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Shock Inhibition of Hyperbolic Equations
Classical Regularizations
o Diffusive,

Vi + Wy = UVxx
@ Dispersive,

Vi + Wy + Vg = 0
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Shock Inhibition of Hyperbolic Equations

Classical Regularizations
o Diffusive,

Vi + Wy = UVxx
@ Dispersive,

Vi + Wy + Vg = 0

Regularizations for Maxwell (Zero Dispersion Limit)

07 (n(z)’E + xE?) = 92E

Dispersion from Heterogeneity in Nonlinear Medium

@ Can the heterogeneity of a medium inhibit shocks?
e Can it create (stable) localized states?
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Spatial Variations & Dispersion

Periodically Varying System of Conservation Laws

Orv + Oxf(x,v) =0

f(x+P,v) = f(x,v)
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Spatial Variations & Dispersion

Periodically Varying System of Conservation Laws

Opv + Oxf(x,v) =0
f(x+P,v) = f(x,v)

Floquet-Bloch Theory
Linearizing about v =0,

9:V + 8y (Duf(x,0)V) = 0

the solution is given by

2/ (W, (- k), Vo) e OtW(x; k)dk

ll
22
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Optical Fibers
Bragg Gratings — Zero Dispersion Point

Hundreds of nm

07 (n(2)’E + xE®) = O2E
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Optical Dispersion

Chromatic Dispersion (Lorentzian Model)

92D = ’°E
D=E+P
Wy 202P + P — ¢P3 = (n* — 1)E

Simpson (Drexel)

Durham - Nonlinear Maxwell



Optical Dispersion

Chromatic Dispersion (Lorentzian Model)

92D = ’°E
D=E+P

Wy 202P + P — ¢P3 = (n* — 1)E
Material Dispersion

07 (n(2)?E + xE?) = 92E
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Optical Shocks

Experimental Generation of an “Optical Continuum” — Zero Dispersion Point

Power (arb. units)

107 1 1 1 1

400 600 800 1000 1200 1400 1600
Wavelength (nm)

Ranka, Windeler & Stentz, 2000

o Cladding moves zero dispersion point moved to 767 nm
@ Pulse initially concentrated about 790 nm
o Continuous output power spectrum from 390 — 1600 nm
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el o6 e
Maxwell & Coupled Mode Equations

Nonlinear Maxwell in a Periodic Medium

97 (n(2)°E + xE?) = 92E
n(z)=14eN(z), 0<ex1
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Maxwell & Coupled Mode Equations

Nonlinear Maxwell in a Periodic Medium

97 (n(2)°E + xE?) = 92E
n(z)=14eN(z), 0<ex1

MMM i
E=e: [EF (ez,et)eC™8) 4 €7 (ez, et)eZHD)

z + c.c. + O(e)]

n
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Maxwell & Coupled Mode Equations

Nonlinear Maxwell in a Periodic Medium

97 (n(2)°E + xE?) = 92E
n(z)=14eN(z), 0<ex1

MMM i
E=e: [EF (ez,et)eC™8) 4 €7 (ez, et)eZHD)

z + c.c. + O(e)]

n

The Nonlinear Coupled Mode Equations (NLCME)
+ + o INaE— +12 -2\ o+
OrEt + 026+ = iNoE™ + 1T (|€7 2 42067 ) £,

OrE™ — 076~ = iNpet +iT (|7 +2|e*[?) &
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\EPOSIRGIERYCCTTMN  Coupled Mode Equations

Properties of NLCME

OrET + 078" = i +iT (|€F P+ 2 (e[ &,
OrE™ — 0767 = iNpe™ 4T (|7 +2|e*|?) &

e Dispersive, Q% = K2 + |N2|2,
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e Dispersive, Q% = K2 + |N2|2,
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el o6 e
Properties of NLCME

