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Preamble

In this talk we study the new extended Kadomtsev-Petviashvili (eKP)
equation [1]

1
6UUXX - ZOzZUﬁ + /BUtX + qu + auty + 6UX2 + UXXXX — Uyy = 0 (1)

(1) We first compute its Lie point symmetries.
(2) We then present group-invariant solutions of the equation.
(3) Moreover, we derive conservation laws of the equation.

(4) Finally, Concluding remarks are presented.
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Introduction

Introduction

The standard KP equation reads

It is one of the most extensively researched integrable equations in

(2+1)-dimensions.

It was proposed to deal with slowly varying perturbation wave in
dispersion media.

KP equation has soliton solutions through the inverse scattering
transform.
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Introduction

Lie point symmetries
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Lie point symmetries

eKP equation (1) admits the one-parameter Lie group of
transformations with infinitesimal generator (Olver 1993)

5] 0 0 0
X= T(t,X,y, u)a + §(t, X7y7 u)a + @0(1‘,)(7% U)@ + n(taX7y> U)%,
if and only if
XH¥A[pz0 =0, (3)

where

1
A = 6ulyxy — Zazutt + BUp + U + aly + 6U)2( + Uxxxx — Uyy,
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and
0 0 0 0 0 0
XA =X+ ¢— 9 9
+C 0
xxxxa Uoox

Here (x, Cix, Ciys Cits Cxxo Cyy @nd Cuxxx are determined by

= Dy(n) — utDy(7) — uxDy(€) — uy Dy(3p),

Cx = Dx(n) — utDx(7) — uxDx(€) — uy Dy(®),

Ctx = Dx(Ct) — U Dx(T) — Uxx Dx(§) — Uxy Dx(v),

Cty = Dy(Ct) — uy Dy (1) — uxy Dy (&) — uyy Dy (v),

Cx = Dx(Cx) — U Dx(7) — Uxx Dx(§) — uxy Dx(v),

Cit = Di(Ct) — upDy(1) — U D1 (§) — Uf}’Df(w)’

¢y = Dy(¢y) — uyDy(1) — uxy Dy (€) — uyy Dy (v),

Coox = Dx(Coxx) — Ubox Dx(T) — Uxox Dx(§) — Usooy Dx (%),
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where Dy, Dy and D, are the total derivatives described as

Dy = g+u8+u 8+u 0 +-
t — at ta tta tXauX ’
0 0 (9 0
Dy = a‘f‘ux%‘FUxxaux"‘Uxtaut"‘ SR (5)
Y oy " You " ou, " Y ou
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Expanding equation (3) and splitting it on derivatives of u gives

%x=0,70=0,8=0,9vx=0,v%, =0, nu =0, 2nxy — 3xx =0,
21y 4+ 2aéx —at = 0,28 — a&t — (B + 1)Y= 0,

any — 4ty + 20 (11 — &x) =0, o (—2¢y + 211 + atpt) — 41, = 0,

8nyu — 4y — a(dnw — 4y + ay) = 0,

o (€0? —2¢ya — 2(8+ )& + 2B +271) —8(8+ 1), =0, (6)
6an — 24ur, — o (12u€x — 5&xx — 12Ut + B + &) = 0,

dnya — 77t1042 — Anyy + 24Unxx + nxox + 4601 + 4 = 0,

Tita® — 2npa® + Anyya — dry e+ 41y + 6B + 66x = 0,

€ — A&ya + A€y, + 48y + 48U + 2080 + 4811w

+4nw — 4B8x — 4 = 0.
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Thus solving the above system of PDEs yields

9
1_81,7
9
2 8X7
)
X3 8y7
) ) )
_ 2 2y - 2
Xy =Ba?ty. + (Sa X — 66t 6t) ot (6at+9a y> oy
)
(a2 2
(6 123+ 6a u+1>—au,
) 9
_ 2 2 e . . 2 v
Xs = (24at +12a ty) et <12atx 128ty — 12ty + 6a xy) -
)
402 2.2\ 9 _ B >
+ (12aty 1212 + 902y ) 5y (2aﬁx 24atu — 1202uy

0
12ax — 232y — 48y — 2y) ot
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Solutions

