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RESTLTS 0F OBSERVATIONS MADE AT THE COAST AND GEODETIC SURVEY MAGNETIC
OBSERVATORY NEAR TUCSON, ARIZONA, IN 1909 AN 1910,

INTRODUCTION.
Latitude, 32° 14/.8. Longitude, 110° 50°.1, Elevation, 770 meters (2,525 feet).

As the improvised building for the variation instruments at Baldwin, Kans., was of such
a character as to detract seriously from the accuracy and value of the results obtained, and
as the increasing density of population in that region presaged the introduction of electric
car lines in the near future, it was decided to transfer the variation instruments from Baldwin
to some place in the southwestern part of the United States. After an examination of numerous
localities a site was selected about 8 miles (12.9 km.) east of the city of Tucson, Arizona.

By Executive order of June 3, 1909, the northwest quarter of section 5, township 14 south,
range 15 east, Gila and Salt River meridian, containing about 173 acres, was set apart for the
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use of the observatory. It is in & comparatively level and open country, rising gradually to
mountains on the north and west. The plans for the observatory buildings were prepared by
W. B. Keeling, magnetic observer, and their construction was begun under his direction in
the latter part of June, 1909. After the death of Mr. Keeling early in July the work was put
in charge of E. Mueller, assistant, and the buildings were completed under his direction. The
instruments were ingtalled by W. F. Wallis, magnetic observer, and put in operation on Novem-
ber 16, 1909, and he had charge of the observatory work up to the end of August, 1910, when
he was relieved by I.. W. Weed, maghetic observer.

BUILDINGS.

The building used as an office and quarters for the observer in charge is a little southwest

of the center of the tract. 1t is a one-story brick building ahout 30 by 40 feet in size (Fig.A).

The variation building (Fig. B) is about 700 feet west of the office. It is above ground,

made of wood, of the same general design as the one at Sitka, Alaska. It is 28 by 32 feet, with

a vestibule on the west end 10 by 12 feet. The wall insulation, beginning from the outside, is
b



6 TUCSON MAGNLITIC OBSERVATORY.

as follows: Six-inch free-air space (between studding); 40 inches of sawdust; 6-inch dead-air
space; 26-inch air space (corridor); 15 inches of sawdust. The instrument room is 12 by 16
hy 7 feet. Below this room the insulation consists of 24 inches of sawdust and a 12-inch air
space next to the ground. Above the room: Two-inch air space; 13 inches of sawdust; 32-inch
alr space connected with the corridor; 24 inches of sawdust; open loft. To enter the instru-
ment room one must pass through six doors, two at the entrance to the vestibule, two atl the
entrance of the building, and two at the entrance to the instrument room.

By this means the average diurnal variation of temperature in the instrument room is
kept down to about 0.1° (', as compared with about 20° outside, but the effect of a prolonged
change of temperature is more marked and the annual range is about 15°. The outer sawdust
packing was not put in place until August, 1910, and its insulating effect on the inside tempera-
ture was not as much as had been expected.

Fie. B.—Variation and absolute huildings.

Monthly and annual range in temperature (Centigrade).

} } Inside of variation building : Outside of variation building !
| i
{ | l | [ s
Month ! i
|‘ } ]:ll,l?'lxn‘l Minimum! Range | Mean Mesn | Range A&r:irl;ge
i : ‘ . 1‘ range !
| - P —_—— | |
! 1910 i <] 'O E -] i < ' 0 : Q =] ‘
| Jamuary...| 17.8 | 133 | 45 | 159 | 10.3 | 324 | 145 |
| February....' 16.4 | 142 | 22 | 152 | 10.8 | 326 | 183
. March........ l 2.6 | 165 | 51 {196 , 17.5 | 3L1 | 193 |
DoApril......0 237 | 18.8 49 . 20.8 | 19.5 | 324 | 211
- May... ... ' 27.0 | 226 44 | 239 | 240 | 37.8 | 22.4
' June........ 986 | 267 18 ' 2n7 218 | 30,9 . 213
Tuly. 30.4 | 27.8 26 29.2 | 296 264 1.2
August....... 30.8 | 28.9 1.9 i 209 | 209 242 | 154
September..| 20.4 | 28,1 1.3 ; 29.0 ' 282  30.5 18.8
October....... 28.7 | 23.7 50 | 266 | 21.6  87.7 ; 19.8
November... 24.5 | 2L.1 3.4 .22.8 | 1563 361 ' 20.2
December...! 21.0 | 17.1 39 , 103 123 , 348 197
Il '
—— ] | | ‘ ‘
Year....! 80.8 | 13.3 ' 17.5 | 23 | 2.6 ' 52.8 | 19.0 |
|

The absolute building (Fig. B) is about 100 feet north of the variation building. It is built

of wood, with double walls separated by an air space of 24 inches, the inner dimensions being
8 by 12 feet.




