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ABSTRACT Optical solitons are expected to play a major role in optical communication in which the solitons are 
treated as information carrying bits. 

The two exactly opposing mechanisms GVD in anomalous dispersion regime and SPM make optical soliton wave prop-
agation through optical fibre

1.1.1 INTRODUCTION 
Optical fibres are cylindrical dielectric waveguides con-
sisting of a central core of one index of refraction (n1) 
surrounded by a concentric cladding with a slightly dif-
ferent index of refraction (n2) in order to guide light 
through the length of the fibre by the process of to-
tal internal reflection. The optical fibres guide elec-
tromagnetic waves in the region of visible spectrum 
which has frequency over 100THz. This frequency is al-
most hundred thousand times greater than microwaves 
and hence much more information can be carried by 
an electro-magnetic wave through fibres. In general 
waveguides introduce certain boundary conditions on 
the electromagnetic fields that must be met at the in-
terfaces between the wave guide regions [4]. As a re-
sult, only certain combination of waves will meet these 
boundary conditions and be allowed to propagate. 
Such combination of waves is known as modes. In 
fact the modes of an optical fibre are those transverse 
field distributions of electric and magnetic fields that 
propagate through the optical fibre with definite phase 
and group velocities and without any change in their 
polarization state or in their transverse field distribu-
tions. Depending on the number of modes propagating 
through the fibre one can classify fibres as single mode 
or multimode fibres.

Single mode fibres are characterized by core diam-
eters of 9 to 10 µm and cladding diameter of 25 µm 
and support only one propagation mode. Multi-mode 
fibres support more than one mode and have a core 
diameter of 50 µm and cladding diameter of 125 µm. 
The single and multimode fibres are further classified 
into step index and graded index single or multi mode 
fibres depending upon the nature of the core and re-
fractive index. Step index fibres are characterized by a 
homogeneous core of constant refractive index while 
graded index fibres have an inhomogeneous core in 
which the refractive index decreases in an almost para-
bolic fashion from the center of the core to the core-
cladding interface.

1.1.2: Attenuation: The power carried by light pulse 
propagating through the fibre continuously decreases as it 
propagates along the fibre. This is due to the intrinsic ab-
sorption by the fibre material and extrinsic absorption of 
the impurities like F e3+ or OH− ions during fibre manu-
facture. Another important factor influencing attenuation 

is Rayleigh scattering, a fundamental loss mechanism, and 
extrinsic scattering due to the imperfections in the fibre or 
in the protective jacket [1, 2]. 

1.2.1: Results and Discussion:
As the intensity of the incident pulse is high (that is Pico-
second/nano-second pulses), the response of the fibre be-
comes nonlinear and one has to take the nonlinear effects 
also to study pulse propagation.  

(ii) Group velocity dispersion:
In single mode fibres also pulse dispersion takes place. 
Here different frequency components present in the in-
put pulse travel at different velocities leading to the 
temporal broadening[8] of the pulse. This spreading 
of group velocity is known as chromatic dispersion or 
group velocity dispersion (GVD). Two mechanisms re-
sponsible for GVD are

a) Material dispersion:
This arises due to the dependence of refractive index of 
the fibre material on frequency. The dopants like (GeO2, 
P2O2) in the core are responsible for this dispersion.

b) Waveguide dispersion:
This is due to the explicit dependence of propagation con-
stant on wave-length. This depends on the fibre design 
parameters such as the core radius and the core-cladding 
index difference.

1.2.2: Kerr effect and self phase modulation: 
In an optical fibre the lowest nonlinearity is the χ(3) nonline-
arity. The role of the real part of χ(3) is to change the refrac-
tive index proportional to the intensity |E|2. This phenom-
enon of intensity dependence of refractive index is known 
as Kerr effect. Now, in the presence of Kerr-effect a self 
induced phase shift is experienced by the optical field dur-
ing its propagation through optical fibre, this phenomenon 
is known as self phase modulation (SPM). 

Due to the SPM the leading edge of the pulse is down-
shifted in frequency and the trailing edge is up shifted in 
frequency leaving the central frequency of the pulse un-
changed. Thus the chirp that arises here is in an opposite 
sense to the chirp which occurs due to anomalous disper-
sion.
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Figure 1: changes in frequency spectrum or broadening 
of a pulse due to self phase modulation. 
 
The two exactly opposing mechanisms, GVD in anomalous 
dispersion regime and SPM discussed above [5] leads to 
predict optical soliton wave propagation through single 
mode optical fibre. 

Soliton propagation through optical fibre suffers a major 
impediment due to fibre loss, an inevitable loss arising due 
to fibre property, and hence requires expensive repeaters 
to be installed periodically in order to regenerate them. 

The first long distance all optical soliton transmission, 
showing soliton propagation for over more than 4000kms, 
uses a recirculating loop. In the mean time, fibre amplifi-
ers have been also developed to over-come the difficulties 
arising in Raman fibre amplifiers. To be specific, the inven-
tion of erbium doped fibre amplifiers enhanced the study 
on the optical soliton regeneration. In 1989 Nakazawa, 
Kimura and Suzuki [7] demonstrated experimentally the 
reshaping of optical solitons. Following this an immense 
amount of research work is being carried out at present in 
this direction. It has also been observed that light ampli-
fication in erbium doped glass fibres allows intercontinen-
tal communication at 10 billion bits per second and opens 
new avenues of data transmission via optical solitons [3].

CONCLUSIONS: 
If a wave is in motion, the compression of pulses occurs by 
SPM (Self phase modulation) and broadening of pulse oc-
curs by GVD (Group velocity dispersion).

If these two mechanisms compensate each other the pulse 
do not change shape (called fundamental solitons) and 
thus solitons are used as information carrying bits.
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