REPORT

OF THE

BRITISH ASSOCIATION

FOR THE ADVANCEMENT OF SCIENCE

1917.

LONDON
JOHN MURRAY, ALBEMARLE STREET
1918

Office of the Association : Burlington House, London, W. 1.



REPORTS ON THE STATE OF SCIENCE

Seismological Investigations.—Twenty-second Report of the Com-
mittee, consisting of Professor H. H. Turner (Chairman),
Mr. J. J. Smaw (Secretary), Mr. C. Vexxox Bovs, Dr. J. E,
Cromsie, Mr. Horacr Darwin, Dr. €. Davison, Sir F. W.
Dysow, Sir B. 1. Grazesrook, Professors C. G. Kxorr and
H. Laus, Sir J. Lanyor, Professors A. K. H. Love, II. M.
MacpoNarp, J. Prrny, and H. C. Pruauer, Mr. W. E.
Prumuer, Professors R. A. SampsoN and A. ScRusTER, Sir
Narier Saaw, Dr. G. T. WaLkeR, and Dr. G. W. WaLKEez.

I. General.

OwiNg to the cancelling of the Bournemouth meeting proposed for
1917, and to other reasons connected with the war, the present Report
is made brief. It bas been drawn up by the Chairman, except where
specially mentioned.

The Committee asks to be reappointed with a grant of 100%. (including
printing), in addition to 100l from the Caird Fund already voted. The
grant was formerly 60, with 70l for printing—1307. in all ; but during
the war it has been reduced to 1000, partly to meet the need for economy,
partly because the printing has necessarily been less. The Government
Grant Fund administered by the Royal Society has voted a subsidy of
200 for 1917 as in recent years. 'With the above modification the budget
remaing practically the same as given in the 20th Report.

The Shide staff has remained unchanged, though it is probable that
changes must shortly be made. The general question of organisation of
seismology has not only been discussed at several meetings of the present
Committee, but is also under consideration by the Geodetic Committee,
appointed by Section A of the British Association in 1916, This Com-
mittee contemplates approaching the Government with a proposal for a
Geodetic Institute. It has been suggested that before taking definite
steps in this direction the similar needs of other branches of geophysics
{selsmology, magnetism, tides, &c.) should be reviewed ; and the Geodetic
Committee, suitably enlarged for the purpose, is proceeding to this review.

The collation of the records for 1913 was completed and priated as a
separate pamphlet, with & preliminary discussion. Further discussion is
given in a later section of this Report.
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4 REPORTS ON THE STATE OF SCIENOE,—1917,

I1. Instrumental.

The time signals at Shide have been received regularly, with some
interruptions chiefly due to bad weather, and consequent derangement
of the instrument.

The transit lent by the Royal Astronomical Society has been used in
scpplement ; but it is found difficult to secure the instrument in a per-
manent azimuth. The method used has been to fix the feet to the pier
with plaster-of-Paris; and this holds for a time, and then seems to give
way for some unknown rcason. On the first occasion it was naturally
assumed that there had been some accidental blow to the instrument,
but it is difficult to believe that this can have happened on all the occasions
noted.

The following note has been reccived from the Astronomer Royal
for Scotland :—

An Improved Method of Registration for Milne Sersmographs.

An attempt was made to improve the trace of the Milne Seismograph
at Edinburgh by using a very small source of light. Though someimprove-
ment was obtained, a limit was soon reached in the diffraction pattern
resulting from the crossed slits. The following arrangement was then
adopted. The boom ends in a plate of blackened aluminium foil, in the
centre of which is a hole rather less than 1 mm. diameter. Over this hole
is mounted a small lens, which forms an image on the bromide paper of
a specially small source of light. The lens used is achromatic, of 9 mm.
focal length. The fixed slit-plate was at first left undisturbed ; but
subsequently the slit was widened to about 1 mm. To obtain a sufliciently
small source of light, a four-candle-power electric lamp with coiled-up
filament is fixed 30 cm. above the end of the boom, and 10 cm. below this
is placed a telescope ocular of 1 cm. focus.

