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Abstract: In this paper, we established a travelling wave solution by using the proposed Tan-Cot function algorithm for non-linear
partial differential equations. The method is used to obtain new solitary wave solutions for non-linear partial differential equations such
as, for the Mikhailov-Shabat( MS ) equation, and Classical Boussinesq (CB) equation, which are the important Soliton equations.
Proposed method has been successfully implemented to establish new solitary wave solutions for the non-linear PDEs.
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1. Introduction

Large varieties of physical, chemical, and biological
phenomena are governed by non-linear partial differential
equations. One of the most exciting advances of non-linear
science and theoretical physics has been the development of
methods to look for exact solutions of non-linear partial
differential equations [1] .Exact solutions to non-linear
partial differential equations play an important role in non-
linear science, especially in non-linear physical science since
they can provide much physical information and more
insight into the physical aspects of the problem and thus lead
to further applications. Non-linear wave phenomena of
dispersion, dissipation, diffusion, reaction and convection
are very important in non-linear wave equations.In recent
years, quite a few methods for obtaining explicit travelling
and solitary wave solutions of non-linear evolution equations
have been proposed. A variety of powerful methods, such as,
tanh-sech method [2,3, 4].extended tanh method
[5,6,7],hyperbolic function method [8,9], Jacobi elliptic
function expansion method [10], F-expansion method [11],
and the First Integral method [12,13].The sine-cosine
method [14,15,3] has been used to solve different types of
non-linear systems of PDEs. In this paper,we applied the
Tan-Cot method [6-8] to solve the Mikhailov-Shabat (MS)

equation, and Classical Boussinesq(CB)equation given
respectively by:
1
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2. The Tan-Cot Function Method

Consider the non-linear partial differential equation in the
form

F (u, ug, Uy, Uy, Uy, Uggy Uy Uggennnnennn )=0 3)

whereu(x,y,t) is a travelling wave solution of non-linear

partial  differential equation Eq.(3).We use the
transformations
ulx,y,t) = f(§)
where
E=x+y—At.

This enables us to use the following changes,
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Using Eq.(4) to transfer the non-linear partial differential
equation Eq.(3) to non-linear ordinary differential equation

QU f f ) =0 )
The ordinary differential equation (5) is then integrated as
long as all terms contain derivatives, where we neglect the
integration constants. The solutions of many non-linear
equations can be expressed in the form:

£(&) = atan® (uf), |¢] < %
£(§) = acot! (u), 1§ < = ©)

Where a,u,ff parameters to be determined, yu and Aare the

wave number and the wave speed respectively

We use

£(€) = atanf (uf)

f = apuftan®=D(ué) + tan®+ (ue)]

f' = aBu?[(B — Dtan®2 (ug)

+ 2B tanf (u€) +(B + DtanP*? (ug)]

(7

And their derivatives or use,

f(©) = acot? (uf)

f' = —apulcot D) + cot®+V (uf)]

= apu[(B - Deot® D)

+ 2B cot? (ug) +(B + Dot 2 (ug)]

®)

and so on. We substitute (7)or (8)into the reduced equation

(5),balance the terms of the tan functions when (7) are used,

or balance the terms of the cot functions when(8)are used

,and solve the resulting system of algebraic equations by

using computerized symbolic packages. Next we collect all

terms with the same power in tan‘(u¢) or cot*(u¢) and set to

Volume 5 Issue 11, November 2016

WWwWWw.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20163166

DOI: 10.21275/ART20163166

1971



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

zero their coefficients to get a system of algebraic equations
with the unknowns a,f,u and solve the subsequent system of
equations.

3. Applications

3.1 The Mikhailov-Shabat (MS) Equation

In this section we deal with the Mikhailov-Shabat
(MS)equations

1
Pt = D +(p+q)qx—g(p+q)3

1

—4; = Q. — @+ D —z® +9)° ©)
In order to solve MS system (9) we now introduce the
transformation

u(x,t) =px,t) +qx,t),

U(X, t) = (qx (x: t) — Px (x! t) (10)
Then the MS system (9) becomes
u +v, —uu, =0
Ve + (UV)y — UPUy + Uy =0 (11)
Substituting
ulx,t) =ul®),vix,t) =v(),E=x+ At (12)

