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The Use of Latest Kudryashov’s Integration Scheme for Two Networking Models

Serife Muge Ege

ABSTRACT: In this study, we concentrate on the equations which arised in network system and telecommini-
cations. The newest Kudryashov method is used to construct traveling wave solutions of nonlinear electrical
transmission equation and Lonngren equation. By means of Mathematica 11.3 package program, new types
of solutions are obtained. The main goal of this study is to acquire the solitary wave solutions with reduced
the number of computations.
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1. Introduction

In line with the requirements of the modern world, energy and energy transmission problems have
attracted great attention by researchers in recent years. With industrialization, increasing population
and production needs arising from globalization, commercial growth and developing technology, the need
for energy resources and their use are increasing rapidly. The electrical transmission line model, which
we encounter in communication engineering and physics, is a structure specially designed to carry high
frequency currents or alternating radio currents. Electrical transmission lines are used for purposes such
as distributing telephone signals, routing calls between telephone exchanges, interconnecting radio trans-
mitters and receivers, and computer network connections. In particular, the Lonngren wave equation is
also used in the field of telecommunications and network engineering.

Over the past century, soliton waves have been shown to be self-reinforcing wave structures that can
be generated in channels. In many studies conducted in recent years, the solutions of real-world prob-
lems encountered in all areas of daily life in the traveling wave structure have been examined. For this
purpose, methods such as exponential function method [3], modified exponential function method [4,5],
exponential rational function method [6,7], (G'/G) expansion method [8,9], Benoulli (G’/G) expansion
method [10], sub-equation method [11,12], sine-Gordon expansion method (SGEM) [13], rational SGEM
[13], Kudryashov methods [14,15,16], unified method [17] have been developed and various soliton-like
solutions have been put forward. Recently, N. R. Kudryashov proposed a new integration scheme with
an auxilary logistic function [18,19]. The proposed method is convenient for the solitary wave solutions
of nonlinear partial differential equations. Therefore, some researchers have handled the method to find
semianalytical solutions for some nonlinear models [20,21,22].

It is important to obtain soliton wave solutions of the nonlinear electrical transmission models, since
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solitons are wave structures that travel without changing shape over long distances, and electrical conduc-
tion is also the process of transmitting the generated electricity over long distances. For the last decade,
many researchers have concentrated on the the periodic solutions [23,31], singular periodic solitions [24],
solitary wave solutions, singular solitary wave solutions [25], complex soliton solutions [26,27,28], soliton
solutions [29,32], analytical solutions [33] of the nonlinear electrical line equation. In addition, soliton,
invariant and shock solutions of Lonngren wave equation have been obtained in the references [34,35,37,5].
In this paper, we use the latest version of Kudryashov’s method to obtain soliton type solutions of
two networking models. In Section 2 we give the methodology to figure out the solitary wave solitons. In
section 3, we apply the proposed method to the nonlinear electrical transmission line equation and the
Lonngren wave equation. In the last section, we give the concluding remarks of the obtained solutions.

2. Mathematical Algorithm

2.1. Outline of the latest Kudryashov’s integration scheme

The major items of the method proposed above are indicated as:
In the first item, we handle the general impression of nonlinear partial differential equations in the form:

0 (P, D,, Py, ..., Dy, Pyy, Py, ...) =0, (2.1)

where ¢ is polynomial function in ® and its assorted order partial derivatives in addition to nonlinear
terms are included.

Secondly, we assume that the subsequent traveling wave transformation is done to reduce 2.1 to ordinary
differential equation.

