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Abstract

This is a report on the meeting on chaotic phenomena in plasmas and beyond,
held at NIFS on December 7, 1995.
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A new chaos equation is derived on the basis of a simplified plasma-
dust grain system model, where the dust charge is assumed to change in
time. It is found that a solution of the equation has a positive Lyapnov
exponent ﬁnder a pair of certain parameters. It is analiticaly realized that
the extension of an attractor of the equation is related with an unstable

state of the Mathieu equation.
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II. £ AEXORH

AEREIR & SMMBB A LICEHIME N TV Yy, EREIMIIC 1 RO 77 X< « R FR
PEZD. BETERYELSS ADEBEEI VW T, BAFICBIT BBOREND,
“FS X R LORERS. Thbb, F5XvDAF 2 EETOEE (n,, ne) 1K
KIFDEE (ng =ng +n, ng > n. IEL, nyg & n LT Lok B O B
&ﬁﬁ&%%ﬁﬁjum&r+ﬁk%bkb,qu%iéiﬁuwﬁ%wﬁﬁqﬁﬁﬁ%
(LLEEESIC D, —BRICERFIRAIRHELTWS Z 2SR L LT, BlitERNPHESR
ey = e+ Zng (72151 2 = q/lel, le] RREH) BRAND LTS, ni,ne > np D&
5 IR E, BOBIT Y isolated BB BILOWVTEILTWAHZ LIZRDOT, WRFIXFEHN
le| 1Tl TH YR ERBH ¢ ¥ o TWDH EHBT I ENTED (¢/le] S 10° — 10%).112)
BT, ¢ MESEMICEILLTWAEE LTEROHERD Z EBFRBICR S, ik, HBFIC3E
¥Rz a—ixRnwe 5. ,

AT TR S 0 b & CHRIZILEEIZ R F O E KRS 2 il + s X s #
. mg, v EENENHBITOER, EELEL &, WhiroERTE, #EfkD, Poisson
DRRENERRD & DI 5.
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manoZ; = qnokl 1)
on ov
a +n0-53—: =5 (2)
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05z T )
=L, QXKD Y—ARHELT
1 3
S=an— gﬁn , (4)

REXD. ZIT, B a b fRENThMKTFOARE LBERCHIET 5 b0 TH S,
BEOTIFIXTR, ORI XY +e+e— X* +e (X, X', e RENENEROK
FOA A EXFORRET, BIUEFEERT) 0L ORZABRESK LD 77 XvDiR%
2HHbTM150) S0, METFOBMPRBEMIV B +ZICKENLELTNADT,
Bipd b, ZOLIICHE2 2AOEFRNTELLL I REBESICE3BEEER L TW
HOTHEARW., T2 TREFBIS, nd kbl L= FoRk8H B ET5.
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= wi(6 — ecoswt) (6)

%—;E — (- ,8:::2)%% +:cwg(6 —eccoswt) =0 (7)
85, L, ndx LEEHRX. EDE 2, 3WEE 4,5 HiTELEh van der Pol

FHR & Mathieu FREAIZUEUZEEZ LT 5.

ITL. #iEstHER

(7) X%, KOL542 220 1 BOEHIAEXOHEIFRENE LT 4 KD Runge-
Kutta #ETHEL .

d= _
dt_y!

% = (a — Bz?)y — wiz(6 — e coswt),

- (8)
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RS L EXOMBNRT FF 7 ¥ ERT. EL, PO 700 RILAERETH B L
LTERVBWTHE. TRNLORMD, alld>TT 77 4DERKRELENRT DI &,
RO, BIREoTT b7 7 8DY A XRRELLEARTIZ LHDIS. o <078 DBEED
7 F 7 7 #iE Mathiew RO Y I o A 7 NVMZEBBRSETEY, £/, a>200



EL1ziE van der Pol FEADY I v A 7 NMIBLSHTHAZ EH b5, 078 <a<
2.0 DHEAICIE, TUERARZERIO LR & FEEO Mathive FRROY 2 v M1 7 0
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a=10,6=01DEREIT-5\T Lyapnov K A #F~~ERE Fig. 21279, 0
T 7 XERFF —Z OBHHAREEZELTVS, a=1.0, 8 = 0.1 DFEFAEIZ Lyapnov &
M 4+0.007 TIEER-OTWAH I L, TRbLIARMIIZ-TVDH I B PID. THE
SO o, B TR, BEREHEICE T Lyapnov #8823 <T 0 UTFERoTV S,

