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Solitary Wave Solutions for the Nonlinear Ito System
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ABSTRACT. In this paper, we look for some new solitary wave solutions
for the nonlinear Ito coupled system. For this purpose, we improved the extended
tanh method to construct more new exact doubly-pericdic solutions in terms of tanh
and Jacobi elliptic functions of nonlinear Ito system.The solitary wave solutions and
triangular periodic solutions also can be obtained .

Keywords:Coupled evolution system; Weierslrass and Jacobi eliiptic functions;
Travelling wave solution; Soliton solution; Periodic solution.

1. Introduction
In recent years, directly searching for exact solutions of nonlinear partial differential equa-
tions has become increasingly attractive, partly due to the availability of computer sym-
bolic systems like Maple or Mathematica ,which allow us to perform complicated and
tedious algebraic calculations, as well as help us to find exact solutions of nonlinear par-
tial differential equations. It is well known that the nonlinear partial differential equations
are widely used to describe many important phenomena in physics, biology, chemistry,
efc. The nonlinear Ito system plays a crucial rule in applied mathematics and physics and
has many applications in physics and engineering [1,2]. The travelling wave exact solution
of nonlinear partial differential equations have been studied extensively, see for example
i1,5] . Many authors presented various powerful methods to deal with this subject. The
main purpose of these studies is to construct the solitary wave solutions and periodic
golutions as a polynomial in hyperbolic and triangle functions[5-11}

i

2. Bummary of the generalized tanh method

In this section , we investigate the exact travelling wave solutions for the following Non-
linear Ito coupled system:

Uy == Up,
v == =2V + By, + 3vu,) — 12wy, (1)
Wi = Wagr + Juws

By the travelling transformation
e u(l), v =v{(0),w=w((),{ =z+ct (2}
where c is constant, the Eq.l becomes
cw — vl =0

et 4 20" + 6wy’ + Guu’ + 12w’ = 0 {3)
e’ —w'" - Juw’ =0
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Suppose that

w0y = Saw+ 3 2

sz

= o + E & (4)

7,-—0
w((} = _};Ghi‘ﬂ "’”2;}
where {(} satisfies

T
N ®
Where ¢ = 1. Balancing the highest derivatives term with the nonlinear term in Eq. (3)
gives v = n1 + 2,n; = ng = ng.By choosing r = 4,11 = ny = ng = 2, we have
by

u:angalgO%aggoz—G—i’o

v =gy + g1 -+ gap® '5"3'*‘ (6)
w = hg + by + Raw® - %j”&%
and
¢ = ev/eg + 1+ cop? + capt + cagt {7

By substituting {(6) and (7) into {3) ,collecting coefficients oflike terms and set them
equal zero , we get a set of over-determined algebraic equations with respect to
g, Gy, 0, bl, bg, o, 91,42, d;;, dg, ho, hl, hg, kl, kg,C(}, C1,Cn, 03 and cq. . With the aid of mapie
and Wu-elimination[8], we find the following results.

Case 1. {a}_——agwglﬁg@—hl——hgrkzmoCl—Cl,CQMCQ,Cg—C‘g,CaLng;,

ki =k, 00 = — 35 Ca A+ 4 z’ by = ~elcy, by = —2e%cy,
mecc+2€ec0wa~4e ceaeg — 2k 5
go = — 3 dy = —e%cey, dy = ~2e2ecg,
4e Ly
h ~etele + deetepercg — 201kF ~ 86t COC€.’3}
g = -
8C0k1

In this case ¢'will taken the form
¢ = ey/eo e+ ca9? -+ a3 + gt

and solitary wave solutions take the form :
2

(1) Ifcy==c3 = 0,05 = —= i ,C2<0 cy >0
Ca
Uy = - getop - fo+ T 5
t Dh("ﬁw W2C2C)
2.2,.2 4 .3
crere S e 1
2—+— L ——-21&'?)(24 ce
Py = — 2(34 gcé; + 2
€50y tanh{%w -262()2 ’
2%

Wy =

e ]2 ~ tanh(} \ﬁz‘c“g)
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2
(N Tep =e3=0,¢c6= gf;,cz>0,84 >0

uz = "‘“]*EQCQ .+. }_Cm mmmf_%_m
3 7 tan(3v2e2()?
2.2 .2 4.3
ciefcy  €*cye 9
( L) [
2c C cey
Vg = — 4 5 42 - T 3
€70y tan(§\/2czg}
2k,
Wy ==

ey =2 tan(}y/260)
&4

Case 2. {bl ﬂbgﬂdl Zdz'—":hg“——'kl Zk'z:O,Cl = 1,0y = £9,C3 — £1,C4 7 C4,

hy = hy,ap = *“%6262 -+ %C, a; = —€2c3, ag = -—262(34,
—etcde + 2cfeey + decogey — 203 5 y
gp = — 1 L1 = —€°cey, g = —2€%cey,
o —etede -+ deetesegey — 2e3hd — Betcdec: )
o 804h1

Then ¢'will be

@ = ey/eo -+ crp + cap? + c3d + cqpt

The solitary wave solutions take the form of eliptic and Jacobic elliptic function:
(1) Heg=ec1=ca=0,c0>0ca<0

ug = ~ 10y + so+ 2e%cy sec h(\/T3()?,

1t 2P ey — 2R3
_detceacy “ZFZCC: 4 Lo 9e?eey sech(\/cEC)z,

we = hy ,"mmzisec h(/E30).

