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Chapter IX. Earthquake motion propagated along

the major arc and the repetition of the motion
propagaled along the minor arc. ' General
remarks on the propaga’rion velocity.

W, MOTION, OR THE EARTHQUAKE PROPAGATED ‘
ALONG THE MAJOR ARC. ’

185. Observation at Calcutta and Bombay. lLet us first
congider the Milne horizontal penduium observation of the W, wave,
or the earthquake motion propagated along the major are, at the
two- Indian stations of Alipore (Calcutta) and Colaba (Bombay),
whose distances from the epicentre of the Kangra ear.thquake
were only 13°42' and 13° 32’ respettively.

(¢) Alpore (Calcutta). The preliminary tremor lasted 3“‘24*
the motion being largest for the first 29™ of the principal portion. -

W, began at 3" 57" 30°, or 3" 5™ 30° after the commencement
of the ecarthquake disturbance there, the 1st maximum group
lasting for about 20™:—2a=1.6 mm- (actual 1eadmcr) The princi-
pal maximum group occurred 14" later on.

(6¢) Colaba (Bombay). The preliminary tremor lasted 3m31%,

‘the motion being greatest for the first 183%™ of the principal portion.

W, began at 4" 177, or 3" 23™ 52° after the commencement of
the e,arthquake disturbance there ; the max. group (2a¢=0.6 mm,
actual reading) occurring at 4" 24™. The motion lasted altogether

- for about 32, the last slight max. group in this pomon possibly

belonging to the WS motion.

- Taking the average from the Alipore and Colaba observations,

“we obtain :—Time interval between the commencement of the
principal portion and that of the W, motion=3" 14™ 41°, the cor-
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responding epicentral distance being 13°37'. In the cases of these
two stations, the W, recorded by the seismographs seems to be
the 3rd phase of the principal portion of the major arc propaga-
tion ; the time interval above obtained being nearly equal to the
time required by the wave of that phase in making one complete
circuit of the earth. Thus, if the velocity (@5) of the 3rd phase
of the piincipal portion be assumed to be 3.2 km/sec., we have :—

572 o01.7mim _0,01008 ™,

b

dt,=

i which s denotes the length of the earth’s circumference, x the
epicentral distance of a given statibn, and 4% the interval between
the times of arrival at the latter of the phase under consideration
along the minor and the major' arcs. The maximum value of 4%,
corresponding to x=0, is according to the above formula, about
3" 21.m7. |

186. Bwritish Stations. As shown later on, there are, in the .
W, motion, two predominating sets of vibrations whose periods
are approximately equal to P, (=about 20 sec.) and P, (=about
25 sec.) respectively ; the P, vibrations occurring earlier than 5
ones. Thus it is to be readily understood that the record of the
W, motion differs much according to the oscillation period of the
“ steady mass” of the seismdgraph. This circamstance is well
illustrated by the Milne horizontal pendulum seismdgrams obtained
at the British stations. (See §§ 67—71.)

Shide records. The maximum part of W, in the C-pendulum
record began just at the termination of that in the B-pendxﬂum :
one. As the natural oscillation period of the C-pendulum was 20
sec., while that of the B-pendulum was 25 sec., this shows that,
in the W, motion, the vibrations of period of about 25 sec. oc-

curred earlier than those of about 20 sec.
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Edinburgh record. The W, motion began later than 'the
appearance of the maximum group, marked g, in Shide records.
This was probably due to the shortness of the pendulum period

- of the Edinburgh instrument.

Kew record. The first max. group in the W, motion cor-
responds to thét marked ¢ in the Shide C-pendulum record, which
occurred at 3" 36.4™. The 2nd max. group, which began at 3"
49™, corresponds to that marked ¢ in the Edinburgh record.

Liverpool record. 'The max. group corresponds to the-group
¢ in the Shide C-pendulum record.

Paisléy record. The record was nearly similar to that for
Liverpool. - (See Pls. XVIII and XIX, the Publications, No. 28.) -

187. Querce. As an illustration of the identification of the
corresponding epochs in the movements propagated along the
minor and major arcs, I shall here briefly consider the observa-

‘tion at Querce. (See § 34). The W, motion in the NE-SW com-

ponent is much smaller than that in the NW-SE component. The
latter component may be summarized as follows :—

Ea.rthquaké Commencement=0" 59™ 8.

(@) 1™ 6™ 24°. ... .. Commencement of 2nd preliminary tremor.

b) 1 .20 09...... ” 3rd phase of prine. portion.

(¢ 139 07...... Motion active. »

(dy 1 28 56...... Greatest max. group of pendulum oscillation.
() 1 39 07T—2" 1™ T, ..., Motion more or less active. |

(/) 38 10 50...... Commencement of the W, motion.

() 3 28 12...... Motion became larger, 2a¢=0.12 mm.

(h) 3 43 19...... ” increased, 2¢=0.14 mm.

(¢) 8 47 50...... ,  most active, 20=0.27 m.m.

(j) 8 57 14...... End of motion. |

Let us, for the sake of trial, suppose that (7) of the W,
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motion corresponds to (d) of the W, motion, or the earthquake
- proper; (f) and (b) being also supposed to be corresponding
vibrations. On these assumptions we have :—

(i)...... g 47w 508 (d)......10 28" 56°
(f). ... 310 50  |@)...... 120 09

Difference= 37™ 00° Difference= 8™ 47

( ?: )__(/‘) 37111 OO%
@) —(b) ~ 8" 47T+

Therefore : =42, ()

This number, bemg, under our supposition, the ratio of the
duratlon of the 3rd phase of the principal portion in the W, mo-
tion to that in the W,, ought to be approximately equal to the
ratio of the major to the minor are of the earth between Florence
and | the' éarthquake origin, as -the duration of a given phase of
the motlon increases, nearly in ploportlon to the distance. We
have :— ' '

major arc- 308° 06’
minor arc 51° 54/

=52 @)

which ratio may be regarded as being sufficiently near to that
of the durations previously obtained, in view of the very ap-
proximate nature of the discussion in question. As the ratio in |
(1), however, is greater than that in (2),. it is perhaps better to
regard (f) as corregponding to some epoch in the 2nd phase of
the. principal portion.

138, Tacubaya, Cheltenham, and Washington. As exam-
ples of the combination of the observations relating to the W,
‘motion, at two or _mOre neighbouring stations, let us next compare
the Tacubaya, Cheltenham, and Washington records,
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() Comparison of EW Component Seismograms.
TABLE XL. - Times of Commencement of the' different
Phases of motion at Tacubaya and Cheltenham.