Group-Invariant Solutions and
Symmetry reductions
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Construction of Group-invariant solutions

Case 1. Case 1. We consider a linear combination

X=X+ aXs+ bX;;7 (7)

where a and b are coefficients of X, and Xs.
X yields the following three invariants

p=x—at, g=y—bt, u=e(p,q). (8)
These invariants reduced equation (1) into a NLPDE of the form

1 1
®ppop — <a - Zoﬂa2 + aﬁ) ®pp + 6D, — (b +ao + bpB + 2aba2> ®pq
1

- (1 + Zb%ﬁ + ba) ®gq =0, (9)
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where ¢ is a function of p and g. Equation (9) have the following
symmetries:

) )
[ ~9p [ = g’
2 2 0
M = {S(ba +2)2p + (3aba? + 6ac + 6bS + 6b)q} a
+6(ba + 2)2qaaq + <Zaba6 — 6b2alu — b2B% — 228 — b
_24bau + 2aba + 433 — 24u) 2

0P’
Linear combination of translation symmetries 'y and I'», written as

F:F1 +Cr2. (10)
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Solving the Lie characteristic equations associated with (10) we obtain
two invariants

z=q-cp, ®=VY(2), (11)
which reduce equation (9) to the fourth order NLODE
v " 2 12 " .
A (2) + AV (2) + BC {w (2) + W(2)V (z)} =0 (12)
with z = (ac — b)t —cx + y.

Integrating the resultant NLODE, we have

]
%c“\lﬂz + EAw2 1+ W8 L KV 4+ ko = 0, (13)

where Kkj is an integration constant.
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Solution of 1 by direct integration

We find the solution of (1) and express it in terms of the Jacobi elliptic

function. To gain this solution, we focus on the NLODE (13). Firstly, we
rewrite (13) in the form

2 A

2k 2k
\U/Z + ?w3 + g 1\U 2

AV g =0 (14)

Suppose that vq, v» and v3 are real roots (v; > v» > v3) of the cubic
equation

w2

A k k
3 2 K1 2
Ve S WEE SV 5 =0 (15)

that satisfy the conditions

k2 k1
V1 V2V3 — —?, V1 V2 + V1 V3 + V2V3 — ?, V1 + V2 + V3 — —2702,

then equation (14) is written as
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VR 20 ) vV ve). (16)

Hence, (16) has the solution

_ _ 2 i—Vs, _ 5 o V1=
V(z)=Vva+(v1 —v2)Cn { 502 (z — 2o) ‘K },K =
(17)

where zj is a constant and c¢n is the Jacobi cosine function. Thus by
reverting to the original variables, we obtain the solution of (1) as
Vi— V3 2 2 Vi— Vo
Koy Ke=—=
2c2 } ’

Z — Z
( 0) V1—V37

(18)

u(t,x,y) = va + (v4 — vo) cn? {
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Figure 1. demonstrates the solution (18) for the values a= —4,b =
—-0.2,c=1.6,t=-14,v; =60, v, = 20.05,v3 = —60, 2y = 0.

07// u
i

w

o

u} -6 -4 -2 2 4 [

Figure: The 3D and 2D solution profiles of (18).
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Kudryashov’s method

We now solve the fourth order NLODE (12) using the Kudryashov’s
technique. To utilize the method, we begin by assuming the solution of
(12) to be of the form

M
V(2)=> aY(2) (19)
i=0
where Y(z) satisfies the Riccati equation
Y'(2) = Y¥(2) - Y(2) (20)
whose solution is ’
Y(z) = Trer (21)

Applying the balancing procedure to (12), we get M = 2. Thus, the
solution (19) can be written as

2
V(z)=ap+ a1 Y(2)+ aY(2). (22)
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Substituting the value of W(z) into equation (12) and making use of
(20), we get

c*a;Y(z) + Aa Y(z) + 72 c%a YO (2)ap, — 126 c2a; Y4 (2)ap
+54ca Y3 (2)ap + 12 c2a; Y3(2)ay — 18 ¢?a; Y?(2)ay

