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THE THEORY OF SURFACE WAVE DIFFRACTION BY
SYMMETRIC CRUSTAL DISCONTINUITIES
By
J. Kane

and
J. Spence

bummary

A major barrier in comparing seismic theory with observed wave
trains, stems from the fact that elastic wave characteristics are in-
fluenced by discontinuities along the propagation path, and any
understanding of such signal corruption would require a knowledge of
the diffracted ficlds at che appropriate ovbstacles. !Nowever, even a
relatively simple crustal feature such as a discontinuous change in
terrain presents major difficulties if rthe relevant problem of
diffraction in a wedsge-shaped reglon is considered., Although some
first-order calculations have been made by Lapwood (1961), Kane and
spence (19563), and lludsim and Knopoff (1963), the theorctical discussion
of the diffraction effects are hampcred by the intractability of the
associated boundary value problems. in this report, we show how one
can take advantage of symmetrv considerations and variational techni-
ques lto rapldly estimate reflection, tvans=ission, and conversion
coefiicients for elastic wave diffraction at symetric wedpe-shaped
obstacles. In Part T, we 1llustrate the ldeas by a discussion of the
vector problem of Rayleiwh wave propagation along the faces of an elastic
wedge with tree boundaries. In Part 11, we analvze the scalar problem of

mlti-mode Love wave diffraction in a symmetric layered wedge,



PART 1., RAYLEIGH WAVES ON AN ELASTIC WEDGL

. Funsamental equatiuns

The tremors stu,v.w) of an elastic solie cnaracterized by the
Lame parameters °, u, and density . can be derved from a scalar
potential #(x,y,z), and a vector potential \l"['éx(x.y,z.i, -:ay(x.y.z).

-';z(x.y.z)] by the relation
s(u,vaw) =92 ¢ 9 - W, (i)

For two-dimensional motions which are independent of the z-coordinate,
both = and ¥ are but functions of x and y, or ¢ = I{X.v), and W = g (x,v
Furthermore, we can neglect pure distortions by sctting . o= ¢~ U,

so that the vector potential W = w (v, v, -,-z(:-:.y)} 15
characterized by one scalar component and the subscript on i, can be
dropped without contusion. L we assume that the vibrations are
harmonic, we¢ can suppress a time factor c'l” . oatd it ocan be shown that

*, and the z-component of the wector potentisl, satisiv the reducee

WAVEe Cauations

2 2 )
(V" = k7) 7 =0, K-t ¢ o), .
<
2 2 4
(v« k) ¢ =0, W= " . LD
-
Unce the potentiais 2 and ¢ are known, the displacewnt wector s s

piven by (1.i), and the resultant stress dyadic Z(2,4) can be given



1 symbolic notation as

(2.4) =+ % Vo5 o (U5 sV TR

h

where J 1s the unity dyadic, the idemfactor.

2, the Rayleirsh wave potentiats

A time harmonic Rayleigh wave, or ff-wave o1 brevity, 15 cum-
prised of a parr ol exponential solutions of (1.2) and (13,
W= r(:R. ﬁR). If the elastic solid lies within the hal{-space
y < 0 (ef. Figurela), then these solutions. on polar coordinates

¥ = p cos £, v = r sin 0, assume the fors

\ AWYE .
. o ) (1.5)
\ "
AL L y,) .
i \)
LRSI
/e, ¢ (SN
wher the o VB AT vy gal L SAVLe
- . te -
yERIE Pl v oo g . ) S ¥
£l :
o i '
Ao P-tv ‘. . : = (I 3
il t he satude o the v N shoar oo e’ IR E R R
{ w, ! Uhe Coapres et oM 7 .
[ jd
T -3
. l-('.'_{ o
AL Sy
T
Y ' [



wa1qoad ppo aya 1oy

aoueqi~asip [eIITUL 9yl ysiuany Karaed ayijun jo saaem 1eraaed
aya pue ‘waiqoad uaAd 3yl 103 UOIILIIOXD 3YI astadwoo L3raed
2311 Jo saaea yeriaed ayl ‘saaem [P1iaed Inoj o3 qudjearnba sy

a3pam D13SE12 UE Jo @0e3 duo SuolE JUBPIOUY daen y8t1arhey tun vy :1 aandyy

AdL ININAS

40 3NV 1d
% h-@wum
7

XN ’