Phase of moﬁion Tacubaya. Cheltenham. Ti}n’}jﬁfﬁ?ﬂf T
. ) Cheltenham.
1st Prel. Tremor. 1,‘l 11’]]25S : 1h : Sm 393- + .“311.146S
9nd Prel. Tremor. 128 3 123 21 + 4 42 -
1st Phase, Princ. Portion. 1 43 45 1 35 35 + 810
2nd Phase, Princ. Portion"| 1 50 27 139 28 +10 59
Do. 153 30 14230 | +11 0
‘3rd Phase, Princ. Portion. 2149 149 12 +12 37
W,: Max. Phase. | 243 46 25819 —14 33

The EW éomponent seismogramé obtained at Tacubaya and
Cheltenham enable us to make a fairly accurate comparison of
the times of commencement of the different phases of motion at
these two places. As the arcual distances of Tacubaya and.
Cheltenham from the centre of the earthquake disturbance are
128° 47 and 105° 22’ respectively, the vibrations propagated
along the minor arcs of the earth ought to reach the latter place
earlier than the former, the reverse being- the case with those
propagated along the major arcs, or the W, waves. Now, according
to the preceding table, the time-difference of arrival at Tagéubaya
and Cheltenham was 2™ 46° for the commencement of the 1st
preliminary tremor, thence gradﬁally increasing up to 12™ 37° for
the 3rd phase of the principal portion. The time difference
might be greater for the later pha,sers, of the same portion, but
the further identification was mnot possible. For the maximum
phase of the W, motion, the corresponding difference comes out,
as ought to be, negative and amounted to 14™ 33°.
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(#6) Calculation of the Transit Velocity from the seismographic
records at any two places. From the seismographic records taken
ab any two places at  different distances from  the earthquake
origin, we can accurately calculate the transit velocity of the

3rd phase of the principal portion, by comparing it With‘thé

most active part in the W, motion, even when the elock indica-
tion at each place is slightly wrong. Thus let = denote the
difference in the times of arrival at the two given stations of the
3rd phase of the principal por'ti'on of the seismic waves propagated
along the minor arcs, and (—7.) the corresponding quantity for
the waves propagated along the major ares. If the clock indica-
tions. at the two places be perfectly accurate, 7 ought ‘to be
equal to 7z, supposing the identifications of the W, and W, waves
to be correct. Let or be the relative clock correction to be
applied to =, and r, necessary for getting the true time differences.
We  then have :—

N T1—Tsy .
(I;——-“‘T,
202 .-
V5= >
\ T1+T2

where v, denotes the velocity of propagation of the 3rd phase of
the principal portion, and dv is the difference between the arcual
distances from the éal’thquake origin of the two given stations.
To apply the above equatlons to the cases of Tacubaya and

Cheltenham, we have : '

( 6r=128° 4T'—105° 22/=23° 25/

T,=12™ 378 ‘

l —7y=—14™ 33"
We find therefore :—

f or= + b8 sec.

| 9,=8.17 km per sec.

~
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Using this time correction, we may calculate the velocities
of the different phases of the earthquake motion from the time
differences between Tacubaya and Cheltenham, given in the

precéding table, as follows :—

23° 257

= =115
V= (@™ 46 + 58° =115 km/sep.
23° 25 .
LI Lw 4y be T
ﬁ pa 23° 25’ 4
BETgw 107+ 58
3° 25
23° 25 56

Vy= =
T10m 595 4 58°
These values of the velocities agree very well with those
given in a later §.
(@)  Comvparison of NS Component Seismograins.

. TABLE XLI. ' Times of Commencement of the different Phases
of motion at Cheltenham, Washington, Tacubaya.

» A . N _ |{Time Difference:
~Phase of motion. Cheltenham.' Washington., Tacubaya. | Tacubaya—
(Chelt. & Wash.)
. . L. h m s h m s h m S m s
1st Preliminary Tremor.| 1 8 38 1 825 11125 + 253

2nd ’ : - 12323 | 1
1st Ph., Princ. Portion.| 1 85 39 = 1 35 36
3rd Ph., Princ. Portion. | 1 51 10 1
Max. Motion, in the

( above phase. 152 15 1 52 39 2 11 18 1 18 51
4th Ph., Princ. Portion.| 2 3 2 — '
W, (commencement) - — 2 27 28

W, (principal portion) | 251 27 | 2 52 30 _
W, (most distinct part.) — 2 58 43 2 48 25 —-10 18
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The arcual distances of Cheltenham and Washington from the
éarthquake origin are nearly equal to one another, being regpec-
tively 105°22" and 105°17'. " It is, therefore, not possible to make
any calculation based on the time differences for these two places.
Table XLI shows, however, that the times of arrival of the
different phases of the seismic motion at these two stations were
practically identical. Taking means from the two seismograms,

we find —

h m s

1st preliminary tremor. 1 832

Cheltenham, ond ) ) 1 93 25
Washington. 1st phase, principal portion. 1 35 38

-<

Mean epicen-| 3rd . ,, , » 15113

B s | Max. in the 31d phase. 152 27
Principal portion in W, . 25159

Taking the average from Tables XL and XLI, we have:—
Difference between the times of oceurrence at Tacubaya and two
American stations of the most active part of the W, motion=
12™26°% the corresponding propagation velocity is, using the same
clock correction before found.

05:%:3.23 km/sec.

139. Tokyo Observation. To identify the corresponding
vibrations in the three components, I give in the following table
the time of commencement, 2a, and 77, of the successive epochs
in the records furnished by the two long-period horizontal pen-
dulums and the vertical moti’ouinstrument. (See § § 14 to 20.)



Indian Earthquake of 1905. IL 92929
EW Component. NS Comyponent. Vertical Component.
Epoch. Time of Time of Time of
oceur- 2a T oceur- 2a T oceur- 2a T
rence. rence, rence.
.. < nm sec h m s |, Dm 8ec ‘h m s mm cec
A (Beginning of 2nd hom s 25 | 364 £ {(2.33 | 116 _ e
P. T) 106 25 {5.8 a97 | 1002 1595 | 4gio| LB
B 11105| 450 | 377 | 11028 | 353 | 437 | — — | =
C (Beginning of 2nd | 1 15 44 | 108 | 530 | 116 15 | 350 | 425 | 1 16 45 | 0.07 | 45.2
Ph., P.P) )
D (Beginning of 3rd (Pointer | : 1
Ph, P.P) 12034 | 624 | 276 | on” ~ | 12031 028 207
E 122 24| 240 | 168 12200 013 | 223
F 12331 367|103 — — | — | 12307| 029 | 147
@ — | — | — l12702| 170 | 103] — — | —
H (Beginning of W) — — — | 243 87| 010 | 45.0 —_ — —
I 315 08 | 0067 300 | — — = — — ] =
T — — — | 321 17 | Small | Slow. — — —
K (1st Max. of Wy ). | 32431 | 013 | 243 | 325 17 | 0.10 | 254 — — ] —
L (2nd Max : 3rd Ph. — _' nl —
PP, of Woy 38337019 194 — 3 33 22 | Small
M ) — — | — |33630]|012]195|33731] , | 195
N 4 24 52 |Small| 440 | — — | — — S -

(H) and (L) in the foregoing table seem to correspond res-
pectively to the commencement of the 1st phase and the com-
mencement of the 3rd phase, of the principal portion of the W,
motion. (For the identification of (L), or the 2nd max. group of
W,, the reader is also referred to § 141.) According to this
supposition, we obtain, by taking the means from the three
components, the following value of the duration(=y,,) of the 1st
and 2nd phases of W, :—

(L)

..........

