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1. Causes of periodicity of microseismic oscillations.

Although the problem of microseisms has received the attention of
a number of investigators, it is not likely that their opinions with res-
pect to their causes will perfectly agree. Gutenberg,” Tams,” Jung,®
Wadati,” and the writers® have shown that microseims are mainly
caused by the surf beating against a steep coast or by the breaking of
strong waves on sea shores. On the other hand, Banerji® and Gherzi®
have concluded that microseisms result from rapid changes in pressure -
caused either by the waves in the ocean or by the ‘pumping’™ of air
pressure in cyclones, especially in tropical cyclones.

As to the periodicity of microseisms, Gutenberg has ascertained
that they increase with increase in the distance of the observing station
from the coast, showing that the disturbances are propagational. Kishi-
nouye,” after observing microseisms at Hongo in various cases, found
that, since the periods of microseims range from four 4o six seconds,
these periods are likely to be those of the proper oscillation of the
ground at Hongo. Gherzi has also shown that the prevalent periods
of microseisms at Zi-Ka-Wei lie between four and eight seconds.. In
the case of Tokyo, it appears that, even though the cyclonic region be
very far away, the prevalent periods of oscillation at an observing
station is nearly the same. »

Since it is improbable that the disturbances in a cyclonic region
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have always the same periods, the idea that the prevalent periods of
microseisms result from proper oscillation of the ground may be a
reasonable one. Since, on the other hand, the periods of microseismic
oscillation at every station are of a certain range, it may be concluded
that the proper oscillation of the ground at every station should be
‘nearly the same,—a conclusion that is naturally very odd. Is it not pos-
sible to show the cause of the constancy of the periods in question in
some other way?

We have the idea that there is an alternative way of explaining
the prevalent periods of microseisms without invoking the proper oscilla-
tion of the ground at the station or the predominant oscillation of the
original disturbances. We cannot expect any prevalent oscillation in the
cyclonic disturbances. The periodicity of the vortex formation in or near
a cyclone changes with difference in wind intensity. Since it is assumed
that the disturbances in a cyclone consist of an aggregate of forces of
various periods, if the nature of the medium were adapted to the trans-
mission of the disturbances (in the form of waves) of a special period,
it could possibly excite microseisms with a certain prevalent period.

There are two simple examples of the medium of the kind under
consideration. The surface stratification of the earth’s crust is an
example. We have already shown that if Rayleigh-waves or Love-
waves were excited in a stratified body by periodic disturbances of con-
stant intensity at the source, the amplitudes of these waves become
maximum for a certain pericd of the disturbance.”'” It is therefore
quite probable that microseisms with prevalent periods result from the
movements of the ground due to the dispersive surface waves that are
transmitted from the region of the cyclonic disturbances to the observ-
ing station. Should this conclusion be correct, it follows that the origi-
nal forces are not restricted to atmospheric disturbances; either the
beating of the surf against the coast or the pumping of air pressure
could be the source. Although the microseismic periods of a certain
range do not correspond to those of the origin, such periods result
merely from the nature of the path of the transmitted waves. It
therefore seems that microseisms, in the majority of cases, are formed
in this way.

Another example of a possible medium for the transmission of
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microseismic disturbances is atmospheric stratification, particularly that
due to the polar front with a smaller kinetic energy overlying turbulent
cyclonic air with greater kinetic energy. Such stratification is not
necessarily in the condition of a cyclonic centre, it being rather likely
to occur near lines of discontinuity that sometimes accompany the cy-
clone. In such a condition, it is possible for the lapse rate to be dis-
continuous at a certain level. The sound velocity in air below the
level under consideration may be less than that above that level, which
condition is the reverse of that of atmospheric stratification, including
the stratosphere. It also is possible for the same condition to exist
when sound waves are transmitted along layers, in either one, or each
one of which, wind blows uniformly. As remarked by Gherzi, it is an
observable fact that a thin layer of three or four kilometer depth
often exists just above the ground, above which layer the atmospheric
condition is very calm. If the disturbances from a cyclonic region were
transmitted through this thin layer, it would be possible for disturb-
ances with a certain range of periods to predominate.

