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Abstract: The modified extended direct algebraic method (MEDA) is a
powerful solution method for obtaining new exact complex solutions of some
nonlinear system of partial differential equations such as classical Drinfel’d-
Sokolov-Wilson system (DSWE),(2+1)-dimensional Davey-Stewartson system
and generalized Hirota-Satsuma coupled KdV system.
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1. Introduction

Recently many new approach to obtain the exact solutions of nonlinear dif-
ferential equations have been proposed. Among these are variational iteration
method [1]-[7], tanh function method [8], [9], modified extended tanh function
method [10]-[16], sine-cosine method [17], [18], Exp-method [19], inverse scat-
tering method [20], Hirota’s bilinear method [21], the homogeneous balance
method [22], the Riccati expansion method with constant coefficients [23], [24].
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Recently, the direct algebraic method and symbolic computation have been
suggested to obtain the exact complex solutions of nonlinear partial differential
equations [25], [26].

The aim of this paper is to extend the modified extended direct algebraic
(MEDA) method to solve three different types of nonlinear systems of partial
differential equations such as the classical Drinfel’ d-Sokolov-Wilson system,
(2+1)-dimensional Davey-Stewartson system and generalized Hirota-Satsuma
coupled KdV system.

2. Modified Extended Direct Algebraic Method

Consider the following nonlinear system of partial differential equations with
independent variables x and ¢ and dependent variables u and v,

(1)

Fl(u7/U7ut7/UtuU:EaUCE)utta/Uttuuxztulsztu ) = 07
FQ(uu/U7utu/UtuU:EaUCE)utta/Uttuuxztulsztu ) = 0.
Applying the transformation u(z,t) = u(z) and v(x,t) = v(z), where z =

i(x — ct) + 7, i> = —1 where v is an arbitrary constant, converts (1) into a

system of ordinary differential equations (ODEs)
Q1(u,v, —ciu , —civ ,iu ,iv ,...) =0, @)
Q2(u, v, —ciu , —civ ,iu ,iv ,...) =0,

where the prime denote the derivative with respect to the same variable z.
Using some mathematical operations, the system (2) is converted into a second
-order ordinary differential equation (ODE)

G(u, —ciu ,iu ,*u ,—u ,..) =0. (3)

In order to seek the solutions of equation (1), we introduce the following ansatze

M

uw(z) = ag + Z(ajgbi +bj¢ ), (4)
=1

¢ =b+¢>, (5)

where b is a parameter to be determined, ¢ = ¢(z), ¢ = d¢/dz. The param-
eter M can be found by balancing the highest-order derivative term with the
nonlinear terms, see [27]. Substituting (4) into (3) with (5) with yield a system
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of algebraic equations with respect to a;,b;,b and ¢ (where j=1,...,.M) because
all the coefficients of ¢/ have to vanish. We can then determine ag, a;, b;, b and
¢ equation (4) has the general solutions:

(D) Ifb < 0: ¢ = —/—b tanh(y/—bz) or ¢ = —/—b coth(r/—bz), It depends

on initial conditions.

(1) If b > 0: ¢ = Vb tan(vbz), or ¢ = —v/b cot(v/bz), It depends on initial

conditions.
() Ifb=0: ¢ = (—1)/=.

Substituting the results into (3), then we obtain the exact travelling wave
solutions of equation (1). To illustrate the procedure, three examples related to
classical Drinfel’d-Sokolov-Wilson system,(2+1)-dimensional Davey-Stewartson
system, generalized Hirota -Satsuma coupled KdV system are given in the fol-
lowing.

