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Sceismology in $t. Louis Hnibergity.

PART II.

1’ - . e

During the year 1911 the Seismological Department was con-
ducted, as in the preceding year, along the lines sketeched in the De-
cember Bulletin of the St. Louis University. Hence we respectfully
refer our readers to that publication for a discussion of our instru-
ment and methods, as the present report will be supplementary to it.

The earthquakes registered during the year were thirty-seven in
number, as tabulated further on. Among these, two are especially
worthy of further study. The earthquakes of June 7th and Decem-
ber 16th are both said to have caused considerable damage throughout
the central portion of the Republic of Mexico. A comparison of the
seismograms, however, reveals decided differences. Hence it will be
of the greatest interest to determine as accurately as possible the posi-
tion of the two epicenters. To this end we made use of each of the
three methods now in vogue, that of Prince (falitzin,® that of Dr.
Klotz, to which we referred in the December Bulletin, and the least
square method applied by Dr. Geiger.?

THE METHOD OF PRINCE GATLITZIN.

The method of Prince (falitzin consists in reducing the first max-
imum amplitude of the P-waves, which appears on the record of each
component to the corresponding earth-motion amplitudes (4 and

AR

Aw), and applying the formula: tan = = , in which z is the angle

AN
of azimuth. In this formula we give the positive sign to an earth-
displacement toward the north or east, and the negative sign to a dis-
placement toward the south or west. The arrows on the seismogram
for December 16th indicate the corresponding displacements of the

18eismology in St. Lowis University, Bulletin, Vol. VII, No. 5, December,

1911.

2Restimmung der Lage des Epicentrums eines Bebens aus den Angaben einer
einzelnen Station, St. Petersburg, 1911,

3Dr. L. Geiger—Herdbestimmung bei Erdbeben aus den Ankunfiszeiten,
Goettingen, 1910.
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pen on our seismograph when the inertia of the pendulum and pillar
does not come into play, as would be the case in very rapid oscilla-
tions. Since the first preliminary waves are longitudinal, they must
of necessity impinge upon the seismograph in a line parallel to the
direction of motion of the wave front; and, if the components are
properly recorded, this line will he indicated by the seismograph.
But the durection of the impulse communicated by the wave-front will
be toward the epicenter or away from it according as the wave is
dilatational or condensational, that is, a contraction toward the hypo-
center or an ouwtward compression wway from il, as Prince Galitzin
has well pointed out. This ambiguity is at once removed by noting
whether the vertical component is upward, as would bhe the ease in
a condensation wave, or downward, as in a dilatation wave. If the
latter is true, them the epicenter lies in the opposite direction from
that indicated by the seismograph. Prinee Galitzin has demonstrated
to evidence that this method of locating epicenters is capable of great
accuracy when applied, with proper precautions. to the records of his
specially. designed aperiodic pendulms with photo-galvanometric
registration. " To what extent it may be relied upon in the case of a
small machine like ours with all its friction may be seen from the fol-
lowing results. The constants of our Wiechert 80 kg. horizontal
seismograph, as determined June 6th, the day before the first of the
two Mexican earthquakes, werve: 7,E =7 sec., T\~ =7 see., VE = 67,
VN = 79. Taking the first impulse which appears on hoth compo-
nents, the respective amplitudes reduced to earth motion, were: AE
= T8 p, AN = 67.9 p, which give an azimuth for the epicenter =
tan —' 1149 = 8 6° 33" W. Taking this value together with the dis-
tance A = 2600 km., and solving the corresponding spherieal triangle,
we obtain as co-ordinates of the epicenter: ¢ = 15°.3 N, A = 92°.9 W,
Ag a check on this result we do the same for the first impulse in the
reflection 24 sec. later and obtain as azimuth 8 17° 6" W. This gives
us as co-ordinates: ¢ = 16°.1 N, A = 97°.2 W. Prince (alitzin ob-
tained by his method from the observations of Pulkowa, ¢ = 19° 34" N,
A= 97° 597 W4

The constants for December 16th, as determined the following
day, were: = T,E = 6.8 sec., 7, = T sec., Ve = 88, '~ = 83. The earth
amplitudes of the initial impulse were: «dm = 125 p, AN = 227
This eives as azimuth 8 28° 50" W. Taking the distance as 2690 k.,
we obtain as co-ordinates: ¢ = 16°.8 N, A = 102°.9 W. However, if
we take as horizontal components the average maximum amplitude of

40p. cit. See Note 3.



58 St. Louis UNIVERSITY

several of the waves immediately following the initial impulse, we
obtain as azimuth S 18° 26° 'W. This places the epicenter at ¢ =
15°4 N, A = 98° W,

Dr. Tams obtained from the observations of Hamburg, by the
same method: ¢ = 16° N, A = 97° W.?

By another method Dr. Zeissig obtained as co-ordinates: ¢ =
15°6 N, A = 96°.4 W.

It will be seen from these results that the Galitzin method, even
with a small machine like ours, will give a very fair approximation.

_. . STEREOGRAPHIC METHOD OF DR. KLOTZ

Applyi'ﬁg‘ the method of Dr. Klotz® to the earthquake of J une 7,
we obtain three approximate intersections of three cireles. (Fig. 1.)
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SMittetlungen, No, 44.

6Dr. Otto Klotz, F. R. A. S-.—Earthq'imke Epicenters. " Journal of the Astro-
nomical Society of Canada, May-June, 1910.
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The lower intersection determined by data from Hamburg, Harvard
and St. Boniface places the epicenter at A = 104°.6 W, ¢ = 19°.8 N.
The middle one, from Vienna, Buffalo and St. Louis, gives A = 89°.9
W, ¢ = 14°.5 N. According to the upper one, due to Vienna, Ottawa
and Harvard, » = 82° W and ¢ = 7°.7T N.

Applying the method to the earthquake of Dec. 16, we obtain but
one intersection of three eircles, as seen in Fig. 2. This would place
the epicenter at A = 95° W, ¢ = 15° N.
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The diserepancies which appear in the values thus obtained for
the epicenter of the June earthquake would seem to indicate that
the epicentric area was of considerable extent. A further reason
for suspecting this may be found in the fact that, though the epi-
center was evidently somewhere beneath the Pacific, the whole of
Central Mexico was included in the megaseismic district.” In order
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to ascertain what point was probably nearest the center of the epi-
centric area we may now apply the method of Dr. Geiger.”

PROBABILITY METHOD FOR THE DETERMINATION OIf
EARTHQUAKE EPICENTERS FROM THE ARRIVAL
TIME ONLY.

RIS

FA e L T R EE. . . L
Nomenclature: A = longitude, ¢ = latitude, ¢ = time in hours,
minutes and seconds of an occurrence. 7' = a period of time in min-
utes and seconds for wave tramnslation. * indicates that the accom-
panying value is assumed, subject to correction. A is angular dis-
tance on the earth’s surface. § is used but once, and indicates oh-
servation, and as attached to time means observation time of arrival

at a station. Nuineral subscripts and the general subseript , desig-

nate the station data, either assumed or absolute. Subseript , indi-
cates an epicentric function.

To make use of this third method, we must first assume an ap-
proximate location of the epicenter, and the closer this asswmption
is to the ultimate location the smaller will be the corrections and the
more aceurate the work; but a very fair localization may he com-
puted with an error of several degrees in the first assumption. The
process depends to a great extent on the translation time of the first
preliminaries, which is, of course, not a linear function of the dis-
tance.