CONSTANTS OF THE MAGNETOGRAPH. 7

In 1910 & scismograph building was constructed about midway between the office and the
variation building. It is 7 by 10 feet inside dimensions, with concrete walls and an outer casing
of plank to keep out ground water. The roof is about 4 feet above the ground level, but the
excavated material was banked over it, so that it is practically an underground building.

An ample water supply is obtained from & well near the office building, 104 feet deep.

INSTRUMENTS.

The instruments which had been in use at Baldwin were transferred to the Tucson observ-
atory.
VARIATION INSTRUMENTS.

The magnetograph is of the Eschenhagen pattern, consisting of a recording apparatus and
D, H, and Z variometers. The variometers are mounted west of the recording apparatus.
Upward motion of the curves on the magnetogram corresponds to decreasing east declination,
increasing H and decreasing Z. Variations in temperature are recorded by a thermograph
attached to the Z variometer, but it is possible most of the time to determine the variometer
temperatures directly from the morning and afternoon thermometer readings.

ABSOLUTE INSTRUMENTS.

Absolute observations of declination and horizontal intensity were made with India Mag-
netic Survey pattern magnetometer No. 30. Dip observations were made with Kew dip circle
No. 4655 up to December 23, 1909, and with Kew dip circle No. 15 after that date. The
chronometer corrections were obtained by means of time observations with sextant, using the
method of equal altitudes of the sun.

Daily meteorological observations were made with a set of instruments supplied by the
United States Weather Bureau.

CONSTANTS OF THE MAGNETOGRAPH.
DECLINATION VARIOMETER.

The D variometer was mounted so that the face of the fixed mirror was 1,720 mm. from
the recording cylinder. The torsion of the fiber is very small, only 3’.7 for 30° torsion and
the scale value 1 mm. =1’.00 was used.

HORIZONTAL INTENSITY VARIOMETER.

Much difficulty was experienced in securing a satisfactory adjustment of the H variometer
and frequent readjustments necessitated frequent scale-value determinations. The results
show a variation of scale value with ordinate amounting to about 0.006y per mm.

H scale value.

- Ob- Com- : Ob- -
Date h se?;[')e-d gggd Date k served | puted Date h served glggeld

1909. mm T T 1910. mm 7 r 1910. mm 7 y
Nov. 25 10.8 2.08 | 2.08 | June 10 | 43.0 | 2.37 2.40 || Aug. 25 33.6 | 2.44 2.44
30 [— 65.1| 1.98| 1.98 21 |—47.4 | 1.89| 1.85 30 [—-10.9 | 2.17 | 2.17
Dec. 4| 28.2| 2.19| 2.18 23| 40.6 | 2.25| 2.23 31| 43.1| 2.54 | 2.53
30| 24.3 2.18 2.16 || July b |—67.4 | 1.65 1.69 || Sept. 71-19.4 | 2.22 2.20
1910. 6| 46.6 | 2.26 | 2.26 8| 48.6 | 2.57 | 2.56
Jan. 28 |— 9.4 | 1.94| 1.96 14 |—29.2 | 1.90 | 1.88 19 |—21.6 | 2.19| 2.19
31 36.6 | 2.42 2.42 15| 44.4 | 3.49 | 3.49 21 30.4 | 2.46 | 2.46
Feb. 28 4,9 2.25 | 2.22 25 |—-16.9 | 3.12 | 3.12 | Oct. 4| 48.4| 2.56 | 2.56
Mar. 71— 28| 216 | 2.18 27 | 36.5| 3.55| 3.55 | Nov. 1|—47.0| 2.08| 2.06
8| 42,8 2.45| 2.46 | Aug. 3|—8.4] 3.20| 3.29 3, b0.7| 2.66| 257
. 31 |— 2.4 2,17 | 2.18 5| 42.2 | 2.43 | 2.4 28 [—19.6 | 2.17 | 2.20
| Apr: 1| 27.1| 2.37| 2.36 10 [-10.6 | 2.12 ! 2.13 | Dec. 21 49.6| 2.33| 2.81
| 29 |—22.9 | 2.327 2.06 117 46.8 1 2.49  2.47 12| 41.3 ) 2.27 2.26
i 30| b55.2 | 2.55| 2.54 19 (-19.0"' 2.08: 2.08 | 15 0.6 201} 2.02
May 26 (—43.0| 2.08% 1.93 22 | 10.9 | 2.48 | 2.47 29 [—-26.6 | 1.86 | 1.86
27| 42.8| 2.40 | 2.40 24 |— 2.3 2.38| 2.39 30| 1.6 | 2.256| 2.26

June 9 [—46.1( 1.85| 1.86




58 TUCSON MAGNETIC OBSERVATORY.

EARTHQUAKES.