OrET + 078" = i +iT (|€F P+ 2 (e[ &,
OrE™ — 0767 = iNpe™ 4T (|7 +2|e*|?) & y

e Dispersive, Q% = K2 + |N2|2,
@ Possess explicit, gap solitons (Aceves—Wabnitz '89),

=

o Rigorously formulated as an approximation to nonlinear Maxwell +

chromatic dispersion by Goodman, Weinstein & Holmes '01,
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el o6 e
Properties of NLCME

O7ET + 0267 = iNE™ +iT (}5""2 42 ’g—|2> et s, x

OrE™ — 0767 = iNpe™ 4T (|7 +2|e*|?) & y

Dispersive, Q% = K2 + |N2|2,
Possess explicit, gap solitons (Aceves—Wabnitz '89),

chromatic dispersion by Goodman, Weinstein & Holmes '01,
GWP in H'- No Shocks,
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el o6 e
Properties of NLCME

oret 40,8t =ilag” 41T (€ w2fe )t =

OrE™ — 0767 = iNpe™ 4T (|7 +2|e*|?) & VRN

Dispersive, Q2 = K2 + |Ns|?,

Possess explicit, gap solitons (Aceves—Wabnitz '89),

Rigorously formulated as an approximation to nonlinear Maxwell +
chromatic dispersion by Goodman, Weinstein & Holmes '01,

GWP in H'- No Shocks,

Mathematically inconsistent, i.e. letting € be the correction,

(07— 02) € = (€7 Het (67 ¥4

Secular growth in t
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WEPIEIRGIERYCCITT M Maxwell Simulations

Simulating Nonlinear Maxwell
@ Conservation law form of Maxwell,

% (8) +2 (_e.0))

D = n(z)?E +exE3, n(z) =1+ eN(z),
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Simulating Nonlinear Maxwell

@ Conservation law form of Maxwell,

#(8) + (ew.0) -0
D =n(z)’E +exE3, n(z) =1+eN(z), N(z)= N(z+2n)

o Finite volume methods, http://www.clawpack.org,
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Simulating Nonlinear Maxwell

Conservation law form of Maxwell,

#(8) + (ew.0) -0
D =n(z)’E +exE3, n(z) =1+eN(z), N(z)= N(z+2n)

Finite volume methods, http://www.clawpack.org,

Requires an entropy condition for the Riemann Problem,

Correct entropy condition for Maxwell?; diffusive regularization
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WEPIEIRGIERYCCITT M Maxwell Simulations

Simulating Nonlinear Maxwell

Conservation law form of Maxwell,

#(8) + (ew.0) -0
D =n(z)’E +exE3, n(z) =1+eN(z), N(z)= N(z+2n)

Finite volume methods, http://www.clawpack.org,
Requires an entropy condition for the Riemann Problem,

Correct entropy condition for Maxwell?; diffusive regularization

Cubic nonlinearity: system is non-convex.
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NLCME Soliton Data

Seed NLCME Soliton (£1,£7) into Maxwell,

E(z,t) = £ (2, et)e=D 1 £ (ez, et)e~i(z+D)
B(z,t) = —8+(€Z,et)ei(z—t) + g—(ez,et)e—i(z-i-t)
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Maxviell Simulations
NLCME Soliton Data

Seed NLCME Soliton (£1,£7) into Maxwell,

E(z,t) = £ (cz, et)el™) 1 £ (ez, et)e )
B(z,t) = —8+(€Z,et)ei(z—t) + g—(ez’et)e—i(z+t)

4
D = n(z)’E + exE®, n(z)=1+ € cos(2z)
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Maxviell Simulations
NLCME Soliton Data

Seed NLCME Soliton (£1,£7) into Maxwell,

E(z,t) = £+ (ez, et)e=D 1 £ (ez, ct)e~ (=)
B(z,t) = —8+(€Z,et)ei(z—t) + g—(ez’et)e—i(z-i-t)

4
D = n(z)’E + exE?, n(z)=1+ € cos(2z)

(Loading...)