(D Heg=c1=c3=0,c0 <0,y >0
wr = A%52C2 o %c + 2e2eq sec{/—cz()?,

dete 2e%c%cy — 2hE . .
B £ 62(34‘; . 4 1 +2EECCQSBC(\/:'E—2—Q)2,
E9C4

wy = hy, /—%sec(\/mqq).

2

(3) IfC} mCaxO,COZ %,C2<0,C4 >0

) 4
ug = —%eco + 3¢+ etog tanh(54/- 262},

4 4 2 2.2 _ 2h2
_x CCQC“—; zc £t Lt eteop tanh($/ <202},
€°Cq

2
wg = %fhé« / —-ff ta,nh(%\/~2czg).

2

&

(1) Tf ey = 5 = 0,00 = ~2-,¢3 > 0,4 > 0

Vg =

Uy —

Vg =

4(:4
1.2 3 4 1 2
ugg = —z€°cs + 2 — eeatan{5/Zca (),
detorgoy + 202ePcy — 2R7
Yyp = — - =y L etoey tan(d4/2e20)7,
4

2c
Wig = %mm / —C—f tan(%\/ZczC).
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, cdm?(1 — m?)
(5) IfC'L:Cg:—'O,CO 84(2m2-1)2162>0,64<0
9,2 2 2 )
e“comen( 5 1(}
1.2 1 :
Uyl = —ge€icy 50+ ] )
. 2e%ccomPen c2 ¢)?
S deteeacy + 268 €%y 2k ' 2m? 17
e 4e2cq 2m? — ’
2
Cam Cco
= h .
e cg(2m? — 1)cn( 2m?2 - lg)
2 2
. cs(l —m
(6) Ifey=cg=0,c0= W,CQ > 0,04 <0
2e2codn{ :imﬁ )2
— 1,2, 1
Uz = —5€°¢y + 3¢+ g )
2e?ccqd
. 46 cepey + 2020, — 2h2 e ceadn - m2 O
2= 4e2ey 2 — m2 ’

Ca

wis = m\/ — dn{\/

2 2
Case 3. {ko=0,by =0, hg = o+ ¢

1 2 g0 = Jo, Ca = Ca, 03 = C3, L] = 031,09 xﬂ,
44/ —=c
2

QIWGQQ—Odg—-—O(}.}—Ghl——Dhgm(}ag —C*§6262,04w~051 *~€201,
dl 1r‘—"-§f CI,CGitO}.
Then ¢'will be

¢ = ev/e1p + et + cgpt
Tke sclitary wave solution take the form when ¢y =

"*E CCy, k.’l

. 2oy g
Uip = 3 — 1 1 !
v —ecles ((sn( V2(~ 0163)(I)EC=§\/§)Z) - I)
62{2(‘,183
Vis = Go — 1 1 1 ’
W/ —CiCg ((sn(gx/ﬁ(—clca)(z)ﬁﬁ 5\/2—)2) -
Ly
2g0 " c2 —--2—6 CC1C3
Wiy =

+ .
4\/7:2% Ve ((5”(%\/5(“6163)(%%(, %\/ﬁ)ﬁ) - })

Case 4. {cg = ¢y, ko = 0,a0 = ag, ho = hy,cz = 2,01 = 01,09 = 0,01 = 0,92 =0,

a1 =0,k = 0,hg =0,k = 0,00 = 0,b; = ~ecy, by = —2e%cq, dy = —2e%cep,

e{12apcq — 3cFe® + 2¢cq + 166%¢cg) ci(c% — degeg)
12¢g 83

Jo = — cdy = ~e%cey, 03 =

}

Then ¢'will be
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724
@' = e\/co + G+ e — ..__1__5_01{5 SCOCG.E?) @3

The solitary wave solutions take the form :
(1) Ifo; = 0,00 <0

- 262(}2
Has = o sinh(,/eze()?’
e = — c(12agco + 2ccp + 16ecpe)  2ecoy
12¢9 sinh(,/c2e()?’
Wig = h@.
(DU e, =0,c0>0
- 2e?cy
TN e
S e(12agco + 2 + 16e%cgey) N 2e? ey
17 12e4 - osin(y/~cge)?’
Wy = hg.

Case 5. {¢g = ¢y, klmkhkz-—o 02—02,65*63381—61, az = 0,01 = 0, g2 = 0,

ale hgmo h>~0 agmgc—gc 62,64—051 —€ C],dl —eg‘ccl,
2c”eeq + detecgen — etect — 283
2 0 0L2 1
by = —2e%c,dy = —2e’ccy, go = — 5 3
4eeg

—detecoeieg + eteed 4+ 201 k] + 8eecies

h{} B SCgkl }

Then ' will be

¢ = en/eo + 1o+ cap? + o3
The solitary wave solutions take the form :

(1) If o3 = 0, e = 4“22
Urg = —2e2cy + L6~ 2e’crcg - 2¢%cicy

18 gt 23 26("&56062 — e (26(\’@—56C)82 — 61)2,

e*cc] 212

i = ey 26%cicen 2e2c2 ey

e 2l T 2eVEDg, o (2eWERg )2

k1c2 2&'162

Wig =

C QB(VCQEOCQ -~ C3 .

