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Abstract: Looking for the exact solutions in the form of optical solitons of nonlinear partial
differential equations has become very famous to analyze the core structures of physical phenomena.
In this paper, we have constructed some various type of optical solitons solutions for the Kaup-Newell
equation (KNE) and Biswas-Arshad equation (BAE) via the generalized Kudryashov method (GKM).
The conquered solutions help to understand the dynamic behavior of different physical phenomena.
These solutions are specific, novel, correct and may be beneficial for edifying precise nonlinear
physical phenomena in nonlinear dynamical schemes. Graphical recreations for some of the acquired
solutions are offered.
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1. Introduction

Recently, nonlinear evolution equations (NLEEs) has been developed as specific modules of the
class of partial differential equations (PDEs). It is distinguished that investigating exact solutions for
NLEEs, via many dissimilar methods shows an active part in mathematical physics and has become
exciting and rich zones of research analysis for physicist and mathematicians. Lots of significant
dynamic processes and phenomena in biology, chemistry, mechanics and physics can be expressed by
nonlinear partial differential equations (NLPDEs). In NLEEs, nonlinear wave phenomena of
diffusion, dispersion, reaction, convection and dissipation are very important. It is necessary to define
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exact traveling solutions for these nonlinear equations to analyze various properties of these
equations. Nowadays, NLEEs has become a significant area of research. Mostly, the existence of
soliton solutions for NLEEs is of much important because of their widely applications in various
areas of mathematical biology, chaos, neural physics, optical fibers and solid state physics etc.

Solitons are considered in the fields as optical communication, plasma, medical imaging, super
continuum generation and nonlinear optics etc. They can transmit without changing their amplitude,
velocity and wave form for a long distance. Optical soliton forms the excellent transporter minutes in
the telecommunication engineering. Nowadays, some methods have been established for discovering
exact traveling and solitary wave solutions of NLEEs. Various influential methods for instance,
auxiliary equation method [1,2], homogeneous balance method [3,4], the Exp-function method [5, 6],
the tanh-function method [7], Darboux transformation method [8, 9], the modified extended
tanh-function method [10], the first integral method [11, 12], Jacobi elliptic function method [13, 14],
the modified simple equation method [15-17], the exp(-F(x))-expansion method [18], the
(G’ /G)-expansion method [19-26], the variational iteration method [27] the homotopy perturbation
method [28-32], the F-expansion method [33—-35] and many more [36—41]. Many models are existing
to report this dynamic in the structure of optical fibers. The Schrodinger equation, the important
model in submicroscopic phenomena and developed a fundamental importance to quantum
mechanics. Such model denotes to the form of wave functions that manage the motion of small
particles and classifies how these waves are transformed by external impacts. It has been measured
and considered in several designs.

In optical fibers, most of these models are frequently stated in the time domain, and when fields at
dissimilar frequencies spread through the fiber the common practice is also to transcribe a distance
equation for each field component. The nonlinear transformation of dielectric of the fiber termed as
the Kerr effect is applied to neutralize the dispersion effect, in this state, the optical pulse might lean
to form a steady nonlinear pulse known as an optical soliton. The bit rate of transmission is restricted
by the dispersion of the fiber material. Soliton transmission is an area of huge interest since of the
wide applications in ultrafast signal routing systems, transcontinental and short-light-pulse
telecommunication [42—45]. In this work, we used the generalized Kudryashov method to construct
the exact traveling wave solutions for the Kaup-Newell equation (KNE) and Biswas-Arshad equation
(BAE). The KNE is a significant model with many applications in optical fibers. The dynamics of
solitons in optical tools is observed as an important arena of research in nonlinear optics that has
added much attention in the past few decades [46—49]. The transmission of waves in optical tools
with Kerr dispersion rests important in construction to the so-called time evolution equations [50-52].
The three models that invent from the Nonlinear Schrodinger equation (NLSE) which are termed as
the Derivative Nonlinear Schrodinger Equations (DNLSE) are classified into three classes: I, II, and
III. Connected in this study is the DNLSE-I which is in its place known as the KNE. This class will be
the focal point of the current study and a lot of inquiries have correctly been approved in the literature.
Recently, Biswas and Arshad [53] constructed a model from the NLSE known as Biswas-Arshed
equation (BAE). The BAE is one of the important models in the telecommunications industry. The
extreme remarkable story of this model is that the self-phase modulation is ignored and likewise GVD
is negligibly slight. The plus point of this method is that it offers further novel exact solutions in
optical solitons form.

