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SYNTHETIC SEISMOGRAMS OF P WAVES PROPAGATING IN 

SOLID WEDGES WITH FREE BOUNDARIES’r 

KARL FUCHS* 

~1 numerical method for the synthesis of seismograms for body wave propagation in solid wctlgcs is presented. The 
method is based on the superposition of multiple reflections arising from the entrance of a I&me primary wave. 
Therefore the method is restricted to that part of the time domain where no diffracted waves from the wedge asis 
occur. In spite of this restriction, dispersion of body waves in wedges can well be studied by this method. 

Seismograms have been synthesized which show the dispersion of a primary p-signal propagating in a solid 10. 
degree and a S-degree wedge with free boundaries. For wedge angles less than 10 degrees the signal front (to be dis- 
tinguished from the wavefront) suddenly decreases its velocity from that in the infinite medium I o about that of the 
plate wave as the signal approaches the wedge axis. Simultaneously in this transition zone a decrease of the dominant 
period of the interference signal occurs. These observations are concordant with previous model studies. 

Particle motion diagrams disclose elliptical polarization of the interference signal in the neighlaorhood of the wedge 
asis; the polarization changes its sense from prograde to retrograde on passing through the transition zone. 

1. INTRODUCTION 

Wave Jm~JXi&LtiOll in elastic layers with plant 

parallel boundaries has hem investigated thor- 

oughly both in experiments and in theory. How- 

ever, plane parallel interfaces are not the rule but 

rather the exception within the earth’s crust. 

Usually the interfaces arc not parallel, but form 

angles less than 10 degrees. These are the wcdge- 

shaped media. While the plate with free hounda- 

ries is the prototype of the layered medium with 

plane parallel interfaces, the wedge with free 

houndaries may be regarded as the prototype of 

the layered medium with nonparallel interfaces. 

Most of the work on wave propagation in a 

wedge has hecn concerned with surface waves of 

the Rayleigh and Love type, with their transmis- 

sion and reflection at the wcdgc axis. ‘l’hc propa- 

gation of body waves in wedges has received com- 

paratively little attention. Hudson (1963) ob- 

tained the solution for SZI waves from a line 

source in a wctlgc. This corresponds to the case of 

acoustic waves propagating in a liquid or gaseous 

ncdge since no converted waves arise in this 

problem. Complete solutions for the case of P or 

ST’ wave propagation have not reached the 

author’s attention. 

In a recent paper (Fuchs, 1965) the author 

investigated the propagation of body waves in 

solid wedges with free boundaries by two-tlimcn- 

sional model experiments. To compare the experi- 

t Manuscript received by the Editor July 26, 1965. 

mental results with theory a simplified method of 

computing synthetic seismogralll:, for the propa- 

gation of body waves in a w~lfc was proposed. 

This method was limited up to I IIC time when the 

primary wave, traveling inside I IIC wedge, reachctl 

the axis of the wedge and gaw rise to diffracted 

waves. Limited computer facilities allowed only 

the computation of synthetic sl++mograms down 

to wedge angles of 10 degrees. 

In this paper the titne scolw of the proposed 

method will hc extended. Synt lactic seismograms 

for propagation of body waves illside a lo-degree 

and a S-degree wedge will lw presented. These 

synthetic seismograms are collwrdant with the 

author’s car&r model ohservatl~ms. Particle mn- 
tion diagrams reveal the ptw’ncc of elliptiral 

polarization near the wedge aXis not so far O~J- 

served in model experiments. 

Aiier outiining the proposeci lncthoti in section 

2, certain features of propagation of P waves in a 

wedge, especially signal velocity and polarization, 
will be discussed in section .i with the help of 
synthetic seismograms. 