If we assume *A,, #*¢, and *¢, by any convenient method, and as-
sume that in each there is an error which we will designate hy §%A,,
by 6%¢, and by §%¢,, equation {1) follows:

Ag = FN, + 8%A,
Py =*p, + 8¢, and t, = ¥, + &%,

I these equations the left-hand mewmbers ave the ones primarily
sought, and the first terms of the vight-hand members are unvarying
assumed quantities subject to variation by their seeond terms, which
are the corrections. Here the caze resolves itself into a determina-
tion of the 8 quantities. To determine these we proceed as follows:

We first caleulate the distance from the asswmed epicenter to-
each station, by means of the spherical cosine law:

Cos A, = sin ¢, sin ¢, + 0S b, €0S Py cos (A, — An) . (2)

In our tabular work at the end of the diseussion this is done
logarithmically, and the two terms of the right-hand member of the
cosine law are designated by I and IT. These ave to be added. A fter
T8ee Note 4,
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obtaining in this way cos *A,, the corresponding *A, in angular meas-
urement is taken from a table of natural cosines.

Having now the angular or arcual distance approximately, from
station , to an assumed location of the epicenter, we take from Table 1%
an approximate trauslation time. This translation time is called, ac-
cording to our symbols, *7,. An approximate translation time added
to an approximate oceurrence time will give an approximate arrival
time, 1. 2.—

Fly = ¥ty + *Tn . ; . (3)

Were there no error in our assumed location, and no error in
recorded times, and no error in ohservation, this *f, would be our ob-
servation time, Tt,. But there are errors, so that there will be a dif-
ference, F,, between the two, 7. ¢.— :

Fo= %t ita . . . (4)

The foregoing makes it clear that if there were no errors such as
3Ny, 0%, and §%f,, and the 74, were accurate, there could be no F,.

Our next step is to establish a relationship hetween #, and the
errors in assumption which oceasion its existence.

Assuming for the moment that all data were correct for location
and time at the epicenter exeept the longitude, and that an F, existed
hecanse of a difference in longitudes, then

8%ty
Fn = 8#/\4» )
8N,

that is, I,
would be a time correction equal to the time covrection per unit of
longitude, multiplied by the nwmber of units of longitude corree-
tion. If we were to examine the rate of change in translation time
per deeree of longitude, and with this ratio correct our time by an
amount equal to that ratio multiplied by the actual longitude cor-
rection in the same units, this would satisfy F, in so far as the longi-
tude variation is conecerned. Now, all that has been said about longi-
tude will apply with equal force to latitude independently, and we
shall have 8%¢, (8%t./8%¢,). On the other hand, if we suppose a
change in time of occurrence, *f,, there must be a similar change in
time of arrival, *#, so that the rate of change of arrival time with
respect to occurremce time, §%f,/8%f,, is always unity. In order,
however, to handle the matter mathematically this time ratio is
treated as are the others, and hence a thivd correction appears as §%¢,
(8%t /8%t,), though its value is merely 8%#,. From this consideration

STaken from Dr. L. Geiger’s Herdbestimmung. See Note 4.



62 St. Louts UNIVERSITY

it follows that I, is essentially a differential by existence, for it may
be equated to differentials as has been done above; and hence ap-
proaches 0 as a limit when 8-terms are made indefinitely small. Now
it may Dbe shown by Taylor’s Theorem that if F, depend separately
upon (3%4,/8%A,) 8%A,, (8%./8%¢,) 8%¢,, and (8%4,/8%t,) 8%f, it may
be equated to their sum. In forming this equation, the partial dif-
ferential sign, o, replaces § in the ratio to indicate that each is treated
as if the others were constants and that in the end the sum total is
used. In our work tabulated later it will be seen that this is exactly
followed out with respect to latitude and longitude, and the same
would have been done with respect to time, but for the fact that the
time ratio is everywhere equal to 1, and hence would only have intro-
duced useless work.

o*t, 0¥ty 0%ty

L 8FA, + L 8%y +
0*X, 0¥, o*(,

From relations established in (3) it follows that any increment
given to *4;, will have to be given to *7',, otherwise the translation
time would be a variable with the hour of the day, so that o*T, may
replace d%f, in any ratios.

Therefore F, = 8%, . . (5)

Therefore we may substitute in (5)
0% Ty o* Ty
I, = L 8FN, + 8%, + 8%, . . (6)
%A, Ay
By replacing the ratios in (6) with a,, by and ¢, and remember-
ing that ¢, must be = 1, we obtain at once

Fo=ay 8% 0+ by 8%y + cn. §%1, . . (7)

o* Ty o*Ty ’

After equation (6) we placed an=-—— b= Introducing
Fhy 0¥

now 0%A, in both numerator and denominator of each of these ratios,
and factoring the resulting fraction, we get:

0¥y 0%A, 0%y 0%A,
g = . and b, =
O*A, 0%\,

O*A, 0%,

Now, if we reckon 0*T, in seconds of time and 0*A, in minutes of
are, the first ratio in the above will express the difference in the trans-
lation time per minute of arc change in the *A,. This may be cal-
culated from Table I as follows: 'Take the time difference, d°, for
each station in seconds corresponding to a echange of one degree at the
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given distance, *A,, and divide it by 60 to obtain the time differenee
for 17,
¥y dh
= . . . . 9
o*A, 60
The second ratio in each case will obviously be the quotient of
the change produced in the distance, *A,, by giving an inerement to
the longitude or latitude of the asswmied epicenter, divided by that
increment, that i, the change in *A, per unit change in *A\, or *¢,.
This ratio may readily be obtained in the following manner: Assign
an arbitrary increment, 8%)\,, say of 1° or more, to the longitude of
the assumed epicenter. The co-ordinates of this mew point will be
[(*Ay + 8%Ny), *¢y]. DBy means of the spherical cosine law, (2), cal-
culate the distance from each station to that point. Call this dis-
tance *AgA.  Then, evidently, *A,A — ¥A, = §%A,, the change produced
1 *¥A, by assigning the increment to *A,. Divide this total change,
8*A,, by the increment assigned to *\,, and the quotient will be the
approximate change in *A, per unit change in *\,, which is the de-
sired ratio, 0%A,/0%),. The produects of o%A,/d%A, and d3,/60" for
each station (8) will give the coefficient ¢, in (7)
Proceeding in a similar way to obtain

Thus,

%A,
0%y
we assign the same
arbitrary inerement of 1° or more to *¢,, calculate the distance, *A,¢,
from each station to the new point, [*A,, (¥*¢, + §%¢,) ], find the dif-
ference *A,¢ — #A,, and divide it hy the latitude increment §%*¢,.
The result will again be the desired ratio 0¥A,/d%¢,, which, when mul-
tiplied by the interpolation factor d%/60" from (9) will give the seec-
ond coefficient b, in (7). This work will be found tabulated with
#A,, the distance from each station to the assumed epicenter, in Ta-
ble 2.

We have now real numerical values for a, and b, as well as for ¢,
= 1. But , denotes any one of the stations, so that by (7) we see that
we have an I'-value, F'y, for cach station. Thus we have as many error
equations as there are stations whose data we used. Now it is shown
in the theory® of the least square method, that the most probable val-

9For proofs the reader may consult:

Bartlett, Method of Least Squares;

Merriman, Method of Least Sguares, New York, 1884;

Woodward, Geographical Tables, Smith. Inst. Publ, 1894;

Doolittle, Practical Astronomy, 5th Ed., 1910;

Helmert, dusgleichungsrechnung nach der Methocle der kleinsten Quadrate,
2 Aufl. 1907.
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ues of the required unknowns arve those whieh will make the sum of
the squares of the single errors a minimum. ILet z be some quantity
which added to each of the asswmed errors will make the sum of the
squares of the resulting quantities, (F, + x)* + (F.2 + z)* +

+ (Fy + z)? a minimum.

