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In this paper, we retrieve some traveling wave, periodic solutions, bell shaped, rational, kink and anti-kink type
and Jacobi elliptic functions of Burger’s equation and Shallow water wave equation with the aid of various
integration schemes like improved F-expansion scheme and Jacobi elliptic function method respectively. We
also present our solutions graphically in various dimensions.

Introduction

Nonlinear evolution equations (NLEEs) arising in nonlinear sciences
play an important role in understanding nonlinear phenomenon. Soli-
tons consist of huge applications in physics, communication systems,
optical science, applied mathematics and engineering problems. The
most arising and fast growing area of research is the optical solitons. A
soliton or solitary wave is a self reinforcing wave packet that maintains
its shape while it propagates at constant velocity. Solitons are caused
by a cancellation of nonlinear and dispersive effects in the medium.
Solitons are the solutions of a well-known class of weakly nonlinear
dispersive partial differential equations describing physical systems.
Soliton solutions have very interesting properties of some nonlinear
partial differential equations. A soliton is a localized traveling wave
solution of a nonlinear PDE that is remarkably stable [1-8]. In opti-
cal fibers, the solitons are the attractive field of research in applied
mathematics, telecommunication systems and in distinctive branches
of physics. A lot of research has been done on solutions of the solitons
in nonlinear optics [9-14]. Many high-dimensional nonlinear evolution
equations also contain some nonlinear structures such as the breath
wave and lump solutions. In low-dimensional models, nonlinear waves
can be classified from different aspects [15-17]. It is well known that
the nonlinear Schrodinger (NLS) equation is a fundamental model in
nonlinear physical systems, which plays a prominent role in a wide
range of physical subjects such as plasma physics. This work not only
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reveals the characteristics of single bright-bright soliton by theoretical
analysis, but also describes a wealth of new phenomena of two, three,
and four bright-bright solitons, including elastic collision, soliton re-
flection, parallel propagation, time-periodic propagation, and (space,
time)-periodic propagation [18-20].

The objective of this article is to execute the Improved F-expansion
method in accomplishing the traveling wave arrangements to NLEEs
within the mathematical physics through the DSW condition and the
Burgers condition in terms of functions that fulfill the Riccati condition
F©) =k+F©).

The Burgers condition is the least order estimation for the one-
dimensional proliferation of weak waves in a fluid. It is additionally
utilized in vehicle frequency in high way activity. It is one of the
fundamental PDEs in fluid mechanics. Burgers condition is totally
fundamental. The wave arrangements of Burgers equation are single
and multiple-front arrangements (Wazwaz, 2009). The DSW condition
is an imperative wave demonstrate in material science (Inc, 2006).

Burgers condition was to begin with presented at Bateman within
1915 and afterward analyzed at Burgers within 1948. The condition
is utilized as a demonstrate in numerous areas such as, ceaseless
stochastic forms [21] dissipate water [22] stun waves, warm [23].
Burgers condition can onto considered to a rearranged frame of the
N-S condition onto frame item or the event consistency term [24].
Unused correct arrangements of the common Burgers condition are
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independently determined at a coordinate strategy or only condition
to the Bernoulli condition come the only condition [25] individually.
The couple correct arrangements are appeared will be equal [26].
In expansion, the recently determined arrangement can be effectively
decreased to straight [27] whereas the nonlinear term coefficient equal
to zero [28]. At last, inferred arrangement is compared with the irrita-
tion arrangement and some existing correct arrangements [29]. A few
numerical comes about are displayed and outlined [30,31].

The generalized Burger—Huxley (gBH) equation is a first-order non-
linear partial differential equation (NPDE) in time ¢ that allows for the
propagation of a single-wave (single-mode) solution. The generalized
Burger-Huxley condition may be a non-linear fractional differential
condition of first arrange in time ¢ and peruses [32]:

U -U, —uUU, —vUQ-U)U —7y)=0 ¢))
By wave transformation
U=U©®, E=x+ct ()

where ¢ = ¢(x,1) and u, v, y are common genuine scalars.

For y = 0 and y = 1, gBH is reduced to the Huxley model,
representing nerve pulse propagation in nerve fibers and liquid crystal
wall motion (Wang et al. 1990). Eq. (1) is the Burgers’ equation, which
describes the field of wave propagation in nonlinear dissipative models
for v =0 and y = 1. Burger-Huxley Eq. (1) describes how convection
terms interact with diffusion transmission (Wang et al. 1990).

