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OutlineOutline
 Vector Solitons
 Resonance Interaction between long wave 

and short wave vector soliton (coupled 
soliton) equation

 (2+1)-dimensional vector soliton (Long 
wave-short wave resonant interaction)

 Multi-soliton solution



  

Optical Solitons
Theoretical prediction of (temporal) Soliton in optical fiber:

Hasegawa and Tappert, 1973
Experimental realizationExperimental realization: Mollenauer et al. 1980

Optical Soliton Communication:
High-speed, large capacity

Application to optical devices
(e.g. optical switching)



  

Vector NLS  (coupled NLS)
 equation(Manakov)



  

Question

• Is there any two-dimensional vector soliton 
equation having physical interpretation?

• If yes, investigate multi-soliton dynamics. 
• Find some physical vector soliton equations 

(e.g. Laser physics)        We can construct 
a new system of computing using soliton 
dynamics                                       
(Construction of Logic Gate)



  

Physical Difference between
 KdV and NLS

KdV equation Long wave 
(e.g. Shallow water wave)

NLS equation Short wave
(e.g.  Deep water wave)

Is there any physical phenomenon having 
  both long wave and short wave?

Long wave

Short wave



  

Resonance Interaction between
 long wave and short wave

Resonance
Interaction



  

Example: Surface wave and
 internal wave

 (Oikawa & Funakoshi)

Yajima-Oikawa System 
(Long wave- short wave resonance interaction eq.)



  

Derivation of 2D vector 
Yajima-Oikawa system

Dispersion relation of weakly nonlinear wave



  



  

Weakly nonlinear Channel 3:Dark
Channel 1, 2: Bright



  

First equation

Integrable

2-dimensional 2-component Yajima-Oikawa system
(2-dimensional 2-component long wave-short wave    resonance interaction equations)



  

2-dimensional vector 
Yajima-Oikawa System

(2-component)



  



  



  

Phase shift



  

Interaction of 2-line soliton and
 periodic soliton



  

Conclusion
• We derived 2-dimensional vector YO 
system in physical setting

• We constructed Wronskian solutions of 
2-dimensional vector YO system

• Soliton interaction of vector YO 
system has some unusual properties.