Side pulses absent from NLCME
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maxwell_standing_wave_cos.mp4
Media File (video/mp4)


Maxviell Simulations
NLCME Soliton Data

Seed NLCME Soliton (£1,£7) into Maxwell,

E(z,t) = £+ (ez, et)e=D 1 £ (ez, ct)e~ (=)
B(z,t) = —8+(€z,et)ei(z—t) + g—(ez’et)e—i(z-i-t)

4
D = n(z)’E + exE?, n(z)=1+ € cos(2z)

(Loading...) (Loading...)

Side pulses absent from NLCME Periodicity turned off
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maxwell_standing_wave_cos.mp4
Media File (video/mp4)


maxwell_standing_wave_const.mp4
Media File (video/mp4)


WEPIEIRGIERYCCITT M Maxwell Simulations

Carrier Shocks

Zoom of Maxwell Simulation with NLCME data

18 t= 2.0
1

1.5
1.2
0.9
0.6
0.3 .
@ 00 (Loading...)
-0.3
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-0.9
-1.2
=15

~1860-400-300-200-100 0 100 200 300 400 500
z

@ Violation of the monochromatic slowly varying envelope
approximation essential to NLCME
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maxwell_standing_wave_cos_shock.mp4
Media File (video/mp4)


Carrier Shocks
Resolution Comparison

0.50 =48
---- 5000 Grid Points
— 20000 Grid Points
0.25 4 //‘\
w000 s 3 2 - -
025 ;

=3
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approximation essential to NLCME
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Remarks on Maxwell Simulations

@ Simulations reveal disagreement between NLCME and Maxwell
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WEPIEIRGIERYCCITT M Maxwell Simulations

Remarks on Maxwell Simulations

@ Simulations reveal disagreement between NLCME and Maxwell

@ Nonlinear Maxwell can preserve localized structures of “prepared”
data
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Remarks on Maxwell Simulations
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WEPIEIRGIERYCCITT M Maxwell Simulations

Remarks on Maxwell Simulations

@ Simulations reveal disagreement between NLCME and Maxwell

@ Nonlinear Maxwell can preserve localized structures of “prepared”
data

@ Shocks show violation of the monochromatic slowly varying envelope
approximation essential to NLCME

@ Motivates searching for:

o A refined approximation
e Solitons
e Methods for shock inhibition
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Revised Asymptotic Expansion

Hunter—Keller 83, Majda—Rosales 84, Hunter-Majda—Rosales 86, ...
Generalized Ansatz

n(z)?E + exE3 -B\
8t ( B + 82 —E == 0
0tG(u,z) + 9;H(u) = 0.
(B) =u(z,t) =u(z,t,Z, T)+ eV (z,t,Z, T) + u®(z,t,Z, T) + . ..
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Revised Asymptotic Expansion

Hunter—Keller 83, Majda—Rosales 84, Hunter-Majda—Rosales 86, ...
Generalized Ansatz

n(z)?E + exE3 -B\
8t ( B + 82 —E == 0
0tG(u,z) + 9;H(u) = 0.
( B) =u(z,t) =u(z,t,Z, T)+ euD(z,t,Z, T) 4+ u®(z,t, 2, T) +

Leading Order

O = Etz—t,Z, Ty + E(z+1t,Z,T)r_,
E(O) — E+(z— t,Z, T)+ Ei(z"‘ t,Z, T)
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NLGO Derivation

Revised Asymptotic Expansion
Hunter—Keller 83, Majda—Rosales 84, Hunter-Majda—Rosales 86, ...

Generalized Ansatz

2 3 _
O (n(Z) EB+ xE ) +0, (_g) =0

0:G(u, z) + 9,H(u) = 0.

<g) =u(z,t) =u(z,t,Z, T)+ eV (z,t,Z, T) + u®(z,,Z, T) + ...

