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1M TSAVICBTBRERERALT ADRHE

SET N ROIMRIEE L LTI, SEIFmER R AT (IR AV N A, HRED
S Vs Hamilton 712 %Ok E LTIt Poincaré(1892) 12 L A BEDFEHFHMTH Y . TOFik
CESWATIE A RS R ENTV D, Pl BREEHEERTLELTOVa LT Y v REON
SR % T b B L LARRES RS £ ) B4k L7 Josephson Map(Filippov et al., 1987).
BRTOETNAY VEEE /v Y 4 A EF VERIL L7 Harper Map, 77 X7 QRIS
Bk E HIEERT 5 FOIESEE) % 51k L7 Stochastic Heating Map(Karney, 1979) « 77
L7 HEARE N B < 2 NTORT OB % 508 L 72 Tokamap(Balescu, 1998) % 4 . FEHEOERT
FNPFET S

INLTATIE, NINP YT o HRATRRS A, £ TORTEOM/ RO MR
SREE L IR EIE N D Liouville DEFASHKI 42720, ZH 4RI RMNER (Area
preserving map) & bIHENR D, A TH . ROERMNTHHW BIERBEHFERET MIHIE LT
BITHEEAE (Chirikov-Taylor mapping,1979) 13, LENT 7 X 2IiBLE L FERFRMERET V
TOFRIIBIT2RRPHM BRI I A TEL DL R SR T bo

T4, T OEBEEIC BT ATAEMPITY A R L BMIE IS A o LRI LT,
7 A AGEOKEI 2 K & BHISEOARZEMEEO RS LIS TREL CIRERT 5o

T E (G T OSE T OB, BRSO L BB ET I LI Lo TEDNS S
EHTEDL, L LaAts, 3Tk Fermi(1949) IEEHT L 5TV 2 #E — F (Acceralator
Mode) DHEI & 1), & B CIHLAREUIC REDHMAE L 2 2D OBERETHE (J.D. Meiss and
Mackay, 1983) %, HEEBREBR LAV I EFMONT D, £ I THAIE, Chapter 1 1250T
BEEHCE ST 5 e — F OFERAREERMCED, TOMEME IR, TLT,
7 A ABEO BRI OBMM AR, 2RBIIT 5y TR Lo TEARTEZMBETIE R (. B
B b DI A A A\ E HIE L RETEH] (Lévy flight) K & TR S nRIFL b eI L&l
HARROER L DFEET 5.

Wil Chapter 1 T A 4 ABEIZH L THER L7225, Chapter 2 ~ Chapter 4 Tid, FE U 2 =2
S ABRIIEE A EEOAWEBRICHE LMITE T BB, HROTHEAR SNLLD
TE(§ %2 T 5 LI ZE (Tanikawa and Yamaguchi(1989)) & HEMEZR (Pina and Lala(1957))
% FZ L 7= Involution{ Birkhoff, 1927) O 4 5 Z & 41T X2, 2O Involution HHED 7T A
BN OYERGETH Y. NEERT A2 & T, R NEMOARE S%E (itrl) TH
Bl END, F LTHATEROEHGOZFNFNORE L Y EOFMEFRESND,

ORI RS ER AT, R BRICHRL . FRIEEGIC B 2 AMIECILEE-F, 25
CHEOSIERS I LT, 2SR LA O E EO B IBT R ITo 1 HILINETHRE
FEAG B D SIS ORI, Tas EAE BN (Hyperbolic with reflection) (2324 DT
hotio L LART TR, BIAIEOREE & ERAYICIEAT LR, REMSEHS (Hyperbolic
without reflection) 2HEMERIIBWTHEL TWAI EF R L. £ITARBIICBV T, 20
L 2RO S IETE S B B IE O BARAY 2 E OB & HERRITIT IS £ o THRIIL , FlEE
@2 B 2ARZEMEO LR LHEERET 5o




Chapter 1

EEERICH T 2 BENBE SERMMER
TR

Maultiple-periodic accelerator modes give rise to anomalous enhancement of the stochastic
diffusion process in the standard map in the domain of the nonlinear stochastic parameter
A < 1. The quantitative analysis of the multiple-periodic accelerator modes has heen
undertaken to explore contribution of the accelerator modes for the anomalous diffusion.
In particular, detailed information of the pericd-3 and the period-5 accelerator modes
such as their existence domain and their stability have been presented in connection with

the anomalous enhancement of the diffusion process.

1.1 Fi®

MBS B THEEET S Avs b 04V LHAERICHALRAD S B0 20 IMAED
BErR LM LTI LRV, JOBAFESIIH LADLNRALT 7 ATHFORKFHIZS
LARA VAR T A D E I EELINETH D [1]). MOROEN ED S EIRFTEKH Hamilton
HEMFIZRIES = £ b, FEBNFZOERERCET (HABONENFHE (Tb LTy
%DHMOit\5ientmﬁﬁm%tﬂw%naiafvﬂ%mmm%ﬂvfaXvﬁ%@&m
SR DTAZEIZ S = OIS NEZ OGN FEIEO THER AR ETH LD I LML NTY
% [4](5]0

ﬁm%ﬁi%mﬂ%miﬁtLru\ﬁ%ﬂi%@%ﬁ&ﬁﬂ%d<ﬁ&$mwen%ﬁ‘Em
B/ %1 Hamilton HEROIIEE LTIRHRT v A LOBEOFENHHTH S, I, AL
TG B ATRBETEEER NI T I RAT I L -y -2 ED O 4V VHAFEOHAMO
WA (VWL LTV D, ZREOERBFESRIES (ORE, BENAELII LY Chirikov[6]
L L (RS NAER,

fnt1 N _ [ G F Pats (mod 1) (1.1.1}
Pn+i pn+ f(qa)

[(ga) = Asin(27q,)
Z OB ISR B O A R T EEN R ERTH LD T, KL RGE (@ L I T v,
EFLI8T A7 ADTRPEVBEICEIOERIZ L - TR S NAWEQUMIRI T 2 TS
(qp = 0,py = 0) DR HIZH C7-3BBITE 3 ¢ A%, FEMIZ 89 A—4 A FIRTME A, = 0.1546 - - -
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KHWTﬁk$QME(KAMmMMQﬁﬁ@L\%umﬁ%&ﬁilﬂﬁﬁtﬁﬁLﬁﬂﬁﬂﬂ%
M B AR RIS 847 B LB DHEETAYILEIC & o THBTI 5115,
ﬁﬁ%%uié&mﬁﬁﬁwa%$W®mMH%#5ﬁm%n&ﬂﬁ%ﬁm.774y7y®ﬂ
BRI L o THEaY B D & N HRE [7)
D::ézl~2JHQWA)~J§QWA)+2Lﬂ2ﬂA)

