SPec;aj So{uﬂons O)C
Lntajm[»&/ e?uatcons

and reduction tec/szz,ue



f\/\/Mt are L'nt%rab& e,guah'ons ?

Kortcwej—de, Wries eq (KdV ey,)
C Upt Ul F Uxxx =0
modified KdV eq. '
Ut + (FUy + Uxxx =0
nenlinear Schrb'd{nger eq
LU = Ugxt [U2UY
Stne- Gordon ey.
Uxxt Uyy = sin U



Toda lattice  eg. ;
dtz log Un = Un+ ~ 2”‘4"- Un-)

ahscvete KaV =1

ut — ut! =

uh'H "( h-|
Kadomtsev- Pe'tvwlskv sy ¢4 (KP e%)

(Ue+ Ul + Uxxx )y + uyy =0

~ Dave.)' gtewarfson eq.

CPxx+ 4’;3 = (’“ll)




Pﬂciﬂ ,ngé E? ( 6 lefes)
% PT : uxx:éuz'*'x'
PIL : Mxx=2l13+1“+4

2

| 2
PIT - uxx:i{—’g—---gl‘i'g‘(é(l/{*b)

PV[ (a, f?, C, d : cons'l')



NonLinear differencial / difference
e%ua‘t('ons with ricl\ structure,s "
. Canservaﬂon J&ws, S)rmmd:r{es

y Hamwfom'an structure
* Lax Pat'r | ,
« BickAund transformation
* inverse  scatfering transTormation
(ni‘h'aj/lroundar/ volue Prbbfem
e+ special solutions



sz intagmb& eiuad:(ons !

(n phystes _
2x Pﬂci‘t descri f'tc'on o‘JC Ph ysica,/
Phenomena, , quantities |

n numeyical amaﬁy:fs

numerica] Scﬁeme = discrete eguad:«'on
' agw&ra't{on of convergence of series
. diagonaf(za'h'on of wmatrix

' sdf-«dap‘bive Woving mesh



_S:Eecial sofutions
» Typica/ solutions : o velocity

* {-soliton 4p2
w= 12 P sech (px-4p%) N

( p: const )

¢ N-soliton
- nonkinear S'uferfosit«'on |




Painteve eq (PIT ~PVT)
} Ty;?ica/ solutions :

thcatc So'(utwns (SFecmﬁ ‘ﬁmc‘l:(ohs)
o rationad Sa&tcons



Reduc'taon ted\hl?ﬂe (dcmenswna[ redu(c:bon)

\ﬁ/ Ui, y,t)= Ulx,t) y-inde;»enden't
KAV~ Ugt UUxt Uxxx = O

Sine,-élordon : (?,’E-l- 9;)1,( = sim U
\L b((rwsG rsnd) = UCr) G-Lndeyewdew't
Pamﬂeve II » (&,.-l--LDy)L( =sin U



—

Reduction of selutions

S}ve,ciaf solution of soliton €gs.
Jj, Tendtc.'on

| S}:zomﬂ SD(M'liwn o‘][ Pamfe\/e egs
Rlc,ca'& rotional




mKP — cyl(na(ricaf mKdV/ — PI
modified KPe@ o ;

G U = (uxx+4“3+5“4>x+3¢3))<
Uy = (W

cylindrical mKdV eg

4y = (W 2w 2 U),
Painleye 1 eq

Ugg = 2UW—2xUta  (a:const)
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R Py A |
V(z: T)= (3—5)!/3 ¢ (PT)P3
2
\Y N ET T

PI

. 2 -
?gg: ‘22 —.222 L (&:const)



§,>eo[aﬂ solutions of mKP : |
soliton Scfut«'ons (wponmt«'af funcﬁov\)

Uy = (Uny H4U3+ § uPy + 3Py

Uy = (Wt Pk

u=(log¥), 4’=u°3’ Fi

C(E-Dy)9-f= 0
(D3 +3DeDy~4Dg) d- =0

'y 177 Dt Huyota BJmeaV oPem‘l‘or



Hirota blinear operator
Ded-f =dt-d%
Drd-f =t — 2 9fx tFFax
03 3.4 = Bt ~ 380kt 3ho ™4 Fin

Dng g-f= 3133( j‘fy ggf "'oefgy

_E(Dx Dy, De )7 f '
...P(; ;X 9’ QY P4 31)(3()"'“7(0(\(7.)

