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Surface waves in vertisally end vadially inhwmogeneous medin.
dgorithns for the interpretation of meimic date. Cemputational
Solmulogy Series, Volume H,pp 147-177, Moskva, 1671.

trenslated by R. B. Hermann, Saint Louls Univorsity, 1972.
INTRODUCTION

In rscent years, the data fram surfree vaves generated by sarthquakes
end sapiosiomn hgove been wasd for u dsteiled investipotion of the
propertios of the earth and of the scurce of the disturbence {For
exampla, o discern ,ones of redused veloeity ov large velouity gradients,
%o estinmate the distribution of absorntion with depth, to deteraine the
meshanien and tine function of gources, odos). In order to polve 4hinm
relatively difficult mathemoticel probdlen, sinplificatiens are ususlly
made in the model of the viediuvm {layered homegensous medive) mmd of the
souree {(point sourcs) (%.12,16-20)s these simplifications sem be shown
o bu Insuffioient. JIn onr worlk, bassd on resulis oblained in (2,4,15),
wo will espound the basio clements of o more general theory of surfoee
woves, valld for only minmel gonditions on the model snd sourcss

Yo will censlder vertieally (radially) inhemozencous medie with exbiteary
rules for the variatiem of the alosdic congtants and deoneity with depth
{rediue); %o find the scluticn of the squation of motion in sush a medive,
the apestral theory of oporators will te ueod (6:2)s ‘he peimmic scuvses
will be treated se Plolds of volume forcen, loonlized spaitially and
temporally: the enly restristions imposed on the properties of these
Tields are those of physicel existoncss 4w esmeb solution is congtructed
for such e sowrce; asymptotis capaasionsg ave nade 2t largse distances

from the vource where the fisld of the disturbeneg will separats inio
propageting Love end Royleigh wavese %hen fomultie sye eobbained o

sene slenentary force fieldse : ‘

{Gome resvlta of Saito's vork (22) ero used hove, but that work 1% marked
by approaches %o the finel gg‘.iég:g.:(,on whieh sesm quisk %o ue« Hense, o
difforent dreatment of the MBS source and the asyaptotie exponsion
iy given.

Lo Displocement Pleld in an elastio helfepros
Statenent of the gr@%%a He will conslder sn olastie halfepace with

sgordinates 2, .0 £pde, Q Lpico, QEGLuT). The oguationg
of motiom ave (7)s
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Here rﬁé, ﬁ*, gb', 9?::, 5’;}/’, ﬁ?’: are ceapemmmtbe of the stress tensory w,
By are caaponents of the disp’ace"len‘i‘, vector B{t, ®, r; @) in the
directions @y, By eg zespectivelys Fgs Ny Ff are components of the
vector volume force B(ts 2y v, ) scting at the scurce Giloug the same
dirvectionsg % is the time»

For the ccmponenté of gtress we have the following relaticnm

a C‘Lv- (J“ d &uqﬂ
2 ~,4,«( = o Cr”% ‘M<wac{' ké"’a)
du f 2 (g
D T ¢ 2o+ % (5pt)
a Juz
T 4P g, | Ju N 32 T
g = M -5: .,,;.jﬁr*w-é-vy 22 ° AL }4 B)>

wleve B = dilof{okion,
e Oue oL S, dur uy (1:3)
A &= 53 Y ¢ (f a\(‘ i
The lond constents h and 4 and the densify o are piecewise continucus
positive functiona of a single ccordinate 23 Tor 2% Z, A p are aonstant,
and the velovily of tronsverse woves b = [0 end of compressicnal

waveg @ 8 [(57]2 are maximal ( this is qece“epry gince 7 cen be aa
large as desirved)s

bB(Z % 0) mmax b{z), a2 ¢ 0) = max alz).

The components of displacement and stress are continuocus end bounded
everyvhere in the rcgion 0 £ 24993 the surfece z = 0 is fres of strees, l.e.

z'zagﬂz@g'z ¢ ferzs0 {1.4)

Inttiel conditionss -
[ (¥ - J
i = %v-t = 0 f)ax Tl (L4a)

Source. The force field P(t, 2, ¥y §¥) is described as © real source
localized in space end timee The follewing conditions are inposed on By
1) 8"('&,232"99{) 2 0 for L& 0"
2) P(tyz,r.d) is absolutely integrable ond satisfies the Dirichlet
aonditions for all arpunents. Then hs are pemlt wed the following representations

tangl = 3 r“’tr{ ,c{‘ Ao JEdE 4 (hes )

s~ LE !
wheve ay S £2) a'twm L 3 AYm,
Aw« = éa (" A, s i, B ¥ T 5o 6 (1 6)
ek LI 3 {?.i“"n.ﬁ.. - :‘ 63\)”' 4 o w"‘*p -
Ao " 5P & “¢ 5e ¥ ) Yo ® ‘3‘”(§V§ :

Hove Jdp iz & Besael f’unctim of the fvret kind of order m. The syeten of
reetor functions Am aye Dields snd mutually orthoronale The coefficients
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£ (2,5 p) are found using the ow’choyonality relation
p e Sy~
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{ &, is the Xronecker delta, EOA-Y) im the Hivamc de«l‘ha f‘l"".c'ti()ﬂ) and equels
(“.) e —_— /76 )ﬂ -
Fu = TS, (R A Jed Pl
Specifically for 4 3 1,2,% we hmmz
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For the force conponente Fus Fa iy we have using (15) (1.,6)3
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Foxmulae for displacenent. The solutions arisiang in nai-etats Lonary
problems of the theory of elastica‘by have the form

Gt 2nd) = 3 oo @ R e

vhere - o

Up 2 e) =v “l go ;mz“ V@S R

with a solution similar %o the stetionary pmblem of alastmi‘hv theory,
which is derived in the seme way with conditione that ¥, (%%, p) be
square integreble on the interval zZ& (0,0} Heve and leter on, we
indicates that the integretion contour goes along the yeal axig,

and arcund the poles of the integrand u:z.th enall semicircles above the

pols (for integration with § ) enmd below the pole (with integrationm with p)e
Hence for the comnonents of displacenent elong the directions Az B0 g

we obtains

Y i) f;)
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== < v, = LU g
U = 2n Lo . v of P
Placing (1.8}, (1.10) in squation (1.1) and in the boundery gendition (1.4),
and acoeptizg the perniseibility of moving the double differentistion undey
the integral sigvx, ve cbtain the following squationss
1. For %) Vngm_s_ '
- e 6“/ )\\/(” o“/,:j)
(v) (l —_— < %1 3 M
L vy = L0z B —R | g
a f
1) 5 L v
£ Vo (PP —S/u% - (110)

(1

O, ) = L v e

== ol-z
Vo Cptp =5 A -2g) = -4
will  beondawy  cond A ious , -
{* :
Opy = ()xf@ﬂ"—i%“ —gwf":c ' —
Ty = ﬂ%{%ﬂ;‘“ + %«}A \/p,(” = o T/‘*L.‘Z:O .
The i‘unc?i@ms( Wy ) T 0,,s and 7., are continucus end bounded for all s.
3
Ly (V') = j—‘(’ a}’é)>+ ny(:)C}‘)Z/-—gjux):‘ - ~fw) (113 )
with boundary condition
(3]
Tpe = %;_/: o for 270 )