1 (L% Jo(27 AN (11.2)

(B L. Jo(x) i n RO~y B30 LT 521280, (L11) 303 LT EE—F

1 {
qga) = 2—ﬂ_sin_](z) pg“) = (1.1.3)

(1= +1,42,---)

2k BRERKOFEN A~ |l OFRTHEF A DS LAWES N JORAMAE—F OEN
BT A L= =TT S & D BRI OMEE— N AR L8~ O OB RR O R
IR ELT B0 S OTRIE Kamey [5] % £12 £ TS AL, T1: Meiss Fi2 %24 BiEOH
DSABOMEREVIMEEFBALTAAINE S HEROEEIERATELTVA [9].0

:niﬁﬁm%umu\%%Eﬁmﬁmmma;_yAﬁllb¢é<(“B)ﬁ?ﬁmgﬂ
B AT — I * TR S AL HURT 50T b1 < D h DI R DRI
L. “NL0BEHEMOBVY — 2 FMEEEGOSEREERI L THFENFIND £ ER I
ET— F OESIILAMEETRELTYS,

NI R DR BT BEEEA b E xR A T ~OBB ORI BT BHMAERRID
VT MacKay[11] R (il

Dox (A—A)" n 3.0 (1.1.4)

P 3 R — VBN S EER LTV AL, kA0 EVE LS BERMEE - F OFSEIERTT/
S A— gAML LSS VIEHICL RO NDI EAs, R T A A DRI VERIC
B ARERHELOFE I FEEL TRV EEHALTEE R,

St AR PN T W MERTOERE, BERETR~ARARRTH 10 £
bn%%i@%%ﬁ%—meﬁ‘%@%ﬁ%&&%%ﬁﬁﬁﬁﬁmmmu;h%%#u#éﬂ%
AR & v, 2 BIILEE — I (12) DA S S, RBRITIE, BNALOBRIETE3
TEEIEE — F RU S SEMINEE— ¥ O ELRNE, BEMLR Fz o TR e T A ATV T
Sl BVTHBEEINRTVAKRETERMIIHEILT 4.

1.2 3 EERMETE — K OB
(L1 R % 2 BEH L TH 6N BRI

fn+2 = In4l T DPny2
= g+ 200+ 2F(gn) + F20 + P + Flaa))
Png2 = Pat Flnt1)
= pa-t F(90) + F(an 4 pn + Flan)) (1.2.1)

CENEE—FIE, | A7 7OBREATERBE Asin(2rgs) = m  m o integer TRENDF 7 ATHhB, —
#. FEERMmET - F3, E::,: Asin(2rg)) =m  s:integer VoL SIS EREGRTRINDS—F ATHSB.
SHLOIEE—F I, AEOEMMEREIEMEREE & G IIBENOTBRRFFRIES - ATH%E,
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Yo 127 Ly Fgn) = Asin2mge Thdo 2D 2 BT Bt B INFEE — K ATEAE T AR (o, 10)
GfE R ORI LS [12] & o THA STV D, AW THE, MEE- N DT & 3 A
WE L . ISR MO RERERICES T A £ 0 ILEREIIRD B,

(121) xS HIIRFEE, Fo1 2 3MORESEN (1.22) 2%z %,

M43 = nt2+Pnts
= gn+3pa +3F(gn) + 2F(gn + Pu + Flan))
+F(gn + 29 + 2F(g2) + Flgn + pn + Flga)))
Ptz = Patz+ Fatr2)
= pat+ F(g) + Fta +pa + Flan))
+F(gy + 2n + 2F(ga) + Flgn + pa + Fl1a))) (1.2.2)

— 4202 3 BHEIEE - F O FH

ps = pgt+m
g3 = Go+l (1.2.3)

TRHEND, 2 Tm, HIEFROEETHY. m AT BZERIC BT A IMEAT v TOREE
255, EME, T [10] 12 & > THHHEpy = 00 3 EMIEE—F FHIEMICEL LN TY S,
LM, SO EEFZEELEINLREOMDE-F * FEER TR ATADICE <,

(1.2.3) &% (1.2.2) RITELL IEMALEE — F OEELEEFE L ERHRESIZ2VTIE

F(q0) + Flao + Flgo)) + Flqo + 2F (g0} + F(q0 + F(g0))) = m (1.2.4)
ElH R BRI LTI
3F(q0) + 2F (g0 + F(q0)) + F{go + 2F(g0) + Flg0 + F(40))) = (1.2.5)
DEHEAET B0 & 5T (1.2.4), (1.2.5) X2 5 3 FHMAMET — ¥ &
3B (A, q0) = 2F(q0) + Flqo+ Flqo)) =1—-m=M (1.2.6)

PEBA, SOBO M BIECEHTHL, £IT(1.26) D&M A TIRERS, 3 FMAIE
T FOEE ¢, HEDD, Figld i, (1.26) REFHRTL/IT A—-5 A =05~12 EL Ty
7o b O TR AT 543 BRI BEEFD LT A, 20 Figd 128 T (1.2.6) AR
PB4, qo) P* ET A= AL TEROEG M =1-m =12, TR AEIC 3BT
WA m AF v 7T 2 IEE— K AYEET b

A> 1 OESIE. TINEE10)42 & ) EARILEE - F (fundamental accelerator mode) DIFATAT
nTEYH . 20E—FED Period-1 Step-1 DEIMIZTEET 5 3 FWE— F Ol 1.030 < A < 1.100
PERERNTV S, - OHEERERIL. Figll KBVWTA=11M=3,¢=0288 RUS2X kN
LHIATE S, 70, SOMIERSTLHA I LA b period-3 squeezing NAMBHEAT R SN D
[12}e

Fig.l.l Tld, A<1iZBVTLHNT A=Y FREEOBEE M EORENHECFELTSHD
FBETED, #oTligl2 DL I ENOESTL EMOTHAE T2 & L, e T A—F A
Voot LT EEGR (A, q0) AEEDEH M LD BHAF cl,c2, 3, 4 &L, FOFREFNOREE "
WMIME L LS eninEnRERERG L. SAUE-F DIETEHBOMRETED 2,

Ty A M =1 THTH/T A—F A OERFER

d
F{fb(s)(/{,q) =dra + 27 A(1 4 27a) cos2n{g + 4 ) (1.2.7)
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-1
0 005 01 015 02 025 03 035 04 045 G5
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Figure 1.1: Existing condition d3( A, q) for period-3 accelerator modes at A = 0.9 ~ 1.2,

