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Abstract: In this paper, the explicit and exact solutions for a class of nonlinear Schridinger equation
with wave operator were studied. With the help of a specific travelling wave transformation, the equation was
transformed into a dynamic differential system, its singularity was obtained and its type was given. A set of
explicit exact solutions of the equation were obtained by the direct integral method in special cases. Finally,
the new forms of explicit and exact solutions of the equation were obtained by using the preset Jacobi elliptic
function method.
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Tu +ia(u, +u,) +8u +8 |ul?u =0,8+#0, (1)
S e, ) SRR S ITOEC Tu = u, - u,, +yu, RHEET; ¥ =~ 1 a,8,7,0 BIIHHG u, =
ou/dx yu, = ou/dt 3 u, = O u/ot’ ;u, = ou/ox ju, = 9 u/(9dx) ,

9 13 ’ un b x

1 ARAITEZH®REN RS
Wt (1) BRI
u(x,t) = @(&)e ™, (2)
HP & = w—ct + &0 AR, ¥ o) idHe .
# (2) A (), BRIT R
(¢ =1 =ye)g" +i( = 2we =2k + yo — yck + a — ac) @’ +

(B +8 - - yko —aw — ak)p +Be’ =0, (3)

el (3) SCaBS MRS, WIS N # R e
(=1 -ye)g"+ (K +8 -0 - yko —aw - ak)p +Be’ =0, (4)
(=2wc =2k +yo —yck + a —ac)p’ =0, (5)

i (4) H,
" = (K +68 -0 —vyho —aw —ak)e/(1 = +ye) +Be’ /(1 = +y¢) & ap +bp’, (6)
Hrh:a = (K +68 -0 —yhko —aw —ak)/(1 = +y¢);b =B/(1 = +ye);¢ # 1 +yc,
L desdé = f, 5 (6) B AWM T RS

{d¢/d§ = f, x )
df/dé = ap + by,
B (7)) AT TR, AR S U
F2/2 = ag’/2 + b /4 + ¢, (8)
Hrpe, WBUFEEL ROIRIE, S e =0, AlfG
f2/2 = agp’/2 + bo'/4, (9)
TEE (9) B R &
H(p.f) =f>/2 —a¢’/2 - bp'/4 = R, (10)

Horp ROESIHAL
WRiEar g X, 23X (7) FT%F, B2 (7) WaH a(0,0),60,,(£ V-a/b,0), JifEH
(7) AHXIRLAY Jacobi AEF4

J = [ " 2 1]’ ()
a +3bg® 0
O N RRIE 2 30X
XM= (DA + [J]=0, (12)
TR or(J) = 0, SCHARHE 7 #AE Sy
A= (a +3bgo2) =0, (13)
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1) MR 0 (0,0) B, B (13) BHA’ —a =0, 1) Ma>0,b <O, A, =+/a, it
i o (0,0) s (NP1 FR),, HAARGER: i) %a <0,b <O, A, =ip(p e R) , AT
o (0,0) Hyrhuls (WA 2 FR) , REBAMHERGE (i) e <0,b > 08, A, =ip(p e R), IR
o (0,0) Hyrhul (WP 3 FiR), BEBIMERE: v) Ma >0,b >0, A, == /a, B o (0,
0) Ky (b4 i), RAREN.
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The situation of singular when a<0 and b<0

Fig.1 The situation of singular when a>0 and b<0 Fig.1
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Fig.3 The situation of singular when a<0 and b>0
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Fig.4 The situation of singular when a>0and b >0

2) HEHLER0,,(= V= asb,0) B, BB (13) ZEHA° +2a =0, 1) ¥a >0,b <0H,
Ay =ip(p e R), AT 6,,(= V= a/b,0) Hrfts (WNES FiR), A5 60,, Mk EARE i fE ;
i) $a<0,b<0ff, A, =% V=2a, WA 6,,(£ V/~a/b,0), AELE; i) Ha <0,b >00F,
Mo =%/ =2a, W6, ,(+ V—a/b,0) RS (A6 FIR), REE; iv) Ma > 0,6 > 00,
A, =ip(p e R),0,,(x V~a/b,0), NFLE,
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Fig.5 The situation of singular when a>0 and b<0 Fig.6 The situation of singular when a<0 and b>0

o =08 - 2wc =2k + yo — yck + a — ac = 0, (14)
D) M o' = ORF, M e(€) = C, CHHEL AT ulx,t) = C4™) 4 € = 5 LI, ulx,0) Ry
F£ (1) #Y Stokes fift
2) Y8 -2wc -2k +yo —yck +a —ac =00}, "SR o =
v # 2c,
iz (9) 33

(a —ac =2k —yck)/(2¢ = y) ,

(de/d¢)? = ag” + bp' + 2R = b(¢*' + ap’/b +2R/b) (15)
BHRE " +ap’/b +2R/b =0, W (15) W LG A
(de/dé)? = b(@* +ap’/b +2R/b) =b(¢" —¢)?, (16)
Hifra® = 8bR,c = - (K +8 -0’ - yho - aw - ak)/(2B) o TEX—FFHREHT, A
dp/dé =£b(* =¢) =£b(¢ - ¢,) (¢ - ¢,), (17)
Hh g, = e p = -Je BT (17) R, Kb > 0,c >0,
XfhRE (17) HIERUY, 13
o= (¢ +¢,)/2 - (@, —¢,)tanh[ + (¢, - ¢,) Vb£/2]/2 = = Jetanh[ + Vbe£ ], (18)