The draft of this paper is organized like this. Section 2, contained the description of the
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generalized Kudryashov method. In section 3, application of GKM for KNE is presented. Section 4
presents the application of GKM for BAE. Section 5 contains results and discussion. Conclusion of
the paper is discussed in section 6.

2. Description of generalized Kudryashov method

The steps of GKM [54] are as follows
Let NLEE in the form

W(q.qx, G Gt> Gut> x>+ ) = 0, (2.1)

where g = g(x, t) is a function.
Step 1. Applying the following wave transformation

q(x, 1) = g(n), n=(x-w), (2.2)
into (2.1), so (2.1) converts to nonlinear ODE in the form
H(C], q,’ q”’ qm,.“) = 09 (23)

here, ¢ is a function of 7 and ¢’ = dq/dn and v is the wave-speed.
Step 2. Let (2.3) has the solution in form

SoaiS'(n)
gy = =2 ——— | (2.4)
=0 biS (1)
where a;, b; are constants and (i <0 < N), (j <0 < M) such that ay # 0, by, # 0.
S = 1 (2.5)
D=1 Aer ‘
is the solution in the form
ds (n)
—dn” = S - S (), (2.6)

where A is constant.

Step 3. Using balancing rule in (2.3) to obtain the values of N and M.

Step 4. Utilizing (2.4) and (2.6) into (2.3), we get an expression in S‘, where (i = 0,1,2,3,4,---).
Then collecting all the coefficients of S’ with same power(i) and equating to zero, we get a system of
alebraic equations in all constant terms. This system of algebraic equations can be solved by Maple to
unknown parameters.

3. Kaup-Newell equation

The governing equation [55] is given as:

iq, + aq.. + ib(lql*q), = 0. (3.1)
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Here, g(x, t) is a complex valued function, indicates the wave pfofile and rests on variables, space x
and time ¢. It includes the non-Kerr dispersion, evolution and and GVD terms. Also, a is the coeflicient
of GVD and b is the coefficient of self-steepening term.

Suppose (3.1) has the following solution

g(x, 1) = g(pe'P D, (3.2)
where
n=ax—ct, ¢(x,t) = —kx+ wt. 3.3)

Here g(n), , c and w are the amplitude, frequency, speed and wave number of the pulse, respectively.
Putting (3.2) into (3.1), and splitting into imaginary and real parts.
The imaginary part has the form

—cg’' — 2akag’ + 3bag’s = 0. (3.4)

We can get easily the value of ¢ as under

c = —2aka,
and the constraint condition as under
3abg® = 0.
The real part has the form
aa’g” + kbg® — (ak* + w)g = 0. (3.5

Now, balancing the g” and non-linear term g* in (3.5), we get N = M + 1. So for M = 1, we get
N=2.

3.1. Application of GKM
The solution of (3.5) by generalized Kudryashov method as given in (2.4), reduces to the form

o(n) = ap + aiS (1) + aS*(1)
bo + b1 S () ’

ap, ay, az, by and b, are constants. Subtitling the (3.6) into (3.5) and also applying (2.6), we get an
expression in S (7). Collecting the coefficients of same power of S’ and equating to zero, the system of
equations is obtained, as follows.

