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Nonlinear Optics                                                       Part C



      3rd Order Nonlinear Effects (Part 2) 

 - Self- Phase Modulation
- Generation of Soliton Pulses
- Stimulated Brillouin Scattering (SBS)          
- Stimulated Raman Techniques
- Optical Phase Conjugation 
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Self- Phase Modulation (SPM)

It’s the change in the phase of an optical pulse resulting 

from the nonlinearity of the material refractive index 

(i.e., Kerr effect).

Due to the Kerr effect, high optical intensity in a medium 

(e.g. an optical fiber) causes a NL phase delay which 

has the same temporal shape as the optical intensity. 

This can be described as a NL change in the refractive 

index ( Dn = n2 I )

In the context of self-phase modulation, the emphasis is 

on the temporal dependence of the phase shift, whereas 

the transverse dependence for some beam profile leads 

to the phenomenon of self- focusing.
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Soliton Pulses

Solitons are pulses with a certain balance of nonlinear 

and dispersive effects.

In general, the temporal and spectral shape of a 

short optical pulse changes during propagation in a 

transparent medium due to the Kerr effect and 

chromatic dispersion. 

At certain conditions, the effects of Kerr nonlinearity and 

dispersion can exactly cancel each other, apart from a 

constant phase delay per unit propagation distance, so 

that the temporal and spectral shape of the pulses is 

preserved even over long propagation distances .
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The pulse can propagate as a fundamental soliton
(or solitary pulse) with constant temporal and
spectral shape.

It only acquires a phase shift which the peak of
the pulse would experience if only the non-
linearity alone were to act on it.

This soliton phase shift is constant over time or
frequency, i.e., it does not lead to a chirp or to
spectral broadening.
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Blue curve time-dependent nonlinear phase shift alone (without 

dispersion), which is proportional to the optical intensity.

Red curve overall phase shift, resulting from the combined action 

of nonlinearity and dispersion on a soliton. The constant phase 

shift does not modify the pulse temporal or spectral shape. 
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: A general review
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Raman scattering 

Most of photons scattered from an 

atom or molecule, are elastically 

scattered (Rayleigh), i.e., have the 

same w and l as the incident 

photons. However, a small fraction 

(1 /107) of the scattered photons is 

inelastically scattered by excitation.
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Brillouin scattering is an interaction between EM wave 

and a density wave (photon-phonon scattering)

The scattering is inelastic: the photon may lose (Stokes 

process) or gain energy (anti-Stokes process). This shift 

in photon frequency, known as the Brillouin shift, is 

equal to the energy of the interacting phonon.

when the medium is compressed its index of refraction 

changes, and a fraction of the traveling light wave, 

interacting with the periodic refraction index variations, is 

deflected as in 3D diffraction grating. Since the sound 

wave, too, is travelling, light is also subjected to a 

Doppler shift, so its frequency changes.
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Stimulated Scattering

Light can scatter inelastically from fundamental excitations in 

the medium, resulting in the production of light at a frequency 

that is shifted from that of the incident by the excitation 

frequency.

e.g., Brillouin scattering from acoustic vibrations; various forms 

of Raman scattering involving molecular rotations or vibrations, 

electronic states in atoms or molecules, lattice vibrations. 

At high power levels, the scattered light experiences 

exponential gain, and the process is then termed stimulated.

In stimulated scattering, the energy of the incident light is 

almost completely converted to another, scattered wave at 

lower w (longer l) with the small energy difference being 

release as phonons.
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Stimulated Brillouin Scattering (SBS)

.
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The frequency of the reflected beam is slightly lower than that of the incident

beam; the frequency difference νB corresponds to the frequency of emitted

phonons. This so-called Brillouin frequency shift is set by a phase-matching

requirement. For pure backward Brillouin scattering, the Brillouin shift can be

calculated from the refractive index n, the acoustic velocity va and the vacuum

wavelength λ :

The Brillouin frequency shift depends on the material composition and to some

extent the temperature and pressure of the medium.
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Stimulated Raman Scattering (SRS)

Introduction
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An instantaneous process, in which a Stokes 

photon stimulates the emission of another 

Stokes photon. Anti-Stokes photons result 

from four-wave mixing.
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It is a nonlinear process used to remove the effects 

of aberrations from certain types of optical systems

Optical Phase Conjugation (OPC)

It can exactly reverse the propagation direction and 

phase variation of a beam of light. The reversed 

beam is called a conjugate beam.

Then OPC is generation of a time-reversed replica
of the wave, like a mirror, and 

E = A cos (wt – kz – f)    

Ec= A cos (wt +kz + f) 

(also called time reversal or wavefront reversal)
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The PCM reflects incident light back towards where it came from, 

but it does so in a different way than a regular mirror.

In a regular mirror, light that strikes the mirror normal to its 

surface, is reflected straight back the way it came (A). This is also 

true of PCM (B). When the light strikes a normal mirror at an angle, 

it reflects back in opposite direction, such that the angle of 

incidence is equal to the angle of reflection (C). In PCM, light is 

always reflected straight back the way it came from, no matter 

what the angle of incidence (D). 

Phase Conjugate Mirror (PCM) 
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Phase 
conjugating 
mirror

Conventional 
mirror
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This difference has significant consequences, e.g., if we 

place an irregular distorting glass in the path of a beam of 

light, the parallel rays get bent in random directions, and 

after reflection from a normal mirror, each ray of light is bent 

even farther, and the beam is scattered. 

With a PCM, each ray is reflected back in the direction it 

came from. This reflected conjugate wave therefore, 

propagates backwards through the distorting medium, and 

essentially "un-does" the distortion, and returns to a coherent 

beam of parallel rays travelling in the opposite direction. 
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Comparison of a phase conjugate mirror with a conventional 
mirror. With the phase conjugate mirror the image is not 
deformed when passing through an aberrating element twice.

Phase conjugating mirror

Conventional mirror

http://en.wikipedia.org/wiki/File:PhaseConjugationPrinciple.en.svg
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Conventional mirror Phase conjugating mirror
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