36 3 ( ) Vol. 36 No.3
2012 5 Journal of Jiangxi Normal University (Natural Science) May 2012
XEHS: 1000-5862(2012)03-0271-05
1,2 2 2
b 2
(1. 541004;
2. 541004)
.
KpEiA: ; ; ;
HEDES: 0437 SMERFR SRS A
0 315 , a(z,T)
CF ={a(z,T)=6(z)exp{ily (2)-2T1}, Az) w(z)
(MI) ,Q ).
) a(Z, T)
’ ’ ) a(z,T) T
(-2, L.A.Ostrovskii®*  MI o , T
, MI 0, Q a(Z,T)
5] [6-8]
a(z,T)= Y, & (z)expli(k2D)], (1)
[9-13] |¢[>0,keZ
s &k(Z) k
; |a|<1, a(z,T) 2 ,
(4]
A=(JPy +6,(2) exp[i2T |+, (z) exp[-i2T])- @
' explig(2)],
’ (2) &k(Z),kG{—l,l}
% ay(2)=U(2)explig, (z)],a_,(z2)=U(z) exp[ig, (2)],
’ . CF={a(z, T)=
) U(z)explilg, (2)+ Q2T 1} +V (z) explilg, (2)- 02T}, U(z)
A=(JRy +a(z,T)) explig(2)], =) o
CF,={a(z,T)=U cos (Kz— @ 42 46) ’ b
CF. -
.QT)+1VSIH(KZ—.QT),K s Q )[15'16] : [21-22]
CFy={a(z,T)=U exp[i(Kz—QT)]+iV exp[i(Kz—QT)], K , ,
L0 e (219201 2 (5 w) 4 (U ¢4 TV 4
ks BHA: 2011-12-19
E&WA: (60972054), (2010JGA121), (X12Z011)

TEHE N (1978-),



2012

272 ( )
ol Vg, =CV+yV>+2yUV +yRU cos(d, +4,),  (10)
V=yRUsin(¢, +4,), (11)
C=rF+pQ* /2. (8)~(11)
U=r,
s R = i v S i 3 U=yRUsing, (12)
1 AR e coss. 0
$=0,+9,. (13 oW (
),
04 i 8*4 | ¢5:C1+}/Pocos¢. (14)
E—Féﬂﬁ:lyhﬂz A, (3)
g ‘ ®) g2
T |U explig, [+V exp[1¢v]|
A=B xclis(a), @ 2 (jvesstig, o7 explia, I )-
$(2)=7hRz . ©) 4ZPU2 | .
: 770 (_+°°S(¢“_¢f))sln¢=2yﬁ,sin¢. (15)
A=(JR, +U(2)explilg, ()+QT 1} + ) U explig, 1+V explig, ]
V(2)explilg, (2)-QT D) expligh(2)]. (14) z
(H~@3)
> i ' * ﬁ 5 Z 4
L—I_m[z(A A=A+ 2VAP 214 }dT. (6)
: A . 2 RMIEAE
R oL _, 2.1 (f<0)
54" 0z 0(o4 /oz) OT (o4 /oT) 04" Q=
A3). VArR /15|
Q) (6) A(z,T)
(6) 0<T<2m, (14)
9=y By=|BIQ* /2)+y By cos g. (16)
L=1[-P’y+y(U*+V*)+4y BUV cos(d, +&,)+ (1)~(13)
U2y Py+ 2> +4yV* =24, )+ (7 { SO
) o ¢=-2arc cot >
V22 Ryt 22 -24,)]. J-BéyF+p2) -
b b L X=UP y=12 1 >
G b T) coth[Z.Q«/—ﬁMyRﬁﬁ!) )(z+C)H,
c .
H oy =r{y(X>+Y?)+4y B XY cos(g, +4,)+ 211 #HIAENFREAE(Q<Q = J4yF/|8])
X2y P+ 2> +4yY)+Y 2y Py + f2°)] , ¢
_ . 1(a) ¢
D ,
d oL oL ’
__':_:> b
dzdg d¢ z (CFy CF,)
®)

Ug, =CU+yU>+2yUV* +y BV cos(4, +4,),
)

U=yRV sin(¢, +4,),



273

(16) (13) :
: (13)

Yoo
J-B@yB+p2?)

