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Abstract
Solitons are Solitary waves and can be generated in dissipative nonlinear media with group velocity dispersion (GVD) and periodical amplification. Its preservation in such media can be explained on the one hand by the presence of a strong balance between the group velocity dispersion and nonlinearity and, on the other, with the presence of the delicate balance between losses and nonlinear amplification. The term "Soliton" was introduced in the 1960's, but the scientific research of Solitons had started in the 19th century when John Scott-Russell observed a large solitary wave in a canal near Edinburgh. More formal definitions exist, but they require substantial mathematics. The stability of Solitons stems from the delicate balance of "nonlinearity" and "dispersion" in the model equations. Nonlinearity drives a solitary wave to concentrate further; dispersion is the effect to spread such a localized wave. If one of these two competing effects is lost, Solitons become unstable and, eventually, cease to exist. In this respect, Solitons are completely different from "linear waves" like sinusoidal waves
1.0 Definition of  "Soliton"?

The term "Soliton" was introduced in the 1960's, but the scientific research of Solitons had started in the 19th century when John Scott-Russell observed a large solitary wave in a canal near Edinburgh. In the days of Scott Russell, there was much debate concerning the very existence of this kind of solitary waves. Nowadays, many model equations of nonlinear phenomena are known to possess Soliton solutions. 

Solitons are very stable solitary waves in a solution of those equations. As the term "Soliton" suggests, these solitary waves behave like "particles". When they are located mutually far apart, each of them is approximately a traveling wave with constant shape and velocity. As two such solitary waves get closer, they gradually deform and finally merge into a single wave packet; this wave packet, however, soon splits into two solitary waves with the same shape and velocity before "collision". 


The stability of Solitons stems from the delicate balance of "nonlinearity" and "dispersion" in the model equations. Nonlinearity drives a solitary wave to concentrate further; dispersion is the effect to spread such a localized wave. If one of these two competing effects is lost, Solitons become unstable and, eventually, cease to exist. In this respect, Solitons are completely different from "linear waves" like sinusoidal waves. In fact, sinusoidal waves are rather unstable in some model equations of Soliton phenomena. Computer simulations show that they soon break into a train of Solitons. 
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In this exhibition, we present several model equations of Soliton phenomena along with Soliton solutions. These equations are the most fundamental examples of the so called "integrable systems". Besides Soliton solutions, these model equations exhibit many remarkable properties, which invoked a wide range of researches since the 1960's. 

In mathematics and physics, a soliton is a self-reinforcing solitary wave caused by a delicate balance between nonlinear and dispersive effects in the medium. Solitons are found in many physical phenomena, as they arise as the solutions of a widespread class of weakly nonlinear dispersive partial differential equations describing physical systems. 

It is not easy to define precisely what a soliton is. Drazin and Johnson (1989) describe solitons as solutions of nonlinear differential equations which

1. represent waves of permanent form; 

2. are localised, so that they decay or approach a constant at infinity; 

3. can interact strongly with other solitons, but they emerge from the collision unchanged apart from a phase shift. 

More formal definitions exist, but they require substantial mathematics. On the other hand, some scientists use the term soliton for phenomena that do not quite have these three properties (for instance, the 'light bullets' of nonlinear optics are often called solitons despite losing energy during interaction).

Many exactly solvable models have soliton solutions, including the Korteweg-de Vries equation, the nonlinear Schrödinger equation, the coupled nonlinear Schrödinger equation, and the sine-Gordon equation. The soliton solutions are typically obtained by means of the inverse scattering transform. The mathematical theory of these equations is a broad and very active field of mathematical research.

Some types of tidal bore, a wave phenomenon of a few rivers including the River Severn, are 'undular': a wavefront followed by a train of solitons. Other solitons occur as the undersea internal waves, initiated by seabed topography, that propagate on the oceanic pycnocline. Atmospheric solitons also exist, such as the Morning Glory Cloud of the Gulf of Carpentaria, where pressure solitons travelling in a temperature inversion layer produce vast linear roll clouds.

In a broader sense, solitons belong to a class of phenomomena known as topological defects or topological solitons. These are a generalization of the notion of a soliton to any solution of a set of partial differential equations that is stable against decay to the "trivial solution" due to topological constraints. The constraint arises almost always because the differential equations must obey a set of boundary conditions, and the boundary has a non-trivial homotopy group, preserved by the differential equations. Thus, the solutions of the differential equations can be classified into homotopy classes. There is no continuous transformation that will map a solution in one homotopy class to another; thus the solutions are truly distinct, and maintain their integrity, even in the face of extremely powerful forces. Examples of topological solitons include the screw dislocation in a crystalline lattice, the Dirac string and the magnetic monopole in electromagnetism, the Skyrmion and the Wess-Zumino-Witten model in quantum field theory, and cosmic strings and domain walls in cosmology.

2.0 Concept Of Birefringence

Birefringence, or double refraction, is the decomposition of a ray of light into two rays (the ordinary ray and the extraordinary ray) when it passes through certain types of material, such as calcite crystals, depending on the polarization of the light. This effect can occur only if the structure of the material is anisotropic. If the material has a single axis of anisotropy, (i.e. it is uniaxial) birefringence can be formalised by assigning two different refractive indices to the material for different polarizations. The birefringence magnitude is then defined by:

Δn = ne − no (1) 

where no and ne are the refractive indices for polarizations perpendicular (ordinary) and parallel (extraordinary) to the axis of anisotropy respectively
3.0 Solitons in fiber optics
In 1973, Akira Hasegawa of AT&T Bell Labs was the first to suggest that solitons could exist in optical fibers, due to a balance between self-phase modulation and anomalous dispersion. He also proposed the idea of a soliton-based transmission system to increase performance of optical telecommunications.

