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Abstract: Under the travelling wave transformation, BBMP equation with power-law can be changed into ordinary
differential equation. In this article, by using polynomial completely discriminant classification system ,we can give
classification of all single traveling wave solutions to the equation. The solutions can't be obtained by any indirect
method.
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INTRODUCTION

Many nonlinear partial differential equation, such as coupled Klein- Gordon- Schrodinger equation, higher-order
dispersive cubic-gintic nonlinear Schrodinger equation, NNV equation, Camassa-Holm equation with dispersion,
Compound KdV equation with any order nonlinear terms, Sine-Gordan equation, KdV equation, Getmanou equation and
so on,can be turned into ordinary differential equation and further into elementary integral form. Then we discuss the
situation of the polynomial roots and find out the solutions to the equation by using polynomial completely discriminant
classification system. In this article, we use BBMP equation with power-law as an example to explain the application of
the method for the sake of simplicity. These solutions can't be received by any indirect method [1-9].

Transforming BBMP equation with dual Power-law into the form of elementary integrals
BBMP equation with power-law read as
u, +au_+(bu" +cu*)u, +mu,, =0 (1)
m

. . . _ _ . _ ' _ ' _ L2
Taking the traveling wave transformation U =U(&), &=kx+at, we obtain U, = U’ u, =ku’ u, =K°wu
.We substitute U,,U, and U

tYx wt INto Eq.(1),we have
(a)+ak)u'+(bun+cu )ku +mk C()UW 0 (2)
Integrating Eq.(2) with respect to & once, we obtain

(w+ak)u+mk2ou” +£u £u2n+l

+c,=0 (3)
n+1 2n+1
Multipling U’ at both sides of the equation, we get
(a)+ak)uu’+mkza)u”u’+Ku"ﬂu#ﬁu“”u#cu =0 (@
n+1 2n+1
Integrating Eq.(4) with respect to & once, we yield
2
-+ 3k u2+mk w(u’)2+—bk u™?+ ke M2 ycu+c, =0 (5)
2 2 (n+D)(n+2) (2n+1)(2n+2)
When N=1, Simplifying Eq. (5), we get
o+ ak . mk2 ke
—u +—u*+cu+c,=0 6
> (U’ 12 G (6)
(u )? = AQu* +tu3 +pUi+quU+r) @
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where A=— : , t:2_b’ 1=M, q1=12C1, rl:12C2’ let Uy =u+6, wehave
6mkw c kc kc kc
(u)? = A(u; + pu? +qu, +r) (8)
t 3.2 pt t° pt? qt 3t*
here 0=—, p=p,——t°, =0, ——++—, r=r+-—+—— L _~—
v g PoRmgh 4G5ty 16 4 256

Turning into the form of elementary integrals as follows

du
oAl -&) = | —= ©)
\/g(ul + pu, +qu, +r)
when A>0 e=1 A<0e=-1.
Obtaining exact solutions by using polynomial completely discriminant classification system
Let F(u,)=U; + pu’ +qu, +r, its complete discrimination system is
D, =4
Dz ==p
D, =-2p*+8pr-9q° 8)
D, =-p°q® +4p‘r+36pg’r —32p*r’ —2747q4 +64r°
E,=9p*-32pr
Casel D, =0, D,=0, D,<0, F(u)=[(u,—1)>+s’T, where I,, s, arereal numbersand s, >0.
When ¢ =1
U =3 tan[slx/K((f — & N+ ©)
Case2 D,=0, D,=0, D,=0, F(u)=u;,
When ¢ =1,
u, = L (10)
T —
\/K(g _50)
Case3 D, =0, D,=0, D,>0, E,=0, F(u)=(U,—a)’(u,—p)°, where &, [ are real numbers and
a>pf.

