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ec.

(M) a7 =144 1, 148,

} for 40°<< ¢ <about 150°; ‘

This formula, which is a revised form of that first given in
the Publications, No. 5, may be regarded as being applicable to
the observations made in Japan. Equation (4) given in the pre-
ceding § is to be regarded as expressing the approximate mean
relation between the z and gy, for different stations,

Chapter VII. Periods of Vibration.

124. Quarto-Castello and Birmingham, By way of illustra-
 tion let us examine the periods of vibration occﬁrring in - the
Quarto-Castello and Birmingham diagrams, which were furnished
by Stiattesi and Omori seismographs respectively (§§ 29 and 33).
In the subéequent tables, the periods more frequently occurring are

- given in fat prints,

" TABLE XXI. Periods of Vibration at Birmingham.

1st. prel. | 2nd prel. [1st and 2nd3rd Phase, 4th Phase,| End Moan.
Tremor. | Tremor. | Ph., P.P. [Princ. Port.‘Pquqc. Port.| Portion.
46" 1™ e e | éec. e 4.6sec.
7.1 — 7.5 — — — 73
— 9.7 | 99 = 9.7 10.4 9.9
120 — | = — 12.3 — | 122
— 15.5 — — 147 | 143 14.8
— —_ 18.8 17.9 = | 167 17.8
— — — 31.4% — — 31.4*
~ — | 366 — — = 36.6

(*Due to proper pendulum motion.)
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TABLE XXII. ‘Periods of Vibration at Quarto-Castello.

ot Tyliminery Bndfreiminers b nd nd P 0 Bhose | B Bk | Moan,
4.3 4.8 49 - 2 49 | 47
© 6.4 — — 6.9 —_ 67
9.1 8.6 91 10.0 9.1 9.2
—_ 11.1 — _— 121 11.6
- — — 150 | 145 14.8
— — — — 16.7 16.7
_ - — — 18.8* | 188
— — — 26.6 _ 26.6
S — 29.8 — — 29.8
—_ _— 50.0 - — — 50.0
— 54.5 —_ — — 54.5

Comparing‘ Tables XXI and XXII, we see that nearly all of
the different periods at Birmingham are to be found also at
Qnarto-Castello. Again, from Table XXII it will be seen that
the two periods of mean values of 4.7 and 9.2 sec. occurred in
the successive phases of the Quartd-Castello seismogram. The
two corresponding periods, whose mean values are 4.6 and 9.9
sec. respectively, also occurred in most of the different phases
of the Birmingham seismogram.

125, Taihoku, Taichu, Tainan. Table XXIII gives the
period (7) and the maximum range (2a) in each of the successive
epochs of the earthquake motion registered at the three Formosan

. stations of Taihoku, Taichu, and Tainan (8§ 25, 26, and 27). The
~observations at theses places may be regarded as examples of the
seismic records furnished by horizontal pendulums of compar-
atively short period.
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TABLE XXIII. 7 and 2a observed at 3 Formosan Stations
of Taihoku, Taichu, and Tainan. EW Component Seismograms.

"T%ihoku. Taichu. Tainan. -

[1st Preliminary Tremor.]

Duration=6m 68 Duration=6m 145 | Duration=6m 15
T=107s 2= — |T=— %= — |T=— 2= —
2.10 ,, — — - — —
3.30 ,, — —_ - — -_—
43 0.06mm{  45sec. . QI7mm{  4Qsec.  0]2mm.
- _ 58 — — —
— — — o~ 138 ,, 0.08 ,,

[2nd Preliminary Tremor.]

Duration= Sm 258 Duration=5m 10s L e

T=45sec. 20=0.1 mm|T= 409seC. 2q=033mm7T= — 0= —
— — 102 ,, 0.3, | 121se. 9.3mm
21 ” 0.1 ” - - - -

[Lst and 2nd Phases, ]?rincipal Portion.]

, 2nd prel. Trem., 1st
Duration=4m 35 Duration=4m 50s { and %nd Ph, Princ.
' | Portion. .. 9m46s .
(i) During the first ....|...... 2m 24s- L., 2m 98 oo ... —
T= 4dsec. 9u=0.08mm|T= ddsec. 9q=0923mm T= — 0= —
10.8 ,, — 93 ,, 0.73 ,, — -
412, 022, | — — — —
(i) Duting the next ....[...... PR b L P 2m 418 ... - —
p— —— 4'6560 0,23mm — —
— — 68 ,, 050, | — —
— - | 100, 20 , | 1L8see 4,6mm
— — 165 ,, — 53, - —
3()sec. 3,1 mm — — —_— —
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\ Taihoku. Taichu. Tainan.

[8rd Phase, Principal Portion.]

Duration=5m 30s Duration=5m 40s _
(i) During the first .., .|...... 3% 29s |t .. .. 1m  44s |, e 3m 8s
T=— 20= — T=9.0sec. 2g=12.8mm| =11 .8sec. 20 =13,8mm
‘ 14.4sec. 11.9mm — —_ — -

(ii) . During the next ol 2m j SRR B L,..3m. 568

h.7sec. — 5.0sec. 0.33mm

11.8 ., 2.05mm 89 ,, 6.3 ,,

—_ — 14.8 ,, 6.3 .,

3

[4th, etc., Phases, Principal Portion.]

—— e Duration=3m 5s _ |, Duration=6m 23
T=— 2= —- T=84sec. Qg =12mm
- — — O~ |T=120%c 2g=6.8um
- — | 223, — : '

End Portion.

T= 66%c 2q= — |T= 52sec. Ag=0,17mm  — —
116 ,, 0.35mm 89 05 ,| - = =
— — 136 ,, 0.17 ,, |T=13.0s¢c. 2q=56mm

/

" According -to the above table, there is between the three
stations often a marked difference in the amplitudes corre"sponding
to a .given period, being obviously the effect due to the difference
in the amount of friction and the stability of the * steady mass”
in the three seismographs. | ‘

The following table gives the results obtained by taking
together the analyses contained in the preceding ; the 2a is the
maximum value corresponding to a given period in the three

stations.
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TABLE XXIV. 3 Formosan Stations. Elements of Motion.

1st Prel. Trem. | 2nd Prel. Trem. 1st and 2nd Ph.| 3:d Phase, 4th Phase, End Portion.
Prine. Port. Princ. Port. Prine. Port.

