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RESULTS OF OBSERVATIONS MADE AT THE COAST AND GEODETIC SURVEY MAGNETIC
OBSERVATORY AT VIEQUES, PORTO RICO, 1903-1904.

INTRODUCTION.

The first magnetic observatory equipped with self-recording instruments established by
this Survey was at Key West, Florida. At that place a Brooke magnetograph was in opera-
tion from 1860 to 1866. The same instrument was later mounted at Madison, Wisconsin,
and kept running from 1876 to 1880. The records of the observations at these two observa-
tories were not very satisfactory. In 1882 an observatory was constructed at Los Angeles,
California, and there an Adie magnetograph was kept in operation from October, 1882, to
October, 1889. The results of these observations have been discussed and published in the
reports of the Survey for 1890, 1891, and 1892. In 1890 the same Adie magnetograph was
installed in an observatory at San Antonio, Texas. In 1892 the observatory had to be moved
to a new location outside the city on account of the disturbing effect of an electric car line, and
in March, 1895, it became necessary to discontinue the observatory on account of insufficient
appropriation for magnetic work. From this brief summary it will be seen that prior to 1900
the magnetic observatory worlk of the Coast and Geodetic Survey was very limited in extent
and intermittent in character.

In 1899 a much more liberal appropriation made it possible to begin a systematic magnetic
survey of the United States and in connection therewith to prepare for the establishment of
several magnetic observatories.

As the magnetic observatory which had been operated in connection with the Naval
Observatory, in Washington, District of Columbia, had been rendered useless by the encroach-
ment of electric car lines, it was decided to erect the principal magnetic observatory of the
Coast and Geodetic Survey at Cheltenham, Maryland, about 14 miles southeast of Washington.
The necessary buildings were begun toward the end of 1900, and completed in time to begin
observations in April, 1901. In order to provide the means for reducing to mean of day the
field observations made in the Middle West, an Eschenhagen magnetograph was mounted at
Baldwin, Kansas, in an existing structure fairly well adapted for the purpose, in June, 1900.
In the autumn of 1901 observatories were constructed at Sitka, Alaska, and near Honolulu,
Hawaii, and the records of these observatories begin with January, 1902. In February, 1903,
the old Brooke magnetograph, somewbat modified and improved, was installed in a room in
Fort Isabel Segunda, on Vieques Island, Porto Rico. Observations were continued there until
the spring of 1907, at which time the instruments were transferred to a specially constructed
building about five-eighths of a mile to the west of the old fort. Full details of the location
and construction of the buildings at Cheltenham, Sitka, and near Honolulu will be found in
Appendix 5, Coast and Geodetic Survey Report for 1902.

The present publication contains the results of the absolute and variation observations at the
Porto Rico observatory for the two years 1903 and 1904. Owing to modifications in design
of the instrument and delay on the part of the instrument maker, it was not possible to secure
vertical force variometers of the improved Eschenhagen type until 1904, and one was not
installed at Porto Rico until February, 1905. Consequently this publication contains no
vertical intensity results, but the results of the dip observations are tabulated instead.
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6 PORTO RICO MAGNETIC OBSERVATORY

The preparation of the rooms in the fort for observatory purposes and the mounting and
adjustment of the instruments were done under the personal direction of Dr. L. A. Bauer. The
work of the observatory was carried on by R. F. Soper until August, 1903. After that time
W. B. Keeling was observer in charge until July, 1904, when he was relieved by P. II. Dike.

ADMINISTRATION.,

The direct supervision of the magnetic work of the Coast and Geodetic Survey is assigned
to an assistant to the Superintendent, designated “‘Inspector of Magnetic Work.” This posi-
tion was filled by Dr. I.. A. Bauer from 1899 to September 1, 1906. Under his able direction
the sites for the observatories were selected, buildings designed and erected, instruments pur-
chased and installed, and the work established on its present efficient basis. When Dr. Bauer
resigned from the Coast and Geodetic Survey in 1906, Mr. R. L. Faris was appointed to suc-
ceed him as Inspector of Magnetic Work.

The field and observatory work is carried on.by a force of eight or ten magnetic observers.
At each observatory there is an observer in charge, assisted occasionally by one additional
observer and usually by one helper to perform the manual work and assist in the scaling of
ordinates and in the simpler forms of computation. The observers are translerred from. one
observatory to another or assigned to field work as the exigencies of the Survey demand.

The records of the various observatories are transmitted as promptly as possible to the
office of the Coast and Geodetic Survey at Washington, and turned over to the Division of
Terrestrial Magnetismh for computation and discussion. The Inspector of Magnetic Work,
who is also chief of this division, had at the begining only one computer to assist him in the
work of the division. At present the office force consists of three computers and s clerk.

When magnetic observatory work was resumed by the Coast and Geodetic Survey in 1900,
the magnetic observers were without experience either in the operation of magnetographs or
in the reduction of variation observations. Moreover, they had to work with a type of magnet-
ograph which had been in use for so short a time that very little had been published concerning
the practical questions involved in its operation. As a natural result, some time elasped
before the observatory records were entirely satisfactory and some of the earlier records were
forwarded to the Office without the completion of the computations usually made at the observ-
atory, thus throwing more work on the office force. In the Office it was necessary to solve
many problems and devise new methods before the work of reducing the variation observations
could proceed smoothly. Hence the limited computing force proved insufficient to advance
the computations as rapidly as the records were received, and the publication of results has

been delayed in consequence.
DEFINITIONS.

To avoid confusion, some of the terms used in this publication are here defined:
Magnetograph—An instrument giving a continuous photographic record of the variations
of the earth’s magnetism, consisting of a recording apparatus and one or more variometers.
Magnetogram—The sheet of paper having upon it the photographic record of the magnet-
ogruph.
Thermogram—The sheet ol paper having upon it the record of the temperature changes
made by the pen of the thermograph.
D—Declination, positive when east.
H—Horizontal intensity.
Z—Vertical intensity.
[—Dip.
F—Total intensity.
X—North-south component, positive when north.
Y —East-west component, positive when east.
7—0.00001 C. G. S. unit of magnetic intensity.
D base-line value —The absolute value of declination corresponding to a zero ordinate.
Similarly, H base-line value.



MIHODS, 7
METHODS.

The program of observatory work includes absolute observations for declination, dip, and
horizontal intensity twice a week for the purpose of reducing the variation observations to
absolute measure. A set of declination observations usually consists of 8 pointings on the
magnet, 4 erect and 4 inverted. Torsion is removed from the suspension fiber beforehand by
the use of a brass weight of about the same mass as the magnet. Horizontal intensity (H)
and the magnetic moment (m) of the magnet are determined by combining observations of
oscillations and deflections, using the formulse:*

2
mH = nT_g(
H_ 0
m- sinu

in which---

K is the moment of inertia of the oscillation magnet and stirrup, determined by special
observations using an auxiliary weight of known dimensions and mass.

T is the time of one oscillation, corrected for torsion, induction, and difference in the
temperature of oscillations and deflections.

% 1s the deflection angle.

('is a factor which may be regarded as constant for a particular deflection distance and a
particular temperature. Its determination requires deflection observations at 2 or 3 distances
from which to compute the distribution coefficients, careful measurement of the deflection
distances, and observations to determine the induction coefficient. The variation of ¢ with
temperature depends simply upon the temperature coefficient of the material (usually brass) of
which the deflection bars are constructed.

A dip determination with a dip circle comprises observations with two needles, with the
usual reversals of instrument, polarity of needle, and position of needle on the agate supports.
In the case of dip circle No. 1, there was only a single needle, so two sets were made with that
on each occasion.

Deflection observations were made about once in two months to determine the scale value
of the horizontal intensity variometer. The magnetogram is usually changed between 4" and
5% p. m. In order to fix accurately the time scale on the magnetograms, the time is recorded
of automatic or artificial time breaks occurring about 5 p. m., 9 a. m., and 4 p. m., as well as
the times of starting and stopping the photographic record. To obtain the magnetograph
temperatures from the record of the thermograph, the magnetograph thermometers are read
about 9 a. m. and 4 p. m. In the morning a mark is made on the thermograph sheet to fix
the time scale.

The observer in charge computes his absolute observations and scale vafue determinations,
measures the ordinates from the magnetograms for each hour, local mean time, and for the
times when the absolute observations were made, and computes therefrom the values of base
line. He also derives the temperature of the magnetograph for each hour from the readings
of the thermograph. The remainder of the computations is made by the computers in the
Office. - 1

For measuring the ordinates, a reading board { designed by W. B. Keeling, magnetic
observer, and constructed in the instrument shop at the Office of the Survey, has proved of
great assistance, and each observatory is provided with one. As it was not possible to secure
clear, well—deﬁned lines with the Brooke magnetograph, the practice was adopted of reading
from the middle of the base line to the middle of the curve.

Early in the work it was found that a magnetogram is subject to variation in size, amount-
Ing to as much as 1 per cent, depending upon the amount of moisture in the atmosphere In

*In the case of magnetometer No. 3, tan 1 must be substituted for sin u in the second formula.
t For an illustration and description see ‘‘ Results of Observations made at the Coast and Geodetic Survey Observa-
tory at Cheltenham, Md., 1901-1904.”



8 PORTO RICO MAGNETIC OBSERVATORY.

order to be able to-correct for this, each observatory is provided with a narrow strip of wood,
as long as the magnetogram is wide, with a needle point fastened in each end. The distance
between the points is accurately measured. As soon as a magnetogram is removed from the
drum it is laid on its face and the strip of wood is pressed down on it near each end and small
holes are made by the needle points. A comparison of the distance between these holes at any
future time with the distance between the needle points at the time they were made serves to
determine the amount of shrinkage or expansion.

LOCATION AND BUILDINGS.
Latitude: 18°087.9 N. Longitude: 65°26%.4 W. Altitude: 40 meters (130 leel).

When planning for the expansion of the magnetic work of the Coast and Geodetic Sur-
vey, the desirability of having a magnetic observatory in Porto Rico was recognized, but its
establislunent had to be postponed until the construction and equipment of the other mag-
netic observatories had been completed. At the time of the eruption of Mont Pelée on May 8,
1902, there was a magnetic disturbance of considerable magnitude, the beginning of which
very nearly coincided with the beginning of the eruption. The possibility of a recurrence of

¥1a. 1.--Fort Isabel SBegunda, south side.

such outbreaks in the West Indies increased the desirability of having a continuous record of
the variations of the earth’s magnetism in that region, in order that a closer study might be
made of the relation between the two phenomena. Arrangements were. therefore made for
the establishment of a temporary magnetic observatory on Vieques Island, a small island to
the east of the island of Porto Rico. Through the courtesy of the insular government, several
rooms on the ground floor of Fort Isabel Segunda were secured for the use of the observatory.
This fort is a large stone building situated on a hill back of the town of Vieques, about half
a mile from the north shore of the island. It is no longer armed or garrisoned, but while used
for observatory purposes was in charge of and occupied in part by the insular police.



LOCATION AND BUILDINGS. 9

The rooms assigned for the work of the observatory were on the south and east sides of
the fort, as shown in Fig. 2. The large room extending from the corner, along the south side,
was divided by a partition into a small room at the corner for absolute observations, and a
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FI1G. 2.—Ground plan of part of Fort Isabel Segunda.

room for the magnetograph, about 15 by 35 feet in size. The windows of this room were
boarded up inside and out in order to keep out the light and reduce the temperature varia-
tions. No further steps were taken to insulate the magnetograph-room, but the thick walls
of the fort were sufficient to limit the diurnal range of temperature inside to 1°.2 Centigrade
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on the average, as compared with about 6°.0-outside. The seasonal variation is very small, as
will be seen from the following table:

Daily and monthly range in temperature ( Centigrade).

| 1903. ‘ 1904.
Month. ‘ -

Maximum. Minimum. df;}l‘;{eigﬁegc. Maximum. | Minimum. ;ds;l\l;eﬁgg(;e.

o _ I R - _
o o o o o ‘ o

4L 9 o 29.5 25.8 L1
Y g Y S EEREET 28.9 26.0 ! 1.4
March. ... oo s (R . 29.0 25.4 | 1.2
ApTil. . e 30.4 | 27.3 | 1.3 29.0 25.9 1.4
1 30.1 27.7 | 1.2 29.3 26.4 1.3
June.. ... o304, 276 L1 29.9 27.0 . 1.0
duly 30.8 28.3 ‘ 1.2 30.0 27.1 ! 1.2
AUgUBE. .o ‘ 31.4 | 27.2 1.3 30.8 27.7 1.2
September. ... 31.3 27.9 1.3 30.1 26.7 1.1
October. . oo e 31.3 27.3 1.1 31.0 25.8 1
November. ... ... e 30.8 1 27.1 " 11 30.1 26.8 1.0
DeCember. .. ..ot ‘ 20.1| 264 | 1.0 29.2 27.0 11
O T ] 31.4 i 26. 4 12 31.0 25. 4 1o

The magnetograph was mounted on solid stone piers, not in contact with the concrete
floor of the room.

Absolute observations were made in the corner room in the fort up to the end of January,
1904. In that month an absolute observatory 10 by 12 feet in size was built on a hill about
500 feet southeast of the fort, and observations began there the end of January. For the
support of the instruments three wooden posts were set firmly in the ground before the floor
of the building was laid.

The room on the east side of the fort, adjoining the one in which absolute observations
were made, was used as an office, and to the north of that was the dark room, part of which
was afterwards converted into a selsmograph room.

INSTRUMENTS.
VARIATION INSTRUMEN'TS.

The magnetograph operated at the Porto Rico magnetic observatory from February,
1903, to May, 1905, consisted of the declination (unifilar) and horizontal intensity (bifilar)
variometers of the old Brooke magnetograph, which had been used at Key West, Fla., 1860—
1866, Madison, Wis., 1877-1881, and Ooglamie, near Point Barrow, Alaska, 1882-1883, and an
Eschenhagen recording apparatus arranged for running at two speeds, one revolution in 24
hours, or one revolution in 2 hours. Separate lamps were required for the two variometers.
The relative positions of the different parts of the instrument are shown in Fig. 2. The
variometers have large rectangular magnets suspended from brass tripods by means of silk
fibers. A glass tube inclosing the fibers extends from the glass cylinder surrounding the
magnet to the head of the tripod, and the torsion head is covered by a bell jar, so that all
currents of air are excluded. For the D magnets a bundle of 20 fibers was used. Each fiber
was stretched separately by means of weights, and then the 20 were tied into a bundle at
intervals of a few Inches. After the magnet was suspended the fibers continued to stretch, so
that the torsion head had to be raised several times before a stable condition was reached.
The horizontal intensity magnet was supported by 10 fibers doubled (over the pulley). The
magnetograph was mounted in February, 1903, but several changes of adjustment were required



INSTRUMENTS. 11

during March, so that the results given herewith begin with April. It was found impossible
to secure a sharply defined record from these variometers. Nearly every day, shortly after
midnight, the lines on the magnetogram made by the light from the mirrors attached to the
magnets began to widen out and appear fuzzy and dim, the width increasing from a fraction
of a millimeter to several millimeters. This condition lasted for several hours, gradually
hecoming less and less marked, and usually disappearing about 8 to 10 a. m. Ior the rest of
the day the curves were satisfactory. When the recording cylinder was made to revolve once
in two hours during the disturbed period, the horizontal intensity curve appeared as a com-
paratively regular series of waves and the declination curve as a series of serrations, showing
that the magnets were in constant vibration. No such disturbance was shown by an Eschen-
hagen variometer mounted in the same room nor by the magnetometer in the adjoining room,
so that the trouble was evidently peculiar to the Brooke variometers. Apparently the dis-
turbance of the magnets wds associated with decrease in temperature, as it occurred at the
time of day when the temperature was falling, and on some days when the fall in temperature
continued throughout the day, the disturbance continued also. While this broadening of the
curves hides the small variation of D and H for a portion of each day, it does not appreciably
reduce the accuracy of the measurement of the hourly ordinates, since the center of the curve
can be determined with but little difficulty.

The variations in temperature in the magnetograph room were measured by a thermo-
graph mounted on a wooden post near the H variometer.

ABSOLUTE INSTRUMENTS.

Up to the end of January, 1904, absolute observations of declination and horizontal inten-
sity were made with an old magnetometer (No. 3), made by Jones of Liondon, having a detached
theodolite for pointing upon the suspended magnet. This is the same magnetometer that was
used at the Baldwin magnetic observatory in 1901 and part of 1902, but it was repaired and
improved in several ways before being sent to Porto Rico, especially by the substitution of a
brass deflection bar for the wooden one which was used at Baldwin. Consequently the results
obtained with it at Porto Rico were more accurate and consistent than those at Baldwin.

In January, 1904, magnetometer No. 31 took the place of No. 3. This is an instrument
of the India Magnetic Survey pattern, illustrated and described in ““Results of Observations
made at the Coast and Geodetic Survey Magnetic Observatory at Baldwin, Kans., 1901-1904.”
No. 31 is provided with a vertical circle, so as to adapt it for use in astronomical observations.

Dip observations were made with Barrow dip circle No. 1 up to July, 1904, and after that
time with Kew dip circle No. 18. Dip circle No. 1 was used at the Cheltenham magnetic obser-
vatory in 1901, and gave fairly consistent results. At Porto Rico, however, the results with
it were not at all satisfactory. No. 18 is an old instrument, but it was overhauled by Dover
in 1901 and provided with a new set of needles. It was an improvement over No. 1, but still
left much to be desired. As no vertical force variometer was in operation, however, great
accuracy of dip observations was not required.

SEISMOGRAPH.

In September, 1903, a Bosch-Omori seismograph, comprising two horizontal pendulumns,
was mounted in the room north of the office on stone piers.

ACCESSORIES.

Chronometers, and meteorological instruments. Time observations were made with the
theodolite of magnetometer No. 3, or with magnetometer No. 31, either noting the time of
the sun’s meridian passage or else using the method of equal altitudes.
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92 PORTO RICO MAGNETIC OBSERVATORY.

EARTHQUAKES,

In Seplember, 1903, a Bosch-Omori seismograph comprising two horizontal penduluws,
one recording north-south motion (N) and the other recording east-wesi motion (1), was
mounted in the room north of the one occupied as an office on the ground floor of thz old furt.
It was supported by four stone piers, 20 inches square and 32 inches deep, with their tops
just above the floor level. The following table is a register of the earthquakes recorded up
to the end of 1906. The times are Greenwich mean time counted from midnight:

Register of earthquakes recorded at Viegques.

