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The afm of the projoct was o set wp and develep the
subject of MM and Plasma Physics at the Umfversity of Islamabad.

"~ In regent years the subject has assumed great {mpertanse
. dwe t» many possidilities of 1ts industrial and techmclogical applicatiems,
in particular the pessidility of achiaving Contrelled Tmhtr Fusion
Teading to Pusion Reagters.

Unfortumataly this suhject was not even fa existense in
this University and for that matter anywhere in the coustry,

¥e have fatvoduced this subject at W.5c. and N.PR{1, level.
Indeed by mow the subjest has beem fully incerporated fate the taaching
mn&mmw. The outlines of the courses ave
soparataly attached.

- 8y now move then 76 siadents have dome thefr B.S5e. and M.PRi).*
w“ credit fn Plasss Physfes, The detatls are separataly attached,

Tha PINSTECH Laser Greap has started an WN.PM1, trefding
progrosne ot the Uafvarsity fer thetr new recruits. Such treinees ave compu~
Isertly requived to ofor the subject of Plasma Physics.

(19)5EaRARGY
(a)mmnammm

Professor N.ARashid, N Hafiz-ur-Rebman and myself studied
nonlinear wave propagation in a hot, collisfonless plasac consfsting of
elestrons and fons, Ve Asswmed that the plasss was wmbounded ond that thefe
was oo ambiont magnetic fTeld, The medel used was Soltamenn-Vlasov equation
(B-¥ equation) in a Lorentz frame of veference 5 {n which the space-
dependance was alininated.

He tavestigated transverse waves for the two ceses:(f)the wewe
awpiitude is smnll so that a pertavdative expension can be performed in




_fon effects stood out separataly.

tovas of the smplitude. Truncating the series at an apprepriate stage,
& dispersfon relation was obtaimed incorpoveting first-order won-lineer
mﬂu.l There was 2o restrictica on the tempsrature in this case,
(14) aseuming that the Plasem 13 mok extremaly het se thzi tha tsapureture
affest cam be treated 43 a sml} corvection to the cold plasma case,

we detarwined a dispersion relation describing a wave of finits amplitude, |

In both casas the dispersisn velations follewsd the pattern of
& ono-componont electron plasm with fons forwing & backgromed of comstant
charge and curvent., Ve prosembed tha results 1n a way that the electroe @nd

| This work feres a paper which has beem accepted for publicatien
fa the Journsl of Physfes A. Vel Jp, So.7 (1977).

(b) SOLITON AS A COMERENT STATE OF P.ONONS,

B, Ko Amed & myself studied the soliten-solution - the special
solution of nonlinesr disperzive sgu tions Tn which men-linsarity and
dispersfon balance each other $0 a8 (0 construct a constant prefils
solution. Suck solutfens seem t0 pley an fupertant rele in many aress of
physics including plasms phystes.

In this regard we fuvestigited & eme-dimensional asharmeatic lattie
with B-particles equally spaced over a firite lemgth. For such 3 wode) ufﬁ

'  cubic sonlinearity, 1t has been show: that the system satisfied a nonlinssr

difforential equation{called K&V equetion) giteh has a soliton selution. :
Such a solution 15 » Cohuremt state o phomons. Ue hava tried bo penerelim
this concept for en arbitrary degree of mltu_mv.

This work has besm writoem as Intermal Raport,

MM....



(s) Mr. Durreni and Br, G.HMurtaza studied the preblem of Landau deuping of
tronsverse wavas in the prusence of a miform mgeetic field using BoltZusnn-
Viesov equation and asswning seml) ampliitude waves. The effect of the
mognetie fisld was fatreduced through the expansion

where *f® is the distribeticn functien. The resulting dispersion relaties
gives the Landau desping ters facorporating sorrection due to the presance
of the unfform magnstic field,

This work 1s §a pregress,
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11,1, Nonelfngar Waves o a Two-componsat Not Plasma,

11.2. Seliten As & Coherent itate of Phenons.
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I:TRONUICTION

9
(1:2) e studv nonlinear vave

Following Clemmow
nrépggatipn in a hot, collisionless plasma consis+tina of eclectr
gnd'ions. o agsume that the plasma'is unbounded and that there
igs no ambient magnetic ficld. The mod2l us~Ad is the Boltzmann-
Vlasov cquation (B-V couations) in a Lorentz frame of reforcnce

S in which the srnace-dencndonce ino nliminafcd(3).