®

e TR




4-
and .0 is a dimensionless distance parameter

e 4
. - er = (b tu)
R
The parameters Ve and g represent the velocities of the compres-
si10onal and shear body waves respectively., Fw a ziven Poisson's ratio

20+ u)

Chaah

one nceds choose the kayleigh wave velocity Vo which 1s less than v |
. b3

so that the stresses induced by 7. and ¢, vamish at the surface y = U
y R R R

(2p0 #) = U y = 0, (1.12)

Rl

With this cholce of v, the “a and piven by (1,95 and (1.6) are the

'R
vector and scalar potent tals characterizing o Rayteigh wave Lraveaing
to the right with vt amphitude, (we shatl speak ot the cocificient

of the cuspressional potential as the amplitudes. 1t s very con-

ventent Lo note that we can reverse the dircotion o any harmony <ave

by the vperation ol compicx congusation thus

f *
= ¥ L N
\Ro2, =K ' (s
& *
uoe(r o, t)
TR a
* Fo(0)

R '\ = 3R ¢

represents a Rayleigh wave Craveling in the opposite direction with

amplitude R,



3. Formulation of the boundary value problems

a. The wmajor problen

[he conundrum posed by faviersh wave ditfractron n a wedge-
shaped region is to find additional solut tons " and *d‘ of (1.2) and
(1.3) which represeut ditiracted faelds o intenior of the wedge
such that the stress dyadic i(?R + :d‘ ir Coay vaiaishes on both
faces of the wedge for R-wave excitation along ene face. ln our geon-
etry, (cf. Figure la), the Rewave is incident from infanity along the
negative x-axis. We shall be principally concerned with calculating
the complex amplitudes of the reflected and transmitted R-waves as a
function of the wedge angle O and Poisson's rat:o . This task can
be substantially eased by reducing the majur pi Hhler to a partr of
minor problems pnwvolving even and odd symmetries, Coasder the -
crdent #-wave along the left wedpe face to be tne sum 05 Lwo Waves,
cach of half amplitude, Lirvewise, the absence ol anv excitation along,

the right w=edge face 15 equivaleat to a pair ol ident t-waves along

it, ecach of half amplitude, but opvosed in siz0. vef, Fagure b, The

four partial R-waves can be separated 1nto two proups: First, a pmr
of H-waves on cither face of like parlty which serves as the excitation of

what wo call the even mancor problgs, Second, another po i v ewaves whose

amplitudes are of unlike parity which constitutes the excitation of the

odd minor problem. L{ we designate the diffracred tields o the even and

odd problems by the sulscripts e and o respectaively, then since we are

dealing with lincar equations, the desired major potuntials 2 md
(8}
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wd can be expressed as a superposition of the minor potentials

¢, =3+ (1.19)

.:.d = .ye + ‘30 \ (1.16)

and likewise the displacement wvector » = S, v, can be deconposed
. >

into even and odd components.

b. The even minor problem

In the even problem, the wedge will suifer only gven dis-

*
placements 5, about the plane of symmetry, and as a result, there can
be no component of normal displacement alony the plane of symetlry
at 0 =@¥2 - n, It follows that the even problem 1s equivalent to
finding the potentials in a bisected wedge with one face free of
stresses which supports the incident Rayleigh wave, and the other face

so constrained that the normal displacement vanishes there. That s,

we scek solutions ‘e and Ve of (1,2) and (1.3) 1n o wedpe of haif-

angle® 2
s (r, ¥ 2 A = () = .
G fer 6,0 P_) 0, G = n (1.17)
EVEN
l o o
_— . —_— A a El - ]
a0 (’R .c)‘ or (.R . “c) g, v ) ! -m (l.18)

"