4 szmﬂ@z are continuous and bounded for all z. The ie £ wids of squation
011) end the boundery condition (1.12) define a zelf-adjoint operater L
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in <he vegion of intesrat.on with the square integrable vector funetion Vuxé
e
The left side of (le13) end the boundary condition (31-14} defines a y

self-adjoint operator L3 .(u; the rerion of integrahon with the function V.
]
I the vector fumction "m a‘ and the Tuncticn 1;“ are alsc square integrable

on the interval z&(a.w)(wh;;.c follows fram the conditione imposed on the

f.metion F(3,2,2,¢), then then the following relations between the functions

v,,ﬁ’; é;z; _}and the eigenfumetions of the above described onerators are velid
10

-}
Expresalon of ¥ in terms of sigenfunctions. '&‘m(b (i = 1,2) oan be
expresged in the follov:ing namners ( J

?ss)“ii:’cfw \/ﬁ +£ﬁ c:(,&} \7‘"’(,5.2)09,4 €1.15)
flsre, for the ecosfficients Cfm ek we haves
) p 3P .
Choom ™ phatg) -p* .z::,”Z oy T mm— {1
D“"" _f(;“ﬂy}f.*;awa )Ja _'];f = f (£ 3% )’Lﬂ(f)? 4:;)05{
f}-n j'f,[(:vm} (va) JJ“ Péz': gzb""(-:&—;c))
ot

Here VA: and v s ¥V  and V are the eigenfunctions of the cperators
conatituting 'hhe lef%t hand sides of (I.11) with the boundery conditions (1.12).

The first part of the function sorresponds to the discrete spectra of
eigenvalues Py (k 2 1, 2000 n(E V)5 520 2 Py £ pos vhers v 38 the
ninjimal valocag of Rayleigh waves in e hal?enace with constants eggel
a{2), b(v),lo (2) for scme wvalus of denth (1, 2)): The second part
corresponds to the egntinuous spectre of eipenvalues #(pg £ LL00 ).
Here the wave number$ | vlays tho role of & free parameter. Formula (1.16)
ie obtained using the c-z'thogfona.uty relationa:

YPE\'}’M"’W YG)VQJJ L <'¢j

= & ~ Al
§, PL% V) + 9007 “ilia = 5¢pm- 2
whero ‘i‘;’m ig the couplex conjupate of \;’V(L’.

Sinilewrly Vc)can be expressed as

&,.(5) ~2(3) 2 L A l3),
v(‘” = éﬁa-w v’&3 + f Con (BYV (&, A) O!/Sﬂ i’la37)
s ]
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For this dezivation the following crthogonslity conditions were useds

© By ~G g ey | E ) - .
):, LY )Vd)dz-so,c'#j i/"v (p*)V (B2 = S(p*-A),

(3

Placing these oxpressions for V, into (1.10}, we obtain the complete
precise formulags for displacemenisns |
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ok [T (T (R e 0 L 0v )3

K.(5) L ) 2 ~
- E' hom V) + S;zd:; (B “;i/g) %}:’" )],{g'} dp

It can be shown that the derived solution for non-gtationary problen

satisfies the null initial eonditions (l.4a). Thus for fixed’ the functiona
of p in (1.19), multislied by expfipi), are enly the coefficiente .

°k§ c,:‘ which are analytic everywhers except at & finite mmber of points
for’im p 2 0, decreasing as peconot slover %han 0(3 / Py, Chenging

the order of integration emong p and :ﬁ taking the inteyration

contour with respect %o p in the lower helfsgpace, we obtain the null condition
on u(t) and di@/d% for ¢ £ 0.

Asynptotic expressions for large $o At large di stances rs which ave
not comensurable with the length dimensions of the seisnig souree,

the mein part of the disturbance given by formula {1.19) beccnes

the Rayleiph and Love surface wavee. Their contribution equa’s the sum of
resﬁ.du%?ncf the poles in %he integrond, stonding under the surmation

sig;n[ A-']° Keeping only osrts, decveasing not faster than r"’le we

obtain the folloving asymototic formula for displacesents at large # (5)4
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Here for @ = R, L Kq(p) is the maximun mumber of harmonics of Rayleigh (R)
abd Love (L) weves which exist for a given p.

JzG( (p Sﬂ) Z .D . Ep m:«(qﬂJ-"/z . (3.21‘)

ie the vave mumber, a root of the equation p () - p 2 0. The
pggso and group velocities of the k'th im*'mon;c ka and Gyq are related to

Ere W
2. . a’P
Yag Eng ) d",&@ (¥ = §;ﬁ@) 22}

¥ is the limiting frequeney; cseillations with frequeneies less than ¥

maice up the quasi-ntatic part of the disturbonce end are net of interest
o use

For the derivation of formula (1.20) the following asymptotis relations
were used:
© PENInENEE WG B (5]
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The vertical u, and radiei w, components ef displacement make up the
Reyleigh wevey the tengential component vy makes up the love waveo

Expressions for prgs Cyo By intesrals of eigenfunctions. The caleulus of
variations can be used to obtain formulae for Prq and Opq (2, 15, 23)s

2
Pro= (56 + 2563+ Ve | Cua® (5C +625)/ PunTac
where G?k arse the following integralss

G = LOBZMTY (\7"‘)"],4;

f [.,u Fh0 C’ﬁ"}J (12w
¢ f“[(m»(*”») (;..; o
i fo (3)) de
G,‘;t’f _Ow i @ezs)
G-;:,-* L H (T\;% )z,

Methods for calculating B Vk 'and ‘\?f )are degeribed in (11,21}, end the
methods for ppy,. Vk in fdk§5) -

SURF ACE WAVES FROM ELE!EI‘ITARY SOURCLES. Ve will consider what form squation
(1.20) takes for some elenentnry sources: axielly symmetrie vertical

and vadial impacts , torsional impact, field of horizontal forces,
dipoles, center of coxpression. The fielde of meny more complex

sources can be obitained by edding the fields of these elamentary sources
with respective constante of proporti-mality. Recause the funetion

Upg in squation (1,20) is the only tem which is effected by the source,

it is only necessary to considor the expressione for Uq for various

Io Vertical axially symmetric impset Io®
F o Fu(tyzer) Bge
In this come we get fronm (1.:7):

£"02,%, ) = j S (TR L e vdvdt

{ N F YR & 1 B )
;.m):" (o ‘{ov m#F O y Tm = f-m &= O 7
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R L =
Dy, T0 fo mte ; D FO.
In sumary,
241 Oy
aJen-=£ fo Wz , Uy, =o. (1:25)

In partieular, for an ideally ooneentra;::.ed vertical force at the poini
z&h, ¥ =0, P=d(z = h) S(rifiag/r

