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In certain earthquake reports it is stated that there has been com-
paratively 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 instrumental measurements in a mine,
and, in fact, we have very little exact knowledge of underground
shakings. From a practical point of view, however, with reference to
the building of houses, it is more interesting to investigate the shakings
in pits or excavations such as might be made for foundations. The
only instance of such actual measurements as yet published, as far as
we are aware, is that described by Prof. John Milne in a paper entitled
“On a Seismic Survey made in Tokio 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 accelera-

tions obtained in the pit during' the tolerably severe earthquake of

* For instance, see Trans Seis. Soc. Vol. VIIL page 98. *“ The Earthquakes of Ischia.”
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March 20th, 1885, with those obtained on the surface 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 continuation of Prof. Milne’s,
the same method being adopted in both cases. The results con-
tained 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 Observatory. 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
arising 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 presenf paper is restricted to the horizohtal
components of earth movements. The instruments employed were Prof.
J. A. Ewing’s Horizontal Pendulum Seismographs. For earthquakes
which are not too great these instruments give diagrams which
represent, practically absOlﬁte motions of the ground.* |

The instruments used in the pit and on the surface were made
as much alike as possib]e.' To compare their action, they were

placed on a shaky table, and their diagrams for the same motion were

* See Memoirs of the Science Dep., Univ., Tokyo: No. 9, and the Jour. Science Coll., Imp.
University, Vol. I. N . .
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taken. Specimens. -of such comparison diagrams are given in PI
XXXV. The multiplying ratio of both sets of instruments was intended
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 Vémallr 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.

For E.W. Component Instruments.

AMPL;IT:;?Z IY}I MM, RATIO. AMPI.é’I;g;})ﬁSBIYN MM, RATYO.
Tae SurFace| Tz PIr | THE Surrace| THE PIT .
INSTRUMENT | INSTRUMENT 2 INSTRUMENT | INSTRUMENT A

s. P . 5 P P

1.3 14 9 1.3 1.45 9

.92 92 1.0 .9 9 10
b 75 8 1.2 1.2 1.0
85 9 9 2.5 2.45 1.0
1.2 1.2 1.0 2.1 2.6 8
1.65 1.55 LI 67 67 1.0
| 4 10 | 13 13 1.0
3 3 1.0 1.05 1.2 9
5 | a5 | 10 | 9 | 9 | 10
4 .35 1.1 1.45 1.45 1.0
14 14| 10 - 15 | - 155 1.0~
2.1 2.3 9 1.45 1.6 .9
.29 | .26 L1 L5 Lo 1s 10
1.2 1.05 1.1 .26. .26 - 1.0
.23 .20 1.2 1.8 1.25 1.0
15 15 1.0 1.03 1.2 -9
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For E.W. Component Instruments. (Continued.)

Awp LéTIgI?ESB:;N MM RaTiO. AMPLéT:;;iIYN MM RATIO.
Tae Sorrace| TuE PiT s THE SurFace| THE PIir
INSTRUMENT | INSTRUMENT — InsTRUMENT | INSTRUMENT S
s P 7 s. . p
1 A 1.0 1.1 1.05 1.0
2 22 9 4 48 8
2.65 2.85 9 1 1 1.0
2.5 2.35 11 25 13 1.9
2.2 2.0 1.1 12 .10 1.2
.65 ‘.85 8 2 2 1.0
.82 7 1.2 27 .30 9
2.7 2.55 1.1 .36 9
3.05 2.8 1.1 4 . 1.0
1.75 1.6 1.1 b5 55 1.0
1.85 2.0 9 1.9 1.8 11
1.1 1.1 1.0 9 1.0 9
.18 17 1.1 1.8 1.8 1.0
1.4 1.35 1.0 2.1 2.0 1.1
1.85 1.55 1.0 1.82 1.9 1.0
1.9 1.9 1.0 9 9 1.0
Average of all the ratios... 1.01
For N.S. Component Instruments.
A . A .
MPL;TSg;:sB;N MM RATIO. MPL;'::;‘E;)NESB IYN MM RaTIo.
THE SURFACE Tue P1T THE Surrace| TaE PiT
INSTRUMENT | INSTRUMENT S INSTRUMENT | INSTRUMENT L
s. P p s. P b
1.9 1.7 11 2.9 2.75 1.1
2.1 1.9 1.1 1.35 1.4 1.0
1.8 1.7 1.1 1.25 1.0

13
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For N.S. Component Instruments. (Continued. ) -

253

AMPL;?;C{V]];NEi IYN MM. RATIO. AMPL;T;I;;Z IYN MM. Rat10.
o | Insimomae | £ | pamSumracs) Tup Prr s
s. . b 5. P P
1.4 1.3 1.1 1.1 1.15 1.0
1.15 1.15 1.0 58 .55 1.1
1.4 1.45 1.0 .7 .66 1.1
1.15. 1.2 1.0 92 .89 1.0
1.2 1.4 9 9 1.1
2.5 2.4 L1 2 . 1.0
1.7 2.0 9 65 61 1.1
2.1 2.4 9 .18 13 1.4
12 1.6 8 74 74 1.0
1.5 1.4 L1 71 69 1.0
1.8 2.2 8 3 3 1.0
2.15 1.65 1.3 65 .65 1.0
1.3 1.15 1.1 42 42 1.0
2.1 1.8 1.2 4 4 1.0
1.5 1.7 9 31 81 1.0
2.0 2.1 1.0 21 20 1.1
1.9 1.8 1.1 16 15 1.1
1.7 1.7 1.0 1 08 1.3
1.9 1.9 1.0 .76 .76 1.0
2.85 2.6 1.1
Average of all the ratios... 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

shew that the two sets of instruments give on the whole results which

are practically identical, so that their records are at once comparable.
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It should be stated that the surface-ground and the pit instruments

were interchanged with each other in June, 1888.

The quantities calculated for the different earthquakeb are :—

(1). The number of waves in 10 &econdb, ‘marked n.
(2). Amplitude, (r), or semi-range of motion in mm.
(8). Complete Period, (T, or the time taken to make a complete

for-and-back motion of the ground in sec.

2mr

. r-

(5). Maximum Acceleration in mm. per sec. per sec., (4) or —-.

(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. It is rare, however, that étny compléte
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 V and A for
the two different semi-phases of a wave. Sometimes also we give the
maximum period during the 10 seconds interval.

The East-West and North-South components of the horizontal
motion are not compounded, but the same components in the pit and
on the surface are compared separately. It is a well known fact that
motions of very quick periods and of small amplitudes generally occur
at the beginning of earthquakes, and in the diagrams appear superposed
on the principal 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 am-
plitude, 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 sometimes be identified in the two sets of diagrams. As
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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 undulations for which- calculation is usually made
in earthquake reports, and “ripples” are the irregular wavelets
superimposed on them. In doubtful cases the amplitudes only are
given. With respect to n, the number of waves in 10 seconds, there
is no difference to be found between the large waves of earthquakes
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 consequent unification of some
of them amongst themselves. The quantity n 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
ear’chquakes; ' ‘
-+ We may here remark that the maximum acceleration, 4, is a
quantity which approximately measures the overturning and fractur-
ing effect of the shocks. In the case of a ripple, whose period is very
short, this effect might probably be also measured by the total amount
of impulse communicated to a body during a semi-phase of the wave,

which is found to be proportional to the maximum velocity.

Records.