F 2T, (7) ROMBB I A AN BB OV TIITANIT<D Z L1295, TOED
12, ZOROER2 t=00FEDY CHREBRMTHIZ L 2RSS, VL7 F7 757 EDR
icEhE, ZOXIRBMICL-TT M7 7 ¥ LOEEOER t bV ICBI 2fF0OES
BOERRRLTLERATES. EEL, (7) RFICEEND 24 L S UE SRR T
RBizdh b3 72w, coswt # cos(wt+ ) (p ILEH) TEHEHBR2S. BALTHELNEEE
KD E DT/ B,

dx
z(t) ~ z(0) + =

dx
+§{&§

D7, van der Pol HEX & Mathieu FRADOFIZ >V THRIRICRIEERT 5 &
[a] van der Pol HFRADAE:

t

=0

1—0 (a - ﬁmz(o)) —wlz(0) (6 — £cos {p) }t2

(8)

dx

o(t) = 2(0) + G|t + 3{ oo (2 - £2200) ~ @)} ®)
[b] Mathieu HEADAHE:
z(t) ~ z(0) + % ol %wga:(O) (6 — £cos cp) t2. (10)

2z TET ‘fi—":m =0:¥5L (8) R
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FIEERIC (9), (10) K& v EREN



2(t) ~ 2(0) (1 - %wgﬁ) (12
2(t) ~ 2(0){1 - %wg (6-ecosp) ) (13)

s xy, B = 0EHTRIER (1) O8I Mathiou HEAOH L HICESE T 5

ZEAbhB. §=1.0,c =10 DBEEIZIX Mathieu FRAUIFEEILRD Z EBMLNAT
WA ST, TEIIED %Lo = 0 FEIC B BIED Y i Mathieu FBRAOREE
MHICERLTWAZ EBRTFRENS. EFE, Mathiew FERABLE LS (6,6)=(5,1) D
BN Fig 3IRT L0 | 0k 50K 387 52 5 O i
CAFBRTEDIRNELRS.

—% 2(0) = 0 LTHIE, LR (8) ~ (10) R bEhEH

z(t) =~ % o (t + %atz) (14) |
() % o (14 500%) (15)
z(t) ~ % ot (16)

T2bb, £(0) = 0 EHTH (7) AOMIE van der Pol FRADRIZETZIEZE* T2 &
MH 5. van der Pol FEXDOMIL a=1.0,08=01DFERY Iy Mo 705 T
Y- |

LLEDZ Lk, HEBN (7) OfRIE van der Pol 724 H & Mathieu FIZREE RS L
EbDERTVBZEBTREND. HERREOMTRSIL ST T 7 # OFROH
WEBTNIE, RXFA—F a7 FF750OBERD, IRIT 77 F0H A4 X2EHTH
EEZLND. FOREREIR, KHFTHLMNMNILEL I, INOONNTA-F2T{LEH
HZ L& o T, van der Pol B)72{'E & Mathieu 728 EH DT  ABREL L TWWAHZ &
LEBLDEBALNS. ThbE, 777 FOBRPLHMTLT, o <1 T Mathieu
H7etEE A, £, a > 1 Tt van der Pol B2 ME B H SRS,
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EEICHHHE LT S X« BT ROTFMCESE, ST OBERBPIRRT
EBMHEAZE . ZOFRRADATA—FDIY, o fEELSE, TRLSMNIEE
L7 % % CEUEMIC 2 D FBAOHE 2 F~7. RERFTOBRND, SF2A—F a BT
kT2 BORERD, BT FT I IDFA XERDBEEXOND. a BASVEEICE
Mathieu B9 CH Y, KEXVEAIZI van der Pol I TH2. —F, FRERADHERBEML
CRBBE LI EST, D 0 EE RO Mathieu B1E 2D, —F, (0) =

d [+=0
0 S TCITAROMEEX van der Pol B & fié TENHEME T %‘;ﬁ%‘%, Mathieu F
BARKEE L2 HERTERFEAOROEEYHTVIDT, —| =0 EHETi

dt|e=o
Mathieu FERADFREMIC L >TT hT 7 IBERBEBEXLBND. NFA—F o, B %

PEEEDBZLEE, 6 L e ZAFTLTELTWADT, AHEANT van der Pol ARt
B & Mathieu HFRFMLMEED AT AEERSETWHZ L LERD. ZOWBEREADHE
BRTEHERLTWS LEFEEINDS a =10 (8 = 0.1) DA Lyapnov fEHIEL 22
D, REBNAANERSTEZXDND. :