When £=1, U>a or U< f3, wehave

u, = ﬂ—;“[cothﬂ—;“ﬂ(g—go) ~1+p (11)
When £ =1, a<u</f, wehave

u, = ﬂ—;“[tanhﬁ—;“\/ﬁ(g—go) ~1+p (12)

Case4 D, =0, D,>0, D,>0, F(u)=(U—a)*(u-AB) U, —y), where @, B, y arereal numbers
and >y,
When € =1, a>f and U> [ or @ <y or U<y,

SN N () ot e ) )
(a~B)a~7) v~
Ye=1l, a>pfAU<yHa<ysiu<p,

+JA(E-&) =

(13)
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P S Y e 2 B s
(a~B)a~7) v~
When e=1, a>fandU>Lora<yoru<y,
1 (U —B)a—y)+(a—B) U —7)
i\/ﬂ —&)= 1 1
RN 77 A (7 R
When e=1, a>fandU<yora<yoru<p,
B S RN ¥ (V) I ] Tr2) P
(a~p)a~7) U~
When =1, f>a>y,
B S N ¥ V2 B ol Trz)
(a—p)a~7) U~
When e=-1, a>fandu>Lora<yoru<y,
1 (U = p)a—y)+(a—B)u—7)
+J-AE-&) = L L
RN (7 S 7 )
Cases D, =0, D,=0, D,>0, E,=0, F(u)=(—a)’(u—p), where @, /3 are real numbers.
When ¢ =1, U>a and U>f orU<a and U< S,
u, = 4o —p) +a (19)
L Al-p)E-&) -4
When ¢=—1, uU>a andU<f oru<a and U> f3,
4B -a) 20)

u = 2 s ta
4—ANa-p)(E-&)

Case6 D, =0, D,D,<0, F(u)=(u—a)[(u—1)>+s’], where , |, s, are real numbers.

When ¢ =1,
A Y R DR R Gt ) e A R A
l {explty(a—1)? + SEVAE - &) -7F -1
Where y = a2,

Ja—1)*+sf
Case7 D, >0, D,>0, D, >0, F(u)=U—-a)U -a,)U, —a;)(u,—e,), where r;, a,, o,
a, arereal numbersand o, > a, >, > .

When ¢ =1, u>q, oru<e,,

o= o =) R (-

u, =

(22)

(0= =) e )0,

When £ =1, a,<uU<a;,,
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\/(al —a,)(a, —

%) JAE-£)ml-ay(a, - a,)

a, (o, - 0‘4)3n2[

U, = 2 23)
(a, - sV _aﬁ(% ~%) (- &) ml- (e, -a,)
When e=-1, a,<U<¢q,
as(ay _Olz)snz[\/(a1 ~ %)@ ) \/K(g_fo)’ m]—a, (o, —as)
U, = 2 (24)
Ry S L RN/ TEREN Y RO
When ¢ =-1, a,<u<gq,,
R e L) TN YRR ot Ry
U, = 2 (25)
(0~ BN R ) (o, ar)
Where m? _( =) —a,)
(a,—a)(a, —a,)
Case8 D, <0, D,D,;>0, F(u)=(,—a)u,—Alu,—1)>+s’], Where az, B, |, s, arereal
numbersand o > f, 5, >0,
aen ) A £ b
(26)
qcn[“zslml(“ VA - &)+ d,
wnere &, = [(a-+ )6~ (2~ A&, b=l + b, (@ Pl 6=a -l -,

1
., m=E++E*+1, m?= , and satisfy the
! 1+m; m ty

E— S12 +(a-L)(B-1)
s,(a—p)

d1:a1_|1_51m1’

2
condition em; <0.

Case9 D, >0, D,D,<0, F(u)=[(u—1)*+s’1[(u, —1,)*+s7], where I, 1,, s, s, arereal numbers
and S, >s,>0.

When =1,
_asnipVAE—&) mlbenlpyAE—&)ml
csn[nVAE - &), m+dien[nA(E -&,),m]
_ e _ S 1 — _ _ _ :Slz+822+(|1_|2)2
Where €, = -, m d=1-1,, a=lc+sd,, b=1d -sc, E 25,

—— 1 /m202+d2
m1:E+ Ez—l, m2=1—ﬁ, 77=52 (1;2-+-—d2
1

CONCLUSIONS
In this article, we take the traveling wave transformation U =U(&), & =KkX+ wt to BBMP equation with power-

law and turn it into ordinary differential equations. Then we given its precise solutions of single traveling wave method
by complete discrimination system for polynomial(8)-(27).
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