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ABSTRACT. A theoretical model was developed for light pulses propagating in optical fibers by
considering the nonlinear effects, the self-phase modulation and group velocity dispersion effects.
The split step Fourier method was used to generate soliton pulses in a fiber composed of a glass
core surrounded by a cladding layer. Gaussian and hyperbolic secant input pulses were used for the
simulation. By varying the initial chirp, input power and nonlinear coefficient for an input Gaussian
pulse at wavelength of λ = 1.55μm with initial pulse width 125ps for second order dispersion
-1
-1
β 2 = -20 ps 2 km -1 , nonlinear parameter g = 3W kg and initial chirp C = −0.25 two near soliton

pulses were generated for input powers P = 0.54 mW and P = 0.64 mW and a perfect soliton for the
hyperbolic secant input pulse.
INTRODUCTION

With the advancement of the information technology, the demand for high bit rate
communication systems are increasing. In recent times, there is an extensive research effort to
develop and improve all optical fiber based transmission systems. Once the speed of optical fiber
systems approaches the theoretical fiber bandwidth, the time duration and intensities of the
transmitted optical bits approach strong optical nonlinearities. Therefore to maintain quasi-linear
transmission, either pulse shape must undergo compensation or the chromatic dispersion of the
different wavelengths in the pulse must be balanced against the fiber nonlinearities exploiting the
nonlinear effects. The group velocity dispersion (GVD) imposes severe limit on the information
carrying capacity of optical communication systems. By choosing appropriate pulse shape, highly
stable light pulses known as solitons which preserve their shape over long distances are generated
when the effect of group velocity dispersion (GVD) is balanced by self-phase modulation (SPM).
The soliton based optical communication systems can be used over distances of several thousands
of kilometers with huge information carrying capacity by using optical amplifiers. When soliton in
different channels propagate at different speeds collisions are caused among them. These collisions
produce frequency shifts. Although in an ideal collision process due to the symmetric picture of the
whole collision process, the frequency shift returns to zero after the collision, when amplifier lump
exists in the middle of the collision process, the symmetry breaks down resulting frequency shifts.
This frequency shift may be completely cancelled out by dispersion management techniques. The
dispersion management techniques are based on finding the solution to nonlinear Schrödinger wave
equation. The collision also induces chirp degeneration. The chirped solitons suffer less nonlinear
interaction than regular solitons and thereby increase their transmission capacity. In order to realize
broadband optical communication systems and networks, it is imperative to compensate the pulse
spreading due to group velocity dispersion (GVD) and fiber nonlinearities due to optical Kerr’s
effects. Different compensation methods like optical phase conjugation method [1] and Bragggrating method [2] have been studied in the last decade mainly to increase the transmission
distances and bandwidth of optical communication systems. In techniques known as dispersion
management both chromatic dispersion and optical Kerr’s effects [3] have been studied together.
There is a significant increase in the transmission speed of optical networks when the impact of
higher order terms is clarified [4]. A simple technique of pulse compression based on linear chirp
This paper is an open access paper published under the terms and conditions of the Creative Commons Attribution license (CC BY)
(https://creativecommons.org/licenses/by/4.0)
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compensation of self-phase modulation in dispersion-shifted fibers was demonstrated by Calvani
et.al [5]. An expression for relative intensity noise due to dispersion and nonlinearity including fiber
loss was derived to show its impact with first order dispersion term [6]. The use of SPM and joint
optimization of the bias and modulation voltages to increase the dispersion limited transmission
distance at 10 Gb/s were combined by Cartledge [7]. A general treatment of multi-span effects of
Kerr nonlinearity on Shannon channel capacity for dispersion free nonlinear optical fiber
transmission has also been studied [8].
In the present work, using Gaussian pulse and hyperbolic secant pulse as input pulses, the split
step Fourier method was used to generate soliton pulses inside an optical fiber composed of a glass
core surrounded by a cladding layer, varying different parameters such as initial chirp, input power
and nonlinear coefficient which can propagates longer distances with lower energy losses by
cancelling the effects of GVD and nonlinearity with each other.
2. INDUCED POLARIZATION
For intense electromagnetic fields any dielectric medium behaves like a nonlinear medium, the
origin of nonlinearity lying in anharmonic motion of the bound electrons. Due to this anharmonic
motion the total polarization P induced by electric dipoles satisfies:
P =