+6c%a Y(2)ag + 36 c?ay Y*(2)ay — 60 c?a, Y3(2)ag — 3 Aa; Y2(2)
+ 24 cPayY?(z)ay — 60 c*a; Y*(2) + 24 c*a YO (2) — 15ca; Y2(2)
+50c*a; Y3(z) + 120 c*a, Y8(2) — 336 ¢*a, Y°(2) — 30 c?a;2 Y3(2)

(23)
+330c*a Y4(z) — 130 c*a Y3(2) + 16 c*ap Y2(2) + 2 Aay Y3(2)
+6AaYH(2) —10Aax Y3(2) + 4 Aax Y?(2) + 18 c%a,2 Y*(2)
+12c%a12Y?(z) + 60?22 Y8(2) — 108 c?a? Y°(2)
+48cPa’Y4(z) = 0.
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After splitting (23) with respect to the like powers of Y(z), we have

Y8(z): 2c¢*ay + c?a® =0,

Y5(z) : 2¢*a; —24c*a, +6cPaja, — 9c2a® =0, (24)
Y4(z): 55c*a, —10c*a; + 6 cPapay + 3 c2a;? — 21 c?ajap + 8 c?a® +
Y3(z): 25c¢*a; — 65 c*ay + 6 c?apar; — 30 c2apay — 15 c?a;2 + 27 c?aa

+ Aa; —5Aa, =0,
Y2(z): 16c*a, — 15¢*a; — 18 cPapay + 24 c2apap + 12 ¢?a1? — 3 Aay +
Y(z): c*a; +6cPapa; + Aay = 0.
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4+ A
ap = —%, a1 =2c% a=-2c. (25)

Thus the solution (22) is written as

4 2 2
w(z):_c +AJr 2c _202< 1 )

c? 14 €7 1+ €7

Therefore, reverting to the original variables, we get

4 2 2
c*+A 2c > 1
ult.x.y) ==z Tire 2° <1+ez> ’ (20)

where z = (ac— b)t —cx + y
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o PR 0 2 2 B 8 10-10 5 3 ] 10

Figure: The 3D and 2D solution profiles of (26).

Figure 2. demonstrates the solution (26) for the values
a=09,b=15c=-1A=1t=1,y=3.
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Conservation laws

Conservation laws
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loragimov’s theorem
We now construct conservation laws for the eKP equation (1) by
employing the Ibragimov’s theorem. Firstly we write the adjoint

equation in the form

) 1
F>|< = {V <6UUXX - Zazuﬁ + /Bufx + Utx + C!Ufy + 6U)2( + Uxxxx — Uyy> } :

ou
(27)
Expanding (27), we obtain the adjoint equation as

1
6VXxu — ZOZZV[’[ + (ﬁ + 1)Vtx + Oévty + Vxxxx — Vyy = O (28)

Equation (1) and its adjoint (28) have a second-order Lagrangian
1
L = v(6uty — ZOéZUtt + BUp + Ut + ally +BUx® — Uy ) + VixUxx. (29)
Applying Ibragimov’s theorem [2], we deduce that conserved vectors
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Conservation laws

C'=¢'L+we oL _ Dja—E+D,Dk oL L
ouy 8u,‘-j?‘ 8ul./°fk

oL oL

oL
Di(W< -D D; D, (W*
+ Dj( )laufj‘ kau;;kar + D;Dk(W®) +---, (30)

8u,-jk

where We = n® — du®, o =1,..., mis the Lie characteristic function
and L is the Lagrangian.
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Conservation laws

We have five cases.
Case1. Let us consider Lie point symmetry Xj.

The Lie characteristic functions are W' = —u; and W2 = —v;. Hence

the conserved vector corresponding to the Lie point symmetry Xy is

1 1 1 1
C{ = salyV + éﬁutxv + BUPY — UyyV + BUxx UV + S UtV — —PUusvt

2 2 4
+1ﬁuv +1uv +1 UtVy + Uxx V;
> tVx > tVx 204 tVy xx Vxx
Cf =6uivyu — %6unv — BUUyV — BU UV — %unv + %Butvt

1
+ UtVxxx + Vilxxx — VxxUix — Uxx Vix + EUtVta
y 1 1
C! = Eautvt - éauﬁv + Uy V — Upvy.
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Conservation laws

