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Name: ______ ___________











St. #:                                      

GEOL 483.3 (2021/22-02) Homework assignment #3
Instructor:  Prof. I. Morozov



 

     Due: March 18 2022

1) [20%] Consider two plane cosine waves 
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with k and  slightly deviating from the corresponding common values of k0 and :

[image: image2.wmf].
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Show that:

a) the superposition of these waves  exhibits beats (high-amplitude wave packets on top of higher-frequency “carrier” wave);
b) The beats propagate at velocity 
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. This is the group velocity. (Don’t just refer to the group velocity formula, prove it by using this example!)

c) Within the beats, the constant-phase peaks and troughs propagate at velocity 
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. This is the phase velocity (once again, show this).
Now, note that the wavenumbers (k) are actually different because the phase velocity V varies with frequency.  

d) For our given , denote the change in the velocity as V and express k through it.

e) Show that  
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2) [10%] In Problem 1, if the two waves propagate to some large distance X in a medium with quality factor Q, what will be the ratio of their amplitudes?

3) [20%] Show that in a Rayleigh wave, the P-wave and S-wave components decay with depth as  exp(-mPz) and exp(-mSz), where:
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Derive the above relations from the expressions for wave potentials  and  and wave equations given on page “Surface wave potentials” in lecture notes.

4) [25%] Look at the reflection shot gather in the following page (disregard the arrows for now, they simply indicate some reflections):

a) Indicate the ground roll (surface wave).
b) From the plot, estimate the frequencies of the direct wave and ground roll. Why is the ground roll of distinctively lower frequencies?

c) Measure the phase velocity of the ground roll;

d) Estimate its group velocity;

e) Is this ground roll dispersive? Is this normal or inverse dispersion?.

f) Estimate dV/df for the ground roll (V is the phase velocity, f is the frequency). In what units is this quantity measured?

g) How is this ground roll different from the pure Rayleigh wave in a uniform half-space discussed in class? 

h) What is the slowest moveout that you can see within the ground roll cone? Comment on its nature if you can. 
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5) [25%] The situations shown below involve two rock types, the shaded one having higher velocity (which is higher for higher shading density). Two dip cases are shown in (c). This figure is adapted from one of the first publications on seismic method by Barton (1929). A shot is conducted on the left in each figure. Sketch the time-distance curves in the spaces above lines “0”. Do not forget about diffractions. 

(Plot (a) is an example of what is expected. “Dir” indicates the direct wave and “H” is the headwave). 
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