Where A is a real constant.
Hence, substitute (12) in Eq.(11),we get the following ODEs
Au+v —uu =0 (13)
v + ) —v?u +u” =0 (14)

Integrating Eq.(13)and (14) once with zero constants to get:
2

Au+v-— “7 =0 (15)
3 "
/1v+uv—u?+u =0 (16)
Assume the following solution in (7)
u(§) = a; tanf1(ug) a7
v(§) = a, tan2(ug) (18)

Substitute Eq.(17) and(18) and there derivatives in Egs.(15)
and (16)to get:

1
Ay tanf1 (ug) + ap tan2 (uf) — 2 @y ® tan®1 (ué) = 0
(19)
1
Ay tan2 (uE) + @y tanP12 (ug) — < ay® tan®1 (ug)

+ “151#2[(ﬁ1 — Dtan®1=2 (ug)
+ 2y tan1 (u) +(By + Dtan1*P ()] = 0
(20)
From Egs.(19) and (20) we have
2By = Ba;
Bi+B=p+2
Then, 8, = 2;5; = 1.
From Equations (19) and (20) we get the following system

a,—5at =0 Q1)
aa, — %af + 2% =0 (22)
Solving the system in Eq.(21) and (22),we get
a; = 2V3iy; a, = —6u? (23)
Then
u(x,t) = 2v3ip tan{ u (x + At)} (24)
v(x,t) = —6u? tan{ u (x + At)} (25)

Figure (1) and (2)respectively represent u(x,f) in (24)
andv(x,?) in (25)forl=2;u=1and -10<x<10;-1<¢<1.

Figure 1: Presentation of u(x,) in (24) for —10 <x <10 and -
I1<t<1

Figure 2: Presentation of v(x,f) in (25) for —10 <x < 10 and -
1<¢t<L

3.2. The Classical Boussinesq (CB) equation

Now we deal with the Classical Boussinesq(CB) equations
(18],

1
u, + [(1+wv], + vaxx =0

v, +vv, +u, =0 (26)

In order to obtain travelling wave solutions of equation (26),
we make the transformations

ulx, t) =u(@); v(x,t) =v(); { =x+ 1t

Where A is real constant

27

Hence, substitute Eq.(27) in Eq.(26),we get the following
ODEs

n

W+ [ +wv] + ;v =0 (28)

W +vw +u =0 (29)

Integrating Eq.(28)and (29)once with zero constants we
have,

Au+ (A +uw+v" =0 (30)
2
v+ 7 +u=0 (31)
Assume the following solution in Eq.(7)
u(§) = a tanf1 (u) (32)
v(§) = a, tanf2(u¢) (33)

Substitute Eq.(32) and (33) and there derivativesinEqgs.(30)
and (31) we have,
Aay tanf1(ué) + [a; tanf2 (u) + a; aytanf 1Pz (ud)| +
1 _
Zazﬂzﬂz[(ﬂz — Dtan®272 (ug) +
2 2Xanf2us+L,2+1tanf2+2ué= 0(34)
A, tanP2 (ué) + %azz tan?f2(u&) + a, tanf1(u&) = 0(35)
From Eq.(34) and (35) we have,
Pr+P2=p+2
B1 = 2B,
.Then, ‘81 = 2,,82 =1.
From Equations (34) and (35) we get the following system

a,a, +%a2u2 =0 (36)
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%a% +a, =0 (37)
Solving the system in Eq.(36) and (37),we get
a = _éi a U (38)
Then
ux,t) = — étanz{ u(x + At)} (39)
v(x, t) u tan {u (x + At)} (40)

Figure (3) and (4) respectively represent u(x,f) in (39)
andv(x,?) in (40)forl =2;u =1.5and -1<x<1;0<7< 1.

Figure 3: Presentation of u(x,?) in (39) for—1 <x<1and 0 <
t<1L

Figure 4: Presentation of v(x,7) in (40) for -1 <x <1 and 0 <
t<1

4. Conclusions

In this paper, new method called the Tan-Cot function
method has been successfully implemented to establishnew
solitary wave solutions for the Mikhailov-Shabat
(MS)equations and the Classical Boussinesq (CB) equations
which are the non-linear PDEs.We can say that the new
method can be extended to solve the problems of non-linear
partial differential equations which arising in the theory
ofsolitons and other areas; see [19-25].
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