
Theoretical Seismology (GEOP 523) Homework

4; Due 4/4/11

March 23, 2011

1) Consider a liquid layer over a solid half space system approximating the
Earth’s oceans and underlying mantle; a liquid layer (velocity α1, density ρ1,
thickness h) bounded by a free surface, overlying a semi-infinite solid half space
(P velocity α2, S velocity β2, density ρ2), where β2 > α1.

a) Derive and interpret expressions for the relative amplitudes of downward-
reflected SV and P waves generated by a plane harmonic SV wave incident from
below. Note that the reflection coefficients will be dependent on wavelength.
Describe and interpret your expressions in the limit where the wavelength be-
comes much larger than h.

b) Verify the validity of your expressions using the principle of energy flux
conservation.

c) Plot the SV and P reflection coefficients versus angle of incidence for the
horizontal wavenumber-oceanic thickness product kxh =0.1, 0.2, 0.26, 0.3, and
0.4 using h = 5 km, α1 = 1.5 km/s, ρ1 = 1000 kg/m3, α2 = 8.0 km/s, β2 = 4.6
km/s, and ρ2 = 3333 kg/m3.

2) Adapting your expressions for the reflection coefficients, calculated above:
a) Derive the period equation for Rayleigh waves in this system:
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by constructing a 4 × 4 homogeneous system of equations and setting the de-
terminant of the matrix of coefficients equal to zero.

b) Discuss the shape of the dispersion curves for α1 <= cx <= β2 by consid-
ering the limiting values of kxh as cx → α1 and cx → cr2 (where cr2 = 0.91940β2
is the appropriate Rayleigh wave velocity for the solid half space) for the gravest
mode, and as c → α1 and c → β2 for higher modes. Interpret your dispersion
curves for the approximate ocean/mantle material constants given in (a).

c) Discuss the amplitude of the vertical component of displacement as a
function of depth within the liquid layer and in the underlying solid.
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EXTRA CREDIT QUESTIONS

d) Show that the pressure in the ocean (as would be detected by a hy-
drophone) is given by

ρ
∂2φ1
∂t2

(2)

where φ1 is the displacement potential. Hint: express pressure in terms of the
dilitation, Θ, and use the wave equation. Discuss the variation of pressure with
depth within the liquid layer and compare the results for the vertical component
of displacement.

e) Make a P-SV particle motion animation for seismic waves in this system.
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