549 B 6 1) o F % Vol.49 No.6
2020 4 6 A ACTA PHOTONICA SINICA June 2020

5| M . L1 Shu-qing, CHENG Yong-xi, CHANG Feng. Generation and Modulation of Rogue Waves on Periodic Background
[J]. Acta Photonica Sinica , 2020, 49(6):0619001
A0 L BRCE TR JE T ST R O AR R[] F 4. 2020,49(6) : 0619001

JEI I o BRI A A A A i

’75'}}/7]:1%]‘ ’ ﬁi7k-§" ’ #éé
CRIE T8 #22Z, K 030008)

W O EATHABAERANT R PHRARERE L AL HANN RO AREELREL T TS
BA L ERRAkE ST HE Tk, % Térﬂiﬁ’ﬂﬁﬂ%‘( R Fe BN LT B R A g AL L.
MR EAR EMRFRAMBPT R TAHREETF @A MBLRLELBER;EZTAHT X T, AL T A HH
G 3k g Fn B HA Ak %Fiﬁ"ﬂéﬁy’oﬁf"%% EERRFEFT, ARG %S HE 8RBk,
W BRI AR TR REAER, BB TIER AR A fomit R, R FLHED
EAHEEE EFRETASABRERRAGRBERARERAD TELBK PR E R T BE, ARK

138 o .
XER . EEBRELHFFAL; Bak; ik o FAE 2 et ik A M Parity-time X AR
FESZES . TNI29 Irﬁkﬁiﬂﬁ!&:A doi:10.3788/g2zxb20204906.0619001

Generation and Modulation of Rogue Waves on Periodic Background

LI Shu-qing, CHENG Yong-xi, CHANG Feng
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Abstract: In order to study the excitation and evolution of rogue waves in the periodic background, the
excitation and evolution of rogue waves in the case of two kinds of periodic potentials (real potential and
complex potential) are discussed by using the split-step fast Fourier transform, according to the self-
focusing nonlinear Schrodinger equation model with periodic external potential. The results show that
rogue waves can be excited by plane waves with a little perturbation in both kinds of periodic potential
backgrounds. In the case of only real periodic potential, different optical phenomena can be generated by
changing the amplitude and period of the period potential. In the parity-time symmetry periodic potential,
a very large rogue wave can be excited, and the real part amplitude has energy dissipation and
deceleration effect on the rogue wave, while the imaginary part amplitude has energy gain and
acceleration effect on the rogue wave. Therefore, choosing appropriate real part amplitude and imaginary
part amplitude can generate large rogue wave with different intensity. The study can help to capture and
adjust the strange wave in the optical lattice, and get high power waves.

Key words: Nonlinear Schrodinger; Rogue; Split-step fast Fourier transform; Periodic potential; Parity-
time symmetric

OCIS Codes: 190.4370; 060.4370; 060.4510
0 35
PR — 2 5 3 L LR A0 B B 5 o1 — 3 % L 1 9 & B A P L L BV P T Ok

EE&TIB . HR QKRB S (No.11804245) , KR Toalk 2 B K i iR A 2 15 (No. XJ-JPKC-201904)
E—1EE W (1978—) L, BIELFR W4, EEHF 5T 1) 8 AR L2 . Email : lishug@tit.edu.cn
5 H #1:2020-03-03; R FA H#3.2020- 03— 27
http : // www .photon .ac .cn

0619001-1



D/ R S 14

JoRE £ ICER . M BUBUR 28 SR M ESR O 2 i 52 BAANTA E AL KHARIF C il NIKOLKINA T 41 i
S5 7 LT AR R g R AR Hy U v B D I S X T E S G 5 A AT IR SR I e R Dk
MG R P ALAAAE TR M2 B RS I G L HJEAE 2007 4F SOLLI D R 455 5 62 50 5
R B IR G, O PR B B WF ST L T IR — AR AR £ 2m DL R & PR B E 75 7 B (Nolinear
Schrodinger equation, NLS) VE 4 #5095 8, IR HY 1B A6 138 Ik A R0 s B A6 U A S0, At AT 18 5 1o D A
R IR SR FH IR A 28 48 1) 7 12545 B A AR i i — SE BT 5 AT AR A S e A S b R T R R
MR A . o A AR 2 8 R F T BB A DL 7 6 PR (B & 16 AT T IRSY % BLAE ST DD T BT B N i
ANV Bl BEAE AR L v SR A T T 7 AR BRI 5 SR AE A S 45 A 1 5 b A b R 7 R A P T D 3 n 4 )
18 5105 U 3% e 3 R o 5 D O A AR Y i 3 — B I ) AT 3R DG T IR F-7E Parity-Time (PT) X FK
A BT ARG ), IR TR T 4 T SR IT A SO AR E R B A A THE AR X R PT XS FR G4 i
J2 T BE A8 R P A SORE LA TE R 2 B 5 5 J7 i v 185 0 o 390 388 14 7 12 R B 5 3k 8 [