Then it follows from the Caleculus that, as the function under
consideration tends toward a minimum and not a masimum, that
value of z will make the function a minimum which will make the
first derivative equal to 0. Therefore differentiating, equating to 0
and solving for x, we obtain the correetion which must be added to
each station error so as to make the mean error a minimum. Our
general ervor equation now hecomes:

(Fo+ @) = and*\, + bud¥e, + cad®t, . . (10)

Thiy gives the greatest weight to those stations whose observa-
tions most nearly agree, and least weight to those whose error differs

most from: the mean. Each of the three unknown quantities will’

Lave thus to adjust themselves to that value which will give the least
mean error. We now tabulate as in Table 3, the numerical values of
the three coefficients @, b and ¢, and their sum §, which will he needed
in further work, together with the “welghtcd error’ (F + z) for
cach station. This latter value, (F + z),, we shall call simply Fi.
For convenience also we shall set the first unknown 8%\, = x; the
second, §%¢, = ; and the third, 8¢, = 2. We are now ready to form
and to solve the so-called normal equations,

FORMATION AND SOLU"‘IO\J ()F THE NORMAL EOUATI()\N

P
J

If there be a given number of simultaneous equations and that
number is in excess of the number of unknowus, as in our case, then,
in attempting a solution, it may be impossible to justify all the re-
sults obtained on account of inaccuracies in the original data. The
values of the quantities depend upon the values of the coefficients
and if it be possible to adjust these to a most probable value for
each, then omne result for each unknown may be obtained. Ior most
physieal purposes, where the best result that can be obtained is an
approximation, such a proceeding is very useful. The method, with
an arrangement of detached coefficients, is as follows:
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We are given the following five equations:

e+ by+cz="F,
@+ by + oz = F,
a;t+ 0y +cz=1,
e xz+by+cz=F,
5%+ by + Cs2 = F,

From these we are to find the value of the three unknown guan-
tities. If the five equations are added term by term an equality will
remain and may be written, [a]z + [b]y + [c¢]z = [F], in which the
sign [ | means simply that the term enclosed by it is a sum of all
such quantities.

This single equation will give one in which the inaccuracies are
averaged and, if the errors are equal, or if equal reliance may be
placed on each element of the data, it is the most reasonable approxi-
mation that we can select. k

The one equation given above will not suffice for the solution of
the three unknowns, so a method must be given that will provide at
least three equations. If, before making the addition above, each of
the N equations had been multiplied by ., where , is a general sub-
seript, our sum would have been, by the notation that we are using,

lea]z + [ably + [ac]z = [all | and similarly mmltiplying by b,
[ablz+ [bbly + [be]z = [bF] and similarly multiplying by ¢,
[ac ]z + [be]y + [cc]z = [bF].

These are known as normal equations and are treated as any
other simultaneous equations. There are but three of them for a so-
lution of three unknowns, so that there can be no interference from
a number of different answers. In other words, we have averaged
our error before the computation began.

In the following work we will omit, for the greater part, the
sign [ ], which means the sum of all such terms as are enclosed by it,
though account of it must be made. We need:

e ab ac ol
bb bec OF
[

ry
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b
From these we calculate, b0 — —. ab = bb,
as
ab
bc——. ac=be,
aa
ab
bF ——.aF = b,
aa :
ac
CC——. aC = CCy
aa
ac
c¢F ——. ol =P,
ac

And from these in turn,

be,
ccy ——. bey = ce,
bb,
be,
cll, ——. DF, =cF,
b0,

In order to check the numerical work from time to time an inde-
pendent  caleulation is carried on. This independent work has
enough totals in common with the regular work to be of service as a
cheek, but the determination should be carried out as above, with the
following as a check and nothing else:

Leta+d+c=8

a'l'Sl + bZSQ + az;S&; e anSu = (LS
b,S, + DuS. + DS, . 0uS. =08

aaw + a¢b + ac = aS
ab +bb +bc = bS
ac +be +cc=cS
ol +ObF + ¢l = FS
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From this we can caleulate

ab
bS8 —— a¥ =0b8,, and it follows that b8, =0bb, + bc,, which
oo checks two of our other determinations.
ac
S ——. aS = ¢S, and so ¢S, = b¢, + cey
- oaa
all
FS~—— aS =078, and so FS, = 0F, +cIF,
ae
be,
And, furthermore, ¢S, - —— bS8, = ¢S, and ¢S, = c¢.,
bb,
bF,
PS8, ——— b8, =FS,and FS, = cF,
, bb,

Ry

As a matter of final check we return to our original equations
like, @,z + by + ¢,2 = F, and substitute, when the real error will ap-
pear. We will proceed with the solution of the general case.

(1) aax -+ aby +acz=all
(2) abx+bby +bez=0F
(3) acx+bey +cez=ch.

Bliwinating z from (1) and (2) we have:

aa.abz + ub.aby + ab.acz = ab.al’
aa.abz + aa. by + aa.bez = aa.bF

Subtracting the one from the other and dividing by aa, we ob-
tain

ab ab ab
{4) (bb-—. ab)y+ (be——. ac)z=(DF ——. aF")
aa aa aa
Transforming by substitution, we have:
(5) bhyy+bez=0F,
Eliminating z from (1) and (3) we have:
aa.act + ab.acy + ac.acg = ac.clf
aa.acx +aa.bey + at.ccz = ga.cl. By vepeating the sub-
traction, division by ae, and the transforming by sub-
stitution, we also have

(67 beyy +cee=cly, in which be, is the same as in (5).
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Eliminating ¢ from (5) and (6),

- - Al
=be, bl

bbyy +boe = bF, = (bb,.be, )y + (be,.be,)z=D
)z ="0b,cF,

be,y + ez = ¢Fy = (bby.be )y + (bD,.ce,
(bey.bey = bby.ce,)z = (be,bF, — bb,.cF,)

Dividing by — bb,. transforming and substituting, we obtain:
(7) ccz=cF,
, cl,
(8) z=—

cC

13

Substituting 2 in (5) and transposing, we obtain:

bF,  be,
9) y=

bb,  bb,

. R

Evaluating (1) for z we have:

ak ab ac
(10) T = - Y - 2.
aa aa ot

Substituting for z, ¢ and , their original symbols §%A,, §%¢,, §%1,,
and replacing these in equation (1) by the values here found, we
obtain the co-ordinates of the corrected epicenter, A,, ¢, and t,. By
the method of detached coefficients outlined above, the value of the
three unknowns may be caleulated directly, without solving the simul-
taneous equations, by substituting the required coefficients in the final
formulas.

As a final check on the entire calculation we substitute the values
of 8%\, 8¢, and §%f, in each of the N error equations, and thus oh-
tain the N ‘‘error corrections.’’

fo=u8%Xg + bud*y + 8%ty — Iy . : (11)
The sum of these ‘‘error corrections’ must then he:
al’ br, ek,

Lall - b - el . (12)
aa bh, ce,

[f=FF -

These quantities will be found in Table 5.

SEISMOLOGY 69

METIOD OF DETERMINING THE AGCURACY ATTAINED.

We should not be satisfied with the values we have obtained for
Xy, ¢ and #,, without some precision measure to test their accuracy.
By this we mean, however, their relative accuracy, for if there be a
constant error in the observations of all the stations whose data we
have used then there will also be an absolute error in the ahove quan-
tities, which only new station data will detect. With this distinction
clearly in mind we proceed to deterniine the so-called mean error,
pA, pgp and pf, which is to he feared in the three quantities, A, ¢,
and . This Dr. Geiger does in the following way :2°

First caleculate the six coefficients of weight, as they are called,
Q’\’\: (L)qbc’b, QH,, Q’\¢’; (1))\1:7 Q¢’t7

bb.cc—Dbe.be ZAN

OM = =
[aa].[Db,].[cc,] D
G0.CC—ac. ac Zpd

Do = =
laa]l.[bD,].[cc,] D
aa.bb—ab.ab Ztt

oOtt = =

" [ea].[0b,].[cc,] D
ab.cc—ac.be  ZAp

Org = - -

[aal.[bb,].[cc,] D
ac.bb—ab.bc  ZAt

QPAE =— =

las].[0b,].[cc,] D
be.aw—ab.ac  Z$t

Qot = - =

laa].|bb,).[cc,] D . . (13)

As a check on these caleulations we test the truth of the fol-
lowing :

[aS]. (O + QAp + QXE) + TDS]. (QAd + Qb + Qot)
ST (OM +Qpt+ Qi) =3 . . . (14)

The number 3 ig the number of the unknowns. These values

will be found in Table 4.

