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Abstract: This paper mainly studied the integrable discretization of the second order coupled AKNS equation.
First of al, some new N soliton solutions of the semi-discrete double linear derivative equation of the second
order coupled AKNS equation are got by using the Hirota method and Maple. Then, the full discrete bilinear
derivative equation is obtained through the method of discrete time of the semi-discrete double linear deriva
tive equation and its N soliton solutions are found out. Finaly, the difference-difference AKNS equation is
obtained by an appropriate transformation.

Keywords: AKNS Equation; The Hirota Method; Interable Discretization; Soliton Solution

AR AKNS FERATIRERL

I f, KW, FEL
ORISR 5 RGER e e, TR
Email: 2456953692@qq.com

Wk H): 20134E 9 H 13 H; &MIHY: 2013410 1 8 H; A HY: 2013410 /1 16 H

& B ASCEEWI AR T AKNS TTRERI TR UL . SEXTRE A R AKNS J5 R B
HIOW N 3 K07 7232 F Hirota 777 A1 Maple SR i 17 H T N-9ICF ;SR 5 0] 4 2o X v & 4L
JIREA I AR AT B UL, 1SR B RO M S RO RE I AT 1R B IE I IE = AR
BATH ) - %277 AKNS T

S@iE: AKNS 7R Hirota 77 ATRESEUIL: TITAR

1. 5|5

FEAFELS T, AKNS 7772 F 2 AR RR JE— BBk, b BAA EE MY 5, BT DR —
JFEB, X T AKNS 75 FERORT A g sicbpis XY, B H RN IE AT 821 AKNS TR C 4R T
WHET Y, X T AN AKNS TR, BRSPS AL I T B EL AKNS RGN R S0 gs M0, T K%E 81
SCHR[B] 45 HYIX 3 AKNS J7 F2 1 2 38 BT 30 R LA . A SCHE X S8 TR (357t 26l Hirota J7 3R T
AKNS 75 FE I 2 B BOR 2R S N-IL T8, B2 1% AKNS J7 210 2 B 0% kA7 2 B Bk F sk B 7 AN T,
I JE B I Y AR A B 22 4 - 255010 AKNS R . IO REAE AR J12%,  ARZR M A 25 a8 iR B i A
RER LA ST, R o AT 7 B A ES RS .

Open Access 159



AR S| AT AKNS 7 RN A A B UL

2. AKNS 5EHIERI{L

2 8 — B — B ) i ) . AKINS 3 i) 8

B (= oa) (4
{7 (2

¢I=N¢,N:[R S),
T -R

L5 ARAIE R B t 1IN ) A =X

ok q=q(tx).r =1 () R ADERIOREH B, 0 RS, R SHT RAETER (t,x) Bk qr AikSH
p R R KR M N KA S, B0 T
M, =N, +[M,N]=0,[M,N]=MN-NM .

B R RREURTT, T AR RS 1) AKNS il 75 REI

[?1 -t [_rq}(”=l2,3,...)

L=x0+2(q,-r)" 6‘1(r,q),1c=[_l 0] :

0 1
a) (-0, +29°
r), \re—29r% )"
%Lﬁﬁﬂ%:%%Am&ﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁq:%J=2H&ﬂ&ﬁﬁ?@ﬁ%ﬁ?ﬁ:%A@ﬁ
IR P 2L

A n=2, ATLREEET LT

(Dt+Df)g-f:%<fo~f+Zg~f) Q)

(Dt—Df)h~f:—2(D5f~f+29-f) Q)

H1 LT LATS 3N 21 R (W 1 2 807 7

(D,+D})g-f=0 ©)
(D,-D)h-f=0 4
D?f-f+2g-f=0 (5)

Xt R (R)~(B) AT B Btk, 4: D? =2(coshD,-1), JifE(3)~(5)Fl ei’s et ity 2O (th k2 )5 2 (3)~(5)
()2 B RO PR )«

(D, +2coshD, -2)g,- f,=0 (6)
(D, —2coshD, +2)h,- f =0 (7)
(2coshD,-2) f, - f, +2g,-f, =0 8
R
O fo—00- fi+90- foa+ 90y fra—29,-f,=0 9

