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By use of an auxiliary equation and through a function transformation, the Jacobi elliptic function wave-like

solutions, the degenerated soliton-like solutions and the triangle function wave solutions to two kinds of Korteweg—de

Vries (KdV) equations with variable coefficients and a KdV equation with a forcible term are constructed with the help

of symbolic computation system Mathematica, where the new solutions are also constructed.
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1. Introduction

For the nonlinear evolution equations with ordi-
nary coefficients, many methods!='3! of construct-
ing the exact solitary wave solutions and periodic
wave solutions have been proposed. But the non-
linear evolution equations with ordinary coefficients
only approximately reflects the substance movement
transformation system. To describe material prop-
erty one has studied the nonlinear evolution equations
with variable coefficients and obtained many research
achievements.'*~2% Based on Refs.[1-25], a method of
an auxiliary equation with a function transformation
is proposed and the new Jacobi elliptic function-like
solutions, degenerate soliton-like solutions and trian-
gle function wave solutions to two kinds of KdV equa-
tions with variable coefficients and a KdV equation
with a forcible term are constructed with the help of
the symbolic computation system Mathematica.

2. Method and application proce-

dure

Assume a given nonlinear evolution equation with

variable coefficients as follows:

)=0. (1)

H(Uvux, Uty Ugx, Ugt, Utt, * *

Make transformation u(z,t) = u(§), and & = p(t)z +

q(t), where p(t) and ¢(t) are functions of ¢ and to be
determined, and assume the solutions of Eq.(1) to be
in the following form:

u(z,t) = go(t) + 91()2(S), (2)

where go(t) and g1 (¢) are functions of ¢ and to be de-
termined, and z(§) is determined by the following aux-
iliary equation:

(dZ(E))2
dg
and we will obtain the solutions of Eq.(3) as follows:
when a = 4,b = —4(1 + k?), and ¢ = 4k?, then

2(€) = sn?(&, k); (4)

when a = —4(—1+k?),b = 4(—1+2k?), and ¢ = —4k?,
then

= az(§) + b2%(€) +¢2°(6), 3)

2(8) = en?(&, k); (5)
when a = 4(—1 + k?),b = —4(—-2 + k?), and ¢ = —4,
then

2(€) = dn* (€, k); (6)
when a = 4k? b = —4(1 + k?), and ¢ = 4, then
#(§) = s’ (&, k); (7)

when a = —4k% b = 4(—1+2k?), and ¢ = —4(—1+k?),
then

2(§) = nc? (&, k); (8)
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when a = —4,b = —4(=2+ k?), and ¢ = 4(—1 + k?),
then

2(€) = nd*(&, k); (9)
when a = 4,b = —4(—2+ k?), and ¢ = —4(—1 + k?),
then

2(€) = s¢(&, k); (10)
when a = 4,b = 4(—1+ 2k?), and ¢ = 4k*(—1 + k?),
then

2(8) = sd*(&, k); (11)
when a = —4(—1+ k?),b = —4(-2 + k?), and ¢ = 4,
then

2(€) = cs*(&, k); (12)
when a = 4,b = —4(—1 + k?), and ¢ = 4k?, then
2(€) = ed®(&, k); (13)

when a = 4k%(—1+ k?)2,b = 4(—=1 + k?), and ¢ = 4,
then

2(€) = ds*(&, k) (14)
when a = 4k% b = —4(1 + k?), and ¢ = 4, then
2(€) = de? (&, k); (15)
when a = —(1—k?)2,b = 2(1 + k?), and ¢ = —1, then
2() = (ken(&, k) + dn(&, k) (16)
when a = 1,b = —2(—1+ 2k?), and ¢ = 1, then
2(6) = (ns(¢, k) + es(&, k) (17)
when a =1 —k%,b = 2(1+ k?), and ¢ = 1 — k2, then
2(6) = (ne(&, k) + sc(¢, k) s (18)
when a = k*,b = 2(—=2+ k?), and ¢ = 1, then
2() = (ms(&,k) + ds(€, k) ; (19)
when a = k2,b = 2(—2 + k?), and ¢ = k2, then
2(€) = (sn(¢, k) +ien(&, k)
and
2
z2(€) = dn” (¢, k) 55 (20)
(\/1 “EZsn(e, k) + en(€, k))
when a = 1,b = —2(—1+ 2k?), and ¢ = 1, then
2(€) = (ksn(€, k) £idn(&, k)™ (21)
when a =1 —k%,b=2(1+ k?), and ¢ = 1 — k2, then
(e) = —2EH) 22)