Solitons in a fiber optic system are described by the Manakov equations.

If we begin with Maxwell's Equations, converts to cylindrical coordinates, and uses the boundary conditions for a fiber optic cable while including birefringence as an effect, he would arrive at the coupled nonlinear Schrödinger equations. He could then employ the Inverse scattering transform, a procedure analogous to the Fourier Transform and Laplace Transform, to obtain the Manakov system
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Mankov Equations

In 1987, P. Emplit, J.P. Hamaide, F. Reynaud, C. Froehly and A. Barthelemy, from the Universities of Brussels and Limoges, made the first experimental observation of the propagation of a dark soliton, in an optical fiber.

In 1988, Linn Mollenauer and his team transmitted soliton pulses over 4,000 kilometers using a phenomenon called the Raman effect, named for the Indian scientist Sir C. V. Raman who first described it in the 1920s, to provide optical gain in the fiber.

In 1991, a Bell Labs research team transmitted solitons error-free at 2.5 gigabits over more than 14,000 kilometers, using erbium optical fiber amplifiers (spliced-in segments of optical fiber containing the rare earth element erbium). Pump lasers, coupled to the optical amplifiers, activate the erbium, which energizes the light pulses.

In 1998, Thierry Georges and his team at France Télécom R&D Center, combining optical solitons of different wavelengths (wavelength division multiplexing), demonstrated a data transmission of 1 terabit per second (1,000,000,000,000 units of information per second).

In 2001, the practical use of solitons became a reality when Algety Telecom deployed submarine telecommunications equipment in Europe carrying real traffic using John Scott Russell's solitary wave.

4.0 Generation of soliton 
Stationary solitary optical waves, such as the averaged and dissipative optical Solitons, can be generated in dissipative nonlinear media with group velocity dispersion (GVD) and periodical amplification. Its preservation in such media can be explained on the one hand by the presence of a strong balance between the group velocity dispersion and nonlinearity and, on the other, with the presence of the delicate balance between losses and nonlinear amplification. We investigated numerically a cascaded fiber optical communication system with in-line semiconductor laser amplifiers (SLA). The gain saturation and the small gain exceeding in SLA at negative GVD region can lead to the generation of dissipative optical Solitons. We determined numerically that in the positive GVD region at the above conditions, generation of solitary optical wave with similar properties is also possible.

5.0 Why does Soliton propagation occur?

The optical Kerr effect, or AC Kerr effect is the case in which the electric field is due to the light itself. This causes a variation in index of refraction which is proportional to the local irradiance of the light. This refractive index variation is responsible for the nonlinear optical effects of self focusing and self-phase modulation  is the most important factor for this.In the Kerr Effect, the change in refractive index is proportional to the square of the electric field. Where the relationship is linear, the effect is known as the Pockels effect. Kerr also demonstrated a similar effect for magnetic fields known as the magneto-optic effect. Light from lasers allows the achievement of the effect using the light's own electric field, the AC Kerr effect.
5.1 Self-phase modulation (SPM) is a nonlinear optical effect of light-matter interaction. An ultrashort pulse of light, when travelling in a medium, will induce a varying refractive index of the medium due to the optical Kerr effect. This variation in refractive index will produce a phase shift in the pulse, leading to a change of the pulse's frequency spectrum.

Self-phase modulation is an important effect in optical systems that use short, intense pulses of light, such as lasers and optical fibre communications systems.

5.2 Kerr electro-optic effect
The Kerr electro-optic effect, or DC Kerr effect, is the special case in which the electric field is a slowly varying external field applied by, for instance, a voltage on electrodes across the material. Under the influence of the applied field, the material becomes birefringent, with different indexes of refraction for light polarized parallel to or perpendicular to the applied field. The difference in index of refraction, Δn, is given by
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where λ is the wavelength of the light, K is the Kerr constant, and E is the amplitude of the electric field. This difference in index of refraction causes the material to act like a waveplate when light is incident on it in a direction perpendicular to the electric field. If the material is placed between two "crossed" (perpendicular) linear polarizers, no light will be transmitted when the electric field is turned off, while nearly all of the light will be transmitted for some optimum value of the electric field. Higher values of the Kerr constant allow complete transmission to be achieved with a smaller applied electric field.

Some polar liquids, such as nitrotoluene (C5H7NO2) and nitrobenzene (C6H5NO2) exhibit very large Kerr constants. A glass cell filled with one of these liquids is called a Kerr cell. These are frequently used to modulate light, since the Kerr effect responds very quickly to changes in electric field. Light can be modulated with these devices at frequencies as high as 10 GHz. Because the Kerr effect is relatively weak, a typical Kerr cell may require voltages as high as 30 kV to achieve complete transparency. This is in contrast to Pockels cells, which can operate at much lower voltages. Another disadvantage of Kerr cells is that the best available material, nitrobenzene, is both poisonous and explosive. Some transparent crystals have also been used for Kerr modulation, although they have smaller Kerr constants
6.0  Conclusion

The lifecycle of a soliton pulse was discussed with providing suitable diagrams, a comprehensive collection of information is provided
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