Dur.=6m12 | Dur.=5m18 | 1y —4w3s | Dur=5m85¢ | Dur.= - -
T 2a 1 2a T 2a T 2a | T 2a 7  2a -
1oy oo e mmp Eeommeop e Ty e e
21 — | — | = e = — = -
38 — | — — | = = = = = = = =
43 017 | 4% 033 45 023 | 54 033 — — | 59 017
58 — —_— — 68 0560| — — —_— = =
— — [ 11.2* 23 1100 2.0 99 128 | 84 12 |103 0.5
13.8% 0.08 | — — | — — |11.8* 13.8|12.0% 68 | 13.3* 5.6
— — j21L* 01 —_— — - — | 223 - — -
- — | — — |1569 — (146 119 — — | — —
— | = =80 31 — — | - - - —
— - — — | 412 022 — — —_ - —_— —

(* Probably due to pendulum oscillations).

_In the above table the periods given in fat letters are those
meaned from the values for the two or all of the three different
stations. The average values of these periods are as follows:—

4.96 sec.; (max. 2a 50.33“"“', in 2nd prel. trem., and 3rd
phase of prine. port.) .
9.70 ., ; (max. 24=12.8"", 3rd ph. of prine. portion).
153 ., ; ( , =119 » » 2
Thus the period of 4.96 sec. occurred throughout the dif-
ferent portions of the earthquake motion, the period of 9.7 sec.
oceurring in the principal and end portions. The longest periods
of 30 and 41.2 sec. occurred in the 1st and 2nd phases of the
principal portion. The vibrations of average periods of 9.7 and
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15.3 sec. had the greatest 2a’s respectively of 12.8 and 11.9 mﬁ,
while those with the periods of 4.96 sec. had a much smaller 2
of 0.33 mm. The vibrations of the macroseismic nature, or those
of 7'=1.07, 2.1, and 3.3 sec., were very small,

The values  of the different periods meaned from all the
phases of the earthquake motion are given in the following table ;
the corresponding 2a’s being the maximum ranges among the

three stations.

\T:1.07 sec., 2a= — mm.

21 —
33 —
4,96 0.33

6.3 0.50
9.7 12.8
124 ~18.8
15.3 11.9
21.7 0.1
30.0 31
41.2 0.22

That vibrations of poriods respectively equal to the two last
of the above series have been registered by the short-period
horizontal pendulums indicates the existence of slow movements
with large amplitude.

126. Note on the Horizontal Pendulum Observations of
- Earthquakes at Taichuw, in 1903 and 1904. TFor the sake of
reference, I give here a. few remarks on the period of vibration
at Taichu based on the examination of the eastwest diagrams of
12 earthquakes observed at the latter place between Jan. 1903.
and Sept. 1904. Each of these earthquakes was of a compara-
tively near -origin, and the duration of the total preliminary tre-
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mor varied between 11 and and 31 sec.; the total earthquake
duration varying from 7% to 22 min.

The average complete periods in the different pha-sés of the
'earthquake motion were as follows:— |

Preliminary Tremor. ~  Principal Portion. End Portion.
T

069 . 34 | 3.3
4.6 497 495
8.0 . 7.6

10.3

Thus the period of vibration most frequently happening
thrdughout the three principal divisions of the earthquake motion
varied between 4.6 and 4.97 sec., the g:eneral;mean value being
4.9 sec. This is evidently identical with the period P, found
from the' seismograms obtained in Tokyo; the value of P, meaned
from the observations at Hongd and Hitotsubashi (both in Tokyo)
being 4.6 sec. TFurther, the period P, is identical with the period
- @, of the “ pulsatory oscillations,” at Tokyo, whose mean value
was found to be 4.4 sec. (See the « Publications of the Earthq.
Inv. Comm.,” Nos. 5 and 13.) Hereby it is interesting to note
that the horizontal pendulum diagrams obtained at the town of
Taito, which is on the eastern coast of Formdsa, indicates pul-
satory oscillations of an average period of about 5.0 sec.

The horizontal pendulum employed at Taichu was unable, on
account of the shortness of its period of free oscillation. (=15sec.),
to satisfactqrﬂy register vibrations of much longer period. On’
this very account, however, I was enabled to recognize the ex-
istence in the principal portion of vibrations of P, period. That-
the long-period horizontal pendulumé ‘at Tokyo did not usually
show, in cases of large earthquakes, vibrations of P, or P, period
in the principal portion, is probably due to the predominance of
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the record of slow period movements, the short period ones being

thereby obscured.
127. Osaka.

Table XXV gives the periods occurring in the
different phases of earthquake motion at Osaka (§ 22).

TABLE XXV. Periods of Vibration at Osaka.

1st
Prel. Trem.

2nd.
_ Prel. Trem.

1st,2nd Ph.

4th
5th ,,

Prine. Port.

End Portion.
W2
W3

‘Mean'

3rd_ Phase.

see.

4.6

4.6

s€c.

7.8

7.8

" sec.

11.3
10.5
10.2
10.8

10.7

14.4
14.2

14.3

18.6

18.5

| 185

18.5

sec.

20.2
21.7

sec,

23.8
25.5

24.2

24.7

_,_\
Lo QO
S
R §

|

sec.

sec,

-28.3%
26.8*

27.6

(*Proper pendulum oscillations).

The periods of vibration in the W, motion was 18.5 sec.,
being equal to that of the most active part in W,

From Table XXV, it will be seen that the periods of
average values of 21.2 and 24.7 sec. occurred in the different
phases of the earthquake motion as well as in the W, wave, or
the movement propagated along the major arc. Again, all the
different periods occurring at Osaka can be identified in the
seismograms obtained at the stations considered in the preced-

ing §§.

128. - Comparison of the NS Oomponent Records at Tokyo and
Kobe. The following table gives a comparison of the elements
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of motion in the NS component recorded at Tokyo and Kobe,
based on the analyses given in §§ 15 and 23.

TABLE XXVI. Periods of Vibration in the NS Component
at Tokyo and Kobe. (*....Peudulum Oscillation.)

1 Tokyo. o ‘/ Kobe.

[1st Preliminary Tremor.]

Duration=7™ 6° o Duration =7™ (¢

T=5.2% 20=0.14"" T=44* - 2a=0.05""
— C — 11.5 R —
15.8 0.22 — —
20.0 0.43 ‘ — —
- 29.8 043 — —

[2nd Preliminary Tremor.]