(3.6)

bka + (—ak* — w)aphy = 0,

3b/<a(2)a1 T w)albg + aa/zalb% + 2(—ak* — w)agbob, — aa’agbob; = 0,

SbKaoa% + 3bkaéa2 - 3aa/2a1b3 + (—ak* - w)azbg + 4aaza2bg + 3aa’aybyb,

+2(—ak* — w)a\boby — aa’a boby + (—ak* — w)aphi + aa*agh; = 0,

bkat + 6bkagaia; + 2ac*a; b} — 10aa’a,by — 2aa*a bob, + aa’abyb, (3.7)
+2(—ak’* — w)arbob; + 3aa*abob, — aazaob% + (—ak® — w)alb% =0,

3bka%a2 + 3bka0a§ + 6a012a2b3 — 9aad’a,bob; + (—ak®* — w)agb% + aafzazb% =0,

3bkaya; + 6aa’arbyby — 3aa’axbi = 0,

bka; + 2ac’*a;bt = 0.
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By solving the above system, we get various types of solutions. These solutions are deliberated
below.

Case 1. |
ap=0, ay =ay, a, = —ay, by = —2—b1, by = b,
2aa’ b} a a*(4 a* o* b} — aj b*)
a=a, K=———5—, W= — .
a%b a‘ll b?

Case 1 corresponds the following solution for Kaup-Newell equation

(2aa2 b aad*(4d®a’ b -alb?) )
_ a _ aj L X — t

1+Ae@x—ct 1+Aeax—ch)2 2 4 12

q(x,t)z( (+el ) (;Ie ))Xe ay b ay b . (3.8)

T 2h + (1+Ae™—<t)

Case 2. b+ %
apg = dap, d; = _(1+b—0)610’ ay =0, by = by, by =b.
0
aa’ b} a a*(2b* aj + bjara?)
a=dad, K=—————, W=—
2ba; 4 b2 ag

Case 2 corresponds the following solution for Kaup-Newell equation

2 p2 20012 A 4 b2
ap — it L(aa IZO _aa(Zb ag+4b032“))
) = (T PIT ) o \ 206G Py | o)
0+ (e
Case 3. , o)
042 a»(2by — by
==o 0 1 = T @ = o, by = bo, by = by
0B ad(al+ 82ab))
a= a’ K= T 5 = - .
ba, 2b%a;

Case 3 corresponds the following solution for Kaup-Newell equation

2aad’b?  ad*(b*al + 8a*a’h})
b, _axCby-by) o L( - ] )
2b 2b1(1+Aeax—ct 1+Aeax—ct
bo + Traerm
Case 4.
! b 1b by=b
ay = =—aa, Ay = —ay, Ay = dy, by = ——by, by = by.
0= 502, di 2, Gy = Ay, by 501 b1 1
2aa*b? 2ac*(b*ay + 2a*a*b})
a=a, K=-— S W= — —
ba; b*a;
Case 4 corresponds the following solution for Kaup-Newell equation
2a0’b?  2aa*(b*aj + 2d*a’b})
%az_ 1 o + = ba> X b2a 4
A axX—Cct ] A Y X—C]
a1 = (DT s P % (3.11)

1
_Ebl + (1+Ae®x—ct)
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4. Biswas-Arshed equation
The BAE with Kerr Law nonlinearity [56] is

@1qxx + @2y + zq, + i(ﬁlq“x +ﬁ2q”t) = l(/l(quQ)x + ﬂ(|Q|2)xq + 6|Q|ZQX) (41)

Here g(x, t) representing the wave form. On the left of (4.1) @, and «;, are the coefficients of GVD
and STD, respectively. 8, and 3, are the coefficients of 30D and STD, respectively. On the right of
(4.1) u and 0 represents the outcome of nonlinear disperssion and A represents the outcome of self-
steepening in the nonappearance of SPM.

Let us assumed that the solution of (4.1) is as under

q(x.1) = g() P51, (4.2)

where
o(x, 1) = —kx + wt + 6y, n=x—t. 4.3)

Here g(n) shows amplitude, ¢(x, ) is phase component. Also k, v, ), w denote the soliton
frequency, speed, phase constant and wave number, respectively.

Substituting (4.2) into (4.3) and splitting it into imaginary and real parts.

The imaginary part has the form

(Bavi® = 3B1K% + 2Bowk — v + 2a0vk — 21K + @rw)g + (—=Bov + B1)g” — Qu + 0+ 3)g%g’ = 0.

