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1. Introduction.

In the theoretical and observational study of seismic waves, we always
pay attention to their velocity, especially when the waves have the property
of dispersing. Consequently our study on Love-waves necessarily leads us to
the examination of their velocity and we have published papers concerning
this subject?. '

Hitherto, we chose some typical distribution of material and performed
numerical calculations. Such a way of investigation, however, is not
perfect for our practical purposes, for the variety of material constants
and their distribution are not few, and we cannot calculate all the pos-
sible combinations of them. Thus it becomes desirable to make a nomo-
gram by which we can obtain the velocity of Love-waves corresponding
to any given state of media, or to get a material constant by means of
the data of velocity and period®.

o

2. ‘Formula.

We adopted the following formula® which seems to be the most
convenient for the present. :

w,=sec §-[Arctan {ysec 61/(sin*0 —sin*f))} +nzx] ...... 2.1)»

where, w,: frequency of waves belonging to the n-th branch of Love-
waves,

1) Y. SATO, “Study on Surface Waves,”” I, Bull. Earthq. Res. Inst., 29 (1951), 1. III,
tbid., 436. 1V, ibid., 619. V, ibid., 30 (1952), 1.

2) This nomogram will be of use in another case, too. Cf. K. SEzAwA and K. KANAI,
Bull. Farthq. Res. Inst., 17 (1939), 685.

3) Y. SATH, «Study on Surface Waves, I. Velocity of Love-Waves,” Bull. Earthq.
Res. Inst., 29 (1951), 1. Expression (4.2).

+ 4) In this paper we assume 7 to be zero or one.
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X =p'[p (¢' and p the rigidity of the lower and upper medium
respectively),
cosec 0,=V/|V, (V. and V, the velocity of S-waves in the lower
and upper medium respectively),
cosecf : phase velocity of Love-waves measured by the unit V.,
and throughout this paper, the unit length is the thickness of the layer
H, and that of time H|V,, the physical meaning of which is quite evident.
By somewhat modifying the above expression we obtained the follow-
ing form, '

T(=period measured by the unit H/V;)

v | v | 14
Vs Vs Ve V§ Vs
=27 TVE Arctan JvE XY ypim oy -i-n;rﬁ'*1
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................ (2.2)

and calculated the values of T' corresponding to the given values of V/V,.

3. Explanation of the figure and direction for use.

At first we will explain the nomogram for the computation of the
fundamental branch. ,

In Fig. 1, [1] is the axis of V,/V)'. When some value of V,/V, is
given, we take a point A on this axis corresponding to this assigned value.

Next, a is the curve of 1 / %S_.._VI% . At first we chose some
value of V/V, and determine a point B on [2]-axis, and then we take a
curve « which begins from the very point. The point C on [2]-axis
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2

shows the value 1- / IT;{ _V .

V.
s

[3] is the axis of y=p'/p#. When the distribution of matter is deter-
mined, the value of y is naturally given, therefore we can take a point
D on [3]-axis.

Making a straight line passing the points C and D, we obtain a

point E on [4]-axis, which is equal to [2]+][8], or 1 / x}/ st ,
Finally, the curve S gives ‘
V v
Ve 1
27+ ‘/ == Arctan{ 7 "] } ......... 3.1)
Ve Ve

or the value of the right hand member of the expression (2.2). (Point F
on [5]-axis). V/V,, the parameter of the curve B, must of course be
same with that of a.

The value of «=27/T can be found on the lower side of the figure
([5']-axis).

Axis [1'] gives V,'[/V,, or the reciprocal of the [1]-axis. _

The second nomogram which gives the first higher branch of waves
shall be used without further explanation.

When we intend- to get y=p'/¢ by means of the data of the velocity
and period, we can of course utilize this nomogram. However the
procedure is very easy and it does not seem necessary to state the precise
way of usage here.

4. Numerical example.

Let us give some numerical example in this section.
We assume

{ ¥=¢[p#=5.0, p'lp=1.25,
sin0,=V,/V,’=0.50 ,

and obtain the period corresponding to
V| Vs=cosec §=1.05, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 ...(4.2)

The results obtained by strict calculation and those by the nomogram
are given in the following table. The coincidence seems to be satisfactory.
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Table I.
T 1 v T . T
ViV numerica 1A% numerieca
) (calculation) (nomogram) ° calculation) (nomogram
1.05 1.281 1.28 1.6 3.762 3.75
1.1 1.791 1.79 1.6 4.169 4.16
1.2 2.469 2.47 1.7 4.663 4.65
1.3 2.962 - 2.96 1.8 5.391 5.38
1.4 3.376 3.37 1.9 1 6.954 6.97