Duration =8™ 20¢ Duration=5™ 445(?)
; T—— 2(L=—— = 20 =—
— — 30.03¢ec-* 3.0mm
83.5% 163 - —
40.4 3.53 = —
45.0% 3.95 L - L
55.2 — — _

[Principal Portion. ]

1070 Lyem 10.7% Q19
19.5 1.3 182 2.0
22.8 0.58 235 1
- — 983+ 82
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Tokyo. Kobe.
__sec&( __mm 33‘.0590. ‘ 2.7mm
— | — 403 48
44.3% 8.3 — S
— . — | 558 20

[End Portion.

12'9sec.‘ . O._3mm ‘13.1sec. . ____mm
26.2 - — S R

[W: Motion.]

12'3560. . _.mm . .

18.8 0.12 — —

9258 0.10 — -
29.5 — - —
45.0* 010 = —

The following table has been formed from a comparison of
the periods at the two stations as given in the preceding one.

TABLE XXVIL. Mean Periods occurring at Tokyo and Kobe.
NS Component.

1st preliminary [2nd Preliminary Principal End w
Tremor, Tremor. Portion, Portion, ’
T % T 2 T 9% | T 2% | T
4.833 O' ]l"n4l:l ‘ —f ec. '_l-nm - —fec. ~1—1-1-m _s—ec. _Iilll _Sf(?. _;‘l‘ln
115 — —_ — 107 1.7 — _ —_
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1st Preliminary |2nd Preliminary|  Principal End .

Tremor. , Tremor Portion, Portion. W,

T 20 T 2a T 2a T 2 | T 2
e Cwewm I T Y-
158 022 | 148 — — - = == =
20,0 043 |.— — 18.9 20 —  — | 183 012
— - —_— - 232 11 - = - =
—_— = — — — - 262 — | 25.8 0.10
29.8 043 | 80.3% 3.0 | 283 82 —  — | 295 —
S — 335 1.63 | 330 27 — - - =
— — 404 3.53 40.3 4.8 - — — —
— — 45.0% 3.95 44.3* 8.3 — — 45.0* 0.10
—_ e 55.2  — 55.8 2.0 — — —_ —_

In the above table, the amplitude corresponding to any given period

is the maximum among those for the two places.
The values of the different periods meaned through all the

different portions of the earthquake motion, and the corresponding

maximum 2a’s, are given in the following table ; the values of the

periods evidently due to the pendulum oscillations being excluded.

T= 4,8 sec.,
111
12,7
15.3
19.2
24.6
29.4
33.3 .
40.2

55.5

| %20=0.14 mm

1.7
0.3
0,92
2.0
1.1

0.43

2.7

48
2.0
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Many of these periods will be found to exist also in the Osaka
and Formosa EW records, as well as in the Birmingham and

Quarto-Castello seismograms. It is to be specially noted that the

two last in the above series, namely, the long periods of 40.2

and 55.5 sec. occurred respectively in the Formosa and Quarto-

Castello records.

129. American and Mexican Stations. Tables XXVIII and
XXIX give respectively the periods and the corresponding max.

movements at the American and Mexican stations.

TABLE XXVIIL. Periods and Range of Vibration.
~ . EW Component. |

Phase of motion.

Cileltenham;

Tgncubaya. ‘ Mean.
: T % 7 2a T 2 |
. R . '(- 7.8Se(} . ifll} 7;{;60- . mm :“ 7.§6L. . mm
1st Prel. Tremor. | (sma -) |
" : 123  0.06 142 — 13,3  0.05
—_ . — 11;.7 (small) “ 1.7 — 5
SR 144 0.05 — - 144 0.05
2nd - Prel. Tremor. ’ ' 7
A — 1 — 2322 010 32,2 010
i ! . T
‘ 41.0 * 0.10 — — 41,0 0,10
64.0 012 —_ _ 64.0  0.12
54.0 012 e 57.4 010 55,7 012
. 455 012 45.8 010 457  0.12
1st and 2nd Phases, ? ? :
— —_ 37.5 012 375  0.12

Principal Portion.

30.0  0.08
224 012
5.2 (small)

24.8 (small)
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~ Tacubaya.

Phase of motion. Cheltenhain. Mean.
: | T 2a T 2a T 2a .
~ 3rd Phase, 19.7 * 083 | 181 * 0.15 S
Principal Portion. —_ - 225  0.12 22."5 0.12
4th, etc.,; Phases, | - 156 0.2l 175 % — 156 0.21
Principal Portion. 20.2 * 0.36 212 — — —
w, 186 * 0.28 18.0 * 0.10 -

TABLE XXIX. Periods and Range of Vibration. NS Component.

Phase of ! o , _
. Cheltenham. | Washington, | Tacubaya. Mean.
motion. -
T 2a T 2a 7 2a T 9
| __Sfc _f-ln] 4:’5380. E}']. jc. . Eﬂ. 45?380. im-
1st Prel. 71— 6.3 — 89 — 74 -
Tremor. | 126 — - - 126 —
: 30.3 — _— —_— - 30.3 —
407 015 | — — — — | 407 015
84 —- - - 84  —
112 — — 112 —
: _— — 214 — 214 —
o .
2nd Prel. - | 946 006 | — — 246 0.06
Tremor 1 367 009 | 280 — 294 0.09
= | 395 — 395 —
46,0 0.07 — - 46.0 0.07

* Pendulum oscillations.
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Phase of .
, o Cheltenham. | Washington. | Tacubaya. Mean.
motion. ,
| T 2a T 2a T 2a T 2d ‘
62’?))&0' 0.141:'1111 ._se.c. ——'lﬂ nm jc. _«mm 62.$§3(§. ) O.lTn4'I:'11
48.0 0.09 | 495  0.05 —_ — 488 0.09
: — — | 443 — | 450 010 | 447 - 0.10
1st and 2nd
— — —_ - 40.3 0.10 40.3 0.10
- Phases,
) 29.8 0.24 — — —_ — 29.8  0.24
Prine. Portion. :
—_ - 27.8 . 0.08 —_— = 27.8 0.08
- 258 — — . — —_ — 25,8 —
141 —- —_— — _ 14.1 —_—
7.5% ’2.12’ 151 — 15.8% 0.30 151 —
3rd Phase, 17 ' ' '
PI'iI_lC. ‘Portion_ 21.2 —_ 19.4:* 1.2 —_— — 21.2 —_—
— — 240 012 | 240 0.2
éth Phess,, Prico, { 16.1* 0.21 T T | 163% — | 16.2% 0.21
Fortion, and Endlt o1 6 005 | —  — — — |las o005
Portion.
29.0 0.06 27.0  — U — 28.0°  0.06
228019 | 219 — - - 224 019
W, {185 0.06 — — | 194 048 |{19.0 048
—_ = 16.5 — 16.0*% 0.15 16.3* 0.15
| — — | 185 — — — 185 —

The NS and EW components correspond, in the cases of the

American and Mexican stations, approximately to the longitudinal

and transverse waves, and, as will be seen from Tables XXVIII

~and XXIX, the vibrations in the principal portion and W, motion

was markedly greater in the NS component. Similar periods,

however, seem to occur in the two horizontal components, the

notable examples being slow periods of 40 to over 60 seconds.
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'The mean periods of vibration deduced from the EW and NS
component observations at the three stations in question are
given in Table XXX; the 2a’s being each the corresponding
maximum range among the different components.