The results show o striking improvement on the previous records.
The trace is & line well under 'y mm. thick, and can be magnified ten or
twenty times with advantage. In this way the short-period oscillations
of the boom, which formerly resulted in a blurring of the trace, are clearly
resolved. To obtain the {ull benefit of the magnification it would be an
improvement to run the paper at a much slower rate than at present (say,
at 10) mm. per hour instead of 240 mm.).

Milre-Shaw Seismographs.

It was submitted in the last Report that the most tmportant work of the
Committee for the present lies in replacing the Milne machines (either by
(Galitzin machines or) by Milne-Shaw machines. The difficulties of
obtaining Galitzin machines have not decreased ; but it is gratifying to
report that a number of orders have been received for M.-%. machines,
and that a generous subsidy of 200/, has been made from a private source.
Hence Mz. Shaw has been working early and late to make a number of
machines. It is perhaps better to reserve the list for the end of the war,
but it may be stated that two have been safely delivered to America, and
others are nearing completion. There have been considerable difficulties
in obtaining some of the materials, but Mr, Shaw’s patience and ingenuity
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have overcome them. In the course of construction and testing he has
obtained a number of interesting results of which he has made the following
notes. It may be added that, in spite of the pressure of this work, he
has found time to make regular visits of superintendence to Shide, either
in company with the Chairman or alternating with him. His instru-
mental gkill and knowledge have been freely put at the disposal of the
Committee throughout.

Notes on the Comparison of two Milne-Shaw-Seismographs.
By J. J. 8.

The testing of two Milne-Shaw seismographs, No.8 and No. 9,at West
Bromwich, during May of the present vear, showed not only how stan-
dardised machines may be relied upon to give similar seismograms, but
also afforded an opportunity of investigating the questions of daily tilt
and microseisms, and the degree of gensitivity to which 5 machine can
be set.

Statements have been published that, due to the mechanical imperfec-
tions of seismographs, there is a difficulty in obtaining long periods of
oscillation ; anything of the order of 60 seconds being an impossibility.
The facilities for making refined adjustment provided in the Milne-Shaw
type prompted the writer to investigate the possibilities.

Nodifficulty was experienced in obtaining a period of 60 seconds, and,
in order to test its constancy, the machine was left for five days, at the
end of which time the period remained unchanged.

The period was then increased to 90 seconds ; the machine had now
become highly sensitive to the slightest tilt. With a nominal magnifica-
tion 150 times the horizontal ground movement, this period gave such a
sensitivity to tilt that 1 sec. of arc produced 1-5 metre displacement
of the light spot ; or conversely 1 mm. displacement corresponded to a
tilt of 1 inch in about 5,000 miles.

A subsequent sttempt produced a period of approzimately 120 seconds,
which represents a sensitivity of 1 mm. amplitude for a tilt of 1 inch in
upwards of 8,000 miles.

With the apparatus in this condition the smallest movement of the
observer affects the position of the light spot ; therefore the observer
took up a seated position 6 feet from the column ; but even so, a swaying
of the body in the chair produced an appreciable effect.

This machine, No. 8, was mounted upon a pier measuring about a
cubic yard, built up from the cellar floor of the writer’s house. The
weight of one person (150 Ib.) in a bedroom two floors above, and not
immediately over the instrument, produced & tilt in the cellar floor of
about ‘04 second of arc, causing the light spot to be deflected more than
100 mm.

A test wus made of the machine’s sensitivity to temperature change
at this 120 seconds period. Approaching the column for this purpose
was out of the question, therefore the rays from a small Bijou incandescent
gas mantle, with which the chamber was lighted, were, by means of a
small hand mirror, so projected that they fell upon one side of the column
and not upon the other. The heat from this small increase of illumination
expanded the one side of the column sufficiently to drive the light spot
off the scale.

When timing the period of oscillation in these higher sensitivities it
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was noted that the effect of amplitude upon the period became very
marked-—increasing the amplitude of swing rapidly increased the period.

With the pendulum set to oscillate in 10 or 12 seconds this difference
amounts to only about 5 of a second over a wide range of amplitude ;
but at 120 seconds the fluctuation becomes important. With a change
in amplitude from 1,000 mm. to 100 mm. there was a drop in the period
of 20 to 30 per cent.