Uir = Vi(hsp) 8(p) (1.26)
Here and later on S(p)= S‘;ngt)oxp(eipt)dt = the source time spestrums
Ii. Radial azxia’ ly symmetric impact » Lot
P = Fp(tazor)ag.
In this cage we abtain from (1.7):
. | o
Ui G f Fe 7,60 ) velvolt; Fi's 0 o mito
_ P ) ‘
| fol =0 =0
Bo = = [ KU} Do fowmo 34y o
Hence, R - ' A
Uy, "“‘.gmfom Vyde Up =0 - Q)
In the idel case of a radiel source concentrated at the point.z = h,
r®0, P=26(z - h)§(r)P(t)eg/v2 ¥
o Ugn = - Ekn?x‘cz)(hsp)a(p) B (1.28)
iIle Rotational impaet o Lot |
F @ Fg(‘é,,z,r)ng-
Fram (1.7) we get

[P [ T8 des; $eo

0 @)=, . e bk _ P ey 4,
{-m o m =0 J ’;”“ =0 j' %0 _.f:) f‘o \/Jl )JaJ
| j%: =0 f{,« e
% Translator’s notas these concentrated forcee are not normalized By 4
the fector 1/2;2 ’U\,()ubw ,u.‘,j/uc»*wt"'ﬁof&-—; w 2 /M—-\r)tl M?u-y {-7 VZW:}(, 2‘




The final result is

(4%] { ~
UM z0 (,Ju s L )(;3’ n‘ﬂo!-;? (1.29)
In the case of a concentreted at 2= hy, » 20 and
Fa2§(z-h)§ () P(t)eg / #2
Ui, ggkx,vk(th)s(P) (1.30)

i¥. Field of @ horizontal Porce with fixed orientatione We will consider
only the particular case of this force field

F 3 Fo(tyz,r)ip
where o ig a horizontal unit vector of fixed orientatioms
(agefig) 2 0 » (B798s) = cos( d-
(;Taay) = gin( & - ).

Then, o
Ps FTEBQS( § = #ay + sin( § g)ag]

and fream (1.7) we have

oy _ @ ln = B d
f,m =0 ; w Zdem T O f—, ke | ’
+i

-id
2y % A B :
-id )
‘31 o . ‘33 - 2 °
f'l - ;‘.;r 2 Te 7¢ Fr }

0 .t <o
Afr 2 j £ F fo F'r ja(EV)YJV‘J'é
Summing over m, we obtain the following relations
Uy = L eoa (5P [, F Vi ol
0, .
Uy = ~inin (&) [ T o2

In the case of em ideal cancentrated foree acting et the point r 3 0,

g8k, Faf(z-hn) (r)@(t)ag /v ;
Upp = L toalS-2) T (hp) SCp) (1.32)
. G
Uy, = =i amtd-PlVje Chp) s,

Vo &n arbitrarily orienied comcentrated force. Let
P sg(z = h) 5_@)@2003‘5 + agsing ] g(t)
Y
Conbining (1.25) and (1032), we get

(L3
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"thz: Edoﬂﬂv,k (h,p) + Lmﬂdoofg"fp) %‘u(h.f)js(f) o 33)
§ o0 _ o3 ' '
Uy, = =i denp 2in (S-) Y Chp)] stp)
Vie Dipole without moment. The field of & dipole is meds up of a pair
of fbrees without moment

Fi 25§(z = b) §(2) §(4) [ Bgo0ef + SpeinplPt)
:

we obtain the result by using the following operator on Upq IN (1.33)
(keeping only those parts decreasing slower than r"’l):

[ d«a/éi%, + U ton (3-0) aim £].
We obtain the resultis:
A, . v (2)
Ups = | cos®h b1 Pl = Spp b o (S-PVV ), Chyp) +
B 'y {2)
+ é’ A«M?A M{J_&)(EAP V,{:”()?, P) & G:T?; (AiF))] S(f’)

\f}l(!)

Upr® = ¢ ainB acn (§-B) [ cofp G Unp) +

¥ i 5p dealF-@)ainflL ChipY] SCp).
Vil. Dipole with mament. Lot & peir of forces act in the same direction
a8 in VI, but allow the force to have & momentj the axis ef the dipele,
icoo, the line associated with the peinis vhere the force acts, is
given by the vectar,an, wheyre

(1:3Y4)

(ensay) & cony (aps0p) = sin b/c'oe(olo # 3
(anotg) & sinf sin( = ¢).
The anglesd 0 ,4 ,o4 are not independent, end are rolated by the relatiem

ctg¥etgf = = coe(d -<). The displacement field of thie dipole valid
Tor large distences r is obtained by using the following operator on

UkQ in (1055)3
[ mé’jlh + i.’s'k& doa(ae-qﬂ),w,,.g:}

’v"(l)
Ugg = [ coa¥eoafp SR OnP = B bon froin¥ e (& - asa (it -f)
x %n()‘\,}’) i l.f“;j‘,}z Aimb’m/;&o(d‘p) ’Vu;;’(h‘)))

' ojrv(z) :
+ 1 desl i feea ¢§-4f) a-\;k U«.P)] % SCp)

~ a3 Ais),
U=~ eMﬁMCJucﬁ) [wb’ “3‘% Chyp) +i ngzrw(qu)\fw.;ﬂx

\
i




=y §259

Ville Center of expeneion. The centey of expansion cen be considered
to be equivalent o & scurce canposed of threo erthogenal dipoles without
noment. Yo will uake one dipole o be verticel (/4 = 0), end the other
two horizontal (/3 /2,5 0 end /. }o The resultent field is

""('l

Upe, = “'af’) é”ms/;’]xS(p) . HJ“—“-G (1.35)

¢ 2o Displecement fields in an elastic sphere
dtatement of the probleme Wo will consider an elestic sphere with
coordinates Ry Oy B (0 £ R & “Rys 0 S04, 0 £ @ £ 27)s The eugations
of notion in this coord inate eysten are (7):

B
»‘z%if éZeap 3@ + % (2RR -6b 94@9-?6“*36) /’;_zf ~Fe
A

B
'kagc’j mag %eﬁlz*"'r3e‘z v (8-g)ady0]] /Z)J'?;9 ~fo  (2V)

éqOrz
157 pmeﬁa + L3gi *29?%}6393 :f’ﬂz ~fp
Here &R, €9, &4, ﬁR, ﬂﬂ, RE are components of the stress tensor; up,
are canponenta of the displacement vector 4 aleng the directions
@Ry B9 F F FG Fg are conponents of the vector volume fores acting
8t the source along; the same diresotions.