Leading Order
Ing u® = EX(z—t,Z, Ty, + E-(z+t,Z, T)r_,

EO = EtHz—t,Z, T)+E (z+1t,Z,T)

NLCME ansatz,
EO =gH(Z,T)et™) 4 £7(Z, T)e =t
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I o Ot
Effective Equations
Simpson & Weinstein 2011, MMS

NLGO Closure: Sublinear Growth in Correction

1
lim —

L
HMLA‘MUWﬂm:Q

Simpson (Drexel)

Durham - Nonlinear Maxwell



NLGO

Effective Equations
Simpson & Weinstein 2011, MMS

NLGO Closure: Sublinear Growth in Correction

jim 2+ /L Hu(l)H (t)dt = 0.
0

L—oo L

Integro-Differential equations for E* (¢, Z, T)
OTET +0zET = Oy <N(¢+ +s)E (o4 + 25>s
1, ..\3 4 \2
+T0, [§ (E7) +E{(E7) >]
OTE™ —0zE~ = —04 <N(¢_ - S)E+(¢_ - 25)>S
1

— T, [<(E+)2>E— +3 (E‘)3]
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NLGO

Effective Equations
Simpson & Weinstein 2011, MMS

NLGO Closure: Sublinear Growth in Correction

jim 2+ /L Hu(l)H (t)dt = 0.
0

L—oo L

Integro-Differential equations for E* (¢, Z, T)
OTET +07E" =04 (N(¢4 + S)E™ (¢4 + 25)_
1, ..\3 4 \2
+T0, [§ (E7) +E{(E7) >]
OTE™ —0zE~ = —04 <N(¢_ - S)E+(¢_ - 25)>S
1

— T, [<(E+)2>E— +3 (E‘)3]

¢:|::Zq:ta
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NLGO

Effective Equations
Simpson & Weinstein 2011, MMS

NLGO Closure: Sublinear Growth in Correction

jim 2+ /L Hu(l)H (t)dt = 0.
0

L—oo L

Integro-Differential equations for E* (¢, Z, T)
OTET +0zET = Oy <N(¢+ +s)E (o4 + 2S>s

+T0, [% (EV)’ + EY <(E‘)2>] :

OTE™ —0zE~ = —04 <N(¢_ — S)E+(¢_ — 25)>s

~To, [<(E+)Z>E— + % (E‘)3]
p+=2zFt, (f);= LIer;o%/OL f(s)ds
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Periodicity & the extended Nonlinear Coupled Mode
Equations (xXNLCME)
Simpson & Weinstein 2011, MMS

Periodically Varying Index of Refraction
N(z) = N(z+ 27),= N(z) =

ZNe

No=0 J
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NLGO

Periodicity & the extended Nonlinear Coupled Mode
Equations (xXNLCME)

Simpson & Weinstein 2011, MMS

Periodically Varying Index of Refraction

N(z) = N(z+27),= N(z) = > Ny, No=0

Harmonic Decomposition — xNLCME

E¥(¢,Z,T)=> Ef(Z,T)eP.

(=] [=] £ £ £ A
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NLGO Derivation

Periodicity & the extended Nonlinear Coupled Mode
Equations (xXNLCME)

Simpson & Weinstein 2011, MMS

Periodically Varying Index of Refraction
N(z) = N(z+27),= N(z) = > Ny, No=0

Harmonic Decomposition — xNLCME

E¥(¢,Z,T)=> Ef(Z,T)eP.