Although the two cases above exemplified, namely, the surface
stratification of the earth’s crust and the turbulent or current stratifica-
tion of the atmosphere, are both important in connexion with the pos-
sible existence of prevalent periods of oscillation in microseisms, since
the former case has already been treated in our previous papers,'> only
the latter case will be examined in the present paper.. It will finally
be shown that the vibratory energy of the source of the disturbances can
be transmitted more readily through atmospheric stratification than
through crustal layers.

2. The nature of atmospheric waves.

It appears that there is an aggregate of periodic motions in micro-
barometric oscillations. The microbarometric waves, whose period is
longer than a few minutes, are almost gravitational, and likely to be
Helmholtz waves. Theoretical and experimental investigations of such
waves have been made by a number of investigators, like Brunt,”® Fuji-
whara,"™ Taylor," Arakawa,'® Namekawa,'® etc. Although the velocity
of the waves under consideration increases with increase in wave length,
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the velocity, generally, is not very great; and even in such an exfreme
case as that in which the earth is covered by two or three wave
lengths of atmospheric tides, the velocity of transmission of this tide
is of the same order as that of ordinary sound waves. According
to Fujiwhara'™ and Namekawa,"™ in microbarometric oscillations, periods
ranging from three to eight minutes are likely to predominate, in
which case the wave velocity is of the order of only ten or twenty -
‘meters per sec. If, furthermore, the period of the oscillation were as
short as five or six seconds, the velocity would then be extremely small.
In such a range of oscillation periods, the dynamical nature of the
waves becomes almost that of compressional waves and not that of
gravitational waves, in consequence of which even if the equations to
be discussed concern gravitational waves as well as compressional waves,
the numerical calculation here has been restricted fo the case of pure
compressional waves. As a matter of fact, even should the compres-
sional force be coupled with a gravitational one, since the condition of
coupling between them is very slight, the vibrations can be decompos-
ed into almost purely compressional vibration and almost gravitational
vibration.

3. Equations of motion.

Let the axis of z be drawn vertically downwards and the axes of
#, y horizontally. The equations of motion and continuity are then'™
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where = signifies the gravitational body force. The variation in pres-
sure is expressed by
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where +* represents the change in pressure with height. ¢ is the
sound velocity for the equilibrium temperature 6, (absolute) at level z,
R the gas constant, and 7 the ratio of the two specific heats of the
gas. Writing
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19) H. Lams, Hydrodynamics, Chap. X.
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p=290+2?'» 'P=PO+P,’

and neglecting small second order quantities, we get
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From (7), (8), (9), we find that
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where =+ denotes the change of ¢2 with height.
If we write .
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Since in the case of periodic waves transmitted along the surface of

the earth, it is possible to put yoce-*'C(kr), (12) transforms to
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As will be seen later, the length of prevalent periodic waves is of
the order of six kilometers with a velocity of 330 meters per second,
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in which case, although the term «2/k2c2—1 in (13) is 004, the term
(9%/¢?a%) (r —1) is 0°0026. It is then possible for the term {(s%/k2cz—1)
+ (9%/c%a?) (r —1) — (1/9) (dc*/dz)} in (18) to be approximated to o2%/k?
—1, the term (1/9) (dc?/dz), owing to its nature, being neglected. In
the same way, it is fairly possible to neglect the term dc¢?/dz-+7g in
(13). Equation (13) may therefore be replaced by

S L (2= e?) =0, (13)

The condition implied in the above equation is virtually the same as
neglecting all the terms marked », ==, #:x in the early stage of using
the equations. : .

Dynamically, even should gravity and compressibility be both taken
into consideration, since the coupling condition for the two elements is
very slight, the solutions are virtually the same as that of treating
the problem of gravity and that of compressibility separately.

