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Evolution	
  of	
  a	
  Gaussian	
  in	
  4	
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  of	
  horizontally-­‐layered	
  media
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Dispersion	
  of	
  transverse-­‐propagating	
  waves	
  is	
  
caused	
  by	
  diffraction	
  and	
  depends	
  on	
  sound	
  

speed	
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Shallow	
  water	
  waves

Shallow	
  water	
  equations:

h:	
  depth	
  
u,	
  v:	
  velocity	
  
g:	
  gravitational	
  constant	
  
b:	
  bottom	
  elevation

Shallow	
  water	
  waves	
  propagate	
  in	
  a	
  
nonlinear	
  way,	
  leading	
  to	
  wave	
  breaking
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Shallow	
  water	
  “diffractons"

Any	
  initial	
  pulse	
  evolves	
  into	
  a	
  train	
  of	
  solitary	
  waves:

Nonlinearity	
  +	
  effective	
  dispersion	
  =>	
  solitary	
  waves

Numerical	
  methods

• Godunov-­‐type	
  finite	
  volume	
  methods	
  
• Parallelism	
  via	
  PyClaw	
  
• f-­‐wave	
  shallow	
  water	
  Riemann	
  solver

numpy

Python

Fortran

C

Python 
Extension

pyclaw

f2py

petsc4py

PETSc MPI

Clawpack kernels

• Shading:	
  wave	
  height	
  
• Black	
  curve:	
  trace	
  of	
  solution	
  at	
  fixed	
  y-­‐value

No	
  wave	
  breaking

Try	
  it	
  yourself:	
  
http://nbviewer.jupyter.org/gist/ketch/9250942

http://nbviewer.jupyter.org/gist/ketch/9250942


Main	
  findings

•Both	
  reflection	
  and	
  diffraction	
  can	
  
create	
  a	
  dispersive	
  effect	
  in	
  
periodic	
  media	
  

• Strong	
  reflection	
  or	
  diffraction	
  can	
  
prevent	
  shock	
  formation	
  and	
  lead	
  
to	
  solitary	
  wave	
  formation	
  

• This	
  is	
  predicted	
  to	
  occur	
  in	
  a	
  broad	
  
range	
  of	
  physical	
  models,	
  including	
  
nonlinear	
  elasticity,	
  shallow	
  water	
  
waves,	
  and	
  compressible	
  fluid	
  
dynamics
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See	
  	
  
http://davidketcheson.info/publications.html	
  

(click	
  “nonlinear	
  waves”)
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