¢. The odd minor problem

By the same arpuments, the odd problem which involves o 1

1s a complementary version 1n the bisected wedge, whercin the tangential

*
N.B. The displacements, and the compressional potential will be cven

about the plane of symetry, but the shear potential will be an odd

function, and vi.cc versa for the odd problem,
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displacements must vanish identicaily alony the plane of symmetry, i.c.,

obb

,‘_)_ R + 0 ) . .l_ 2 . CER | (8]
dr R v r ot 'R b

¢. The Betleoctam Cocttcients

For ¢irther the vven or the

\)
a retlected ftaylehh vave, Let ,'L(6’r'.’. =soand

‘

plex ratios of the

for the cver and odd =nnor problems in the biaccoted wedye,

P Yy .
flection coeifterent ®uf=d, = ) for the ors,
£,

'y

YORE [ M-
L

and Tikcwise the overals transmpssioen

l'((ﬁ’.." = !

Formuias o0 20 and o 2 can be verstoee e

which 1ndicates "hat the overall retle - oo

from a superposition of the partial retle tien

and the Lranst.s<ioun coctirchen i

4, The Narvationas iv

a. Discussion

Variationat proocaeros consist ob asuriag

funclion containin., un.puciized oo

cefticivnts

Crom, tuusr thler.erendy

il

1] &@'l-n

reflered Lo the ncrdent kavicish wove asplitude

ntal mejor probtem will be

ety e o x@'," w1l he

Coat o Foreure e

TN y

restele

[0

PLGICIN

sutltabic trial

thea o

Wl =09

¢ o

i ingy these

(i.19)

(1.,2u)

)dd probler, the solutron will contain

(A2, 5y be the com-

(1.20)



-8-

parameters Lo minimize certain quantities, One major advantage of
the variational method is that first-order accuracy in the trial
function usually gives results which are accurate to second-order,

because of the stationary character of the approximation.

A natural aperture in the present problem is the plane of
symmetry and we can assume it to be illuminated by an incident
R-wave, and a reflected one with an adjustable amwplitude. In the
even problem, the net angular displacemet must vanish along the plane
of symmetry. A unit R-wave traveling to the right gives rise to the

angular component of the displacement

inc ax

b d
a
sg " kplsge *re ], (1.23)

and likewise an «-wave of amplitude %!nmving to the left uenerates the

disturbance

ref inc ¥
3 s = s .2[:
e %o A ( U ) (1l )

which apart from an amplitude factor is the -uspiex conjugate of (1.23).
Only if there is no discontinuity. or 1l (&) - n can we make the angular

displacement of the trial function

%
T . Sinc (Slnc)

. 25
o 0 “a'50 (1.25)

S

vanish for all r along the plane of symmetry by properly choosing gt

* * . T
Otherwise » # @ , = 7 2 , and no choice of o can make S
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vanish at more than an isolated set of points. There are at least two
ways by which we can improve matters: We could use a more complex
trial function which acknowledges body-wave contributions to the dif-
fracted field, or, since the residual displacement sg is explicitly
known, we can use it as the aperture illumi;ation of a Green's theorem
type calculation to correct the variational esviwnate.
However, the practical seismic interest is in the realm of small discon-
tinuities, and for this case we shall see thar the elementary trial

function yields satisfactory results.

b. Definition of the scalar product

While there are many guages by which sé can be minimized, we shall
T 3 ]

choose a %o which minimizes s, in the mean square sense. tor this pur-
pose, let us define the complex scalar product of two functions u(r,0)
and v(r,6) to be

-4

¢ *

(u,v) 2 ulr,0) v (r,8) dr, (1.26)

P
where the integration 1s to be carried out along the plane of symmetry
0= 621/2 —n. To each complex function ulr,0) we can attach a positive
definite number, the nown of u or [l u || which is defined to be /(u.u).