..........

} Difference =5, =49™53° -
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As the duration ( Ys4) Of the 1sb and ond phases of the principal
portion of the W' motion or the ea1thquake proper was 7" 21°
(§ 20), we have

as (W2) . 49™ 53°
Yse (W) T mays

=6.8.

This ratio is not much different from the ratio of the major
and minor arcs between Tokyo and the earthquake origin, namely,
308° 34

TV

~ Again, the velocity (v;) of propa,g.ation of the 3rd phase of
the principal portidn may be deduced from the comparison of the
W, and W, vibrations, as follows :— |

o (¢ o op!
U;= 360°—(2x 517 26') =3.58 km per sec.

3]1 331}1 809 lh Qom 3%%

140. Osaka Observation. (bee §22). The period of the
principal vibrations in the most active part of the W, motion was
18.5 sec., while those in the preceding phase were 25.1 and 20.4
sec.; the vibrations with periods similar to one or both of these
latter oc¢curring in the 1st and 2nd preliminary tremors, and the
’ 1st, 2nd, and 4th phases of the prmcnpal portion, of the W motmn,'
or the ealthquake proper. The dlagmm did not 1ndlcate, in the
3rd phabe of the principal portion, the vibrations with a period
of exactly 18.5 sec.; but it is likely that the existence of such
mévements there was masked by large proper pendulum osulla-
tions Wthh partly confused the record.

The times of occurrence of the first feeble and the most active
\parts in the W, motion, denoted by ¢/ and ¢, were respectively
~as follows :— o |
¢/ =3"22m 30°, = {/=3"40™ 565
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the time difference, t5’~i4’, being 18™26°. ¢ and ¢/'may probably

be taken as marking approximately the commencements respective-

ly of the 2nd and 3rd phases of the principal portion of the W,

motion ; ‘the corresponding times in the earthquake proper (W), |

denoted by #, and ¢, being respeetively‘ ‘
t,=1"16"51° (approximate), #=1"20"9%

The difference, t,—t,, is 3™ 18"
Now the arcual distances between Osaka and the earthquake
origin are as. follows :—
x= 48°19" ... ... ~ Along the minor’ are.
x' =360°—2x=311 41 ... ... ' ,» Inajor arc.

We thus obtain :—

3mr_x:£5;, t —t,

- 1, :ﬂ5.6.

The approximate equality of these two ratios tends to prove
that the assu,med‘ identifications of the phases in the W'Z and W,
mOvéments are roughly correct.

Under this supposition, the velocities, v, and wv,, respectively
Qorrespondiilg to the commencements of the 2nd and 3rd phases
of the principal portion may be deduced from the observation of

- W, and W, movements, as follows :—

e T 263° 22
Tt —t, 2 B 39°
o X =T 263° 2%
P —t T 2h20m 4T

o

=3.88 km/sec.

—347

141, Time of Occurrence and Propagation Velocities of
the W, Motion. The W, motion generally presented a series of
maxima, the 1st and 2nd being specially well defined. As will
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be seen from Table XLII, the 2nd maximum was in most cases
greater than the 1st. The following table gives, for each of a
number of the stations where the earthquake was observed with
large time-scale instruments, the epicentral distance (), the times
(t, and t,) of commencement of the 1st preliminary tremor and
the 3rd phase of the prineipal portion, and the times (¢, ¢’ and

ty) of commencement of the W, motion and its ls‘ov and 2nd

maxima.

TABLE XLIL

‘Observation of W, Motion.
Times of Occurrence.*

[Open Seismograms.]

Epicentral Hfl (Eq’ 'Proper.) WZ
Place. Distance | Time of |Commence |Commence- 1st 2nd
— occurrence %ﬁ?tﬁfiﬁf ment Maximum | Maximum
' =t, |Porfion=t;| =t |Phase=t,’ Phase=t;’
h m s h m S h m s
Tokyo (EW) |41 20 34| 3924 31| 3 33 37
h m S| h m s
’ (NS) 51°26’ |0 59 08{ —— 243 37|3 25 17| 3 36 30
{5 (Vertical) 120 31 — | 333 22
Osaka (EW) 4819 |0 58 51| 1 19 52 3 22 30 {g o o
Tadotsu (EW) ' 47 02 {0 58 49| 1 18 52 3 31 22| 3 36 35
I Potsdam (EW) 49 48 |0 58 46 117 29,3 20 31,3 25 31| , ——
[ ., (NS L 17 39 3 .40 16
Triest 49 52 |0 58 44| —— |3 13 56|3 54 26| —
Gottingen 51 45 [0 58 55| 12018 —— [320 —| 345 —
Querce 51 54 (059 08120 093 10 50|3 28 12| 3 43 19
Birmingham (EW)| 58 49 |1 00 35| 1 25 22/3 01 27|3 18 22} ——

*ts” and t;" are respectivély the times of commencement of the 1st and 2nd maxima in

the W, motion.
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Epicentral | 71 (Eq. Proper). W
Station. Distance Time of |Commence-|Commence- st 2nd
= occurrence %}ffltl?rfigf ment Maximum | Maximum
=t, |Portion=t,| =t |Phase=t', [Phase=1's
Washington (NS).|105°17 [1'08°25| T 51 16|2"27 28 |2'52 30| 2'58 43
_ - (258 19
Cheltenham (EW).] , 149 12 30224
{ 105 22 |1 08 39 3 09 05
, (NS). SN s 100 —— |2 51 27| 2 58 32
Tacubaya (EW)| (201492 16 41 |2 43 46| —
acubaya  (EW). 100 59 11 11 95|{> & 4212
y (NS). | 209 21| - 2 48 25

The different places contained in the above table, with the

-exception of Triest, may be divided, according to the epicentral

distance into two groups as follows.

