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Abstract

This work presents a dynamic and systematic step-by-step method for constructing solitary
wave solutions for non-dissipative nonlinear evolution and wave equations from the real expo-
nential solutions of the underlying linear equations. The work reviewed the direct algebraic
method initially proposed by Hereman et. al. (1985) and employed the methodology in solving
Benjamin - Bona - Mahony (RLW) equation and Joseph - Egri (TRLW) equation. By the
method which involves using a traveling frame of reference to convert the PDE into an ODE
and solving the ODE by algebraic processes; we obtained solutions for the Benjamin - Bona -
Mahony and the Joseph - Egri equations. This method was found to be efficient in constructing
a single solitary wave solution for non-dissipative evolution equations. The results obtained in
this paper are in agreement with those obtained using other methods.
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MSC2010: 76DO07.

1 Introduction

Hereman et.al. (1985) proposed a direct algebraic method for solving nonlinear wave and evolution
equations and demonstrated its applicability to the KdV and Burgers Equations. The method
tries to construct single solitary wave solutions for non-dissipative nonlinear partial differential
equations (PDE’s). However, for over a decade, the method has been largely neglected, prob-
ably because it has been difficult to understand or due to the complexity of the methodology.
This paper presents a more detailed physically transparent, straightforward step-by-step technique,
with necessary justifications for every step for constructing such single solitary wave solutions for
non-dissipative nonlinear partial differential equations (PDE’s) and shows its applicability to other
nonlinear wave and evolution equations using Benjamin - Bona - Mahony (RLW) and Joseph - Egri
(TRLW) equations as examples. Some work has been done on nonlinear wave equations. The Reg-
ularized Long-Wave (RLW) equation of Benjamin - Bona - Mahony is a very important equation.
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As reported by Dereli [1] , the equation was first proposed by Peregrine to describe the undular
bore development and later studied by Benjamin, Bona & Mahony [2] as an improvement of the
Korteweg-de Vries equation (KdV equation) for modelling long surface gravity waves of small am-
plitude - propagating uni-directionally in 1+1 dimensions. Benjamin et.al. [2] showed the stability
and uniqueness of solutions to the Benjamin - Bona - Mahony, BBM equation. This contrasts with
the KdV equation, which is unstable in its high wavenumber components. Furthermore, while the
KdV equation has an infinite number of integrals of motion, the BBM equation has only three [2].
The BBM equation possesses solitary wave solutions of a peculiar form. In 1977, Joseph and Egri
proposed a further modification to the KdV equation. The equation became known as Joseph -
Egri equation (or Time Regularized Long Wave equation - TRLWE) [3]. According to Hereman
et.al. [4], the equation has a solitary wave solution. A number of research work has been done
on non-linear wave equations using varying methods and approach [5—12]. Method of reduction of
PDE to ODE to obtain solution has also been studied by [13,14]. The rest of the paper is organized
as follows: Section 2 discusses equations (essential mathematical tools) used in the work. Section
3 presents the methodology. Section 4 is the application and results obtained. Section 5 concludes
the work.

2 MATHEMATICAL TOOLS

In this section we present the RLW equation and the TRLW equation as Mathematical tools for
this work. We also give a step-by-step approach to the improved methodology proposed in the
work.

2.1 Benjamin - Bona - Mahony (RLW) Equation

The Benjamin - Bona - Mahony equation, also known as the Regularized Long-Wave (RLW) equa-
tion is the partial equation
Up + Uy + Uy — Uz = O.

A major mathematical tool is the solitary wave solution of the BBM equation which is of the form:

2
c 51 ct
U:31_C2S€Ch2<cl‘—1_c2+6>,

where sech is the hyperbolic secant function and ¢ is a phase shift (by an initial horizontal dis-
placement)

2.2 Joseph - Egri (TRLW) Equation

Another important Mathematical tool is the TRLW equation, (a modification of the KdV equation)
given as follows:
U+U;+UU, + Uy = 0.

