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Abstract—By spectral analysis, and using joint time—frequency
representations, we present the theoretical basis to design invariant
bandlimited Airy pulses with an arbitrary degree of robustness
and an arbitrary range of single-mode fiber chromatic dispersion.
The numerically simulated examples confirm the theoretically pre-
dicted pulse partial invariance in the propagation of the pulse in
the fiber.

Index Terms—Fiber optics, optical fiber communication, optical
fiber dispersion, optical pulse shaping.

1. INTRODUCTION

DEAL Airy pulses are an infinite energy kind of pulse

which propagates undistorted on dispersive media, pro-
posed in [1] within the context of quantum mechanics. Due to
the unique properties of Airy pulses, the intensity profile re-
mains invariant during propagation. However, ideal Airy pulses
are impractical because of their infinite energy. The proper-
ties of finite-energy Airy beams by temporal truncation were
investigated theoretically within the context of optics in [2].
Over the years, nondiffracting waves have been systematically
investigated, and in linear optics, spatial Airy beams have been
proposed for several applications [3]-[6], and spatiotemporal
light bullets Airy pulses has also being investigated, under
linear and nonlinear conditions [7], [8].

Recently, the authors of this study have patented an optical
fiber transmission system based on Airy pulses, using the unique
properties of these pulses [9]. In this study, we analyze and sim-
ulate the proposed transmission system pulses, providing the
design tools needed. In the remainder of this study, we ana-
lyze the effect of the single-mode fiber (SMF) chromatic dis-
persion (including cubic-order phase dispersion) on the ideal
Airy pulse, as well as a spectrally windowed bandlimited pulse.
We also provide the design tools required to obtain the spectral
function of a practical finite-energy Airy pulse, by an asymmet-
rical spectral-domain flat-top windowing of an ideal Airy pulse,
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which can be used to obtain pulses of different degree of ro-
bustness against different amounts of chromatic dispersion. As
it is shown, a portion of the temporal waveform keeps invariant,
providing a relative insensitiveness of the pulse to variations of
chromatic dispersion.

II. SPECTRAL ANALYSIS OF IDEAL AIRY PULSE
PROPAGATION ON A SMF

In the spectral domain, an ideal Airy pulse can be defined
from its spectral function as ([10], p. 87)

A(w) = exp(jéw®) (D

where w is the baseband angular frequency, ie, w =
Wept — Wo, Wopt 15 the optical angular frequency, wq is
the central angular frequency, j is the imaginary unit, and
& is a real constant number. In temporal domain, the cor-
responding complex envelope function of the Airy pulse,
a (t). can be obtained from the inverse Fourier transform
of A(w). Neglecting the fiber attenuation and nonlinear ef-
fects, the spectral response of an SMF section with length
z can be modeled as a phase-only filtering responsible
of the chromatic dispersion, which can be expressed as
H(w,z) = exp(—jB(w)z), where B(w) is the propagation
constant of the single mode as a function of the baseband
angular frequency w (centered at wy). The function can be very
accurately expressed as the Taylor expansion until third order of
w, leading to the following expression for the transfer function
H(w,2) = exp(—jz(6o + fiw + (B2/2)w® + (B3/6)w?)).
where §; = d'f (w)/dw* at w = 0. The quadratic and cubic
terms are responsible of the chromatic dispersion, which in gen-
eral produces a distortion in the complex envelope of the trans-
mitted pulse because of the different values of group velocity
of each spectral component. As represented in Fig. 1(a), we can
calculate the effect of the Airy pulse propagation thought the
fiber as by applying the previous transfer function to the Airy
pulse, Fprop(w, 2) = A(w)H(w,z), obtaining Fypep(w, 2) =
exp(—j(Boz + Przw + (B22/2)w? + (B32/6 — £)w?)). It can
be demonstrated that the second-order phase term affects as a
frequency shift Aw(z) in the Airy pulse, with

Aw(z) = ﬂ;—;

In order to demonstrate this, we can express Fprop (w,2) as

2)

Fpmp(“’a z) =
A(w — Aw(2)) exp(ii(bo + biw + baw?® — B32w°[6)),
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Fig. 1. Spectral input and output signals and transfer function of the optical
fiber for (a) ideal Airy pulse as input and (b) bandlimited Airy pulse.