It is now possible for differential equation (12) to be replaced by
the simple expression

_afl_chVZZ’ (12/)

and equation (13) by (13’) as has already been mentioned.
From (9) the rate of pressure change is
o’
= g =yt (14)

and from (10) the vertical velocity is expressed by

¢
W= ST (15)

Since on the ground surface, w is assumed to be zero, the rate of
pressure change on the ground becomes
ap'

'a?': —TDo7 ' (16)

even in the case of accurate calculation.
Although microseisms are, as a matter of fact, movements of the

ground, since in the present condition of the problem the same move-
ments are results merely of pressure change in the atmosphere, the
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hydrodynamical equations alone will here be dealt with, under the as-
sumption that microseisms are stress changes on the ground surface.

4. The solutions of the problem for the case of the original disturb-
ance being in the layer. ’

For the reason given in the preceding secEion, we shall solve equa-
tion (12') with relation (15). '

Let the thickness of the atmospheric layer be H. Taking the origin
of coordinates at a point on the boundary between the layef and the
upper atmosphere, the elemenfary solutions of equation (12’) for both
media take the forms '

x01=Aoeik;-—uz—iot’ Z02=Aoeikx+o.z-icz, ]

—_ tkr+oz=1i0t — ikr—az~1i0t ) (17)
h= Ce ’ A2= Be ’ I

x;=De£kz—[!z-iot’ : (18)

in which g, %2 represent the initial disturbances in the layers that
are directed upward and down- z

ward respectively, and y;, % YL

correspond to the reflected parts // G LW ///

of disturbances at the upper and. &7
lower boundaries of the layer \ \\\\g\ ;\
respectively. It is assumed that ¢, X,w \\j \H\
the sound velocities ¢, ¢ in the \ \ \\
layer and the upper atmosphere | | | l | I | | l | :

are constant, «, @ being thus
written - Fig. 1.

amy/i2=Z, p=y/i2=0. o

Applying the boundary conditions that wg,+w,=0 at 2=—H and w,,
+w, =W, Yo1+11=7%. at 2=0, it is possible to determine the constants
B, C, D in terms of 4,.

Let the source of the disturbance in ‘the layer be, ideally, a point
at the level H—¢ above the ground surface, from which point periodic
pressure waves of constant amplitude with various frequencies are
generated. Then, the same disturbance is expressed by
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where h?2=0%/c?, h"*=0%/c’?. The waves y, are successively reflected and
refracted at the boundaries z=0 and z=—H in agreement with the
boundary conditions just given. The resultant y, including y,, is then
expressed by™> ' ‘
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and the resultant 7' is written

HP (kr)kdk.  (22)
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On the ground surface, y becomes
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where £ is the root of

F (k) =(a+ﬁic':_)e°"— (a —ﬂcc_';)e-w= 0, (24)

20) K. SEzAWA, Bull. Earthq. Res. Inst., 13 (1935), 1.
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and

F' (k)= (c%H +— )cos vV hi—ktH

2
ViR
+ (¢ + 2. Hy/ k2 —'-) siny/h®—k2H [/ h? — k2 . (25)

The first term in the expression in (23) represents the pressure
waves transmitted through the layer with a velocity that is determin-
ed by solving (24) and the second term the waves whose velocity is
equal to the sound velocity in the upper atmosphere. The velocity ob-
tained from (24) is intermediate between the sound velocity ¢ in the
layer and ¢’ in the upper atmosphere. Since the pressure of the waves
corresponding to the second term in question varies as r~%, the pressure
of the waves represented by the first term fulfils an 1mportant part
in the microseismic disturbance. : -

5. The solution of the problem for the case of the original disturbance
being in the upper atmosphere.

In the present case, the original disturbance is assumed to be at
level H+¢ above the ground surface. Let the original disturbance be
- expressed by

- iCat=11D

Zo=‘~———h,R . (26)

Proceeding in the same way as in the preceding section, we get
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the meaning of every term being the same as before.
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6. Calculation of the amplitudes of the pressure waves generated from
the original disturbance of the same intensity.