3. Applications
3.1. Classical Drinfel’d-Sokolov-Wilson System

Consider

us + pvv, = 0,
(6)

V¢ + QUazr + TUV, + SULV = 0,

where p,q,r and s are arbitrary constants. Recently, DSWE and the coupled
DSWE, a special case of the classical DSWE, have been studied by several
authors [25] and the references therein. Using a complex variation z defined
as z = i(x — ct) +, we can convert (6) into ODEs, which read

—ciu +ipvv =0 = u = (p/c)vv, (7)

—civ —qiv +ru(iv) + siuv =0, (8)

where the prime denotes the derivative with respect to z. Integrating (7), we
obtain
u=(p/20)v* + e, (9)

where ¢; is an arbitrary integration constant. Substituting u into (8) yields

—cv —qu +[(p(r +25))/2cv*v 4 repv = 0.
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Let (p(r 4+ 2s)/2¢) =k, re; = h,

= (h—cv —qu +kv*v =0. (10)
Integrating (11), we obtain

(h—c)v—qu + (k/3)v® = ca, (11)

where ¢y is an arbitrary integration constant.

Balancing the order of v? with the order of v in equation (11), we find
M =1.

So the solution of equation (11) takes the form:

v(z) = ag+ a1+ big~ " (12)
Inserting equation (12) into equation (11) and making use of equation (5),
—cy+ (h—)ag + arp + b1¢7]
— q[2a1b¢ + 2b1b¢ ™ + 2a14° + 217073
+ k/3[(ag + 6agarby) + (3agay + 3aiby)¢ (13)
+ (3adby + 3a1b3)¢ ™" + (3agad)p?
+ (3aghi)e* + (a})¢” + (b1)¢ "] = 0.

We get a system of algebraic equations, for ag, a1, b; and b in the form:

—2qay + (k/3)a3 = 0,
—2gbyb* + (k/3)b3 = 0. (

~J

—cy + hag — cag + (k/3)ap + 2kagaiby = 0, (1)

hai — cay — 2qa1b + kagal + ka%bl =0, (2)

hby — cby — 2gbib + ka2by + kaib? = 0, (3)
kaga? = 0, (4) (14)

kagh? = 0, (5)

(6)

)

These equations give the following three case:

Case (I): a1 = 0. From equation (7): b = /k/6gb;. From equation (3 ):
c = h+ ka3 — \/2qk/3by (8). From equation (1): ¢ = h + (k/3)a? — (ca/ao)
= substituting ¢ into(8 ) we get by = (2kad + 3c2)/(v/6qkag) = b = (2ka} +
3c2)/(6gag). Let A = /((2ka} + 3c2)/(kay)), with ag being arbitrary constant,

v(z,t) = ag 4+ Acot(Vbz). (15)
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So, the travelling wave solution is given by:

u(z,t) = (p/2¢)[ap + A(cot(Vb2)))? + c1. (16)

Case (II): by = 0, from equation (6 ): a1 = \/6¢q/k ,
from equation (2) : ¢ = h — 2gb + ka? (%) ,
from equation (1): ¢ = h + (k/3)ad — (ca/ap) = substituting ¢ into (x)
we get b = (2kad + 3c2)/(6qap), with ag being arbitrary constant,
v(z,t) = ag + Atan(Vbz) (17)

so, the travelling wave solution is given by

u(z,t) = (p/2¢)]ao + A(tan(vVh2)))* + c1. (18)

Case (III): From equation (7 ): b = \/k/6¢b1, and from equation (6 ): a3 =
\/6q/k. From equation (3 ): h — ¢ — 2gb + ka2 + ka1b; = 0, therefore equation
(1): h—c+ (k/3)at + 2kaiby — (ca/ap), Hence by = (2kaj + 3ca)/(4y/6kqag) =
b = (2kad + 3¢2)/(24qap), where aq is arbitrary constant,

v(z,t) = ag + (A/2)[tan(Vbz) + cot(Vbz)], (19)
so, the travelling wave solution is given by
u(z,t) = (p/2¢)[ag + (A/2)(tan(Vbz) + cot(Vb2))]? + c1. (20)
Thus, we have been obtained three solutions for the system (6).

3.2. (241)-Dimensional Davey-Stewartson System

The (2+1)-dimensional Davey-Stewartson System [29] reads :

WU+ Ugg — Uyy — 2|u|?u — 2uv = 0,
Ugg + Vyy + 2(\11](2))m =0.