End of Maxi-
.| Compo- First P. T. | Second .71  Large Maximum rincipal End mum
No. nent Date First econd waves pportlgu I nlnlp.
1903. hm s | hms|hms|hms h om h m mm
1 N Sept. 7| 73618 | .. .. o | .. oL oo -0 oo - U 9 47
2 N Oct. 9| .. .. .. | .. .. .. | 234554 | 23 46 00 . 23 47 2.1
2 E 91 .. .. .| -. .. .. | 2345 54| 28 48 00 .. 23 47 1.9
3 N 29 (163130 | .. oo Lo oo il i ae el as e 15 46
3 E 290 | 153230 | .. .. .| .. ool el oL .. 15 46
4 N Nov., 28 | 1049 48 | _. .. .| .. o oo oo oo .. . 10 56
4 E 28 | 1060 18 | .. .. .| oo oo o] oh .l . I 10 57
5 N Dec. 65| 54230 .. .. o | oo oo | oo o o e e 6.08
5 E 5 54218 .. .. | .. oo o] o4 o oo . 612
6 N 71145224 |14 58 24 | 15 03 24 | 15 16 48 15 22 15 44 0.4
6 E 7114 5248 | 14 59 48 | 15 03 18 | 15 04 12 15 22 16 48 0.4
7 N 10 (274906 | .- .. .| .0 oo o] oo . . e . 18 22
7 B 10174906 | .. .. . | 180506 | 18 05 36 18 11 18 23 0.3
8 N 280 41812 .. .. oo o] e ol Ll . 4 36 ..
1904.
9 N Jan. 20| 145636 | .. .. .. | 150006 | 1500 12 15 ?
15 04 48 13.8
15 09 12 15 21 16 07 9.2
9 E 20 | 145636 | .. .. .. | 150006 | 150012 12 ?
15 02 00 18.5
15 07 30 15 16 16 20 | 12.0
10 N Feb. 4205048 | .. .. .. | 20 53 54 | 20 64 18 21 02 21 32 1.8
10 E. 41205048 | .. .. .. |20 54 06| 20 b4 18 21 02 21 40 2.0
11 N Mar. 4|10 29 36| 10 34 48 | 10 42 36 | 10 35 36 10 49 10 55 0.4
11 E 4102836 |103454| .. .. ..[103500 10 47 11 01 0.3
12 N 19| 63630 | 64330 | 65218 6 57 48 7 02 7 18 0.6
12 E 19| 63700 | 64348 | 65230 6 57 48 7 03 7 18 0.6
13 E Apr. 4|103806 | .. .. .. | 10569 24 | 11 06 06 11 19 11 53 1.2
14 N B|113024 | .. .. .| oo oo ia| oo o L - 11 51
15 N 121193448 | . .. .| .. oo | oo ol L . 19 46 ..
15 E 12 | 193548 | .. .. .. | 19 41 06 | 19 41 48 19 46 19 58 0.2
16 N |May 1161186 . .. . |......|.....| ... |1mws| ..
16 K 11161136 .. .. - | -« oo oo | o o Lo . 17 32 ..
17 N May 11| .. .. .. |195786|1958 18| .. .. _. 20 0L 20 06 0.3
17 E 1| .. .. .. 195754195824 .. .. _. 20 00 20 07 0.3
18 N 141141830 ) .. .. .. |14 4142 | .. .. .. 14 53 15 04 0.2
18 E 14 |14 1806 | .. .. .. | 1440386 .. .. .. 14 54 15 04 0.2
19 N 181121306 | -. .. .. | .. oo o s a. -. . 12 17 .
19 0] 181121306 | -- . oo | ov oo o] ee o o . 12 17 ..
20 N 211151636 | .. .. .. | 1517 18| 15 17 42 15 20 15 25 0.4
20 E 21 (1516 48 | .. .. .. | 1517 12| 16 17 42 15 21 15 32 0.4
21 N 20 (191112 | .. .. o ao ol o] ae e e . 19 18
21 E 21 (191124 | .. . .| .. oL Lo oL oo . . 19 18
22 N 21 [ 2181 24 | 21 31 b4 | 21 32 18 | 21 32 24 21 35 21 39 0.4
22 E 2121 3124 |21 31 42121 32 06 | 21 33 00 21 35 21 36 0.4
23 N June 12|12 3736 | .. .. .. |12 3836|1239 06 12 40 12 46 0.4
23 E 121123736 | .. .. .. |12 38 36| 12 38 54 12 39 12 45 0.1
24 N 24 [ 18818 | .. . .| .. oo L] o4 oh . e - 212
24 B 24 20042 | .. .. .| .o oL o] .. e . R 212
25 N 251503 18 | 15 18 18 | 15 35 42 | 15 44 42 16 01 17 00 0.6
25 E 2511506 06 | 15 18 12 | 156 33 06 | 15 46 24 16 01 17 01 0.4
26 N 25 [ .. .. .. |21 3300|2148 42|21 58 18 22 16 22 57 2.0
26 i 26 | .. .. .. |21 3242 |21 48 06| 22 05 48 22 10 22 47 0.8
27 N 26 [ 112842 | .. -, .| oo oo o] oo ol .. e e 11 52
27 E 26 (113106 | .. -. .. | .. -0 o] -- .. .. e - 11 57 ..
28 N 271 027 42| 04206 | 05700 106 30 124 1 58 4.2
28 E 271 02730 | 04200| 057 30| 107 00 1 26 200(, 0.9




EARTHQUAKES.

Register of eaiihquates recorded ot Vieques—Continued.

Compo- : - Large End of Max-
No. nenl?; Date TFrst P. T, | Second 1.1, wavges Maximum pgg;gggl End gg;’n
1904. hms | h ms hm s hms! h m h m mm
29 N July 10 | 23 00 16 el . . 23 15
29 E 10 | 23 00 22 L. . . 23 15
30 N 24 | 11 37 00 . 11 53
31 N Aug. 24 1215500 | .. .. .. 22 55
31 E 24 | 22 00 00 e 22 44 L.
32 N 27 | 22 08 34 ... .- | 223030 2240 00 24 00 20.0
32 E 27 1 22 08 38 .. .. 1222918 | 22 35 54 24 09 | 16.5
33 N 30 .. .. L. L. .. | 1245000 .. L. . 13 27 0.4
33 E 300 .. .o .. ... .. |12 47 00 .- 13 21 ..
34 N Sept. 3| 17 16 00 N . .- 17 22 -.
34 E 31171500 T - 17 26 ..
35 N Sept. 11| .. .. .. . 6 52 00 .- 7 28
35 E 11| .- .. el . 6 47 00 .- 7 26 ..
36 N 19 [ P 0 35 00 . 0 57 - -
36 E 19 R D e e 0 32 00 - 102 ..
37 N 19 .- . 5 50 00 i 6 50 .
37 E A 19 - [ 5 48 00 - 6 48 .-
38 N Oct. 3 3 51 00 N . 4 37 ..
38 E 3 4 08 00 e e .. - 4 28 ..
39 N 9 | 14 09 00 [ o - 14 48 .
39 E 9|14 07 00 e . .- 14 50 .-
40 N 25 9 55 00 R e - 10 20
40 E 25 9 56 00 PR .. 10 17 0.2
41 N Nov. 1 9 29 08 . 9 29 26 9 33 0.6
41 E 1 92911 N 9 29 27 9 33 0.4
42 N 21 1 13 16 40 .. .. (131700 | 13 18 56 13 27
42 E 21|13 15 39 .. .. 1317 15| 18 17 23 13 30 ..
43 N 24 | 12 29 00 T e e 12 42 .-
43 E 24 | 12 30 00 P T R 12 40 .-
44 N Dec. 2| 227 17 2 31 53 2 34 17 237 08 305 2.0
44 E 2 227 10 2 31 48 2 35 48 239 14 304 2.4
45 N 5| 18 09 34 T T 18 27 0.2
45 E 5|18 09 34 P 18 27 ..
46 N 111715 20| o0 o oo | oo ee e | e e . 17 45 ..
46 E 11 '17 15 22 | 17 21 22 | 17 24 22 | 17 35 40 17 80 0.4
47 N 20 5501010 .. .. .. 5 53 49 5 54 40 7 21 28.0
47 E 20 5 50 10 5 53 46 5 58 10 7 24 35.0
48 N 21 141 27 14517 | 15017 2 20 0.4
48 ‘E 21 14128 145 18 1 48-27 218 0.4
49 N 28 1 21 09 12 21 13 00 e - - 21 57 .-
49 E 28 121 09 20 21 13 16 21 45
1905.
50 N Jan. 13 - 14 30 .. - 15 00
50 E 13 -, -- .. 1432 ... .. .. 14 56
51 N 20 | 18 05 02 18 08 40 | 18 09 04 18 29 0.6
51 E 20 | 18 05 02 18 08 44 | 18 09 08 18 29 0.5
52 N 22 3 03 39 32737 | .. .. .. - 4 48 ..
52 E 22 3 03 39 327 37 4 47 L
53 N Feb. 14 9 10 37 9 35 24 9 43 49 . 10 21 1.1
53 E 14 911 01 9 31 43 9 88 00 . 10 45 0.5
54 E 19 .. - 538 .| .. .. .. - e e aee
55 N Mar. 5 .. 028 0 55 . -
55 E 5 .- 028 .. 0 55 P .
56 N 61 -. 1 46 43 .. 2 07 .
56 E 6 .. .. .. 1 41 50 - 2 06 .
57 N 19 02132 .. .. .. 100 08 2 38 -
57 E 19 021 14 0 37 54 06954 | .. .. .. 2 21
58 N 22 40305 .. .. .. 4 26 06 4 36 25 . - 5 29 0.8
58 E 22 4 03 21 PR 42931 .. .. .. 5 24
59 N Apr. 4 110 26 126 48 1 50 48 2 10 48 3 47 12
59 E 4 110 25 128 27 143 25 213 51 338 1.6
60 N 19 .. oo .| -- 95200 | .. .. .. - 10 54 PN
61 N 19 .. oo oo oo . |182500 | .. .. .. 13 48
62 N 261215004 (215612 | .. .. .. | 2159 40 . 22 30 0.7
62 E 26 | 2151 07 | 215607 ) .. .. .. | 215931 22 20 0.7
63 N May 9 e 65626 .. .. . 7 32 .
63 E - 9 . e e e 6 53 10 7 06 10 724 0.4
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PORTO RICO MAGNETIC OBSERVATORY.

Register of earthquakes recorded at Viegues—Continued.

End of Maxd-
C?Ig}ll%o’ Date First P. T. |Second P, T. &’:{,%i Maximum pxt)'g;giiggl End ;nttuxgl
1905. hm s|h m s|h ms|h m s I m A m | mm
N May 12| .. .. .. | -. .. .. |154000 | .. .. .. P 16 06
E 12 .0 o0 oo .. .. L. | 154530 .. o .. I 16 10
N 15 90844 | .. .. .| .. . .. 9 08 46 e 9 10 0.5
E 15 90846 | .- .. .| oo oo | oo . e 9 10
N 8 .. .. .. 14 06 00 | .. .. .. P 15 42
N 23 66400 .. .. __ P 7 09
E b2 2 65437 | .. .. _. e 7 14
N June 14 | .. o0 | .o o0 01116900 .. . .. AU 12 43
E e O S A 1- I e 12 41
N 300 .. .0 o s oo o4 173030 ) 0 L. . AU 19 48
E B0 R O B A ) -1 2 I e 19 40
N 301202024 .. . Lo oo oo ol oL e 20 58
K 30 12021 24 | .. .. L ae o ool oLl ae 20 58
N July 6172232 | .. ... oo o.- .. |17 31 45 - 18 03 0.3
E 6172214 | .. .. .| .. .. ... 17 3418 e 18 00 0.2
N 9 96937 | .. .. .. 103836 |10 45,03 10 53 12 38 4.8
E 9| 10 07 48 10 31 11 | 10 33 11 11 04 12 11 1.2
N 14| .. .. .. 928 .. | .. .. .. R 9 85
E 14 J e 924 .| .. .. .. e . 9 b2
N 23 30549 (.. .. _. 3 46 21 4 03 12 4 18 6 07 28.6
E 23| 305564 .. .. .. 34449 | 349 04 4 09 6 06 6.0
N |Sept. & ...... 1656 .| .. ... ... | 24| ..
E 8| .. .. .. 158 .. 219 .. 2 b2 ..
N 15 6 21 01 6 50 46 7 03 16 719 7 54 0.4
E 15 619564 | .. .. .. 6 51 51 7 06 10 7 11 8 04 1.7
N Oct. 122227 12| .. .. .| .. .. | .. .. .. R, 22 38 0.3
E 121222749 | .. . .| .. oo | oo oo o e - 22 38 0.4
N 14 |14 3848 | .. .. .. |14 41 48 | 14 44 28 14 45 15 04 0.8
E 14 | 143845 | .. .. .. |14 41 52 | 14 43 10 14 45 |15 14 1.4
N 15204309 ) .. .. ] oo oo oo oL e 10 50 0.1
E 15104323 | .. .. .| .o o oo oL R 10 50 0.1
N 15 | 21 44 52 | 21 46 51 | 21 47 59 | 21 50 28 21 55 22 49 2.1
E 15 | 21 44 55 | 21 47 28 | 21 48 13 | 2L 49 40 21 53 22 47 2.7
N 24 1178700 .. .. .| .. o oo Lo 18 17 .-
E 24 1 17B750 | .. .. .o ool e . 18 17 ..
N Nov., 8222829 | .. .. .| .. .. .| .. .. _. e e 22 58 ..
E 81222813 | .. .. .. 0. oo .. L L e 22 57 ..
N Dec. 10125738 | .. .. .. |13 1948 |13 22 43 13 28 13 44 0.1
E 10 (1256739 | .. .. .. 1317 58 |13 23 17 13 29 13 46 0.5
N 17 5 40 13 5 46 18 5 b4 b7 G 00 25 6 05 6 34 0.1
1906.
E Jan. 21 |14 16 56 |14 26 19 | 143100 | .. .. .. P 14 54 ..
N 24 662588 | .. .. .. 7 15 45 7 20 41 7 31 v e .-
E b R 71445 | .. .. .. 7 27 e . ..
N 27 (100513 | .. .. .. 108330 | .. .. .. 10 48 11 02 0.1
E 27 |10 11 59 | 10 19 48 | 10 30 03 | 10 36 12 10 46 11 14 0.2
N 31 |14 1837 | .. .. oo o] as oL ce e 14 40 0.1
E 311141832 | .. .. | .. .. oo ... e e 14 40 0.3
N 3111540564 | .. .. .. | 1541 40 | 15 46 52 1613 {1919 | 510
E 311154100 | .. .. .. | 1541 46 15 50 16 e e . 56. 0
N 31 ... o ... .o 203L58) .. .. . ... 121 57 0.2
E 31 .. .. .. 213152 .. .. .. e e 21 57 0.2
N |Feb. 1| 684923 |.. .. _|_.. | ... ... .65 01
E 1 (I T S o .. .. 1 658 0.2
N 11233060 | -0 . 0| o0 oo | oh oo Ll e 24 00 0.1
E 11233025 | .. .. .. 23 58 0.2
N 2165836 (170236 .. .. .. i 17 22 0.2
E 2116 58 38 |17 02 30|17 05 15 1 17 28 0.4
N 21178515 | . .. 0| oL . L. ‘18 05
E 2 | 17 55 26 18 12 ..
N 2|19 00 40 119 09 ..
E 20190340 | .. .o .| oooLi .l L. .. |19 22 .
N 3 40146 - .. .| oo o ool e - 4 15 ..
E 3| 40138 .- .. .| o0 oo o] as ol .. 419 .-
N 6| 13950 | . 0 A ‘202 _.
E 6| 14100 | . o oo | -0 oo o] o ol ee .. . 158 ..
N 16 |17 40 12 | .. .. .. |17 41 30 | 17 43 22 17 50 18 18 4.2
E 16174000 | .. .. _. |17 41 28 | 17 42 32 17 53 llS 21 5.9




Register of earthquakes recorded at Vieques—Continued.

EARTHQUAKES.

"No. | Compo- D Fist P. T. |Second P.T., LATE® | 3y ’ ncips En vy
N nent ate irst P Second P. T ‘ waves faximum ‘ plg(l)x;&lg:l End 2:11]111;?
1906. hm s |k m s !h m 8 |h m s ‘ h m h m| mm
99| N |Feb. 19| 22500 | .. .. .. | .. .. .. .. 3 342 0.1
99 E 19 A B v e O 4 23 0.2
100 N 28 62365 | .. .. .| - .. 6 29 20 ¢ 6 42 0.1
100 E 28 623568 | .. .. .. |-.. .. | 630091 6 43 0.3
101 N 28 1133130 | .. .. .. .. R R 13 43
101 E 28 1132506 | .. .. .. | .. T 13 48 0.1
102 N Mar 3 8 46 10 8 49 16 ‘ 8 51 00 851 18! 8 57 9 56 2.9
102 E 3 8 46 04 8 49 20 8 50 24 8 51 22 8 57 10 02 4.3
103 N 29 (215008 (215400 .. .. .. PO . 22 21 0.1
103 E 29 12185009 | 2L 54001 .. .. ... .. .. e . 22 28 0.2
104 N Apr. 10121 30 28 | 21 37 10 ' 21 44 09 | 21 50 09 21 56 22 41 0.8
104 E 10 | 21 30 20 | 21 37 00 | 21 42 33 | 21 46 23 21 51 22 40 1.6
105 N 18 |13 21 45 | 13 29 25 | 13 42 13 | 13 48 47 14 01 16 12 24.2
105 E 18 | 13 21 54 | 13 29 20 | 13 42 42 | 13 50 42 14 05 16 31 30.5
106 N 22 764 0| .. .. .. e - 8 37
106 E 28 | o o o | o o L. 7 55 . e e .. 8 20 ..
107 N May 5| 02936 | .. .. ..| 03365| 03804 . 104 0.2
107 E 5| 02864 | .. .. .. 03340 | 037 23 .. 105 0.6
108 N June 1| 45430 | .. .. .. 519 .. | .. .. .. .. 6 49 0.3
108 E 1| 456446 | .. .. .. 520 .. | .. .. .. - 6 41 0.2
109 N 20 2 31 37 2 36 50 2 39 38 2 41 14 2 46 3 05 0.5
109 E 20 2 31 26 2 35 25 23832 | 24102 2 46 307 0.6
110 N 22 32210 | - . | ae oo e ol .. 3 34 0.2
110 E 22 | 3 21 38 .- .. 3 32 0.2
111 N 22 6 56 15 I . 7 32 0.2
111 E 22 6 57 20 . . . 729 0.3
112 N 22 | 7 43 30 . .. 810 0.1
112 E 22 7 45 24 . .. 8 08 0.1
113 N 26 | 12 23 31 .. .12 49 0.2
113 E 26 | 12 23 48 .. .. 12 48 0.2
114 N July 13 | 18 52 00 I .. |19 38 0.5
114 E 13 (1849 04 .. .. .. .- R .. 19 38 0.2
115 N 16 | 21 19 46 | 21 23 36 I 21 30 48 .. 2] 44 0.2
115 E 16 | 21 19 35 | 21 23 50 . 21 32 08 .. 21 45 0.2
116 N 20 | 13 29 44| .. .. .. .oo.. 1133220 .. 13 55 0.4
116 E 201133109 .. .. .. .. 13 33 54 .. ... 0.1
117 N Aug, 17 0 27 35 0 34 50 04027 ) .. .. .. .. .. 0.8
117 E 17 | .. . .. 0 34 50 039564 .. .. .. I . 0.1
118 N 17 049 85 | .. .. .. 0 55 45 118 35 1 34 3 50 51.8
118 E 17 05023 | .. .. .. 0 55 38 112 38 132 3 48 6.5
119 N 191 93802} .. .. ..]......11004 25 .. |10 34 0.3
119 E 19 93943 | .. .. .. 10 00 24 . 10 18 0.3
120 N 24| 20219 | .. .. .. 2 06 11 . 2 32 0.2
120 E 24 20215 | .. .. _. 2 06 54 .. 2 28 0.1
121 N 25 (141509 ) .. .. .. 14 49 00 .. 15 14 0.2
121 E 25 |1141429 | .. .. .. 14 43 15 .. 15 12 0.5
122 N 26 6 21 55 6 31 45 7 26 45 .. 8 09 0.1
122 E 26 6 20 13 63150 .. .. .. 7 27 15 .o 8 01 0.1
123 N 30 2 45 b4 2 51 42 30014| 309 10 315 3 b4 0.7
123 E 30 2 45 39 2 51 36 2 59 29 3 00 44 311 3 51 0.6
124 N Sept. 7| .. .. .| .. . .. |18 48 58 | 20 05 39 . 2041 0.2
124 E 71 .- o -. 18 52 00 | 20 07 45 - 20 41 0.2
125 N 13 .. .. .. 9 56 33 | 10 07 44 .. 10 16 e
125 E 3., .. .. 10 02 01 | 10 07 35 .. 10 11 0.1
126 N 14| 01205 01220 .. .. .. .. 018 0.1
126 E 14 0 12 05 012 17 ... 018 0.1
127 N 14| .. .. . 13 15 45 ... 14 28 0.1
127 E [ S 132609 | .. .. .. P 14 26 0.1
128 N 14 | 16 24 23 17 05 31 | 17 21 39 17 48 18 46 1.4
128 E 14 | 16 24 34 16 52 33 | 17 23 28 17 51 18 42 1.7
129 N 27 | 14 41 51 14 42 04 | 14 42 08 14 43 14 53 8.0
129 E 27 | 14 41 47 14 42 04 | 14 42 07 14 43 14 56 5.6
130 N 28 | 15 29 54 15 34 01 | 15 35 08 15 40 16 40 3.4
130 E 28 | 15 29 52 1533 39|15 35 25 15 40 16 31 5.7
131 N QOct. 2 212 20 2 45 07 312 48 R, 4 12 0.2
131 E 2 212 20 23343 | 30502 L. 4 14 0.3
132 N 24 | .. .. .. 15 36 08 | 15 42 08 .. 16 15 0.1
132 E 24| .. .. .. 15 33 07 | 15 43 40 .. .. |1613 0.1
133 N 29 151 21 15515 1 55 26 159 2 40 0.5
133 B 20| 15125 155211 15619 2 00 2 43 0.3
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96 PORTO RICO MAGNRTIC OBSERVATORY.