160 Open Access



AR S| AT AKNS 7 RN A A B UL

hﬂ,t ' fn _hn : fn,t _hn+l' I:n—l_hﬂ—l' fn+1+2hn' fn =0
fn+1' fn—l_ fn'gn_gn'gn_ 1:n' fn =0
XH f(n) 5 g(n) &R T BBUEE nRE, @ XM HETe™,
e f(n)-g(n)=f(n+e)-g(n-¢)
Hp 7 e AEHER £ (n)-g(n) i, A
e*™f(n)-g(n)=f(n-¢)-g(n+¢)
2 Jaiz F Hirota 7772:LL & Maple 1] 3R 5 FE(9)~(11) ) N-IK-Ffi, FR T is g ix BAVH) H 2-9K 7 fifk -
g, =€" +€” +a(11,2)er"™"” +a(2,1,2')e?"
hn =g g% +a(1| 2,1')e§1+§2+'11 +a(1’ 2, 2’)e51+52+772

f,=1+a(ll)er™ +a(21)e?" +a(L2)e™"™ +a(2,2)e?"™ +a(1,2,1,2)er 2 mn

F

(R’
R
. :_(Mi—l)z
M2(R-PR,)*
a(Ll’,Z'):— 1(21 2) .
M,R 1) (M,P, -1)
a(21r 2!)2_ MZZ(F;._PZ)Z
MR, ~1)* (M,P, ~1)°
o) (MM
(PM,-1)*(RM, -1)°
a(lz 2/):_ P22(M1_M2)2
' (RM, -1)* (R,M, -1)°
PM
a(ll)=—-_-*—
( ) (PlMl_l)z
PM
a 2,17 — 172
( ) (Ple_l)2
PM
a 1'2! 271
( ) (P2M1_1)2
PM
a(2,2)=-—=2-2
( ) (|32M2—1)2

Open Access

(10)
(11

(12)

(13)

(14)
(15)

(16)

(17
(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25

(26)

(27)

(29)

161



AR S| AT AKNS 7 RN A A B UL

2 2
a(l’2,17,2v): (PJ.Z_PZ) (MleZ) Mll\/ZIZP].PZ > (29)
(MR -1)" (MR ~1)" (M,P, ~1)" (M., ~1)
HERBTFEQG)~G)E F A N R A
f— f.e” (30)
g—g- VAt (31)
h— h-e>*/t (32)
KW o, pREH, MITHE(6)~(B)1E T3 T g AEE
f o f e (33)
gn - gn : eamﬂt (34)
h, — h e/ (35)
IR I AR 18 % T B[] 285 A ) SR 5 FEAE R 518 4 0 AN AR () «
fnm N .I:nm 'ean+ﬂm (36)
gy — gy - (37
hnm SN hnmean+ﬂm (38)
XHt=ms, mi2iE%. : . f
AT Do, =991 F g pnor oM Iy em R TR A R
i, at dt dt  dt
df AT emid em
E—wl[fn L] (39)
dg A amd am
5 20 e -ar] (40)
dh irma m
E—wl[hn t-hr] (41)
P 15 31 56 T I 8] 2 20 B R 1 B
Dg,- fo >5[ g fh g £ 2
Dth'] . fn N 5—1[hnm+l . fnm _ h1m . fnm+l:| (43)
X7 2 (6)~(7)fd FH (42) F1(43) 1 15 B 4 4= B B XU A% 7 2
ng+1 : fnm - grr]n ' fnm+1 + 5|:grr1n+1 : fnri]l + grrmn—l : fnTl - 2grr]n : fnm:| =0 (44)
I‘]nrm.:L : fnm - hnm : fnm+:L - 5|:hnn+‘-1 : fnTl - hnm—l ' fnTl - 2hnm : fnm:| =0 (45)
HH T 77 F£(44)~(45) 7575 #(36)~(38) A2 28 19,  FIt AR H %5 & 7 72 (44) ~(45) I A8 & 75 F£(46)~(49):
op A7 —gp £ o g e g - 200 £ ] =0 (46)
g:Hl : fnm - ng ' fnm+1 + 5[92111 : fnri]l + grr1n—l : fnTzl - 2g:ﬁ ' fnm+l:' = 0 (47)
LA A LR A AR A B 9

162 Open Access



AR S| AT AKNS 7 RN A A B UL

hnm+l : fnm - hnm : fnm+l - 5[hnn1-;1 ' fnn—ql - hnm—l : fnTzl - Zh:‘l : 1:nmﬂ:| =0 (49)

