56 4 2007 4

Vol.56 No.4 April 2007

1000-3290/2007/56 04 /1994-11 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.
210017
2005 9 24 10 26
PACC 0545 4255P 4260
1.
1—6
SPM
o SPM
8—10 SPM
SPM
SPM
4—10 10—15
SPM
SPM

M S LD 10—14



4 1995
M-LD E, tep —j w,t+9, 2
S-LD Etep —j w,t+9 t
S.ID 10—15 . OF _ ] 1 iE B >
i5; = 201E+2528T2 Yl EI"E. 3
B L ¢y E
e =2 7 Ty r=
TIT
+ }Emcos ) ’
y L E zT =+Pyexp —azl2 U z T 4
d 1
E :5‘80 G - }’p 1 U Po
kE, .
+ — ¢m ¢ - A m
o, ™" ¢ EOT = PyexplU 0 7 . 5
16
dv =;]—ycN—GVpE2 4 3 3
oU 1 oU exp - az 2
E ¢ N ]g = TL)Sgn ﬂ2 9 2 - LNL | U| U
[ 6
C - I'v,alV. N - N, sen 8, = =1 GVD B,
V1+ EE
v, a T2
¢ LI) - I ‘80 |
r=vv, vV v, 12 7
E. Ny =n,V = —
s th ny, LNL yPO .
N Yo =0, @y +ay, 1 6
a,, Ay
Aw,, t, =2n,L/c 1 E
L ¢ Es N Nlh ns
n,=clv, I q E,=0.126E,
B. Y.=A,+ B NIV E,=E, $,=0 k=0.033 2—30 ns
+C NIV ? Aw 3300 .1 1
B c
k 1
» L/pm 350 A s 1.0x 10
oF OE  j , 9E «a > , -
r th vy E= I ELE wlyan 2 Brem 1 1:2X107°
2 d/pm 0.15 Clenf o] 3.5x107%
E 2 t 2 cm* s
a B B r 0.29 i 1.6619 x 10"
=1v, B GVD 4 n, 3.8 ale 2.3x1071
Kerr 1 aw/em™! 29 Be 6
2
1 P 20 Aw,/rad s~! 27 x 10°
2
3 1.2x 10 I/mA 25
T=1-zlv, v, /e




1996

56
0.2
= MO0 f
0.0 - - - - . ®
10 20 30
N t/ns
0 . . . . . 2
NO M ;
-1t € 04 ‘ 1
- =
i . . . . . © i . . . . ) e
10 20 30 0 1000 2000 3000
t/ns t/ns
1 a b c ¢ d ¢
z—> ™ 10
3 luvor
¢NL < T o= aLy,
v 2
3.1. = aPO | U 0 T |
B, =0 =L1Eo0T 1. 12
SPM s T=0
1.31 pm lU00 =1
a =0.44 dB/km (5, -
B _
=0 7=2x107 Wim™' . 36 P = T = TPozar. 13
B,=0 6 27> ® 13
ol _ j. 2 _ 7
R W Bl | UI°U. 8 ¢m_aLNL_ aPO, 14
12
UzT =UO0Texpijdy zT . 9
vor z=0 ¢NLZT:|U0T|2Li. 15
) Zar NL
¢NLzT=|UOT|LNL 10 o 13
¢m.dx = }’POZ. 16
Zgg = 1l —exp —az /a
9
Dt = w,t+Pt 17
U zT I>?=1U0T |’ 11 z
lUo0T I? ) Dzt =wat+Pt + Py 18
SPM SPM
Dzt =w, 4Pt +1UOT >
LNI,
19

T =1-zlv,.



