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Study of the Great Assam Earthquake of August 1950
and its aftershocks

A. N. TANDON
Central Seismological Observatory, Shillong

(Received 19 October 1953)

ABSTRACT. Epicentre and origin time of the Great Assam edarthquake of 15 August 1950 and 54 other
earthquake shocks which occurred in the Assam region upto the end of April 1951 have been determined by the
Least Square method. Magnitudes of these shocks have also been estimated from data of Indian stations. U sing
data of near stations at Tocklai, Tezpore, Shillong (specially opened for this study) and of Caleutta and Chatra,
the velocities of seismic waves in Assam have been calculated within narrow limits of error and estimates of
depths of erustal layers have been obtained. Travel times of seismic waves in Assam and neigbourhood have
been compared with the travel time tables of Jeffreys and Bullen (1940).

1. Introduction

On 15 August 1950 o destructive earth-
quake took place near the northeastern
border of the State of Assam. A number of
papers describing the effects due to the
earthquake and giving estimation of its
epicentre ete, have been published. These
include accounts by Sohoni (1950), Tandon
(1950), Kingdon-Ward (1951), Malurkar
(1950), Tillotson (1951), and Pramanik and
Mukherjee (1951).  Recently a full geologi-
cal report of the damage done by the earth-
quake has heen published by Poddar (1952).
Estimation of the epicentre and magnitude
as determined by the various organisations
in the world are given below —

Epicentre  Magnitude
Lat. Long.
(°N)  ("E)
India Meteoro-
logical Depart-
ment (Poona)  29-0 07-0
U.8. Coast and 8-6
Geodetic (Fasadenu)
Survey 8-25
(Washington)  28-5 97-0  (Berkeley)
8:5
(Praha)
B.C.LS.
(Strashourg) 286 96-H 8:G

J.S.AL (St.
Louis, U.S.A)) 28-2 37.2

An isoseismal map drawn on the basis of
the voluntary observers reports collected by
the India Meteorological Department was
also published by ﬂle author (Tandon 1950),
and is reproduced in Fig. 1

The earthquake was followed by a very
large number of after shocks with epicentres
scattered over a large area round about the
epicentre of the mainshock. At the time of
occurrence of the earthquake the Seismologi-
cal Observatories functioning in India were
at Poona, Bombay, (al('ufra New Delhi
Kodaikanal, Hyderabad and Chatra. Of
these only Chatra and Calcutta were within a
distance of 10 degrees of arc from the epicen-
tral region. Since the occurrence of after
shocks provided a good opportunity for a
regional seismological study of the Assam
region, it was decided to open three more
stations in upper Assam as close to the
epicentral cegion as possible.  The choice of
the stations had to be limited to the availabi-
lity of proper facilities. The stations finally
selected were Tezpore, Shillong and Tocklai.
These were equipped with Wood-Anderson
type of Seismographs of the design given by
the author (Tandon 1951). Since the select-
ed places were very often visited by strong
earthquakes it was decided to strengfhen
the suspensions a little and to reduce the
magnifications of the instruments. A fine
phosphor-bronze  strip  suspension and a
copper mass (diameter — 4 mm, length —=
38 cm) was used. This arrangement gave
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a static magnification of about 700 when the
recording drum was put up at a distance of
nearly one metre from the mirror attached to
the mass. All instruments were adjusted
to a period of 1 sec and nearly critical damp-
ing, The location of Indian Observatories,
including those at Tezpore, Shillong and
Tocklai and their instrumental constants are
given in Table 1 (p. 110). The new observa-
tories started functioning from the middle of
November 1950,

2. Data used
Preliminary determination of epicentres of
most of thesafter shocks recorded at the

Indian  Seismological  Observatories have
already been published from time to time in
the Monthly Seismological Bulletins of the
India Meteorological Department. These
determinations were mostly based on the
data of only Indian stations and much
accuracy, therefore, could not be claimed.
Data used in the new determinations of the
epicentres have been collected from the
bulleting supplied by the Observatories or
from the collective bulleting issued by B.C.LS,
(Strasbourg), U. 8. Coast and Geodetic
Survey, and the J.S.A. In the case of the
main shock, copies of seismograms were made
available to the author through the kindness
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of the Directors of a number of Seismological
Observatories in the world. A fresh measure-
ment could be made and the tabulations were
thus checked.

In all, epicentres and origin times of the
main shocks and H4 after shocks, which took
place up to the end of April 1951, have
been determined. Only those shocks were
selected which were at least clearly recorded
at all the Indian stations. A large number of
them were well recorded at European stations
as well, and in other parts of the world.
Final epicentre, origin time etc of these shocks
are listed in Table 2 (p. 111). Wherever
possible the depth of focus helow the surface
and the magnitude of the shock is also given.
Insome cases the magnitude of the shock was
determined by European stations like Stras-
bourg, Praha or Rome from their data, but in
the majority of cases the magnitude has been
determined with the help of Wood-Anderson
Selsmographs working at Poona, New Delhi
and Chatra. The position of the epicentres
is plotted in Fig. 2. Seismograms of Indian
stations for a few shocks are reproduced in
Figs. 4—7 (pp. 101—104).

3. Method of determining epicentres

In each case the arrival times of P and S
waves at each recording staticn from which
data were available were tabulated. Using
S—P interval and Jeffreys and Bullen
(1940) Travel Time Tables tentative distances
from each observatory were found. With
the help of & 30-inch globe a tentative
epicentre could thus be found and an esti-
mate for the origin time could also be deter-
mined. Distances from this tentative epi-
centre to the recording stations were calcula-
ted by the formulae

cos A = ad-+bB+cC

or 2(1—cos A) = (a—A)*+(b—Bp+{c—C)
where /\ is the epicentral distance, a, b, ¢ are
direction cosines of the observatory and 4,
B, C the direction cosines of the epicentre.
These are related to the latitude ¢ and
longitude A of the station by the formulae—

@ = cOoS ¢ COS A

b= cos¢ sin 2

c=sin ¢
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As customary only geocentric direct.io.r
cosines have been used. For distances less
than 10 degrees of arc 6-figure logarithms were
used and for larger distances 4-figures were
found to be sufficient. This procedure gave
distances correct to the second decimal place
at all distances.

After calculating the distances the travel
time of P for these distances ware found from
the J. B. Tables (1940) and were tabulated
against the observed travel times and the
residuals (observed travel time —calculated
travel time) for all these distances were
tabulated. An inspection of the residuals in
many cases indicated obvious shift of the
epicentre or origin time or both and the
entire process was repeated until a fairly good
estimation of the epicentre and origin time
was achieved. This position was considered
to be the provisional epicentre in the deter-
mination of the final value by the least
square method. At this stage the distances
were recalculated. Let usassume that for a
particular earthquake the correct epicentre is
at @ and the origin time 0, and a tentative
determination gives these values at x degrees
east and y degrees north of this and = as the
origin time. If A be the true distance from
the correct epicentre and 6 from the tenta-
tive result and z the azimuth of the station
from the epicentre, then

A=oc-+ zsinz | ycosz

provided z and y are small. The corres-
ponding travel times T' (A) and T (s) a=
read from the tables for distances /A and o
are related by

T(A)= T(6)4(zsinz+ ycosz)t (a)..(1)

where ¢ () is the travel time for one degree
at distance o.

If we further assume that the J.B. Tables
(1940) are correct, then

T(A)—T(e)—1—e =p 2)

where = is the observational error and p the
the residual worked out with the help of
tentative epicentre and J. B. Tables (1940).




08 INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICR [ Vol. & No. 2

Combining equations (1) and (2). we get
(x sinz 4 yeos 2)t(g) —7—p—=2z (3)

which represents an equation of
between x, y and =,

condition

The normal equations corvesponding 10
observing stations are

.?‘EPE '—_afqu — T.E"{J - fﬁu‘n =1} Y

e Zpg+yZg* — tZq — Zpq 0 5)

zZp +yXq — nt —Zp 0 .
where p —sinz. t(s), g=co=: {(5)

Solution of (4); (5) and (6} aives the
value of x, i and zand substitution of these
values in each equation of the tvpe (3) gives
the value of = which is the final valus of the
residual.  For small values of * epicentral
distances and azimuth were recaleulate 1 and
fresh residnals found. The value of 2 was
caleulated with the help of the formulas :

= |jr,l —I”r']" L [/J

(¢ —K)?

Y § AT

L CORZ

Where

7 = sin & cos
H = sind sin
K — —(08 r‘/)

The method of least squares as enumerated
above preswmes that the observing stations
are distributed in all azimnths ronnd the
epicentre and data are available at various
distances. According to Jeffrevs  (1935)
ohservations of P must be available from at
least 3 stations at nearly the same epicentral
distances, which are in widely distributed
azimuths. In the case of the shocks studied
in this paper this ideal might not have heen
achieved in some cases. While a cood
number of stations existed in direction bet-
ween SW to NW, very few readings were
available from east of the epicentrex. In
most cases the only readings available have
heen from College (Alaska) and  Brisbane and
in some cases from Japanese stations. In a
few cases data were not available even from
these stations and the epicentre has heen

detefmined with the Iu'lll of the limited data
‘e

at disposa These cases have been marked
with an as -in Table 2. In =uch cases a
further che was made witl S readings and

e =olution was not accepted un'ess both P
and S readines at all the obsarving stations
wore siital weeountel

Ta 125) gives the tabulations
O !U . nes at varinus .1"-_-:--5'\' 1
<tations listedd i Table2, The
val S for P and S tim2s with
refere Bles (10400 are also civen.,
T'ne residnals for Pare aonor nach smaller
in eomparizon to S as< the exact heginnine of
th latter s often not fres froma 1oty

- 3. Energy and magnitude of shocks

Dichter (1935) has defined the maenitude
of an earthquake as the logarithm (to base 10)
of the maximum amplitude measured in
microns (1 micron =0 mm) traced on a
standard  Wood-Anderson  torsion

araph havine a period of 3-8 seconds, a static

SCISINO-
magnitication of 2800 and a damping co
efficient of H+# at a distance of 100 km from
the epicentre,

[t iz not always possible to
get the data directly from standard seismo-
eraphs at a distance of 199 km from the
epicentre and the observed amplitudes have,
therefore, to be reduced to expected ampli-
tudes at 109 km,  For distances from
210 to 15% km he found that the observed
amplitudes are fairly well represented by the
formula—

log A — log 3 4-3-37 — 3 log

where o1 is the seismograph amplitude in
millimetres and I is the magnitude. If
standard seismometers are not available the

amplitude A4 can be caleulated from the
known carth-movement and earth vave
period 7" by the relation
I
4= ———— - A7)

LHI0 (2—1)2 - 4 /202
where T/T, and V is the static maoni-
fication and b the coefficient of cl:lmpf}:'_f.

For distances over 257 the period. of the
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Earthquake shock No. 45 (8 February 1951)
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Earthquake shock No. 46 (15 February 1951)
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A
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Chatra

Fig. 4
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Earthquake shock No. 48 (6 March 1951)
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Earthquake shock No. 50 (16 March 1951)

1‘

— r4

——_;-Ewuﬁn} Ii’i E:i i

——— — 'ﬂ"‘

Tezpore

¥ ar
A’%W i A R e et 8 )

—_—— —— e —— e . i "SR

Calcutta

o

C 0 TS
—— ] ANt S et tnees W ¥ 2 NN A

New Delhi




104 INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS [ Vol. 5 No. 2

Earthquake shock No. 51 (17 March 1951)
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earthwaves is generally much larger than
that of the standard seismometer and so

u>>1 and u*>>u%? and the relation (7)
becomes

1-8
.‘4'7-1,—2- a

In general Richter found that the magni-
tude is given by the relation

M = log A—log A, . (8)

where A, is the amplitude recorded by a
shock of magnitude 0 and can be represent-
ed by the empirical relation—

Ay =—3T—-2log A

The above formulae have been used to
calculate the magnitude of the aftershocks,
Maximum amplitudes recorded by the
Torsion Seismographs at Chatra, New Delhi
and Poona have been used. Whenever
there were two horizontal components the
magnitude has been calculated with the help
of both and an average taken. Finally an
average of the various values determined by
different stations has been taken and the result
entered in Table 4 (p. 129). The magnitude
of after shocks calculated in this was found to
be higher by 0-5 to 1 unit than that calculated
by European stations for some shocks.
Magnitudes calculated from records of Milne-
Shaw seismographs indicated smaller values.
It seems that at distances below /A =25° the
maximum earth movement corresponds to
shorter periods. At larger distances these are
filtered offand only larger periods predomi-
nate. Thehigher value obtained with Wood
Anderson records seem more representative.
For the main shock the recorded amplitudes
at Indian stations were too large and in all
cases the trace went out of record. An
average value of 85 has been accepted which
yields a total release of 4 x 10% ergs of
energy according to the relation—

log B =log,,E, +-1-8 M
E, is generally taken to be 2 x 10 1 ergs.
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4. Depth of Foeus

In nearly all the shocks given in Table 2
surface waves were recorded at all the Indian
stations showing that the focal region was
confined to the outer crust of the earth. The
exact estimation of the depth has not been
possible in many cases. Data from near
stations were available for shocks No. 40 to
54 only and amongst these Scrase’s phases
sP could be identified in a few cases. Unless
this phase could be traced at more than one
station, the depth has not been calculated.
In a number of records the wave P appears
to be followed by a stronger phase. If it
is assumed that the latter, designated here-
after as sP is due toa premitive S diffracted
as P along the outer boundary of the earth
near the epicentre, the depth of focus below
the outer boundary can be calculated. The
depth calculated in this way seems to be in
general agreement with that calculated from
sP-P interval®*. Assuming horizontal layer-
ing with 2 layers over the main rock, and
no change in velocity with depth, it can be
shown that for small epicentral distances the

travel time of the wave sP is givenby the
formula

3 3
vl —vt

(
t. =1t +hy
&P P i. i}P X 'U;

where v, V5 ete are the velocities for the
waves P, P etc and & the depth of focus below
the surface. The interval (fp—¢,) for

epicentral distances upto /A = 10° is, there-
fore, given by

(o2, —02-
' P 8
top—tp =h

P I '{i vp X U5

%\/ v, —v5)
Yp X5 |
(10)

Substituting the valuesof v, , v andv, for
the region as given in Table 8 we get

t;f"_tf’ — 0'39Xk -

a1)

* It may be mentioned here that 8. C. Roy (1039) determined the depth of the Bihar-Nepal earth-

quake of 1934 from the apparent delay of starting of p with respest to ;. He found a value of 14

the depth

for
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Even up to distances of A = 25° only very
small change in the value of t-, — 1, is to
be expected. Data from all Indian stations
has, therefore, been combined in the calcula-
tion of the depth #.