8TE: + (9ZE: = ipNapE, —i—ipg [Z E+E+E;- o t3 (Z ‘Eq_|2> E:]

OrE; — 026, =ipMapf +ips [ E B Er 43 (Y0 |E7) 5]

v
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\|Ke[ol] xNLCME Simulations

Inclusion of third harmonic (ES3;), resolves side pulses

18 t =200.0

15

o5 |

0.6

0.3 )

= 00 *m»— —«-mm* (Loading...)
-03 ,

-0.6

-0.9

12 I

-15

_1;8:500—400—300—200—100 0 100 200 300 400 500
z

Maxwell
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xnlcme_standing_3mode.mp4
Media File (video/mp4)


NLGO

Higher harmonics suggest shock formation

05

t=48
025+
025"
% 55 szb 65 70
Maxwell
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\|Ke[ol] xNLCME Simulations

Higher harmonics suggest shock formation

05 : = : 05 e
025 025
BNAWAWAN
-025) ! ! -025 M !
% 55 & 65 70 % 55 60 3 70
Maxwell Odd modes |p| <2
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\|Ke[ol] xNLCME Simulations

Higher harmonics suggest shock formation

t=48
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0.25
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05
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Maxwell
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Odd modes |p| < 4
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\|Ke[ol] xNLCME Simulations

Higher harmonics suggest shock formation

05 : il ‘ 05 e

025 025
w0 50

025 : ; 025+

0% 55 60 65 70 % 55 80 & 70
Maxwell Odd modes |p| < 8
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\|Ke[ol] xNLCME Simulations

Higher harmonics suggest shock formation

05 ‘ = : 05 e

025 025
E ] =0 '

-025) ! , 025

% 55 & 65 70 % 55 60 3 70
Maxwell Odd modes |p| < 16
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Approximate Solitons

Spectral Gaps in xXNLCME

OTES 4+ 0zES = ipNppE, +ip

e 3 () ]
S EEE . +3(XIE)E

W] Wl

8TEp_ — azEp_ = ipngE;_ +ip

Simpson (Drexel) Durham - Nonlinear Maxwell
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Spectral Gaps in xXNLCME

8TE;— + aZE;_ = 1pN2pEp_ <E;) _ eiP(KZ—QT) (1)
8TEP‘ — 82Ep_ = ipszE;_ Ep_ Y

Decoupled Dispersion Relations: Q2 = K2 4 | Nop|?
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Spectral Gaps in xXNLCME

OTEy +0zE, = ipNopE, <Ep+ ) _ oib(KZ-QT) (1)
8TEP‘ — 82Ep_ = ipszE;_ Ep_ Y
2 \\ 0 //
Decoupled Dispersion Relations: Q2 = K2 + | Nop| N\ /
Qo = inf N2 Gapswon\\ ,’/
peZoddl ol ———

Simpson (Drexel) Durham - Nonlinear Maxwell July 15, 2016 18 / 30



Spectral Gaps in xXNLCME

OTEy + 0zE; = ipNopE, <Ep+ ) _ oip(kZ-T) <1>
OTE, — 0zE, =ipNayES E; g
2 \\ 0 //
Decoupled Dispersion Relations: Q% = K2 + | Nop| \ /
Qo = inf N2 Gapsahmn\\\ ,’/
PEZodd | p’ QI—K
Qo > 0 Gaps present in all p; N(z) is rough, i.e. a ,’/ \\
periodic array of delta functions Y N\

Qo = 0 Gaps vanish in p; N(z) more regular

Design of N(z) could permit or inhibit soliton components

Simpson (Drexel) Durham - Nonlinear Maxwell July 15, 2016 18 / 30



Approximate Solitons

Dirac Delta Medium

“NLS” System
Band Edge
Assume N, =1 for all p, \\\ ///17“2
) N\ )7/
Egt(Z, T) = +pe P U, (uZ) + O(11?) Su—
Q=+1-p2 0<pu<l, /
=] = = E = DA

Simpson (Drexel) Durham - Nonlinear Maxwell



Approximate Solitons

Dirac Delta Medium

“NLS” System
Band Edge
Assume N, =1 for all p, \\\ ///17“2
) N\ )7/
EX(Z,T) = +pe P U,(nZ) + O(1?) %
Q=+1-p2 0<pu<l, /
=] = = E = DA
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Approximate Solitons

Dirac Delta Medium
“NLS” System

Band Edge

Assume N, =1 for all p, 3

EX(Z,T) = +pe P U,(nZ) + O(1?)