We can get easily the value of v as under

B

V=—,

B>

and the constraints conditions as under

Bovi? + 2Brwk — 3B1k* — v — 21K + 2a5vK + arw = 0,
31+2u+6=0.

The real part has the form
(@) — @2V + 381k — 2B2vk — WB)E” — (W + 1K + BiK° — arwk — Powk®)g — (A +O)kg® = 0. (4.4)

Using balancing principal on (4.4), we attain M + 1 = N. So for M = 1, we obtain N = 2.

4.1. Application of GKM
Hence, solution of (4.4) by GKM as given in (2.4) will be reduced into the following form

_ @+ aiSm) +aS*m)

8 bo + b1S ()

4.5)
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aop, ai, az, by and by are constants.
Substituting (4.5) into (4.4) and also applying (2.6), we acquire an expression in S(77). Collecting
the coeflicients of with same powerS' and equating to zero, the following system equations is got.

—Zwﬁzb%az - 4[)’2w<b%a2 + Keag + 2a/1b%az + 6,81/<b%a2 - 2&2vb%a2 + K/lag =0,
30),82b%a2 + 3(12\/‘[9%612 + 6,82w<b%a2 - 9B1Kb%a2 + 6a/1b0a2b1 - 12,82\/Kb0612b1 - 3(11[?%612
+3K961161§ + 3K/la1a§ + 18ﬁ1/<b0a2b1 - 6Q2Vboazb1 - 6a)ﬁ2b()612b1 =0,

a1bias + Brwk*biay + 3kAaga; — aavbiay + axwkbiay + 18B1kasby

+3K/lafa2 + 3K6’a%a2 + 6ala2bg + 3K9a0a§ —ﬂ1/<3b%a2 - 6w,82a2b% — 27B1kbya, b,
—Zﬁz\/Kb%ag — 9Q]boagb] + 3B1Kb%612 — 6&2deb% — 12ﬁ2VKClzbg + 9@2Vb0612b1 —
Qleb%az - (x)ﬁgb%az + 18,82v1<b0a2b1 - wb%az + 9(1),32[)0612[)1 =0,

—2,82v1<b1a1b0 - 6ﬁ2VKbo(12b1 + 4ﬁ2VKbob1(lo + 2&’2(1)Kb0b1a2 + Zﬁzwkzboblaz
+a),82b%a0 - ZU)ﬂzbéal - 2a)b0b1a2 - Qlkzb%al —,81/<3b%a1 + a/lblalbo + 3a1b0a2b1
—2a1bobrag + IOngvagbé + azvb%ao - 2a/2vb3a1 - 30ﬁ1/<a2b3 - 3,31Kb%ao + 6,81Kb(2)a1
+10wBarb] — 10 1a:b7 — wbiay + kba; + kAa;} + 2 bja; — a1biag — 2a,k*bob as
—2,81/<3b0b1a2 + azwkb%al +,82a)/<2bfa1 — arvbia1by — 3avboarby + 2a,vbobiay
+3ﬁ1/<b1a1b0 + 9,81Kb0612b1 - 6,81Kb0b1a0 + 20B2VKClzbg + 2ﬁ2VKb%do - 4,82VKb%Cll
—wﬁ2b1a1b0 - 30)ﬁ2b0a2b1 + Zwﬁzboblao + 6K/la()a1612 + 6K9610611a2 =0,

2Bovkbiaiby — 6B2vkbobyag + 2aawkbobiay + 2Brwk*bobia) — wBabiag + 3wBabia
+3K/la(2)a2 + 3K/laoa% + 3K0a(2)a2 + 3/<9a0a% — 2wbobia; — a’leb(z)az - a/lkzb%ao
—ﬂ1/<3b3a2 —ﬁ1/<3b%a0 —agbra1by + 3a1bobiag — 4a/2vazb3 - azvb%ao + 30/2vb3a1
+12B1kax by + 3B1kbiag — IBikbiar — 4wPrarby + 4ayaxby — wbiay — wbia, — 3 bia;
+aibiag — 2B1°bob1a) + rwkbias + rwkbiag + Bowkbias + Prwk*biay + arvbiarby
—3a2vbob1a0 - 3ﬁ1 Kb1a1b0 + 9ﬁ1Kb0b1610 - 8ﬁ2w<a2b(2) - 2,82w<b%a0 + 6,Bzw<b%a1
+w,82b1a1b0 - 3wﬁ2b0b]ao - 2a1K2b0b]a1 =0,

