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Several new nonclassical potential symmetry generators to the Burgers equation are derived. Some
explicit solutions, which cannot be derived from the Lie symmetry group of Burgers or its adjoined
equation, are obtained by using these nonclassical potential symmetry generators.
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1. Introduction

The symmetry group method is important and
widely used in the reduction and construction of ex-
plicit solutions of PDEs (partial differential equations).
As shown in [1-4], the Lie symmetry group method
can be used to find explicit solutions of PDEs using
symmetry reduction and construction. This method is
known as the classical method. By a classical symme-
try group of a system of PDESs we mean a continuous
group of transformations, which acts on the space of
independent and dependent variables and transforms
one solution of PDEs into another solution. These so-
lutions are called group-invariant solutions.

The first approach to potential symmetries of a sys-
tem of PDEs was made by Bluman and Cole [5]. In [6],
Bluman and Kumei introduced an algorithm which
yields new classes of symmetries of given PDEs which
are neither Lie point nor Lie-Béacklund symmetries.
They are nonlocal symmetries and are called poten-
tial symmetries. In general, the number of determining
equations in this kind of symmetry is smaller than in
the classical Lie group method. Therefore it is difficult
to find all possible solutions of the overdetermined sys-
tem. Using this new symmetry method, a much wider
class of symmetry groups is available. Hence there is
the possibility of finding more group-invariant solu-
tions by the same reduction technique. This new sym-
metry attracts many researchers.

Recently, the potential symmetry has been devel-
oped and generalized to nonclassical potential sym-
metries. Several nonclassical potential symmetry gen-

erators of the wave equation are obtained in [7], but
not any new solution, different from the ones obtained
by using the Lie group method, is derived. A few new
group-invariant solutions of the Burgers equation have
been obtained in [8] by using its nonclassical poten-
tial symmetry group. The Burgers equation has been
studied by many researchers, and many explicit solu-
tions and interesting results have been obtained by us-
ing different methods (see [9— 13] and references cited
therein).

In this paper, new nonclassical potential symmetry
group generators of the Burgers equation are obtained.
Several previously unknown explicit solutions of the
Burgers equation are obtained by applying the nonclas-
sical Lie group method to these new symmetry gener-
ators.

2. Symmetriesand Solutions

In this section we study the nonclassical potential
symmetry and the invariant solutions of the Burgers
equation for a field u(x,t) of the form

Ut + Ul — Uy = 0. Q)
Associated to (1) are the equations
VX - U7
2 )

Vt:uX—?.

If we substitute the first equation of (2) into the second
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one, we obtain the adjoint equation

V2

Vi + ?X
In this paper we use nonclassical potential symmetries
of the system (2) to seek invariant solutions of (1). To
this end, let

— Ve =0. (3)

V= r(x,t,v) +<§(xt v) J +¢(x,t,u V)aau
(4)
a
+n(xatvv)a_v

be an infinitesimal generator depending on the in-
dependent variables x,t and on the dependent vari-
ables u,v. We have to determine all possible coef-
ficient functions 7, &, ¢, and 1. The corresponding
one-parameter group exp(eV) is a symmetry group of

(D:nx—gfx‘i‘l«l(nv—&x‘i‘é n

21y — —Tv> + uz(ér\,—
T 1 T

the system (2). According to the classical Lie symme-
try group theory, the symmetry determining equation
of the system (2) is

Nx+ VT — Vi (Tx + W Ty) — W (Ex +Wév) =

Ne+Veny — W (7 +wtv) — (& +wéy) = 5)
Ox + Uxdy + Vx@y — U (Tx + VxTy) — Ux(Ex + Wv) —

Combining (1), the associated system (2), and the ad-
joint equation (3), we obtain

2
= S 2 (- ),

Zle ©)
w=t-lzrzn-w)

Substituting now (6) into the first equation of (5), we
obtain

&). )

Substituting now (6) and (7) into the second equation of (5), we get

nwg(nv—rt)—l%(nv—rt) S (n* —2uEn + &%) 1 — U
= Cy+ UBy+ UPA + [“; + %(n - ué)} (B+2UA) +u(Cy + uBy + U?A,) — u(C+ uB + U?A) (8)
2 2 2 3
{CHBEA I L ue) Mot um) - [+ S u)] 6 g

with the functions C = ny —

%T)(, B: nv—&x‘F%TX—

17, and A= %1\, — &,. Since the function u is arbitrary

from formula (8), we obtain the following four equations from the coefficients of u powers,