TABLE XXX, »Periéds and Range of Vibration. EW and NS.
Cheltenham, Washington, Tacubaya.

Phage of ’ " Phase of '
. T 2a.. , . ‘ 7 . 2a.
motion. I il . motion. - -
. .' 43— : 31"(?1 Phase, : 151 J—
1st Preliminary 7.6 = Princiiml Portion, | A9 012
Tremor. 13%2 0.05 240 012
. oU.o0 — .
407 015 || 4th, ete. Ph, P.P.| 106 021
. 16.2* 021
§4 — | [Endportion 1916 005
11.5 — '
144  0.05 '
2nd Preliminary : 21‘4 — 28.0 0.06
Tremor. 246 0.06 | 224  0.19
. ' 294  0.09 W, 19.0 048
322 010 | 16.3* 0.15
40.3 0.10 13.5 —
46.0 0.07
632 014
55.7 0.12
48.8 0.09
1st and 2nd Phases, 4562 012
. . .| 403 010
Principal Portion. 375 019
209 0.24
278 0.08
247 012
1407 -
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Finally taking the averages of the different periods from the
_successive phases of motion, we obtain :—

' T'= 43sec. 20= — mm
7.9 S —
11.5 e

143 0.05
21.2 0.48
241 0.19 .
31.1 024
37.5. 0.12
40.4 0.15
463 0.12
55.7 012

- 63.2 0.14

Thus, in this case we have a long period of 63.2 sec., all the
other periods, ranging from 4.3 sec. up to 55.7 sec., being also
found at some or other ‘of the stations considered in the preced-
ing §§. | | |

130. Periods of Vibration at the different Places. From
the foregoing §§ it will be seen that many periods. of vibration
were common to several of thei stations. To compare generally
the periods occurring at different places, I give, in the four tables,
XXXI to XXXIV, the period (7") and the corresponding range (2q)
in the different phases of the earthquake motion observed at 10
stations, as follows :— ‘ |

Table XXXT ....Tokyo.
»  XXXII ....0Osaka, Kobe, Tadotsu,

»  XXXITII....Birmingham, Quarto-Castello.
» XXXIV....Potsdam, Leipzig, Gottingen, Upsala.

Besides these, Tables XXIV and XXX, already given, contain
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the elements of motion in question, respectively for Taihoku,
Taichu, and Tainan, and for Cheltenham, Washington, and Tacu-

baya.

places are more complete than that at the others,

(*....pendulum motion.)

The observation of the periods at the above named 16

TABLE XXXI. Periods of Vibration and Max. 2a. Tokyo.
Phaseof | - BEW EW EW
. Tromometer, \Tromometer. N S. Vertical, Mean.
motion h §20. |Centr. M.O.
T 2| T 2a | T 20| T 2a{ T 2a T 2a
15 0BB| 4T 08| 407 550N 45 4F o8
Ist Pre- | 80 0.30| 8.6 0.33] 7.4 0.22| — 7.3 0.31| 7.8 0.33
liminary — _ —_ 15.8 0.22 — 15.8 0.22
Tremor. — — — 20.0 0.43 — 20.0 0.43
247 0.57| — — | = — 247 0.57 .
— _ — 1298 043] — 29.8 0.43
- 48 021 — — — 4.8 0.21
9.0 Smal 88 0.61| 91 1.06] — — 9.0 1.06
— 118 1.05| — — | — | 118105
R — — 19231 2331 — 23.1 2.33
26.5 0.9 — — — — ‘
9nd Pro- 7 26.5 0.97
o _ — —_— 33.5 1.63 — 33.5 1.63
minary
71871 450 — — — — 37.1 4.50
Tremor.
: — — — 1404 353 — 40.4 3.53
— — — 458 8.95| — 45.3 3.95
49.7 580 — — —_ — 49.7 5.80
54.0 — — — |59 — — 54.6 —
86.0 2271 — — — — 86.0 2.27
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Pl ; _ EW EW |
A hase o EW Tromometer. Tromometer.| =~ N S, | Vertical. Mean.
motion s §20. |Centr. M.O.
7 9% 1 T 2| T 2| T 2| T 2| T 2a
o 95%040] 817028 T L™ 87 040
o |1L3 033 — — — — | 113 033
1st and 2nd M 16.8 0.53 T o T 168 0.53
— —_— —_ — 22.3 0.13|| 22.3 0.13
Phases,
P .. 27.6 6.24{29.0 0.66 — —_ 29.7 0.28| 28.8 6.24
rincipal
Porti — 38.5 0.5836.8 0.20 — — 37.7 0.58
ortion. ‘
— — — |25 — — | 425 —
— — —147.8 6.65|45.2 0.07| 46.5 6.65
53.0 10.8|53.0 0.36 — — — 53.0 10.80
59.0 1.30 — — — — 59.0 1.30
10.8 3.67 — 10.0 2.90 10.3 1.70 — 10.4 3.67
3rd Phase, | 16.8 2.40 — — —_ 14.1 0.29]| 15,5 2.40
Princ. [20.5 — |21.0 * [23.8 — [23.0 — —_ 221 —
Portion. — 34.8 Large —_ —_— —_ 34.8 Targe
— — o — 42,5 2.70 — 42.5 2.70
— 82 024 — —_ — 8.2 0.24
4th ete. [11.3 0.80] — [11.1 2.20/10.8 1.40|11.6 — | 11.2 2.20
Phases, |13.2 0.72/12.1 1.67| — |128 030, — | 127 167
Princ. —_— — 15.2 0.78 — 15.7 — 15.5 0.78
Portion ; — — — — |195 130 — |195 1.30
End Portiog. —_ —_ — 22.6 0.58 —_— 22.6 - 0.58
— —_ — 1262 — — 262 —
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Periods and Max.2a.