1997

4
2
3.2. +j w-w, T dT 25
SPM ¢ 2z T
Swo=1E o I’
15 = JE T exp —j¢
dw T = oy, S
@ Y 2
21U ? s 0 +jw-w, TdT 26
- oT Ly~
ow T SPM Aw . = w—a)mz
- w-w, ° 27
SPM
SPM
z2=0 0w T dw T .
Jw—mezwdw
w-w, =— 28
89‘):_3—?. 21 JSzwdw
80 z 1 =8 1 +0by. 2 Jw—w,rﬂzSzwdw
1 w_wmz :700 ® '29
_ o dg 1 jSdew
of 1 __dt__2‘3"c_yp 2.
E
—ﬁisin ¢, - % +Aw,. 23
7, E Aw
w = = 30
@ Aw
80zt =-2p G-, Aw
E
__L_ﬁfSin ¢m_¢ 4
., .
QIUOT I’ za
+ Aw,, — i Ly’ 24
4.1.
3.3.
11
luoT I
. ‘ SPM
exp jfBz Bo
- 5 SPM
Szw =1FE z w |
:‘JE T exp —azl2 expj © z T
o Etexp -j®t =Eyt +jE ¢ 31

2

+ ol dT
© Ex t =E t cos @
:‘JE T exp — az/2 — j$ - jéu =FE t cos w,t + ¢ 32



1998

56

E,t =F t sin ®
=FE { sin w,t + 9 . 33

m

E texp —azl2-jP 2zt
=FEz zt +jE; 2zt 34

Ey zt =E t exp — az/2 cos w,t + P +

35
E, zt =E t exp — az/2 sin w,t + % + Py .
36
SPM
z=0
.t = E t cos ¢ 37
A =Etsin¢. 38

z

zt =FE t exp —az/2 cos $+ by 39
E zt =FE t exp —az/2 sin $ + ¢, . 40

-20
@

—60 F

-100

t/ns

-20

(©)

-100

t/ns

2 2.7 mW

SPM

4.2.

I0OT =IEOT =P, 1UOT |
=1 Et I’ 41
Z
Il zT =IEzT I’
=Piexp —az | U 2 T

2
I

=lyexp - az . 42
SPM
5.
. 2 1 2 4
10 b+ by
-20
()
,60 L
S
-100
0 10 ZIO 30
t/ns
-20
@
,60 L
S
-100
0 10 ZIO 30
t/ns

az=0km b z=50km ¢ z=100km d z=150 km



1999

0.6

Ih#& / arb. units

I / arb. units

I %/ arb. units

Ijj#&/ arb.units

0.4

0.2

(2)

20 40
W% /GHz

©

20 40
PR /GHz

2.7 mW

15

(a)

10

i /GHz

Mg /GHz

67.5 mW

0.8
(b)

E
T 0.4
-
o
®

0.0

0 20 40
PiZE /GHz
0.8
()

E
2
5 0.4
N
N
S

0.0

0 20 10

HiZ /GHz

az=0km b z=50km ¢ z=100km d z=150 km

15
(&)

—
<

I #& / arb, units

% /GHz

15 T T T T

—
<

Ijj# / arb. units

ol

0 20 40
W% /GHz

az=0km b z=20km ¢ z=50km d z=100 km

b+ ¢\n.



56

2000
3
3— 5 25 26
(@)
40 | E
E I8
5 5
] ]
®" ®"
0 20 40 0 20 40
Wi /GHz % /GHz
5 270 mW az=15km b z=50 km
6
15 25
11—13
7— 13
7 8 7
8
0.8
@) (b)
0.4
E E
g 0.4} g
< ~
B # 0.2
= =
0 20 40 0 20 40
BiFE /GHz % /GHz
©) (d)
0.4} 0.4 E
=] =
< <
% 0.2} & 0.2f ]
R "
0 20 40 0 20 40
$i# /GHz $ii% /GHz
6 2.7mW. a z=0km b z=50km ¢ z=