. For the compomafits of stress we have the following reletions

Uy _ 1 dup
-/u( . —“+R 3@),
6o = AA *2’“ (;a ”’“R)
2
639 /-‘-‘ (@_.“qo-na‘pd:ﬁge-!-zi-é 5’3 ‘ (2.8)

ou
cﬁk = 1 (515 T Rae 57 ),

?979 >\A ‘R (u;a 3 “-edé;@ +M6 aas \)

= \A 4+ 244 ;-p
Eere the dilatation has the form

Jue Yup , L Q_M,ﬁ | Sug Ue
A aﬁ- + R * R o & 30 }‘:ﬁ'ée + -'c.‘i':ae (2,.3)

The Lem& constentz A, M and the density p are piecewise continuocus positive
functions of & single coordinete R; the componente of displacement and
stress are continuous and bounded for all points in [0, Rg] o The
surface of the sphere is free fram stress, i.,e. _

AN A )

GRZ fR= NR= Ofor R= R, : {2:4)




The initial cond;tmns are
i.% = 0 6"@\ t Lo,

The force field F(%aR,8,¥) is described as a veal source
leocalized in space end time. The following limitetions are leid upen Fs

1) P(4,R.8,0) 2 ¢ for 440 3

2) F(t.R,0.¢)

is absolutely integrable with respect %o % and setisfies the

Dirichlet conditi ns for all arguwments. Then we are pernitted the
folloving representations.

R obg‘g-L"‘?Q
et f e Tl5, 2

(204e)

R f {mw ('R P) Am ?)jJF (25-)

.= 27 oo B
m}uve -‘.0, = .
W ='£,g Y?Mﬂ; .
Lz-; - QY aYan ,___. .
Awn =(2, 58 ’”" e 55T )W, | (2.¢')
3‘!‘9»71_{,_ -=- Omm § L
Anm (&9 L Ib ”)N Y,

: ) ‘ f}d M i 1‘.
Ym'n -'{9@) = P (doaé)) N='\l7’7-(774f)
P.,, {cose) is the asaociated Legendro polyncmaal, defined b;sr ths folleowing

formules (8)1
m/;_
Ll- oL (x 1)’ a
P (7‘) =9l T //m MO

bl

m m ,!n— lmn .
P ) = (_;) (7“;“).' Fr (’<) ‘./—m g Lo, _
The eysten of epherical vector ﬁmctwne Aéé) are & field of & pydten ef
vectors sa hisfymg the f’ollou:mg orthogonah-,y senditions on & unit spheres

(c)\\ =(3) ‘
Ao , A 2 )M&J@dqﬂ /fr&:é/’”“"é”? ((W;;T 3lzw+12 )

Another eystan of vector functaons was suggeated for tne solution of &
similer problem in elastic wave theory in the work of G. I. Petreshim (11},
which ave linear eambinations of the system ﬂé%) » In distinetion

with (11) where the wave fisld in the sphers is given in the foxm of

a suwmetion of potentisls and sclenocidel fields, <¢he esunmlyais of the

wave fields according to the eysten Afi) pormits a separate study of

the sphereidal and torsional csci’lations ef a gphere (22}, All

awoufe on the oythogorelity and cmpletfn§ss of the system, satudied in

(11) ere easily applied %¢ the systan ‘ﬁmn

The coafficien‘tm %(si) malc:‘mg up 'uhe i&pact F in “the sys%m Aé;) are

27T
| Bl (n-m)! i
f,,,,,(/z F) 57? oot ) f (F Amw}MmGAQJQQ St

T Tor n = O NS 0, Yon = tonst and (2.6) losee meaning. We will
eongider that A'® . AW
a0

_oa

=0.
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Speeifically for 4 s 1, 2, ¥ wo haves

0 K
A anPtS ngY pinB d6 df .

mn (‘»-Mn) 6’71’ mn

(2) (227,

&EﬁL “‘- { pre YAWM
_-an ¥ nnn")" Ha N ? J Lrea"l’ "‘F;ﬂ.o{;eda?ﬂ J—&VAB c@@gﬂiﬂg}’é (2.7)
) Al 2pay (0 -ipt(? % Vo
Form = (e L;,th j J[’“exm o6p F}” jM@JQJﬁﬁ,
- (9:'90) & ‘wqﬁ})m(me}
For the forse components Fg, Fg, Fﬁ we obtein fram (2.5), (2.6)s

FRE 5!7?] EZ z 7&?{3 ;,,«,70’/>,

WEO thra- ?1

0___:_ °°<t A () 3y, e
For 3k TS & Z( w SE s £ W]

09 Pé '. (&) AYmn _ ~(3) O Voun
Fo = 2”.( [g;, I"T (J m'»lee 3P “fm 56 )JJF
Fornulae fer diaglacementa- Wra will seck displacements in the fozm

(2.8)

i EL(t Eé ﬁ)‘z_l;( V.j tffl:z f L v(z) (t) ‘]Oé? (2'9)
«) h Nz WMmEam =2 M ’

vhera '\T S Vg (Rep)e Hence for the wojee’cim- of dispiucements aleng the
direntions B8Ry 8g, Sy VO obtainy

4

) V." Cl) Ywm] If|

ni\
3

M# g#

,"" m
M gy

C!O 3 \Y
pt oL ) Siwe Gyt on

(’er L3 f - = N ,:‘A:— (Vaqh & Vm;}v A 3(? ﬂc//) (2"0)
et =L 0 L ow_ (5) 3P

Ug = .'ZLJL' V'I‘PLZ;_ Z Vmwmeﬁ) Vo an)JJf’

Placing (2.8), (2.10) into ecuatien (2e1) at}“ld the boundary conditions,
we arrive at the following equation for Ve«

)
(n m — - " Wi
Vi, Vo ) =5 dk [ Zﬂ)cwm + 2% Yo = Vor! | +
O‘V‘” “
+ G GR = WY+ N (3VE - R L »Nv;if):}
&) {3 ()

. e




{2) {1}
o Vi, i) = e (B - Y+ )]

AN 7 v 0 @) A .
s F(F + % Vo = Vm»)‘f' (S +3R %y ”'“-Vm:"'-z s
(2y 2
Lo P /f’ Voo = - .7C»m
with the boundery conditicnss
)
Vi 4 AV Ay e
= (g0 7 e =V = 0
dvm) {2) Vm, "
.,.._.,u( %-”"*’%”’) =0 fr RERe (22)
) 4[2) — °
0 = wmn = 9 fm ol

The functiona Vin o Vom # Opp 201475, arve centinuous and bounded everywhers
o [99 ﬂo-.\ o A .