where the coefficients b; can be deduced expanding the Airy
pulse expression

Alw — Aw(z)) = exp(j(—€(Aw(2))® + 3¢(Aw(z))*w

—3Aw(z)w’ +£w%) (3)
obtaining the coefficients by = £(Aw(z))® — Boz, by =
—3€(Aw(2))? — P12, and the second-order phase term is
canceled with by = 3§Aw(z) — B22/2 = 0. With all this, we
can express

Forop(w, 2) = A(w — Aw(z))Ds(w, 2)

x exp(—j(At(z)w + ¢(2))) @)
where ¢(z) = —by = Boz — £(B22/6£)® and
2

At(z) = —by = Prz + %zz (3)

D3(w, z) = exp(—jfszw’/6). (©)

As shown in the next section, under some conditions,
the cubic-order phase distortion produced by D3(w,z) can
be neglected, and the temporal complex envelope function
forop (t,2) can be obtained by applying the inverse Fourier
transform of (4) as

Jorop(t, 2) = a(t — At(z)) exp(j(Aw(2)t — ¢(2)))

where forop(t,2) is the inverse Fourier transform of
Forop(w,2). It can be easily deduced that the waveform
invariance of the temporal envelope amplitude is

|fpr0p(ta z)l =~ |a(t — At(z))l

Joint time—frequency representations provide a clear visual-
ization of the interaction of pulses with optical media [11], [12].
In this study, we use joint time—frequency representations to vi-
sualize the frequency shift and invariant waveform of the Airy
pulse during the propagation through the fiber. Fig. 2 shows an
illustrative example of the time—frequency distribution of an
ideal Airy pulse before and after its propagation through the
fiber over a distance, z. It can be observed that in both fig-
ures, the time—frequency distribution remains undistorted, but
there is a frequency shift Aw(z) of the whole distribution. In
time domain, the envelope amplitude remains undistorted. The
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Fig. 2. Frequency shift effect of the dispersion on the time—frequency distribu-
tion of an ideal Airy pulse after its propagation in an optical fiber.

cubic-order phase distortion has been neglected in this example.
Also, no consideration about the pulse temporal duration and
limited bandwidth has been done in this whole section. These
aspects are discussed in the next section.

III. NONIDEAL AIRY PULSE PROPAGATION ON SMF: FLAT-TOP
WINDOWED AIRY PULSE

An ideal Airy pulse has an infinite bandwidth. In a prac-
tical implementation, we can only obtain an approxima-
tion to the ideal Airy pulse. We can spectrally window the
ideal Airy spectral function with a flat-top window function
W(w), Aw(w,0) = W(w)A(w), where W(w) is approxi-
mately constant over most of the total window bandwidth, B.
By using a flat-top window, the resulting spectral function is
locally the same as the ideal spectral function, and it can be
expected that the invariance property of the pulse will also
locally remain. As shown in Fig. 1(b), applying again the
transfer function H(w, ). and from ideal Airy pulse propaga-
tion effect deduced in (4), we can calculate the effect of the
fiber dispersion on the bandlimited pulse Aw(w,0)

Fw prop(w, 2) = Aw (w,0)H (w, z)
=W(w)A(w)H(w, z)
= W(w)Fprop(w, 2)
=W(w)A(w — Aw(z))D3(w, 2)
x exp(—j(At(z)w + ¢(2)))
= Aw(w,2)D3(w, 2)
x exp(—j(At(z)w + ¢(2))) €)

where

Aw (w, 2) = W(w)A(w — Aw(2)). (10)
We provide two conditions to neglect the distortion of the
cubic-order phase Ds(w, z). First, we define a strict nondistor-
tion condition, a sufficient condition to totally neglect the distor-
tion imposing D3 (w, 2) & 1 in the signal bandwidth |w| < B/2,
using (6) with |w| = B/2
|Ba2B3 /48| < 2x (11)
This condition has to be met for all z within the path where
the pulse invariance is desired. Since it can be too restrictive



for relatively high bandwidths, we also define a less restrictive
condition using the group delay function of Fy, prop(w, 2)

TW,prop (W) 2) = —dL Fyy prop(w, 2) [dw
3(B32/6 — &)w® + fozw/2 + frz (12)

where / denotes the phase of the function. From this, we can
easily deduce the guasi-nondistortion condition 1o neglect 85 in
the group delay function Tw,prop (w, 2)

|Baz/6] < [£]. (13)