10See Note 4.
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Next we need the error of unit weight, . This we find by the
formula:

/ ff
N-3

po=

(15)

/1 being the value obtained in (12), N the number of stations, and 3
the nwmber of unknowns as above. Then the mean errors are:

pA = 4+ p VO, pb =+ uV QGd, ut =+ u\/ QI . (16)

The relative accuracy of the entire determination may now be
graphically characterized by constructing the so-called mean ervor
ellipse. To this end we must first reduce the above longitude and
latitude error values to the same absolute units. As the absolute
length of a latitude unit is practically invariable, being always meas-
ured on great cireles, while that of the unit of longitude varies with
the cosine of the latitude, it follows that u¢, on this basis will remain
pp, while ph will become p\ cos ¢,. So, too, if we denote the coef-
ficient of longitude on itself, reduced to this basis, by @,,, of latitude
on itself by )., and the coefficient of mutual weight by 0,., then it
is evident that @., will be the same as above, Q¢¢, while @,, wili
contain cos ¢, once as a factor and §,, twice. Hence

Q11 = QAN cos *¢,, @y, = QA cOs $o, Qon = Qb - (17

Now the angle o, at which the longitude semi-axis pe,, is inclined
to the parallel in the Figure 3, is given by the equation
20,
tan 20 = —— . . . (18)
Qu - Qﬂz

From this we obtain the angle w, at which the. latitude semi-axis
pw, is inclined to the meridian, for evidently

Wy = 0y + 90° . . . . (19)

The only values that still remain to be determined are the lengths
of the two semi-axis po; and pw,. These ave given by :

poy =+ pV @y + Gy tan o,
poy =+ pV @ + Q. tan o, . . (20)

w being the error of unit weight from (15).
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The projections of the ellipse on the meridian and parallel, and
hence the sides of the tangent quadrangle enclosing the ellipse are
2u¢ and 2p\ cos $,. The relative probability that the epicenter lies
within the ellipse is 1 - Ve = 0.393.
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PROBABILITY METHOD APPLIED TO THE EARTIHQUAKE
OF JUNE 7, 1911.
F) T P g

The first step to be taken in applying thlS thnd method is, as
we have said, to assume a probable location for the epicenter. Now,
in the case of the June 7th earthquake, we shall take as probable co-
ordinates: A =103° W, ¢ = 19° N, which would place the epicenter
between A = 97° 59" W, ¢ = 19° 34' N, as given by Prince Galitzin, and
A =104°6 W, ¢ = 19°.8 N, as obtained from the Hamburg-Harvard-
St. Boniface intersection according to the method of Dr. Klotz.

On aceount of what seems to he a considerable disagreement in
the arrival times of stations at a greater distance, we shall choose
the following five stations as heing close to the earthquake, and still
sufficiently scattered for our purpose : - Buffalo, Harvard, Ottawa, St.
Boniface, Santa Clara, St. Louis. :

Station Arrival Time
Place. No. Longitude. Latitude. of P-Waves.

Epicenter .......... 0 103° 00" 00" 19°°00" 00” 11h. 2m. 82s.
St. Louis ........... 190 13" 58".5 38° 38" 17" 11h. 7m. 46s.
St. Boniface ........2  97° 6 39”7 49° 53' 31 11h. 9m. Os,
Harvard ..... e 3 T71° 659" 42° 29° 56” 11h. 9m. 50«.
Buffalo ............ 4 78 52" 40" 42° 53’ 2" 11h. 9m. Os.
Santa Clara ........ 5 121° 57" 3" 37° 26° 36" 11h. 8m. 125,
Ottawa ............. 6 75° 42" 577 45° 23

38" 11h. 9m. 43s.

With these we calculate Table IT for each station (of which we
give only one example), and Tables III, IV and V. We see from
Table IV that the corrected position of the epicenter is: Ay = 102°
39"+ 23 W, ¢ = 18° 30" + 96" N. The next step will be to caleulate
and construet the mean error ellipse about this point as center.

From (17), Q,; = + 36.35, Q,, = — 68.15, Q,, = + 682.67. Hence
tan 20, = + 2087, w, = 5° 57°.3, v, = 95° 57°.3 and

poy =3.6636.35 - 68.15 % 1043 = 19.9 Geogr. miles,

poy = 3.66 36.35 + 68.15 x 9.5878 = 96.5 Geogr. miles.
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The ellipse is seen to be very elongated in the direction of lati-
tude and any further stations which would he brought into the ecal-
culations should be chosen along the N-S axis, so as to diminish the
eccentricity of the figure and theveby greatly increase the reliahility
of the results.
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*Nos *9a-  (Ag+0*Ag) *9q: *ho, ( 90%3%9,)
Epicentric Latitude, o] 19° 00' 00" 19° 00' 00" 20° 00' 00"
Station Latitude, 9| 38 38 15 38 38 15 38 38 15
Epicentric Longitude, A,| 103 00 00 104 00 00 103 00 00
Station Longitude, A| 90 13 58.5 9 13 58.5 9 13 58.5
ho - A, 12 46 2 13 46 2 12 46 2
TABLE 1I. L;g. cos. (Ag=A,) 9.9891 9.9873 ; 9.9891
- Log. cos 9.9757 9.9757 9.9729
A T |d A T d A T d A T d Log. cos o‘: 9.8927 9.8927 9.8927
0o 30° | 388 60°] 61 900 79 Log. I1 29.8575 29.8657 29.8575
Os 15s ® 10s ) I3 7s os 8s Log. sin g, 9.5126 9.5126 9.5340
L1 1s 16 ol 9 8L || B15 6 i 501 5 Log. sin g, 9.7954 9.7954 9.7954
231 g |32 [407 | 4 (62624 | | 92 | 806 5 Log. I 19.3080 19.3080 19.3294
3 47 15 33 416 9 63 631 6 23 812 5 11 .7203 .7173 .71§7
1 .2033 .2033 .2135
@ = 5e 15 3 4% 8 bl s 7 24 817 8 Cos.*A, .9236 .9206 .9292
5 77 15 35 433 9 65 644 6 95 823 5 'A, 22° 32| ‘Aa)f 220 59! ‘A, = 21° 41!.
6|92 |70 |36 |442 66 | 650 95 | 828 (3%4,43*A0) 6%Ao 776 |*, = 230 320 +4,%= 220 320
71107 |*® |37 |aso | & |67 |es6 | © | o7 | 634 | © (340,+3%9,) 6%, AL0: [y = AT Py = =l
14 ‘ 8 7 23° 31,24
8 (121 | - |38 |as8 | o les |63 | | u3 | e39 : b o, b, .,
9 |13 | 0 |39 466 | 69 |eso | | 99 | gaa . S, - A G

10 |150 |7 |40 |474 | o |70 | 675 p | 100 | 849 | . 00 5 1o% o) = 061

116 |4l sz | |7l fesz |01 | ess | -, 1h 20 32s b, =-.153

12 {178 14 42 489 8 72 688 6 102 860 N = T, %y 11h 72 42s 6, =1

13 192 i 43 497 B 73 694 , 103 865 2 R, = ‘4‘1' -y, 4s S, = .928

14 | 208 13‘ 44 504 7 74 701 6 104 870 4 <

15 (219 |, |45 [s11 | |75 | 707 6 |105 | 874 | _ o B 00 =1

16 |23z 93 46 | 518 5 76 | 713 6 | 108 879 =

17 (244 |10 |47 525 | |77 | 719 g | 107 | 884 | CABLS LI«

181257 |15 |48 |32 | 787235 | o |108 | eeB | ‘ . . . . .

