- COMPARISON OF EARTHQUAKE MEASURE-
MENTS MADE IN A PIT AND ON THE
SURFACE GROUND.

By S. Sexiva, Professor, and F. Omori, Rigakushi, Imperial
University, Japan.
[Read January 2oth, 1891.] .

In certain earthquake reports it is stated that there has been
comparatively little or no movement felt at the bottom of a deep
pit or excavation, while great damage was done on the surface of
the ground,* and it seems to be generally believed that shocks
are felt less intensely in mines. It is not easy to make in-
strumental measurements in a mine, and, in fact, we have very
little exact knowledge of underground shakings. From a prac-
tical point of view, however, with reference to the building of
houses, it is more interesting to investigaté the shakings in
pits or excavations such-as might be made for foundations.
The only instance of such actual measurements as yet publish-
ed, as far as we are aware, is that described by Prof. John
Milne in a paper entitled “ On a Seismic Survey made in To-
kio in 1884 and 1885” (Trans. Seis. Soc. Vol. X.) He made
observations in a pit 10 feet in depth, whose bottom was dry
and consisted of hard natural earth. Comparing the maximum
amplitudes, maximum velocities, and maximum accelerations
obtained in the pit during the tolerably severe earthquake of
March 2oth, 188s, with those obtained on the surface of the
ground about 30 feet distant he found that they were in the ratios
of 1:34, 1:52 and 1:82 respectively. But for small disturbances,
the records in the pit did not differ much’from those on the
surface. The observations we have made are really a con-

| *h!j‘m;,instanee, see Trans. Seis, Soc, Vol. VIIL page ¢8., ‘¢ The Earthquakes of
ischia. N
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tinuation of Prof. Milne’s, the same method being adopted
in both cases. The results contained in the present paper also
show in certain cases some difference of movement on the free
surface and in 'the pit.

The observations were made in the Imperial University at
Hongo, Tokyo, where the soil is hardened alluvium. The pit
is 4 feet square and 18 feet deep, and is situated only a few
yards distant from the instruments in the Seismological Ob-
servatory. Its bottom is paved with bricks to a thickness of
about 2 feet. The soil appears here to be very homogeneous,
so that there will be little difference in earth-shakings arisiné
from the heterogeneity of ground between the surface and the
bottom of the pit.

COMPARISON OF THE INSTRUMENTS USED ON THE SURFACE

AND IN THE PIT.

The comparison in the present paper is restricted to the ho-«
rizontal components of earth movements. The instruments
employed were Prof. J. A. Ewing’s Horizontal Pendulum Seis-
mographs. For earthquakes which are not too great these in-
struments give diagrams which represent practically absolute
motions of the ground.t V

The instruments used in the pit and on the surface were made
as much alike as possible. To compare theiraction, they were
f)laced on a shaky table, and their diagrams for the same motion
were taken, Specimens of such comparison diagramsare given
in PI. I.  The multiplying ratio of both sets of instruments
wasintended to be five. If we go through the diagrams, we see
that for moderate motions both give waves of almost exactly the
same amplitudes and periods. Even small and irregular ripples
are faithfully recorded. Fig. 1 is for the East-West component
instruments, and Fig. 2 is for the North-South component
instruments. In the following tables is given the numerical
comparison of the amplitudes of some of the corresponding
waves as recorded by the pit and surface seismographs:—

+ See Memoirs of the Scnence Dept. Univ., Tokyo: No. 9, and the Jour. Science
Coll,, Imp. University, Vol, I
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For E.W. CoMPONENT INSTRUMENTS.

AMPLITUDES IN MM. AMPLITUDES IN MM.
GIVEN BY Rarro. GIVEN BY Rario.

The Surface The Pit s The Surface  The Pit s
Instrument Instrument 4 Instrument Instrument T
s. F S, 2.
1.3 s L4 i W9 1.3 wiaee 145 wiieen 49
92 e 92 ..., 1.0 W0 veeeee 20 1O
.6 5 e W8 1.2 e L2 il 10
85 veeis 0 e 29 2.5 wveeer 245 4enn 1O
1.2 ... L2 ,...IO 2.1 ....26 .....8
1.65 .veee I.55 .iulILI 67 i 67 Lll10
A4 el 4 n 1.0 1.3 e L3 il 1O
3 e 3 O 105 .wevee T2 innn .9
CLI5 s oI5 4l 1O 9 wevr 9 w10
I I LTS 8 | 1.45 .vvere 1.45 o000 1.0
1.4 weeee L4 00010 1.5 .... 155 ..l 10
2.1 e 2.3 aeen W9 145 v 1.0 s 9
2.0 e 2.6 LTI 1.5 e L5 0 1O
1.2 ... LOS ,...II 26 ... .26 .....1.0
23 wevee 220 ... 102 L3 «.. 1.25 ......1.0
5 eesne 2I5 4010 1.03 wvene L2 s 49
1S SRR SRS fXe) I.I ... 105 ,...I.0
2 e 022 e 09 B e 48 Ll 8
2.65 ,ove 2.85 i W9 I e I L0l 10
2.5 vieer 2,35 aen.l LI 25 e oI3 w19
1
8

I
2.2 ... 2.0 ....L 2 0. W10 L0102
b5 . 85 . 2 veeen 22 a0l 10
8z ..y G2 27 wiieer 230 e 09
2.7 sevens 2,55 sl LI 36 e 4 v 9
3.05 wenne 2.8 LTI /PR BN o)
175 ... L6 ...LI 55 weeeer 55 ..y 1O
1.85 wieee 2.0 i W9 1.9 ... 1.8 LI
I.I ... LI ,...lI0O 9 e IO L W9
I8 . L I7 Ll LI 1.8 ....18 ...10
1.4 e 135 ... 10 2.1 e 20 Il
1.55 ..o - 1.55 (00l 1O 1.82 ... 1.9 .....1.0
1.9 ... 1.9 .....10 29 ven 0 1O

—

Average of all the ratios..iviivivieniniiiesisie e 1OIT
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AMPLITUDES IN MM.

For N.S. CoMPONENT INSTRUMENTS.

AMPLITUDES IN MM,

GIVEN BY Ratio. GIVEN BY RAT.“"
The Surface The Pit s The Surface  The Pit )
Instrument Instrument 7 Instrument Instrument 7

s. b. s, B

1.0 e L7 LnLLI 2.9 coeeer 2,75 aell LI
2.I ... 1.9 .l LI 1.35 «oooie 14 cian 1O
1.8 ... L7 LI 1.3 .owe. 125 ... 1O
I.4  weee L3 wen LI 1.1 ... LI§ ,,....LO
I.I5 .ove. I.I5 ... 1O 58 iiih 55 LIl
1.4 wiee. 145 w0 1.O I ZNOREN T R 3%
I.15 .ee L2 .....1.0 92 ... 89 .10
12 see T4 e o9 9 e 8 Tl
2.5 e 2.4 e Ild 2 v 22 1.0
L7 i 2.0 sess 0 65 L 61 L1
2.1 e 24 e o9 I8 e I3 14
1.2 . 16 ... 8 M4 i 74 4 1O
1.5 severe L4 seenn LI FT . 00 L. 1.0
1.8 ... 2.2 ... .8 3 e 3 w10
2.15 .ee. 1.65 ... 1.3 65 ... 65 .10
1.3 ... LIS ... LI 42 .ee. 42 L0l 1.0
2.1 ... 1.8 .12 I O O e
L5 s 17 s o9 31 wee. 31 L0100
2.0 ... 2.1 ,.,..1.0 21 ... 20 .l DX
1.9 e L8 LI a6 L. JI5 L.l Lld
17 e 17 wenn 10 I e 08 L3
1.9 ... 1.9 ,....1.0 76 o 76 .10

2.85 . 2.6 L. LI —

Average of all the ralios......vvveviviiinininnn. .. 1.04

In the above tables, the numbers are the actual semi-ranges
of motion as recorded by the instruments each divided by 5.
These show that the two sets of instruments give on the whole
results which are practically identical, so that their records are
at once comparable. It should be stated that the surface-
ground and the pit instruments were interchanged with each

other in June, 1888.