(1 + sn(e, k:))2 |

when a = —1+ k2 b = 2(1 + k?), and ¢ = —1 + k?,
then
dn®(¢, k)

2(§) = —""""%;
(1 + ksn(g,k))

(23)

when a = k?,b = 2(—2 + k?), and ¢ = k2, then
k2sn?(&, k) '

z(§) = 27 (24)
(1 + dn(e, k))
when a = 1,b = —2(—1+ 2k?), and ¢ = 1, then
02
A= —2EH (25)
(1 + cn(g,k))
when a = 1,b = 2(—2 + k?), and ¢ = k*, then
2(g) = —2EH) (26)

— .
(1 + dn(é, k:))

Substituting the expression (2) and Eq.(3) into Eq.(1),
and setting the coefficients of 27(¢)(j = 0,1,2,...)

and 2°2"(£)\/az(€) +022(§) + ¢23(€) (s = 0,150 =
0,1,...) to zero yield an over-determined partial dif-

ferential equation set about a, b, go(t), g1(¢), p(t), q(t).
We obtain the solutions of the equation set with the
help of Mathematica. And then substituting each of
solutions of the equation set, i.e. each of the expres-
sions (4)—(26) into the expression (2) respectively, we
obtain the Jacobi elliptic function-like solutions, the
soliton-like solutions and the triangle function wave
solutions to the nonlinear evolution equation (1).

3. The application of the method

3.1. The first kind of KdV equation with
the variable coefficients/??~2’)

us + a(t)uuy + B(t) Uz = 0. (27)
In Eq.(27), assume that

u(z,t) = go(t) + g1(t)z (p(t)x + q(t)). (28
Substituting Eq.(3) and the expression (28) into
Eq.(27), and setting the coefficients of 27(£)(j = 0,1),

and 2°2'(€)/az2(6) +b22(€) +c23(€)(s = 0,10 =
0, 1) to zero yields the following over-determined par-

tial differential equation set:

go(t) =0,

91(t) =0,

g1(t)p'(t) =0,

gi(tp(t)a(t) + 3egi(t)p® (1)B(t) = 0,

(
91(t)g0(t)p(t)e(t) + bgr ()p* (1) B(t) + g1 (t)q' (t) = 0.

With the aid of Mathematica, we have the following
solutions of the equation set:
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—3cp?A(t)
g1
where go, g1, p, b and ¢ are constants, go # 0, and g1 # 0.

go(t) = go, g1(t) = g1, p(t) =p, a(t) = , q(t) = —/(gopa(t)+bp3ﬁ(t))dta (29)

Substituting the expressions (29) together with the expressions (4) — (26) into the expression (28) re-
spectively, we obtain Jacobi elliptic function-like exact solutions of Eq (27) as follows:

ur1(z,t) = go + gisn®(&, k);ua,1 (7,1) = go + gren® (&, k); uz a1 (z,t) = go + grdn® (€, k);

ua1(,t) = go + gins® (€, k); us 1 (2, 1) = go + ginc? (€, k); ue 1 (z, 1) = go + gind* (€, k);
uz1(z,t) = go + 15 (&, k); ug 1 (w,t) = go + g1sd* (€, k); ug 1 (2, 1) = go + gres™ (€, k);
w10,1(7, 1) = go + g16d*(&, k); urn1 (z, 1) = go + g1ds” (&, k); waz1 (2, 1) = go + g1dc® (€, k);
w1z (2,) = go + g1 (ken(€, k) + dn(€, k) % uran (2, 1) = go + g1 (ns(€, k) £ es(&, k),
s, 1(2,t) = go + g1 (nc(é, k) £ sc(€, k)% use 1 (x, ) = go + g1 (ns(€, k) £ ds(€, k)
grdn® (€, k)
(VI=Tsn(e, b) £ en(&, b))

