBRFIF-S0TXTOE%:
CEIDTITIINKEERELGVIEEYD D, 777 S VRITERFT A0 3BRELRE
BT L > THRER 7 A M5 2R TS L v, BIAEROER

X(t )] Z akJ X(t )k (12)

Kﬁbfu 7§¢9wkim%ﬁén% BL, BELZ2ITAEE SR VDIRNZ P VOFEED
FHEILE > T BT 2BEEESOBEMNRT-TLEILTHD, "7 FPVHERIDIEN
ﬁﬁ?\“7bHWMﬂWT%ﬁmibb@o<Utbtﬂﬁﬁﬂnﬁﬁﬁwoib\mﬁﬁ$ﬁ%
HET2LENH D,

6. T B

HAABROFEESI TGV T— ORI Y5 LT ND, HICTIFI I I VKRR EDO—RE
Wor, BRHIF— 4 OBFICBYTHHREEELD ) B, LrL, EBOERT-I/HHK
A RDDL DI EENLETH L, BFRERTOFBVWF— 0B/ TGLEEIOT— ¥ B
BThd, - MEMAEBICENT, TRBLHELBELZLLASTHE, BONLTF—FDLR
FTEROLESITETEL XTI (HEDRAALITR, LELEBALARTE TELLE L%
(FBERRETHL, cOIHICEEDRAALRERTCOREOHEANKE (I 2N s b
MBEROBEYLET LLEND D, FO—20FER2 P UL & & ORMEL EFMPRIK
BREEVIFETH D, 377, AMOBVROBIEF - TFEFNER 2L EHFEL,
T3 INKREERGTHRAEBE 7 1 vy ORREFRD LR S,



SO HO 4 et Hon -4yt 2 1H
, [oosw] owig

(q) RHHBHIER (2) 44 m?&lnli@@@@ﬁ@ﬁmmwh z[E 0L00Z80°00T 907002 +0°00Z 20 002 007002

[oosw] 2
0+ Lo 0L c.01l 2
._4 LB L _‘ T _dI—_-_- L] L) mlop\w m
[angd —
- 1,01 ° S
- - O ,
8 i o—. m | I S PR T T T R .‘ 0—..0
i v- o . 0°L0Z 8°00Z 9°00Z +°00Z Z'00C 0°002
7 = ———r 77— —— 0L°0-
I 1 |N..o_,w.. B -mo.o.s
- (q) sz ] 3 | 000 €
lal 1 3 n m.....-h L m:..-.— L OQF X3 _ o m
(zMM)Aouanbaay i 50°0 =
) O 0L 01 0k _ ) o010
SILE T T T _-4«—“ T 14 _u:qn_lqnq L] L] —--udﬂ T T ¢ Ic _- d " " — N " N — N N | u N N N — N N L mrco
1 o ove 0Z2 002 ogt 091l
- 1,.01% ——— ————— §1°0-
- ~ J - , _ oLo-
B N oO—. w O m0.0|m.
= - = 00'0
- ved 1 0bE il ‘ ld 1500 2
- (e) - = (e) __: _ ! tol'o
(TTU N A | _..-._nn 1 Loz 1 Lgrsa oy o i " L 1 i | 1 .
O+ 8Z020F st'0



AL FSHEUNYIEEWO
TR ey () 28U O H3RHBETIHED (2)
A0 (@) F¥E3 (OQUSFFROR IV >HINaET SH

+§0 (@) ¥R
2 (O) FEWCSHIURR TR ISHLET vE

£ G

() VBOUKMBHYR¥S ¢\ (2) DB
COERHB T LR IR0 9T BT WAL VIRE CF

I.Lllllll

- 1 qcr=1=1 -
(@) 4,=p ST 9°Gz=2=)