Thequantities calculated forthe different earthquakes are :—
(1.) The number of waves in 10 seconds, marked #.
(2.) Amplitude (#), or semi-range of motion in mm.
(3.) Complete Period (Z7°), or the time taken to make a
complete fore-and-back motion of the ground in sec.
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2wy
r
(5.) Maximum Acceleration in mm. per sec. per sec. (4)

Ve
or —
r

(4.) Maximum Velocity in mm. per sec. (V), or

In (4) and (5) it is assumed as usual that the motion of the
ground is simple-harmonic.” Itisrare, however, that any com-
plete wave presents a very good simple-harmonic character
during the whole of its course, but usually differs in extent of
motion and in the corresponding time of describing it in the
first and second semi-phases of the motion, and so in some
cases we have calculated ¥ and 4 for the two different semi-
phases of a wave. Sometimes also we give the maximum
period during the 1o seconds interval. ,

The East-West and North-South components of the horizon-
tal motjon are not compounded, but the same components in
the pit and on the surface are compared separately. Itisa
‘well known fact that motions of very quick periods and of
small amplitudes generally occur at the beginning of earth-
quakes, and in the diagrams appear superposed on the princi-
pal undulations. In severe earthquakes, such as those of
January 15th, 1887, and of February 18th, 1889, these ripples
are very prominent; and, being very quick in period, though
small in- amplitude, they have maximum accelerations very
much greater than those of the principal waves, which are
longer in period though greater in amplitude. We have also
made calculations on some of these ripples, which can some-
times be identified in the two sets of diagrams. As may be
imagined, their calculation is very difficult, especially in
the estimation of their periods, so that any great exactness
is not’to be obtained. The calculation will, however, give
some approximate idea as to the state of things. Hence, for
some of the earthquakes, ‘‘large waves” and “‘ripples” are
separately calculated. ‘‘ Large waves” are those principal un-
dulations for which calculation is usually made in earthquake
reports, and ““ripples ” are the irregular wavelets superimposed
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on them. In doubtful cases the amplitudes only are given.
With respect to #, the number of waves in 10 seconds, there is
no difference to be found between the large waves of earth-
quakes observed on the surface and those observed in the pit;
but, for ripples, the number is often very much less in the pit
diagram, because of the reduction of amplitude and the conse-
quent unification of some of them amongst themselves. The
quantity » is therefore given only for ripples and not for large
waves. The distinction between large waves and ripples is
often very doubtful, and does not exist for small earthquakes.

We may here remark that the maximum acceleration, 4, is
a.quantity which approximately measures the overturning and
fracturing effect of the shocks. In the case of a ripple, whose
period is very short, this effect might probably be also measur-
ed by the total amount of impulse communicated to a body
during a semi-phase of the wave, which is found to be propor-
tional to the maximum velocity.

REcORDS.

For the materials of the present paper we examined the re-
cords of thirty actual earthquakes. Of these, three interestingv
shocks have their diagrams shown in Pl II. and Pl III,
and their peculiarities are discussed. The other twenty-seven
shocks were comparatively small, and the different quantities,
measured and deduced from the actual - diagrams, are
arranged in tabular form. Notwithstanding the frequent
occurrence of earthquakes in Tokyo, simultaneous records of
the pit and the surface instruments have been obtained for a
comparatively small number of earthquakes. This was owing
to the difficulty of managing the underground instrument.

(1.)—January 1sth, 1887.—This was an earthquake of un-
usual severity, a full account of which has already been given.
The beginning portions of the surface and pit diagrams are

i See the Journal of the College of Science, Ilmperial University, ]apan, Vol. I,
Part 111. or Transactions of the Seismological Society of Japan, Vol.
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given in Pl II.,§ and these for the convenience of com-
parison are placed side by side. Fig. 3 is for the E.W. com-
ponent, and Fig. 4 is for the N.S. component. The glass plate
which received the record of the surface instrument made one
revolution in 128 sec., and that of the pit instrument in 68 sec.,
so that the latter moved nearly twice as quick as the former,
Such a difference of the rate of revolution would, however, cause
no material difference in the diagram. In these, as well as in
the following diagrams, the corresponding parts are marked
with the same alphabets, and the short radial lines mark the
successive seconds counted from the beginnings of shocks.

The earthquake begins as usual with tremors. After a few
seconds, the motion becomes suddenly great. The character
of the motion is striking. The ripples are very prominent, and
these are superimposed on slower undulations, whose period is
about 2 sec. in the E.W. component, and about 3 sec. in the
N.S. component. After a short time the ripples become less
evident, but the amplitude of the motion continues to be great,
and the maximum displacement occurs at a point marked ¢ in
the E.W. component. Comparing now the surface and pit
diagrams, we see that the latter its much smoother than the
former, especially near their beginnings. The numbers, 1, 2,
3, &c., in the first column in this and other tables are merely
given for convenience.

§ The complete diagram of the surface instrument is given in the same volumes
as cited above, :
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(I.) Large Waves. E, W, CoMPONENT.

No. AMPLITUDE. PeRriop. Max. VEL. . Max. Acc.

Sut.  Pit. S9fsar, pit SHE Swt. Pit SUCSwr. pit SO
(.16 135 1.2 — = — @ — — — — —
2...I.1 126 9 — — — @ — e e —_
3..1.58 1.45 LI — — — = — e — =
4..2.05 1.03 LI — — — — — — — - —
5175 154 LI — == —  — e — = -
6..1.7 1.25 1.4 — =— == — — = — e
7...95 .93 Lo .86 1.1 .8 7.0 53 1.3 50. 30. IL.7
8.105 .8 1.3 .89 .93 1.0 7.4 54 1.4 52. 36. 1.4
9...2.4 L75 1.4 2.0 2.2 9 7.6 5 1.5 24. 14. 17
10...3.53 2.65 1.4 28 20 14 7.9 83 .9 22. 26 9
11..2.2 r25 1.8 1.3 1.7 .8 11. 4.6 24 52. 17. 3.0
12...1.35 .95 1.4 1.5 1.4 LI 57 43 L3 24. 19. L3
13...2.75 2.55 1.1 1.8 1.7 1.1 96 94 1.0 34. 35 Lo
14..1.8 165 1.1 1.6 1.2 1.3 7.1 86 .8 28. 45. .6
150014 .65 2.2 .93 I.4 7 95 29 35 65 13. 5.0
16...2.15 1.8 1.228 19 1.5 4.8 6. .8 11, 20. .6
17... .74 .1 7.4 L1 6 1.0 42 1.0 42 24. 10. 2.4
18...1.7 2.25 .8 .97 2.7 4 II. 5.3 2.1 72, 12. 6.0
19...18 1.8 1032 27 1.2 35 42 .8 7. 98 g
20...1.3 .55 2425 1.4 1.8 33 =25 1.3 8 II 7
21....7 .1 7013 .9 1.4 34 .7 50 17. 5. 3.5
22..1.6 .38 42 1.0 1.0 1.0 10. 2.4 41 63. 15 4.2
23...1.3 .14 90 1.8 .9 20 4.6 1.0 47 16. 7. 24
24...1.65 .44 3.7 21 1.3 1.6 5 2.1 24 15 10, Lj§
25..1.6 1.5 ILI19 15 13 353 63 .9 18. 26 7
26..183 .9 2017 13 13 68 44 1.6 25 22. ILI
27..1.65 .85 193.f 32 1.0 34 I 20 7. 3.4 20
28...1.7 .55 3115 1.5 1o 7.1 23 31 30 I10. 3.0
Average...... 2.3 i L2 iiieeiinnn 2.0 e 2.1
(11.) Laree Waves. N.S. COMPONENT.

No. AMPLITUDE. Pur1op. Max. VEL. Max. Acc.
Surf.  Pit, %‘—l'tﬁ Surf. Pit. SE'fftf Surf, Pit. s:lrt‘ Surf. Pit, SP“]—rtf
1142 83 1. — — — — — — — — -
2..1.65 1.25 1.3 — — == @ — = = — — -
3165 1.3 1.3 — — — — - — = =
. 4..1.85 2.1 9 = = - = = = = = —
. 5...1.85 2.4 8 - — = = = = = - -
6..1.5 1.8 8 1.5 1.7 .9 63 6.7 1.0 26. 25. 1.0

Average...... 1.1
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(I1L.) RipeLes. E.W. CoMPONENT.