290 +&°

A A = ,c:rc,w:o, m07
2\/————— gJo = go, Ca 2, U2 g1

ey

Wort

Case 6. {C{) :Cg,k‘l = ]€1,h0 =

ggzo,m:o,hl to,hgmo,bim

d1 = kl *26, Ly = O,

kq
cy = S e Ky = 20/ 206700, by = —dePcg, dy = ~delecy,
. —3k% 4 8?2 — 32etcopey (k% + 8ecegen )k
0 = vy

» G =
24eBeey ’ 16ck/~2cebe '
Then w'will be
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ky (k? + 8etecnes Yk
Mgy g+ o o 02 £
v \/ 0T e T Y 162/ =Zcefc

The solitary wave sohrtions take the form :
(L3I ky = 0,00 >0

3

8cfeley — 32c¢t ooy de?cq
Uzg = il
24e2ccq sinh{y/cge()?’
4e?ees

Ugg == gdo — W,

Wy = 220_‘_ 2\;‘ —2052[72 ]
=2 sinh{,/cze()?

(Q)Efkl—(} e <0

82 E Co — 32&4660(22 + @Ezcg
Uy == ,
* 24e? cco sin{+/=eze()?
4¢3 CCy

v = sm{mfg“)z’

2g0 + c* 2v/=Dceey
2/ =2c  sin{y/Teael)®
(3) If by =2 *—"2C2CGOEZ

~8etecoes + 8ectey Ao/~ Iegcipedoa € _ 4e?ccdeg

Wyy ==

Ugg = + :

= 24e2eeq \/~~26(e\f55%2\/ —c —/~caeeg)  (eVEley/—c ~ /" igoep)?
N 2/ Degccpe/—2eeg/—0 N 4e?ciciey

Vag = ,
22 =4 (EWECCQ'\/ —g \/“02(3{30) (E\/EQECCQ\/ —C — 4/ "C‘}CC{)}z

" 290 + ¢? . 2+/=2egccpelon/—¢ B 2v/=2cecciey
BTV (VBT o ate) | eV o o - y—caii

Case 7. {kg WO bz = G ag = ag,h(} = hg,Cf) -Cg,Cg = (3,01 = {1, ds = G,bl = 0,

g2 =0, dl—o dy =0,k =0,hy =0,k =0,g0 = w—e CQC"‘"CLQCAECZ,
g = ~-€ CC3, 03 = —%6265,04 =0,c0 = 0}.

Then ¢ will be

¢ = erferp + cag? + e

The sclitary wave solutions take the form :

(1)1 i =0, > 0

Ugz = Qg -+ e Ca sech( \/E?,{{}

Ugg = ——gezczc —anC - c + ﬁe cen sec h( V()
weg = hy.

(2) Ifey =0,¢cy <0G

Ung = Qg R %6262 SGC(%‘V E C)
Vog = méegczc —age — 3¢ + etcey sec( 3/ =ez()?,
Wag == h.@.

Case 8. {k2 = Osb2 = G:af() - aG:h‘O - h;g,(fz = CZ}C3 = (3,0 = C1,83 = 0392 - O:
dg == 8, hl - O,hz = O,kl = O,QQ == A%ezcgc—— CL()C— C , g3 == —-%62003,

1.2 - 1.2
0y = —se ey, o0 = 0,0) = ~5¢fcy,dy = MEF cey, Cp = 0}
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Then @'will be

¢ = e/ + cap® o+ c3?

The solitary wave solutions take the form :

(NI e =0

Uny = g — %62\/“'8163 (3%(—%—\/5(wclcg)i"e§, %\/2—)2 - 1)
E2C163

w? —~£1C3 (Sn(%ﬁ(“'6153)%541 %\/5)2 - 1) !

vy = —ape — $¢? — Lee /o0 (sn(%ﬁ(mcgcg)éeg, 1/2)? - 1)

62661 C3

2y (sn(3vVE(-eica) el 5V ~1)

Wy == hg.

Case 9. {ky =0,by = 0,90 = go, ¢ = Co, 03 = 3,01 = ¢, a9 = 0, b = 0,

9230,031305552:—”05}?'0 =

2g0 + c?

4\/'—_%5

- — o 1 1
hg == O,]ﬁ = O, ap == §C— 56262,

g1 = —€cey, ay = ‘Mezc& hy = 1/ —3ceey, o(4) = 0,¢(0) = 0}

Then ¢'will be
@' = ev/e1p + ca? + ey’

The solitary wave solutions take the form :

(L) Ifep=0,c0 >0
Uag = :}:,"c - ie%z + €%z sec h(%\/@oz’
33 = go + e”cea sec h(L,/53()%,

2
Wag = j%z — /= seeze® sec b3, /650)%

(2) If ¢y ={,cp <9
Uy = %c - %62(32 A e%g‘sec(%V*@OQ;

vas = go + e ceg see(E/mea()?,
]
Wy = mﬂmm—: °+ic — / —§ecae? sec( /()2
Tz
290 +c?
Case 10, {k2 = 0,0 = 0,7y = hy, hg = " gy = g, Ca = 0o, 0 = €1,
4y/—te

a2

ap

2

th —‘I'C
= 0,92 = 0,dp = 0,g1 = Yay/—be,ap = _——C~—2-,hz =0,

h

1 1 2

C “6262,{:3 T sy O == Q,bl = wE"C}_,dj; = AEZCCL,
1/-—%662

3
= \/—%celey, c{0) = 0}.

