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1. Introduction
A simple model equation is the Korteweg-de Vried\{iK equation

U + 60Uy + S0y = 0 (1.2)
which describe the long waves in shallow wates.mbdified version is,
U — 6U%Uy + Ugyy = 0 (1.2)
And again there is Miura transformation
v=u?+u,, (1.3)

between the KdV equation (1.1) and its modifiedsi@ar (1.2).
In 2002, Liu and Yang studied the bifurcatoperties of generalized KdV equation
(GKdVE)
U +adug + =0, & R, neZ" (1.4)
Gungor and Winternitz  transformed the Getiezdl Kadomtsev-Petviashvili
Equation (GKPE)

Séﬁ)p(t)uu + g(ua)x + o(y,Huy + aly,hy + by,H)uy + cly,hux+ e(y,ty + f(y,t)(U+)
y,t 15
to its canonical form and established conditionghencoefficient functions under which
(1.5) has an infinite dimensional symmetry groupvihg a Kac-Moody-Virasoro

structure.
In this chapter, we discuss the symmetry reductiohthe (2+1)-dimensional
Equal Width Wave equation as,

u; + uuy, — p(uxxt + uyyt). (1.6)
2. Thesymmetry group and lie algebra of equal width wave equation

If (1.6) is invariant under a one parameter ¢rioup of Point transformations (Bluman
and Kumei , Olver)
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*=x+eé(x,y t;u)+ 0(e?d), a.7)
y'=y+enlxy t;u)+0(ed), (1.8)
t"=t+et(x,y t;u) + 0(ed), (1.9)
u'=u+e®(xyt;u)+ 0(ed, (1.10)

Then the third prolongation®pv) of the corresponding Vector field
V=s(x,y,t;u)%+n(x,y,t;u)%+r(x,y,t;u)(%+¢(x,y,t;u)% (1.12)
Satisfies
PIV)Q(X,y, t;u)(x,y,t;u=0) = 0 (1.12)

The determining equations are obtained frorbh2)land solved for the infinitesimals
g,n,t and@. They are as follows

E = kl’ :(3)
n= ks, 13)
T =k + thy, (1.15)
0 = —uk,. (1.16)

At this stage, we construct the symmetry generatomesponding to each of the
constants involved.
Totally there are four generators given by

Vl = ax y
V2 = 6)’ y
V3 = at,

The symmetry generators found in Eg. (1.17) fornctlesed Lie Algebra whose
commutation table is shown below.
Table 1. Commutator Table

[Vi,Vi ] \A V, | V3 V4
V, 0 0 |0 0
V, 0 0 |0 0
V3 0 0O |0 V3
V, 0 0 |0 0

The commutation relations of the Lie algebra, aebeed byV, ,V,,V; andV, are shown
in the above table.

3. Reductions of (2+1)-dimensional equal width wave equation by one-dimensional
subalgebras
Casel: vy =04
The characteristic equation associated \mithdenerator is
dx dy dt du
1 0 0 0
We integrate the characteristic equation to geteisimilarity variables,

y=r, t=s, and u=W(r,s). (1.18)
Using these similarity variables in Eggjlcan be recast in the form
Ws - u(Wrrs) = 0. (1.19)
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Case 2: v, =0ys
The characteristic equation associated with thiegsor is
dx dy dt du
0 1 0 0
Following the standard procedure we integratecttagacteristic equation to get three
similarity variables,

X=r, y=s and u=vVgj (1.20)
Using these similarity variables in Eq.(1.6) carréeast in the form
W+ WW; - u(WW,,9)=0 (1.22)

Case 3. va=0t
The characteristic equation associated with thiegaor is
dx dy dt du
0 0 1 0
Following the standard procedure we integratecttaacteristic equation to get three
similarity variables,

X=r, y=s and u=vgj (1.22)
Using these similarity variables in Eq.(1.6) carréeast in the form
W0 (1.23)

Case 4. v,=tot-uou
The characteristic equation associated with thiegaor is

dx dy dt du
: 0 0 t —u :
Following the standard procedure we integrate Hagacteristic equation to get three
similarity variables,
X=r, t=s and u=\gj t *. (1.24)

4. Reductions of (2+1)-dimensional equal width wave equation by two-dimensional
abelian subalgebras
Casel: Reduction under v, and vs.
The transformedyis
Fz =0
The characteristic equation fcf, is
dr ds dW
10 0
Integrating this equation as before leads to nevebkes
s={andW = R({)
which reduce Eq. (1.19) to
R(()=0 (1.25)

Casell: Reduction under V; and V3
The transformed Y is

Vs =0,
The characteristic equation ¥k is
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dr _ ds _ aw
o : 0 10
Integrating this equation as before leads to nevebke
r = andW = R({).
which satisfies Eq. (1.19)

Caselll: Reduction under V; and V,
The transformed Ms
vV, =0,
The characteristic equation g, is
dr ds dW
1 0 0
Integrating this equation as before leads to nevabkes
s = CandW = R(Q).
which reduce eq. (1.21) to
Case|V: Reduction under V, and V4
The transformed Yis
V3 = 05
The characteristic equation g, is
dr ds dW

0 1 0
Integrating this equation as before leads to nevabkes
r = { andW = R({).
which reduce Eq.(1.21) to
RR( = 0. A1)
CaseV: Reduction under V, and V,
The transformed Yis
V2 = 05
The characteristic equation &k is
dr ds dW

0 1 0
Integrating this equation as before leads to nevabkes
r=_andW = R({)
which reduce Eq. (1.23) to

5. Conclusions

In this paper,

(i) A (2+1)-dimensional Equal width wave equatiap+ uuy — p (Ugxt + Uyy) = 0
whereu € R is subjected to Lie's classical method.

(i)  Equation (1.6) admits a four-dimensional syatry group.

(i) It is established that the symmetry genersiform a closed Lie algebra.

(iv) Classification of symmetry algebra of (1.@)to one-and two-dimensional sub-
algebras is carried out.
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(v) Systematic reduction to (1+1)-dimensional P&l then to first order ODEs are

performed using one dimensional and two dimensiolvable Abelian sub-
algebras.
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