TABLE XLOL Mean Group Values of Times
 of Occurrence of W, Motion.

Epicent rél Time of Occurrence.
Group. Dis_tanqe 3rd Ph., P.P. Comn;encfe- 1st Max. | 9nd Max.
TE ot Wamts | g | of Wo=t'y |of Wy=ts
Tokyo, Osaka, v ) :
. Tadotsu, Querce, o 1ar | 1P ormos | of fot sk m 8| b m_ 35
(1) Potsdam, Gottigen. 51° 18" 11 20 23 | 2 43 37*% 3 24 21 | 3 38 58
~ {Birmingham. ’ ’
, jWa,shington,v' '
(ii){ Cheltenham, 113° 06" |1 54 25 |2 2205|249 14 | 2 55 09
{Tacubaya. 1 : |

(* Based on the Toky‘d. observation alone.)

Propagation’ Velocities, calculated by “ Divect Method.” Table
XLIV gives the transit velocities of the W, motion, - obtained




by the formula

Velocity =

TABLE XLIV.

“ Direct Method.”

F. Omori :

360°—x

360°—x

or
.t4/ - to ’

foty
i, being the time of earthquake occurrence at the origin.
velocity relating to W, has been obtained in the usual way.

The

Propagation Velocities, calculated by

" [Comparison of W, and W, Velocities.]

vs = Velocity of the | ¥ 4:Ve1001ty of | v';=Velocity of | Velocity of
Group.| 31 Phase of Princ.| 1st Maximum | 2nd Maximum | Commencement
Portion, W,. of Wg. of Wz. .- of W
3 ll::lm]sec. 3080 42/ Jkm/sec. 3()8° 42, kmlseé. 3080 34, km/sec.
57— 0. ————m—— — ——e e — e 9
% o34m0 | GhggR 10 o0 | Thpgmdg
' 246° 54 246° 54 . | 246° 64"
) 3.25 1r 59m 263 =3.83 m——&bo 1n39m 1.7S~_4.96

Thus the veloelty @5 of the 2nd, or o*1eatest maximum in
the W, motion is, for Group (i), very neeuly equal to the velocity
v; of the 3rd phase of principal portion of W,, and it seems that
. ‘ the identification of
the 2nd maximum in the W, motion of Group (ii) being probably
not correct.

(Propagation Velocity, calculated by “ Difference Method.”
Calculating, for the 2nd maximum of Group (i), the ﬁ?elocity by
the « difference method,” that is to say, by taking the time and
distance differences between the minor and major arc pr opaO’a-

these two epochs are -corresponding ones ;

tions, we obtain :—
| 360°—2z  257° o4
= ty—t,  2"18™35°
This value of the velocity is not miuch different from that
obtained by the ‘ direct: method.” '

=3.44 km/sec.
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142, W, Motion observed with Milne Horizontal Pendu-
lums. The following table gives the results relating to the W,

motion -as registered by Milne horizontal pendulums at 11 dif-

ferent stations of Kew, Edinburgh, Shide, Liverpool, Paisley,

San Fernando, Cape Town, -Baltimore, Wellington, Alipore, and

Colaba. -

TABLE XLV. Observation of W, Motion : ~ Times of Occurrence.
[Milne Horizontal Pendulum Seismograms. ]

{Epicentral W, (Eq. Proper)" W,
!\' X io; . i ) my ’ C - el
e et mank o s Commence) Bl | 2ot
=2Q. =t s FTIDC. | ment={¢' =1, Y
i 1 Portion=15. e 6
: “h m s h m s h m s h m s h m s
Kew. 58°05'1 0012192312 | — |33654| —
Edinburgh. 58 4810000192236 — — |3 46 54
. - Canl(122 42, o 3920 24
Shide. 58 521 0100 {1 22 02,3 04 36 {3 28 3 —
Tiverpool. 59 18|1 00 36 { 100 20,3 98 58| 3 37 48f —
o on |1 1 23 54 N '
Paisley. | 59 3011 00 00 {1 31 19¢ — —_— 348 24
San Fernando. | 66 47|1 0280|127 06| — [33007| —
Cape Town. 85 46(10230 1312 — |[30818, —
Baltimore. 104 47111080[ 15306 — [31330| —
Wellington. 115 45109 48/ 159 54 | — [22918| —
Alipore (Calcutt&). 13 4210 52 00| 0 55 24+ 3 57 30| 4 11 36 —
Colaba (jBombay).‘ 13 280 53 08| 0 56 39t — 417 00| —

* Time of occurrence of the absolute maximum in Wj.
I Time of occurrence of the absolute maximum in W,.
T Time of the commencement of the principal portion.
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The Milne horizontal pendulum observations of the W, motion

lead to a more uniform result than was the case with those

furnished by the mechanically registering instruments. I shall

next consider the records obtained at the British stations.

(?)

British Stations. The mean results obtained from the

observations at the British stations may be summarized as

follows :—

(1)

(vi)

Kew, Edinburgh, Shide, Liverpool, Paisley. 3rd phase of
the principal portion of W,, or the earthquake proper,
began at t;_—:l“ 23™ 16°, the corresponding epicentral
distance being 58° 55'.

- Shide, Liverpool, Paisley. -The absolute maximum trace

of W, on the selsmograms occurred at t,,,=1" 30" 02",
the corresponding distance being 59° 13,

Shide. Commencement of the W, motion was at /=
3" 04™ 36°; the corresponding, or major are, epicentral
distance being 860°—58° 52/=301° 08’.

Shide. A maximum occurred at t/ =3" 20™ 24°. The
cori*esponding epicentral distance=301° 08/, as above.
Kew, Shide, Liverpool. The principal maximum occurred
at t/=38" 37™ 48°, the corresponding major arc distance
being 360°—58° 45 =301° 15

Edz‘nbu-rglz, Paz;sley. The 2nd principal maximum occurred
at ¥,=38" 47" 39°, the corresponding major arc distance
being 360°—59° 09’=300° 51”.

Calculating the propagation velocity for the above six cases -
by « direct method,” that is to say, by comparing the 1°espective
time of occurrence with that at the earthquake l origin, Qiﬁ 4 (=
0" 49™ 48°), we obtain :—
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TABLE XLVI. Propagation Velocity of W, and W, waves,
~ caleulated by “ Direct Method.” o
[British Stations.]