2. METHOD OF SYNTHESIZING SEISMOGRAMS FOR 

P-WAVE PROPAGATION INSIDE A WEDGE WITH 

FREE BOUNDARIKS 

Outlixe of the method 

Figure I explains the terms u~rtl in the descril). 
tion of the wedge and the coor(Iinate system. The 

* Saint Louis University, St. Louis, Missouri. Now with Geophysikalisches Institut, Tee hnische Hochschule 
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wedge is bounded by its two faces, which intersect 
at the wedge axis; furming the wedge angk 2U. 
The median plane bisects the wedge angle. We 
shall only consider two-dimensional wave propa- 
gation with planes of equal phases parallel to the 
wedge axis. Therefore the process can be de- 
scribed in the right handed r-y system as de- 
pictcd in Figure 1. 

The wedge medium will be characterized by 
the velocity a of p waves: 

and the velocity b of s-waves: 

where X and p arc Lame’s constants and p the 

density of the medium. The velocity a’ of the so- 
callctl plate-wave is given by: 

a’ = d 4P(X + l-4 
p(X + 24 . 

(3) 

The quotient Q of the p- and s-wave velocity is: 

Q=$. (4) 

Other terms will be explained wl~c~rc they appear 
in this paper. 

To obtain a first idea on disl)rGon of hotly 
waves propagating in a solid wetl,~ we shall con- 
sider the propagation of a plane tlilatational (p) 
signal. Such a wave will be consi< kred to propa- 
gate from the open end of the u~~lge towards its 
axis in the direction of the mulian plane with 
wavefront parallel to the wedge axis. 

The primary p-signal is folio\\ Cal by a tail of 
multiple reflections of both $- antI s-type as indi- 
cated in Figure 2. The number ol multiple reflec- 
tions will increase considerably as I Ilc wedge angle 
becomes smaller. At large distalIces from the 
wedge axis these reflections arc well separated 
from one another; but, as the primary signal is 
approaching the wedge axis, refkctions start to 
interfere with the primary sigtral and among 
themse!ves. Therefore a deior!c!ation of the 
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primary signal is to bc cxpectcd. The question is 
whether this interference of multiple reflections 
can account for some features of body wave 
propagation observed in wedges or expected from 
wave propagation in plates. For the synthesis, WC 
shall sum up the effect of all multiple reflections 
inside a solid wedge due to the entrance of a plane 
primary p signal, so that the boundary conditions 
on the side faces are automatically satisfied. This 
method determines the total effect at all points 
inside the wedge up to the time of arrival of the 
diffracted wave generated at the wedge axis. The 
solutions are valid at a point of distance, I, from 
the wedge axis up to the time td after the arrival of 
the primary front at the axis where 

1,i = A 
a 

If WC rrstrict our synthesis up to this time WC 
can construct exact solutions. In the next section, 
WC’ will give some basic formulas needed for the 
computation of multiple reflections. Then the 
response of the mcdge to an arbitrary shape of the 
primary signal will be analytically derived from 
the response to an impulse. 

\z’c shall derive the horizontal and vertical dis- 
placement componwts u and zl from thr displacc- 
ment potentials $(1, .r, ~1) and $(i, .y, .y) by: 

a+ a+ 
u = p---.-1 

an ay 
(6) 

2, = - + -- . 

ay ax 
(7) 

1,rt a plane 1’ signal be incident on the side fact 
of a solid wedge at an angle of incidence yp,. Let 
the corresponding displacement potential have 
the general form: 

= P 
( 

t + -‘sin ypy 
Y 

- -cos ypv 
a a ) 

. (8) 

Then a p wave is reflected at the same angle yPV 
and with some amplitude yllV with the displacc- 
ment potential: 

= rll,P ( t + ” sin ypv + 
? 

cos yP” 
a tl ) 

. (9) 

An s wave is reflected at the allglc ysy and the 
amplitude rlzV with the displacernc,nt potential: 

= r&’ 
( 

t + + sin ySV + -z (‘0s yBy 
) 

. w 

Correspondingly, at the incitlrilt c of a plant s- 
signal at the angle y.?” on the <irk fact of the 
\vcdgc with the displacement p~~~.~~tial: 

there is generated a reflected S-\\‘avc at the same 
angle ySV and amplitude ~22~ 11 i th displacemcn t 
potential: 

2 rxzvl’ 1 + pi- sin yJy + 
( . 