We shall write

2nHP (srye (") =K | (28)

in expression (23). In order that the intensity of the original disturb-
ance shown in (27) may equal that in (23), we should assume, in
virtue of the denominators in (20), (26), that

Zn%HﬁD(mr)e'i(m"%‘) =K ’ (29)

in expression (27). .

Using the results in (23), (27), it is possible to get the ampli-
tudes of the pressure waves that are generated from the original dis-
turbance of the same intensity.

We shall now take two examples, namely, (i) ¢=327m/s, ¢’=337
mfs; (ii) ¢=33034m/s, ¢’=33366m/s. As already remarked in the
opening section of the present paper, the sound velocity in the layer is
rather less than that in the upper atmosphere, which condition is pos-
sible of existing in the case of the lower layer being turbulent or in
the case of uniform current in either one of the layers. Gravitational
waves in such a stratification is however rather unstable. Although
the case in which the original disturbance lies in the upper atmosphere
is also calculated, it is nothing more than a model to idealize the con-
dition of the original disturbance applied at some area of the boundary
between the two media. It should be borne in mind, however, that if
the sound velocity in the upper atmosphere exceeds that in the lower
layer, the periodic waves through the strata are quickly damped. Thus,
in the case of wind blowing uniformly in the layer, although the dis-
turbance transmitted in the direction opposite to that of the wind is
maintained in the form of two-dimensional waves, that transmitted in
the direction of the wind is dispersed. 1In the case of wind blowing
_uniformly in the upper atmosphere, the condition of the problem is
exactly reversed.””

At all events, if the conditions in examples (i) and (ii) were
replaced by the temperature of a gas in statical equilibrium, we have
() (c/c)2=0"/0(abs.)=1061, (ii) (c'/c)%= 0’/0(abs )y =1 020 for the
respectlve cases.

21) The problem is somewhat similar to the case of gravitational waves in an
atmospheric layer, outside or within which wind is blowing uniformly.
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The velocities of wave transmission through the layer should be
calculated beforehand, the result of which is shown in Fig. 2.

103

B C=327 Mfonr C'=337 MMk,
e Sec, Nec

102 I
C=330-34 77%66’ C'=333-66 )% ec
101 ' J ] 10101

.00l L | | | |
100} | L ! L ]

Fig. 2. Dispersion curves.

With a view to calculating the amplitudes of the waves, we shall
use equations (23), (27), and the results in Fig. 2. The amplitudes
of the waves in cases (i) and (ii) are shows in Figs. 3, 4. In every
case the level of the original source is varied as (a) §/H=1, (b) §/H
=05, (¢) §/H=1, (d) §/H=—05, (e) §/H=—1. Since the ordinates
¥ corresponding to the pressure change are represented in terms of K,
it is possible to conclude that the higher the ordinate, the greater the
amplitude of the waves.

7. The amplitude bf waves, whose length is twice the thickness of the
layar, is maximum. :

- It will be seen from Figs. 8, 4 that in every amplitude curve, the
oridinate is maximum at abscissa near Z/H=2. In other words, the
amplitudes of the waves become maximum when the wave length 2
is twice the thickness H of the layer, whence it follows that in micro-
seisms, or at least in microbarometric vibrations, waves whose length is
twice the thickness of the layer, would predominate. If the thickness
of the layer be three kilometers as stated by Gherzi, the length of the
predominant waves in the disturbances would be six kilometers. Assum-
ing that ¢=c'=330 meters/sec, the predominant period of the waves is
18 seconds. If we assume that the thickness of the layer is a kilo-
meter, the prevalent period of the disturbance is then six seconds.
Thus, even from the present idea, the existence of prevalent periods of
oscillation, pointed out by Gherzi and by Kishinouye, is quite probable.