7 FE(46)~(49) 1L 5 FEAT #2(36)~(38) /2 NAEH, H. 7 FE(46) T FE(47) J7FE(48) M1 /5 F2(49)iE id 1& 24 Ay AL b

AFHn] LAE AL, 76 SCHER[8]H B 51 F A A 4518, X7 2 (8)AE AL # (36)~(38) T tH /& fRHF AN AL 1y, b FR AT 175
2 (6)~(8) ) 4= B HL I R E T

grr1n+1 ' fnm - ng ! fnm+1 + 5|:ng+1 : fnn—]zl + g::l : 1:an-]l - ZQEM : fnm:| =0 (50)
N A A L PRR A A ARl Kt Al 0 (51)
nTl ' fnrfl - fnm ' fnm + grr1n ' hnm =0 (52)
i H Hirota 773K H 5 2 (50)~(52) ) N-IK-F i, X H4A H 2-9K-Ffi#:
g, =€"+€” +a(11,2)er"™"™ +a(2,1,2)e> " (53)
hn —eft o2 4 a(l. 2,1')e§1+§2+'71 + a(l. 2, 2')e51+52+772 (54)
f,=1+a(Ll)er™ +a(21)e?™ +a(1,2)er"” +a(2,2)e?" +a(L2,1,2) et e ne (55)
Hor,

p(”*’h)
gh = i 56
o (59)

M (o)
e =i 57
o (57)
im _ Pi—2Pi5+5 (58)

R(1-6R)
\Pim:Mi—5+25Mi (59)
M, (l+ oM, )

LR HS I B HIOW 1 T 07 72(6)~(8) 1 2 IR (X AH B A% AH ]
ILTE @ I THT (9 A A 4 B OB 2R 1 77 T2 (50) ~(52) e A R AR e 22 43 - 20y 7 e, St 4

oy = vy £ (%0
h=up A7 0
045 #(60)~(61) 5 N F A5 H(50)~(52) 1, A
m m+1
e VL ] 20 =0 (©2
m fm+l
U Uy =S U~ |- 25 U =0 €3
e 9
fnTl ’ fnT:J[1
Fm ~ .I:nm+1 . fnm B fnm . .I:nnjzl (65)
! fnTl ) fnTl fnm+l : fnTl
fnm . fnm

Open Access 163



AR S| AT AKNS 7 RN A A B UL

H I 7 #2(62)~(63) I AL il i T I 2

A AR S VAR il VARV B R RV (66)
Ut — U+ S 1=V Ul TR vl + vt |- 26y =0 (67)
S8 WS D W LE A CE ST
re,  fmtefm o 1-vieuy (68)
Fm = f m fmIl - 1_Vm+l'um+l
T gm
n n-1

S 3220 - 24> AKNS 772

Vi =V S 1=V u e[ v |- 28 vt =0 (69)

urt = U+ S[1-vur | [V + v - 26Vt =0 (70)
m m+1 m m m

S

3. INEE

ASLCFEZMCT FHILAE: 1) XFEE 0 AKNS TR B RO E IR U0 Hirota I ik g AT sk, 381 7
ERIHH N T 2) XFEE ) F AKNS J7 #2194 B HORZ MR b7 7 e iide, I M Hirota 775k 45 1
ERHOWL TR N T fif; 3) JHIIE AR HOR M 27 - 270 AKNS T RE, (EORIS AT R hFix3k
JIREARGRAI KPR 5, R AT OF AR O BB BA TR AE S SR X e 13 20227 - 2250 AKNS J7fE
AR REATRIE T .

BE Wk (References)

[1] Bi, J-B., Sun, Y.-P. and Chen, D.-Y. (2006) Soliton solutions for nonisospectral AKNS equation by Hirota method. Communications in Theo-
retical Physics (Belijing, China), 45, 398-400.

[2]  Sun, Y.-P. and Chen, D.-Y. (2006) Integrable couplings and new exact solutions for the nonisospectral AKNS equation. International Journal
of Modern Physics B, 20, 925-935.

[8]  #EEIFT (2007) (2 + DAEILT T RERRE R S TR S, _RilgRyE, L.

[4 R (2007) HFEHCTIRRG ARG K AKNS I RZ R, Ry, b,

[51 BRsF4F (2011) “F-EHL AKNS RGI0 R R B/, Rig R, Bl

[6] TOR%E (2011) —&INT 5 AR AT BB Bl LI R, L.

(7] #hELE, TH, HEE, iR (2013) D-AKNS FREMRBU LITHE. 2244 F 44K, 2, 276-284.

[8] Hirota, R. (2000) Discretization of coupled modified KdV equations. Chaos, Solitons and Fractals, 11, 77-84.

164 Open Access