The difference in the travel times foz of the

s wave diffracted as P along the upper boun-
dary and the primitive P wave is given by the
relation

h ocos @ o 2
b= —— (12)
&
-
where sin § = %
5

Substituting the values of », and v, as
given in Table 8, we get
ts—tp= 0:23 X & (13)
The observed sP—P and sP—P intervals
and the value of depths for some shocks
calculated with the help of (11) and (13)
are given in Table 5 (p. 130).

5. Velocities of longitudinal and transverse seismic
waves in Upper Assam

It has already been mentioned above that
for near earthquake studies three Seismologi-
cal Observatories were opened at Shillong,
Tocklai and Tezpore. Two observatories
namely at Calcutta and Chatra which were
within 10 degrees from the epicentral region
were already functioning. Data for dis-
tances below 10 degrees were available for
shocks Nos 38 to H4. In some cases, how-
ever, the records either were not good or the
seismographs did not function and hence the
records from all the five stations were not
available. Seismograms from all these sta-
tions were examined and the times of arrivals
of prominent phases were recorded. These
are tabulated in Table 6 (pp. 130-134),
The phases P, P* and P in the longi-
tudinal group and S, S* and S in the
transverse group have been tabulated in
all cases when observed. Other well de-
veloped phases have also been tabulat-

ed. Mases P, P, S and S are on the
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whole easily identifiable but P* and S*
which are generally weak present difficulties.
P appears to be the strongest phase in the P
group and S in the S group. The actual
maximum amplitude has not been measured
but the clarity of the phases have been broad-
Iy classified as weak (W), strong (R) and very
strong (V.8.). These have been entered
after the arrival times. Where no remarks
are given it may be inferred that the phase
though not strong is easily identifiable.

Since the epicentres and origin times for
these shocks were known with the help of
other Indian and foreign stations the data
given in Table 6 could be used for the caleula-
tion of seismic wave velocities in Assam.
Following Jeffreys (1929) a three-layered
structure has been assumed for the region and
no change in the velocities with depth has
been postulated. Knowing the observed
travel times for various epicentral distances
the data for each earthquake could be sub-
jected to a least square analysis for deter-
mination of the velocities and the apparent
delay of starting. This, however, was not
possible as the maximum number of near
stations for any one earthquake was only 5.
Since the phases P and S were clearly recorded
in nearly all the cases it could easily be infer-
red that the focus lay in the upper most layer,
usually referred to as the Granitic layer,
and the data forall the shocks could be com-
bined for the purpose of a least square study.
The travel time 7' for any ray from the focus
to the observing station is given by the rela-
tion

AN ta
v
where @ is apparent delay of starting and
depends only on the focal depth % and
distribution of velocity up to the lowest layer
to which the ray penetrates,

Let us suppose that the position of the
epicentres and the distance /. of the epicen-
tre from the observing station is correctly
known, and there is only an uncertainty in the
calculation of travel times. If < is the
uncertainty in the computation of the origin
time, ¢ the errorin observation of a particular
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phase (say P) atdistance £ then the com-
puted travel time ¢ isgiven by

t=T—1T—c¢

and (a,—7) + Avp—t=¢ (14)

If wehave n sets of A and ¢ values, we can
get n such equations of which the normal
equations are

n(ap—1) + (ZAW) — Zt =0 (15)

(ZA) (ap—T) HEAY v —ZAt=0 .. (16)

Solution of the above pair gives the values of
v,and (a,—T). Substitution of these values

in the n equations gives values of ¢ for each
case. The square of the standard deviations
for @, and v} are

(ZA)

_ Ei
% n(EAYHZAR

n_

a2

(am

7 Xe?
= n CAY—ZAP 02

from the value of the standard deviation for

. (18)

Gir; calculated thus, the value of the stan-

dard deviation for v, t.e., %, can be calculat-

ed from the approximate relation

GUP U'UP
- (nv—l)z

Dividing the standard deviation by 4/a the
value of the standard error can be deter-
mined.

Observed values of /A and ¢ and the calculat-
ed values of the residual ¢ for each case are
givenin Table 7 (pp 135-136) for the waves P,
P*,P,S,S8*and S. Fig.3 represents the travel
times of these waves for the Assam region.
Velocities corresponding to these phases and
the calculated values of the apparent delay of
starting (ap—7) along with the calculated
standard deviations and limits of error round-
ed to second place of decimal are given in

GREAT ASSAM EARTHQUAKE AND ITS AFTERSHOCKS

107

Table 8 (p. 136). Values of the velocities deter-
mined by other investigators in other parts of
the world are given in Table 9 (p. 136).

8. Thickness of crustal layers

In the case of horizontal layering if the
focus is at a depth & below the outer surface
of the earth and H, and H, are the thicknesses
of the upper and intermediate layers (often
designated as the Granitic and Basaltic
Layers) it can be shown that the apparent
delays of starting a for the waves P* and P are
given by (provided the effect due to the top-
most sedimentary layers is neglected)—

aP’: ‘ZHI(U —_——
Yn

and similarly of 8* and 8. There is no
delay of starting for P and S. Knowing v,
v, , a,, and a, the values of H, and H, can

be calculated, provided % is known. Aswe
have already seen the standard deviations
for the velocities are quite small but for aps
and @, their magnitude is much larger. There

is also a considerable amount of uncertainty in
the determination of k. Consequently great
accuracy cannot be claimed for the results
obtained for H, and H,. If a large number
of reporting stations were available it should
have been preferable to calculate the values
of H, and H, from records of individual
earthquake, but in the present study this has
not been possible. With a small number of
reporting stations calculations from data of a
single earthquake may lead to erroneous
results. In the present case all the available
data from shocks No. 40 to 56 have bee -
bined for the determination of valueﬂd
the velocities. The earthquakes selected
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have apparently different depths ranging
from about 5 km to about 20 k. A mean
value of 13 km has been chosen for 7. Subs-
tituting the values of @, @, and the velo-
cities as given in Table 8, in equations (14)
and (20) we get

H, = 25-8 km

H, = 20-5 km,
from data of S group of waves the correspond-
ing results are

I, = 23:8 km

I, = 22-5 km.
These results give a mean depth of 24-3 km
]IL')I‘ ﬂl[.‘ (J‘l[‘illlil'i(', ilﬂt] 215 km for the Basaltie
or Intermediate laver and the depth of the
Mohorovicie discontinuity as 46-3 km helow
the surface. The result obtained by Jefirevs
(]‘3‘3") for Japanese earthquakes gave
H,=15+3km and H,-— 18 L 4 km.
Gutenlww (1951) has estimated the depth of
Mohorovicie discontinuity in southern (ali-
fornia to be 35 km in Coastal regions but
deeper under the mountain regions,  Byerly
(1939) found the thickness of crustal lavers
as 32 km in the Central Californian regi .
An estimate of about 50 km for the depth of
the Mohorovicie discontinuity for f
India was arrived at by Mukherjee
From a study of the Bihar-Nepal earthquake
of 1934. lu)\ (1939) calculated the thick-
of the Granitic and Basaltic lavers
as 14-8 km and 25-4 km respectively.

‘entral

( l'.’l'_"»

nesses

7. Frequency analysis of ” and & residuals
Jesiduals of P and S as given in Table 3
have been rounded up to the nearest second,
and their frequencies of ocenrrence in ranges
of 3 degrees have been given in Tables 10 and
11 (p.137)  Inthe last column of the table the
mean value of the residual for the particular
range has been given. Values of residuals
larger than 10 seconds have not been talken
into account while calculating the mean.
A perusal of the tables shows that for /7
residuals the distribution is fairly  normal.
but the S residuals show a large seatter.
This is to be expected as the errors in the
estimation of S times are larger than those
fomads  The table for P residnals shows the
follow1 noticeable the

J. B. Tables,

departures f{rom
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sub-range
be about 2 seconds

average value for

Travel times within the
1 ta 7
lareer but if an

=2 to
distances helow = —10" is taken

the times are nearly 1 second

larger.

2) Travel times from 107 to 19°
~‘mnli|-r on

seconds.

are

an average by about 2

No  significant  departures  from

- =32 to L—=R&{",
The number of ohservarious in the other
sith-ranges are too small to draw anvy  con-

that the travel
f P from the region investizated are

J: B:
=H2° and

elusion llnl it seems probable
times of
larger by 1 to 2 seconds than those in
Tables (1940) for L=20" to
for 90° to 1037,

alzo show that the
sub-range 4 to T
¢ and

Tables for S residuals
travel times within the

degrees are higher by about 2 second

for —— 107 to 167 smaller by about 4 seconds.
\frer =167, there is a tendency for the
travel times fo inerease again, and the

mean of the S residuals show positive values
1 o = A =92

ranging from 1 to 5 seconds up to 5 =52

hevond which there does not seem to be any

significant departure up to L-=T5°,

A mean value of 4-4-2 for the sub-range
A—=78:9° is based only on 5
can be ignored. Slight-
times of P and S for
distances up to /A—=10° are perhaps due
to the greater depth of the crustal layers
in the region, the total depth heing about
45 km as compared to 33 km found by
Jeffreys for the BEuropean continent. The
effect due to the sedimentary layers has also
heen neglected which too would contribute
to larger travel time. For distances bet-
ween O0=10° to A=20" the effect due to
areater depth of the crustal layer is perhaps
more than compensated by the larger velo-
city of the P, waves, heing 7.91 km sec—1!

\N=T6° to
observations and
ly larger travel
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as against 7-76 km sec! found by Jeffreys
for Europe. For still larger distances
the regional effects become less impor-
tant and there are no significant differ-
ences in travel times with respect to those
given in J. B. Tables (1940), the latter being
an average for shocks in different regions of
the globe.
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TABLE 1
Serial  Station Lati- Longi- Instrument Comp. Period Speed Damping
No. tude tude of of ratio
(°N) (“E) Inst. paper
i mm min
(sec)
1 Bombay 182547 729497 Milne Shaw N 12 8-0 20:1
Milne Shaw E 12 8-0 20:1
2 Calcutta 229327 83°22* Milne Shaw E 12 8-0 20: 1
Waond Anderson N 2 30:0 nearly
critical
3 Chatra 26°50" 87°10° Milne Shaw 10 16-0 M1
Wood Anderson E 1 680-0 30:1
Wood Anderson N 1 60-0 30:0
Benioff Z Ty=0-8 60-0 critical
Tyg=0-45
4 Hyderabad  17°26* 78°27°  Milne Shaw 2 12 §-0 20:1
Milne Shaw E 12 8:0 20: 1
5 Kodaikanal 10°147 77°287 Milne Shaw E 10 8-0 20: 1
G New Delhi  28°357 77°1% Milne Shaw N 12 8-0 20:1
Wood Anderson N 4 16-0 20:1
Wood Anderson E 2 60-0 30:1
7 Poona 187327 73°51° Milne Shaw N 12 8-0 20:1
Wood Anderson ] 4 16-0 20: 1
Sprengnether E T'y=Tg=17-2 30-0 eritical
Benioff Z T,=1 60-0 eritical
Tg=0-25
8  Shillong 25°34" 01753 Wood Anderson N 1 24-0 nearly
critical
Wood Anderson E 1 60-0 ”»
9 Tezpore 267377 92°477 Wond Anderson N 1 24-0 .
10 Tocklai 265745 04°46°  Wood Anderson 5 1 30-0 -
Wood Anderson N 1 30-0 33

~

%

250
350

250

870

150
1000
1000

268

242

209
1000
170)