‘_ Epicentral . Velocity,
Phase of motion. o Time Interval. | caleulated by
Distance. |« Divect Methodr
(i) m..{%ﬁ,‘i}n;‘?hf;z‘;tgfn’ x=  B8BH| &, —4,=033 98 | 3.26—0,
(ii) W;.. Absolute Max. |@= - 59 13| fput,=0 40 14 | 2.73
(iii) W,.. Commencement. [360°—x=301 08| ¢/ —¢{,=2 14 48 | 4.14
(iv) W,.. A max. ,  =30108|% —t=23036| 371
(v) W;...Princ. Max. - |, —=30115| ¢/ —£,=2 48 00 | 38.32=v,
i) W...md ,, ,  =30051|¢ —1,=2 57 51| 314

Thus it will be seen that the velocity v, of the principal
maximum of the W, motion is very nearly equal to that of the
3rd phase of the principal portion of the W, motion, namely, v,.
AsSuming, therefore, (i) and (v) to be corresponding phases in
the earthquake movements propagated along the minor and the
major arcs, the calculation by the ¢ difference method ” gives the

following result :—

L 360°—% 2% 30"
5 — t5l-—t5 '—211 14111 32§

=3.34 km/sec.;

this being practically identical with that deduced by the - di.rgef
method.” o

(¢¢) San Fernando, Cape Town, Baltimore, Wellington, Ali-
pore, Colaba. - The propagation - velocity corresponding to the
maximum m the W, motion at each of these stations, calculated
by ¢ direct method,” is given in the following table.
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TABLE XLVIIL - Propagation Velocity of the Maximum Phase
in the W, Motion; calculated by * Direct Method.”

[San Fernando, Cape Town, Baltimbre, Wéllington, Alipore, Colaba.]

. : T L
, . S - Time Interval Velocity ,
Station. Epicentral Distance. 360°—a
. ’ . t r_ t v T
E X — 5 0 . 5 A {51_ t()

o : : : . h m s . : ;
San Fernando. 360°— 66°47'=293°13' 240 19 4| 3.39 km/sec.

Cape Town. | 360 — 8546 =27414 | 21830 | 3.67
Baltimore. | 360 —104 47 =255 13 22342 | 329
Wellington. 360 —11545 =244 15 | <139 30 | 4.55%
Alipore. | 360 — 1342 =34618 | 3 21 48 3.18
Colaba. 1860 — 1328 =34632 | 32712 | 310
) Mean. . ... e e 3.33

* This velocity is excluded in deducing the average value.

The values of the velocity v, given in the above table are,
with the exception of that relating to Wellington, fairly uniform,
indicating that the velocity in question does not va'ry with the
distance. The average value of v, is

3.38 km per sec.

Next, calculating the velocity v, for each of the above-mentioned
stations, by ¢ difference method,” namely, by comparing'the time
of occurrence of the 3rd phase of the principal portion of the
W, motion with that of the principal maximum of the W, ‘we
find :— )
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TABLE XLVIIL Propagation Velocity of the Maximum Phase
in the W, Motion, calculated by ¢ Difference Method.”

) . Epicentral | Time Difference Velocity v
Station. - - A , 360°—2x
: Distance =« =t/ —t, =T
) 5 — Us
: A h m s '
San Fernando. 66° 47 2 03 01 3.42 km per sec.
Cape Town. 85 46 13206 3.78
‘Baltimore. | 104. 47 ' 120 24 - 3.47
Wellington. - 115 45 02924 | (?)
Alipore. 134 | 31612 | 314
Colaba. ' 13 28 320 21 3.09
Mean. ... ... P .. | 338

Thus the values of the v, calculated by the « difference
method ” are, place for place, nearly identical with those calculated
by the ¢ direct method.” According to the above table, the
average velocity .is o

v5' =3.38 km per sec.,
which is practically identical with that obtained from Table XLVII.

143, Comparison of the Velocities of W, for different sets
of stations. The results respecting the velocities of the W, motion
stated in the two preceding §§ may be summarized as in the
following table. o

TABLE XLIX. Comparlson of the Velomtles of the W, Motion,
calculated by ¢ Direct Method.”

(4) Tokyo, Osaka, Tadotsu, Querce, k . " | San Fernando,
. Potsdam, Gottingen, Birmingham." British Cape Town,
. Phase of Stations ]?a]tlmore, .Wel-
(B) Washington, Cheltenham, tations. |lington, Alipore,
Tacubaya. § . Motion. | - Colaba.
Phase of Motion. Velocity. : -} Velocity. | Velocity.
Ll{m[sz ’ ‘ kmj/sec km/sec.
3:dPh., P.P., W, v5_]§ 5 % Bg SrdPh., P.P, W, v,=3.26 .
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(4) Tokyo, Osaka, Tadotsu, Querce, .’ . " '| San Fernando,
Potsdam, Gdttingen, Birmingham. : ‘, British Bgl?i)ziorTeO“{\?él-
(B) Wa.shlngton, Cheltenham, Phase of Stations. lington, A’lipore,
Tacubaya. Motion. ' Colaba.
Phase of Motion. Velocity. - Velocity. Velocity.
. 5 é‘mlse@ km/sec.
Commencgment, W .! 48 p E‘gg Commencement, W, 4,14
i |l 13.70 (4) : . '
1st Max., W, {3-83 (B) 1st Max., Wz 3.71 _
2nd Max., W, | v, =3.38 (4) |Principal Max, W, ¥ =3.32 | v,/=38.33
— — |Next Max., W, 3.14 —

From the above table, it will be seen aniongst others that the
principal maximum of W, in the Milne photograms corresponded
The

average values of the velocities v’ and v,, calculated both accord-

to the 2nd (greatest) maximum in the mechanical records.

ing to the “ direct” and * difference ** methods, are as follows :—

TABLE L. Avela,ae Values of the Veloclues of
: Wfl and W, Waves,

Meﬁhod of éalculétion.

| v,=Velocity of 3rd Ph,
Principal Portion, W..

v's=Velocity of 2nd or
Principal Max., W,.

Direct Method.
Difference. ’

3.21k111jsec.
3.28 (§115)

3.34:1{111,'5%.
3.39

The’ agreement between v, and o', is very close, and we may

conclude that the principal maximum in the W, motion approxi-

mately corresponds to the commencement of the 3rd phase of the

principal portion.

We have further :—
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{ Velocity of the commencement of W,=5.0 km/sec.

{ » ,» 1st maximum , =3.75

2

- 144, Amplitude and Period of Vibration in W, Motion.
Table LI gives the elements of motion during the successive epochs

of W, at each of the 10 stations, as follows —

(4) Japanese Stations... .... {

" (B) American & Mexican
Stations. ... 1

| (C): European Stations.......}J

Tokyo (EW).