We will look at a partial differential equation with non-linearity,
a weakly nonlinear shallow water wave equation used to study wave
propagation in dispersive and weakly nonlinear media.

The model under consideration is:

1 2
U, - iU, + E(U})x - %Uxx,, =0, 3)
By wave transformation
U=U), E=x+ect )

where U = U(x,t) represents the unification of the displacement and
velocity of the water particles, the gravitational force is represented by
4. The wave height is represented by . The Euler equation of motion,
the equation of dynamics and mass conservation, and kinematics con-
straints on the boundary of the domain consisting of the free surface
have essentially illustrated the water problem for gravity waves.

We applied two integration schemes, namely IFE scheme [33] and
JEF method [34] in this paper. IEF method is applicable to get some
solitary wave, periodic wave and rational function solutions and JEF
method provide Jacobi elliptic function solutions.

The paper is written in the following sequence: in Section “Contents
of Integration Schemes”, we summarize IFE and JEF scheme. In Section
“Mathematical analysis”, we use IFE and JEF schemes to obtain some
solitary, periodic wave, bell shaped, kink and anti kink type solutions,
rational solutions and Jacobi elliptic solutions in terms of hyperbolic
and trigonometric functions with their graphical representations. in
Section “Results and discussion” we discuss our results and lastly in
Section “Conclusion”, we conclude our results.

Contents of integration schemes
Analysis of IFE method

Consider NLEE in the form [33].

GU,U,,U,,U, U, Uy, Uy, ...) =0,

xy?
where

Ux,y,t) =U(&), &=ux+vy+et.
Replace in above equation to get ODE.

HU, U, U",U",..)=0, U=U(®).
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Now we use following transformation,

m

n

U@ =Y aF +Y bF,

i=0 i=1
where m can be find through homogeneous balance and «;” and b,;’s
are to be determined. We know the Riccati equation F’(¢) = k + F2(£).
Substitute these transformations into first equation to get periodic wave
and solitary wave solutions. Now we represent the general solution of
Riccati equation [35].

When k < 0,

Fy = =~k tanh(—V/~k&),
F, = —\/—k coth(—\/—ké&).

When k > 0,

Fy = Vktan(Vko),
Fy = Vkeot(Vke).

For k =0,
-1

Fs=—.

T

Analysis of JEF method

We have nonlinear evolution equation [14].

GU,U, U, Uy, ...)=0.

We use following transformations.

Ux,y,t)=U(&), E=ax+ fy+et,

this can be transform into nonlinear ODE.

Gy(U.U;. U, ...) = 0.

Now use these transformations.
m

U@ = dF,
i=0

in which d;’s are to be determined where i =0, 1,2, ..., m. By homoge-
neous balance we find “m” and F(¢) express in following substitution.

4
Fl=\[r+dF2+ <

We insert F’ in previous transformations to obtain system of equa-
tions then obtain the values of d,’s.

If we assume F(£) = sné, cné, csé, its called JEF method.

.6
+ % where r, ¢, d, and e are real parameters.

Mathematical analysis

Putting Eq. (2) along its derivatives in Eq. (1) we get,
CU' —U" — yUU" —vi® +vUy +vU? —vU?y =0, (5)
By comparing highest nonlinear term with highest derivative, we get

m = 1 through homogeneous balance.

IFE method

We use following transformation [33],
U =xr,aF + 2 bF,

U@ =ay+a F+bF (6)
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Putting Eq. (5) along its derivatives in Eq. (4), we get
, bK , bK
C(G]K+LI1F —F—bl)—y(a|K+a1F —F—bl)

2b, K> 2bK

Aag+a,F + b F")—(2a; FK —2a,F> -
(ap +a, 1 )= Q2a a; 3 F

—v(ag+a, F+ b F )2 +vyag+a F+b F )+ vay+a F+b F')
—vylag+a F' + b, F 12 =0 (7

where F' = k + F? (see Figs. 1-20). Setting the coefficients of each
power of F(¢) to zero as follows.