gien® (k)
(1+ sn(f,k))w

urz,1(z,t) = go + g1(sn(&, k) £ien(€, k))2; u1g 1 (x,t) = go +

27

u1911(x7 t) =go+q (ksn(gv k) + 1dn(§, k))za u20,1(x7 t) =go+

2 2an2
u2171(a:,t) =go+ M;Uzm(x,ﬂ =go+ glksn—(é,k)z;
(1% ksn(e. k) (1 ane. k)
gisn (6. k _gis*(&k)

(1 icn(g,k))z’w“(x =t (1 idn({,k))w

where £ = pz — [ (gopa(t) + bp3ﬁ(t))dt, p,b, ¢, g1 are constants, go # 0, and g; # 0.

The Jacobi elliptic function-like exact solutions above degenerate into the following soliton-like solutions

where k& = 1:
[ (auvett) - sppio)ar). (at = LAY,

u231(2,t) = go +

ur2(z,t) = go + 01 tanh? (

pT —
g1
2
uz2(z,t) = go + gisech? (p / gopa(t) + 4p33(t) (a 12p B( )) 7
19,2
'UJB,Q(I, t)=go+qn coth? (p:z: / gopa(t) — 8p B(t) (a 12p 6(15)) 7
h — + 4 36 3
ug2(z,t) = go + e (px (et 3 0 <a _ 12p26( )) ;
tanh? (px - f (gopa( ) + 4]935
3 2
us,2(x,t) = go + 4gisech? (px - / (gopa(t) + 4p36(t))dt), <a(t) _ pgf( )) :

2
1 4 sech (px — [ (gopex(t) — 2p36(t))dt)> 322800
(o) = =222 ),
tanh? (p:z: — [ (gopex(t) — 2p35(t))dt) < (] >

ug,2(,t) = go +

uz2(x,t) = go + g1 <tanh (px — / (gopa(t) — 2p36(t))dt)
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:I:isech(p:z: - / (gopar(t) — 2p35(t))dt)> ; <a(t) =

g1 tanh? (px — [ (gopa(t) — 2p3/3’(t))dt)

ug2(z,t) = go +

(1 + sech(pac — [ (gopar(t) — 2p3ﬁ(t))dt)>

—31;216(15)) ;

The Jacobi elliptic function-like exact solutions above degenerate into the following triangle function solutions

where k = 0:

uy3(x,t) = go + g1 csc? (px - / (gope(t)
/1

uz,3(z,t) = go + g1 sec? (px gopa(t
uz3(z,t) = go + g1 tan® (pz — / gopa(t
us3(2,t) = go + g1 cot? (P»T / gopo(t

— 4p°p(t))dt ), <a(t) = M) ;

) g1
—a(0)ar). att) -

)+ 8p’A()adt), (a(t) - M) ;
)

—12p25(t)) :

g1

g1
—12p26(t)) .

(t) + 8p*B(t))dt ,(a(t): "

us,3(x,t) = go + 91 <CSC (p:z: - / (gopa(t) + 2p3ﬁ(t))dt) + cot (pa: - / (gopar(t) + 2p35(t))dt)> ,

(aft) =

—3p2f(t)

);

g1

2
ug3(x,t) = go+ g1 <sec (p:v - / (gopar(t) + 2p3ﬁ(t))dt) + tan (pac - / (gopa(t) + 2p3ﬁ(t))dt)> ,

(a(t) =

g1 cos?

ur3(z,t) = go + 4g1 csc” (px - / gopo(t

pz — [ (gopa(t

—-3p?3(t)

9 )

—4p°B(t))d ) (a(t) = M) ;

g1

) +2p°B(t))d —3p*B(t ))

ug3(w,t) = go +

<1 =+ sin (p f gopa(t

g1 sin® (pw J (gopa(t

) (a(t) 9

) +2p3B(t) )

ug 3(w,t) = go +
<1 + cos (px — [ (gopa(t

3.2. The second kind of KAV equation
with the variable coefficients/?*%)

ug+ (U(t)—i-,u(t):c) Ug +a(t)utiy + B() Uggs +v(t)u = 0.
(30)
In Eq.(30), assume

) + 2p34(1) dt)