"o inveetioate transverec wawvnas for twa‘cacos, ucina
nerturbation technicue: (i) When the nlasma 17 not extremely
hot so that the temperaturc effect can he treated aa a small
corroction to the cold rlanma casc and the amnlitude o€ the
wave is larae. (ii) Vher the wave amplitudr i3z small and that
there is no reetriction nn tha temnerature. In hoth cases, tho

dispercsion rclationsare nbhtained and the results arc nrescnte?

in * vay that the clectron and ion cffocte stand out separately

The plan of th~ varer is: Sectinn 2 prasonts 3 doncr
formulation of the nreoblem, Scction 2 encecialiscs to transvers
propagation and dcvelop the macter eouations (15) and (17).

In sub—scbtibn 3.1 v record the results for the cold plasma.

The main results of this parer are in suh-sections 3.2 and 3.3
dnscribinq‘thc dippcreion mnlations for stronm waves (i.e. lar
amplitude) with first ordecr temnarature effect and for weak v

(t.c. small amnlitul2a) with first order non-lincar correctinn

keeping temrer~ture arbitrarv,



2, CENERAL FORY“ULATION

We coneider S° as the lahboratorv frame in which the
velocity of the wave ir (9, 9, ¢/n) and 5 the frame in which
there is no sraca-dependence and vhich ies moving with velocity
(9, 0, nc) relative to 8 (n heino the refractive index of
the medium) . All our calenl-tions will ¢ in frame S which
can then be transformed to frame €7 with the helr of 2 Ioruntz

transformation,.

Dun to the ahscnce of the sratial derendonce of thao
?
i
ficlds in frame 5, "Mawvecllecuations imnlv that the maanetic
ficld B is constant and that the numbcer densitiors of electrons

and iona are ecual, sav N, Furtieor, the curl of B cquatinn is

rodueced to

We consider the special case R = 0. Then the relativistic

3=V ecuatinns for electrone and ions will he

£
a.a 3 U - Bfa: - 0 S
ot mc = ou < ¢
o -,

Where u  and u, are the reduced velocities of electrons and
ions respectively, dcfined in terma of the ordinarv velocitiza

and v, bv
Ve Ll~b~

£%



Also N f lu,,t) is the distribution function. Mow. usinag

E = -é and defininag

'}
a

A = - — . where e and qe:—.-e

the B~V equation may be cxpressed as

of i :
—-—-at + ACI. é . o = o (3)
=0

Theee eauations have a general solution

= = A

£, (u,,t) F (o, Aa A) (4)
where Fois an arbitrary function of its araument; u - X,
is ELE timnas tho eeneralizcd momentum. Now

— S0y
. u
J = Nmo ¢ ( ;ﬁ € a6l 8%
o il T ey | —=i
Ne ¢ 3V
= SRR ]
T,

vhero

- 14+ (u # ) 21% ® 'y

. ! [ G + 1 oK) P Asld (5)
The eauation (1) mav thercfore ke rewritten as

% 0y v

et by gy ¢ 0 (6)

n e
where '
< N q




A is also a consi

appropriate initial conditions has a

and the eouation (10) rcduces to the

oV

LY

There is thus in S frame a2 monochrrmatic circularly pnlarizod

field of vector potential

i3

and

E

where A, B
z

Qb

;

Transfeorming the results to the lsboratorv frame S° again yiolds

a purely transverse circularly nnlarized wave with velocity

and w satisfyv the ecuatinns

[A cos (wt), A sin (wt), A_]

.. With constant A, the eauation (12) under

wt

2
h

5

-

3 gy
°F . X 3%

enlution

A

Aw[sin (wt), - cos (wt), 0]

(13)

(14)

(15)

(1.6)

R

(0, 9, ¢/n) and angular frequencv w”. The fields in the labormi-.=

frame S” will be

-
e



7.

E] { sinfw’ (" -~ n z7/c)], -enslw’(t” - n 27/c) ],0

-

12

]

x B

Qs
RS

where the electric fieclé amnlitudes in & and S° are relatced

by

!
=

D
i TP

= - = A. (17)

El~h
e
\

The Adispcrsion relatinon is obhtained bv determinina ® in term.

~f A from (15) and (1€) and then substituting it in
Btk e gty T e (18)

=1 Disnersion Relation in Crnld Plasma

The cold rlasna results can he obtained by taking

anisotroonic streaming distrihutions, i.c.

