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line 6 i'to read 'j’

Lines 21,22,23 '6'toread @'

I ines 1,5,6 ‘6" to read 'd'

L ine 22 'intergral’ to read 'integral’
Iine 17 ‘headwaves' to read 'headwaves'
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APPENDIX 1
THEORY

GENEERAL SOLUTION OF THE WAVE EQUATION IN AN AXIALLY
SYMMETRIC CO-ORDINATE SYSTEM.

Consider a disturbance propagated in an elastic medium. If
r, z and \are the cylindrical co-ordinates, the z-axis vertically
downward through the origin, and u and w are the displacements in
the r and z directions, the resulting equations of motion will be

independent of )\for an axially symmetric system.

Consider a compressional point source (i.e. SH waves will
not be considered in the analysis. SV waves may be generated at

interfaces in the medium.)

Defining a scalar potential ¢ and a vector potential ? as

fellows:
u = 34 + ’Bsz
T 9rdz
and w=23g + 1/ P_:‘-r@f)
Dz I'sr U 3¢

The equations of motion are satisfied if ¢ and + are the solutions

of the wave equations

2 2
T =1/, 0 >4 Al
o B t
and v 2 1 /2 32 *
t
where v = ./ (>\+2E) : the compressional wave velocity
and R = J(W () : the shear wave velocity.
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Fig. 53. Coordinates of the field point P and wave

vector 152 .





















interaction of the direct wave with the interface.

If the integrands in A10 are interpreted as in the INTERPRE-
TATION OF THE GENERAL SOLUTION, firstly it is seen that R and
T are the reflection and transmission coefficients for plane waves.
They are functions of k, the density of the two media and the compressional
(and shear) wave velocities in the two media. Secondly, the individual
intergrals in equation AlO represent the displacement potentials due to
all waves travelling from the source to the receiver, not only the ray
following the least time path, but also headwaves and rays following
non-least-time paths. For example the displacement potential, C}E\
would be due to all waves travelling from a source in medium 1 as

a compresional wave, incident on the interface, and subsequently

radiated from the interface as an S wave,

N-LAYERED HALF SPACE.

From equation AlO, it can be seen that at the interface, the
integrands in the expressions for the transmitted and reflected P-waves,
and the incident P wave differ only by a factor which is independent
of the source. Thus the terms describing the reflected and transmitted
waves may be constructed from the terms which describe the incident
waves. FEach time a wave component is incident on an interface, four
new components are generated, and together these five components
must completely satisfy the boundary conditions at that interface. If
there is more than one boundary the total number of generated waves
is infinite. SPENCER (1960) introduced the concent of a 'generalized
ray path'. By starting with the source potential, the displacement
potential at the receiver may be determined due to a generalized ray
path, built up as a system of individual ray components in each layer
of a multilayered medium. Each component is specified only by the
mode and direction of propagation across adjacent pairs of interfaces.

Thus for example, the displacement potential at the receiver, due to















A.14

The Cawchy-Riemann conditions.
We define the path of integration as

1) passing through the stationary {maximum) point of f where p = P,

1
f
: v M ax . %% ay
i. e, af = — + —_—
1 & oy
or where (5f1 5f2
= - 53_,._ = 0 for any values of dx, dy.

(The point po represents a saddle point in the space of the complex
variable, since the modulus of an analytic function cannot have a
local maximum within the region of analyticity of the function).
2) directed along the maximum negative gradiant of fl' But
the real and imaginary parts of an andytic function have the
property that in the space of the complex variable, the lines of
most rapid decrease of one part are lines of constant values
of the other.

i.e. along the contour C

f2 = constant

We wish to determine the point po, which must be known for
the evaluation of AlS.
At this point

ae)

d
P P =P,












ig. 54. Generalized ray path for a P1 P2 P3 P3 S2 P1
wave originating in the upper layer and being
observed in the upper layer of a four layered

model.






























A.26

The amplitude at the point of observation has been calculated in terms
of the initial displacement. However, on 2 real seismic record, the
waveform is related to the displacement of the seismometer mass.
This will not be identical with the ground displacement, since it will
be affected by the seismometer characteristics. However, since the
initial disturbance is likely to be highly complex, being 2ssociated
with an earthquake mechanism, it was considered unnecessary to
include the seismometer characteristics in the final amplitude
formulae. The errors thus involved, will be negligible compared with
the error incorporated in assuming an initial point source.

In the analysis, only a compressional point source is considered.
The solutions are not applicable to a shear wave source which will
generate SH and SV waves. A compressional source will only generate
SV waves on interaction of the wavefront with an interface. However,
in the programme, an 'S wave source’ has been included by considering
2 compressional point source generating spherical waves with vectors
corresponding to S waves, This facet was included in order primarily
to determine the travel time and apparent velocity of the S arrivals.

No account has been taken of the curvature of the earth, ox
of models other than a homogeneous, horizontally layered system.
Thus the final amplitude formulae correspond to an idealized
situation. Even with this situation due to the discrepancies involved
in using geometric ray theory, the final synthetic seismogram is
unlikely to correspond to a real seismogram from the same crustal
model. Thus the results should not be equated exactly with records
of a real seismogram which is likely to have a highly complex structure,
due to inhomogeneities in the crust, small scale velocity fluctuations
with depth, attenuation and near surface effects. However, the results
will give an estimate of the relative amplitudes (and a direct indication
of onset times, and apparent velocities) of the various major arrivals.
This will assist identification of the large amplitude arrivals on the
real seismic records, which in turn will aid interpretation of those

records in terms of crustal thickness, structure and focal depths.



REFLECTION, TRANSMISSION, HEADWAVE and KNCPOFF
COEFFICIENTS.

A2 1.

Consider plane waves in the vicinity of a plane interface

APPENDIX 2

REFLECTION and TRANSMISSION COEFFICIENTS.

A.27

between two homogeneous media, differing both in elastic constants

and density.

Consider the 6 waves, corresponding toc rays at different

angles with the normal to the interface.
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The ratio of the density of the second medium to that of the first is

K. All angles and velocities conform to Snell's Law.
The theory assumes that all 6 wavefronts represent pure
sine waves of the same frequency w.

By applying the two boundary conditions at the interface

1) the vector sum of the displacements due to all the waves

along the boundary in one medium must equal the

corresponding sum in the second medium,

and 2)

on the two sides of the interface.

the corresponding components of stress must be equal



A.28

we may formulate four equations, the Zoeppritz equations, for an
incident P wave and an incident S wave, from which the values of A,
B, C, D, E and F may be determined (see RICHTER, 1958).

Now, since the angles of incidence and refraction are
related by Snell's Law, when the angle of incidence becomes
greater than critical angle, the sine of angle ¢, d, ¢ or f will
become greater than unity. Thus the coriesponding cosine becomes
imaginary. It is necessary, thereforc, that the amplitudes are
composed of real and imaginary parts. V’e may solve the Zoeopritz
equations incorporating four real and four imaginary amplitude
coefficients by matric inversion.

We have that:-
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Fig. 64. Input Function for N=1, 2, 3, 4.
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