)
)+ 2p3B(t) dt) (a(t) —3p2ﬁ( ) )

u(z,t) = go(t) + 1 ()z(p(t)x +q(t)).  (31)
Substituting Eq.(3) and the expression (31) into
Eq.(30) and setting the coefficients of 21(€)(5 =0,1),
(©)\/az(€) + b22(&) +cz3(§)(s = 0,1;0 =
0,1) to zero yield the following over-determined par-

and z°

tial differential equation set:
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91(t)go(t)p(t)e(t) + bgl(f)ps(f)ﬁ(t) + 91( ) (f)ff(f) +a1(t)d'(t) =
With the aid of Mathematica, we obtain the following solutions of the equation set:

go(t) = e_fu(t)dt, g1 (t) _ e—fu(t)dt M

OO

o0 =T, gfe) = = [ (pimale) + B (O5(0) + p(00 (D) (32)

where b and ¢ constants.
Substituting the expression (32) together with the expressions (4)—(26) into the expression (31) respectively,
we obtain the Jacobi elliptic function-like exact solutions of Eq.(30) as follows:

ura(@,t) = go(t) + g1 ()sn® (€, k); uza(@, 1) = go(t) + g1 ()en® (€, k) uza(w, 1) = go(t) + g1 (t)dn* (€, k);
ug,a(,t) = go(t) + g1 (t)ns* (&, k); us,a(w, 1) = go(t) + g1 ()nc® (&, k); us a(w, 1) = go(t) + gr(t)nd? (&, k);
uza(,t) = go(t) + g1 (t)sc (€, k); ug a(w, 1) = go(t) + g1 (£)sd® (&, k); ug a(w, ) = go(t) + g1(t)es® (&, k);
w10,4(,t) = go(t) + g1(t)ed® (€, k) ur (@, ) = go(t) + g1 (£)ds” (&, k); uag,a(w, 1) = go(t) + g1(t)dc? (€, k);
urs 4(w, 1) = go(t) + g1 (£) (ken(&, k) + dn(&, k) uraa(z, £) = go(t) + g1.(t) (ns(&, k) + es(, k)
uis a(2,t) = go(t) + g1 (1) (ne(€, k) £ sc(€, k) urea(@, ) = go(t) + g1(£) (ns(&, k) + ds(&, k)

g1 (t)dn* (€, k) 7
(\/1 “RZsu(E, k) £ ené, k))

urr a(x,t) = go(t) + g1(t) (sn(&, k) + ien(&, k)) sus a(z,t) = go(t) +

wro.a(2,€) = go(t) + gu(8) (hsn(E, k) = idn(€, k)% una(a, £) = go(t) + LDDER)
(1 +sn(¢, k))

uz1a(z,t) = go(t) + 91 (Od(E, )2 U4 (2, 1) = go (t)“LM;
(1% ksn(e. k) (14 dn(e, k)
u23,4(2, 1) = go(t) + M u24,4(7,t) = go(t) + M,
(1 +en(S, k) (1 +dn(é, k:))
where
— [ w()dt ~ [vwar 91(t)a(?t) ot .
0= O = IO Gy = e w0 = TN E = 0 = ] (pg00(t) +

bp? () 3(t) —i—p(t)o(t))dt, b and c are constants.

The Jacobi elliptic function-like exact solutions above degenerate into the following soliton-like solutions
where k& = 1:

(e 1) = go(t) + 1 ) tand® (02 = [ (p(Oa(Da(t) ~ 8550 + p(O)o(0) ) ga(D)a(®) = ~L2*(BB(0)
uz5(2.1) = g0(t) + 1 (Osect? (p(0)z — [ (p(Om(t)alt) + 465(0)5(0) + ple)o () dt) gr(t)a(t) = 1267(0)5():
uas(2.8) = 90(8) + ga(0)coth? (plt)s — [ (plt)an(t)a(t) = Sp*(05(0) + p(Bo(0))dt ). gn (Dale) = ~1202()5(0)
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g1(t)sech? (p(t)e f( a(t) + 4p*(DA(E) + p(t)or () dt