P U a(ga) 5("a} Glcm - uuﬂ) (19)

where

Eu - (Ea'na'ca) = [Da cNs ¢a' pa cNs ¢a' Cu}

(29)



The velocities Ui

and Vot 1s the reduced streaming velocitv given bv

ey - ST

iy

)';’gf’_s.e___

are related throuch the momentum

andag
io

conservation eocuation as

) a
Aé‘#‘.’ oA

Hlow observina

The function vV, new takes a simpler form

22
[1+AaA + (oo

= 2
o MR

Dl—-n
+

(22) and (25), the enuations (15) and (168) hecoma

L

.

|

=1

1

e

o

(constant),

_ e
+xanz)]

Ay = - u A, and usine eavations

~N
N,

i



-

A R R R

gl
i o~ e Ao (28)
o o
where
u
o = ;50 L (29)
(1L + A% A% Foutl ¥ x; A?)
Therefore
> 2 2 2. %
Aa = 9 o An A4 + Lm)
. zjﬂ 2‘!?
= (1 + Aa 827 L1 Ny (31)
Thue the disnersion relétion (27) YHYecomes
2
e e v e rre I EL
e (Lo 02 YT SEE ST A (1 + A} A?)

Note that the innic eentribhution which anr~are as an additive

term can be sionificant, senecially when the amrlitude of the

wave is larce,

3.2 " Disrmorsion Relation in Hiot Plasme
(Firat Order Temrarature Corrcction)

Unless the plasma is extremely hot, we mav use a
nerturbation technirme to calculate firat order teomneraturce
correction to the cold rla=ama resualt of the vrovioue section.
To do that, we firat transform the cartcsian vnriablhﬁ of

inteoratinn in the exnression »f V(1 to the frare S; which is



10,

—d

moving with veloecitvy (2, N, vno) ralative to £ and thon exnan

the intearand as a rower scerics. The firct order correction ig

Thre Lorvntz traneformations arco
" o " 2 " 2 , ao
34 B el S Eihge SRE AR s e
whrre
2 1
v -2y
e
Yao = [1 cz]
and
Vao
1] — L
Yot Yao {Ya c CNJ
Nl=o
o
ag = ALY
o T o
Therefore
L ol L] n e ] " o,
aEa dnu cca/YG 5€a 6na GCG/YH-
Further
n n ” —
NGO_FGO(EG e ) = N, Fu(Ea' Ngr &4)
whore Nao Fuo is the couilibrium Adictributinn function in S;.
Alro note that
N R -
o 00 0o



11.

‘The expression for Vv, then becomes

o

T n 2 " 5
"o S
Yool B o v5) + 35 A1 } =
Va0 Ca
o ] n n n n " n
(1 ¥ —E——V:] Fanita vlgr7gh oy g BE G

Now exnandino thic coefficient of B in the inteoranc
i3 L

as a nower sceries in E&, };, c; and thaon nerformina integration

term by term, assuminag Fa( isntronic, we obhtain

Ba ( 5vao 1l - u;OL;
= + "
Va A 75;11 i e e T r ]
(23)
vhere
[e+]
o n2 "2 w2 PN "
: BCI !‘[f (EU. r na ' Qa ) FGO dAO. (na t‘Ca
K Ta
: ——3 (31)
a

Note that we hawve truncatcid the seriec at the cuadratic torms,

ignorinag higher order offacte. NAlon Aa is the z-ro order termm,

which is the result of the eold nlasma. Further, on diff-rentiat’

the couation (33) we obtain

v S By 3L =t Y
; R e e | ol N an o’ )
Ai A A > Aa iAagl . YaO(Ymo t = La)+ Aé |



3 L= e
an “a Q
A2
o
(3%)

Since thé analweiae ie porract onlwe to the linear
terms in ea, it is rcrmissible to substitute “or Az in the
co-officient of Ba in thé eruntions (35) aond (3F) the exnrossien
given by c219 vlasma results i.c. emuntions (2°) and (30). With

these amnroximntions, the ahove ecauatinns become

1 e :
Aé s v e Aa o %y {37)
1 Bt’u La
R B e Q)
a a
where
2 2 Lo
1 (L+y ) (140 e L
D = e = Su s S U Tt PEASINCS: LB e D TN, < 88
a 3’2[ an )
L0 AL T+ ph) (1 + 0%) (1 + 22430
E ) (30)
s ety e Al 4y )
a 1 ( 2
Sy 5 g | 5
z o 2 ; ‘2 2|52
+[(3Y0m 1) (1407) .= 32 o) ; e
(1402 YL 02 242y3/2)
B (1+02) (1+ 124%)

(40)

SIS

S

v

4

{

LY S



13.