A Bosch-Omori seismograph was mounted in the seismograph house in September, 1910.
It consists of two horizontal pendulums, one recording east-west motion (E), and the other
recording north-south motion (N). Below are tabulated the earthquakes recorded up to the
eud of 1910:

Period of pendulums: s s.
September. .. ... e e N, 7; E, 22
October, November. (... i it e e o N,11; E, 18
B TS 1Yo T3 N, 20; E, 20

Magnification ...... . ... L e 10

Steady Mass . . ..o i e iieieie e eaaae s 10-12 kg

Register of earthquakes.

. \ E :
' Comi- | First P.T. | Second P.T, | Large waves ; End of ‘
No. | Date | A0 begin bogin gegm Meximum p;lorrlggggl End . gﬁ;{ﬁl&h’g
!
1910. h. m. s. . m. s. h. m. s. h. m. s. h. m. h.om. | mm.
1 | Sept. 22 N 12 47 33 12 50 23 12 52 29 12 52 59 12 54 12 59 0.3
1 22| E 12 47 33 12 50 33 12 52 28 12 53 03 12 b4 13 00 0.4
2 24| N 337 35 3 41 43 3 44 38 3 47 18 3 51 4 06 5.0
2 24| E 337 23 3 41 41 3 44 39 3 48 09 3 51 4 05 4.8
3 24| N 4 06 51 . 4 07 31 4 08 00 4 11 4 22 2.1
3 24| E 4 06 43 e - 4 07 23 4 08 15 412 4 20 2.4
4 [Oct. 4| N 23 10 54 .. .- 2319 45 23 20 50 R 23 15 0.1
4 4| E 23 11 00 e e e 23 19 42 23 20 36 S 23 45 0.1
5 |Nov. 6| N 20 36 08 20 40 44 20 45 18 |- 20 46 35 20 51 21 56 1.1
b 6| E 20 36 00 20 40 30 20 45 19 20 46 13 20 50 21 25 2.3
6 9| N 6 16 22 6 26 18 6 39 32 7 02 45 e .. 0.3
6 9| E 6 15 00 6 25 51 6 43 40 7 02 10 ce - 0.1
7 9| N ce e 8 16 24 8 36 10 8 49 0.2
7 9| E e e 8 15 46 8 36 00 i 0.1
8 26| N 4 58 48 5 04 56 5 18 23 5 42 12 5 45 .- 0.4
9 | Dec. 10| N 9 40 02 9 50 51 10 04 36 10 11 46 10 24 10 52 0.3
9 10| E 9 40 00 9 50 47 10 08 01 10 11 40 10 30 11 05 0.2
10 13| N 11 59 41 e e . 12 36 43 12 53 56 13 04 13 54 0.4
10 13| E 11 59 43 ce v .. 1236588 12 55 52 13 02 13 b0 0.4
11 16| N 15 05 08 151446 1 .. .. .. 15 39 56 U 16 56 0.3
1 16| E 15 04 50 16 14 46 15 40 31 15 50 26 e e 17 02 0.6
12 28| N 16 25 17 e - 16 25 54 16 26 30 16 28 16 35 0.2
12 28| B 16 25 07 e e 16 26 01 16 26 17 PR 16 37 0.2
13 28| N 17 30 28 e e 17 31 17 17 31 53 17 34 | 17 40 0.4
13 28| E 17 30 32 e e e 17 31 17 17 32 09 17 33 17 42 0.3
14 28| N 18 05 26 e o e 18 06 04 18 06 36 18 08 " 1815 0.3
14 28| E 18 05 17 e e e 18 06 11 18 06 33 18 08 18 18 0.2

REMARKS.

Nos. 6 and 7: Apparently two earthquakes overlapping, the end of the fiest being confused by the beginning of the
second.

No. 8: Appacently a very distant carthquake. Nothing shown on E.

Nu. 11: Paper changed between 15.26 and 15.36, and instrument not working well for a short time thereafter.
Beginning of large waves and maxinmum doubtful.

Nos. 12, 138, 14: Very similar to each other, and probably of common origin.

MAGNETIC STORMS.

Magnetic disturbances of considerable magnitude were recorded on the days tubulated
below. The relative magnitudes are indicated by the numbers 1, 2, 3, 4. When a storm began
abruptly, the time of beginning is given to the nearest minute. For comparison with similar
data for other observatories, the Greenwich mean time may be found by adding 72 232,

On the succeeding pages 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. Upward motion of the curves corresponds
to decreasing east declination, increasing H and decreasing Z.
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100 TUCSON MAGNETIC OBSERVATORY.

EARTHQUAKES.