(21)
Using the wave variables,

u(z,y,t) = u(z),v(z,y,t) =v(2),z =i(ax + By — ct) + 1, (22)

where a, 3, c,and ~y are constants,by similar manner as above convert (21) into
the ODE :

cu —aotu + fPu —2uP — 2uv =0, (23)
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—a®v —B% + (u?) =0. (24)

Integrating (24) in the system and neglecting constants of integration, We have
found :

v=u?/(a®+ (7). (25)
Substituting (25) into (23) of the system we find

e —(0* — ) —2((e® + B+ 1)/((0 + PP =0
Let (a2 — %) = ¢y,
(*+ B2 +1)/(®+ %)) =co = cu —cru — 2cu® = 0. (26)

Balancing the order of u? with the order of v in equation (26), we find: M=1.
So, the solution takes the form :

u(z) = ap+a1¢ + b1~ . (27)
Inserting equation (27) into equation (26) and making use of equation (5),
c[(arb — by) + a1¢® — bibd %] — c1[2a1bp + 2b1bd ™" + 2a1¢° + 2b1b* 7]
— 2¢[(ad + 6agarby) + (3adar + 3a3by)¢ + (3adby + 3a1b3)¢ " (28)
+ (3agaf)¢” + (3aght)o ™ + (a7)¢” + (b7)6*] = 0.

We get a system of algebraic equations, for ag, a1, by and b.

ca1b — cb; — 262@8 — 12c9apa1b1 =0, (1)

—2cra1b — 662a(2)a1 — 6620/%[)1 =0, (2)

—2¢1b1b — 6c2a2by — 6cpa1b7 =0, (3 )
cay — 6cgapal =0, (4) (29)

—cbib — 6ezapb? =0, (5 )

—2cia; — 2c0a3 =0, (6)

—2c1b1b% — 2¢2b(1)(3) =0. (7 )

We solve the obtained system of algebraic equations give the following three
cases:

Case (I): a1 = 0, then from equation (7 ): by = \/c1/c2bi, from equation
(3 ): b= (—3c2ad)/c1, = by = —3adi\/ca/c1, with ag being arbitrary constant,
the travelling wave is given by :

u(z,y,t) = ag(1 — v3(cot(Biz))), (30)
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so, the travelling wave solution is given by :
_ - 2
v(z,y,t) = (1/A)[ao(1 — V3(cot(Biz))))?, (31)

where A = o? + 8%; B = ag(1/(3c2) /c1).

Case (II): by = 0, then from equation (6 ) : a1 = \/c1/co1, and from
equation (2 ): b = (—3cga?)/c1. Here qy is arbitrary constant. The travelling
wave solution is given by

u(z,y,t) = ag(1 — V3(tan(Biz))). (32)
Therefore, the travelling wave solution is given by:

oy, 1) = (1/A)ao(1 — V3(tan(Biz)))P. (33)

Case (III): From equation (6 ): a1 = \/c1/c2 i, and from equation (7 ):
b1 = \/c1/ca bi, moreover from equation (3 ): b= (—3cea?)/(2¢1). Hence

b1 = (3/2)a(2)i(\/ 02/01).

Here ag is arbitrary constant. The travelling wave solution in this case is given
by :
u(z,y,t) = ao[l +1/3/2 i(tan(B/V2z) + cot(B/V2z))]. (34)

So, the travelling wave solution is given by
v(z,y,t) = (1/A)[ao(1 + /3/2 i(tan(B/v2z) + cot(B/V22)))]?. (35)
3.3. Generalized Hirota-Satsuma Coupled KdV System

Consider the generalized Hirota-Satsuma coupled KdV system [30],

Ut = (1/4)uxmc + 3uug + S(U) - UQ)M (36)
v = —(1/2) gz — 3uvy,, (37)
wy = —(1/2)Wepe — Juw,. (38)

When w = 0, (36)-(38) reduce to be the well-known Hirota-Satsuma coupled
KdV system. We seek traveling wave solutions for (36)-(38)in the form

u(z,t) = u(z),v(x,t) =v(z),w(z,t) = w(z),z =ik(zx — ct) + h, (39)
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where h is an arbitrary constant.
Substituting (39) into (36)-(38) yields an

—ckiu = —(1/4)k%u  + 3kivu + 3ki(w — v?) ,

—ckiv = (1/2)k%iv  — 3kiuv ,
—ckiw = (1/2)k%w — 3kiuw .