Time did not permit of an investigation to determine the rate of change
with differing periods. There was insufficient change in the damping
ratio to account for the phenomenon, therefore it is probable that it is an
extreme case of ‘ circular error.’

This variation of period with amplitude, even when small, suggests
that some standard amplitude should be used when determining the
period. 10 mm. is the prescribed standard with the Milne-Shaw machine.

The Milne-Shaw boom is short, and the magnification includes
mechanical leverage. Though the friction of same is extremely small,
it was expected that it would be sufficient to operate against obtaining
excessively long periods, and would compare unfavourably with a simple
elongated pendulum of the Milne type. The result was quite the reverse,
thus establishing the fact that the air resistance on a long boom forms the
major parb of the total friction, and suggests that, though the design is
gimple, it is not necessarily the best for obtaining {ree oscillations.

The second machine, No. §, was mounted upon a pier in an out-building
60 feet from No. 8. It was oriented in the same azimuth, and connected
in series with the same time circuit. The constants of both machines
were made equal, viz. i—

Period . .. 12 seconds.

Sensitivity to tilt . . 26 mm. = 1 see. of are.
Magnification . . . 150:1

Damping ratio . . . 20:1.

The early part of the month was favoured by calm nights, and it was at
once observed that the microseisms were identical on both machines,
in epoch, phase, period, and amplitude, thus demonstrating that micro-
geisms are pure ground movements as distinguished from convection
currents in the observatory or instrument cases, and that the term
‘ ajr-tremors,” as used by so many observers, is a misnomer ; for it is not
conceivable that air disturbances should so exactly coincide in separate
buildings 60 feet apart. It was found that when the microseisms were
intermittent they could easily be identified by their amplitude and number
of waves in a group, also by the interval between successive groups (see
A and B, Plate). In the past, microseisms have been investigated b
observing their period and intensity, and the results compared witi
similar data from other stations. 1t is here suggested that a more fruitful
method may be by gradually separating two or more machines, com-
mencing with a few hundred yards or a mile or two, and, if the trains of
waves could be still identified, increasing the distance to form a base
line of sufficient length to determine their speed of propagation and the
direction in which they were travelling. If this much could be achieved
it is possible their cause and origin might be discovered.

A horizontal pendulum hss two types of sensitivity, one to tilt, and the
other to horizontal displacement. The former is regulated by the inclina-
tion of its supports ; the latter is a result of its design, and is proportional
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to the ratio of the leverage about the mass acting as a steady-point, and
magnifies and records the horizontal grourd movements ; this sensitivity
is termed its ¢ magnification.” The constants of one of the instruments
were then altered so that, while the magnification remained the same, the
tilt sensitivity was raised very considerably. But alterations in sensi-
tivity to tilt hadno eflect upontherecorded s mplitude of the microseisms,
suggesting that microseisms are purely compressional waves.

The constants used were :—

No. 8. Mag. 150 . . . . Tilt1see. = 110 mm,
No. 9. ,, 150 . . . s = 26 mm.

On May 4 a small carthquake shock was recorded at a moment when
the constants of the machines were alike, and it was gratifying to find
that two damped machines when properly standardised may be relied
upon to give similar results. The Plate shows comparable sections of this
record from each machine ; also part of the record taken at Shide (126
miles distant), which shows the same characteristics as the other two—
note the isolated movement C.  (Up the film at West Bromwich compares
with down the film at Shide, and the paper speed is slower.) The letters
A, B, 0, &c., identify corresponding movements. The discrepancy at
& was due to a fault in the driving motor, which has since been remedied,
otherwise the West Bromwich records are identical.

On May 15 the maximum of another small shock was recorded when
the periods were 40 seconds and 12 seconds respectively, and the damping
7:1 v 14:1. The longer period gave from three to seven times the
amplitude according to the impressed earth period. As the dampings were
unequal, the result was not strictly comparable ; but it was noted that the
longer period, notwithstanding the advantage of less damping, was much
slower to take up the earth wave. The long period pendulum showed a
lag of from 5 to 9 seconds behind the other, according to the impressed
wave period being short or long respectively.