X
¥
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"l's:N



_ () o
'F — de.t( sz J )(5{) J£N (ernskiah)

i) tn X
3, = d@t((PLJ )léi, J'éN"\"

pm—t

aIch(.f) 7:(41-!) 9;5"“) ?f”l)’ 9t(f Sa |

U+ a’)

( Linear dtSferswr\ redation )
Cr(J)__ o P e"’”"‘ y+["

z 1+9 7+7.
+
ps % (of; Bi,Pi, %+ ‘°"’t)



Speciad sdutions of P :
Riceatd solutions (Aw}/ ‘fu.nc,twn)

$22= 29 -22% +a
=<£03-F—Z
| (D’g -2)g-F=0
(D§~ZD3—-4)6- F=0



For a=2n+] (N=0,1,2,7)
.F: a(d'( al”-lA)

G= det(aw- A )
A=AE) : Atr)r function

7A@ = ZAR)

Hankel determinants (Wronskt'an en horizontal
and vertieal )

€L, KN

l<LJ<N+l



Linear differentiaf ey



MKP exp onentiad func.

e(»xﬂ‘:ﬂ?t
/
cylin. mKdY
PIL ‘ Airy'ﬁunc.

Az)



> evlin. mkaY 2
mKP —> cykin, mKdY y f"x-}!{'
L((’C,\J,t)"'" V(E;t)~ -}-'E- T:’t
cybin, m¥aV — P I ‘
V(E,T) = (31__),,3 #2) =~ Gon
_ (J)
l’((x/ J,t) - ([Og"r )c 3 - de-t((fl )
[ 5 @U)_ a2 0
aa‘f’w Ox ‘f(') (,,) f J px+p y+/»-t wip) dp
2t f; =X t

—




' exponent of mKP  solution
pX+p*Y + Pt

mtegraﬂ represen'l:a'&on of /hry function
A@={, e*F LN
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MKP va ml(a(\/———-% Pﬂ’ ‘ ?
mKP {4ut=(uu+4a3+gu¢x+3¢,)x
M” :"Q’(l‘l'%c)x

W Uyt =V (xt) cpoc y,t)= Y, t)

; 3 . X
J’ v t) 't'/”i(?:%) Z= /3

PL ’ Yz =2% _%31 +a (a:const)




Speoml Su(ut\ohs of mKP :
Ntttonw( Sofu'twns (Sclxur fc‘eynbwaj>

U= 103 T) ‘ﬁ =(]oa 97()?(

Sering e ‘
fF de'l:( A tisg ISL =N ) 2h, s s00=A,,,

= dd_( >15i,j£N+l

€Px'+ﬁz+f aAh =h§ S 00, %, xa,"')}’h

X=X A=y Xy=t, Xy X --: const



MKP—————————?MKAV
Y-tn ’:em(enf  pationad sofs

ﬂ\ ;
Ai :—{, | 7[“ det(glb-'d “L JSN

J= dd'(
Wronskian tn X (horizahtd)
! ih ¢ (vertical )
yf=0 ,8=0
(%%, %, - independert )

>I$L,J€-.N+(



mKdV — —> PTI

| X

'U'(x;t):: "P;; ("P};) vationa/ Sols

1

7(3.=)(7=Xc,=‘" =0
AS’Sum(n; wu'JLT(X)ﬂ and Wu;QA’f&) =2,
T and 9 are hOh\OJeheouS wu'jlszo{yhom'ajs
weight()= RO weipht(g) < EH)N*)
N2 » |
I T g ¢ polgromishs (n S

; tVy




%SS\CJ SO‘{M"Z.OY\S‘ D’f Pamﬂeve Q?S

are OBtamea( ‘ﬁmm So&‘l‘omc Sdeu'twhs
of KP '('LrouJA reduction

* [n the intermediate step of reductlion,
{+1 dimens[omf eguaﬁohs and their
gfe‘""'“] solutions are constructed,