A Bosch-Omori seismograph has been in continuous operation since September, 1919,
It consists of two horizontal pendulums, one recording east-west motion (E) and the othey
recording north-south motion (N). The times in the table below are Greenwich mean time,
counted from midnight.
Period of pendulums.

N E N E

s 8 , 8 8
Jan. to June, 1911........... 20 21 Sept. 24 to Nov. 10, 1912..... 27 18
July to Dec., 1911........._. 29 24 || Nov. 10 to Dec. 20, 1912.. .. .. 22 19
Jan. to Aug. 21,1912......... 19 26 Dec. 20-31,1912. . ... ..... 18 18
Aug. 21 to Sept. 24, 1912. ... 24 26 .

Magnification, 10; steady mass, 10-12 kg.

Register of earthquakes.

Maxi-
o | FirstP.T. | Second P.T. | Latgewaves | ppo oo Endof End | mum
No | Dete | po | FRGET || M pricion smpl
1911. h m s h m s h m s h m s hon h m mm
15 |Jan. 3| N 23 44 00 23 53 42 24 15 48 24 34 18 24 46 25 56 6.5
E 23 43 b4 23 53 24 24 15 24 24 27 21 24 45 25 23 1.6
16 10 N 10 45 10 ce e - e 10 46 59 A 10 52 0.3
i B 10 44 59 ce e . e e e 10 46 35 e 10 50 0.3
17 - 21 N 15 09 05 15 09 16 15 09 31 16 09 59 16 10 16 16 0.1
B 15 09 05 16 09 15 15 09 29 15 09 36 11 16 17 0.2
18 [ Feb. 5! N ce e . 429 35 4 34 28 4 37 10 R 4 43 0.1
E 4 26 50 429 16 e e . 4 37 50 R 4 43 0.1
19 18| N 1 66 23 e e e 159 28 2 00 57 2 02 2 24 0.2
E 15405 |, .. .. .. 158 31 1 59 12 2 02 221 0.2
20 18| N 18 28 38 e e - 18 40 58 18 48 16 18 53 19 15 0.5
21 | Mar. 13 N 7 24 08 7242 7 24 43 7 24 58 7 26 735 | 0.6
E 724 16 7242 7 24 50 7 25 16 7 27 737 0.5
22 5| N 214 27 2 14 42 216 11 216 43 217 2 20 0.2
E c e s 2 14 43 215 11 215 37 2 18 221 0.2
23 | Apr. 7 N 18 26 54 18 27 27 18 27 43 18 27 50 18 29 18 39 0.6
E ce e 18 27 19 18 27 42 18 28 11 18 29 18 39 17
24 | May 4 N 23 47 28 23 55 b4 24 03 4b 23 56 02 . 25 48 0.5
E 23 47 36 23 56 18 24 04 10 23 b6 27 e 24 46 0.6
25 10| N 0 256 50 ce e 032 08 0 32 33 . 0 45 0.1
’ B 0 25 51 e e . 032 22 034 22 e 0 46 0.1
26 |June 7| N 11 06 37 e - 11 10 13 e e - | 854
E 11 06 42 e e 11 10 10 e 11 31 15 10 | 40+
27 16 N 5 31 53 5 32 08 5 33 02 5 33 26 5 36 5 42 0.4
E 5 32 03 5 32 21 5 33 30 5 33 54 .9 35 5 39 0.2
28 15| N 14 39 17 N 14 49 45 150702 | 15 24 16 51 7.9
E 14 39 24 ce e . 14 49 48 - | 14 52 00 15 23 15 51 0.6
29 |July 1| N 22 02 22 22 03 43 22 04 55 22 06 45 22 18 22 48 5.4
E 22 02 35 22 03 40 22 04 41 22 07 29 22 17 22 48 1.2
30 4 N ce e e e e e 14 01 47 14 03 07 14 47 14 59 0.3
E [ ce e 13 59 40 14 45 26 14 48 15 40 0.3
31 12| N 4 27 36 4 30 35 4 36 07 4 43 39 5 21 6 26 0.2
B 4 27 17 4 30 06 4 36 49 50110 5 39 6 36 0.3
32 | Aug. 16| N 22 59 42 23 09 02 23 14 46 23 38 37 24 03 25 02 0.6
B 22 59 38 23 09 00 23 14 50 23 47 32 24 11 26 49 1.1
33 21| N 16 40 44 16 50 33 17 02 03 17 02 57 R . 0.2
' E 16 40 57 16 50 33 17 02 13 17 03 09 0.1
34 | Sept. 4 N e e . 5 45 b4 5 48 26 5 b3 0.1
E ae e e . 5 46 04 5 47 30 5 b4 e 0.1
35 15, N 13 21 10 13 29 50 13 37 07 13 45 23 13 50 14 02 0.4
E 13 21 18 13 29 34 13 38 44 13 44 54 13 50 14 01 0.1
36 17 N 33919 e e 3 61 12 3 56 10 4 04 5 23 1.0
E 33937 ' .. .. .. 35040 ; 35852 4 06 , 519 0.1

i l !