The condition that the amplitude of waves whose length is twice the
‘thickness of the boundary layer is maximum, is not restricted to sound
waves. It has already been shown that in the case of Rayleigh-waves
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or in the case of Love-waves,™ the wave amplitude becomes maximum
when their length is nearly twice the thickness of the layer. Even

XZ:—% %:7
010 ‘ %:0.5

0-08
C oose
004 El=-05
002 , ?
— Ay

| » 1 | | | J
0 7/ 2 3 4 5 6

Fig. 3. Amplitude of pressure change in case ¢/=337 m/sec, ¢=327 m/sec.
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Fig. 4. Amplitude of pressure change in case ¢=330-34 m/sec, ¢/ =333-66m/sec.

in the case of gravitational waves (sea waves) the same condition
* holds as shown in Fig. 5, the data of which have been reproduced from
our previous investigation.*®

The reason that the amplitude of waves whose length is twice the
thickness of the layer is maximum in any case, is relatively simple.
If the standing natural vibration of a layer, of which the lower bound-
ary is fixed and the upper free, were specially considered, the wave
‘length of that vibration is, obviously, twice the thickness of the same
layer, from which it follows that in the case of atmospheric waves or
elastic surface waves or even sea waves, the period of oscillation whose

929) K. SeEzAwA and K. KANAI, loc. cit., 9), 10).
23) Ditto, “Prevalent Periods of Oscillations in Tidal Waves”’, Bull. Earthq.
Res. Inst., 15 (1937), 888.
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amplitude is maximum corresponds to that of the standing vibration of
the layer that is concerned in this problem. This shows that the spe-
cially large amplitude of the waves for a certain period of oscillation

wZ:;-l-yK/
16
12
E/fj=—01
08—
Efj——
o4H A{ , ) ——")%/
! | | | J

0 / 2 3 4 . - 5 6
Fig. 5. Amplitude of gravitational waves. '
results either from the condition that the oscillation of the layer near
the origin is likely to be resonant with periodic forces or from the con-
dition that the layer in the path of the waves sympathizes with waves
of special periods.

In ftreating the present problem, it has been assumed that the
effect of gravity is negligible. Since, however, even in the case of pure
gravitational waves, the amplitude is maximum for waves whose length
is twice the thickness of the layer, it is likely that the amplitude of
waves that are affected by the compressibility of the air as well as by .
gravitational forces, will also be maximum when the wave length is
twice the thickness of the layer.

8. Microbarometric oscillations of longer and smaller periods.

It may now be stated that, even should the amplitude of pure
gravitational waves be maximum in the case of their length being
twice the thickness of the layer, the period of such waves is extreme-
ly long. Let the densities of the lower and the upper layers be p, p’
respectively.  Then, the treatment of hydrodynamical equations with
boundary conditions as indicated in Section 3, shows that the velocity
of gravitational waves is v/ {g(I1—p'/p)k}/{cothkH+ p'/p}, where 2=/k is
the wave length. In this case, the effective pressure in the upper
- layer should be less than that in the lower layer; otherwise the vibra-
tion would become unstable. If we take H=3km, p'/p=19/20, the velo-
city V' becomes 1548 m/sec. Since the amplitude of the waves is max-
imum when L/H=2, the period of the waves T' is then 387-5sec. If
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we take H=1km, L=2km, the velocity is 8933 m/sec and the preval-
ent period of oscillation is 224 sec, but since the effect of compressibility
of the air on the atmospheric oscillation of a period as long as 224 se-
conds, is rather negligible, the existence of pure gravitational waves in
the air strata also becomes possible. It seems that the microbarometric
oscillations of periods ranging from three to eight minutes are of this
kind, as may be observed in barographs. If the velocity of long waves
whose length is half the circumference of the earth, be 330 m/sec, the
ratio of p’/p for stratosphere (H=13 km) is 0'145, so that for L =26 km,
"we get V=1738m/sec and 7T=1496sec. Oscillation of the eight
minute period is also likely to be that of the layer extending to the
stratosphere. Although it is probable that microseismic oscillations of
periods ranging from four to six seconds are not observable in mete-
orological instruments, it is likely that the same oscillation has still
energy enough to induce microseisms of the ground, which condition
may be attributed to their extremely short periods. It is obvious that
if the vibration of an atmospheric layer results from gravitational
force coupled with compressional force, since two vibration periods of
the coupled condition differ enormously from each other, the solutions
of the problem are virtually the same as those for pure gravitational
and pure compressonal problems.*”