,g1(t)a(t) = —12p%(t) B(1);
tanh2( )z — [ (p(t £) + 4p3 ()5(t)+p(t)a(t))dt) / P

ug5(w,t) = go(t) +

s.5(2,1) = go(t) + 4g1 (B)sech? (p(t)z — / (p(®)g0(Da(t) + 4p*()B(E) + p(H)r(8)) L) g1 (B)a(t) = 3p*(1)B(0);

1 sech p(t)a — [ (p(t)go(t)o ()—2p3(t)ﬁ(t)+p(t)0(t))df)>2
tanh (p(H)e — [ (p(0)g0 (Do) — 265(D(L) + p()or() it
g1(t)a(t) = =35 () B(0);

urs(w, 1) = golt) +ga(t <tanh — 2P(0)3(1) + p(t)o (1)) dr

ug,5(,t) = go(t) + g1(t )<

sisech (p(t)e — [ (pltl()ale) - 26050 +p<t>a(t>>dt)> g1(t)alt) = —352(1)5(0);

g1()tanh?® (p(t)z — [ (p(t)go(t)a(t) — 26°(1B(1) + p(t)or(1)) )

ug,5(x,t) = go(t) +

(1 + sech(p(t):v — [ (p(t)go(t)a(t) — 203 (1) (%) + p(t)a(t))dt))

gi(t)a(t) = =3p*(1)B(t).

The Jacobi elliptic function-like exact solutions above degenerate into the following triangle function solutions
where k& = 0:

uro(e.t) = 90(0) + a() ese® (plt)s — [ (plln(t)alt) = 15O5(0) + p(Dyo(0)) ).
gi(alt) = ~12p%()B0);

uzo(z.t) = 90(0) + r()sec® (plt)s — [ (plln(t)alt) = 15 (O5(0) + p(Dio(0)) ).
gi(alt) = ~12p%()B(0);

uno(e,t) = go(t) + (0 tan? (p(0)z — [ (p(O(t)a(t) + 85°(0)5(0) + ple)o(0)dt).
gi(alt) = ~12p%()B(1);

ua6(2,t) = go(t) + g1(t) cot? (p(t)w - / (p(H)go(t)a(t) + 8p°(£)B(1) + p(t)ff(t))dt)
gi(alt) = ~12p%()B0);

s o, 1) = go(t) + 91 (1 ( (s02 = [ ((O90(Da) + 20500 + plt)o(0)de)

2
teot (plt)e — [ (plm(tla(t) +20*(05(0) + p<t>a<t>)dt)> ,
gi(t)alt) = 32 (1)B();
g o(, 1) = go(t) + 91 (1 ( (s = [ GO0 + 20500 + plt)o (D) dt)

+tan (p(t):v - / (p(t)go(t)ax(t) + 2p°(£)B(1) + p(t)a(t))dt)> :

gi(t)a(t) = =3p*(1)B(2);
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uro(2.0) = o) + a0 ese? (002 — [ (O (D0) — 4P WBO) +p(D1o(0)ar).
gi1(t)a(t) = =3p*(t)B(t);

g1(t)cos® (p(H)z = [ (p()go()alt) +20° (DB(1) + p(H)o (1)) dt)
ug,6(w,t) = go(t) +

(1 sin (p(t)e — [ (p(go(t)alt) + 26 ()5() +p<t>a(t>>dt)>

g1(t)a(t) = =3p*(t)B(t);

g1(t) sin (p(t)x — [ (p(t)go(t)x(t) + 2p> (1) B(t) + p(t)ff(t))dt)
ug,6(x,t) = go(t) +

2
(1 = cos (p(t)r — | (p(t)go(t)a(t) + 27 (1)5(0) + p<t>a<t>)dt)>

gi(t)a(t) = =3p*(1)B(2);

where go(t) = e_fy(t)dtvgl(t) = e_fy(t)dt, and p(t) = o= St

3.3. The KdV equation with a forcible term!/*?

Ut + qutiy + Buge, = F(t), (33)

where F'(t) is an outer-forcible function of ¢; & and 8 are constants.
In Eq.(33), assume

u(z,t) = go(t) + g1(t)z(p(t)z + q(t)). (34)

