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The exact expression for w(t, cr) on a sphenca.l Earth has been gwen by Gilbert & |
Dziewonski (1975). Let us use E,(d)) i = 1-5, to denote the quantities

Z1(®) = (\2m) 2 [My, 8, Uy + % (M + My )rs QU — (N2 = Y) V)]
Z2(®) = (\2m) (N2 = %)V2(3,V, + 151U, — V2)) [M, 2 Sin ® + M, cos <I>]

E5(®) = (\2m)2(N2— ) V2(N2 = Ya) V2151V, (M sin 20 + %My — M, ) cos 28] (53)
Za(®) = (W2m)2(\2 = %)2 (3, W, — ! W;) [= My, sin & +Myz cos (IJ]
Z5(®) = (75/27@‘_’?_(?\’ —Ja)H N — )2 W [ A(Mxx M,,y) sin 2 +Mx,, cos 2d].

e

In add1t1on let us deﬁne X{"(A) by

Y™ (4, @) = X" (&) exp (im®). - (5%)
The exact expression for @(£, o) is then, for a spheroidal multiplet ,,5,
@, 0) = [Z(@)XP(2) - Z2(9) X1 (8) + Z3(B)X](B)]eo(0), (56)

and, for a toroidal multiplet , T;,

Y(F, 0) = [Z4(®) X} (D) — Z5(2)XF(A)]co(0). (57)
~ Both equations (56) and (57) are valid, on a spherical Eq;_th, for all epicentral distar_lces A,

rnshation ¢ (v) 15 ¢ (w) A | o asn
XpEY X Ay X (a) e peek. |
—1% Y ,eﬂaww-.Q U g "
a5 Fa WMMQ Adr fonce
ke ftth e Hht WL = A1) & XZs ﬁe-z)fm)

A}§ oA 7%- Same. ajf @/}5 |




The  aeetr plarsabon  and)  amplihuda
3 o accdosr ofion  me j/’we»\_ é? :

4 () = WG) [-# x 74y (0,80 ] - Traidel
A () = [ U+ + m):;JO«((,e, £ husdl

g(e,ys) roa bR g secboy ot
The momuildosa, confrainds  owe Afind e e

M o dinelo J‘{lj)“zah.«- ;

- SONFR — ye (1€} WT U rels,

F M’/\C%—Q PR BAC

a & /&\’L?/I“ICD\AAP\&’Q
/MJ—&M}M’\‘M

& ¢ Transruse MM 3o

%43‘7‘3%0;_%7’&/(%
m«gﬂ?@%@g
dine e th

45 S il R P o SR B o po ﬁm -3




7ﬁz éif_t’—”""' O’d das Al T Y o i 1= 4

e st X nodel
Ainep ol o funchon
%\DOVC(LPPQ AT
A T w@ 4—/{/1/
W_A«?%auy O~
HHe cotrie ch\amfsw\)
o &fnv-ca?l\\av\/
/DA&SA’. (% % oiﬂ—!'/[ﬁ‘/ﬁ‘evx-f
ar P Csamee exeas L
Jrr s L -%-?«19 pxee
M ‘[bt\a_ ZMTE.

Ong 2Lme D axefad]
=5 wla 4 o fuver redot At in E
7&. waithod  used  fo 4‘:/(}/\/\7—4%; 4 golele modsy
i shding . Gff fo  abwe Jfdflrn Alo,g) .
Gl =i M% Sad g r}/(fﬂwf a@( 0, $a {c.J> e
J,;Wf e strck
S a(6;, di,w) A (93;,?’/%,3
sﬁ‘ﬂ'mf
This rinfre e dughell amodke 4 i@ f

CCW\u,Q p\{, 07%\944'--— /? 7%{\/ MmMeang it 'TLKm«\,
1652 ol flote bres 4‘M7‘ﬁ‘%@ 8 Wy Wsomad.