Now substitutinag the abore emuations in (15) and (16) we

obtain
%4
- £ £
= = Xi T ep ~0-90) (21)
Ae i e € =
and
o h (P (o + Pa) = Qi - t42)
A A el H 4

i ~ w2
’

Tho ncxt step i= o eliminatoe K? sn as to obtain

fl

in terms of the amrlitude 0f the wave A oplv, In the circum-
Stance that the waves are laroc amnliinde, this is achioeved
bv somarina (#4), usina (!2) ar? continuino to wnrk only to

the linear terag dn 6 . 2 °ter some alacbra ¢ ohtain

L

."

. - - :
A A A2y (1 + )\Jg',{z} o = 4

{0 & = ei)
& i il

N

vhere ve have assumed A2 > 1 i,e., tho tthvee are
’

Using the celd rlasma ovnicseion fnr Li e te E

= (i + A%Az)_k. A8~ 8 ) (43)

= Ay : d s 1 e i
so that

w? 5

_I_:( -pp]ﬂ;

03 (1 + 12 4%)" i

0
B ( = +v ] 0 (1)

= Je
(1 + A2 A2 o

atrona wayvaa,

}
|
\



lﬁ.

The disversion relation in 87 ia nhtain~? by using (18) ;
f
w2 an 00
2 . e R S
e e e _
o (1 + 38 A% 0 (1% 324%)
.1_yb n ) (£5)
wheve [ = U—-n) Tl -

From th- cyxnrassion OFAQa and Pm,.it is ecvidcat that ﬁi and
Pi can he larco comrared +o ﬁr and D resnoctivalvw, e may
thexr2fore conclude that the innic contribuvtions can he ciagni-

ficant unless the ion-tomneratur: is ncaliqillv spall,

3. 3 Disrer<ion Pclatinn €or " alk WVaves ith Firs
Order Mon-linear Conrr-c+inn

In thig gectien e tyrec~t the amulitudse nf the wayso

as a small marameter, and +h=n us~ +he por+turbatisn techniaue

to determine-the disnersion rxclation incorrnratine first orcder

3

non-linear corrcction, 'wt the temneraturc in thie casc is
unrestricted. To> bhe exnlicit, wo shall expand Vq in nrwers nf

A and A_ nd then truncata th- series at terms ~f arder A3,

= v v
With this Va' vwe calculate ites Aifforontiale §Xg and 5§% an”

then substitute them in ecuations (15) and [16) . That will yiviﬂ

the desirad Aisrarsion ralatinn.

FAr cenvenience vwe ure th~ cvlinfrical relar eocrdinnic

u = {p. con boel, Fi0 6 £ ) ARA 2domt £he petafion

<P(Oa, ¢ml Ca)> = f U(Oa, ¢ar Ca) FG(EG) d’gq

(£ 4
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B 1 2o 2 b \
)\q A oa ans ¢ 2\'50‘& + 2X ’\h C,a,
+ S A2 A% p% cos? 9 + u2~A Ao crs ¢ (22 A_ ¢
2y o c o 2yn o
o n
3L At o 5 R o ] (19)
n L'Y” n o=

where we have assumed that & is f the ordsr of A2, This
assumntion is indeed true for aold nlasma, 2s mav e scon from

tha ecuatinn (28) and is verified A nagsteri~ri for the hnt

plasma (sec omationsi ).

Honce, to the ordsr A2

o Ay A : AN 9y & ¢
;__QA“=<_l_%+£(l- = o
o A N a i~ “Ya
322 A% ‘
+ 3 ] g (59)
Ayt =
Y(Y.
Here wo ohscryra that
e &
< IR e >
Yl Ye 7




—
=]

|
S,
-<I Je
’_l.

=

[N

=

:‘-’

b

w

i=

S (i) a%u
;e Al e

o a5
< b - . o e o -
st SR RU S onp - S Yo
e 2 + pi e

2 ip?
e s s a0 G S ) —5«30”‘] AR
Az A ah Yﬂ 2Yf1 Yri ')Yﬁ n oz

vihere

AZ AZ

17.