700

600

700
700
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TABLE 2
Serial Date Origin Time Epicentre Magnitude
number (GMT) Lat. Long.
of shock (°N) (°E)
Main Shock  15-8-1950 14 09 28-5 28-46 9666 8-56
1 ,, 16 29 19-5 27-34 97-13
2 2 18 38 42-1 28-71 95-99
3 » 21 42 22-9 26-94 02-86
4 »» 23 44 40-6 28-T4 05-08
5* 16-8-1950 05 33 06-0 28-82 96-99 66
6 » 06 41 59-5 28-57 95-66 7-0, 6-25 (Pr)
7 3 15 29 26-2 29-42 09470 6-6, 5-75 (Pr)
8 33 17 51 30-8 2748 9254 6-7,5-76 (Pr)
9 30 19 25 35-2 29-07 95-82 6-4,5-5 (Pr)
10 17-8-1950 01 54 14-0  28-86  94:52 65, 5-75—6-0 (Pr)
11 » 05 29 13-6 29-92 04-83 6:2,5:5(Pr)
12 18-8-1950 01 07 b61-2 29-35 95-83 6:5,6:5 (Pr}, 7-0 (Pas)
13 » 16 58 48-9 29-89 096-43 6-6,5-75 (Pr)
14 20-8-1950 09 03 37-0 29-90 94-92 6-4
15 21-8-1950 05 51 29-8 27-49 97-01 61
16 " 08 290 34-8 32-68 92-98 64, 5-75—6 (Pr)
17* - 18 43 53-1 20-43 94-21 6-1
18* ”» 22 55 31-3 28-81 05-40 6-2
19 22-8-1950 02 22 37-1 30-44 95-18 6-0, 55 (Pr)
20 1 06 43 10-8 29-29 04-52 63, 5:-5—5-756 (Pr), 5-756 (St)
21 s 13 22 20-1 27-49 97-16 6-3
22 23.8-1950 03 09 19-0 20-28 9507 6-3, 5-75 (St and Ro)
23* » 15 33 56-8 27-19 06-94 59
24 v 18 46 58-7 28-79 96-39 6-7, 6-0 (St and Pr)
25 24-8-1950 01 27 45-6 28-34 96-42 6-3
26 26-8-1950 06 33 06-4  26-84  95:06  7-0,6-0(St), 6:1 (Pr)
27 27-8-1950 11 00 02-0 29-96 94-56 6-2
28 31-8-1950 19 52 31-4 28-22 9568 6-1
29* 2.9-1950 16 14 39-2 29-94 96-56 65
30* 13-9-1950 11 07 34-1 27-84 95-33 70
31 30-9-1950 70 28 53-7 28-66 04-32 6-7
32 3-10-1950 23 01 58-0 28-00 06-72 6:3
33 8-10-1950 04 50 14-2 28-89 094-11 66
34* 16-10-1950 15 42 32-6 28-34 95-02 6-2
35% 29-10-1950 06 02 30-6 27-82 94-72 6-4
36* 30-10-1950 09 04 51-3 27-97 96-89 6-0
37* 2-11-1950 20 17 28-7 30-55 97-26 6-3
38* 12-11-1950 21 30 27-3 27:68 0477 6-4
30% 18-11-1950 00 44 10:0 27-73 94569 6.7
40 21-11-1950 07 10 02-9 28-93 95-76
41 3-12-1950 06 26 56-1 29-34 095-14 6-6
42 20-12-1950 22 35 20-1 24-39 91-74 6-3
43 3-1-1951 21 14 12-5 20-03 94-40 6-6
44 4-1-1951 23 13 25-3 28-60 94-21 5-6
45 8-2-1951 21 14 276 28-15 04-42 5-8
46 15-2-1951 08 23 37-9 30-31 96-02 5-3
47 21.2-1951 02 24 14-7 28-91 094-02 5-8
48 6-3-1951 18 58 13-8 28-84 09509 6-4
49 12-3-1951 14 52 17-2 28-19 094-49 65, 6:0 (Pr), 5:5—5-75 (Ro)
65 (St)
50 16-3-1951 13 66 57-5 31-20 096-20 6-0
61 17-3-1951 04 27 30-8 30-94 97-16 65
52 7-4-1951 20 29 12-4 25-77 90-35 6-8
53 14-4-1951 23 40 49-4 28-22 9405 G-4
54 22.4-1951 03 37 40-7 29-21 94-30 65 i
Nore: Pr—Praha; Pas—Pasadena; St—Strasbourg; Ro—Rome
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TABLE 3
Azimuth
8. No. Station Degrees Degrees Observed  Obs,—Cal, Observed  Obs,.—Cal
of of arc trivel time travel time ) :
shock for P for S
= vmin)  (sec) 2e0) (min)} f(gee) (sec)
Main Chatra 2 o 1.4
shock  Calcutta { 234 2 06
Delhi i 293 3 3.6
Hyvderabad 20+ 241 1 =18
Poona 23 2500 3 7 —1-0 9 14-5 —1-6
Colombo 26 ¥ 3 16-3 +—4-0 10 21-5 +4-3
Kochi 31- il 6 205 +0-3 11 295 —10-4
Siomisaki 33- 71 & 44-5 _1-3
Nagano : 60 i 3-3 +1-3 12 445 +5-0
Djakarta 3 162 7 25 -1:2
Taokyo 37 s r? 135 405 12 S8 L0-3
Sendai 37 63 i N3 +0-8
Sapporo 38 a0 7 23-5 —3-1 13 7.5 +3-8
Ksara 3164 292 9 10-5 0 16 39.4 414
Tstambul A5 66 302 0 105 04 16 24-5 T
Helwyn ) 280 9 15-1 401
Athens 300 0 13-7 +0-6 18 4.0 31
Uppsala 325 10 11-5 3.2 18 255 —2:7
Beograd 308 10 185 +0-1 18 41-5 44
Vienna 312 10 2 +1-3
Copenhagen 321 10 5 +1-1 19 755 45
Praha 35 10 ) -0 19 10-5 —1-9
Zagreb 310 10 5.5 —0-8 19 14-5 <15
Leipzig 316 10 -0 2.3 a2 17-5 — 85
Cheb 315 11y o3 L1-1
Trieste 310 10 -0 —0-7 19— 32-0 -5
Jena 318 10 51 —i-5 19— 33-5 2.1
Adak $2 10 b .4
Gottingen 3T 10 3 ~1-2 10 435 2-3
Tannarive 231 10 3 14 10 415 —6:7
Rome 0T 10 L AL —2-1 10 35-5 —0-8
Stuttgart 310 11 05 ~n-1 20 05 +3-9
Chur 312 11 3-0) 02 M0 1-2 -2
Zurich a3 11 57 0 20 65 —0-4
Strashourg 314 11 75 F1:1 an 8.5 02
De Bilt 3190 11 85 05 20 13-5 —0-8
Kew 319 11 30-5 +4-0-4
College 24 11 41-5 —0-9
Rathfarnham 323 11 14-0 406 2 .7 406
Ebro 3049 11 530 +0-6 21 450 181
Brishane 131 11 57:5 —1+9
Alicante 307 12 4-5 2.4
Cartuja 307 12 14-5 —2.4 29 205 44-8
Riverview 137 12 18-5 +42.5
Malaga 307 12 24-5 +3-5 22 32:5 —0-14
Sitka 26 12 36:5 +1-0
Pretoria S 234 12 385 —0-2
Pietermaritzberg 8566 233 12 43-5 +1:7
Ivigtut 8619 344 12 10-5 3.9
Seattle 9652 25 13 35-0 9.4
Apia 97-81 101 13 405 2.1
Hungry Horse 09874 20 13 435 +0-8
Wellington 100-06 121 13 32-5 +3-8
Shasta 102-23 29 13 205 +1-1 25 45 —de3
Berkeley 10460 31 14 10-5 L6
Ottawa 106:17 304 14 17-5 +1-7
Harward 10856 351 14 285 +2-2
Buffalo 108-84 357 14 20-5 +2.0
* sadena 10053 20 14 315 £1-0
Palifades 110-34 352 14 35-3 +1-2
Washington 112-74 355 14 455 +0-8
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TABLE 8—(contd)

S. No. Station Degrees  Azimuth — Observed Obs.—Cal.  Observed  Obs.—Cal.
of of are  Degrees travel time travel time
shock from for P for 8

North

A z (min) (sec) (sec) (min) (sec) (sec)

Beograd 308 10 24-
Praha 501 10 44-
Trieste 53-
Stuttgart -
Prato 1i
Strashourg 13-
Besancon 21-
Paris 33-
College (L p 48-
Tammanrasset 2 21-
Cartuja g 26-
Pietermaritzberg - 82 2 42-
Hungry Horse { 48-

—b e O - D =D DO -
S WLWW NI WD RO

ot i St gt n

e AR
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11-
31-
41-
37
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32
41-
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8-
21-
25
42
49-
2

—

New Delhi
Hyderabad
Poona
Bombay
Kodaikanal
Colombo
Tokyo
Helsinki
Praha
Trieste
Stuttgart
Strasbourg
De Bilt
Paris
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College
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Brisbane
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Pretoria
Pietermaritzberg
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TABLE 3—{contd)

8. No.  Station Degrees  Azimuth Observed Obs.—Cal. Obsorved  Obs=-Cal.
of of arc  Degrees travel time travel time
shock from for P for 8
North
A 2 {mir) (sec) (see) (min)  (sec) (sec)

4 Hyderabad 18-85 240 4 25-4 +1-7 ] 1-4 -~ 9.9
Poona 2185 249 4 534 —0-6 3 59-4 + 6.0
Bombay 22:48 252 4 59-4 —2.8 9 6-4 - 15
Kodaikanal 2464 228 Y 254 +2.1 4 59-4 +16-6
Ksara S0-18 203 9 1-4 0 16 22.4 4-11-1
Praha 62-71 315 10 27-9 —1-1 19 14 + 4-4
Trieste 63-23 310 10 38-4 +5:8 19 16-4 +12-8
Stuttgart 66-34 314 10 324 —0-3 19 42-4 + 0-5
Prato B 56 309 10 52:6 —1-4 19 50-8 +— 6.2
Paris 052 316 11 18-9 +0-1
Kew 71-21 319 11 22.4 —0-4
Alger Univ T4-85 304 11 42-4 +0-3
College 7487 23 11 43-4 —0-8
Toledo 7850 309 2 4-4 —0-2
Tammanrasset 7804 200) 12 74 +0-4
Pretoria 83-95 237 12 33-4 ~0-1
Pietermaritzberg 8468 233 12 384 +1:5

5 Chatra 3-88 282 2 10-0 +0-2 3 470 +- 5-9
Hyderabad 20-24 241 4 38-0 —1:7 8 27-0 - 50
Poona 23.27 250 3 9-0 —0:7 9 17-0 —_ 2.1
Bombay 23-95 252 3 180 +1-4 9— 31-0 0
Kodaikanal 25:83 229 3 34-0 —0-2 10 2.2 — 0-8
Praha 63-72 315 10 35:0 —0-7 19 120 + 2.3
Stuttgart 737 a4 14 59-0 —0-2 19 560 1-7
Strasbourg 68-34 314 11 0 +0-7 20 0-8 + 2-1
De Bilt 68-72 319 11 -0 +1:5 20 13-0 + 2-5
Paris 71:52 316 11 -0 +0-4 20 46-0 + 2-7
Kew 72-12 319 11 . -+0-8 20 50-0 — 02
Dublin 74-63 323 11 +0-1 21 16:0 — 25
Tammanrasset 80-35 200 12 +1-5
Pretoria 85-28 237 12 0

6 Chatra 7:74 260 1 +1-7 3 27-5 + 1-4
Hyderabad 1930 239 4 —3-5 8 75 + 5-9
Poona 22-31 248 4 —0-4 9 05 —1-3
Bombay 23-00 250 5 +0-1
Colombo 26-23 218 5 2.2 10 155 + 6-1
Fukuoka 30-11 71 (i —2:0
Tokyo 3771 68 7 +1-7 13 10-6 4+ 0-8
Ksara 50-78 202 9 —0+5 16 25-5H + 6-1
Helsinki 56-12 325 ] +1-0 17 34-5 +16-1
Prahs 63-26 314 10 +0-6 19 6G-5 + 2-6
Rome 6665 306 10 —1-0 19 485 + 2-8
Stuttgart 6G6-88 314 10 —+0:5 19 54-5 + 6-1
Strasbourg 6784 314 11 —0-6 19 57-5 — 2-4
De Bilt 68:28 318 11 —0-4 20 4:5 —_0-7
Paris 71405 316 11 —0-3 20 435 + 6-1
Kew 71-70 319 11 +0-8 20 50-5 + 52
Alger Univ 75-44 304 11 —2-0
Tortosa 75-55 309 11 +0-4 21 35-5 - 6-9
Pretoria 8436 237 12 +0-2
Grahamstown 89-82 231 13 +0:6

7 Chatra 7-09 250 1— +3-2 3 13-8 + 40
Hyderabad 19-05 235 4 +0:7 7 598 + 3-8
Poona 21-87 245 4 —2-4 8— 53-8 0
Bombay 22.51 247 5 +1:8 0 7-8 + 2.3
Kodaikanal 24-98 224 5 —4-8 9 47-8 — 1-1