—.._.~..".._x—-h

3 U7

T A-._ LENLS q._ -#-D— 1 -.—‘—— T 1 — 1 U-

sTi9 g g =1= -

--—bnn—-H—-nh

w

4

o ¢- v- 9- 8- 0L-CL-

o N T O 0 O N T ©

l

3ulp /(Aourp

— 100 —



°S% L (7) 91 (W) 51
T (@01 () 8 U ° (9) 2%
CUEMBY ARG EIHT (°) VT ISEMR

TEHNIPHO R THCHINYEAREIUNA s LG

.3 U7
¢- €- v- § - 9 -

s1 2’ 9=1=)

(e)

H..'.'.‘..u 1 1 ¥ ¥ — T ] |} 1 — |‘ —0- T o
= ) F. i
[ 8%, g=p . )
= GD. Oo -
i N AL 8
B dlUD ... o Q m
b (™ 0
i q-n_nu e, * J
- Ve 0o O -
3 LI
- mi 2'9=1=) vE g QO .
1 1 3 Il [l — L i 1 L — 1l 1 1 L _ L Ll L ]
3 U7 9
0 Lb- ¢- £€- ¢v- ¢- 9-
7 1 T _ -..u_ol% 9
B whe o 7] 14
B %o 42
i 9L=p w5 | 0
iﬂ%
- %ﬁumuni 8
17
c
0

- o -

(310 uq

3ulp /B)oulp

(9) VBOUY B Gk w a7 {e) UFEo
CERBMEY LN I FROxw2 73 PEZ RuET 9E

3ulp /(3o ugp

pr v eaal e ry el

3 U7
0O Z- v- 9- 8- 0L-2CL-

— 101 —



A reduced model of chaotic magnetic fluctuations
in a tokamak plasma

Y. YAMAKOSHI, Y. SAKURAGI and Z. YOSHIDA
Department of Nuclear Engineering, The University of Tokyo
Hongo, Tokyo 113, Japan

Abstract
Noulinear interactions of tearing modes result in chaotic magnetic fluctuations. A system of ordinary
differential equations has been derived to model the nonlinear interactions of magnetic islands with
different helicities. For a reasonable set of parameters, the solution shows chaotic behavior.

1 Introduction

Magnetic-field perturbations induced by tearing instabilities change the field-line structure in a tokamak
plasma to generate magnetic islands, and their overlapping leads to magnetic chaos. A magnetic loop placed
in a peripheral region picks up time series of magnetic fluctuations. Sometimes one observes a very coherent
oscillations, so-called Mirnov oscillations (see e.g. Mirnov & Semenov 1971}, which are considered to be
induced by rotation of an island (Ware 1962). More generally, complex waveforms are ohserved, suggesting
that a complicated field-line structure exists in the plasma. Recently some attempts have been made to
estimate fractal dimensions of time series data of magnetic fluctuations (see Prado & Fiedler-Ferrari 1991,
and papers cited therein). In this paper we introduce a systein of ordinary differential equations to describe
nonlinear interactions of magnetic islands. The system of nonlinear equations has an formal analogy of
the Lorenz model of the Bénard convection (Lorenz 1963), as well as other models of nonlinear dynamical
systems (Funakoshi & Inoue 1988; Kambe & Umeki 1990; Nakamura 1991). The derivation of the equations,
however, uses an unusual method. We describe some numerical results showing chaotic behavior of the mode
interactions.

A basic idea of reducing the original partial differential equations of magnetohydrodynamics into the set of
ordinary differential equations is the application of the force-free condition V x B = AB to approximate the
structure of the magnetic field B. By this relation the spatial derivatives are converted into multiplication
of a scalar function A. To model the evolution of A, we invoke a quasilinear turbulence model of tearing
modes {Boozer 1986; Strauss 1986; Yoshida & Hasegawa 1991). The reduction technique used here thus
differs from other theories which appeal to functional expansions or Galerkin's method (see ¢.g. Shan ef al.
1991). In sections 2 and 3, we derive a reduced model of magnetic fluctuations. In section 4, some numerical

results are presented.