Register of earthquakes recorded at Vieques—Continued.

End of Maxi-
No. | Cormapo- Date | First P.T. SecondP.T. LB | Maximum 1;,’}',5&23,?‘ End ;]’11312;1;‘[
1906. hm s hm s | hm s hm s hm | b m mm
134 N Nov. 5| 6 36 56 6 37 51 - 6 63 0.6
134 E 51 63708 | .. .. .o .. o . 6 37 32 6 51 1.8
135 N 19| 73832 | .. .. .| 827 ..| 837 _. 9 35 0.7
135 E 19| 73934 ) .. .. . 828 _. 837 .. 9 28 0.7
136 N 28 91032 .. .. .. 92434 | .. .. .. 9 46 0.1
136 E 281 91562 | .. .. .. 91916 | 9 20 02 A 9 59 0.8
137 N Dec. 3| .. .. .| .. .. .. |230048|230204 23 04 |23 54| 10.0
137 E 3| .. .. .| -. .. ..|230050 230152 2304 (2353 | 10.0
138 N 19 13343 | 14321 | 158453 21328 AU 341 0.3
139 N 221184140 | .. .. .. | 191531 |19 23 18 19 41 | 20 16 0.5
139 I 22| 1841 52 | . .. .. |19 10 54 | 19 32 16 19 43 | 20 06 0.4
140 N 23 |17 42 11 .. .. .. |17 50 53 | 18 15 43 - 18 45 0.5
140 E 23173239 | .. .. .. |17 46 39 | 18 08 32 A 18 50 0.8
141 N 26| 60024 | .. .. .| 60607 | 60615 ce - 7 02 1.5
141 E 26| 60034 | .. .. .. 6 06 0L | 606 06 R 6 59 1.0
REMARKS.
7 Ta B o T 10 to 12 kg.
Magnification .. i 10
Period of pendulums:
September, 1903, to June, 1904. . ... ... .. ... iiiiiii... N 26 sec. E 25 sec.
July to December, 1904. ... .. s N 27 sec. E 23 sec.
January toJume, 1805 ... . ... ... ... L......... N 24 sec. B 21 sec.
July, 1905, to November, 1906_ ... . .. ... ... .. ... .. ... .. N 21 sec. E 22 sec.
November and December, 1906. .. ... ... ... .. .. ... .. ... N 25 sec. E 25 sec.

No. 2: A local shock, felt by the observer.

No. 9: At 15:00.2 there was a sudden displacement of N toward the south of 15 mm. and of E toward the east of
12 mm.

Nos. 20, 21, 22, 41, 42: Small local earthquakes.

Nos. 54, 55, 58, 60, 61, 66, 67: Probably principal portions of distant earthquakes,

Nos. 77, 79: Local earthquakes.

No. 89: Pointer of E went off the paper and caught at 15:50:16.

No 105: San Francisco earthquake.

No. 117: Aleutian earthquake. Ending obscured by No. 118.

No. 118: Valparaiso earthquake.

No. 126: Slight tremor, felt locally.

No. 129: Local earthquake, distinctly felt for about 10 seconds, accompanied by low rumbling.

Nos. 134, 137: Probably near-by earthquakes.
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RESULTS OF OBSERVATIONS MADE AT THE COAST AND GEODETIC SURVEY MAGNETIC
OBSERVATORY AT VIEQUES, PORT RICO, 1907-8.

INTRODUCTION.

Latitude, 18° 08/ .8 N. Longitude, 65° 26’ .9 W. Elevation, 20 meters (65 feet).

In February, 1903, a magnetograph was installed in a room in Fort Isabel Segunda, on
Vieques Island, Porto Rico, and observations were continued there until April, 1907. At that
time suitable buildings had been constructed for the observatory work, and the magnetograph
was transferred to the new site, about five-eighths of a mile to the west of the old fort. A

[ Juroransg

!
O aesoture g1y

Tig. A.—Plan of observatory prounds.

general description of the portion of the fort occupied will be found in ““ Results of Observations
made at the Coast and Geodetic Survey Magnetic Observatory at Vieques, Porto Rico, 1903—4."

The direct supervision of the magnetic work of the Coast and Geodetic Survey is assigned
to an assistant to the superintendent, designated ‘‘Inspector of Magnetic Work.” This posi-
tion has been held by Mr. R. L. Faris since September 1, 1906. The work of the Porto Rico
Observatory was carried on during 1907 and 1908 by the following magnetic observers: W. B.
Keeling, January, 1907, to August, 1908; George Hartnell, from August to December, 1908.

b



6 PORTO RICO MAGNETIC OBSERVATORY,
LOCATION AND BUILDINGS.

Early in 1906 the Insular Government gave notice that the old fort would be needed for
other purposes in the near future. After a careful examination and magnetic survey of several
tracts in the vicinity, a suitable site for a magnetic observatory was found about five-eighths
of a mile west of the old fort, on the shore of Vieques Sound. A piece of land was secured,
containing about five acres, roughly rectangular in shape, and the necessary buildings were
erected in 1907. The relative position of the various buildings is shown in figure A.

The variation building (Fig. B.) is a.triple-walled wooden structure and is entirely above
ground. The outér dimensions of the building are 16 by 22 feet. The instrument room is
71 by 124 feet and 8% feet high. As the daily and seasonal variations in temperature in Porto
Rico are small, it was possible to secure a sufficiently uniform temperature in the instrument
room by the following system of insulation, starting from the outside: Weather-boarding, build-
ing paper, 28 inches free-air space, boarding, building paper, 17 inches dead-air space, board-
ing, building paper, 4 inches dead-air space (between studs), building paper, boarding. The

Il

TFig. B.—Variation building,

overhead insulation is practically the same as on the sides. The roof is nearly flat and the under
side of the rafters are covered with building paper to within 18 inches of the ridge pole. A
4-inch pipe allows the gases of combustion to escape from the instrument room to the free-air
space, and a good circulation of air through the free-air space is secured by louvre windows
at the bottom of the outside walls and two ventilators in the roof. From the ground up there
is a free-air space of about 18 inches, rough flooring, building paper, 4 inches dead-air space,
rough flooring, building paper, 4 inches dead-air space, surfaced flooring, building paper,
matched flooring. The entrance to the building is on ths north side and the double doors to
the instrument room are on the west side. At opposite corners of the instrument room are
air ducts with suitable shutters for regulating the intake of fresh air from the free-air space.
The magnetograph is mounted on three stone piers resting on a concrete foundation. The varia-
tion building was begun on February 1, 1907, and was near enough to completion to permit
the installation of the magnetograph early in April. With the above system of insulation the
daily variation of temperature seldom exceeds a few tenths of a degree centigrade and the
seasonal variation is correspondingly small. The figures for the first three months of 1907 in the
following table are for the room in the old fort:



LOCATION AND BUILDINGS. 7

Monihly and annual range of temperature (centigrade).

1907 . 1908
Month. - - — R
Maximum, ! Minimum. Range. Maximum. | Minimum. Range.
o | -3 o o o ]

January..... 272 | 245 2.7 28.6 26.9 1.7
February....| 28.2 | 24,5 3.7 28.3 25.9 2.4
March. ... 28.4 | 258 2.6 28,3 26.8 L5
April._..._.. 28.4 | 26.0 2.4 29.0 27.7 1.3
May........ 28.7 25.9 2.8 30,0 27.9 2.1
June._...... 29.1 27. 4 1.7 30.3 28.9 1.4
July. . 29.8 [ 27.8 2.0 30.5 28.9 1.6
August. 30.0 28.1 1.9 31.3 29.9 1.4
September 30. 6 [ 28.3 2.3 31. 4 29. 1 2.3
October 30.4 | 28.0 2.4 30.6 29.1 1.5
November...| 29.7 | 280 1.7 30.5 28.8 1.7
December...| 29.2 27. 6 L6 30. 2 28,8 1.4

Year...| 30.6 | 24.5 6.1 3.4 25.9 5.5

The absolute building, which was erected on the hill near the old fort in January, 1904,
was moved to the new site in March, 1907. It is a wooden building 10 by 12 feet in size, with

Fig. C.—Seismograph house and office building.

three wooden posts on which to mount the instruments. Outside the building and exactly in
line from the declination post to the tower of the light house at Point Mulas is a wooden post
for azimuth and time observations. The adopted azimuth of the light-house tower is 199° 20’ .0.

The scismograph house (Fig. C), 8} by 11 feet -outside dimensions, is built of brick. One
corner of the interior is separated from the instrument room by wooden partitions to form a
vestibule 3% by 43 feet in size, which is provided with facilities for smoking the seismograph
paper. An office and quarters for the observer (Fig. C) are provided in a one-story wooden
house, which stands about 7} feet above the ground. The space underneath is utilized for
storage and work rooms.

The various buildings were designed by Mr. W. B. Keeling, magnetic observer, and
‘constructed under his direction.



PORTO RICO MAGNETIC OBSERVATORY.

C2

INSTRUMENTS.
VARIATION INSTRUMENTS.

The magnetograph is of the Eschenhagen pattern and consists of D, H, and Z variometers
and a recording apperatus. Much difficulty was experienced in keeping the H variometer in
good adjustment, due partly to deterioration of the control magnets. In January, 1907,
t'ie old ones were found to be very badly rusted and were replaced by new ones. A change
of control magnets was made also in January, 1909. The variometers are mounted east of
the recording apparatus. Increasing ordinates (apward motion of the curves) correspond to
increasing west declination, increasing H, and increasing Z.

The variations in temperature were obtained from the record of the thermograph inclosed
in the Z variometer.

ABSOLUTE INSTRUMENTS.

India magnetic survey pattern magnetomster No. 31 and Schulze earth inductor No. 1.

SEISMOGRAPH.

A Bosch-Omori seismograph was kept in continuous operation except for the time of
removal from the old fort to the new observatory site. The recorded seismic disturbances
will be found tabulated on pages 96 and 97.

ACCESSORIES.

Chronometers and meteorological instruments.

Time observations were made with magnetometer No. 31, which is provided with a ver-
tical circle, either using the method of equal altitudes of the sun or observing the time of the
sun’s meridian passage.

INSTRUMENTAL CONSTANTS OF THE MAGNETOGRAPH.
DECLINATION.

The removal of the magnetograph to the new observatory in April, 1907, and the insertion
of a new fiber in the D variometer in November, 1908, produced small changes in the scale
value. Both fibers were rather coarse, the average eﬂect of 15° of torsion being 41’.6 up to
November, 1908, and 38°.9 after that date The adopted scale values are—

January 1 to April 4,1807..__........._ .. 1 mm.=14.007.
April 10, 1907, to November 19, 1908...... 1 mm.=1".013.
November 28 to December 31, 1908....... 1 mm.=1".010.

HORIZONTAL INTENSITY.

Scale value.—Deflection observations for the determination of the scale value of the H
variometer were made about twice a month. The results obtained from May, 1907, to Janu-
ary, 1908, show a relation between change of scale value and change of ordinate represented
by the formula:

en=2.087+.005

During 1908 the readjustments became too frequent to trace such a relation. From the middle
of September to the end of the year the scale values resulting from the deflection observa-
tions are so large and so divergent and the deflections themselves were so unsymmetrical that
it is evident that the magnet was not entirely free. At the same time ths curves show diurnal
and disturbance variations and it has been thought best not to reject the record for this period,
but instead to adopt scale values which would give approximately the diurnal range to be
expected at that season of the year.



926 PC YO RICO MAGNETIC OBSERVATORY.

EARTHQUAKES.

In September, 1903, a Bosch-Omori seismograph comprising two horizontal pendulums,
one recording north-south motion (N) and the other recording east-west motion (E), was
mounted in a room on the ground floor of the old fort. In March, 1907, it was transferred
to the seismograph house at the new observatory site. It is mounted on four stone piers, 20
inches square and 32 inches deep. The following table is a register of the earthquakes recorded
during 1907 and 1908. The times are Greenwich mean time, counted from midnight. From
March 19 to April 12, 1907, the instrument was being moved to the new site, and hence no
record was obtained.

Magnificatton_. .. .. ... .__ . 10
Steady mass_ .. __.____ .. _.____ 10-12 kg.
Period of pendulums.
N. E
1807 8 1907 8
January to March...... ... ... ... ..o...o.. 26 January to April. . ... o ..oioil.. 25
April to November. . ............ ... 27 May todJune...... .. ... . .........oll.L 23
December. . . . ...t 30 July to September_ . .......o.ociioiiiailL 25
October to December. ... ......o.c.oa... .. 24
1908. )
January to December........ ... ... .0l 25 1908.
January to December................ ... ... 24
Register of earthquakes.
. T. nd P. T. -
ve | vwe Cmp PEET | wepgnt | tegme | e |Bhgmi| ome | g
1907. h m s kR m s hmslhms‘ h m h m mm
142 |Jan. 2| N | 1225 .. | . el 1285 L e | 1445 0.2
2 EPf| 1217.. .o .- .| 1255 e - 15 28 0.2
143 4 N 539 02] 6 33 58 6 50 38 .- 8 03 1.0
4' E 5 38 52% e . 6 32 00 6 49 24 - 8 25 1.0
144  Apr. 156 N 6 14 06} 6 14 34 6 19 50 , 6 26 22 e . e . 80.0
15 E ¢ 14 07 6 14 40 62019 62615 634 7 52 67.0
145 | June 1 N 8 45 30 ce e e 8 49 26 : 8 49 52 9 08 11 00 4.2
1 E 8 45 26 84926 849 54 9 05 11 00 6.4
146 5 N 326 26 330 34‘ 3 30 54 e - 4 41 6.8
5 B 326 26 e e e 33040 3 31 02 ... 4 33 2.6
147 13- N 1006 30| 10 14 06| 102606 10 30 46 ... 11 04 0.5
W E 10 07 04 10 14 18 10 20 50 10 21 10 P 11 08 0.5
148 | July L N 13 12 00 13 16 06 13 17 38 13 19 22 13 25 14 36 12.1
1y E 13 11 58 13 16 02 131710 13 21 54 13 24 14 32 40.0
149 4 N 02200 .. .. .. .. | e - ee - 0 22 0.2
4. E 0 22 00 , 022 0.2 |
150 29| N e - 112 | .. 132 I 0.1
29 B e e - e s 113 ..V ... . 139 R 0.1
151 | Aug. 5 N 6 46 49 e e e e e ! 6 56 27 i e 718 1.0
5 E 8 47 30 . ee e ) 6 66 19 . 7 08 2.1
152 | Sept. 2 N 16 14 03 16 26 10 16 39 26 | 17 01 48 17 06 19 12 10.4
2 & 16 14 56 | 16 26 08 | 16 39 06 } 16 55 20 17 03 19 22 4.9 |
153 4! N 144515 . .. .| 1445391 . .. .. 14 46 14 47 0.2 |
4, E 144515 . .. .. | 1445390 __ .. __ 14 46 14 47 0.2
154 6 N 125168; 125246 ... ..' 125310 .- 13 03 0.2
6 E 125157, 125247 | .. .. .. 125323 ee - 12 58 0.2
155 | Oct. 16 N e e - ce .- .. | 142051; 1423 16 14 31 15 16 6.0
16 E 140325, 141210 142122, 1427 22 14 35 15 35 1.6
156 17 N 11 26 04 e . 113005| 1138 10 e e 11 54 0.5
17 E 11 26 02 e e - 112959 113245 e . 11 47 0.2
157 | Dec. 22' N 10 02 56 R, e e S el - ceee 10 03.3 0.1
22 E 10 02 56 . e e e ee o e . .. 10 03.3 0.1
158 30! N 5 31 42 e e 5 36 b 42 38 b b0 6 56 22.0
30| E 531 44 5 35 55 | 5 37 38 5 43 39 5 b0 6 52 12.1 |
1908. . (
159 | Feb. 1 N 23 17 04 e - 23 21 19 23 27 07 | ee e 24 03 0.5
1 E 23 16 56 csoa. .. 02821017 23 27 23 | e - 24 04 0.6
160 9 N 32911 333 04 3 34 58 340 11 3 58 ..
9' E 329 09 3 32 54 335 20 339 15 | 4 00
161 9 N 9 10 43 91440 .. .. .., 923 15 | . 9 42 0.2
9 E 9105 | 91510 ......| . ... o= 9 30 o
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EARTHQUAXKES.