Q=+1-12, 0<p<l. y

Leading Order — oo Many Coupled Stationary Modes

Up(¢) = p*Up + 3p°T (3Up Z |Ugl® + Z UquUp—q—r) = O(n)-

Simpson (Drexel) Durham - Nonlinear Maxwell



Artificial Continuation Parameter
xNLS System

US(Q) = pUp + 29T (3Up D |Ugl2 + 3 UgUrUp ) =0

Simpson (Drexel)
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Artificial Continuation Parameter
xNLS System

U () - p*Up + 5p°T (3Up Z |Uql* + Z UquUp—q—r> =0
xNLS€ System

U(C) = pPUp + 6p°T Ud+2 p2el (3Up S Ul + Z’Uqu,up_q_,) ~0

Simpson (Drexel)
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Approximate Solitons Rigorous Results

Artificial Continuation Parameter
xNLS System
U(¢) — p*Up + 3p°T (3Up S U+ UqU,U,,_q_,) —0

xNLS€ System

UL(C) = pPUp + 6p°T U3+2p%el (3U,,Z’|Uq\2 + Z’Uqu,up_q_,> ~0

v

@ At € = 0, decoupled, monochromatic, solitons are solutions

Up~%(¢) = arsech(pC)
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Approximate Solitons Rigorous Results

Artificial Continuation Parameter
xNLS System
U(¢) — p*Up + 3p°T (3Up S U+ UqU,U,,_q_,) —0

xNLS€ System

UL(C) = pPUp + 6p°T U3+2p%el (3U,,Z’|Uq\2 + Z’Uqu,up_q_,> ~0

v

@ At € = 0, decoupled, monochromatic, solitons are solutions

Up~%(¢) = arsech(pC)

o Will they persist for € > 07 — Polychromatic Solitons

Simpson (Drexel) Durham - Nonlinear Maxwell
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Approximate Solitons Rigorous Results

Persistence of Monochromatic Solitons

Theorem (Pelinovsky, S. & Weinstein, SIADS 2012)

Let U have U+1 = a soliton, and Up++1 = 0. Jeg > 0 such that for
0 < € < €g, a unique localized state, U¢ exists, close to U:

1/2

2
ey = U~ Uy < Ce

3 /R (P + )

PEZoad

fors > 1.
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Approximate Solitons Rigorous Results

Persistence of Monochromatic Solitons
Theorem (Pelinovsky, S. & Weinstein, SIADS 2012)

Let U have U+1 = a soliton, and Up++1 = 0. Jeg > 0 such that for
0 < € < €g, a unique localized state, U¢ exists, close to U:

/(p +&)°

1/2

- U “ael - v < ce

PEZoad

fors > 1.

@ Proof by Lyapunov-Schmidt reduction of modes Up.+1 on to U4g,
followed by implicit function theorem

@ Generalizes to any finite, but not infinite, collection of decoupled
solitons comprising U

@ Multicomponent, Polychromatic, Solitons
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el
Band Edge Solitons in xNLCME

Theorem (Pelinovsky, S. & Weinstein, SIADS 2012)

If a soliton, U, exists in xNLS, then for small n = /1 — Q2 (sufficiently
close to the band edge), a soliton exists in xNLCME:

EN(Z.T)=e P A(Z), E; =e P?TB,(2)
JA = pU(pe, )llx, + 1B+ pU(u, )y, < Cp?