Integrating (40), and divided the above three equations by ki,we get:

—cu = —(1/4)k*u + (3/2)u? + 3(w — v?),
—cv = (1/2)k*v  — 3uv,
—cw = (1/2)k*w  — 3uw .
From equation (44) and (45)we get:
(1/2)k*v = (3u—c)v,
(1/2)k*w = (3u—c)w .
By dividing equation (46) on (47) we get:

v /jw o =v/w=sw/w o =v/v =w = Apw.

Integrating (48), we get:
w = Agv + By.

Let
u=ow?+ fv+ 7,

where Ay, By, a,  and v are constants, see [31].
From equation (50), we have:

u =200 + v = (2av+Bv, u = (2av+ Bl +2a(v)E

Multiply v by k? we obtain
Eu = (2()v+ (8)k*v +2(a)k*(v )%
From equation (43):

Eu = 6u® + deu + 12(w — v?).

(49)

(50)
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Substituting (49) and (50) into (52):

Eu = 6[av? + Bu +7]? + 4cfav? + Bu 4 4] + 12[Agv + By — v?] =
Eu = 6[a?v? + 20803 + 2 + 20902 + 28y + 4]

+ 4caw? + 4efv + dey — 1202 4+ 12490 + 12B,, (53)
Eu = 6a%v? + 120803 + [682 + 1207 + dca — 12]v?

+ [1287 + 4¢f8 + 12A0)v + [67% + 4evy 4 12By].

Substituting u = av? + fv + 7 into (46) we receive
1/2k*v = 3av®v +3Bvv + (3y —c)v.
Multipling by 2:
kv = 6av’v +66vv +2(3y —c)v . (54)
Integrating (54)m yields
kv = 200% + 3602 +2(3y — ¢)v + ¢, (55)

where ¢ is an integration constant. Integrating (55) once again and multipling
by 2 we have:

K (v)? = av' +2B80* +2(3y — )v® + 2¢1v + e, (56)

where ¢y is an integration constant.
Substituting (53),(56)onto (51) we get:

(2av 4+ B)k*v = 4a*v? 4 8aBv® + (687 + Scy — 12)v?
+ (1287 + 4cB + 1240 — dacy)v + (67% + 4ey + 12By — 2acs). (57)

Let 40? = ko, 8a8 = k1, 68°+8ca—12 = ky, 128y+4cB+12A¢ —4ac; = ks,
62 +4cy+12By—2acy = kg, 2ak? = ks, Bk* = kg. Then equation (57) becomes:

(k51} + k6)v = k01}4 + k‘l’US + kQUQ + ksv + ky. (58)

Balancing the order of v* with the order of vv in equation (58), gives M = 1.
So,the solution takes the form:

v = a0+a1q§+b1¢_1. (59)
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Inserting equation (59) into equation (58) and making use of equation (5), we
get:

[ko(ag + 12a2a1b1 + 6a3b3) + ki (ad + 6agayby)

+ k(a3 + 2a1b1) + k3(ao) + k4 — (dksarbid)]

+ [ko(4aday + 12agatby) + ki (3a2ay + 3a3by)

+ ko(2apaq) + ks(a1) — (2ksaparb + 2kga1b)]o

+ [ko(4adby + 12aga1b?) + k1 (3adby + 3a1b?)