97

ompo-| First P. T. Second P. T. 0 inei- i
v | v o] TRET | R s | e R e | M
1908. h m s h m s h m s h m s h m h m mm
162 | Feb. 11| N 13 03 09 e . e s 13 06 36 . 13 30 0.2
. 1| .E 13 02 51 . .. 13 06 37 N 13 80 0.1
163 14| N 8 56 09 9 00 38 9 00 58 9 05 9 27 1.0
14| E 8 56 10 9 00 40 9 01 02 9 04 9 30 0.7
164 20| N 10 35 14 .. e .. 10 36
20| E 10 35 05 e . © 10 36 .
165 20| N 22 22 10 22 28 40 2230 0.2
2| E 22 23 30 22.28 30 22 29 | 0.2
166 2| N 17 35 31 . e . 17 36 | ..
2| E 17 35 30 .. 17 36 )
167 2| N 18 37 34 e e e . 18 38
168 | Mar. 5| N 2 47 40 331 .. 3 36 42 404 0.2
5( E . e . 331 .. 337 ? 3 50?
169 2% | N 18 59 55 19 04 53 | 19 11 00 ... 1.1
2% | B 19 00 00 19 04 12 | - 19 07 30 . 19 45 0.3
170 26| N 22 48 33 e . R 22 51
26| E 22 48 32 e e . e . e 2250
171 26| N 230045| 231507 | 231847 | 232134 . .. 40.9
23 25 40 23 31 25 05 36.9
2% | E 230047 | 231514| 2318571 232150 .. e - 15.2
23 24 30 23 30 2 06 23. 4
172 27| N 3 54 01 3 59 00 402 20 410 30 . 451 1.2
27| E 3 53 44 3 58 52 4 02 58 4 08 54 4 48 0.6
173 | Apr. 23| N e . e e . 03350;: 05133 109 0.1
‘ 23| E e . . 034 .. 0 44 30 112
174 30| N 4 57 59 5 02 40 5 08 10 . 5 33 0.1
80| E 4 58 00 5 03 32 5 10 10 ) 5 26 0.1
176 | May 5| N 638 .. e e e 7 46 35 ) 8 30 0.1
5| E 63l ? . e . 7 45 50 . 8 20
176 11| N 20 05 21 ) 20 06 27 | 20 06 37 . 20 20
1| E 2005238 | .. ....| 200627| 200635 . . 20 18
177 | May 11| N 2100947 | 211009 | -211057 | 211113 21 12 21 29 0.2
n| E 200930 | .. ....| 211053 211109 21 12 21 20 0.2
178 15| N 8 51 51 904 .. 9 14 38 . 10 36 0.4
15| B 8 51 33 902 .. 9 06 09 .. 10 44 0.2
179 17| N 21 42 04 R 21 47 04 .. 21 58 0.1
17| E 21 42 04 21 46 50 .. 21 51
180 | Aug. 2| N 5 55 53 5 57 01 ] 6 03 0.3
2| B 55601 .. .. .. 5 57 05 6 03 0.2
181 14| N 0 49 34 0 56 52 106 38 ] 129 0.4
4| E 0 50 44 06652 | .. .. .. 107 18 .. 126 0.1
182 7| N 105018 | 110027| 111627 | 11 3437 .. 1221 2.1
17| E 106024 | 110020 | 111835 11 21 54 .. 12 00 0.8
183 20| N 920 . .. e . 9 58 10 . 10 33? 0.1
20| E 919 . 9 31 20 9 53 52 .. 10 44? 0.1
184 | Sept 5| N 16 11 0 e s e . .. 16 11. 4 0.3
5| E 16 10 45 - .. 16 11. 4 0.2
185 21| N 6 59 14 I .. 7 35 0.1
21| B 65906 .. .... e .. 7 23 08 ... 7 35 0.1
186 | Oct. 13| N 513 51 518 29 524177 525 41 5 30 6.14 . 0.7
13| E 518 19 5 18 41 5 24 31 5 27 23 5 31 6 08? 0.7
187 20| N ? N e . 15 31 03 .. 156 347 0.1
20| E 1517 47| 152751 .. .. .. 15 31 41 . 15 36 0.1 }
188 [ Nov., 2| N 55834 | .. .... 6 46 04 7 03 34 7 24 0.1 :
189 6| N 8 00 . I e e - 8 18 43 8 37 0.1 |
6| E 8 01 815 .. 8 26 0.1
190 | Dec. 17| N 15 55 .. I e 15 59 0.1 !
17| E 15 55 .. e . e 1559 0.3 !
191 28| N 4 3145 4 39 58 4 65 00 e 5 42 0.7
28| E 4 31 41 4 41 06 . 4 55 00 . 5 58 0.8
REMARKS.

No. 144: Tracing stylus of N went off the paper at maximum.
Nos. 149, 153, 154, 157, 170, 184: Local shocks.

No. 155: First and second phases on N indeterminate on account of faint trace.
Nos. 164, 166, 167: Very rapid minute vibrations; possibly local shocks.
The recorded time of the second P

No. 171: Two well-defined maxira.
Nos. 176, 177: Small, not far distant.
Nos. 183, 189: Beginning and end uncertain.
No. 188: Impossible to distinguish phases on E.
No. 190: Series of long waves.

5091—11—7

. T. may be the beginning of the large waves
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92 PORTO RICO MAGNETIC OBSERVATORY.

EARTHQUAKES.

A Bosch-Omori seismograph comprising two horizontal pendulums, one recording north-
south motion (N) and the other recording east-west motion (E), has been in operation since
September, 1903. In the following register of earthquakes the times are Greenwich mean
time, counted from midnight.

Magnification. . ... ... L. 10
Steady mass. ...l 10-12 kg.

Period of pendulums.

N. E.

’ 1909. 8. 1909. S.
January and February.........o...o...........] 2B January to February..__.._............... ..., 24
March to October.......... ... ... .. .. ....... 21 March to April._........... e 33
November to December. ... _..... .. .. .. . ... 22 MaFtoJute.. ... ... .. ... ..., 29

July to September... ...l 2B
1910. October to December. ... ... .. .o..o.o... 22
January to December. ........ ... ...l 22
1910.
January to December........oooiviiiii ... 21

Register of earthquakes.

Com- | pyret P.T. | Second P.T. | Large wav } End of

No. Date rPe(;;t begin Tin ar%e gix? s Maximum p;(l)r;&lg:l End mﬁﬁlﬁg
1909. h m s h m s h m s h m s h m E m mm

192 | Jan. 12 N e e - e e e 12 27 .. 12 27 38 12 42 0.1
193 | Jan. 23 N 315 43 e e - 3 41 36 e e 4 27 0.2
193 23 E 317 24 e e . 341 24 e 4 26 0.4
194 | Feb. 1 N 8 42 32 8 42 52 8 43 07 e e 8 46 0.4
194 1 E 8 42 32 8 42 52 8 43 07 . - 8 46 0.3
195 17 N 6 50 48 6 50 58 6 50 58 6 52 6 53 J.1
195 17 E 6 50 48 6 50 59 6 50 59 6 52 6 54 1.6
196 22 N 9 40 34 A, 9 56 08 e - 10 14 0.4
196 22 E 9 40 32 9 45 20 e 10 02 0.1
197 26 N 16 52 36 16 57 58 17 01 28 17 12 17 16 1.5
197 26 E 16 52 16 16 57 34 17 00 48 17 10 17 23 1.1
198 Mar. 8 N 4 56 24 4 56 52 4 57 138 4 58 5 01 0.3
198 8 E 4 56 20 4 56 57 4 57 08 4 58 5 00 0.4
199 18 N R 019 . 035 .. 0 53 P 0.1
199 18 L . 019 . 040 .. 0 58 P 0.1
200 | Apr. 10 N 5 54 08 e e . 6 24 38 e 6 52 0.1
200 10 E 5 52 28 e e U 6 26 16 e e 7 09 0.2
201 10 E 19 09 54 19 19 28 19 27 02 19 30 30 e 20 42 0.2
202 27 N e e . e e e 13 57 .. 14 08 .. e e 14 51 0.2
202 27 E e . 13 54 el e . 14 58 0.1
203 May 12 N 011 14 0 15 52 0 21 02 0 16 06 0 27 0 50 0.6
203 12 BE 011 16 015 52 019 12 016 02 0.23 0 50 0.1
204 13 N 13 43 00 13 47 24 13 52 24 13 47 54 e 14 06 0.4
204 13 B 13 43 01 13 47 24 e e - 13 47 58 e e 14 09 0.2
205 17 N 8 09 53 815 31 8 18 47 8 19 01 8 32 9 20 4.6
205 17 E 8 10 47 8 15 27 818 31 819 01 8 38 9 57 7.9
208 23 N 5 36 20 R 5 40 34 5 41 07 e - 5 59 0.3
206 23 - E 5 36 18 P 5 40 45 5 41 29 e e 5 58 0.1
207 June 3 N 19 02 46 e o 19 56 06 20 19 01 20 29 20 55 1.2
207 3 E 19 05 09 [, 19 57 10 20 05 27 20 15 20 55 0.8
208 8 N 5 54 48 6 01 11 6 08 37 6 13 37 6 20 713 2.2
208 8 E 5 55 35 6 01 23 8 08 51 6 05 28 6 19 7 08 4.3
209 July 7 N 21 56 41 22 04 04 e . 22 13 25 22 18 22 57 0.5
209 7 E 21 56 41 P R 22 12 23 e - 22 56 0.5
210 30 N 10 58 28 11 03 44 11 07 28 11 12 14 11 39 12 06 1.4
210 30 E 10 58 34 11 04 04 11 08 14 11 14 42 11 43 12 08 1.9
211 31 N 19 30 42 [ e el L. 19 35 50 e . 19 56 0.5
211 31 E 19 30 46 e s P, 19 35 48 19 44 19 58 0.4
212 Aug. 16 N 7 04 19 7 08 19 7 13 27 717 38 7 20 7 26 0.4
212 16 E 7 04 19 7 08 41 7 15 33 7 16 10 719 7 26 0.7




BARTHQUAKES.

Register of earthquakes—Continued.

93

Com- | pyret p. 1. | Second P.T. | Large waves End of Maximum
No. Date npe(r}::t begin begln gggm Maximum plmgzl End amplitude
1909. E m 8 h m s h m s h m s h m h m mm
213 | Qct. 31| N 10 35 29 10 38 31 .. - 10 45 55 11 05 0.3
213 31| E 10 35 47 . 10 40 59 11 04 0.2
214 | Nov. 18| N 20 40 26 o 20 41 0.1
214 18| E 20 40 26 e ee e e e e B 20 41 .-
215 18| N 20 55 26 20 55 41 20 55 45 20 56 20 58 0.6
215 18| E 20 55 26 20 55 45 20 55 53 20 56 20 58 0.6
1910.
216 | Jan. 1| N 11 05 58 11 09 16 11 21 44 11 40 I1 58 1.0
216 1| E 11 06 06 11 09 09 11 23 14 11 38 11 58 0.5
216a 22| N e . 9 01 42 9 06 26 9 32 . 0.1
217 23| N 18 51 25 18 53 03 18 53 53 18 55 25 19 04 19 20 11
217 23| E 18 51 32 e .. 18 53 24 18 58 17 19 02 19 10 0.5
218 | Mar. 25| N e e e e e e 15 35 21 15 42 07 16 06 . 0.1
218 25 E e e e e 15 37 00 15 41 53 16 02 R 0.2
219 | May 11| N 7 27 59 7 28 12 7 28 25 7 28 53 7 30 7 36 0.5
219 11| E 7 27 47 7 28 31 7 28 43 729 11 7 31 7 35 0.2
220 31| N 5 02 04 I 507 19 5 18 35 519 5.23 0.4
220 31| E . 515 20 518 12 - 5 23 0.1
221 | June 14 | N 19 46 40 19 47 30 19 48 58 19 52 19 57 0.2
221 14| E 19 46 20 e . 19 48 20 19 49 - 0.1
222 6| N 6 o1 12 7 24 16 7 35 21 7 37 8 44 0.9
222 16| E 6 52 50 7 32 04 7 32 35 7 35 7 44 0.3
223 29| N 11 36 04 11 41 43 11 48 45 11 51 . 0.2
224 |July 10| N 15 11 36 15 16 22 15 20 04 15 22 15 32 0.2
224 10| E 15 17 16 15 21 17 15 23 43 15 26 15 31 0.1
225 | Avug. 3| N e - . . 22 50 41 22 51 09 22 52 22 54 0.4
225 3| E e e 22 50 39 22 51 35 22 52 22 54 0.1
226 11| N 16 34 08 16 39 52 16 41 36 16 43 17 01 0.5
226 11| E 16 34 25 16 41 19 16 43 27 16 44 16 51 0.2
227 | Sept. 10 | N 1 56 30 1 56 50 157 01 1 68 2 02 0.6
227 0| E 1566 31 1 57 00 157 21 158 2 02 0.2
228 24| N e 344 16 3 50 48 3 54 4 04 0.3
229 (Oct. 4| N .. . 23 13 20 23 16 36 23 18 23 34 0.2
229 4 E 23 07 50 23 13 01 23 16 33 23 18 23 33 0.2
230 [ Nov. 9| N 6 23 15 6 36 45 6 46 20 e . e - 0.2
230 9| E 622 15 6 36 27 e . e - 0.1
231 9| N ce s .- 7 39 45 7 50 30 - 8 45 ..
231 9| E e 7 38 10 e e s . 815
232 | Dec. 6| N 13 47 28 _ 13 47 44 13 47 56 13 48 13 51 0.2
232 6| E 13 47 28 - 13 47 38 13 47 57 13 49 13 51 0.2
233 0| N 9 48 56 10 21 48 10 23 28 A 11 42 0.1
233 10| E 9 48 35 10 20 00 10 30 00 e e 11 36 0.1
234 13 N 12 06 00 12 20 48 12 29 56 12 39 13 30 0.2
234 13| E 12 01 30 . 12 21 30 12 30 00 12 38 13 25 0.6
235 16| N 15 05 30 15 28 37 15 39 27 16 14 40 R 17 00 0.2
235 16| E 15 06 27 15 28 42 15 45 47 16 11 00 17 00 0.2
236 21| N 10 28 33 . 10 34 35 10 28 40 10 50 0.2
236 21| E 10 28 28 10 35 35 10 28 47 10 50 0.2
237 25| N 311 28 P 311 39 R 313 0.2
237 25| E 3 11 00 - 311 45 314 0.2
REMARKS.

Nos. 192, 199, 202: Series of long waves of small amplitude.

No. 195: Local; felt at Vieques, accompanied by a rumbling sound.

Nos. 200, 207, 209, 211, 213: Phases not well marked.

No. 208: Possibly the principal portion began at 6: 04:45.

Nos. 214, 215: Probably local.

Nos. 227, 232, 237: Local.

Nos. 230, 231: The two earthquakes overlap and none of the phases are well defined. There is some indicatioti
of & beginning of No. 230 as early as 6:12, but it is very indistinct.

The pendulums were not in good adjustment during 1910, and it was difficult to determine the times of the different
phases.
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100 PORTO RICO MAGNETIC OBSERVATORY.

EARTHQUAKES.

A Bosch-Omori seismograph comprising two horizontal pendulums, one recording north-
south motion (N) and the other recording east-west motion (1), has been in operation since Sep-
tember, 1903. In the following register of earthquakes the times are Greenwich inean time,

counted from micdnight.

Magnification: 10.
Steady mass: 10-12 kg.

Period of pendulums.
E.
8. 3.
January toJuly, 1911, ... .. ... ... . ... 22 January, 1911, to January, 1912............. 21
August and September, 1911... ......_._... 20 April to September, 1912......__............ 24
October 10 December, 1911_.... ... _....... 21 October to December, 1912.. ... ..._..._ .. .. 20
January to December, 1912_...__............ 20
Register of earthquakes.
End of Maxi-
Com- First P, T Second P. T'. | Large waves ;

No. -Date ponent begin begin begin Maximum pgx;giiggl End n;)u{;?u%?.
1911. h m s h m s h m s h m s h m h m mm
238 |Jan. 3| N 23 45 00 23 54 36 24 18 00 24 25 24 24 39 25 b6 19
E 23 46 00 23 54 36 24 17 30 24 25 12 24 39 25 51 1.8
239  Feb. 5| N 4 29 53 43418 4 35 36 4 36 4 45 0.2
B 4 30 10 4 34 50 4 37 00 439 4 48 0.2
240 18| N . 19 81 87 19 40 35 19 49 2024, 0.2
E e el 19 29 19 19 37 05 19 48 20 25 0.2
241 27 N 10 51 22 10 51 52 10 52 10 P 10 54 0.1
E 10 51 40 10 51 56 10 52 08 10 54 0.1
242 | Mar. 1 N 19 18 45 e e s 19 21 87 1926 | 0.1
B 19 18 07 . 19 24 07 e . 19 26 0.2
243 3| N 3 48 36 349 15 349 17 351 3 59 0.9
E 3 48 42 349 00 3 49 22 3 51 3 58 10
244 | Apr. 10 N 18 45 08 18 48 24 18 50 24 19 00 19 22 0.5
E 18 45 20 18 48 12 18 50 14 18 57 19 15 0.9
245 28| N 9 59 09 10 01 29 10 01 45 10 05 10 20 0.8
E 9 89 18 e 10 01 26 10 01 36 10 05 10 17 0.2
246 | May 4 N . 23 52 27 24 01 22 24 09 28 R 24 58 0.1
E e e - 23 b1 17 24 01 49 24 08 58 24 48 0.5
247 | June 2| N 14 18 22 ce e ee e . 14 18 44 14 20 0.1
E 14 18 07 e .. 14 18 31 ce .. 14 20 0.1
248 2| N 19 26 45 19 27 05 19 28 23 19 29 19 31 0.2
E 19 27 10 [, 19 27 22 19 27 38 19 28 19 32 0.2
249 7 N 11 09 41 11 15 38 11 18 34 11 29 02 11 53 13 45 3.5
E 11 09 48 11 15 24 11 20 08 11 27 54 11 51 13 46 1.6
250 15 N 14 44 57 14 48 20 15 05 34 15 34 38 15 47 16 42 1.1
E 14 45 02 14 48 30 15 05 38 15 25 40 15 42 16 39 0.5
251 | July 12 N 4 27 12 ce e e e e e 5 36 36 .- 5 57 0.4
E 427 47 .. 5 26 48 5 55 0.5
262 | Aug. 16 N 23 00 40 .. 23 57 05 24 08 24 40 0.4
E 23 00 55 e e S 23 55 40 24 07 24 48 0.4
253 | Sept. 15 N 13 18 54 13 23 10 13 30 30 13 34 47 13 41 13 50 0.3
B e e o 13 23 11 13 29 34 13 34 53 ... PR 0.1
254 17 N 3 52 57 4 15 06 4 22 28 4 29 5 00 0.2
B 4 15 46 42224 4 29 4 5 0.1
255 22( N . ce e .- 5 40 40 5 42 00 $ 50 ce -
256 | Oct. 6 N 10 17 40 10 18 42 10 19 12 10 23 . 10 25 11 14 63+
L 10 17 34 10 18 38 10 19 20 10 28 00 10 29 11 00 64.0
257 10| N . ce e -s 9 24 50 9 26 30 9 26 0.1
E 9 24 43 9 25 20 9 27 N 0.2
258 10 N 13 17 20 13 20 47 13 23 40 13 27 20 13 33 13 45 0.5
E 13 17 03 13 20 43 13 23 30 13 27 10 13 33 13 44 0.2
259 | Nov. 20| N e .- 14 00 55 14 02 25 14 08 23 14 09 14 15 0.3
E 13 57 48 14 00 34 14 03 44 14 07 15 14 10 14 17 0.3
260 | Dec. 6| N e e e e e - 23 22 13 23 24 20 23 31 e -
261 16| N 19 20 41 ce e . 19 28 30 19 31 08 19 37 20 10 0.5
262 231 N 21 06 32 21 09 56 21 14 22 21 21 43 21 30 21 50 0.2




EARTHQUAKES.

Register of earthquakes—Continued.

First P, T. l Second P. T.