A A B B
AV—3A+—:0, Ac+By— gA——x+£rX rv—é——:o,
T 2 T 27 T 2 2
2 2 B
%(nv—rt>——2”rv+&+sx+cv+ ”A—és——rx ~ % ——c+5”rv+5éx c=0 (9
2
C
nt+%(nv—ﬁ)—2—27v—cx—28+?fx 5nrx+ éx—

Now we have to get the functions 7,&,¢ and n
from (9). Although the equations (9) are too compli-
cated to be solved in general, some special solutions
can be obtained. Choosing 7=1and £ = £(t), we have
A=0, B=nyand C = ny. If we substitute this into (9),
it follows that

n=2oexp(z)+ax+candé =at+b, (10)

NI <

where the function o satisfies the heat equation o =
oy, and a, b, ¢ are arbitrary constants. From (10) we
obtain the nonclassical potential symmetry infinitesi-
mal generator

d

0 v 0
Vo= o+ (@b + [(2ax+ o) exp(35) + ] =

ad
+ 2aexp(§)+ax+ c] —

= (11)



M. Qin et al. - Nonclassical Potential Symmetries and New Explicit Solutions of the Burgers Equation 19

As is easy to see from (11), we do not obtain any new
symmetries different from the Lie symmetries of the
adjoint equation (3). Therefore no new explicit solu-
tions can be obtained by using the symmetry genera-
tor (11).

Choosing the functions T =1 and & = £ (x), we have
A =0, B=1y— & and C = ny. Substituting this into
(9), we find

n =20 (x.t)exp(5) + Bi (x.1), (12
and

S — 266x+ P1y =0,

2(0n~ oot 20050eP(3) =0, (13)

Bt — Brac+ 2B18x = 0.

Combination of the first and third equation of (13)
leads to
Br=E2— &+,

o 286 A2 426254 2l —0, )

where k; is a constant. From (14) we can derive the
following general solutions:

S1=a+ay(X), fu =21 y(X), oa1 = +Pu,

& = 3ky(X), Br2 = K[ +3y*(x)], ou2 = P2,

& =ky(x), P13 =0, ouz = +&;, (15)
where ag = +,/k2k2—C, a1 = k, y(x) = tkitan
[£ki(kx+ )], C, and ¢y are suitable constants, and

&s=ap+azd(X), Pra = 2aa30(X), ous =+Pas,

&5 = —3k9(X), B1s = K*[3¢*(x) — kf], a5 = £Ps,
&6 = ko(X), Bis =0, oz = =&, (16)

where a; = +,/—kekZ —Cop, a3 = —k, ¢(X) = kg
coth[£Kk (kx+ ¢1)], Cp, and c; are suitable constants.
The expressions £z, &g were given as p; in [8], the other
expressions do not seem to have been found in previ-
ous work. From (15) and (16), many nonclassical po-
tential symmetry generators and exact solutions can be
obtained. In what follows, we only consider the follow-
ing three typical cases.

Casel. Setting the functions £ =1 +tanxand g =
o = 2tanx, we obtain the infinitesimal generator

d d d
V)= p + (1+tanx)a—x +2tanx{2exp(%) + 1} Y
- {2[utanx+ 2sec?x| exp(%) (17)

9

ou’

The generator (17) leads to the following characteristic
equation:

dt dx dv

+sec?x(2 —u) }

1 I+tanx  2tanx2exp(¥)+1] (18)
Solving (18), we have
=t— 1[x+ In(sinx+cosx)],

2 , (19
f({) = x—In(sinx+ cosx) +2In[2+exp(—§)},
where the function f (&) satisfies
fr2
f”+7r=2. (20)

Solving (20), we obtain the general solution f({) =
—28+2In(c; —crexp28) —41In2. If we substitute this
into the second equation of (19), we arrive at

2t — 2In(sinx+ cosx) + 21In {2 +exp(— %)}

—2In{cz — crexp(2t — [x+ In(sinx+cosx)]) }
+41In2=0. 1)

From (21) we calculate the derivative of v with respect
to x:

L) = o S Gep(2—X)
’ Cp(cosx+sinx) ’

- — Zexp(2t —x) — 2exp(t)
(22)

It is easy to verify that (22) is a new explicit solu-
tion of the Burgers equation (1). If we choose f(§) =
2In(cosh §) and substitute it into the second equation
of (19), we obtain

x—In(sinx+ cosx)+2|n[2+exp(—y)]
Lo G )
—2In{cosh(t — §[X+ In(sinx—+cosx)])} = 0.
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From (23), the derivative of v with respect to x can be
calculated:

cosxsinx | L exp(2t — x)

u(x,t)=-2 ;
cosxtsinx _ 1 exp(2t —x) — 2exp(t)

. (24)

It is easy to show that (24) is also a new explicit so-
lution of the Burgers equation (1). In addition, when
choosing f () = +2¢, the following special solution
is found

u(x t) — ;
1 2exp(x—t)
and )
U(x.t) = 2(sinx— cosXx)

~ cosX+sinx— 2expt’

respectively.