1’ 

II 
cos ysy 

) 
(12) 

and a rcflectrti p wave untlrr I II(~ angle yPV and 
amplitutic ~21” with displacemcrr I potential : 

( X I 

= rzl,P 
? 

t + -sin ynv + - uxypv . (13) 
a t/ ) 

In these c~xpressions ypV and y.,” are related 11). 
Snell’s law: 

sin ypv sin 7 ;tI 
--=-- 1 

a h 
(14j 

and rll,, ylzV, ytlV, rtlv arc: the well known reflection 
coefficients for plane waves iilciclcnt on the free 
surface of a half-space. For refci-c,nce their analyti- 
cal expressions are given for arljilrary ratio Q of fl- 
and s wave velocity (see equatiorl (4)) : 



P Waves in Solid Wedges 

4 cot ypv cot Y9Y - [Q? cot* ypv + (Q’ - 2,1C 
___ 

527 

rl’v -f&l ;; cot ysy + [Q’ cot? yp” + (Q’ - 2)l” (15) 

1 cot -y,&~ cot? Yp” + CC,’ - 2jl 

It can be remarked from equations (sj through 

(13) that the primary p \vave anti all the reflected 

p waves have, except for a multiplying factor, the 

displacement potential: 

f’ 
( 

i + ” sin ypv * 1 cos ypv 
> 

(19) 
a a 

C:orrcsl)ondingl~ all the s waves generated by the 

l)rimary p \vavc’ and its reflections havr, rxccpt 

[or a factor the displacement potential: 

I’ 
( 

n: 
I + b sin yBy f -f cos ybV 

) 
. (LO) 

Therefore if a p wave has a front: 

\Ve shall no\v set up the formulas ior the tlis- 

placements caused hy the primary or the multi- 

ple reflections on thv side face Z(~l=tlj of the 
vcedge. The restriction to displacements on the 

side face does not mean that the tlescrilwl 

method is not applicable to points inside the 

\vedgc. The side face I has only hcen chosen to 

compare the resulting synthetic seismograms di- 

rectly \vith the model ol)ser\-ations carried out on 

the side face oi the n-c&e (Fuchs, 1065). For 

later generalization to arbitraq- bhapc of the 

primary signal \ve xhall btart with a unit ht(al) 

iorm for the clisplaccmcnt potential 4,): 

h(4 .\‘, Y) 

( .\’ 
= U f+--siny,,l - 

?’ 
cos ypl 

> 
(23) 

CC t1 

t + A sin yliV + LX. cos yuV = 0, (21) 
\vhcrc I7 is the Heal4sidc unit step function with 

a a 
al-(Z) 

then the fronts of the corresponding s waves are: 

an11 S(0) gcws 10 infinit\. such lhal: 

and vice versa. From equations (21) and (22), on< 

realizes that all the p irunts are tangents to the 

circle with radius at about the wedge axis, and 

that all the s-fronts form tangents to the circle 

with radius bt about the same axis. Here t is the 

time the primary front (and all secondary wave 

frorits) need to arrive at the axis. This has been 

indicated in Figure 2. The connection of the wave- 

fronts at the side faces together with their being 

tangents to the two circles provides an easy 

method of constructing the multiple reflections in 

f he \Vrdgt~. 