∑ε
i

0

χ i Ei

(1)

where ε 0 is the permittivity of vacuum and χ i (i = 1, 2,...) is i th order susceptibility. The dominant
contribution to P is provided by linear susceptibilit χ 1 . The second order susceptibility χ 2 is
responsible for second harmonic generation and sum-frequency generation. A medium, which lacks
inversion symmetry at the molecular level, has non-zero second order susceptibility. However for a
symmetric molecule like silica, χ 2 vanishes. The third order susceptibility χ 3 , the lowest-order
nonlinear effects in fibers, is responsible for Kerr effect. For isotropic medium like optical fibers, as
the polarization vector P will always be in direction of electric field vector E, the scalar notations
instead of vector notations can be used. For an electric field,
=
E

E0 cos(ωt − kz )

(2)

the polarization P becomes,
=
P ε 0 ( c 1 E0 cos(ωt − kz ) + c 2 E0 2 cos 2 (ωt − kz ) + c 3 E03 cos3 (ωt − kz ) + ....)

(3)

Using some trigonometric relations, equation 3 can be written as
1 2 2 3 3 3
1
1
 1

P ε 0  ccc
E0 +
E0 +
E0 cos(ωt − kz ) + c 2 E0 2 cos 2(ωt − kz ) + c 3 E03 cos3(ωt − kz ) + .... 
=
2
4
2
4



(4)

As first and second terms of equation 4 are constant terms giving direct current fields across the
medium, the effect of them are of little practical importance. The third, fourth and fifth terms
oscillating at frequency ω are known as first or fundamental, second and third harmonic
polarizations respectively. Neglecting the third term of the equation 4 due to phase mismatch and
the higher order terms because of their negligible contributions, equation 4 reduces to an equation
containing both linear and nonlinear polarizations:
3 3 3
 1

ε 0  cc
P =
E0 +
E0 cos(ωt − kz ) 
4



(5)
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For a plane wave represented in equation 2, the intensity I is defined as,
I =

1
ε 0 cnl E02
2

(6)

where c is velocity of light and nl is linear refractive index of the medium at low fields. Hence
polarization in terms of intensity read:

3  c3
P =
ε 0 E0  c 1 + 
2  ε 0 cnl




 I cos(ωt − kz ) 



(7)

The effective susceptibility χ eff of the medium is defined as,
3  c3 
P
1
cc
=
=
+ 
I
eff
2  0 cnl 
ee
0 E0

(8)

Therefore, effective refractive index neff :
neff

1/ 2


3  c3  
1
1
= (1 + cc
=
+
+
)


I 
eff

2  e 0 cnl  

1/ 2

(9)

The last term is usually very small even for very intense light beam. Hence the expression in
equation 9 can be expanded using Taylor series expansion:
3  c3 
neff =
nl + 
nl + nnl I
I =
4  e 0 cnl 

(10)

where nl and nnl refer to linear and nonlinear refractive indices with nl= (1 + χ 3 )1/ 2 . Although, this
change in refractive index is very small, due to the very long interaction length (10–10,000 km) of
an optical fiber, the accumulated effects become significant and the nonlinear term is that is
responsible for the formation of a soliton. For longer fiber link lengths as more light interacts, the
nonlinear effect become greater. Due to fiber attenuation, the power of the propagating optical beam
decreases along the length of the fibre and the optical power at a distance z along the link is
P ( z ) = Pin e −α z

(11)

where Pin is the input power at z = 0 and α is the coefficient of attenuation. The effective length Leff ,
the length up to which the power is assumed to be constant is defined for an actual link length L as:
Pin Leff =

L

∫ P( z )dz

(12)

0

From equations 11 and 12, the effective link length can be obtained as,
Leff =

1 − e −α z

α

.