H=t— %[—x+ In(sinx—cosx)], f({1)=—x—

where the function f satisfies (20). Therefore,

Casell. With the choice £ =tanx—1land 3 = o =
—2tanx, we derive the infinitesimal generator

0 0 v 0
Vo = p + (tanx— 1)& - 2tanx[2exp(§) + 1} Y
— 2(utanx+ 2sec? x) exp (%) (25)

)
— 23] —
(24 u)sec-x 3

With the corresponding steps as just described we de-
rive from (25) the following characteristic equation

dt dx dv
1 tanx—1 —2tanx2exp(¥)+1]° (26)
Solving (26), we have
. v
In(sinx— cosx) +2In [2+exp(—§)], (27)

2t —2In(sinx—cosx) +2In {2+exp(— %)} —2In {cz —cpexp(2t — [X+ In(sinx— cosx)]) } +4In2=0. (28)

From (28), the derivative of v with respect to X is

—Cp(cosx+sinx) + % exp(2t _ X)

u(x,t) = —2 4

Cp(cosx—sinx)

7 + S exp(2t +x) — 2exp(t)

: (29)

Again one can verify that (29) is a new explicit solution of the Burgers equation (1). Similar to case I, if we
choose f (1) = 2In(cosh §1) and substitute it into the second equation of (27), we obtain

. 1 .
—X—In(sinx— cosx) + 2In[2 + exp(— %)] —2In { cosh(t — 3 [-X+ In(sinx— cosx)])} =0. (30)
From (30), we have
v(xt) = —2In [MJr%exp(Zter)—Zexp(t)} + 2t. (31)
From (31), the derivative of v with respect to x is
—(cosx—sinx) | 1 exn(2t 4 X
u(x,t) = —2 A L G (32)

COSKCSINX - 5 exp(2t +X) — 2exp(t)

Also expression (32) is a new explicit solution of the Burgers equation (1). If we let f({1) = +2;, the following

special solutions arise:
2

2(sinx+ cosx)

u(x,t)

:—Zexp(—x—t)—l and u(x,t) =

respectively.

COSX — sinx+ 2expt’
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Caselll. Finally, with the choice & = 3tanxand 8 = & = 2(1 + 3tan?x), we find the infinitesimal generator

Vs = %4— (3'[anx)i +2(1 + 3tan®x) [Zexp(\z/) +

ox

- {Z[U(l + 3tan?x) 4 12tanxsec? x| exp(\z—/) +3(4tanx — u) seczx} 9

From (33), the characteristic equation is

g B dx _ dv
1 3tanx 2(1+3tan?x)[2exp(¥)+1]

Solving (34), we have

L=t % Insinx), (&)= %In(sinx) —2In(cosx) +2In {2+exp(—g)},

where the function f(&>) this time satisfies

" 2 /
f —|—7+5f =-8.

1}8

Ju

(34)

(35)

(36)

Solving (36), we have f({;) = —882+2In[cy — c2exp(382)] — 2In6, and substituting it into the second equation

of (35), we obtain

c1sinxcosxexp(—3t) €3 COSX

v(x,t) = —2In [ - -

From (37), the derivative of v with respect to X is

€1 C0os 2xexp(—3t) + c1sinx
6

- 2exp(—t)] +2t.

u(x,t) = —2 6

cysinxcosxexp(—3t) ¢ cosx
< _

- —2exp(t)’

37)

(38)

which again is a new exact solution of (1). In particular, if f({,) = —2&,, we derive the following special solution:

2sinx

2C0S82X

u(x,t) u(x,t)

- cosx—2expt’
for f(CZ) = —842.

3. Conclusion

In summary, six kinds of new nonclassical potential
symmetry generators of the Burgers equation are deter-
mined in this paper, and three classes of new explicit
solutions are derived by using nonclassical methods
to three typical nonclassical potential symmetry gen-
erators. These explicit solutions can not be calculated
from either one of the Lie symmetry group, nonclassi-

- 2exp(4t) — cosxsinx’

cal Lie symmetries of the Burgers equation, its adjoint
equation and the Hopf-Cole transformation (which re-
duces solutions of the Burgers equation to positive so-
lutions of the heat equation).
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