“ * Upgala 58-65 325 10 +2-3 18 5-8 4+ 0-7
Prﬁa 62-06 314 10 +0-1 18 488 — 0-1
Trieste 63-60 300 10 —1:1
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TABLE 38 (conid)
8. No.  Station Degrees Azimuth Ohserved Obs,—Cal. Observed  Obs.—Caul.
of of arc  Degrees travel time travel time
shock from for P for 8
North
A z (min)  (sec) (sec) (min)  (sec) (sec)
7 (contd)
Stuttgart 65-70 314 10 47-8 —0-7 19 35-8 + 1-7
Strasbourg 66- 64 314 10 54-8 +0-2
Paris 69-86 315 11 14-8 +0-2 20 24-8 + 09
College T4-35 23 11 38-8 —2-5
Tammanrasset T8-46 200 12 4:8 +0-5
Brisbane 79-50 130 12 13-8 +3-8
Pretoria 8411 236 12 33-8 —0-3
Hungry Horse 08-41 22 13 40-8 —0-3
8  Chatra 487 268 1 21-2 +5-0 2 21.2 + 7-1
New Delhi 13-60 278 3 7-2 +0-6 5 40-2 — 97
Hyderabad 16-41 235 3 55-2 +2-0 7 15-2 +19-3
Poona 19-356 246 4 22-2 —T7-3 7 64-2 — 8-5
Bombay 2004 249 4 29-2 —8-3 5 30-2 +13-0
Kodaikanal 22-29 223 b 1-2 +0-8 9 11-2 + 97
Calombo 23-73 212 5 19.2 +4-7 9 44-2 +17-¢
Ksara 48-64 292 8 502 +2-7 16 6-2 +16-8
Praha 62-04 315 10 247 +0-1 18 48-2 0
Trieste 63-38 310 10 32.2 —1-2 19 4-2 —1-2
Stuttgart 65-66 314 10 47-2 —1-0 19 32.2 — 1-4
Strashourg 6663 314 10 54-2 —0-2
Paris 69-89 315 10 14-7 0
Clermont T70-51 312 11 19-2 +0-7
Kew 70-72 319 11 20-2 +0-4 20 33-2 — 0-8
College 76-87 22 11 54-2 —1-3
Cartuja 78-45 306 11 56:2 —9-1 22 2.2 + 1-1
Tammanrasset 77-33 289 11 592 +1:0
Brishane 79-74 128 12 12-.2 +0-9
Pretoria 81-46 235 12 22.2 +1-8
Hungry Horse 10084 18 13 53-2 +1-0
9 Chatra 7-M 257 1 56-8 —2.7 3 298 — 13
New Delhi 16-29 271 3 46-8 —4-8 6 34-8 —19-3
Hyderabad 19-68 238 4 34-8 +1-5 8 4-8 — 52
Poona 22-61 248 5 4.8 +1-2 9 6-8 — 0-5
Bombay 23-98 250 5 9-8  —0-3 9 208 — 05
Ksara 50-69 292 9 5-8 426 16 858 4 7.7
Praha 62-97 315 10 30-8 0 14 '8 4 15
Trieste 64+ 62 310 10 39-8 —1Y
Stuttgart 66:-55 314 10 53-8 —0-1
Strashourg 67-57 314 11 0-8 +0-4
Paris 7075 316 11 20-3 +0-3
Kaw 71-39 319 11 24-8 +0-9
College 7428 23 11 39-8 —1-0
Alger Univ 75-25 304 11 43-8 —2-6
Tammanrasset 79-49 290 12 10-8 +0-9
Pretoria 84-72 237 12 36-8 —0-3
Hungry Horse 98-44 21 13 41-8 +0-5
10 New Delhi 15-12 273 3 37-0 +0-4 6 2540 — 07
Hyderabad 18-67 237 4 170 —2:0 ki 57-0 +11'8
Poona 21-46 247 + 56-0 +3-9 8 50-0 + 4-0
Bombay 22-10 249 b 2.0 +2-4 9 2.0 + 4+0
Kodaikanal 24-43 225 b 17-0 —4-3 9 43-0 + 3-8
Jolombo 2585 213 5 37-0 +2-2 10 70 + 2-8
Ksara 49-71 27 8 570 +1-2 16 18:0 +14:6
Upsala 5899 325 10 50 +1-3 18 10-0 + 06
Praha 8229 314 10 270 =+0-7 18 57-0 + 5-4
Trieste 6381 310 10 36-0 —0-2 19 15-0 + 4-3
Rome 65-75 306 10 47-7 —0-1 19 36-0 + 11
Stuttgart 65-92 315 10 50-5 +0-5 19 420 4+ 5-3




116

INDIAN JOURNAL OF METEQOROLOGY AND GEOPHYSICH [Vol. 5 No. 2
TABLE 3 (coatd)
S. Nn.  Station Degrees  Azimuth  Ohserved Obs,—(al. Observed Obs.—Cal.
of of arc Degrees  travel time travel time
shock from for P for 8
_\:nr!'h
A z (min) (sec) (sec) (min) {sez) (zec)
10 (contd)
Strashourg 6%y 314 10 570 +0-8 19 340 + 5:6
Paris 0-12 315 11 12-0 —4-2 20 31-0 + 4-1
Kew T 319 11 23+ +1-7 20 40 -+ 5.3
Alger Univ 7443 304 11 1045 —1-3
Tammanrasset TR-48 290 12 50 L0-5
Pretoria 8366 236 12 2940 —2-5
Huagry Horse 0809 14 12 1440 402
11 Chatra 251 | 524 +1:4 3 16-4 <+ 6
New Delhi a7l 3 37 -4 —2:7 6 26-4 —_ 57
Hyderabad 236 4 274 —27 5 0.4 + 5-8
Poona 245 5 2.4 +3:5 ] 4.4 + 5.7
Bombay 248 5] G4 +0-3 4 12-4 4+ 2-3
Ksara 201 5 59-4 +4-7 16 21-4 +15-8
Helsinki 125 a9 33-4 +1-1 17 10-4 —13-2
Upsala 325 ] Sh-4 +07 18 1-4 + 1-3
Prahu 314 10 21 -4 —1-2 18 46-4 —I11-0
Rome 306 10 424 —3-5 19 27-4 — 18
Stuttgart 314 10 469 104
Strashourg 314 10 524 —0-2
Besancon 313 11 1-4 —1-1
Paris 35 11 12-4 —0-6
Kew 319 11 174 —0-49 20 33-4 + 5.9
College 23 11 37-4 —1:0
Tamminrasset 200 12 3-4 40 1
Cartuja 306 12 -4 414 29 2.4 + 0-9
Pretoria 236 12 334 —2-4
Hungry Horse 19 13 4n-4 +1-4
12 New Delhi N 3 45-8 —3-0 f 41-8 —11-5
Hyderabad 3237 1 34-8 —10-4 s 14-8 1-3
Poona 247 3 58 —1-0 ] ERE — 0-7
Bombay 248 3 12-8 —1:a ] 32-8 ~11-4
Kodaikanal 225 3 31-8 —0-5 i 59-8 — 0-6
Fukunka 73 [ 5+ —1-9 11 9-8 + 4-4
Osaka 71 6 -2 +0-5 12 367 +25+2
Tokyo 64 i 3-8 +=-1 13 120 + 80
Ksara 291 ) 2:8 +1:3 16 22-8 I 5.2
Helsinki 125 4 39-8 +0-3 17 23-8 — 08
Praha 314 1) 29-3 —0-3 18 33-8 — 2-4
Trieste 300 10 398 —0-4 19 19-58 + 1:6
Rome 106 10 5241 -1 -0 19 40-1 — 2:9
Stuttgart 314 10 53:3 0 19 44-8 1-6
Strashourg 314 10 8.8 —0-f 19 55+8 - 1:1
De Bilt 318 11 2.8 +0-9 20 28 + 3-2
Paris 315 11 19-8 +0-7 20 31-8 — 0-7
Kew 319 11 228 0 20 40-38 + 1-1
Alger Univ 304 11 45-8 4401
Brishane 130 12 5-8 +0-2
Toledo 308 12 68 —1:9 a3 4.8 — 3-89
Tammanrasset 200} 12 11:8 1-1 X 88 — 19
Riverview 137 12 29.5 +7-7 a3z 35:8 + 0-8
13 Chatra 8-69 251 2 11-1 +1-1 3 54-1 — 4-3
Calcutta 10-32 226 ] 30-1 —2-4 4 27-1 — 29
New Delhi 16-81 2609 3 571 —1-2 7 0-1 — 40
Hyderabad 20-58 237 4 43-1 +0-1 8 33-1 + 4-2
Poona 23:43 246 & 11-1 —05 9 31-1 +— 9-2
Bombay 21406 248 ) 19-1 +1-4 Y 361 + 3-2
- Colombo 3764 205 ] 511 —0-1 10 31-1 — 1-3
;Ij.sara 30-04 201 9 71 +2:0 16 35-1 +13-5
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TABLE 3 (conid)

8. No.  Station Degrees  Azimuth  Obszerved Ohs.—Cal. Observed Obs.—Cal,
of of are  Degrees  travel time travel time
shock from for P for 8§
North
A (min)  (sec) (sec) (min)  (sec) (sec)

13 (contd)
Upsala g 10
Praha 2. 10
Jena 10
Trieste 10
Stuttgart 4 10
Rome . 10
Strashourg - 11
Paris - 11
Kew . 11
Tortosa 3. 11
College . 11
Brisbane 3+ 3 g 12
Tammanrasset . 12
Cartuja . 12
Riverview J 12
Pretoria HE 12—
Hungry Horse +4 g 13
Shasta . 13

18 11-
18 56+
19 21-
19 19+
19 38-
19 41-
19 57-
20 32-
20 41-
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TABLE 38 (contd)

Station Degrees  Azimuth Observed Obs.—('al. Observed  Obs.—Cal.
of are  Degrees travel time travel time
from for P for 8§
North
z (min) (sec) { (min) (sec) (sec)

Caleutta L 204 : 33-1
New Delhi <18 258 .
Hyderabad 2006 295
Poona 22.3 236
Bombay 22. 238
Ksara 7-30 288
Praha 5875 312
Stuttgart 32 312
Strasbourg 63 - 3: 312
De Bilt 3 317
Paris 56+ 5 318
Toledo . { 307
Cartuja 7575 305
Tammanrasset -z 288

L U B
@ ue =1
Do w

S -3 S 7Y
ke N0 e

1D U e D =1 1Y O e Ot e 1Y
D <k S

LA N S N O O RO O T TO TN O o )

Chatra -7 250
New Delhi - 8 27
Poona 2148 244
Bombay 22- 14 247
Kodaikanal 24 -6 223
Ksara 99 201
Praha . 314
Stuttgart 3+ 314
Strasbourg -32 314
Besancon 313
Paris 6053 315
Kew 70-22 318
Alger Univ 73-91 303
Tammanrasset 78-06 289

o o WSS
5 8 . o8 % 0
o 0 o DY
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15 00 e
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New Delhi 15-98 274
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Bombay 22-80 249
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Ksara 50-49 201
Praha 62-91 314
Stuttgart 66-55 314
Strasbourg 67-51 315
Paris 70-71 315
Kew 71:25 319
Alger Univ 75-13 304
Tammanrasset 79-27 200
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New Delhi 15-73 269
Hyderabad 19-96 238
Poona 22-68 245
Bombay 23-29 246
Kodaikanal 25-99 224
Ksara 49-71 290
Trieste 63-27 310
Upsala 58-04 325
Praha 61-6G3 314
Stuttgart 65-28 314
Strasbourg 6623 314
De Bilt 66-61 318
Paris 69-39 315
Kew 70-01 319
College 73-21 23
Alger Univ 74-0: 304
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TABLE 3 (contd)

8. No.  Station Dogrees  Azimuth Observed Obs.—Cal. Observed  Obs.—Cul,
of of arc  Degrees travel time travel time
shock from for P for S
North
A z (min) (see)  (sec) min) (sec) (sec)

19 (contd)Toledo 77-54 309 11 58-9 — 0-3
Tammanrasset 78-51 200 12 4-9 + 0-3
Brishane 79-83 130 12 11-9 + 0-1
Shasta 101-14 28 14 0-9 + 7-4

20 Chatra 6-97 251 1 48.2 + 2-4 3 5-2 — 10
Calcutta 8:71 222 2 92 —_0-9 3 42.2 +16-8
New Delhi 15-15 271 3 33-2 — 3-8 6 12-2 —14-2
Hyderabad 18-84 234 4 19-2 — 4-4 7 492 —_ 21
Poona 21-69 244 4 53-2 — 16 8 488 — 16
Bombay 22-32 247 5 4-2 + 35 8 59-2 — 2-8
Kodaikanal 24-79 223 5 34-2 4 9-4 9 55-2 - 9.9
Ksara 49-59 291 8 56-2 -+ 1:3
Budapest 659-57 310 10 9-2 + 1-5
Upsala 5867 325 10 11-2 + 9.7 18 9-2 + 38
Praha 62-02 314 10 24-2 — 0-2 18 51-2 + 2.8
Trieste 63-567 309 10 33-2 — 14 19 6-2 — 16
Stuttgart 65-67 314 10 48-7 + 0:4 19 302 — 3D
Strasbhourg 66-62 314 10 54-2 — 0-1 20 0:2 +4-14-9
De Bilt 67-09 318 10 58-2 + 0-9
Paris 69-84 315 11 15-2 -+ 0-8 20 25-2 4 15
Kew 70-50 318 11 19-2 — 0-2 20 42-2 +10-8
Alger Univ 74.22 303 11 39-2 — 13
College 74-52 23 11 41-2 — 11 21 12-2 — 50
Tammanrasset 78-37 289 12 4-2 + 04
Pretoria 83-93 236 12 38-2 + 50
Shasta 102-42 28 13 58-2 - 1-0

21 Chatra 8-01 269 2 11-9 —1-1 3 51-9 — 34
Calcutta 9-40 241 2 22-9 + 3-2 4 16-9 + 95
Hyderabad 19-94 244 4 34-9 — 1-5 8 13-9 — 1-9
Poona 23-18 253 5 890 — 0-2 9 209 + 3-4
Bombay 2390 2556 5 15-9 — 0-2 9 2-0 + 28
Ksara 52-39 293 9 18-9 + 2-7 16 48-9 + T7-4
Upsala 61-44 326 10 20-9 + 0-4 18 43-9 + 2-9
Praha 64-92 315 10 42-9 — 05 19 0-9 —23-6
Trieste 66-48 311 10 52-9 — 0-5 19 39-9 — 37
Stuttgart 6855 315 11 6-4 — 0-1 20 14-9 4+ 656
Strashourg 69-52 312 11 12-9 4+ 0-4 20 21-9 + 2:0
Paris 72-72 316 11 32-9 + 1-1 21 3-9 4+ 6-9
Kew 73:39 320 11 35-9 + 0-3 21 4-9 -+ 03
College 75-26 23 11 45-9 — 06 21 28-9 + 34
Tammanrasset 81-09 291 12 17-9 — 0-6
Pretoria 84-87 238 12 35-9 — 20
Hungry Horse 99-48 19 13 479 + 19

