in_ - :
R g

Y S

. . |
INTEFRNATIONANL AT OMIC T T Voot ,/,.._‘__\|
PN NATIGNS EDUCATIONAL, SCHENDIFIC cal: 0000 5w D s/ e tv'* I [ |

INTERNATIONAL CENTRE FOR TIEORET a0 PriySees ==
LT, PO BOX SE6, 34100 TRIFSTE, ITALY, ( At CENIHAY N TRIE S ’

IF-_-I:

[14-SMR 393/37

SPRING COLLEGE ON PLASMA PHYSICS

15 May - 9 June 1989

MODUILATIONAL INSTABILITIES OF
ELECTROSTATIC AND ELECTROMAGNETIC
WAVES

R. Bingham

Rutherford & Appleton Laboratories
Chilton, Didcot
Oxfordshire
U. K.



MODULATIONAL INSTABILITIES ©OF
€ LECTAOSTATIC AAND ELECTAROMAGRETIC
WAVES

InTACOUCTION ;

/N A WEAKLY TUAQULENT PLASMA  WITH
LANSNUIA ANS 100~ AcousTIC MNodEsS (B8O}

THE 33 ","?‘.V‘ INTEARCT 108
k, » koo k,
LEAPS TO A ConNCENTAATION ©oF LANGHW:P
CtCATIONE a0 THNE Lows WAVELENSTHN

'Y7ERY | (‘,*o’ A, ®) TeE 30-cALLED

LAREMUIA CONDENSATE , BPATIALLY wn ool

7ix 15 wer o8stavss]

veosnov, Ruoakov < gan it +m (1745) suowE0
CHAT JuUeER A PATIALLY WWNIFORN S ysren
18 n';oagnrconnuy WALTAGLE

piL)
ROMILATIONAL 15T,
—>
\_:un TURBULENCE
»
LA, MR k

S EAICAT S

THE MOOULATIONAL ISTAQILITY - TAKRES
A uwiFoAM WAVE TRAW wiTH A SeowY
VARYING NOLULATION ANp PABBUCES DEANIITY
DEPLBTIONS FILLED WITH  LANGNUIR oscrLATONS,
A Lecair Lowsawg or Tvg O8NSITY LEASS
TOo A OFcCREBALL oF TNE LOCAL LANGNIIR

PAGQUBNCY - TRAPPING THE LANCHNIR WAVES
WHNICN 10 TUHAN  TNROUGN TrwE PoundssromoTIVE

FOACE - LEADS TO A FUATNER Lowsr/ing OF
TNE DaasITYV,

THE NI, 18Adt To DEAITY DEPLETIONS
WHicn AAE PlanBd WITn PLALNA OccrnsATHANS
THESE &ETRUCTNARES AARE CALLED

~C_ni;_l;o_a§ ° OR LANENMIR “cociromng (aor Aoses

PTHER PAROCISSEC WHIEN cAR Lowner TwC
FAEBQuEnCYy AAL

(1) JouLE HEATWG ( wave AnsuiTuOE DEPEAOSNT)

(R) RELATIVISTIC CORRECT 008 ( noasauTe FMcroR)

ki
HE FREQUENCLY SmIPT NwST B¢ AMMAITUDE

DEIENDENT
ws W (k: A)



THE MOOULATIONAL INSTAQILITY TRAKES A

URNIFOAN WAVE TRAIN — AND cREATESL A

NoN - HRIZ 8RN  WAVE TAAIS . =D CAvITONS

O THE  LANENUIR  MOSuLATIONAL

BTHE OsciccaTimog TWO (TREAR INETALILITY

O sELr - nosuLATION ;= FILANENTATION oF

CLECTARONAGNETIC WAVES.
ARE ALL EXAMALES

W ALL CALEL TWE  BAINC  NMEBCNARISN 4

A FPOUA~- WAVE WTERACTIOA, /0vosvinNg

Twe furp "quanTa” ANO Two S18C8ANDS
THE ITIAL Purnd WAVE AT Ky cewsrares
MRS OP s1088an0s Qo nk, Awe Tne