No. AMPLITUDE. PERIOD. Max, VeL Max. Acc.

o, £, Surf
S, Pit. B Surf, Pit. o Suf, Pit. SeC Suf. Pit, ool

w0 05 75 L3 — —
. 1.05 .94 LI .54 .73
o6 .34 1.8 .30 .46

12, 8.1 1.5 140. 70. 2.0
9.7 4.7 2.1 160. 65. 2.5

1
2 .7
3 .6
N} . . 80.
‘51 26 ‘10 38 295) 66 .4 :i 1.5 03 ;53- 14. 250
6...5 .19 26 .25 .6 .4 13 2. 6.5320 2I. 150
7-+1.24 .78 1.6 .34 .6 .6 23. 8.2 2.8 430. 86. 5.0
8. .50 . not — 45 — — 7,  e= — 00, —= —
Q... Q2 existe ~— .4 — = 15, = — 230, = -
10... .75 ing. — .4 —_ — 12, — = i{g0o. — -
I..1.2 .82 1.5 .75 .9 .8 10. 57 1.8 83 40. 2.1
12... .08 Q0 1.1 .4 7 .6 15, © 8. 1.8 240. 73. 3.0
Averagé ......  OY TP B i 3.7 evreneiinenn, 7.8
(IV.) RippLes. N.S. CoMPONENT. ’
No. AwmpLITupe. - Pgriop. Max. VEL. Max. Acc.
Surf.  Pit. S surt. i, %’{— Sutt. Pit. Jur Surf. pit. SEH
I...56 .25 2.2 .2 28 .7 18, 54 3 3 550. 120, 4.6
2. .7 64 1.1 .28 .55 .5 16. 7.3 2.2370. 83. 4.4
3. .32 .29 1.I .4 31 1.3 5. 6. .8 78. 120. .6
4... .59 .37 6 .32 .38 .8 t2,. 61 2.0230. 100. 2.3
5...1.05. .87 1.2 .5 .55 .9 3. I0. 1.3170. 120. .4
6....41 31 1.3 .25 .36 .7 10. 5.4 1.9260. 94. 2.8
7....5¢ .65 .9 .53 .8 7 7. 51 1.4 83. 40. 2.1
Average .. 1.3 .o B 1.8 ‘27

In (IIL), the two ripples marked 4 and 5 in the surface-
gxound diagram have united into one in the pit diagram, and
those marked 8, 9, 10 in the former do not exist separately in
the latter.

If these caleculations be correct, or at least approximate, it
would appear that the maximum velocities and maximum ac-
celerations are considerably greater for ripples than for large
undulations, . Such a difference will be found also to be the
case with other severe earthquakes.

(2.)—April 16th, 1887.—A very small earthquake.

Max Awp. PerIop. ‘Max VEL. Max, Acc.
Surf. Pit. S“—"S rf, Pit, S:;f Surf. Pit. Sur Sarf. Pit. Smf
E.W. Comp. .1 .13 8 —_—— e — —_——

N.S. Comp. .1- 15 .7 6 1.2 .5 1.1 .8 1.4 12. 4 3.
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(3.)—May 2nd, 1887.—This is a good example of a small
earthquake. The motion indicated by the pit record appears
to be smaller than that indicated by the surface record.

N.S. CoMPONENT.

7. AvER. PERIOD. MaAX. PERIOD,
. Surf. .. Surf. . Sarf.
Surf.  Pit. ST Surf, Pit. Bt Surf. Pit. it

21, 21, 1. .5 .5 1. .7 .9 .8

Max, AMPL. PERrIOD. Max. VEL. Max. Acc.
. Surf. .. Suarf. .. Surf. . Sarf.
Surf.  Pit. Bit. Surf. Pit. PiE Surf. Pit. Pt Surf. Pit. i

1 . .06 1.7 5 6 8 1.3 6 2. 16 6. 3

E.W. Component.—Maximum amplitude is not greater than
.1 mm. both in the surface and pit diagrams. The waves are
too flat to be counted definitely.

(4.)—May 7th, 1887.—A smallearthquake, whose extentof mo-
tion appears to be rather greater in the pit than on the surface.

7. S AveRr. Periop. Max. Periop.
. urf. " Surf. .. Surf,
Surf. Pit. T Surf. Pit. i Surf. Pit. Pit,
E.W. Comp. 22. 19. 1.2 .46 .53 .9 .7 — —
N.S. Comp. 19. 18, 1. 5 .56 .9 .7 I. .7
Max. AMSPLf. PERrIOD. Max. VEL. Mazx. Acc,
. urf. .. Surf. .. Sarf. .. Sarf.
Surf. Pit. i Surf. Pit, Bt Surf, Pit. i Surf, Pit. N

EW.Comp. .1 .1 1. .6 4 1.5 1. 1.6 .6 II. 25 .44
N.S. Comp. .15 .13 1.2 .7 I. 7 14 .9 1.6 13. 6. 2.2

(5.)—June 20th, 1837.—A small earthquake.

Max., AMPL. Periop, Max. VEL. Max. Acc.
.. Surf. .. Surf. . Surf. .. Surf.
, Surf. Pit, i, Surf, Pit, Fit, Surf. Pit, Pit. Surf. Pit. Pit.

EW.Comp. .1 0714 .9 I. .9 .7 .4 1.6 5 28 18
N.S. Comp. .1 .1 1. .5 1.1 .5 1.3 .58 2.3 16. 3.4 5.

(6.)—June 3oth, 1887.—A very small earthquake.

E.W. Component :—Almost insigniﬁcant,' the maximum
amplitude being not greater than .05 mm. in the surface dia-
gram, and obscure in the pit one.

N.S. Component:—Ir; the surface diagram the maximum
amplitude is .06 mm,, and in the pit diagram probably not
greater than .05 mm.
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(7.)—July znd, 1887.—A small earthquake.

Max. Ampr. . PEerIOD. Max. VEL. Max. Acc.
Surt. Pit. 535 Surt, Pit. S;‘l’tf Surf. Pit. -S-l‘—if- Surf. Pit. Z‘,‘l‘:

E.W. Comp. .16 .16 T 5 .5 . I. 2021 1‘ 28. 27. 1.
N.S. Comp. .25 22 1.1 6 .7 .9 2621 1.2 27.22. L2

(8.)—July 22nd, 1887.—An earthquake of average extent of
motion, but of slow period. The character of this earthquake
is interesting. Unlike most earthquakes, which begin with
quick vibrations, this begins very gently, with waves of small
amplitude and of long period. After about 10 seconds from
the start, the motion becomes larger and irregular, and ripples
appear superimposed on the principal undulations. All the irre-
gular wavelets are tabulated.

n. AvVER, PERIOD.  Max. PeRIOD.
. Surf. . Surf. . Surf.
Surf, Pit. Pit. Surf. Pit. Bit. Surf. Pit. Bt

E.W.Comp. 36. 14. 2.6 .3 .7 .4 1. 16 .6
N.S. Comp. 28 zo. 14 .36 .5 .7 7 L7 .4

E.W. CoMPONENT.

No. AMPLITUDE. PERIOD, MAX VeL. - Max. Acc.
surf. Pit. S0 sur pit. S swrr it SHE surf. Pit JE
f.. .15 .a5 1. .5 .8 6 1.9 12 1.6 24. 94 206
2, 25 .21 1.2 1.1 L. 1.1 1.4 13 1 83 8 I
‘3., .11 .14 B .64 .65 I. 1.1 1.4 .8 1T. 14. 0.8
4... 21 .2 LI .05 .94 I. 1.3 1.4 .9 8. 10. .8
5... .15 .15 I. .7 7 L 1.4 1.4 1.0 I12. 13. .9
6,.. .18 .24 812 1.3 9 1. 1.2 .8 5 6 .8
oo 18 11016 1.2 I LI 1. 6 1.7 5 36 1.4
8...14 .14 I. LI 1. I.1 8 09 9 .46 55 .8
9. .14 .09 1.6 .93 .9 I. .9 6 15 6.5 44 L5
10, .13 .11 1.2'.83 .75 I.I I. 9 L1 7.4 7.7 L
ir.. .12 a2 1. .83 .04 .9 9 8 11 7. 5 14
12... .14 .I5 Q9 LI 1. 1.1 .8 9 .9 46 6. .8
13... .15 .15 I. .83 .94 .9 1I 1. LI 87 7. L2
14... .08 .05 1.6 .74 .8 9 7 4 1.8 6. 3. 2.
I5.. .15 .12 1.2 I, .9 LI 9 B 11 6. 6. 1.
16,.. .08 .05 1.6 .7 64 11 7 .5 1.4 6. 5 1.2
17 .20 .19 1. L3 1.5 9 1. 8 1.3 4.7 34 1.4
18... .21 .15 1.4 LI 14 .8 1.2 g 17 7. 31 22
19... .16 .23 .7 1.3 1.4 .9 8 1. 8 38 44 9
20... .21 .25 .8 1.3 1.6 R . I. 5 38 1.3
210 34 .31 LI L5 2. 8 1.4 1. 1.4 6. 31 2.
Average...... O SN | R L2 o, e L3



30 COMPARISON OF EARTHQUAKE MEASUREMENTS:

N.S. CoMPONENT.