O(z,y,z,w,t) =®(n), n==klzx+y—-ct) (2.2)

where k and c are arbitrary constants. After applying the above transformation and the chain rule, we
get
w(®, ', ®" ..)=0. (2.3)

In this step, according to the proposed method, we assume Eq.2.3 has a solution in the form:

o(n) = Z a; ¥ (n), (2.4)

where .
W(n) = 2.5
) = e + nean(—n) (22
and ¥(n) adopts the given ordinary differential equation:
2 _ g2 2
vy = V(1 — x¥), (2.6)

where x = 4mn. The major characteristic of ¥(n) is that while the higher order even derivatives have
only ¥ and its powers, higher order odd derivatives holds both ¥ and W¥,. Therefore, the termss of the
higher order derivatives from second to forth order as follows:

U,y =0 — 2403 (2.7)

Uy = U, — 6 V20, (2.8)

Upn = W — 20303 4 242 0P, (2.9)

U = ¥,y — 60020, + 120520, (2.10)
Uy = ¥ — 182y W3 4 840\ 2 W — 720X 07, (2.11)
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Then, considering ®(n) = Z;V:O a, U™ (n) and using homogenous balance principle, we can show the
bonds of derivatives ®,, @y, ®yyyy and Py as follows:

N
O, = a;j WY, (2.12)
j=1
By = D aj[PWT — Py I — i), (2.13)
j=1
By = > ag[PW T — xR0+ 2) W () + 2) 8w, (2.14)
j=1
N .
Dy = D3 W[ + (3% + 6577 + 1Ljx7 + 6x2)U* — (25%x + 652X + 8jx + ) V?],  (2.15)
j=1

N
Oy = 3T [ 4 (G +4) G 465X + 115X +6x) W — (5 +2) (25 x + 657X +8jx +4x) V|,
j=1
(2.16)
Then, switching out Eq.(2.4) and (2.12)-(2.16) into Eq.2.3 we can obtain the induced form of the equation
as polynomial that comprises of ¥ and V,. after that, equating each coefficient for different degrees of
\Il”\IlZ (h =0,1) we get an algebraic equations system. Then, by calculating this set, we get coefficients
of basic polynomial and the parameters of the wave transformation. In the end, solitary wave solutions
of Eq.(2.3) can be obtained.

3. Mathematical Applications
3.1. Nonlinear Electrical Transmission Line Equation

The nonlinear electrical transmission line equation has been employed to represent the wave propa-
tion on the network system. Transmission lines have served purposes such as telephone transmitters,
high speed computer buses, radio transmitters. Tala-Taube et al. have investigated the voltage wave
propagation to describe pulse narrowing nonlinear transmission lines [23].

4 4

A 0
(Ptt - a(q)2)tt + ﬁ(cbg)tt - W2A2(I):vz - w2ﬁq)zx:r:v - erzq)yy —w

2Eq)yyyy =0, (3.1)

where ® = ®(z, y, t) is the voltage in the electrical transmission line, «,,w,d,0 are real nonzero constants,
and z and y are interpreted like the promulgation distance.

O(z,y,t) =P(n), n==klzx+y—ct). (3.2)

where k and ¢ are also nonzero constants. After using the above transformation, Eq.(3.1) is reduced to
ODE which is in the below:

02
2P, — k2w2ﬁ<1>mm,, =0. (3.3)

A4
AP, — ac(9?),, + B (D?),), — W A%D,, — KPwP— &

2 2
19 S T W 0

integrating by twice and taking integration constants zero for simplicity, we obtain:
12[c? — w?A? — W20%)® + 1282D° — 12a?®? — k2 [w?A* + w2049 = 0. (3.4)

With the help of the homogenous balance principle in Eq.(3.3), we balance the highest degree of nonlinear
term and highest order derivative. Then we get the degree of the auxilary polynomial N = 1 and we can
write the first degree polynomial as follows:

®(n) = ag + a1 ¥(n). (3.5)
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where
1

mexp(n) + nexp(—n)