AL30CIATED DEMLITY PEATUREATNINS nk;

‘5.:-'5 E.tﬂljs

AorTs
4_- WAVE PROCELSES /NVILVE Cudic
»o»to»‘dnarw:,

2-wAve Proctcses MNVOLVE QUAAT I1C
Noou»lﬁnrnl:,

INSTARILITY

“ -

IF kg )l k. WEGET (-p MoouLATIOW,

—

I¢ .'.‘s-l- ko wWE ¢8T A-D revusrATron
CA FILANBSATATION,

-0 LANGMUIR MODULATIONAL (NSTASILITY,

START NG PROM FLu1) EQUATION S FoR

Jons ANS OileTARONS, ( cocirsronasss)

30‘ * Y (" YJ)

(‘);‘!JV)!Q“' + ﬂ‘"“ ﬁ('o!"lg)
m;

.j -

V.Es 13 ne, rointent oV,
(- V,;‘[c").t ; dT e
1°0 NoaLmWEAR LANECIHEIR

WE oO_TAN TNE

WAVE FI1EL0 E 10 ™E WEAK RELATIVISTIC

Lert 1T, /NCLuDING wom FARQ MENCY DéntiTY

PEATUR 8ATI04 § nf



(’IV‘D [ 24
¢ 1 "
Sﬂg z )___ 3 e r Uo.u.}E = O '(IJ
{At‘ u"( ety
—

-

WEM LELATIVISTic TERN

THE EQUATION Fok TNE Low CREQUENCY DERSITY

PEATURBATION IS Givin &Y
: .-c_,__)Sn =+ 6o w.3|E| -@)
Icr *x am; “,” ‘;

C" 11 1onN sLeuns SPESD,

ANorE Voze ™® € E( 'y BLECTRON RUIVER veLocTy
Mmoo,
THE LALGrUIR rREQUENCY 15 A w)

A A in! S 3 v,', _
W = w”(lf )*Jk.v-r‘ -}“"‘ E_'t.- 0)

worg

THE ATLATIVIETIC EPPELT OPTRATES OR
GLECTAON MASHA TiNE CeAsEs (LsrgnTey s€ts)

TwE Low PREQUENCY DiwiiTy ABLPonSE

OPEAATESL oM 1008 - PLASNA PERIODE whicH

1S A~ 40 TimEC LONSER FOoAR A NYDRogEN

PLALOA

THERE FORE THESE Two PROCECSSE

Wikt @6 DE-couluEd. (Zw 7ine)

INTRODUCING A  SLOWLY VARYING AMPLITUOE
TO DESCRIE THNE WNoNsmBAR &LENAVIOUR

wWAVE

OF THE NN FREQUEACY

€t v Aef Eain)) exp i(kor-wit)]

WHERE Eo vARIES o A fiLow TWE cLcaAnl

COMPARED WITH  LINEAR PRASE .
usmwg THE wiK.8.

2 5 A ¢
3 7 e W

ArtpOY,
. A_ .
‘A - ba; + ke

WE eATmA THE BNVELOPE EBQuATION PR

THE SLOWLY VARYMNG ANPLITUIE

¢("~u d)e, sv,l.e-‘;?(g_.'

Vou

EQuATIONS () ANS (3) ARE THE Go-cALLES
2ARNHAROY EARUATIONS

Vg = 2ke Vre [we

vs L VT‘G /000

’Mu # ViLotTY

J Rup DISPEALION,

v



T
WE CAG  ANALYEE EQUATIONS (1) <b) IO A FRANE Movivg wirn THE

|0 THREE REGIMES ( For THE cowp, Uo<('1'—')£‘ vy or TrE

LINEAR GQROUP VELOCITY
EQu. (b)) BEconES THE WON-LWEM

(1) Quasy sTATIC - HYDAOIYNAMIC WAVE
(A) ABLATIVISTIC ABGINE SCNRODWEGBR EQV.
' THE STAS
() KINEric REGINE - TREAT SEPERATELY e ILITY OP Suth A wavg TO THE
; MOBULATIONAL /ASTARILITY IS Pound &Y
case ) ¥ WAITN ¢ '
x -,
we AssortE §nl ~ née €r RefE o 4C L l‘)* ‘ ca.(ln 4:)(
! S
Ano }t-‘dt Keg SYATIE APPAOK, Then () &
TNEN PRON (3) ~
-‘ -
PYAn Il‘l ~() - K"J) N ELY qu,OI K'v ’, G) .
:."“
PunBLY GROWIDG 10 qug.