This points to the desirability of machines conforming to some standard
period if the times from diffcrent records are to be strictly comparable.

A further important observation was the fact—previously referred to in
these Reports—that two sites comparatively near together may be quite
different as regards daily wandering of the zcro.

In the Plate the difference in the spacing of the lines on the two
machines shows this clearly. The one with the wider spaces was taken
in the out-building, and the displacement corresponded to an elongation
of the sunny side during the day and a contraction at night, and was
greatest on hot days. Time did not permit of sufficient investigation
to discover whether the pler, cast-iron column, or whole house were
affected. If only one or both of the former, then, since the heat rays
are from the infra red end of the spectrum, protection may be afforded
by interposing some athermanous substance, such as ;lass or water.

In the 1915 Report attention was drawn to two machines in the same
azimuth, at Shide, behaving gquite differently as regards wandering. The
Milne-Burgess was not only less affected, but also showed a time lag
behind the Milne-Shaw. The Milne-Burgess machine was fitted with a
large glass cover, 1t secms probable that the athermancy of glass to dark
heat may have been the cause of the observed effect.

If the iron column only is aflected, then a great advance might be
secured by making the column of substances with very low co-efficients of
expansion, such as silica or invar steel.
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II1. Tables for P and S.

‘The Large Earthquakes of 1913’ were collated and printed in a
special pamphlet of xii+74 pages. In the xii pages of introduction a
provisional analysis of the residuals for P and 8 is given ; but, the deduc-
tions there made not proving workable, a new analysis of all the 1913
and 1914 material has been undertaken, in which the residuals for different
types of machine were kept separate. The help of Dr. G. W. Walker,
F.R.S., in pointing out some errors and unworkable deductions is grate-
fully acknowledged.

The correction of greatest importance refers to the identification of
8 at distances exceeding 90°. The provisional analysis of the 1913 results
shows that there are several phenomena which have been confused as 8,
but are really separate. They were denoted First Set, Second Set, &c.
The First Set lay near the adopted tables, but there were few of them ;
the Second Set, arriving about a minute earlier than the First at 2A=100°,
is favoured by the great majority of records from 2==90° to 105° (115
records against 29), and for this reason was assumed to be the true S.
This assumption led to the inference that the times of transmission for
S and P became nearly constant beyond 2==100°, and an explanation was
suggested why they became faint or even disappeared (p. viii). But
Dr. G. W. Walker pointed out some grave objections to this :dentification,
which must clearly be given up, with its consequent inferences. The
true 8 is the  First Set,” not far from the existing tables; the ‘ Second
Set ’ is probably the Y phenomenon to which attention was called in the
20th Report, and it follows that most observatories have recorded Y in
nistake for §; only at Pulkovo and in cases where special care is taken
has the true S been identified. The examples given in the 20th Report
will serve to show how readily the mistake may be made. Y comes before
8; and if the first big movement is taken, it is natural to record Y.

The diseussicn in the introduction to the 1913 earthquakes was made
in terms of S—P, under the assumption that the ratio of 8 to P was nearly
constant. But this assumption was one of the faulty consequences of the
wrong identification of 8, and falls with it. Hence a new discussion of
8 and P separately was undertaken, using the whole of the 1913 and 1914
material together. The data were written on cards which could be
arranged in various ways, and it was determined to separate the different
t]};pes of machine. It was found that there was enough material to find
the errors of the tables from Galitzin machines alone, and even more for
Wiechert machines alone. Accordingly these two determinations were
made and are given side by side in Table I.

The first column shows the mean A for the group. On the cards A
was entered 6o 1°, and a long list of residucls was made for every 1°; but
examination showed that little was gained by grouping in less than 5° sets.
Under G are shown the mean residuals for Galitzin machines, followed by
the number of records, and under W the corresponding numbers for
Wiechert machines. In forming these mcans obvious mistakes were
excluded ; there is no practieal difficulty in doing this except near A=90°
for 8, to which we must devote special attention.