Case 2. For symmetry Xo = 0/0x, the Lie characteristic functions are
W' = —uy and W? = —v,. Hence the conserved vector
corresponding to the Lie point symmetry Xy is

1 1 1 1 1 1
Cé = 70[2Utxv - 70(UX}/V - EIBUX)(V — —UxxV — 7a2VtUX + EBU)(VX

4 > > 4
+ L ou, + Lu
204 xVy T 5 4xVx
1 1 1 1
C3 = aliyV + 58UV — Uy V + BUx Vil + 5 UiV + 5 Vil — Zazuﬁv

1
+ éﬁvtux — Uxx Vxx + UxxxVx + UxVxxx,

y 1 1
Cy =uxyv — §OéUth + Eavtux — UxVy.
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Conservation laws

Case 3. For symmetry X3 = 0/0y, the Lie characteristic functions are
W' = —u, and W2 = —v,. Hence, the conserved vector
corresponding to the Lie point symmetry Xz is

1 1 1
Cé = ZOéZUtyV — EO[Uny — EBUX}/V — ényV — ZOKZVth + é/BUyVX

1
+ éUyVX + EOéUyVy,

1 1 1 1
C3 =6uyvyu — éﬁutyv — BUxUyV — BUyy UV — SUyV + Eﬁvtuy + 5 Villy
— Uxx Vxy + Uxxx Vy — VxxUxy + Uy Vxxx,
1 1 1
CY = SOy V = ZOCQUﬁV + BUnV + BUX2V + Bly UV + UV + S0Villy

+ Uxx Vxx — UyVy.
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Conservation laws

Case4. For symmetry

Xy = 602t + (3042)( — 65t — 6t) a% - (Gat—i— 9a2y) 0

ot
~ (82 +28+60a%u+1) %,

the Lie characteristic function is

oy

W= — (,82 28 + 602U + 1) — 602ty — (3a2X — 68t — 6t> Uy

- <6at+ 9a2y) uy,

and

w2 — (/32 428+ 60%V + 1) — 60ty — <3a2X _ 68t — Gt) Vy

— (Bat +9a%y) v,
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Conservation laws

Hence the conserved vector corresponding to the Lie point symmetry
X3 is

3 9 3 9
Ch =3a*vuy — éa“uvt — Zof'yuy Vi — Zo/‘xuxvt — éo/‘z‘utvt + ZOé4yVUty

3 9 9
+ Za"'XVUtx —6avuy + 3auvy, + §a3 yuy vy — §a3 yvuyy
3 3 9
- §a3xvuxy +3a3tvy Uy — §a3 tuy vt + §a3 tvuy, + 3602 tvuy®
9
— 9a”tvuy, — BBaPvuy — BaPvuy 4 3BaPuvy + 3a2uvy + Eaz yuy vy

9 3 3 9
+ EaQByuyvx + Eazxux Vi + Eazﬂxux Vy — §a2yvuxy
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Conservation laws

3
-5 BaPXVUyy + 3602 VU + 602ty Vix + 302ty U + 380 tvy U

1 1 3 3 1 3
— —BPaPv; — §5a2vt + ZaPtuy vy + éBazz‘uxw — —aPVy + S AP tVUg

4 2 4 2
+ gtﬁazvutx + %Bzavy + Bavy + %vya — 3atvyuy — 3tBavyuy

1
+ Batuy vy + 3Batuy vy + §ﬁ3vx + gﬁzvx + gﬁvx — 382 tuy vy — 3tuy vy
1 3
— BBtuyVy + SVt 382ty + 3tVUyxy + BStVU — Eazxvuxx

3
+ Ea?’xvyux + 3a2tuy vy,
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Conservation laws

3 3 4 2 2 2
% = 3o xvuy — 70 XV — 3axvuy, — 90a“uvuy — 54a“yvuy uy
2,2 2 2 2
+ 36U vy + 18a“ XUy Vx — 54 yuVuyy, — 30 VyUxx
- 9a2 UX VXX - 9a2yUXy VXX - 30[2XUXX VXX + gazyVyuXXX
+ 802 UViey + 902 YUy Vi + 30 XUy Vixx — B8P vy — B vuy

