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Abstract: Light is the natural agent that stimulates sight and 

makes thing visible. In this review, the wave and particle 

properties of the light has been discussed. The propagation of 

intense light beam in a nonlinear kerr medium its effects on the 

medium have been discussed in detail. 

REVIEW 

ight is the natural agent that stimulates sight and makes 

thing visible. Ever since the ancient times, people have 

speculated about the true nature of light Philosopher Plato 

believed that light was something given off by the eye, and 

capable of making things visible when struck by it. Some 

others including Aristotle preferred to think of light as 

something non-material that goes on between the eye and the 

object seen. In seventeenth century, other theories were 

suggested. Hooke (1665) and Huygen (1678) suggested 

independently of each other that light travels from one place 

to another place by means of wave-motion. Newton 

formulates in 1704 the corpuscular theory of light where he 

envisioned that luminous bodies radiate energy in particles or 

corpuscles. His adherence to a corpuscular nature of light was 

based primarily on the presumption that light travels in a 

straight line whereas waves can bend into the region of 

shadow. The corpuscular theory was adopted by many 

scientists of that time, as the experimental evidence for the 

wave theory in Huygen's time was very small and the wave 

theory was almost dropped for more than one century. In 

1801, however, Thomas Young strongly supported the wave 

theory of light, mainly by virtue of his famous double slit 

experiments demonstrating the interference of light wave. 

The unification of electricity and magnetism 

achieved by Maxwell in 1865 clearly showed that light can be 

understood properly as the wave-like undulations of electric 

and magnetic fields propagating through space. He 

conjectured that light is a form of electromagnetic wave. In 

twentieth century, the quantum mechanics was initiated with 

Planck's introduction [1, 2] (Planck, 1900; 1901) of a 

quantum of action which was necessary to explain the black 

body radiation spectrum. This was a modern form of 

corpuscular theory based on, that energy is emitted and 

absorbed in discrete quanta and that the magnitude of each 

quantum may be calculated in accordance with Planck's 

hypothesis. Extension of these ideas lead Einstein [3, 4] 

(Einstein, 1905, 1906) to explain the photo-electric effect and, 

and to introduce the photon concept. 

Light has wave-like properties in interference and 

diffraction experiments and particle-like properties when it is 

absorbed or emitted by atoms. A satisfactory theory of 

radiation was needed which must explain in a unified way 

these two apparently paradoxical properties. By quantizing 

the electromagnetic fields, Dirac [5] (Dirac, 1927) was able to 

bring about the first successful synthesis of these two aspects 

of radiation. It is now well understood that light shows both 

wave-like and particle-like natures, and that these two are not 

mutually exclusive, but are complementary. 

Light exhibits various phenomena. Some of them are 

classically explainable and for some quantum theory is 

necessary. Classical theory explains phenomena like 

interference, diffraction, double refraction, polarization etc, 

while Photoelectric effects, Compton effect, X-ray 

generation, antibunching, squeezing, collapses and revivals 

etc. are explained only by using quantum theory. 

Einstein in 1917 first introduced the concept of 

stimulated or induced emission of radiation by atomic 

systems. He showed that in order to describe completely the 

interaction of matter and radiation it is necessary to include 

that process, in which an excited atom may be induced, by 

presence of radiation, to emit a photon, and thereby decay to a 

lower energy state.  

In 1960, a new type of light source, the LASER 

(Light Amplification by Stimulated Emission of Radiation), 

was realized. It utilizes the process of stimulated emission 

which was postulated by Einstein in 1917. The high intensity 

available in focused and pulsed laser beams has led to 

development of a new branch of optics, called Nonlinear 

Optics. The subject had its beginning in an experiment in 

which a strong beam of red light (wavelength 6943 Å) from a 

ruby laser was allowed to fall on a quartz crystal, and a faint 

beam of ultraviolet light at a wavelength of 3472 Å, second 

harmonic of the red, was produced [6]. Interaction of light 

with matter includes both a linear aspect and also a nonlinear 

aspect. Even though the nonlinear aspect is usually weak and 

quite often not even noticeable, it can become dominant at 

optical resonance or at large incident intensities, such as those 

produced with laser beams. The early development of the 

subject of nonlinear optics into a mature field is due to largely 

to the work of Bloembergen and his collaborators [7]. 