End of Maxi-
Com- Large waves ; y

No. Date ponent begin begin egin Maximum pﬁ(ﬁ)z:_giig;l End n;)l}i?u?igl-
1912, h m s h m s h m s hm s h m h m mm
263 |Jan. 4| N el - . 16 36 04 16 37 .. 17 00 .
E e .- . 16 36 46 16 44 58 16 54 I 0.1
264 | Apr. 17 N 3 54 27 3 58 05 4 01 60 4 03 06 4 03 413 0.2
E 3 54 82 3 58 16 4 01 02 4 01 27 403 4 08 0.1
265 May 6 N 19 17 40 19 21 46 19 25 40 19 26 40 19 28 20 14 0.5
E 19 17 36 e - 19 24 32 19 26 36 19 28 R 0.1
266 41 N 14 49 52 .. 14 50 27 14 51 32 14 53 15 02 0.3
E 14 49 42 . 14 50 07 14 51 07 14 54 14 56 0.3
267 19 N 2 17 46 R 2 23 48 2 23 58 2 25 2 38 0.3
E 2 17 b4 . 2 23 34 224 18 224 230 0.2
268 23| N 304 31 3 20 47 3 24 38 3 43 00 3 57 414 0.7
E 30425 3 20 49 325 28 331 40 3 57 4 14 0.7
269 |June 8| N 5 00 34 e e e e e - 501 04 5 04 5 09 0.1
270 8 N 7 31 B2 7 b7 28 8 16 24 8 23 42 8 26 9 45 0.6
271 8 N 13 37 52 13 40 56 13 42 54 13 45 24 13 46 14 01 0.2
272 10 N 16 27 18 16 37 55 16 48 30 16 51 04 17 02 17 19 0.4
E e . .- 16 48 12 16 53 33 16 58 17 18 0.2
273 12 N 12 49 12 12 52 44 12 56 42 12 58 05 13 01 13 12 1.9
E 12 48 32 12 52 48 12 56 16 12 57 12 13 00 13 11 17
274 |July 7| N 809 11 818 19 829 11 8 39 55 8 47 9 33 2.8
E 8 09 23 8 18 36 8 30 00 8 38 47 8 50 9 12 0.5
275 20 N 13 38 08 R 13 52 20 13 53 10 13 57 14 11 0.7
E 13 38 08 e e 13 51 20 13 53 08 13 57 14 10 0.5
276 24 N 12 04 56 12 07 08 12 09 32 12 10 24 12 21 12 38 1.0
E 12 05 00 12 08 08 12 09 28 12 10 20 12 16 12 30 0.5
277 | Aug. 5| N 7 20 32 7 20 48 7 21 06 7 21 12 7 23 7 26 0.9
E 7 20 30 7 20 b0 72108 72110 7 28 7 28 0.8
278 9 N 1 52 06 e e - 2 08 10 2 22 83 233 2 41 0.4
E 151 20 J 2 04 34 2 10 48 2 26 2 44 0.5
279 17| N 19 35 48 19 56 16 20 30 12 20 34 00 20 42 21 16 0.1
E | 1936 44 . P e ae . . 21 03 0.1
280 31 N 12 00 19 [, e . 12 00 32 12 04 0.5
B 12 00 18 e o o e - 12 00 33 P 12 05 0.2
281 Sept. 29 N 21 11 03 L. - 22 00 26 22 06 20 22 11 22 32 0.5
E 21 10 49 e e e 22 01 50 22 13 30 22 20 22 35 0.2
282 Oct. 18 N e e . e e 12 41 20 12 54 12 12 56 13 10 0.2
E [ 12 41 20 12 50 00 12 59 e ae 0.1
283 | Nov. 7 N P, 019 36 019 45 021 0.1
E e e . . 019 38 .- 021 R 0.1
284 7|1 N 7 51 58 8 01 28 8 10 52 8 21 28 8 31 8 56 0.3
E 7 b1 55 8 01 15 8 10 55 8 15 00 8 32 8 55 0.2
285 7 N 16 50 00 e e e 16 54 00 17 00 25 17 02 17 10 0.5
E 16 49 22 16 51 40 16 53 34 17 00 08 17 02 17 10 0.2
286 7 N e e - 17 38 48 17 41 10 17 44 26 17 50 18 00 0.9
E 17 34 44 17 38 36 17 41 18 17 44 08 17 50 17 b5 0.4
287 19 N 14 03 00 e e - 14 12 34 14 16 06 14 22 14 40 0.3
B 14 02 45 e e 14 10 45 14 14 42 14 24 | 14 37 0.1
288 | Dec. 9 N 8 37 43 8 41 46 8 45 16 8 47 48 8 53 917 0,7
E 8 37 39 8 41 05 8 44 36 8 48 48 8 53 9 20 2.2

101



102 PORTO RICO MAGNETIC OBSERVATORY

REMARKS.

For most of the earthquakes during the first half of 1911 the recorded motion was very small, and the phases were
not well defined.

Nos. 241, 243, 247, 248.—Local shocks.

No. 249.—Mexican earthquake.

For the greater part of the last half of 1911 the pendulums were not in very good adjustment, and the phases were
therefore not well defined. The E-W component was undergoing repairs during December.

Nos. 255 and 260.—Ouly a few long waves.

No. 256.~-The stylus of N went off the paper at 10:22 and did not return until 10:24:15,

No. 257.—Probably a slight local shock.

No. 265.—Barely perceptible on E.

Nos. 269, 271. —No distinct phages.

Microseismic tremors were present on April 4, 10, 16, 20; May 16; June 2, 17, 1912.

From January 14 to March 1, 1912, the N component was not recording. ,

No. 274.—Times uncertain on account of error in recording times of starting and stopping.

No. 279.—Phases not well defined, especially on E.

MAGNETIC STORMS.

In the table below the magnitude of a storm is indicated by one of the figures 1, 2, 3, 4.
When a storm began abruptly, the time of beginning is given to the nearest minute.

On thessucceeding sheets will be found reproductions. of the magnetograms showing the
principal storms, reduced to three-fourths the original size. A storm selected for reproduction
is indicated in the table by an asterisk after the date. An upward motion corresponds to increas-
ing west declination, increasing H and increasing Z. For convenience in comparing with
similar reproductions from other observatories, the time scale has been marked for Greenwich
mean time

Principal magnetic disturbances.

Date L.M.T.of | Duration | Relative Date L.M.T.of | Duration | Relative
beginning | in hours | magnitude beginning | in hours |magnitude
1911, h 1911. hom

Jan. 1 | 21 49 1 Auvg. 23%| 3 52 2
8 12 72 1 Sept. 15 20 28 1
15 1 38 1 19% | 12 67 2
24 1 120 2 Oct 9% | 23 32 2
30 9 78 1 17 5 38 1

Feb. 4 12 33 1 Dec 6 5 17 1
12 19 58 2 10% | 11 35 2
15 22 74 1
20% | 17 216 3 1912.

Mar. 4 9 48 1 Jen. 12 16 30 1
13 12 37 1 26 19 21 1 j.
19% | 20 26 219 3 Mar. 7 20 30 1

Apr. 8* 6 59 25 3 Apr., 14% | 15 63 1
9 17 59 28 1 ay 4 18 22 1
15 17 183 2 11 17 58 2

May 6 12 44 1 June 7 14 83 1
14*% | 12 72 2 July 3 16 54 1
29 20 60 1 30 20 30 1

June 4 | 12 24 1 Aug. b* | 12 38 1
9 12 134 2 Sept. 17 9 24 1
20 17 39 1 22 14 54 1
30 20 33 1 Oct. 14* 0 47 1

July 6 4 70 1 Dec, 6% | 17 36 1
17 b3 71 1 22 9 40 1
27 12 89 1
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100 PORTO RICO MAGNETIC OBSERVATORY.
EARTHQUAKES.

A Bosch-Omori seismograph has been in operation since September, 1903. It consists of
two pendulums, one recording north-south motion (N) and the other recording east-west
motion (). In the following table the times are Greenwich mean time counted from midnight.

Period of pendulums.
| N E
8 8
| January to March, 1918................. 20,0 ° 20.0 |
| May, 1913, to'April, 1914................ ©19.4 19.9
. May to December, 1914........... ... .. | 211 21. 4 |

! A

Magnification: 10.
Steady mass: 10-12 kg.



EARTHQUAKES.

Register of earthquakes recorded at Porto Rico.

101

289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318

Date

1913.
Jan. 16

Mar. 8

14

31
May

24
June
14
21
22
26
24
28
Aug. 6
Oct. 2

July

1914.
Jan. 30

Feb.
28
30
11
20
26
28
25

Mar.
Apr.

May

June

Aug.

Oct. 3
Nov. 18

14

(<)

15

Com- | FirstP.T. | .T. | Large wavi . Lnd of
poxolteclllt bgglnT sec(;;ledgiﬁ T * gg‘;lx? * Mazimum p;g!:_%{ggl End
h m s h m s h m 3 hm s~ h m h m
N 18 57 b4 19 01 47 19 05 33 19 10 23 19 13 19 26
E 18 58 00 19 01 85 19 04 51 19 08 25 19 14 e -
N e e 16 02 21 16 05 15 16 10 30 16 14 16 22
E 16 00 03 16 02 44 16 05 00 16 10 19 16 13 16 19
N 9 05 16 9 09 25 9 15 36 9 29 35 9 52 10 50
E 9 05 49 9 09 46 915 15 9 34 52 10 18 10 55
N e e - e e e 4 31 56 4 35 b4 4 45 e ..
E P, 4 27 25 4 42 33 4 51 e e
N 6 39 18 6 39 30 6 39 b0 6 40 6 46
E 639 14 e e - 6 39 26 6 39 42 6 40 6 46
N 23 39 30 23 43 04 23 49 36 23 50 45 23 56 -
E 23 39 22 23 42 36 23 47 14 23 48 28 23 52
N 8 36 02 8 47 42 8 53 00 8 54 12 9 05
N e e 10 09 00 10 13 25 10 15 50 10 18
N . e e e 5 04 55 5 04 56 5 05
E .. e e o 5 04 55 5 04 56 5 05 e
N 14 13 57 14 24 14 14 33 40 14 46 51 14 48 15 17
E 14 13 44 e e . 14 34 00 14 41 42 14 49 15 09
N 517 18 5 26 04 5 82 60 5 33 42 6 26 7 36
E 5 16 44 5 25 b6 5 32 24 533 14 6 04 7 26
N 8 59 11 e e o 8 59 27 8 59 36 9 00 9 08
E 8 39 08 e e e 8 59 .24 8 59 36 9 00 907
N 5 51 05 5 54 09 5 55 49 6 01 05 6 07 6 16
E e e . R 5 56 33 5 58 00 6 04 R
N 22 21 44 22 27 16 22 32 26 22 37 33 22 43 23 23
E 22 22 42 22 27 24 22 32 58 22 37 38 22 40 23 05
N 422 27 4 25 56 428 15 4 29 35 4 34 5 00
E 4 22 27 4 25 54 4 28 05 429 03 4 33 4 45
N 22 09 44 22 13 08 22 17 20 22 18 20 22 23 e ..
N 8 25 32 e e e R, 9 05 00 . e
E 82515 .- 9 05 00 ..
N 3 45 20 3 52 55 40340 | 41124 413 4 48
E 3 45 48 3 56 54 4 04 54 4 06 47 4 12 4 32
N 5 06 14 510 37 513 35 5 24 24 5 27 530
E el 5 10 37 513 35 514 00 5 17 521
N 5 07 38 [ 50942 ' 51200 5 14 519
E 5 07 40 e . 51000 . 51028 512 518
N 0 48 03 052 16 05811 | 10040, 110 132
E 0 47 55 0 53 18 05745 | 10040 111 2 00
N .. e . 17 8540 | .. .. .. 18 10 .-
E 16 52 54 .. 17 42 30 .. 17 48 S
N 13 27 20 13 30 55 13 33 42 13 34 52 13 41 14 10
E 13 27 38 13 31 40 13 34 46 13 35 16 13 40 14 20
N 14 20 58 14 35 56 14 45 10 15 37 55 16 02 16 30
E 14 21 09 14 36 29 14 47 10 15 39 35 16 05 16 20
N 32735 33019 3 32 56 3 37 50 3 39 4 00
E 32724 3 30 24 33215 332 5b 3 38 3 50
N 19 52 04 ee 20 23 30 20 44 00 20 48 21 00
E 19 52 05 e e . 20 24 45 20 34 00 20 48 21 00
N 11 28 56 11 30 02 11 31 18 11 31 35 11 36 11 50
E 11 28 45 11 30 06 R, 11 33 30 11 36 11 45
N A, ce e o 1,2336 .. 23 47 05 23 58 - ..
E .. .. .. .- 23 36 20 23 40 04 23 53 .. .-
N 17 23 50 . .- 17 24 38 17 25 00 17 31 17 40
E 17 23 50 e e e 17 24 38 ce e e 17 82 18 18
N 943 12 9 47 27 e e e 9 53 15 9 5b 10 10
E 9 43 01 9 47 21 9 51 52 9 53 01 9 58 10 10

Maximum
amplitude

3

=3

C O Moo PP P OCPONOPOORWOOPOON COCHO RO OOPPHNOPHOOOCCCROODHOOOOS

ja—y

=2




102 PORTO RICO MAGNETIC OBSERVATORY.

REMARKS.

No. 291.—Phases indistinct. There is some indication of the beginning of a second earthquake toward the end.
No. 292.—Beginning and end obscured by wind tremors.

No. 294.—End obscured by wind tremors.

No. 297.—Felt in Vieques.

No. 300.—Local shock, felt distinctly in Vieques.

No. 302.—Stylus went off the paper at maximum.

No. 303.—On N the maximum amplitude (2.0 mm) occurred at 4:26:13 during second P. T,

No. 304.—Nothing on E. Maximum on N occurred at beginning of second P. T.

No.305.—No distinct phases; time of beginning may be second P. T.

No. 311.—The actual maximum on N (0.9 mm) occurred at 13:31:03, during second P. T.

No. 318.—Amplitudes of 1.2 mm on N and 0.5 mm on E occurred just after the beginning of second P. T.
No. 316.—Only a few long waves.

No. 317.—E stylus was off the paper from 17:27.0 to 17:30.5. Martinique earthquake.

MAGNETIC STORMS.

Magnetic disturbances of considerable magnitude were recorded on the days tabulated
below. Where a storm began abruptly the time of beginning is given fo the nearest minute.

On the succeeding sheets will be found reproductions of the magnetograms showing the *
principal magnetic storms, reduced to three-fourths the original size. A storm selected for.
reproduction is indicated in the table by an asterisk after the date. An upward motion of the
curves corresponds to increasing west declination, increasing H, and increasing Z. For con-
venience in comparing with similar reproductions for other observatories, the time scale hag
been marked for Greenwich mean time.

Principal magnetic disturbances.

Date L. M. T.of! Duration Relative Date L.M.T.of| Duratlon Relative
beginning in hours magnitude beginning in hours magnitude

1918, |k om B4 |k om
Jan. 17 | 20 25 1 Feb. 28 |13 26 1
29 (19 02 20 1 Mar. 5 |20 57 1
Feb. 14 1 46 1 17 | 14 11 1
24 | 21 52 1 31 21 23 1
Mar. 14¥ | 0 04 98 2 Apr. 5% (19 75 3
29 |19 54 1 15 |19 30 1
Apr. 8* |15 32 106 2 May 15 0 32 1
4 |21 72 1 16 |17 31 2
May 4 1 96 2 26 2 24 1
June 1 0 94 1 31 1 45 2
. 28 |13 39. 1 June 19 |14 24 1
July 12 3 46 1 24* | 21 41 136 2
24 |10 63 1 July 4* (21 05 53 2
Aug. 8 (20 83 1 24 |16 66 1
Sept. B* | 17 136 2 28% | 17 151 2
22 3 30 1 Aug. 18 {17 48 1
Oct. 4% |17 166 2 23 0 20 1
18 3 16 67 1 28 (16 64 1
Nov. 1 |20 38 1 Sept. 17 |19 19 1
6 |18 56 1| 22 | 17 + 40 1
27 8 60 1 271 0 72 1
Dec. 4 5 24 1 30 |17 31 1
24 21 33 1 Oct. 27* | 17 46 2
1914. . Nov. 38 0 48 1
Jan. 4 |15 42 35 1 10 |13 59 1
21 |13 36 1 26% (13 22 21 1
| Dec. 26 | 20 38 1
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58 PORTO RICO MAGNETIC OBSERVATORY.
EARTHQUAKES.

A Bosch-Omori seismograph has been in operation since September, 1903. It consists of
two pendulums, one recording north-south motion (N) and the other recording east-west
motion (E). In the following tables the times are Greenwich mean time counted from mid-
night.

Period of pendulums:
N, 21.1sec.; E, 21.4 sec.; January, 1915, to October, 1916.
N, 19.5 sec.; E, 18.0 sec.; November and December, 1916,
Magnification: 10.
Steady mass: 10-12 kg.

The nomenclature of the International Seismological Association has been used to designate
the different phases:

P=Beginning of first preliminary tremors.

S=Beginning of second preliminary tremors.

L=Beginning of long waves of prinecipal portion.

M=Time of greatest amplitude of motion.

C=End of principal portion.

F=End of visible record.

A=Maximum amplitude or one-half the maximum range. The quantities given indicate the actual move-
ment of the stylus as measured on the seismogram.,

Register of earthquakes.

No. Date p%%ﬁ;t P S L M c F A
1915 hm s hm s hm s hm s h m hm mm

319 June 6 4 N 21 37 16 21 42 03 21 45 05 21 46 14 21 65 22 40 1.8
E 21 37 38 21 41 54 21 44 54 21 45 58 21 57 22 42 3.5

320 29 N R [ 0 35 37 0 35 40 0 36 e - 0.1
E .. 0 35 37 0 35 43 0 36 0.1

321 July 31 N .. 2 22 24 22910 2 38 0.5
B . 220 .. 2 26 10 2 33 0.1

322 | Sept. 7| N | .. .. T P T -
E 1 25 b7 1 27 57 13015 1 34 53 1560 218 75+

323 QOct. 3 N 70210 7 09 04 7 16 28 7 22 43 7 35 8 10 7.5
E 7 02 04 7 09 20 7 16 25 7 20 00 7 84 8 10 4.7

324 11 N 19 34 04 - 19 34 43 19 35 12 19 39 19 47 24.0
B 19 34 02 19 34 52 19 35 16 19°39 19 57 19.0

326 | Nov.21 N P ce e e 0 38 40 0 45 00 0 58 e o 0.1
E 029 12 0 33 06 0 37 56 0 48 04 0 58 117 0.2

326 Dec. 12 N ce e e e e e 21 11 04 21 13 52 21 21 .. 0.4
E 21 10 50 21 13 b4 21 20 0.2

1916

327 Jan, 1 N 14 28 02 14 37 58 14 48 15 19 1.5
E 14 27 36 14 40 22 14 51 16 15 0.8

328 7 N 15 04 36 16 04 42 15 05 I 1.0
E 15 04 36 15 04 39 15 05 - 0.8

329 13 N 925 .. 9 45 40 10 24 e e 0.8
E 904 _. 9 b5 .. 10 30 - 0.2

330 | Feb. 6 N 22 41 55 22 44 20 R, 23 05 0.3
E [ RO 22 36 28 22 45 00 e e 23 08 0.1

381 27 N 20 26 12 20 30 20 20 38 42 20 38 30 20 45 21 07 24,0
E 20 26 11 20 30 35 20 33 37 20 36 10 20 46 21 23 9.0

332 Apr, 18 N 4 13 07 4 23 37 e e e 4 24 00 R . 1.1
E e e - 4 24 27 e e e 4 25 05 . 510 1.2

333 24 E 4 27 23 e e e 4 27 55 4 28 16 435 4 49 13.0
334 24 E 8 06 29 8 10 31 8 11 53 8 13 01 8 23 8 40 13. 4
335 26 N 2 26 38 e e e 230 24 2 30 40 2 36 2 50 2.5
E 2 26 18 .. 229 44 2 30 30 2 35 2 50 2.0

336 May 10| N 21 41 11 21 44 43 e e .- 21 53 30 22 07 0.1
E 21 41 17 21 44 49 21 48 33 21 49 20 22 04 0.1
337 13 N 5 23 30 e e e e e e 524 10 529 1.2
E 5 23 42 e e e 5 24 02 5 24 08 P 5 31 3.0

338 13 N 6 34 32 e e ol e e . 6 35 02 . - 6 39 0.5
E 63436 | .. .. .. e e .- 6 35 04 e - 6 40 0.7
339 June 21 N 21 40 17 21 46 09 21 49 34 21 49 58 21 53 - 0.2
B PP 21 45 B8 21 48 b2 21 49 44 21 57 0.5




EARTHQUAKES.

