Geology 5660/6660: Applied Geophysics

Lecture 09
Topics covered so far (& today):

Seismic Amplitude depends on
Source amplitude
Geometrical Spreading (spread of energy in increasing volume).

Uniform halfspace spherical spreading:

For refracted head wave, cylindrical spreading: A=-—*%

Anelastic Attenuation depends on Quality Factor Q: A=A,€ v

Mode Partitioning at interfaces (reflection, refraction):
Energy density: J/m’
0 = UKA/4 = parA/4 = k= é = pwA’/2
Energy flux density: J/s/m or W/m
é.AS = pASwrA’/2, where, AS = Surface area
Energy flux: J/s/m® or W/m’
é.c = pcarA~/2, where, ¢ = (aor 3)
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Mode Conversions:

a;ﬁl’pl a,ﬁz,pz
Snell’s Law predicts ray angles: For i, <i_, where for examplé, = sin‘l(%)
2

sin/, _ sin/; _sinJ; _ sin/, _sin J,

a Q, B, x, B,

However Snell’s law gives no information about amplitudes!

Ravi Kanda, Spring 2020



Mode Conversions:

a, P, p, o, b, p,

Consider particle DISPLACEMENTS & TRACTIONS at the interface:
(@) u,, u, are nonzero (u, = 0) and must be continuous across the boundary:

+ +
U =u U =104
(b) Tractions must also be continuous, which leads to:
+ - + -
O13=0;3 01;=0y
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(c) Finally, energy must be conserved:
Sum of energy in reflected/refracted wave amplitudes = incident wave energy.

U=u=A+A+Bcotj=A-B, (1)
u; =U; = (A - AJcotiy—B = A,coti,—B, 2
ChL=0,= ,z)l,Bf[(l—cotzil)(AO +A)—2B cot jl]
=p2,322[(1—cot2i2)A2—232 cot j2] 3)
0, =0, = pl,Bf[(Ao — A coti, +(cot2 Ji —I)Bl]
:,02,322[2A2 cotf, +|cot” jz—l)le )

These four equations in five unknowns (A, A,, B,, A,, B,) are called the
Zoeppritz’ Equations. If we fix the amplitude for the incident wave (e.g., A, = 1),
we can solve for the other four.
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Reflected & refracted amplitudes depend on Impedence Contrast, which is a
function of energy partitioning at the boundary. Recall that
Energy flux (J/s/m® or W/m’), é.c = pcarA’/2, where, ¢ = (¢ or B

So, as the wave moves from layer 1 to 2 (ignoring scattering):
pcwA2=pcarA’/2
= AJA =V{pc)(pec)}=V(Z/Z)

A normally-incident (@ = 0) P-/S-wave with amplitude A. produces
a reflected P/S with amplitude (V= aor B):

A _pVo-pM _4-4 (reflection coefficient)
A pVotpV 4+4

1

and a refracted P/S:

Arfr: 2p\Vi _ 24
A pVatpV 4 +4

1

(refraction coefficient)

where Z, = p.V. is the impedance in layer i. These amplitude ratios are sometimes
“energy normalized” by multiplying with the ratio % (Z,/Z))
Ravi Kanda, Spring 2020
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