No. AwmeriTUupE. -  PexIoD. Max. VeL, Max, Acc.
.. Surf, . Surf. .. Surf. . Sarf.
Surf.  Pit. e Surf, Pit. Bt Surf. Pit. ‘—P—IE: Surf. Pit. it

1...37 35 1. .7 .9 B8 33 235 1.3 20. 18. 1.6
2. .13 .2 7 .6 15 4 1.3 .8 1.6 13. 3.5 3.7

“Average ... .0 Liveienees O L Aevr L5 e 2.7

In the latter part of the motion, the amplitude seems to be
larger in the pit diagram than in the surface diagram. But the
period was much longer in the former than in the latter,

(9.)—September 25th, 1887.—A moderate earthquake, like
the preceding one. The extent of motion appears to be larger
in the pit than on the surface, and consequently also the dura-
tion of motion is longer in the former than in the latter.

7. Aver, Perion. Max. Periob.
. Burf. .. Surf, .. Surf,
Surf, Pit. i Surf. Pit. it Surf. Pit. B

EW.Comp. 28. 10. 28 .35 1. .4 11 18 .6
N.S. Comp. 30. 17. 1. 33 6 6 a1 1. 1.

E. W. CoMPONENT.

No. - AMPLITUDE. PERIOD. " Max. VeL. 7 Max, Acc.

Surf. Pit. Spr Surf. Pit. g . Surf. Pit. e Surf. Pit. %‘%—f—

..2g 46 0515 1.5 1.0 I.I 1Lg 06 44 8. 0.6
.08 .
09

1 08 .6 .7 o9 8 .9 09 88 81 LI
. .22 0.4.1.4 1.5 0.9 4 .9 o4 L8 39 0.5
..00 .15 0.6 1.2 L3 0.9 .47 .7306 2.5 3.6 07
12 .21 06 73 .46 1.0 1. 1.8 06 9. 15. ‘0.6
.05 .07 0.7 .5 .57 0.9 6 8 08 7.4 85 o9

OB W N

g — — S s

Av‘erage w06 L, O e 0.7  iiiniiannns 07
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N.S. CoMPONENT.

No. AMPLITUDE. Prriop. Max. VEL. Max. Acc.
Surf.  Pit. Sg,‘ftf Surf., Pit. S;ftf Surf. Pit. SP"ftf Surf. Pit. ;Lf—
I.. .17 .19 09 .56 .69 08 1.9 1.7 I.I 2I. 15 I.4
2000 2 .25 08 .51 .42 1.2 25 3.8 o7 31. 58. 0.5
B | .15 0.7 .46 Lo 5§ 1.4 .951.5 19. 6. 3.2
..08 .1 08 .54 .6 9 .9 1. 09 II. IL. 1.0
. .13 .15 0.9 .7 66 1.1 1.2 1.4 09 II. 13, 0.8
1 .14 07 6 66 o9 1.0 1.3 08 11. 12. 09

8

8

1

(¢}

1
. o .
1 .15 07 .8 1.0 o 9510 6.9 6. 1.2
o 1.2 0.6 10. 14. 0.7
I

. .05 .I 0.5 .44 .53

.17 .2 0.9 .66 .6 .
.1 .15 07 .6 .6 1.
.19 18 1.0 .5 48 1.0
12... .06 .08 0.8 .3 .57 0.9
13... .06 .06 1.0 .45 .43 1.0
14... .09 .16 0.6 6 .71 09

Iy

9

7

7 2.0 0.8 17. 22. 0.8
0 1.6 06 11. 17. 06
4 2.4 1.0 30. 32. 0.9
.8
8
9

L]
= O\©O 00N oW W

.9 0.9 I0o. @7 1.0
.0 0.9 I2. 13. 0.9
1.4 06 10. 12. 0.8

15... .07 a‘n“l"?st — 45 .44 1.0 1. =— — 13, — —
Average ....e. 8 iviiiiiiinin 0.0uuereereiiinne 0.0 oveeniiinns . LI

(10.)—December 16th, 1887.—An earthquake of moderate
intensity. At a glance, the motion on the surface appears to
be larger and more irregular than that in the pit.

7. AVER. PERIOD.

. Surf. Pit. %ﬁ Surf: Pit. SPu;f

EW. Comp. 417 20, 2. .24 .5 5
N.S. Comp. 41. 18, 2. .24 .67 .

‘E.W. CoMPONENT.

No. AMPLITUDE. PeRr10OD. Max. VEL. Max. Acc.
Surf. Pit. Sl Suwf. Pit. M Surf. Pit, Sen’ Surf, Pi. St
I...77 .7 LI 9 9 1.0 54 4.9 I.1 38 34. 1.1
2.0 42 25 8 .5 8 6 25 20 1.2 31. 16. 20
3...25 .22 1.1 .65 .8 .8 24 1.6 1.5 23. 22. 1.0
4.. .07 no. — 2 — — 22 — — 70, — -
Seae o1 14 .7 .5 7 .7 1.3 13 1.0 16. 12, 1.3
6....14 .14 10 .7 .7 1.0 L3 1.3 1.0 I2. 12. 1.0
7...15 a8 .8 .6 1.2 .5 1.6 .9 1.8 17. 5 3.4
Average v .9 wnciviens -8 i L3 sinseennian, 1.6
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N.S. ComPoNENT.
AMPLITUDE, PERIOD. Max, VEL. Max, Acc.

=z
°©

. Surf. .. Sarf, f, .
Surf, ‘PIt. "_l;]if Surf.  Pit. *Il,l{t—.- Surf. Pit. 'I‘,l‘% Surf. Pit. §ur_f

f....55 .53 1.0 .53 .53 1.0 6.5 6.3 1.0 77. 75. 1.0
2... .3 24 1.2 .35 .72 8 3.4 21 1.6 38. . 2.1
3...33 .05 66 .4 .42 1.0 52 .757. 82. II. 7.5
4....25 .25 1.0 .5 .54 10 3.2 2.0 LI 4I. 34. L2
5... .25 .15 1.7 .53 .8 7 2.9 1.2 24 34. 10. 3.4
6...24 .1 24 .8 67 12 19 .052.0 15 9. 1.7
7. .16 03 53 .25 .26 1.0 4.0 .735.5100. 18. 5.5
8. .2 a1 1.8 42 .83 5 3 8436 45. 6.4 7.0
Average ... 2.6 ........... 0.9 iivens e 300 e 37

(11.)—January r1th, 1888.—A very small earthquake. In
each component on the surface, the maximum amplitude is o.1
mm, ; while for the motion in the pit, it is not greater them .06
mm. The motion seems here to be much more pronounced
on the surface than in the pit.

(12.)—April 5th, 1888.—A tolerably severe earthquake, in
which the amplitude, is not very large, but the vibrations are
very quick.

The difference of appearance between the surface and the
pit diagrams is striking, the small sharp waves which exist in
the former being mostly flattened in the latter.

#. AvEer, Periop.

Surf. Surf,
Surf.  Pit. pr- Surf. Pit. P

N.S. Comp. 54. 25. 2.2 .19 4 .5
E.W. Comp. 57. 25. 2.3 .18 4 .5

E.W. COMPONENT.

No. AMPLITUDE. Pepiop. Max. VEL. Max. Acc.
sut. Pit. So sur. Pt 5PN sur. Pit B Suif, Pit. P
w4 35 1.1 .7 .8 .9 36 27 1.3 32. 22. L§
. .65 .37 1.7 .52 .65 8 7.8 36 2.2 95 34. 2.8
.3 1 30 .2 .3 .7 94 22 4.3300. 50. 6.0
.35 — = 33 — — 6 — -— 120 — =
. .35 .25 L4 .24 .42 6 9. 3.8 2.3240. 60. 4.0

—— —

S N N

Average e L8 e, veeans B o C 2.5 veenenns 3.6
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N.S. CoMPONENT.