Osaka, Kobe, Tadotsu,

Phase of Osaka Kobe Tadotsu -
motion. (EW) (NS) @®w) | Mean.
T 9% | T 2 |'T 2 | T 9
1St Pre],il'ninary 4:-6 0.53 4:.4 0.05 4.7 —_— 4-6 0.53
Tremor. 7.8 Small _ 78 —
115 — (104 — | 110 —
23.8 1.05 | 244%020 | 240 1.05
o — l1as — | 148 —
20.2 -1.58 _ - 202 1.58
2nd Preliminary | 955 1.69 — S 25.5 1.69
Tremor. 30.0 — R
. | {32.5 553 | 300780 |3L5 086 | 30.9 3.00
- — |365 014 | 365 0.14
| 917 158 | — 190 — | 204 —
| 98.3% 4.5 _ _ 98.3 4.50
1st and 2nd Ph, T
;fm Pn R - 340 048 _ 340 0.48
Hne. LOTHOn. . 403 48 394 14 || 399 480
1558 20 - 558 2.00
113 — _ S 1.3 —
2 P 1 1185 200 — 185 2.00
ot P?&ff’ lose 295 — |- 242 2.25
rine. TOTHORL- | osg% 117 | 283 8.20 | 28.0% Large| 27.7 11.70
320 270 _ 320 2.70
105 014 |107 019 |102 053 | 105 053
4th, eto. Phases, | 143 063 |181 — |13.6 027 | 137 0.63
Prine. Portion; | 195 068 | 17.8 045 | 197 072 || 187 072
Eind . Portion. 173 | 235 | 228 1w

22.0

1.10
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TABLE XXXIII. Periods of Vibration and Max. 2a.
Birmingham and Quarto-Custello.
. Birmingham. uarto-Castello.
Phase of I}lOthD.\ (EV%T) Q(EW and NS) Mean.
T  2a T 2a T %a
‘4.6860‘ . m 4'35‘80. 0'04: sec.’ mim
1st Preliminary 721 — 64 0.02 6.8 0.02
Tremor. _— 9.1  0.07 9.1 0.07
12.0 0.035 — 12.0 0.035
46— 48 0.04 47 0.04
— 9.7 0.028 86 0.26 9.2 0.26
2n Tle e — 11025 | 111 025
remot. 155  0.083 _ 155 0.083
—_— 545 - 0.51 54,5 0.51
‘ _ 49  — 49 —
7.5 —_ J— 75 —
t and 9nd Ph 9.9 0.07 91 030 9.5 0.30
1; e “IlP 3863’ 188 016 — 188 016
riuotpat LOron. _ 2.8  0.44 20.8  0.44
36.6 0.24 — 36.6 0.24
—_ 50.0 0.22 50.0 0.22
S 6.9 0.034 6.9 0.034
—_— 10.0 0.44 10.0 0.44
3rd P X ] ‘ » h
. l_d 11;“8‘1. 179 156 | 150 0.63 165 156
HHRGIpat TOrion. - 2.6 072 || 2.6 0.72
314 203 | = —

31.4

12.08
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Birmingham. Quarto-Castello.

Phase of motionv. (EW) “(EW and NS) Mean.
- 49 — 49 —
10.1  0.04 91 0.38 9.6 0.38
4th, etc. Phases,
.. ) 123 0.60 121 0.46 122 0.60
Principal Portion ; ' \
. d' Posts 145 0.25 14.5 0.57 145 057
ne oren. 167 — 167  0.22 167 0.92
— 18.8 * 0.48 18.8* 0.48

TABLE XXXIV. Periods of Vibration and Max. 2a.

Potsdam, Leipzig, Gottingen, Upsala.

Phage of ' :
) Potsdam. | TLeipzig. |Gottingen.| Upsala. Mean.
motion. .
T % | T T T T
sec. mm | - sec. sec.  sec. sec.
1st Preliminary 5'4 0.12 4.3 44 44 4.6
Tremor. - 7.9 8.8 8.5 8.4
— 10.7 11.7 — 11.2
—_— — 17.3% — 17.3%
46 0.24 4.5 — 55 4.9
— | ee | 102 {77 97
—_— | 1386 13.4 12.8 13.4
2nd Preliminary — 16.2 — | 145 154
Tremor. 21.3 037 — — —- 21.3
269 0.34]  — — T = 26.9
— 38.0 — — 38.0
—_— | 415 | — — 475




Indian Earthquake of 1905. II

207

Phase of

. Potsdam. | Leipzig. |Gottingen.| Upsala. Mean.
motion. '
T 2a T T T T
sec. mum e e e T
7.7 0.33 9.3 — 84 8.5
. N — = 15.9 15.9
1st and 2nd Ph.,| 30.5 0.33 | 29,7 30.6 e 30.3
Prine. Portion. —_— 36.8 36.0 — 36.4
43.3 0.47 —_ [ — 43.3
— 49.2 48.3 — 48.8
55.2 1.55 — — — 55.2
—_ 9.0 94 93 9.2
| 12.0 1.0 | 134 .| 121
3rd, ete. Ph., | 16.2* 2.50 — 15.0%* — 15.6*
Prine. Portion. |19.6 1.00| 20.9 — — 20.3
241 — 24.3 - — — 24.2
29.5 1.28 — — — 29.5
— 10.2 — 9.2 9.7
End . . 17.6% :;:2 { iéllg
Portion. = 17.6%*
—_— 22.4 — 21.9 22.2
- — — 2.6 | 26.6

A glance on Tables XXIV, XXX, XXXI, XXXTI, XXXIII, and
XXXIV, will show that several periods existed simultaneously ab

the different stations.

To show this relation more clearly, I have

c-olleeted in the following table the mean values of the different
periods and the corresponding max, 2a’s occurring in the succes-
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sive phases of the earthquake motion for the 16 stations con-

sidered before ; similar periods being placed on the same hori-

zontal rows.t , |
TABLE XXXV. Kangra Earthquake. Periods of Vibration
and Max. 2¢ ab the different Stations. [GENERAL SUMMARY.]

(*....Pendulum Oscillations.)