6(s) = 0 for s # 0, 

Therefore the displacement due to the primar! 

ivave has the form of a G~iunction. The sum of all 

reflections derived from the primary d-signal will 

he termed the d-response of the \vedge. From this 

d-response we can easily calculate the response to 

an arbitrary signal by convolution. ;\ccording to 
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equations (8) anal (V), the primary p signal from 
(23) gives rise to a rc,tlvctrtl \v;t\.e \vith tlihplacc- 
mcwt l)~~tcntial: 

and a reflected s vavr xith displacement poten- 
t ial (equation (10)) : 

From the total displacement potentials: 

91 = $(l + 61 (29) 

and 

$1 = 471 (30) 

the x-component zc(t, I, y) and the y-component 
r(t, N, y) of the displacement are derived according 
to equations (6) and (7) on the side face Z(y=O) 
oi the wedge: 

2’1 = f [ - (1 - Y111) cos ypl 

+ rlzl sin ~~116(zd (32) 
where 

( x 
21 = t + -- sin yPl 

) 

. (.X3) 

a 

More generally, ii a p-signal, resulting from the 
primary signal 1)~ multiple reflections, is incident 
on the side law I(y=O) \vith angle yP,,, one finds 
that it gives rise to a resultant horizontal displace- 
ment z~.(t, x, 0) and a resultant vertical displace- 
ment zb(t, x, 0) : 

IL"@, T, 0) = G,“R,“G(z”) (34) 

~‘,(t, x, 0) = G&&~) (35) 

and 

G,,,. = f 1 - (1 - I, ,,,,I (‘OS y ,,,’ 

+ ylZv sin yPv]. (37) 

Accordingly an s-signal, rrsulting from the pri- 
mary signal by multiple reflections and incitlent 
on the side face I with angle yzP gives ris;c tu a 
resultant horizontal displacement zr,(t, .I‘, 0) a11(1 a 
resultant vertical displacement ~;(f, x, 01 on sitlv 
iacc I: 

a 
+ -~ (1 - Y??J (‘OS Ysr , b 1 (J(J) 

+ (1 + ~22~) sin ypa]. (11) 

R,, and R,, in equations (%‘A), (35) and (38), (39) 
are the reduction factors of the incident waves 
which result from amplitude reduction due to 
multiple reflections of the respective waves (e.g. 
psp, $spfis, etc.). These reduction factors are the 
products of the corresponding reflection cc~c~lli- 
cients. The s~nibols 2, and 2, stand for: 

Until the arrival oi the diffracted wave at dis- 
tance .T a total of wzP p-reflections and 0i vtS s-re- 
flections might contribute to the displacements on 
the side face I. Thus the resultant signal for the 
horizontal displacement z~g(t,x, 0) due to a primar! 
&signal is: 

n’P 
ua(t, x, 0) = c U”(1) x, 0) + 2 Z&(1, s, 0) 

V-=1 P 1 

(4.3) 
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tions arising from an incident S-\V;IVC can bc 
calculated. 
Once the angle of inciclence for a p- or s- 
reflection is kno\vn, the arrival time of the 
wave at a certain point I’(r,O) on the face I 
can bc computed from equation (21) or (22) 

.T .\ 

t = - ~ sin y,, = - -sin Y,~~. 
b 

(57) 
a 

The program for the computation of the 
amplitudes and angles of incidence for all 
multiple reflections consists essentially of a 
subprogram which generates for any given 
incident p- or S-wave either the two reflcc- 
t ions of the pp- or Ps-type, or of the sp- and 
ss-type. The output of the subprogram 
contains information on the angle oi inci- 
dence of the new wave, its amplitude and its 
type. The output is icd through a memoq 
device back into the input so that the sub 
program might give birth to a new gcnera- 
tion of reflections, again of either pp, ps or 
sp, ss-type. 
As soon as the angle yP or ys hecomes nega- 
tive in the operation &scribed under (c) and 
((I), rvve are dealing with a reflection return- 
ing out of the wedge. Sow the operations 
(55) and (56) increase the absolute angles of 
incidence. 

h) ‘111 returning reflections for which an angle 

or 

1 ys 1 2. arc sin + (59) 