(13)

Since for communication fibers, the actual length L  1 α , the effective link length is Leff  1 / α .
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The effect of nonlinearity grows with the increase in intensity of the beam in the fiber. The
intensity is inversely proportional to area of the core. Effective cross-sectional area Aeff is related to
the actual area A and the cross-sectional distribution of intensity I (r ,θ ) in plane polar coordinates
can be written in the following way:

Aeff =

∫ θ∫ rdrdθ I (r ,θ )

(14)

r

∫ θ∫ rdrdθ I

2

( r ,θ )

r

3. NON-LINEAR EFFECTS
Nonlinear effects in optical fibers occur due to change in the refractive index of the medium with
optical intensity and inelastic-scattering phenomenon. At high power level, the inelastic scattering
phenomenon can induce stimulated Brillouin-scattering and Raman-scattering. When the electric
field is due to the light itself, the variation in refraction index, proportional to the local irradiance of
the light leads to Kerr effect. This is responsible for the nonlinear optical effects and become
significant with very intense beams such as laser beams. Depending upon the type of input signal,
the Kerr-nonlinearity manifests itself in three different effects such as self-phase modulation, crossphase modulation and four-wave mixing. An ultra-short pulse light, when travelling in a medium,
will induce a varying refractive index due to the optical Kerr effect producing a phase shift in the
pulse, leading to a change of the pulse's frequency spectrum known as self-phase modulation
(SPM). The primary effect of SPM is to broaden the spectrum of the pulse, keeping the temporal
shape unaltered.
In digital communication systems, the information encoded in the form of pulses, in the process
of transmitting from the transmitter to the receiver along the fiber, spread out creating pulse
dispersion. A typical fiber optic communication system using a pulse wavelength of 1.55 μm, falls
within the anomalous dispersion regime. The group velocity dispersion is the group delay
dispersion per unit length:
=
GVD

∂ 1
=
 
∂ω  vg 

∂2k
∂ω 2

(15)

where vg is the group velocity of the pulse and k is the frequency-dependent wave number.
The simplest model for pulse propagation in optical fiber including nonlinear effects is the
generalized nonlinear Schrodinger equation (NLSE) [9]:

( )

β ∂ 2 A β ∂3 A α
∂A
∂
2
2
= − i 2 2 + 3 3 − A + iγ A A + Λ
A A
∂z
2 ∂t
6 ∂t
2
∂t

(16)

where A( z , t ) is the amplitude modulation function of the rapidly oscillating electric field in a
coordinate system moving with the signal, β 2 is the group velocity dispersion (GVD), β3 is the
third order dispersion (TOD), α is the attenuation coefficient, γ is the self-phase modulation
(SPM) coefficient and Λ is the self-steepening. For soliton generation that cancels the effects of
group velocity dispersion from nonlinearity effects, the third order dispersion term β3 becomes
negligible for picoseconds pulses. Therefore equation 16 reduces to:
β ∂2 A α
∂A
2
=
−−
i 2 2
A + iγ A A
∂z
2 ∂t
2

(17)
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where the self-phase modulation coefficient γ = 2π n2 λ Aeff and the group velocity dispersion
parameter β 2 =
∂ 2 β ∂ω 2 is given in terms of is the phase constant β of each frequency. ω is the
frequency of the pulse and λ is the optical wavelength.
The dispersion length LD is the length up to which the effects of chromatic dispersion or group
velocity dispersion are negligible while the nonlinear length LNL represents the length, up to which
the effects of nonlinearity or self-phase modulation are negligible. If the length of the medium is
very much greater than the dispersion length L  LD and nonlinear length L  LNL , then pulse
undergo both the effect of group velocity dispersion and self-phase modulation and a soliton can be
generated.
4. SOLITON
A soliton is a self-reinforcing solitary wave packet or pulse that maintains its shape while it
travels at constant speed. If the pulse has just the right shape, the Kerr effect will exactly cancel the
dispersion effect, and the pulse's shape will not change over the time creating a soliton. Using
normalization parameters such as normalized time τ = T / T0 , normalized distance ξ = z / LD and the
normalized pulse envelope function u = A / P0 , and neglecting the energy loss to the fiber as α is
very small, the nonlinear Schrödinger equation can be written as

∂u
s ∂ 2u
2
−i
+ iN 2 u u =
0
2
∂ξ
2 ∂τ

(18)

where s = −1 for β 2 < 0 (anomalous GVD–Bright Soliton) and N is an integer designating the
order of soliton given by

=
N

LD
=
LNl

γ P0T02
β2

(19)

SPM dominates for N > 1 while dispersion effects dominates for N < 1 . For N ≈ 1 both SPM and
GVD cooperate in such a way that the SPM-induced chirp is just right to cancel the GVD-induced
broadening of the pulse. The optical pulse would then propagate undistorted in the form of a soliton.
By integrating the NLSE, the solution for fundamental soliton ( N = 1) can be written as,
u (ξ ,τ ) = sec h(τ )eiξ /2