1
3
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Then 'will be
@ = e\/cw + cap? -+ %r};é,w

The solitary wave solutions take the form ;

(1) Iz =0
Ca/ "'-2(’6\,1' —2]'2.18 w2
Ugy = "*(‘ RV AT TS AV, -2h1C1 -2c STL(\/
2€C1h1

f““““"—"_zhlcl ,"‘“‘“""‘"""'-.___MQC (sn( \/Mc\/w2cm2/c—2h1c1v-2c€, _21_\/5)2 _ 1)

l\Jii‘»—\

s

k

«/w2cem
var = g + ) —Feen/ —2hie1/ ~2¢ sn(\/ Lo/ 2e % 2" -1
2ecey g

/_2hlcl I""'QC (Sn( \/*“C\/w2.£:£\2,"c—2h'1!211/m2cg,% 2)2 " 1)

e/ =2cen/ = 2Ry e/ — e
wyy = ke, °+f2 + e/ —2h1e1v/ 2 sn(\/ 5 - C.3v2)* -1
T

4/—3ic 2

2 *wafclhl

1—2;‘1.1{:1 r*"mwzc (S’n( \/76\/“2(:6\.56—2}"161\/:%{, %\/2—)2 _ 1)

+

Case 11. {kz = 0,bz = 0,a9 = ag, ¢z = g, hp = ho, 03 = ¢z, ¢35 = c3, 01 = 21,
a2 = 0,91 =0,g2 = 0,dp = By = 0,y = 0, kg = 0, Fy = 0,y = —jeey,
@ = —Le%cac — age — 2, dy = ~LePecy, cp = 0}

Then ¢ 'will be

¢ = ey/o1p + eap? + c310% 4 Cypt

The sclitary wave solutions take the form :
(l) He=c3=0

o = ag + (je*Terca(v/3 - 37

2

LoTsn I\/W\/—- 6164 3(21(’4( \/—+3I \/“\/]_—_Iw ))/

4(“'(306%)5
1I\/_\/I(cc scc(\/—+3f :
((_Clcﬁ)%sn 41(4 1)4 \/"\/1—“ )
—“CQC3 E

van = —aoC ~ §¢® + (2% Teroey (V3 - 31
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2

AVEVI mfx/ﬁ) 0/

Lar ﬁf\/ﬁ\/wf(uc—icﬁ)%ciq(-\/ﬁ.5.3})5(;
sn h
4(*806%)’3"

2

gl 3cyc De

((—-c;cﬁ}%sn( \/_\/ ‘j:(ti; 00}4( —/3+3I) C,%\/Q“ wl—fﬁ) )
cocd)s

Wyp = ho.
(2 eg=cy =0

4620162% (elVFed)y
Ug] = Qo — (4(8(\/5560)262 _ 451(e(ﬁ350)\/52“ + c%) :
3
) de?cyect (elVEredd)
Ygp = ——}‘E‘CQC - apc — é(32 et 2 ,
3 g (4(6{\//52—5())202 — 461(3(\/E;FC})\/E§ -+ C‘%)
Wyq = }Zg.

2g0 + ¢
41/—-%6
ca=cpa2=0,00=0,99 =0,dg = 0,01 =0, 0y =0, =0,

ag = %c — 3e%0o,by = —€%ey, dy = ePeoy, by =/ —Eeeler, ¢ = 0.

Case 12. {ky = 0,bo = 0,hp = 190 = g0, €4 = C4,Ca = €3, €3 = C3,

2

Then ¢'will be

¢ = ev/er1p + eap? + cap® + cgt

The solitry wave solutions take the form :
(1) Ifeg==eg=0

gy = %C—F {i 2I61C4(\/— - 37

~c1c3) 30164 (—V3 4 31e

-§—215n( [\/u\/ ; 1%\/§V1m[\/§> 0N/

d(—cped)s
((~~61(3§)%3n( If\/ 21(046301)64( \/§+3I)EC>%\/§ E—I\/g) )
L

sz = go + (€2 Teycea(v/3 ~ 31
ey 2 381()4( f+31)e§

+21m( /2y -1 : «/5\/""*14\/5) »/

4(—cocd) ¥
2
i —I(—cicdyicica(~V3 4
((chz)%fm(‘ifﬂ\/ IH{—crcg) ccl( V3 3¢T)<—:§,%\/i - I\/E_.) ¥
4{—cocd)

290+C

T

- —%ce2fclc4(\/§ - 37



Case 13. {cy = co, ky = 0,00 = ag,c1 = ¢4, ho = ho, €3 = 2,01 = 1, Gz = 0

SOLITARY WAVE SOLUTIONS FOR THE NONLINEAR ITO SYSTEM

2

LIVE - I(~ercd)eses(—vVE +31)eC 5T I3

+21sn o)} N/
I 3 3+30)e
oty VB ~I(~e @) ered—vE+ )fa’%ﬁ e
4(~coch)