—2a; — Maf + va?, 8)
cay + 3vaoa% — pajay — va? - vya%, )

vyay —2a1K — p(a1 K — by)a; — pay b

+v(b1a% + Zagal +a;(2a;b; + a%)) —2vyaga, —2vayay, (10)
vyag +c(a K — b)) — u(a) K — by)ay — vy(Qa; b, + ag)

+v(daga by + ay(2a;b; + ad)) — v(2a, by + ad), 11
—2vbyay + v(b;(2a;b; + ad) + 2a%b; + a;b?) + ub Ka,

—u(a1 K — by)by + vyby —2b; K —2vybyay, (12)
3vblag — b K — Bb% + ub, Kag — vyb?, 13)
—2b,K?* + vb} + pbi K. 14
We get,

Set 1:
-1 -1+ vyaf -2+ ﬁa? 1
= L c= R = a =ay, ay= =,
16a% a g a; ! ! )
b= L
164,
we get
1 1
U ) == +a, F+—F1

1@ =g raF+
When k <0,

U = 1_ a,\/ —ktanh(V —k¢&) — 1 s (15)
2 16a,(v/=ktanh(\/—ke))

and

U = 1_ ay\/ —kcoth(V —ké&) — 1 . (16)
2 16a,(\/—kcoth(\/—ké))

When k > 0,

U, = 1 + al(\/ztan\/zé) + 4, a7)
2 16a; (Vktan(v/ké))

and

U = 1 ay(Vkeot\/ké) - S (18)
2 16a, (V/keot(v/k&))

When k£ =0,
1 1 1 1.

Up=5-a()+—(7"" (19)

2 & " 16a,” ¢

Set 2:

k=k, ag=( =Dk a =0, ay=0. b =0. by =’ =K.
we get

U (@) = (u* = vk + (1> = VKT F 2, (20)
When k <0,

Uy = (12 = vAk — (42 — V9K (coth(—\/—k&))?, @1
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and

U, = (1 = Ak = (> = vk (tanh(~ v/~ k&) 22)
When k > 0,

Uy, = (1® = v)k + (u® = V)3 (cot(VkE))?, (23)
and

U, = (4 =)k + (2 =)k (tan(Vkd)) . 24)
When k =0,

Uy = (u® = vk + (u* - vz)k2;—2. (25)
Set 3:

k=k, ag=22—mP)k, a; =0, ay=pu>—=V?, b =0, by = (u*>—vk>.

we get

Us(&) = 2(u* = VP + (a® = BF? + (4> = vHK*F 2. (26)

When k < 0,

U = 204> = VA)k— (u® —v¥)k(tanh(=V=k&))? — (4* —v*)k* (coth(~ V= k&))%,
27)

and

Us = 204% = V¥ )k — (4? = V¥ )k(coth(—V/=k&))* — (4> = v}k (tanh(~ v —k£)).
(28)

When & > 0,

Us = 204° =¥k + (4 = Wktan(Vke)? — (4 = A cot(VEe), (29)

and

Us = 204° = vP)k + (17 = Ak(eot(Vke)? = (u? = )k (tan(Vke). (30)

When k =0,

Uy =2(4% = vk + (4% — vz)giz + (W = VHKE (31

Set 4:

)
k=k, ay= T(,42—v2)k, a; =0, ay ==V by =0, by = (>—V2)k>.

we get

-2 -
Uy = T(’f =k + (U = VF? + (0* = VK F 2. (32)
When & <0,

U, = ‘?2(uz—vz)k—wz—vz)kaanh(—ﬁ&)ﬁ—wz—v%k%coth(—ﬁf:»z,
33)

and

U, = ‘TZ(uz—vz)k—wz—vz)k(coth(—\/—_ké))z—(uz—vz)k%anh(—@5))2.
(34)

When & > 0,
Us = 2208 =Pk = = Dkttan(VEP = (12 - I o VRO, (35)
and

Uy = %2(/42 — )k = (1 = V))k(eot (V&) — (1? — VA3 tan(Vk)). (36)
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Fig. 1. The graphical presentation of U, (&) given by Eq. (13).

Fig. 3. The shape profile of U,(¢) given by Eq. (15).

(b)

Fig. 4. The graphical presentation of U, (&) given by Eq. (16).
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Fig. 5. The shape profile of U,(¢) given by Eq. (17).

(b) (c)

Fig. 6. The shape profile of U,(¢) given by Eq. (19).