9 

has been calculated, are not continued to the 
opposite side face of the wedge as plant 
kvavt’s, but are linked to diffracted \vaves 
arising at the wedge axis. The subprogram 
will not produce new returning reflections 
for which (58) or (59) is fulfilled. Thus we 
limit our solution to all waves arriving at a 
given point before the set of diffracted 
waves from the wedge axis. 
The number of reflections for a finite w-cdgc 
angle is finite. Yet this number increases 
considerably as the wedge angle decreases. 
For instance, for the IS-degree wedge and 
(~1 bjS= 3 about 250 refections have to tw 

summed up. The number increases ior the lO- 
degree wedge to about 2,600 reflections. 111 

case of the 5-dcgrce wedge, over 60,000 re- 
flrctions are estimated. Thus ior small 

angles this mcthoti can only bc hantlled by 
computers with large memory capacity. In 
the case oi the 5-degree wtlge the synthetic 
seismograms wrc computed only up to time
t= 0, the arrival of the primary n-avefront at 
the wedge axis. Even then, 2,200 reflections 
had to be summed. 

The program ior the calculation oi angles of 
incidence and of amplitudes for the multiple re- 
flections has been written in Fortran II ior an 

IBM 7072. The output of this program represents 
the b-response of the wedge on its fact both for 

vertical and horizontal components. 
.I second program in Fortran II ior an IBM 

7072 convolves this b-response with any desired 
functionj(l). Thisj(t) can be thought of as either: 

a) the original shape of the primary signal. 
h) the d-response of a receiver system, or 
c) the response of the receiver system to the 

primary signal as input. 

3. FEATURES OF BODY WAVE PROPAGATION IN A 

WEDGE DISCUSSED FROM SYNTHETIC SEISMOGRAMS 

The method outlined in the previous section 
has been used to compute synthetic seismograms 
ior the cases of solid lo-degree and S-degree 
wedges with free boundaries and Q= 43 (i.e. 
Poisson’s constant u = 0.25). As the primary sig- 
nal, a Gaussian pulse has t)ecn used: 

f(l) = +_xp - 
7 

[ r(b)‘] (60) 

which has a Fourier transform: 

f(V) = s +I’/(t) exl) [ - 27rvlil dt 
-cc 

= exp [-~7%?]. (51) 

FolIoGig Brillouin (1962) we define the effective 
duration of our signal J(t) as: 

(;) = __L s += 
J(O) -02 

Im I (If (62) 
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1 
2Vl = __- S +m j c(v) 1 dv. 

C(O) --XI 
(63) 

The signal,f(l) has been chosen in such a way that 
according to (62) the effective duration is: 

O=T (64) 

and the effective band width: 

1 
2Vl = - . (65) 

7 

It is advantageous to USC a nondimensional time
T: 

T = I- . 
(66) 

7 

This is equivalent to the USC of a k)tinlxry signal 
of unit duration (T= 1) and unil bandcvidth 
(2v,= I): 

f(T) = exp (-7rT”), (67) 

and 

C(V) = exp (-7&). 

In the numerical computation we 
mate the actual Gaussian pulse by: 

(68) 

shall approxi- 

j(T) = f0 for 1 Tj > 1 

‘\exp (-7rT2) for 1 Ti 5 1, (69) 

anti hhall introduce a time shift To= 1 into the 
signal, so that the beginning of j(T) is now at 
T=O: 

0 for 1 T- I[ > 1 

exp [-r(T - l)“] (70) 

for IT-11 51. 

The signal actually used for the convolution is 
J(T). The signal starts with a small discontinuity 
of about 5 percent of its maximal amplitude. The 
same jump occurs at the end of the signal at T = 2. 

The distance from the wedge axis will also be 
measured in nondimensional units: 

(71) 

where 

L = a7 (72) 

l 5- 

0.. 