BUEFHE O T LR, ENEERFBEAPICHENIENAT A —FIRERICEL > TR
EESNBERELDTHD. -oT, 5%, ZOFBAPIEND A AFA-FZERETHLD
REBRETOLERDHD. £, FOLRIRBRFEBRIZIL T, AMEP TEALX IRV FA
BEB SN EPENERIALT HLENDHD.
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Intermittent Chaos in an Ion Acoustic Wave Instability
ARAEHET ZILHX, KEH, FWERE
H. Kuwae, N. Hayashi and Y. Kawai
Interdisciplinary Graduate School of Engineering Sciences, Kyushu University

1 RC&HIC

A Y EBEAREEORADRUEI L D RBE /7 XA lBnitbhTal, o
REEWHTREND Z LT ) burst ZERTILGHE SRS ZEFHOLN TV 22,
DX % burst BIREERINE, MRMES F AICES Z EHESE, EERIRE VS
A BVTHIFES TS, UL, burst BIREERFIFE LB 1 4V FiEATEN
RS F R L OBEMIC oW TIRFRIZIT DR T WA W,

AFBRTIE, DP.EBLHVA+ Y BEAEER LIRS A LICI N BOR LR
CHE, AFANGEED> OETT A ETHFASEPOEELIT) ZEEHNELT
Wwh,

2 FREBERUAERNE

Fig LWHEBREBOBRELRT. ¥ 7V 77X~ (D.P.) HEIIR X 120cm, EE70cm
DRAT v VARBEEHTH 5,

HERBNEEN3.0x 107" Torr LTFICHER L7298, PVIT UV HARBEALT40~
50 x 1074 Torr DENTERZITo7, BEEFHOARIC12EKD M) 7y F¥ 7 X
FrUT7AFRAYIERD IS T VA, SOT4 53X ML RBSRABETIL, 74
FGAY PERT VLA TORICEIINE N 5430 ~ O VOREBEELTII#E S 1,
BFEHEds, TAHALPHEFRERL A4V EBFICLD, ZOBTHMBOPHE
TEHEHETS. TOL)ICRAEPEREFIVERL T/ IALERT 5. £l NS
FGATRHATIT—ICLoTHLIH LN, RERERT 7T XAYEEO—FEHLR:
nab.

D.P. EEBIX, 7074 Y VBRI PROEV—2ay )y FIZLD,
RS A NN—5EBE ¥ =4y MERD 2 DOFRICHTENTNE, THIZEoTRFIA
IN—FSATe =9 b TIXRPFa—bTE20ORBE, 773X A—%—%M
VICHHST 2 2 LA TE S,

AERTIIER LIERED, FIANPCTI A ERETICERET-72. F
o, =4y MO 75 X<l EER 10cm, 50mesh/inch DAT > L AREM 2 %
¥ 3em OFBEZRL Y -7y MABOIZIZHRRIZEWS:. XL—-ar )y FHElo -
BEY 7O—7 4 YBMICL, WHICEE V, ZENLTA  » FEAEEHZEHE L
72, ZOBOWEEREIR V, = 150V THERRMIX I = 60mA TH 5.

EEMAR THABRETOEFEEIL2 x 10%cm™3 ~ 5 x 108cm™3, #LTEFE
B ~2eV THoT

AEEWE I PO —NT BT A= —FEMNERE V, T, ALERIIEROREE
I L THIEL.



3 EEHBR

3.1 1FFEFLREY

TIXTHIHALEBRICEREENT 22L& N A4 7T A~ FB fu i
BIIATERAE SRS, HINEELEMS ¥ 5 L¥ Landau damping 12 & ) NEE
HAREL T I ERFLENTWE0N KREEBIZHBWTSH 600kHz HEDA + 7
5 X2 B AL ENA B S h, ENIIRE V, 28NS 8 5 L ALESIREL T
5 EHbdS (Fig2).

Fig.22 b b3 & ) IC4  V FEALKENS e S5 L BEEA <7 PVABERE
W%, TDX) BHREBEIZANRY PV REORRE U TA F VFEALEEOMICERE
BWTOFTIN - LAY —DERE V) JEFE LAY, KERTHA-BIRLEY S
W bAYX -t DRFE2FL:0IC, nFHOE -7 B L FOEE L/n (L : B
kR AW TR T RD - (Figd). D Fig3 bbb L2 600kHz TA %
VRO THATEMNRONE, QLIOHEENT TN - LAY —THAELIDX
) iR EN RV, (Lo TAERTER S WA ettid [ 4 U FEARERTH S
Ewnzh,

32 FRrS72-OBEIER

FEBTEU I N HREA TV FEALERETH LI L% 3.1 TR, ZOHR
Db S —ODIFEILEERFIA S — A PRICE S L TH S (Figd, Figh, Fig8, Fig.10,
Fig.12) . T X9 %/N—A MROBERSIZ, BREDI AR & ORESETDH L Z EHH
LbATWw5, ZZTHEOAMEILVRRIIPET M52 5 — 2R LKA, Figs,
Fig.7, Fig.9, Fig.ll, Figl3T% 3. TALDEPHLLPL X )TV PO —L8F X —
¥ — Vo ZHEINE D LIRLCREHICRD, Vo = 30V OFICRFRLERICE
TWBZENFDAD.