1 RBK R

AT RER A 5T RIS, R f AR A, BN AR 2R M B 3R AR 0 /K A i AP B AR A R 8
BRI | SR SR R d A i 5Ny L

i%+%%+V(1r)q+‘q‘zq=O D)

A g BRB—EZWN A, o TR AR .2 RARHE— LN REREIRE .V (o) BRI R (DOEEEF

S0 5 4 925 B A T )2
4+ 8iz

q(z ,I)(lmwjexp (iz)
R W WA MOF P 5T AR, R e =0, 2 =0 BHREIX B (1 e KRR | ¢ 0,00 | =3,
RARRIE 1, =1q(0,0) [*=9, 10 W5 R AIRIE | g, () | =1, 58 W0 N 1.
3 ok B AR AU AT DAGE B 4 2R DL X (2O 1R S 00 s i A% i 3 e o 15 O R X (D v B OO BB SCRR[ 12 ]rh
AR B AR L A DU T T S 3N RN B B R B A RE A 7 AR B AR L R T XU SR [ 12 ) 42 )
R 46 % SR FH T T e 3 B B R sh AR w0 id i B KR

(2

4
1+4xzj Rk

B LI E] D Y e MAUE— A/, B e<<0.1 AR A W 10 1980 . A8 SCHL e =0.05. 0 (3)
I WA 1 Ca) P B SEER BT s, DA (3D M SR 400 43 0 7 B2 AT 398 Jin 0 34 Ay e 2 1 O e v B9 3 A L 1] 1. (b)) B
75 AT LU RSO3 1 D 0 i il T AR PR S L I 8 A 198 3 ) 38 A SRR L 12 ] v o 38 fRtc o
Y TR T 38 e P U ) A B AS A [R] L 1 Cad v A i R 8 D0 9 9 A 458 i PR 1 (b)) = = 3.5 I B i AT 1A

8 ;
-------- z=3.5
Tt —z=0
6
5 L
~ 4 + N
3 L
2t
1
0 i | i R F g | i i
-15  -10 -5 0 S 10 15 =20 10 0 10
X X
(a) Intensity figure of rogue at z=3.5 and z=0 (b) Contour figure of rogue

1l BRESEABNELEBT R T RPHER

Fig.1 Evolution of rogue in NLS without external potential

0619001~ 2



BT LS5 SR T ST BRI SR A

AR T=7.5, HIB AR B A XSGR 458 , A1 SCHRL5-6. ] H 5K Hh 9 Bk Al B IR 45 0 — 350 2 5 i 3 #F DL =X
COAE NPl tH P 3h Pk 24T

2 LEPBEESTHERAR
BRI T LA 2 F A 20 P 7 o (EL 2 1 A 0 o R 5 22 A 8 D A B ST 4 06 M0
TIF S5 938 5 B R WK 8 B0 RT3 9 198 i

V)=V, cos’ [ll

A, Vo SRR ARG Wy BE L8 6 A% A R T TR B L 1 2 A B SR R
2.1 MEREITERBENZMm

RS AE RIE S N AR AR R, Y (=2, V<1 I B U L R A R A T T ST 4 0 A
L FTEE 1 B4 1E B2 R0, AT DL 368 ek P T 9B 30 (ol e B9 T 32 e B A G et AR R IR e 3 B AL i A 0D B IR R
(O 18I0 47 R B — R 4 J1 35, 33X ol 181 5 2K Bl Kuznetsov-Ma (KD R i gk 8 A 1 1 =2, PRI V, =2
BEAT R B E AL AT 2 o T NP Rl AR A o =0 BT 1) BB T 6 P8I, T EL B 0 114 56
W AT AN TR o TR 90 10 5 535, 22 0 D 3 10 iR B A Ol T RE A T I ML R D A BT R T 2(h)
] E 5 — A PR B B L X L SR 9 T v A S0 A AR DA b e e K A A e SR B ORS  A E JE
AR HT LA H I AR f9 436 2R AR AR SR L9 ) mb oA A gk 1 2 IR — 2.