The norm || u || depends on the wedie angle. and 15 to be Aistinguished

2 *
from u” = (u,u ) whilch is in general complex.

c. The Even Subsidiary Reflection Coefficient

With this notation, the mean square value of the angular dis-

, . , r .
placement of the trial Lunction sy 15

T2 inc inc * anc, inc *
[ [ C R A (1.27)
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and thys vill be a «couwmen b wag only 12 0 is chuszn s
y G

.0(9/2.’) ‘f’gﬁ: » (1, 2%)

or explicitly e terms ot «(6)y B(U) ang 7,

) ) .

i KN o h 211 = o

B p . LA o Sy

20 .00 2 a0t ef . PR
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e . S - L=1&l " . I f vs _ 3 (g,-:!\-_]

% | o0 ot T * \3a/
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d. The Gdd subsadiary Ketlection Coctt cient
[f we use an analogous Lraal tucction, and samilar reasonitg,

we Lind that 1f . ts o be an optimal cncice we aeed Goake the selec-

(V]

Lion

s
.'0(9'2.") ' ! ) (G
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2 -2 ) ,
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yo ! wy ? 2 9
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Figure 2: The diffraction coefficients R and T for a trial function con-

sisting of but an incident and reflected wave. In this case,

Poisson's ratio =~ = 1/4,

ARG T(CIRCLES)

ARG R(CIRCLES)
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With an explicit T and 7, At our disposal, we can evaluate

% (e ; “
the R(%%,~) and T(¥2,~) gerwane Lo our elementary trial function., For
refercnce, their complex variation is plotted as a tunction of the dia-
continuity angle€? -u, in Figure 2 for Poisson’s ratio - = /4. The
present magnitudes |f| are somewhat smalle: s that o waven by earlier
first-order calculations (Kane and Spence 1Y . Jhich do not simul-
tancously yield R and T. Since we evaluate both E and T together, we
must, in effect, withdraw some energy from the transmitted field to
allow for the reflected wave. Furthermore. :' 13 the nature of the
variational technique to underestimate the subsidiary diffraction
coefficients o and N since 1t only yields their projection in the
sub-space spanned by the trial function.

Although the analysis is certainly valid for a small enough
discontinuity in wedige angle, the utility of the procedure can not he
established until there is some e¢stimate of the crrors commtted. A
feature of the present procedure is that it sugrests a natural suase

. . . 3 . T T
of the accuracy. Wwhile 5, and < are so chosen that || 50 Il and “ s, I

(¢
. \ T T !
are minimized, both 56 and sr are non-zero alony the aperture paane,
These residuals. which are expiicitly knom, can not be farther re-
duced without introducing new {eatures such as body wave catributions
- 2 a2

into the analysis. since (1-]R]7-]T[7) represents thar trastion of
energy unaccounted for, we can estimate the need for papyoving the

calculations by exawining th:s quantitye
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This error estimate is a very generous ome because only part of it

implies higher-order corrections to R and T, the re¢mainder representing
energy which is accounted for by it-wave to budy wave conversion, The

A g < . 8] .
data of Figure 2 shows that if |?ﬁ—n| < 10, the present analysis
accounts for at least 92 percent of the enerpy. and therefore the theory
should not require further improvement within this range. We can also
compare the present theory with experiment, but we must be very careful
if we do so, because there are fundamental distinctions between analysis

in the harmonic domain and pulse measurements tcf. Appendix).
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PART 11: LOVE WAVES ON AN ELASTIC WEUGE

1. Introduction

A layered soiid can support surtface waves which are v 7nvy
polarized shear waves trapped in the superficiil tuver
Since these Love waves, as they are known, have ampressional com-
ponent, it is not necessary to introduce potentials, and it is possible
to work directly with one scaiar function wix,y), the z-component of

the displacement vector

s = [0, U, wx,p], (2.1)

Within the El layer, w satisiies the wave equation

2
(V2 B kz) wix,y) = 0, ke ? I (2,2)
1 1 171
and within the EZ substrate, w obeys
R an 2 ! R
(v k2) wix,y) = u, g, ey .M

At the free surface of El‘ the stress dyadic 6( s )must vanish, which

will be true provided that the normal derivative

dw

on = 0 (2.(‘)

vanishes there,
We assume the EI'EZ interface to be welded so that the displacement
and normal stress must b continuous across this boundary. Along wedge

face A, these conditions will be satisfied provided that the Love
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waves, or { -waves of amplitude A, have the form