Under this condition, the group delay function of the dis-
persed pulse 1s not affected by the cubic phase dispersion term,
and it does not distort the overall temporal intensity distribution
of the pulse, as shown in the examples. If we neglect the cubic
phase term of the dispersion, we can assume Fyy prop(w, 2) =
Aw (w, 2) exp(—j(At(z)w + ¢(2))). and in time domain, we
can deduce fw prop(t,2) = aw(t — At(z2), 2) exp(—jp(2)).
obtaining

oot D)~ law(t - Ab(z),2)|  (4)
where fw,prop(t, 2) and aw(t, z) are the inverse Fourier trans-
form of Fyw prop(w, 2) and Aw(w, ), respectively. In order to
show the partial invariance of the pulse in the propagation that
(14) implies, we proceed to analyze bandlimited, spectrally
flat-top windowed Airy pulse, aw (¢,2). In Fig. 3, a joint
time—frequency analysis of aw (¢, 2) is shown, where we can
observe that the signal can been decomposed in two parts:
“head™ and ““tail.”. In the spectral domain, the “head” can be
defined as the symmetric spectral section of Aw (w, z), which
can deduced from Fig. 3 as the spectral portion of Aw (w, 2)
centered in Aw(z), with bandwidth Bpeaq(2). From (10), we
have Aw(w,z) & A(w — Aw(z)) in most of the window
bandwidth B, and we can finally deduce

_J Alw — Aw(z)), |w— Aw(z)| € Bpead(2)
Fhicad (1w, 2) & { 0, w — Aw(z)| > Bueas(2)
(15)
where Bhead(2) = (B — Aw(z))/2. On the other hand, the
“tail” of the pulse can be defined as Fran(w, z) = Aw(w,z) —
Fhead(w, 2). As shown in Fig. 3, the bandlimited Airy temporal
envelope function aw (¢, 2) can be decomposed into

& fnead(ty2); t € Inead(2)
(J.W(t, Z) ~ fﬁail(t,z)j te Itail(z) (16)
~ 0; i ¢ Itota.l(z)

where fhead(t, 2) and fiau (2, 2) are the inverse Fourier trans-
forms of Fhead(w, 2) and Fyan(w, 2), and Inead(2), Lrai(2), and
Tiota1(2) are, respectively, the time interval corresponding to the
“head,” “the tail,” and the total parts of the pulse.

Since the time—frequency distribution of the “head” of
the pulse is locally the same as the frequency-shifted
ideal Airy pulse distribution, during the “head” interval
of the pulse, the temporal envelope will be approxi-
mately the same as the frequency-shifted ideal Airv pulse,
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Fig. 3. Time—[requency decomposition of asymmetrically flat-top windowed
Airy pulse in “head” and “tail.”

Jhead(t, 2) = a(t) exp(jAw(2)t),t € Inead(2). and the tem-
poral envelope amplitude remains invariant and approximately
equal to that of the ideal Airy pulse

| Feaa(t, 2)| = |a(t)],

In order to define the time intervals fyopa)(2), Jhead(2), and
Tian(2), we have to distinguish from the different sign of £.
For £ < 0, we can define Fiotal(2) = [0,T(z)], Tneaa(z) =
[0, Thead(2)]. and [ias(2) = (Thead(2),T(2)]. In the case
£ > 0, we have the time reversed version of the signal, and
we can define the intervals Liota1(2) = [—T(2),0], Iheaa(z) =
[~ Thead(2), 0], and La;(2) = [-T(2), —Thead(z)). We can ap-
proximate the duration of each decomposed part using the Airy
pulse group delay function, 7a«(w, z) = —dZAw(w, z)/dw =
—3€(w — Aw(z))?, which is only defined in the signal band-
width |w| < B. We can approximate the duration of the whole
pulse T'(z) as the maximum absolute value of the group delay
[unction, which can be deduced as the maximum absolute value

at the edges of the band w = +B/2
7 _B
Aw 9’ Z

B
T(z) = max ( TAw (E,Z)
2
B
=3kt (5 +180)])

Also, we can approximate the duration of the “head™ of the
pulse as the maximum absolute value of the group delay func-
tion in the spectral range of the “head.” which can be deduced as
the minimum absolute value at the edges of thebandw = £8/2

Thead(2) = min ( Taw (g,z) TAw (_g’z) )

-3l (5 - |Aw(z)|)2-

IV. PROPOSED DESIGN

tEe Ihea,d(z). (17)

1

(18)

(19

In our proposed design, we consider a situation represented in
Fig. 4, with an invariant path with length L, and a preinvariant
path with length I, where z origin (# = 0) is set in the center of
the invariant path. The preinvariant path is defined to consider
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Fig. 4. Representation of input signal and optical fiber paths considered in the
proposed design.