(a) (b) ()

Fig. 8. The shape profile of U,(¢) given by Eq. (21).
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Fig. 9. The graphical presentation of U,(¢) given by Eq. (22).

Fig. 11. The shape profile of U;(¢) given by Eq. (25).
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Fig. 12. The graphical presentation of U,(¢) given by Eq. (26).
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Fig. 13. The graphical presentation of U,(¢) given by Eq.

=

!
b
|
[
|
=
"

af

(b)

=15

(b)

Fig. 16. The shape profile of U,(¢) given by Eq. (31).
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Fig. 14. The graphical presentation of U,(£) given by Eq. (28).
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Fig. 18. The graphical presentation of U,(¢) given by Eq. (33).
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(c)

(b)

Fig. 20. The graphical presentation of U,(¢) given by Eq. (35).
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L P
-10 -5

Fig. 21. The graphical presentation of U(¢) given by Eq. (44).

When k =0,

Us= 208 =k =G - vz)(:i2 - -, 37
JEF method

For JEF method, we use this transformation [36].
UE)=2z"aF
U =ag+a F +a,F? (38)

Putting Eq. (4) along its derivatives in Eq. (3) and set F' =
r+aF?+ % + # in Eq. (3), then we get,

a1aF + a\bF3 + a;cF3 + 2ayr + 4a,aF” + 3asz4

+ gach6 —baF™! —b1F3c—b1Fb

—t(ag + a, F + a, F?) — &(ag + a, F + a, F})? = 0. (39)

Setting the coefficients of each power of F(£) to zero as follows.

3ayb - £aj, (40)
—by +a;b—2aya,, (41)
—¢£Q2aga, + a%) +4a,a — 7a,, (42)
—2¢apa; — bib+aja - tay, (43)
—éaé —tay + 2a,r. 44)

By solving simultaneously above equations we get,

c:ﬁ, r=r, 7=0, £=0, ay=a, alszb, a, =0.
r a
So,
bb
U(§)=U=a0+7F. (45)

Depending on a, b, ¢, r in Eq. (F'), we obtained different type of
traveling wave solutions.

Case 1:
a=—-(1+m?), b=2m?, r=1, c=0.
We get,
U 2b,m? .m)
=ay — sn(¢, m),
O T m2
As m — 1 this generate shock wave (see Fig. 21).
2b,m?
U =ay— 2" tanno). (46)
1 +m?

Case 2:
a=2m*-1,
We obtained,

b=2, r=-m(1-m?), c=0.

2b,
2m? — 1
As m — 1 this generate (see Fig. 22).

U=aqy+ ds(f,n)

U=aqy+ 53 1_ 1cosech(é’) (47)
Case 3:
a=2-m* b=2, r=1-m? ¢=0
We get,
U = ag+ —2 (¢, )
=a cs(¢,n),
0Ty 2
As m — 1 this generate (see Fig. 23).
2b,
U=ay+ csch(f). (48)
2 —m?
Case 4:
d=2m?—-1, e=-2m2, r=(1-m?, c=0.
We obtained,
=202m* = DR +22m? = Da?f—2¢ —2m*(a? — p?
U = ( )b 6( Ja”p _ (2 p )an(g’m)‘
As m — 1 this generate (see Fig. 24).
=23 + 2224 -2
R GRTAT0) 49)
Case 5:
d=2-m? e=-2, r=(m?>—-1), c=0.
We get,
=2Q-mP)F? +2Q2 - mPa?f -2 —2(a* - p?
U = ( )b 6( Jaf _ . L} )dn2(§,m).
As m — 1 this generate (see Fig. 25).
=23 + 2225 -2
O G ) 50)
Case 6:
m2=2 m? 1
d—T, e=7, r=Z, c=0
We get,
m2=2\ p3 m2=2\ 7 m?, 2
2= +2A=)a -2 S (a = f7) 2
UE) = 2 2 _ 2 sn(g, m)

6 2

As m — 1 this generate (see Figs. 26 and 27).

