Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

—RSMIER IR G IZNER TN RN RS BRI TER

EYHE RE - FAEN

Lie symmetry analysis, optimal system, exact solutions and conservation laws of a class of high-order
nonlinear wave equations

5| H115 2. Citation: Acta Physica Sinica, 65, 140201 (2016) DOI: 10.7498/aps.65.140201
1E 25 15%)15 View online:  http://dx.doi.org/10.7498/aps.65.140201
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/114

AT RE R B E b3 E

Articles you may be interested in

J”" X Birkhoff Gt IR 2o

Two kinds of generalized gradient representations for generalized Birkhoff system
YrE=4.2016, 65(8): 080201  http://dx.doi.org/10.7498/aps.65.080201

2R SCRAP KA EBO O 9K < e A A Y A R

Homotopic mapping solving method of transfers model with a class of generalized femtosecond pulse
laser for nano metal

PP 22H%.2014, 63(24): 240201 http://dx.doi.org/10.7498/aps.63.240201

A% 2 Whitham-Broer-Kaup 77 F2 24 [ X 5 L 2940 F RS 1 i
Exact solutions of Whitham-Broer-Kaup equations with variable coefficients
PP 224%.2014, 63(20): 200203  http://dx.doi.org/10.7498/aps.63.200203

K(mnp) /7 #£% -Compacton #H T.1E FH (I EAEHT 5%
Numerical investigation on the interaction between multi-Compacton of K(mnp) equation

VI3 2242014, 63(18): 180206  http://dx.doi.org/10.7498/aps.63.180206

Kaup-Kupershmidt 75 72 ) 3 R 58005 R S e RS 1 ik
Nonlocal symmetry and explicit solutions of the Kaup-Kupershmidt equation
VP22 4%.2014, 63(18): 180205  http://dx.doi.org/10.7498/aps.63.180205


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.140201
http://dx.doi.org/10.7498/aps.65.140201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract67082.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67082.shtml
http://dx.doi.org/10.7498/aps.65.080201
http://wulixb.iphy.ac.cn/CN/abstract/abstract62602.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62602.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62602.shtml
http://dx.doi.org/10.7498/aps.63.240201
http://wulixb.iphy.ac.cn/CN/abstract/abstract62142.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62142.shtml
http://dx.doi.org/10.7498/aps.63.200203
http://wulixb.iphy.ac.cn/CN/abstract/abstract61673.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61673.shtml
http://dx.doi.org/10.7498/aps.63.180206
http://wulixb.iphy.ac.cn/CN/abstract/abstract61126.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61126.shtml
http://dx.doi.org/10.7498/aps.63.180205

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140201

MRS IRIOE R R R

WA ER

Z LA

(WK A e r R e 22 e, IR

X ET

FANE

252059)

(2016 ££ 1 f 26 HYEl; 2016 4£ 3 H 4 HikRIE4R )

ASCE ERE T E I T — KRB AR BT RS, 752 1 TUR AL 5 RE (X AR BL R 5 R 1) e
MLASE, it R TIE, RS TR A, Bn, 40 7 P AR fE 00— Ly fa .

KR RN, R AR IEBOTRE, KR, 5

PACS: 02.30.Jr, 02.20.—a, 02.30.1k, 04.20.Jb

1 58 =

BT AL & PR 5> 75 #2 (NLPDEs) 1] LA A
V2 BB, (R, 3% 46 5 A% 1) SR T 4F K 43
BT NATR Tz k0. ARG I 4y J7 R IRAR
HOFI — AN BB S, OIRTE R L 2 A 5L s B
A, A2 1 43 7 R 39 SR R 7757 541
W AESERTF RS WL RGRATIHR Y
SEUE Y ) L R AR 2R R o T R R R F A
151 P05 e 1 o TN R 1IN i 1 0= A RS T
REVHE 7 1 S e sIG B A1 Ay S 2 1 i sk 23 7 R 1
B AN S BRI T2 %, B DASK H 77 R IR 1 A
AN EE. 2 E 0L FERAMWS 7],
AT 1 AR 28 70 AR e M3 o J7 FE A 1 e 1 A
Mgk, g SR RS R s i 2 RO AR
#i2: Bl Backlund 28 4:9% Y| Hirota’s 7% 1, 5%
Uik 681 Clarkson-Kruskal B4 757% (CK B
Pk 10100 B R B v 8L R SR e R
72: 14=16] Painlevé # R A2 7RI Jacobi i 8 b
i — A PR 8] 45