(20)

Since
dispersion
and
nonlinear
effects
act
simultaneously on propagating
pulses in optical fibers, the
NLSE cannot be analytically
solved. Hence the numerical
split step Fourier method was
Figure 1: Split step Fourier method
utilized, by breaking the entire
length of the fiber into small step sizes of length, h and then splitting it into two halves, linear part
(dispersive part) and nonlinear part over z to z + h (Figure 1), the nonlinear Schrödinger equation
was solved. Each part was solved individually and then combined together afterwards to obtain the
aggregate output of the traversed pulse. The linear dispersive part was solved first in the Fourier
domain using the fast Fourier transforms and then inverse Fourier transformed into the time domain
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to solve the equation for the nonlinear term before combining them. The process is repeated over
the entire span of the fiber, to approximate the nonlinear pulse propagation. The value of h is
2

P0 h 0.05 rad . The
φmax γ=
chosen for the peak power P0 ( z , t ) with maximum phase shift=
solution of the generalized Schrödinger equation is described using this method [10]:
2
2
 2
 β 2 ∂ 2 A β3 ∂ 3 A α 
∂A 
i ∂ ( A A)
∂A
A =
(21)
Lˆ + Nˆ A
=
+
− A  + iγ  A +
− TR
 −i
2
3


ω
2
6
2
A
T
T
∂z
∂
∂
∂T
∂T
0




where a frame of reference moving with the pulse at the group velocity is used by making the
transformation T = t − β1 z and TR is the first moment of the nonlinear response function. For a pulse

(

)

of width T0 > 5 ps the last two terms can be neglected and the third order dispersion term is also

quite small. The linear part L̂ and nonlinear part N̂ are separated. The split step Fourier method
was implemented for Gaussian pulse and hyperbolic secant pulse:
ˆ

ˆ

A( z + h, T ) ≈ A( z , T )e hL e hN

(22)

ˆ

The exponential operator ehL can be evaluated in the Fourier domain. By taking pulse width, 125 ps
we have assume=
α 0,=
β3 0 and higher order nonlinear effects of self-steepening to be zero.
5. GAUSSIAN PULSE
A Gaussian pulse with initial chirp C, input amplitude A0 and pulse width T0 is given by [11]:
u (0, t ) = A0∗e− (1+iC )t

2

/2T0 2

(23)

The spectral amplitude of the pulse is given by the Fourier transform FT(u ( L, 0)) :
U ( L, ω )
=

FT(
u ( L, t ))
=

+∞

∫ u ( L, t ) e

iωt

dt .

(24)

−∞

In the presence of group velocity dispersion, the different frequency components undergo a phase
change. The rate of phase change respect to time due to GVD is:

dω
=

dφ
=
dt

( z / LD ) sin β 2 t
1 + ( z / LD ) 2 T0 2

(25)

The frequency chirp due to self-phase modulation can be shown as,

2π
dI
ω' =
ω0 −
Leff nnl
=
ω0  ω (t ).
l
dt

(26)

Minus sign represents the leading edge of the pulse and the positive sign the trailing edge of the
pulse. This shows that the pulse is chirped. This chirping phenomenon is generated due to SPM,
which leads to the spectral broadening of the pulse.
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For a Gaussian pulse, the dispersion length LD and nonlinear length Lnl is given by:

=
LD

T0 2
,
=
Lnl

β2

1

(27)

γP

where T0 is the pulse width and P is the power of the pulse. The simplified nonlinear Schrodinger
equation:

(

) (

 β2 ∂2 A α 
∂A
2
=
=Lˆ + Nˆ A
i
A  + iγ A A
 −−
2
∂z
2
2
∂
t



)

(28)

was solved in two dispersion steps with a
nonlinear step in the middle. This process
was repeated over the length of the fiber. A
Gaussian pulse at a wavelength of
with
an
input
power
λ = 1.55μm
P = 0.64 mW, initial pulse width T0 = 125 ps
and initial chirp C = 0.5 was considered as
the input pulse. This is shown in figure 1 for
normalized
time.
A
standard
telecommunication fiber with nonlinear
parameter γ = 3 W -1km-1 , second order
dispersion and β 2 = -20 ps 2 km-1 was used in
Matlab simulation. The dispersion length was
LD = 781.25 m. At the half of the maximum