37
38
39
40
41
42

43

45
46
47
48
49
60
o1
52

63
55
56
57
58
59
60
Al

62
63

64
65

66
67
68
69
70

EABTHQUAKES,

Register of earthquakes—Continued.

Maxi-

Com- | pyst p.T. | Second P.T. | Large waves : End of mum
Date ll%‘l)l-t begin begin E egin Maximum p;(i)liglig:l End a ﬁ}g{:
1911. h m s h m s h m s h m s h m h m mm,
22 N 5 09 07 5 14 55 5 19 21 5 23 55 5 25 .. 0.2

E 510 33 515 02 5 19 53 5 22 35 5 26 0.2

Oct. 6| N 10 23 57 10 28 22 10 35 19 10 39 30 10 49 11 09 1.8
E 10 23 49 ce e 10 35 39 10 43 31 10 48 11 05 0.5

10| N e ce ol 13 26 05 13 35 17 13 39 14 05 0.5

29 N 18 14 37 18 18 47 18 20 53 18 24 .. 18 34 18 63 0.3

Nov. 1 N 93315 9 39 48 9 44 18 9 47 58 9 53 10 26 0.6
E 9 33 20 9 39 30 9 44 00 9 45 32 S 10 02 0.1

18 N 7 37 20 el - 742 19 7 44 25 7 48 8 10 2.9

E 73721 e .. 7 42 21 7 43 33 7 49 8 18 3.8

20| N R 13 59 43 14 03 26 14 08 25 14 09 14 20 0.3

E .. 13 59 47 14 03 19 14 06 41 14 08 14 19 0.6

21 N 18 38 57 e 18 39 51 18 40 34 18 45 18 54 0.4

E 18 38 49 18 39 44 18 40 09 18 45 18 54 0.5

26| N 19 33 30 19 34 20 19 35 00 19 39 19 58 1.2

E 19 33 28 19 34 26 19 34 26 19 38 19 55 1.8

Dec. 2| N e 3 51 38 3 53 52 354 4 07 1.1
E 3 51 56 3 62 44 3 55 4 08 1.8

6| N 23 31 00 23 36 43 23 52 .. 0.2

E 23 15 22 23 22 51 23 33 55 23 35 30 23 47 - 0.2

16| N 19 19 09 19 22 45 . e .. 19 47 21 10 | 33+

E 19 19 18 19 22 47 e e e e 21 20 | 454

17| N e 2 04 44 2 06 28 2 08 2 18 0.3

E PR 2 04 08 2 06 24 2 08 217 0.3

22| N 13 00 056 13 05 13 007 20 13 16 13 42 2.6

B 13 00 05 e e . 13 05 29 13 07 45 13 18 - 1.6

23| N e 19 50 18 19 50 44 19 51 22 19 85 20 07 0.4

E PR e o 19 50 26 19 51 24 19 65 20 06 0.6

23] N 21 13 50 e .. 21 22 48 21 28 82 | 2138 21 58 0.3

E 21 14 04 2119 24 21 22 22 21 24 14 21 38 21 51 0.3

1912,

Jan. 4| E el .. 14 24 .. 14 25 50 14 42 .. 0.2
16 | N 8 08 44 .- 8 09 22 8 09 32 8 10 8 13 0.1

E 3 08 44 .. 8 09 48 8 09 52 8 10 8 13 0.1

16 N AU .. 11 14 22 11 20 28 11 25 .. 0.1

1 . .. 11 12 .. 11 20 32 11 26 e .. 0.1

31 \ . 11 37 11 1] 38 65 11 41 11 45 0.2

E . .. 11 37 46 11 38 02 11 41 11 46 0.3

31 N 20 19 23 e e e 20 29 15 20 34 07 20 39 21 17 0.4

E 20 19 23 20 25 22 20 29 27 20 33 27 20 38 21 24 0.4

feb. 15| N e e s U 7 10 40 7 11 01 7 12 719 0.1
: B .- 7 10 30 71101 7 13 7 20 0.1
| 19| N .. | 230338 | 230420 23 08 o101
E e e o 23 04 06 23 05 38 23 12 A 0.1

Mar. 11 N 10 23 06 10 27 25 10 31 55 10 33 10 10 42 10 59 0.8
E 10 23 03 10 27 30 10 31 33 10 32 59 10 40 11 16 0.7

Apr. 171 N 357 14 4 03 00 410 _. 4 13 06 416 4 25 0.1
E 3 57 00 4 03 02 409 46 4 12 54 4 14 4 25 0.1