No. AMPLITUDE. PERI1OD. Max. VEL. Max. Acc.
Surf. Pit. ‘?’E‘,]% Sutf.  Pit. Sli"i'é’ Surt. Pit, SP“lrtf Surf, Pit. sli’ftf
1. 4 .38 11 43 .53 08 6. 4.5 1.3 Q0. 53. 1.7
2., .3 .1 3.0 .21 .27 08 9. 2.3 4.0279. 53. 5.1
3 22 .08 2.8 .2 .3 07 7. 1.7 4.1220. 35 0.3
4... .65 .35 1.9 .71 .7 10 57 3.2 1.8 50. 29. 1.7
5. .5 26 1.9 47 .7 o7 6.7 23 30 Q0. 2I. 4.3
6... .2 .26 08 .27 .56 0.5 4.7 2.9 1.6110. 32. 3.4
7... .5 .15 1.0 .24 .35 0.7 3.9 2.7 1.5100. 49. 2.0
8....24 .15 1.6 .24 .44 0.5 6.3 =22 2.9165 32. 5.2
9... .18 .23 08 .24 .45 0.5 47 3.2 1.4120. 45 2.7
10... .3 a6 1.9 — @ — = = = = = = —
I1... .31 .2 1.6 .7 .75 0.9 2.8 1.7 1.7 25 14. 1.8
12.., .2 .2 1.0 .24 .56 04 §3 2.3 2.3140. 25. 5.0
13... .25 .15 1.7 .47 .8 06 34 1.2 28 46. 9. 5.1
14... .4 a8 2.2 — — = = = e= = = —
15... .34 .2 L7 — — — = = = = =
16... .22 .25 09 — — — — — — — == =
17... .3 a8 1.7 .73 .7 1o 26 1.6 1.6 22. 15 L5
Average......... 16 veaiiininnns 0w 0.7 teriiiiia 2.3 teriiiiinnn 3.6

(13.)—April zgth, 1888.—A severe earthquake. This is
very like the preceding one, but much more intense. The
beginning portions of both sets of diagrams are given in PL
XXXVIL., Fig. 5 and Fig. 6. The glass plate of the surface-
ground instrument made one revolution in 88 sec., and that of
the pit instrument in 70 sec. In the early part of the shock,
the vibrations are very quick, and with the exception of the
wave marked A in the E.W. component there is no prbini-
nently large wave, though the ripples are distributed more or
less in groups. Here again the pit diagram appears much
smoother than the surface one; compare, for instance, the
portions marked a, b, ¢, d, e, f, g, in the E'W. component. To-
wards the end, the motion becomes slow,

E.W. CoMPONENT.

#. AVER. PERIOD,
o
Surf. Pit. i;% Surt. Pit: SPu‘rtf
49 . 30 1.6 ... 2 33 weren 6
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(I.)—RireLES.

No, AMPLITUDE. Pariop
Sutf. Pit. SUT Swf, Pit. S

I....55 .21 2.2 .23 .22 I.0

2. .3 04 7.5 .2 .19 .0

3.0 427 .2

4. 4 .2

5... -35 55 .25 -8

6... .25 .22

Jees +5 235 1.4 .17 .47 0.4

8o .4 .25 1.6 .3 .23 1.3

9.. .3 28 1.1 44 43 1.0

10... .5 4 1.2 .25 .8 0.3

11... .55 .48 1.2 .27 .47 0.6

Average ...... 2.3 . 0.8

(II.)—IL.ARGE WAVES.

No. AMPLITUDE. Periop.
Suif. Pit. Sohsurt, it o
I...2. 1.65 1.2 1. 8 1.3
2... 42 .35 1.2 .5 .5 1.0
3....57 .7 08 .93 .9 1.0
4... .63 .85 .7 1. 1. 1.0
5...53 .58 9 1.2 11 LT
Average... 1.0 , 1.1
(]n.)—RIPPLES. N.

No. AMPLITUDE, PExIOD.
Surf.  Pit. Srglif Sarf. = Pit. SI‘,llrtf
1... .27 18 1.5 .22 .23 1.0
2... .6 .55 I.I .32 .43 0.7
3...55 .31 1.8 .3 .35 0.8
4....37 .2 19 .25 .35 07
5. .54 .04 14. .4 .3 L3
6... .58 .15.309 .24 .3 0.3
Average......4.0 ....coiiiiinnn 0.9

E.W. ComMPONENT.

Max. VEeL. Max. Acc.
Sarf. Pit. Su Surr. Pit.
15. 6. 2.54r10. 170. 2.4
9.5 1.3 7.3300. 40. 7.5
8.5 270.

Rapas sofo0 (34 120

7.2 210.

19. 4.7 3.9690. 63. I1.0

84 6.9 1.2180. 190. 1.0
4.3 4.1 1.1 62, 60. 1.0
13. 3.2 4.0320. 25. I5.0
13. 6.2 =2.1300. 80. 3.7
............... 3.2 v 6.7

E.W. COMPONENT.

Max. VEL. Max. Acc.
Surf. Pit. S Sutf. Pit. pa-
13. 13. 1.0 80. 04. 0.9
53 4.4 1.2 66. 55. 1.2
4. 5. 0.8 26. 34. 0.8
4. 53 0.8 25. 33. 038
28 3.3 09 15 19. 0.8
............... 0.9 viivririenann 0.0
S. COMPONENT.

Max. VEL. Max. Acc.
Surt. Pit. S gue Pt S
7.7 4.9 1.5220. 130. 1.7
12, 8. 1.5240. 120. 2.0
12. 5.6 2.1240. 100. 2.4
9.3 36 2.6230. 65. 3.9
8.5 o0.811. 130. 16. 8.0
15. 3.2 4.9 400. 68. 6.0
................ 30 ceeiririniiinns 4.0
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(IV.)—l.arée WavEes. N.S..CoMPONENT.

No. AMPLITUDE. Purrop. Max. VEL. Max, Acc.
Surf.  Pit, %l'l'Tf Surf. Pit. _s% Surf. Pit. S?“fti Surf. Pit, S;—l'tf
I... .75 .55 1.4 .6 58 1.0 7.9 6. 1.3 82 65 1.2°
2...78 .53 1.51.3 12 11 35 28 1.2 16. 15 I.I
3. .8 6 1314 1.2 12 36 31 1.2 16, 16. 1.0
4..1.05 .85 1.21.2 1.0 12 355 53 1.0 20. 34. .0
5.. 45 .45 lLo1.l 1.1 1.0 26 206 1.0 15 15. 1.0
6....75 .75 101.7 1.6 1.1 28 3. .9 10. II. 9
7.+ .52 45 1.2 1.1 1.0 LI 30 28 r.r 17. 18. .9
8..55 .53 1.01.3 10 1.3 26 33 .8 12. 2I. .0
9... .75 1.0 8 2 2. 1.0 23 31 .8 74 96 .8
Average...... 1.2 viiiiinininnn LI s o L0 0.9

In (1), the ripples numbered 3, 4, 5, 6, which are distinct on
the surface, have united into one wave in the pit.  In taking
the ratios of maximum velocities and maximum accelerations,
this single wave is compared with the greatest of the corres-
ponding ripples.

(14.)—June 3rd, 1888.—An earthquake of moderale am-
plitude.

N.S. CoMPONENT.

7. Aver. PERIOD.
. Surf. . Surf.
Surf. Pit. Pit. Surf. Pit. Pits
35 wrene 17, wievis 2o ciiiie 23 ceeenn N IO
No. AMPLITUDE. Periop. Max. VEL. .Max. Acc.
. Surf., . Surf. Sarf. .. Surf.
Surf.  Pit. Bic. Surf, Pit. i Surf. Pit. Pt Surf. Pit. i

I....3 4 0812 12 10 1.6 21 08 8511. 0.8
2....5. .45 IL.I 1.5 1. 1.5 2.1 2.8 08 88 17. o5
3.0 46 0 32 1.4 1. 1. 1.0 2.9 20 15 18. 13 1.4

Average.....T1.1 ...ooininnin, 1.2

............... 1.0 veesiiiiineenne 0.9
E.W. CompoNENT.
Max. Ame.
. Surf,
Sarf. Pit. Bit,

TI civiiiines 205 wevee weenn. LI

(15.)—Octolicr zoth, 1888.—A small earthquake. In this
case the amplitude seems (o be much greater in the pit than
on the surface.