It is a well-known fact that seismographs of longer periods often
register not only microseisms with a period of a few seconds, but also
slow movement of the ground of periods as long as a few minutes
in the case of no earthquake.”> 1In our opinion, it may be concluded
that oscillations of smaller periods result from microbarometric waves
mainly of a compressional nature in a majority of cases, and also from
the elastic surface waves in a rather less number of cases. Oscillation
of longer periods, on the other hand, is caused by microbarometric osc11]a-
tions, mainly of a gravitational nature.

9. The possible existence of microseisms transmitted through o layer,
outside or within which there is a steady air current.

In Section 8 the transmission of disturbance through a turbulent
layer is studied. If the conception implied in that section be valid, it
is also possible for the disturbance to be transmitted through an atmo-
spheric layer outside or within which a steady air current is blowing.
The condition for the atmospheric disturbance being transmitted through

24) A well-established dynamical principle for coupled vibrations under different
elastic resistances.

95) The records usually assumed as tilting motion of long periods.
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a layer in the form of compressional waves is that the velocity of the
sound in the layer shall invariably be less than that outside the same
layer. For the case in which the disturbance is transmitted through
the layer in the form of gravitational waves, the condition is rather
reversed, particularly in density distribution. In any case, there should
be some source of disturbance, for example, action resembling that of
pumping.

Let us now assume that the source of disturbance is near the
centre of a cyclone and that the seismological station is outside of that
centre.  Then, if there be a steady air flow in the lower atmosphere
in a certain direction, it would be possible for the disturbance near the
cyclonic centre to be transmitted through the lower atmosphere to the
station in the form of compressional waves, microseisms of short periods
thus being possible®® The transmission of the disturbance through the
layer is not restricted to waves of a compressional nature. It is possible
for the same condition to exist also in the case of gravitational waves.

The fact that, as remarked by Gherzi and Kishinouye, microseisms
are unlikely when the cyclonic centre is right above the observing sta-
tion, but occur when the same centre approaches or recedes. from the
station, may be interpreted from the present explanation.

10. The probability of elastic surface waves and that of microbaromet-
ric waves causing microseismic oscillation.

Although we have shown in the beginning of this paper that
elastic surface waves and microbarometic waves are both important in
connexion with microseismic oscillation, for a more comprehensive idea
of the problem, we shall now examine the sort of waves that have
largely to do with the problem.

We shall leave aside such a cause as the surf beating against the
coast, assuming all disturbances to be of atmospheric origin. If the
disturbance were transmitted through the earth’s crust, the vibrational
energy in the air should first be transmitted into the crust. Since the
transmissibility in such a case is very low, only a small percentage of
the energy is transmitted into the ground. The disturbance that is
‘absorbed into the ground is then propagated outwards through the
crustal layers. Furthermore, damping of the elastic waves through the
layers is very great in the case of rocks.

If, on the other hand, the vibrational energy were immediately

26)° The possibility of compressional boundary waves transmitted through a layer,
outside or within which there is a steady air current, is now being studied, the result
of which will be published in Part II of the present investigation.
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transmitted through atmospheric strata, there is no such reduction of
energy in passing from the air into the solid body. = Moreover, damp-
ing of the waves in air is extremely small. From these considerations,
it is very probable that the vibrational energy in the atmosphere is
more readily transmitted through air strata than through the crustal
layer of the earth. Even should the energy of the disturbance trans-
mitted only through the air be reduced, at the stage of its transfer to
the ground at the observing station, at the same rate that corresponds
to the transmissibility of the energy between the air and the solid as
last given, the small extent of the damping of air waves still has an
important part in the problem.