-5- 
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INTERFERENCE SIGNAL NEAR AXIS IO”- WEDGE 

FIG. 3. Interference signal near the a\i\ of 10 rlegrec 
wedge ~vithfreeboundarics (Poisson’s constant r=0.25). 
‘Tangential displacement on the side fact I of the wedge. 
1’= time before arrival of wavefront :I( wedge axis; 
A = distance from wedge axis (dimensionltx units). 

is the length of the primary signal ill space corre- 

sponding to its duration 7 in time

Synthetic seismograms for body W~IWS near the 

axis oj IO-degree and f-degree w&q’s with free 

boundaries. 

Figures 3 to 5 arc examples for s!,nthetic scis- 
mograms near the axis of the 10-clqrce and S- 
degree wedges. 

Figure 3 displays synthetic seismclgrams for the 
tangential (horizon tat) displacemcn I on the face 
near the axis of a l&degree wetlgc, (Q= 43; i.e. 
g = 0.25) with free boundaries. The I)ri mary signal 
is moving into the wedge from Icft to right 
towartls the wedge axis. The nontlilrl~rlsiollal dis- 
tance A is measured from the wc(lg~ axis. This 
should not hc confused with the distance from the 
shotpoint. The nondimensional tirnc, T is plotted 
on the vertical scale. T=O is the time where the 
theoretical front of the primary TV;L\Y arrives at 
the wedge axis A = 0. For comparison the primary 
signal has I)een includctl in the figure with the 
same amplitude scale. :!s indicated in the figure, 
the interference signal does not entt at the upper 
ends of the seismograms. From thc,rc on, inter- 
ference with the diffracted waves gcllcsrated at the 
wedge axis starts. This part cannlll be synthe- 
sized by the present method. Atten ion should be 
drawn to the following features: 
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INTERFERENCE SIGNAL NEAR AXIS S.-WEDGE 

I;Ic. 4. Interference signal near the axis of a S-degree 
wedge with free boundaries (Poisson’s constant c =O.Z). 
Sormal and tangential displacement on the side face of 
the wedge (see Figure 3). 

At the distance A= 8 (corresponding to 8 

times the length of the primary signal) all 

reflections interfere. One can no longer 

separate one reflection from the other. The 

primary, pulse-shaped signal has been con- 

verted into a m;)r(: or less sinusoidal wave 

train. 

Comparison with the primary signal shows 

that the amplitude does not increase in the 

synthesized part close to the wedge axis. 

It is clearly to be noted that the higher irck- 

quencies suddenly vanish at about A= .j. 

From here on, a very low frequency becomch 

apparent. The dominant period rather 

abruptly doubles. 

Note also the flattening of the signal onset 

close to the \yedge axis. 

Synthetic seismograms for the displaccmrnts 

on the side face of a j-degree n-edge are presentvtl 

in Figure 4. The same distance range from the 

wedge axis is considered. For comparison I)ot h 

normal (vertical) anti tangential (horizontal) tlis- 

placements have been clq~ictctl. Thy primar> 

signal move‘s again from kit to right to\\.artls the 

\vedge axis. Essentially the same phenomena arc 

to be observed as in Figure 3 for the 10.degree 

nedge. Especially noteworthy is the stronger 

flattening of the signal onset close to the axis. 

This effect is much more pronounced than for the 

10.degree wedge. 

In Figure 5, a closer look is taken at the I)egiw 

ning of the interfercncc signal for the 5dcgrcc 

\r-edge. The figure presents an ollargecl portion of 

the beginnings oi the seismograms in Figure 4. 

The time scale has been reduced with the vclocit! 

u of the p-wave in such a manner that in the 

reduced time scale the theoretical front of the sig- 

nal arrives at T,,,I= 0 for all di5tanccs A from thi 

axis. 

The wavefront is a mathematical abstraction. 