This equation is useful for the following reasons:
The system is conservative since it can be derived from the Lagrangian density

1 1 1 1
L==0,0,+-0>+-02— -0
2 t+ 2 13+ 2 T 2 xt
where 0, =U
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For large wavenumbers | k |, the infinitesimal-wave phase speed falls off like ﬁ, in accord with

physical intuition. Since the equation is of second order in ¢, both U and U; can be independently
specified for ¢ = 0. The equation became known as Joseph - Egri (or Time Regularized Long Wave
equation - TRLWE) [3]. According to Hereman et.al. [1] the equation has a solitary wave solution:

VvVu—1
2v

u(z,t) = E(v — 1)sech? (x—wt)+ 0
et

3 METHODOLOGY

Here, we present the methodology used in this work. The process of the solution is given below:

(i) Starting with the non-linear equation in 141 dimensions with = and ¢ as the space and time co-
ordinates respectively, we introduced a travelling frame of reference by € = x — vt. This transforms

the given non-linear PDE in u(x,t) into an ODE in ¢(¢) = w(x,t). Then,
(ii) We integrated the ODE with respect to £ as many times as possible avoiding integral equations.

(iii) We substituted ¢ = ¢1 —|—q5 to obtain the most general solitary solution, possibly having a
constant term, cj.

(iv) Then we considered the linear part of the equation in ¢, by setting the coefficient(s) of the non-
linear term(s) equal to zero or simply neglecting them. By setting qg = €*¢ in the linear equation,
the values of k and the constant term c; are obtained, by setting the QB - independent part equal to
zero. Then we substituted these values back into the equation formed in (iii) above.

(v) For mathematical convenience, we normalized a few coefficients of the nonlinear terms by a
single scaling transformation of ¢ into ¢.

(vi) Then we solved the nonlinear equation in ¢. First by expanding ¢ in terms of the har-
monics of the decaying exponential solution of the linear equation. By setting g(x) = e % and
¢ =3 o= ang"(¢), and applying

Cauchy’s rule for products, the recursion relation for a,’s is obtained.

(vii) We now solved the recursion relation to find the general form of the coefficients a,. This
we did through direct algebraic process/computation.

(viii) We substituted the coefficients, a,, obtained from the recursion relation described above,
into ¢ obtained above, and used the scaling factor ¢ = ¢; + ¢, to obtain the solution ¢.

(ix) Finally, we returned to the original dependent variable u and the independent variables a
and t. An exact and solitary wave solution of the nonlinear PDE is obtained. Further insight is
given to the forgoing steps demonstrating its application. For the application we use both the RLW
and the Joseph - Egri equation (TRLW).
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4 APPLICATION

The application is in two parts. The method of solution described in section 3 are applied to both
RLW and TRLW.

4.1 Benjamin - Bona - Mahony (RLW) Equation
The Benjamin - Bona - Mahony (RLW) equation is given below as:

Ut + Uy + QUUE — Uz = 0
We present a solution using the approach/methodology given in section 3.
Up + Uy + QUUy — Uy = 0 (4.1)

To solve equation (4.1), we begin by transforming it into an ODE using the travelling frame of
reference A
e=x—uvt, ¢()=u(x,t)

Up = —VPe, Uy = P (42)

Similarly,

Ugy = U2ge = QSQE

Uzt = (U2z )t = —VP3e
Substituting (4.2) into (4.1), equation (4.3) is obtained.
- ’UQSE + ¢a + a¢¢e + U¢35 =0 (43)

Integrating (4.3) with respect to € we have

—v/¢5de+/(Z)gds—l—oz/dxﬁgds—i-v/(bgada:0

= —vp+o+ %¢2+vq’)25+010=0, (4.4)

where ¢;C is the constant of integration.
Substituting

into (4.4), we have

—v(er+9) + (1 +9) + 51 +9)? + (e + da + 10 =0

~ ~ [0 «
(—v+ 14 ac1)p + vdoe + 5(;52 —vey + e+ 56%4—610:0 (4.6)