19 | 262 12 49 539 " 79 731 6 109 893 5 -

20 | 281 12 50 546 6 80 737 6 110 898 5 1 +.08 -.15 +1 +.93 +4

21 | 293 1 51 552 o 81 743 6 111 903 4 2 +.02 .15 + *.87 -3

221304 |0 152 1559 | |82 |7a9 | _ |112 | 907 5 3 05 o o . o

23 | 315 53 865 83 755 ° 113 912

11 7 5 4 s .09 -.12 1 .97 -3

24 | 326 1 54 (572 g 84 | 760 s | 114 916 i )

! ) .

25 337 | ) 55 |578 | |85 | 786 ¢ | 115 920 & 5 -1 = 14 *1 1y 2

26 | 348 3 56 | 585 & 86 | 772 6 | 116 925 p 6 +.07 -.11 + .96 0

27 | 358 10 57 591 . 87 778 5 117 929 1

28 | 368 58 598 88 683 118 933 h

10 6 6 5 TABLE V.,

29 | 378 16 59 | 604 < 89 | 789 oo ]11e 938 i

le]

30 | 388 60 | 611 %0 179% | 120 942 St.louis | St.Boniface|Harvard | Buffalo|Santa Clara|Ottawa
[\ +.08 +,02 +.09 +,09 -.11 +.07
©p ~-.15 -.15 -.11 -.12 -.14 -.11

an'®he | -1.7 il -1.9 -1.9 +2.3 -1.5
Op b, | +4.6 +4.6 +3.4 | +3.7 +4.3 +3.4
. O, -2.8 -2.8 -2.8 -2.8 -2.8 -2.8
- ¢ -4, +3. +1. +3. -5, C.
n -3.2 +4.5 -.3 +2. -1.2 -.9
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Feguit ﬁaeiﬂmulugina_l Serbice Record of the Earthquake
Station, St. Louis Hnibersity.

ST. LOUIS, MO., U. 8. A.

LaTirupe: 38° 38" 177 N.

Lowerrupe: 90° 13" 58”.5 or 6.
0™, 55%.9 W. Gr.

Avtrrupe: 160.36 m.

Tve: Mean Greenwich, midnight
to midnight.

INsTRUMENT : Wiechert 80 kg., as-
tatie, horizontal pendulum,.

NOMENCLATURE : International.

The symbols used in the following records are those of the Inter-
national Nomenclature, which is identical with that given by us in
the December Bulletin of the University (1911). For the sake of
those who may wish to male further use of our data, we preface the
records with the list of constants for the year.

Date. E N
T 14 € T 14 €
s s
Jan. 3.. 7. 85 5. 1. 97 5.4
Jan, 7.. 1. 85 5.1 7. 79 5.1
Jan. 21.. 6.9 89 5.4 . 6.3 98 5.
Feb. 17.. 7. 94 5 7. 98 49
Feb. 21.. 7. 82 5 7. 86 5
May 1.. 6.7 91 41 7. 89 5.7
June 6.. 7. 67 5 7. 79 5
Aug. 17.. 7. .. 7. ..
Sept. 17.. 6.5 85 5. 7. 90 5.
Sept. 22.. 7. 93 5.6 7. 83 6.2
Oect. 10.. 7. 79 5 7. 86 5
Nov. 21.. 1. 88 6.5 84
Dee. 17.. 6.8 88 5 7. 83 6
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EARTHQUAKE RECORDS FOR 1S11.

= 3 )
= =)
8 [a} Z REMARKS
< 3] (o) -
= 2 0 3 = =
E4 = < = =4 [N
< o = - =] =
=} 9} o =] ‘o <
Az A
B N
h m s |s I u
Jan.3-4 1118 | 23 350 1 P, if present on either ocom-
SN 23 50.6 porent, cannot bte recognized on
L 0 12 account of microseismic disturt-
LE 0 'ﬁ 4 ances., The waves in S and first
N ‘ R
. sSular for
4  part of L are too irregu
zE g ;j q 3, o4 458 accurate determination of ampli-
N . i ;
F 2 tude or period; the earth motion
FE 2 was spparently very complicated,
1\‘ ) Py .
A short train of large irregu-
lar waves appeared on N-S oom-
ponent at 23k 57™ .7 between
time for RS; and RS,; cannot i-
dentify them.
Turkestan.
feb.4 I eLN 4 29.7
Mgl 5 06.5 30 5 E-% component shows no dis-
elp| 5 38.6 - tinct X.
Fg| 7 24,1
Feb.4 1 elyi 8 51.6
Myl 9 07.8 12 | No decided M on E-W
elg| 9 22.6
Fui 9 46,6
Fg| 9.48.6 ‘
Feb. 5 Ir |iPy| 4 29.4 | 3 5 | No trace on P on E-W component,
iN 4 29.6 B.9 4 |The train of waves at 4; 31,5
RPy 1 4 29,7 seems to be PS.
PS?| 4 31.5 Distance calculated 2690 km.
iS, | 4 33,7 |4 6 Co-ordinates of the epicenter,
N ¢ )
eS 4 33.7 as determined from deta sup-
B * ]
i 4 34,1 plied by Ottawa, Harvard, St.
E . - R . . .
i 4 34.6 |6 6 Bonifaoce and St. Louis, were
N - . ) )
elg| 4 35 A=88°, ¢=14°23', near San Sal-
MN 4 39.7 |6 9 | vador, Central Amerios.
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80 51, Louts UNIivERSITY
g “ | g
3) a | & REMARKS
& z | a 2 a2
=] < ] = o) 5}
3 5 | & = a |l =
h m s|s [*e |Aw
g |y
Feb.5 Mg | 4 39.7 [5.1013
Cpl 4 427
Ful 4 51.2
Fe| 4 54
Feb. 17 I ePp |14 28.8
ePy |14 29.8
e3g |14 32.8
L |14 33.8 |
Mg ll14 34.9 |6 |12
Mgll4 35.6 (7.8 18
F 15 01
Feb. 18 | T |ely| 2 03
ely| 2 04.5
‘M 2 06,4 196 |14 16
Fg| 2 18
Ful 2 20
Feb.18 |I1u | eg 19 22,1 Up to 19h 43%® the motion on
&y 19 25.6 botii components wag very oom-
Sy (18 27.4 plicated and irregular.
LE.!9 34, | Central Asia.
ely |19 36. 1 .
Mg |19 38.6 |18 |ic2|
My {197 45,1 |18 | |21
F 120 10
Feb. 28 I jelp| 4 24.8
F 00, 6