PL bk A e AR iR dE R B
BITEZ —. ZFRITEG T RGO TR AR

= NS4

IEKES

DOI: 10.7498 /aps.65.140201

W77, TR ANIDGEZEX A T — R, €
AT VIXFR . i3 R AR R B 0L, g
AR i i X R A0l A2 Jo X A

A R LAN T ARk T 7R

QUgrrrr T Buuxa:x + YUgUgq + 5U2um +u = 0,
(1)

Hrba, By, 0 RATEEH. Kk EIgs S
T FERNEN S R G T I JTIERE AT 5 RE (1) Ik
AT B, AR ()AE TIRZE LN TE,
W Mo = 1,8 = 5,y = 5,6 = 5, %0
T2 5 & AR e[ Sawada-Kotera (SK) 722U, &
R, Ha =1, =30,y = 30,8 = 180K}, %7
FERl 2 Caudrey-Dodd-Gibbon (CDG) J7fE 221 24
a=1 8= —15 ~v = —75/2,0 = 451}, %W
2wl & Kaup-Kupershmidt (KK) P324 J5 f#. 24
a=—1,8=-5~y=-25/26 = -5, iZHFE
At 5 — R KK 52 19,
ASLFEFEH LR L e R385, M
RZERE T R T 72 (1) AR Rt Je He i
PR G 2527 AR5 =348, MR (1) AT AR
file, ST TR (1) BURE B TESEDUE oy, AT
T R A BE 7 A2 DA S SP AR S E, RS Lo 0

* ERHARRIERES (MHES: 11171041, 11505090) AL 75 & FERHEF R M4 (iS5 : BS2015SF009) ¥ B (1 U8

T #E/E#H. E-mail: hnz_liuQaliyun.com
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

140201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.140201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140201

AT T — AT B4

2 HWrAF &K TR ZE B AT
xR A
2.1 AEMIELMR A REREE S
— b, AT R SHAE I W RN
V= f(:r,t,u)% + T(x,t,u)% + d)(x,t,u)(%,
(2)
Hrb, (o, t,u), 7(x,t,u), ¢z, t,u) AR EH R
1 1 R ER AL
R E (2) &R (1) F— 20K, A4
VA0 2 THT B 2R R A& A

pr@V(4)[a=o =0, 3)

Hrp, pr®OV AV EER, HH A = cugerme +

5uuz:px + YUz Uz + 5u2ux + Ut .-

th (3) KT 3
0 0 0
Gy — t Y x zz_ Y
prV V+¢8ut+¢ 8ux+¢ D

Heb, ZREEREBN ¢° = Do — up D€ — u Dy,
@' = Dy — ug Di& — us Dy7, ¢ = D2 —uy D2E —
iy Dyé — uy D21 — 2upDy7, ¢°°% = D3¢ —
uzDiE—SUMD%—?)UIMDIf—utDiT—3uItD§:T—
Bt DaT, ¢°75F = D3¢ — up DYE — Suigy D3E —
10Ug00 D3E = 100000 D3€ — SUsprra Daé —ur DT —
5yt DAT — 10U D37 — 10U g0t D2T — DUzt Do T,
D, M D, 74 FHHET.

o U7 AR (1) B R R % R (4) T TORL 45 F)
E(x,t,u), T(z,t,u), oz, t,u) MHREFFEH, HH,
PAIRAG:

1 2
T = Clt + CQ, 52 501517 + Cg, ¢ = —gClu,
(5)

H, €y, Oy RAERMFHEL
ZAEBATHH =R 543 20 778 (1)
IpT A 1 3

0 0 0 0 0
(6)

2.2 AMIEEMEAENRMNRS

7E 2.1 N, AR TR (1) MIFTH 1
TOES N
HRgE R R, R4 5 16T A
SREN, T4 BB TR (1),
1 FREHTER
Table 1. Commutator table of the Lie algebra.