Considering the linear part of equation (4.6), by ignoring the nonlinear part and setting the qg -
independent part equal to zero (0) as follows:

ie. (—v+1+ acl)(ﬁ + v(ﬁga =0

But, ¢=e", o = k2ek®

o (—v 414 acy)e 4 vkt =0
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—v+14ac+vk:=0

k2:vflfacl
v

From setting the q@ - independent part equal to zero, we get
o
—vey + e + EC% +cC=0
o
—v+l+5a+C0=0

¢ = v-1-0) (4.7)

L[,y g (210
e

[v—1-2v+2+2C]
v

/11— 2
v
Substituting (4.7) in (4.6), we get

(—u+1+a[2(1}_1_0)})¢3+v¢325+a<32=0
o 2

Hence,

(v =1 =200 + voe + 5% =0 (4.9)
Here we normalize the coefficient of the nonlinear term by the scaling
a 2 ~
¢ = a(1+2C—v)¢ (4.10)
Then, putting (4.10) in (4.9) yields
2 ~ 2 ~ a2 2
—(v=1-20)1+2C-v)p+v|—(1+2C—-v)p| ..+—-|—1+2C—-v)p| =0
«a «@ 9 2 |«
= (1420 —0)p—vdye —(1+2C —0v)p> =0 (4.11)

From (4.8), ,
vk*=1+2C—-v

Substituting into (4.11) leads to o )
vk2p — vgg. — vk2P? =0

= k20— o — k?¢%> =0 (4.12)

We now expand qB in terms of the harmonics of the decaying exponential solution of the linear
equation.
ie. g(x)=eke

0o o]
EITICED T
n=1 n=1
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by Cauchy’s rule.
Substituting these expansions into (4.12), it is easy to see that equation (4.12) becomes

oo oo oo n—1
k? Z ang"™(e) — k* Z na,g" () — k* Z Z ajan—19"(€) =0
n=1 n=1 n=1 (=1
n—1 [es)
(1—-nHa, — Z ajan_; | K Z g"(e)=0
=1 n=1
n—1
(4.13)

(n2 - Da, + Z ajan_; =0, n>2,

=1
The recursion relation (4.13) is solved to find the general form of the coefficient a,,.

For n = 2,

1
(2% — 1ag + Zalag_l =0
=1

3(12 +ara1 = 0

1, 62 (a1>2
g = ——aj = —— | —
2 31 3.6

az = —12 (%)2 = 6(2)(—1)2*! (%)2

For n = 3,
2

(3% — 1)as + Zalag_l =0
=1

8asz + aijas + aga; =0

__1 _12 _i 3 _ _1y3+1 Q1 3
43 = 4‘“( 3“1)_12"1_6(3)( b (6)

For n = 4,

a 4
= n(2)

= 6(4)(~1)**! (%1)4

28


https://doi.org/10.6084/m9.figshare.21814335

=

IJMSO

INTERNATIONAL JOURNAL OF MATHEMATICAL SCIENCES AND
OPTIMIZATION: THEORY AND APPLICATIONS
Vor. 8, No. 2, pp. 23 - 37

HTTPS://DOI.0ORG/10.6084/M9.FIGSHARE.21814335

From the above, a; is arbitrary and pattern can be clearly seen as:

an = 6n(—1)""! (%)n, a; >0

Then the coefficient a,, are substituted into the equation for ¢ to obtain the solution .

From (4.5), )
p=c1+¢
2v—-1-0C)

(e

But, ¢ =

2
b= 2(-1-C)+4
o'
Also from (4.10),

a}:%(wzo—v)qs

2 2
¢:E(U—1—C)+a(1+20—v)¢

But, ¢ =Y ang"(c)
n=1

(25:2(1}7170)4‘%(14*2071))...