(2)Ieyg=0c4=0

8eZeye ((J(\/HGO)
(450 ooy — dex () /55 + 7)
8c?csecs (e(‘/—“’))
Va3 = o (4(el V502, — 4cl(e<\f"‘0)«/é§—£~ cf)’

290+{ 862614,!—-(6 ( \/MEC)

4\f— (4(eteeN) 20y — doy (eVect)) oy + c2)

- L. 1.2
Ugg == gC — 5€7°Cq —

g1 =0,92=0,01 = 0,h; =0, hy = 0,k; = 0,0y = —e?cy,dy = —eces,

by = —2e%cy, dy = —2¢%ccy, gy = —

i

¢{12agcq -~ 3cte® + 2eep + 16e’coes)

1260
_ (5] (C% — 48062)}
e el
8ck
Then ¢'will be
2
cilef — dege
@ = eyfeo + e+ cap? — _i_(._ngMWS + capt
0

The scolitry wave solutions take the form :

c2
(1) Ifc1:0,cG-4 e < ey >0

Cy
iy = Qg + 2

T anh (12602
3apcs  ccd 4e3cB
C(WO 3 b 2 + e )64
gy = — Cq 2e4 C4 + CCp
4 3cd tanh($/~2e;()2’

Wag = h@.

eAm?(1 — m?)

2 IfJ = = T e br— i .
2o =c3=0,c C4(2m2—1)2’c2>{)'c4/0

2e%05{1 — m?)
PRI
&)
(2m2 - I)C?’L ( mC)

1 (el 12apcEm?(1 —m?) | 2ccdm?(1 — m?)
12e5m(1 —m2) " eg{2m? ~ 1)2 1 eg(Zm?® — 1)2

Ugs == dg

Vig = =

¥

),

b

10
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166%cim?(1 — 7rn2))c4(2m2 P O 2c%cy(1 — m?)

cg(2m? —1)2 = 2
(27’1?,2 - I)CTL ( WC)

Wy == ho.

2 2
o e3{1 — m?)
(3) It 01 = 3 = G,C{] == 64{2*7712)2’

2e2co(l — m?)

co > D,eg <0

g7 = Qp + %
C2
9 — 2
(2—m )dn( 2——ng>
_ 1 12a9c3(1 —m?)  2ec3(l —m?)
R T T £ ey s 1 Ml C B 1

16e?c3(1 — m?)
c4(2 — m2)2

2e%ces{l — m?)

@ - (| [52rc)

2gq +
Case 14. {cg =co. by = ki, hg = “gg\“{)?“f«i?,go = G0, C4 = C4,03 = Cp, 03 = 0,

2k,
r=Gg =00 =0k =0,hy =0,y = ———===,dy = k1+v/—2c,
gz :g; 1 1 2 U1 e 1 1 C
cy = W_;_g?,kg = 2/ =2ce?ey, b2 = —deeg, dy = —4e0ey,
o —3ki + 86%c%¢y ~ 32¢tecoes o k1 (k2 4 8etccpes)
v 24e2ccq T T Be2 SaceSe J

Then 'will be

)64(2 — mz)z) +

Wy7 = ho.

kq k‘l(}cz -+ 86466082)
f =gyl + ————tp - cap? & E ? 4
? \/G Vet 2 16e3+/2ced¢c vt ae

The solitary wave solutions take the form :
2

(DI ky = 0,00 = ~2,c5 < 0,04 > 0

4(34
e o — deey n 2
50 3 tanh{1/=2e;()2’
2eceg

vso = go + :
T anh (I B0}
_ 290+ v —=2cey
AW 7 tanh(3+/~2ea()2
2

(D I by = 0,c0 = --55-,(:2 > 0,00 > 0
4

W

4

¢ — deey 25

5 alving?

2331

11



SOLITARY WAVE SOLUTIONS FOR THE NONLINEAR [7T0 SYSTEM

2602

Ust — go %mtan( Beal )2
295+ c? v —2ccq

w1 = 2+/—2¢ - tan(3 /22 C)z
c2m2(1 m?)
ky=0,c0 = =t ,cs <0
(3) If &y Co = 84(2??’?,2 z)z co > 0,04 <
c—de?cy decy(1 — m?)
Upgy = 3 + o !
(2m? — l)fm{ s O
4e? cea(l —
Usz = Go +
(2m? — Lyen(, f C)z
290 Jr c? 24/ —2{:& 62(1 -
Wsg =

22 (o~ 2en, /2—?,5;;302 |

2
(DT ey = ey =0,c0= (C2 2)2,@ < 0,640
oy = e - de2ey de?eq
S S oy Aoy
T
de?eey
Vsq4 = Go + . = o
(m? + 1)sn( “WC)
ey = 290 + &% 0 —2celey
e e
' m2 4+ 1

Case 15. {kg =0, by == 0, a0 = ag, cg = oy, hy = }Z.Q,CQ = Cg,63 = Cy, by = G,

d1 == O,dz = U, hl = O, hg - O,kl = 0,91 = *62863,631 e -—6263,&',2 = *"26264,
c{2cey + 16e%cocy — 3e2c2 + 12ape cy{degey — o2
g2 = —2€%ccq, go = — (2ceq 264 5 04)’6 _ s 26 2}
12(}4 SCE
Co = 0}