3.3 T NS 2—DORTEMN

3.2 TIRL7:BRY (Figd, Fig6, Fig8, Fig.10, Fig.12) 7 HHMBIRITY %KD 7=
HEMFig14 ~ Fig18TH 5. CAHLORPLFERH I EIX, Fig l4TIREDIAARTE
HMEETOMPERTARAML TV, T2bLIORIIBVWTIE/ AALPRELT
Wiy, TOZ i, Figsrbbbhs, £/, Figls5Tid, BOAARRTE ETTLHE
BRI —REICff L Twhwv, Ok, Fig bbb bbb L3I/ A XOFES:
EZLNA, Figlé ~ Figl18id, BORAAKTTH 2 H/- ) THRMLIGDTEY) 5 H-
D CIREEAICHHEZ LTV, o TEREFRDOBFITOVTHBRTEZ RO L LT
X5, THOHERDPL, BAIFANIZoTwEEBRbRANRETIV, =30 FTZD
BRI 2.3 RTETH A, o TCOBDT FS 25 —37 57 ¥ Vi Y-
Twa, 2Fh), COT7 M2 7—RBAMN VU ITIYI 79 —THLEIEZRLTED,
TDIENPS Vy =30V EREI A AWLRLIBVELTWSEEZLNDS,



3.4 Lyapunov IEHOEE

3.2,3.3TA & Y FEALEHUIBR ENLZRIVFT AN LRELBECZ LTS E WS
ZEERRLEY, LELOBRZFTHIFATHLEMET BDICE T AT TH S
LEZOLNRLZDT, 26T, Wolf 659DT7NT) XA T, DI ANLRIRLIE
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Ion Sheath Instability in Multi-Component Plasmas containing Negative Ions
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KBTS XD ERTY > RO
Analysis of Hysteresis Characteristics in Gas Discharge

Plasma

FaskEE  OEEEE—
Yasushi Matsunaga and Tomokazu Kato

BRAHT
School of Science and Engineering Waseda Universsty, Tokyo,169-50

The current-voltage characteristics of Ar plasma with thermoionic cathode exhibit
hysteresis, and the system shows low frequency chaotic oscillation. We had summa-
rized the low frequency oscillation in ref. 1. First, we discussed the hysteresis phe-
nomenon by using the rate equations with source terms and discussed multiple station-
ary states. However, the stationary solutions do not exist in a reasonable range of the
-thermodynamic-parameter such as the electron density etc., even if we consider three-
body recombination. We also discussed the phenomenon in the case by using reaction
coefficients depend on the density thorough the temperature. However, the problem
also remains. It is the reason that we do not explicitly consider the energy balance
of the system. Therefore, we try to describe the system by the thermodynamics, and
examine the instability in the ionization system. Then, we show that the dependence
of the temperature on the electric filed has the discontinuous points. Next, we expand
this procedure and discuss the entropy production. However, by this formula, we can
treat the stability condition for the density, but cannot describe the difference or gap of
hysteresis. In last section, we consider the connection between the rate equation with
temperature dependence and the energy equation with loss term through the surface

of plasma and find the clue to explain the multiple stationary states.
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Chaotic Oscillations in an Electron-Beam and Plasma System

FHEM PN RE. B

Y. Nakamura and T. Watanabe

Abstract

An electron plasma oscillation is excited spontaneously in a bounded
electron-beam and plasma system. Signals picked up by a coaxial probe were
stored in a wave form recorder. From the obtained time series data, power
spectra, attracters, Poincaré sections, correlation dimensions and Lyapnov
exponents are calculated. Bispectrum technique which is a higher-order
spectrum is applied to chaotic signals.
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Observation of Bifurcation Phenomena of Unstable Waves

in an Electron Beam Plasma System
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_ N. Hayashi and Y. Kawai
Interdisciplinary Graduate School of Fngineering Sciences Kyushu University
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