P -a?f-2e (@=p)
6 4

(1 £dn(g,m)y?’

tanh?(&)
(1 + sech(£))?”

ue = (51)
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Fig. 22. Graphical presentation of U(¢) given by Eq. (45).
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Fig. 23. The shape profile of U(¢) given by Eq. (46).
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(a) (b) (c)
Fig. 25. The shock wave of U(¢) given by Eq. (48).
Case 7: % dn’(£, m) '
= T S, (m + D2(02(E.m) 2 dn(e.m)?
We get, As m — 1 this generate (see Figs. 28 and 29).
("2 g3 4 9 (mP2y 00 2 g 3 _a2p - 2_ g2 2
U = 2=+ 2A)af - 2e 3 (a® = f) U = B aﬁﬂ 2e (a . B 2SﬁCh © . (52)
6 2 (tanh(&) = sech(£))?
10
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(b)

Fig. 27. The shock wave of U(¢) given by Eq. (49).
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T T T
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_;0 -3 5 10
(b)

Fig. 28. The shock wave of U(¢) given by Eq. (50).
s6f [
2
3 50k o
48)
-2
48k
-10 = ; :

(a) (b) (©)

Fig. 29. The shock wave of U(¢) given by Eq. (50).
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(a) (b) (©)

Fig. 30. The shock wave of U(¢) given by Eq. (51).

o S 5 10
(b)

Fig. 31. The shock wave of U(¢) given by Eq. (51).

Case 8: We get,
d=mH ool e
Weget, (g 42 g - 2e (e - )
e get, U@ = 2 2 _ 2
6 2
2+1 2+1
U - 2557+ 2(555 e f - 2e y sn2(¢,m)
6 (dn(g, m) £ msn(&, m)?’
=l 2 @2
- (@ - A 1 thi Fig. 36).
- 2 (men(é, m) + dn(€, m))2. s m — 1 this generate (see Fig. 36)
283 +202f—-2¢ (a® - p?) tanh?(&)
As m — 1 this generate (see Figs. 30 and 31). ue = 3 - 3 (Sech(@) = sech@)? (56)
_2 3 2 20 _ 2 2 _ 2
U= 222 @D (een@) & sech(@). 53)
Results and discussion
Case 9:
d="H ol In this manuscript we use IFE and JEF to get solitary wave, periodic
We ge% 2 4 wave, bell-shaped, kink and anti-kink type, rational and Jacobi elliptic
R X R solutions in terms of hyperbolic and trigonometric functions and plot
v —2('"7“)/73 + 2('"7“)012/3 —2¢ (MTH)(O!Z - dn?(€, m) their 3D and contours graphs.
- 6 2 (1 + msn(&, )’ .
. . Conclusion
As m — 1 this generate (see Figs. 32 and 33).
U = 2P +2a2f—2¢ (a®— %) sech*(& m) 54 We obtained various types of solutions i.e solitary wave, periodic
©= 6 - 2 (1 +tanh(&))2” G4 wave, bell shaped, kink and anti-kink type, rational solutions and
Jacobi elliptic functions of Burger’s and weakly nonlinear Shallow
Case 10: water wave differential equation. In this paper, we used IFE and JEF
d= ﬁ’ e= ﬂ’ r= ﬁ, c=0. architectonic. First method gives solitary wave solutions, bell shaped,
We obztain, : ¢ kink and anti-kink type solutions and second one gives Jacobi elliptic
- - Lo functions in terms of hyperbolic and trigonometric functions and ratio-
m m m
U = _Z(T)ﬂ3 + Z(T)azﬂ =2 (T)(az -5 cn?(&, m) nal solutions with their graphical representations like 3-D and contours
@)= 6 - 2 (1 + msn(&, m)? graphs. Furthermore, our constructed solutions illustrate how simple,
As m — 1 this generate (see Figs. 34 and 35). reliable, and cor}smtenf this mthod s soll.ltlon process is ex1s.t1ng soli-
tary wave solutions, single soliton solutions, periodic solutions, and
UE) = 203 +2a°p—2¢ (@ — ) sech’(&,m) (55) kink solutions are obtained if the parameters adopt particular values.
6 2 (1 + tanh(&))? The finding appear that the improved F-expansion approach could be a
promising device since it can offer a number of solutions with different
Case 211: . one of a kind physical contour. To the best of our knowledge, these
d= '"TH, e= %, = }t, c=0. results were obtained first time for these models.
12
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(b)

Fig. 32. The graphical presentation of U(¢) given by Eq. (52).

(52).

(53).

Fig. 35. The graphical presentation of U(¢) given by Eq. (53).
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Fig. 36. The graphical presentation of U(¢) given by Eq. (54).

