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7.6 Raman and Brillouin scattering 
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Stimulated Raman and Brillouin scattering is an important technique to 
investigate oscillations in molecules and solids 
 
They permit the oscillations’ identification and study, without them directly 
coupling to the optical radiation. 
 
stimulated Raman scattering occurring in glass fibers limits the applicable 
minimum pulse duration in optical communication systems 
 
Raman amplification can be used to realize broadband Raman amplifiers 
for optical communications.  
 
physical effect of Raman scattering:  
light propagating though a sample with polarization fluctuations can be 
scattered in arbitrary direction and shifted in frequency 
 
If the polarization fluctuations originate from oscillations of a molecules or 
optical or acoustic phonons in a solid, the process takes place via 
absorption or emission of a phonon, leading to an Anti-Stokes or Stokes 
shift of the photon 
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absorption or emission of a phonon, leading to an Anti-Stokes or Stokes 
shift of the photon 

10× field enhancement in nanostructures 
→surface-enhanced Raman scattering (SERS) 
              A. Campion and P. Kambhampati,  
              Chem. Soc. Rev. 27, 241 (1998) 

from www.semrock.com 
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we need Q 
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intensity modulation by beat terms 
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all other beat terms  
ignored here 

χ(3) 

C. V. Raman  
(Nobel Prize 
 1930) 
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Raman gain is superposition of 
several Lorentzian lines 
 
silica glass clusters that make  
up resonances 

20 nm bandwidth 



7.6.1 Focusing 
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7.6.2 Strong conversion 
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7.6.3 Stimulated Brillouin scattering 
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Brillouin scattering: scattering of light on acoustic waves 
 
Again as for Raman scattering, fluctuations of polarizations, but now 
caused by acoustic waves, give rise to spontaneous and stimulated 
scattering.  
 
First observation of Stimulated Brillouin scattering (SBS): 
 
 
For strong pump fields: very efficient frequency conversion 
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8 Optical Solitons 
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8.1 Dispersion 
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8.2 Self-phase modulation 



Input: Gaussian pulse, Pulse duration = 100 fs, Peak power = 1 kW 

Self-phase modulation 
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8.3 Nonlinear Schrödinger Equation (NLSE) 

John Scott Russell  
(1808-1882) 
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8.3 Nonlinear Schrödinger Equation (NLSE) 



John Scott Russel 

   In 1834, while conducting experiments to 
determine the most efficient design for 
canal boats, John Scott Russell made a 
remarkable scientific discovery. As he 
described it in his "Report on Waves":  

 

Report of the fourteenth meeting of the British Association for 
the Advancement of Science, York, September 1844 (London 
1845), pp 311-390, Plates XLVII-LVII).  
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Russell’s report 

   “I was observing the motion of a boat which was rapidly 
drawn along a narrow channel by a pair of horses, 
when the boat suddenly stopped - not so the mass of 
water in the channel which it had put in motion; it 
accumulated round the prow of the vessel in a state of 
violent agitation, then suddenly leaving it behind, rolled 
forward with great velocity, assuming the form of a 
large solitary elevation, a rounded, smooth and well-
defined heap of water, which continued its course 
along the channel apparently without change of form 
or diminution of speed.” 
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   “I followed it on horseback, and overtook it still 
rolling on at a rate of some eight or nine miles 
an hour, preserving its original figure some thirty 
feet long and a foot to a foot and a half in 
height. Its height gradually diminished, and after 
a chase of one or two miles I lost it in the 
windings of the channel. Such, in the month of 
August 1834, was my first chance interview with 
that singular and beautiful phenomenon which I 
have called the Wave of Translation.”  

Russell’s report 
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Scott Russell Aqueduct 

89.3m long, 4.13m wide,1.52m deep, On the union Canal, Near 
Heroit-Watt Univ. 

www.spsu.edu/math/txu/research/presentations/soliton/talk.ppt  
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Scott Russell Aqueduct 

www.spsu.edu/math/txu/research/presentations/soliton/talk.ppt  
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A brief history (mainly for optical soliton) 

• 1838 – observation of soliton in water 
 

• 1895 – mathematical description of waves on 
shallow water surfaces, i.e. KdV equation 
 

• 1972 – optical solitons arising from NLSE 
 

• 1980 – experimental demonstration 
 

• 1990’s – soliton control techniques 
 

• 2000’s –understanding soliton in the context of 
supercontinuum generation  
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8.4 The Solitons of the NLSE 

8.4.1  The fundamental soliton  



34 



Propagation of fundamental soliton 

Input: 1ps soliton centered at 1.55 um; medium: single-mode fiber 
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Area Theorem 

Nonlinear phase shift soliton acquires during propagation:  

(Balance between dispersion and nonlinearity) 

Soliton Energy: Pulse width: 

Important Relations 
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General fundamental soliton  
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