(22)

(53)

.
(Yol



)
3p2 Tiak e 302 2
s g i = 5
\-Y-‘g (1 -2—YZ) Yi (1 _Mj_) >
= - +
.+ p? 1-%p°
Ll i b
R Yi
3 2 'o | o ) I
1 48, 15 Pe u3 { e 15 pi .
SHr Lot e o & O LR z"*“@“‘-;]’)
=ts Y& 2 s Yg U Y3 N
(55)

Nnte that the effecte nf the ionic motinn stan? ~sut in theo
co-efficiint of yu and takino y = 0 civcece the 1@ resulte of
the one-comvonent nlasm~.

In the framec S the Aisnersion relation takes the

form:

Bt = Py o
a)

oj =
il
b
w8
>
N
N
ey
SJ LB
e —
3
.
—
(W)
=~
N
.
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The davelosmant of Plossm Physies began with liasar
effacts and at first 12 sesnid that the edjective of, for sxample, the
theory of plasme confinement wes to lesk for those ranges of
prysical paremetars for whica the plassa weuld be stable. Actually, i
the renge of stabflity the flelds n the plaswa do net grow, and the
application of the liasar approximation i3 jestified. Hewewer,
research oventually diselesed, at first by theory and subsequestly
hy exporimsit, a contional chatfn of aur plonse fnstabilities. As a
result resesrchers begen to realisze that & plassma was highly prede
s bocome unstable and that the presence of fmstabilities was its
anst charncteristic attribaty as & state of matter. It seon beceme
clear that the sonlinear sfiucts were the mest fmpertant facter in
compretmndisg the physical p-osesses fa a plasss.

Yory rocently there heu bass @ sensideredble advance fa the study
of non-lincar offects, but muny of the predbless touched on ave still
far frem the selution, and 1 we have only special selutiems.

In W72, Winkles and Eidridge tackled this prodlem from & mew
aspect and introduced a teshifque which can sfuplify the prebles.
Using this techaigus - calls. the spece fadependsnt tocheiqus - Clemmsw
workad on non-1inear waves 1;: cold plasse(1974) ind them om nonelimear
waves 1n het alectron plasms (19765), assuming the sbsence of aubiemt
sagaatic fleld. Wa also wsei the same tachaique and worked for two-
conponent hot plasme, assumfsg the absemce of exterwally applied asbiend
magaetic flold, and got the Jispersien velations for diffarent cases.

Continued...



This wort meeds ¢o be extendad further so s to favestigate
the effects on the disparsien relatien ef tha presence of the asbfent
mgnetic field, S3Such an favestigation will hun tn line with the
real physfcal situations.

Se far in cur work we have soanfined cuwrselves to the study of
the transverse wvaves. Thers fs thersfore, an cbvious need to extend
this work te Jengitudinal waves 80 as to cosplete the solutfon of the
prodlem,

/‘[{
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(1) studied the cold 'recurrence

—

Recently Ichikawa et al

- : ~dimer si al znrarnonic
problem' of Fermi, Pasta and Ulam of a one dimensienal anna

| =

< » s i3 & 3 PR - -
lattice and gave an explanation emphasizing the discrete character

3 Tt Yrar !t
of the system in terms of phonons, in contrast to the Labusly's

i ¢

Continuum Modelsz) In their work, the Korteweg-de Vries (I'd7) ccuatio:

is derived on the basis of a coherent state representation for the
interacting phonons, and it is explicitly shown that a soliton
golution can be given a quantum mechanical interpretatic: as a

.

coherent state of excited phonons in .the system. In the wnresent

note, ve extend tizis worli to a generalized one-dimensiona! lattice

: yith an arbitrary degree of anharmonicity n and obtain a generaligzed

idV equation that describes the system. The cuantum contcnt of the

i .
one-soliton state is mgintained as before. An expression For the

offective mass of the soliton is also given in terms of tho degree n
;;nd the coupling S, of non-linearitvy. In this work, we skhall mostly

follow the notation of reference (1).