Zang"(a)
n=1
2 2
= a(v— 1-C)+ a(l+2C—v)...

> om0 (5) "
6
n=1
Let a = &
o= z(v -1-0)+ z(1 +2C —v) i(jn(—l)”“(ag)”
a a —~
The power series > -, 6n(—1)""!(ag)™ is convergent for ag < 1

Using the well-known power series

1 o0
72233”, |z|<1
1-—2z =

Differentiating both sides with respect to z we have

() - ()

d —1 d - n
%(1—1‘) —%Zx

n=0

1 9]
n—1
— 2 ij
(1 LL') n=1

29
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We multiply both sides by «

and substitute (—ag) for x

(I+ag)* =
(I{;%gﬁgr::jijvzc—1>“+*<ag>" (4.15)

Substituting (4.15) into (4.14), we have

2 2 6ag
=Z(w—1-C)+2(142C —v)—2—
o) a(v )+a( + v>(1+ag)2
Since g(x) = e~*¢, this leads to equation (4.16)
2 2 6ae ke
=—(wv—-1-C)+—-(14+2C—v)——F— 4.16
6= 2(0-1-0)+ Z1420 ) (116)
Subsequently from (4.16), we can obtain equation (4.17) as follows:
2 12 a a \2
2 12 aeke
= a(v—l—C)+E(1+2C—v) XW
2 12 Leke
= E(U7170)+E(1+267ﬂ)x(14_%761€5)2
9 12 61n(%)+k6
= E(U—I—C)‘F;(l‘FQC—’U)XW (417)
Also since
2e”
sechr = ———
1+4e%
Hence,
1 9 eQ;E
Zsech xr = m
Let == 1 <ln (1) + ks)
2 a
Then,

1 1 1 ln(%)—i-ks
—sech?~ [hl <> + kze} = < 5
4 2 a (1 _'_eln(%)JrkE)
Substituting this into (4.17), the solution wu(z,t) is obtained
ol a

2 1 1 1
(;5:5(@—1—0)4— 5 1+ 2C — v)sech? {2111( >—|—2k€]
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(0%

L [Imvr2C (1420}
n v - v

and € =x — vt

2 1
p=—(v—-1-0C)+ 3(1—1—20—1})sech2 {8—1— 2/€<€:|
e

Also

14+2C -
v

u(z,t) = %(U—1—0)+%(1+2C—U)sech2 l;( )2(x—vt)+8

In a special case that C =v — 1,

1

u(z,t) = %(U — 1)sech? [2 <v -1

v

>é(x—vt)—|—6

The solution is therefore given as: [box=|equation* u(x,t)=3

v

a(v—1)sech? [%(ﬂ)% (xthB}

4.2 Joseph - Egri (TRLW) Equation

In this section, we present a solution to the Joseph - Egri (TRLW) equation using the method
described in section 3. The TRLW equation is given below:

U + Uy + aUlUy + Ugor = 0
Solution

Up + Uy + Uy + Ugor = 0 (4.18)

We transform (4.18) into an ODE using the travelling frame of reference
e=x—vt, ¢(e) 2 u(z,t)

Uy = ¢p (4.19)
Similarly, wy = ugr = v2 o
Ug2t = (ux)Qt = vz¢3s

Substituting (4.19) in (4.18), we get
— vge + P + b + v P3. = 0. (4.20)

Integrating (4.20) with respect to €, we have

— dj @ @ 2/d¢25 o
v/d€d5+/d8de+a/¢d8de+v p de =0

— 06+ 6+ 567 + 0% + 010 =0, (4:21)

where ¢;C is the constant of integration.

By substituting
p=c1+¢ (4.22)
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into equation (4.21), it can be seen that (4.21) leads to (4.23).