Figure 1: Input Gaussian pulse

u(τ)

amplitude of the pulse, the width of the pulse
is called full-width half-maximum (FWHM)
and this is shown in figure 2. The pulse
broadening was calculated as the ratio of
FWHM of the propagating pulse to FWHM
of the input pulse. To generate a soliton, this
ratio must be one throughout all steps of
τ
τ1
τ2
propagation.
For nonlinear parameter γ = 3 W -1km-1 ,
Figure 2: Full width at half maximum
and input power P = 0.64 mW, the pulse
broadening ratio for various initial chirps, C =
−−
0.5, 0.25, 0.0, 0.25, 0.5 are shown in figure 3 with
GVD and SPM acting simultaneously on the Gaussian pulse. For the initial chirp of −0.5, the
evolution pattern given by the blue line shows that pulse broadens at first for a small period of
length. But gradually the rate at which it broadens slowly declines and the pulse broadening ratio
reach a constant value. The pulse moves at a slightly larger but constant width as it propagates
along the length of the fiber. For an initial chirp of −0.25 shown by red line, the pulse starts to
broaden at first but after a small period of length starts to narrow at decreasing rate and reaches a
constant value. If both GVD and SPM act simultaneously on the propagating Gaussian pulse with
no initial chirp (C = 0), shown by black line, the pulse shrinks initially for a very small period of
propagating length. After that the broadening ratio reaches a constant value and a stable pulse is
propagated. When the initial chirp is positive, pulse tends to shrink rapidly in first period of length
but the rate at which it narrows slowly decreases and then tries to gain the original pulse width after
reaching a minimum pulse width. The GVD and SPM effects may cancel each other out when the
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Pulse broadening ratio

GVD induced negative chirp equals
the SPM induced positive chirp.
But in this case, the initial chirp
affects the both GVD and SPM
C = -0.5
behaviours. When the chirp
parameter has a negative value, it is
C = -0.25
added to the negative chirp of the
GVD and subtracted from the
C =0
positive chirp of SPM causing the
net value of chirp to be negative.
C = 0.25
This means that GVD is dominant
C = 0.5
during the early stages of
propagation causing broadening of
the pulse. When the chirp is
Number of steps
positive, it is added to the positive
chirp of the SPM and subtracted Figure 3: Pulse broadening ratio for input power P = 0.64 mW,
1
from the negative chirp of GVD
γ = 3W −−
km 1 and initial chirps C =
−−
0.5, 0.25, 0.0, 0.25, 0.5.
causing the net value of chirp to be
positive. That is the SPM is
dominant during the early stages of propagation causing narrowing of the pulse. But as the
propagation distance increases the effect of the initial chirp decreases while the induced chirp
effects of both GVD and SPM regains control. The difference between positive and negative
induced effect is lessened and the GVD and SPM effects eventually cancel out each other to
propagate at constant width.
Pulse broadening ratio for various input powers (0.44, 0.54, 0.64, 0.74, 0.84) mW for nonlinear

Pulse broadening ratio

1
parameter γ = 3 W −−
km 1 and initial chirp of C = 0 is shown in figure 4. The pulse broadening ratio
of a pulse with a smaller input
power is higher than for those
with larger input power as the
nonlinear length is inversely
proportional to the input power.
As the length of the medium
P = 0.44 mW
(fiber) is much longer than the
P = 0.54 mW
dispersion length (LD) and the
nonlinear length ( Lnl ) , the pulse
P = 0.64 mW
undergoes both the GVD and
P = 0.74 mW
SPM effects. A pulse undergoes
nonlinear effects (SPM) much
P = 0.84 mW
earlier when Lnl is shorter as the
pulse needs to propagate only a
lesser length of the medium to be
Number of steps
affected by this effect. Therefore
1
when input power of the pulse
Figure 4: Pulse broadening ratio for γ = 3W −−
km 1 , C = 0 and
increases, the nonlinear length is
input powers (0.44,0.54,0.64,0.74,0.84) mW
decreased so the pulse undergoes
SPM much earlier and at the beginning, the pulse starts to shrink when the input power of the pulse
increases.
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Pulse broadening ratio