=+ /- (K +8 -0 - yko - aw — ak)/28 tanh[ +
= ye) [P R (1) I S ORS B  B H

¥ (18) RAKX (2) 15, wlan)
(K +8 -0 - yko - aw — ak) (£)/2(1
it A
2.2 HEEBRITE
2.2.1 Jacobi i[5 1F 5% pR R TT 1
B (6) mfryiEat

o(¢) = i}Fisn<§>, (19)

Horr: Foon YIS0 4G sn(€) ZIRIIEZ RS m e (0,1) AL,
U, st (6) M b A A e s IR LS, A% n = 1, BUURADERY
(&) = Fy + Fisn(€), (20)
MR IR pR e T, 5 28 (20) ARAR (6), 5. aF, + bF, + (F,(1 +m®) +aF, +3bF.F,)sn(¢&) +
3bF Fisn®(§) + (bF} - 2Fm*)sn’(¢) =0, B PRI, 5.
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aF, + bF, =0,
F,(1 +m®) +aF, +3bF;F, =0, 21
3bF,F =0,
bF; —2F,m* =0,
fil 15
F, =0,F, =+ \/2m’(1 - ¢ +yc)/ﬂ,k2 —(a+y0)k = (1 +m’) (¢ =yc -1) + (& =8 +aw), (22)
F,=0,F, =+ /- (K +6§ -0 - yko - aw — ak)/B, (23)
e R (22) &M, MR (1) WK R .
w(x,t) =+ /2m*(1 = ¢ +ye)/Bsn(x —ct + &) e, (24)

HrpEsRB(1 ¢ +y¢) >0, (a +yw)” =4[ (1 +m*) (¢ =yc-1) + (0 =8 +aw)] =0,
HEE m — LI, sn(§) —tanh(§) , X (24) &K
u(x,t) =+ v/2m° (1 = + ye)/Branh(x — et + &) e, (25)
2 (25) EEFCHHRE (1) BebdiiE. 2 (1 - - ye) > 0,8 < 0B, FEIRLMEFT, —fBFk
1% VAN
HEE m — O I}, sn(¢) —sin(¢) , X (24) ZH
u(x,t) =+ /2m* (1 = + ye)/Bsin(x —ct + & )e' ™ (26)
XA S T O (1) 09 = pRECT- T JR 3 i -
FEE, 7EW e (23) &MFTF, BRI (1) MEh 7 m R g .
u(x,t) =+ /= (K +8 -0 - yko — aw — ak)/Be' ™ | (27)
2.2.2 Jacobi MBI 452 pR LB IT 5
TR (6) Wi

@(€) = F, + Fyen(€) (28)
MRAEAG P R A, #52t (28) MRASR (6), 18:aF, +bF] + (aF; +3bF3F, — F;(2m’ = 1) )en(€) +
3bF,Fien’ (&) + (bF; —2F,m*)en’(€) =0, 153
aF, + bF) =0,
aF, +3bF3F, — F,(2m’> = 1) =0,
3bF,F: =0,
bF, —2F,m* =0,

(29)

F, =0,F, =+ /2m*(1 = ¢ +ye)/B,E - (a +yo)k = 2m* =1)(1 = +y¢) + (& =& +aw), (30)

F, =0,F, =+ /- (K +§ -0 - yko - aw - ak)/B, (31)
e R (30) 50T, ffE (1) AURSHH 8 BIAh .
u(x,t) =+ /2m° (1 = +ye)/Ben(x —ct + &) e ™ (32)

HpERB(1 ¢ +y¢) >0, (a +yw)” =4[ 2m* = 1) (1 = +y¢) + (0" -8 +aw)] =0,
HRH m — 1, en(€) — sech(¢)

u(x,t) == 2m*(1 = & + ye)/Bsech(x — ct + &) e, (33)
st (33) EHHNHE (1) MEAISE, M (1 ¢ +ye) <08 < 0B, feligbtish,
o LR VA e

HHE m — 0 I, en(é) — cos(€) ,
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u(x,t) == /2m’ (1 = ¢ + ye)/Beos(x —ct + &) e ™" (34)
XFERARE 7O (1) B =ff pR &Y I S S
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HEER A (27) 4R 20
2.2.3  FHABZERI Jacobi #f [ pREURF1E
A 2.2, 1 F12. 2.2 P& vE, 4
e(§) = F, + F,B(¢), (36)
Hri =4,5,--9, 5 B(&) = dn(¢), BIFTSEI5E =2 Jacobi #[5] pR %k
F5: b, wnlPlg LB
sc(§) = sn(&)/cen(§),sd(§) = sn(€)/dn(€),cs(&) = en(§)/sn(é), (37)
cd(€) = en(§)/dn(¢) ,ds(€) = dn(€)/sn(¢),de(€) = dn(€)/en(€), (38)
X R ARt 2 Jacobi i[5 e B TT I BT 2R 07 FE (6) BB, ACAJETT R AT 45 2025 14 B
PR, BRI 2% ksl (19) —=U (36) MR, ASORNEEGER, 45T
u(x,t) == 2m’ (1 = ¢ + ye)/BB(&) e ™™, (39)
MAEEL m — 1 B}, dn(€) —sech(€) ,sc(&) —sinh(§) ,sd(€) —sinh(&)/m,es(€) — 1/sinh(€) ,ed(€)
— V1= m’ cosh™ (&) /m, ds(§) — Veoth(§) = m®,de(§) —m /1 + cosh’(§) o *BEH m — 0 i,
dn(&) — 1,sc(¢) — tan(€),sd(€) — 0,cs(&) — cot(&), ed(¢) — Vm' +1/m,ds(¢) —

V1 = m® sin®(€) /sin(€) ,de(&) —m /1 + cos’ (&) /cos(£) , F5LERIRAT (39) HETT LIASH) £ 4
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