22 Calcutta 9-03 225 2 7-0 — 7-1 3 47-0 —11-2
New Delhi 15-62 274 3 41-0 —_2-2 6 340 — 3-5
Hyderabad 1923 237 4 26-0 — 2:1 8 6-0 + 6-0
Poona 22.08 247 4 59-0 + 0-7 9 1-0 + 37
Bombay 22-71 249 I 80 + 34 9 13-0 + 3.9
Kodaikanal 2500 225 5 26-0 — 16 9 H8:0 + 76
Colombo 26-45 216 5 51-0 +10-7 10 16-0 4+ 3-0
Ksara 5004 291 9 8-0 L 9.8
Upsala H8-92 325 10 30 — 03 18 6-0 — 2-7
Praha 62-36 314 10 26-5 — 02 18 51-0 — 1:6
Trieste 63-93 310 10 35-0 — 2.0 19 10-0 — 2-3
Stuttgart 6599 314 10 51-0 + 07 19 35-0 — 27
Strasbourg 6696 314 10 57-0 + 0-5 19 49-0 — 0-4
De Bilt 67-41 318 10 59-0 — 0-4 19 55-0 + 0-2
Paris 70-16 315 11 17-0 + 07
Kew 70-81 319 11 20:0 — 0-3 20 50-0 +14:9

s
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TABLE 3 (contd)

S. No. Station Degpees Azimuth Observed Ohs.—al. Observed  Ohs,—{al,
of of are Degrees travel  tims travel time

shock

i
2 1 (=t = mi (=ec)

22 (contd)College 7435 23 1 Hr-1) 2-4 21 13-0 16
Alger Univ 450 304 11 410 -6
Brisbane 7016 1340 12 S0 —_ -2
Tammanrasset TNNO 200 12 N0 [
Pretoria 8430 233 12 6.0 -0
Hungry Horse 0N - 46 16 ] 420 1 0.6

23 Chatra 3 g I-6 3 1-1
Caleutta 3 4.0
New Delhi | [ 7 — 225
Hyderabad 1 3 5 4-9
Poona | 1] + 5-3
Bombay 0 3. 2 4-6
Kodaikanal 2 1 12 13-7
Ksara 1 4 16 492 54
Praha ] 2
Stuttgart 6863 315 11 0.9
Strasbourg 610 312 11 -8
De Bilt 70005 310 i “H
Besancon 7115 314 I -2
Paris 7280 316 11 -1
Tammuanrasset NS08 201 12 -7

24 Chatra 2 <D 3 30-3 113
Caleutta 2 10 4 -3 — 18
New Delhi 3 36 6 -3 — 81
Hyderabad 1 6i-0 8 3 — 0-2
Bombay 3 1-7 ] i 00
Kodaikanal a -3 10 -3 4.2
Colombo i 1-9
Ksara 0 0-7 16 293 + 3.2
Helsinki 0 -4 17 -3 — 07
Upsala 10 0-3 I8 -3 + 08
Praha 10 5 19 0-3 | 21
Trieste 10 5 19 -3 L 0-3
Stuttgart 1 19 . - 0-4
Strashourg 11 5 20 0
De Bilt 11 0-1 20 + 3-0
Paris 11 0-9 20 + 1-3
Kew 11 2 20 L 2-2
College 11 -1 21 - 01
Alger Uniy 11 -4
Brisbane 11 -3
Cartuja 12 -3 22 3 11-0
Tammanrasset 12 0-3 23 3 — 2.8
Riverview 12 -0 22 273 0-1
Pretoria 12 I-1
Hungry Horse 14 7

25 Chatra 8-34 262 2 3|
Caleutta 0-32 234 2 -8 4 -4 -+ 6-0
New Delhi 16-88 20 3 -7 0 -4 —16-3
Hyderabad 19-75 241 i -3 = 23-4 119
Poona 250 5 | 9 16-4 4-5
Bombay 252 ) -8 (3] 20-4 He6
Kodaikanal K M) 5 + 3-8 ] 47-8 — 63
Colombo 26-44 220 10 19-4 L 65
Ksara al-47 22 9 13-4 §-2 16 25-4 05
Praha Gid- 86 315 14) 364 — 0.2
Trieste G545 310 11 i 4 — -4

- Stuttgart 67-51 314 11 0-4 0-2 20 0-4 L 4-4
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TABLE 38 (conid)
S. No. Station Degrees  Azimuth Observed Obs, —Cal. Observed QObs,—Cal.
of of are  Degrees travel time travel time
shock from for P for S
North
A z (min) (sec) (sec) (min) (see) (sec)
25 (contd)Strasbourg 6847 314 11 34 — 28
Paris 71-56 316 11 26-4 + 0-9
College T4-73 24 It 42-4 — 1-0
Kew 72-31 319 11 43-4 +14-1 21 1-4 +90-1
Alger Univ 76-12 304 11 Hl-4 0
Brishane 77-63 131 11 57-4 — 2-3
Tammanrasset 80-26 200 12 15-4 + 1-4
Pretoria 84-79 237 12 32-4 — 5-1
Hungry Horse 98-92 20 13 46-4 + 30
26 Chatra 7-04 272 1 486 4 1-9 3 136 4 50
Calcutta T-47 236 2 46 +11-7 3 44-G 4253
New Delhi 15-88 280 3 4246 — 39 6 2-6 —11-0
Hyderabad 17-99 242 4 8.6 — 45 7 96 —22-5
Poona 21-24 252 4 49-6 - 0-2 8 476 4 57
Bombay 21-95 268 4 056G — 24 8 55+6 4+ 03
Kodaikanal 23-42 228 b 176 + 6-1
Colombo 2454 219 b 23:6 + 1:3
Nagoya 36-65 66 7 12-6 + 2-6
Sapporo 40-70 h4 8 27-6 —16-2
Ksara 50-97 293 ] 10-6 - B8-2 16 31:6 1 9-6
Jena 6567 316 10 496 -+ 13 19 266 — 171
Strasbourg G867 315 11 66 — 06 20 36 — 6-3
Paris 71-91 316 1L 2046+ 26 20 4146 — 6-2
Alger Univ 75+98 304 11 49-6 — 10
Tammanrasset 70-66 200 12 10-6  — 0-2
Toledo 79:75 309 2 96 —_1-7
Pretoria 82-97 237 12 29-6 4 1-3
27 Chatra 7-18 244 1 52-0 - 3-2 3 12-0 — 0-1
New Delhi 15-24 268 3 37-0 — 1:1 6 22.0 — 65
Hyderabad 19-27 232 4 260 — 2-6 7 51:0 — 0.0
Poona 22.02 243 4 58-0 + 0-3 8 560 — 0+6
Kodaikanal 25-29 222 5 31-0 + 1-4 9 550 +1-3
Ksara 49-43 290 8 56-0 + 1-4 16 19-0 — 00
Praha 61-63 314 10 22-0 + 0-3
Triesto 63-19 309 10 320 — 0-1
Stuttgart 65-26 313 10 46-7 + 10 10 28.0 — 07
Strasbourg 66-21 313 10 52-0 + 0-3
Paris ' 70-02 315 11 14-0 — 15
Alger Univ 73-90 303 11 38-0 — 06
College 7387 23 11 400 + 16
Tammanrasset 78.22 289 2 20 — 1-0
Pretoria 84-34 236 12 340 — 1-3
98 New Delhi 270 3 446 — 67 6 39-6 —I12:8
Hyderabad 239 4 24-6 — 2.6 8 4.6 4 G4
Poona 248 5 06 + 10 9 46 + 4.4
Bombay 2 250 5 86 + 2:0 9 16-6 + 97
Ksara 50- 292 ) 76 4+ 25 16 276 + 6-2
Praha 63-51 314 10 36:1 + 19
Stuttgart 67-14 314 10 546 — 3-1 19 446 — 7:0
Rome 66-99 306 10 546 — 2:1
Strusbourg 68:11 314 11 56 + 1-8
Paris 71-31 316 11 186 — 48
Kew 71-98 319 11 30-6 4+ 3-2
Tammanrasset 7070 200 12 9.6 — 14
Pretoria 84:19 237 12 35-6 4+ 1:2
Hungry Horse 99-02 20 13 44-6 + 07 -
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TABLE 3 (conid)

8. No.  Station Degrees  Azimuth Observed Ohs,—Cal. Observed  Obs.—(Cal.
of of arc ) t travel time :
for P

fnin} SN

Chatra . : 11-5
Calcutta . 2016 2 345
New Delhi c § 3 378
Poona 23.i 147 : 11-8
Bombay 2415 23 5 105
Kodaikanal 2644 20 3 13-%
Colombo 27:75 214 y 508
Ksara 50+ o 78
Istanbul 547 3 ¢ 338
Helwyn 5375 . { 40-58
Beograd 15 R 11-8
Praha 32 3 208
Trieste e 3 38-8
Zurich : 31: 570
De Bilt 7 - : 28
Kew . 314 208

[
O
Seao

|
-_.;..[_u;-}-b-—nlz|
& e

Chatra 237 -4
Calcutta 8 23: ¢ 39 + 0-8
New Delhi 3 27 ! 37:0 —10-9
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Manila 39 114

Fukuoka =04 7l } 21:3
'l‘nk}'u -83 67 20:3
Ksara 65 292 8 59-3
Helwyn 5430 288 { 30-3
Beograd 59-30 307 10 6-3
Praha =33 314 10 26-3
Trieste <84 310 1) 36-3
Rome in-T4 306 10 47-3
Stuttgart -06 314 1n 503
Chur iH 312 10 52:3
De Bilt 43 318 11 1-3
Kew -85 310 11 21:3
College 5-16 23 .
Brishane <26 120

Hungry Horse . 19
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TABLE 3 (conid)

8. No.  Station Degrees  Azimuth Olbserved Obs.—Cal. Observed  Obs.—Cal.
of of are Degrees travel time travel time
shock from for P for §
North
A z (min) (sec) sec (min) (sec)

32 (contd)Paris 72-10 316 11 28
Kew 72:76 319 11 34
College 74-95 24 11 42-
Alger Univ 76-54 304 11 52-
Tammanrasset -62 290 12 15-
Pretoria 84-01 237 12 34
Hungry Horse 99-11 20 13 45-

21 G0

+1 0T+

Chatra 6-47 250
Caleutta 8-18 220
New Delhi 14-83 271
Hyderabad 18- 235
Poona 21 244
Bombay 21-84 247
Colombo . 214
Ksara 49-42 291
Prahn 62-05 314 25
Messina 6434 301 42-
Stuttgart 65-68 314 48
Zurich 66-50 317 50-
Paris 69-87 315 15-
Kew 57 318 20-
Alger Univ 74-14 303 39
College <02 23 43
Alicante 76-02 306 49
Tammanrasset 78-19 289 s 2.
Pretoria 83-42 236 g 28 -
Hungry Horse 99- 18 - 35-
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TABLE 3 (com!d)

S. No. Station Derress Azimiutl Ohseryd Ohs —("al Observed  Obs,—Cal.
of of nr Deorees  teave! tiai travel rim
shock from fap P foF N
North
- miah (5] (300) mis se) (sec)
36 (contd)Stuttgart 314 1 10-7 — {1
Strashoure 315 11 15-7 0
Besancon T1:323 314 11 24-7 — 1-3
Tammanrasset S1-43 2000 12 -7 — -5
37 Chatra 255 ] 220 — 1-1 + + 49
New Delhi 271 1 53 L 7 63
Hyderabad 240 } 52-3 — -8 S L12-4
Poona 248 5] 203 (-4 ] 4+ 7-3
Bombay 250 5 25-3 — 0-4 ] Lo4d
Kodaikanal 234 5 15-3 3-() 9 + 4-3
Colomho 20 3 a4-3 — B
Ksara i B 4 9-3 145 16 35-3 4L 9.5
Praha 314 10 31-3 ~ 2.0
Stuttgart 314 10 al-s = [=3F
Strasbourg H7-37 314 14 a3 0
Besancon G- 314 11 53 — -7
Alger Uniy T5-42 305 11 443 — 1-1
Tammanrasset S0 -1 291 12 13-3 0-2
Pretoria Rii- 30 238 12 14-3 — 1-7
38 Tocklai (Fp 207 04
Chatra al-7 78 3 it S} 4 66
Calentta 1 337 — 3-1 3 19-% — 66
New Delhi } 41-7 "3 t 357 + 1-3
Hyderabad | 87 — ]
Poona .| 487 — -0
Bi -lll]n.l_‘.' ) At 7 i -] Py -0
Stuttgart 10 abh2 i
39 Tocklai (= ) 0
Tezpore {-_‘,sn 39-0 4+ 0-2
Chatra TN 470 4 57 3 10 4 402
New Delhi i} 305 — (-1 6 30-0 — 11
Poona 4 al-s - 0-8
Stuttgart 10 a7-0 - 0-4
Pretoria 83-04 236 12 20-0 + 01
40 Tocklai 0 415 — 1-4
Chatra 1-1 i 2.4
j 4 57- -0

New Delhi

-
3 | 4+ 4
Hyvderabad Bl 2 s 15-1 + 71
Poona o | ] 11-1 + 4-5
Bombay 3 - 9 24-1 + 59
Kodaikanal 5 -6 ] h6i-1 4+ 20
Jena 10 i
Stuttgart 10 2
Tammanrasset 12 <2
Pretoria 12 -7
41 Tocklai 2-68 196 0 2 1 — 29
Tezpore 3-40 218 1 6 1 + 6G-8
Chatra 747 251 1 - 3 + 3-6
(Caleutta 9-12 225 2 -0 3 — 26
New Delhi 15-72 271 3 3 i) — 65
Hyderabad 9-33 236 + 4 7 — 9-3
Toona - 245 4 -4 9 L 2.2
Bombuy 248 5 40 0 + 6G-4
Kodaikanal 235 5 6 9 —12
" Ksara 50410 201 8 -1 16 + 6:9
Istanbul S4-08 301 ] ! L
Jena G3-94 3l 10 36 + 01
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TABLE 3 (contd)

