
Exercise  

 
We consider a simple two-layer model as shown in the figure above, where the P-wave 
velocity of layer 1 and 2 is v1 and v2 , respectively (note v2 > v1). In general, a receiver will 
measure three different wave contributions: direct wave, reflected wave and refracted wave. 
 
(a)  Find an expression for the traveltime to an arbitrary receiver for the direct wave in 
       the first layer as a function of offset x (i.e. source-receiver distance). 
 
(b)  The refracted wave can only be received after the critical distance xcrit. Find an  
       explicit expression for this distance. 
 
(c)  The cross-over distance xcross is the distance where the refracted wave starts to  
       take over to be the first arrive at a point. Show that this distance can be written  
       as: 
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 (d)  Find an expression for the traveltime to an arbitrary receiver for the reflected  
        wave for this 2-layer model. 
 
 
 



 
SOLUTION 
 
 

(a) The traveltime for the direct wave: 
 
                  tdirect = x/v1 
 
(b) The critical angle is defined by: 
 
                  sin ic = v1/v2 
 
      from the figure it follows 
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(c) First find traveltime of refracted wave: 

 

             
( ) ( )

22

2
1

2
2

121

22 22/2
v
x

v
vv

v
h

v
xx

v
xh

t critcrit
refract +

−
=

−
+

+
=  

 
            Next, the cross-over distance is defined by : 
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(d)  Start with ray path and knowledge of Snell’s law 
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             This expression can be reformatted as 
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               which is the equation for a hyperbola curve 

 
 



Exercise 2 
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