0.8
M=l-m
0.6
X}

0.2

o0zt 4

¢ 005 01 015 02 025 03 035 04 045 05
q

Figure 1.2: Existing condition @3(A, ) for period-3 accelerator modes at A = 0.7. Solid line
indicates value of $*(A,q). C3 ~ C4 satisly the equivalent condition Eq.{1.2.6).
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D) f—q‘l)@)(A,q) —0 b SRS ETILERE S, XL o = Acos2rg, § = Asinlag Th
Do FOER.TEETI A M =1 TETLHEMFELT :

Agq = 0.5589, o = 0.0733 (1.2.8)
LEFh, EMICTES T2 M =1 EETSEMHE.
Ags = 0.6578, g0 = 0.2762 (1.2.9)

rkEDH,
ﬁﬁu.M:zm%QMEﬁT1u&ﬁ%%tf\ﬁﬁTzﬁHﬁﬁﬁ%boo:@%%wm%
i
A,y = 0.8144, go = 0.2720 {1.2.10)

EkE b,
uz&mammm&m%%ﬂ%nmmmﬁuaUJLLnﬁ#%ﬁﬁ%Emﬁféﬁmﬁﬁm%
RO EER . L5 3 EIE A OB (pa/n =m/3 :m =1,2.-) R L. (1.2.8),{(1.2.9) i3,
period-3 step-1(P351). (1.2.10) X, period-3 step-2(P352) DIEE—F OET F T HFE L
L TrEsR e iz,
CRGHIEE— N OEIEO W po =0 THH2H, 3EMINEE— N OMHFEICHT
A BEEOMEIL, (1.26)5E (1.2.1), (1.22) Kb

Go = 42 = J3 (1.2.11)
AR D, FIGEMREEIZIE (1.2.1), (1.2.6) A5 modulus ZZERELT
p2=M — F(q) = F(g0) = —p1 (1.2.12)
DEFErHONE, LdoT
pPL=—p2 (mod M =1-m} (1.2.13)

THBHIENTL D, K (1.2.8) ROMPEME A = 055951 g = 0.074 po = 0 K E H
W RHEEE A Fig 1.3 Thbo £ o TR EMETH BT, 3 BMOMAEE - F (period-3 step-1)
AEELTVWADIFERTE B, FOIEE— F OUWIE (po, qo) (IEHRR L & LR EENT
BB ESNTVE, SO L L) 3BWMEE-F O (1.2.11), (1.2.13) ROBFAIMIL T 2
HYMHEERTE 5,

SOBILT, MEAT YT m=1,2 OMHIET 3 3EIRE - F R A ERETIR
A, LALGRIE A, 4BA2L 3504 200KH ¢l ~cd ($3APMILEE—FATFES
ATREETLTVANT, Kl el ~cd BB ENGOREGEFRR L EFILUTLEG 2V, K
DB BWTIORSE el ~cd 125 5 3EMIEE— F OREXEEHR LFERIREED Do

1.3 3REEMEE-—F OREME

IEMEMEOTEE Y RAT Do BIWEEMICLY Pigl.l, Fig.l.2 IZ#dNTw b IR/ 7
A=z L TELNKE ol ~ cd DIMBERERETEN T D0 (g0, 00) P (g0 + 80a,pn + &7n)
DI, BER (111 RIS LY (Grst, Pasr) DI (qogs + 80ns 1, Dagr +8png) REIRS D0
IO (8qn, bpn) & (60ng1, bpagr) B BEBRERITINE 2T

Stnar ) _gp [ 00 (1.3.1)
8Pt bpn
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Figure 1.3: Phase portrait of the standard map at A = 0.5595. Period-3 step-1 accelerator mode
islands are observed at pg = 0.0,qp = 0.074, p; = 0.25,9y = 0.30, pa = —0.25,¢2 = 0.074.

Bent dqny
5T = dqn l darnl _f{ ttan 1
- r‘i‘p,.,i; Bpnil - a 1
mn

9gn apn
EEiTA, 22T

o, = 27A cos 2wy,

TdHbBo (po.qo) W35 % 3 KDIERERII

bps 3 &g ;
— (6 3.2
(593) (T)(Mo) (13:2)
a_{ 1+ap 1 l+a; 1 lL+as 1
(6T) = ( o ) ( A ) ( e ) (1.3.3)

THbo SHNEAVT (pg,q0) DEEMER, Greene 2 L D Residue OER [13]
R:%Dﬂﬂwﬂﬁ (1.3.4)

i h.0< Re | OIBBRFIEERIFETHD ., REFETNLUHOBEEITEHEEED, £OI
EHTRETH AL TE D, FITIFMMEE—F BYIFET &ML TV Figl.1,
Fig.1.2 (28 B RIEETH/T A= T TELH ol ~ ol OREWEFRN . TOHER M =1
{223 B period-3 step-1 DILEE — F 13, (1.34) XA cl, 3 ERLEL Aol FIUIKLT
M=1EtD3E 2T

0.5589 < A < 0.5595 (1.3_5)
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Figure 1.4: Residue of period-3 accelerator mode for the case of M = 1{a) and M = 2(b). As
function of the stochastic parameter A.

ZH ed i3

0.6578 < A < 0.6605 (1.3.6)
0.7421 < A < 0.7674 (1.3.7)

DEMTREETHAH I LW Fha1
FEIC M = 2 DB EDRSE 3, cd DREREEZLD (M =208, cl,c2 FRAEFIL

W A el PUEOHERARE. —FH. Xl 4 TH

0.8144 < A < 0.8158 (1.3.8)
0.8734 < A < 0.8919 (1.3.9)

OB TRETHL I LTI o7
ﬁgMTu,Cﬂ%%ﬁﬁ”?i—?AKﬁT&ﬁﬁﬁﬁUﬁm~U&m%ﬁTo T

P
R—= 1 ~NERBRELLEDBIC R — 0 ~EREELT 2 HAMEIHMD & 2 AR TE O E MR 4°
R S5,

1.4 S5 BEIMEE-R
T TIEE O AR LT S BIEE - F T AT 21T . (11 RESEIREEED L

o)A, q) = 4F(q)+3F(qg+ F(q)} + 2F(q +2F(q) + Flq + F(1}))
FF(q 4 3F(q) 4 2F(qp + F(0)) + F(q 4 2F(q) + Fla + F(2))))  (14.1)

%182, IEE—F D4R
A, =m—1=M {1.4.2)

Y hdh, DoCm i, TR, MRAEORF  TRERTERTH B, Figl5THE, JERE/
S5 R A=0.4200 BUFA = 06064 (23T HBBNA, q) 2RT SITEM =12 RUIIER
DIEEATEET A, A=04200 DFAIE M =2, A= 06084 DHEWE M =4 & qONRIL N ERST
THLTVABREIEAT 2, SROICHTAREMLIE. 5SROBERERI L5 residue DFHHAH
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q

Figure 1.5: Existing condition #*(A, q) for period-5 accelerator modes at A = 0.4200 and 0.6064,
respectively.