&

4

Ne—

B

25
20
15
~
N

10

5

0

-20 -10 0 10

x
(a) Contour figure (b) Intensity figure of No.1 rogue
20 " : : . 20 : . .
* No.l e NO. 1
— No.2 — No.2 -
15} == No3 e
w10 ;‘—__———_-—_—_—__——__—___________—”1
5 St S -
0 - 0
1 2 3 4 5 1 2 3 4 5
Vo Vy
(c) Intensity figure with ¥/, (d) Location figure with

B2 sSsEBEZTHANER
Fig.2 Rogue waves on the real periodic background
Ry T IR S P S A i R D T I R 5 e [ SR Y = 2, SR S TR I A ek ) I i A SRS [ A
TG T LA GO VE R UG, 76 & A 283 () B 5 15 5 A8 v 0 T AR A% B0 A ] 2 Ca) o, I = AN BR800 1) i 2
NG HEANTR] Vo R R/ =B 0 5 B G R R Vo AR AL R AN &L 2 (o JroR , AT LU Y = AN B O Y o B I
A Y S 0 8 1 RR D OC B L AE T =11 FRFIz R (8196 2. [ Bt A 9 1 BRI S 0 0 A5 il o ] SO0 440 1 104 722 16 HE
LB 20D ERR T =AW O ERE VoA, vl LUE B Vo B3GR = AR By ol A

0619001-3



D/ R S 14

H GRS L BVREE Vo B3 B 7 B SR BLLAE RSV, >6 B A AR TR 2 ML =4, R T IE LR
522, 5 TR IR A AR e
22 FEBXMEEEEAREMTR

Ve R (3) Jy WA e o R ST P 43 A A FE I B, A Vo =3 AR R AR, s B A R L PF S R L Y
[<1 B, AR (3D 1 Ry 400 s U 3 Ak 1 TR RN A 1 A 8 BT 7= A i T 1 (b)) AR — A, BT L &) 91 K /IN , ol Ll
IE -3 3 B DA A 3 a7 LR AE O T 3. 25 R 1<<0<<5 B, R R DL (30 1R S 00 B I8, o Ak
B 2 —RER BRI IR G , X I 7E - Bifi 5 TR 400 0 385 O, B8 ke o B0 ) 0 8 A 3R, 3500 1) i B AR IR 2 (o) —REAE —
SE (145 JEE BRI OF 912 51 o T B 00 11 38 348 R 38 Vol A A (PR i i B AN B 2ok 20 S B, X SE AL 2.1 1 1Y
TR I P9 258 B A — 30, e A R P A

EE 2 1 =5 i 8 T 0 R 1 3 Ca) S 24 SR £ = 6, 759K L 3K (3) S 0 B ke I 1% Ak 25 v &L T o
HEL T IS AB BRI FS200 '] 3 (h) S X N A IR T A4 5 BE R AT) 4 U, DA T R RT DL S IR 1 R U RN Ak
Py AR TR 1986 42 AKHMEDIEV N fie BOoR T #EE 195 7 B2 09 JA Wi . 9Pk o AB IE IR i, & B A B
T JE P A e S SRR 2004 AR SR T S AT 1R B RONE 1) FE SR B A R ) AT A0 A A R A
AB I W i BOH B A 55 00 75 30 1) DR A I8 A AB IR I 15 %85 1) 114 6 2, I Ak 3 ke 78 iz T 400 34 1 0 309 ik
A5 3T i T L AR S T B A A T DR AR AN R AR A

8
|
—z=23

6l s 7=()

n ~ 4 F
2 L
0
-20 -14 -8 -2 4 10 16

t X
(a) Contour figure of breather (b) lintensity figure of breather

B3 EAHERETHERTF
Fig.3 Breather on the periodic background

3 ERMBEESTHERIAR

PT X HRIGA o v 118 320 o K0 52 o 8K, I HL SR 20 7 OC 102 8 19 18 0F R R 30, R 780 o O 16 ' 119 5 Xof

AR o 5. DR O 5 S F 5 7 0k e A2 S S A vl R A IR R PR D B v A L U TR A A ek O 2
Vi)=V,cos (22)—iW,sin (2x) (5)

AP Vo W e I T BE 3 b S — n] DA ik 1) 98 ] A 4 56 38 LA B 3 ] 43 A i 1 25 AN FE AR BL45 &
RSO EREBAIE —T V,cos(2x) A “ T —W,sin (22) 433 & PT M FRK R, B a5 £ R
AR L M B TN 4G 25 78 40 1% A 1] ] S0 R R AR S R S ) 9 o R R S w2 W =0 i, ) R R
A S A A R B R AN (O BB SR ] B2 B AT B AR AR — B A NSRS 2 e &
W A AR B e W70 IIE . 1 5 HS A SR 30 5 OB U BE L AT5 R e 4 =X (O AR S W)
9%, H e=0.05.
31 BRERIAZ

