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Bulk waves: as rays 
P: compression ; S: shear 
 
Surface waves: confined ‘close to’ 
the surface 
R: Rayleigh ; L : Love 
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Wave?	
  
A	
  perturba4on	
  that	
  propagates	
  without	
  changing	
  its	
  form	
  (in	
  an	
  homogeneous	
  body)	
  

t	
   t+dt	
  

en	
  M	
   en	
  M’	
  

dt=	
  MM’/v	
  	
  ;	
  	
  v	
  is	
  the	
  propaga4on	
  speed	
  









1D	
  propaga4on	
  	
  	
  	
  	
  	
  	
  



Equa4on	
  of	
  P	
  waves	
  

Newton’s	
  law:	
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P waves 



Equa4on	
  of	
  S	
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S Wave 





Identically                    

Not	
  really	
  a	
  simple	
  wave	
  equa4on…….	
  





Typical velocities 

(grès)	
  
(calcaire)	
  



Typical	
  values	
  for	
  ‘seismic	
  hazard’	
  problems	
  
	
  
Surface	
  hard	
  rock	
  (no	
  weathering)	
  
Vp=5000m/s	
  	
  	
  Vs=2800m/s	
  
	
  
Crust	
  
Vp=6300m/s	
  	
  	
  Vs=3500m/s	
  
	
  
Mantle	
  
Vp=8100m/s	
  	
  Vs=4700m/s	
  
	
  
Sediments	
  	
  
Vp=1800m/s	
  	
  	
  Vs=300m/s	
  
	
  
Clay	
  of	
  Mexico	
  
Vp=1500m/s	
  	
  	
  Vs=40m/s	
  !!	
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Wave propagation, Huyghens principle 

© E.U. 2003 & T. Boyd, CSM 



Wavefronts and seismic rays 

	
  
•	
  Rays	
  are	
  perpendicular	
  to	
  wave	
  fronts	
  in	
  isotropic	
  mediua	
  
	
  	
  (high	
  frequency	
  approxima4on).	
  

© CSM 



Reflec4on	
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Transmission	
  coefficient	
  











Wave	
  fronts	
   Rays	
  



Couche de surface à vitesse faible  

© T. Boyd, CSM 























Oldham,	
  1906:	
  the	
  core!	
  

Shadow	
  zone	
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distance=4500km	
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Distance	
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Pointés	
  des	
  temps	
  d’arrivée	
  des	
  ondes	
  de	
  volume:	
  les	
  phases	
  du	
  noyau	
  
Te
m
ps
	
  (m

n)
	
  

Distance	
  en	
  °	
  d’angle	
  au	
  centre	
  