—v(er + &) + (1 + &) + g(cl + )2 +12(c1 + @)ac +1C =0

~ ~ a ~ a ~ ~
—ver — v+ + o+ 50? +aci1¢+ §¢2 +0%pg. +¢1C =0
(—v+1+ acl)é + v2¢328 + géQ —vey +ep + %c% +cC=0 (4.23)

Considering the linear part of the equation (4.23) by ignoring the nonlinear part and setting the
¢-independent part equal zero as follows

fLe. (—v+1+ac)p+v2do =0
But ¢ = ", ¢po. = k2e*®

(—v + 14 acy)er +v2k2eke

v—1—acq

2 _
k® = 2

v

From setting the gﬁ - independent part to zero, we get

—vey + 61 + %c?clc’ =0

01:2@%“*0) (4.24)
o [ _,_ (w=1-0)
et

1—v+2C
k= ,/71)2 (4.25)

Substituting (4.24) into (4.23), we get

(—v+1+a<2 {1}10}))@;4_@2&26_‘_04&2:0
« 2

(v—1-2C) + v doc + %¢32 =0 (4.26)

We normalize the coefficient of the nonlinear term by the scaling
.9 -
¢ = E(l +2C —v)¢p (4.27)

It can be easily shown that substituting (4.27) into (4.26) will lead to equation (4.28)

%(v—l—ZC’)(1+2C’—U)¢~>+02 2 1+2C—v)¢325]+aB(HzC—v)qﬁ2 =0

al 2
(1420 —v)p — v2poe — (14+2C —0)$? =0 (4.28)

From (4.25), -
vk =142C —v

1)2]{72(;5—7}2(525 :1)2]{2(52 =0
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= k20— o — K’¢* =0

(4.29)

Expanding q; in terms of the harmonics of the decaying exponential solution of the linear equation,

the following is obtained
ie g(x)=ek

é: Zangn<€) _ Za e—nk(e)
n=1 n=1
b=—k Z nang"(e),
n=1
P2e = k? Z n2a,bgn(6)
n=1
0o 2 co n—1
5 - [z angwe)] S S g0
n=1 n=1 [=1

by Cauchy’s rule.

Substituting these expansions into (4.29), it is easy to see that equation (4.30) results

o] 0o oo n—1
k> Z ang?(e) — k? Z n2a,g" () — k* Z Z ajan—19"(€) =0
n=1 n=1 n=1 [=1
0o 00 n—1 o0
ka, Z g"(e) — k*n’a, Z g"(e) — k? Z 10— Z g"(e)=0
n=1 n=1 =1 n=1

n—1

oo
(n* = Da, + Z )] Z g (e)=0, n>2
=1 n=1

The recursion relation (4.13) is solved to find the general form of the coefficient a,,

For n = 2,
1
(22 — Das + Zalag,l =0
=1
2
= n(2)
2
=6(2)(-1*"" ()
6
For n = 3,
2
(3% — 1)as + Zalag_l =0
1=1
L3 341 (01)3
- = (3)
a3 = 5ot = 6(3)(-1)* (%
For n = 4,

3

(42 —1as + Zala4,l =0
=1

33
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The pattern can be clearly seen as:
a n
a, = 671(—1)’”r1 (31) , a1 >0
Substituting the coefficient of a,, into the equation for ¢, the solution is obtained.

Using equation (4.22),

and for, ¢y = ———=,

we have (;5:2(1)—1—0)—1—(;3
Also, from (4.27)
b= (1 +2C —v)¢

Substituting into the equation above, we have

0= 2 -1-0)+ 2(1+20-0)9

‘5 = Z angn(g)
n=1

_2 2 = n+l ai " n
(b—a(v—l—C)—i— (14+2C —w) ;6 (6> g
Let a = %
2
Then ¢=>(v—1-0C)+~ (1+20—v 26 —1)"*(ag)" (4.31)
n=1

The power series >~ 6(n)(—1)""!(ag)™ is convergent for ag < 1
Using well-known power series
1 G n
n=0

And differentiating both sides with respect to z yields equation (4.32)