For the materials of the present paper we examined the records
of thirty actual earthquakes. Of these, three interesting shocks have
their diagrams shewn in PL. XXXVL and PL XXXVIVI.,‘and their

peculiarities are discussed. The other twenty-seven shocks were com-

paratively small and the different quantities, measured and deduced
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from the actual diagrams, are arranged in tabular form. Notwith-
standing the frequent occurrence of earthuakes in Tokyo, simul-
taneous 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 15th, 1887.—This was an earthquake of unusual
severity a full account of which has already been given.* The beginning
portions of the surface and pit diagrams are given in Pl. XXXV
and these for the convenience of comparison are placed side by side.
Fig. 3is for the E.W. component, 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., s0 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 follow-
ing 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 o in the E.W. component. - Comparing now

the surface and pit diagrams, we see that the latter is much smoother

* See the Journal of the College of Science, Imperial Uhiversity, Japan, Vol. I., Part TII.
or Transactions of the Seismological Society of Japan, Vol. XI.

+ The complete diagram of the surface instrament is given in the same volumes as cited
above.
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than the former, especially near their beginnings. The numbers, 1, 2,
3, etc,, in the first column in this and other tables are merely

given for convenience.

(I.) Large Waves. E.W. Component.

AMPLITUDE. PEriob. Max. VEL. Max. Acc.
e Surf.| Pit 'S}‘}i‘f Surt.| Pit S;;cf Smet.| Pit Slf‘l‘tf Surt.| Pit qlgl_lf_
1] 1671.351.2
2 (1.1 {1.26/0.9
311.58/1.451.11 ...
4 12.051.931.1 || ...
5111.751.54{1.1
6 117 11250 L oo | oo e e ) e ] e
70 .95 93/1.0 | .86/1.1 | 0.8] 7.0| 5.3 1.3[50. {30. | 1.7
8111.05] 811.3 | .89 .93 10| 7.4| 54| 1.4)52. {36, | 1.4
9124117514 (2.0 (22109} 76| 5. |1.5]24, |14. ] 1.7
10 |18.53/2.65/1.4 |28 2.0 | 1.4 7.9| 83| 0922, |26. | 0.9
11 (2.2 |1.25(1.8 | 1.3 (1.7 | 0.8l1. | 4612452, |{17.| 3.0
12 11.85] 95|14 | 1.5 |14 |1.1) 57|43 1.3]24.(19.| 1.3
18 112.75/2.55/11 ||1.8 |1.7 | 1.1] 9.6] 94| 1.0 34. {35. | 1.0
14 1.8 11.65/1.1 1.6 |12 18] 7.1|8.6] 0828, |45.} 06
15 1.4 | 6522 9314 ]07] 95293565 {13. |50
16 [|2.15/1.8 112 28 |19 |15 48[6. | 0.8)11.120.] 06
170 74 1|74 (11 6]1.9] 42| 1.0 4224 110, | 9 4
18 1.7 [2.2508 || .97/ 2.7 | 0.4 |11, | 53] 2.1)72. {12. | g.0
19 [18(1.8[10 (382271238542 08) 7.} 98 g7
20 1.8 5524 (2.5 1.4 ] 1.8] 3.8 25| 1.3| 8 [1l.| g7
21 | 7] 1 (70|18 ] 9] 1.4)384]07]50)17.| 5.} 35
22 1.6 | .38/4.2 |1.0 [1.0 | 1.0J10. | 2.4| 4.1)68. |15. | 49
28 11.8 | .14/9.0 /1.8 | .9 | 2.0 4.6] 1.0/ 47)16. | 7. | 94
24 | 1.65] 44/8.7 |21 (1.3 16| 5. |21]24]15 (10, {5
25 1.6 [1.5 1.1 ||1.9 [1.5 | 1.8 5.3| 63| 0.9]18. |26. | 57
26 183 9120 1.7 |13 | 1.3} 6.8| 44| 1.6]25 |22, 14 '
27 [ 1.65] 8519 (3.1 (82| 1.0f 34| 1.7(20| 7.| 3.4 2.0
28 (1.7 | .55/8.1 ['1.5 |1.5 | 1.0} 7.1| 2.3| 3.1} 30.;10. 3.0

Average. 2.5 1. 2.1 91

—

PO
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(IL.) Large Waves. N.S. Component.

AMPLITUDE. PERIOD. Max. VEL. Max. Acc.
e sut.| Pit i‘j}‘tf Surf.| Pit % Surf.| Pit S}?iftf- Suf.| Pit .S_l‘;;ti
101420 .85 1.7
2 | 1.65]1.25]1.3
3 11.65/1.3 | 1.3
4 1.852.1 [0.9
511.852.4 108 1 ...l e | coi ll voi | b oen e e e,
6115118108 |1.5]1.7 109 /6.3 67 1.0 |26.|25. 1.0
Average. 1.1

(II1.) Ripples. E.W. Component.

AMPLITUDE. Prriop. i Max. VEL. ] Max. Acc.
e Swrt.| Pit S;:f Surf.| Pit S;‘llbf Surf.| Pit S;i"tf surt.| pit | St
10950751 1.3 ... | ... ,
9 [1.05] 94| 1.1 .54 .73 -7;12 8.1 1.51140.{70. | 2.0
3.6 | 34 1.8| .89} .46 6{ 9.71 4.7 2.1 |160.|65. | 2.5
4.6 | 29 18| 280 ]

16| 3.8 66 0.4 1.5 9.3 114, 125.0

5 .56 25 14, 350
6.5 | .19|26] .25/ 6 | 0413, 2. | 6.5]320.|21. [15.0
7 l1.24] 78] 1.6] 34| .6 | 0.6]25. 8.2 2.8 130./86. | 5
8|51 45 |7 100.
9 | .920exist- ) 4 | ... | . 01ES ) L)L 1230,
ol sl b e ol
11 1.2 | .82} 1.5 .75 0.8110. { 5.7 1.81 83.140. | 2.1
12| 98] 90| 1.1] 4 0.6115. | & | 1.8240.(73. | 8.3
‘Average. 1.9 0.6 | 3.7 7.8
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(IV.)

Ripples. N,S. Component.

259

AMPLITUDE. PEerI10OD. Max. VEL. Max. Acc.
O N sart] pit Surk | Surt. | Pit Surf. | surt. | 2it SUL ) surt.| pit Surt.
110 .56).25122) .2 |.28]| 0.7| 18.| 5.4 3.3[550.|120.| 4.6
20 .7 | .64] 1.1 28] .55 0.5] 16.] 7.3] 2.2870.| 83.| 4.4
3 .82] 29|11 4 | .31 13} 5.|6. |08 78.120.] 0.6
4 .59 3716 32| .88; 0.8] 12.| 6.1 2.0(230.|100.| 2.3
5 1.05) .87/ 1.2 .5 | .55| 0.9 18.[10. | 1.8]170.]120.| 1.4
6 || 41 .81|1.83| 25 .86} 0.7] 10.| 5.4 1.9]260.| 94.| 2.8
71 .59].65| 0.9] .53 .8 | 0.7] 7. 1.4 83.] 40.1 2.1
Average. 1.3 8 1.8 2.7

In (IIL.), the two ripples marked 4 and 5 in the surface-ground

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 calculations be correct, or at least approximate, it would

appear that the maximum velocities and maximum accelerations are

considerably greater for ripples than for large undulations. Such a

difference will be found also to be the case with other severe earth-

quakes.