32

Dzwiios/,ﬁm s ﬁmw/(,lg M;Z&C—Q weo~oS

7&3 SR — leoe dgwbmw modhep  are A
3

/ch(vg n K L / 2L ;
"% // n=0 (fomdo~
| / e

We  conmidur hase o bisul BT o el | U

X8 (Y s [ (x4 a4 2T

7ﬁ J&S%'ng &C{"Mim ﬁv WW‘IL'IPQ 77
&M v /Q 4!1/\—16 2NN 41,\‘{‘_9_;/”-4() e MNMWL%
/L :u“ 7/’£-e Wa+MM MM

TP PN b5 amedyhe o

i , ~ITA
j{bf(ﬂsz}: ‘217;][(103 saerA dA




7)*0‘20 sec T = ‘—4—)‘( Reas 91'1/\'1/61 /QGJ sC

Co ST
K= e, P | AT
brote [ by e parides_Fuoen
C e
— 211 D ruduey = "—TTLZ)C(/(7.+ > Bes PN co 2T

f[xwwu{je C j,:—ej e_,m\ eqar(,q,m/z_‘)

ol L

i~ cw  direcho~ RH.S‘/Q*?/Q Cos X rsh (- 45T
= AbT

5o - ail R = £ty . 4ED

Meve M—&.ﬁp i~ ‘a'w— /h»é&w\- U o wrben (T
j His pemlt o op  Fhe  Prissol Subas

amede Tl twn | p el | e qwua(w:t
JM/MQ A VRIS a/&é,wﬁmf Zo e C«d\ﬂﬁc\@
in e gofhycicekd Aiferehan

(\C‘r On CF | Abe |t Ml”ﬁ
= otk = & %Zo(ftﬁk ei (kD
s &em—x
?rcrg: Sectrh = S ok T L
= 2 e eem\k/\
f<o

x Cowvogy o CHoarhac TnBo S el
w O whue Tal k<.



i

B«t:{' @ QK %)M‘t(ww D\A?va\t :

sk e sa S At T
h= =02 LMvers) o a

NWe —mcx 717£4J ’L&W(LLL /sz'f\
Fls) = 0=, (’”‘Q?’OC ()

Swbshinle G | Pbvtnmge 14 fopur, | U  Tha

ety A v,
AL zt‘v\vm m—é‘ s A 7%& MJ/MVM?QM

/€+¢(2 5 Rt

Obtum  Fhe reonit

+ G\.f:- (r,®, ;ﬁ)eJAAP]cfr\}u@ 'y

——

Uk W)y =y [l k(D +ilo-w)) ]

‘ 1. 2. mna-la;f-;c u}yw“h'hma‘[v'm-\
e / ('lmhuz;_ ‘IL‘&L a(-o‘ﬁf//
X



AF g 5 A+ CP-—-DT /7) MQ.:Q

FIT <+ A /b FIT-SVN
where, for Rayleigh waves,
' 1 A
ap(\, 1) = o (sin 8) V2 [§U(r) £ iONV ()] Fa(¢) exp [(P - 1)mif2], podd

: . K
ap(A, 1) = E;r(sin 0) V2 [£U(r) ¥ iOAV ()] R2(9) exp (pnif2), peven,

and for Love waves, i

1 )
ap(\, 1) =-2;(sin 0)V2 [+ igAW(P)) Zu(9) exp [(p — Dmif2],  podd

ap(A, 1) =—211;(sin 0)" V2 [¥ iAW (r)] Ra(0) exp (pm‘li), p even.

7l fo:t,\ o) }mw fm&)\ i~ e

Prisson som fomnls gt st H

s«fwmf@, amd) /.;Z N ffuvvv
Fie % W"?‘{L Fhe M M‘N/PG\MM,

&xl/l’l‘l/ll:&,‘ /N"‘U“?/h)‘v‘ib

CamiRMas
it ik
p=1

R1,2(9)=Y M:en(rs) exp [im¢ £ i(n/4 - mmn(2)].

1=

o+

951



9%
N
A i | A At e
! A== | |4Y
7Re j;;:%%hb% oAl (fo = 2+15)

Tl «{'\di?/l/f—‘@ Anly  Lhe L v

SRy s e 41«73«;%»\9 mx Fise
P\V“ a4
VIR  osro < ~

T /ﬁ,f\j ~ ol et

o, (5D + 7 (w—u (A)) =

Wi & us, (A =

A
= wkCA,D-F A=\ U L )

T LeC
) wr{ —]v 7%& S D\LU/\L—OLQ Y |
leﬂ— B o [.>R>:: Xh(,)ih>+"
TR
hﬁﬁn—t/m(fv\/ Fhe /<0LR >’”
1K (03 :
M=M= ) e