20 E e .. 219 20 224 00 2 37 0.1

May 67 N 19 19 09 19 25 55 19 32 23 19 37 23 19 41 20 10 1.9
E 19 19 06 19 25 55 19 30 47 19 34 15 19 41 20 18 2.6

23 N 2 b6 53 307 36 3 17 80 3 42 53 3 48 4 27 1.0

June 7 N ce e - . 10 14 .. 10 18 10 10 25 o 0.1
E 10 13 .. 10 18 30 10 25 0.1

71 N 10 52 19 10 54 30 11 03 0.1

E 10 51 00 10 54 30 11 10 0.1

7 N 12 43 13 12 48 39 12 54 0.5

E 12 43 50 12 47 41 12 54 0.3

71 N 18 41 12 18 46 00 18 58 0.1

E 18 41 16 18 49 40 19 00 0.1

8| N 7 49 08 7 56 16 8 10 11

E 7 49 08 7 57 00 8 09 0.7

8| W 9 06 08 9 08 20 9 15 0.2

B 9 06 08 9 10 00 9 25 0.2

101
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LUCSON MAGNETIC OBSERVATORY,

itegister of earthquakes—Continued.

. Coma- , First P.T. | Second P. T. | Large waves ' End of

No. Date o ‘ begin begin gg\in Maximum p};gg&lgﬁl End
1912 h m s h m s h m s h m s h m h m

71 June 8 N .. .. 13 17 56 13 20 04 13 28 ..
E e ee 13 17 30 13 22 18 13 27 .
72 10 N 16 15 53 16 25 . 16 28 27 16 40 17 08
E 16 13 33 16 26 . 16 28 45 16 40 17 36
73 12 N | 1249 01 N 12 54 . 13 00 38 13 06 13 27
E 12 49 06 e e 12 54 . 13 00 34 13 08 13 34
74 July 7 N 8 04 39 8 10 31 8 15 59 8 20 47 8 31 10 01
E 8 05 07 8 11 09 8 16 19 8 2115 8 34 9 54
75 8 N 22 01 04 P 22 15 00 22 20 30 22 23 23 00
E 22 01 31 . 22 14 58 22 18 58 22 23 23 00
76 22 N 9 53 25 . 9 55 05 9 55 17 .- 10 03
E 9 53 50 e e e 9 54 41 9 56 05 e el 10 04
77 23 N .. . 22 47 10 22 48 48 22 49 24 22 50 23 03
E e e 22 47 42 22 48 16 22 48 40 22 50 22 58
78 24 N 12 07 24 12 14 58 12 22 32 12 24 58 12 31 13 00
E 12 08 14 12 15 02 12 22 34 12 26 02 12 34 12 56
79 25 E 23 24 10 23 39 28 23 52 50 24 01 28 24 18 24 45
80 31 N e e . 9 38 13 9 38 43 9 39 03 9 40 9 44
8L | Aug. 6 N 21 24 48 21 34 08 21 48 10 22 12 24 22 15 22 34
E 21 24 57 21 34 12 21 40 56 22 07 56 22 15 22 29
82 9 N 144 00 153 34 2 11 38 2 32 20 2 55 351
E 147 32 1 54 06 2 10 10 2 23 38 2 58 3 56
83 17 N .. . e e 20 06 21 20 16 14 20 30 21 10
. E 19 37 30 . 20 04 10 20 08 50 20 35 21 09
84 18 N 21 11 43 . 21 12 39 21 13 07 21 16 21 81
E 21 11 29 . 21 12 21 21 12 29 21 15 21 29
85 Sept. 10 N 16 15 17 . e . 16 18 00 e .. 16 30
B 16 14 12 . ... 16 17 00 - 16 33

86 14 N P e i 030 . e 0 41 ...
87 29 N 21 10 03 21 29 14 21 43 27 21 48 30 22 07 22 38
E 21 10 20 21 19 32 21 40 30 21 52 30 22 11 22 48

88 Oct. 18 N 12 04 11 121211 | 12 20 15 12 24 26 12 32 12 51
E 12 04 16 12 12 11 12 26 50 12 32 02 12 35 12 b6

89 25 N 16 21 34 R, .- - . 15 38
E 15 21 03 e e e .. . .. 15 47
90 | Nov. 7 N 7 47 43 7 53 44 7 59 22 8 00 30 8 02 911
E 7 47 41 7 53 43 7 59 11 8 00 06 8 03 9 08