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

Max. AMPL. PErIOD. Max. VL. Max. Ace.
| oo | St § .. | Surf. | ., |Surf. o |Suarf.
Surf, i Pit it Surf.| Pit T Surf.| Pit it Surf.| Pit i
E. W. Comp. 1 IlS . ..
N. S. Comp. | .1 !‘.15 0716 112}1.5 1.1 1.8 |14 (12.] 4.| 3.
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(3.)—May 2nd, 1887.—This is a good example of a small earth-
quake. The motion indicated by the pit record appears to be smaller
than that indicated by the surface record.

N. S. Component,.

. AvVER. PERIOD. Max. PERIOD.

. . Surf. .. |Surf.
T Surf.| Pit Pt Surf.| Pit it

Surf.| Pit

21. 21.‘ .y5 |5 | 1.41.71.91.8

Max. AMPL. { PERIOD. - Max. Vern Max. Acc.
X .. |Surf. o | Surf. .. {Surf. o 1. | Surf.
Surf.| Pit. e Surf.| Pit. Tit. Surf.| Pit. i Surf.| Pit. it

d (.06 1.7 5

618113612116 |63

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

(4.)—May 7th, 1887.—A small earthquake whose extent of

motion appears to be rather greater in the pit than on the surface,

|
n. Aver. PEr1OD. | MAX. PERIOD. )

.. | Surf. . Surf.! o| pe. | Surf.
Surf,| Pit Tit Surf.! Pit Pit | Surf| Pit Pit

E. W. Comp. |22, [19. [1.2 | 46].583 | .9 }

N. 8. Comp. [19. 118, 1. | .5 |56 (.9 |.7 | 1. T

|
I

<

Max. AMPL. i Pgrrop. \ Max. VEL. Max. Acc.
| . | Surf. | s | Surf. . | Surf. o | by | Surf.
Surf, | Pit T Surf.| Pit it Surf.| Pit e Surf. | Pit Tit

E-W.Comp. |1 | .1 | 1. |6 | 4|15 | 1. |1.6] .6|11..|25, | .44
N. §. Comp. | 15| 18| 1.2/ .7 |1.0 | .7 14| 9/1.6|13. | 6. 22
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(5.)—June 20th, 1887.—A small earthquake.

Max. Ampr. PERIOD. Max. VEL, Max. Acc.
. . | Surf. s |Surf .. | Sarf. | o Surf.
f.] Pit |=— . f. d .
Swrf.| Pi P Suarf.| Pit Pt Surf.} Pit bt Surf. | Pit Pit
E. W. Comp. Nt 071140 .9 1. 9 71 .4 |16 5.128 (1.8
N.S Comp. |1 |1 115 1115 |1.83].58123 16, 1341 5.

(6.)—June 30th, 1887.—A very small earthquake.
E. W. Component :—Almost insignificant, the maximum ampli-
tude being not greater than .05 mm. in the surface diagram, and
- ohscure in the pit one.
N. S. Component :—in the surface diagram, the maximum

amplitude is .06 mm., and in the pit diagram probably not greater
than .05 mm. : ’

(7.).—July 2nd, 1887.—A small earthquake.

MAXx. AMPL. PEerIOD. Max. VEL. Max. Acc.
] ) i
.. | Surf, . | Suarf. . Surf. e, I Surt,
’f. 'L, 1 . [ [» S
Surf.| Pit Pit Surf.| Pit Pit Surf. | Pit it Surf | Pit i Bt
E. W. Comp. | .16 16| 1. | .5 | .5 1. |21 121 1. |28, 127 | 1.
N. S. Comp. | 25| 22/ 1.1} 6 | .7 9 112.6 121 f 1.21(27. 122. | 1.2
i |

(8.)—July 2211(1., 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 vibra-
tions, this begins very gently, with waves of small amplitude and of
long period.  After-about 10 seconds from the start, the motion
hecomes larger and irregular, and ripples appear superimposed on

principal undulations,  All the irregular wavelets are tabulated,
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. AVERJ. PERrTOD. ) Max. PerIOD.

surt| Pit | S0 | guet.| pit % surt.| Pi | J0rF

E. W, Comp. [36. [14. |26 | .3 | .7 | 4|1. |16 ] .6

N. 8. Comp. 28. 120, 11.4 ] .36 .5 7 7 11.7 4

E. W. Component.

; AMPLITUDE. PErIOD. Max. VrrL. Max. Acc.
o surt,| Pit St‘,‘;;f-; Sut. Pit %% Surf.% Pit S;‘;f‘ Surf. | Pit S%‘;Tf
115015/ 1.0] 51 810619 1.2[1.6 |24. | 9.4] 26
2 25] 211211 1.0 |11 |14 13|11 858 |11
3| 11 14| 08 .64 651.0 |11 1.4 0.8 [11. [14. |08
4212 (11 95 9410 13 14 098 0. |08
5005 05 1.0) 70 7 1.0 |14 (14 |10 [12. 13, | 0.9
6| .18 24/ 081213 (09 |1. (12(08 |5 |6 |08
7 oas 16121t o6 lir s 86) 14
8 14 .14/1.0011 1011 8 9| .9 46] 55|08
0 T4 .09/1.6] .93 910, 9 6 1565 44|15
10 a3 A1) t2] s 711 |1 911 | 740 7.7] 1.0
11 .12].12[1.0] 83 9409 | 9 8|11 |7 |5 |14
12 ) a4) a5 9111011 8 9] 9466 |08
18 | 15| 15| 10| 88 04 9|11 1. |11 87| 7 |12
14| 08| .05 1.6 74 809 7| 4|18 6. |3 |20
15| 1512112010 9 (11 9| 8{11]6. |6 |10
16 08| .05 1.6] 7| 6411 7| 5[14]6 |5 [1.2
17 | 20]19] 1.0(1.83 115 |09 |1. | 8|13 ] 4.7 8.4]1.4
18] 21] 35 14011 |14 |08 |12 | 7|17 7. | 81|22
1916 .23 0.7 1.3 |14 |09 | 8 1.0 |08 | 38| 44| 0.9
20 | 21| .25 0813 1608 |1. |1.0|1.0] 5 |388|13
21 34! 81| 11|15 2.0 [0.8 [14 1.0 |14 | 6. | 8.1]2.0
Average. 1.1 1.0 1.2 1.8
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N. S. Component.

AMPLITUDE. PERrIOD. ’ Max. VL. Max, Acc.
No. i
;o |Surf. § . | Surf, . s | Surf, ;¢ |Surf.
Surf. | Pit P Surf.| Pit W‘ Surf.| Pit it Surf.| Pit P
| 7] 8501007 | 9] 833]25[1.3)20. |18 |10
2 | .3].2 Wi 15 4318 | 8]1.6 |13, 8.53.7
Average. 9 6 | |15 2.7 |

In the latter part of the motion, the amplitude seems to be larger

in the pit diagram than in the surface diagram.

was much longer in the former than in the latter.

(9.)—September 2 5th, 1887.

preceding one.

But the period

A moderate earthquake, like the

The extent of motion appears to be larger in the pit

than on the surface, and consequently also the duration of motion

is longer in the former thau ou the latter.

