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Fig. 1. (color online) (a) The external potential
V(z,y) and (b) the initial pulse E(z,y).
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Fig. 2. (color online) The evolution of the spectrum |E(ky, ky)|? for p =1+ 0.04i, ¢ = 10 + 0.6i.
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Fig. 3. (color online) The evolution of the spectrum |E(kz, ky)|? for p = —1 4 0.04i, ¢ = 10 + 0.6i.
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Fig. 4. (color online) The evolution of the spectrum |E(kz, ky)|? for p =1+ 0.04i, ¢ = 1 + 0.6i.

HE 4T LLES], Mt = 0.08 i, WILhEHshH I
T ARSI, e BB L kSR P KK
(k| fE /) AL b, T8 T BT R 1) o 17 T 2
BL. BEZE RN, 2t = 0.12 1, BEEIZET MK
KK (k[ MEROR) KA E R, B4 R
B, BE AR SN B RE BB W K. 2 ¢ = 0.15 1,
VIR B B B e B B R KR ALE, 1
IR AL Y, KLIFE ¢ = 0.18 5k AT LA 3138 2%
WK, 52 AT IS A R ), R 5, e
2 BRI kR AL AR (64, 128) 55 (128, 64)
BELLI T AL B, AR ERA T AL E, I Y
AL RE R MG K 7. 2t = 0.201, ¥IERIL
ZJ) 1 fie F AR Uk K 7 B 4k 488 1) K U K Ao A A,
(64, 128) 5 (128, 64) ZEL AL AeEIG RN, GE&E
Nk sE LA B AR, MR R 3 B T TR AL bR
(64, 128), (128, 64), (64, 64) 5L F 4 (128, 128)
FIT L RS X3, RIS A& HH R AE e 2 TAD 1 1/4 11
X3 N, I H7E (64, 128) 5 (128, 64) &L AbfE &
. G I A PR — A, At = 0.50 —E F
t = 30.00, Wikl 4 frow, AT LUK LR G BE &
F BT AE 18] 3 AN AN [R] 198 R 24 B B 30T X
W, X BT A IR X 8, 5 R (128, 128) 4bHY
Pl Ae B2 2 TR RENE, A5 8L S B G
I, BITE (64, 128), (128, 64), (64, 64) Kt X%, It
HAE3/ ML BRI ER . —BHIFHE 2t = 85, fE
IR ABERAE 3 M ANRIR Ok 2 v o B P

4 % #®

AL FEDR T AR R E B TR E R p
5 q W SHGR 3 1R/ IE SO B AR R A5

ma. 38 K& B BE R T DUK I, MR S R
p5 q BISEEGH 7 1 1E 7 DA R R H p B SRS Oy
IR /INET, 3 T AR AR & — FE IR, #0R JerE B
BifF 70 ) de 25 1) 5 ] A 8 R A R A B = A T o A
FooE i, I H o I 3P 4 | 30 2 1B DL B S s ] Y
FITMAS. M4 p = 14+ 0.04i, ¢ = 1 4 0.6i i,
B2 AR AR 2R AL 1 R BT, o] DU ISR
PR R A TN B R K R KA E
AT RS R ENE, IR, TG H I
Ja, iR A R B — % BTG I, Bl B
B R HERS , i 2 Tt IRAE T ke TRV IR 1 /4 (R X 35
W, Bl I TR — 20 AL, B 20 3 I e B T B
RAE 3N RIE % 28 vty 14D PRI [X 3.

T R T AR M e 1 5 AR R ) BRI
DA BRI ) AR R AR R 2, BUE B 7R I — A
NINBIRTRE RN B 8% 51 62 8 3 1R TR AN R 1 U
Kb A7 B AL e P 4 (03] DA IR IR %, I HL
R I E I EAL, REREREBRELS Mo
[F) 5 % vy A B B ai, BT SRR R B B A2
Gt AR R T IR TR L
IR &8 ST . RIS AR ST ) ARt AT Ll F 244 R
B AR B 1% BT U A E T
22 AW D R — S IR R} 22 A

SE3CH

[1] Zhang Y D 2008 Quantum Mechanics (2nd Ed.) (Bei-
jing: Science Press) p239 (in Chinese) [5K/KfE 2008 &
J1%E (BB IR (bnt: Blazmiial) 28 239 1]

[2] Zhao L, Sui Z, Zhu Q H, Zhang Y, Zuo Y L 2009 Acta
Phys. Sin. 58 4731 (in Chinese) [3%, K&, KB %, K
B, AE & 2009 PR 58 4731)

040201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract15800.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract15800.shtml

32 % R Acta Phys. Sin. Vol. 65, No. 4 (2016) 040201

[3] Goldman M V 1984 Rev. Mod. Phys. 56 709 [8] Yu MY, Cui SY, Zhao D 2015 Europhys. Lett. 109
[4] Zhou C T, Yu M Y, He X T 2006 Phys. Rev. E 73 65001
026209 [9] Ttoh S T, Ttoh K 2012 Chin. Phys. B 21 095201

[10] Feng C H, Wang W H, He Y X, Gao Z, Zeng L, Zhang

[5] Zhao D, Yu M Y 2011 Phys. Rev. E 83 036405
G P, Xie L F 2004 Chin. Phys. 13 2091

[6] Zhao D, Tian L P, Cui S'Y, Yu MY 2012 Phys. Scr. 86 [11] Nicolis G, Prigogine I 1977 Self-Organization in Non-
035501 equilibrium Systems: From Dissipative Structures to Or-
[7] CuiSY, Yu MY, Zhao D 2013 Phys. Rev. E 87 053104 der through Fluctuations (New York: Wiley) p169

Collapse and evolution of wave field based on a

generalized nonlinear Schrodinger equation”

Cui Shao-Yan' Lii Xin-Xin Xin Jie

(School of Mathematics and Statistics Science, Ludong University, Yantai 264025, China)

( Received 18 September 2015; revised manuscript received 26 October 2015 )

Abstract

A generalized nonlinear Schrodinger equation is numerically studied using the split-step Fourier method. For a fixed
external potential field and an initial pulse disturbance, the effects of the complex coefficients p and ¢ in the nonlinear
Schrodinger equation on the evolution of the wave field are investigated. From a large number of simulations, it is found
that the evolution of the wave field remains similar for different signs of the real parts of p and ¢, and different values of
the real part of p. The initial pulse consisting of the longest wavelength modes (in the smallest-|k| corner of the phase
space) of the spectrum first suffers modulational instability. Collapse begins at ¢ ~ 0.1, followed by inverse cascade of the
shortest wavelength modes to longer wavelength ones, so that the whole k space becomes turbulent. For p = 1 4 0.041i,
and ¢ = 1 4+ 0.61, it is found that first modulational instability occurs in the longer wavelength regime and the wave
energy is transferred to the larger |k| modes. Then the wave collapse appears with increasing wave energy. Next, the
large-|k| modes condense into a smaller-|k| mode by inverse cascade before spreading to the center of the phase space,

until a turbulent state occurs there. Finally, most of the wave energy is condensed to the neighborhoods of three modes.

Keywords: nonlinear Schrédinger equation, collapse, turbulence, inverse cascade
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