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1. In a previous paper” one of us studied some problem of the
transmission of seismic waves on the bottom surface of an ocean and it
was found that the problem is of a great importance in connection with
the dispersive nature of distant earthquakes. It occurred us very recently
that the problem, if somewhat extended, may also be significant on the
pulsatory motion of the ground occurring in disturbed weather in a sea
region. Geophysical investigations of microseisms have already been
made fully by Prof. Gutenberg,”” Dr. Banerji® and others, chiefly by
examining the data of the actual seismic records. It seems, however, that
the accurate mathematical study concerning microseisms has not yet been
made probably on account of the reason that the action of the water
waves on the ground and on the steep coast is of a complex nature.
Although it has already been concluded by Professor Gutenberg and
others that the cause of the microseisms is the action of the surf against
steep coasts but not the direct action of the wind pressure or of the water
upon the bottom ground, yet we are now to study the problem of the

- movement of the ground due to the disturbed sea in rough weather for

the purpose of ascertaining to what extent the change of the air pressure
and also of the resulting water waves influence the microseisms in the
neighbourhood of the sea.

From the result of calculation, however, it has been ascertdined that
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even the shallow water waves give no much effect directly on the genera-
tion of microseisms and that the principal cause of those microseisms, in
fact, as Professor Gutenberg® suggested, seems to be of a kind such as
the surf at the rocky cliff of a coast.

We shall assume that the horizontal surface of a sea, whose depth is
hy, is subjected to a pulsatory pressure :

= f(rr 6""1" ...................................... (1)

where r is the radial distance of a point from the pressure centre and 2z/n,
the period of the pulsation. The resulting movements of the sea water
and of the surface of the solid will give us long water waves as well as
microseisms of the ground caused by the atmospheric disturbance in a sea
region.

2. Referring to the axes which are
shown in the figure and using the same
notations as in the preceding paper,”® we
may write the expressions of the displacement

o
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of the ground and the water, besides the l
potential of the water waves, in the follow- z
ing forms: Fig. 1.
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where p is the pulsatory pressure on the surface of water.
From (8), we get
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Comparing (10), (11), (12), we find
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QLY __ AN 2 _ 2
D, = M2 =) 4;7; ;l}zw(p LN SO (13)
By the use of the relation (13), we get the equation of the pressure
distribution of the sea water as follows :
op
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When # = —ly, this may be written in the form :
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where n is eqﬁated to m; and
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2 14
then, by means of Fourier’s integral expression of p on z = — i, such that
p = e‘"l‘” ) kdkg f(o) J,,‘(ko')ada} gﬁf} MB,eevinenenieninnnn. (19)
0 0

we obtain the expressions of the displacement of the water surface in the
forms :



o

Part 3.] Movement of Ground in a Sea Region. 29
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and similar expressions of the elastic body at the bottom surface of the
sea in the forms:
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When the depth &, is comparatively small, we find
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When the disturbed pressure is accumulated in the neighbourhood
of r =0 and symmetrical with respect to the vertical axis passing through
the pressure centre, we may have

m =0 ; S f(0)27[0'd0' = 1, .............................. (32)
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Since we know the expression
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The evaluation of the integrals of the types :
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where k= I'—n/¢, can be performed in the following manner. Con-
sider, for example, the integral ’
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7) Warsox, “ Theory of Bessel Functions’, (1922), 180.
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taken round a contour shown in Fig. 2. In (40),
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Fig. 2.

In Fig. 2, h,j, —h, —j are branch points corresponding to the integrand
of (40); ==x and =£ poles of the same integrand, namely = x are a pair of
real roots of the equation (41), while +E are a pair of the roots of the
¢+ gho
cghy
insensible frictional damping in the equations of the vibrations of the
solid body, it will be clear that the branch points Z = h, Z = j are shifted
in the space of the lower quadrant of Fig. 2, so that these points do not
influence the contour integration. The two grooves running between
(=1,0), (—h,ic0) and between (—j,0), (—j, 400) are branch lines.
The positive and negative signs of o, 3, a”, 8" on both sides of the
lines Z= —h and Z = —j are taken suitably so as to satisfy the con-
ditions of continuity. The resultant of these lines, when composed, may
be equivalent to a branch line joining two points (=7, 0), (—j, 0). The
result of the contour integral shows that

equation =y ( ) Z*. If we assume thfl,t there are certain terms of

o2
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l cghy

'&41&“]] E oS ('-’r Ch 7:4:7[ azj',x .
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may be taken with approximation. Hence we get