— 3602 tVUyUs + 3602 tuvy Ut 4+ 602tV Ut + 3B8a2uvy + 3a2uv;

9
+ Eﬁazyuyvt +5

3
P Xuy Vs + Eﬂazxux V + Bty Vi + 3tupvia®

— gaz YVUy — g BaPyvuy, + gazxvutx + g BaP XV — 3602 tuviy
- gaz tvuy — g BaPtvuy — 3Bavuy, — 3avu, — 36atvuy Uy

(MM ERTI M GEIIEN(L ie group analysis of the new extended KP eq 07 December 2022 32/50



Conservation laws

- 60[tVXyUXX - 6OZtUXyVXX + 6atVyUXXX + GOéthVXXX + BOZthVt
+ Btvuyy + 63tvuy, — 362 vuy — 6BVUx — 3Vuy + 632uvy + 128uvy
— 36tuuy vy — 365tUlx Vx + BlUxy Vxx + B8 1Uxx Vxx — B1VxUxxx — B8TVx Uxxx
1 3 3
+ 2BVXXX - 6tUxVxxx - 6BTUXVXXX + Vxxx + 5/33\/1‘ + Eﬂzvt + EﬁVt
1
— 3tuy vy — 68tU Vs + =V — 362tvutx — 3tvuy — 681tvuy, — 9Batvuy

2
— Bty Vi + 3802 turvt + 5402 yuuy v + B2 Vyxx — atvuy

— 36atuViyy, — B0ty Ut — 3%ty Vi + BUVy — 902 YVyy Uy

9
+ 3P XV Uy + EaZ yuy vt + 36atuuy vy + 3Batuy vy,

(MM ERTI M GEIIEN(L ie group analysis of the new extended KP eq 07 December 2022 33/50



Conservation laws

9 9 3
CJ =3a’uv; — Za4 yvuy — 60l vuy + §a3 Yuy Ve + §a3xux vi + 38 tus v

3 9
— Zalxvuy — éas tvuy + 54afyvu? + 1202 vuy, — 6auv,

2
+ 302 xVUyy 4 54aPyuvig, + 90 YUy Vi — 8P tvyur 4 302 tu, v
+ 90 tvuy + 9aPyvuy + 9Bl yvuy + 36atvuZ — 6atuyv,
1
+ 36tV + Bty Vi + éﬁzavt + Bav; — Batuyx v — 3tBauy Vi
+ Qatvuy + 9Batvuy — B2vy, — 28V, — vy, + BV, Uy + 63ty Uy

9
— 3a2xvyuy + §a3 yvuy + 3avuy — 902 yuy v, — 6tV

+ %avt + 3Bavuy — 6tvuyy.
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Concluding Remarks

Case 5. Finally for the symmetry

X5 — (24at2 + 12a2ty) 9, <12atx 128ty — 12ty + 6a2xy> 9

ot ox
2 2.2 0 2
+ (12aty—12t + 902y ) oy + (2a6x—24atu—12a uy
, )
+2ax — 23 y—4By—2y) o

the Lie characteristic function is
W' = (Zaﬁx — 24atu — 12620y + 2ax — 232y — 4By — 2y> - (24at2
+12a2ty> U — (12atX — 128ty — 12ty + 6a2xy) uy — (12aty

—1212 ¢+ 9a2y2> uy,
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Concluding Remarks

and

W2 = <2aﬁx — 24atv — 1202vy + 2ax — 232y — 4By — 2y) - (24at2
+12a2ty> v — (12atx 128ty — 12ty + 6a2xy> Ve — (12aty
—121% + 9a2y2> Vy.