CRediT authorship contribution statement

Farrah Ashraf: Conceptualization. Tehsina Javeed: Supervision.
Romana Ashraf: Validation. Amina Rana: Writing first draft. Ali
Akgiil: Investigation.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability

No data was used for the research described in the article.

Acknowledgment

All authors read and approved the final manuscript.

References

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

Rizvi STR, Seadawy AR, Ashraf F, Younis M, Igbal H, Baleanu D. Lump and
interaction solutions of a geophysical Korteweg—de Vries equation. Results Phys
2020;19:103661.

Ashraf Farrah, Seadawy Aly R, Rizvi Syed TR, Ali Kashif, Aamir Ashraf M.
Multi-wave, M-shaped rational and interaction solutions for fractional nonlinear
electrical transmission line equation. J Geom Phys 2022;177:104503.

Rizvi STR, Seadawy AR, Ashraf F, Younis M, Igbal H, Baleanu D. Kinky
breathers, W-shaped and multi-peak solitons interaction in (2+ 1)-dimensional
nonlinear Schrodinger equation with Kerr law of nonlinearity. Eur Phys J Plus
2019;134:1-10.

Rizvi STR, Seadawy Aly R, Ashraf R. Propagation of chirped periodic and solitary
waves for the coupled nonlinear Schrodinger equation in two core optical fibers
with parabolic law with weak non-local nonlinearity. Opt Quantum Electron
2022;54:545.

Ahmed S, Ashraf R, Seadawy Aly R, Rizvi STR, Younis M, Althobaiti Ali, El-
Shehawi Ahmed M. Lump, multi-wave, kinky breathers, interactional solutions,
and stability analysis for general (2+1)-th dispersionless Dym equation. Results
Phys 2021;25:104160.

Ashraf R, Ahmad MO, Younis M, Tariq KU, Ali K, Rizvi STR. Dipole and combo
solitons in DWDM systems. Optik 2018;158:1073-9.

Ashraf R, Ahmad MO, Younis M, Ali K, Rizvi STR. Dipole and Gausson soliton
for ultrashort laser pulse with high order dispersion. Superlattices Microstruct
2017;109:504-10.

Rizvi STR, Bashir S, Younis M, Ashraf R, Ahmad MO, Ahmad. Exact soliton of
(2 + 1)-dimensional fractional Schrodinger equation. Superlattices Microstruct
2017;107:234-9.

Ablowitz MJ, Clarkson PA. Solitons, nonlinear evolution equations and inverse
scattering, Vol. 149. Cambridge University Press; 1991.

El-Wakil SA, Abdou MA. New exact travelling wave solutions using modified
extended tanh-function method. Chaos Solitons Fractals 2007;840-52.

14

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Wazwaz AM. Multiple-soliton solutions of two extended model equations for
shallow water waves. Appl Math Comput 2008;790-9.

Bekir A. New solitons and periodic wave solutions for some nonlinear physical
models by using the Sine-Cosine method. Phys Scr 2008;501.

He JH, Wu XH. Exp-function method for nonlinear wave equations. Chaos
Solitons Fractals 2006;700.

Elboree MK. The Jacobi elliptic function method and its application for two
component BKP hierarchy equations. Comput Math Appl 2011;4402-14.

Yin Zhe-Yong, Tian Shou-Fu. Nonlinear wave transitions and their mechanisms
of (2+1)-dimensional Sawada—Kotera equation. Physica D 2021;427:133002.

Li Tian, Yang. Soliton resolution for the Wadati-Konno-Ichikawa equation with
weighted Sobolev initial data. Henri Poincaré 2022;23:2611-55.

Shou-Fu Tian, Mei-Juan Xu, Tian-Tian Zhang. A symmetry-preserving difference
scheme and analytical solutions of a generalized higher-order beam equation.
Proc R Soc Lond Ser A Math Phys Eng Sci 2021;477:0455.

Li Yuan, Tian Shou-Fu, Yang Jin-Jie, Riemann. Hilbert problem and interactions
of solitons in the n-component nonlinear Schrodinger equations. Stud Appl Math
2022;148:577-605.

Fatih Ozbag, Mahmut Modanli. On the stability estimates and numerical solution
of fractional order telegraph integro-differential equation. Phys Scr 2021;96(9).
Modanli Mahmut, Ozbag Fatih, Akgul Ali. Finite difference method for the
fractional order Pseudo telegraph integro-differential equation. J Appl Math
Comput Mech 2022;21(1):41-54.