e consider a one-dimensional generalized anharmonic
lattice with N-particles ecually sraced over a length L = II{ cescribed
t;y the Hamiltonian
N ‘ D - e
b - & -
M= E = 3 K(\arn )t w_Kﬁn(aru dv) .
L | = - (1)
(n s £9.5, ) -

sHere ?r’zr are the displacement and velocity of the rth sarticle

4

ith mass my, K is the linear spring constant and g > C measures
n A Ca o >

‘he strength of el i . : ; :
. the non-linearity. Introducing the normal rmode

——

xnansions




: . kx'\
’ X .} e
‘3.» o -5" Z Cd(ﬁ) <d - L) (2.)
kcc>k) a ) ékay
]=r:§; 2w k

where . = r¢ gives the position of the rth particle. Now quantici: g

the system in the usual way, we obtain

e H s 5
= Zz‘ﬁwu(k)@ﬁ2§_+ti)
om L
R
- ¥ \/n* *
X (Ct_k,‘f"aﬂ{)(u_' L+ Clkl>~... (a‘én‘f‘ akn) 5 (3)
where
M te@k
A(R) = 7{7 Z' - (L)
\ aEEs RN ) (5)
* (29)"
9k, k- 1K £ o Meny ya
g \) (1m) (‘/_, )YL—-Z Q"#}{ z ( " S i n)j)(
1,
¢ {w(k,)w(kl)‘..-.w(k \)f 5 U/ yw“ L8 {25 . 46
And

(ap, a* J= O*-E) @y, 3, ]=0-= [a’:a:]



i \f*v

Now we introduce, following Glauber (3), the coherent siatc .
of phonons Iﬂh>'defined as:
X,> = d, |
a, | %> a0 | O =

T w(‘/“\l)i(ﬁ—a“hln>
N,) = € e ] +
'nkzo hp

-—

with average occupation number given by a FPoisson distribution 7ith
. : i : e 2
mean value(n*):ﬂdhf. Then the exyectation value of the dis>lazcencit

is given by kx

2.8, ‘#r'“h>=fi§ ; GlRre

¥

where

e *
s = [ (0w o)

Using the temporal evolution of the expectation wvalues of the Heicenbe:

creation and destruction operators with respect to a coherent siote,

we obtain the eguation of motion for the kth mode displacement y(i:):

= nt -
joh = -oyon - [T (227 3 g, ke
- ,243"" o

3
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If ve neglect the contributions from the large wave-number phonons,

we may approximate ¢ and w (egns.(5) and (6)) as

‘s

r
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R
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that the eguation of motion (7) becomes

e , = . /0 *L'~Yb
Y (k) + TR (iR = é»i Ks‘(rﬁ;. Gc) kx

"«Z O (=t Rrot k)b ey Ry gk ln)
s

w defining a new variable u(k,t) and its Fourier transform
wlkt) = Lk Y(k,t)
th
Uix,t) = ey with t) e
l) m‘; (;)

may Fouricer transform Eqn.(8) into a non-linear ciZferential

uation which governs the dynamics of our generalized gmillarmonic

ttice: =
e 20
3 R 2. = S X
I ummesblacn -t U087,
2x
ot {
: 9). =S
e (“L("t)) = (9)
%

i1s equation is a gcencralization of the Boussinesc ecuatior and

n be converted to the KdV type by using the reductive merturbation

)
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5.

e (4)

method wvith the following e:pansion and svace-tinie rescaling

Aa) )
b= € Q + € i A .

% = f_(?}_};_})(x'{‘)
€ 3(“‘2‘-'“2)(:

C 2
into the formn
n<2
3 <
. 1) iadoge bl S ‘”
S0 Sl o a. :
S iar £Y o€’ e 4
B 2E
: (10)
- the generalized iidV equation. Ilotice that o clccoing n = 3,4

nr

on¢recovers the standard KdV eciation and its rocified form for cubic

and quartic non-linearitics, re:pectively., Qeturning to the origi:

(&}

variables, the above ccuation (:0), becomes

n=2
. 2
B Ux, L)+ U(x tH’i"IOL’D @i H*d /D [u(x t)J
ot

<4 ox3
t11)

he-reoneralizad ilaV ecuation admits one soliton colvtior wnich is

¢3)

given by

2

Wi, t) i&ed «, (Xv‘bnst/\]“”‘

wvhere

2L Ye-2, V-4
3 3
0«,2; = (“'Z> (T{ 21\ | ¢ D

S SR S0 P

(4““2{1%7 £ )

|

it is easy to sec that n = 3 renraduces the resuits of ichikawa et

1(1).
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Finally, it is straig tforie ~d to Nord oo

the one-solitonr stpte given by Ecuat:on (12) 35 2oy & Cohed

o
5
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-
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State of excited D0 enB vit: analituce d,
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transforn of the one-sciiton Bolution:
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wherc m; Cefinet as the offoetive eap o T oo vton IS

siven by

Yl m r("\- 1)’—(_“#‘1—_ T,

- l
4/n a r(»\ Z)r(h__k + 1) (15)
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