the possibility of introducing the pulse at an arbitrary distance
{ belore the invariant path. The objective of the design consists
in obtaining the expression of the pulse at the beginning of the
preinvariant path to be introduced in the fiber at z = —L/2 — 1,
which lead to a pulse with a spectral function Ay (w,0) in the
center of the invariant path, at z = 0. We can define this im-
tial pulse by using an spectral function Fy(w). In the previous
section, we have obtained the expression of a pulse at an ar-
bitrary z, assuming a pulse Aw (w) at a position z = 0. The
previous expressions can also be used for negative values of
z. Therefore, the corresponding pulse at 2 = —Lf2 — [ can
be obtained using (9). If we neglect linear and constant phase
term (which does not affect to the pulse waveform), we obtain
Fy(w) = Aw(w,—L/2 —1)Dg(w, —L/2 — ), and using (6)
and (10), it can be expressed as

Fo(w) = W(w) exp(j(£ — B3(~L/2 1))
X(w— Ba(L/2+1)/66)%). (20)

The condition for strict nondistortion of the pulse due to cubic

phase during the invariant path can be obtained from (11) using

the extreme values |w| = B/2 and |z| = L/2

|BsLB3 /96| < 2 1)

and the condition for quasi-nondistortion of the pulse due to
cubic phase can be obtained from (13) using |z| = L/2

1B(L/12)| < e]. @2

Let us define some interesting design parameters in the de-
sired invariant path z € [—L/2, L/2]. The maximum absolute
deviation of the pulse frequency Awp,,, regarding the central
frequency, in the extreme points of the path, 2 = £L/2 can be
obtained from

Awmax = max(|Aw(z)()

— |Aw(Z/2)| = [Aw(-L/2)] = |22

2| @

We also define two temporal parameters, T,y and Tipax.
where Ty 18 the invariant part of the pulse duration in the
whole path z € [-L/2, L/2], and can be calculated as the min-
imum duration of the head of pulse, and Tiyax 1s the maximum
total duration of the pulse in the whole path. These extreme
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Fig. 5. Relation between R and R,,.

values oceur in the extreme points of the path, z =
From (18) and (19), we can deduce

+L/2.

B 2
Tiov = min(Theaa(z)) = 3|€| (5 — Awmn) 24

B 2
Tmax = max(T(z)) =~ 3|£! (E + Awma.x) . (25)

Let us also define a temporal ratio Ry = Tiny /Timax € (0, 1),
which indicates “how invariant” is the temporal amplitude en-
velope of our spectrally windowed Airy pulse as it propagales
through the fiber, obtained from the proportion between Ti,y
and Tyax. We also define the spectral ration R, = Awmax/B €
(0,1/2), which indicates the maximum relative frequency vari-
ation of the pulse. Both parameters Ry and R, can be obtained
as

(B == ZAwlna.x)z _ (1 - 2Rld )2

RT = I}nv/Tmax =

(B + 2Awmax)? ~ (1+2R,)?
(26)
Ru = Awmax/B = HRT—_Q VRT 27)
2—-2Rp

InFig. 5, Ry and R, are represented, where it can be observed
that theoretically we can obtain a perfectly invariant pulse, with
Rr ~1land R, = 0.

V. EXAMPLES AND SIMULATION RESULTS

Without loss of generality, in these examples, we are going to
assume standard SME (ITU-T G.652) in which dispersion pa-
rameter can be modeled as D(A) = Disso + Sisso(A — Ag)
ps/(nm-km), where Ag = 1550 nm. D550 = 17 ps/(nm-km),
and Sys50 = 0.056 ps/(nm?.-km). From this, we can obtain
Bs = —21.68 ps%/km and B3 = 0.0911 ps®/km at the central
frequency wg = 27 fo with fy = 193.413 THz. Nonlinear ef-
fects are out of the scope of this paper, and fiber attenuation will
not be considered in order to have a more clear visualization of
the pulse waveform invariance.

As afirst example, we consider a total signal bandwidth of 0.1
THz, ie, B = By = 27 - 0.1 THz-rad centered at wopy = wo,
and a desired invariant path length of L = 100 km, without
preinvariant path, I = 0, where the initial pulse is supposed to
be introduced right at the beginning of the invariant path. From
the strict nondistortion condition of (21), we obtain a phase
value of 0.0238 rad, which can be neglected regarding 2m. The
strict nondistortion condition is a sufficient condition for com-
pletely neglecting the cubic phase propagation distortion. Using
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Fig. 6. Representation of Tinax (blue solid), Tine (blue dotted), and |§| (red
dotted) as a function of R for (a) first and (b) second examples.