The pulse broadening ratio for
various
nonlinear
parameter
-1
-1
γ = (1, 2,3, 4,5) W km for initial
chirp C = 0 and input power is
shown in figure 5. When the value
of the nonlinear parameter γ
g =1
increases, the nonlinear length
g =2
decreases so that the pulse
g =3
undergoes SPM much earlier.
Therefore we can see from the
g =4
figure 5 as γ increases, the SPM
g =5
dominates and the pulse shrinks.
Number of steps
But as the pulse starts to propagate
through the medium, it feels the
Figure 5: Pulse broadening ratio for input power P = 0.64 mW,
effects of GVD more and negative
1
km 1
C = 0 and γ = (1, 2,3, 4,5) W −−
chirp of GVD starts to cancel out
the positive chirp of the SPM decreasing the pulse narrowing rate. Then it starts to propagate with a
constant pulse width, if both SPM and GVD cancel out each other’s effects or pulse width is
increased so that GVD is dominant. But when γ = 1W -1km-1 , the negative chirp of the GVD is
much larger than the positive chirp of the SPM therefore from the beginning GVD dominates so
that the pulse start broadening from the beginning.

Number of steps

Figure 6: Pulse broadening ratio for input powers P = (0.54,0.64,0.74) mW, initial chirps
1
km 1 .
C = −0.25, 0.0, 0.25 and γ = (2,3, 4) W −−

Pulse

broadening

ratio

for

input

powers

(0.54, 0.64, 0.74) mW,

initial

chirps

1
km 1 were obtained to find the optimum values for pulse
C = −0.25, 0.0, 0.25 and γ = (2, 3, 4) W −−
broadening ratio close to one. This is shown in figure 6. The figure shows that when C = 0,
1
1
km 1 and C = 0.25, P = 0.64 mW at γ = 2 W −−
km 1 , the end pulses
P = 0.74 mW at γ = 2 W −−
reach to its original pulse widths although it experience some decrease in the middle. But in both
cases in the end we can see the pulse is broadening its way to original width and if the ‘number of
steps’ had been increased the pulse would have been broaden more than its original width and the
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Figure 7(a): Pulse evolution at C = −0.25,
−−
1
γ = 3W=
km 1 , P 0.54
=
mW, A 0.023

Amplitude

1
γ = 3 W −−
km 1 the propagation pulse
broadening ratio is almost one and always
stays at the upper side of the margin one of
the pulse broadening ratio. At the end of
the propagation it gains a constant pulse
width so the pulse broadening ratio
becomes constant which is less than 1.
When
1
−0.25, P =
C=
0.64 mW, γ =
3 W −−
km 1
the propagation pulse broadening ratio is
almost one and always stays at the lower
side of the margin one of the pulse
broadening ratio. At the end of the
propagation it gains a constant pulse width
so the pulse broadening ratio becomes
constant which is more than 0.9. Therefore
we could choose both the above cases as
the optimum values for this setup as the
pulse width become constant at the end in
both cases and both pulses have almost
their original pulse width at the end. Pulse
evolutions of these two cases are shown in
figure 7. When the input power is
P = 0.54 mW , the amplitude of the output
pulse is slightly smaller (. 0.023) than the
input pulse magnitude 0.025 with a pulse
broadening ratio greater than one. When
the input power is P = 0.64 mW , the
amplitude of the output pulse is slightly
larger (. 0.026) than the amplitude of the
input pulse, 0.025 as the pulse is narrower
with a pulse broadening ratio less than one.

Amplitude

pulse broadening ratio would have been more than one. Therefore these cases cannot be chosen as
the optimum values for this setup. When
at
C = −0.25,
P = 0.54 mW

Figure 7(b): Pulse evolution at C = −0.25,
1
−−
km 1 , P 0.64
γ = 3W=
=
mW, A 0.025

6. HYPERBOLIC SECANT PULSE
The hyperbolic-secant pulse shape that occurs naturally in the context of optical solitons and
pulses emitted from some mode-locked lasers is of particular interest. For N ≈ 1 both SPM and
GVD cooperate in such a way that the SPM-induced chirp is just right to cancel the GVD-induced
broadening of the pulse. The optical pulse would then propagate undistorted in the form of a soliton.
By integrating the nonlinear Schrödinger equation, given in equation 18 for fundamental soliton
with N = 1, the following general solution can be obtained for the optical field:

u (ξ ,τ )

sech(
=
τ )eiξ /2 , u (0,τ )