Osaka ;

Phase ‘ Taihoku ; Birm’gham;| Potsdam ; [Chelt’ham ; Mean
of Tokyo. Kobe; | Taichu; | Quarto- | LeiPzig; |Wash'gton; g
. , | Tadot Tai Castello Gottingen ; Tacub Periods.
motion, adotsu. ainan. astello. | Upsala, aya.
T 2a T 20 T 2a T 24 T T 2a T
sec. mm sec. mm sec. mm sec. mm sec. sec. mm sec.
45 025 | 46 053 | 43 017 | 45 004 46 — 45
. _ _ If 6.8 0,02 76 — 8.1
78 033 | 7.8 5.8 { 88 0.2 84 { 81
1t —_— 110 — | —— | 120 004 112 — 114
e 158 022 | —— | 138 008 — — 130 005 | 142
Preliminary 20.0
" Q% [ .
Tremor. 200 043 173 { 17.3*
247 057 | 240 1.05 — —_— 244
29.8 0.43 — 303 — 30.1
— 407 015 | 407
48 021 —— | 47 033] 47 004| 49 —_— 48
9.0 1.06 ' | 92 026 9.7 84 — 94
118 105 | ——— | 112 230 | 111 025 | 134 115 — { 1132
— | 148 — | —— | 155 008| 154 | 144 005| 15.0
23.1 233 | 202 158 | 210 010 | —— 21.3 214 — {%&?
and 265 097 | 255 1.69 26.9 24.6 0.06 | 95,9
S ——— | 309 3.00 — 29.4 009 | 302
Preliminary ‘ :
335 183 | — [ 322010] 329
Tremor.
37.1 450 | 365 0.14 38.0 —_— 37.2
404 353 — | 403 010| 404
453 395 475 460 007 | 46.3
49.7 5.80 | = _ 497
546 — 545 — — —— | 548
| 86.0 227 — — 86.0.

T The 2¢ in Table XXXV is the greatest value, among the different stations, of the range
of motion in EW or NS component, corresponding to a given period,
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Osaka ;

Birm’gham;\ Potsdam ;

Phase Taihoku ; : Chelt’ham ;| 'Mea
of Tokyo. Kobe; | Taichu; | Quarto- | Lipzig; |Wash'gton; -an
. o Castello Géttingen ; Tooub, Periods.
mot}on. Tadotsu. | Tainan. astello. Upsala. acubaya.
T ; :
T 2a T 2a T 2a T 2a T T 2a T
sec, mm see. mm sec. min sec. mm / sec. 8ec. mm see.
45 023 - 40 45
87 040 | —— 68 050 | 75 — | 85 —_— 1.9
113 033 | —— | 100 200 | 9.5 030 — _ 10.3 -
168 053 | —— | 159 — | — 15.9 147 — | 15.8
223 013 | 204 — | —— | 188 0.16 — —
1st and 2nd o : 20‘5
o —_— —— _ —_— — 247 0.12 24.7
Phases,
L 28.8 6.24 | 28.3 450 | 30.0 3.10 | 29.8 044 | 30.3 299 024 | 29.5
Frincipal 340 048 3 3
Portion, | 377 08 | 340 0. —_— 6.6 024 | 364 75 012 | 36.4
425 — | 399 480 | 412 022 | —r — 40.3 0.10 4.0
465 6.65 ' , 433 | 452 012 45.0
. 50.0 0.22 488 48,8 0.09 492
53.0 10.80 55.8 2.00 | _— J— 55.2 557 012 | 54.9
59.0 1.30 — S 59.0
- 632 0.14 63.2
54 033 | 6.9 0.03 — S 6.2
104 367 | 113 — | 99 1280 100 044 |{ 2 | — {102
. 155 240 | 185 200 | 146 1190 165 156 | 156* | 151 — { 15.5
3rd Phase 18.5
A I 20.3 219 0.12 1.4
Prncipal | {007 Te) —— |6 07| a2 | 0012 { %8
Portion. 320 270 | —— | 314 230| 295 _ 31.0
34.8 Large — —_— 34.8
| 425 270 — — 425
59 017 | 49 — — —_— 54
82 0.24 | 105 053 | 84 1.20| 9.6 0.38 9.7 — 9.3
. 4th, ete. Ph,| 112 220 | —— | 103 050 | —— 11.9 _ 14
Principal | 127 167 | —— | 127%6.80 | 12.2 0.60 — — 12.5
o 145 057 14.7
Portion.; | 155 0.78 | 137 063 | —— { 167 092 | 143 15.6 0.21 { ks
End Portion.| 195 1.30 | 187 0.72 | ——— | 188 048 | 17.6* e 18.7
226 058 | 228 173 | 223 — | — 22.2 216 005 | 22.3
262 — 26.6 —_— 26.4
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The values of the different periods occurring in the Kangra
earthquake (Table XXXYV), obtained by taking the averages from
the various phases of the earthquake motion are.indicated in
Table XXXVI. For the sake of comparison, I have also given in
the same table the periods which were found for the following

three sets of great teleseismic disturbances :—

(1)
(i1)

(i)

Tokyo Horizontal Components Observation of the Cara-
cas earthquake of Oect. 29, 1900, and the Guatemala
earthquake of April 19, 1902.

Tokyo, Osaka, and Manila Observations of the Valpa-
raiso earthquake of Aug. 17, 1906. Horizontal and
Vertical Components. -

E W Component. Observations in Tokyo of the 10

‘earthquakes, namely, 3 Alaska eqkes of Sept. 4 and 10,

1899, and Oct. 9, 1900; 2 Mexico eqkes of Jan. 20,
1900, and Sept. 22, 1902; G‘ru'atema,la egke iof April 19,
1902 ; Caracas -eqgke of Oct. 29, 1900; Aidin eqke of
Sept. 20, 1899 ; Kashgar eqke of Aug. 22, 1902; and
Sumatra eqke of Jan. 5, 1900. |

These 10 earthquakes, together with the Guam
Island eqke of Sept. 22, 1902, compose the 11 dis-
turbances referred to in § 8. The two earthquakes of
Group (i) are included in Group (iii).
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TABLE XXXVI Periods of Vibration in K’angra, Valparaiso,
and other Harthquakes. '

b . H v Mean Values of
Caracas and Valparaiso - | 10 Large Eqkes' Periods, deduced
Guatemala Earthquake observed in Indian Eqke* | from
Earthquak?s (Tokyo, .(—)sakq, Tokyo (16 Stations). (i), (iii), (iv).

(Tokyo, Horiz.) Manila). (EW Component).

e . sec." L5 sec, . e sec.

29 - | = B | .