»  (NS).
»  (Vertical).
Osaka (EW).

Tadotsu (EW).
Cheltenham (NS).

» (EW).
Tacubaya (NS).
” (EW).

Washington (NS).
Querce (NW-SE).

Birmingham (EW).

Potsdam (EW).
” (NS).
Gottingen.
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TABLE LI Observation
(A) Japanese

 [Tokyo. EW COmpoﬁent. Tokyo. NS Com'ponen’o.‘
Phase of Motion.

' { Duration.| T 2a | Duration.| 7T 2a

Commencement of W,.. | — | — — 2 15 {ﬁg 0.1
— = = 16 0 Hgé —

9 23 | 30.0 006 19 21 | — | —

4 00 | — | —

1st Maximum. ... ..... 6 28 | 243 013| 2 45 | 254 01
9 38 | 221 |Smalll 8 28 | 207 | —

ond Maximum........ | 7 05 | 194 | 019 | 4 14 | 195 | 012

15 | 195 | Small
42 | 19.0| 0.09
| 58 | 17.4 | Small
Subsequent Phases.... | 43 09 | 17.2 Small< 57 | 16.9 | Small

56 | 29.5 | 0.05

B~ & M = o ot

46 20.8 | Small

39 36 | 260 .
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of the W, Motion.
Stations.
Tokyo. Vertical Compt. | Osaka. EW Component. | Tadotsu. EW Component.
VDuration. T | 2 |Duration.| 7 | 2a¢ |Duration.| 7T 2a
— — — 1 20 — — — — —
— e — | 5 26 | 251 |Small — — —
— — | — | 5 13 | 28] , — — | —
~ — | — | 300 | 20002 — S
— — — 1 31 | 182 |Small — — —
, 5 56 | 187 | 0.06 513 | — | Small
4 09 | — |Small]' 5 00 | — | — | 1225 | 195 0.05
19.5

3 15

2.
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(B) . American and

‘ Cheltenham. NS Compt.]Chelténha,m. EW Compt.
Phase of Motion.
| Duration.| 7T 24 |Duration.; 7 2a
. - ‘ )
Commencement of W, --.... 27 Bt At B
Ist Maximum. «-ooeoveveenn 519 | 29.0| 0.06 - —_— —
146 | 236 006 | — — | —
2nd Maximum, - --e-ne--. 446 | 220 019 | 436 | 19.7| 0.28
| . 2 05 — | Small.
1010 | 185 | 0.06 { s o0 | 174 030

(C) Furopean

Phase of Motion.’

Querce. NW-SE Compt.

Birnl’gham. EW Compt.

Commencement of W,..-----

1st Maximum.

2nd Maximum.

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

524 | 151
346 | —
8§12 | —
638 | 18.1
416 | —
413 | —
431 | 180
436 | 180
448 | —
616 | —

mm.

0.12
Small.

0.12
Small.
0.14
0.27
Small.

2

16 55

10 21

110

sec.

25.2

18.3

17.5

mm.,

Small.

2

2




-

Indian Earthquake of 1905. TIL. ' 245

- Mexican Stations.

Tacubaya. NS Compt. |Tacubaya. EW Compt. Washington. NS Compt.

| Duration. T 2a | Duration.| 7T 2¢ | Duration.| 7 2a

m s © sec. mm, m s 5c mm. see.

- Bt B n 252 107007 | 165 | Small,

— —_ — — — — 530 | 27.0 | —

500 | 194| 048] 2035 | 180 | 010! 1300 | 219 | —

15 30 | 16.0 | 0.15 | 550 | 1385] —
Stations.
Potsdam. EW Compt. | Potsdam. NS Compt. Gottingen.
500 | 200/ 013 | o = 20| —

444 | 244 018
3420 | — | — | 2020 | 17.8| 0.08 — | 200 0.07
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The following remarks on the amplitude and period of the
W, motion are based on the precedirig table. '

Amplitude. The greatest 2a of 0.48 mm occurred in the NS
component at Tacubaya, the dependence of the W, amplitude on
the epicentral major-arc distance being as follows :—

Tacubaya........ 231° 21’ 20.=0.48™ (NS Compt.)
Cheltenham: ... .254 38 0.28 (EW ;)
Querce .. .. ... ...308 06 027 (NW-SE,, )
Tokyo .......... 308 34 . 019 (EW 5 )

Each of the above maximum movements had period varying
between 18.0 and 19‘.'7 sec., with the mean value of 19.1 sec.
The 2nd maximum was always greater than the 1st maximum,
the mean ratio belno nearly that of 2 : 1.

In the NS component diagram obtained at Tacubaya the W,
motion was very well marked, .the amplitude recorded being
actually greater than that of the W, motion, or the earthquake
proper. As Tacubaya is situated nearly in the meridian passing
through the earthquake origin, the NS component motion cor-
responds to the longitudinal wave, the EW component motion
corresponding to the transverse wave. (See also § 7.) The max.
2a’s of the W, motion in these two directions were in the ratio
of 4.8 : 1. )

Period. At the commencement of the NS component of W,
at Tokyo there were some slow vibrations of 7'=45 sec. The
periods occurring in the 1st maximum group and the epoch im-
mediately preceding it, which together form the 2nd phase of the
principal portion, were as follows :—
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30.0 sec. 27.0 sec.  (22.1 sec. 16.5 sec. 12.6 sec.
{29.0 254  |208 | {15.1 11.9
Mean. 29.5 925.2 | 20.7 Mean,__ﬁf Mean, 12.3
(Max. 20=006 mm) |957 20.0 (Max. 2a='0.12 mm) (Max. 22=Small).
“ 25.0 20.0 |
24.4 {19.5
24.3 19.1
\28.6 18.3
Mean, 25.0 118.2
{Max. 2¢=0.18 mm) - 18.1
- Mean, 19.7

(Max. 2¢=0.13 mm)

Thus in the 2nd phase of the principal portion there were 5 sorts
of period, whose average values were respectively 29.5; 25.0;
19.7; 15.8 ; and 12.3 sec. ; the 2a enclosed in brackets giving the
absolutely maximum (single component) motion for each kind of
the periods. It will be observed that the vibrations of periods
25.0 and 19.7 sec. were larger and of much more frequent oc-
currence than those of other periods.