7. Aver, PerIOD. Max. Periob.
f. . . X
Surf,  Pit, §t‘,l~irt Surf. Pit. Slj‘ir[f Suif.  Pit. Suf

Pit.
EW. Comp. 31. 20. 16 .33 .5 07 .6 9. o7
N.S Comp 28, 21, 1.3 45 .5 09 .5 6. 08
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E.W. COMEONENT.

No. AMPLITUDE. PeRr1OD. Max. VEL. Max. Acc.
sut. it S su pit ST swe. pit S Sert. pit Sp
I... .12 .2 06 .7 9 08 11 1.4 0.8 10. 10. IO.
2., .1 .2 05 .5 .7 07 1n3 L8 o075 16. 16. 10.
3....06 .21 0.3 — — — — — = — - —
4... .18 26 0.7 — — — e — — - = —
5... .II 21 05 — — @ —  — e e— e—m — -
6... .14 .21 0.7 — — — — — — - - —
Average...... 0.0, iiiiiiiinins 0.8 iiiiirins v, 0.8 e 1.0
N.S. ComPoNENT.
No. AwmprLITUDE. Periop. Max, VeL Max. Acc.
Surf.  Pit. ST Surt, Pit. e Surf. Pit. S Surf. Pit.
1....16 .15 1.1 4 .5 08 25 1.9 1.3 309. 24. 1.6
2. .1 2 05 .4 6 07 1.6 21 .8 2060 22. 1.2
3. 1 .2 0.5 .7 5 1.4 09 2.5 04 8. 31. 0.3
4... .1 16 0.6 4 .5 08 1.6 20 08 26. 25 10
Sees o1 .16 06 .53 .5. 1.0 1.3 20 0.7 16. 25 0.6
6... .1 .21 0.5 .5 .5 1.0 1.3 26 05 16. 32. 0.5
7.3 4 08 — — — — — — — - —
8...11 .28 04 — — — — — — - — -
Que. .1 27 0.4 — = e — e e
10... .1 .25 04 — — — = = - = - —
Average...... 0.6 ciiviaiiniinnns 1.0 cviveiiniienins 0.8 i . 0.9
(16.)—November 2ud, 1888.—A small earthquake. The
pit diagram is much smoother than the surface one.
Max. AMPL.
Surf. Pit. _S;erE
E.W. Component ...... 9 e 16 Ll 1.2
N.S. Component......... 5 e T4 . 1.1
(17.)—January 1st, 1889.—A small earthquake.
Max. AMPL.
Surf. Pit. 1“—;:

N.S. Componeat......... .04

crerrrees 205 Lienia

I

(18.)—February 18th, x889.—A. severe earthquake, in which
there was a considerable amount of vertical motion.
earlier portions of the diagrams of the E.W. component are
given in Pl XXXVIL, Fig. 7. The glass plates of the surface
and pit instruments made revolutions in 108 sec. and 95 sec.

The
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respectively. The periods of the vibration are very short, and
the motion on the surface seems to be much sharper than in

the pit. :
E.-W. Come. N.S. Come.

Surf. Pit. aPull;f Surf. Pit, S{)x%
Biwen. 460 L0 280 L 1.5 v 50. viives 30. wein 17
Byueies 350 wveeer 2T. v LY Lo, 49. cooees 230 wiienn 2.1
Mgeun 20, .vve 150 iiin 1.3 vveee 300 wevn. T4 oenin 2.8
Pgereri I9. oot 19, vises 1.0 cvuee 26, L0000 200 L.l 1.3
Mguin 12, 4uns 11, ... LI e, 15, ...... 16. ...... .9

In this table #, #, are the number of irregular wavelets in

the successive 10 sec. intervals.

(I.) RirrLEs. E.W. CoMPONENT.

No. AMPLITUDE. PEer1oD. Max. VEL.
Surf, Pit. Sll’l”ti Surf.  Pit. Sl;‘.’% Surf. Pit. —SI‘,‘%
I.. .24 .23 1.0 .28 .27 1.0 5.4 5.4 10
2..1.05 .8 1.3 .7 66 1.1 94 7.7 1.2
3...1.35 1.3 1.0 — —  — @ — — —
4..2.4 217 1.1 — — — @ — — —
5073 4 18 - - - - — -
6... .95 1.05 0.9 — — — @— — —
7.3 06 530 — — — - - —
8...82 .52 16 — — o~ @— —
9... .8 32 25 — — @ — — — —
10...1.3 8 16 — - - - = -
Il... .7 .35 2.0 .24 .25 1.0 18, 9. 2.0
12... .65 .25 2.6 .32 .23 1.4 13. 7. 1.0
13...1.05 .8 1.3 .35 .73 .5 19. 7. 2.8
14... .31 .2 1.6 .27 .29 0.9 7.2 44 1.6
15...1.15 .72 1.6 .55 .54 1.0 13. 84 16
16... 8 ol — 5 — — 100 — —
17..1.2° .7 1.7 .33 .3 1.1 23 15 1.6
18... 4 nul — 18 — — 14, — —
19, 85 vl — — — — = =
20...1.93 1.5 1.I — -— — o —
2l.. .78 6 1.3 .26 .64 04 19. 6. 3.2
22... .75 .45 1.7 .36 .6 0.6 13. 4.7 2.8
23... .3 .06 50 .2 2 1.0 9. 1.9 4.7
24... .87 5 1.2 — — — = — —
25... .71 .6 1.2 .3 .7 0.4 15 5.4 2.8
26... .95 .79 1.2 .6 .8 08 10, 6.2 1.6
27... .88 .75 1.1 .55 .58 1.0 10. 8.2 1.2
28... .5 .55 0.9 .3 .58 0.5 11. 6.0 1.8
29... .47 .3 106 .5 .32 1.5 6. 6. 1.0
30... .84 .56 1.3 .6 .8 08 88 4.4 20
31... .32 .23 1.4 .4 .5 1.0 5 30 1.4

|

‘Average...... 1.7 viviiieinninnns O 2.0

Max. Acc.
Surf. Pit. Sr
120. 130. 1.0
84. 74. 1.1
480. 220. 2.2
250. 190. 1.3
340. Go. 5.7
170. 100. L7
150. 100. 1.5
130, — @~
440. 320, 1.4
490, — -
460. 6o. 8.0
230. 50. 4.7
280. 60. 4.4
320. 50. 6.5
100. 50. 2.0
110. 00. L3
220. 66. 3.3
80. 120. 0.6
92. 35. 2.6
78. 56. 1.4

2.8

...............



No. AMPLITUDE.
Surf. it. S—fl,%
Tido I 2.1
2...1.7 1.2
3...1.75 1.2
4.2 1.2
514 1.4
6... .92 1.0
7o 8 -9
8..1.4 1.3
9...1.8 1.3
10...2.05 1.2
I1...1.45 1.6
12...1.2 1.5
13...1.4 I.1
14...1.65 1.7
15...2.2 1.8
Average 1.4

No. AMPLITUDE.
Surf, SPu‘rtf

I... .85 1.2
2.,,1.05 1.4
3w 4 4-4
Goer 72 1.1
Seee 4 -
6... .85 I.1
Zeee #7535 0.9
8... .3 3.
Q.. 4 0.7
10... .03 1.2
I1... .4 . 33
12... .5 0.9
13... .6 1.5
14... .6 1.2
15... .5 1.7
16... .65 1.4
17... .94 1.3
18... .66 2.0
19... .28 —
20... .00 1.1
21... .65 1.1
22... .67 1.6
Average 1.6

Surf
1.5
72

2
2.5
1.0
1.4
1.4
2.
39
2.

1.7

2.7
3.
2.4

PERIOD.
. Pit.
43 .52
.6 .56
.2 23
-3 -3
15 —
.33 1.0
.14 .25
17 .6
.3 .5
d4 .25
46 .4
46 .45
44
44 4
737
24 —
.53 .58
24 4
24 .3

...............

(I1.) Larce Waves.
PeDIOD.

. Pit.

1.3

(@)

(I11.) RippLES.

=== O 000 -

E.W. CoMPONENT.