5 i*.x
Aicoﬁk -t;ye 5 O y " - H (2.95)

1
Af =

TS is.x
Al cosdkf- K?H exkaf- k%y e ', y< -, (2.6)

and the propagatlon constants ‘. are the real ruots of the period equation

1f the shear wave is to be trapped in the tayer, or 1f the Love wave is Lo
propagate, we need |k2| B '.i' % |k‘|. For any thrickness however small,
there 1Is at least one root I corresponding to an acceptable solution ---
the fundaziental Qi-wave. As the acoustic thickness le increases, other

- - -@odes can propagate. In our discussion, we shall assume  that the thickness
is such that only two modes propagate, the fundanental, and one harmonic:

*the 07-_uave with a propagation constant P The anslysis proceeds n a

simitar fashlon if an arbitrary number of modes can propagate.

2. Formulation of the boundary vilue probles

We assume that an Vl- wave is incident along onc face ot asymmetrically
layered wedge. At the discontinulty, four surfacc wuve will be excited:
A reflected and transmitted 91- wave with amplitude cuefticients Rll and T“
respectively, and refiect:zd and transmitted 92 waves whose amplitudes are
the conversion cocfficicnts R12 and le respectively, Our task will be

to determine these diffraction coefficients as functions of the wedge

angleﬁf; the layer thickness K, and the elastic constants Tlr Sg M Mg
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By the same argument as in Part I, we can add and subtract a symmetric
Il-excitation on the right wedge face which leads us to consider a pair of
even and odd problems in a bisected wedge. Since Luve wave diffraction
is a scalar problem, the subsidiary boundary conditions along the aperture

or plane of symmetry are simply

EVEN: Ay2% o o, y =~ G>f2 -mn (2.8)
r 99
0DD : we=0, 0 = (:»2 -n (2.9)

for the even and odd problems. The trial function will consist of an

* *
incident !l-wuve, and reflected !l and Iz-waves, with unknown ampli-

tudes. Lf we denote the subsidiary reflection and conversion coefficient

(4

for the even problem In the bisected wedge as ™

and r?z, and similarly

0 0
™ and P for the vdd problem, then the desired major ceefficlents

are

R o= b (/2 + oY) (2.10)

ST RN .
e , 0

G AN (2.11)
e

T, P (r), - T (2.12)
e 0

Typ = (rpp = ryh (2.13)

As in Part 1, we shall determine these coefficients by a variational pro-

cedure which ignores budy wave contributions,
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3. Solution

In the odd problem we shall chuose ¥ and r° so that the residual variation

11 1

<(r) alony the aperture planc

(y) = @ o ¢t .o ot Ve )2 - :
0 BN UL NN SOt e = ()2 - u (2.14)
15 as small as possible 1 the mean square »- "4 the same

definition of scalar product as in Part 1, we huve

*® &
|| <0 “ <0 LTI ﬂ2' TN PR Y \' (2.13)

and this expression will be a minimum if and waly If r?l and r?z satisfy

the normal equations

* *
Y O (o @ O (0. V) = i
( x l) . LY ( L l) + P ( 2 l) ' (2.18)
Q . Y ". u oy \]. g = ‘
(Ql. 2) T ( X 2) iy ( 5 2) v, (2.17)

Equations (2.16) aud (2.17) can rmmediately buooooved Yor rTl and r?z

A [T @, 8
r,, = - (2.1%)
11 DET
- *
W Q 1Y
(Y!l. NALPY Ol -
and
L ]
U v U 5
0 P (e Y ey :
rlz = S (2,19
DET
(ﬂ* LD T G U U
1t e 12 )




where

DET

In the same f{ashion, for the even

and

C W
© DET

where

pET® =

With this knowledue, the reflcection, transmission and

-17-

* b4
( Q i g 1
B P Wy )