K FH B3 40 25 8 B i 5L (Split-step Fast Fourier Transform,SFFT) , k&% K W T 22—, &3 K&
A A I, e R 3 1 S 350 40 s 0 R P A W AT LA A — OB PR I AR B 4 2V, =0.2 H W, =0.6
B, DA (3D A SR 400 B e S %) b i 8 R 45 v 1 Ak ol R o o B — R KRR B R i i (2O Y
R BE 9, IR 3 T 56 AN FAA, Y PRI E A IE AR IE I B 5 AT UK F 145 AN AL T HE B IR IR RR
TR A BUR 45 4802 LA PRI EE & L T8 4 (b) S B 10 45 s 1. Dl 17 5 T A8 1R B b 4 2R i) SRt IR R 5 S8

0619001-4



2T A < JE U SR R I 0 A o

35 W 4 X LT A B
60
50
40

~ 30

20

10 +

10 0
x -15 -10 -5 0 5 10 15

X
(a) Intensity figure (b) Contour figure

B4 48K H
Fig.4 Big rogue waves figure
3.2 LERHRME AN A AR HRWE X 1% I 2 B Y B2 i
T SEHIE T [ R AR IR W, J5 S SEER IR R Vo PR I R A 2, W S (), NIRRT DUE Y W 43l
T 0.2,0.3.0.4 F1 0.5 BF Bl V, BRI, PR Y 5 TR R B, 0 B ORI SEER IR IR Vo AR/ IN AT DA D
AE AR FE , H Y SRR IRV =>0.5 I, J0I8 B SRR i Sk 22 /0, 86 U 1Y) B AR R T IR —AME L, 2 o (2 P
D e iR B 9. ML Pfal 1] LR M W K B8 D 5 T A AP 5 B R R R I W R R OR
P 5(b) o [ 58 SR IR IR Vo IS, BRI W, XS T Bl i 5% L T DL Y R R R W, S B
56 FEE % AT AN A0 B R TS R S IR R 0 /N T AR IR R B B 25 T LLE VN il ZRBBE L B R 1 A5
FRER L BBV, 8RR, BE Y 25 R
150

* i 140 ;
— W=0.1 s * V=01
125 | — W02 | 120 + . S V=02
o WiOB 100 1 /- V03
100 f, -- Wi=04 4 S Vi=0.4
* W,=0.5 80 +
~ 75 r 4 ~
60
50 |
40
25 L 2
0 . : . : : 0 . : : . -
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.2 0.4 0.6 0.8 1.0 1.2
Ve Wo
(a) Intensity varies with real part amplitude (b) Intensity varies with imaginary part amplitude

BI5 Rk GR E RE SEE AR tE R R AR 1R Y R M
Fig.5 The the rogue intensity varies with real and imaginary part amplitude
ZEA RS R SEE RISV, B S I R R TORN R A AR L R T IR e W, L A D AR R 45
iR B4 S T D3 45 AN ) A S5 R B AR R T LA AR A (R R EE A R U O B R W] DL B (A DL, an Al 5
(DS V,=0.12.W,=0.1 I, 88 KB A58 B nl LIRS F] 145 A7 & 5(b) ik £ W, =0.9.V,=0.2
B PEUE A SR EE R 130 AN s HE 2 W, =0.1 B AR Vi I Hg B2 AT 9 B IR PR IF A A8 3k Xl
A A TP BRI 1 7 AR RN T SRR — E I S E L

4 Zig

AR SR - TG 82 A3 T2 Bl 2 A D 0 e 10 2R R RSC(ELBEBL A 77 3 DL | SR AR AR e M e 2 75 077 46 Jon Jd 43 4k
PN BT BT T 5 A S S SR A S0 A o A5 0T B 8 1 A 0 L BIF 5 e B A R 300 A v R ]

0619001-5



D/ R S 14

AT A B B S (FLJR 77 A 3 T 1 o R 22 S R A 5 A 2 o S 5 I 0 7 A 3 90 S i TR R e 3k A 8
e JIT SR A B A B9 0 BEAH 22 AN 22 (B AE S A B A B RS D0 T 7 A B i A R R G 2 e R DA ) SR EE
PR Ay o R AE . 5 A S 8 3 P S0 34 e K ) J 300 RT L7 AR AN TRl 806 2 IR B AT DA™ AR BRI SCRT L AR AB I
M~ 2P S0 A 14 S i i R Aol P I8 R i AR HIOR DR 1) 1 T M S 0 R LA e B R i O ) £
JH T DL S 4% 5 3 ) G S 4 S D REE TS IR R T LA A A ] R A R