S. No. Station Degrees Azimuth Observed Obs.—Cal. Observed Obs.—Cal.
of of arc  Degrees travel time travel time
shock from for P for 8
Narth
A z (min) (sec) (s20) (min) (sec) (sec)
41 (contd)Trieste 63-97 310 10 369 — 04
Messina 64-90 301 10 43-9 + 0-7 19 23-9 — 0-4
Rome 65-95 306 10 48-9 — 06
Stuttgart 6605 314 10 50-4 — 0-2
Strasbourg 67 -00 314 10 H6-9 + 01
Besancon 68-57 313 10 56-9 — 6D
Paris 70-19 315 11 15-9 — 0-6
Kew 70-84 319 11 19-9 — 06 20 54-0 +19:5
Rathfarnham Castle 73-39 322 11 36-9 + 1-3
Alger Univ 74-65 304 11 41-9 — 1-0
Tammanrasset 78-88 290 12 6-9 + 0-2
Brisbane 79-11 130 12 8-9 4+ 1:2
Riverview 82-16 136 22 31-9 — 69
42 Tezpore 2:43 21 0 40-9 — 06 1 13-4 + 09
Tocklai 3:30 42 0 539 + 0-2 1 32-9 — 17
Calentta 362 242 0 599 + 1-4 1 45-9 + 3-3
Chatra 4-80 302 1 17-4 + 2-1 2 14-9 + 2-4
New Delhi 13-66 291 3 16-3 — 1-1 5 48-8 — 2-3
Poona 1764 2n4 4 5-9 — 2-8 7 21-3 — 28
Kodaikanal 19567 227 4 32-9 4+ 0.9
43 Tocklai 2-27 180 0 30:5 + 0-5 1 55 — 29
Chatra 6-75 2563 1 44-5 + 1-3 3 2.0 + 0-7
Calcutia 8-47 221 3 35-5 — 8-8
New Delhi 15-12 271 3 345 — 2-] 6 20-0 —_ 57
Hyderabad 1866 235 4 21-5 + 0-2
Poona 21-51 244 4 515 — 16 8 43-5 3.5
Bombay 22-16 247 b 1-5 + 245 8 89-5 + 0-4
Stuttgart 65-79 314 10 49-0 — 01
Tammanrasset 78-40 289 12 45 + 056
44 Tocklai 1-83 172 0 34-9 + 1-3 0 57-17 + 0-5
Tezpore 2-33 212 0 37-2 — 2-9 1 2.7 — 72
Chatra 6-48 257 1 43-2 + 4-1 2 57:2 + 2-6
Calcutta 8:03 222 3 32-7 — 0-6
New Delhi 1497 276 3 33-2 — 14 6 18-7 — 43
Poona 21-17 246 4 49-7 + 0:5
Bombay 21-82 240 + 54-7 — 1-1
Stuttgart 6597 314 10 52-7 + 245
Straghourg 66-92 314 10 44-7 —11-6
Paris 70-16 315 11 15-7 — 07
Tammanrasset 78-39 290 12 2-7 — 0-6
45 Tocklai 1-38 190 0 26-6 + 0-1 0 7-4 <+ 1-5
Tezpore 2:10 224 0 37-4 -+ 05 1 3-4 — 06
Shillong 3-42 222 0 59-8 + 4-2 1 41-4 + 38
Chatra 657 257 1 39-9 — 0-3 3 0-4 + 686
Calcutta 783 224 1 T-4 — 0+5 4 27-4 + 09
New Delhi 15-11 274 3 31-4 53 6 18-4 — 7-1
Poona 21-12 247 4 46-4 — 2.2 8 35-4 — 4-3
Bombay 21-80 249 4 57-4 + 2:0 9 2:4 +10:0
46 Tocklai 3-87 209 1 2-1 0 1 51-1 + 21
Tezpore 465 221 1 10-1 — 31 2 66 — 21
Shillong 5-98 221 1 32-6 + 06 2 42-1 — 01
Chatra 8-52 249 2 8-1 + 0-4 2 521 + 65
New Delhi 16-42 269 3 52-1 —1-2 6 55-6 — 0-5
Poona 23-24 245 5 10-1 + 0-4 9 271 + 85
Jena 63-76 316 10 38-1 + 2-2
Stuttgart 6588 314 10 48-1 — 15 *
Tammanrasset 79-22 290 2 7-1 — 1-4
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TABLE 3 (contd)
5. No.  Station Degrees Azimuth Observed Ohs.—Cal, Observed Obs.—Cal.
of of arc  Degrees travel time travel time
thock from for P for 8
North
= {min) (sec) {sec) {mijr) se (sec)

47 Tocklai 167 0 358-3 - 08 1 4-7 — 11
Tezpore 205 0 45-8 — 0-5 1 13-3 — 17
Shillong 211 0 586 — 2-8 1 10-6 — 74
Chatra 254 1 41-3 3:5 2 51-8 — 0-8
Calcutta 220 2 3-3 1-4 3 35-3 + 2-0
New Delhi 273 3 30-3 — 1-7 6 5-3 — 9-4
Poona 245 4 48-3 — 08 8 26-3 —13-7
Bombay 248 3 73 +12-9 9 0-3 + 6-2

45 Toeklai 194 0 40-2 2-0 1 9.2 + 246
Tezpore 221 0 503 + 05 1 25-2 — 1:7
Shillong MY 1 9-8 - 1-2 2 07 + 0-4
Chatra 254 1 508 — 0-5 3 12-7 — 1-8
Calcutta 224 e 11-2 — 0-6 3 45-2 —_ 2-6
New Delhi 273 3 412 — 32 6 33-7 — 6-1
Hyderabad 237 + 24-2 — 1:8 5 2-2 + 6-2
Poona 247 4 57-2 0 s 582 + 24
Bombay 249 5 5:2 + 1-5 9 2.2 + 1-4
Kodaikanal 225 5 26-2 + 1-1 9 51-2 + b-4
Colombo 213 b 362 — 1-3 10 11-2 + 3-3
Ksara 50-23 201 ] 3.2 + 3-4 16 26-2 +14-4
Istanbul 5437 301 9 31-2 =+ 0-5
Praha 62:72 314 10 306 -+ 1+6 19 1-2 -+ 4:0
Stuttgart 66-35 314 10 52-7 + 0-1
Zurich 67-18 312 10 a8-1 + 0-1
Strasbourg 67-32 314 10 592 + 0-4
Paris 70-52 316 11 19-2 + 0-6
College 74-92 23 11 42-2 — 1-2 21 19-2 — 0-3
Brisbane 78:83 130 12 52 — 1-2
Tammanrasset 7808 200 12 7-2 — 0-2
Hungry Horse 08-84 19 13 43-2 + 0-1

49 Tocklai 1:43 180 1] 28:5 + 1:2 0 47:3 4 0-3
Tezpore 2:17 221 0 37-8 0 3-8 — 2:0
Shillong 348 220 0 57-8 + 1-3 1 37-8 — 1-3
Chatra 6-63 257 1 43-8 + 2-8 0-3 4+ 19
Calcutta 7-00 224 1 575 — 1-3 3 23-8 — 6-2
New Delhi 1524 274 3 35-8 — 2-4 6 218 — 7
Hyderabad 18-26 236 4 2-8 — 3:5 7 42-8 + 46
Poona 21-24 247 4 00-8 + 0-9 8 40-8 — 1-1
Bombay 21-91 2440 4 56-8 + 0-2 8 57-8 4+ 3.3
Kodaikanal 24-00 224 5 15:8 — 0-9 9 36-8 4+ 4.9
Colombo 25-31 215 5 29-8 + 0-1 9 58-8 + 4-7
Ksara 50-00 202 9 0-8 + 2-8 16 14-8 + 6-2
Istanbul 5420 302 ) a1-8 + 2.4
Helwyn 54-64 288 ] 248 —7-0 17 8 — 5.2
Budapest 6028 311 10 14-8 + 22
Praha 6280 314 10 20-3 — 0-3 18 52-8 + 0-8
Copenhagen 6286 321 10 30-8 + 0-8 19 2:8 -+ 3-89
Jena 64437 316 10 W8 — 01 19 10-8 + 2:0
Padova (G5-86 300 10 52-3 4+ 2-8
Rome 6G-18 306 10 48-8 — 2.7
Stuttgart G643 314 10 53-2 + 0-1 19 44-8 4+ 1-8
Zurich 6723 313 L0 57-2 — 1:0 19 040 + 1-3
Strasbourg 67-40 314 10 G8-8 — 05
Basel 67-83 313 11 14  — 06
De Bilt 67-03 318 11 2-8 + 0-3
Paris 7061 315 11 16-8 — 2:4 20 31-8 — 0-9
Kew 71-33 319 1 228 — 0.7

. Scoresby Sund 71-92 342 11 27-8 -+ 0-8

Alger Univ 74-82 304 11 37-8 — 62
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TABLE 3 (contd)
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8. No. Station Degrees Azimuth — Observed — Obs.—Cal. Observed  Obs.—Cal.
of are  Degrees  travel time travel time
shock from for P for 8
North
A 2 (min) (sec) (see) (min)  (sec) (sec)

49(contd) College 15-53 23 11 46-8 — 1-2 21 288 +0-4
Tammanrasset 78-76 290 12 5-8 — 01
Brisbane 78-81 129 12 3-8 — 2.2
Pretoria 83-31 236 12 29-8 — 02
Grahamstown 88-29 231 12 55-8 + 1-2
Hungry Horse 9963 19 13 46-8 + 01

b0 Tocklai 475 204 1 14-8 -+ 0-3 1 9-6 —1-7
Tezpore 547 216 1 26-8 + 2-0 2 29-3 — 0-1
Shillong 6-78 217 1 39-5 — 3-6 3 0-2 —1-9
Chatra 9-02 245 2 18-5 + 4-1 4 15 4 1-2
Caleutta 11-12 224 2 42-5 — 08 4 48-5 — 1-1
New Delhi 16-67 266 3 595 + 3:0 7 4-5 + 2-6
Poona 23-82 244 b 156 + 0-2 9 345 + 58
Bombay 24-42 246 5 22-5 + 1-3 9 47-5 + 8-5
Ksara 50-30 200 9 35 + 3:2 15 535 —19-2
Istanbul 53-90 302 9 295 + 2-2
Helwyn 55-13 288 9 36:5 + 02
Jena 63-25 315 10 31:5
Stuttgart 65-40 313 10 45-0
Strasbourg 66-35 314 10 48-5
Besancon 67-97 313 11 35 + 06
Paris 6950 3156 11 10:5 — 1-8 20 10-5 — 92
Toledo 7777 309 11 59-5 — 10
Tammanrasset 79+10 200 12 6:5 — 1-3
Pretoria 86-18 237 12 40-5 — 3-9

51 Tocklai 4-88 206 1 20-2 + 4-1 2 17-2 4 1+6
Tezpore 5-77 218 1 27:0 — 22 2 35-4 — 1+6
Shillong 7-10 218 1 495 + 2-0 3 9-0 — 10
Chatra 9-67 245 2 23-2 — 0-1 + 10-9 — 32
Caleutta 11-50 224 2 462 — 24 4 52-0 — 6-9
New Delhi 17-54 266 4 4-2 — 36 7 11-7 —10-1
Hyderabad 21-73 235 4 53-2 — 15 9 1-2 +10-1
Poona 2451 244 5 22-2 4 0:3 9 42-2 4+ 16
Bombay 25-12 246 5 20-2 + 1-1 9 3.2 + 2-3
Kodaikanal 27-60 225 5 63-2 + 2-4 10 35-2 + 3-4
Colombo 28-94 218 6 9-2 + 5-8 10 54-2 + 0-9
Ksara 51:23 290 ] 10-2 + 2-6 16 39-2 +13-6
Istanbul 54-81 301 ] 36-2 +4 2-3
Helsinki 54-99 324 9 33-2 — 19 17 16-2 — 05
Helwyn 5608 287 9 58-2 +15-0
Upsala 58-69 324 10 1-2 — 0-6 18 8-2 + 2-6
Praha 6259 314 10 28-7 + 0-8 18 55-2 — 03
Trieste 64-35 300 10 36-2 — 4-0 19 19-2 + 1-7
Stuttgart 66-24 313 10 51-7 + 0-1 19 43-2 + 2-5
Zurich 67-12 312 10 56-9 — 06 19 47-2 — 4-1
Strasbourg 67-19 314 10 67-2 — 08 20 0-2 -+ 8:0
Basel 6769 313 11 2-7 + 1-4
Paris 70-33 315 11 17-2 4+ 0-2 20 37-2 + 7.7
Kew 70-82 319 11 20-2 — 01 20 442 + 9-0
College 72-08 24 11 27-2 — 1-1 20 51-2 4+ 16
Rathfarnham Castle 73-24 322 1 34-2 — 05 21 62 4+ 33
Alger Univ 75:25 304 11 45-2 —1-3
Tammanrasset 80:03 200 12 13-2 + 04
Malaga 80-49 307 12 162 4 06
Pretoria 86-80 237 12 57:2 + 9-7 .
Hungry Horse 9625 20 13 32-2 + 1-1




128 INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS [\-‘II. 5 No. ¢

TABLE 3 (contd)

S. No. Station Degrees Azimuth Obsorved Obs.—Cal. Obiservid Ohs.—Cal.
o of & Degrees  travel tin travel fime
.N']'I(k!k from far "n. for S
Nort