— 4.0 41 47 | 43...... P,
7.9 s4 | 89 86 86 P
10.2 11.4 — 112 - 13 Py
14.8 15.1 145 151 149 P
18.4 183 — — 18.3 P,
— — -20.0 20.7 204 P;
21.2 22.6 - | = 226 P
26.9 26.8 - 24.6 ' 25.6 25,7 P;
— - 287 28.3 C— 2.58 P

— — - - 301 30.1 Prs
32.9 324 — — | 324 P,
— 371 344 364 | 39 P
39.5 —_ 429 - 411 42,0 Py
454 | 450 — | 47 | 454 P,
. — — —_ 49.4 494 Py
- 56.0 — 54.0 548 | 544 Py
— — — 59.0 - 59.0 Py
— 674 66.0 63.0 65.5 P
— - — 86.0 86.0 y

(*The quick vibrations which occurred in some of the diagrams of the Kangra earthquake

are noted in a subsequent §.)
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- From Table XXXVI, it will be seen that many periods of
vibration are common to the four groups (i) to (iv). Especially
the periods in the Caracas and Guatemala earthquakes observed
in Tokyo were very nearly alike to those in the Valparaiso earth-
quake observed in Tokyo, Osaka, and Manila ; while the periods
occurring in the Kangra earthquake were similar to those -found
in the cases of the 10 earthquakes of group (iii). We are, there-
fore, justified in deducing the average values of the various periods
from observations of the different earthquakes. The results thus

obtained from (ii), (iii), and (iv),* are denoted in the table by the -

symbols P, P,...... Ps...... P, Of these, the periods (P, to P,) -
and’P13 correspond respectively to the successive periods represented
by the same letters in §8. The periods Pa, Pu, Ps, and Py form
additions to the series before obtained. -
As stated in my previous papers, we have the following
approximate relations :— ' |

p=b B B T Ex
2 3 4 10 no

where n denotes an integer, whose maximum limit is provisionally

19. ‘According to the above assumption, P, is to be regarded as

the fundamental or unit period ‘of the micro-seismic movements,

the different longer periods being its multiples. The most probable

value of P, may be found as follows :—

: 15 ' 15
’I’1=2Pn / 2 n=4.2 sec.,
P,=86 sec. being, for the present calculation, left out of account,
as it- depends on a single observation. (Compare the Publications,
No. 21, p.p. 83—84.) |

* (1) is included in (iii).
t The Publications, No. 21.
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The conclusion to be drawn, with respect to the vibration
periods, from what has been said above is as follows :—The
teleseismic motion is essentially the same in character
at different places all over the world, and consigts of a
set of vibrations, whose periods are approximately
equal to P, P, P,....... These latter may be con-
sidered as the seismic constants, not of a particular
district, but of the whole earth’s crust. Short period vibra-
tions, which constitute the macro-seismic or sensible earthquake
motion, are of short wave length and much depend on the nature
of the ground of the observing place. A

The discussions in these §§ are to be regarded only as

provisionary ; the division of the periods of vibration into the
different groups, P, P,, P, . L ..being sometimes more or less.
arbitrary. Besides the 16 mean periods considered above there
are two frequently occurring intermediate ones, respectiVer equal
to 1.3 and 22.6 sec., and denoted in Table XXXVI by P,; and
P,;. The lengths of these two periods are in the ratio of 1:2.
In the Kangra earthquake there 'was also a third intermediate
period of P, =30.1 sec. ‘

181, Periods of Micro-seismic Vibrations in the different
Phases. According to Table XXXV, the periods of the micro-
seismic vibrations occurring in the successive phases of the Kangra
earthquake were as follows, those more frequently occurring
‘being, as usual, printed in fat characters :—
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TABLE XXXVII. Kangra Earthquake. Periods of Vibration
occurring in the Successive Phases of the Earthquake Motion.

C 1st | 2nd 1st and 2nd | 3rd Phase, |4th and 5th Ph.,
Preliminary | Preliminary | Ph., Princ. Principal | Prine. Portion;
Tremor. - Tremor, Portion. Portion. End Portion

P, P, B 2 P, P,
P, P, P . — | P,
1)2,3 I R,S -P 2,3 -P 2,3 . -P 2,3
P, : P, P, P, P,

7 B | B B P

Py : P; P; ‘ P -
—_ : —_ — — Py,
P P P, P | Py
— _ . P,
P 738 P 78 —P 78 P 78
— P, - —
— P, P, P,
P, Py P“’. P,

Py P,

PIZ P 12

P 13 'P 13

— Py

- P

'1:) 19

(¢) According to the above table, the longest period P, oc-
curred in the 2nd preliminary tremor, while the two next longest
ones, Py and P, occurred only in the 1st and 2nd phases of the
principal portion. Again the three mnext longest periods, P, P,,
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and P, occtirred only in the three above-named sections. On
the whole the periods characterizing the 2nd preliminary tremor
seem to be identical with those characterizing the 1st and 2nd
phases of the principal portion, with the difference that similar
periods did not have the same amphtudes in these d1ffe1ent sec-
tions of motion, as follows :— |

(i) In the 2nd preliminary tremor, the periods of the pre-

dominating larger vibrations were P to Py

. (ii) In-the 1st and 2nd phases of the principal portion, the .

vibrations of the periods P, to P, were small, those of
~ the periods P, to P, being much larger than the rest.
The vibrations of P, and P,, were here much smaller

than in the preceding section.
(#¢) With respect to the 1st preliminary tremor and the 3rd
phase of the principal portion, we see that the periods occurring
in these two sections are nearly alike; the longest period being

P, in each case. The principal diﬁ"erences between the two sec- -

tions in question were as follows :—

(i) All the vibrations, with the exeeptlon of that of the
period P,, are much greater in the 3rd phase of the
principal portion than in the 1st preliminary tremor.

(ii) The predominating vibrations in the 1st preliminary
tremor are those of the periods P, to A,

(iii) The most active vibrations in the 3rd phase of the
principal portion are those of the periods P,, to P,

(4¢¢) In the 4th and 5th phases of the principal portion and

in the tail, ‘or end portion, the predominating periods were 7,
to P ‘ |
The periods occurring throughout the successive phases of
- the earthquake motion were P, to P,
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- 132, Range of Motion (2ua) corresponding to the different
Periods, P’s. The following table, giving the ranges of motion,
2a’s, corresponding to the different periods ,P’s, has been formed
from the data ‘conta.i'ned in Table XXXV, and relates to the 12
places. of Tokyo, Osaka, Kobe, Tadotsu, Taihoku, Taichu, Tainan,
Birmingham, 'Quarto-Cas,tello, Cheltenham, Washington, and Tacu-
baya.