Then 'will be
¢ = e\/ el o 4 cap? + o + capt

The solitary wave solution take the form :
(E} If Co = O

Egcgsn(\/—gcs\/—@( 5-4+3)ed 1\/-+ )

8(:4

Uss == A +
4 (\/m — 2 + 2sn Vieay ;;f 2+3) EC i
2e%c Sn(\/ﬁca Y —gjf S8 2VE+ 34

\/_+)>

8cg

PR
(\/5—3—%2311(\/“63” S TS 1f+3)2>

»

12



SoLrrary Wave SOLUTIONS FOR THE NONLINEAR ITO SYSTEM 13

2.2 (\/503\/"04( 543)e 1\/‘* )

v c{2ecy — 362k + 12ag¢4) N e“ceisn e
55 =
12¢ -
: co (V- 3 2P 1 )
262 gon (VI CEE 4B 4 4y
- .\
et (VB 3+ 2an (LGS 5y

Wey = hg.
Case 18, {k2 = 0,03 =0,00 = - 0,4 = c4, ho = hg,¢3 = ¢z, 01 = ¢31,d2 =0,
hy=0,hg =0,k = 0,91 —e%ceg, 0q = “6263,612 = —2c%cs, go = —2¢%cey,

-+ 12
co =0, g0 = _c(e 3 + +2ccq aoca;) er = by = —leor dy = —Leteer ).
12¢4 4!

Then ©'will be

o= E\/CW + f§;<f92 + 39 + capt

The solitary wave solution take the form :

(l) i Cg = 0

3/~ I VE+an 4
LIV2 —ereD)Ecea (V3 + 30eC
U7 — ag+(852(_clcﬁ)§5n ( 4( 4 2) , %\/:Zv i I\/-?_) }/

o \/w“31+2fsn( \/“\/*I( 6104)3{:104( \/—+31)6§ \/1_;____ )

4(“60(34)
) 0/

I\/—\/ I(~~c1c4)sclc4;( V3 4+ 31NeC

e} BV

a

wi»-‘

+{3Ie%cieq{+/3~3+21sn (

(mc1ci)%sn( I\/—\/ ~c108) 36164 \/W+BI)(C’5\/_\/1..W___)

4{~ COC4)

2c?eicy — 2hF

I — ey + (8c%c( ¢y c2) 3
sn( I\/_\/ 11(64 -‘5681)84{ \/§+3I)EC \/ﬁm) y
—cgcd)

9 2

Ly 3+375
e x/?ivauzfsn( f\/ “adiac(-V8+ )EC,%x/ﬁ\/l-I\/??>

4(~coct)?
2

L I SONPPAY —
+(%152cclc4(ﬁ—31+213n ('QIﬁ\/ i 11(%) Czl}cj( ﬁjﬁg[)ecs%\/ﬁvi*fﬁ) N2/
—CnCs )8

oo (%Iﬂ\/—f(—clcﬁ)%clcf(ﬁﬁ»# 30 %ﬁm) |

A{~coci)®
Wy = ]’Lg.



SoLITaARY WAVE SOLUTIONS FOR THE NONLINEAR ITC SYSTEM

Case 17. {cp = cg, ka = 0,bg =0, a0 == ap, ¢4 = C4, hp = ho, €2 = g, ¢3 = ¢,
b'g =z O,dl == O,dg = {) hg = (}, ho = O,kl = G, Qy == ——6203,CL2 = -"26204,
6(16628264 -+ 2ecy — 362C§ + 12&0(54)

= 26200y, Go = — L = —€2ccs,
g2 €708, §o : 196 &1 €400y
cgldegey — ¢
¢y = ( S - 3)}
4
Then pwill be
es(deacy — 2
W =c co+w_——-_——3( 28;2 3)(p+02§02+03903 + cappt
rl
The solitary wave solutions take the form :
9
(1) I eg =0, cG—; ,C2 < 0,04 >0
Ugg = Gg + € 02 tanh( vV =2c3()?,
162 2 12
vos = — e(16e2e9c4 4;2;:(:4 + 12agcs) + ebees tanh(L/TTE0)?,
4
Ugg == hg.
2
(Y s =0,00= ) e g > 0,04 >0
usg = ag — c* cz ‘san( \/QC 0?2,
162 - 2 12agc ;
o = — c{16e*cacy + 2004 + 12a004) ety tan(% WQCzC)Q,
1204
Weg — flo.
c2m?(1 - m?)
(8) If s = 0. co calamE Ty 2 > e < 0
- 2e?comen /—g—m—g—z-:—lf)z
Ugp = do Y2 — 1 .
P 2nn 2 C2 2
S _c(lﬁﬁzczc4 + 2ceq + 12apcy) + e“eegm’en ImM2 - 1C)
o 1204 2m? — 1 ’
Weo = hg.
cam?
AT ey = 0,60 =~ 03 < 0,04 > 0
{4) f ca <y call + m)2 o C4
2.2 2 ke 2
. e“cam@sn( PR +1C)
Uy = Gy
62 = Qg m2 £ 1 ]
2¢? Zem 2
S #6(16620264 + 2eeq + 1Rapcy) n cepm”en m2 + 1Q
2 12¢4 m? ¥ 1 :
e == hg.

