Seismic source

«Green function, Gik

-Representation theorem

shear dislocation

u(x,t) = ff iCnikq *

«equivalent body force

8le

dx
q

u;(x,t) =ffmkq # Gig qdZ
>

«point source

ui(x,t) = qu * Gﬂ(,q

«double couple

Mg = uA(vifug]+ vglu)



1D problem

«vertically heterogeneous half-space

pit = (A +W)V(V-u) + uVu +

+@(2V.u)+a_““[i X(Vx u)+V(2-u)]
0z 0Z

.solution: u(x, t) = F(z)e!(t-<x)

° SH Problem

Jdz Jdz

it
0z

lim Fy =0

Z—>00

0 (MaFy) +(w2p—k2u)Fy _0

=0
z=0




«GF for the oscillation Modes

o0 o0
L mL R mR
Gik = EGik Gik = EGik
m=1 m=1

e™* e n* F'(h,0) F'(z,w)

Gh(x,:x,w) =
i (o) V8T Ak, X /€ Vil A€Vl
( sin” ¢ —sinpcosp O
—sin¢pcos P cos’ ¢ 0
0 0 0
eirc/4 e—ikmx 1 1

G™R(x,:x,0) =
i (% ) /8T - /K X /€ Vinli /€Yl
F(h)E(z)cos” ¢ E(h)F(z)singcos¢  —iF"(h)F}"(z)cos
F(h)F(z)singcosd  FP(h)E(z)sin’ ¢ —iE"(hy)F(2)sing
iF"(hy)E;" (z)cos ¢ iF"(h)E"(z)sin¢ E"(h,)E;"(2)

x0=(OIOIhS); x=(XIOIZ);

m is the mode index, c(w) is the phase velocity, vi(w) is
the group velocity, F,"(w) is the eigenfunction, I,(w) is the
energy integral



Synthetic seismogram

mR((D) o i/4 oKX ~0xCoy S(m)xﬁl(hs,cp,oo) F;n(z,(n)

) V8 4k x VeVl VCmViln

(o) e M4 e kmXe= Ol §(w)y" (hy,.0) F)(z,0)

T8t Akox Jev i Jev

mR, € e Hne Tk S(w)y g (h,0,0) FM(z,0)

u(0)- V8 AKX eVl qfe v I

% (h,@,0) = i(d}] sing+djy; cosg)+dy sin2¢+dj) cos2¢
dj} = G(h,,w) cosh sind
dy =-G(h,,m) sinA cos2d

dj = ;V(hs,(u) sinA sin2d

dj; = V(h,,m) cosh sind

Xr (g @,0) = d +i(d;g sin@ +d,, cos @) +dsg sin2¢+d,, cos2¢
d, = ;B(hs) sinA sin2d

d;g =—-C(h,) sinA cos20
d,g =-C(h,) cosA cosd
d;r = Ac(h,) cosA sind

dyp = - ;A(hs) sin sin2d



_F,*(hy)
F,(0)

B@)=—F_4B%mJ)EﬁmQ— 2 0,%(hy
S F,(0)  p(hy) a’(hy) F,(0)/c

A(hy) =

ocz(hs)
Clhyy=- 1 Iulb)

" u(hy) £,(0)/c
Gehy=-— L o ()
u(hy) F,(0)/c
Vb= B0 _F ()

£,(0)  F,(0)




The quantity I are the energy integrals defined as

I :‘;f o(z) F,(2)/F,(0)) dz

L = Jp(z) [Y1 2(Z) + y32(z)]dz
0
Z(Z)
0
ys= _lFx(Z) _Er(2)

while C; indicates the phase attenuation and expresses the effect due to anelasticity. C;

can be calculated analytically using variational techniques (e.g., Takeuchi and Saito, 1972;

Aki and Richards, 1980).



APPLICATION 1

Examples of calculation of:

- Spectral quantities (eigenvalues, eigenfunctions, etc.)
- Synthetic seismograms (modal summation)

- Effect of source parameters (focal mechanism)



First continental structure - C
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Second continental structure - P
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Love spectrum of C: fundamental mode
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Love spectrum of C: first higher mode
note the effect of the low velocity channel
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Love spectrum of C: 110 modes
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Rayleigh spectrum of C: 110 modes
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Love spectrum of P: 110 modes
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180°

Maximum amplitude of displacement for two source depths (10 and 5 km)
versus the strike-receiver angle: STRIKE SLIP MECHANISM (rake=180°)
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180°

Maximum amplitude of displacement forsource depths of 5 km
versus the strike-receiver angle: DIP SLIP MECHANISM (rake=90°)



