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CRITICAL REFLEXION
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with C', the apparent velocity:
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exp(—ik,r 5,z) = exp(—k,r 5, )

This a complex number divided by its conjugate,
so the magnitude of the reflection coefficient
1s one, but there is a phase shift of 2¢:

R12 = e'

2¢

& =tan
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Figure 2.6-5: Effect of phase shifts on a seismic waveform.
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At critical incidence,

c, = f, S0 rzz =0and £ =0°

As the angle of incidence increases beyond
critical, £ increases.

Figure 2.6-5: Effect of phase shifts on a seismic waveform.
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exp(—ik,r 5,z) = exp(—k,r 5, )

This a complex number divided by its conjugate,
so the magnitude of the reflection coefficient
1s one, but there is a phase shift of 2¢:
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R12=e' & =tan

At critical incidence,

c, = f, S0 rzz =0and £ =0°

As the angle of incidence increases beyond
critical, £ increases.

At grazing incidence, j; = 90°, we have

¢y =B, rp =0and & =90°

Figure 2.6-5: Effect of phase shifts on a seismic waveform.

4 min
I I I I I

\

-
N
—

OO

60°  ~

90° =

\
L
|



Time (ms)

Formes d’ ondes et temps d’ arrivée

Distance (m)
0 200
0 | |
’1:1:
1004
— 3 . h'
200 TSRS |
s
=
300- 1
400
Offset = 150 m
3b
2 L
=
R
20—
g at
o
-2t
-3t
100 200 300 400
Time (ms)

Time {ms)

Distance (m)
0 200
0 | |
’1:
100-
200 | =
3004
400
Offset=150 m
3 __}First Arrival Time'
P |
ER
< 1
2 ]
Y Time of First Peak |

100 200 300 400

Time (ms)

© T. Boyd, CSM




TABLE 3.1 Displacement Reflection and Transmission Coefficients

Coefficient

Formula

Solid-free surface (P-SV)
Rpp
P wave

aw ﬁwpt

oy, By, P, Rss(SH)

Solid—solid (P-SV)

Rss(SH)

medium 1: ¢, =A,explio(px, +nx;—1)]
Tss(SH)

+A,explio(px; —myx;3—1)]
a=p(1-2B3p») ~p(1 - 2B7p?)

medium 2: ¢, =Asexplin(px; +m,x3—1)]. b=p,(1-283p») - 2p,61p°
c=p(1-2B}p*) +2p,85p°
d=2p,B5—p1B})

{(-1/B») = 2p*F + 4p*nmp) /A
{#(a/ B)pn,[(1/ B*) ~ 2p*]} /A
4B/ )pmgl(1/ B*) — 2p*1} /4

{(-[(1/B» —2p*F + 4p>nmg) /A

1

(bn,, — cn,,)F — (a +dn,mg,)Hp*) /D
—[Z'qal(ab + Cd"]aznﬁ2)p(al/ﬂl)] /D
[mealF(al/az)]/D
[Zplnaal(al/BZ)}/D
—W(bng, — cng )E —(a + bnaznﬁl)GpZ]/D
—[2ngab + cdn,mg)p(B1/a )] /D
HiMg, — K27,

HiMg, T HoMg,
2pmg,

Ming, T 1ang,

E= b'fla, +cn,,

F=bng +cng,
G=a-dn,mg,

H=a —d'naz'r;ﬂl

D = EF + GHp?
p ~ kx . 77 ~ kZ A=[(1/8%-2p*F +4p’n,mg,

Lay and Wallace (1995)
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Ray approximation

flw) = /+OO f(t) exp —iwtdt

— OO

P(w; ?) = f(w)A(w; T) exp —iwT (¥)

f . source

A  amplitude term

T : travel time

For w large, A(w;¥) tends to be independant

of w (when X\ << a the correlation length of
the heterogeneity).



Development in %:

Aw; ) = > ’?jgj

3=0

Simplest approximation : 3 =0 1i.e. w — o0 .

®(w; 7) = f(w)Ao(x) exp —iwT (Z)

pour w — oo .
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Example for derivative w.r to x
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Dominant terms (w?)

Derivatives in x,y, z

AD = —dw? | VT |2



Derivatives in z, vy, z:

A = —dw? | VT |?

and with wave equation :

2
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RAY DEFINITION :

> wave front, £/ T(Z) =t

¥+ de €Y /T = t+dt

dx arbitrary.

dx

t4+dt = T(Z + dz)

T=t+dt

= T(2) + VT.dx

dt = VT.dx

Physical meaning for particular dr 7



VT.V.dt = VT .dzx = dt

(VT | . |V | .cos0 =1

dx

T=t+dt

If = 0
VT | .|V ]|=1 = V? =
= V2 = ¢?

True velocity measured along trajectories per-
pendicular to the wave front: rays




Amplitude knowing travel time

Dominant term in w
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1D STRATIFICATION : V(2) \1
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1 .incidence angle , A epicentral distance
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HB 0t
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AB ox
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Emergence
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Low velocity layer
over a half space




Velocity Model First Arrivals
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Rays and travel times
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Fig. 2. Layout of the CELEBRATION 2000 seismic experiment. Thick gray lines indicate regions

where the data shown in Figures 3 and 4 were recorded. Numbers next to circled dots indicate
shot points that produced the data shown in these figures.
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Computer simulation of slab guided waves
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Model:

1. Trapped Signal in Low-V Oceanic Crust

Abers[2003], Martin et al.[2003], Furumura [1998]

2. Scattering Waveguide Effect in Heterogeneous Plate

Furumura and Kennett [200§TEW

2D Simulation

Model

Model Size

Source

Max Freq.

Scheme
Memory

CPU Time

400*280 km (Dx=60m)

Point Source
* Nakamura & Miyatake (2000)

20 Hz (vs<3.2km/s)

Parallel FDM
4 GByte

60 h (Intel Xeon 16CPU)




Computer Simulation (1): Homogeneous Plate (iasp81)
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