2 Basic assumptions

We consider a tokamak type hmgnetohydrodynamic (MHD) plasma. We decompose the magnetic field
B = b+ By. Here b is the fluctvating component and By is the ambient component, which can be
approximated by a vacuum (harmonic) field, i.e. V x By = 0. We may assume b < By. For simplicity, we
approximate the toroidal plasma by a straight cylindrical plasma column, and assume that By is parallel to
Vz.
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We consider tearing instabilities in a low beta plasma. The instability growth rate is sufficiently small,
so the magnetic field is approximated by a force-free field neglecting the pressure and the inertia forces. The

force-free condition is
Vx B=AB, (1M

where A is scalar function that should satisfy
B .-VA=Q(, (2)

because V - B = (. The condition (2) demands VA = 0 in each neighborhood of the resonance, where field
lines are assumed to be chaotic and two different radial points have a relatively short connection length.
Therefore, we may consider X as an eigenvalue which characterizes the magnetic field structure in each
resonant region. We note that the flattening of A parallels the flattening of the current profile j in the
vicinity of a magnetic island, because 7 = AB/uo = ABg/pg. Since V x By =0, (1) reads as

V x b= X(b+ By). (3)

The magnetic fluctuation in the direction parallel to By is neglected, because we consider a low beta plasma,

i.e. may assume
b-By=0. (4
The tearing-mode turbulence results in an internal electric field < —v x b >. This effect of the turbulence

is represented by a hyper-resistivity (Boozer 1986; Strauss 1986). We use an ensemble-averaged field-aligned

* component of Ohm’s law such as .
By =njy — V- V] 0). (5)

Here 5 denotes the resistivity, which is assumed to be constant for simplicity. The quasilinear hyper-resistivity

is given by

@ 1 e A

w2 Zk: (Or ky)? el ((?’ — i)’ +k‘r§/(5’rkn)2> ' ©
where the subscript & indicates a Fourier component of the fluctuation that is resonant to the armbient
magnetic field at » = 7, (Strauss 1986). The growth rate is denoted by v;, and the parallel wave number by
ky. We denote E{*) the second term on the right-hand side of (5), which represents the internal electric field
< —v x b > induced by the tearing mode turbulence. We model the internal electric field by nsing EE(I.Z) with
an appropriate transport coefficient that resembles (6), and hence we do not solve the momentum equations
to estimate v for < -2 x b >,

We assume a steady and uniform Hall velocity V' of the plasma in the direction parallel to By. Per-
pendicular flow can also be considered, however, we omit it for simplicity. 'This uniform flow does drive
any instability in the present model, while it causes oscillations in the observed fiuctuation signals (Mirnov
oscillation; see Ware 1962).

3 Reduced equations

We reduce the MHD equations into a set of ordinary differential equations using the assumptions described
in §2. The evolution of the magnetic field is governed by Ohm’s law including the induction terms associated
with the steady parallel flow V and the fluctuation © ; The latter is represented by the quasilinear term
B

dib=—HV x (V x b)+ V x (V x b— E¥2). (7)
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Here the magnetic field b is normalized by By, the coordinates are normalized by the minor radius a, and
time is in Alfvén units 74 = a/c4, where ¢4 is the Alfvén speed Bo/(ppo)'/?, p is the mass density, and o

is the vacuum permeability. The magnetic Reynolds number is H~} = acauo/n. Using (3), we obtain
Vx(Vxb)=2b+VAx(b+ By).

Using (4) we obtain
Ux{(Vxb)=—(VxbxV==AbxV.
Let r be the radial coordinate and ¢ be an angle coordinate such that Vi x Vr = Vz. Denoting p = b, and
¢ = by, (7) now reads as
dp —H)p-Vig (8)
dq = —HMgq+Vp+ Bodh+8,ED. 9

By (2), 8:A = 0 in each neighborhood of the resonance. We thus may approximate the radial distribution
of A by an even function with respect to the resonant radius. The essential contribution to the turbulence
term is given by

B,El(lz) = 28,7 o) B2 M.

Here we have used the relation jj o = ABo/up = Afpo in the normalized units.