(24)—~(27) and (2), we can calculate Tpux, Tiny, and € parame-
ters as a function of Ry ratio, as shown in Fig. 6(a). In principle,
we can theoretically obtain a value of Ry as close to | as de-
sired, but Tipax, Tinv. and € asvmptotically tend to infinity when
Ry = 1. Therefore, it is theoretically possible to get as degree
of invariance as close to the perfect invariance as desired, al-
though it may lead to impractical designs as we approach to the
ideal perfect invariance.

For illustrative purposes, we select a medium value of Ry =
0.5, which lead to the values Tiax = 1.36 ns, Tijny = 0.681 ns,
and & = 3.351 - 103 ps3, and from (27), we obtain a maximum
relative deviation of frequency R, = 0.0858 and Awpay =
R, - B = 27 - 8.58 GHz-rad. The initial pulse to be introduced
in the fiber at 2 = —L/2 is spectrally defined by (20). For the
window function W{w), we have selected a raised cosine func-
tion with a roll-off factor of 20%, with a total bandwidth B.
Fig. 7 shows the temporal amplitude envelope, as well as the
joint time—frequency analysis, of the resulting propagated pulse
obtained from numerical simulation for three positions of the
invariant path (z = —L /2,0, and L/2). Because of the positive
value of €, the pulse is reversed from the pulses shown previ-
ously, where negative values of £ were assumed. The selected
value of Ry = 0.5 implies Ty, = mu/2, and therefore, the
‘head’ of the pulse has approximately same duration as the “tail”
in the extremes of the path, z = £L/2. In the center of the in-
variant path z = 0, there is no tail and the “head” duration is
equal to the total duration of the pulse, Theaq (0) = T(0).

As a second example, we consider a signal bandwidth of 2
THz, i.e, B = 2m - 2 THzrad centered al wopy = wp. a
desired invariance path duration of L = 1 km, and a prein-
variant path of { = 3 km. Applying (21) for the cubic phase
strict nondistortion condition, we get a phase value of 1.88 rad,
which can obviously not be neglected regarding 2. Even if
the strict nondistortion condition 1s not satisfied, we still can
get little cubic phase distortion if the quasi-nondistortion con-
dition is satisfied; from (22), £ > 0.0152 ps®. In Fig. 6(b),
we represent again Tyax, Tiny. and € parameters as a function
of Ry. We select By = 0.7, which leads to Tpax = 0.454
nm, Tipy = 0.318 nm, and a valuc of § = —3.233 ps3 that
satisfies the quasi-nondistortion condition. The negative value
of £ 1s selected to illustrate the nverted temporal waveform
of the pulse regarding the previous example. We also obtain
R, = 0.0445, Awgax = 27 - 0.89 THz-rad. The initial pulse
alz = —1 — L/2 to be generated and introduced in the fiber
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Fig. 7. Invariant path simulation results for the first example. Temporal enve-
lope amplitude and joint time-frequency analysis. (Multimedia file included.)
(1) z = —50 km. (b) z = 0 km. (¢) z = 50 km.

is speetrally defined in (20). Again, a raised cosine function 1s
used as a window lunction W(w) with a roll-off factor of 20%
and a total bandwidth B. Fig. 8 shows the temporal amplitude
envelope, as well as the joint time—frequency analysis, of the
resulting propagated pulse, obtained for three positions of the
invariant path (z = —L/2,0, and L/2). The selected value of
Ry = 0.7 implies Tipy = 0.7 + Trnax-

In order to better illustrate the pulse propagation through the
fiber in the mvanant path, we have included an ammation for
each example. We have included two supplementary AVI files
that show a representation of the pulse propagation in the in-
variant path, for first and second example, respectively, cor-
responding to intermediate z values of the invariant path. We
can observe the invariance of the “head” of the pulse, with a
minimum duration of the invariant part T,y and a maximum
total duration T,ay. as deduced theoretically. It is also inter-
esting to observe the nonuniform velocity effect (acceleration)
of the pulse. As indicated in (5), the dependence of the delay
of the pulse A¢(z) on 2 is not linear, and the pulse velocity is
not constant. This nonuniform velocity 1s due to the fact that
the group velocity function depends on frequency, and there-
fore, the frequency shift Aw(z) also produces a variation in the
pulse apparent velocity. We can express At(z) = Ati(z) +
Ata(z). where Aty(2) = 1z and Aiy(z) = ﬂ%zz/(lzf). The
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Fig. 8. Invariant path simulation results for the second example. Temporal en-
velope amplitude and joint time-frequency analysis. (Multimedia file included.)
(a) 2z = —0.5 km. (b) z = 0 km. (¢) z = 0.5 km.