Vi, V5] |41 Va V3
Vi 0 0 Vi
Vo 0 0 5V
V3 - —5Vs 0

RIE, BA BB AR R G2 A 30 PT)
Ad((eV)V; = VimelVi Vil 5[V Vi, Vil
Hrp e BEHEL Vi, V] RFERECSH T, 0T
CAFS

Vi, Vi] = ViV = ViVi.
N EE RS /N WA TR A G S R I B X & ESE Y
HrepER (& 2).

*2  FREEHE
Table 2. Adjoint table of the Lie algebra.

Ad \%1 Va Vs
Vi Vi Vo Vs —eVq
Va Vi Va Vs — 5eVa
Vs efVy eV, Vs

R¥EFR2, LATRRE — BT RERT RS,
BATE: 1) aVi +bVe, Hac {-1,0,1} i, b € R;
M a=0H,be{-1,0,1}; 2) V5.

3 FBr R &R 7R B X AR 4 A Ae
1%

FEESR 35, AR M T RN RL RS, #
NORIRATE R AR R G R (1) BEAT L4k, IF
BRIk T2 (1) PRSI

i) SFFrEY aVy + 0V, M a=Cb=1, Ik
R 378 CVy + Vo, FRATREAS 2 T AR AL &

E=ax—-Ct u=uw,
TiIREHEAR RN w = f(€), M4
u= f(z— Ct). (7)

140201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140201

B (7) AN T7 R (1), w7 RE (1) 24k ik
T TR ) T R
af(5)+6ff”/+'7f/f//+5f2f/_cf/:07 (8)
Her, ff=df/de. R w = f(&) R£ITE (8) Ak,
W (7) A TTRE (1) HIfE.
T, FAVEAITRE (8) A 40 N W H U

oo

F&) = eat™, (9)

n=0

Hrr, co = £(0) # 0. (9) AN (8) mT LAFF 2
120ccs 4+ 68coes + 2veieo + 50301 —Cc

+a2(n+

+Bz<kzon+1k)(n+2k)(n+3k)

Y(n+2)(n+3)(n+4)(n+5)cnys8"

X Ckcn+3k> " -C Z(n +1)cn18"”

n=1
—l—’yZ(Z(lH—l (n+1-—k)(n+2—k)

X Ck+lcn+2—k) §"

—1—(52(22 (n+1—k)cjcp—jcnii— k)f =0.

k=0 57=0
(10)
PR (10) A ) = 8, BATRER R, 2 n =0
i,

_ Cey —6fcoez — 2ycicp — dcger

= 120ax 4D
— i, o0 > 1 K, gEAS R

Cn+5
_ 1

an+1)(n+2)(n+3)(n+4)(n+5)

X [C’(n +1)ent1—BY (n+1—k)

k=0
x(n+2—k)(n+3—k)crcnis—k
—y> (k+D)(n+1-k)(n+2-k)
k=0
X Ck+1Cn+2—k
n k
— (52 Z(n +1—Fk)cjch—jcnti—k|,
k=0 j=0
n=1,2,3---, (12)

H, co, c1, c2, 3, ca FMEBIEEH co # 0; W
%E(m) W ECE|
1
cg = 00 (2062
— 4ryc3 — 26cpct — 250(2)02)

S, XAERLRE RO E I RE (8) Al AR L.
i TS, BATEERE I 15 25 R (8) 1

F(€) = o+ 1€ + 28 + 38 + eat?
P e, (13)
n=0
Rk, AR R THE (1) BRI R 25U N
u(z,t) = co + c1(x — Ct) + ca(x — Ct)?