V(n) =

and U(n) satsifies the differential equation:
2 _ g2 2
v =v (1 —xT2),

where y = 4mn.
Taking into account the derivatives of Eq.(3.5) from first order to second order, we obtain the following

equations.
(I)/(U) = al\Ijnv
o () = ar (¥ —2x3(n).
Substituting Eq.(3.5) and Eqns.(3.6) into Eq.(3.3), we get an equation that involves the powers of .
Then, banding together the same degreess of ¥ and matching the all coefficients to zero, we obtain the
following algebraic equations system:
12¢%ag — 12w?ag — 12A%ay — 12w%0%a, — 120204@(2) + 1202&18 =0,
12¢2a1 — 12w2a; — 12A%a; — K*w?Ata; — 12w°0%a; =0,
—12c2aa? + 36¢2 Baga? = 0, (3.6)
2k‘2w2A4xa1 + 2k2wA4xa1 + 1202&#;’ =0.
Finally, solving this system by means of Mathematica 11.3 we obtain seven conditions of traveling wave
solutions of the Eq.(3.1) as follows:

2 .
s st s g s s < minfn, t);

2 2 2
ﬁ_£+ﬂ_£ t<s<n;
Gl =4 5 22 ¢ =l (3.7)
7774’@7?; 77§5§t’
% _ %3’ max{n,t} < s.
Case I:
B V%) SR, 3w? + A2 + w202 _ g [BW?+ A%+ w262)
0 35 1 33 (202 — 98) (w2 At + wO?)’ 202 -9 ’
o an/2x 4m
() = o7 — VX 2 - )
33 36 \4m2em + xe "
2
B = g Oy
« (4m26Zawmifz;ﬁfa*:fi’ie4> (oo sisre)
—1
w24A240202 i w2 tattw2el
+ Xega\/(2a2379;)?u;A4fw@4) (w+y+3lmt>> . (3~8)
Case II:
e o o 3w2 + A2 + w202 e 3 Bw? + A2 4 0,202)
T35 T T (20 — 95)(?A1 § wO1)’ 207 —95 "



THE USE OF LATEST KUDRYASHOV’S INTEGRATION SCHEME FOR TWO NETWORKING MODELS 5

Figure 1: 3D surfaces of real and imaginary parts of the solution (3.8) respectively.
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Figure 2: Contour surfaces of real and imaginary parts of the solution (3.8) respectively.

a+am< 4m )

() = >
() 35 35 4m2en + xye "

« /22X
O(z,y,t) = %—i— 35 am

_ 3w2+A240202 o[ B(w2+A2+w262)
% dm2e 2a\/(2a279B)(w2A4+w94) ry+3i 2a2—93 t

-1

20‘\/(2a 30w24+A2 40202 <z+y+3i B(w2+A2+w2@2)t)
Xe

n 2-98) (w2 A% +wed) 20295 (3.9)
Case III:

e ay/2x 3w? + A% 4+ w202 . [ B(w? 4+ A% 4+ w202?)
ap=—, a;=— , k=2« , ¢c=3 ,
38 38 (202 — 98) (w2 At + wO4) 202 — 94

(I)()_g_om/QX 4m
= 35 35 4m2en + ye=n )’
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V2
O(x,y,t) = @ VX m

36 38

_ 3w24+A210202 a: [ B(w24A24w202)
<4m2e 2a\/(2n2—9[i)(w2A4+w®4) zty—31 2a2-98 t

—1
W21A21 202 n: | B(w24+A240202)
2(1\/ 23 +4 ;r 49 — <m+y731 Bl A7+wm07) > t)
+ Xe (2a4—98) (w AY+wO*) 2a4—98 . (3.10)

