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Perturbation of Solitons (1)

Perturbation methods:
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Variational method:

Reduced E-L eq.:

Four differential egs.:

—u(g,7) =n(&)sech[n(5)(z —a(f))]lexplig(S) —15(S)7]

—%-—( S, J 4 g | j+i(g*u—gu*)
2\" e ee ) 2 dr

d (az oL

dgloq, ) aq

—> L= Jiﬁd dr —

— dn _ Rero s(Wudr
d& 0

-»%g_—mﬂ'gwﬁmmM@'qﬂudr

dq o .
—>—=—5+—Re gU)(z—q)udr
déf 77 J.—oo

—> S—Z: =Im J'_OO s(W{L/n—(r—q)tanh[n(r —q)]}u"dr

-2 -8+ qj—g



Perturbation of Solitons (2)

Fiber Losses:
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—>n=exp(-I'é) «~1n(0)=16(0)=0,&q(0)=0

— ¢(S) = ¢(0) +[1-exp(-2I'5)]/ (4T')
Soliton broadening: = T,(z) =T, exp(I'$) =T, exp(az) <« 7=T/T,
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Perturbation of Solitons (3)

How can a soliton survive inside lossy optical fibers?
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Dispersion-decreasing fibers: — d (&) =exp(-I'&)
- |B,(2)| =| 5, (0)|exp(-az)



Perturbation of Solitons (4)

Soliton amplification:
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Distributed amp. vs. lumped amp.:
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Perturbation of Solitons (5)

Soliton interaction:
Two solitons: —U; (&, 7) =n;sech[n; (z —q;)]exp[ig, —i5;7]
—Uu=u,+U, — NLSE
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Perturbed NLSE: —> i S +lu,[* u, = =2y, [ u, —u2y;
= 0, =mEn,, 4. = *0, 6,=6%6,, 4. =4*4
— %:O, %:nf exp(—q_)sing
- (jji; =0, C;%:nf exp(—q_)cos ¢
— Cé%z—&_, C;—Z:%mn_ «—QqQ=0q./2, w=¢ /2
In result: —> g;ﬂ = —4e ™ cos(2y), 32’5 =4e7*%sin(2y) «n (0)=0, 5 (0)=0

Solution: —> (&) =q, + % In[cosh?(2&e % siny, ) +cos® (2&e™* cosy,) —1]
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Perturbation of Sol

Soliton interaction:
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Solution:

< Periodically attractive
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< Monotonically repulsive
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A=n/2,r=1
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