248cocy — 68cic3 — 6ycices

+c3(x — O)3 + cy(x — Ct)*

+ 3 epasla — CH)" (14)

n=0
H co, e, 2, c3, co NAEBRIHEH co # 0,
Cn+5 (n =0,1,2,3,-- ) EE (12) ﬂy%%
i) HFT RS Vi, B R AL

%
&= xtié, w= ut%,
TN w = f(&), B4
w=t"5 f(xt73). (15)

B4 (15) RACA BT (1), W78 (1) £fk

R TR

& 4 BIT" 4 f B 6~ 2 =0,
(16)

H ff=df/de R w= f(&) 27 (16) 1)
fift, 4 (15) XEt 2T FE (1) BRI
N, BAVBRBETFE (16) A W N my B

= Z cné", (17)
n=0

Hrb co = £(0) # 0. K (17) AR (16) s rpraf A
135:

120ccs + 66cqes + 2ve1eo + 50301 —
+ « Z n+1

+BZ(Z(n+1—k)(n+2—k)(n+3—k;)

k=0

2
5501 - gCO

(n+2)(n+3)(n +4)(n + 5)cn 5"

140201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140201

n

X CpCrnt3— k)& —I—’yZ( (k+1)(n+1-k)

=0

X (’I’l +2— If)Ck+1Cn+2_k>§n

n

foe) k
+5Z (ZZ n—l—l CjCk_an+1—k)§n

k=0 j=0

- 55 Z(n + 1)en1€" — 5 Z cn€" = 0. (18)

l:[:ix(léé)ﬁ*ﬁ’]%éﬁl &ﬂ] 3, M n=0
o

1 2
5501 + —cg — 68cges — 2vc1c0 — 56%01

5
120«

Cy =

(19)

A, o > 1, BEfRE
1
an+1)(n+2)(n+3)(n+4)(n+5)

Cpn45 =

1 2
X [5§(n + Depgr + 5cn

n k
- 52 Z(n +1-— k)CjCk,jQH,l,k

k=0 j=0
—ﬂi(n—kl—k)(n—i—Q—k)
x (ntozs — k) ChCnysk
fyzn:(k:+1)(n+1fk)

=0

X (n+2—k)ekr1Cntra—k |,

n=1,23 -, (20)
H, o, c1, ca, 3, ca NEERIFEH ¢ #0. 1R
¥ (20) T 152)

1 2 2
ce = % (E&Q + 561 — 24f8cocy — 6Bcics

— 6yc1c3 — 4ycd — 26coc? — 250(2)62)
55, XAEBLRERE T E TR (16) 4l R EL
R BT, A TELRE A 25 A2 (16) (Y
RN
F(&) = co+ 1€ + 26 + 3% + cut?
+ ) engs™T (21)

n=0
DRIk, FRATTHLRE SRAG 7 A2 (1) PIAGE i m 8UA
u(a:, t) =co+ cl(a:t’é) + cz(xtfé)Q

+es(t5)? + cq(wt™5)!
> 1
Y crs(@t B (22)
n=0

:/H\:E'ja Cp, C1, C2, C3, C4 %13%5@%%&5_ Co ?é 0,
Cn+5 (n = 07 172a3) te ) EE (20) ﬁy%’ﬂ_é

4 AWM A RER TR HRE T EM
I8
FEIX— 8B 57, FATR 245 HITHE (1) B HERE 77 7%
AispiEf. B Ibragimov 45 H 7 A2 R FERE 5 FE 2
HPS2D R G0, 7R (1) BIPERE 52N
QVpprre + B’U:mczu + (3B - W)Uxxuz
+ (3ﬂ - ’Y)’Uxuwx + 5”“:}69&1 + 5Uxu2
+ 20vuny + vy = 0, (23)
F+ HA — /MR Lagrangian , 1c/E
L = v(QUggrer + BUllzes + Yigley + U Uy + ug),
(24)