Substituting Eq.(3) and the expression (34) into Eq.(33), and setting the coefficients of 27(£)(j = 0,1), and
2°24(€)\/az(€) + bz2(€) + c23(€) (s = 0,1;i = 0, 1) to zero yield the following over-determined partial differential
equation set:

—F(t) + go(t) = 0,

91(t) =0,

agi (t)p(t) + 3cBgr (t)p° () =0,
g1()p'(t) = 0,

With the aid of Mathematica, we have the following solutions of the equation set:

3ep*s
«

alt) = [ Pt gu() = 222 p0) =p, a(t) =~ [ (pagnlt) + b3 ). (35)

where b, ¢, p, « and (3 are constants.

Substituting the expression (35) together with the expressions (4) — (26) into the expression (34) respec-
tively, we have the Jacobi elliptic function-like exact solutions of Eq.(33) as follows:

uy 7(,t) = go(t) + g1(t)sn®(&, k); ug,7(2,t) = go(t) + g1(t)en® (&, k); us 7(z, 1) = go(t) + g1(t)dn* (€, k);

wgr(z,t) = go(t) + g1 (t)ns® (&, k) us, 7 (2, 1) = go(t) + g1(t)nc? (&, k); ug 7(z,t) = go(t) + g1(t)nd? (&, k);
ur7(w,t) = go(t) + gisc® (&, k); us 7(2,t) = go(t) + g18d*(&, k); ug,7(2,t) = go(t) + gres (&, k);

ui0,7(2,t) = go(t) + g1(H)ed® (€, k)suar r(x,t) = go(t) + g1 (£)ds(&, k) ura7 (2, ) = go(t) + g1(t)dc? (&, k);
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wrs7(, 1) = go(t) + g1(t) (ken(€, k) £ dn(€, k) s urar(x, 1) = go(t) + g1(¢) (ns(&, k) £ es(€, k)
s 7(2,1) = go(t) + g1(8) (ne(€, k) £ sc(€, k) s use r(@,t) = go(t) + g1 (1) (ns(€, k) £ ds(€, k)
g1(t)dn’ (€, k)
(msn(f, k) + cn(é, k:))
g1(t)en’(§, k)
(1 + sn(€, k)) ’

K21 (Hsn2(E, k)

)

urr,7(z,t) = go(t) + g1(t) (sn(S, k) +icn(g, k))2; us,7(z, t) = go(t) +

27

u1g,7(x,t) = go(t) + g1(t) (ksn({“, k) £idn(g, k))2; u20,7(x,t) = go(t) +

paer)
(1iksn§k)2 0= gO(t)+(1idn(§,k))

g1(t)sn* (€, k)

uz1,7(w,t) = go(t) +

sn k
ug3,7(x,t) = go(t) + ( Jsn”(&, ) suga,7(,t) = go(t) + 3
(1 + en(e, k) (1 + dn(é, k:))
where go(t) = [ F(t)dt, g1 (t) = 73‘;”2‘3, p(t)=p,E=pr— [ (pago(t) + bﬁp3)dt; b,c and p are constants.

The Jacobl elliptic functlon like exact solutions above degenerate into the following soliton-like solutions
where k£ = 1:

2
us(7,) = golt) + 1 (1) temh® (px N / (pago(t) — 8ﬁp3)dt),gl(t) =- 122 J,
2
uz,8(x,t) = go(t) + g1(t SeCh2(px / pago(t) + 46p%)d ) gi(t) = 122 5;
2
uz g(x,t) = go(t) + g1(t) coth? (pac / pago(t) — 86p ) ) gi(t) = _122 5;
g (t)sech2 pz — [ (pago(t) + 48p3)dt )
ugg(x,t) = go(t) + : ( (e ) ) y91(t) = _12p 6;
tanh2 (pZC — f (pago(t) + 45p3)dt) o