It will be seen that there is a systematic difference W—G of +3-3s. for P
and +-5'5s. for 8. 1 these mean values be subtracted from the columns
for W-G, the numerical mean of the residual differences is -+23s. for P
and +3-38. for S. :
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Tasre L.

Observed Corrections to P and 8 from Galitzin and Wiechert Machines in
1913-1914.

r i S
A G Wo. W No. W-G G No w No. W-G
© s EN & - 3. s, .
8 00 7 44 43 44 — 17 3 4 88 25 4105
13 + 06 8 432 22 426 —12:9 7 — 11 14 --11'8
18 — 03 18 +03 34 --06 - 06 16 -~ 41 28 4+ 47
23 — 05 20 —03 41 --02 - 67 2] It 29 4 53
28 — 62 26 —42 39 20 ~100 23 - 77 84 4- 32
33 — 53 20 —10 26 443 —-240 10 --107 14 +-133
i 38 — 66 22 —33 33 --33 --188 20 --133 26 + 53
43 - 20 13 —02 26 418 —125 12 --144 18 -~ 19
48 — 31 27 428 25 +59 —102 24 — 33 21 4 64
53 1-9 24 36 14 35 — 21 17 - 30 10 — 09
538 —+ L8 43 88 17 70 + 28 37 -+ 22 9 — 06
63 15 34 54 14 130 — 40 34 - 68 11 108
68 22 47 +22 16 00 - 39 46 13 11 52
73 — 10 54 47 38 57 55 51 - 32 36 87
P78 - 17 51 —1I'l 56 406 . — 83 51 - 1'1 53 + 72
83 16 37 —14 10! 02 ~-11'8 36 — 71 99 -k 47 .
88 L 21 36 10 52 11 S167 0 36 14l A5 -t 246 \
93 - 57 9 —18 3t -39 —_ - — —_ ;
98 — 7% 11 —07 35 166 —_— = e e :
103 —12+7 24 —32 14 905 — —_ — —_ — i
108 114 21 —_— — - — — —- — —
113 ~136 9 —_— - — — —_ — — —
118 — 064 7 —_ = = —_ — —— — —_
- 12 8 —_— = = -— — —

123

In the last Report corrections to the adopted tables for P were suggested
of about +17s. near A=19°, and ahout —23s. near A=30°, with corre-
spondingly larger corrections for 8. These large corrections are not
confirmed by the present investigation, which shows quite small corrections
in this neighbourhood. The attempted cxplanation of the phenomenon
PX on these lines must therefore be given up. There is no doubt about
the reality of the phenomenon, or of that designated Y ; but the explana-
tions of both must be sought on other lines.

Turning to the bottom of the table we see that records of P fail rapidly
after A==110° even for G machines, and entirely for W machines. After
A=105° there are two records only by W machines at all near the tables :

—7s. at A=106° and +10s. at A=115°. Other records are (in seconds
of time) : —-

A
Q o
106-110 ! —91 —61 462 1-148 4156 242 268
111115 i —110 +36 +147 +154 4205 4214 4271
116-120 : +204 269 4-328 +359 4-611
121-123 l +180 4-192 --194 +196 +4-197 4197 419842084209

+209-+2114-218+4-2744-277 +283--331 3404621

At distances A=121°-123° it is clear that the records of P relate
to what has been called PX, following P by about 200 seconds, but it is
not altogether clear whether the transition is gradual or abrupt. Several
investigators have treated PX as the true P; have remarked on the
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discontinuity ’; and have inferred surfaces of discontinuity within the
earth to account for it. The view taken in the last Reportisthat PX is
not P; that the true P may be recorded alongside PX, but that as P
tends to become faint after A=90° PX is read as P by mistake. By
A=121°-125° P has become so faint as only to be read very rarely even,
on (Galitzin machines (and only twice on W as above). Galitzin machines
mistake PX for Pat times. We have

[ ———— [ e e IV

Other Records of Gulitzin Maohines,

A A
o o 8. & ¢ = ER 8. 8. s.
96-100 -+75 4220 J11-115 - 68 4114 193 257
101-105 ) --169 116-120 =61 4200 =-274 4297
106-110 ' +77 4256 121-125 4-51 4-60 4-199 i

\

The discussion of the tables for both P and S beyond 90° thus involves
special difficulties and is deferred to the next Report. Meantime the
following table gives the best values for P and S that can be got from the
above discussion, as applicable to G machines. In deriving them the W
machines have of course also been used, with the above constant correc-
tions. Further a little ¢ smoothing ’ has been used, and the values of
S and P compared and slightly modified so that the ratio of S to P may
vary continuously; the change appears indeed to be sensibly linear.
The tenths of seconds are inserted merely to make the tables smooth ;
in deriving the corrections, the means of five consecutive figures in the
adopted tables have been taken.