¢~nm—2arc cot {

cothGQ —ﬁ(4yPO+ﬁ.(22)(z+C)ﬂ,neZ.

>

(15)

10
2(£2;2)=2y P, sin {nn—2arcco‘{\/ ﬂ(4fP 52 :l
- 0

coth(%g,/—/}mypo +ﬂQz)(Z+C))]}

U(z){c2 (2}/1’0 +pO2 -2y P, cosh(\/—ﬁQZ (47 +p2)

((z+G)/ 2))} /ﬂff (4y Ry +p2%)

c G , G (17
, U(2) z , 2(a) ,

#(0)=0,U(0)=1

U:1+27?Pg(1—cosh [%Q«/ﬂ@yﬂ) +02* )ZD.

212 FAREXTBLIAF( Q>0 =\J47F) /| B]) MI
’ z(b) * ’
#(0)=0,U(0)=1

U=1+27/7P(2)[1—005[%[2«[,3(47/}30 + 0 )zD

1(b)
1 5 >
s z N s
(Z_)OO) > 5 5 s
B=1,7=0.1, f=—0.01, 2= 020002 , , 3
¢p—¢,=2.73809. 2.2 (p5>0)
(15) 2,=8 (£2;00)=2yF, sin(¢,,)=0.783 8. (13)
) $=(y P+ 2% | 2)+y P, cos . (19)
(19), B>0,
U=yPUsing. (18) #(0)=¢y , ¢
(17) (18) , , ¢
1.0
2 I L
ogp\ 000000000000
1 I —‘g 06 -
:‘; o § ' 0=0.2009,
* 04 L LR AR ST
T - CHRAANE
2t 0.2
-100 -50 0 50 100 0 100 200 300 400 500 600
z/m zIm
(a) (b)
. P=1w ,y=0.1, [=-001ps’/m, £2=0200L2 . (a) #(z) ( #(0)=0
$(0)=n ). (b)

1 ERRE SRR IR E



274

( ) 2012

7000 F
6000 -
5000 f
24000 |
3000 -
2000
1000 f

L0} - R R
X A W A T A
o6f b ¢
Soaf |

02l

 (2) £2=0202, ; (b) 2=1.0250.
B2 HESHP~SI0W, y=0.1, f=-0.01ps’/m, $0)=0, U(0)=1)T FE# A% R 18 L E

SN
NN

0 10 20 30 0
z/m

_ O = N W

g(Q.z)/m”

: RB=10W,y=0.1, f=—0.01 ps* /m, £2=1.02502..
B3 #ManEXTFIEFRIMERK NN ELE
BEfE e B R T L

dx 2 |a+b
J' = / arctan
a+bcosx a+b\a-b

(a*>b?),
(19) , ,
] -
(7P + 2% 1 2)+y Py cos ¢

a—_btanf -C,
a+b 2

=z+C=>

tan[(z—C)\/g.Qz 2y P+ /z)J:

2% /2
T s
0
§(z)=arctan | |2AHP2L 12
B2* 12

tan((z—C)\/g.Qz 2y B+ p2* /2)}}

>

Y Y
T: = bl
\/ffﬁ(ypowgz/z) o2+’
(15)

(12)

(20)

. (20)
2.3 (2=0)
, MI
Q=0=J4P B . (16
9=yF, (1+cosg),

(21) #(z)=y Ry tan(z/2)+
CC .
g(Q;2)=2yFysing=2yF, sin[tanz/2+C],

B

g(Q.z)/m™
\

zlm

B4 IaFRIBERMNTIRZERFR LRSS

3 NG

1)

(22)



275

4

(1
[2]
[3]

(4]

(3]

(6]

(7]

(8]

S 3k

Kazovsky L G,Benedetto S, Willner A E. Optical fiber commu-
nication systems [M]. MA: Artcch House, 1999.
[D].
, 2005.