X

Case IV:
g X eV 302 + A2 4 1202 _ g, [BlW?+ A% + w262
0=35 M= 35 (202 — 95) (w2 A% +wO?)’ S
B(n) = 5+ S (o
n= 383 33 4m2en + xe=" )’
@ ay/2x
(z,y,t) = - 4
(,y,1) 33 7 3g
X <4m26_2a\/(2a§w2;)?j;§ffj®4) <x+y—3i\/¢fgﬁ®2)t>
1
W21 A2 10202 . w2+A240202
+ X62a\/(2Q§_9;)?wz+A4fw@4> @wBlmt)) ' (3.11)
Case V:
J V2 7 SR P 302 + A? 4+ 0,202 oo ;. | B+ A%+ w2O2)
0733 ™ 38 (202 — 96) (WAt + wO?)’ 20% - 98 |
R e
V7357 T35 \am2en txe )
a  ay/2x
O(z,y,t) = o= - 4
(xvya ) 36 36 m
EIYCINETS ) W2 A2 40202
X <4m262a\/(2a239;)A(w;A4fu(—)4) <I+y+3Z %f)
~1
W2 1A21L202 . . (w2+A24w202)
n Xe—Qa\/(zag,QZ)A(w;rAzlfweél) (x+y+3z\/%t)> . (3.12)
Case VI:
an = & alza\/Tx k= 2a 3w? + A2 4 w20? o= g, | BLITAT+ WO
07 3p 38 7 (202 — 9B) (WAt + wO1)’ 20% - 96 |

a2y 4m
o) = 343 35 <4m26" + xe”) ’
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a  an/2)
O(x,y,t) = %—&— 35 dm

3w24+A24+w202 o[ B(w2+A2+40262)
% <4m262a\/(202—9ﬁ)(w2A4+u)(—)4) (m+y+3l 2a2-98 t

-1

W24 A2 10202 . W21 A21 0202
b e R (e >> | (5.13)
Case VII:
orv 302 - A2 292 2 1 A2 292
aozg’ al:a X, k=2« 2w+ ;L(: o, =31 5(w+2 o ),
38 38 (202 — 98) (w2 A% + wB*) 202 — 94
V2 4
On) = o= + > ),
35 35 4m?2en + xe™"
@ a\/2x
d t) = — 4

X

3w2+A24+w202 ;| B(w2+A240202)
<4m2e2a\/(2a295)(W2A4+W94) (”“"'y 3 \ 2a2—93 t
—1
302 21,202 i Ww24A240202)
_|_ Xe (20 —9B) (w4 A%+ wO=) 2a<—93 . (3.14)

3.2. Lonngren Wave Equation

The Lonngren equation, which was first introduced to the literature by Lonngren and named after the
person who made it, plays an important role in telecommunications [34]. Specifically describing electrical
signals on telegraph lines known as a model of the tunnel diode,

(Poe — a® + BD?),, + Py = 0, (3.15)

where « and [ arbitrary constants ® = ®(x,t) is used to explain the tightness throughout the electrical
line, and x and t are interpreted like the promulgation distance. At first, we apply traveling wave

transformation,
O(x,t) =P(n), n=k(z-—-ct). (3.16)

where k and ¢ are nonzero constants. By means of the wave transformation, Eq.(3.15) is reduced to the
following ordinary differential equation:

PR + (1 — Pa)® + 202 = 0. (3.17)

In that step, we apply the homogenous balance principle to Eq.(3.17) and we balance the highest degree
nonlinear term and highest order derivative. Then we get the balance degree N = 1. Hence, the first
degree basic polynomial can be written as:

@ (1) = ap + ar¥(n) + a2 ¥*(n). (3.18)

where
1

Y0 = czpt) + newp(—)

and ¥(n) adopts the differential equation:

2 _ 2 2
\I/n*\Il (17X\II )7
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where y = 4mn.
Taking account the derivatives of Eq.(3.18) from first order to second order, the following expressions are
gained.

'(n) = Tylar +2a29(n)],
O (n) = a1 (¥(n) —2x¥3(n)).

Substituting Eq.(3.18) and Eqns.(3.19) into Eq.(3.17), we obtain an equation containing the degrees of
¥. In addition, banding together all the same degrees of ¥ and matching the coefficients to zero, we
obtain the following algebraic equations system:

12c¢%ag — 12w2ag — 12A%a0 — 120w%0%ag — 120204@3 + 12025a8 =0,
12¢%a; — 12w?a; — 12A%a; — K2w?A%aq — 12020%a; = 0,
—12c2aa? + 36¢2Bagat = 0, (3.19)
2, 274 2, A4 253 _
2k“w*A%*xa1 + 2k*wA%xa1 + 12¢*Baj = 0.