In practical situations, we arc never actually able 

1.0 
t 

Normal Displacement 

A- 
10.0 8.0 6.0 4.0 2.0 

SIGNAL VELOCITY NEAR WEDGE AXIS 

FI(;. 5. Velocity of signal front near the axis of a Sdegree wedge. Reduced time scale: Tred= T+l/a. 
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PARTICLE MOTION NEAR AXIS OF lOa-WEDGE 

I’Jc. 6. Particle motion on the side face near the axis of a lo-degree 

to mcasur~ the arrival time of the wavefront. Our 
signal can only be observed embedded in noise 
(microscisms, recorder noise, interference with 
other phases, thickness of the trace). Therefore 
we can only decide that a signal has arrived if a 
reliable deflection from the zero position and 
above the noise level is discernible on the rccord- 
ing instrument. We could define this moment as 
the arrival time of the sigml_f~ont in contrast to 
the arrival of the theoretical but not detectebk 

waoejro~tt. As long as the signal is not dispersed 
the signal front follows the wavefront at a con- 
stant time lag. Thus the measured signal front 
velocity will not differ from the wavefront 
velocity. But in cast of a dispersed signal, wave 
front and signal front velocity, in general, do not 
have the same value and need to be distinguished 
(see Sommerfeld and Brillouin, 1914; Brillouin, 
1900). 

The strong flattening of the signal onset in Fig- 
ure 5 indicates the difference between these two 
v&cities. As stated before, the signal front can- 
not hc defined as sharply as the wavefront, since 
the signal front depends on the setting of the level 
at which a reliable reading of a signal arrival can 
IIC made. For experimental sake we have arbi- 
trarily chosen this level of reliable reading to be 
at l/20 of the maximum amplitude of the primary 
signal. We have indicated the beginning of the 
signal, i.e. the signal front, by the circles on the 
traces of Figure 5. From 10 to about 6 units dis- 

tance, the signal front follows I II? wavefront 
with a constant time lag. From ahollt 5 to 1 unit 

wedge. 

distances, the signal front is prol)agating at a 
speed vsi, of about 96 percent of the velocity u of 
the p-wave: 

T*ig = 0.96a. (73) 

This value comes very close to the velocity a’ of 
the so-called plate wave (equation (.i)) for which 
one derives from equation (1) for (r=O.25, i.e. 
h=/.l: 

a’ = 0.933a. (74) 

If should be mrntioncd that decrea\ing the level 
of reliability to l/40 of the maximum amplitude 
of the primary signal only very slightly increases 
the velocity Zlsie near the wedge axis, leaving it 
still significantly below that of the p-wave. 

Considering a plane parallel plate ;IS a wedge in 
the limiting case of vanishing wedge, angle 2oc, we 
might conclude that the velocity (1’ of the plate 
wave is not a wavefront velocity bu I the velocity 
of a signal front. 

These observations about signal velocity are 
concordant with the author’s previous measure- 
ment of signal velocities in two dimensional 
wedge shaped models (Fuchs, 1965). 

Parlicle molio?z diagrams 

Particle motion diagrams on th(, lace of the 
wedge close to the axis were invc-ligated. Dia- 
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PARTICLE MONON NEAR AXIS OF So- WEDGE 

I:Ic. 7. Particle motion on the side face near the axis of a S-degree wedge. 

grams for the IO-degree and 5-degree wedges are 
prrscnted in Figures 6 and 7. ;\s before the pri- 
mary signal is propagating towards the wedge 
axis (in these figures from right to left). In case of 
the lo-degree wedge, the particle motion is 
plotted at different distances A from the wedge 
axis from the time of arrival of the wavefront 
until the time Jvhen the first tliffractetl wave is 
expected to arrive. 

From the particle motion diagrams one can 
estimate the length of that xonc ttr about one unit 
distance, that is about one \\avclcngth. ‘I‘hc 
transition zone occurs 

a) for the 10.dcgrce \v~~lgc twt\vccn about 
A=3 to 1, 

b) for the j-degree n-cdgc between about 
A=4.5 to 5.5. 

In case of the 5degrcc wedge the motion was 
only followed until T=O, the arrival of the pri- 
mary signal at the wedge axis. 