The evolution of A is caleulated by the bhelicity transport equation (Yoshida & Hasegawa 1991). Under
the Coulomb gauge condition, we thus may write B = AA in the neighborhood of each resonance. This
expression warrants (1) because (2) demands VA = 0. We define the helicity density

h=A B=2XA% (10)
Using Maxwell’s equations, we observe
" Oh=-2E-B-V ' F, (11)

where the helicity flux is defined by F = ¢ B + E x A with the scalar potential ¢. Using (10) and ignoring
helicity flux due to ¢ B, we may write (11) as

Gr=-A"'V.F. (12)

The helicity flux is divided into two distinct parts. One is the internal term that is induced by spontaneous
fluctuations driven by the tearing instability. The internal term V - F'; parallels the hyper-resistivity effect,
—BoV - (fPVjj0) (Yoshida & Hasegawa 1991). Since jjo ~ ABg/po, We may approximate V - F; =
—(B3n(®/14)82) (By is normalized to the unity). Here B2/A? == B2/A? = A2, In view of (6), we write
7N /g = C < p? > and ‘

ATV . F;= —C < p>? 2282 (13)

Here < - > denotes the ensemble average, and C is of the order of v/(8:k))%; cf. (6). We estimate
8,1:” ~ kla,-Btp/Bo = k_IJ-‘Uj[LO/BO- (14)

The other part of the helicity flux corresponds to the external driving electric field for the plasma current.
Such an electric field does not contribute any magnetic field in the plasma region, so it should be dealt

separately. Let E, = —§; Ap be a harmonic electric field such that V x E, = 0 in the plasma region, which
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corresponds to the transformer induction. The helicity flux resulting from such an external induction yields
-V . F,.=2F,By = Ey. Now (12) reads as

A =C <p>2 A292x + EpA? : (15)

We consider nonlinear interactions of maguetic fluctuations with different helicities located in different
radial positions. We introduce a system of ordinary differential equations that are derived from (8), (9), and
(15) by discretizing the radial coordinate. Between different resonant regions, the tearing-mode interactions
transport the helicity. Such interactions are represented by variations in A. Bach radial area is indexed hy
n. We denote f, the local vale of a function f at the radial grid n. Let A, be the radial distance between

the n — 1 and n + 1 grids. By approximating the radial derivatives by finite differences, we obtain

Pa = —HApa -V (16)
gn = —HXq,+Vi,p,
< Prp1 2 — < Ppo1 % Ay A1 — 2A,
+2C Prt1 = Pn-1 +1 + > 1 (17)
: A Ap1—2X
A = A2 (c <p, 2 init z.;‘z ! i +E;.) (18)

Here < p > has been approximated by the local value < p, >, and C has been assumed to be a constant.
We should choose an appropriate number of grids that corresponds to the number of interacting islands with
different helicities. At the boundaries of the turbulent region, A is connected to the equilibrium X, which is
determined by the equilibrium field structure. Boundary values of p and ¢ are zero.

As discussed above, the essential coefficient in the turbulence terms is 32X, Therefore, the nonlinear
interactions lead A to a diffused relaxed distribution that minimizes (8,A}2. We observe that this effect is
properly included in (17) and (18). Inhomogeneous boundary value of A, which parallels a gradient of 710

together with the external drive Ej activate interactions by driving evolution of A.

4 Numerical results

In this section we show that the solution of the reduced model (16)-(18) exhibits chaotic behavior for a sct
of reasonable parameters. We note A = pugjyo/Bo &~ ¢t/7 in the normalized units, where ¢ is the inverse
aspect ratio and ¢ is the rotational transform. We thus see that the equilibrium A is of the order of unity in
a tokamak. Table 1 summarizes typical ranges of parameters for a tokamak plasma and values of them for
which we have calculated solutions of the model equations. The boundary conditions are shown in Table 2.