8) H. Laus, Phil. Trans. Roy. Soc., 203 (1904)3 20.
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I= 4;7;?“7 > cos Grchf)+ 1 4(})0(‘?? cos (zr ch f)
5 b4

oo

[ -lirr- 7 c)
P = By BV (=i Ve« af
: { _(giq_@ (-j+»;Y)?}H(2(—j+¢Y)?—j2)2—%jﬂ/f—h2

¢ghy,

— o o/ = s - 10 ¥e (= 4 vy
‘0

l,?(—h-i-’bY) 2A—h +’LY) .\2Y2 ——m' Yrchfdf
{hlﬂ (4 ghy) _ h-l—’bY)"’} [{2(_h+%y)2_.7_}4

|
C ey
8

¢ghy

We know again

[ reamereay = LD 0y  MOD 2D L HCD LO ... ap

i 1! 2
Hence
= M cos (&1 chf)+M)z— cos (xr ch f)
&) 92
- B N -
1 S0 79 -7
(q-g(h/fz)lﬂ (¢ + ghy) YT r— el +ote
{ z\C” 1 JNy) ,72}{.7 pq]l/ﬂ P 031/9 [
— C gh_) .
- R ]
iy L TP 1)

(re 1f) {,nlﬁ (c "!'.q %) — ]2/2}(27&2—.7-2)2

- cqghy -

Substituting this in (87), we obtain

9) H. Lawus, loc. cit.
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The integrals of the first and second terms of the right-hand side of this
expression are easily obtained by means of the formula :

Y, @) = -ig c0s (Er ch f)df.-----(50)
T

b

To evaluate the third and fourth integrals, we
consider

............... (51)

e j g
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taken round the contour shown in this page. -
Thus we know
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Substituting from (50), (52) in (49), we get
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This expression is suitable to the problem of transmission of waves
of finite extent of disturbances. To get progressive waves of an infinite
extent, we add to this expression other systems of standing vibrations
corresponding to the water waves as well as the surface waves of the
elastic solid body, the wave lengths and the amplitudes of both systems
being respectively equal to the first and the second terms of the right-
hand side of the equation (53), but the phases of the additive systems
differ from the original ones about —/2 The final solution is thus
expressed by

_ ’iei"lt’lhg[ alj‘z;; HEOER + o j'x H®G
W,y ™ Srgh L 96 o &) e )
. Li(j— hﬂ)je"'(’”*l’
rtf (€ gl _ J"’}{J - ‘0 1y F—hF ‘0 2 p R b
c‘gh,
. ihfe @) e — 54)
5 )
2 { nl‘-’("—'}'gho_) — 75"’}(2]»2 — )
cghy
provided

o) = { f;zlz(tf+.<7ha) _kz} {(2752—j2)2—4a,9k2—ip—aj2+£/—h—°aj4}. ---(55)
_ c*gh, 2 P
In the same manner of mathematical treatment we get the horizontal
component of displacement of the surface of the solid, u..o ‘the similar
component of the surface of water, w/,._,,, and the vertical component of
the surface displacement of the water, w,._,,, as in the following forms :

oy ,l:einﬂ/lll‘: [(251_ j3—2a131)~ (“)(5 ) + (7/ —j 1.30)/ H( )(7) )] 06)

2pghy O] '(x )
’u/’, S ,ieinlt r {#(251 ) —4/.13 alﬂl + (}(p p )(X]? —p )lla;J hg}s H(_)(_q)
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4 122 —7) —dpiosd: + o,((P) e = p'ifenf il ey, )" ...... (57)
X
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, ieirtlt
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"~ in which .
B=vVEF f= \/7-’__—‘7'27 ........................ (59)

and the terms corresponding to the dilatational and the distortional waves
are neglected.

