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Light propagation in a fiber grating

Fiber grating

1D Nondimensional Maxwell-Lorentz Equations (MLE):

OB OFE
ot oz
oD 0B
ot ox
D=FE+ P
_,0°P 3 2
Wp + (1 — 2Ancos(2z))P — P° = (ng— 1)E
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Linear propagation characteristics
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Grating effect

~ An(e?? 4 7 2%) (AetFrHiwrt 4 ¢ o) — Ande(F2HRzHiort  (resonant k = +1)

KITP August 17-21, 2003



Weakly nonlinear description

( B(z,t) )
4 ggig b = V(AT (z,t) ™k + A7 (2, t)e TR 4+ ce) + - -
[ P(z,t) |
< AT |« AT < AT <1, < |Af| < |AT| <1 and Ank 1

Af = v, AT +idAY +iwAnAT + i AT (AT 2147 + ...

X

- transport (v,) and dispersion (d).
-k # £1 NLS, £ = = 4 v,4t.

L>1, AT (x+ L) = AT (xz,t), A (x+L)= A (z,t) (L = 2mm)
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Amplitude equations

_ _ 1
T~ a/L, E~t/L, AT~ JATP/L, D> 1 (0=2)
At = AT +ieAl +ikAT +iAT(0|AT)P+ A7)
A = —A] +icA__+ikAT +iAT(c|ATP + |AT)]D)
AF(z +1,t) = A% (z, t)

K~ AlnL ~ 1
le| ~ = <1, =0 NLCME (CW,Gap Solitons,...).
|le| ~ 1 Champneys et al. PRL (1998), J. Phys. A (1999), J.Schélimann et al. PRE (2000).

Singular limit e — 0.|g| ~ - < 1, positive (negative) for w™ (w™).
|AT| > e|AZ |, 5z > |e]| (slow modulation)

dx ~ 1 (transport)  dx ~ 4/|e| > |e| (dispersive scales)
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Continuous wave solutions

At = At = pcos @ eittime - e
" o = = 20 + o
CW: AT = Ac_w — psine e@at‘l‘lmﬂ? Sin
( - o1 %) cos 26
s iy = _
p>0 6¢€]—7%,0[U]0,Z] — "

nonlinear (p # 0) a) p < p:.b) p > p.
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NLCME CW stability (e




NLCME CW stability (x < r.)
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NLCME CW stability (x > r.)
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CW dispersive instability

At =Ar 1+at) A =4, (1+a") with |oF| <1

_|_
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da,

dt

0. @)

(a%,a) = D (@f(®),ap ()™

k=—0o0

i(2mk)a; +ik(a, — a}) tan O+iop” cos® O(a; + a—J_rk)

+ip?sin® (a;, + a—:k) — ie(2mk)%a;

—i(27k)a, +ir(a — a; )/ tan O +iop® sin® O(a, +a_,)

+ip® cos® O(a; + a—fk) — ie(2mk)%a;
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CW dispersive instability

a% — a%o(th)"i_ ‘8‘ &§1(t,T)—|—"‘ ) al_< — a;{O(th)+ |€| al_{l(taT)+"' )
T =t/\/|g|, K =2nk)\/|le| ~ 1
dat ,
d;O —iKa}, = 0,
da N
dgo +illag, = 0,

(&}0, Aro) = (Aﬁo(t)eiKTa A[_m(t)e_iKT)-
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. + o
— zKa,K1 —

+i1Kag, =

dA%,
dt

dAx,
dt

CW dispersive instability

dA}O

[— . i(k tan 6 + E |K )A Ro iop’ cos” O(AL, + AT D)]e
+[irtan A, + ip° sin® (A, + A" 0)le st

dA%, —
[— = —i(k/tan 6 + E ‘K )AKO—i—zop sin 9(AK0—|—A il

+[ik/ tan OAL, + ip’ cos® (AL, + AT )]e"T.

—i(ktan @ + K YAy + iopcos” 0(Aky + AT ),

—i(k/tan 0 +

E ‘K AL O—I—zap sin” (A o+ A w0)-
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CW dispersive instability

QF = i\/(ﬁs tan 6 + |€_‘K2)(2002 cos? ) — (rtant + KQ))
€

:j:\/(ﬁ:/tane—i—' |K2)(2ap sin 9—(m/tan0+| |K2))
2> 5 tan 9 (ktan 6 + — K?) ith tan6 > e i
= K tan . wi an —
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9 9 tan™! _ e K*
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CW dispersive instability

Fore > 0 (e < 0), all CW with # < 0 (6 > 0) are unstable
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CW dispersive instability

6 > 0) are unstable

(

Fore > 0 (e < 0), all CW with 6 < 0




Numerical Simulations

eMWkrk=1p=10=-2c=-10° oeMWr=1p=160=-2e=10"°

4 1
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Numerical Simulations

eCWrk=1p=10=—-Z =10 ande =107°/4
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Numerical Simulations

eCWkrk=2p=v260=2¢=10" eCWkrk=2p=v20=%¢e=-10"
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Numerical Simulations

e x-t diagram CW x = 2, p = V2, 6 = %, e=—10"°
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Numerical Simulations
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Summary

NLCME (nonlinearity+transport, € = 0), not complete.

Dispersion terms |e| < 1 must be retained (intermediate scales).

Dispersive scales destabilization (t ~ 1), complicated spatiotemporal dynamics.

NLCME rigorous estimates: Schneider & Uecker 2001, Goodman et al. 2001 (Contradiction?).

Generic situation (Ol, TC,Water waves,...):

— Spatial reflection symmetry: * — —x.
— Instability, k¢ and wy.

— Group Velocity v, ~ 1 + Dispersion (diffusion).

KITP August 17-21, 2003