EHOREDRESYEETA I L RITHTI hewristic B HETHEH, 2O M=2 RUM=4
DMEENA, g) T HEFII BT A MBS EMEARRICET AU REE(LORERACL 2
TEEBETA I ETED D,

FORER, A= 04200 125 LTIE, pg = 0. q0 = 0.105 MEFOFEIEMS 27 v 7 1 (P5S1)
TEBMEAMIML . A= 0.6064 1233 LTI, pg =0, go = 0.070 DEFOMBIREMS 27 v 7 2
(P5S2) THRFIRAWMT 2 EAMR SN, TORMSOBEIZIE, BHE MIPNMEE-F DA
FyFDOREEMmME—HLEVWIEIIEELTE

1.5 HLELREL

B OIRRE T 5 2 &S Lo TROHE L MR 2T 2 2 & ATE 5, S THEORED
JERAR

1 \
D= lim - < (pi(T) — pi(0))” > (1.5.1)

TEHEINDL, < > HFRE L2V TOT 47TV Thb, BEERIZBWTIE, Cary,
Meiss % [8][9) (2 & » THEM 2 BRI HARB O MA T DL TV Ao TR BV TILEE -
FReooEr s, BERRE L SIHEHRANML ., EHRROHEREREL2EYRT.

T HECIRC BV T A AR B AT o 2 T FEIEE MR & b IEIZENT
BAL ANMEIIINE T — F ORET AN S0, ENRO 2 FESHIEEMICH LT 2RM
HASICHINT B,

Fig.1.6Tid, AR OIEERE Z 248 1000 @, FREAF v 7 10° 22, FFRTL/37
A—4% A O 05~ 1.0, MHEpo = 00,90 = —05 ~ 05 2 LTIToe®ERTR T, £LT
Table 1.1 Tli, EHEHROHBEERSA LB SN AFNFAOY - I LT, SNETILED
ATV AEETARERR LB LAERETRY,

INEDERS L&A RN B AREHABIZEIBFNE-FAFEET L 5NN, B
2. BB OEREICHWTFipl 6THEIND Ax 06 LB AHVWE—23EMS 27 v 7 20N
ME—FDESTHLZLIHRTE S,
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Figure 1.6: Numerical result of diffusion coefficient at 05 < A < 1.0. 10° particles are initially

distributed uniformly at p = 0.
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Figure 1.7:

L s ¢ i el T e

AP RAN Y S iy

0.64 0.65 066 0.67 0.68
parameter A

0.62 0.63

Diffusion coefficient in the region 0.6 < A < 0.7, for 10°
distribution along p = —0.2. Line {c)

includes the contribution of the

Diffusion coefficient for the chaotic particle is also shown by dashed line

0.69 0.7

particles with initial
eriod-2 accelerator mode.

(d).
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Table 1.1: A various contribution of accelerator modes for diffusion coefficient

peak position | made identification stable region
(N period-3 step-1 0.5589 < A < 0.5595
(2) period-5 step-2 A = 0.6064
(3) period-3 step-1 0.6578 < A < 0.6605
(4) period-3 step-1 0.7421 < A < 0.7674
(5) period-3 step-2 0.8144 < A < 0.8158
(6) petiad-3 step-2 0.8734 < A < 0.8919

RI T4 ASBE IR AN TR e 70 2 BIRINMEE — F [12) 0% 5 bHGAT 5. 2 BRI
EE— F (period-2 step-1) DIFIEHINIL

0.64037 < A < 0.65130 (1.5.2)

EEDLNTV D, (1.5.2) XOFRDBHERMAEFET (. ;) = (0.105,-0.2), (q2.92) =
(0.11,-0.2) fECHEEF B/, po = 0 & L7 Fig.16 OILHEHETE 2 BMEE-Fic L
AFSRTHETH L,

# 2 CFigl7Tld, N6 RIS 0B/ 8T A= 5 A & HHME (g0, po) & 2 BN
T — N ATEET AERENO A F AW & o8 R (d) LRI 2 AMEET — VF OREIL
DESEBETEIT B0, DMIEE (g0, p0) = (0.11,-0.2) & LEBADER (c) DENLTIDILE
M OMELRERE T, TORE, S, (c),(d) OMFOHEIIY — 22 2 BnET—F 2
RIS AHEEBC IR AN D, S (d) BT BERE. IEE— FATET BRTOA A AN
EOHTF OB BVT, HOBMICIDEE— FIEFIIEEL. T LTRESOEEHRICLY
Ve s I Twa L o A RFIEHOBRBELBIEICRMEL T b.

Z O b Fig. 1. 6OERIGEOBRMERIE RS A~ 065, A~ 075 RU A~ 083 IfFICH
VT BBIERO ©— 2 OEAL CEMZIEE R L TvD. SRR/ 7 A =5 A 27(1.2.8),
uzm&&uzunmﬁiﬁﬁmﬁlbké<&ot%%u£fé%%wﬁﬁaxab®f&%t
£ibRb, $/m An05 KHLTHESAAIEOY - 0RE A RENTRL LV, T
UM@E%%%#gm\%ﬂﬁ?%M@ME%—P@%%u;%%@tm%éﬂéﬂ\;:fmﬁm
T &RV,

1.6 58

LB OEHEEEL 357 4 S TEMWINEE — K OGN L IBHT, 20T F OFSICL YRR
I BWT BRI AT D MR 2 IR L 2se SO DS RIIIEMTE/ 3T Ay A LT
Evo PN SIS B AR TH 2720 L ICBEASE 2L, 7o IR B O IR TS I B T
ST o AT AR ol Ax 05 DREMAIIBIIOWTIE, 3256 7TAMMEE-F DF
5THhb ERELLVSEOFITICEWTHIEILY 5,

TEMARE AT A ATATERIZ L ) . A A APEORT-AEE — FELEZICER S B EITE,
JRE — F BEDI ) RS Ris L o THIRT — F 4Bl 4 A 2 EFHL M IT Aol 1R
d. LY —gEHch . SEEMIGES — FAEET A L ) LML RO RGAE & ERGY (AT
L. AWFEOER LT A2 EMRATH L.
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EEERICET D 3 EEMETE — K OFIFERR

Upon the change of the stochastic parameter, the period-3 accelerator mode of the
standard map becomes unstable through hyperbolic transition with reflection when the
residue R goes over the unity, while it undergoes hyperbolic transition with reflection for
the residues R becomes negative. The former case is nothing but the pericd-doubling
bifurcation, in which the formation of new periodic orbits are confirmed with the known
symmetry analysis. The hyperbolic transition without reflection, however, leads to the
birth of a pair of period-3 orbits, which can not be identified as the intersection of known
symmetry lines. This finding calls for special interests to explore some kind of hidden
symmetry for the hyperbolic transition without reflection in the period-3 accelerator
modes of the standard map.