Finally, solving this system by means of Mathematica 11.3 we obtain three conditions of traveling wave
solutions of the Eq.(3.15)as follows:

Case I:
. 20204—1 o0 a :_2(—X—|—c2ax) k:_\/l—c%z
0= "ag 0 @ ;a2 T2 EENE
(1) = Aa—1 2(—x+cay) dm 2
= 23 2 dm2en + e~ )
2
Aa—1 2(—x+ccay) dm
(z,t) = —5 - 5 — — . (3.20)
c2p c?p 4m26_7\/{;¢%‘”(z ct) _i_XeV;/C;O‘(z—ct)
Case II:
Aa—1 2(—x + cay) V1-ca
aw=—p— =0, aa=-———"75—" k=—3F+—
c2p c2p 2y/c
() = Aa—1  2(—x+Pay) 4m 2
= 2 2 4m2en + ye= )’
2
Aa—1  2(—x+Pay) 4m
B(z,t) = o — — - . (3.21)
c2p c2p 4m267\/12_\/%20‘(z7ct) N Xei\/ilz_ﬁga(rct)
Case III:
2(—x + ax) Via—1
ap =0, ar =0, e k:_T
c c
(1) = 2(—x + c2ax) dm 2
2 4m2en + e~ )’
2
2(—x + c2ax) dm
O, 1) = (3.22)
CQﬁ 4m26_ \/(;2\7671(x_ct) + e \/22\;12*1(:6—00
Case IV:

2(—x + 2ay) Vta—1
ao=0, a1=0, a=—"7-—"", =—0F
025 2\/6
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Figure 3: 3D Plot of the solution (3.21) for c=0.5,a=1,8=1,m=1,n=1and c=1.73, a = 0.5, 3 = 0.5, m = 1,
n = 1 respectively.
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Figure 4: Plot of the solution (3.21) forc=0.5,a=1,8=1,m=1,n=1landc=1.73,a=0.5,3=05,m=1,n=1
respectively.

D) — 2(—x + c2ax) dm 2
(n) = 2 4dm?2en + xe "

2(—x + c2ax) dm
O(x,t) = . (3.23)
c2p dm2e v 622\'/1{1 (z—ct) T xe v fj‘{l (z—ct)

4. Concluding Remarks

We have carried out the latest version of Kudryashov’s method to the nonlinear electrical transmission
line equation and the Lonngren equation which appears in communication engineering and mathematical
physics. The applied wave transforms and the ¥ function used in the algorithm made it easy to obtain
solutions. For both models, the obtained results have been indicated as polynomials of the logistic func-
tion which in turn are solutions of the Riccati equation. For the nonlinear electrical transmission line
equation, we have obtained soliton solutions in seven cases which are the special forms of the solutions in
[33]. But also in some cases we have obtained complex constants ¢ which determines the time variable.
Therefore, some disjuctions have been occured in the wave that can be seen in graphical representation.
On the other hand, for Lonngren equation, soliton solutions are also obtained and constant & which
effects the distance directly depends on the constant c. So, in graphical representation when we take ¢
as a real number the obtained waves will be smooth.

Finally, one can see that the new integration scheme may be applied many nonlinear models. When
we compare this method with other methods, we see that it is more easily applicable for the solution of
nonlinear differential equations containing even-order derivatives. Therefore, one can draw a conclusion
that the algorithm can be applied to many integer order evolution equations.
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Figure 5: 3D Plot of the
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n = 1 respectively.
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Figure 6: Plot of the solution (3.22) forc=0.5,a=1,8=1,m=1,n=1landc=1.73,a=0.5,3=05, m=1,n=1
respectively.
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