38 COMPARISON OF EARTHQUAKE MEASUREMENTS :

Max. VEL. Max. Acc.
Swf. Pit. Se Surf. Pit. pe
7.1 1.4 30. 19. 1.6
15. I12. 1.3130. 96, I3
6.3 5. 1.3 20 16, I.2
35 26 1.3 9. 6.8 1.3
58 6.0 1.0 37. 38 1.0
3.6 4.5 0.8 16. 22. Wi
6.3 53 1.2 28. 26, I.x
5.7 4.5 1.3 18. 15 L2
33 3 LI 53 51 Lo
46 3. 1.5 15. 10. 1.5
4.5 3. 15 17. 1I. Lj§
33 27 1.2 8. 56 1.4
3.7 2.1 1.8 8.3 4.4 1.9
3.8 32 1.8 15, 8.2 1.8
I3 e 1.3
N.S. ComPONENT.
Max. VeL. Max.-Acc.
Surf. S—}‘,'T‘ti Surf.  Pit. S]:lrtf
12.5 8.5 1.5180. 100. 1.8
17. 1.3 500. 150. 3.3
13. 5.0 400, 70. 5.7
15. 1.I 320, 200, I.I
- 17. — — 700.  — -
.3 I14. 5. 28270. 34. 8.0
.6 14. 3. 4.7600. 60. 10.
.3 15. 6.3 24550, 66. 8.3
.6 14. 7. 2.0290. 87. 3.3
6 18. 3. 6.0800. 80. 10.
.2 7. 9. 08 03.140. 0.8
.0 8 6. 1.3110. 80. 1.4
.0 9. 8. 1.1150, 120. 1.3
I 7. 5. 1.4100. 74. 1.4
0 6. 4. 1.5 48. 46. 1.0
— 7. = — 100, — @ —
.0 12. 0.7 L2 1I40. 110, L3
.6 17. 9. 1.9450. 150. 3.0
.8 18. 8.8 2.0460. 180. 2.5
............... 2.2 i 3.8
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(IV.} Laree Waves. N.S. ComPoNENT.

1...2.75 2.3 1.2 1.6 1.6 1.0 II. Q. L2 44. 35 L3
2..2.0 3.3 920 1.9 1.0 9.1 1I. 0.8 29. 37. 0.8
3...8 7. 1.1 .6 42 1.4 8.4 11. 0.8 88.170. 0.5
400 -5 .25 2.0 .6 .7 09 53 23 23 56. 21. 27
5...85 .63 14 .74 .66 1.1 7.2 6. 1.2 6I. 5%. I.I
6....85 8 11 .6 8 08 89 6.3 1.4 03. 50. 1.9
7.1.4 1.25 1.2 .8 8 1o r1r. g1 1z 87. 72, 1.2
8.14 7 2011 12 09 8 37 22 46. 19. 2.3
9..1.65 1.4 12 .77 .8 1.0 14. I11. L.3110. 87. 1.3
10,..1.45 LI 1.3 — — «— — — — — —

Average...... | I ST Y ST 1.2 coirviiennnenan 1.3

The ripples numbered 16, 18, 19 in (I.) and those numbered
5, 19 in (II1.), which are distinct on the surface, do not exist
in the pit.

(19.)—May 6th, 1889.—A small earthquake, on whose un-
dulations are superposed minute irregularities. Here the mo-
tion appears to be rather greater and of longer duration on the
surface than in the pit.

7. AVER. PgrIOD.
Surf. .
Suf.  Pit. S Surt. Pit. g
E.W. Component. 43. 33. 1.3 .23 .3 0.8
N.S. Component. 50, 22. 2.3 .2 .4 0.5
E.W. CoMPONENT.
No. AMPLITUDE. Per1iob. Max. Acc. Max. Acc.
. Sarf. . Surf. .. Surf. . Surf.
Surf. Pit. Pit. Surf. Pit. Bt Surf, Pit. Pit, Surf. Pit, it
1. .1 .1 1010 .7 1.4 6 .9 07 4. 8 o5
2....05 .05 L0IL3 1.7 038 2. .2 1.0 1. 7 1.4
3....07 .07 1016 1.4 1.2 .3 .3 1.0 I. 1.5 0.7
4... .08 09 0913 1.4 09 4 .4 1.0 2. 2. 10
5.. .05 .07 0.7 1.3 1.4 0.9 .24 .3208 1. 1.5 ©.7
6....05 .06 0810 1.2 08 .3 .3 1.0 2. 2 1.0
Average...... 0.0 viviiiiiiinns 1.0 tiiiiiineininns [oX ¢ 0.9
_ N.S. CompoNENT.
Max, AMpL. PerIOD, Max. VEL. Max. Acc.
. Surf. .. Sarf. .. Sarf. . Surf.
Surf.  Pit. Bt Surf, Pit. T Surf. Pit. ot Surf. Pit. e
13 09 1.4 8 5 1.6 1. 1.1 o9 8 14. 06
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(20.)—May 3oth, 1889.—A small earthquake.

7. Aver, PErIOD.

Surf.  Pit. Sr‘,‘i‘;f" Surf.  Pit, %‘;‘ti

N.S. Comp. 32. 21. 1.5 .3 .5 0.6
Max. Amp. PerioD. Max. VEL. Max. Acc.
Surf. Pit, S0 S““ Sarf. Pit, S‘"f Surf. pit. SUE g, pie SR
Pit. pPit,

E.W. Comp.o.8 .1 o8 .33 .46 o.7 1.5 1.4 .1 28. 20. 1.4
N.S. Comp. .3 .152.0 .9 4 2.3 2.1 2.4 0.9 I5. 38. 04

(21.)—June 1st, 1889.—A very small earthquake.

In the E.W. and N.S, Components of both the surface and
pit diagrams, the maximum amplitudes are about .03 mm. and
.02 mm. respectively.

(22.)—June 3rd, 1889.—A very small earthquake.

In the E-W. Component of both the surface and pit dia-
grams, the maximum amplitude is about .03 mm,

N.S. CoMPONENT.

Max. AmPL, Prriop, Max. VEL. Max. Acc.
.. Surf. .. Surf. ., Sarf, ) .. Surf.
Surf. Pit B¢ Surf. Pit. P Surf. Pit. BTN Surf, Pit. P

.1 .05 2. 1. .7 1.4 .6 5 I. 4. 4. 1
(23.)—June 15th, 1889.—A small earthqualke.

Max, AmPL. PERIOD Max. VEL. - MAX Acc.
Surf. Pit, EPTT:— Surf, Pit, 55— Plt * Surf. Pit, S = Surf. Pit. S];lif
E.W.Comp. .07 .07 1.0 .8 .8 1.0 .55 .55 1 o 4.3 43 1.0
N.S. Cowp. .07 .05 1.4 1.0 .6 1.6 .44 .53 0.8 2.8 56 0.3

(24.)—June 16th, 1889.—A small earthquake.

E.W. Component. On the surface, the maximum ampli-

tude is not greater than .02 mm., and in the pit it is about .05
mm. s

N.S. Component. On the surface, the maximum amplitude
is about .07 mm,, and in the pit it is about 0.1 mm.

(25.)—June zoth, 1889.—A small earthquake. In this
case, the amplitude seems to be rather greater in the pit-than
on the surface.
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n. AvEer. Puriop. Max. Puriop.

Surf, Pit. Sor Surr, Pit.  Se Surt. Pit. Tt

E.W. Comp. 35. 25. 1.4 -3 .4 .8 — e —
N.S. Comp. 48. 21. 2.3 .2 .5 4 6 7 .9

Max. AmpL, PERIOD. ‘Max. VEL. Max. Acc,
sart. Pit. S0 surr. pit, SgC sart. Pit. Sk Surf, Pit. Surt,
E.W. Comp. .08 .14 06 5 .7 .7 1. 1. 1. I3 1.

N.S. Comp. .07 11 06 4 .5 .8 1.1 1.4 .8 17. 18. 1.
(26 )—June z7th, 1889.—A small earthquake.

Max. AMPIL. Periop. Max. VEL. Max. Acc,

surt. Pit. 3 Surt, pit. S Surt, pit. S“'tf Surt. pit, SUrt:

E.W. Comp. .1 .05 2. 1.4 1212 .§ .3 117 2. 13 Lj

N.S. Comp. .1 .03 3. 1.2 .524 .5 .4 1.3 2.7 48 0.6
(27.)—July 3rd, 1889.—A small earthquake.

In the EXW. Component, the maximum amplitude is .13.
mm. on the surface, and .1 mm. in the pit.

(28.)—February 13th, 18go.—A very small earthquake.