TasLe II.
Suggested Corveotions to Adopted Tables for ¢ Machines only.

| N . |
P Correctff)—rfiA L o ! Now | Now ' Ratio
a ! r 3 S-P P 8 v
° 9. 8. 5. 4. $.
8 4 24 — 11 — 35 1234 2153 1745
13 - 03+ =77 — 80 1925 ° 8357 17749
18 4+ 22 , — 56 — 78 2590 1+ 4540 1753
23 - 04 ' — 70 — 83 3166 | 5563 1757
| 28 —~ 18 —133 —11+5 3662 | 6453 14762
- 33 — 53 —187 —134 4105 | 7249 1766
38 — 63 —188 —12-8 4517 799-4 1770
43 - 65 --158 93 4917 8724 1774
48 — 32 -10-4 — 72 5304 9432 177
53 412 - a7 59 5674 10115 1782
58 4 4] - 13 54 6029 10773 1786
63 444 1 =09 — 53 6362 11397 1792
68 + 39 - 23 - 62 668°1 11995 1796
73 - 22 — 53 - 76 698°0 12567 1'800
78 - 02 | — 89 87 7268 1311-3 1804
83 21, --130 10-0 7541 13640 1-808
88 — 43 —17+4 131 780°3 14146 1813
93 — 66 -21°1 —14'5 8056 1464°1 1818
98 - 95 -23-6 —-141 8303 15124 1'822
103 -.10°3 235 ~13:2 854°5 1560-3 1:826
108 ~10-2 —22:8  —126 8780 1607-2 1831
113 - 96 ~193 | — 07 9016 1654°3 1835
118 — 89 —12:9 | , ‘

— 40 . 9247 17009

1-840
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As regards seismographs other than G, the corrections to G appear
to be sensibly constant at any rate to a good first approximation. They
are assigned by the 1913 and 1914 results as follows, omitting some of
which observations are scanty :—

Tasre III.
Corrections to G from other Seismographs.
T T T e o .t
| Ty Cozrection ' No. ' Correction No. ; Correction |
¥pe to P Observatns. to 8 Observa,tns.‘ to 8-P
i 8. 5. 5.
I Alfani 4 38 17 — 32 17 P =70
y Bosch L 18 27 S — 29 22 ‘ —47
Bifilar ., . 4+ 1'3 19 vo— 94 16 —81 :
i Bosch-Omori 4 10 18 - 40 | 39 21
Cartuja . < 33 36 oA 68 31 =35
" Heidelberg - 23 21 1 443 1 34 | 420
, Hamburg A 41 39 + 12 32 —29
. La Paz . +13-8 17 +-17-0 10 432
. Mainka, . — 07 . 124 - 02 112 .05
! Omori . + 65 95 - 08 57 1 33
* Omori-Alfani — 07 21 B 351 10 42
. Omori-Ewing — 26 20 <1145 17 -89
Riverview - 18 25 A T2 29 456
Stiattesi — 06 53 -- 16 65 -1
Vincentini -]- 06 48 - 26 33 . k20
Wiechert -~ 33 720 4 57 - 24

493 !

It will be seen that the corrections to the tables for G instruments,

and the differences between one instrument and another, are such as to

involve sensible corrections to the determinations of epicentre; and the

next step is clearly a revision of the epicentres before forming definitive

corrections to tables. This revision, and the analysis of the errors beyond
A=90° must be reserved for another Report.

Distribution of Epicentres.