2 For vmh we have
3y - 135 t3)
Vm'n o VoY) 3/“ A Yonon
= de [/“( B 7 R JE

Ly (Vo) | (243)
3 (3)
A NS LB = - £
end the boundary condation‘ '
3) )
- dV. ‘ - v'mn
‘Y"QOA?E/"(JR )20 S ReR.
(3) ) z ( 2. i":‘)
v'm?v = O : }C”' R=o
The functione V,‘,-fn 2 g are eontinucus and bounded evarwhere onf O, R , o
Exprossiong for Vpp in temms of eigenfunctionse. (i 21, 2) san he
axpressed in the foﬁ"ving manners
) ‘ o3
¢y _ L Fh
Vi = RE #Z:, Shmn Vo (2,15)
where for the ccefficients ogm we haves
$ : D3,
q‘éwm - PA L3 '"P .I,&,,s C2.7¢)

[} A»(t) €z) ~€a)
zkmn 5 ( 7”"‘ what #h )72 AR

o O ol i

Here V (R), i21; 2 is tho eigenfunetion, 'l’liza iz the eigenvelue of
the operator songieting of the left hand side of (2,11} together

with the boundery conditions (2.12), for a given integer value of the

parenster ne
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Similarliy
() {.’; T ey
whore
T . - ‘7__. DQ’M
ca&aom B P&vﬂ‘ -.Pz r.&'»T'
R
- ® €3 M3 p2 >
D = L S U5 Bt crag)

_ 2, 2, .Ar33 0
T | PR e

¢

whevre "l\?};,} is the sigenfunction, § pﬁﬂ. is the eigenvelus of the operator

t(aonaisting of the left hand side of (2.13) and the beundary cenditiona
2:14)

To derive (2:15) = (2.18) these orthogonality conditions wers ueeds

24
. e 87 A0) w0 A l2) aiz)
50 /o’2 V e V,e-u b ng,, Vﬂu )c!ﬂ =0

14 b As(3 A {3 _
So ' PR LU V0 Yol =0 fu h#d
Plpeing the expreseions developed fer Vm‘fn’ {Ryp) inta (2:10), the fellowing
formulae for displacements are obtaineds

olke vfwt‘f*[f g 5 2 o0 y
R o el P XS S SN R AR

W20 BT 7]

ol D it & L s v 12) O Yoy
S B f_;?[%‘: N i,(cﬂﬂmwfp) Viose

=} Y 2

v}(,” () .J__.e Q‘_fm)] JP 3 (2.9)

o =0 ot T o < .
‘@-’”'z*’w”j ! }j > 7{7 Z(cb A )
- A na=n o=zt Lo aman dem -] Q@

The proof that this construsted sclution (2.19) satisfies the initial
conditions (204e) prosedes annlogously with that of the plane omse
for each term in the series

W, 0
Expressien of displacements in the fom of 8 eum of proper cscillations
of 2 sphere. In formule (2.19) ounly products of the type 0%, expf ipt )
depend on pe Thus ealeulation of integrals with resnect to p reduces
to ovalueting & mumber of integrels of the type

on it
Ve j-oo iz,qjagp}"ep
By introducing the conditions cn the scurce,'%’(l’) cen have gingularitics
for Im p > 0 and mem muet be mnnlytic in the lower halfapaces As
P> o3 ¥ (p)»0. Besides this Y (-p) = Y(p). Hence it is not

difficult to obtain il me
A /144‘97,‘,./-. .




o (ot ©® ot (p) A
v°£m&P;¥JP 2 2pe£v$£a’g ;%,iaf;'z"lf’] =

- 2 Re[ Wi o T 4 )

The function o\(t) is asgociated with the particular source function qgé)
in the upper halfplane for » » 0. Its Form, either exponentisl decay
with time ox static impact, ie not of interest %o us.

Pleecing this evaluation into (2.19) and ignoring o(t), we get

20
Vi (8 Yo

=) # X
. ) S . S
Up ’72'? 2 2 %:,Q"’Pﬁt (Pas® "K""'ﬂ&m PhenS. ThouS

HTO M en

ol 2)
N L2 w . . s Ve ?_i’mw
b BERD WL 2, 107 st “P DY, 2 5

K ES m.‘_'—h

e (3)
' T ‘g-g" CR} &Yw g
+exp ft(&_ﬂ.-& ~%2)1 Dy, . We ;—;p“ (2u19e)

)
cdiRe )

I S
a@ . nE ME=R { &E:FLL (P&ms t =72 ):]D‘k,m« )

/ 2ms Lhpnsm @ a?ﬂ

&= meﬁ DY
>

_ . v Vi (;ym}
Z MFL& (ﬁ“ﬂ.t - /2 ﬂ 1,)&4.4'" 'L;fzwrﬁkm'r 3? 2

Thue we have expressed the displocements in the form of RERRE proper 8
spheroidal and toroidal T oscilletions of e spheve with diserete
frequencies pp.o end Pyype The radiel caaponent uy ie camposed only

of spheroical oscillations; the ccnpomsmis vp and vyate nede up of
both spheroidal and torsional compopmntss ‘

Asynptotic values of displacement for m sin 89 {m/ » Vo will Pollow (13)
for meparating the propagating surface waves frem %the digplasements

desoribed in (2.19a2). We will change the order of swmation
(=) k4 g oo I~ )

(i.0., change the mxnz 2. 2. o Z z ) end
#=p MM Aoz Hz) Wz eoa MFY

we will change the summetion with respect to n to an intepration along

a contour L, enclosing positive part of the real axis in the plene of

the complex variable V=, vhere n = Integer (Hev )2

o Fv) P { doo Cr-0)) (=1
w4 - . -l‘ "N T-
hz:of" P (ces0) s §L 269 7T (=1~ + 1)

Expressing ( coo e (s 72)"" for mv20 by the ssries




(23]
Ry 2 Cy '
‘22__0 (-1 Lxp L2040 ’/2)7-{-']} and for I ¥~ <0 the series

(<] .
J?E-o (,,)_‘f’, exp L=e(20¢) v+ 1) ][j’ fizing the contour of integration

%o the real axis and introducing a new varisble g & pyg(v-), we have
+ )} e
m
Z £ P eroe) A .QZ ('*l) fo Fp) B (doo (1~ 0))

Jip
% sin [ Qasny(vr g }: WP i

Excluding from consideration the low frsquency part of the field with
p{ P and applyiag the aeymptotic expension of the associated Legendre
pelynenial for large values n sin ©%|m|, ws arrive at

- 237 2
F_ plkea FE= S (~) j .

Ewrlvren]
X do 5[: (v 1 Yot~ ~&)~ 3'8“ Sim £(2£+:)(‘U'+‘L)7t] J,D
w Ko wlmﬁ)._eu 2‘\5: f (-l)ef -V“”-yifé,al_i’f
INTL‘\F‘CP)) ol f=o F dp

%aos [ (v+ ) 6) -§+ 2] i Le20e (v + Vo V] sz

Using these formulae for transforming (2:.19a), we ¢an obtain the fellowing
asynplotic expression for the displacerents in surface waves, going
around the sphere 1 timcs and passing throurh the pole © = 0 and the
antipodes @ 2 & g times:

<0

e, 0,01 9) = ot Be ] oo [t + 2y 1)

Ups (p. ) 1o
Vi S Y

{ &= I}les c}’e o 4

e, s &)-_'Jﬁ'%sme “Re j = &')tf'ﬁrb(f't -Z (23**3)?]— - iy

{5 Sl [ 2 e [ a3

(43} viff o~
D owp[-ilis + DB
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. . | IR I 50 . | T
WUELR0 R = e, e ore[i Gt = a2y ]

Ke (p)

L ¥ A3 . A

& { J%L——(Z:qo) Vy.,. 22p [ - ﬁar‘%)@}} “Ip
ket ke Spr AV

Hers for Q=28 , 7, {p) iz the meximum mumber of harmonies in Reyleigh

waves ('Q = 8) and Love woves ( Q = T ) for o given p:

Hi=d

Uig = ;,f’m Y P, axp[com(p+¢-0tpt2)] (2.24)

where Vg A48 the snalog of the wave number, a reot of the equation
(v) =ps=0.