—wbja, — arbobiag — whbia) — aavbiar + whabobiag + arwkbia, — Bikba,
—2B2vkbiay — 2Brvkbiar — 2a1k*bobiag + avbobiag + 3Bikbia; — 2B1k°bobiag
—2wb0b1a0 + albgal - Q]bigal + 3K9aga1 - 3,81Kb()b16l() + 2,82v1<b0b1a0
+2arwkbobiag + ﬁzwkzbéal + 2B,wk*bob ay + 3K/laga1 =0,

awkbiay + Prwir*biag + kay — a k> byay — Bix>biag + kday — wbgag = 0.

(4.6)

On solving above system, get various types of solutions. These solutions are deliberated below.
Case 1.

w=—-av—wh +,82w/<2 —2Byvk —ﬁ1K3 + ywk + 361k + a; — K,
ay=0,a, =ay, a =0, by = —by, b; = b;.
Above these values correspond to the following solution for Biswas-Arshed equation.
4(x, 1) = _Z_i [ﬁ] s el {—Kx + wt + 6o} 4.7)
Case 2.
1 —ZKQG% - albé - 3ﬁ1/<b3 + wﬂzbg + azvb(z) + ZBZVKb%

K=K,A==X ,
2 Ka(z)
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1 3 1
w= _Eal — Eﬁlk + Ewﬁz — a'le + Eazv —,81K3 +ﬂ2w/<2 + Brvk + Wk,
—Cl()(bl + 2b0)
by ’

Above these values correspond to the following solution for Biswas-Arshed equation

a) = O, b() = b(),b] = b].

dg = dp,d) =

gty = @ 20Ae T bt b |+ + o)
' bo | byAeX = VD) 4 (b + by)

Case 3.
ek L —2a1bf - K@a% - 6,81Kb% + Zwﬁgb% + 2a/2vb% + 4,82w<b%
’ - 2 ’
Ka;

W = AWK +B2a)/<2 e —B1K3 —2a1 — 681k + 2006, + 2a,v + 4B, vk,
1 1

ap = 5612, a, = —a,a; = az, by = _Ebla by = b.

Above these values correspond to the following solution for Biswas-Arshed equation

1 +A2€2(x - V[)
1 — A202(x = vi)

ap

7t = 7
q(x, 1) b

} v ei{—KX + wt + 90}‘

Case 4.

k=0,1=21, w=a —wf —ay,
ap=—ay, ay =ay, ap =0, by =0, by = by.

Above these values correspond to the following solution for Biswas-Arshed equation

C[(X, l’) — _Zﬂ Ae(x — Vt)] % €i {Cc)t + 00}
1
Case 5.
-y + W + v
K== ,A=-0,
—3ﬁ1 + 2,82v
1
w=——X|-— 4&%&’2\/2ﬁ2 + 2aqa%v3ﬁ2 — 90120)0/1,8% +

(=3B + 2B
90:0Bofft + 9WVBT + 2050V ;5 + 6w Bi ~ bwBiay — 6w’ Bran B
+ 6w2ﬁ§0/1v + 3ﬁ1a%a/2v + 2a)3,8;,81 - 2w3ﬁgv —ﬁ1a§v3 + 20/?32\/ + 4azwa/1,85v2

- 9a2w2ﬂ§ﬁ1v - 12a§wv2,81,82 - 2ﬁ1af + 6a2a1,81,82v],
ap=0, a; =ay, ay =ay, by = by, by =by.