&Jl - KVJ

Subobiblirglfinty apu- () o e
R ACCRE

{l()--t U'J-i-)q- J-V., + Cl'E, }E.'o —&)

ImSL=

NODULATION OCCHRS 1N A AEDIAM WWERE

¢ ¥y DROD YMRAIC
¢+ ¢ :::h’a:_ (For STATE APOX) TAE NenwLnEAR FREQUENCY SNIFT  AND
s N1g
(ROUP DISPEASLION NAVE OPPOSITR L1444,
case (3) |
.
i £ (For REL. e vaniTIn)

C =
® 16 w1\ et




THERE 1S ANOTHER REGINE THE

Kinv€Tic AREGINME  WHERE Me T ‘:kt)t:t
Ml Te

- THE LOoW FAgquemncy PERTUREATION cAn
oMLY L& TREATED witw TNE ViAoV
DECCRIPTION. = TNIS 10STALIITY REGINE CAN

AL FALTER TNAR AN 10N APEBRI1OD,

STARTIN G EAM ViAoV Disctidmon AnNS
s01s30md EQu. wit Fiod

ne = ‘I‘.A"é-c-‘-(l-r L)

X- 15 100 SUSCEPTIRILITY

%f!.a‘u - &f},,dv (1o)

- =t E( X 5
}li" ;‘% (w:—k:.v) :{; (H,

‘n:' s '{f:‘Ju (,)

Y

J'c.“’-"— .il“-"—s —E——-‘.'.h‘[u)

Me (..;-k'))v- Me ("-1"Y) o

i

HSMJ{ (e) Amo (12) we GET

£, - '-'_E_"_ Xe () (1

C‘»‘ (I*ng)’..)

WHERE x‘ 1S THE ELECTARON SulCEPTIOLITY,

SUBSTITUTING  €Qu. (13) 18 (1) YIELDS

?

é__ﬂ:_ - - bX k‘ x‘(ff !,) (E ' '(,‘)
N “‘ (e thlg)

SUBLT ITUTING THIE 1N THE E¢u. Folt THE
Nign FPREGUENCY WAVE Fierd Equamod €
YT ELDS

. _—!
1(%’-':4 \{13;)!, * %-V\Y}:l E. « CuleoltE. =0 .(rr)

WHERE

CK k| ,3_“3&—. ‘il’_!- ‘h‘ x.(H x.g) -Q‘}

)‘c = C/«-‘,u 1S THF  COLLISION 16LE  SKM <577,

¥

a_'m"’““’“(f'm) » T,



i,
LEUTANIA EER STASILITY DIACGRAN

THE GrowTw ARATE I caw 1w cEnERAC

RE SxPigscld AS

.[ v K, (l" - K:)t

NOSNLATION WAVEAu MEER

K, iIs wNeArALITEY
Kg = ":n_"E PoR  LANCmEIR WAVES
We
R-F M‘m-\
—p
Ks

AARCE ©F ungTASLE Ky MobES

sk . &
%sn 2

THERE CAD &€ A L ARGE vumeClR OF
MODES E&Xc/TED

k » k.t‘h‘

GIveng RiSE TO A TURCULENT SPECTRR/Y

T /mmu.

R
"o
Dots oup simrg DETEAINNISTIC
MooéiL QBARBAK ma.w?.