Figure 1 shows the Feigenbaumn diagram for the varied values of Ey,. Here Feigenbaum diagram is drawn
by plotting the maximum points of the time series from which we take off its transient state. Because of
the complexity of the nonlinear terms of the model equations, however, the diagram shown below does not
represent. a period-doubling tree globally. Nevertheless it still helps us distinguish between periodic and
chaotic states. In Fig.1, the hehavior of the solution changes to chaos when F}, is ranging from 0.7 x 10-8
to 0.81 x 107%. This transition seems period-doubling bifurcation though we cannot find Feigenbaumn s
number. The time series and power spectra for the parameter Ey, = 0.7 % 1078,0.8 x 1078 and 0.81 x 103
are shown in Figs.2-(a), (b), and (c). On the other hand, the transition in the range of E; from 2.0 x 1073
to 2.5 x 1078 is not the same as the above process but the behavior of the solution changes directly from
order to chaos. Figure 2-(d) shows the time series and spectrum for the parameter E), = 2.5 x 1078, From
this figure, the type of this transition seems intermittency. As mentioned above, the scenario to chaos is

never unique but various when the nonlinearity is very complicated.
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Figure3 shows the Feigenbaum diagram for the varied parameter #~! = R. In this diagram, both the
transition from order to chaos and that from chaos to order are also observed. The latter one is the inverse
of period-doubling bifurcation, which is shown in Figs.4-(c) and (d). The former transition is not bifurcation
but another scenario. Figure 4-(b) shows that the behavior of the solution is chaotic, though it does not
identify the type of that transition.

All of the above results are simulated for two modes interactions (N = 2). Here we consider the inter-
actions of three resonant regions (N = 3). Although all parameters for N = 2 are the same as those for
N = 3, the behavior of the solution is periodic for N = 2( Fig.5-(a)) while it turns chaotic as N increases to
3(Fig.5-(b)).

Table 3 shows the first and second Lyapunov exponents and the Lyapuncv dimensions of the solutions
simulated above. They provide a characterization of dynamical behavior. From this table and the above
results, we find that systems whose first lLyapunov exponents are positive tend to be chaotic and that
the Lyapunov dimensions of chaotic systefns are larger than those of periodic systems. Furthermore the

Lyapunov dimension for N = 3 increases to the extent that any dimensions for N = 2 cannot reach.

5 Summary and discussion

A system of ordinary differential equations has been derived to model the nonlinear interactions of magnetic
islands with different helicities. A key step of reducing the original MHD equations is the approximation
of the internal magnetic fields by force-free fields by assuming a low pressure and slow instabilities. This
approximation enables us to replace the cur! derivatives in the original partial differential equations by the
multiplications of the force-free parameter A. Fourier transforms also convert derivatives into multiplication
of wave numbers. The present method, however, differs from Fourier transforms because the magnetic field
structure is completely determined by a single value of A. By assuming the force-free condition in the
region where X is constant, the filed structure reduces from the distributed parameter system to a lurmped
parameter system. We also note that A may take any real number (see Yoshida & Giga 1990), and hence
even a summation of different modes increases the dimension of the dynamics in the phase space. In the
case of Fourier expansion, wave numbers are restricted by the periodicity. The ratio of two wave numbers
thus are rational, so a summation of different modes does not change the dimension.

The other important aspect of the preset reduced model is the use of the quasilinear-type transport
coefficients based on ensemble averaged fluctuation energy. We do not solve the momentum equation directly,
while we assume quasilinear turbulent interactions which induce a second order internal electric field El(lz)'
The growth rates of tearing instabilities are assumed a priori to model a turbulent media. The essential
nonlinear effect is the modification of the field-structure coefficient X resulting from the helicity transport
induced by the turbulence, which is described by (18). A more sophisticated model might be possible by
generalizing the quasilinear effect to a stronger nonlinear interactions.

The reduced equations (16)-(18) have a formal similarity with the Lorenz equations. The equations (16)
and (17) have damping terms, which are proportional to H, and a couple of oscillation generators, which
are proportional to V. A frequency modulation occurs through a change in A,. By increasing N, we study
higher dimensional dynamics, while the fundamental structure of the equations are not changed. In this
paper typical numerical results are presented to demonstrate that the present model yields chaotic solutions.
More detailed and systematic simulation results will be published elsewhere.

