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Abstract

In this study, we use the improved Bernoulli sub-equation function method for exact solutions to the (3 + 1)
dimensional B-type Kadomtsev-Petviashvili equation. Some new solutions are successfully constructed. We
carried out all the computations and the graphics plot in this paper by Wolfram Mathematica.
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(3 + 1) boyutlu B tipi Kadomtsev-Petviashvili denklemi icin gelistirilmis Bernoulli alt denklem fonksiyon
yontemi ile elde edilmis tam ¢oziimler

Oz

Bu ¢aligmada (3 + 1) boyutlu B tipi Kadomtsev-Petviashvili denkleminin tam ¢6ziimleri i¢in gelistirilmis
Bernoulli alt denklem fonksiyon yontemini kullandik. Bazi yeni ¢dziimler elde ettik. Biitiin hesaplamalar1 ve
grafik ¢izimlerini Wolfram Mathematica programi yardimiyla yaptik.

Anahtar Kelimeler: Kadomtsev-Petviashvili denklemi, Gelistirilmis Bernoulli alt denklem fonksiyon yontemi,

Tam ¢oziim.

1. Introduction

The purpose of this paper is to investigate
solutions the first of two form the (3+1)
dimensional generalized B-type Kadomstev-
Petviashili (BKP) equation given by Wazwaz
(2012)

Uyxxy + a(uxuy)x + (ux +uy +uy) —
(uxx + uzz) =0, (1)

where «a is nonzero parameter and this
nonlinear wave equation in three spatial
(x,y,z) an done temporal coordinate (t). The
Kadomstev-Petviashili equation describes
weakly dispersive and small amplitude waves
propagating in quasi-two-dimensional
medium (Wazwaz,2011). Abudiab and
Khaligue (2013) used the multiple-exp
function and simplest equation method for

solutions eq.(1) . Different forms of KP
equation were studied by Ma et al. (2011),
Shen and Tu (2011) , Wazwaz (2011) by
different approachs and Baskonus et al.
(2017) by Sine-Gordon expansion method. In
this context, various articles were presented
to the literatiire (Akin,2017;Akin and Zeren,
2017; Baskonus et.al., 2018; Modanli and
Akgiil, 2017; Modanl1,2018)

This article consist of five parts. In second
part, the steps of IBSEFM are identified, in
third part the method is applied to BKP
equation. Finally, fourth part is the result and
discussion section.
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2. Material and Method

In this part, we use the improved Bernoulli
sub-equation function method (IBSEFM)
(Baskonus and Bulut, 2015 a and b; Bulut et
al.2016; Dusunceli,2018,2019) for solutions

eq.(2).

Stepl:Let’s consider the following partial
differential equation;

P(u, Uy, Uy, Uy, Uy, uxx,uxy,..) = 0. 2
and take the wave transformation;

U(x, y; z, t) = U(y);)’ = klx + kzy + k3Z +
k,t, 3

where k,k,, ks and k, are nonzero constants.
Substituting Eq.(3) into Eq.(2), we obtain the

following  nonlinear ordinary differential
equation(NODE);
N(U, U, u", v, .) =0. 4)

Step 2. Considering trial equation of solution
in Eq.(4), it can be written as following;

I aiFiw)

According to the Bernoulli theory, we can
consider the general form of Bernoulli
differential equation for as following;

F'=wF+dF",w+0,d+0,M€ER—
{0,1,2}, (6)

where F is Bernoulli differential polynomial.
Substituting Eq.(5-6) into Eq.(4), it converts

u(x,y,2,t) = UW),y = kix + kyy + ksz + kyt .

an equations of polynomial o(F) as
following;
o(F) = psF* + -+ piF + po = 0. (7)

According to the balance principle, we can
determine the relationship between n,m and
M.

Step 3. The coefficients of o(F) all be zero
will yield us an algebraic system of
equations;

pi=0,i=0,..,s. (8)

Solving this system, we will specify the
values of ay, ...,a, and by, ..., b,,.