@ Proof by implicit function theorem
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Approximate Solitons

Direct Solution of Truncated NLS System

Polychromatic Solitons — Numerical Continuation to ¢ = 1

NLS System
US(Q) = P2Up + 207 (3Up 31Ul + " UgUrUpq) = 0

Alternating Signs & # of Nodes, |p| < 12

0.6

0.4

0.2

‘ u(o <) Z Up(¢)e™
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e S T
Persistence fo Coupled NLS Solitons in xNLCME

Resolves odd |p| < 8
—2
3TE:+aZE+ ipNopE," +ip7 [ZEJrEJrE/j_ q-r (Z’Eq | >E:}

OrE, — 8zE, = ipNopE, +ipz [ZE E- (Z\E;f) E,;}
53(270) = iHUp(ﬂZ)
p ey

;7(;4 p=0.1

40 0.55
05
0.45
0.4
035
0.3 5

- ~ <10
0.25 15
0.2
0.15
0.1
0.05

0

5 0 5
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e S T
Persistence fo Coupled NLS Solitons in xNLCME

Resolves odd |p| < 8

O7ES +07E5 = ipNopEy +ip= [ZE+E+E;q . (Z’Eﬂz)Eﬂ

_ _ .x 2 _
OTE; — 07E, = ipNopES +ip2 {ZE E; +3(Y 16 ) &
E,?(Z 0) = iuUp(uZ)
p=3

-0.5 0 0.5 1 1.5 2
¢

0,
-2 -15 -1
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Persistence fo Coupled NLS Solitons in xNLCME

Resolves odd |p| < 8

O7ES +07E5 = ipNopEy +ip= [ZE+E+E;q . (Z’Eﬂz)Eﬂ

OrE, — 8zE, = ipNopE, +ipz [ZE E- (Z\E;f) E,;}
E,?E(Zvo) = iHUp(ﬂZ)
p=>5

=01

0 0.5 1
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e S T
Persistence fo Coupled NLS Solitons in xNLCME

Resolves odd |p| < 8
2
OrE; + 02E = ipNapEy +ip [Z EFEFES ., 3(2]5, *) ]

OrE, — 8zE, = ipNopE, +ipz [ZE E- (Z|Eq+|2) E,;}
E§(270) = iuUp(uZ)
p=17

0.045
0.04
0.035
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0.025 :j
0.02 E
0.015
0.01
0.005
.5

Simpson (Drexel) Durham - Nonlinear Maxwell July 15, 2016 24 / 30

p=0.1

S
S
S
[EF(C)/u|

~o



AL [ E  Computational Results

Remarks on Polychromatic Solitons

@ Polychromatic structures exist in a neighborhood of the decoupled
problem with small continuation parameter
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Approximate Solitons

Remarks on Polychromatic Solitons

@ Polychromatic structures exist in a neighborhood of the decoupled
problem with small continuation parameter

o Computation permits us to extend the continuation parameter to
€ = 1, obtaining polychromatic solitons

@ Analytical challenge to prove existence for infinitely many modes

@ Tuning N(z) should vary the polychromatic soliton structure
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High & Low Contrast Media

@ Our simulations had
spatial variations of O(e)

Material Variations

@ High contrast media is
more strongly dispersive,
LeVeque 2002, LeVeque—
Yong 2003

Material Variations

T
i

u]
)

1l
n
it
S
»
i)
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Maxwell with High Contrast

Large Variations & Initial Conditions

Constitutive Relation: D(E,z) = (4 + 2cos(2z))E + E3
Initial Condition: D = 2sech(ez),

B=-D

(Loading...)

Simpson (Drexel)
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sech2_full.mp4
Media File (video/mp4)


Maxwell with High Contrast, Zooms

No Shocks

(Loading...)

(Loading...)
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sech2_peak.mp4
Media File (video/mp4)


sech2_edgezoom.mp4
Media File (video/mp4)


Remarks & Open Problems

@ Periodic Nonlinear Maxwell supports coherent, localized structures,
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Remarks & Open Problems

@ Periodic Nonlinear Maxwell supports coherent, localized structures,

@ xNLCME system corrects deficiencies of NLCME,

e Outstanding challenge to prove existence of solitons in (truncated)
the system up toe =1

@ Carrier shocks present in low contrast case — what about high
constrast?

@ Applications for polychromatic solitons?
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