2.1 KFiR

FSIEMEILR T T AT HTOREMEOBERL b AT IRATFL— I 2D P O A7 LHLR
BROBAEOFRL L LTE AV GRTY S [2)(3)[14]). &0 IERTERNEFIIB/IN %
S £ QIS BT BT S R, SRR OERF/ T A - S EEFRESEEILIZL o TH
AES) & ABEET DM 2 A BV EEL BT S I ETEL, FERE/ANT A—5 A B
¥ 2% & Poincaré-Birkofl S A2 2 0 EIAER A LB R A Th - 204+ AR EEY &
FAEEATD, 0L A AANOBBBRETRI HMRM L FHEEIRE (FTTLDO00
It (brancing ratio) ®fiv = 1/5,1/4,1/3,1/2 (# = I/m : rotalions/period) THHE N5 (15
v = 1/4 OHET strong-resonance L IHEN D FIFREHR 6N LEFERIIBVTHE SN TY
% [16]o v = 1/3 DB 12 squeezing FH & B L A EIRRVGSIEATRE B (120 v = 1/2 DT
RN SRR A 5, 1122 OEEMN RIS 5 IR0 2 AT L ENICERM. B
T4 7: T Hénon map R ¥ ¥ 7 Lo 7 49 7 Bfg% & M BRASFEMIIT DTV 3 [17][18]0
SN A OGO 7 AT b ARSI LTI A R IR o B R A ' JERTE 8
A—FH LY ASVERTARITI L TANON TV A SEFMILEE—F X3 LTIV
(AEHEE (S ) period-3 catastrophe [19][20) IZf8# & 1. period-3 squeezing R L & & LI T
SEMIAE— FIIER L TR E1T 90

WHE . Dy = 1/2 THEAFED 5 & TNRE LA E SRS Fig 2 1082 bR
WILEEE (hyperbolic without reflection) & K41 % {f 3 BEE! (hyperbolic with reflection) @29
HWENEZ6ND, SNITIOHOBATTIZ, RetH ) RMBRH S % b 250k (EEHIR)

12
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M D€

hyperbolic without reflection hyperbolic with reflection
(R <0 R>1)

Figure 2.1: The left structure shows the bifurcation of the hyperbolic without reflection. llere,
the point on the orbit does not jump to the opposite side orbit. For the case of the bifurcation of
hyperbolic with reflection, the point jumps to the opposite orbit. The point numbers indicate the
sequence of time steps.

FEO EF BT & oA, AR TR & b2 BRI ST b oREMSRIEE LR
FERITV, FOFEBOMEEEEILT 2,

S B EO RIS IE . 3 EBSERMNEE— K23 LTI BB & RS ET 2
T A= FEEEED . S0 3 FBIEE — VB L UBHERRYFEFNETNFET 585 A= 5l
BRI THL (BT 5, (“RBRX TR Fig.2.10 K47, JERSRMBOREESAOMFIL L 550
I % R E IR %0 S Sl (BRI SIK) . Rt b2 v ik (AR SIE) BRI 8T 5o )

SKECIE 3 EMINEE — N AT A4t 4 R0, BRER (21) t BV TRBEERLIERGT bo
SHE(RD trace TEH SN LHE R(residue)[13] DM 0< R < 1 25 ETEEHFIRELT
GALHETOEMIENIEEM < R> 1% R <0BEITDMZEnEARM, FFRBUOT
P50 & % 0 ROHITEE TR & 04 5 S0 (BN AIE) &b L v IS (MEMAI) &veo i
HEORY - 1SRRI TE B[22 £ 2 CHADEHEHRE LY KT &I 2L L VLT
AR T B M A L SRR OME & BRMITHATE TER LA, B3M TR TR
LOEELLVLOEDFEAENENEUABAIIH L, 20T LY EE N BIEOEN
MEE R E £ 0L (BT B 7 o IR [23)-25) 12 £ A AT R ATV, EORRERRD, REE
3 EANEE — F OIS OB R E AR BV THZICE LAEE T 2 EDOTRRT o

2.2 3 EEMNET K OREMSEOEH

S DT Chapter 1 CERE ST L TEEMIC 3 HEMAE - F LB HFET LRETRICS
B IEMIAT A—F A OHEEEERET A [12), FiEERIR

Tn41 _ In + Pn+1 (2 9 1)
Pn+1 Pn + f(’[ﬂ)
7rEL f(z) = Asin2ra THALND, (221) Nt 2., JEARESLLH L, ENLN

T+t + P2
o + 2pn + zf("/n) + f((]u +pn + f(‘?n)) (2.2.2)

Mtz
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Il

Pa + f(qn+1)
Pat+ f(Q'n) + f(Qn + pn t f(%}) (2-2-3)

P2

BLW
Gn+a = Gat2t Pyl
= gn+3pn+ 3f(20) +2f(gn + pa + flgn))
+f(qn + 2pn + 2f(q0) + f@n + Pn + (30))) (2.2.4)
Pn+3 = Patet flong2)
= pa+flan) ¥ f2n + 0+ fl2n))
+flgn + 2pn + 2f(q0) + Jlan 4 pn + f2))) {2.2.5)

LD, SEMIEE —F (g, ) GUTO&G 2B TERBETS 5.

py = pp+m

5 = gb+! (2.2.6)

SITm, [EEECBETHY ., m ASEHBEMICBIANEAT v 7T OKEEEFL b IRHE
Bigic 5415 3 ABINEE—F OEMRE p =0 L 22 bONFFELT LI LN TE N [10]
HEHEZ O ERREL (2.2.6) K% (2.24),(2.2.5) RS AL T 3B In# € — ¥ OFEREEE
#5hE(225)RAs

fa0) + S(go + fg0)) + [0 + 2f(q0) + [ (90 + [(0))) = (2.2.7)
A A B AR LT (2.2.9) Ao
3f(q0) + 2f (0 + fq0)) + f(q0 + 2f(q0) + f(g0 + f(90))) = ! (2.2.8)
AiBD, & oT (2.27),(228) s 3EMIEE - F DIFELEFE LT
*(A,q0) = 2f(q0) + flgo + f{a0)) = m = 1/2 (2.2.9)

$Bh, TS TmElldm=l2%WETERTHL, DENINEE-FILESFE@HALT o Ep=0
DL (q,p) = (¢7,0) THR 5B KiZ3BWIMEE - F OLEHR(229) XeMi Tt p=0D
MOBHEERERBT 5o Xo=(¢7,0) £ LRHE, TOIEE—F TOREHI Xo+ AXo TF
AR T 2 LRSI [21)aTIC LD

