Nonlinear Optical Engineering

Optical Solitons (2)
(NFO 5" ed: 5.2 ~ 5.3)

Yoonchan Jeong

School of Electrical Engineering, Seoul National University

Tel: +82 (0)2 880 1623, Fax: +82 (0)2 873 9953
Email: yoonchan@snu.ac.kr



Fiber Solitons (2)

Fundamental soliton:
Shape-preserving solution: — u(&,7) =V (7) exp[ig(&,7)]
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«V =1&dV /dr=0 < Atthe soliton peak
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—V =sech(r)
In result: > U(&,7) =sech(z)exp(i&/2)



Fiber Solitons (3)

Higher-order solitons: .
L, 7R,

Periodically evolving solution: — N 2 = =
NL ‘ﬂZ‘

Third-order soliton:
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Fiber Solitons (4)

Soliton stability:
Perturbations: — u(0,7) = (N + 2¢)sech[(1+2& / N)z]

— u(0,7) = Nsech(z) exp(-iCz° / 2)

— Numerical analysis

Soliton formation in the presence of an initial linear chirp:
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< Pulse energy loss via forming dispersive waves



Other Types of Solitons (1)

Dark solitons:
_ou 1 6%

NLSE: — I——EFHU‘ZU:O < In the normal GVD condition
T

General solution: — u(&,7) =n[Btanh (¢) —ivl—B?exp(in*&)
¢ =nB(r -7, -nBv1-B?)
«— ‘B‘ <1 <« Grey solitons

<« ‘B‘ =1 <« Blacksoliton

— Uu(&,7) =tanh (7) exp(ié)

Intensity and phase profiles: 1=«
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Third-order dark soliton:
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Other Types of Solitons (2)

Bistable solitons:
Intensity-dependent refractive index: — A(l)=n+n,I — A(l)=n+n,f(I)

“ou 1 &4 < "Saturation” considered

NLSE: — i——+>=——+ f(u)u=0
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— u(g,7) =V (r)exp(iKs)
d*V

> =
,Z.

NIK-FVY)] — (‘;—Vj =4[ [K - f(v3)]vav

%
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Soliton energy: —> ES(K)_EIO [K-F(P)YdP <« F(P)_Ejo f (P)dP

«— F(0)=0
< P,: the smallest positive root of F(P) =K

Bistable soliton solutions: <— K & P,



Other Types of Solitons (3)

Dispersion-managed solitons:
2
NLsE: — (44 dle) O +ufu=0

or

Optical similaritons:
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Compatibility condition: — g(z) =C(z) 'B_ZI_(ZZ) + - In {6/2((22))}
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— Self-similar transformation into a chirped
parabolic-shape pulse
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— Good for forming a high-energy ultra-short pulse
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