Register of earthquakes—Continued.

|
No. Date, | oot 13 8 L M C F A
1916 hm s hm s Em s hm s hm hm mm
340 | June30 | N e e s e e 309 26 3 09 54 3 14 3 24 1.0
E . 305 42 3 09 54 310 16 313 3 28 1.2
341 | Aug.11'| N 8 18 58 el o e e s e e .. 819 ..
E 8 18 56 e e ce e e A 8 19 -
342 28| N e e e 7 46 53 S 7 50 e - 0.1
E e ce e el 7 46 43 7 48 10 7 59 . 0.1
343 | Sept.23 N 5 47 58 5 52 31 5 b4 47 5 58 50 6 05 6 18 0.2
E 5 48 02 5 52 20 5 54 .. 5 57 30 6 05 6 17 0.3
344 | Oct. 3| N 1 33 08 e e e 1 50 40 ... 2 17 0.2
E 13310 e e e 1 48 30 e . 2 28 0.2
345 | Nov.12 N [ 13 10 03 13 10 08 13 11 13 14 4.0
E e e . . 13 10 03 13 10 08 13 11 13 14 5.5
346 2| N 13 14 38 e 13 14 51 13 15 08 e - 13 18 0.4
’ E 13 14 38 e .- 13 14 51 13 15 09 13 20 0.3
347 25 N 13 46 30 e 13 46 44 13 47 02 13 50 0.4
E 13 46 31 e e 13 46 45 13 46 57 e . 13 50 0.4
348 30 N F . e - 3 19 03 32015 325 3 37 9.0
E 3 18 46 e ... " 31903 3 20 52 3 26 3 46 3.0
349 | Dec.23| N 9 32 06 9 38 10 943 .. 9 55 00 10 00 10 25 .2
E 9 32 20 9 38 08 e o e e R . -
_ l
REMARKS.
No. 320.—Felt by persons in Vieques.
No. 321.—Only a few long waves.
No. 322.—N not recording. Stylus passed off the paper on E.
No. 324.—Felt on the island of Porto Rico.

No.
No.
No.

326.—Only a few long waves.
328.—Felt in Vieques.
333.—Felt in Vieques and San Domingo.

Nos. 333 and 334.—Record of N accidentally burned.
No. 335.—Time of phases uncertain on account of time-marking clock being out of adjustment.
Nos. 337 and 338.—Felt in San Juan.

No
No

. 339.—End uncertain on account of wind tremors,

. 340.—Beginning and end uncertain on N,

99

No. 341.—Local, Felt in Vieques. Vertical force variometer disturbed. Waves of very short period and small
amplitude.

No. 342.—Barely perceptible on N.

No, 344.—Phases uncertain.

No. 845.—Local. Felt in Vieques.

No. 349.—No long waves on E.
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100

A Bosch-Omori seismograph has been in operation since September, 1903. It consists of
two pendulums, one recording north-south motion (N) and the other recording east-west
motion (E). In the following tables the times are Greenwich mean time counted from
midnight. _

Period of pendulums-—N, 18 to 20 sec.; E, 17 to 18 sec. Magnification, 10. Steady mass,

PORTO RICO MAGNETIC. OBSERVATORY,

EARTHQUAKES.,

10 to 12 kg. . )
Register of earthquakes.
No. | Date. | Come P ] L M c F A
1917, h.m. s h.m. 8 h.m. s. h.m, & h. m. h. m. mm,
350 |Jan, 6| N .- 214213 | 21 42 85 21 46 .. 0.2
B R ... 21 42 03 21 42 28 21 46 [ 0.4
351 | Jan. 30| N .. 310 3 17 04 3 46 45 3 52 511 7.5
) E e .. 310 316 45 3 38 00 351 5 05 6.0
352 | Feb., 9| N 715186 .. e 715 80 .. 718 0.2
E 7 15 18 - - ae e s 7 15 30 717 0.2
368 |Feb. 12| N | .. .. .. . - | 200828 | 200640 . 20 10 0.3
E - e - ce .- 20 06 31 20 06 42 .- 20 09 0.4
| 854 | Feb. 15| N 057 .. .. e e s 119 30 ... 132 0.2
’ E 0 57 .. - ce e - 118 00 1 38 0.1
855 | Feb, 20| N .| 1932 40 cee .- | 193525 | .. .. .. - 21 45 65+
E 19 32 35 .- - 19 35 29 19 38 40 19 42 21 36 33.8
856 | Mar. 6| N e e - . 320 24 3 23 68 . 413 0.3
E 312 36 ce ae e 3 20 34 3 24 26 . 413 0.2
857 | Mar. 29| N 2 07 056 211 50 216 00 221 30 251 0.3
858 (May 1| N 18 46 43 18 56 27 19 22 27 19 25 27 R P 2.7
19 40 07 20 00 21 27 2.7
E 18 37 35 18 56 25 19 21 50 19 22 65 e e e s 1.3
19 40 15 20 04 21 05 13
39 [May 9| N | 16 35 e | e 171230 .- 18 08 0.3
360 | May 31| N 90910 | ... .. | ...l .. 9 33 45 9 42 1030 | 18
E 909 10 ce e o e e . 933 40 9 39 10 25 0.3
361l |June. 8| N s s en 059 18 10105 1 08 00 114 2 05 L1
! ' E 0 56 51 0 59 18 10105 105 00 111 167 1.0
862 (June 13 | N 70044 | 71848 789 .. 740 .. 8 00 9 03 0.1
E 7 07 16 7 18 36 7 38 .. 740 .. 8 00 9 08 0.2
363 | June 26 | N 6 09 36 6 16 54 6 40 48 6 43 28 ee e e - 0.7
E 6 09 01 6 15 11 6 40 45 6 43 00 7 04 9 04 4.0
864 | June 30| N 17 54 30 17 57 38 .| 18 00 13 18 06 31 R 18 26 0.1
E 17 54 33 17 57 3 18 00 15 18 03 20 e - 18 20 0.1
865 | July 13| N 514 25 5 14 48 515 20 5 15 43 517 5 26 L0
E 5 .. .. 5 14 55 515 20 516 35 5 17 b 26 0.9
866 | July 27| N 102 02 1. ..~ 102 26 e e 110 145 684
E 102 02 P 10220 e e e 111 240 70+
367 |July 27| N 16 16-02 16 16 38 16 16 54 16 17 08 16 20 16 26 7.2
E 16 16 04 16 16 38 16 16 54 16 17 26 16 21 16 .. 9.2
368 | July 29| N 6 10 52 e e 6 11 02 611 10 6 12 817 0.5
B 6 10 50 6 11 06 611 25 612 618 0.7
369 | Aug. 7| N 11 27 53 11 28 40 11 28 50 . 11 35 0.2
E 11 28 15 P 11 28 40 11 28 55 .. 11 34 0.2
370 | Aug. 9| N 16 15 26 16 .. .. 16 16 25 16 18 50 16 20 16 26 0.4
E 16 15 81 16 .. .. 16 16 35 16 16 40 16 20 16 26 0.5
371 | Aug. 80| N B . 333 . . 338 20 3 40 3 62 0.2
E 3 28 18 e 3 33 33 384 24 341 3 62 0.7
372 | Aug, 31| N 11 40 17 11 43 42 11 45 23 11 48 10 11 53 R 30.9
E 11 40 23 . e 11 44 15 11 49 55 12 00 T 35. 2
3783 | O¢t. 19| N 16 48 86 -- 16 53 00 16 56 32 . 17 07 0.1
E 16 47 50 ce e e 16 52 43 16 55 32 P 17 12 0.2
874 | Oct, 19| N 16 28 . 16 39 .. 16 48 . 16 67 .. 17 00 17 06 0.2
E 16 29 . 16 38 .. 16 43 . 16 85 30 17 02 17 14 0.4
8756 | Oct. 22| N 72412 - e . 7 27 56 7 28 30 e - 7 83 0.1
E 7 24 20 7 27 52 7 28 16 7 50 0.3
376 | Oct. 22| N ce e e ce e -l e 7 28 25 R 7 .. 0.1
E 720 . 72415 7 28 00 7 28 35 7 37 7 50 0.4
377 | Nov. 16 | N 348 . e e ol 417 . 419 30 4 38 501 0.4
E e e 415 . 4 18 30 4 38 4 55 0.6
378 | Dec. 21| E . 18 24 55 18 36 .. 18 48 19 05 04
379 | Dec. 29| N 22 67 20 23 02 00 . . -
E 22 87 05 23 02 07 23 14 40 23 17 23 56 03




Register of earthquakes—Continued.

EARTHQUAKES,

101

No. | Date. | Somr P 8 L M c F A
1918. h. m. 8. h.m. 8 h.m. 8| h.m. a h.m. h. m. mm,

380 | Jan. 4 N e e e .. . 4 42 16 4 48 06 4 51 4 57 0.2
: E 4 36 53 442 21 4 48 50 454 b 03 0.6

381 | Jan. 16 N e e e ... 13 33 .. 13 385 20 e - 13 47 01
E e e e e e - 13 33 .. 13 37 15 . 13 b7 0.2

382 | Jan. 25 N 125635 12935 13220 13615 1 38 1567 0.2
N E 12520 fe e e 132156 135 20 1 42 1565 0.5

383 | Feb. 24 N e e e e e 23 02 25 23 06 50 23 07 23 17 03
E ce e e .. 23 03 50 23 06 20 23 07 23 16 0.1

384 | Mar. 13 N 14 49 b5 . e e e 14 50 43 R 14 54 0.1
E | 144955 . ee ee -- | 1450 43 e .. 14 54 0.1

385 | Mar. 21 N 22 43 12 e e 23 00 40 23 03 57 23 12 23 50 0.4
E 22 41 17 e e . 23 01 20 23 09 06 23 12 23 50 0.4

386 | Apr. 22 N 415 50 e . e e es 4 15 b7 e e 4 21 0.4
B 4 15 52 e ee e e aa 4 16 02 P 4 21 0.4

387 | May 20 N 14 42 31 14 47 38 14 49 37 14 49 57 14 b7 15 33 18
E 14 42 30 14 47 30 14 49 16 14 52 26 14 55 15 22 3.3

388 | May 20 N 18 05 b5 e ee e 18 14 .. e - e e 18 36 0.1
E . 18 13 30 18 14 42 .- 18 35 0.2

389 (May 25| N - . 19 46 25 ce - . 20 00
E . . 19 46 21 I 20 00

390 [ June 7| N ce e s e e .- . e . .
E . .. 21 50 35 21 51 20 21 52 PR 0.1

891 | June 11 N . 12 39 03 12 39 17 e ea 12 50 0.9
E . 12 39 03 12 39 41 .. 12 50 1.7

392 | Jume 22| N A R e e s ... 22 95 0.1
E .- .. .. 22 27 0.1

893 | July 3 N R 8 42 00 e e 9 07 0.1
E . 8 33 48 8 42 16 8 48 9 04 0.3

394 (July 8| N e e e . e e - e 10 52
E . .. e e e 10 52

895 | July 81 N 14 41 38 e e e ce ee a- 14 52 53 P 15 02 0.1
: E 14 41 26 14 46 09 14 48 06 14 54 10 14 67 15 02 0.2

896 | Aug. 8 N e e e e e e 10 89 .. 11 03 . 11 12 e e 0.1
397 Aug. 15 N 12 39 05 12 45 28 13 33 00 13 38 48 13 51 14 44 0.6
I 12 39 03 12 45 40 13 22 15 13 08 35 13 51 14 46 1.2

398 | Aug. 23 N e e e e e e 7 44 .. 762 . 7 b4 ce e 0.1
] E e e . 7 44 .. 750 .. 7 65 e . 0.1

399 | Sept. 7 N 17 35 29 e e e 18 07 38 18 26 16 18 39 20 28 4.0
E 1786 50 | 17 4314 |- 1813 .. 18 32 14 18 37 20 19 4.8

400 | Oct. 11 N | 141506 PO 14 15 12 [, 14 27 16 18
E 14 15 08 14 15 08 e e e 14 27 16 32

401 | Oct. 11 N 15 50 51 15 51 20 15 51 34 e e 15 56 0.6
E 15 50 54 e e e 15 51 654 . 15 56 0.4

402 | Oct. 11 N 16 02 27 16 02 51 16 03 03 . 16 10 1.8
E 16 02 29 16 02 28 16 03 13 . 16 10 1.7

403 | Oct. 11 N 17 04 18 17 04°36 17 05 13 . 17 33 82.4
E 17 04 16 17 04 26 17 06 38 . 17 33 12.5

404 | Oct. 11 N e e e 17 18 54 e e ee R 17 24 0.2
E 17 18 28 R, 17 19 28 . 17 23 0.2

405 | Oct. 11 N 17 24 38 e e e . 17 30 0.2
B 17 24 20 . 17 28 0.2

406 | Oct. 11 N 18 26 52 18 27 02 18 31 0.3
E 18 26 B0 e e . e e e 18 31 0.1

407 | Oct. 11 N 19 09 01 19 10 03 19 10 20 19 18 0.4
E 19 08 58 19 10 06 19 10 26 19 18 0.4

408 | Oct. 11 N 20 07 06 e e o 20 07 35 20 17 1.7
E 20 06 53 . e e . 20 07 53 R 20 17 0.6

409 | Oct. 11 N 21 51 55 . e e - e e e 21 b7 0.1
E 21 51 47 . e e e . 21 56 0.1

410 | Oct. 11 N 23 32 15 . e e o 23 39 0.2
E 23 32 11 e e - 23 38 0.2

411 | Oct. 11 N 23 48 57 [ - 23 51 0.1
B 23 49 00 . e ee ea .- .- 23 b1 0.1

412 | Oct. 11 N 23 58 42 e e . . .. 24 00 0.2
B 23 58 46 . e e e R . 24 00 0.1

413 | Oct. 12 N 000 12 e e e R, . 009 0.4
E 0 00 00 R, e e s 0-04 14 0 09 0.4

414 | Oct. 12 N e e . 0 16 37 e ae e 0 26 1.2
E 0 16 10 016 38 0 16 56 0 26 0.7

415 | Oct. 12 N e e - 0 28 45 e e 034 0.2
E 0 28 18 0 28 42 029 02 033 0.3
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No. | Dste. | Com| P L M c . P A
- .. | 1918 h.m. s h.om, s h.m. s h. m. h.om. | mm
416 | Oct. 12| N°'| .. .. .. 0 33 40 .- - .. 045 0.3
‘ ‘E | 03316 | 0 33 46 I . 0 44 0.2
417 | Oct. 12| N 10821 e e e .. . 1 06 0.1
) E 103 14 103 34 103 56 . 110 0.2
418 | Oct.- 12| N .| 48149 e e s .. 433 0.1
; E | 43143 . .. 433 0.1
419 | QOct; 12 | N | . .. . | 484 12 . . 4 44 0.2
. ST | YE ] 433 48 434 07 4 34 43 ... 4 41 0.2
420 ! Oct.” 42 | N 6 58 80 I . .. .. y01-| 0.2
= < | E 6 58 27 I e .. 7 02 0.2
421 | Oct: 12| N . 8 10 04 . .t .. 8 14 0.2
o o E 809 42 - 8 10 02 . 10 24 e 8 14 0.2
422 | Oct. 12| N 819 39 8 20 02 20 24 8 23 841 . 5.5
; - E 819 34 - 819 52 . 20 40 8 23 841 | 8.5
428 | Oct:- 18 | N 45219 4 52 39 54 17 .. 504 1.9
R E 45211 452 14 . 53 00 .. s 5 04 0.9

424 [ Oct. 18| N--| 18 19 38 e e . . ... 1825 | 0.2
3 E 18 19 45 el .. ee as .. 18 25 0.1
425 | Oct. 18| N 20 23 47 90 24 11 | 20 25 20 .. 20 30 0.4
E 20 23 56 90 24 14 | 20 24 43 ... 20 32 0.3

426 [Oct. 14| N 0 25 18 0 25 42 0 26 05 028 0 40 9.0
| BE |7 02518 i 0 26 00 028 0 40 2.0

427 | Oct. 14| N 216 20 2 16 48 2 18 00 e e 2 22 0.2
E 216 22 2 16 42 217 04 . .- 2 24 0.2

428 [ Oct. 14| N 4 53 27 e ee e et ce e 5 03 0.3
‘ E 4 53 25 . e ee s .- b 01 0.4

429 | Oct. 15| N e el 014 13 e ie .a .- 024 0.2
E 013 54 014 14 el . .- 022 0.2

430 | Oct. 15| N 3 15 46 3 16 26 317 25 . 329 0.7
E 316 02 3 16 36 316 55 - 328 0.7

431 |Oct. 16| N | 19 20 25 19 20 47 e e s .. 19 31 0.2
. E 19 20 17 - 19 20 45 I . 19 31 0.2

432 | Oct. 17| N 819 40 © 8 20 00 20 44 .. 8 26 0.4
: : B 819 39 819 58 20 16 892 | 0.4

438 | Oct. 17| N | 2129 29 v ee L o e ) 21 36 0.2
' E {21293 e ee s e s . . 21 86 0.2
434 | Oct. 18| N | 19 22 85 19 23 19 . s . 19 29 0.2
. E 19 22 53 e e - U e oas 19 29 0.2

435 | Oct. 18| N |- 21 34 17 21 34 35 35 51 21 87 21 58 8.7
E 21 34 13 21 34 42 35 00 21 37 21 58 6.2

436 | Oct. 19| N 328 12 3 35 28 37 18 3 39 3 54 0.2
E 3 28 59 3 35 29 40 00 3 42 8 56 0.8

437 | Oct. 19| N 7 05 48 7 06 24 07 14 I 7 14 0.2
E 7 05 B7 - 7 06 37 06 41 .. e 718 | 0.3

438 | Oct. 21| N 6 44 48 e e . e e . .- 6 49 0.2
] E 6 44 B0 . .. .. .- .. 6 48 0.2

439 | Oct. 21| N 6 49 12 . oee i. .. .. . 6 55 0.1
_ E 6 49 12 ... e e e . 6 53 0.1
440 | Oct, 21| N 13 08 59 . . e . 1311 0.1
441 | Oct. 28| N 14 81 09 . e e .t .. .- 14 38 0.1
E 14 31 12 e e .t . 14 38 0.1

442 | Oct. 24| N 22 59 38 i .. . 23 04 0.1
E 22 59 37 e e R, . 23 04 0.1

443 | Oct: 26| N 343 26 3 43 20 I, .. .. 4 38
. E 343 29 343 29 3 44 05 348 4 55 04

444 | Nov. 7| N -9 33 56 .. 934 14 ... 9 38 0.1
: E 9 83 59 el . 934 23 I 9 38 0.2

45 [ Nov. 8| N 4 56 B8 5 85 26 5 46 48 5 52 6 01 0.7
. E 4 57 00 5 35 30 5 36 08 b 54 6 15 0.4

446 | Nov. 12| N 12 02 27 120252 | 12 03 05 .. 12 12 2.0
- E 12 02 24 12 02 48 12 03 04 .o . 12 09 0.8

447 | Nov. 12| N 21 45 13 21 45 34 | 21 46 01 21 49 2219 | 83.4
E 21 45 15 21 45 33 | 21 46 03 21 49 2217 | 63.8

448 | Nov. 18| N 19 01 50 19 58 00 | 20 05 12 20 08 2034 | 0.1
X 19 02 25 19 47 10 | 20 03 08 20 08 20 42 0.3

449 | Nov. 21| N 7 21 44 e .. 7 2220 e et 7 28 0.2
_ E 7 21 b7 7 22 15 N 7 24 0.3
450 | Dec N 9 52 50 - .. 9 58 14 10 00 10 50 3.0
E 9 52 44 9 57 50 10 00 10 50 0.2
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No. Date. p%gg;t. P .8 : L : M c F A
1918.. h.m. s. h.m. 3. h.m. s. h.m. s. .m. | h.m. mmn.
461 | Dec. 4 N 11 65 59 12 03 52 12 12 20 12 19 01 12 25 12 67 12.0
’ E 11 56 12 12 10 30 12 14-30 12 14 30 12 25 14 02 2.4
452 | Dec. 6 N 8 b1 32 8 59 08 9 09 50 9 16 04 9 20 934 0.2
E e e e 8 59 02 909 11 916 31 920 9 32 0.2
453 | Dec. 21 N fe e e 9 29 54 9 35 03 .- 9 42 0.1
E e e aa e e e 9 30 25 9 37 09 R 9 50 0.1

454 | Dec. 23 N 19 49 40 19 55 50 20 00 20 [ .- . 20 05
. E 19 49 31 e .. -..| 200011 20 00 25 .- 20 08 0.1

REMARKS,

854. Phases not well defined. .

365. The stylus of N was off the sheet from 20:39:40 to 20:50:30. The maximum tabulated is the distance to the
edge of the paper.