Lo9) 7 N 16 51 04 e e . 17 03 16 17 07 16 .. 17 22
‘ E 16 50 17 e e - 17 02 26 17 08 36 . 17 22
92 7 N 17 36 02 17 43 08 17 48 03 17 51 10 17 58 18 10
E 17 36 01 17 42 01 17 47 23 17 48 32 17 55 18 12
93 19 N 13 58 46 14 00 01 14 03 06 14 04 01 14 12 14 43
E 13 58 48 14 00 20 14 02 53 14 04 03 14 14 14 45

94 22 N 5 50 26 b 53 b9 5 58 03 5 56 40 5 59 6 08
E 5 50 25 b5 53 37 5 54 54 5 55 44 5 58 6 14

95 25 N 9 04 55 9 09 17 9 14 40 9 15 50 9 19 9 38
101 9 04 43 9 09 09 916 11 9 13 47 919 9 31

96 25 E 19 11 58 e e .- 19 16 56 19 17 36 19 19 20 37
97 Dec. b N 12 34 44 12 40 36 12 46 00 12 36 44 12 50 13 04
B 12 34 46 12 40 42 e e .. 12 36 48 e . 13 02
98 b N 17 49 38 e e .- 17 53 44 17 56 46 17 57 18 22
E 17 49 03 .. 17 54 04 17 56 48 17 59 18 18

99 7 N 22 57 20 U 23 06 32 23 06 37 23 10 e
E 22 57 45 e .. 23 06 27 23 06 33 23 10 23 39
100 9 N 8 37 33 8 42 01 8 45 25 8 48 35 8 51 9 42
E 8 37 36 8 42 10 8 45 30 8 46 04 8 51 9 4p

101 17 N 10 40 31 e aa 10 42 00 10 42 28 10 46 R
E 10 35 54 . e e s 10 40 35 10 46 ..

102 22 N e S . . 21 12 54 21 15 27 21 17 e e
E P . 21 12 45 21 15 29 21 17 21 26
103 22 N 23 29 28 . 23 29 48 23 30 08 23 38 23 44
E 23 29 12 . 23 29 19 23 29 35 23 33 23 47
104 31 N 6 45 11 8 50 50 6 51 51 . 6 55
E 6 44 44 6 50 44 6 61 16 e e 6 55
105 31 N 6 55 35 F— 6 56 09 6 56 14 8 b7 7 00
E 6 55 35 6 56 00 6 56 12 6 b7 7 01
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MAGNETIC STORMS. 103

REMARES.

Nos. 16, 17, 18 Near-by earthquakes. - Short period waves of small amplitude. Phases not well defined.

No. 20. E-W driving clock not running.

No. 26. Mexican earthquake. The E-W stylus was off the paper from 11:10 to 11:23. The N-8 stylus went off
at 11:12 and did not come back. Recorded also on magnetogram.

No. 33. Actual maximum at 16:50:35; 0.9 mm. on N. 0.4 mm. on E.

No. 39. No apparent motion of E.

No. 40. Phases of E could not be determined.

No. 48. Principal portion lost on account of pointers going off the paper.

Nos. 53 and 62. N record indistinct.

No. 64. Nothing on E.

No. 76. Phases not well marked.

No. 79. Motion on N too slight to distinguish phases.

No. 80. Beginning uncertain. E not running.

No. 81. Phases not distinct.

No. 82. Beginning on E doubtful.

No. 83. Phases on N very doubtful.

No. 84. Felt at Flagstaff, Ariz.

No. 88. Phases not well defined. Possibly microseismic tremors at the beginning.

No. 93. Near Mexico City. Recorded also on magnetogram.

No. 96. This may be partly microseismic tremors. Nothing on N.

Nos. 101, 102. Phages doubtful.

During July and August, 1912, the time-marking device was out of order and a uniform rate of driving clocks was
assumed.

Microseismic tremors were present on October 26 and 27, November 17, 18, and 22, 1912,

MAGNETIC STORMS.

In the table below the relative magnitude of the disturbances is indicated by the figures
1,2, 3,4. When a storm began abruptly the time of beginning is given to the nearest minute.
For comparison with similar data for other observatories, the Greenwich mean time may be
found by adding 72 23=.

On the succeeding 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. Upward motion of the curves corresponds
to decreasing east declination, increasing H and decreasing Z.
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TUCSON MAGNETIC OBSERVATORY,

100

EARTHQUAKES.
A Bosch-Omori seismograph has been in continuous operation since September, 1910,

It consists of two horizontal pendulums, one recording east-west motion (E) and the other

recording north-south motion (N).
counted from midnight.