The phase and group veloscities of the keth harmonie Tl end Cpg along the
surface of the ?there are expressed through Vi, 3 '
O

= -.ﬂ.-—- - J .
oA L S N,
The multiple pacsages of the waves through the poles &{01 8 4w)
are related to the ceordinate of the observation point @(o&e cml

é = (—1)99 + 2 {g~2).
The cemponents up amd vy form the Rayleigh waves g s the Lave wave.

Exprossiong £of Pyas One dn tems of inteprals of the eipenfunotions.
The methed of varintiondl enalysis can be used Téﬁf?or Q= 8§ T %o obtain

Py = ey +gu§fh g o . NeGeed
&vz o Ro Ilz'rq ) ﬁQ 'Qo Fra I‘km (f-23)
Here the integyale le"ﬁgjk have the form

RO A (2 ~s i
G = "L Ow 2 (Vi Peu (G2 )] e,
Re & Q) A\?"’“’ AT AG) My |
3 v V-ip _ ) 5
GZA - So [(/u Vér dr T )‘V}g-\r Zjﬁak }R (3"“%“} Yiu VAW_.}JK

a Verr d Vo2
ik = 55 [OvTE) (5 e

w) JUD e ) GOV (T z} R
£ 2{ YT /«a.\/ﬁ,,i‘%ﬁkV')lH‘ﬁAw)( o) =1 (Vo V¢ B, 29)

Ro VY T
G.a; :50 /MLV v)zcjk ) Gﬁ,ﬁz =0

R {3 D
™ _ (™ A Vi RE _ o, UV ) ity 2
-.-G3L’§o/"L(dﬁ ) 2 Yy %l;z—&‘fﬁ (.V,,&v) .lc'«“'z

e TURSTRS

N= dnl(nt)




AL) ‘
Hethods for caleulation of Vkﬂ:pk,meare givem in (3, 4, 14),

SURFACE WAVES FRGM ELEIINTARY S0URCES. The source type influences

only the %temms Upq dn (2:20)« We will consider expressions for U
for several elementsry impocte, noting thatv® jm| »

1. Radial axzially symmeiric force. Let

ﬁ = Fg(t’fl,e)i&
From (2.7) we obtains

fm (s *Y2) f_:n""ﬁff&?v (090) i © IO T

f,::: 2o fn mio :ﬁ:z; =L Fo (2.2¢)
“‘L 5’ f,,f/}‘ (R) B4R

Ukr = 0.

In partioular, for en ideally concentrated radial forece at the peint
e 1L E = {(p- H) 4(8) Jt)E,

H An @

s ()
Uy = VA«r(H) * SCp), (2:2¢)

[~ 4
vwhere S(p) ¢ f ?Q(t) d% « time speetre of the soirce.

I1. Ax.iallx symuetrie force directed along a meridisn. Led

IS
F:Fa (F.!." 2)6}3
In this case we have from (2.7) s
wm (3) (27

:Ffm'v‘. - mu =0 : j('m'u' o ﬁ"\ W#a

| ~E gl (T APyl ereb)

7(;(.‘:,) = f Py "frzfo Fo —%ﬂ— dmbddOdt | (227)
| 17 e L ma |

‘*{jzs = Vs L Tov Vlﬁr R7LAR

dpr = 0.

For an ideally co&‘ﬁ"ratad 5;’,‘1‘5@6‘ acting ab R =2 H, 8 « O

SRR EILe &jlg‘;éhﬂ“-ﬁ )= - s Vie (HYSCp)  (2.29)

i
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i1l. Rotationel impact. Let
F=Fplt R€)3y

From (207) we cobtein

0 {2) (3)
.7Lm‘V' e 7[-»‘1' e )' Fonrr = %" e F O
’ et ol P2} 5
3(0(_5! = - {ms P fo F fi@. A © SO A ]
o e L (Fo w NG’ " (229
s=2, Yor %r o o Vi J,z d

In the speciel cmse of an ideally concentreted rotationnl impact ecting
at the point R ® H, 8 =20,

Ez 2JCR-H) %}‘—'3%)&90
U*.r— i;‘ff \7‘3) (H) S(P) <2~30)

H v

IVe Toengential ferce field with fixed gzimuyth. We will cemsider
only e particular case of this force ree fiolds

=

B = Fr(t,R0)2,
where QT is 2 unit horizontal vector of fixed azimuth:

(aTs -aR) =20, (a'f;ée) s WG(J“"W)* (al'r'?ﬂ) =2 Bm(‘g‘”p)“
Them,
ﬁ - E;—Eé’;@ daa(cr—&) +:§¢MCJ-¢9)J
and ws obtain fram (2.7)3
) , 2y 3)
Fmr 20 s Fmr = Fner Fov met L j

€2) -id . {2) G-th
a2 L __77v -
J(l'b" 25 (et 3 f‘f‘V’ o 2'5’
(3) | _gmidfre . L, st
fn— T vl M - i l
°° -ipt P
f‘r\r - F f —5 sam@)MeJ@aﬁ;

Sueming with respect o u,
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~ (--;J?’ ; ) Fo  wery
L{AS_ -~ ;zs . a {(S“ @ g__%w V,ZE‘(’: 12 (J_!Z..,' TN

(2.31)
~=nF 2, G p2
____.LQ_T...‘.",_A F{T i Mn([‘#)L)c7v. v,,v__g__@!_R O
In the case of a tangential concentrated force et R 3 Hy, @ 3 0,
AL SCR~H) St 1) 3
. T H*%end
Upe = (~)% 0 o CS-P) V)0 CHYSCpY
. . s {
Ur = =12 ain (5 -0V V po (1) SCp) (2.3 2)

Ve~ Vili. Cther eiementamr sourcess The formulas for the
renaining elcmentary sources considered in section 1. can be obtained
frem squations (1:33) = (1.56) upon replacmg Upg by Upgs Uch by Uyeps

Sar by Vas /H, gﬁr ' ‘,&_r/H’ ?{1;“ by Vh) by (“’1) V]"J )
% by (-1)E G

Asymptotie formulee for (2.19) = (2:32) as p (» Yp @ o Lot
e p%ﬁfﬂo)»co, end let the quantity p(R, - R) (Rg) @ p3/b(Ry) under

these conditions. Then it ie not diffieult to shov thet equations (2.19) ~
(2.32) tend toward the corresponding formulse (119) - (1 B2), if it

is noted that as pRe/b(Ry) > co end

g- ;- =0 - e R, -h ; 3 R.6 »v [

Uga> ~Ups 5 Upoo e} o w Mo Bag

(4.) M

2 (e 1\4&?@4)*.... L&u;;_'@« . (2.33)

U)"Ve 2) = Rb—EO 2 22 ::20 "‘?'.2 ) L= I'213 3

\g?m\/ Ry -—? \Q'z.)v P2 .