356. Preliminary phases uncertain.

357. Barely perceptible on E; no distinct phases.

358 and 362. Phases not well defined.

363. Beginning uncertain; N paper so thinlz smoked that part of the record could not be seen.

366. Both needles off sheet from 1® 03™ to 12 06=.

369. Initial phases disturbed by wind tremors.

372. Flost on account of removing paper from cylinders at that time.

376. Very faint on N.

378. No record on N.

379. N not recording properly.

381. Urnimportant; phases not distinct.

388, 389. No well-defined phases. .

390. Only a few long waves on E; nothing on N. o

391. Began while the paper was being changed; new sheets started at 12:39:03.

393. This may be the record of two earthquakes.

394. P is the only distinct phase. o

397. 8 and L uncertain; a phase at 13:08:06 on N and 13:07:54 on E may be S.

399. The phase tabulated as P may be PR,. . :

400. Within 15 seconds after the beginning the pendulums swung against the stops with sufficient force to jar the
stylus points from their bearings. E wasreplaced at 14:21 and N 4t 14:24. The large number of small shocks recorded
during the rest of the month were of the same general character, beginning with waves of 1 to 2 seconds period and end-
ing with waves of 4 to 6 seconds geriod. In a few cages there appear to be two or three longer waves of 10 to 12 sec-
onds period, with the short period waves superimaposed upon them. ’

400, 401, 402, 403, 406, 408, 414, 422, 423, 426, 435, and 443 were also recorded on the magnetograph, as well as
secondary shocks at about 14:40 and 14:53.5 on October 11. .

428. Possibly two or three separate shocks. o

443, Stylus of N jarred from earings at 3:42:50 and yeplaced at 3:53.

445. Phages doubtful; the one recorded as P may he PR and S may be SR. On E there are two long waves, period
28 seconds, beginning at 5:22:10, and four waves period; about 40 seconds, beginuing at 5:26:30. '

446, 447, 449. Probably of same origin as those in Octobey, No. 447 was felt at Vieques. '

451. Phases uncertain and difficult to correlate with other stations; one at 12:06:56 on N and 12:06:40 on E;
possibly two earthquakes. i )

452. P and 8 very faint; L uncertain.
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INTRODUCTION,
{Latitude 18° 08’.8 N; longitude, 65° 26'.9 W; elevation, 20 meters (65 feet)

In February, 1903, a magnetograph was installed in a room in
Fort Isabel Syegunda, on Vieques Island, P. R., and variation ob-
servations were continued there until April, 1907. At that time,
suitable buildings having been construected for the observatory work,
the instruments were transferred to the new site, about five-eighths of
amile (1 km.) west of the old fort. A general description of the new
building will be found in the Results for 1907 and 1908. The methods
of observing are explained in Directions for Magnetic Measurements
by D. L. Hazard, published in 1911 (second editton in 1921).

The division of terrestrial magnetism of the U. S. Coast and Geo-
detic Survey, of which N. H. Heck, hydroEra(.f)hic and geodetie
engineer, is chief, includes both the office and field work. The office
computations and preparation of the results for publication were in
charge of the writer, assisted by W. N. McFarland, Frank Neumann,
end O. S. Hill, computers. The work of the observatory was carried
on by Wallace M. Hill, magnetic observer, for all of 1919 and 1920,
except for two months in 1920, when W. W. Merrymon, magnetic
observer, was in charge.

Up to the end of 1914 each hourly value of declination, horizontal
intensity, or vertical intensity in the monthly tabulations represented
the momentary value of the quantity for the specified hour, local
mean time. Beginning with 1915 the pub]jshe,dp hourly values are
average values for successive periods of an hour, beginning at mid-
night of the specified standard meridian (sixtieth in the case of
Vieques). Thus, a value in the column headed 1 represents the

1
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EARTHQUAKES.
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p—— Bli—airs — EEEES = I_ ——-4\\!
i Com- Q@ , 5
No, Dale. ponent. P. ], L. M. ‘I C. F. i
— ——— = - — - i R - — It e — -~
| 1020, b,
492 | Jam bl N 450
E 450
493 | Jan YAl N 16 3Rl
L 16 3¢
404 T Jan. 26 Lol N 21 34
E o1 43
405 | Jan. 280 ...o..illl N 23 1 l
E 23 12
496 | B 30.. ...l N 1R 38,
| E .| 18 511
497 | Feb, 20 ool N | 13 an,
1 3 1
98 Feb, 10, N
E
499 | Feb. L
500 | Feb, F.
301 | Teb, N
1
502 | Feb. 120 .. il N
K
303 | Feb. 12......iiiiiann N
B
M | Feb. 120, .l I\'
5
85 Feb. 12, ...l x\r'
306 | Feb, 21..oooiiieniarannn. N 13 54 27 ..
E 13 54 21
07T | Mar, 200, ...l N 18 51 38
E 18 51 36
38 | Mar. 81l N
E
509 | Apr. 12 ... N
E
Sl Aprofe o N 21 1s 1n
E 21 18 00
ML May 7.l JO7
S12 i May 20 ...l N
B
S | June 5.l N
) 18
a4 ; July 7. ) I]Q‘
MEPAug. 3.l 'E\: 20 12 06
5186 | Ang. 7. N
E
BT | AngE. 20, N
B
318 | Sapt. 8.l N
B
310 [ Sept.20.. ool N
’ E
520 | Sept.24. ..l ¥
521 | Oct. N
E
522 | Qet. L
523 | Oct. E
521 | Oct. 2 N
E
525 | Oet. 27 ... il I]\'
528 | Oct. 27, . ...ooi. N
&
527 | Octs 28, oo vuiviiiiainians ?{
528 | Nov. 4. .ol N
E
529 [ Nov. B.eerieiiiiniaannnn. N
E
330 | Dee, 10, .o N
E
330 { Dee. Moo E
M2 Dee WL N
E




Note by W. R. McCann:

The Maximum Amplitudes for Seismic Station VQS in this report are at times impossible to
photocopy or scan. This is due to the fact that the bulletin was printed on very small format
paper and later bound along with much larger format paper. The binding process therefore
obscures the amplitude data. In some case the binding material, string, passes through the
pages destroying the amplitude information. Data from the affected pages (pages 96, and 98)

were written down, where possible, and are found in the table below.

Page 98, Data for 1920

VQS Amplitudes

Event Number Maximum Amplitude (mm)
492
0.1
493 1
0.8
494 1.47
0.?
495 2.6
0.2
496 -
0.2
497 0.1
0.?
498 85+
84+
499 0.1
500 0.2
501 0.4
0.3
502 3.3
1.?
503 -
0.1
504 1.1
0.8?
505 -—-
0.1
506 1



507

508

509

510

511
512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

135

0.3
0.1
0.1
0.5
4.4
3.2
1.9
2.2
0.1
0.1
1.5
0.7



1.2

530 0.2
0.2
531 -
532 1.6
3.4

Page 96, Data for 1921-1922

VQS Amplitudes

Event Number Maximum Amplitude (mm)
1 1.4
2.7
2 0.2
0.2
3 0.4
0.8
4 2.5
33.0
5 0.4
0.3
6 0.5
1.0
7 .
0.?
8 0.1
0.5
9 0.1
0.2
10 0.2
11 0.2
0.1
12 2.5
5.0
13 1.0
0.6
14 0.8
0.3
15 0.?
0.5
16 2.2



17

18

19

20

21

22

23

24

25

26

27

28

29
30

1.4?
12.8
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REMARRS.
a. Waves of drregular perind and amplitude.  Apparently two earthquakes with waves of differen (

Loeall probably from Porlo Rico
R.eiy pereeptible on N
Ir Jang waves en N bepgioning at S:03 way be L. The phave 1abmlated a« P may be PRy A
eeenrring on N at 7:32:45 and on K al 7:52:2% ix probably S1¢.
Leval felt at Vieqnes, windows ratiled.
The phase tabulated as P mav be PRy,
P uol well defined.
IFelt in Porto Rico.
Phase< nncertain on acconnt of win:l tremors,
{7 1. Preliminary phases nneer{ain.
N nal recording.
Felr in Porto Rico.
Feld hy a few persops in Viegues.
i4. Recorded on magnelograph alzo.
gt Times uncertain becinse of absence of time marks,
w7 Time marks niissing. - Times interpolated over an interval of 12 hours,
o, Felt anseveral places in Porto Rico.
Pl P well marked on E: ather phases nneertain.
(. Very faind: no definite phaes.
. Felt sirongly in Porto Rico. At 21:23:27 on N thers is a faint but deflnite distirbance.
@, Felt steongdy in Porto Rico.
5. P well defined: other phases not distinet .
@, Cansed muoceh alarm in Porto Rico. At 22:08:34 Lthe stylus of N was carried beyond the edge of the
por by 1he swing of the pendubim and did not return. 15 wenl off at 22:09:08 hni came back at 22:14:20.
Fge{:ll‘-llﬂ’w] naxita were measured to the edge of the paper.
3%, 305 P donbtful,
97. P nd L doubtfuld.
513. Repotted from Formosa.  The phase tabulated as P {s probably PR. L indeflnite.
of the imserous near-by shocks {he second phase has sometimes been labulated as § and sometimes as
_according to the appearance of the record.
ita. A phase on N at 20:07:12 i< probably PRy, 8Rj iz well inarked on IS at 20:15:33 and on N at 20:15:30.
s16. Apparently a.clight loeal shock.
itr. L uncertain.
118, The phases tabulated as P may be PRy,
39, Tha phases tahulated as P may be PRy.  There is another phase on E at 15:05:20 and one at 15:15:09,
w latter probably SRy; slso L repested at 16:41.
21, Very strongly felt at Vieques: similar to two underground explosions.
24, Phases not well defined.  Time uncertain.
525. The end overlaps the beginning of 526,
327, Faini and indefinite.
@2, P oand 2 fzint and hard to place.  Other phases at 12:43:11 on E and 12:44:10 on N,

MAGNETIC STORMS.

In the table below the relative magnitude of the disturbance is

dicated by the figures 1, 2, 3, 4. When o storm began abruptly,
the time of beginning is given to the nearest minute. For compari-
fon with similar data for other observatories the Greenwich mean
gime may be found by adding four hours.

On the succeeding sheets will be found reproductions of the mag-
hetograms showing the principal storms reduced to one-half the
priginal size. A storm selected for reproduction is indicated in the
kable by an asterisk after the date. Upward motion of the curves
!_correzspond to increasing west declination, increasing H, and inereas-
Ing Z.
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INTRODUCTION

[Latitude 18° 08/8 N.; longitude, 65° 2819 W.; elevation, 20 meters (65 feet)}

[n February, 1903, a magnetograph was installed in a room in
it [sabel Segunda, on Vieques %sland, P. R., and variation obser-
tions were continued there until April, 1907. At that time,
table buildings having been constructed for the observatory
tk, the instruments were transferred to the new site, about five-
hths of a mile (1 km.) west of the old fort. A general descrip-
n of the new building will be found in the Results for 1907 and
#8. The methods of observing are explained in Directions for
wnetic Measurements, published in 1911 (second edition in 1921),
The division of terrestrial magnetism of the U. S. Coast and
wdetic Survey, of which N. H. Heck, hydrographic and geodetic
faneer, is chief, includes both the office and field work. The
e computations and preparation of the results for publication
e in charge of the writer, assisted by Frank Neumann, O. S. Hill,
B. Goldsmith, and I. I. Kaplan, computers. The work of the
ervatory was carried on by Wallace M. Hill, magnetic observer,
to September, 1921. For the rest of the two years R. R. Bodle,
fenetic observer, was in charge. :

Up to the end of 1914 each hourly value of declination, horizontal
fnsity, or vertical intensity in the monthly tabulations represented
"momentary value of the quantity for the specified hour, local
i time. DBeginning with 1915 the published hourly values are
rage values for successive periods of an hour, beginning at mid-
ht of the specified standard meridian (sixtieth in the case of
lues). Thus a value in the column headed 1 represents the
rage value for the hour beginning at midnight and ending at
L, sixtieth meridian mean time,
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EARTHQUAKES

A Bosch-Omori seismograph has been in operation since September,
1903. It consists of two horizontal pendulums, one recording north.
south motion (N) and the other recording east-west motion (E)
In the following tables the times are Greenwich mean time counted
from midnight.

Period of pendulums: N, 19 sec.; E, 17 sec.

Multiplication, 10.

Steady mass, 10 to 12 kg.

Register of earthquakes

Compo- N Maximoy
Nuwmber Date nent P 8 L M C r amplitude
1921 hom.s. |bh.m s |h-m 8 [h.m s | b om | b om mm.
l.oeo.......|Feb. 4 E 82820 83230 | 83440 | 83620 | 843| 018 1
N oo o oo 0| 83446 83510 S44| 902
I Feb. 27 E e oo | oo - |101855 (192022 | __ .| 1025 §
N ... .| 191800102110 192140 - .| 102 )
F Mar. 26 E 2245928 | . o . . . ._[224627| 7| 2253 i
N 224534 | . .. . [224556 [224615| __ .| 22351
4 Mar. 28 E 7T5415| 75817 80000 | 80230 | S0 842 7
N 76415| 75817 | 80045| 80520 | 810 827 3
B Apr. 14 E 1758 10| o 0 .| 175823 |17.5827 . .| 1803
N 175811 | .. .- __|178825(175837 | __ .| 1801
6 .. May 22 E 182314 | 0 - __|182339 (182421 | __ _| 1831 .
N 1823 14 | .. .. .. | 182338 (182404 | __ .. | 1830 L
Y Sepl. 11 E Wy 1 T e R — e 605 | oo
N 42706 | . _ .| 48920 50100, ._ .| 546
8 . Oct. 20 E - -. .| 61608 | 61018 | 61033 | G| 636
N 61033 | 61609 | 61918 | 61931 | __ __| @30
[T Oct. 30 E 04013 | __ .. .| 94933 | 94039 | . | o5l
N 0 49 20 R T T 9 51
W Nov. 11 E PR 1953 16 | 20 1508 | 20 25 ( 20 39
)3 SR Nov. 13 E 3 46 02 348 42 | 8 40 22 8 51 010 ”
N 3 46 15 34854 | S490L| 558 ( 006
12 . Dec. 18 E 15 33 50 e o | 1537 2 ‘ .| 1819 2
N 15 33 50 _ 153728 . __| 1802 5
W Dec. 22 E 204343 | . . . | 2044 23 |20 44 44 2046 | 2050 1
N 204332 | - .- .. [ 204423 (204456, 2045 20 50
1922
W Jan. 3 E 11235 | ... | 11257 11313 ‘ . 127
N I N B TR T U T S T 119
15 Jun. 6 B i oD TIT 143504 |14 a7 37 ‘ T e
N coee oo | e e | 143483 | 143740 1 D T 1449
6. .. Jan. 9 B 51389 | .. . _| 51827 518 34 523 6 23 3
N 51359 | 51740 | 51002 51922 | 523 5 55 !
| Jan. 17 E 35457 . . .| 35734 3584l 4 05 437 17
N 35457 __ . ._ | 35734| 35349 | 405! 432 2
1B Jap. 31 E 1327 03 | 13 34 53 | 1346 24 | 1234746 | 13 60 | 14 28 |
N 1327 03| 133511 | 134450 | 135015 | 1353 | 14 23 2
19, e Fob. 16 E 31032 32314 | 32458 34047 | ._ __| "350 J.
N 31949 | 32330 | 32732 | 3955 - .| 340 b
20.__......_.| Mar. 23 o] 456250 | . .. ._| 45316| 45313 - - | 456 !
N 45250 | . .. .| 45306| 45312 453| 4843
Qoo ._..___| Mar. 23 E N R, 58218 | __ __ _. e 5 56 -
N ee oo .| 55218 .. - o 5 58 -
b Mar, 26 o} oo 223818 |2A@a027 | 0| 2347 |
N - .- 233801 !233836! - ! o347 g
B . Adar. 28 E 41057 | 41403 41433 | - | "a21 1
N 41057 | 41431 | DT a4t
Apr. 2 E e oo |200341]200711 ] - .l 2025 ’
N e ee - |200808 )| . . 20 11 | _eoen
May 2 E o - - | 2024301202434 2025! 202 !
N L. - | 202430202434 20925 2028 :
D J May 11 E 64534 | 65057 | 65756 .. __| 705
N 64914 | 865030 . __ __ | - 2| 701 wmmeeer]
. S Jupe 12 E 5002 | 50627 | 50042 | __ __| 527
N e - | 50128 | 51317 51547 | .. . 522
28 ... June 18 E e s 20017 2201022 DD 2012
N ceee e | e o007 201022 0| 2013
29, . Sept. 1 N R - - |203222|23432| - " | 2041
30 e Oct. 5 o] 22203 | o ol - ... |289217| 8B B3R
N Wl oo o 0 l2me225) 2304l 2308



Note by W. R. McCann:

The Maximum Amplitudes for Seismic Station VQS in this report are at times impossible to
photocopy or scan. This is due to the fact that the bulletin was printed on very small format
paper and later bound along with much larger format paper. The binding process therefore
obscures the amplitude data. In some case the binding material, string, passes through the
pages destroying the amplitude information. Data from the affected pages (pages 96, and 98)

were written down, where possible, and are found in the table below.