Hr v =v(z,t) H(23) Xk E.
T FEATHA A Ibragimov 25 i H) H — AN 4h
w B AR (1) BISFIERE (CF, C?) AN

Ci
[or oL
§L+W [am _Dj<6uij>
oL oL
D;D —D;DyD,,
N k<8u1jk’> ik <8uijkm>

oL
D.D.D,, D,
#0300 )|
oL oL
D; « —D
i )[5% k(auijk)

8uijkm auijkmn

+DjDk(W°‘){ oL —Dm< oL >

auijk auijkm
oL
D,.D,
" <3Uz’jkmn>}
oL oL
+ DD, D,, (W< - D,
U ( ) |:8u1jkm <8uz]kmn>:|
oL
+ DjDkDmDn(Wa) B (25)
1Jkmn

ﬁ\:l:i:]’ we = 77a _é‘]u;)é

140201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140201

4 Ibragimov 45 HH 518, FATHE S Him
=2 HEAN

V= fl(m,t,u)g Jr{"(gc,t,u)g + <z>(;r:,zt,u)2

ot oz ou’
(26)
W52 (1) s E R B N e
Dy (CY) 4 D,(C?) = 0. (27)

W, [ C = (C1,C2) £ (25) RLLKL R
AT e

oL
1 W 9
¢ =< Ouy’ (28)
oL oL
2 _ ¢2 W
=L {aum Df(auz)

oL oL

oL oL
+Do(W) [aum ~Da <aum)
oL
D:ECL'Z a
oL oL
D:r:n Dm:n
oL
oL
D:E:E:E(E ) 2
k2
C'=¢'L+ Wo, (30)

C? = &L + W[ouv — yupty + Buget + 2Bv,u,
+ B'Uumv + Oﬂ)mxwm] + Dw(W) [W)Ux - 51}:70“
— Boty — Qzpz] + Dar (W) [Bru + v, ]

+ Dz (W)[—avy] + Dagee(W)av, — (31)
Hr
W = ¢ — tuy — E2u,. (32)
N ITERA T T B
1HR1
S HESV = 0/0x, BATATLAKE

Ak, FATRERIGITHE (1) KspfE I B8
C'= —vu,, (34)

C* = v(aumxmmm + ﬁuumxm + YUz Ugy + (SUQ’LL;E

+ ) — Uy (SUP V=YV Uy + BUpgti+2B05 g

+ Bvumx + avza)xa}) — Ugy (’}/qu - ﬂvxu

- ﬂ’UUm - av:ﬂmm) — Uz (,BUU + avmm)

+ OUpggaVy — OVULgzza - (35)
B2
YAV =0/0t, AT LRE
W = —Ut, (36)

[FIREHL, FRATRERIG L (1) sPIE R Eg A
Ct = U(au$$xxm + /Buuac;tx + YUz Uz
+ 0uug + up) — v, (37)
C” = — ug(0u*v — Yty + Bzt + 260U,
+ ﬂvu:cac + avxmzx) — Uyt (’YUUI - ,8va
- B’Uuz - avmzz) — Uggt (B’U’LL + avzm)
+ QUggrptVy — QUUggzat- (38)
]
_ ) ) 0 ..
XTFHEHV =20— + 5t — — 2u—, AT
v ox ot ou
PARAS

W = —2u — zu, — btug, (39)

I, FATTRERAS IR (1) iR =N

Ct = — 5t’U(OLUmxwxm + Buumxw + YUz Ugy
+ duuy 4 uy) — 20u — zvu, — Sutug, (40)
C* = — 2v(QUgzzzs + BUlzry + YUgUsg

+ 6uPug +up) — (2u + wuy + Stug) (Suv
— VUzUy + BUgat + 200Uy + frULy

+ W) — (3Us + TUze + Sluyy)

X (Yvug — Bzu — fouy — Qzgs)

— (g + TUgze + DlUzyt) (U + QUL )

+ a(BUgze + TUzzze + SlUszrt)Va

(41)
S 55 W, b T < ) B BLAR E AT FERE T R (23)
X BAE & R o, I HENS T LR Z A F
EA.