150 km d z =500 km



2001

0.2 T T T
(a)
o 0.0 1
-0.2 - s s
20 21 22
t/ns
0.2 T T T
(b)
& 0.0 ] i
0.2 ' ' s
20 21 22
t/ns
7 2.7 mW a z=0km
b z=50 km
1 T T T
@)
w0 ] |
_1 L 1 1
20 21 22
t/ns
1 T T T
(b)
w0
_1 1 1 1
20 21 22
t/ns
8 67.5 mW a z=0km
b z=50 km
9 9b 9 a
10 11
10

12

11

Ey

13

[55)
&)
9 2.7 mW
az=0km b z=50km
0.2 T T T
(@)
0.0 , 4
-0.2 - . s
12 16 20
t/ns
0.2 ) . T T
0.0 I
_0.2 1 1 1
12 16 20
t/ns
10 2.7 mW
az=0km b z=50 km



2002

56

1 T T T T
(@
LS 0
_1 1 1 1 1
12 16 20
t/ns
11 67.5 mW
N
&)
0.2
< ool (@1
-0.2 . - .
-0.1 0.0 0.1
E,
12 2.7 mW
d z=250 km
1 T T
o 0F
_1 1 L

67.5 mW

Ey

(b)

12 16 20
t/ns

az=0km b z=50km

0.2
= 0.0 ¢
-0.2 . . -
-0.1 0.0 0.1
E,
az=0km b z=20km ¢ z=50km

0.0 0.5

-0.5

E,
az=0km b z=50km


Absent
Image
File: 0


4 2003
6. SPM
.SPM
SPM
1 Kolumban G Kennedy M P Chua L. O 1997 IEEE Trans . Circuits 8 Colet P Roy R 1994 Opt. Lett. 19 2056
Syst . 44 927 9 Claudio R M 2005 IEEE Leos Newsletter 2 12
2 Luo LG ChuPL LiuH F2000 [EEE Photon.. Technol. Leit. 12 10 WulL ZhuS Q2003 Chin. Phys. 12 300
269 11 YanSL ChiZY Chen W] 2004 Sci. China F 47 332
3 Atsushi U Yun L Perter D 2003 [EEE J. Quantum Electron . 39 12 YanS L 2005 Acta Phys. Sin. 54 2000 in Chinese
963 2005 54 2000
4 Ma W Q Yang C H 2005 Acta Phys. Sin. 54 1070 in Chinese 13 Dimitris K Apostolos A Syviridis D J 2003 Lightwave Technol . 21
2005 54 1070 750
5 Li SH Cai HX?2004 Acta Phys. Sin. 53 1687 in Chinese 14 Troger ] Nicati P A 1999 [EEE Quantum Electron . 35 1713
2004 53 1687 15 Chembo K'Y Per C Laurent L et al 2005 IEEE Quantum
6 Chen HF Lin J M 2000 [EEE J. Quantum Electron . 36 27 Electron . 41 156
LiY YangBJ DulLZ et al 2003 Chin. Phys. 12714 16 Agrawal G P 1989 Nonlinear Fiber Optics San Diego Academic



2004 56
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Abstract

Theory of chaotic signal transmission in optical fiber and physical mechanism of chaotic signal acting on optical fiber
transmission medium are theoretically studied. A physical model of nonlinear evolution of chaotic signal propagation in optical
fiber is presented by coupling chaotic laser system with optical fiber channel. Action of self-phase modulation of optical fiber on
propagation and evolution of chaotic signal is analyzed in detail. Self-phase modulation of fiber does not affect the pulse shape of
chaotic signal however its product of nonlinear phase shift can widen the chaotic signal spectrum. Self-phase modulation does
not affect the power distribution and field intensity distribution of chaotic pulse signal. However it can affect the power spectrum
distribution  the transformation of optical field of chaotic signal and field’ s slow-variying part. A frequency chipped model of
nonlinear evolution of chaotic signal in fiber is presented. The evolution and characteristic of the phase spectrum field and

field" s slow-varying part in fiber are numerically simulated.

Keywords chaos optical fiber transmission evolution
PACC 0545 4255P 4260