Se- Sane properties of the derived solutiome

We will consider some preperties of the derived equations {1.20), (2.2},
vhich are ozsential for understending the excitation and pi opa«aticn
of surface waves. -Let ue consider that the force field Ty describing the
selemic eource, is localised in some zong, ai-c/z’uated in the halfspace
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near the initial coordinates z =2 0, ¥ = 0, and for the sphere nesr the

pole Ra Ryy © 2 0o we will locats a non=disturbing receiver at the

point 2, r, ¥ (R, 8, /), vhich registers the q'th ccmponent of

displacezent at this point { g = 2, v, § in & helfasace and q = R, 8, §

for a sphere}e The quantity r (of @ ) hes the meaning of epicentral
distance, #f ~ azimuth at the epicenter to the staticn, z (or R) e

depth of the receiver, meagured frem the free surfacs (or center of sphere)/

The theoretical seismogrem u,(%) of the surface wave, recordsd by such
@ receiver, is described by équatione (1.20) or (2.20) for sufficiently
large © {or ©)s The Rayleigh surface wave (index Q = R or 8) will

be recorded only for q & %, ¥ or R, 83 it is polerized in & vertical
plane (gection of great circls), passing through the epicenter and
recoiver. The Love surface wave ( weve index Q = L or 7 ) will be
rocorded only for q » ¢ it ie linearly polerized, the displecement
vector noraal to the polaerigation plene of Rayleigh waves.

Bach seimogram cen be considered as a superposition of an infinite
number of hamonicg ( in other terminclogy - noymal waves, eperators,
or modes); the index k (k= 1, 2, csey ®) designates the nunber of the
harnonice Lot Wy, (t) be the contribution of the k'th harmonic to the
q'th component of %he aeimog’rmn.m‘ Then

. u(t) & X w,(t). (3-1)
We will consider further not the seismogram itself, ug(t) or takq('t)
but their spectirs, leee, the Fourier transf'orm with respect to time

(=] s 2
of the form 543‘&)» fjt 3 we desipnate thesge spectre ag @Zfr.) end %Z(P)
A . »
raspectively. IVt is e‘rféﬂent that
] -

4 -3¢

(z.2)

{ = L f A
u&%\u 5 Re ), q%,e%(p) o | dp
gurfacs wave spectre. | ‘Tge spectral censity @k?\, differs frem zero
anly for p > PrQ : where Ppo is the limiting frequency in the specira
of th: k'th harmonic of the Qfth wave. The boundery Trequencies ars
related aa

Piee1,2 7 PR 7 Pioe1,Q 7 ove P Pia

in @ halfspace P31, = Pyp = O» in a sphere Pig g pyp > Os However
since we are not interested in the lew freguency pért of the spesctra
of the disturbance with p< ¥, which is impossible to sxzpress in the
form of & propageting wave,; it will"decepted that for surfres waves

(‘bm 8 0 for p< mex(F, Fug). A

The spectral demsity can be oxpressed in the fomm of a produndt

g {8
¢, =TT B, (3.4)

P =0 Mg
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For the terms i) vwe have the following Fformulees
a) in a halfspece (vhers Q o R for q = 2,23 Q 8 L for q s @)1

-L}(ﬂ_,
‘Béo) = B(é) s “J &

7z = (3.5)
&
:B,(,'.; = Lq (¢ Co (P Tgqlp)] | (3.6)
ot 2 cxpleivan () (3.7)
:B’Q‘&' KRN
o= U ) (3.9
3%. ‘kQ(Pﬂp
( o0 o . o .
3'&‘2 ‘o«’SVﬁQ(F) , 42l 2, 49 (37

e, B - s . dz: ’ O(Y' = ""l. Ty C(f_—. L o in s
) inaaphere (whox-cqmsfm-qsa.,e, Qg;forq@m'

3’:: = 39 = [T g (3.5a)
n ‘ - 3.
:B.&q‘, = C%Q (p) C,&,_Q(P\ IkVQ] (3. 6a)
$(@z) - QX?S— LE(H«:L(P)""‘A)& "'!:1';33} (3.7a)
| - 13) & & _ (3:8@.)

"‘-’(2’) : 5 - , 9e)

&= :)3“

fa

Kp= 1, “o i

Q{C}gz L'.(“’)g’

Heire 9 ig the total great circle path of the wave leaving the ssurce,
g is the mmber of passages through the epicenter and asnti~-epicenter.
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The mq‘itiplier {1) depends only the propertics of the medium (veriatien
of velocity end density with depth or radius ) and the type of waves
receordead. :

The multiplior B;(@?) daseribes the propagation effect of the weves: the
nunerator defines the phace dslay eof the oseillations for o given frequency,
the denmminator--the decresse of emplitude dus %o geometric spreading

along the path & (or © )« The additional phase contribution of x gf2

in e sphere arises on ecceunt of g-passages through the epicenter and
ant{i-epicentsr.

The multiplier Bgs:s) for ¢ piven wave depends enly on the source mechenimm,
end alvo on the asimuth of the _recosdmg station with respact to the souras.
For en axially symmetrde source Bég doss na% depend on {»

ﬁm multipli-ox‘ o depende on the depth of bhurial of the receiver and its
orienta;:im (is@e, for which canponent of displocement it is set up %o
NERSUre) o

Polavization of Jayleigh waves. Tho vatio of cpectral densities @M / Sn@;&%

op d’w_lcpkn dofines the pelarization of Rayleigh waves. Since J) 23 33
and B;,ﬂ)= al(é‘_)far 3 £ by then ' Béa &

%g, e & i Q”}L(P.z)] (311 0)
bz BLY | V% (p 2

&) ) sl a2 1) ;
d)*e = f@ B {"’)&* r Y""’-V' (7\)‘\ (3'.’00»%
e T L Vi

N adg
Thus the eigenfunctions V(i) » V(i) defing the Rayleigh wave ppievizetion
ollipse; <the direstion of rotetien and wativ of the sllipse sxesg
depends an the depth of buriel of theo receiver; +the apparent changs in
the direction of rotation for o sphere for changes in g is sssosiated
with the fized choice of direction in desipneting up {4 for motion
avey fyom the epicenter).