13 a = REMARKS
e s | & @ 2 5
> < < = o o
3 3| & e ol
h m s |s | |A
U U
Mar. 10 I |ely| 1 28
Ml 13407 117 6
Ful 3 18
Mar. 10 1 jelgjll 2.7
Fgill 45
Mar.22 | I |ely| 7 02
Ful 8 37
Apr. 10 Irf P |18 49,2 Distance 35880 km.
Sk | 54,6 | 7] 8 According to reports received
Sy 54,6 9 Il|{from northern Columtia by the
L 57.2 Jeauit Otservatory of Havans, the
Mz {19 3.5 14122 epicentér of the earthquake way
Mﬁ 4,2 15 34 |vetween Bogdta and Cartagena.
F 23 The macroseismio date furnished
by Havana; Ottawa, Trieste and
Saint Louis, place the epicenter
at: Long, 75° 50' W,,
Lat, 8° 38' N.
apr.28 |IIr | P-110 0.4
Ly 7
Lg 7.1
Mg 7.2 6 I3
My 7.2 5.5 15
Fg 22
Fel 54
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H 5 = . § E REMARKS 3 E . . ‘é E REMARKS
T |E1E| & |&| % s ||| & |2]¢&
Q o R £ o < a 3] o & atl =
h m s |s |Ag {Ax h.m-s |s | |%
plg b {u
May 4-5| IIu| P 123 48.1| Jut. 4| T |ey [1358.2 Turkestan,
Sy 57.5 | 6 25 (S-P)y = 9m31ls Distanos 8200 km. eg | 56.3
iSg| 58.1 | 68 (5-P)y = 10m8s Disbance 8900 km, ‘ s |14 42.4
L {0 10,6 The co~ordinatss oalculated from N | FN 47,2
Mgl  11.6 |24 |105 data furnished by Darmstadt, Vi- ‘ -
Mgl 12,2 |21 95 |enna and Saint Louis, are: - Jul.1z| 1 |iy |4 28.3 | 7apan.
Fg 14 - Long. 152° 30'E g ieg | 381
Fy 19 . Lat.  51° W, ' Pon| 38.2 |12]77
Kamtohatka. FN 5 54'_6
‘ | Fp 15 54.8
Jun.7 |I10r|ePy |11 07.7+ (5-P), = an 1S |
ey 07.8 [T A= 2600 km. Aug. 16 | Iu [eP 12257 42 Guam,
iP 07.94%4 |8 |68 | Mexico s 12310 12
RPl0s2(dy) ; 0 g? ég 19 {90 indisti
is- 1.9 - B My indistinct.
. F 1 11 00
iL 13.2
Moy 17.4 |15 1580 Fo pug. 21 | 1 i {1652 12 Near Kamtchatka?
M 18 12 113061 265 L ' F |17 10 00
F {13 35
Aug.27 | I e 1102 30 P and S too doubtful for deter=~
Jun 15 | LI ligg| (4 47.1 |7.8 |75 Phases are doubtful owing to ol 08 08 mination. Mexico
iim 47,1 18,4 90 |interference of two quakes, ’ }F 37 00. . i
|2 53.3 |6 |42 |36 |China Sea and Mexico 3 i
F {15 33 Sep, 15 | Iu} P l13.28 35 (s-P) = 7u 108
S 35 45 Distance 5550 km.
tdulat | Ir ePE 22 9,9 Epicenter near San Francisco. olg 41 18
' L| 185 ely| 4218
M 16.6 1108]55 |60 M| 45 08 27 81
Fg| 471 F“% . ‘;(7) 36 |18 132
Fgl 55.5 ,
Sep. 17 | Iu {iP 3 4023 (8-P)y= 8% 308
: Sy 48 53 Distance 7000 km. Chili,
{
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& [l
5 , al 2 REMARKS
< =) ° o
& = = = o
3 R & al Z
h m s iS Aﬁ A‘l;'
Sp | 349 11
ely| 59 23
ey 4 00 53
Mgl 01 17[15]49
M| os20ft7| |78
F 42
Sep.22| Iu | &Pyl S 5 29 (S-p) = nvnm
el‘-’E 15 35 Distanoé 5300. km. Aleska,
eSy| 22 29
eSg 22 35
Lyl 27 59
Lyl 28 53
My 29.08 (8 Imm-
Mg| 29 099 [tmm
F 53
Oct.5 | IIr{-iP Ji0 21 53 (S-P)p = 4m 425,
i8] 26 33 Distanoe -3000 km., Haiti
isgl 26 35
Lyl 29 39
Lp| 29 44
Mgl 3130 5] Ros
Mg| 5130 [i5[172
F s 14
OCt.lO‘ Ir {-iP J1318 03 Same determination as for
IS 22 45 Oototer 8.
Ly | 25 33
Ly | 26 00
Mg | 3500 2 30
Mg | 35 45 J12] 25
F |14 00
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& "l 8
. < = - 8| = REMARKS.,
P = | = =] gl ’
a o Y & o ]
h m s |s AE AB, ‘ _
Oct. 15 ' I e 16 587 S and P o6uld not be determined
Lg 29 onn account -of microseismioc dis-
Ly 1.3 turbanoes.,
Mg 12.5 |15 |25
F 18 02
Oct.29 | Ir |Py 118 :20.9
Py 21
Sg 25.9
Sy 26 Ho distinot Maximums.
Lg 28. 1
Ly 28,9
F 46
Nov.18 | I Py 7 38.2 Py and Sp not distinot,
Sy 43
Ly 48
F | 8os
Nov.20 | I Py I3 54.7 Distance 3150 km.
Py 55.5
Sy 58.5
Ly 14 05
Ly 06.5
Mg 03 15 {18
My 08.5 |I5 44
. F 16.5
Nov.22 I e |10 20.4 E~¥ too indistinot.
Ly 21
F 27.3
Nov.25 Pg {19 35.8?
Py 37 2
Sg 39.8
Sy 42
Lg 42.8
Ly 43
My 43.6 12| |35
Mg 45 12115 F lost in microseisms.
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& & a
5 al & REMARKS,
< 3] X o =
g Z |9 = = &
3 5 |& & a 3
-h m s|s Aﬁ Aﬂ
Dec. 16 | TTIe|iPg|.19 19.4]638|12 |
iPN 19.51638 23 (s-P) y=4% 208,
[ 23.8/8.7( 3 Distance 2690 km. Mexica,
isy| 23.8|8.7| |49
Ly| 5.2
Ly|  25.3[145
Myi 19 30 1064
Mg 30 12 548
Fni2l 08,5
Fg 12,5
Dec.2? I P | 13°00.i -
Sg 04.6 (?—P)N =41 308
: SN 04.6 .Dlsta!'LOé 2830 km.
' LN 08.1
LE 08,2
Mgl 2008 13| |45
Mgl 20,7 13 [34
F i 38
Dec. 23 I e | 7 57.9 i
' Ly| 58.8 ;
Lg 58.7 F overlapped by following-quake| .
Dec.23 | 1 ®y] 8 08.8
g 07.5
F 43

SEISMOLOGY 87

ACKNOWLEDGMENTS,

Our sincerest thanks are hereby tendered to Rev. Henry J. De
Laak, 8. J., Professor of Physies in St. Louis University, and to Prof.
I'. W. L. Peebles, E. E., for their valuable assistance in the prepara-
tion of the April Bulletin of the University for this year.

We also wish to express our gratitude to those kind friends who
have supported the Geophysical Observatory during the past year;
as well as to the following, whose contributions and exchanges have
enriched our Observatory Library:

AUSTRIA,

Cracow.—K. k. Sternwarte.—Wdch. Erdb., Nos. 1-46, 1911.

Graz—Physik. Institut, Dr. A. Fritsch—Wich. Erdb., No. 1-16.
Dr. Norbert Stiicker—Wdch. Erdb., Nos. 17-52, 1911. Dr. N.
Stiicker w. Dr. A. Fritsch.—Seismische Registrierungen in Graz.
Dritter Bericht fiir das Jahr 1909. Dr. N. Stitcker.—Seismische Reg-
wstrierungen i Graz, Vierter Bericht fiir das Jahr 1910,

Laihach.—Erdbebenwarte, Prof. A. Belar.—Wich. Erdb., Nos.
1-52, 1911.

Lemberg—XK. k. Technische Hochschule, Prof. Dr. L. Grahowski.
—Wéch. Erdb., Nos. 0-52, 1911.