Interaction between light waves in media gives rise 

to a large variety of nonlinear optical phenomena such as the 

doubling and tripling of the light frequency of one laser beam 

and mixing of frequencies between two laser beams. The 

high-power densities available in light beams from coherent 

sources (lasers) have made possible the experimental 

observation of these nonlinear effects [6, 8-11]. This 

nonlinear regime is obtained at lesser intensities for some 
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media called the nonlinear media. It is interesting to note that, 

while some commonly studied nonlinear effects in material 

media are classical in nature, quantum mechanical nonlinear 

interaction of light are possible even in free-space [12-17] and 

can be observable with the super intense laser ultra-short 

pulses [18].  

Nonlinear interaction of light with media can be 

understood at microscopic level by considering interaction 

with a single electron. Vachaspati studied second harmonic 

generation in scattering of light by free electrons [19, 20] for 

the first time and this was studied later in detail [21-45]. 

Interaction with a single bound electron was also studied by 

several authors [46-57]. Bloembergen, in his celebrated book 

[7] on nonlinear optics, considers a simple model of electron 

bound to an anharmonic potential to explain nonlinearity of 

medium. 

In the lowest order the second harmonic generation 

takes place due to a term in electric polarization of the 

medium which is quadratic in the incident field. This term is 

absent if the medium possesses a centre of inversion 

symmetry. For the centre-symmetric materials, the nonlinear 

term is cubic in electric field in the lowest order. Armstrong, 

Bloernbergen, Duelling and Pershan [58] has given 

expression for the induced dipole moment per atom 

(molecule) to third order in the electric field using time 

dependent perturbation theory and dipole approximation in 

the lossless medium. They consider a superposition of four 

monochromatic waves of frequencies, say ω1, ω2, ω3 and ω4 in 

the field in the medium and found that if ω4= ω1 + ω2 + ω3 the 

nonlinear dependence of the frequency ω4 on the electric field 

of frequencies ω1, ω2, ω3 is given by 

 

  where E(ω) and P(ω) are the Fourier amplitudes 

(coefficients of exp(-iωt) in the electric field E and 

polarization P and χijkl is the susceptibility tensor of rank four. 

For the special case, where we consider the 

nonlinear polarization of frequency ω, due to the electric field 

of frequency ω, this reduce to 

 

For an isotropic medium above expression reduced 

to [7, 59, 60] 

 

where constant A and B are related to the fourth rank 

symmetric tensor elements as  and  . 

In general A and B are complex and imaginary part lead to 

losses. The A term describes the intensity-dependent 

correction to the linear polarization but the B term describes 

dependence on both, intensity and polarization state. Terhune 

and Coworkers [59, 60] have detected the existence of the 

term B in an ingenious way. 

This form of polarization gives several interesting 

effects such as third harmonic generation [61-63], intensity 

dependent change in refractive index which leads to self 

rotation of elliptically polarized intense beams as they 

propagates in an isotropic optically inactive dielectric [7, 59, 

60], change in polarization of intense elliptically polarized 

beams [64], self focusing of light beams [65-69] and self-

steepening of pulses of light [70], conical refraction of a weak 

light beam in presence of another intense light beam [71], 

change in polarization state and intensity of a weak light 

beam in a lossy isotropic nonlinear kerr medium in the 

presence of an intense co-propagating light beam [72], 

polarization multistability in a semi-infinite isotropic 

nonlinear kerr medium and in a slab of isotropic nonlinear 

kerr medium [73]. 