The authors are grateful to Professor M. Wakatani and Professor T. Hatori for their suggestions and

discussions. The authors also acknowledge discussions with the REPUTE experiment group of the University

-— 106 —



of Tokyo. This work was supported by a Grant-in-Aid for Scientific Research from the Japanese Ministry of
Education, Science, and Culture (No. 03680004).

References

[1] BOOZER, A. H. 1986 J. Plasma Phys. 35, Part 1, 133.

[2] FUNAKOSHI, M. & INQUE, S. 1988 J. Fluid Mech. 192, 219.

(3] KAMBE, T. & UMEKI, M. 1990 J. Fluid Mech. 212, 373.

[4] LORENZ, E. N. 1963 J. Atoms. Sei. 20, 130.

[5] MIRNOV, S. V. & I.B. SEMENOV, L. B. 1971 Sov. J. Atomic Energy 30, 22.

(6] NAKAMURA, M. 1991 J. Fac. Sci. Univ. Tokyo Sect. IA 38, 359.

[7] PRADQ, C. P. C. & FIEDLER-FERRARI, N. 1991 Plasma Phys. Controlled Fusion 33, 493.
[8] SHAN, X., MONTGOMERY, D. & CHEN, H. 1991 Phys. Rev. A 44, 6800.

[9] WARE, A. A. 1962 Nucl. Fusion Supplement, vol. 3, 869.
[10] YOSHIDA, Z. & GIGA, Y. 1990 Math. Z. 204, 235,
[11] YOSHIDA, Z. & HASEGAWA, A. 1991 Phys. FIui'ds B 3, 3659.
[12] WOLF, A, SWIFT, J. B., SWINNEY, H. L. & VASTANO, J. A. 1985 Physica 16D, 285.

[13] PEITGEN, H. O., JURGENS, H. & SAUPE, D. Chaos and Fractals (1992 Springer- Verlag N.Y ., Inc.)

parameters | tokamak plasma simulation

A 1~10"1 — — —

Il lql 1072 ~ 107 — — —

. H 1075 ~ 10-® 1.0 x 10~ 1/0.1~1/2.5 %107 | 1/0.5 x 10~
C 107t ~ 1 1.0 1.0 1.0
A ~ 1071 0.1 0.1 0.1
14 1073 ~ 1075 7.72 x 10~5 7.72 x 10~ 7.72 x 1075
Ey 100"~ 1078 | 0.1 ~3.0x 1078 1.0 x 10~8 1.0 x 108
N — 2 2 2,3

Table 1: Typical ranges of parameters and variables to simulate experimental plasmas and the values for

which we calculate in practice.

Ao AN41 Do PN+l Qo N4
0250 047 0 0 0 0
0.250 0475 0 0 0 0

=2z
W
w

Table 2: Boundary conditions of variables.
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Figure 3: Feigenbaum diagram for the varied values o
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N=2and N =3.

E),/IO'B Al Ag D!
0.7 0.362 x 10-° —0.105x 10°° | 2.53
0.8 0.241 x 10°%  —0.409 x 108 | 2.63
0.81 0.181 x 10~ —0.109 x 107 | 3.56
2.5 0.616 x 107%  0.381 x 10~7 | 3.42

H-T/108 X Ay D,
0.5 0355 x 10°% —0.188 x10~% | 2.34
1.36 0.171 x 1075 —0.121x10-7 | 3.75
1.78 0.435 x 1075  —-0.966 x 107 | 2.73
1.85 0422 x 10~% —0.868 x 10~7 | 2.68

N A Ag Dy
2 0.355 % 10°%° —-0.188x107% | 2.34
3 0.132x 1073 0588 x 10 | 5.10

Table 3: The first and second Lyapunov exponents and the Lyapunov dimensions for the varicus parameters.
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