Above these values correspond to the following solution for Biswas-Arshed equation

A2e2(X = V1) 4 2by + b)Ael* = VD) + (by + by)

(4.8)

4.9)

(4.10)

4.11)
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5. Results and discussions

In this study, we effectively construct novel exact solutions in form of optical solitons for
Kaup-Newell equation and Biswas-Arshed equation using the generalized Kudryashov method. This
method is considered as most recent scheme in this arena and that is not utilized to this equation
earlier. For physical analysis, 3-dim, 2-dim and contour plots of some of these solutions are included
with appropriate parameters. These acquired solutions discover their application in communication to
convey information because solitons have the capability to spread over long distances without
reduction and without changing their forms. Acquired results are novel and distinct from that reported
results. In this paper, we only added particular figures to avoid overfilling the document. For
graphical representation for KNE and BAE, the physical behavior of (3.8) using the proper values of
parameters @ = 0.3, a; = 0.65, by =085, p=098, ¢ =095, k=2, A=3, b=2, c=4. and
t = 1 are shown in Figure 1, the physical behavior of (3.9) using the appropriate values of parameters
a=0.75 ay=1.5, bp=1.7, by =098, A=3, b=16, ay =2, ¢ =2.5. and ¢t = 1 are shown in
Figure 2, the physical behavior of (3.11) wusing the proper values of parameters
a=0.75 ay=1.5, bp=1.7, by =098, A=3, b=16, ay =2, ¢ =2.5. and t = 1 are shown in
Figure 3, the absolute behavior of (4.9) wusing the proper values of parameters
a=0.75 a9=15, by =17, A=23, b=16, c=2.5, v=25, 6y =4. and ¢t = 1 are shown in
Figure 4.

Figure 1. (A): 3D graph of (3.8) with @ = 0.3, a; = 0.65, b; = 0.85, p =098, g =
095, k=2, A=3, b=2, c =4. (A-1): 2D plot of (3.8) with # = 1. (A-2): Contour graph
of (3.8).

(B) (B-1)

e ————

Figure 2. (B): 3D graph of (3.9) with @ = 0.75, ay = 1.5, by =1.7, by =098, A =3, b=
1.6, ap =2, ¢ =2.5. (B-1): 2D plot of (3.9) with ¢ = 1. (B-2): Contour graph of (3.9).
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_———n

g2g88ELREE

Figure 3. (C): 3D graph of (3.11) witha = 0.75, ap = 1.5, by = 1.7, by =098, A =3, b=
1.6, ap =2, ¢ =2.5. (C-1): 2D plot of (3.11) with t = 1. (C-2): Contour graph of (3.11).

(D) (D-1)

Figure 4. (D): 3D graph of (4.9) witha@ = 0.75, ap = 1.5, bp=1.7, A=23, b=16, c =
2.5, v=25, 6y =4. (D-1): 2D plot of (4.9) with ¢ = 1. (D-2): Contour graph of (4.9).

6. Conclusions

The study of the exact solutions of nonlinear models plays an indispensable role in the analysis of
nonlinear phenomena. In this work, we have constructed and analyzed the optical solitons solutions of
the Kaup-Newell equation and Biswas-Arshad equation by using Kudryashove method. The
transmission of ultrashort optical solitons in optical fiber is modeled by these equations. We have
achieved more general and novel exact solutions in the form of dark, singular and bright solitons. The
obtained solutions of this article are very helpful in governing solitons dynamics. The constructed
solitons solutions approve the effectiveness, easiness and influence of the under study techniques. we
plotted some selected solutions by giving appropriate values to the involved parameters. The
motivation and purpose of this study is to offer analytical techniques to discover solitons solutions
which helps mathematicians, physicians and engineers to recognize the physical phenomena of these
models. This powerful technique can be employed for several other nonlinear complex PDEs that are
arising in mathematical physics. Next, the DNLSE classes II and III will be scrutinized via the similar
methods to more evaluate them, this definitely will offer a huge understanding of the methods along
with the classes of DNLSE. These solutions may be suitable for understanding the procedure of the
nonlinear physical phenomena in wave propagation.
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