3. It may be seen from (54) (or other expressions). that the move-
ment of the solid body (or of water) is composed of four kinds of displace-
ments, namely the displacement due to the transmission of shallow water .
waves, that due to Rayleigch-waves on the bottom surface of the water
superposed upon a solid body, that due to distortional waves through the
body and’also that due to dilatational waves through the same body. The
velocities of transmission of the waves of these displacements are, of
course, equal to those peculiar to the respective kinds of waves. Thus the
-velocity of transmission of the waves of the displacement of the solid due
to the shallow water waves is exceedingly slow in comparison with that
of the Rayleigh-type deformation.

The amplitudes of the deformation of the solid body due to Rayleigh-
waves and also to the shallow water waves change as inverse square root
of the epicentral distance, while those due to the dilatational and distor-
tional waves diminish as inverse square of the epicentral distance, so that
it may be concluded that the principal movement at a certain distance
from the centre of the pulsating pressure should be caused by the trans-
mission of Rayleigh-waves as well as shallow water waves.

It is important to know the relative magnitudes of the deformations
of the solid due to the transmission of shallow water waves and to that of
Rayleigh-type waves, because it is yet uncertain, whether the microseisms
occurring in a disturbed weather may be the effect of the seismic waves
transmitted directly from the region of the original disturbance, or may
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be the vibratory motion of the ground due to the disturbed water waves
approaching from the origin to the locality of the observing station, or
even due to some other cause such as the surf against the steep coast.

Yy lin cm)

—

—
=50 me =

0 20 %0 50 a0 00 Tisez.)
4

(r in cm.)

~—

/1| bo=EX10%m.

3 . ‘

0 20 %0 0 80 /00 T(es)
Fig. 5. (rin cm.)
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Assuming g = 980, ¢ = 2:045x 10", p’ = 1.0, p = 2:5, u/p = 3-14*x 10"
in CGS. unit, we have calculated the magnitudes of ..y, W,agy %W,ou_sy,
Wyuop, for different values of T{=27/n,) and hy. The results are plotted
in Figs. 4, 5,6, 7. The ordinates of the broken line from the base gives
the effect due to the term involving H®(§r) and the vertical distance
between the full line and this broken line indicates the effect due to the
term containing H®(r). In Figs. 6 and 7 the broken line coincides
practically with the full line. The former cause, however, is principally of
statical and special to shallow water, so that this is not yet sufficient for
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the full explanation of the microseisms. From these figures it will be clear-
ly seen that the microseisms are rather due to long water waves near the
observing station which are transmitted from the region of the disturbed
weather, but not due to the seismic waves directly transmitted from such
a region. Dr. Banerji'” seemed to have the similar opinion. It is also
to be noticed that the amplitude of the ground due to pulsatory original -
disturbance of long periods is smaller than that due to the disturbance of
short periods, even though the amplitude of the disturbing pressure is
kept constant. As Professor Gutenberg' suggested, this only fact is in
good accordance with the phenomenon that the breakers play an import-
ant rdle on the microseisms of short periods. In fact, the pulsatory
motion observed at a station seems partly to be the radiation, in the
neighbourhood of a coast, of the deformation of the ground, which is
transmitted with the velocity of long water waves. Besides the action of
the.surf against a steep coast, some portion of the shock of the breakers
themselves must also be contributed from these radiated waves. The
radiation of the deformation of the bottom ground and that of the shock
due to breakers may be combined in certain cases owing to their appro-
ximately simultaneous radiation at the coast. Again, the comparison of
Figs. 4,5 and Figs 6, 7 shows that the displacement of the surface of the
water is greater than that of the surface of the bottom ground about 10*
times. Although it is obvious that the amplitude of water waves is.
exceedingly large in comparison with that of the ground, yet we may get
some knowledge on the order of its magnitude from the result of the
present calculation. It is, however, understood that the deformation of
the bottom ground never corresponds with the statical head of the wave
height. This reason will clearly be seen from the elementary theory of
hydrodynamics with respect to the wave motion. The analytical treat-
ment of the fact that the radiation of the deformation of the bottom
ground due to the shallow water waves is still small compared with the
shock of the surf against a steep coast, will be published in a future
paper.
Summary.