Regiprocity primciples For simple scurces of the soncentrated ferce
type, 4%t is ensy esteblich the principle of recipresiiy--the inverisnce
of spegtral density for change in the plasanent of the scurce

snd receiver with preservaticn of the sourss orientation with respect
%o the receiver and vice versa. In fect for a pimple vertical foxce ab
depth we have mecording o (3.26)s '

‘:,3};2 = Tk (o W) SCp)

| ¢ -2 (i) ~ (1) e (1)
@ ha :{E :gﬁ}sggxxﬁjgrka.lx@-.@.z;. 3
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Cj)}z Chy2) = ﬁ{ 3 j)S<P )V 03, 2y

For a eimple horizontal ferce at depth hy griented toward the recoiver,
acecording to (1,52} we have

Bzf;‘ = L Gese)

%? “‘ 2‘)' [T[ blzz]SCP (F) V,k (p2) , { 2,12)-

~. (1)
¢p (h ‘z\; l:.n‘. BL1stp Ve (pih) Vi (p12)

For a a:lmple horizonial forse ot depth 2 perpendiouler ‘c.o the epicenter-
receiver direction, fram (1.32),

(31

_ . (3
3’&? A T ,!z ()‘J,)‘) S(?) 9 |
y . (3, ’3)
) AL o (3)
= S( ) J ) »
Cf);? (h,2) [‘EoB)M] PI V), (ph)V, (pe)
Fran this the reeiprocity relationg follow:
¢ki € h,‘%) _-;; C%j’%—(%, h) . A B - o
‘%‘H‘Tﬁ"’_“ A\E: (t’Jh\) _
£304)

iy (h2) =Sy 2,0
-Gt~ b (2,h)

Similar relatiens for a sphers ave not difficult 4o obiaine
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Additional foreco gystems. These forces have been normalized to represent
unit forces of couples acting at the source. They are suitable for dirsct

substitution in to (1.20); The resultant (1.20) agrees with the thesretical
equations of Saito and Teei and Aki (1970). Thio diflea
'{"VW S¢l—‘f{l"“v

(a) Arbitrarily directed force. ( S ’ ﬂ )o The force is represented 88 swpoge 10

1
N -f‘“,/m )
E= Stz;t) S(v) [ (S ~Placnfi, + ainm (S~f) winfb g + ooy |5 () ﬁrmw

.}‘,‘ nd’th‘:}bi‘."“"

where & is the azimuth of the force fram morth and # is the angle that ‘| o

the force makes with the positive @ axis, which is taken to be downuard. =5 & 18
Note thato { &L25 and oLk BL » The EQ are the unit vectors T
in the q'th diveetion. "fﬁ) is the source time funefion. The Upg boceme

Uyp = Lo BV 0, p) - L pinBeontE=PIVE i, Y]+ SCp) /2
U= = iainf oin (S - @) Vi b, p) e SCp) Jare
where 3(p) =f exp(=ipt)e(L) di;

-0
(b) Dipele without moment. { S , ,3 )e

“M.% Foirce -

()
Uy = Less T ) = hpoin' Beails- @V thp
+ & 2028 cool 8-V (el ) + TE )] $Cp) fane

.
Uy, =i pinPain( §-PI e fﬂ"u.pwihww-&wnﬂ %ﬁ’h.pﬂ S lax

e¢) Couple (& ,£ )y (o/5d )o  The poeitive force in the direction
9 19 ) is converted into a couple by the application of an operator %o {a):

[ Cod 35‘7, + %m(a-rﬂ)m ] qeLoe
graphiecally, the couple appeare aa

3

F(S p)
7ot ¥)




D
The Uy becane
Upg = {coet)’ cos B 47, __g')(h,p) = kpoing sind can(é « {f)eos( = Gf)v(z)(h,p)
% ikRafm ¥ aosf vos(ah ~ g')v,(}) (hep)

& ﬁ‘coso ﬂinﬁcﬁs(gw ﬁ’)_\‘@ga)(h,,p)} " g(i%)_

Uy, © =isingein(§ - ¢)[ cos b’av") (hsp)
¥ ichainé’ soo{ol = Q’}vﬁf’)(h,p)] -8(p)/2x
where ( § fl Y amd (o 5 ¥ } are related by the condition of perpendicularity
ctgb'ctgﬂ % = oos(d —ef).

(d) Twe pezpendicular dipalea without moment of equal megnitude and opposite

sign (§ 58 ), (o ,¥ ). For this set of dipoles, the angles define the
directions of the tensmnw T and campressional P axes by
(é'ﬁ)-»w CEROEER

Upg = {(coazﬁa con?l )d ) (1)(hsp)

= kg [010%8 0os®(S - @) - ein®Y con(et - §) ] véa)(h;;p)
+ 4. [ain2f con(8 - @) ~ sin2¥ cos(ol ~ )]+
'[kgvﬁl)(h.p) + g{*(‘a) (hop) ] }%ﬂ%}.

Uy, = { ,% [map ;mqs ; #) = ein2¥ sin(sl = f)] g.#f’)(hm)

"’é"LVzg) (hsp) [5in8 sin(ad = ) - san?Y sin(2et- %]}%‘%
with the necessary perpendicularily relation ‘
eﬁggc'igf; 8- cos(gad).

(¢) Double eouple without mement (§ 5 £ ), (¢ . ¥)- 'Tho angles are
defined as in (¢).

Upn = -{ 2 cas?fcoaﬁ_@&l) {(hyp) = ﬁcﬂ?;(ga)amﬁ sin Yoos($ = ¢eoslel = &)

% i[kR?(l)(h,p) v ._.éa)(hsf-‘ﬂ
[sin ?fcesﬁcos(o( @} + sinf emnlfnea(é‘a #) } s(p)/2 7




w30em
Uy, = Z =i [sizz‘esfm(é'm #lecs¥ & ginl cosf sin(o! = ﬁ’)] .%9)(11@)
988 () aing sin¥ sin(et ¢ § - 4} sle)/ex

and
etg 'b'a‘%g/g = con(d = o)

(f) Explosive source.

Cpp = ,g_;_z’én (hyp) = kavﬂg)(haP)] s(p)/2 %

UkL e Do
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(g) Double couple mechanism in terms of strike, dip,
and slip of motion on the fault plane, The
orthogonality conditions on the couples or dipoles of
(d) or (e) imply that only three quantities are
required to define motion on the fault plane. These
quantities are the fault plane dip d, the strike O,
and the slip s, These parameters are shown in Figure
A1, The dip is measured from the horizontal in a
downward direction and vaires between 00 and 900, The
strike is measured clockwise from north and varies
from 0° through 3600°, The slip angle gives the
direction of motion of the hanging wall with respect
to the foot wall; the slip angle varies from 0°

to 360° and is measured counterclockwise from the
strike,

With this convention, the Uyq become
; , : avil) L gy (2)
Ugr = S(p)) sin s sin 2d | &'k (h,p) + 3 xrVk (hyp)
2N dh
1 : . Iy
*‘§ané >(h.pﬁ [- cos s sin d sin 2(#-06)
- % 8in s sin 2d cos 2(¢-Q)]

2
+ i[fkvagl)(h-P) + g—;{-< )(hop)] °

[- cos d cos s cos(@-0)
+ cos 2d sin s sin(ﬁ-@)j }

Uprp, = S ( ){~ i [sin s cos 2d cos(@-0)
' 2%

+ cos s cos d sin(ﬂ-@)] %%k(j)(h.p)

+ gkL Vlgj)(h,p) [cos s sin d cos 2(g-0)

- % sin s sin 2d sin 2(g-0)d },

A reverse fault striking north and dipping 45° to the
east is given by © = 09, d = 459, and & = 90°, A
right lateral vertical strike slip fault which strikes
north is given by 6 = 09, d = 909, and s = 1800°,




g

&

— N
\

=2 £
h
/ / L
~\ /f T

\
%
\

e

Fig. A.1. Coordinate and fault p'lane geometry )
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