2% Uk

(1]
(2]
[3]
[4]
(5]
(6]
[7]
(8]
(9]
[10]
[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

KHARIF C, PELINOVSKY E. Physical mechanisms of the rogue wave phenomenon [ ]]. European Journal of
Mechanics B-Fluid , 2003, 22 603-634.
NIKOLKINA I, DIDENKULOVA 1. Rogue waves in 2006-2010[J]. Natural Hazards and Earth System Sciences ,
2011, 11(11): 2913-2914.
SOLLI D R, ROPERS C, KOONATH P. Optical rogue waves[J]. Nature, 2007, 450(12): 1054-1057.
BLUDOV Y V, KONOTOP V V, AKHMEDIEV N. Matter rogue waves[ ] |. Physical Review A, 2009, 80:033610.
AKHMEDIEV N, ANKIEWICZ A, TAKI M. Waves that appear from nowhere and disappear without a trace[]].
Physics Letters A, 2009, 373. 675-678.
AKHMEDIEV N, ANKIEWICZ A, SOTO-CRES J M. Rogue waves and rational solutions of the nonlinear Schrédinger
equation[ ] ]. Physical Review E, 2009, 80: 026601,
WANGX B, HAN B. Novel rogue waves and dynamics in the integrable pair-transition-coupled nonlinear Schrodinger
equation[J]. Applied Mathematics Letters, 2020,99: 105987.
LANZ Z. Rogue wave solutions for a coupled nonlinear Schrédinger equation in the birefringent optical fiber[J]. Applied
Mathematics Letters, 2019, 98. 128-134.
CHEN J B, PELINOVSKY D E. Rogue periodic waves in the focusing nonlinear Schrodinger equation[ ]J]. Proceedings
of the Royal Society of London. Series A, 2018, 474, 1-18.
CHENJ, PELINOVSKY D E., WHITE R E. Rogue waves on the double-periodic background in the focusing nonlinear
Schrodinger equation[ J]. Physical Review E, 2019,100: 052219,
LIR M., GENG X G. Rogue periodic waves of the sine-Gordon equation[ J]. Applied Mathematics Letters, 2020, 102
106147.
LI Shu-qging, YANG Guang-ye, LI Lu. Rogue solution of Hirota equation and its transmission[ ] ].Acta Physica Sinica ,
2014, 63(10) . 104215.
2T . BOGME . 224k, Hirota J7 R 9B S HoAR S Rt 0P 52 (0], Wy 3% 42 . 2014, 63(10):104215.
LI Shu-qing, CHANG Feng, GUO Zun-guang. The second-order rogue solution of Hirota equation and its transmision
[J]. Acta Photonica Sinica, 2016, 45(10): 1006003.
2RI LW S8R, Hirota 7 B RY Z Rl MO & fan e [T, DL 7224k, 2016, 45(10):1006003.
HU S M, MA X K, LU D Q, er al. Solitons supported by complex PT-symmetric Gaussian potentials[ J]. Physical
Review A, 2011, 84. 043818.
SHI Z W, JIANG X J, ZHU X, et al. Bright spatial solitons in defocusing Kerr media with PT-symmetric potentials
[J]. Physical Review A, 2011, 84 053855.
ABDULLAEVF K, KARTASOV Y V, KONOTOP V V, et al. Solitons in PT-symmetric nonlinear lattices[]].
Physical Review A, 2011, 83 041805.
LI Shu-qing, QIAO Shi-zhu. CHENG Yong-xi, et al. Cotrolling optical solitons in self-focusing Kerr medium by adding
potential barrier(trap)[J]. Acta Photonica Sinica, 2018, 47(9): 0919003,
W I LA K S &L IR & (B X IR T 76 B R 45 0 R0 BT i A2 iy B AR HILT ). O ¥ 244, 2018, 47
(9):0919003.
AKHMEDIEV N. KORNEEV V 1. Modulation instability and periodic solutions of the nonlinear Schrédinger equation
[J]. Theoreticheskaya i Matematicheskaya Fizika ,1986, 69(2): 184-194.
MA Y C. The perturbed plane-wave solutions of the cubic Schrodinger equation[]]. Studies in Applied Mathematics ,
1979, 60. 43-58.
LIS Q, LIL, LI Z H. Properties of soliton solutions on a cw background in optical fibers with higher-order effects[J].
Journal of the Optical Society of America B, 2004, 21(12): 2089-2094.

Foundation item: National Natural Science Foundation of China (No. 11804245), Program for Excellent Course Construction of Taiyuan
Institute of Technology (No. X]J-JPKC-201904)

0619001-6