sech (τ ) e−iCτ

2

/2
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where sech (t ) = sech ( t / T0 ) is hyperbolic secant function. Since the phase term exp(iξ/2) has no
influence on the shape of the pulse, the soliton is independent of ξ and hence is non-dispersive in
time domain. It is this property of a fundamental soliton that makes it an ideal candidate for optical
communications. Optical solitons are very stable against perturbations and can be created even
when the pulse shape and peak power deviates from the ideal conditions corresponding to N = 1 . A
hyperbolic secant pulse
1
(29)

of input power P = 0.64 mW and initial pulse
width 125 ps was considered. This pulse with
normalized time is shown in figure 8. A standard
telecommunication fiber with nonlinear parameter
γ = 3 W -1km-1 , second order dispersion and

0.9

Amplitude u(0,τ)

=
N sech(τ ) ( N 1)

Normalized Amplitude

=
u (0,τ )

0.6
0.5
0.4
0.3

0.1
0
-6

-4

-2

0

2

Normalized Time (t/To)
Normalized
time (τ)

4

6

Figure 8: Input hyperbolic secant pulse
with amplitude

Pulse broadening ratio

2

0.7

0.2

β 2 = -20 ps 2 km-1 was used in Matlab simulation.

The dispersion length was LD = 520.8 m. In the
general case, the spectrum of the transmitted pulse
cannot be calculated analytically and only an
approximate expression giving the bandwidth of
the transmitted spectrum is used. The spectral
amplitude of the pulse at the output of a fiber of
length L is given by the Fourier transforms in
equation 24. The intensity spectrum of the

0.8

Amplitude

transmitted pulse U ( L, ω ) , the self-phase
modulation spectrum is symmetrical and that its
effect is independent of the sign of the nonlinear
coefficient when dispersion is neglected.
Number of steps
Hyperbolic secant pulse propagation without initial
chirp was simulated by analytically solving the
Figure 9: Pulse broadening ratio for
normalized Schrodinger equation given in equation
hyperbolic secant pulse
18 with s = −1 and N = 1 using the split step
Fourier method. The pulse
broadening ratio obtained for an
input pulse of power P = 0.64 mW
with normalized amplitude and
nonlinear
parameter
−−
1
1
γ = 3 W km is shown in figure
9. The steady, horizontal line
shows that the pulse propagates at
seemingly constant input width.
The propagation of a constant
width hyperbolic secant pulse
means that for a nonlinear optical
fiber, soliton propagation has been
achieved. We assumed that no
(km)
attenuation was present for
simplification of solution. The
Figure 10: Pulse evolution of a hyperbolic secant pulse of
GVD and the SPM manifest
P = 0.64mW
themselves through their induced
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chirp effects. For GVD, the high frequency components of the pulse travel at higher velocity than
the low frequencies which induces negative chirp causing dispersion. SPM on the other hand,
induces positive chirp during propagation causing the pulse to narrow as it evolves. The net
outcome is that the negative induced chirp of GVD cancels out the positive induced chirp of SPM
equally producing a fundamental soliton ( N = 1). The pulse evolution is shown in figure 10.
7. CONCLUSION
When the speed of optical fiber systems approaches the theoretical fiber bandwidth, the time
duration and intensities of the transmitted optical bits approaches strong optical nonlinearities.
Therefore the nonlinear effects were utilized to balance chromatic dispersion of the different
wavelengths in the pulse against the fiber nonlinearities through soliton generation. A Gaussian
pulse is affected by both dispersive and nonlinear effects when propagating through an optical fiber.
Therefore by varying these parameters for a standard telecommunication fiber composed of a glass
core surrounded by a cladding layer at wavelength λ = 1.55μm , β 2 = -20 ps 2 km-1 for a Gaussian
pulse of input powers of P = 0.54 mW and P = 0.64 mW with pulse width T0 = 125 ps for the
optimum values of the initial chirp C = −0.25, nonlinear coefficient γ = 3 ×10-3 Wm -1 two solitons
were generated when the attenuation coefficient of the optical fiber is very small. For a hyperbolic
secant input pulse of input power P = 0.64 mW with pulse width T0 = 125 ps, throughout the
propagation of the pulse it maintained its original pulse shape without being affected by GVD and
SPM acting as a perfect soliton by cancelling out negative chirp of the GVD by positive chirp of the
SPM. Therefore hyperbolic secant pulse can be used for optical fiber communication systems which
has long distance and very small attenuation.
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