7. ‘ AvVER. PERTOD. Max. PerioD.
suet] it |50 suet | pit | S0 garp| pig | Surt
Pig | ‘ Pig Pit
| B W, Comp. |28, [10. | 28] 35| 1. | 4 | 1.1 18| .6
X. S. Comp. |30. [17. | 1. | 33 oi 6 1)1 |1
L. W. Compouneunt,
i\[ AMPLITUDE. Prrrov. wf Max. VEL. Max. Acc.
No. T T g el - S
Surf.| Pit l_‘b;;;: swif.| Pit Sji’bfsz@fy Pit E:S:?t Suif.’ Pit ’*’E')‘l’tf
125 46, 0.5 15 (15[ 10 111906 4d 8 | 06
2 .08].1 08 6 .7 09 8 909 88 81 LI
31 .09].22) 04|14 15 09 4 904, 18] 3.9 05
4 1 .09].1506[1.2 18|09 47 .73 06|25, 8.6/ 0.7
z «‘ ;
5 | .12].21]0.6 795 76 1.0 1 1.8 0.6 9. {15 0.6
6 |05 .07, 07) 5| 5709 .6 8 08]74 85 09
Average. 1, 0.6 ( 9 0.7 L 0.7
. ¢
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N. S. Component.

i AMPLITUDE. PerIOD. Max. Ver. Max. Acc.

o Suif.| Pit b;;‘ Surt. | Pit i“f‘ Surf.| Pit St'_“ff Surt.| Pit %‘t_f
117 19]09) 560 69] 08| 1.9]1.7 | 1.1]21. [15. | 1.4
2 2 ! 25| 08] .51 42| 1.2) 25|38 | 0.7|31. [58.| 0.5
3.1 | .15 07| 46/1.0 | 5| 14| 95 1.5]19.| 6. | 3.2
408 .1 08| .54 6| 9] 9[1. | 09|11 [11.]1.0
50 .30 151 09].7 | 66| 1.1] 1.2/1.4 | 0911 [13. 108
6.1 | 14| 07| .6 | .66]09] 1.0/1.3 0.8]11.|12.]0.9
7011 15/ 07 8 1.0 08 9| 95 1.0/ 6.9 6. |12
8 .05 .1 |05 44 5308 7/1.2 0.6]10.[14.]0.7
907 20966 .6 | L1 17|21 0817, [22. | 08
10 .1 .15/ 07).6 6 (1.0 1.0/1.6 | 0.6[11. [17.]0.6
1] .19] .18/ 1.0} .5 | 48 1.0| 2.4{2.4 | 1.0]30. {32.] 0.9
12 | 06| .08/ 08| 5 | .57/ 09| .8 9| 09[10.| 9.7, 1.0
18 | .06, .06 1.0| 45| 43| 1.0] 8| .9]0.9]12. [13.|0.9
14 .09 16| 0.6 6 | 71{09] 914 06]10.]12.]08
15 .07 jotmest| | 45| 44| 1.0} 1, 13,

Average, . .8 0.9% 0.9 1.1

(10.)—December 16th, 1887.—An earthquake of moderate in-
tensity. At a glance, the motion on the surface appears to be larger

and more irregular than that in the pit.

n. Avgr. PERIOD.
) . |Surf. | .. |Surf.
Surf.| Pit Pt Swrf| Pit i

E. W. Cowmp 41, 120.

2. 241 .5 | B
2. .24\ .67

N. 8. Comp. | 41. |18,




EARTHQUAKE MEASUREMENTS IN PIT AND ON SURFACE.

L. W. Componeut.

) AMPLITUDE. Prriop. Max. VeL. Max. Acc.

i ;
No. N

Suwrf.| Pit Sl‘)‘:?f Surf.| Pit Y}‘f Surt.| Pit Sl‘ji"tf Surf.| Pit ST‘j.f?f
P77l 7 1] .9 ] 911.0] 54 49]1.138. 184, | 1.1
2 2 1.25]08) .5 8106|255 20)1.2131,116. | 2.0
3 251 221 1.1 .65 .8 1081 24| 1.6 1.5123.122.110
4 .07 no.| ... .2 | ... 220 L1700t L ..
) 1 1141071 .5 7 71130181 1.0 ’]6. 12. | 1.8
6 Jd4) 14 100 .7 71101 1.8) 181 1.0)12. (12. ] 1.0
7 51,181 0.8 .6 |1.2] 05 1.6 9]18[17.1 5. 8.4
Average. 9 0.8 1.3 1.6

N. S. Component. .
AMPI:I'I‘UDE. Periop. ‘ Max. VEL. Max. Acc.

Ne. ™ 1 . T . | - ]

suet.| pit | S0 surt | pit SFu;Tf Surf| Pit |30 urt | pig | STE
1| 35 5310 | 53] 53| 1.0] 6563 | 1.0] 77.175. | 1.0
2 B3 1241120 551 .721 0.8 3.412.1 1 1.6) 38.118, | 2.1
3 331 05166 1 4 | 427 10W 521 75 7. || 82./11. 1 7.5
4 251 2511005 | .54 1.0 3.2{2.9 ¢ 1,1} 41.{34. | 1.2}
5} 250151170 351 .8 [ 0.7 29(1.2 24| 34.{10.-| 3.4
6 | .24 .1 |24 | .8 | .67]1.2] 1.9 .95 2.0| 15.| 9. 1.7
7 J16] .0315.8 | .25 26| 1.0| 4.01 .73] 5.5|1100.|18. | 5.5
8 2 11118 | 42| .83] 0.5 3. 84 3.6 45.] 6.4 7.0
Average, 2.6 0.9 - 3.0 3.7

265
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(11.)—January 11th, 1888.—A very small earthquake. In
each component on the surface, the maximum amplitude is 0.1 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.

n. AVER. PERIOD.

surt.| Pit |59 | gupp | pip [Sef

rit Pit
E. W. Comp. | 97. [25. | 23| 18] 4| .5
N. S. Comp. |94. [25. ] 2.2 .19 D
K. W. Component.
AMPLITUDE. PERr.OD. Max. VL. Max. Acu.

§ s | Surf, ., |Surf. i . | Surf. | Surf.
Surf.| Pit Pit Surf.| Pit it Surf.| Pit Bt Surf.| Pit BT

4 (8511017 | .8 109 86)27]1.8)| 82.122. (1.5
65| 87| 1.7 52| 65| 0.8 7.8| 3.6| 22| 95.|34. |2.8

B (802 |3 079422 4.3(300.|50. |6.0
Bh| 83 ] 67 L (120,

85| .25] 141 24) 42| 6.6) 9. | 3.8] 2.3|240.|60. |4.0

Ut o Q0 DO

Average. 1.8 0.8 2.5 8.6
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N. S. Component.

AMPLITUDE. PrrIOD. Max. VEr. Max. Acc.

No. ’ )

Surf.| Pit S;‘;f- Surt.| Pit Sll:tf Surf.| Pit P}?Tf Surf.| Pit Sl%f
1 4 | .88 1.1 48] 53] 0.8] 6. | 45| 1.3} 90.153. | 1.7
201 .8 .1 |80 .21|.27] 08| 9. | 2.83] 4.0(270.53. | 5.1
31 .22].08/28( .2 |.8 077 |1.7]4.1(220.185.|6.3
4 ) .65| .85 1.9 .71 .7 | 1.0 5.7| 8.2| 1.8 50./29. | 1.7
5191 .5 |.26]1.9| .47].7 | 0.7] 6.7] 2.8] 3.0] 90.]21. | 4.8
6.2 | .26 08].27|.56| 0.5 4.7] 2.9| 1.6[110.]82. | 3.4
70 .15 .15 1.0f .24 .85] 0.7 8.9| 2.7| 1.51100.|49. | 2.0
8| 24| .15} 1.6 24| 44| 05 6.3| 2.21 29(165.132. | 5.2
9| .18]| .23 0.8 24| 45| 0.5] 4.7 3.2| 1.4[120.]45. | 2.7

10 | .3 |.16] 1.9
11 .811.2 [1.6]. 091 28] 1.7 1.7] 25.|14. | 1.8
12 0.2 | .2 | 1.0} 24| 56| 0.4 5.3 2.3| 2.3(140.|25. | 5.6
13 || .25 15| 1.7| 47| .8 | 0.6 34| 1.2| 2.8 46.] 9. | 5.1
14 | 4 | .18| 2.2
15 ) .34 .2 | 1.7
16 10.220 250 0.9 ..o | oo e ]
17 | 3 | 18] 1.7 .781 .7 | 1.0] 26| 1.6 1.6| 22./15. | 1.5

~T
SO
[GLE

Average, 1.6 0.7 2.3 3.6

(18.)—April 29th, 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 XXXVII, 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. com-

ponent there is no prominently large wave, though the ripples are
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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.

n. AvEer. PERI1OD.
., | Surf. .. | Surf
Surf. .
urf.| Pit ot Surf.| Pit Bt

49. [30. |16 | 2 .33[ 6

(L)—Ripples.—E. W. Component.