The periods occurring in the 2nd maximum group and the
subsequent epochs, which together formed the 3rd phase of the
W, principal pértioﬁ, were as follows :— ‘

' (22.0 sec. 18.7 sec. 13.5 seec.
1 929.5 sec. 21.9 ' 18.5

(Small.)
= , 20.8 . 18.0
(Max. 20=0.05 mm) 20.0 180
20.0° 18.0
19.7 17.8
19.5 17.5
19.5 174
19.5 174
19.4 17.2
194 16.9
(19.0 16.0

Mean, 18,9 see.
(Max. 2¢=0.48 mm)
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Thus in the phase under consideration, the period varied, with
| t-wq exceptions, between 16.0 and 22.0 sec., giving a mean value
of 18.9 sec. The vibrations of this sort are evidently the same as
those in the previous phase whose mean period was 19.7 sec.’

 Again, comparing together the three tables (4), (B), and (C),
we see that on the whole slower vibrations occurred first, the
apprdximate order of succession of the prihcipal different periods
being as follows :—(i) 45.05 (ii) 29.5; (i) 25.0; (iv) 19.7—18.9
'sec.  This occurrence of periods in the descending order of
magnitude (length) is a characterlstlc of the principal p01t1on of
the earthquake motion.

Average Periods. The mean values of the various periods of

vibration in the W, motion recorded at the different stations are
| collected in the following table, those of more fr equent occum ence
Dbeing printed in thick charaeters ‘

- TABLE LII. Average Values of 'the Periods in W, Motion.

' sec. sec. sec. sec. sec. [+ sec. sec.
Tokyo. 123 | — 19.4 — | 251 | 298 | 45.0
Osaka. | — | — | 196 | — |21 | — | —
Tadotsu. —- — 195 | — — — —
Gottingen. — — 2.0 | — |20 | — | —
" Potsdam. — | 17.2 | 20.0 o | 244 — —
- Querce. — 15.1 180 | — — — —
Birmingham. — 175 183 | — 25.2 —_ —
Washington, 135 | 165 | — |29 | — | 270 | —
Cheltenham, — | — |186 | 228 | — | 20| —
Tacubaya. — - 18,2' —_— —_ — —
Mean, 127 | 166 | 191 | 225 | 250 | 289 | 450
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Thus it will be observed that the period most frequently occurring
is 19.1 sec., being “almost universally indicated at the different
places. The 2nd maximum 0'1011p of the W, motion, in which
the above-mentioned period p1edom1nated may be taken -as cor-
responding to the 3rd phase of the punolpal portlon of the W
motlon, or earthquake proper.

REPETITION OF THE EARTHQUAKE MOTION FIRST
PROPAGATED ALONG THE MINOR ARC.

145. Observation of W, Motion. TABLE LIII gives the
times of occurrence of the W, wave or the repetition of the
earthquake motion first propagated along the minor are, observed
more or less clearly at the 7 stations of Tokyo, Osaka, Tadotsu,
Cheltenham, Shide, Wellington, and Colaba.

TABLE LII. Observation of W, Motion: Times of Occurrence.

| W, Motion (Eqke. Proper)
Epicentral - Co
Station. Distance Time of |Commencement Con}mencer‘r‘lent
= oceurrence of 3rd Phase, of Wz = {5/
=t Priné. Port. =15
Tokyo (EW). s1° 26 | 05908 | 12276 | 424708
‘Osaka (EW). 48 19 | 05851 | 11952 | 4 3459
Tadotsu (EW). 47 02 | 05849 11852 7| 42435
Cheltenham (NS). | 105 22 | 10839 | 14912 | 522 04
Shide. 58 52 | 10100 | 12242 | 4 3445%
Wellington, | 115 45 10948 | 15954 | 43636
Colaba. 13 98 05308 | 05639 | 42400

. * Meaned from the records given by the two pendulums B and O i
I Commencement of the principal portion,
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- The propagation velocity of the W, motion may be calculat-
ed by the ¢ direct method” according to the formula |
360°+x

tl/}s _ tO

where ¢/ denotes the time of occurrence of W, We obta:in

Velocity =

b

the following results :—

TABLE LIV. Velocity of the W, Motion,
calculated by ¢ Direct Method.”

Epicentral , , ‘

Station. Distanée. | Time Difference Velocity.

. ’ —360°4 2. =t""—1, “Direct Method.”
, _ h m s kmlse;c.
Tokyo. 411° 26’ 3 33 20
Osaka. 408 19 3 45 11 3.36
Tadotsu. " - 407 02 3 34 47 | 3.61
Cheltenham. 465. 22 4 32 16 3.17
Shide. 418 52 | 3 44 57 3.46
‘Wellington. | 475 45 3 46 48 3.89
Colaba. . 373 28 3 34 12 3.23
Mean .......... |oeivveii oo I . 340

" The identification of the W, motion was extremely difficult,
and the results above obtained are to be regarded as, at the
best, only grdss approximatidns. The average value of the
velocity is 340 km per sec.,* which ‘isv nearly equal to that of
the 3rd phase of the principal portion of W.. Assunﬁrjg, there-

‘ * As will be seen from the value of (¢”—1%5) given below, the identification of W3 for
Wellington is probably mnot quite correct. The velocity for this station has therefore been

excluded in deducing the average,
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fore the W, motion to correspond to the 3rd phase of the prin-j

_cipal portion, we obtain, from Table LIII:— . -

Tokyo. ... .. 4/ —t;=3 01 49
Osaka. 3 15 07
Tadotsu. _ 3 05 43_‘ '
Cheltenham. 3 32 52
Shide. 3 12 05
Wellington, 2 36 42
Colaba. 3 27 21

Mean ........ e 3 15 48

The mean time difference of 3h 15 48,s deduced by ex- |

cluding the value for Wellington (marked with an asterisk), is

the time -interval taken by the earthquake motion in making
one complete circuit round the earth and does not depend on the

epicentral distance x. We have :—

Velocity =

Earth’s Circumferenee#_ K 360"’ _ —3.40 km/se c
t5” — t5 31115nl48S :

(See also the Publications, No. 13).

Periods of Vibration. The periods of vibration occurring in

the W, motion were as follows. -

Tokyo. | 205 S 440
Osaka, | 185 1 — ‘ —
Tadotsu. — | . - 363 o —
Cheltenham. .~ 182 : - e
Mean. | 191 36.3 440

The principal period of vibration in W, is the same as that
o¢curring in the most active part of the W, motion.
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GENERATL: REMARKS ON THE PROPAGATION VELOCITIES.}
146, Velocities caloulated by “ Divect Method.” The
mean values of the diﬂ‘érent velocities calculated by the < direct
method ” are as follows. B ' '
TABLE LV. Mean values of the Velocities.
« Direct Method.”