AXa = T(X3)AaX,
= T(X3)T(X:)AX, (2.2.10)
b, (2210 R e BBz E
AX3 = ATiAX, (2.2.11)
b, T ITOIFVAT )
ATy = [[T(X) (2.2.12)
i=0

Thbhbo LEdoTHEMREER,HRELEFMHENIZ

M —[Tr(ATo)A+1=0 (2.2.13)
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Table 2.1 : The stable reigion of accelerator modes for m ={/2 =1

critical position gmin, gmez | Mmode identification | stable region{A; < A < Aa)
0.07345,0.07496 period-3 step-1 0.5589 < A < 0.5595
0.27546,0.28872 period-3 step-1 0.6578 < A < 0.6605
0.34797,0.35686 period-3 step-1 0.7421 < A < 0.7674

Table 2.2 : The stable reigion of accelerator modes for m = 1/2 =2

critical position gmin, fmez | Mmode identification | stable region(4; < A < Ay)
0.27285,0.28118 period-3 step-2 0.8144 < A < 0.8158
0.33176,0.33989 period-3 step-2 0.8734 < A < 0.8919

Yo SO |TraT| < 2 THRFEAEIIMEHELGEOME b 6. THAAHIEAREL 2
D AT dEM S L e B, 2O TrAT, 2B THE 13 11

R= %(2 _ TrATy) (2.2.14)

FEHSN, ROMBA 0 < R < | OBFRABERBRESLLY . R <0 D B> 1 OHEE
TR EE D, JOMEOREBOTIERMEE-F &£ 220 ReMid gL p=00H#
Xo = (q*,0) DEFEMMAT %174 o 724 R % Table 2.1, 2.2 KR T,

Table 2.1, 2.2 @ Guin,gmas [ 2FERIZ/ET 2= % AL AI BT BNEER ¢2H b LTD,
Table 2.1 i3 3 AMIILE T — F AFEET B 44 (22.9) RDIB) = m = /2 = 1 DIFEORERM
FREL TV A, &2 TOREEM A T 2 B EE o & I & o THMELHE T 288
BACAEE T2 L m = 1/2 = 1 OBEE. TXC step/period = dpfdt = 1/3 LB, TDI &L
b Table 2.1 @ m = 1/2 = 1 DFHEIL period-3 step-1 DIEE—F L2 D, FRIZ m =1/2 =2
DIFEITT T step/peviod = 2/3 £ B l2s), Table 2.2 IR SN/ 4 OFIIHFET 2 MLE
F— F id period-3 step-2 OIMEE—F &\ & 5o EFEIZ 3 BIMAIEE — F A5% 5% % RO IA1E
A=0559p0 =00 = 0.074 %AV THAIITFEE 4 < & Fig2.2 % b, £ TRV EHHETS
23T 3 EMINEE — ¥ (period-3 step-1) BFEE L TV A OMFERTE 2, T72, £DOMD Table 2.1,
2.2 OIEBIG/NT A— % A DFEEIH LTH Fig2.20 L 9 %2 3RBEHEVFFRIRIIRELN L,

Period-3 step-1,2 MR /S5 A—F A L TOFNRENOHE (residue) ZEH LR
Fig.2.3Td 5, Fig.2.3(1) 14 period-3 step-1 DALEE — F 12T 5 b O THAEDBEAFERT /17 A
§ A OTALICH LTHEIZHIML Tw 2 OA IR TE S, Fig.2.3(2) i3 period-3 step-1. Fig.2.3(3)
i3 period-3 step-2 DILEE— F (2T AMROWEEZNZRALTHEY . ZALEHADEAIEM
LTHiAfEs L o0 BICHA LBICEA &S R ERMREGNEL, 2T Fig2.3(1),(2) & (3) AR
DETHEROFEANE D) SIEF LT E0IZFEL e TR,

TIEEND R> | HETILREL R AT L » TALEL (FRES) LTS %4 A
M D EEESERB I, I ORFHBEE (hyperbolic with reflection) OREESE b D& H
5T OMFORE  Fig2 10BEEO L I 12k 3 (1-2—3), £ THEBRAERICLVIMELD
HIATEES L EFIARFTOMEL OFEBREF LT 5o I 0EHENI &) B RELL. period-3
step-1 DILEE — F i period-6 step-2 E—F &4 %,

—77 R< 0 O TIRIAIE Lo TAREL L08R £ b LRI 2 5, 2OFF
R YT (hyperbolic without reflection) ®He, YoE LDk Fi4 Fig.2 10K O R
2T BT A 2SI & AEOB LI 64 [22)0 20728 period-3 step-1 JEE
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Figure 2.2: Phase portrait of the standard map at A = 0.5595. Period-3 step-1 accelerator mode

islands at pg = 0.0, ¢ = 0.074, p; = 0.25,¢; = 0.30, pa = —0.25, 42 = 0.074.
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Figure 2.3: The lines {1) and (2} shows the residue value for period-3 step-1. The line (3) stands

for the period-3 step-2 accelerator modes.
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Fiigure 2.4: a): Structure of elliptic accelerator mode island for 4 = 0.5595. b): Structure of
bifurcated island with reflection at Residues 1 and A=0.55955.

FIldsgm b F0E—F Th O iETd, L LENEIEEIOE—N &34 {Es LHE THRMRD
mﬁ%—Fwﬁﬁmzmﬁ#%mﬁu&wbmf%6o:n%m%w%ﬁﬁ%@mzmumum)
L0 3 EMIEE — K RETR R L SER MR RO 2 oOAREESOHENH D L AL E
B ARAMOTHOSIERENFET L LRNTE 5,

ECHMEHEORCE TR THRIZT 22 OMRDHEER R~ 1 E R 0BT 5787 4=
¥ % MBIELT & 0 L R TV 72 DA Fig.2.4~ Fig2.8 Tdh b, Fig.24~ Fig.2.80 a) 3 FKE
# b) IO BIEE 2 2N FIRL TV B, Fig.24~ Fig.2.8 DHEHEOTRTOEICH L TH
sEREHOBIICHNES &3k Fig.2.4,Fig2.5& Fig2.7 O 2 00 BEN T EIZE S
o THIERRELMED S (EEAHSE) PRI > TR EZL6NINLTHE, —7 . Fig2bl
Fig.2.8 TH. RIFEEHLEVAHEFRI > TV b O MIHER & > 2B L2 ilir N Tniand
Wb,