In Table XXXVIII the “mean 2¢” is the averag_éje value of
the max. 2a’s in one or the other of the two horizontal com-
ponents at the different stations, corresponding to a given period;
the «greatest 24 being the absolutely largest among these max.
2a’s. The max. 2a’s evidently due to the proper pendulum oscil-
lation, which are marked each with an asferisk(x), have been
excluded in the deduction of the mean 2a’s.

TABLE XXXVIII. Kangra Earthquake.
2a corresponding to the different P’s.

Period. Greatest 2a. . Mean 2a
P, 0.53 028
P, 120 0.47
P,, 12.90* (next greatest, 3.67) 1.28
P, 11.90% ( ,, » s 2.40) 0.60 .
P, 2.00 . 0.84
P, | 158 ’ 0.85
P 2,33 : 0.96
P, | 295 - 0.84
P, 11.70* (next greatest, 6.24) ' 4.48

P, | 310 1.92
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~ Period. Greatest 2a. Mean 2a.
P, 2.70" | 168
Py, S| 4.50 1.01
P, 4.80 | B 1.66
Py 6.65 o 270
P, - 5.80 2.04
Py 10.80* (next greatest, 2.00) 1.06
.Pu . 1.30 : 1.30
P, 0.14 0.14
Py 227 | 2.27

- From Table XXXVIII it will be seen that the mean 2a’s corres-
~ ponding to the 4 periods, P, P, P, and P, are roughly in the
ratios of 1:2:3:4, showihg -an increase of the amplitlide with
the period. The 2a’s for P,, P;, P, and P, were nearly constant,
varying only between 0.84 and 0.96 mm. The amplitude seems
to reach its greatest value approximately for ’Pn, as is graphically
illustrated in Fig. 19. -The curve, drawn with free hand through
the mean positions between the different dots (e), passes through
‘the origin of co-Ordinates, which agrees with the fact that quick
vibrations of macroseismic nature are very slight in the teleseis-
mic motion. The relation between the different periods, P, P, ..
.., and the corresponding greatest 2a’s, illustrated in Fig. 18,
presents - the same general character as in the case considered
above. | ‘ |

The results thus far arrived at respecting the dependence of
the amplitude on the period may be summarized as follows :—
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In the teleseismic motion, the 2a increases with the
period, from nearly zero to a maximum (absolute maxi-
mum in a single horizontal component=6.65 mm) for the
period P,=45.4 sec. |

133. The Order of Occurrence of the different Periods
in the PrinCipaZ Portion of the Earthquake Motion. The
horizontal pendulum observation of earthquakes, made in Tokyo
between 1898 and 1904, has shown that, in the teleseismic motion
due to a great source of disturbance, the different periods of vib-
ration in the principal portion generally tend to occur in a des-
cending ordér, that is to say, the vibrations at the commencement
of the 1st phase (3rd section) has the longest period, those in
the subseqilent phases having periods of successively decreasing
length.* The observation of the‘Kangra earthquake at the different
stations also indicates the same fact, as 18 shown in the 3rd
column of Table XXXIX, in which the periods in the 1st to 5th
phases of the principal portion (3rd to 7th sections) are given in
terms of the P’s in the order of their occurrence. This peculiar
characteristic of the earthquake motion is to be most clearly
ascertained with ,seismOgraphs whose ¢ steady mass ™ has a long
oscillation period. | |

* See the Publications, No. 21, p.p. 84-86. . -
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Relation between the Period and Amplitude.

Fig. 18......... 2¢ = Absolutely greatest max. motion.
Fig. 19......... 2a=mean value of max, 2a’s.
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TABLE XXXIX. Kangra Earthquake. The Order of Occur-

rence of the different Periods in the 2nd Preliminary Tremor and

in the Principal Portion of the Earthquake Motion.*

Station. :

Tt

2nd Preliminary

. Tremor.

1st to 5th Phases, I’rﬁmip&l

Portion.

Tokyo (EW)
»s (NS)
5 (Vertical)

Osaka (EW)

Kobe (NS)

Tadotsu. (EW)
Taihoku (EW)

Washington (N'S)

Cheltenham(JEW)

)

Tacubaya (EW)

PP, P, P}

R

13 10

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

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

P,
‘P P P {5

>

{_-Zgj _P;),;; —[)2,3 P, 2,3
(55

PZ,I% 1_)2’3 IP
2,3

P, 2,3 L'5,6

P10P12P10{
Py P P, P, JP:; v

P

| P, (P, | P

P rn (B (e (B
2,3

P, P, P, r; {Ps {PS’G {P4

P; Pz Pm
{Pm

P, {1’5 P,

P,

<

{le,s -P7,s _P‘%.{ﬁz,s
P, :
P, P, P, P; P,

P15 {—PB {-?H_ {—P7,8 P5

P,
Py Py 1P, V{PSP'U’

b0 (2" P P2 B P,
P,
Py P, P, Py P, P, {P4'- '

. 5.

*The different periods occurring simultaneously in one and the same epoch are indicated

by a bracket.
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N 2nd Preliminary - 1st to 5th Phases, Principal
Station. ’ . '
. Tremor. - , Portion.
Tacubaya (NS) |..... e i r, P, P, P, P, P,
' , P s :
Potsdam (EW) | .. ............. ....{% P, {15 P, P, P, {%
' ) 1 Pl 5
Gottingen (NS) | ..o P, P, Py { o {% { >
‘ 2,3 2 2

Thus it will be seen that in the majority of cases, the series
began with slow vibrations of periods, P, to P, thence becoming -
successively quicker towards the end of the principal $portion.
Especially, at Tokyo (EW, NS, and Vertical), Tadotsu (EW),
Taihoku (EW), Cheltenham (EW and NS), Tacubaya (EW and
NB), and Gottingen (NS), the succession of the dlﬂ“elent peuods
was In a perfect decreasing order.

It is here to be noted that what was said above respecting
the order of occurrence relates only to the predominating vibrations
in the principal portion, some of the small vibrations with shorter
periods occurring more or less in the different sections of the
earthquake motion. | | o

184. Periods Occurring in the 2nd Preliminary Tremor.
The vibrations in the 2nd preliminary tremor do not generally
indicate a definite order of occurrence according to the lengths of
their periods. There seems, however, to exist a'tehdehcy for an
increasing order of periods, as shown, for a few places, in the
2nd column of Table XXXIX. |