Case 18. {cp =g, k2 = 0,00 = ag,cs = c¢, ho = ho, ¢z = ¢z,0; = 0,91 = 0,
dy = 0,2, =0,hy =, h.g =0,k =0,g9 = ‘*-"C(ﬁa(} + ¢+ Beley), 03 = 0,
ap = —2e¢q, go = —2e%cey, 01 = 0,bp = ~2¢? Cg,dz = —2e%eeyt



SOLITARY WAVE SOLUTIONS FOR THE NONLINEAR ITO SYSTEM

Then 'will be
' = e\/Co + C20p? + catp?

The solitary wave solutions take the form :
g Ve

(I} If g = 21%;—,62 < Q04 >0

C3
ugs = ag + e*ep tanh(3/=26)% + 2’
2 b1/ =2cs()?
1 4 L/ ?
vge = —2clBag + ¢) + €teey tanh(E4/~2e0 ()7 + !
g 2 (%\/““ 2e2()?
wgg = hy.
. 5
(2) ey = —=,c0> 0,64 >0
404
= ap ~ etoy tan(L/Fez()?
Ugs = dg — €°0Cp fm(g ‘320 td,n( ’2(3 O
. N4 1 2 2
w5 = —gc(6a + ¢) — etocy tan(5v/2ez() tan{3+/2c2¢)?’
T s w
(3 e = ""(—2*"—2*)5,02 > 0,04 <0
Cs )
2e2cqdn, ?
e*cy ﬂ(\/;tv;@ %2ey(1 — m
UgT = dg + 9 2
{2 m2)dn{ C
2¢?ccodn § 965 69(1 _
fuﬁ,,.,:_ c(Bag + ¢ + 8e2ey) 2__m2
(2 m2dn(
wer = hg.

Case 18. {kg = O,bfg = O,Cg; = 0,00 = 0,0 = (1,01 = G,d‘z ZO,G‘i = O,

2
€“ 00
h; 30 k‘,l =, g0 :EQCQC“ lcz , g = %C“‘“ %EECQ,hQ == ﬁ,(lg = (1,
—2¢
ho = ‘2\/~w2ce ca, 0y = —~4€%cy, go = —deiceq, by = c c1,

dy =

Mge 2eeq, 00 = O}

Then ¢'will be

@ = /19 + cap? + capt
The solitary wave solution take the form :

(1) I eg =0

1If\/ ~c103) VEeyeal—v/3 + 31)el

4{—co ‘34) 3

LV - I{-ed) b erca(—v3 + 31)eC
4(~coc)3

ugg = §c+(1662(mc;cﬁ)%sn

ca | V3~ 3T+ 2Isn

V2V - 1V3

15

 EV2V1—1V3



SOLITARY WAVE SOLUTIONS FOR THE NONLINEAR ITO SvsTEM

+(%Iﬁzcc164(\/m —3f

+2Isn(éfﬁ\/mﬂwc}ci)%q?( \/_+3I)€C . \/I-——u_)

2

4(—cgcd) s
V3 V3 2
Lo/ =T (—cieVieyeq(—v3 + 30)ed
(—crcDdsn | 2 (Cag)io f( ) -, 5VEVI-1VE
4{—cped)s

2c e2ey — 2R3

Ugg =
4e?cy

JT"“)/

2

I\/_\/ H—c12)deyeg(—v/3 + 30

4(”0064)3

V3 3T+ 21 %Iﬁ\/"'f{”clci)'%cic4(m\/§+BI)e(j
c - sn : ,
' 4(""(30(%)?

+(16€%c{—ey c2) 3 om (

V2Vl - Iﬁ)

+{i1e%ecica(V3 31

Hm( VBT~ dieca(-VE + 3D VAT )

4(“0084) 5

( 2); <1I\/-\/ I{— clc4)aclc4( =3+ 3DeC
—c103)3sn

4(~ 6064)3

)

%I\/ﬁ\/w.f(ﬁclcé)éclct;(w\/g + 31)eC .
4(—cge2)s

weg = —(8e2/—2e(—cyct) sm (

iI\/ﬁ\/wI(—clcﬁ)%clq(—\/g + 31

/| s \/T-m31+21“5n(4 el %\/5\/1"[\/5)
—Cpeg ) ¥ _

Case 206. {co=1co,ky=0,b0 =0,h1 = h1,90 = go,Ca = Cg, 02 = €2,00 = 0,

290 +¢  —2h
dy = 0,dy = 0, hg = a g1 = Py Fe by = 0,
1 2 o o/ Be \/mm g1 1 1
hy
3 = \/% 2,hg = 2/ —3ce? C4, Qg = —4e? C4, go = —de2ecy,
= —3h% — 32¢tcqces + 8cPefe, (BT +8e*cPecy)hy
° ey o 16¢3+/~2eebc
Then 'will be
(h% + 8e*cZeehy Ry
"=¢ jep + co? + 5+ cqpt
i 6\/ ° 16¢2+/~2eebc PO et T

The solitary wave solutions take the form :