5. Maximum thickness of the surface layer.

If the velocity of S-waves and the rigidity of both media are given,
and the period and the phase velocity of Love-waves are observed, we
can determine the thickness of the surface layer from this nomogram
easily. However, even if the complete data are not given, we can give
a maximum value of thickness only from the data V,, V and 7" (period
of Love-waves in second). '

A glance at the Plate I or the curve S in Fig. 1 shows that 7' has
a minimum value corresponding to a given value of V|V, (point G in Fig.
1). This is a somewhat interesting and peculiar phenomenon, for by means
of these data only we can calculate the upper limit or the maximum
value of H, the thickness of the layer. Whatever data we may add to
those given above, the estimated thickness of the layer can not exceed
this maximum value H,, .

Employing  a set of numerical data, we will explain the procedure
of getting this thickness.

If we give .
V,=3.40 km/sec,
when the observed data of Love-waves are

V=4.01km/sec,

and T"=45 sec,
then we find from Plate I
Tom=2.12, e (5.1)
this same value is expressed by '
T / (HVL) S158/ e« eeeeeneaannans (5.2)

Therefore, combining (5.1) and (5.2), we obtain at once
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Hx=72km .

In order to get the value of H,,. alone, however, it is neither necessary
nor convenient to use Plate I. We will here make another nomogram
useful for computing the upper limit of thickness of the surface layer.

Getting back to the first

w,=sec 0-[Arctan {y sec 01/ (sin*d —sin’0y)} +na]. .....(5.8)

Therefore, the maximum value of o, is

and this expression is equal to 2z / (E%), thus

Hmasz/4:‘/II//j——~1 .-..o...o.....-.-.(5.5)

in which L(=T"V) implies the wave-length of Love-waves.
We give the numerical relation V|V, versus H,,/L in Table II and
Fig. 2.

Table II.
VIV Homax/L ;l VIVs  Huax/L VIVs  Huas/L
1.05 0.7808 1.6 0.2002 4.5 0.0645
1.10 0.5455 1.8 0.1670 5.0 0.0510
1.15 0.4402 2.0 0.1444 5.5 0.0462
1.20 0.8770 2.2 0.1276 6.0 0.0423
1.25 0.3333 2.4 0.1146 6.5  0.0389
1.30 0.3010 2.6 0.1042 7.0 0.0361
1.3 0.2756 2.8 0.0956 7.5 0.0336
1.40 0.2552 3.0 0.0834 8.0 0.0315
1.45 0.2381 3.5 0.0745 9.0 0.0280
1.50 0.2236 4.0 0.0645 10.0 0.0251

Using the same data again, we will calculate H,,,. .
Since V|V,=1.18, we get from Fig. 2

H.i/ L=0.400,

while

L=T7"V=180km,
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therefore
Hoe =72km.»
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5.1 Precision of this method.

Although we can determine H,,, , this method would be useless if
this estimated value is much more larger than the real thickness of layer.
We will examine, in this section, the condition wherein the estimated
H_.. does not differ so much from the real one and may be used effec-
tively.
For the determination of this value we used the left terminal point
G of the curve $ in Fig. 1 or Fig. 8 and obtained T',. . However, the
real thickness of the layer should be determined by means of T (cf. Fig.
2, [5]-axis). Therefore, if the difference I'~Th,, is small, or IAT/A[E]IB
is small, the estimation of 7., will be fairly accurate. »

5) If we have the complete data with regard to the media, i.e. u'/p and o'/p, we
can strictly determine the thickness of the layer. For example, if
! =2.00, p'lp=1.22,
taking on [1]-axis V,/V:'=0.782 [2]-axis V/V, =118 [3]-axis p'/p==2.00,
and the curve with a parameter V/Vs=1.18,
we can determine the points By, C, E, F, and finally F. In this case F(=T)=3.72.

Now, T' implies TeT" /(.g ) :
s

therefore, introducing T =45 sec. Vs =8.40 km/sec.
we oblain . H=41km.
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On the other hand, the smaller the velocity of Love-waves is, the
steeper the slope of the curve  will become. Thus we can employ slow,
or short Love-waves more effectively than the fast, or long omes. (cf.
Fig. 2.)

However, if we compare Plate I and II, we can notice by a glance
that the curve S is much steeper in Plate II than in Plate I. Therefore,
if we can observe Love-waves with. a node in the layer, they will be of
more use than those without a node.
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