E.W. Component. Both on the surface and in the pit the
maximum awplitude is not greater than .05 mm,

N.S. Component. Both on the surface and in the pit, the
maximum amplitude is about 0.1 mm.

(29.)—April 11th, 1890.—A small earthquake.

Max. AwmpL.

. Sarf,
Surf. Pit. Pit.
E.W. Component ...... .13 ...... JI5 ... 09

N.S. Component ...... veenns W00 LY
(30 Y—April 18th, 1889. ———A very small earthquake.

Max. AmPL.

. Surf,
’ Surf. Pit. it
W. Component ...... 07 e 04 Ll 20

S. Component ...... .06 ... verysmall ... -

SUMMARY OF RESULTS.

It is generally believed that the earthquake motion is con-
siderably less in a pit than on the surface. From the forego-
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ng calculations it seems probable that this is true for some
earthquakes and not true for others. Among the thirty earth-
quakes we examined, there are three which were especially
severe. These are (1), (13),‘ and (18). The rest are small
earthquakes of the kind that daily occur in Japan. The ratios
of the amplitudes, periods, maximum velocities and maximum
accelerations for some of these latter earthquakes as observed
on the free surface ground to those observed in the pit are
collected in the following table, average values being used
when a number of waves have been calculated for a single
earthquake.

RaTtio or RaTio or RaTiO OF RaTIO OF
(No.) AwmrrLITUDES. PERIODS. MaX. VEL. Max. Acc.

E.W. N.S. EEW. N.S. EEW. N.S. EEW. N.S.
2 v 08 L0 — L 5L — T, —, .3
30 i — L7 —L L 8L —. 2.0, —.L 3.
A vieerrenenenn 1.0 LW L2, L5, 7, 60,160, 44 2.2
5¢ siveenennn L4 000 10...0.9...0.5...1.6..,2.3...1.8,..5.0
7o weererinn 10 LU 101,..1.0...0.9,..1.0,..1.2,.,1.0,..1.2
8. v LI 00.0.0.0.1.0...0.6,..1.2...1.5.,.1.3...2.7
o e 0.6 ...0.8...0.0...0.9...0.7,..0.9.,.0.7,.. 1.1
IO, wieerininnn.0.9 ...2.6...0.8...09...1.3...3.0...1.6,..3
12, v 88 01.6,.,0.8...0.7...2.5...2.3...3.0...3.
T4, cooiiieeen LI LI, —,,, 1.2,,, —.,..1.0,,, —,..0
I5. viviiineenn. .06 ,,,0.6.,.0.8,,.1.0...0.8...0.8...1.0...0
I6. v 12 LI L — —, —
19, v 0.9 .. 104,.,1.0...1.6...0.9...0.9...0.9...0.6
20, wivennn0.8 ,..2.0...0.7,..2.3.,.1.1.,,0.9...1.4...0.4
22, v ™ W02.0,,, —, 14, —, 1.0... —...1.0
23. viiiivinen 1.0 L 104,..1.0...1.6,,,1.0...0.8..,1.0...0.5
25, iiieseinnn. 0.0 ,,,0.6,,.0.7.,,0.8...1,0.,.08.,,.1.0,..1.0
26, .iivnenn2.0 ,..3.0,0.1.2...2.4...1.7...1.3...1.5...0.6
270 i L3 L i s e —

29. viiviiiiinnnnn 0.9 17——— —— e — —

Average ............1.06...1.4...0.9,..1.1...1.2...1.4...1.3,..1.9

Average for both L2
Components. TS e

This table seems to show that for small earthquakes the am-
plitude and the period are on the whole nearly the same on the
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free surface and in the pit, there being a slightly greater mo-
tion on the surface. This confirms the results which Professor
Milne had previously obtained. In the above are not included
those very small earthquakes, whose measurements are difficult;
these, however, show that the motion in the pitis also smal-
when the motion observed on the surface ground is small.

It must be noticed that the diagram taken in the pit appears
always to be smoother than that obtained on the surface, and
#, or the number of irregular wavelets occurring in 10 seconds,
is found in every case to be greater for the latter, being often
twice as many as for the former. This is very remarkably
shown in the three severe earthquakes mentioned above, for
which calculations have been made separately as regards large
undulations and small superposed ripples. The ratios of the
amplitudes, periods, maximum velocities; and maximum accell
erations for the surface and pit motion of these three eatth-
quakes are given in the following tables :—

(I.) LareE UNDULATIONS.

Ratio or RaTio or Rario or RaTio oF
No. AmpriTubEes. PEriops. Max. VeL, Max. Acc.

E.W. N.S. EZW. N.S. E.ZW. N.S. EW. N.S,
1. verirrreennn 2300 LI L2, — 200, — 2.0, —
I3.  vecereenennnenn 1.0, 1.2,.,1.1,,,1.1,,,0.9...1.0,,.0.9...0.9
18, v 1.4...1.3,..1.0,,,1.0...1.3 131

Average ... 10,12, L1, LI T4 T2, T4, 1]

5 75 SUTOUIURTS 35 SUNORRIRNE 3%:

(II) RippLES.
Ratio or RaTtioorF Ratioor RaTIiO OF
No. AwmpriTuDEes. Periops. Max. VEL. Max. Acc.
E.W. N.S, E.-W, N.S. EW. N.S. EW. N.S.
I.  wievienenn1.9...1.3..,0.6..,08...3.7...1.8...7.8...2.7
I3, siveeereerinenn2.3...4.0...0.8...0.9...3.2. 39...6.7...4.0
18, siveveenrinn.. 17...1.6,..09...08...2.0...2.2...2.8,..3.8

Average for both I
Components. 4

‘mww

Average cieviinnnn2.0...2.3,..0.8,,.08...3.0...2.6...5.8...3.5

Average for bOth} 2200

Components. w08 28 47
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It will be thus observed that for principal undulations of
severe earthquakes the range of motion is somewhat greater on
the surface than in- the pit, but there is no great difference of
maximum velocities and maximum accelerations belween the
two sets of observations. This seems to be due to the fact that
for the larger undulations the period will somewhat increase
with the amplitude. In fact, table I. would appear to indi-
cate some slight increase of period on the surface. The case
is different with ripples, for which the results are more uniform
and the difference of surface and underground effects more
decided. From Table II. the average extent of horizontal
motion in the pit is only half that on the surface ground, and
the period for the former seems rather greater than for the lat-
ter, which arises from the fact that very many of the ripples dis-
appear in the pit. The maximum velocities and maximum
accelerations on the surface are respectively about three and
five times those in the pit.

Our conclusion then is that for small earthquakes there is no
practical difference between the surface and underground ob-
servations ; for the principal undulations of severe earthquakes
this difference may exist, but not to any marked degree ; but
for the small quick vibrations the difference is considerable.
Now, though the calculation for the ripples may be only approxi-
mate, their maximum velocities and maximum accelerations
are found to be very great, and, in fact, many times greater
than those for the principal undulations. And thus, if these
ripples are really in greal part smoothed away in the pit, it is
very likely that in times of such severe earthquakes as discussed
above, there might be less destructive action in deep pits than
on the free surface.

We shall not venture here to discuss what these ripples may
be. - They exist only in the early part of the shocks, and seem
to be the continuation of the tremors which occur at the be-
ginning of earthquakes. The appearance of the diagrams of
the severe earthquakes is very much like thal of the disturbances
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in the sea where minute ripples are superposed on large undu-
lations, If the ripples be regarded as waves travelling on the
surface, then the whole thing will admit of an easy explanation.

We must state, however, that these observations were made
at Hongo, where the ground is hard, and it is needless to say
that the character of the earthquake motion depends in a great
measure on the nature of the soil. Hence it is quite possible
that observations in different places may lead to somewhat
different results to those obtained here. Thus, for instance,
at Hitotsubashi, where the soil is soft, the range of motion is
two or three times greater than that at Hongo, and yet the
earthquake diagrams obtained there seem to be comparatively
free of superposed wavelets.

In the above the observations were confined to the horizontal
component motion alone. The usual argument for the sup-
posed smallness of the motion at a subterranean point is derived
from the behaviour of a row of ivory balls in contact with each
other when one at the end is sharply struck. This argument
appears to apply rather to the vertical component than to the
horizontal. It is our intention to continue these observations
we have been making, and in addition to iuvestigate the nature
of the vertical motion in the pit.
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Fig. 3.—FEarthquake of January 15th, 1837.
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