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1. Introduction.

A few years ago we had occasion to conclude in a paper" that if
the whole energy of seismic waves were transmitted along a surface
layer in the form of Love-waves, their amplitudes would diminish with
increase in the thickness of that layer, the discussion being however
of an approximate character. Stoneley® recently found that, as expected
from the approximate theory of waves, Love-waves of minimum group
velocity are likely to predominate in seismograms and analysing such
results, confirmed the existence of Jeffrey’s discontinuity of about 480
km depth. Our previous conclusion just referred to therefore appears
to differ somewhat from Stoneley’s. On the other hand, one of us®
had obtained mathematical formulae showing amplitude differences in
Love-waves of different wave lengths that are generated from an
internal source, by means of which it is now possible to know that
the nature of the propagation is more in harmony with Stoneley’s con-
clusion than with ours just mentioned.

2. Love-waves generated from a source in the layer.

We shall now deal with a three-dimensional }
problem. Let the thickness of the stratum and R
! . N3
the depth of the seismic origin from the free / §’0 e
surface be 7 and —¢& respectively, and let the \ NP
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densities and rigidities of the stratum and those \\\\\
of the subjacent medium be p, p, o, ¢/, the Y/

axes of 7, z being taken as shown in the sketch. Fig. 1.
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The solutions differ according as the source of disturbance is in
the layer or in the subjacent medium. In the former case the dis-
placement of waves generated from the origin is written in the form
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where R2=1724 (z+£)? and k2=pp?/p, 2r/k being the wave length within
the layer. The amplitudes of waves at a relatively large distance is
then
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where k'2=g'p?/y/, 2n[k' being the wave length of the same period in
the subjacent medium, and « is the first real root of
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The first term in (2) gives Love-waves and the second the disturbance
that is transmitted with the velocity of transverse waves in the layer.
The form of F'(x) is as follows
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Thus, the amplitudes of waves on the free surface 2= —» at a rela-
tively large epicentral distance are
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3. Love-waves generated from a source in the subjacent medium.

In this case the depth of the seismic origin from the free surface
is 7+¢, so that R2=7r2+ (#—£)2 The primary waves in this case are
written in the form
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Since it has been specified that the ampli- \\ %\ \\\\
tudes of the primary waves are invariably the
same for both cases in the position of the
source, Love-waves generated from the origin
in the subjacent medium have unduly large amplitudes.
The amplitudes of waves on the free surface due to the disturb-
ance (6) are expressed by
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Fig. 2.

V=

i(rpnzy 2 2 oSy =y /TR %sing/ % 1
+e ( 7 2 ) ,Lt //(kz_klz) Sin2 _I/kz_klz7 ,’,2 -+ . (7)

The solutions shown in the preceding section and in this were obtained
in our previous paper.”

4. Application of the solutions to a layer of 480 km thickness.

The layer discussed by Stoneley® is 480 km thick and the constants
assumed by him relating to that layer are such that

p=385, =411, V' plo=4Tkm/s, /] =566km/s,
p="T73.101, /=13-2.101,
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The relations between &/t and x5 as shown in Stoneley’s paper, are
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Substituting these values in (5) and (7), we have obtained the relation
between 7 and v for Love-waves for various cases of £/7, namely, (i)
§/p=09, (ii) &/7=05, (iii) /=01, (iv) &/p=—-01 (v) &/p=—1, (vi)
€/y=—2, the results being shown in Figs. 3, 4. The symbols K;, K, in
Figs. 8, 4 are written in place of the first factors of the respective
first terms on the right-hand side of the equations (5), (7). For the
reason given in the last section, the amplitudes of radiated Love-waves
in the cases (iv), (v), (vi) are unnaturally large.

5. Interpretation of the result.

Figs. 3, 4 show that, generally speaking, the greater the depth of
the origin, the greater the increase in the amplitudes of Love-waves

20 20

J5 I ' bl I
Em=——o1
Eh=09 7
10 Eh=05 ‘ o
S=—1 |
st Eh=01 05
| i
— 1y — 17
e 0
Fig. 3. Amplitudes of Love-waves. Fig. 4. Amplitudes of Love-waves.

for every vibrational frequency. The most important fact gleaned from
the present study is that the amplitude of Love-waves of a given wave
length assumes a maximum value for a certain.thickness » of the layer.
The amplitude of the same waves diminishes in the layer of a thickness
that is either larger or smaller than the one just mentioned. The
value of 7 at which the amplitude of Love-waves is maximum, tends
to increase with decrease in the depth of the seismic origin. It ap-
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pears that x7=36 (shown by vertical strips in Fig. 8, 4), which
defines the minimum group velocity of Love-waves, is likely to agree
with the «7 that corresponds to the maximum amplitude merely in the
case of an extremely shallow seismic origin. Thus, the predominant
period of the L-phase in seismograms is liable to augment with increase
in the thickness of the layer—a fact virtually agreeing with that
which naturally results from the idea of minimum group velocity.

The physical interpretation of the question why the amplitudes of
Love-waves tend to diminish for any k7, that is larger or smaller than
its special one, is not difficult. For a larger value of k7, the wave
energy distributed in unit area of the layer becomes less in intensity,
whereas for a smaller value of r7, the major part of the same energy
is scattered in the subjacent medium.

It is also possible to understand why surface waves, under damping
resistance, hardly die away even with increase in epicentral distance.
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