In 1669, Erasmus Bartholinus discovered double 

refraction in calcite, this was the first scientific description of 

polarization (the images are polarized perpendicular to each 

other). In 1678, Huygen explained the double refraction 

property of calcite from a geometric-wave construction 

method. In 1808, Malus analyzed the light reflected from a 

transparent body's surface using calcite crystal and noted that 

light reflected from the surface of transparent media possess 

the same property of having "Sides", Malus gave the name 

'Polarization' to this property. From properties of 

interference and diffraction it was concluded that light is a 

wave phenomenon, but polarization was a problem which was 

very difficult to explain on the basis of the wave theory. as 

long as light was conceived longitudinal in analogy with 

sound. Sound waves, as longitudinal waves could not account 

for the "sideness" displayed in polarization phenomena. 

Fresnel and Arago were the first to suggest a possible 

explanation of polarization on the basis of the wave theory. In 

1816, Fresnel net and Arago investigated the interference of 

polarized rays of light and found that two rays polarized at 

right angle to each other can never interfere. On the basis of 

this fact, in 1817, Thomas Young concluded that light waves 

are transverse and not as has been previously thought, 

longitudinal. In 1821, Fresnel published a paper in which he 

claimed with certainty that light is a transverse wave. 

In 1852, Sir G. G. Stokes [74] discovered that the 

polarization behavior of light could be represented in terms of 

observables, He found that any state of polarized light could 

be completely described by four measurable quantities now 

known as Stokes parameters. The first parameter expresses 

the total intensity of the optical field. The remaining three 

parameters describe the polarization state. 

These Stokes parameters proved to be very useful 

because of their geometrical representation due to Poincare 

[75] and these are directly accessible to measurement [76, 

77]. The Poincare sphere is of historical interest and is still 

used to describe the polarization state of light. It is especially 

useful to study the interaction of polarized light with the 

polarizing elements which can change its state of polarization 

e.g., polarizer, retarder, rotator, depolarizer etc. While the 
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Poincare sphere became reasonably well known in the optical 

literature in the first half of the twentieth century, it was 

rarely used in the treatment of polarized light problem. This is 

probably due to the considerable mathematical effort required 

to understand its properties. The appreciations of its 

usefulness come only after the appearance or the Jones and 

Muller matrix formalism. The Jones formalism is a natural 

consequence of the mathematical phase and amplitude 

description of light. The Muller formalism comes from 

experimental considerations of the intensity measurement of 

polarized light. The Jones [70-80] formalism uses Jones 

vector, a two-element column vector that describe the 

polarization sate of light, and Jones matrix, a 2x2 matrix that 

describe the optical element. The Jones vectors and matrices 

are complex, the vectors describe the amplitude and phase of 

the light and matrices describe the action of optical elements 

on both amplitude and phase of light beam. The Muller 

formalism [81] uses the Stokes vectors to represent the 

polarization state based on intensity, The Muller matrix is a 

4x4 matrix of real numbers. The drawback of Muller Matrix 

is that there is no information about phase. On the other hand, 

Jones matrix has the drawback that it cannot represent a 

depolarizer and a scatterer and the Jones vectors can only be 

used to describe a completely polarized light only. As a 

general rule, the most appropriate choice of matrix method is 

Co use the Jones formalism for amplitude superposition 

problem and Muller formalism for intensity superposition 

problem. 

There is another representation in which the 

polarization is described by a 2x2 matrix known as Wolfs 

coherency matrix [76, 77, 82-84]. The coherency matrix 

describes the correlation between the two orthogonally 

complex electric field vectors There is a remarkable 

relationship between elements of coherency matrix and 

Stokes parameters making use of Pauli spin matrices. The 

relation appears to have been first pointed out by U. Fano 

[85-87]. U. Fano showed that Stokes parameters are a very 

suitable analytic tool for treating the problems of polarization 

in both classical optics and quantum mechanics. He appears 

to have been the first to give a quantum mechanical 

description of electromagnetic field in terms of the Stokes 

parameters. Fano also noted that the reason for the successful 

application of the Stokes parameters to the quantum 

theoretical treatment of electromagnetic radiation problem is 

that they are observable quantities of phenomenological 

optics. But for historical reasons the Stokes parameters have 

found an extensive use even today rather than the polarization 

matrices. 