52 Shillong
(hatra
Tacklai
Caleutta
New Delhi
Hyderabad
Poona
Bombay

Tocklai
Tezpore
Shillong
Chatra
Calcutta
New Delhi
Hyderabad
Poona
Bombay
Kodaikanal
Colombo
Djakarta
Ksara
Istanbul
Budapest
Praha
Trieste
Jena
Stuttgart
Zurich
Strasbourg
Paris

Kew
Scoreshy Sund
Collego
Toledo
Tammanrasset
Malaga

s 1S 00— L

Lo A T D

7
-2
-2
4
-3
n

1o Lt ——
= R=18 R

Sl dhe e e L5 = — T

Tezpore
Shillong
Chatra
Calcutta
New Delhi
Hyderabad
Poona
Bombay
Kodaikanal
Ksara
Istanbul
Helwyn
Priha
Jena

Rome
Stuttgart
Zurich
Strashourg
Paris

Kew
College
Toledo
Tammanrasset
Cartuja
Hungry Horse

Jasaas®
o B3 ~1

A Ot Sk

Lo W W

=&

PUREUR
[JUNe <R e
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TABLE 4

Magnitudes of shocks from records of Wood Anderson seismographs

Shock Chatra New Delhi Poona Mean
Number East North East North East

5 6-8 6-8 6-3 6-1 6-8 6-6

1 6 7-2 7.5 6-4 7-0
b 7 7.2 71 60 64 67 66
8 6-9 7-2 6:5 6-1 6:7 6-7

9 6-7 66 65 58 6-4 6G-4

10 6-3 6-2 70 6:5

11 6-2 6:3 5.7 59 6-8 6-2

12 6-6 58 7-2 6-5

13 68 6.7 6-4 5.0 7-1 6-6

14 66 G-6 5-8 6.0 7-1 6-4

15 G-3 6-3 56 6-3 6-1

16 6:2 6-7 6-4

| 17 6-5 6-1 55 6-4 6-1
\ 18 6-5 G-0 6:0 6-2 6-2
|, 19 6-2 56 6-3 6:0
i 20 67 59 6-2 63
21 70 6-2 5-8 6-4 6:3

3 71 5-8 6-1 6-3

23 6:3 6+2 5-8 5.4 5-9

24 6-7 6.6 67 G-8 6.7

25 6-4 6:3 60 6G-4 63

26 71 742 6-6 70

27 6-4 6.2 56 6-6 6.2

28 6:2 60 6-1

24 6-7 68 6:2 6-4 65

30 7-1 7.1 68 7-0 7-0

31 6-9 69 6-3 69 67

32 60 6-2 57 6-3

i 33 7-0 6:3 65 6:5 6-6
34 64 64 6-1 5.7 65 6-2

35 67 6-8 6-3 65 6-4

36 6-0 60 5.9 6-0

37 6:3 5-8 6.8 6-3

38 6-7 6-3 549 6-8 64

30 6.7 67 6-7

41 7:0 7-1 6-5 6:2 64 66

42 6-7 66 6:0 6-1 6-3

43 6-4 58 56 6-6

44 64 5:0 54 5-6

45 63 55 55 5-8

46 5.0 4.9 5-2 53

47 6-0 6-0 5+0 63 58

48 ﬁS 6-3 6‘2 6'4

49 70 6.2 6-3 65

51 67 66 6-3 6-5

52 6-8 G-9 6-8

53 70 64 6-6 63 6-4

54 70 7-2 6-6 6-0 5-7 6-5




130

TABLE 5

Computation of depth of focus
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sP-P Calculated
Observed - = interval in seconds depth of
sP-1I foeus
Shock - _— - — —_— (km)
No. Tocklai Tezpore Shillong Chatra Calecutta New Delhi Poona Mean
41 — - - 30 5-0 i 4-0 i ]-n 3
3-0 5 3-5 = s 3-6 15:6
42 — — — : — —
54 3-8 3-5 1-2 18-3
a4 — 3-5 33 4-3 4-0 3-0 3-7 9-5
2-6 1-8 2.5 2-3 10-0
45 . — - - = 1-5 45 -5 115
1-0 — - — - 1-0 -3
46 s - 3-5 1.0 3-8 0.7
—_ -~ = 2.0 = - = 2.0 57
47 i _— —_— B0 B-0 70 70 6-0 16:7
41 2-0 4-0 — 3-3 14-3
48 55 - — 15 — 50 5-0 12-8
3-6 —_ 1-9 35 — 3-0 12-9
49 = = — — 20 25 2-3 59
1-2 — 2:2 40 -7 -4
50 — 6-2 6-2 65 60 — — 6-2 15-9
6G-4? — 3-0 a0 = 4-8 209
5l 2:6 2.7 3-5 — g 3-0 3-3 3-2 8-2
— = oy 487 - = — — -
52 5:2 — 35 70 6:7 70 5l 15-1
2.8 = 50 . 3.9 17-0
53 52 = 38 55 G0 = = 51 13-1
s - — 7-0% 61 6:Hr  28-3vY
H4 — - 4:5 50 — — — 4-8 12-3
_ — 4-1 41 17-0
TABLE 6
Observed arrival times (GMT) of seismic waves at near stations
Shock Tocklai Tezpore Shillong Chatra Calcutta
No. — _ — _ = —
Phase A.T. Phase  A.T. Phase ! PPhase AT Phase AT,
41 206 2740-0 P06 27 57-0 P 06 28 51-0W P 0629 11-0W
? 41-6 s 28 1-0 P 540 =P 1608
P 44-0 ? 70 rre 88-b P 30-0W
7 1908 P §-58 PPP 29 40 P 53-08
sP 52-08 P 13-0VS Pe 65 LQ 30 42-0
9 57-0 H 20-5VS ? 15-0 8 53-08
LR 28 80 9 25.58 v 21-0 LR 390
8 12-0V8 ¢ 28-5 7 26:-0W  §* 23-0W
g% 14-6VS 8 401408 P 29-5W 7 35-0
5 185V8 8 51-0 * q 425 § 52-0
¥ 510
L2 30 6-0
S 155
? 1908
S8 300
S* 34-0
» ? 460
5 31 60




Apr 19511 GREAT ASSAM EARTHQUAKE AND ITS AFTERSHOCKS 131

TABLE 6 (contd)

Shock Tocklai Tezpore Shillong Chatra Calcutta
No. - —_——
Phase A.T. Phase AT, Phase AT Phase A'T: Phase AT,
42 P 223¢140 P 2236 1.0W P 2236 37-5W P 22 36 21-0W
p* 18-8W P 8:78 PP 4-0W P+ 27-0W
Iz -6 5P 12-5 p* 46:5 P 35-08
5P 30-08 S 3358 b 56-5W & 37 60
S 53-08  §* 42.0 sP 37 0 g 922.08
S 37 1008 ® 47:0 g 350
LR 38-(
S* 47-5
S 38 0-3
43 P 21 14 52-0 P 21 15 57-0W
P* 534 Y 16 3-5
? 5458 ? 9-5W
P 56-08 P 11-5W
? 15 11-2 7 19-5
? 14-0 ? 23-5
S 18:08 P 27-5
S 19-2VS ? 40-08
5 23-2VS8 ? 495
? 54-0
N 17 14-5
LR 22:0
S8 24-0
S+ 34-0
s 52-0
? 57-08
4 P 2814 02 P 9231425 P 2315 85W S 2316 58-0
p* 0-88 sP 6-0 Y 13:0 8§ 17 9-0
P 268 P 8-78 ? 19-0W 2 34-0
Iz 52 &P 10-58 ? 26-5W § 58:0
PP? 80 2 19-2W ’ 32:-5W
PPP? 130 8§ 2808 ? 35-0
? 190 ¢ 320 P 10-0
S 23.08 S* 34-7 ? 49-0
S 24.8 F 40-0VS S 16 225
3 27-4V8 ? 27-5
? 33-0
? 345
* 42-0
5 17 40
\
45 P 21 14 54-2 21 15 5-0 P 211527-4W P 2116 7-5W P 21 16 25-0W
p* 55-08 P* 808 p* 32-5W PP 15-0W PP 32.0
P 54-4V8 P 11:08 F 36-5W P* 22-5W P+ 43-0W
sP 57-4VS ? 20-0 1 37-58 1 20-5 ¢ 17 1-0W
? 15 408 § 310 P 40-08 7 335 P 6-0W
? 11-48  §* 35-0W 2 58-4W P 43-0 17 19-08
8 1508 N 3908 LR 6-0 ? 58-08 1 33-08
g 17-2V8 8 9-0W 1 17190 L@ 48-0W
? 11-58 8§ 28-0W § 55-08
S 10-0W ¢ 32-5 88 18 7-0
7 27-48 1 41-0 1 30-0
? 18 5.0 § 450
3 70 ¢ 53-0




132

INDIAN JOURNAL OF METEOROLOGY AND GEQPHYSIC(S

TABLE 6 (conid)

Shock
.\" LN

Phase

Tocklai

A.T.

Te

Pilit‘“

;’.;I e

46

P

08 24

L8]

400 P08
420 ! S
44-0W 1_'
51-3 3
12-28  ?
14-08 S
25-0 N

20-08
36-0
43-0

48

S*

S

02 24

o

24 48
54
)5 4.
15
28-
14
26 )

T

0-5 P
4-18

6-9 ?
10-1VS N~
23-0VS S*
270VS S

14

-
$) -

53-0 P* 02 25 0-5W

5448 P 428
56-48 ¢ 11-53
0:-58 ¢ 19-0
4-4 S 25-0
6.4 N 33-5
8.0 3878
1948

21-8W

23-48

54-0W P 18 59 4-18

5558 P* G- 18

56-98 PP 11-1VS
59-58 ¢ 12-4

4VS
BYVS
30-
39-

48
0s
0
avs

Phase

o v

NE

A

Shillong

02 25

13-

08 25 10:5
140
17-5W
2000V
346

26 2040
362
31-0
34-5
al-u

W

17-3W
53-3W
26 3-3W
73
11:88
18-3
18 59 23-6\W

10-

42
15-
19 0 3-
10-
136
14

16
24
36

nvs
-6W

'tl"'

P

(‘hatra Calcutta
AT I A\
08 25 46-0W
M0
M 5-5W
T-5W
23.0W
25 0W
27 30-08
33-0
28 -5
14-5
02 25 55-0W P 02 26 18-0W
26 1-0W <P 24-0W
11-0W Jp* +1-TW
2-0W P 27 0 W
25-0 S8 53-0
Si-OW 7 28 10
27 6-5W &% 10-0W
14-0 H 27-0W
16-5 N 380
22-0W 47-0
410
19 00 4-5W P 19 00 25-0W

PpP?

VS v

(11}

02

]-).

14-:

2658

29-i

40+

210 P* 45-0W
3758 ? 52-0
41:08 ? 01 3-0
23.5 P 10-5
26-5 N 02 2.08
315 S8 13-08
48-5W ¢ 17-0
82-H ;4 28-0
3-0W  s* 32.5\W
958 b 5008
1 5308
) 03 0 S
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TABLE 8 (contd)

133

Shock

Tooklai

Tezpore

No.

Phase

AT.

Phase A.T.

Calentta

Shillong Chatra
Phase AT, Phase A.T.

49

N e e ey EE]'.U

53

P[P*14 52 45-78

Phase

AL

P 1452580 P 14531455 P 1454 1.0 p
4678 v 53 0 P 18:38 pPp 7:5 ?
47-9VS ¢ 10-0 7 20-5W  p+ 14-0 P+
50-3VS 12.0  pp 22-88  ppp 195 P
54-08 S 21-0VS ¥ 2378 s 250 8
58-35  S* 24-0VS P 2538 P 32:5 g%
2.3 & 30-5V8 &P 215 5P 36-58 §
3.9 ? 32.0VS ¢ 3958
- 1 495§ 53 17-5W
4+5V8 8 5508 S8 28-5

8% 5988 8% 34-5W

7 54 25 3 435

N 858 § 52-58

14 54 14-78
297
853
515

55 41-08

86 95
30-7

13 59 40.08
46-0W
2-0
200
26-0W
40-6
14 01 42.4
4608

14 00

50-0
33 15.0W

37-0

55-08

50 P 1358123 P 1358 24-3 P P 13 59 16-0W P
y 14-7 5Py 30-5W P -l P 22.5  aP
P 923.8 P* 34-3W p# 52.5W p* 37-5 ?
P 20.5 7 39-38 P 59 10-TW P14 00 0.5W ¢
P 35-98 P 49:38 <P 13:7 %P 6-5 9
? 43-3 7 573 ¢ 17-7W 8 50-0W P
? H0-8 ? 59 9-38 S 577 ? 01 10-08 7
? 5 03 &8 26-88 2 14 00 11-2W 9 155 &
S 7-1 8 36-8  SNS 16:2 g+ 24-5W
g* 17-68 887 30-3W g% 18:2 v 32.0 9
K 28-38  §88 51-8 S 3528 ¢ 37-5  g*

K 54-38 S 52.08 ¢
¥ 50-8VS8 K

51 P 042850-6 P 0428578W P 042023 P 04029 55:0W p
iP 53.2 &P 20 058 4P 23-8W PP 30 1.4 px
P* 50:-0W  p= 11-1W  p* 39-8W ppp 6:8 P
7 29 2.6 P 16-8V8 7 47:3  p= 1538 8
P 6:685 32.08 9 30 3.3 P 38.7 9
v 28.08  ? 38-48 2 17-8W 5P 435 s
? 33-0 ¢ 4998 Lo 20-8W L@ 31 27-1W N
S 48:0 & 30 62 8 308 g 4178 3

g 13-1 7 41:8 8§ 51-1W
b 20-4 4 46-8 888 32 4-28
S 28-9VS §* 53-8 &+ 5.-8W
? 31 98 ¢ 23-7
12-88 9 31-28
K] 18-8VS § 40-98
? 48:1VS
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TABLE 6 (con/d)

9

[\'n!. 5 No.