2
(1) I Ay = 0,00 = —2

2 s < 0,04 >0
4:(24

16



SoLirary WaAvE SOLUTIONS FOR THE NONLINEAR ITO SYSTEM

~324cq0eq + 8cteley

- 4 1 2
Ugp = 24e2c40 + 2¢tey tanh(5+/=2e20)?,
Vg = Go + 26t cey tanh(%«./w%z()za
9 2
go t+¢ —2eetey tanh (3 v/=2c2()*.

i W

2 2(1 L g2
(2) Tf hy = 0, ¢ = 2T LT

= W,Cz >0,C4<0

Cz

. Ae?com? Y
_ —32etcocey + 8c%e ey N ¢*eamen( 2m2 - lq)
e = 2de?cyc 2mnt ~1 ’
c
4e2ceamen( 5;;23:-"{()2
Vrz = g 5?1 )
[e]
2.5 2 2 o 2
o 260 + Vv —2ee?epmien S 1()
LW ;7 Im? — 1
(3) oo —2™ 00
C4(1+m2>2} 2 B
Ae2eyms . Ee 2
—32edeq00s + B2y 4 omsn m? + 1O
Urg — 7 1
T Qdeeyse m? 1
de2ccomPen(, [~ —5o()?
R eZceoman( mg+1C)
T4 = 4o ma 1 3
= 2eccom?snl, | — c2 2
T a2 m? +1 '
ho/= 3¢ 2go + ¢*
Case 21. C:C,J:——.—————jf =N h:m""'”"”““) = 02
as {co 0y 2 C b2 2, 1o SN o = 4o, 02 = Cz,
by = 0,91 = 0,dy = 0,a; =0,hy = 0,92 = hov/—2¢, k1 =0,
2
ag = tc~ Fefcp, 03 = 0,04 = Wyt 0, ko = 2/ —2ce%co,
bg e —-46200,032 == *46266()}.

Then ¢'will be
[

@ = 6\/00 +eap® + gt
The solitary wave solutions take the form :

2

& e h
(l)IfComZIE-;,C4—§*\/*~_—%—m,C2<O,C4>O )

4.3 1 5.4 1 12 2
Uys = =€ ey + 20+ ety tanh(5/—2c ,
075 36Ty e (5 2¢) +t&n;}(%\/i'2c§@2
2060

tanh{s/=2c2¢)?’

vrg = go + 2etccy tanh(§/~2020)7 +




SOLITARY WAVE SOLUTIONS FOR THE NONLINEAR ITC SYSTEM

g = 2;3;;; — /=2cetep tanh(§ v/~ 2020)7 tam}%c)z'
(2) If ¢p = gg’% = 52> 0 >0

ugg = —Fe°cy + 3¢ — 2ty tan(3+/202()7 - m:

vrg = gg — 2eteey tan(%xﬁc—gf)z - ag;W,Paper

o = 2295/_;;_5 + /=2eetcy tan(3v/20:0)" + ﬁ%ﬁ

3. CONCLUSION

18

In this paper, the periodic wave solution by the Jacobi elliptic, Welerstrass, elliptic, tri-
angle, and hyperbolic functions and other type of functions for renlinear generalized Ito
system are derived. Therefore, many solitary wave solutions can be obtained. From the
derivation of hte periodic wave solutions, it is easy to see that cur method is useful tool

to explore the periodic solution for our system.
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Curves of solutions of Ito coupled system

Casel

SE16
-25E18

2E16

-1.5E187

-iEB

SES

-1.6EB

-1 268

-1.6E8

-1.288

i9

BEF

BE7]

4T

4

{0y , vy , W) when {e;=d,g5=1, € =1,e=-2,c4~2,ho=1,k;=2}

Case?

(u6 s Vg s Wﬁ) when {¢4=-2,0:=4, € =1,e=-2,hh;=2}



(010 5 V1o » Wip) when {e,=2,e:=4, €=1,0=-2,h(1)=2}
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Case3

Cased

16606

10608 8000

-B000 5000

B0t
4000

2000

Cases

-2E15

-1 6015

1Bt

-BEtd

(W16 5 Vie » Wie) When {eg=2,e5=1,e=1, €=1,e=2,hy=1,29=2)



Caseb

(wis 5 Vig , ng} when {c;=1,¢,=2, € =1,e=2,k;=2}

Case7

(wy; , Va2 , W22} when {eg=4,¢:=4,g,=1, € =1,0=-4)
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Case8

€ =1,c=2,hy=1}

=4,¢cy=4,

(w33, v23 , W23) when {a,

-2000

- 1500

2,hg=ﬂ}

cy=-4, & =1,0=-

3

=4

{24 5 V24 , Wy4) when {a,

Case 9

-15000

-13C00

€ =1,0=-2,h¢=1,¢5=16)

9

=4

=4,C1

(427 , V27, Wyr) when {2
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Casel3

-BOOG
6000

4000

=-4,g,=1, €=1,0=-2)

(W34 5 V34 s W34} when {c,

1,e=-2}

13(:]1:-4, e

mS,ggz

(us7 , V37, W37) when {h;

{Case 21

2904:“4}

9hﬁm1930

&€=1,c=2

b4

=]

(us5, V35, Wss) when {c;