1 = n—1
— 2 an
(1 Jf) n=0
= 02971 4 Z na"
n=1
1 = .
(1—x)2 = Z na”
n=1
Multiplying both sides by =
T oo
(1—x)2 = Z na"
n=1
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Substituting (ag) for =, we have

=> n(ag)" (4.32)

1 —ag)?
Substituting (4.32) in (4.31), we obtain

6ag

2 2
¢:a(v—1—0)+a(1+20—v)m

Putting g(z) = e~*¢ in the equation above, it is easily seen that (4.33) is obtained

2 2 6ae ke

Cop=—(w-1-0)+—-1+2C —v)7——— 4.33
¢ a(v )Jra( + v)<1+ae—ks)2 (4.33)
2 12 ehe
p=—(v—-1-C)+— (1+2C’—v)7
a (1+ Leke)?
) 12 n(f)Jrks
b=-(w—1-0C)+ —(1+2C —v)—= (4.34)
! o (1 n en(2 )+k5)
Recalling that
2e”
sechx = ———
1+ e2®
and squaring both sides, we have
1 9 6293
Zsech xr = m
1 1
Let z= 3 (111( )+k5>
Then,
In(1)+ke
1sech21 [ln (1) + ks] = e—l
42 a (1 + en(3)+hey2
Substituting this into (4.34)7 to obtain
12 1 1 1
= —1- 20 — 2 In( =
¢ = (v C)+ a( +2C ’U)4S€Ch Q{H(O)—I—ke}
2 3 1
p=—-(v—-1-0C)+ - (1+2C—v)sech ln + ks
a
1 1
Let 0= —In(—
e 5 n(a)
Then,
2 3 9 1
p=—(v—1-C)+ —(1+2C —v)sech® |0+ <ke
« o 2
1-— 2
Recall that &k =1/ Uijc
v
and e=x—uvt
2 3 9 1+2C —v
u(z,t) = a(v -1-C)+ a( +2C — v)sech lQ (1}2) (x —vt)+0
In a special case that C' = v — 1, we have [box=]equation® u(x,t)= 3 1
a(v—1)sech? [%( e )f(x vt)+6}
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5 CONCLUSION

We have expanded the methodology proposed by Hereman et.al. [15] to include necessary details
that simplifies the process of obtaining solutions for easy comprehension. We applied this method
to other equations not discussed by Hereman et.al. [15]. We found the method very efficient in the
construction of solitary wave solution for non-dissipative nonlinear evolution and wave equations.
Benjamin-Bona-Mahony (RLW) equation and Joseph Egri (TRLW) equation were used as examples.

The results obtained are similar to the ones obtained by other methods. For the Benjamin
-Bona-Mahony (RLW) equation, our solution is the same as the one indicated by Hereman et.al. [4]
and similar to the ones obtained by Irk [16] and Bona et.al. [17] through numerical methods. The
solution of the Time Regularized Long-Wave (Joseph-Egri) equation is the same as presented by
Hereman et.al. [1].

References

[1] Dereli Y (2010) Radial basis functions method for numerical solution of the modified equal
width equation. International Journal of Computer Mathematics 87(7). 1569-1577,2010.

[2] Benjamin, T. B., Bona J. L. & Mahony, J.J.(1972). Model Equation for Long
Waves in Nonlinear Dispersive Systems. Philosophical Transaction of the Royal So-
ciety of London. Series A, Mathematical and Physical Sciences, 272:47-78, Bib-
code:1972RSPTA.272...47B,doi:10.1098 /rsta.1972.0032 ISSN 0962-8428, JSTOR 74079.

[3] Richard, I.J. & Egri, R. (1977). Another possible model equation for long waves in non lin-
ear dispersive systems. Physics Letters A Volume 61, Issue 7, 27 June 1977, Pages 429-430
https://doi.org:10.1016,/0375-9601 (77)90739-3.