Hence the conserved vector corresponding to the Lie point symmetry
X5 is

9 3
CL =6a*yvur — 3atyuvs — —a*y?u v — Za*xyuyve — 3t tyurvs

4 >
—12a3yvuy, + 6ayuvy + gas yeuyv, — 20‘3 y2vuy, + 3axyvy uy
1 1
+6a3tyvy ur + §a3xvt + Eoﬁﬂxvt — B6a’tuvy — 3 tyu, v

— BaBtxuyve + 9altyvuy + 3ol txvug + 7202 tyvuZ — 2402 tvuy
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Concluding Remarks

+ 6a2tyuy v, — 18a2tyvuy, — 1202 yvuy — 1202 Byvuy + B2 txvy Uy
9 9
+ 60 Byuvy + Eazyzuy Vx + §a25y2uy Vx + 3a2xyuy Vx 4+ 30 BXyly vy

9
— B2 tXVUyy — Eazﬁ Y2 VUyy — 3P XyVUyy — 302 BXYVUsx + 7202 tyuviy

+ 12062ty Vix + 120212

1
Vy Ut + B0 tyvyus + 602 Btyvy Uy — Eazﬁz Wi
— @2Byvy + 321Uy vi + 3P tyuy vy + 302 Btyuxvi + 902 P vy, + 3P tyviy
+ 144at?vif + apPyvy + ayvy + 2aByvy — 6atPuyv, — 18at?vuy,
— Batyvyuy — 6aStyv,uy — ﬂzaxvx — aXVy — 2aBxvy + 12atuvy
+ 6aBtyuy, vy + Batxuy Vy + 6aStxUy Vy — BatXVUxx — 6aBEXVUxy
+ 24atP Ugy Vi + 12at? Vel + 120812 vl + 120t Vg, + 120812 Vg
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Concluding Remarks

+ YVx + 3Byvy — 612Uy vy — B2 U,V — BByl vy — BlyUyVx
+ 612 VUyy + BB12 iy + B2 tyViyy + By VUxy + 128tyVixy — 12a8tvuy

+ ga"’xyvutx + 1203 tvuy — 63 P upve + 1202 tuvy, — gaz Y2y
1
+ 30 Btyvuy + 382yvx + 144at? uviyy — Eaz i — 12atvuy

9
+ Ba2yuvy + B3yvy — 3ol xyvuyy, + Batyuy vy + Za4 y2vuy + 12Batuvy

2

— 12Btyuxvx — a®xv, — a?fxvy,
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Concluding Remarks

3
C¥ =6a3xyvuy — Ea“xyvun — 3altxvuy — 6a?xyvuy, — 18002 yuvuy
+ 7202 yuP vy + 540 y? uuy vy + 3602 xyuuy vy — 5402 y?uviyy,
— 902y vy Uy — 1802 YUy Vxx — 902 Y2 Uy Vx — BAZ XY Uy Vi
+ 1202 yuvie + 902y Uy Vi + B2 XYUx Vixx — 1202 yvuy
9
+ 7202 tyuvy Us + 1202ty Vi Ut + 602 yuv: + 602 Byuvs + éaz y2uyvi
+ 3 XyUy Vi + 30 BXyUx Vi 4+ 1202 tyUyex Vi + B2 tyus vy
+ 1202 txvuy, — gaz By2vuyy + 3aPxyvu + 3a?Bxyvi

— 7202 tyuviy + 602 Btyusve — 1202 Byviur — 602 yvy Uy
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— 1202 tyuy vix — 3atyvuy — 302 Btyvuy — Bayvu, — 6aByvuy

+ Baxvuy + 6aSxvuy — 360atuvuy — 72atyvuyuy + 144tuPavy

+ 72atyuuy vy + 72atxuly vy — 72atyuviyy — 12atvylxx — 12atyVyy Uxx
— 36autUy Vxx — 120tyUxy Vix — 12atXUxx Vix + 2aVxx + 12atyvy Uxxx

— 20XVyx — 208XV + 24UV + 120u8YUy Vi + 12008XUx Vi

— 1440t vuyus + 1440t uvyUs + 240t Vi Up — a2 XV: — axv;

+ 12aptuvy + 6atyuy, v + 6aStyuy v + Batxuy Ve + 6o Stxuy vy

+ 12aBt2upvy — 18atyvuy, — 18aBtyvuy + Batxvuy + 8aSixvuy

— 240t Vix Uy — 24t Uy Vix — 12atPvuy — 12082 vuy + 12tvuy

+ 12Btyvuy, — 682yvuy — Byvuy — 128yvuy + 7212 vuy uy + 1232 yuvy
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— 72t2uuy vy — T2tyuuy vy — 72Btyuy vy + 7212 uvyy + 122 Vyy Uxy