Ostrovskii L A. Self-action of light in crystals [J]. Soy Phys
JETP, 1967, 5: 272-275.
Ostrovskii L A.Propagation of wave packets and space-time
self-focusing in a
nonlinear medium [J]. Soy Phys JETP, 1967, 24: 1189-1194.
Agrawal G P,Baldeck P L,Alfano R R.Modulation instability in-
duced by cross-phase modulation in optical fibers [J]. Phys Rev
A, 1989, 39(7): 3406-3413.
Pitois S,Millot G. Experimental observation of a new modula-
tional instability spectral window induced by fourth-order disper-
sion in a normally dispersive single-mode optical fiber [J]. Opt
Commun, 2003, 226(1): 415-422.
Tai K,Hasegaw A, Tomita A. Observation of modulational insta-
bility in optical fibers [J]. Phys Rev Lett, 1981, 56(20): 135-138.

[J1. : , 2008, 32(5):
521-524.

[9] Anderson D, Lisak M. Modulation instability of coherent optical

fiber transmission signals [J]. Opt Lett, 1984, 9(10): 468-470.

[10]

(1]

[12]

[t}

[13

[14]

[15

[}

[16]

[17]

[18

[}

[19]

[20]

Xiang Yuanjiang,Wen Shuangchun,Dai Xiaoyu,et al. Modulation
instability induced by nonlinear dispersion in nonlinear metama-
terials [J]. J Opt Soc Amer B: Opt Phy, 2007, 24(12): 3058-3063.
Zhou Wei,Su Wenhua, Cheng Xi, et al.Copropagation of two
pulses of different frequencies and modulation instabilities in-
duced by cross-phase modulation in metamaterials [J]. Opt Com-
mun, 2009, 282(7): 1440-1447.
[J]. : , 2008, 32(3):

353-357.
Gorbach A V, Zhao X, Skryabin D V. Dispersion of nonlinearity
and modulation instability in subwavelength semiconductor
waveguides [J]. Opt Express, 2011, 19(10): 9345-9351.

) s s (.

, 2004, 24(11): 1521-1524.
Abdullaev F K,Darmanyan S A, Bischoff S, et al. Modulational
instability in optical fibers near the zero dispersion point [J].Opt
Commun, 1994, 108(1): 60-64
Hickmann J M, Cavalcanti S B, Borges N M, et al. Modulational
instability in semiconductor-doped glass fibers with saturable no-
nlinearity [J]. Opt Lett, 1993, 18(3): 182.
[J]. ,2001, 21(6): 656.
Liu Xiumin, Zhang Xiaoguang, Lin Ning, et al. Modulation in-
stability in non-Kerr like optical fibers near the zero dispersion
point [J]. Chin J Lasers, 2000, 9(1): 79-84.
[J]. ,2010, 36(2): 274-278.
[J]. , 2006 30(1): 27-30.

Rapti Z, Kevrekidis P G, Smerzi A, et al. Variational approach to
the modulational instability [J]. Phys Rev E, 2004, 69 (1): 17601-
17604.
Wamba E,Mohamadou A, Kofané T C. A variational approach to
the modulational instability of a Bose-Einstein condensate in a

parabolic trap [J]. J Phys B, 2008, 41: 225403.

The Modulational Instability in Nonlinear Optics

JIA Lei-lei"?, SUN Shan-lin’, GE Ren-hua?

(1. Department of Electrical Engineering, Guilin College of Aerospace Technology,Guilin Guangxi 541004, China;
2. School of Information and Communication, Guilin Universityof Electronic Technology, Guilin Guangxi 541004, China)

Abstract: Using time-dependent variational method,modulational instability of the plane waves in nonlinear optical fi-

ber system has been investigated. Based on the Lagrangian variational framework, the evolution equations of phases and

amplitudes is induced, and by the numerical simulation of the solutions for the linearization of the perturbed equa-

tions,the evolution of perturbed gain power is presented.
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