delay term Aty(2) constituting the main delay component of
the pulse in its propagation through the fiber is subtracted from
the total pulse delay represented. Thus, the pulse delay observed
in the animations only corresponds to Atg(z) term. The max-
imum delay variation in the invariant path due to Atq(2) term is
Aty(L/2) = Aty(—L/2) = 29.21 ps lor the first example, and
Aty(L/2) = Aty(—L/2) = —3.03 ps for the second example.
Therefore, it 1s a very marginal effect compared to the main
delay component Aty (), which is in the order of microseconds
for distances in the order of kilometers.

Fig. 9 represents the initial pulse to be generated at the be-
ginning of the preinvariant path for the second example (it was
assumed no preinvariant path in the first example), and we have
also included a supplementary AV file that shows the animation
of the propagation of the pulse during the preinvariant path. As
can be observed in the animation, as the pulse propagates in the
fiber, its waveform evolves to the desired pulse in the invariant
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Fig. 9. Preinvariant path simulation results for the second example. Temporal
envelope amplitude and joint time—frequency analysis of the pulse. (Multimedia
file included.)
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Fig. 10. Cubic phase distortion for the second example, comparing the propa-
gating pulse at the initial point of the invariant path z = —L/2 (red dotted) and
the final point of the invariant path 2 = L /2 (blue solid).

path, as predicted in the previous theory. Nonuniform velocity
effect can also be observed, where again the main propagation
delay term, A#;(z), 1s subtracted from the total pulse delay.

In Fig. 10, we show how the cubic phase term distortion af-
fects to the pulse temporal waveform in the second example
(for the first example, the cubic phase distortion is neglectable),
where the whole delay term At has been subtracted for a clear
visualization. As can be observed, it causes some shift in the rip-
ples of the pulse, but the overall envelope shape remains undis-
torted, verifying the validity of the proposed quasi-nondistortion
condition.

It 1s also worth noting that, since only linear effects are in-
volved in the invariant propagation of Airy pulses, a perturba-
tion or noise added to the mitial Airy pulse affects similarly as
111 generic pulses propagation under linear conditions, being lin-
early summed to the predicted invariant propagated pulse.

VI. CONCLUSION

Here, we have extensively developed the analytic basis for
design invariant bandlimited Airy pulses in SMI's, using the
unique propagation properties of Airy pulses in dispersive
media. Joint time—{requency analysis plays an important role
n this analysis and design. In order to get the finite energy
Airy pulse, a truncation in the spectral domain (instead of
temporal domain like in [2]) 1s applied. This spectral truncation
consists in applying an asymmetric flat-top window to the ideal
Airy pulse spectra, which does not locally affect the unique
properties of the Airy beams.

There are several pulse shaping techniques that can be ap-
plied to generate the initial pulse of the proposed designs. Fiber
Bragg gratings (FBGs) [13] and spatial light modulators [14]
have shown to be very suitable in shaping optical pulses of rel-
ative complexity. FBG-based implementations are an in-fiber



inexpensive solution, which have been demonstrated for intro-
ducing high amounts of pure third-order dispersion [15]. Spatial
light modulators have been implemented in commercial highly
sophisticated pulse shapers devices, which can be used for this
purpose in a more flexible and reconfigurable way, but with
higher costs.

Regarding the potential use of Airy pulses in fiber-optic com-
munication systems, from the previous analysis and examples, it
can be observed that very long pulses and very large pulse band-
width are required. This, in principle, can imply a serious limi-
tation of such a system because of the little spectral efficiency,
unless a controlled intersymbol interference scheme based on
the propagation properties of these pulses is applied.

As we have shown, we can design a finite Airy pulse with a
defined degree of invariance to chromatic dispersion. It is theo-
retically possible to obtain an arbitrarily high degree of invari-
ance, although a too high required degree of invariance may lead
to impractical designs. Therefore, we need to obtain a tradeoff
solution between the degree of invariance and the feasibility of
the desired initial pulse.
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