AMPLITUDE. Per10D, Max. VEL. Max. Acc.

0N St it Surt [suwat. | Pit |0 sut.| it (900 surt | pit bl_‘)‘l‘;_f
11 .55] .21} 2.2 .28| .22| 1.015. | 6. | 2.5(410.|170.| 2.4
2108 {.04;7.50.2 |.1971.0]9.5| 1.3]| 7.8(300.| 40.| 7.5
8| .27 2 ) 185 ? 270.

4 | 4 [5' 2 3. | sl 3 4.00. I .

51 a3l b) 2 .8 . 8.8 i14. 3.0 990, 34.112.0
6| .25 } 22 } 7.2 } 210, j

705 .85 14| .17 47 0419, | 4.7 8.9(690.| 63.{11.0
8.4 |.2516|.8 |.23/18| 84| 6.9|1.2(180.{190.| 1.0
91.8].28|1.1) 44| 43)1.0) 43| 41} 1.1 62.| 60.] 1.0
10 0.5 |4 |1.2¢0.25].8 | 0.3]13. | 8.2] 4.0[320.| 25.115.0
11 | .55 .48| 1.2 .27| 47| 0.6]13. | 6.2 2.1(300.| 80.| 8.7
Average. 2.3 0.8 -] 3.2 6.7
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(IL.) Large Waves. I.. 'W. Component.

AMPLITUDE. PErIOD. Max. VEL. Max. Ace.
No.
* N sust | Pit Sl?lrtf Surf.| Pit Slfif Surf.| Pit i,“il;f- Surf.| Pit %;liﬁ
112, (1.65] 1.2]1. 1.3]13. {18. | 1.0(80. {94. | 0.9
21 .421 .85 1.2| .5 1.0 5.8 441 12166, |55. | 1.2
8| .57 .7 | 0.8] .95 1.0] 4. | 5. | 0.8]26.|84. 0.8
4| .63] .85 .7)1. |1 1.0 4. | 5.8 0.8125. |33. | 0.8
510 .58 58] 911.2411 11.1)28133]09]15.119.]0.8
Average. 1.0 1.1 0.9 0.9
(ITL) Ripples. N. S. Component.

’ AMPLITUDE. PerioD. Max. VEL. Max. Acc.
No. |

isurf. Pit. i}‘]‘f Surf.| Pit SP“i‘f' Surt, | Pit S}‘,’i‘"tf' Surt.| Pit S_L;‘I'Tf
11 .27).18] 1.5) .22| 23| 1.0 7.7 4.9} 1.51220.(180.} 1.7
210 .6 | .55 1.1 .32 .48]| 0.7(12. | 8. | 1.5/240.{120.| 2.0
3l .55 3L) 1.81 .83 { .85 0.8[12. | 5.6 2.1240.(100.{ 2.4
4 (.87 1.2 | 1.9 .25 .85] 0.7 9.8 3.6| 2.6230.| 65.| 8.9
5 | .54 | .04|14. 4 1.3 1181850811, 130.] 16.| 8.0
6| .58 .15] 8.9 .24| .83 | 0.8|15. | 8.2 4.9400.| 68.| 6.0
Average. 4.0 0.9 3.9 4.0

269
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(IV.) Large Waves.

N. S. Component.

AMPLITUDE. PrrIOD. Max. VEL.‘ Max. Acc.
o N sunt | it i‘}il;f- Surf.| Pit Sl;‘if' Surf.| Pit %ﬂ Surf.| Pit S]El’lTltI
11 .751 .55 14| .6) .58 1.0|| 7.9|6. | 1.3(82. |65. | 1.2
20 .78 .53 1.5 1.83(1.2 | 1.1 8.5| 2.8/ 1.2|16. |15. | 1.1
31 . 6 |13 1.4(1.2112|386|381|12]16.(16.| 1.0
4 1.05| 851 1.2 1.2|11.0 | 1.2] 5.5| 5.3| 1.0 29. | 34. 9
51 45| 4511.0) 1.111.1 | 1.0| 2.6|2.6| 1.0)15.|15. | 1.0,
6 |.750.751.0] 1.7/16 | 1.1 2.8/ 3. | 9[10.|11.| .9
70 .52 4512 1.111.0|1.1} 8.0f28]1.1|17.|18. 9
81 55| 58311.0] 1.83/1.0 | 1.3 2.6 3.3| .8[12. |21. .6
91 .75(1.0 812,120 1.0 238]8.1( 8} 7496, 8
Average. 1.2 1.1 1.0 0.9

In (I), the ripples numbered 8, 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 corresponding ripples.

(14.)—June 3rd, 1888—An earthquake of moderate amplitude.

N. 8. Component.

n

AvERr. PERTOD.

.o |Suarf, . | Surf.
Surf.| Pit Pit Surf.| Pit Bt
85.117. | 2. | 3| 6| .5
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AMPLITUDE. Prriopn. Max, VEL. MAX. Acc.
No. P of
Surf | Pit SP“; || Surt.| Pit Sf‘fit' Surf. | Pit SI‘,’;f' Surf.| Pit i‘j;i
3 4 |osl12l12]10]16|21]08]85/11.]08
S 45 1.1 151 1. [ 1.54 211281 0.8] 88|17.] 0.5
461 321140 1. 1 1. 1 1.04 29} 2.0] 1.5118. {13. 1| 1.4
Average. 1.1 1.2 1.0 0.9

E. W. Component.

MAX. AMPL.

. | Surf.
Surf.| Pit it

1.1} 95| 1.1

(15.)—October 20th, 1888.—A small earthquake. In this case

the amplitude seems to be much greater in the pit than on the surface.

n AvER. PERIOD. Max. PEr1OD.

_ s | Surf. " .. |Surf. § .. |Surf.
Surf.| Pit Bit Surf | Pit % Surf.| Pit Tt

E. W. Comp. 31 20 ]..6 .83 .5 0.7 .6 .9 0.7
N. 8. Comp. |28, 21, | 13| 45| 5 |09] 5| 6|08
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L. W. Component.

AMPLITUDE. PrerioD. Max. VEL. Max. Acc.
No.