If we compare the \vidth, 

These particle motion diagrams reveal a rather 
unexpected feature of p-wave propagation in a 
\vedge. Kormal and tangential components most 
oi the time have a phase difference of nearI> 
00 degrees resulting in elliptical polarization. At 
larger distances the motion is prograde, at smaller 
distances it changes to retrograde, resembling the 
motion of a Rayleigh-type surface wave. 

7H = 2A sin CU, (75) 

of the wedge at distance A in the transition zo11c’ 
to the length L=nT= 1 of the primary signal, \vc 
find that the transition occurs in case of 

a) the 1Megree wctige ior 2H,‘L between 0.5 
and 0.7, 

b) the j-degree wetlgc for 2H,‘L between 0.4 
and 0.5. 

It is remarkable that the change in the sense of 
the polarization occurs at just the same distance 
from the wedge axis at which the change in signal 
velocity and the decrease in dominant frequency 
occurs. i!T\:e can therefore speak of a transition 
zone in the neighborhood d the wedge axis where 
characteristic fcaturrs of wave propagation suffer 
changes: 

It must be pointed out that the distance of the 
transition zone from the wedge axis, as derived 
from the synthetic seismograms, is about two to 
three times larger than might be estimated by the 
formula 

The signal velocity changes from the 
velocity a of the p-wave to a value close to 
the velocity a’ of the plate wave. 
The sense of the polarization switches from 
prograde to retrograde. 
The dominant frequency of the interference 
signal decreases significantly. 

2M x = 0.061, 

which was derilred from the author’s model experi- 
ments; X refers to the dominant wavelength of the 
signal. This dominant wavelength has been esti- 
mated by equating the time difference between 
the first arrival and the first extremum of the 
measured interference signal to one-fourth of the 
dominant period of the signal. Using this defini- 
tion, we derive from the synthetic seismograms 
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for the ratio 2H/X in the transition zone: 

a) for the 10” wedge 2H/X ~0.2, 
b) ior the 5” wedge 2H/X ~0.1. 

Since the conditions in the model experiments 
and the numerical experiments of this paper 
(source distance, primary signal, two-dimensional 
model, level of reliability) are not the same, it is 
hard to determine what might be the cause of this 
discrepancy. 

4. DISCUSSION AND CONCLUSIONS 

11 relatively simple method of synthesizing 
seismograms for the propagation of body waves 
in a solid wedge with free boundaries has been 
presented. It has been shown that, even in the 
case of a wedge, important conclusions about the 
dispersion of body waves can be drawn on the 
basis of ray theory as long as the solution is 
restricted to the domain outside the occurrence 
of diffracted waves. 

The synthetic seismograms revealed features of 
propagation of body waves inside a wedge which 
are concordant with the author’s model experi- 
ments in the following points: 

For wedge angles less than 10 degrees, a 
decrease of the signal front velocity is to be 
observed in the neighborhood of the wedge 
axis. 
The velocity changes from the velocity of 
the p-wave to about that of the plate wave. 
The change occurs rather suddenly in a 
zone, the dimension of which is of the order 
of the wavelength. 
While passing through the transition zone 
the dominant frequency of the signal is 
abruptly decreased. 

The synthetic seismograms allowed the con- 
struction of particle motion diagrams which 
showccl elliptical polarization close to the wedge 

axis. As an additional characteristic: oi the transi- 
tion zone a change from prograd{, to retrograde 
polarization takes place on the Ijassage of the 
wave through that zone towards 111~‘ wedge axis. 

In future model and field expel-iments special 
care should he taken to verify this Ilolarization by 
recording vertical and horizontal components. 
The change of polarization in addit ion to the de- 
crease in signal velocity and dominant frequency 
could turn out to be a very valuable means of 
identifying and exploringwedge-shaped structures 
of small wedge angles. Finally, it should be 
pointed out that the same simljle method of 
superposing multiple reflections can and will be 
used for the investigation of wave Ijropagation in 
more complicated wedge-shaped SI ructures. 
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