9* v G
( 1 2) (

~ X%

!
Yy

5 Y g*
J 3t d

[ W N W N ]
a0 ' r 3 . r J

¢ u >

4 ( o\

/4 N W R W ]
\yr ¢ ' ¢ o8 .~ \r 90

'i* G u

R 1 J
R N R R et
r 0 ' r ou ., r 0

-

FL gt L1 5
W 9 W 8 o
r b p oo L Nro 00

] ]
ML LA att
Mt O (e QY 7 Sl
r oG ' r o o \r o0
&«

g a o

JRRAS U Wl AN W
\r 90 ''r o0 . r &0

are given by (2,10) - (2,13).

problen

- |-

Lo Lol

- -

e

e

- -

hovse ¢ and r°
- Y 12

we s

(2.20)

as

(2.21)

(2.23)

mecrsion coefficients
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C. Discussion of the results

1. Numerical Data

We have used the preceedine tomulas to caloulate the daiffraction

cocfficients for an Fl-laver and L =substrate {or whach kl:k°= 1.297
and pzlula 2,159 The phasc and eroup velocitres Tor this case have

been given by Stonely and ure avarlable in o1y et e

reterence (p,213,
Ewing, Jardetsky, and Press), Fisures 4 throgsn il lustvate the varia-
tlon of the masnitude f the diféiraction coeefiicients which are even
functions ol the discontinuity unqlc?{ -, The curves are indexed by

four values of the dimensionless parameter b, pamely 5,6,7,63 af

1

'lll = 5, then the second mode 15 just above cut- i, and i f ~lll = B,

the thaird mode 15 Just below cut-otd, 1Y s worv anteresting Lo noLe
"

that the convers.on cociiorent b enceeds the retlection cocfficient

-
That 15, there s rotendenow oy the cicrsy Loocontinue o propatate an
the same direct yon eve: 1Uoperesdatates o Leagnter ol ‘al charac-
teristics,
2o Interpretataon

1 we comparc ANY TWO WaVe s Sosdentacad haracteristacs, then
their relative energy 16 propori aal o tne o 1y are of any
correspondin,, ampbitade,  noh they hand, belore we cpare the
encryy in the fundasental f: Wt toothat of an I:-ua vt lrrst har-
WONIC, we need make soow torther caloulations, Wi Fove e weneralaty,

let us specialize cu din s oo to the horaz nta wodsc face for which
the § -waves are civer o lacitly by (2,5) and (2,6), and cvaluate the
i

y
. .- £ “
scalar product aion 'h wavefront v = 0. Thus |n1| Il & 17 represents
4
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Figure 4: The magnitude of the Love wave diffractior coe’ficients for
Al“ = 5.: they are even functions of the discuntinuity angle

2. w, In this case kzlkl =~ 1,297, u,,/ul = 2.159;, the normal-

ization value i =~ 2,0,
Figure 5: The magnitude of the Love wave diffraction coefficients for
\lu = 6. they arc even functions of the discontinuity angle

e»- n. In this case k2/kl = 1,297, ”2/”1 ~ 2.159; the normal-

tzatlon valuc N = 1,2,

Figure 6: The magnitude of the Love wave diffraction coefficients for
ilu = 7.7 they are ever functions of the discontinuity angle

é}- m. In this case kzlkl = 1,297, uz/u! = 2.159: the normal-

fzation valuc & = 1,1,

Figure 7: The magnitude of the Love wave diffraction coefficients for

\lu = E.: thev are even functions of the discontinuity angle

@ o In this case ky/ky = 1297, /) % 2.1995 th ormal -

fzation value N =~ 1,0,
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the mean square energy f{lux transported by an fi-wave of amplitude Ai.
1f we denote the group veloctty of an [ -wave as ", b follows that the
ratlo
2, 2
INEEN N