- av(6ux:cmz + TUggqzs + 5tu:}c:cmxt)-

w

ARSCRI 2R T B 55 2 T LB AR g ik
BT REXTFR UL B et R e, I B Oy R AT 294K,
I AR TTREAR B T %5 R TR AR, A5
B — RPN, 2 AR ok B 2 A

5 4

140201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65,

No. 14 (2016) 140201

EHoBEEMEL &JE, Gl T TR
TR, JF AR Maple, $10E 1 7]
B (CH,C?) =I5 (1) KsHE R .

SE

(1]

Xin X P, Liu X Q, Zhang L. L, 2010 Appl. Math. Comput.
215 3669

Liu N 2010 Appl. Math. Comput. 217 4178

Gardner C S, Greene J M, Kruskal M D, Miura M R
1967 Phys. Rev. Lett. 19 1095

Bassom A P, Clarkson P A 1995 Stud. Appl. Math. 95
1

Hirota R 1971 Phys. Rev. Lett. 27 1192

Wang M L, Zhou Y B, Li Z B 1996 Phys. Lett. A 216
67

Fan E G 2000 Phys. Lett. A 265 353

Wang M L, Li X Z, Zhang J L. 2008 Phys. Lett. A 372
417

Lou SY, Ma H C 2005 J. Phys. A: Math. Gen. 38 L129
Li N, Liu X Q 2013 Acta Phys. Sin. 62 160203 (in Chi-
nese) [Z=7, X7y 2013 YHL2A4R 62 160203]

Fan E G 2000 Phys. Lett. A 277 212

Elwakil S A, El-Labany S K, Zahran M A 2002 Phys.
Lett. A 299 179

(13]

140201-6

Liang L W, Li X D, Li Y X 2009 Acta Phys. Sin. 58
2159 (in Chinese) [F2378, MR, FEE 2009 Y ER
58 2159]

Xin X P, Miao Q, Chen Y 2014 Chin. Phys. B 23 010203
Lou SY 1994 Chin. Phys. Lett. 11 593

Lou SY, Hu X B 1997 J. Phys. A: Math. Gen. 30 L95
Weiss J, Tabor M, Carnevale G 1983 J. Math. Phys. 24
522

Zhou Y, Wang M, Wang Y 2003 Phys. Lett. A 308 31
Wang Z L, Liu X Q 2014 Acta Phys. Sin. 63 180205
Zhang L J, Chen L Q 2015 Appl. Math. Mech. 36 548
(in Chinese) [JKNFMR, BRIZHE 2015 R HA A1) % 36
548]

Sawada K, Kotera T 1974 Prog. Theor. Phys. 51 1355
Caudrey P J, Dodd R K, Gibbon J D 1976 Proc. R. Soc.
London 351 407

Li J B, Qiao Z J 2011 J. Appl. Anal. Comput. 1 243
Kupershmidt B A 1984 Phys. Lett. A 102 213
HuXR,LiY Q, Chen Y 2015 J. Math. Phys. 56 053504
Xin X P, Miao Q, Chen Y 2014 Chin. Phys. B 23 010203
Olver P J 1993 Applications of Lie Groups to Differen-
tial Equations (New York: Springer) pp202-206
Ibragimov N H 2006 J. Math. Anal. Appl. 318 742
Ibragimov N H 2011 J. Phys. A: Math. Theor. 44 432002
Ibragimov N H 2007 J. Math. Anal. Appl. 333 311