Shock
No.

Phase

Tocklai

A.T.

Tezpore

Phase AL,

Shillong

Phase

AT.

Chatra

Phase AT.

Calcutta

Phase AT.

52 P 20 30 11-5 PiP* 20 29385 P 2030 5-0W P 20 30 16-5
P 16-7W ; 10-0 7.0W 3P 235
PP 17-7 7 £1-0VS 5P 83 P 31:78
P* 19-18 : 17-0VS P* 100 9 39-1
9 22.3W 49-08 PP 12.5 L@ 50-0W
T‘ 250 2205 T- 16-08 & A9-0
] 27.8 54-0W &P 21,08 N 31 14-03
S 52-38 S 56-2 LR 35-5W  SSS 24-58
s 57-8 g 57-8VS § 41-08
S* 31 10 S* 40-58
] 6-9VS 5 54-3VS
53 p* 93 47 17-35 P* 23 41 2508 P 2341 41:7 P 2342 28:0W P 23 42 401
P 195 P 26-0VS 3P 45-5W =P 33.5W P 46-0
e 22.7V3 " 48-58 P* 40-0W P* 56-7
T 5l-58 7 49-0 b 43 8-08
T 258 T 15-8
sP P 219
? LQ 57-5W
? 8 44 5-78
LQ S 38-08
? o ? 4558
8 3758 S 53-0VS
LR 4358
S8 475
S* 51-5
5 44 7-58
24 P03 38286 P 0338468 I 0339 25-0

sPIP* 33-6

P

I)*

51-3
543

7 39 078
i 488
9 12:3
? 27.38
LR? 33-8
S 37-8
? 42.3
S* 45-88
5 52-3VS

1 27-0
P 30.0

P 39.2
9 46-0
? 51-0
r 55-39
S 40 44-0

? 41 3:5
? 110
& 21-08
? 27-58
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TABLE 7
Observed travel times and residuals for near earthquake places
| = | —_—
P ‘ £ P 8 S* 8
=
A Observed ¢ ki ; t— - t t € tx e
in degrees | travel ! o r 8-l g S8 8 8
time (sce)
Ip (sec)
1-00 20-0 40-2 32:0 —1-1
1-02 - 20-7 405
1-33 <266 —1.2| 27-4 +0-7| 28-6 1.2 474 +0-7 00 £t
1-54 261 —1-7| 26-1 —1-0| 288 41-4| 43:8 —2.9 455 0
1-43 28-5 0 28-5 -0-6| 206 +1-1| 473 —0-7
1-47 261 —0-5| 301 4-0-9
1-83 349 4+0-8| 355 +0-8| 37-83 +1-.0| 577 —0-2| 59-5 +2:1| 61'1 +1-1
1-95 35-6 —1-1| 366 —2-1
1-95 39:0 +0-3
2-10 Galkes )5l At Teg | @84 LT 634 —1e8 | 874 | -9-9 |" Thed 13-
2:17 383 —0-6| 397 —0-7| 4L:7 —1.4| 647 —1-7| 656-8 —0-4| 733 +2-4
2:17 40-8 +1-9 63-8 —2.6| 67-1 —0-1| 687 —2-2
2:20 42:2 42-9| 431 +2-2| 47-0 +3-3| 692 421 741 2.9
2-27 895 —0-8 | 40-9 —1-2| 48-5 —1-6| 655 —3-5| 66:6 —3:6| 70-6 —3-8
2-33 37-2 —3-9 434 —9.9| 627 —7:7| 69:4 —2.4| 743 —1:8
2-43 40-9 —1-6| 48-6 403 73-4 40-6| 81-9 7.2| 86:9 +47-5
2:53 45-8 —0'7| 495 —0-8| 733 —2-0 78:8 —3-8
2-68 43.9 —9.9| 49.9 —1.1| 629 —0.4| 75-9 —3-1( 7856 —3-4| 824 —5-1
2:92 47-9 —1-5| 52:9 —0:2
3:00 50-3 —0-3| 52.3 —2.1| 60-6 +1-0| 85:2 —1-8| 92:2 4+1-1| 96-1 —I-7
3:05 526 ++1-3| 57-6 +2-3| 636 +2.9| 886 —I-0| 97-1 +4-5|102:1 +2-7
3.27 52-3 —2.0| 591 +0-1| 62-1 —2-9
3-30 529 —1-9| 587 —0-7| 645 —1-1| 920 —1-6 109:9 -+2-4
3-40 60-9 +44.7| 649 +3.7| 724 +4.8|103:9 46-9 113-9 +3:1
3-42 59-8 +3.3| 640 +3-4| 72:8 +4.8|101-4 +43.9|112:3 49-0|119-8 84
348 673 0 61-1 —1.5| 681 —1-1| 97-8 —1-1|102:6 —2.4|111:3 —2-1
3-62 609 +1-6| 66-9 -+2.0| 749 +2-9]|105-9 +3-5 121-9 +44-0
3-65 50-1 —0-6| 66-7 +1-3| 726 0 99-9 —3-2 1145 —4-4
3-70 64-1 +3-7| 7T1-1 +44.8] 79:38 +5-7 | 106:6 2.2 121-6 +1-1
3-83 58-6 —3-6| 63-6 —4-9| 69:6 —6-6 | 100:6 —7-0 |108-6 —7-6|117-1 —7-6
387 621 —0-7| 66.1 —3-1| 734 +3-4|111-1 +2-5|118-6 +2-4|125:1 —0-9
4-22 66-1 —1-6| 736 —1-5| 80-0 —3-9|117-1 —0-3 [ 125-1 —1-2 [ 131-6 —5-7
4-32 60-8 '30-7| 75-0 —1-8| 870 -1-1|120-7 +0:8 | 130-8 +41-6 | 142-8 2-3
4-65 70-1"°—3-6 | 76-1 —6-3 | 86:4 —6-1|126:6 —1-5 3 :
4-75 748 '—0-3 | 85-3 +1.2 | 920 —2.5 | 129-6. —1-0 | 140-1 —1-5 [ 150-8 —3-7
4-80 77-4 41-8| 86-4 +1:5 | 96-4 +o-g.134-9 431 | 1474 +4:.3 | 160-2 +4-1
4-88 798 42-8| 88-2 +1.9| 958 —1-3|137-2 434
5-47 86-8 +1-5| 96-8 +0-5|111-8 +3.0 | 140-3 +0:.8 | 159:3 —3-1|176-8 —10
5-71 87-0 —2-5 | 100-3 —1-1 | 105-8 —9-0 | 155-4 —0-5 | 162-3 —8-7 [ 178:1 —9-4
5-98 92-6 -0-2 | 102-1 —2.8 | 116:7 —2-3 | 162:1 +0-9 | 176-6 —0-5 193-1 —1-2
6-27 98-6 '-4-2-1 123-1 —1-7 | 168-1 —0-3 | 182-1 —3-4 | 198-1 —5-6
6-40 1003 2.0 | 1163 4.3 | 126:3 —1-0 | 171-8 +0-2 | 187-3 —1-9 [ 206-3 —1:0
6-48 103:2 44-7 134-7 +5-8 | 177-2 +3-6 | 196:7 +5-2 | 218-7 482
6:57 99-9 —0-8 | 114-9 0 135-4 -R4-7 | 180:4 445 219-4 +6:0
6-63 103-8 +2.2 | 116-8 +0-9 | 135-3 +3-4 | 180-3 +3-0 | 197-3 4156|2153 0
6:73 1048 +1-3| 118:5 +0-9 | 134-6 -+40-7 | 183-3 +3-5 20-3 +1-7
6-75 104:5 -+1:3 | 119:0 -+1-0 | 135-0 +0-7 | 182-0 +1-7 | 201.5 +-2-2 219-5 +0-3
678 997 —4-0 | 1150 —3-5 | 133-2 —1-7 | 180-2 —0-8 | 2007 +40-5 | 217-7 —2'5
7-10 109-5 +1-3|120-0 -+5-1|135:5 —4-8|189-0 —0-1|205-0 —4-4 228-0 —2-5
7-28 1107 0 124.2 9.7 | 1437 —1.2 | 1027 —0-9 | 2147 +0-1| 2857 —0-7
7-46 114:90 +1-7 | 1304 -+0-4 | 149-3 +0-9 | 199-4 +1-4 | 2179 —1-9 | 2400 77
7:65 1107 —5-2 | 127-3 —5-90 | 1464 —5-8 | 196-3 —6-5 | 228-6 +3-3 | 243-6 —4°7
7-83 117-4 —1:0 | 135-4 —0-8 | 158-4 42-6 | 207-4 +0-2 257-4 +32
7-90 1175 - 1-9 | 138-6 --1-2 | 164-3 —2-9 | 203:8 —5-1 | 2323 —0-3 | 253-6 —2-9
8:03 212:7 405
8-15 923:3 +40-4 | 147-0 +3-3 | 165:3 +3:1|218:3 +3-1 | 244-3 +4-6 | 263-3 —1:2
8-52 128:1 0 147-6 —0-3 | 165-1 —4-5 | 232-1 +7-7 | 249-1 —1-3 | 276-6 +9)-\
873 1312 +0-1'151-2 —0-3'176-7 +3-0 ' 228-2 —1-4 | 258-7 +2-3 ' 286-2 +2-9
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TABLE 7 (contd)

I _ | -
P P+ ‘ P ‘ 8 . &* | 8
A Observed 1 . | t= [ ¢ L B t=
in degrees | travel “p s “pe P %5 s € |8 €5+ | 5 %
time (zec) | | | i {
tp (sec) | l ;
902 138-5 34 | 160-0 +3-6  183-0 +3-5 | 241-5 +4-7 | 267-0 +2.2 | 204-5 +1:8
912 | 134-9 —1-6 | 153-9 —4-2 | 176-0 —4-6 | 236-0 —2-4 | 266:0 —0-8 | 2056 —40-3
9-67 | 144-2 —0-1 | 165:0 —2-4 | 187-9 —4-6 | 250-9 —2-1 | 2750 —8-5 | 310-1 —3-6
11-12 | 162-5 —2-1 223-1 +1-8 | 288-5 —0+5 27-5 +42-1 | 364-5 +3-8
11-50 166-2 —3-8 ' 200-2 4-1-8 ' 234.2 +5-3 1 202.0 —6-4 366-2 —6-8
TABLE 8
Veloeities of ” and § waves in Assam region and their apparent delays of starting
Phase v G Limits of a o Limits of
(km see—1) v error of » (sec) (sec) crror of a
P 701 067 +-02 8-41 4-56 +1-2
e 655 <055 +-02 3-62 511 414
¢ i 558 <042 +-01 0-12 5-62 +1:4
8 4:46 -030 +-01 12-34 6-58 +1-8
_‘_S"" 3-85 <033 401 4-60 §:56 +2-8
8 3-43 <024 +:01 0-70 8:72 +2-4
TABLE 9
Velocities of P and S waves in other regions of the world
Region | Europe | Southern | New Central Canada \C{‘ntral Heli- IJapun [Central |Gangetio
Califor- |England Califor- Asia | goland | India | Valley
nin nia (India)
Author | Jeff- Guten- Leet Byerly odgson| Rozoval Schulze Mutu- Mukher-|  Roy
reys berg* (1936) (1939) (1947) | (1936) and zawa | jee (1939)
(1940) (1944) Foerteh |(1928) | (1942)
Phase i (1950) (19290)
o 7-76:}:0'0;'3-06;#7'01 8-0 8:024+0-5 8-2 7-82 8-19 75 7-73 7-80
P* |6-504-03 |6-054-187[6-77£-02) 7-244-04
605+ 6:724+05 645 5-99 6-2 6-2 644 6-21
to
_ 66
P | 5:5T£-02)5-58+-01 [6-014-01| 5:61-+:05 6-156 564 534 5:10 | 5-47 5-26
|
S | 4:-36+-014-45 4:6 475 45 | 4-38 4-38
|
S% | 3-744-034-10 3:03+-01 4:37 | 3:79 3-7 | 3-66 371
1365 375 f
& | 3-36+-01/3-26 3-45+-01] 3-261-09 |3-34 | 3-20 | 815|338 |3-209

* In another later paper Gutenberg (1951) has revised these values and has coneluded that the velocities of P
wave is 3-8 km sce-! up to a depth of 5 km when it increases to 6-5 km see™, Atadepth of 11 km it increases to
6:80r6:0km sec-! The average velocities of the P and S waves up to a depth of 16 km is 6-35 and
3767 km sec™! respectively.  Below the Mohorovicie discontinuity the velocity of Pis 8-16 km sec™' and that of
8 about 4+5 km sec-1,
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TABLE 10
Frequency analysis of P residuals

131

1-
4~ 6-9

- 99
10~ 12-9
13- 15-9
16~ 18-9
19- 21-9
2'- 24:9
25- 27-9
28- 30-9
31- 33-9
84— 36-9
37- 30-9
40— 42:9
43- 45-9
46~ 48-9
49~ 51-9
52- 540
B65- 579
58— G0-9
61— 63-9
64— 66-9
67— 699
70- 729
73- 75-9
76— 78-9
79~ 81-9
B82- 84-9
85~ 87-9
88~ 90-9
91~ 93-9
04— 96-0
97- 999
100-102-9
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TABLE 11

Frequency analysis of S residuals
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