Page 98, Data for 1920

VQS Amplitudes

Event Number Maximum Amplitude (mm)
492
0.1
493 1
0.8
494 1.47
0.?
495 2.6
0.2
496 -
0.2
497 0.1
0.?
498 85+
84+
499 0.1
500 0.2
501 0.4
0.3
502 3.3
1.?
503 -
0.1
504 1.1
0.8?
505 -—-
0.1
506 1



507

508

509

510

511
512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

135

0.3
0.1
0.1
0.5
4.4
3.2
1.9
2.2
0.1
0.1
1.5
0.7



1.2

530 0.2
0.2
531 -
532 1.6
3.4

Page 96, Data for 1921-1922

VQS Amplitudes

Event Number Maximum Amplitude (mm)
1 1.4
2.7
2 0.2
0.2
3 0.4
0.8
4 2.5
33.0
5 0.4
0.3
6 0.5
1.0
7 .
0.?
8 0.1
0.5
9 0.1
0.2
10 0.2
11 0.2
0.1
12 2.5
5.0
13 1.0
0.6
14 0.8
0.3
15 0.?
0.5
16 2.2



17

18

19

20

21

22

23

24

25

26

27

28

29
30

1.4?
12.8
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i |
Compo- Maximum
Number Date nent P 8 L M C F amplitude
) O, Oct. 11 l E 14 56 47 | 15 02 13 | 15 08 50 | 15 05 00 T 15 268 4
N 14 56 41 * 150208 | 15 08 58 | 15 11 ——m 15 20 NS
L) Nov. 4 E e em e e - - | BBBYT Lo | -l 541 .1
N e a- ceoa - | BBTBT| . - - — - 5 42 L
., Nov. 11 E 441 111 448 12| 45628 | 60220 503 8 00 32,0
N 44105 | 44750( 45815 504 .. 517 740 80.0
L S Nov. 19 E e eeam | em | OBT 48| . . R QB8 [ooccaeomaes
N e eeee | e om = | BBTAR| . - - 9 b8 1
R, Dec. 18 E 123531 | .. . _.|123543 (128819 | .. _. 13 12 7.8
123534 .. . __|123608]1236387| _.._..| 1264 15.0
P Dee. 27 E e emem | e o 2| 34238 .. .. - - 348 | oo
N e e bl o] B 4238 o oo o - 849 |-

REMARKS

1. Phases woll defined. A=2,560 km. PR;at 8:29:00; SRy at 8:33:33 on E and 8:33:25 on N.
2. Phases obscured by wind tremors.
4. Preliminary phases well defined. A=2,460 km. On N PRy appears at 7:54:52 and SR, at 7:59:17
5. Light local shock. Noticed at Vieques as similar to a distant explosion.
7. P and L Interpretations doubtful.
9. Local shock. .
10. 8 and L interpretations doubtful. Records partly obscured by wind tremors.
11. P interpretations doubtful.
1% He%g 11cnicrosei:am prevailing. Maximur occurs during 8. No L waves evident.
13. A= m.
14. Local shock. Felt by a few persons. Recorded on the magnetograph.
15. An emergence occurs at 14:42:01.
16. L not clear. Recorded on the magnetograph from 5:15 to 5:18.
17. Recorded on the magnet?jrapb: P, 2:55; L, 3:58; I, 4:11. An emergence occurs on I at 3:58:28.
20. Local tremor. L doubtful.
21. Very slight tremor. L doubtful. An emergence occurs at 5:55:19.
22. Local. Recorded on the H variometer at 23:37.
23. An actual masimum of 0.4 mm. ocears at 4:11:07 on N, L weak.
2. Activity on N barely perceptible. )
25. Local shock. Recorded on the H variometer at 20:24. L Interpretation doubtful.
28, S interpretation doubtful. No definite masimum on N.
27. A=4,520 km. 0=4:47:15. PRie at 4:56:44; PRy at 4:56:33; L:e at 5:08:05.
23. Felt in Vieques. Recorded on H variometer at 20:10. L interpretation doubtful.
30, TFelt in Porto Rico. P interprétation doubtful. An impulse oceurs at 23:22:22 on N.
31. A=3,620 km., O=14:49:51. PRy~ at 14:57:51; SRye at 15:04:46; SRin at 15:04:51.
N326 Lgsca] shock. Recorded on M variometer. L interpretations doubtful. An emergence occurs on
at 5:38:32. f
33. A=5,030 km. 0=4:32:34. PR at 4:43:13; ev at 4:45:41; PSe (?) at 4:48:38; SRie &t 4:51:15; cSRin
at 4:51:37; Laeat 4:58:12; eLov at 5:02:00; iw at 4:59:35. N trace off paper. Recorded on the magnetograph.
34. Felt in Vieques. L interpretation doubtful.
35. Felt in Porto Rico. Recorded on the magnetograph. Tremors superimposed on the P waves.
36. Local tremors. L interpretation doubtful.

MAGNETIC STORMS

In the table below the relative magnitude of the disturbance is
indicated by the figures 1, 2, 3, 4. When a storm began abruptly,
the time of beginning is given to the nearest minute. or compari-
son with similar dafa for other observatories the Greenwich mean
time may be found by adding 4 hours.

On the succeeding sheets will be found reproductions of the mag-
netograms showing the principal storms, reduced to one-half the
original size. A storm selected for reproduction is indicated in the
table by an asterisk after the date. Upward motion of the curves
901'r%sponds to increasing west declination, increasing H, and increas-
ng Z.
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INTRODUCTION

[Latitude 18° 08’. 8 N.; longitude, 65° 26’. 8 W ,; elevation, 20 meters (65 feet)]

In February, 1903, a magnetograph was installed in a room in Fort Isabel Segunda,
on Vieques Island, P. R., and varation observations were continued there until April,
1907. At that time, suitable buildings having been constructed for observatory work, the
instruments were transferred to the new site, about five-eights of & mile (1 km.) west of
the old fort. A general description of the xéw building will be found in the Regults for

Directions for Maghetic Meas-

1907 and 1908. The methods of obserying are:explained in .
urements, published in 1911 (third edition in,1980), - - .. .

The division of terrestrial magnetism. andseismology of the Coast and Geodetic Survey
has supervision over the office, field, and obseryatéry work in terrestrial magnetism. Dur-
ing the period covered by this report, N, H. Heck, hydrographic and geodetic engineer,
was chief of this division. The work of the observatory -was of R. R..Bodle,
magnetic observer, until June 13, 1924, and aftef that in chifrgé 61 J, B. ‘Goldsmith, mag-
netic observer, until the operation of the observatory was discontinuad én October 31, 1924.

The office computations and preparation of the resilts for ‘u“,(fjlt;caﬁon were in charge
of the author and the assistant chief of the di D, L. Hazard, agsisted by F. Neumann,
0. S. Hill, and Augustine McCarthy, mathematicians, ; A. Hill, Louis P. Sissman,
and John Hershberger, magnetic observers: -~

Up to the end of 1914 each hourly value of de

sfion, Hofizontal intensity, or ver-

tical intensity in the monthly tabulationg repfesénpe‘é;tﬁé m nentary value of the quan-
tity for the specified hour, local mean time. - Beginning with: 1915 the published hourly

anhom,'begmmng at midnight ac-
, the-¢ase of Vieques. Thus a value
for the Hour beginning at midnight

values are average values for successive pefl 0
cording to the mean time of the sixtieth meri 1
in the column headed 1 represents the average value

and ending at 1 a. m., sixtieth meridian mean tiive.
INSTRUMENTS.

VARIATION INSTRUMENTS

The magnetograph is of the Eschenhagen pattern and consists of a recording ap-
paratus and declination (D), horizontal intensity (H), and vertical intensity (Z) vari-
ometers. Increasing ordinates (upward motion of the curves) correspond to increasing
west declination, increasing horizontal intensity, and increasing vertical intensity. Vari-

1
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EARTHQUAKES
A Bosch-Omori seismograph has been in operation sincts Septeizbear, 1003. It consists

of two horizontal pendulums, one recording nqrth—south mgotion (N).and the other recording
east-west motion (). The constants of the instrumentys were as follows:

E. N.

Steady mass....._....—.-- kilograngds__ 10 10

Multiplication . o oceammeo o S, 10 10
Period from—

Jan, 1, 1823 --Se#sonds.-| 17.3 18.2

Mar. 4, 1924__ o...do____| 17.8 19.2

June 19, 16242 Slde} 178 | 150

The following table is a register of the exarthquakes recorded by the seismograph. The
time is Greenwich mean time counted froni midnight. In order to find a place in the table
for impulses and emeriences which haves not been indentified with any phase of the seis-
mogram, the times of their appearancess have often been included in the column headed P,
and sometimes in the columns headed S and L. The quantities given in the last column
are the actual movement of the stylus (one-half of the maximum range) as measured on
the seismogram. ) o ' .

On January 31, 1925, the Préesident approved an act of Congress, which authorized
the Coast and Geodetic Survey to make investigations and reports in seismology, and in
accordance with the provisions @f this act, the scope of the work of this bureau in seismology
has been enlarged, and its imiportance has been felt to warrant the issuance of separate
publications for the seismolo-gical reports.

Register of earthquukes
No. Date oo P 8. L M o | F | a4
1923 h. m. s . m. 8. h.m. 8. | h. m. 8. | b. m.|h. m. mm.
1| Jan. 22 E 9 22 04 oaoosguos 9 58 0.6
) N 9 13 53 21 43 40 2 9 56 0.6
2 | Feb.8 E 16 52 15|17 00 85|17 08|19 25 25.0
ab, 2 II::I fen® 8 81 42 8 3 33'2
3 | feb, % ; N . : 8 32 10| . 8 51 0.1
4 | § s, 15, E i6 03 43 6 04 83 6 15 3.3
. N i6 03 43 6 28| 6 05| 6 18 45
5| May4 E |el7 40 49 18 18
|- N |el7 42 43 618 01 16 18 16
6 May4 - E 02 38 2| 2 40 0.1
N [|e28 20 5 e23 38 53 2¥4o 0.1
7.| yune 10. E el 32 28 132 48 37 0.1
it N el 82 21| .- —— 132 48 187 0.1
8 | AUE. 8 E |e12 03 25| e12 04 10 ( 012 05 00 |13 05 18 [-ooecmv 12 14 0.2
o N |1i12 03 17| e12 04 03 | e12 05 10|12 05 16 12 18 0.2
'K g.;rz.zs E 823 22 46] e23 31 22| e23 36 b4 .| 2B 52 0.1
10| Bept. 1 E e3 10] 03 27 10| o3 47 42| 4 16 20 4 20| & 30 0.3
N 3 10 20| o3 30 36| od 06 02| 4 11 55| 4 22| 5 10 2.5
11 | Sept. 2 E . 63 49 11| 8 55 21 4 16 0.1
13 'Sept. 2 -] E [e22 50 02 22 52 32|22 50 07 B 02 0.4
T N |e22 49 43 22 52 36122 50 0B 22 56 0.6
13 | Sept. 30. E 132 140 53| 1 42 00| 1 44 2 07 0.3
L N 1523 13 21 14903713 38|14 20 0.8
141 06t 10... E 7 22 43 _ L.
N 7 21 2 7 20 28 7 40 27 7 48
1671 Noy. 2 E |e21 50 59 |.. 22 13 40 |22 15 &7 .22 32 0.5
N N |e22 17 01 22 19 85 (22 21 3 22 27 0.1
18 | Nov, 3., E-| 83 2 8 40 53| 8 42 2| 8 41 p 18 24
N 8 8 22| 840 34| 8 40 58| 8 41 54| 8 43| 8 &7 9.8
E : el 14 33 . 128 0.2
N el 15 48 1 28 0.1
E 010 03 54|10 05 46 |.-... ..[10 24 0.8
N 010 06 42 (10 06 22 10 18 0.1
B 1024
19| Mar.4 E 110 12 30| 110 26 12| 110 17 30|10 20 38|10 26 8.0
i ] N [ 110 12 30| 110 16 18| 10 17 47|10 18 47 ig 42 3.6
20| Maps4- E 11 48 28| 11 52 12| ell 65 18 (11 &6 18 10 0.2
% N N 11 48 29| 11 52 ell 13 00 0.1
21 Mar. 11 | E 10 45 49| 10 49 39| 10 52 34 |10 55 06 1 0.5
E N 10 45 67| 10 490 52| 10 51 61|10 50 00 11 06 0.3
22 | War, 24 B 20 83 68| 20 37 42 20 38 03] .-, 20 59 0.3
) N 20 33 53| 20 37 49 |-ceocoo oo o 20 88 00 |--_..._. 20 46 0.2
23 | Mar. 25, E 14 11 20| 14 15 18| 14 19 02 14 34 0.2
o N 1411 37| 14 15 14 22 38|14 22 52 ... 14 28 0.2
% ApE.18... E 1 26 50 A 0.2
| Apr. 14 E 18 40 49 17 33 47 |17 43 26|18 18 24 1.0
ey N 16 40 37 17 36 85|17 42 58|18 18 18 2.1
2671 Apr.18.. E 6 48 39 i 8 47 6 49 0.2
N 6 48 30 26 48 451 16 48 47| | 6 49 0.2
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Register of earthquakes—Continued

Com-
No. Date porient P 8 L M (s} F A
1924 h, m. h. m, 3 h. m. s |h m e |h m | h, m| mm,
27 | Apr.2t E | % 07 64| 20 15 03| 20 18 48 % 8| "o.a
) N 20 08 09 20 13 06 20 18 10 20 21 0.2
28 | Apr. 22 E 15 - 5 43 15 g 0.5
: N 15 4 0.8
20 | May 1 E 21 01| 184
N 20 30 13’8
20 | Moy 27 N 3 o3
31 | June 2 E 11 44 0.2
N 2 . . 11 39 0.2
32 | June 19 - E e2 17 10 2 19 0.1
N e2 17 12 |___.. _ 2 10 0.1
83 | June 26 E 2 00 2 18 25 2 381 37| 2 82 10 3 61 0.8
N 82 02 25 2 18 12 |.___
34 | June 30_._... E 0l8
N elg
35 | July 6.- E 14 29 38 14 52| 0.2
N 14 33 19 14 48 0.1
36 | July 11 E 56 12 21 2| 0.1
N ———- 21713
37 | July 22.. N ed 14 86 |-l o] 4 18 0.1
38 | Aug. 21 E e 16 .48 15|18 49 |16 b6 0.3
N e 16 48 20 | 18 48 | 16 66 0.5
89 | Sept. 17l E e7 08 02 -] 714 0:5
R N e7 06 02| 7 06| 7 14 0.9
40 | Ocb, 14ecmoe oo E 5 09 54 |.oe..-. 5 80 0,8
N 5 10 18 |-----—- 5 30 1,0
4L | Oct, 18 oot E 23 14 15 23 41 0,3
N 23 14 07 |- 23 22 8.-1
42 | Nov. 1 - - B 66 00 47| 6 04 60| b5 10 00 |ouoomncfomacaa 5 15| 1
N 85 5 2l 0.1

REMARKS

1. O at 9:04:08, dlsbanca 6,240 km,; PR 02 E at 9:17:07; Lz on E at 9:32:07 and on N at 9:36:46; ™ llminary phases very wi
2. e PRyon E at 16:19:33; SRz on E at 16:39:48 and on N at 16:39:44; ¢ on E at 16:42:05 and op,  at 16:45:36; N stylus oﬂ sheet at 16:65:13 ;.
paper changy durmg P, and pendulum adjusted during 9.
3. e on E at 5:24:18 and on N at §:23:
4. e on E at 6:04: 59 waves superlmposed by tremors of 2 or 3 sec. period; felt in Porto Rico, especially near Mayaguez,
5. Nothing definite
7. Loeal tremors,
9. B&rely %reeptible. nothing on N; probably off.end of Lower California.
10, 8R; on N af 3:35:48; no deéfinite hases
11, Possibly a few long waves on N.
12. i on both gt 22:50:05; M3z on E ak
13. O at 1:20:45, distsnce4720km P 2011 Nat;13048,eonEat13840andonNat13857, M3 on N at 1:41:20.
14. Oat7: 11,.04, distance 6,700 km,; activity barely perceptible; O based on 8 nd L.
16. Tremors sq] erlmpose(f on the: long waves.
17. Heavy wind tremors.:
18. Wind ttemots obscure. préliminartes,

19. O at 10:07:53, distance 2,220 km.; iSR on both at 10:16:40; M3 on N at 10:23:38; tremors on K confinue to next earthquake.
Oatl ﬁl, distance 2,230 km.; e on E at 11:53:24; no definite maximum on

04atl , distanes 2,320 km no definite maximum during L on N component
0O at 2 07, distance 2,300 km.; no definite L phase.
0 at 13i04:43, distance 2,300 km.: no definite meximum on E.
Severe wx%d tremors prevailing.
at 18:20:23, distance 16,700 km,; P8 on E at 16:54:46; SR1 on E at 17:03:48 and on N at 17:06:39; SRz on E at 17:00:19; ¢ on E at 17:24:04;

Lson E at 17:39:09 and on N at 17:38 :49; origin based on Lig and SRsg

Fealt by many in Vieques; nofse as of exploslou or escaping steam, according to some reports,

0'at 20:01:20, distance 3,420 km.; PR on E at 20:08:5

Félt by a few {n-Vieques,

e on E af 20:06:12 and 20:09:24 and on N at 20:06:07; phases not characteristic; waves u-regular in period and amplitude; gentle tocking
motion felt at the local police statfon; SN—Px gives distanoe=2 320 km. and 0, 1

30. At Portde Paix, Haiti.

31. On Martiniqme.

32, Vibratlons very rapid, less than 1 second probably.

33. N record iriconiplete.

34 o%waves, short waves barely perceptible.
35. ,020'km.; e on E at 14:28:05 aﬁdonNal;14.28'33 Lson N at 14“33(?!
36, e on E o ésmandzomza L:onEatzouzoandonNatzoss

37. E record obsctired by ragged tr:

38. 1on N at 16:48:08; r ecsorded on the ‘magnetograph; LE and LN have tremors superimposed,
39, Felt in Vieques and

40, O at 5:00:35, distgnce 1,970 km eon N at 5:08:30.

41. O at 23:05:22, distarice 2,33

42, O st 4:55:43, “distance 2,470 km ‘oon N at 5:03:66 anq 5:05:43; record weak.

MAGNETIC STORMS

%tf\emc “disturbances of considerable magnitude were recorded at the times given
in the following table. The times of beginning are the standard mean times of the sixtieth
meridian. When a storm began abruptly, the time of beginning is given to the nearest
minute.

The severity of magnetic disturbance is graded according to a scale running from 1
to 4. A moderate disturbance is given the characterization 1, while class 4 is reserved for
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