+ 1282 Uyy Vi + 128 Uxx Vi + 1288y U Ve — 1282V Uy — 128V Uxxx
— 128ty Vlex + 287 YWaxx + 2YVioxx + 4BYVaxx — 1202 Uy Ve

+ B3yvt + 38%yvy + yvi + 3Byvy — 612U, vi — 662Uy vt — BBPtyux vy

+ 612 vy + 6812 vuy, — 662 tyvu — Btyvury — 128ty v

— 5402 y2vuy Uy + 602Xy Vy Uy — 7202 tyvuy Uy + gaz By2uyvs

— 1202 tYVyx Ui — 12aB8XUVy + 120XV Uy — 12BtYUx Vix + 12082 U vy
— 12tyuy vixx + 248yuvy — 36aptvuy — 123tyuy vy + 12tyvuy,y

+ 2Bavyy + 12atuvy — 144atPuvuy — 36atvuy — 12atxvuy, — Btyuy vt
+ 12yuvy + 128tvuy, — 2a8xv; + 24at?Uxey vt + 902y vy Uxxx

—12axuvy — 204‘2y2 Uy,
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c! =6ayuv; — §a4 y2vuy — 1208 yvu; + %13 y2uy vt + 3 xyuy vt

+ gas y2vuy, — 3a®xyvuy — 9altyvuy + 5402 y? v + 24P yvu,
—9a2y2uy vy — BaPXyVy Uy + 602 xyViyy + 5402 y2 uviiyy
—12a2tyvy Uy — axv? — a®Bxvy + 1262 tuvs + Batyuy v + 602 txuy vy
+ 12022 upvt + 1802 tyvuyy, + 902 y? vy — 802 txvury + 902 By Vg
+ 72atyvi? + 48atvuy, + 2axvy + 2axvy — 24atuvy — 12atyuy vy
+ 6aByvuy — 12atxvy Uy + 12atXVUyy + 720tyuUViyy + 120tyUxy Vxx
+ afPyvi + ayvi + 2aByvi — BatPuy vy — Batyuy Ve — BaStyuy vt

+ 18atyvuy + 18aftyvuy — 722 vué + 25%v + 48v + 2v — 23%yv,
— 4yBvy + 12t2uy vy, — 12tvuy — 128tvuy + 12tyvyux + 128tyvy Uy
—128tyvuyy, — 72t2uvuxx — 12t2uxx Vyx — 1212 VUi — 12ﬁ1‘2 VUi
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+ 603 tyurvy — 1202 yuvy, — 2402 tvuy — 90 2 vuy 4 Bayvuy — 24at?vyuy
+ 18at?vuy — 2yvy — 12tyViyy + 902 Y2 Usy Vxx.
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Case 2. We consider Lie point symmetry Xy, namely

X, = 602t2 4 (3a2x — 68t — et) 94 (Gat n 9a2y> ;y - (52 + 28+

ot 154
0
2 PR
6a°U + 1) B
whose invariants are
a®x + 2B+ 1) ay+2t
S = o= Ty
Vita? 3/2¢,
(6ua® +p2+25+1)t
J3 = 5 .
6o
thus 1 is reduced into NLPDE
2 2 2 2 2 2 83 8 2
a“qQ°Ggq — 70°qGq — 9a°p°Gpp — 2 ( 3« Pq—-— - Gpg — 270°pGp
— 802G(p, q) + 96G4qG(p, ) + 96G5 + 16Gggqq = 0, (31)
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Case 3. We now consider symmetry Xs,

0 0
_ 2 2 _ _ 2
X5 = (24at + 12« ty) 5 + <12atx 125ty — 12ty + 6« xy) I

n (1 Saty — 122 + 9a2y2> aay n (2a5x _ 24atu — 12020y
, )
+2ax — 25y — 48y — 2y> Em

We were unable to find invariants for this symmetry.
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Concluding Remarks

In this presentation we studied the eKP equation.
We first computed the Lie symmetries of the equation.

We obtained symmetry reductions and group-invariant solutions.
Furthermore, we derived the conservation laws for the equation using

the lbragimov’s theorem.
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