Sugimoto N. Burgers equation with a fractional derivative; hereditary effects on
nonlinear acoustic waves. J Fluid Mech 1991;225:631-53.

Weinan E, Khanin K, Mazel A, Sinai Y. Invariant measures for Burgers equation
with stochastic forcing. Ann of Math 2000;151(3):877-960.

Burgers JM. A mathematical model illustrating the theory of turbulence. Adv
Appl Mech 1948;1:171-99.

Wang XY, Zhu ZS, Lu YK. Solitary wave solutions of the generalized Burgers
Huxley equation. J Phys A: Math Gen 1990;23:271-4.

Wang GW, Liu XQ, Zhang YY. New explicit solutions of the generalized Burgers
Huxley equation. J Vietnam Math 2013;41:161-6.

Yemova OY, Kudryashov NA. Exact solutions of the Burgers-Huxley equation. J
Appl Math Mech 2004;68(3):413-20.

Wazwaz AM. Analytic study on Burgers, Fisher, Huxley equations and combined
forms of these equations. Appl Math Comput 2008;195:754-61.

Wazwaz AM. Travelling wave solutions of generalized forms of Burgers, Burgers-
KdV and Burgers-Huxley equations. Appl Math Comput 2005;169:639656.
Korsunsky SV. Soliton solutions for a second-order KdV equation. Phys Lett A
1994;185:174-6.

Wazwaz AM. Two-mode fifth-order KdV equations: necessary conditions for
multiple soliton solutions to exist. Nonlinear Dynam 2017;87(3):1685-91.
Biazar J, Mohammadi F. Application of differential transform method to the
generalized BurgersHuxley equation. Appl Appl Math 2010;5:1726-40.
Dehghan M, Saray BN, Lakestani M. Three methods based on the interpolation
scaling functions and the mixed collocation finite difference schemes for the
numerical solution of the nonlinear generalized Burgers-Huxley equation. Math
Comput Model 2012;55:1129-42.

Akbar MA, Ali NHM. The improved F-expansion method with Riccati equation
and its applications in mathematical physics. Cogent Math 2017;1282577.
Muhiameed ZIAA, Salam Emad ABA. Generalized Jacobi elliptic function solution
to a class of nonlinear Schrodinger-type equations. Math Probl Eng 2011.
Karaman B. The use of improved F-expansion method for the time-fractional
Benjamin-Ono equation. RACSAM 2021;115:128.

Zheng B. A new fractional Jacobi elliptic equation method for solving fractional
partial differential equations. Adv Difference Equ 2014;2014:228.


http://refhub.elsevier.com/S2211-3797(22)00662-3/sb1
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb1
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb1
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb1
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb1
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb2
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb2
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb2
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb2
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb2
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb3
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb4
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb5
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb6
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb6
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb6
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb7
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb7
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb7
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb7
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb7
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb8
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb8
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb8
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb8
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb8
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb9
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb9
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb9
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb10
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb10
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb10
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb11
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb11
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb11
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb12
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb12
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb12
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb13
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb13
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb13
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb14
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb14
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb14
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb15
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb15
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb15
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb16
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb16
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb16
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb17
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb17
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb17
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb17
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb17
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb18
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb18
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb18
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb18
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb18
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb19
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb19
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb19
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb20
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb20
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb20
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb20
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb20
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb21
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb21
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb21
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb22
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb22
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb22
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb23
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb23
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb23
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb24
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb24
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb24
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb25
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb25
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb25
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb26
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb26
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb26
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb27
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb27
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb27
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb28
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb28
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb28
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb29
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb29
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb29
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb30
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb30
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb30
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb31
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb31
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb31
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb32
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb33
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb33
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb33
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb34
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb34
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb34
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb35
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb35
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb35
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb36
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb36
http://refhub.elsevier.com/S2211-3797(22)00662-3/sb36
http://mostwiedzy.pl

	Some new soliton solutions to the higher dimensional Burger–Huxley and Shallow water waves equation with couple of integration architectonic
	Introduction
	Contents of Integration Schemes
	Analysis of IFE method
	Analysis of JEF method

	Mathematical analysis
	IFE method
	JEF method

	Results and discussion
	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgment
	References