Phase of motion. | Velocity. Limit?‘)(i);fta]igie(?entml Dil\slliszaﬁrée.
1st Prel. Tremor. v, =1052 | 50° —121° 760
ond ,, ” v, = 5638 | 40 115 45 61 36/
1st Phase, Princ. Port.| v, = 4.07 | 47  —198 47 70 52
B, ., |0 =311 | 39 27128 47 |{eadent of the di
- , : tance .
Commencement, W2 _ 50
Ist Maximum, .. v; = 375
Principal max., W, |vs = 334 |
/A v,'= 340

- The four velocities v, v, v, and v; are in the ratios of
100: 53.5:38.7:29.6. The velocity of the principal maximum of
W, and that of W, are approximétely' equal to v, The 1st ma-
ximum of W, seems to correspond to the 2nd phase of the principal
portion, and the earliest recorded commencement of fhé major
are propagation to some part of the 2nd preliminary tremor.

The average values of the velocities for the stations in Middle

. Europe and Japan are as follows:—

- v,=10,38 km/sec. (22 stations, mean x=50°24") "
v= 573 , @0, , ., =50 12)
»=392 , (7 ., , , =5017)
v=802 ,» (8 . , » =5034)
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These 4 velocities are in the ratios of 100:55: 38 : 29.

147, Velocities calculated by “ Difference Method.,” The
mean values of the different velocities caleulated by the  difference
method ”” are as follows. ' |

TABLE LVI. Mean Values of the Velocities.
“ Difference Method.” '

: . . : . Limits of Epicentral
Phase of motion. Velocity. Distance.
kms/ec. ‘
1st Preliminary Tremor. v, =11.36 27° 57'—121° 16’
2nd » " v, = 6.46 27 42 —198 47
1st Phase, Princ. Portion. v, =490 39 27 —128 47
3rd ,, , » v; =328 39 27 —128 47
‘Principal Maximum, W, v = 3.39
Wy o v'=340

| ‘The 4 velocities v, v, v and v, are in the ratios of
100: 56.9:41.4:28.9; the mutual relations being nearly the sanie as
in the cases of the velocities calculated by the _diréct method.”
The agreement of the velocities of W, (principal max.) and W, with
that of the 3rd phase of the principal portion is here closer than
in the case of the  direct methOd » caleulation.

Comparisons of the welocities calculated by “ dirvect” and “ dif=

ference” methods. Comparing the mean values of the different
velocities caleulated according to the * direct method * with those
calculated according to the ¢ difference method,” as given in Tables
LV and LVI, we obtain :—
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v (Dlsiadt)—v, (R )=0.84 km/sec.
e( , v ( , )=083

Sl e (L )=063

[os( » )—us (. )=017-

o' () ( » )=0.05"

o' , )=v( , )=0.00

Thus it will be seen that the velocities vy v;, and v,, calcu-
lated by the  difference method ” were each greater 0.63 to 0.84
km per sec., than those calculated by the *direct method.” . The
discrepancy is, however, very small or nil for the Velocities Ty, Vs
and v,’. This fact seems to give support to the view that the
vibl*atidns composing the 1st and 2nd preliminary tremors, as well
as the ‘earlier part of the principal portion, are propagated some
considerablé depth below the surface, the length of the actual path
for each of these sets of waves materially differing from that of
the arcual epicentral distance.

148, Mutual Relations of the different Velocities. Asg-
suming the durations  of the first 7 successive sections of the
carthquake motion to be, as stated in § 8, in the ratios of 100 :
95:79 (1st and 2nd phases of principal portion taken toaethel)
'91 95 : 95, we have the following genelal relations among the
different velocities®:— |

1 1 1 1 91
"&;:EJF% B 1002 '
1_1 95%‘ i 1“ 9By,
Uy 100~ vy 100
; ,l_'1+ 9y . 1_1 95y,
s 100 Vg 10090

.z being the epleentral dlstanee of a given station,. and Y, the

* See the Publications, No. 5 and No. 13.



Indian Earthquake of 1905. II o 255

duration of the 1st preliminary tremor at the latter. The quotient
y, /@ is to be determined from some of the equ_atiohs (L)to(4) in
’ § 121, and the equation (7) in § 123.  As an example, let us
apply the above relations to the velocities of the Kangra  earth-
quake calculated by the « direct method ” for. the stations in
Middle Europe and Japan, (§ 146); the mean value of the z
being 50° 22/, and the quantity s /a being given by equation (1)
of § 121.. Assuming ©,=10.38 km/sec., we have :—

Actual Value. _ Cdlculated Value.
v,=10.38 km/sec. ... ....10.38 km/sec.
= 503 5.6
v;= 3.92 3.9
v;= 3.02 31

The agreement between the actual and calculated values ‘is

fairly good. _ }_
Ratio of v,:v, The ratios of the 4 velocities v,, v, v;, and

v, are, according to the two preceding 8§, as follows :—

(i) “Direct Method.”. ....100:53.5:38.7:29.6
(ii) <« Difference Method.”..100:56.9:41.4:28.9
Mean......co..... 100:55.2:40.1:29.3

Thus, amongst others, the mean ratio of v :9,is 100:55.2.
Now, the equation™ for determining the time (%) of earthquake
occurrence at the origin, from the duration (7,) of the 1st pre-
liminary tremor, is ‘

‘, f():tl— yl ...(1)

42
vy,

Putting the mean ratio of o,:v, above obtained, the equation

- becomes :—

* The Bulletin of the Impericl Eurthquake thést‘igition Committee, Vol I, No. 1,
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Cf=t-1232 9, ..., @)

For the purpose of practical application, however, it seems better
to adopt the ratio of v,:v, obtained by the * direct method * ;
the formula then becomes

ty=ti—1151 ¥,........(3)

Equation (3) does not much differ froni one previously given.

149. Remarks on the Methods of Velocity Calculation.
In all the velocity calculations by the * direct method ” given in
the preceding Chapters, the times of occurrence of the different
phases of the earthquake motion at a given station have been
~compared with the time (¢) at the origin of disturbance. This
1s eqﬁiva].e—nt to \assuming ‘that at the latter there existed no
preliminary tremor; in other words, that the various sets of
vibrations composing the seismic motion were generated simult-
aneously at the centre. I believe this supposition is generally
legitimvate_, although there is possibility, especially in cases of
large earthquakes, of slight premonitary shakings apart from the
usual preliminary tremors. '

Chapter X. Miscellaneous Remarks.

150. Notes on the Tokgo Observations. The following re-
marks on the Tokyo observations are based on the analysis of
the seismograms of the Kangra earthquake given in §§ 13 to 21.

151 Small movements of Sensible or Macro=seismic Charac=
ter. The Hitotsubashi diagram furnished by a horizontal pendulum
of 8 times magnification indicated in the 1st preliminary tremor