Pola—K. k. Hydrographisches Amt, Capt. F. W. Kesslitz.—
Wach. Erdb., Nos. 1-52, 1911,

Sarajewo.—Meteor. Observatorium, Adj. Otto Harrisch.—Wdach.
Erdb., Nos. 1-52, 1911.  Zusummen-Stellung der Ergebunisse der im
Jahre 1910 in Boswien . d. Hercegoving statigefundenen Erdbeben-
beobachtungen, 1911,

Trieste—-K. k. Maritim. Observatorium, Prof. Dr. E. Mazelle—
Wich. Bvdb., Nos. 1-52, 1911,

Vienna—K. k. Zentralanstalt fiir Meteorologie u. (Geodynamik,
Dr. R. Schneider.—Wdch. Erdb., Nos. 1-46. Dr. Kohler, Nos. 47-51,
1911.—Mqatt, der Erdb. Kom. Neue Folge, No. XLI, Seism. Registr.
im Jahre 1910,

CANADA,

Ottawa (Ont.) —Earthquake Station, Prof. Otto Klotz, LL. D,
F. R. A. S—Records, Nos. 1-18, 1911. Special Issues, 4. Report of
the Chief Astromomer, 5 volumes, 1905-1909. Plate of Seismogram.



88 St. Liouls UNIVERSITY

CHINA.
Tsingtaw.—~Seism. Registr., Nos. 158-238, 1911.

FRANCE.

Paris.—Bureau Central Météorologique de France, M. A. Angot.
—Bulletin  Sismologigue, January-September, 1911, MM. Claude
Ferrié et Driencourt.—Comparatsons rediotélégraphiques de chrono-
métres par la méthode des coincidences entre Paris et Bizerte.

ENGLAND.

Shide.—Mr. John Milne, F. R. S., Sec. Seism. Com.—Circuler No.
24, British Association for the Advancement of Science.

GERMANY. 4

Darmstadt.—Seismische Station, Prof. Dr. C. Zeissig.—Records,
14, Mitteilungen, Nos. 1-12, 1911. !

Gottingen.—Geophysikalisches Institut, Dr. E. Wiechert—Ein
astatisches Pendel hoher Empfindlichkeit zur mechanischen Registrir-
ung von Erdbeben.

Hamburg—Hauptstation fiir Erdb., Dr. B. Tams.—Miitedun-
gen, Nos. 1-45, 1911. Berichi iiber die Tagung der Internationalen
Seismologischen Association in Manchester, 18. bis 22. Juli, 1911,

Jena.-—Seismische Station, Dr. W. Pechau—Monatliche Erdbe-
benberichte, Aug.-Oct., 1910,

Strasshurg.—Kais. Hauptst. fiir Erdh.,, Dr. C. Mainka.—Sers-
mom. Aufzeich. in Strassburg 4. E., Nos. 1-48, 1911. Bulletin Sis-
mique de Reykjavik, Nos. 7-12, 1910.

HAITL.
Port au Prince—Société Astrom. et Météor.,, F. Constantin.—
Bulletin, November, 1910; July, 1911; Special, 1.
HUNGARY.

Budapest-—K. Ung. Reichsanst. fiir Met. u. Erdmagn., Dr. A.
Péesi—Bulletin Hebdomadaire des Obs. Sism. de Budapest, Fiume,

Kalocsa, Ogyalla et Temesvar, Nos. 1-21, 31-43; Dr. Harmann, 22-30,
1911, @, Strompl.—Bulletin Macrosismigue, 1911

Zagreh (Agram).—Meteorologisches Observatorium, Dr. A. Mo-
horovidié.—Jahibuch, Jahrgang VL., IV. Teil, Erdbeben in Kroatien
und Slavonien im Johre 1906, pp. 151, Johrbuch, Jahrgang VIL,
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TV. Teil, ete.,, im Jahre 1907, pp. 45, Jahrbuch, Jahrgang VIIT. IV
Teil, ete., im Jahre 1908, pp. 55; Jahrbuch, Jahreane IX. IVL.,Teﬂ.
Abschnitt 1, Das Beben vom 8. X. 1909, (mit La’“f%‘e';fkmﬂu’en Ein . el’
ner Phasen des Nahbebens), pp. 63 und Platte. o

ITALY.

Catania.—R. Osservatorio di Catania ed Etneo, Prof. A. Riced.—
Bulletino Sismologico, January-July, 1911.

Chiavari—Osservatorio Meteorico-Sismico, Prof. C. Bianchi—
La Temperature dell’Aric ¢ Chiavari nel ventisettenio, 1883-1910.
Riassunto delle Osservazioni Meteorologiche Fatte in Chiavari negli
Anni, 1908-1909. .

Mionecalieri.—Osserv. del R. Coll. Carlo Alberto, Dr. G. Penta.—
Bolletino Meteorologico e Geodinamico, Osservazioni Sismiche, Nos.
1-10. Osservazioni Meteorologiche, January-December, 1911.

Montecassino.—Osservatorio Meteorico-Geodinamico, D. Bernardo
M. Paoloni, O. 8. B.—Bolletino Decadico, Nos. 1-23, 1911,

Padua—Istituto di Fisica, Prof. G. Vieentinl—Bolletino Men-
stle, Nos. 1-11, 1911,

Rocea di Papa (Roma).—R. Osservatorio Geodinamico, G. Aga-
mennone e A. Cavasino—Sopre una Presunta Periodicita Secolare
nelle Ricorremsza dei Grandi Terremoti. G. Agamennone.—Modo
Pratico per Tracciare una Meridiana. 11 Terremoto Laziale del 10
Aprile, 1911,

Valle di Pompei (Naples).—Osservatorio Pio X. Sac. Dott. Giov.
Batt. Alfano—Bolletino Meteorico, Nos. 28-32, 1910; 33-41, 1911.
Riassunto della Sezione Meteorica dell” Osservatorio Pio X in Valle
di Pompet, 1909.

JAPAN.

Osaka.—Meteorological and Seismological Observatory, Mr. N.

" Shimono.—TIist of Earthquakes, January-December, 1911. Great

Earthquake of Turkestan. Amnual Report, Part 1L, Seismological
Observations 1 Osaka, 1910.

Tokyo.—Imperial Earthquake Investigation Committee, Dr. F.
Omori.—Bulletin, Vol. IV, No. 2. dpplication of Seismographs 1o
the Measurement of the Vibrations of Railway-Bridge Piers. Bulle-
tin, Vol. V, No. 1. The Usu-San Eruption and Earthquoke and
Eruption Phenomena.
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MALTA,

Valletta—Seismological Observatory, Prof. C. Leach.—Earth-
quake Register, December, 1910; November, 1911.

MEXICO.,

Mexico.—Instituto Geologico de Mexico.—Parergones, Tom. 111,
No. 7, 1910-No. 10, 1911, Jorge Engerrand y Fernando Urhina,
Excursion Geologica en Yucatan; Y. S. Bonillas, Estudio Quimico y
Optico de una Labradorita del Pinacate. ~ Parergones, Tom. I1I, No.
8, 1911; Dr. Jose G. Aguilera, Catalogo de los Temblores (Macroseis-
mos) Sentidos en la Republica Mexicana y Microseismos Registrados
en la Estacion Seismologica Central, Tacubaya, D. F., durante el
Secundo Semestre de 1909. Boletin, No. 28, Juan D. Villarello, Las
Aguas Subterraneas en el Borde Meridional de la Cuenca de M eLICO ;
Juan 8. Agraz, Informe sobre las Aguas del Rio de la Magdalena.

ROUMANTA.

Bucarest.—Observatoire Astrom. et Meteor.—Bulletin Sismique,
No. 1.

v RUSSIA.