We may now complete this paper with a brief summary.
1. The movement of the ground is composed of four kinds of
displacements ; namely the displacement due to the transmission of

10) S.K. Baxer, loc. cit.
11) B. GUTENBERG, loc. cit.
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shallow water waves, that due to Rayleigh-waves, that due to distortional
waves and that due to dilatational waves.

2. The velocity of the transmission of the displacement of the body
due to shallow water waves is equal to that of shallow water waves, while
the transmission of the displacements of other kinds have their own
velocities peculiar to the respective waves.

3. The amplitudes of the deformation of the solid body due to
Rayleigh-waves and also to shallow water waves change as inverse square
root of the epicentral distance, while those due to the dilatational and
distortional waves diminish as inverse square of the epicentral distance.

4. Microseisms due to a disturbed weather occurring in a different
region are chiefly due to long water waves, including breakers at the
coast, advancing near the observing station, but not the seismic waves
directly transmitted from the region of the disturbed weather. The action
of the long water waves is, however, relatively small compared with that
of breakers. :

5. The amplitude of the ground due to pulsatory original distur-
bance of long periods is smaller than that due to short- periods, even
though the amplitude of the disturbing pressure is kept constant.

20. WEE R OBEELIC X o TR 2 BTk T

% B X I

m%m%m{ﬁ HoOu A
¥ 4y VA

FHOWLICERRARE D T 30, 7= L VRN OMEERTRTH DT b | LEFHC IRT 2
ICHER 2 L CAHRBICMBENTE 2, L LILRINGMCHEIE D hbdl 4 2> 5 Wi 720k &
LTHEDIDOTH 32, XEEBLA—EIFTERE LTS LA THRTH L BIIHHED RIS Tl
ML L = b o e REESb o> TR RHK BiI 20

X oMLY 3 BIY R D THERSE. PRRES Loko/ge e MokmcBEliE 2oz
23 RIBO BN 2 B~ A AT 2 kol L OB L RE L. IRENCHE L TanfT
T 3RAE T REPLENTINLEOTD 3, HiRZ 0RMo WIHEME & w330, BESIKIE
PO LB Lo R BB TRES R ETTD 30

Rt xiE, Hfof s FomEEosMir bR Y. fi—o0 b o Bk o ki x
DTHR~B 3 PMTH 2 TII 53 S ARIHLEE OIS Le0TH 5, B0t
B —Y -~ LoEELUTHE s ABILAS ol Y . Mo fEak4 MoK ek T
LRI



Part 3.] Movement of Grround in a Sec Region. 309

Wi TR UD & v~ ) —~RRHTET 2 B L 2 EELEEo b0 b o Bl o iR
KRB L TRIR25E U TIT o #4821 Hidl & B0 & 13 Bl —Foic KILGY LT RIGA 4 ¢ 0
%0 RTREBHEB PRI b oThVIRYITH 2,

RRIFEH b0V~ Y ~Bic k 2 HboRFG . Bl o TE 2 R i 3 2 Ik
NI wo FETIRENAFES 2 b BALA—EEIFE & LTR LA, HicHlE T 3 2o s
KB AR TR TET 2RI & BB Hod s HR2 2 THE b1 20CH 3,
Lb Lz oWZLCRBEBU AT TR 8 IcEfE 2 B~ 2 540 B e M ko, Zhi:H
RIENTH 3@V TH2T R ELRV DLV DoRBRTE 215 TH 3, REBFEICE 2
3 OB A LT 230 L R SIHE O T AT 2 RE L @ E RO A ARE UT
DHHPRZESMET 2 HRBERTRRL O TLEL RV, LALEH L A LERoEHET
DIPOMOTHHLIER v E Bl

WARRBOBAIRBAR U6 . FELRE o HI 3058 3 o2 13t oIRIRED 5 IRE) o IRIE 2k
Kl 2R ER LT o352 B,

w