Mo () a5 e evenanba o

w8y,
i“'““g
Hee m‘\’ s()’/\u&g INCLR>| ﬁdﬁﬁt 9
(W) 4 Femiprek  dacas,



ThE | rveadodbin | | &l gy widscly, o Fea “
LD el

ﬂn (N> - Qﬂh Ch-b

M mams T anedu etz s /z’v\"(l?/ye@
+ AL
2411,( S —’—L—/‘P“’“”U&
T A= Chn— /i)

Fo e e%AAP 4‘v-_a?/1/¢~p Ao | iclete AR

3»@ | Forr < &AD) ,f‘v?f_&?/vvp AR
dote I e e /K“{%"M“-?.

1

plet
K. comdbach on Gﬁmw o &b oo vamisher |

/

7ﬁ/l) ?/P‘U'*’?-) ‘/4‘4 ﬁh %WHJ _r/ww



l‘ » ' . . .
We find finally for the pth arriving group of Rayleigh waves, for frequencies w > 0, the
result :

Ay (r, w) ~ + KFUQ) — i8N0V ()] (sin 8) ™" 2ug" exp (— @0l p/uo)
X Ru()exp [—Mod, +i(p —1)m/2], podd | (174)
ap(r, @) ~ + R[FUC) + 0N V()] (sin 0)™2u3" exp (— ol pluto)
: X R,(¢) exp [—ikod, +ipn/2], peven.

- For the spectrum of the pth arriving group of Love waves, for frequencies w > 0, we obtain

mP(r,w) ~ + % iAo W(r)] (sin 0)™?ug" exp (— b p/uo)

x R(¢) efcp [—iXodp ti(p — Dn/2], podd (195)
Ap(r, w) ~ + % [— idhoW(r)] (sin 6)2ug' exp (—aoAp/uto)

X Ry(9) exp [—ikoA, +ipn[2],  peven.

Both equations (174) and (175) are valid, except near the poles, for waves which satisfy
Ao(w) > 1. The region of validity on Q is e < @ < 7 —¢, where € < Ag'(w). The normaliza-
tion of the functions U(r), ¥ (r) and W(r) is, in accordance with equation (4),

a

J. po(N[UA(r) +I(1 + DVEN)rtdr=1, (176)
0

rpo(r) [+ )W) rtdr=1.
0 £y

* We find, upon neglecting terms of order A3 (w), for Rayleigh

waves,
Ry 2(9) ~ (Mof2m)2[M,, 8, U(ry) + (Moo + Mog)rs 2U(rs) — AV (rs))] exp (£in/4)

—00/21‘{)[’210 (o, V(rs) +rs-l(U(rs) = V(rs))] [/ o SiN @ + M, cos ¢] (178)
X exp (;: fﬂ'/4) — (10/211')”2N2) [f;l V(rs)] [ng) sin 2¢ + %(Mgg —_ M‘t“i’)
X cos 2¢] exp (¢ inf4), :

and for Love waves,
Ql.z(‘ﬁ) i (MIZ?T)"ZRO[B,W(I',) —rg ' W(rs)] [- M, sin ¢ + M, cos ¢] exp (¥ in/4)

+ (No/2m)2N3 [rs  W(rs)] [— (Mo — Myg) sin 20 + Mg cos 2¢] exp (£ in/4).

- (177)

(179)
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Equation (7.92) can be easily understood if we measure the attenuation of
dispersed waves using the stationary-phase approximation (7.18). At a given
x and t, the frequency m given by x/t = U(w) dominates the record. Since the
wave with frequency o has existed in the medium over the time period ( =
x/(U(w)), it must have been attenuated by a factor

s = gX =B (7.93)
5 2 temporal Q(w) | g 2U () temporal Q(w) | ’

Since, by definition, this is equal to

exo| - —wx
*P 2¢(w) spatial Q(w) [’

we obtain (7.92).
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a source process time of 30 sec was assumed. The observed seismograms and synthetics for GUMO Gz,
GUMO G3, BOCO G, BOCO Gy, TATO Gy, TATO Gy, MAJO Gz, and MAJO G, were filtered with a
Gaussian band-pass filter between 120 and 1500 sec. The rest of the data and synthetics were band-pass
filtered between &) and 1500 sec. The number above each observed record is the moment (in units of 10™

dyne-cm) that would be obtained using that record alone.
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