2

(2.24)
2, 2
NN

compares the power flow of an Al!l-uuve Lo an a0 -wave. Ln partacular,
a mode near cut-off behaves like an uvnbounded plane wave the Ez-medium:
hence such a wave can carry large amounts of power cven il its amplitude

is deceptavely small, As a result, 1f we arc to discuss power transfer,

we should renvrmalize the amplitudes of the conversion coefiicients

N i n .
RIZ = NRIZ‘ le . erz (2.25)
where
. Ll
N ow = - (2,206)
Cle

' ] m; .:

so that |R;2| and |T12| are proportional to the pewer transferred by
the diffraction of a Il-wavc of unit amplitude @ a wedge discontinuity.
The appropriate values of ¥ for the previous numerical example are

cited 1n the captions of Figares 4 - 7,

In a fashion similar to the crror analysis of rart 1, the function
2 (N2 4 12 40 g2
[l-lRllI 'IRIZI -|Tl!| -|1l2| J represents the amount of ambiguous
encrgy. These values are more satisfactory in the present analysis
than in Part I: this can be explained by the fact that we have a more
flexible trial function -ince we can vary the coefficients of two

reflected modes.



APPENDIX

Love wave diffraction coefficients would be very difficult to
measure in the laboratory, but the techniques of two-dimensional model
seismology offer a means of determining Rayleigh wave reflection and
transmission coefficients with an accuracy of about 10-20 per cent.

The present theory and experiment agree if éj)~ u, but outside this
range, there are experimental features which are not duplicated by the
results of the present elementary variational procedure. The analy-
sis in the harmonic domain could be refined by employing various
devices to reduce the amount of unexplained energy. Such calculations
would probably require substantial effort, and the idealized formula-
tion of the present probiem should be reviewed if the labor is to have
relevance to puise measurements,

There are major dlstinctions between analysis in the harmonic
and time domain, For example, whereas a harmonic Rayleigh wave is a
uniquely defined entity, Friedlander (1%8) has pointed out that a
Rayleigh pulse can assume a variety of waveforms. Furthermore, any
Rayleigh pulse can not have a sharply defined wavefrent, and theoreti-
cally must give infinite advance notice of 1ts arrival. unless it
merges continuously with a precursor, typically the shear psuedo-surface
wave (Cagniard 1939). Although the amplitude of this shear wave decays

with distance, its _integrated flux remains constant. It is difficult
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Figure 8: The diffraction coefficients R and T for a trial function

consisting of an incident and reflected Rayleigh wave. How-

ever, the shear coefficient I of the incident Rayleigh wave

« 5 =
has been incremented by a factor (1 + cos é? *cos ), In

this case, 'sisson's ratio 7 = 1/4.
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to separate the far-field effects due to the arrival of a Rayleigh pulse

and its shear companion at the second wedge face. ln other words, in
addition to Rayleigh/Rayleigh interactions, there will be some shear/Rayleigh
conversions. What contributions might this shear wave introduce? Whereas

we can not give a rigorvus answer to this qucstien, we can however make a
rough, but simple, estimate.

We first note that 1f the wedge angle’cgis n or u/2, then we
would expect little or no shcar/Rayleigh conversiun. In the first case,
there is no discontinuity. and the second cas¢ curresponds to a geometry
for which the shear wave is essentially normal to the second wedge face,
and we know that for normal incidence, a shear wave 15 reflected as a
shear wave. Then, from Equation (1.6), we note that we can easily add
some additional shear potentiail to the original excitation by incrementing
the Rayleigh wave's shear cocfficient U by an additional contribution

f(@) depending on the wedge angle
TV Ll e iG]

Quite arbitrarily, we have chosen
. 2
[ (W) = cose + ms"(‘
vhose sole merit is that it is the simplest function we could think of
that vanishes ford&¥= m, n/2, 1t is then a trivial matter to repeat
the calculations appropriate for Figure 2, and the results are plotted

in Figure 8., The shaded area indicates the range of experimental points
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as measured by Knopoff and Cangi(1960, deBremaecker(1958). and
Viktarov, (1958). Uf course there is limited justification for this
heuristic procedure, but 1t is remarkable that with this naive device
the coefficients R and T adopt many of the characteristics of the
experimental data. lu any event, we conclude thut more refined calcu-

ltations should use a wore realistic excitation,
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