Surf.| Pit Sf‘}irbf' Surf.| Pit SI‘jfbf Surf.| Pit Sk‘ji'j’ Surt.| Pit Sl‘}i"tf-
1| .12 .2 |06 7] .9108 1..1 1.4] 0.8 10.| 10.| 10.
2401 12105 .5 71071 1.8{1.8{ 0.7 16.{ 16.1 10.
31 .06).21] 0.3
41 .18} .26 0.7
510 .11 .21 0.5
6| .14 211 0.7
Average. 0.6 0.8 0.8 1.0

N. 8. Component.
AMPLITUDE. - PERIOD. Max. VEL. Max. Acc.
No.

Surt. | Pit Sl‘ji‘tf' Surt.| Pit % Surt.| Pit SI‘,‘i‘f- Surf.| Pit SP‘J‘X‘;f
1(.16] .15 1.1} .4 | .5 |08) 25| 191339, |24. | 1.6
21 .1 1.2 105).4 1.6 10711621 .8|26.22.1.2
311 121051.7 1.5 |14709]25/04) 8.{31.103
4011 .16l 06 .4 |.5 08| 1.6]20] 08) 26.[25. | 1.0
501.11.16| 06| .5 | .5 | 1.0l 1.3/ 2.0 0.7 16.{25. | 0.6
6.1 |.2110501.5].5 |1.0)118]26)05) 16.]32. 0.5
71.3 |4 |08
8| .11| .28] 0.4
9.1 |.27| 0.4
10 .1 | .25 0.4
Average. 0.6 1.0 0.8 0.9

(16.)—November 2nd, 1888.—A small earthquake. The pit

diagram is much smoother than the surface one.
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Max. AmPL.

Surf.

Surf.| Pit it

B. W. Comp. | 19| .16 1.2
N. 8. Comp. d5] .14 1.1

(17.)—dJanuary Lst, 1889.—A small earthquake.

MAX. AMPL.

Surf.

f.| Pit |=——
Sur it it

N. 8. Comp. 04 .05 1,

(18.)—February 18th, 1889.—A severe earthquake, in which
there was a considerable amount of vertical motion. The earlier
portions of the diagrams of the E. W. component are given in PI.
XXXVII, Fig. 7. The glass plates of the surface and pit instruments
made revolutions in 108 sec. and 95 sec. 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. Comp. N. 8. Comp.
.. |Suarf. . s |Surf.
Surf.| Pit Pit Swf.| Pit it

7y |46, 128, | 1.5] 50, [80. | 1.7
n, |89, [21. ] 1.7[49. 123, | 2.1
ny |20, |15. | 1.3)39. |14. | 2.8
n, (19,119, ] 1.0[26. |20. | 1.3
ng |12, {11, | 1.1 15. [16. | .9

In this table n, n, ... are the number of irregular wavelets in

the successive 10 sec. intervals.
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(L) Ripples.

E. W. Component.

AMPLITUDE, PERrIOD. Max. VeL. Max. Acc.

e Surf.| Pit %tf_ Surf.| Pit %‘11%_ Surf. | Pit S;;f Surf.| Pit Sl‘jlltf
1| 24/ 23/ 1.0 28| 27| 1.0| 54| 5.4 1.0120.[130.] 1.0
2 11.05/ .8 11.8].7 | .66 1194|7712 84.| 74.] 1.1
3(1.351.3 1.0

4124 1217 11

5| .78 4|18

6] .951.05 0.9

71 81 .06] 5.0

8 | .82 .52 1.6

91 8| .32/ 25 .
10018 8116 ... ...l ..
11| 7| .85/ 2.0/ 24| .25 1.0]18. | 9. | 2.0 [480.220.| 2.2
12 | .65 925 2.6 .32] .28 1.4(13. | 7. | 1.9(250.]190.| 1.3
13 |1.05 .8 |1.3] .85| .73 .5[19.|7. | 2.8340.| 60.| 5.7
14 | 31 211.6| .27] .29] 09| 7.2 44| 1.6[170.]100.| 1.7
15 |1.15 .72| 1.6 .55 | .54| 1.0|13. | 8.4 1.6{150.]100.| 1.5
16| 8 aad| .o |5 | .| 10 ..o 180, ... | ...
17 112 71170 83 .8 | 1.1]23. [15. | 1.6[440.[320.| 1.4
18 A nul : .18 14. 490,

19 | .85/ nu1 | ...

20 |1.78(1.5 | 11| o b oo | ] e
21| 78] .6 | 1.3 26| 64| 0.4]19. | 6. | 8.2[460.| 60.| 8.0
22 | 75| 45 1.71 86| .6 | 0.6]13. | 4.7| 2.8(230.| 50.| 4.7
28 | 8| .06/ 50| .2 |.2 [1.0] 9.]1.9]4.7(280.| 60.| 4.4
24 | 870 75 120 o ]
o5 | 711 6|12 .83 | .7 0415 |54]28[320.] 50.| 6.5
26 | 95 .79 12| .6 | .8 | 0.8]10.]6.2|1.6[100.| 50.| 2.0
97 | .88 .75/ 1.1 .55 .58 1.0[10. | 82| 1.2[110.] 90.| 1.3
28 | .5 | .55/ 0.9] .3 | .58 0.5|11.| 6.0 1.8220.| 66.| 3.3
29 | .47 81|16 .5 | 82|15 6.]6. | 1.0} 80.[120.| 0.6
30 | .84/ .56/ 1.31 6 | .8 | 0.8| 8.8 4.4| 2.0| 92.| 35.| 2.6
31 32| .28/ 140 4 | .5 | 10| 5 |86 14] 78.| 56.| 1.4
Average. 1.7 9 2.0 2.8
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(IL.) Large Waves.

E. W. Component.

AMPLITUDE. PrriOD. Max. Ve MAX. Acc.
No.

Swt.| Pit S;irj Surt.| Pit SI‘firtf' Surt.| Pit SI‘};tf’ Surf.| Pit Sf‘};tf‘
14102 1210 oo b ]
2117 114 1.21.5|1.7 09 71|52 14(30.(19.] 1.6
311.75/1.5 | 1.2 .72 .79/.0.9|15. |12, | 1.8180.196. | 1.8
412, 11.611.2(2. |2. |1.0] 63| 5. 11.8(20.(16.1.2
5114 1. | 1425124 (1.0 3852618 9.| 6.8 1.8
6| .92/ 95/ 1.011.0(1.01.0}) 58| 6.0;{1.0/37.(88.|1.0
70 81 .92 914113 |11 36|45 08]|16.|22.| .7
8114 1.1 |13|14 (1.3 |1.1] 63|53 12|28.126.11.1
9118135/ 13]|2. [1.9|1.0| 5.7|4.5| 1.3|18.|15.]|1.2
10 2.05/1.75/ 1.2113.9 [8.7 | 1.0 83| 3. | 1.1} 53 5.1| 1.0
11 143 9| 1.6(2 [1.9|1.0]4.6|8. |15(15 |10.|15
121112 8| 1501711710453, {1517 |11.| 1.5
181141183 (112713 093312712 8| 56/ 1.4
14 | 1.65/1. | 1.7|8. |8. 1.0} 3.7| 21|18 3 44 1.9
15 (2.2 |1.25] 1.8(|24 (26| 09| 58| 82]1.8|15. | 82/ 1.8
Average. 1.4 1.0 1.3 1.3

(IIL.) Ripples. N. S. Compounent.
AMPLITU‘DE. PER10D. Max. VEeL. Max. Acc.

Yo. .

* Jsut.| it Surk st | it |20 sunt| Pit S sunt | pit S
1| .83 7 (12| 43| .52 0.8]12.5] 85| 1.5/180.{100.| 1.8
21116512 (14| .6 | .56 1.1117. |14. | 1.3]500.{150.{ 8.3
31 4| .09 44 .2 | .23,09|18.| 2.5 5.01400.| 70.! 5.7
40 72| 65/ 1.1 .3 | .3 | 1.0 15. |14. | 1.1]320.1290.| 1.1
b5} 4 nul 15 17. 700.