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.19.1095
http://dx.doi.org/10.1002/sapm.v95.1
http://dx.doi.org/10.1002/sapm.v95.1
http://dx.doi.org/10.1103/PhysRevLett.27.1192
http://dx.doi.org/10.1016/0375-9601(96)00283-6
http://dx.doi.org/10.1016/0375-9601(96)00283-6
http://dx.doi.org/10.1016/S0375-9601(00)00010-4
http://dx.doi.org/10.1016/j.physleta.2007.07.051
http://dx.doi.org/10.1016/j.physleta.2007.07.051
http://dx.doi.org/10.1088/0305-4470/38/7/L04
http://dx.doi.org/10.7498/aps.62.160203
http://dx.doi.org/10.1016/S0375-9601(00)00725-8
http://dx.doi.org/10.1016/S0375-9601(02)00669-2
http://dx.doi.org/10.1016/S0375-9601(02)00669-2
http://wulixb.iphy.ac.cn//CN/abstract/abstract15405.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract15405.shtml
http://dx.doi.org/10.1088/1674-1056/23/1/010203
http://dx.doi.org/10.1088/0256-307X/11/10/001
http://dx.doi.org/10.1088/0305-4470/30/5/004
http://dx.doi.org/10.1063/1.525721
http://dx.doi.org/10.1063/1.525721
http://dx.doi.org/10.1016/S0375-9601(02)01775-9
http://dx.doi.org/10.1143/PTP.51.1355
http://dx.doi.org/10.1098/rspa.1976.0149
http://dx.doi.org/10.1098/rspa.1976.0149
http://dx.doi.org/10.1016/0375-9601(84)90693-5
http://dx.doi.org/10.1063/1.4921229
http://dx.doi.org/10.1088/1674-1056/23/1/010203
http://dx.doi.org/10.1016/j.jmaa.2005.11.012
http://dx.doi.org/10.1088/1751-8113/44/43/432002
http://dx.doi.org/10.1016/j.jmaa.2006.10.078

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 14 (2016) 140201

Lie symmetry analysis, optimal system, exact solutions
and conservation laws of a class of high-order nonlinear
wave equations”

Li Kai-Hui  Liu Han-Ze!  Xin Xiang-Peng

(School of Mathematical Sciences, Liaocheng University, Liaocheng 252059, China)

( Received 26 January 2016; revised manuscript received 4 March 2016 )

Abstract

The symmetries, conservation laws and exact solutions to the nonlinear partial differential equations play a signif-
icant role in nonlinear science and mathematical physics. Symmetry is derived from physics, and it is a mathematical
description for invariance. Symmetry group theory plays an important role in constructing explicit solutions, whether the
equations are integrable or not. By using the symmetry method, an original nonlinear system can be reduced to a system
with fewer independent variables through any given subgroup. But, since there are almost always an infinite number
of such subgroups, it is usually not feasible to list all possible group invariant solutions to the system. It is anticipated
to find all those equivalent group invariant solutions, that is to say, to construct the one-dimensional optimal system
for the Lie algebra. Construction of explicit forms of conservation laws is meaningful, as they are used for developing
the appropriate numerical methods and for making mathematical analyses, in particular, of existence, uniqueness and
stability. In addition, the existence of a large number of conservation laws of a partial differential equation (system) is a
strong indication of its integrability. The similarity solutions are of importance for investigating the long-time behavior,
blow-up profile and asymptotic phenomena of a non-linear system. For instance, in some circumstance, the asymptotic
behaviors of finite-mass solutions of non-linear diffusion equation with non-linear source term are described by an explicit
self-similar solution, etc. However, how to tackle these matters is a complicated problem that challenges researchers to
be solved. In this paper, by using the symmetry method, we obtain the symmetry reduction, optimal systems, and many
new exact group invariant solution of a fifth-order nonlinear wave equation. By Lie symmetry analysis method, the point
symmetries and an optimal system of the equation are obtained. The exact power series solutions to the equation are
provided by the power series method, such solutions can be used for numerical computations in both theory and physical
applications conveniently. Finally, a lot of conservation laws of the fifth-order nonlinear wave equation are presented by

using the adjoint equation and symmetries of the equation.
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