The epicentres for 1913 and 1914 were entered on a map and were
found to lie near two great circles cutting at right angles. The first of
these has its pole just cast of Malta, in

longitude 17° K., latitude 35° N.,

which is the centre of a very good ° land-hemisphere,” the boundary of
which skirts the E. coast of Asia; it crosses both the Americas, and leaves
Australia and several of the large islands in the ‘ water-hemisphere.’

The other has its pole in

longitude 236° B. =124° W.; lat. 48° N.

A third circle cutting both these at right angles does not seem to be active ;
its pole is at 122° E.; 20° N.

In view of the proposed revision of epicentres (which, however, is
not likely to modify these figures seriously), the reproduction of the
maps is held over for the present.



ON SEISMOLOGICAL INVESTIGATIONS. 13

[The following note was received after the rest of the Report had been
sent to press.]

Focal Depth and the Time Curve. By Dr. G. W. WaLrERr, F.R.S.

Assuming that P, the first impulse on a seismogram, corresponds to a
longitudinal wave from the focus of an earthquake, the slope of the time
curve for P as a function of the epicentral disfance A is connected with the
apparent angle of emergence & by the well-known relation

e

'V, being the speed of transversal waves at the surface.

¢ has been directly measured by Galitzin at Pulkovo for A from 2,500
kms. to 13,000 kms., and the results differ markedly from the values of &
calculated from Zoppritz’s time ecurve for P. Galitzin finds a clear
minimum of 42° for & at A ==1,000 lins., whercas no minimum is indicated
in the calculated vulues of & (¢f. ¢ Modern Seismology,” p. 54).

Kurther observations are required before we can regard Galitzin’s
results as characteristic of the whole carth, but I think it will be difficuls
to explain these results as peculiar to Pulkovo.

1t is important to see how far we can reconcile these conflicting results.

By graphical integration of the observed values of &, we get the time
curve, and using Zoppritz’s value of V, T find that the two curves can be
fitted from 6,000 kms. to 12,000 kms. with a time discrepancy of +11
seconds. The discrepancy would, however, reach 100 5. at 3,000 kms.

Using a larger value of V, we can fit the corves from 3,500 kms. to 8,000
kms., with a discrepancy of only #5 sec., but the discrepancy mounts up
beyond those limits of distance. Itis not yet possible to decide what com-
promise is most reasonable. We may note, however, that considerable
discrepancy may be allowed for distances < 3,000 kms., as soon as we
admit finite depth of focus.

Kovesligethy has shown the connection that exists between & minimum
angle of emergence and focal depth, and the obvious inference from
Galitzin’s results is that the focal depth is about 1,300 kms., or even a little
more.

This a very startling result, being 10 times the greatest estimate of
depth hitherto given. Yet there appears no escape from the conclusion if
we accept Gulitzin’s results,and it is remarkable that this depth is about
the same as the depth of Wiechert’s layer of discontinuity.

If such a depth of focus is correct, the whole question of reflexions has
to be re-examined. As a qualitative guide to this, I have considered a
uniform earth with focal depth 0-2 of the earth’s radius taking V,/V,=w/3.
Some remarkable results follow, which I can indicate but briefly.

(1) Surface reflexion of waves either entirely longitudinal or entirely
transversal over their whole path cannot occur till A =103° and beyond
this there arc two paths for a once-reflected wave. There are no paths for
a twice- or multiply-reflected wave. I suggest the possible association of
this with the ambiguous character of 8 at 90°, noted by Professor Turner.

(2) PS and SP waves are no longer coincident in point of time. PS
does not occur until A=149°, and beyond this there are two possible
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paths, but there is no P§, or higher term. On the other hand, SP with an
infinite series SP, may begin at A =11°, and there is only one path for each
member until A =99° hevond which there are two possible paths for each
member.

In the range A =11° to 99°, the manufacture of Rayleigh waves goes on.

Actual figures for the earth will, no doubt, modify these numbers in the
gense that they will be smaller than those for a uniform carth, and careful
analysis must be made to see if the phenomena of the seismogram are
consistent with a focus as deep as 1,300 kms.

Meanwhile, it appears desirable to draw attention to this direct
inference from Gulitzin’s measurements.