St. Petershburg—Commission Sismique Permanente, Prince B.
Galitzin—Seismometrische Tabellen. Ueber cin neues aperiodisches
Horizontalpendel mit galvanometrischer Fernvegistrierung. Bestim-
mung der Lage des Epizentrums eines Bebens aus den Angaben einer
eingelnen Station. Beobachtungen weber die Verticalkomponente der
Bodenbewegung. Ueber ein neues schweres Horizontalpendel mit
mechanischer Regisirierung fuer seismische Stationen zweiten Ranges.
Ueber die Schwingungs-Richtung eines Bodentheilchens in den trans-
versaten Wellen der zweiten Vorphase eines Bebens. Die neue Or-
ganization des seismischen Dienstes in Russland. Ucber einen Seis-
mographen fiir die Verticalkomponente der Bodenbewegung. Ueber
eine dynemische Scala zur Schitzung von makroseismischen Beweg-
ungen. Zur Froage der Bestimmung des dzimuts des Epicentrums
etnes Bebens. Das Erdbeben vom 3.-4. Januar, 1911.  Report of the
Manchester Meeting of the Internationul Seismological Association,
July, 1911, (Russian). ‘

Tiflis (Ca.ucasus).;Plx)fsil:a.liselles- Observatorium, Prof. P. Stell-
ing—Wdch. Evrdbebenberichte, Nos. 188-229. 8. Belaeff. —Wich.
Erdbebenberichte, Nos. 243-248.

SERVIA.

Belgrade.—Institut Géologique de 1’Université de Belgrade, Prof.

J. Mihailovie.—Observations Microsismigue, Nos. 1-126.
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SPAIN,

San Fernando (Cadiz).—Inst. y Observ. de Marina, Excmo. Sr.
Gen. D. T. Azcérate—Registro de Observaciones Sismicas, Nos. 1-12,
January-December, 1911.

UNITED STATES.

Albany (N. Y.).—Seismographic Station, Dr. D. H. Newland.—
Records, Jan. 3, Dee. 16, 1911.

Berkeley . (Cal.) —University of California Seismographic Sta-
tions, Prof. H. O. Wood.—Bulletin of the Seismographic Stations,
The Registration of Earthquakes at the Berkeley Station from Oct.
30, 1910-March 31, 1911.

Cambridge (Mass.).—Harvard Seismographic Station, Prof. J.
B. Woodworth.—Records, Nos. 1-14a. Prefatory Note. Third An-
nual Report, August, 1910-July, 1911.

Seattle (Wash.).—University of Washington, Department of Ge-
ology, Prof. E. J. Saunders.—Records, 3, 1911.

Rolla (Mo.).—Missouri Bureau of Geology and Mines, Prof. H.
A. Buehler—Vol. IX, Parts 1 and 2. Prof. E. R. Buckley.—2nd
Series, Vols. I-VIII.

St. Louis (Mo.).—Local Station, U. 8. Weather Bureau, Mr.
Montrose W. Hayes.—Daily Weather Maps, Jan. 1-Dec. 31, 1911
Monthly Meteorological Summary, January-December, 1911. Tele-
graphic Reports of Thunderstorms. City Sewer Department.—Pre-
cise Level Bench Marks. B. H. Colby.

‘Washington (D. C.)—U. S. Weather Bureau, Prof. Willis L.
Moore, Chief~—Daily Weather Map, Jan. 1-Dee. 31, 1911. Monthly
Weather Review. Annual Report of the Chief of the U. S. Weather

~ Bureaw. Bulletin of the Mt. Weather Observatory, January-Decem-

ber, 1911. Monthly Meteorological Charts of the Novth Pacific Ocean.
Monthly Meteorological Charts of the Novth Atlantic Ocean. Monthly
Meteorological Charts of the Great Lake Region. Monthly Meteoro-
logical Chart of the Indian Ocean. Hearings before the Commitiee
on Agriculture. Prof. C. F. Marvin—Psychrometiic Tables. In-
struction for Co-operative Observers. The Measurement of Atmos-
pheric Pressure. Instructions for Operating the Hydrograph. Amn-
emometry, (Cireular D, Instrumental Division). Note on the rela-
tion between the Temperature and Resistance of Nickel. Upon the
Construction of the Wheatstone Bridge for Electiical Resistance
Thermometer. A Unwersal Seismograph for Horizontal Motion and
Notes on the Requirements that must be Satisfied.



92 St. Liouis UNIVERSITY

JESUIT SEISMOLOGICAL SERVICE.

CANADA,

St. Boniface (Man.).—St. Boniface College Observatory, A.
Rousseau, S. J.—Records, January-June, 1911. Rev. J. Blain, S. J.
—Records, July-December, 1911. Special, 17.

CHINA.

Shanghal.—Observatoire de Zi-ka-wéi, Rev. H. Gauthier, 8. J.
—Bulletin Sismologique, J anuary-December, 1911. Special, 39.

ENGLAND,

Stonyhurst (Blackburn).—Observatory, Rev. Walter Sidgreaves,
S. J, F. R. A. S—FEarthquake Records, January-December, 1911.
Cards with Earthquake Data, 15. Newton and Galileo, reprint from
Knowledge, July, 1910. Galileo Galiles, veprint from Journal of
Brit. Astron. Assoc., October, 1910. Newton on the Earth’s Motion.

PHILIPPINES.

Manila.—Central Observatory, Rev. José Algue, S. J.—Meteoro-
logical Bulletin, January, 1910-June, 1911. Rev. M. Saderra Maso.
—Seismological Bulletin, Nos. 1-228, 1911. The Eruption of Taal
Volcano, Jan. 30, 1911. Catalogue of Philippine Earthquakes, 1910.
Rev. José Coronas.—Three Typhoons which coused Heavy Floods in
Luzon.

SYRIA.

Beyrouth.—Observatoire de Ksara - (Liban), Rev. B. Berloty,
S. J—Bulletin Météorologique et Sismigue, January-December, 1911,

SPAIN.

~ Cartuja.—Estacion Sismologica, Rev. Manuel M. S. Navarro-
Neumann, S. J.—Boletin Mensual, Nos. 1-12, 1911,

Tortosa.—Observatorio del Ebro, Rev. R. Cirera, S. J.—Boletin
Mensual, June, 1910-April, 1911.
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UNITED STATES.

Buffalo (N. Y.).—Canisius College Observatory, W. C. Repetti,
. J—Records, January-August, 1911. M. J. Ahern, J. 8.—Records,
September-December, 1911. Special, 9.

Cleveland (0.).—St. Ignatins College Observatory, Rev. F. L.
Odenbach, S. J—Records, 3; Special, 5.

Denver (Colo.).—Sacred Heart College Observatory, Rev. A. W.
Forstall, 8. J—Records, 1-12; 1911. Special, 5. Prints of Seismo-
erams, 2.

New Orleans (La.).—Loyola University Observatory, A. S. Kun-
kel, 8. J.—Records, 1-5, 1911. J. B. Franckhauser, S. J.—Records,
6-12, 1911.

Santa Clara (Cal.).—Santa Clara College Observatory, Rev. J.
Ricard, S. J—Records, 48-85; Special, 36.

Spokane (Wash.) —Gonzaga College Observatory, E M. Baci-
oalupi, 8. J—Records, 1-6, 1911. EB. A. MeNamara, S. J.—Record,
No. 7, 1911; Special, 1.

Spring Hill (Ala.).—Spring Hill College Observatory, Rev.
Cyril Ruhlmann, 8. J—Records, 1-12, 1911; Special, 3.

SPECIAL DONATIONS.

Symons’ Monthly Meteorological Magazine, 27 Volumes.
Meteorologische Zeitschrift, 6 Volumes,
Earthquakes—Prof. W. H. Hobbs.
Earthquakes—Prof. John Milne, F. R. 8., F. G. 8.
Volcanoes—Prof. John W. Judd, F. R. S. ~
Earthguakes—Major C. E. Dutton, U. 8. A.
Meteorology—Thomas Russell.

P. Angelo Secchi—Dr. Joseph Pohle.
Erdbebenkunde—Dr. Edwin Hennig.

Wind und Wetter—Prof. Dr. Leonhard Weber.
Wetterpropheten—Johann Beudel.