6 Fig2d~ Fig 2808, 3 EREE — K255 2 R4t &) p D OTBRR
MHEDR> 1 R<0DFNEFNOHAIF L TERIIRI o T2 I EVRET A 120 EFMIC
S DT BRSO T G (BBIE) A Tig2 1 LR L LA hoTWnA I edGhoal,
Bﬁﬁﬁd\&%Kﬁwfﬁ%%%i#ﬁb&wﬁw%n%ﬂ®ﬁﬂﬁ%®%ﬂﬁ%ﬂ¢ﬁﬁ%H%_
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Figure 2.10: a): Symmetry lines y_1, ¥2 go through the period-3 island at A = 0.7674. b): At the
increased parameter A = 0.7677, Notice that the symmetry lines 2, v_s4 do not go through the
bifurcated isiand. The bifurcated island is remained to be the period-3 step-1 accelerator mode.
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Figure 2.11: a); Symmelry lines v2 and y.; at A = 0.3153. b): Symmetry lines ¥z, v-4 at
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hifurcated island. The bifurcated island is remained Lo be the period-3 step-1 accelerator mode.
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ERERIC T 3 AMSEOHIRRE & SXM
FRE

The bifurcation process in the two dimensional area preserving mappings is investigated
on the bhasis of symmetry structure analysis. Transition observed in the boundary is-
lands has been studied throughly in terms of higher order symmetry analysis. In this
present paper, we treat higher order symmetry for two type mode structure which one
is period-2 accelerator mode and the other one is period-4 mode. The both cases for
the period-4 orbits and period-2 accelerator mode orbit in the standard map have been
studied throughly to analyze boundary islands formation arou nd the principal period-2,4
islands, and the onset of the hyperbolic bifurcation with reflection and without reflection,
respectively. It is illustrated explicitly that the bifu rcation Lype of hyperbolic bifurcation
with and without reflection, which gives rise to the birth of twin orbits with periodicity

of the mother orbit.
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Figure 3.1: Phase portrait of the standard map at A = 0.65. Two streak shaped islands at the
points of (g 0.1,p = —0.2) and (g ~ 0.3,p = 0.2) represent the period-2 step-1 accelerator mode
(P2S1 mode in short).
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Figure 3.2: a): The island portrait of the P2S1 mode for the value of A = 0.6506. b): The
symmetry lines of the £1 — th to £13 = th order for the value of 4 = 0.6506.
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Figure 3.3: The island portrait of the P2S1 mode for the value of A = 0.8515. At the center, the
P251 orbit becomes unstable, and is bifurcated into the period-4 step-2 orbit. The 9-cycles and
the 11-cycles are easy to :clentlfy These cycles belongs to the original period-2 mode.
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Figure 3.5: a):The island portrait of the bifurcated islands at the value of A = 0.6520. In the
edge region, the 7-cycles could be identified. In the central region, the 6-cycles are visible, b):The
symmetry lines of the —27th order up to the +25th order lor the value of A = 0.6520.
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Figure 3.6: Phase portrait of the period-4 orbits a) for the value of A = 0.4900, b) for the value
of A = 0.4950 and <) for the value of A = 0.5000. The ordinate scale of c) is enlarged by the factor
two.
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Figure 3.7: The set of symmetry lines of the order of £4,£8,%12,£16 and +20, for the value of
A = 0.4900. The intersections of the symmery lines define two sets of the stable period-16 orbits.
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Figure 3.8: The set of symetry lines of the order of +4,48 4 12, £16,£20 and £24 for the value
of A = 0.4950. The intersections of the symmetry lines define the stable period-20 orbits as well
as the unstable period -20 orbits. At the same time, twelve intersections of the period-24 orbits
(appear Lo be the cycle-6 structure) are visible. Between these orbits, there are four intersections
of the pairs of (724, 920) and (Y20, v24) suggesting existence of 11-cycles islands.
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visible inside of the boundary domain.
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Figure 3.12: Superposition of the phase portrait of Figure 3.10 with the set of symmetry lines
shown in Figure 3.11.
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Figure 3.13: Tor the higher value of A = 0.5050, the hyperbolic sifurcation without reflection is
completed. The sperated island at the left side accompanies the 3-cycle islands.
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Figure 3.14: The set of symmetry lines of the order of +4,48,+16,—12 and 20 are superposed
on the phase portrait of Figure 3.13, thus confirming the principal island has retained the ariginal
periodicity of 4, with period-20 satellite islands,
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For the are preserving maps, the linearized tangent map determine stability of the fixed
point. When the trase of the tangent map is less than -2, the fixed point is inversion
hyperbalic, thus the subsequent points of mapping allernate across the fixed point. That
is to say, the fixed point undergoes period doubling bifurcation. While for the Lrase of
the tangent map is larger than +2, the fixed point undergoes the hyperbolic bifurcation
without reflection. Here, the processes od the hyperbolic bifurcation without reflection
in the standard map have been examined in terms od the higher order symmetry in
the momentum inversion. It is shown that the higher order symmetry lines approach
asymptotically to the separatrix of the hyperbolic fixed point, and the existing symmetry

lines can not determine the structure of the periodic islands.
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Pn+1 Pn Pn + f{fln)
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Jo(m) { }Jl ptem (4.2.3)
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Figure 4.1: The island portrait of period-4 mode for the value of A = 0.6700 , with the momentun
inversion symmetyy lines of the order 4, +8,+20,424, and £40.
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Figure 4.2: a): Period-douhling bufurcation observed for the value of A = 0.6735. b): The set of
symimelry lines of the order of £4, &8, £20, £24 and £40 for the value of 4 = 0.6735.
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Figure 4.3: a): The phase portrait of the P4 island for the value of A = 0.6740. b): The set of
symmetry lines of the order of £36th and +40th for the value of A =0.6740.
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Figure 4.4: Phase portrait of the period-3 accelerator mode orbit with the set of symmelry lines
of the order of v_1(3), v-13(3}, ¥=7(3), 7=1(6), ¥2(0), ¥8(3), 114(6) and +20(9) for the value of
A =0.7674.
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Figure 4.5: Phase portrait of the period-3 acceleralor mode orbit with the set of symmetry lines
of the order of v_10(3), 7-13(3), ¥=7(3), ¥=1(8), 72(0), 73(3), ¥14(6) and 720(9) fer the value of
A = 0.7677. The cenral island undergoes hyperbolic bifurcation without reflection.
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Figure 4.6: a): The complete bifurcated island structure of the period-3 accelerator mode orbit
for the value of A = 0.7690. b): The set of symmetry lines of the order of y_25, ¥-15, 7-13, ¥-7,
Y 1y Y2, V8, Y14, Vo0, and vag for the value of A = 0.7690. Thelr symmetry lines can not go through
the bifurcated island instde.
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Chapter 5
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Dynamical behavior of ion current in the jon sheath of the double plasma devices is
analyzed in terms of the equation of motion with the Child-Langmuir Potential and the
collisional damping term under the action of external oscillating electric field. Since
the present mode! describes the forced oscillation system based on the non-automous
differential equation, it characterizes the stochastic behavior of the dissipative nonlinear
dynamical systems. The method of Poincaré section of surface provides us the detailed
information of the periodic orbits, region of the chaotic solutions and determines the
structure of the bifurcation process associated with transition between the periodic orbits
and Lhe chaotic solutions. In the present analysis, construction of the model potential
and specification of relevant parameters are tried to he consistent with the experimental
situation, with the expectation to give reliable account for the experimental observation.
At the same time, the present analysis explores the generic aspect of the dissipative
chaotic systems such as the re-merging of the period doubling bifurcation and formation
of bubbles in the Feigenbaum trees.
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Figure 5.1: lon sheath potential model for double plasma device.
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Table 5.1 : Parameter value of numerical analysis