Before the advent of lasers, people studied optical 

polarization in terms of Stokes parameters which describes 

the correlation between field and amplitudes, i.e„ a second-

order effect. Stokes parameters were good for describing 

optical polarization states only for linear interaction of light 

with matter. The discovery of lasers in 1960 led to 

observations of several non-linear effects. In 1971, Prakash 

and Chandra [88, 89] shows that these Stokes parameters are 

insufficient to describe completely the optical polarization 

states by taking an example of a light beam whose properties 

are not symmetric about direction of propagation but which 

has values of Stokes parameters same as those for unpolarized 

light, Prakash and Chandra [88-91] gave a rigorous definition 

of unpolarized light and found the structure of density 

operator for unpolarized light for the first time. 

They also showed that if all pairs of orthogonally 

polarized components of an unpolarized beam are 

independent, the light beam is necessarily chaotic (i.e., of a 

thermal nature). Soon after, Agrawal [92] gave an alternative 

derivation for obtaining the density operator of unpolarized 

light and Mehta and Sharma [93, 94] defined polarized light 

rigorously. The problem of unpolarized light was studied 

again in last decade by Lehner, Leonhardt and Paul [95]. 

Several workers [59, 60, 96-113] stimulate me to 

write a review article on propagation of plane light waves in 

nonlinear isotopic Kerr medium. 

We have shown [114] that all optical polarization 

states of light except plane and circular undergo an intensity-

dependent change in normal reflection of light from an 

isotropic nonlinear Kerr medium. This effect is detectable 

easily and we propose an experiment for finding nonlinear 

susceptibility involved in that part of nonlinear polarization, 

which depends on the polarization state of light also using 

this effect. 

We studied [115] change in nature of light in 

propagation through a Iossless isotropic nonlinear Kerr 

medium in the slowly varying envelope approximation and 

obtain expression for probability distribution function without 

taking any further approximation. It is seen that coherent 

incident light or completely unpolarized incident light retain 

their natures, but an incident light beam having a coherent 

signal and an unpolarized noise depolarizes and strength of 

the signal decreases in general_ Depolarization is absent if the 

signal is circularly polarized and is maximum if the signal is 

plane polarized, For circularly polarized signal or plane 

polarized signal, polarization state of the signal does not 

change. This effect should be easily observable ivith presently 

available laser intensities We discuss a numerical example. 

The effect of an intense plane light wave on a co-

propagating weak plane light wave in a lossy isotropic 

nonlinear medium is studied [116] using the exact solution of 

H. Prakash etal, [96]. Presence of a plane polarized intense 

beam changes initial circular polarization of the weak beam to 

elliptical in general. The plane containing direction of major 

axis and of propagation oscillates about the plane of 

polarization of the intense beam. At the extreme positions, 

elliptical polarization reduces to plane polarization and 

switches its handedness. For the lossless case, the plane of the 

major axis remains fixed at 45
0
 to the plane of polarization of 

the intense beam and the polarization oscillates between 

circular and plane, switching the handedness when the plane 

polarization occurs. These effects are periodic in distance 
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within the medium. Presence of a circularly polarized intense 

beam changes initial plane polarization of the weak beam to 

elliptical, whose major axis rotates in propagation. For 

lossless case the weak beam remains plane polarized and 

rotates at a uniform rate in propagation. Suggestions for 

experimental observations of these effects are given and the 

values of observable quantities estimated for carbon disulfide. 

We studied [116] nonlinear interaction of counter-

propagating plane light waves in a semi-infinite isotropic 

lossless nonlinear Kerr medium and report existence of 

several regions of optical-polarization-multistability. We 

obtain nonlinear coupled differential equations for Stokes 

parameters of the two beams and solve them following the 

method of Prakash, Chandra and Prakash [96] using the 

boundary conditions at the mirror. We find that for the same 

incident intensity and for the same polarization state of the 

incident beam. output beam may exist in several stable 

polarization states. 
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