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PLANE WAVES IN HOMOGENEOUS MEDIA

In this simple example of reflection from the free surface of a solid half-space,
we have now obtained specific formulas for each component of the matrix

PP SP
This matrix summarizes all possible reflection coeflicients, and it is called a
scattering matrix. Each of its components is plotted against slowness in Fig-
ure 5.6, and for this very simple interface, the components are found to vary
quite strongly. Only the range 0 < p < l/a is shown. For slowness in the range
0.14 to 0.195 sec/km, note that the reflected motion is almost all opposite in
type from the incident motion. That is, incident P is converted almost totally
to reflected SV, and incident SV to reflected P. Far more complicated behavior
can occur in other interface problems (solid/fluid, etc.), and seismologists are

often forced to evaluate this behavior in great detail in order to interpret a
particular piece of data. For convenience, therefore, we shall give the coeflicient

J (degrees)
10° 20° 30°
| | | | | | |
1 T T T T 1 52’
10° 20° Jo° 40° 60° °
4 i (degrees) : P A& sV U‘M[,:J
I
/ 7 7
it |
i Gk 8 I SV
dndd Sﬁﬂ?MtSlf&u&, F e OUM}{Q"& F—»
i

LS = 1P Py
/ f“.m H B 7 g

/I %2520

FIGURE 5.6

The four possible P-SV reflection
coeflicients (displacement ampli-
tude ratios) for a free surface are
\ / shown against horizontal slowness
S/ p. See Figure 5.5. In this case, « =
5kmfsecand § = 3 km/sec, and
we restrict p to lie in the range
0 < p < I/« so that incidence
angle i is always real, For i = 90,
[ | SP is quite large (~4.1).
0 0.05 0.1 0.15 02

Slowness, p (sec'km)

0.5

T T




53 INHOMOGENEOUS WAVES, PHASE SHIFTS, AND INTERFACE WAVES

In Figure 5.10, we show SP and S$ as functions of pin the range 0 < p < 1/8,

g_i\'ing both amplitude au_d phase. o o
As another example of the need for using inhomogencous waves, consider
ihe reflection and transmission of SH—waycs, as described in Figure 5.7 fmd
¢cquations (5.32). Inhomogeneous waves will be present in the upper medium
if 1/, <P and then this wave attenuates away from the interface, provided

that we again choose

cos jy

Bs

(5.49)

- uw\\—b

= +i_[p (in the case @ > 0),

|S8] Amplitude

g m i _E
g 2 2
3 £
2 0 2
=1 a — @
¥ Z a £
~ g & n T
o = =
2 = 2 2
E —-n — — +n
-
- | |
0 0.1 0.2 0.3 0 0.1 02 0.3
Slowness, p Slowness, p
FIGURE 5.10
The amplitude and phase of two reflection coeﬂjgicnts are shown as a function of hori-
zontal slowness p. The coefficients are SP and SS for an SV-wave incident on the free
wurface, and we have taken « = 5 km/sec, § = 3 km/sec, so that these coeflicients have
range to

already been shown in Figure 5.6 for the range 0 < p < 1/u. Here we extend the
P-wave is present for the range 1/ < p < 1/B.

0 < p < 1/, so that an inhomogeneous
her than phase shift, since the former is

We have chosen to emphasize phase advance rat
= quantity independent of the sign of frequency and independent of our Fourier sign

comvention. The phases actually plotted are those of $P and S§ as determined by (5.30)
and (5.31). Note that zeros in the coeflicients are now associated with jumps of amount

7.1n phase.
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