ST A= | %7 -1
SRkl o — AR s=lem
EWLIOREF Vv Vo = 50V
BETRE T, =~ leV

20— AR (o) | s D 10% ~ 20%
2 OFRTF v N | B O~ 3

BIBTEE/INT A—¥ A=0.1
WEFIST A4 f=10.002~02
THzZ b5,
NERSRTIEY E., #NALBAOY - ABHBHTO L F Y HFOATIFRNE, BETEET
i
d*z e d¢ . dz
F = E ('—a + Ecrt Sl]]Ut) — -C-]—t‘ (523)
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Figure 5.2: a):Phase space orbit of period-1 at & = 0.360. b):Frequency spectra of x-axis for the
phase space orbit a).
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Figure 5.3: a):Phase space orbit of period-2 at & = 0.40. b):Frequency spectra of x-axis for the
phase space orhit a).
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Figure 5.5: Phase space orbit of period-1{a},period-2(b),period-4(c),period-8(c) and B =
1.020,1.060, 1.080, 1.083,respectively. The point on the orbit indicate poincare plot, and number of
the point stands for the period. The system have period doubling bifurcation route to chaos.
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Figure 5.6: Phase space orbit of chaos(e),period-3(f),period-6(g),chaos(h} and E..q =
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of the paint stands for the period. The system have period doubling bifurcation route Lo chaos.
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Figure 5.7: The Child-Langmuir sheath model attractor.
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Figure 5.8: Numerical calculation of bifurcation sequence of Child-Langmuir potential model
equation for the dissipative value of i = 0.190.
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Figure 5.9:  Numerical calculation of bifurcation sequence of Child-Langmuir potential model
equation for the dissipative value of ji = 0.205.
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Table 5.2 : Numerical results

parameter | numericel result
It 0.19
Eet 1.132
period w
period- 1 0.360
period-2 0.380 ~ 0.400
chaos 0.440 ~ 0.470

Table 5.3 : Numerical result .
Table 5.4 : Numerical result

parameler | numerical result -
- 0.1 parameler | numerical resull
p : -
- 00 i 0.205
@ .
= w 0.6
period Eext ; =
period-1 ~1.02 period Bess
Y Lol chaos 1.138
eriod- . ~
P _ — period-3 1.14
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; 13 period-6 1.15
chaos .
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period-3 1.117 peror
oo 12 chaos 1.16
chaos A2 ~
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In double plasma experiments, instability in the ion sheath is observed. Upon applying
the external oscillating electric field, there occurs the chaos through the quasi periodic
route. In the present study, in order to analyze the excitation mechanism of observed
route of chaos, analysis based on the particle simulation has been undertaken to reproduce
the observed chaos phenomena. It is confirmed that the instability in the ion sheath is
induced by the trapped ions in the sheath potential. The period of the oscillation in
the instability agrees with the period of the motion of the trapped ions, which in turn
determines density variation at the sheath edge. Corresponding to the experimental
condition, application of the external perturbation upon the unstable wave induces the
quasi periodic motion. In particular, the variation of the amplitude of the external field
gives rise to the phase locking, and finally the system was settled down to the chaotic

state.
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Figure 6.1: The Ion sheath potential model in double plasma experiment equipment.
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Figure 6.2: Performed simulation modeling on the double plasma experiment.
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Figure 6.3: This shows the ion sheath potential respectively, which are formed by the change of
external vihration electric field.
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Figure 6.4: Trapped ion particle motion in an ion sheath potential of the each 50 times steps for
the value of injection velocity i, = 0.393.
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Figure 6.6: This shows the current-voltage characteristics for simulation result.
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The ion sheath oscillation for each position at & = 0.09,0.23,0.28,and 0.32, respec-
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Figure 8.7: The time change of the phase in emitting the ion particle from the left wall in beam
like.
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Figure 6.8: The top figure (A) is the time series of current value and potential of the sheath edge
vicinily, in not emitting the ion particle from the left side wall. The center of figure (B) shows
the time series of current and potential in emitting the ion particle from the left wall in beam like.
The bottom figure (C) is expanded each period interval of upper diagram.
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Figure 6.9: Upper diagram showed the time change of the density of the sheath edge vicinily in
emitting the ion particle from the left wall in beam like. The rough sketch showed time change of
the density of the sheath edge vicinity from the viewpoint of position coordinate.
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Figure 6.10: This 4-figure shows the current spectral change in giving high frequency from Lhe
outside, when instability wave existed.
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Figure 6.11: (Top): The current spectrum which changed by each high frequency given from the
outside. (Bottom):. This diagram shows the observed the current peak spectrum of (Top) by the
high (requency given from the outside.
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Figure 6.12: The top (A) shows the current time series, FF'T of current, and phase structure of
current for quasi-periodic motion. The (B) shows being a chaotic state. The bottom (C) shows the
situation which it drives the system by removing Lhe instability wave of the sheath in oscillatary
electric field from the outside.
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Table 7.1 : The various periodic motion and the stable region in each of the Chapters.

Parameter A Period Mode identification l Chapter
A= 0.55 Period-3 Step-1 | Acceleraior Mode Chapter 1,2,3
= 0.65 Period-3 Step-1 | Acceleraior Mode Chapter 1,2,3
== 0.75 Period-8 Step-1 | Accelerator Mode | Chapler 1,2,3,4
= 0.81 Period-3 Step-2 ¢ Accelerator Mode Chapter 1,23
=~ 0.88 Period-3 Step-2 | Accelerator Mode Chapter 1,23
= 0.65 Period-2 Step-1 | Accelerator Mode Chapler 1,3
=~ 0.42 Period-5 Step-1 | Accelerator Mode Chapter 1
=z 0.60 Period-5 Step-2 | Accelerator Mode Chapter 1
~2 0.49 Period-4 Periodic Orbit Chapler 3
= 0.67 Period-4 Periodic Orbit Chapter 4
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