2
us,s(x,t) = go(t) + 4g1(t)sech” (piU - / (pago(t) +40p%)d ) q1(t) = 3];6,

ue (1) = go(t) + g1(t) (

«

1:|:sech(p£6— [ (pago(t) — 25?3)0“))2 (1) = 3p?8 .
tanh (p:c — f (pago (t) — 25p3)dt) 7 |

uz s(w,t) = go(t) + g1(t) (tanh (p:v - / (pargo(t) — 25]93)0“)

2 2
:I:isech(p:c — / (pago(t) - 2ﬁp3)dt)> ,g1(t) = _3p 6;

g1(t) tanh? (p:c — [ (pago(t) — 25193)(”)

(1 + sech(p:z: — [ (pago(t) — 2ﬁp3)dt)>

3p*6
=

ugs(z,t) = go(t) + oi(t) = —

The Jacobi elliptic function-like exact solutions above degenerate into the following triangle function solutions
where k£ = 0:

12p%3

u,9(z,t) = go(t) + g1(t) csc? (p:c - / (pago(t) - 4ﬁp3)dt),gl(t) =

(0%
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2
uzs(e.t) = 90(®) + g1(0)see® (pz — [ (pagnlt) — 455°)at ). gn (6) =~
2
uz o(z,t) = go(t) + g1(t) tan® (P»T - / (porgo(t) + 85p3)df)791 (t)=- 12 ﬁ;
a
2
uo(,t) = go(t) + g1 (t) cot? (P»T - / (pougo(t) + 85]93)0“)791 (t)=- 125 6;
us 9(w,t) = go(t) + g1(t) <CSC (pfl? - / (pago(t) + 25})3)(“)
2
2
=+ cot (px - / (pago(t) + 26p3)dt)> ,91(t) = — 31;6;
ueo(x,t) = go(t) + g1 (t) <sec (p:v — / (pago(t) + 26p3)dt)
2
2
=+ tan (p:r - / (pago(t) + 26p3)dt)> ,91(t) = _3pa6;
2
ur9(x,t) = go(t) + 4g1(t) csc? (piU - / (pargo(t) — 45]93)0“),91@) = —ﬁ;
g1(t) cos? (pr — [ (pago(t) + 28p*)dt 2
ugo(z,t) = go(t) + i ( ( ’ ) )2, 1@—-%;
<1 =+ sin (p:z: — [ (paugo(t) + 25p3)dt)>
g1(t)sin® (px — [ (pago(t) + 28p° ) dt 2
st ) = o+ S0 r = (o ) )Q,gm——%.
<1 + cos (px — [ (pago(t) + 26p3)dt)>
|
where go(t) = [ F(t)dt, p,« and (3 are constants. The Jacobi elliptic function exact solutions, the

degenerated soliton-like solutions and the triangle

function wave solutions are wuy i(z,t) ~ wugi(x,t),

4. Discussion and conclusions urp(w,t)  ~  uga(w,t)uz (e, t)us (2, t),uz3(2,t);
uya(e,t)  ~  wga(x,t), uis(z,t) ~  wugs(w,t),
uszs(x,t),us 5(x,t),u26(x, t); uy7(x,t) ~ wu2r(x,t),

In this paper, the method of the auxiliary 3,52, 1)us,5 (@, 1) iz (@, 1); ur7(2,¢) 27 (@)
ul,g(xvt) ~ ’LLQ_]g(ZZ?,t),’LLg_]g(iZ?,t),’LL5_’8($,t),U279($,t).

equation with a function-transformation is proposed,
d . o . prop They were obtained in Refs.[22-25]. Besides the solu-
and the new Jacobi elliptic function exact solu- . . . .
. . . . tions, some new solutions are also obtained in the pa-
tions, the degenerated soliton-like solutions and . L. .
. . . . per. The new method is of significance to constructing
the triangle function wave solutions to two kinds o . .
. . . . the Jacobi elliptic function exact solutions to the non-
of KdV equation with variable coefficients and a . . . . . .
. . linear evolution equations with variable coefficients.
KdV equation a forcible term, are constructed.
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