[4] Hereman, W., Banerjee, P. P, Korpel, A., Assanto G., Van Immerzeele A, & Meerpoel A.
(1986). Exact Solitary Wave solutions of non-linear evolution and wave equations using a direct
algebraic method, J. Phys. A Math. Gen. 19 607-628. Printed in Great Britain

[5] Allen, J.E(1998). The Early History of Solitons (Solitary waves). Physica Scripta, Volume 57,
Number 3. IOP Publishing.

[6] Bera. P. K. & Tapas Sil, (2012). Homotopy perturbation method in quantum mechanical prob-
lems, Applied Mathematics and Computation, Volume 219, Issue 6, Pages 3272-3278, ISSN
0096-3003, http://doi.org/10.1016/j.ame. 2012.10.004.

[7] Hereman, W. (1991). Ezact solitary wave solutions of coupled nonlinear evolution equations
using MACSYMA. Computer Physics Communications, Volume 65, pp.143-150.

[8] Hereman, W. (2009). Shallow Water Waves and solitary Waves. Published in encyclopedia of
complexity, Aug 2013 Colorado, USA: Colorado School of Mines.

[9] Norman, J. Z. and Mason, A. P. (2010). Solition. Scholarpedia, 5(8):2068.
https://doi:10.4249/Scholarpedia:2068.

[10] Scott, A. C.(2003). Nonlinear Science: Emergence and Dynamics of Coherent Structures. Ox-
ford and New York: Oxford University Press.

[11] Scott. A. (2010). Solitons, a brief history of NLOO2.
https://webhome.weizman.ac.il/home /fnfal/papers/soliton.pdf.

[12] Wazwaz M. A. (2009). Partial Differential Equations and Solitary Waves Theory. London, New
York: Springer Dordrecht Heidelberg.

36


https://doi.org/10.6084/m9.figshare.21814335

Cv! : INTERNATIONAL JOURNAL OF MATHEMATICAL SCIENCES AND
OPTIMIZATION: THEORY AND APPLICATIONS

IJMSO VoL. 8, No. 2, pp. 23 - 37

HTTPS://DOI.0ORG/10.6084/M9.FIGSHARE.21814335

[13]

[14]

[15]

[16]

[17]

Hashim I., Noorani M.S., Ahmad R., Bakar S.A., Ismail E.S., Zakaria A. M.,(2006). Accuracy
of the Adomian decomposition method applied to the Lorenz system. Chaos, Solitons & Fractals,
Volume 28, Issue 5, Pages 1149-1158.

Omer A., Mohamed M. A., Dumitru B., (2017). Reduced differential transform method for solv-
ing time and space local fractional partial differential equations. Journal of Nonlinear Sciences
and Applications, 10, no. 10, 5230-5238.

Hereman, W., Korpel, A., and Banerjee, P. P., A General Physical Approach to Solitary Wave
Construction from Linear Solutions, ~Wave Motion, Vol, 7, No. 3, 1985, pp. 283-289.
doi:10.1016,/0165-2125(85)90014-9.

Irk D., & Dag 1. (2011) Quintic B-Spline Collocation method for the generalized nonlinear
Schrodinger equation. Journal of the Franklin institute-Engineering and Applied Mathematics
Vol 348, no 2, pp 378-392.

Bona, J. L., McKinney, W. R. & Restrep, J. M.(2000). Stable and Unstable Solitary- Wave
Solutions of the Generalized Regularized Long-Wave Equations. Journal of Nonlinear Science.
Vol. 10:pp. 603-638(2000)

37


https://doi.org/10.6084/m9.figshare.21814335

	Introduction
	MATHEMATICAL TOOLS
	Benjamin - Bona - Mahony (RLW) Equation
	Joseph - Egri (TRLW) Equation

	METHODOLOGY
	APPLICATION
	Benjamin - Bona - Mahony (RLW) Equation
	Joseph - Egri (TRLW) Equation

	CONCLUSION