Yo WE VLD To DEVELOP EOA WEAKLY
DAIVED CASEE A STATISTICAL DECCAIPT 10m L

-8



PROGLEM S

LOST THEORIEL TEND YO TAREAT THE

MONO CHRASNATIC WAVE PROLLEM,
2. SULP - (ERBRATBD NAGNETIK  FirEL DS, witt

CAMLE PRoLENS 10 TNE FuLsy Aol LIAIGAR

CvAsE. (TSYTOVicN , cur NAAR (1901) ) ‘

L PLASIYA NEATMIE =~ PLASI'A 18 HIuALLY
TASATED At A PLnif, No ELE(vAeAs, 1N
NEATING,

TRE PIMIT  PAGALEN COulLD B8 TWCNLEN

NEINC THE  WAVE - KINETIC DISCARNTM J

POR PLASIIONS , PROTON WAVE- PACKETS

TAPPERT (117)) SOLVES TWE WAVE KiNETiC

NEnERICALLY TO STubY JSGLF TRAM WG OF

TRANSVERIE  BLECTRONAGNET I PULSES .

2 o 2 .
gk -—-?N - 2w N, =0 -07
ot MY *T iy Y. N (7)
|
”.ﬁ l.E!. WAVE ACTION ; PLASMON Yy Y £
w

DENLITY,

(9,

14

THIS VLASOV AN MAXwELLY

EQUATron PLus

EQUATONS ,ucluomwg POISSONs EGU. DECCRIBES

THE ABREwavioun

CF  PAATICLES + MAthonS

INTERACT NG

JT CAN Q& SNOWN THAT THE DIELEETRIC

FuncTion CAN 8 wWRITTED AS

€= |t Xet Xi v+ Xy, =0 -4
Wngat k,. 3N,
S IR TN Y
(45 b g2)
SoLving (18) 48ADS T THE  MeOuLATIANAL

INETARIITY ALSO.

wore Y, WMas

REAC  ANE SHACINARY PARTS,

=) WAnPiNg (SRONTN) OF WAVEL 100 PLASAA,



L

THE  APRALYSIS wWE wave CARRIED ouT

SO FAR /S TO DEsca.QE LARGHUIR WAVES .
SIMILAR  ANALYSIS CAR BE CARRIGY OuT FoR _

TRANSVERSE WAVES 14  PLALIMAS .

CG. LASER LIGHT  PASSMS THROUGH AON-LINEAR
NEMA - SELF MoOULATION 1CREAES TNE .
8MA00 WidTH, FiLAMPuTATION TENDS TO

BRFAK THE BEAMN UP IATO FIHANMENTS

TRE SANE TYME ©F WoNLINEARITIES ALLO
AT,
@. PONDBERONOTIVE,
JOULE HEATIOG .
RELATIVETIC,
WE ¢#r TNE VO NLINEAR
CCHRGOINGER EQ@UATION, 10 Vg PRANE,

. 8
[(2 + t£vEr]e =0 -0
F AOM

. Nneetuoc® PoADEAOMOT 1V €
T’ KTe

Wm, ForcE

tQU. 11

E(x_,f

(e £ =

A

HAS AL EQUI LIQRIUN LoLuTrea)

) = E erp[cMEI> ¢ ]

- Wot
E(,."‘)e

- { wo ® M\EL*
c et( )

&
FREQueney swipr -AE|

CAQR T

SPREAD

8 THE RgASON FroR THNE

N PREQUSACY .,



ProGLEME MOT TACKLED,

RoLE OF DENITY (RAODENTS

Ree § ©oF & FirgLDdD -wreEw moess,

§
ROsLE OF “TARAPPED PAATICLEC (Awd4t)

RotLE OF 1necrgASING THE QAND ~WIDTH

MHeLTt- rMe0E McrvArRf,

ROLE OF Paavici & DnarmitaTon
PuacTron).

PROBLEME OT TACKLED,

RoLE OF DENIITY (RAO/ENTS

Ree. 8 oF & FrgLD - wew mosés,

[
RowB OF TRANPED PAATIcLECc (Aw o ¢T )
ROLE OF I1ncABASING TNE QAND =wIDTH
MRLT = MoOE PervAf,

ROLE OF Paarico& DaTRItuTION
FrACT 700) .



