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Abstract

Theoretical and Experimental investigation of Stimulated Brillouin Scattering And
Optical Bistability

Mohammad Jaberi

In this dissertation, stimulated Brillouin scattering for single and two pass amplification in
Nd:YAG active medium by single and two SBS cells were studied experimentally and
theoretically. Effects of longitudinal mode structure and determination of longitudinal mode
number for optimum energy reflectivity and compensating nonlinear effects in the laser pulse
waveform and filtering spectral behavior of laser pulse were considered for the first time. For this
purpose, a passively Q-switched non-planar unidirectional ring-resonator, with Nd:YAG active
medium at TEMy, transverse mode With the capability of producing one or multi-longitudinal
mode was used. The mode structure of the oscillator was analyzed by Fabry-Perot fringes of an
external etalon and fast Fourier transform techniques. Different intensity of laser field was applied
and then the Stokes back-scattered intensity for single and multi-longitudinal modes of single and
two SBS cells have been investigated and compared with each other. The results show that when
the laser oscillator operates in multi-mode two-cell configuration higher reflectivity and much
better distortion elimination of the back-scattered Stokes waveform was obtained. Furthermore,
SBS amplifier with reduction of pump pulse intensity and prevention of secondary acoustic modes
formation lead to production of completely filtered SBS Stokes pulse. The accuracy of the results
was examined numerically by solving two cells SBS governed equations and considering boundary
conditions and rate equations of intensity and population inversion in laser amplifier. Numerical
results of the amplified intensity show considerable differences between amplifier equipped with
PCM and a two-pass amplifier with a conventional mirror under the same output energy. The
amplifier with PCM has a completely filtered and different spectral behavior with clearly reduction
of the beating between Fourier components of input optical field that is in good agreement with the
experimental results. EIT was studied as a technique for the elimination of the medium effect on
the electromagnetic beam propagation and as a process of SBS application in the semiconductor
engineering and it also leads to optical bistability . The influence of the spin-relaxation on the
optical bistability via a nonradiative coherence between the heavy-hole and the light-hole in a
semiconductor inside a unidirectional ring cavity is studied. It was found that the spin-relaxation
leads to increase in threshold intensity of optical bistability and multistability. Furthermore, In a
quantum well waveguide coupled by orthogonally polarized optical fields, the influence of spin
coherence on the optical bistability and multistability was investigated. It was shown that optical
bistability and multistability are very sensitive to the relative phase between applied fields.
Keyword: spectral filtration, optical bistability, mode structure, phase conjugation, spin relaxation.



