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Abstract

Homotopy analysis method is an effective method for solving nonlinear evolution equations. This
paper studies the homotopy analysis solutions of nonlinear Schrédinger equations. By converting
the equations into coupled equation groups, it gives soliton solution and periodic solution for the
nonlinear Schrodinger equations with high-order nonlinearity and dispersion. The research may
provide useful insights for solving similar equations.

SEAERE

NESIR: i, B, RWE, REUR, B, POCER. ARRMEEE S AR Re D] BEitEr, 2024, 14(2):
527-538. DOI: 10.12677/pm.2024.142051


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2024.142051
https://doi.org/10.12677/pm.2024.142051
https://www.hanspub.org/

w7 E

Keywords

Nonlinear Schrédinger Equation, Soliton, Periodic Solution, Homotopy Analysis Method

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

HARILR K Z KA ARZ M, S MR LE il 75 W0 S 7E I3 5 TCvk 70 o0 v IR LI AT ) A8 A e, TRIE
FERS 3 I AR 2R M AR (OB TR R B AR A AR MO R B AR R S AR (A 5%
AR R RN, MOV R, @ OFEAERERETTRE . Mo e, Mo iiesE, EF
SR TR T AR SEBr E B AER T2 (R« AARZR MR 7 R ], A AE R A B
FE R ISR V2 AAE TR AR . (5 EALE . IS . RN SV 2 8 8IS IR 5 1]

ARLE PR Ak 5 PR A2 HER R G B I 18] 23 I AGAT N ) — R AR M m s 20 7 A, 38 T LA I A A0
WAMR . 16 EBARABLEAIR, IR R T AR LR MV F B M N P, BN 05 AR B AR A R
KN EERTT [, (HAVFMM AL, AR, Bl i iir. B4R AME@L T 2/ E
PN A R T8 R AR 2R R A0 7 2, G0 Hirota XU 1% 5 25072 2], Backlund 2 4[3], Adomian 43 fi#i%[4],
CK B #22:[5] [6], Darboux 28 #:3%:[7], Wronskian $35[8] [9], (G’/G)-fEJFiE[10] [11], Tk Eu[11] [12],
Lie X[ FRIA[13], IREBURR[14], SEUCTHTVAILS) 2555 . JR4ER, VEN—RE RCRIBHM TR T, e
S HriZ(Homotopy Analysis Method, B HAM) (42 Hi 75 — L4545 2 1 )32 S HI[16] [17] [18]. PRN[AIfE
IR TR /NS WOmERAE T H BR800 Bt B4R T — A7 8 05 V0% ) B i
S, SR H SR 55 B 2 1t U7 R B0 Rt [19] [20] [21] [22]

ALk B 5 1 5 F2 (non-linear Schrodinger equation, Bl NLSE)/& JE£ P i k5 FE v () — AN B AR A,
RTINS AR MR, R R WAl E AN R 2 B R T LR AN SR XA
TR EXER S I R G iy TR . E 4k RSB A T T B A X,
Rl e AR . W IR FYEE. KB 255V 2 e bR il AR A DA G, 9 4 mT ARSI G £F 7 (1 690
T P4 A E. FERMORE B, BT R ST AP IHEURE . BEHE TR
Wisnrigash. | FES, RMHZ RN RAMNAEE S -, 1 AESEhr A FE A EE . &of
— 3T NLSE M 78R, B4R HAM SRIZIVIE TR, (EIUTAEEA % HE 23]

ARSCHETF A S Mgt A2l v B s v 7 AR K SRABEAT I 78, 5 2 W E RIS AT (K3 A )5 7
J&, FIFFRMERAE ARt B R 58 3 TR 18 M ds X A e R 2 e A s A E B R
LR PR e T T R R MRS AL I, SRIGTESE 4 A0 5 590 BIAT I AR A MR EEAT R 9 UG 58 6 114
HSCE I S T AL 4G

2. MRRMRSHERBIFLEREISHE
2.1. EHR AR
AR AR R

Nu(rt)]=0 (2.1)

DOI: 10.12677/pm.2024.142051 528 S H


https://doi.org/10.12677/pm.2024.142051
http://creativecommons.org/licenses/by/4.0/

& %

Horp VORARERMEST, u(r,t) NRRREREL ¢ A0t 23 RIS R AR &, e, K uy (r,t) RBCAIRZE
T RRITI AR AR, 3 B A A A A — 7 THI B e SR R AR L 5% A, [RIERTHB 2 55 FoR (A XA 7,
XFEA AR RSO [FE, FRAT R —ANMlBZE h £ 0 DL —/MHBIERELH (r,t) = 0, & Ui
BOZRMEST L £ (rt)=0 W L(f(rt))=0, Ji, fE8qe[0fEA—MRNESR, AHE— G
H[#(r.t:q),up(r,t),H(r,t),h,q]
(1= a)2[0050) - ()]} ~ahH (1A ol )]

i B R R, AT B IO 2 (4 B S h AR B R H (r,t) X T RAE AR B R E AR,
BARGE T AR RS ERE R o IR i T A BN 2 h AU B ER H (r,t) FISIN, (AR HROA)4A 5 U
fEug (r,t) AU BHZRMESE T £ I 3RATAT LA R Rk 2 ]

A F1E(2.2)5% T F W] 153

(2.2)

H[$(r.t;q).up(r,t),H(r.t),h,q]=0 (2.3)
B EM A R
(1—q){£[¢(r,t;q)—u0(r,t)]} =ghH (r.t) V[ ¢(r.t;q)] (2.4)