It should however be borne in mind that the amplitude decrease in
waves is not the immediate consequence of the small damping coefficient
of the medium of transmission. From our investigation, the amplitude
of waves of an elastic nature decreases with the damping coefficient
(as referred to time)®™

2n2y

T2;1V3 ’

where T, V, 7, p are the vibration period, wave velocity, viscous coeffi-
cient, and density, respectively. The viscous coefficent of any rock,
according to Iida,® is greater than 10° (C.G.S.) and that of any metal
greater than 10 (C. G. S.).*> By assuming that y=10° for rock and
7=017 for air, the densities of both the media being 27 and 10°° re-
spectively, and the velocities of waves of elastic nature in the rock and
in the air are roughly 3300 meters/sec and 330 meters/sec, respective-
ly, the damping coefficients of the waves (with distance) in rock and
in air are then

(30)

22 10° 272 017
T? 27.3'32.10%5 T2 3-33.10'°

in C.G.S. respectively, the ratio of the coefficients for both cases being
as great as 105.

It will be seen that even if the effective damping coefficient of the
waves be taken, the coefficient for waves through the rock is extreme-
'ly large compared with that for waves through the atmosphere for any
period of vibration.

It is now possible to conclude that if the source of mlcroselsms were

(31)

927) K. Sezawa and K. KANA1L, Bull. Earthq. Res. Inst., 16 (193%), 491.
28) K. Iipa, Bull. Earthq. Res. Inst., 15 (1937), 828.
29) K. SEzZAwA and K. KuBo, Rep. Aeron. Res. Inst., No. 89 (1932).
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atmospheric disturbance, movements of the ground would result from
the microbarometic waves in the air. If, on the other hand, the source
is of the kind like the surf beating against a coast, it is possible for
" microseisms to result from the elastic surface waves. :

11. Concluding remarks.

From mathematical investigation, it has been ascertained that the
prevalent periods of vibration in microseisms result from the nature of
the stratification in the path of transmission of the disturbances. Since
the damping coefficient for waves through rocks is extremely large
compared with that for waves through the atmosphere for any period
of vibration, if the source of microseisms were atmospheric disturbance,
the disturbance would be transmitted through the air strata in the
form of atmospheric waves, while, if, on the other hand, the same
microseisms were from any other origin, such as surf beating against
the coast, the disturbances would possibly be transmitted through the
crustal layer in the form of elastic surface waves. In any case, the
amplitude of waves whose length is twice the thickness of the layer of
transmission, is maximum, the origin of the prevalent periods of the
microseisms being thus ascertained. A stratified condition of the atmo-
sphere possibly exists when there is a turbulent thin layer on the
ground or, at any rate, when there is a steady air current outside or
within the lower part of the atmosphere.

It has also been ascertained that in the case of atmospheric waves,
there is the possibility of two different prevalent periods of the vib-
rations, one corresponding to waves of chiefly a gravitational nature
and the other to waves of mainly a comipressional nature. In either case,
the layer never corresponds to the condition of the stratosphere, and
is much thinner than the thickness of the layer below that strato-
sphere. ~ Whereas (stable) waves of a gravitational nature have pre-
valent periods as long as a few minutes, those of a compressional
nature have the same of only a few seconds. Even should compres-
sional force in air be coupled with gravitational force, owing to the
great difference in nature between these forces, the coupled condition is
virtually the same as the resultant of the pure compressional and the
pure gravitational conditions. It is also added that even in the case of
the stratosphere being considered with data given by Taylor,” the period
of the maximum amplitude of the gravitational waves is also 150 sec.

30) G. I, TAYLOR. loc. cit., 14).
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