+ ko(2a0by) + k3 (br) — (2ksaobrb + 2kebrb)] ¢ (60)
+ [ko(6a3a? + 4a3by) + ki (3apa?) + ko(a?) — (2ksa3b + 2ksayby)]¢?
+ [ko(6adbi + 4a1b?) + ki (3agb?) + ka(bT) — (2ksb3b + 2ksa1b1b%)]¢ 2
+ [ko(4aga?) + ki(a3) — (2ksagar + 2kgar)]¢?
+ [ko(4agh?) + ki (b3) — (2ksagbib® + 2keb1b?)] o>
T rola?) — (2hsad)]ot + [Bo(B) — (2hsb82))6™4 = 0.

We get a system of algebraic equations, for ag,a1,b; and b

koag + 12kgadaiby + 6koatb? + kiaj + 6kiagarby

+ koal 4 2ksarby + ksag — 4ksaibibyiky = 0,(1 )

4k0a8a1 + 12k0a0a%b1 + 3k1a(2)a1 + 3k1a%b1 + 2ksapay

+ ksa; — 2ksaparb — 2kgarb =0, (2 )

dkoagby + 12kgagarb? + 3kialby + 3k1a1b? + 2kzagb

+ kb — 2ksagbib — 2kbib =0, (3 ) (61)
6koadal + 4koaiby + 3kiaga? + kea? — 2ksatb—_2ksaib; =0, (4 )
6koagb? + dkoaib? +3 kiaght + kob? — 2ksbib — 2ksarbib® = 0,(5 )
4koapa; + kra3 — 2ksaga; — 2kga; = 0, (6 )

dkoagh? + kb3 — 2ksaobib? — 2kebib? = 0, (7 )

koa} — 2ksa? =0, (8 ); kob] — 2ksb3b? = 0.(9 )

We solve the obtained system of algebraic equations give the following three
cases:

Case (I): a; = 0, from equation (5 ) : b= (6koa3 + 3kiao + k2)/(2ks) ;
from equation (9 ): by = (614:0@(2) + 3k1ag + ko) /v 2koks,

v(z,t) = ap + A(cot(A12)), (62)
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so, the travelling wave solution is given by:
w(x,t) = Aplag + A(cot(A12))] + By, (63)

so, the travelling wave solution is given by:
u(x,t) = afag + A(cot(A12))]* + Blag + A(cot(A12))] + 7, (64)

where

A= \/(Gkoag + 3kiag + k2)/ko;

A1 = \/B = \/(Gkoag + 3k1a0 + k‘Q)/(Qk‘g))

Case (II): by = 0, from equation (8 ): a1 = \/(2ks5)/ko. From equation
(4 ) b= (6/{0&% + 3kiag + kg)/(?kjg)),

v(z,t) = ag + A(tan(A12)), (65)
so, the travelling wave solution is given by:
w(z,t) = Aplao + A(tan(A12))] + Bo, (66)
so, the travelling wave solution is given by:
u(w,t) = afag + A(tan(A12)))* + Blag + A(tan(A12))] + 7. (67)
Case (ITI): From equation (8 ) : a1 = /(2ks)/ko.

From equation (9 ): b1 = /(2ks)/kob and from equation (4 ): b =
(—(6k0ag + 3kiao + kQ))/(4k‘5). Hence

by = —(6koad + 3kiag + ka2)/2v/2koks,
v(z,t) = ag + (A; /V2)(tan((A1i/V/2)z2) + cot((A1i/V2)z)). (68)
So, the travelling wave solution is given by:
w(z,t) = Aplag + (Ai/V2(tan((A1i/V2)z) + cot((A1i/V2)2)) + By.  (69)
Therefore, the travelling wave solution is given by:

u(z,t) = afag + (Ai/V2(tan((A1i/V?2)2) + cot((A1i/V/2)2))])?
+ Blao + (Ai/V2(tan((A1i/V2)2) + cot((A1i/V2)2))] + . (70)
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4. Conclusion

In this paper, the MEDA method has been successfully applied to obtain so-
lutions of some important nonlinear systems of partial differential equations
namely, the classical Drinfel’d-Sokolov-Wilson system (DSWW), the (2+1)-di-
mensional Davey-Stewartson system, and the generalized Hirota-Satsuma cou-
pled KdV system, it is also a promising method to solve other nonlinear systems.
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