Forh g(r,6,Q) SRR PE RO, TK AR AT AR AR U (1) (O, TRABRNEET £ .
BYBh, SEEERECH (r,t) . BRI g AR A1 P T AR 5
HRA1S =0, BT ARAEN L[#(rt0)—uy (rt)]=0. HIL T 1R @2)i %

#(r.t:0)=u,(r.t) (2.5)
& q=1if, HTh=0 UL H(r,t) 20, BRTRA R IR A 2k i Iy i

N[4(r.t1)]=0 (2.6)
5

N4(rt1)]=u(rt) 27

MREE)~Q)FTUER], RN g I 0 ELERINE] 1 IR, (.t q) AVILETE IR ESLA AL
T AR AR U (), A EI X R LR AR I R R A

BEARAFAE RN IR AR TS, MIFFAE RN TR AT 1 . AT LR I TEA T 12T g SRS m ik, FEERAml 54
q=0, WUREAE| S TAR T REXS N ) e B FE 22 7 e

Llu, (rt)=Xu,, (rt)]=hH(r,t)R [u,,(r.t)] (2.8)
Horp
P 0, m=1
"1, m=234,- (29)
7l i (2.8) )

1 am’lj\/[qﬁ(r,t;q)ﬂ
(m-1)! aqmt

R (Unt) = (2.10)

|q=0
i EE R IR TEE m RHUE R B s B AR TR ANE ST £ XE R, (U, ) #BLAEE E K
RN T N 5t b2 i A R 5 u, %, il s A TR S, 2 m EUE A 1

DOI: 10.12677/pm.2024.142051 529 S H


https://doi.org/10.12677/pm.2024.142051

w7 E

B0, RIS U (18U, (18), e o ZEREAS n 2R T3 u(r,t) O n B AR
u(rt)~Su(r.t) (2.11)
k=0
BAR, BENTRARAAN TR T LA, AR 5]

0, (1) = %%Ampm””mi%dmﬂ (2.12)

1M FEME 7 £ BRI, #2.12) 000 £ RAERTE R, (U, 1. t) RS, BTl e T
Ry (Uppo 1 t) ZJ5, HEREIELE(2.11) /) 200, jﬁu”ﬂﬁﬁﬁﬂ’]ﬂﬁ)’l‘l&“ﬁf’?
PL_EA AR A RS 43 HTi2: (homotopy analysis method, Bl HAM)F#EEE .

22. PR ERERHERKE
XFRRAERI(L + DR IR R e 15 7R, B u () 2 Rk

.ou o%u
i—+a—+puu=0 2.13
& aaz A i (2.13)
b o RBEEEZOBREL B RATLRIEREL S u(xt)=V (X)) +iW (X,t) , V(X,t) FIW (x,t) LR
(AN |
o oW 2 2
Rt +B(VZ+WHW =0 (2.14)
VZ+W?2)V =0 2.15
A +'B( " ) (215)
WIERAAE TV (x,0) = f,(x), W(x,0)=f,(x), BATATHAER, & &=x—ct,
V(xt)=V (&), W(x,t)=W(¢) (2.16)
LRI T S I Ad
Vy(&)=2e" -2, W, (&)=207 —e™ (2.17)
133
LoV, W, m-l
Rm(vm_l):_;ci_j aglm Y [_mel ZvJ . .+ZWm1.ZW, . ,]
in v o, Imil (218)
R (Wm—l)z__ Ci—ja—ml"'aa—mzl_ﬂ[ Winai ZVJ i- J+ZW ~1-i ZWJ i- JJ
j=0 é 5 i=
W )= A3
V(&)=—e*+2e* +—e*h- Lesen Beten _pesen 32e2n_ Loy
35 2 5 35 14°
—«f
V,(&)=-e*+2e~ 4 & oo _goen 4 1 gtey _ggsey B4 gy €N
35 5 35 7
—10& 1,2 —9&£1.2 8|2 612
_de h +51e h _268e h +Ee’75h2—35792e h +ﬁe’55h2 (2.19)
3465 2800 2205 30 42875 840
564 e 103 oo, 3470633e **h”? 7136879 “h’
875 70 4244625 67914000

V3(§):---

DOI: 10.12677/pm.2024.142051 530 S H


https://doi.org/10.12677/pm.2024.142051

& %

LA
-
MQ@j:—yg+2€f—j£€“h+le“h—§€“h+2€%h—§g€%h+g—n
5 35 14
—2& -& 4 —6& -5¢ 16 -4¢ -3¢ 64 —2¢& 875h 48710§h2
W,(&)=—e* +2e° ——e*h+e>*h-—e“h+de*h-—e*h+—-———
35 5 35 7 3465
5le**h® 268e *h? . 13 o TEn? _ 39248e%“h? . 11218,55h2 212 o462 (2.20)
2800 2205 30 42875 840 125
118 . 3337003 *h” 8143969 “h’
70 4244625 67914000
W, (5) =
20 [ sthSolution ~ ---- 1st Solljtion

[u(?

-5 0 5
$

Figure 1. The first and fifth order homotopy soliton solutions
of the nonlinear Schrddinger equation vary with &. The

parameters in the figure are selectedas a =1, #=2,h=-0.3
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Figure 2. The error between the exact solution and the fifth
order homotopy approximation solution
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Figure 3. Curve of change of parameter c varying with conver-
gence parameter h
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Figure 4. (a) The evolution curves of the first, third, and fifth order homotopy soliton solutions with respect to & . (b) The

3D plot of the fifth order homotopy approximation solution with respect to x and t. The parameters are selected as
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