275
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Ripples. N. S. Component. (Continued,).

AMPLITUDE. PrrIob. Max. VeL. Max. Acc.
No. ]

Surf.| Pit % Surt.| Pit Sgirf‘ Surt.| Pit S_L’:ti Surf.| Pit %‘%
6 .85 .78 L1y .o | ol b b
70 .75] .85/ 09| 33[1.0| .3114.|5. | 2.8/(270.| 34.] 8.0
8.3 .1 3. | .14 25 0.6]14.| 3. | 4.7]600.| 60.[10.
91 .4 |.6)07) 17 6] 0315 | 6.3] 2.4]550,| 66.| 8.3
10 | .65| .55 1.2 .3 b 1064141 7. | 20/(290.187.| 3.3
111 .4 |.12) 33| .14| .25/ 0.6]18. | 3. | 6.0[800.| 80.10.

12 ) .5 | 56| 0.9 46| 4| 1.2] 7.19. | 0.8] 93.1140.| 0.8
131 .6 | 4 |15 46] 45 1.0) 8.]6. | 1.3]110.]| 80.| 1.4
1406 |5 1121 .4 411.0| 9.18. | 1.1[150.(120.{ 1.3
150 .5 (.83 | 1.70 44| 4 {11 7.5, | 1.4[100.] 74.] 1.4
16 || .65 45) 1.4} .73 .7]1.0|| 6.|4. | 1.5 48.] 46.] 1.0
17 | 94 .74) 1.3
18 | .66| .33| 2.0 ...
19 .28 nul | ... 240 ... 7. ver .. 190.
20 | 99] .89 1.1|| B3] .38 9[12.|9.7| 1.2(140.[110.] 1.8]
21 | .65 .59 1.1) 24 4 H017.1 9. 1 1.91450.1150.] 3.0
22 | .67 42| 1.6 24| .3 8118. | 88| 2.0460.(180.| 2.5
Average. 1.6 8 2.2 3.8
(IV.) Large Waves. N. S. Component.
AMPLITUDE. Periop. Max. VL. Max. Acc.
No.

Surf.| Pit S;if' Surt| Pit S}‘)‘;tf Swf.| Pit S;irtﬁ Surf.| Pit §E‘,%f~
11275238 {121 1.6|1.6 | 1.0)11. | 9. | 1.2]44. | 85.| 1.3
2129 183 9120119110 9.1(11. | 0.81]129. | 37.] 0.8
31 8|7 | 11| .6| 42/ 14| 84[11. | 0.8]88. |170.| 0.5
40 51 25 20) 6] 7109 53] 28] 2356, 21.} 2.7
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vy 'Large Waves. N. S. Component. (Continued. )

AMPRITUDE. PERIOD. Max. VEL. Max. Acc.
No.

Surf.| Pit S;:: Surf. | Pit S;ff Surf.| Pit SE;;I‘ “tSurf.| Pit Sg;f
5| .85 .63] 1.4 .74 .66 114 721 6. | 1.2} 61.) 57.} 1.1
6| 85 8|1.1)] 6| .8]08}|8963 14| 93.|50.[1.9
71141125 1.2 8 . 1.0411. 1911 1.2)87.|72.112
8 14| .7120)1.1 {1.2109]|8. |8.7]|22]| 46.|19.| 2.3
9

16514 | 1.2) .77 8| 1.0{14. 11, | 1.3}110.| 87.] 1.3
10 |1.45/1.1 | 1.8

Average. 1.3 1.0 1.

S}
ot
ce

The ripples numbered 16, 18, 19 in (I) and those numbered 5,
19 in (IIT), which are distinct on the surface, do not exist in the pit.
(19)—May 6th, 1889.—A small earthquake, on whose undu-
lations are superposed minute irregularities. Here the motion appears

to be rather greater and of longer duration on the surface than in the

pit.

n. " AvER. PERTOD. }

|

. | Surf. L. Surf. |

Surf. | Pit i Surf.| Pit it |
' i
|

E. W.Comp. (48, 138, {13 | 23] 3 | 0.8

N. 8. Comp. | 50. 22. 123 || .2 ‘ 4 | 0.5
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E. W. Component.

AMPLITUDE. PErIOD. MA:X. Acc. Max. Acc.
No.
Surt.| Pit S‘P“if' Surf.| Pit Sf“i‘;f' Surt.| Pit SI‘,’]f Surt.| Pit S%f
1 .1 (.1 |1.0] 1. 71140 .6 1.9 1070 4,18 |05
2 05]1.051 1.0) 1.311.7108]| .2 | .2 |10} 1. g1 14
3 071.0711.0 1614|123 3 | 3 1.0} 1.|1.5]07
4 081 .09 0911314109 4 | 4 101 2.12. |1.0
5 050 .07 0.7 18114109 .24| .32]1 08| 1.|1.5] 0.7
6 05, .06/ 08! 1. 12|08 .3 .3 |10l 2.12.11.0
Average. | 0.9 1.0 0.9 0.9
N. S. Componerit.
Max. AMPIL. PrRIOD. Max. VL. Max. Acc.
su.| Pit |50 ot | pig Saxt. | sut. | Pit Surl | surt. | pit | Sort
A31 091 1.4 8 | .5 (1.6 1. 1 1.1 09| 8. |14. ] 0.6
|

(20.)—May 30th, 1889.—A small earthquake.

n AvEer. PER10D.
.. | Surf. o s Surf‘
Surf. | Pit Pit Surf.| Pit Pt
N. S. Comp. |32. |21. ] 15} .3 | .5 | 0.6
Max. AMPL. ) PI;}RIOD. Max. VEL. Max. Acc.
s | Surf. o 1 Surf. i ;¢ |Surf. N .. | Surf.
Surf.| Pit it Surf. Pl‘t Pt Stle, Pit Pt Surf.| Pit Tt
B W.Comp. 0.8 | .1 | 08| .83] 46| 0.7/ 1.5] 1.4| 1.1} 28.(20. | 1.4
N. § Comp. | .3 [.15120] 9 | 4 S0 211241091 15.138. | 04
|
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(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.)—dJune 3rd, 1889.—A very small earthquake.
In the E. W. Componént of the both the surface and pit diagrams,

the maximum amplitude is about .03 mm.

N. S. Component.

MAX. AMPL. Pxuriop. Max. VEL. Max. Acc.
. i Surf. . Surf. . | Surf. ., |Surf.
rf.| Pi -f, —_ 'f. f. =
Surf.| Pit T Surf.| Pit Pi Surf.| Pit Tt Surf.| Pit Pit
d 1030 2.0 117 | 1406 .5 (1. (4. |4 |1

(28.)—June 15th, 1889.—A small earthquake.

Max. AMPL. r PERIOD. Max. VEL. ] Max. Acc.
P, | Sarf. . o 1Surf. o ol pe | Surf (| . | Surf.
iSurf. | Pit it Surf.| Pit it Surf.| Pit it Surf.| Pit it

|
Co7 07010 8| 8|10 55 10] 43| 431 1.0
1 8. oomp,! 071.05114 1.0 6]1.6] 44| 33| 08| 28| 56| 0.5

e
Se

(24.)—June 16th, 1889.—A small earthquake.
B. W. Component. Ou the surface, the maximum amplitude is
not greater than .02 mm., and in the pit it is about .05 mm,
N. S. Component. On the surface, the maximum amplitude is
about ,07 mm., and in the pit it is about 0.1 mm.
(25.)—dJune 20th, 1889.—A small earthquake. In this case,

the amplitude seems to be rather greater in the pit than on the sarface.
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7.