Step 4. When we solve nonlinear Bernoulli
differential equation Eq.(6), we obtain the
following two situations according to b and
d;

F(y) = [7 + —eW(M_l)y], w # d. (9)
S
_ [E-D+(E+Dtanh(w(1-M)7]1~M _
PO = | W=
3. Findings

In this section, application of the improved
Bernoulli sub-equation function method to
BKP equation is presented. Using the wave
transformation on Eq. (1)

(11)

we get the following nonlinear ordinary differential equation:

3kUD + 2ak2k,U'U" + (K3ky + koky + koky + ksky — k2 — k2)U” = 0.

(12)
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Integrating the equation in (12), we get

3k, U" + ak2k, (U2 + (K3ky + kiky + koky + ksky — k2 — kU’ = 0. (13)

Finally, If we write V instead of U’, the equation (13) becomes a second order nonlinear
ordinary differential equation:

kszV” + ak%kZVZ + (ksz + k1k4 + k2k4_ + k3k4 - k% - k%)V == 0 (14)

Balancing Eq. (14) by considering the highest derivative(V'") and the highest power(V?), we
obtain

n+2=2M+m.

Choosing M = 3, m = 1, gives n = 5. Thus, the trial solution to Eq. (1) takes the following
form:

_ ao+a F(Y)+a F2(y)+asF3(y)+asF* (y)+asF5(y)
uly) = DT bF ) . (15)

where F' = wF + dF3,w # 0,d # 0. Substituting Eq. (15), its second derivative and power
along with F' = wF + dF3,w # 0,d # 0 into Eq. (14), yields a polynomial in F. Solving the
system of the algebraic equations, yields the values of the parameter involved. Substituting
the obtained values of the parameters into Eq. (15), yields the solutions to Eq (1).

Forw=d, we can find following coefficients:
Case 1.
40%byk, 40%b,k, 24waobgk, 24waob k, 24w?byk,
ag = — ;A == O = 3=~ Gy = ————— s
a a a a a
24w?b, k; 1 ; 3 )
= —T; ks = E(k“ — [—4ki(1 + 402k ky) + 4(ky + ky)ky + k5)
(16)
Case 2.
b 6waqb 6 6w?aqb 6w?
0_a1 0;a2= waq 0;a3= Wal;a4= w*aq 0;a5= Wal;
by ob, o 02b, o? (17)
ke = — %% _ a?afb;—adaik,+160*bikS
I™  402b,” "% 7 402b2(—aa,+402b,(ka+ks))’
Substituting Eqg. (16) into Eq. (15), gives
4U2k1k za(Xkl+ykz+ck4+%l(k4*J*4k%(jj4gzk1kz)+4(k1+k2)k4+ki)> +Xk1+yk2+tk4+%z<k4_J_4k%(1+462k1k2)+4(k1+k2)k4+k%))
U - _ e w—hao (18)

a
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Substituting Eq. (17) into Eqg. (15), gives

t(aza%bl—o@a%kz +160'4'b§k§)

402b% (—~aaq +402bq (ka+k3))

402b% (-aa1 +402b1(ka+k3)) "\ i he (19)
by

3h xaaq

xaay | It(txza%bl—a-”’a%kz+160’4b§k§) 402by
+yko+zk3+
402bq

aq( +yko+zks+

20(

U=—==

Choosing the suitable values of parameters, we performed the numerical simulations of the
obtained solutions for (18-19) equation by plotting their 2D and 3D.

U (Eq.18)

U .Eq.18!

Figure-1 The 3D and 2Dsurfaces of the solution Eq.(18) for suitable values

Figure-2 The 3D and 2Dsurfaces of the solution Eq.(19) for suitable values

4. Result and Discussion them with previous ones. The results may be
useful to explain the physical effects of
various nonlinear models in non-linear
sciences. IBSEFM is a powerful and efficient
mathematical tool that can be used to process
various nonlinear mathematical models.

In this article, new solutions are obtained for
the B type KD equation using the IBSEFM
method. We have seen that the results we
obtained are new solutions when we compare
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