AvVER. PERIOD.

Max. Periop.

Surf.| Pit Surf.

Surf.| Pip | Surt

. | Surf.
Bt Pit Surf.| Pit Pt
B.W. Comp. |35, [25. |14 | 8 | 4 |8 ] ...
N. S Comp. [48. [21. 128 | 2 | 5 |4 | .6 |.7 |9
Max. AMPL. PerIOD. Max. VeL. ! Max. Acc.
Surf.| Pit fsl‘jirtf' surt.| Pit | SUT surt.| pit Si,“i_’;f' Surt.| Pit SJ:’];tf
E.W.Comp. | 08| 141 0.6 5 | .7 |.7 | 1. | 1. | 1. |13. 12, | 1.
N. S Comp. | .07 .11 06} 4 .5 |.8 | 11| 14| .8|17.|18.|1.
(26.)—dJune 27th, 1889,—A small earthquake.
Max. AMPL. PrrIOD. Max. V:EL. Max. Acc.
surt.| Pit | S \swrt | pit (S0 gt | Pi (SO et | it Sozt.
E.W.Comp. | .1 |.057 2. | 14]12}12} .5 1.7 2, 1.3] 1.5
N. 8. Comp.| .1 | 08| 8. |12 24| .5 1.3] 2.7 | 4.8] 0.6

(27.)—July 3rd, 1889.—A small earthquake.

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

(28.)—February 13th, 1890.—A very small earthquake.

E. 'W. Component.

maximum amplitude is not greater than .05 mm.

N. S. Component.

maximum amplitude is about 0.1 mm.

Both on the surface and in the pit the

Both on the surface and in the pit, the



EARTHQUAKE MEASUREMENTS IN PIT AND ON SURFACE. 281
(29.)—April 11th, 1890.—A small earthquake.

Max. AmMPL.

Surf.

Surf.| Pit BTt

E.W. Comp. | 18| .15/ 0.9
N. 8. Comp. q 06| 1.7

(80.)—April 18th, 1889.—A very small earthquake.

Max. AmpL.

s | Surf.
Surf.| Pit P

E. W. Comp. | 07| .04} 2.
N. 8. Comp. 06 | g

Summary of Results.

It is generally believed that the earthquake motion is considerably
less in a pit than on the surface. IFrom the foregoing calculations it
seems probable that this iz true for some earthquakes and not true for
others. = Among the thirty earthquakes we exmnined; 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
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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.

RATIO OF

RATIO OF Ramri1o oF RaTIO OF MaAX.
(No) AMPLITUDES Prrions VEL. Max. Acc.
BE.W. | X.s. EW. | Ns. | EW. | N.S || EEW.| N.8.
(2) 0.8 0.7 ) 1.4 3.
(3) 1.7 .8 2.0 3.
(4) 1.0 L2 | 1.5 Wi .6 1.6 441 2.2
(5) 1.4 1.0 0.9 0.5 1.6 2.5 1.8 5.0
y | 10| 1 10 09 10| 12 10| 12
(8) 1.1 0.9 1.0 0.6 1.2 1.5 1.3 2.7
(9) 0.6 0.8 0.9 0.9 0.7 0.9 0.7 1.1
(10) 0.9 2.6 0.8 0.9 1.3 3.0 1.6 3.7
(12) 1.8 1.6 0.8 0.7 2.5 28 | 8.6 3.6
(14) 1.1 1.1 1.2 1.0 0.9
(15) 0.6 0.6 0.8 1.0 0.8 0.8 1.0 0.9
(16) 1.2 1.1
(19) 0.9 1.4 1.0 1.6 0.9 0.9 0.9 0.6
(20) | 0.8 2.0 0.7 2.3 1.1 0.9 1.4 0.4
(22) 2.0 11 ... 1.4 1.0 1.0
(23) 1.0 1.4 1.0 1.6 | 1.0 08 | 1.0 0.5
(25) 0.5 0.6 0.7 0.8 1.0 0.8 1.0 1.0
(26) | 2.0 3.0 1.2 2.4 1.7 1.8 1.5 0.6
(27) 1.8
(29) 0.9 1.7
Average. ...| 1.06] 14 | 09 | 1.1 | 1.2 | 14 | 13| 1.9
Average for both 1.2 1.0 1.6

" Components,

1.3
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This table seems to shew that for small earthquakes the amplitude
and the period are on the whole mearly the same on the free surface
and in the pit, there being a slightly greater motion on the surface.
This confirms the result which Prof. Milne previously obtained. In the
above are not included those very small earthquakes, whose measure-
ments are. difficult ; these however shew that the motion in the pit
is also small 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 n, 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 accelerations for the surface and pit motion of these three

earthquakes are given in the following tables.

(1.) Large undulations.

RATIO OF RATIO OF RaTIO OF MAX. | RATIO OF MAX,
AMPLITUDES Prriops VEL. Acc.

EW.| N8 | EW.| NS | EW.}] NS || EW.| N.8.

(iy | 28| 11| 12| .| 21| .. | 21 ..
sy | 10| 12 | 11| 11| 09 ] 1.0 | 09 | 09
(1s) | 14 | 18] 10| 1.0 18] 12 | 13| 13

Average. ...| 16 | 1.2 | 11 | L1 | 14 | 1.2 | 14 | 11

Average for both
rerago for bo 1.4 1.1 1.3 1.3
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(II.) Ripples.

RaTIio oF Rario or RaTio oF Max, | RATio oF MAX.
Amplitudes Prr1ops VEL. Aca.

(No.)
EW.| N8 | EEW.| N8, | EEW. | N.8 | EEW. | N.8

(1y | 1.9 ] 18] 06 | 08 | 87 | 18 | 78 | 27
(3) | 28| 40| 08| 09 | 82 | 89 | 67 | 4.0
(i8) | 1.7 | 16 ) 09 | 08 | 20| 22 | 28 | 38

Average. ...| 2.0 2.3 0.8 0.8 3.0 2.6 5.8 3.5
Ave;‘a,ge for bot 9.9 08 28 4.7

Components.

>3

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 between 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 indicate 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 (IL.) 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 latter, which arises
from the fact that very many of the ripples disappear in the pit. The
maximum velocities and maximum accelerations on the surface are
respeéctively 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 ohservations ;
for the principal undulations of severe earthquakes this difference

may exist, but not to any marked degree; but for the small quick
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vibrations the difference is considerable. . Now, though only ap-
proximate the calculation for the ripples may be, their maximum
velocities and maximum accebrations 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 great 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 beginning of earth-
quakes. The appearance of the diagrams of the severe earthquakes
is very much like that of the disturbances in the sea where minute
ripples are superposed on large undulations.  If the ripples be regard-
ed 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 than 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 supposed
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
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to the vertical component than to the horizontal. It is our intention
to continue these observations we have been making and in addition to

investigate the nature of the vertical motion in the pit.

—— T e AR e T T



g. 1.—Compa ison Diagrams of ast-West Jour. 8e. Coil. Vol. IV, Pl. XXXV,
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Component Instruments.
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Fig. 2.—Comparison Diagrams of the North-South
Component Instruments.
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Fig. 3.—FEarthquake of January 15th, 1887.
East-West Component.
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Fig. 5.—Earthquake of April 99th, 1888. Jour. Sc. Coll, Vol. IV, PI, XXXVII.
East-West Component.

Fig. 6.—Earthquake of April 29th, 1888.

North-South Component.

Fig. 7.—Earthquake of February 18th, 1889.

East-West Component.
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