The times in the table below are Greenwich mean time,

Period of pendulums.
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EARTHQUAKES.
x Date Com- | Ficst prolimi- | Socond prolint| 1 greo waves | 5y End of o Maxd-
[5) rémors 5
o 2, | oy s | omry tremors | Lo | el | Ead | b
1913, 1 h m s hm s hm s hm s h m h m mm
133 11 N e ee s 4 48 43 4 49 b3 4 53 5 32 0.2
E e e e . 4 53 37 4 57 32 b5 04 b 40 0.2
134 14 N 8 21 44 8 28 44 8 82 08 8 34 08 8 36 910 0.4
E 8 21 46 8 28 52 8 83 30 8 35 30 8 36 916 0.2
135 26 E 13 35 62 13 36 01 13 36 20 13 36 30 13 37 1404 | 0.4
136 | Dec. 6 N 0 16 10 P, 0 17 00 0 17 50 019 0 30 1.4
E 0 16 16 .- 0 17 52 017 28 018 0 31 1.9
1914.

137 { Jan. 30 N e e . 4 10 04 4 15 58 4 28 .- 0.1
B e e e P, 4 14 51 415 11 4 25 . 0.2
138 | Feb. 28 N 5 20 40 5 22 50 5 23 b9 5 27 36 5 30 5 39 0.2
E 5 20 44 52269 | b2445 5 27 57 529 R 0.2
139 | Mar. 9 N e e .- . 82515 326 39 3 28 ] 0.1
E e e 32516 325 88 3 28 e e 0.1
140 9 N .- e e b5 09 87 510 08 511 5 19 0.1
E e -l e e -- 5 09 37 510 20 511 519 0.1
141 24 N 16 21 48 . - 16 23 09 16 24 59 16 26 16 38 0.2
E 16 21 48 . e - 16 23 08 16 23 21 16 26 16 40 .| 0.3

142 30 N 0 45 50 0 50 14 0 52 08 0 56 12 0 59 2 03 35+
! E 0 45 50 0 50 08 0 52 36 0 54 18 0 58 2 03 36+
143 | Apr. 20 N 13 39 26 13 43 58 13 46 54 13 55 56" 14 00 14 17 0.2
E 13 39 32 13 44 00 13 47 10 13 50 57 13 b7 14 17 0.2

144 24 N 8 39 28 8 39 51 8 40 06 8 40 53 8 42 8 50 1.1
E 8 39 39 8 39 52 8 40 07 8 40 49 8 41 853 |14
145 | May 26 N 417 12 e e aa 4 17 20 4 17.27 {1_19 P 0.1
E 417 16 . 4 17 28 4-17 59 419 e - 0.1
146 26 N 14 50 .. 15 06 .. 15 33 .. P 16 48 0.2
E 14 42 .. 15 16 15 28 .. e e- 16 47 0.3

147 26 N e e e .- 22 28 05 22 28 3 22 33 e . 0.1
E [ 22 28 02 22 2918 22 31 PO 0.1
148 28 N 18 04 00 18 10 03 18 12 04 18 14 18 37 1.3
R e e e 18 10 01 18 12 07 18 15 .18 87 1.3
149 28 N 18 56 51 19 03 51 19 08 23 19 09 19 31 0.6
i E 18 56 54 .. 19 06 88 19 09 19 32 0.7
150 | June 20 E 7 33 16 7 43 33 7 44 49 7 49 8 31 0.1
151 ’ 25 N 19 26 51 . 19 30 22 19 30 40 19 32 19 43 0.2
E 19 26 18 R . 19 30 20 19.30.27 19 31 19 53 0.2
152 2b N 20 06 .. R 20 11 04 20 32 .. 20 41 20 56 0.1

153 26 g e e e ee aa e - e e e e e I, -.
154 | July 6 N 3 06 00 P, 3 06 38 3 06 49 3 08 323 0.1
E 306 01 .. e . 807 19 310 328 0.1
155 6| N | 40011 o 40033 | 40104 405 N
, E | 40011 0| 40028 | 4012 405 .. | o3
156 21 N 9 b8 12 .. 9 58 39 9 58 52 10 00 10 06 0.3
E 9 58 13 e e 9 58 36 9 b8 b5 10 00 10 06 0.2
157 21 N 22 36 48 22 40 44 22 45 25 22 48 22 22 50 e e 0.1
E 22 36 84 22 40 b3 22 45 23 22 45 b7 22 50 . e 0.1
158 | Aug. 4 N R, PR 23 81 . 23 44 58 24 00 PN 0.2
E | ... 23 31 . 93 45 05 | 23 55 e | 01
159 8 N 19 11 48 19 13 13 19 16 12 19 16 29 19 20 19 50 2.5
E 19 11 48 C e e 19 15 12 19 17 66 19 21 19 B0 4.1
160 13 N 15 33 38 R 16 84 06 15 34 14 15 38 P 0.2
E 15 33 36 e 15 34 00 15 84 24 15 38 e e 0.3
161 22 N 5 32 50 5 36 30 5 38 62 b 43 32 5 47 6 00 0.6
E 5 32 50 5 36 33 b 38 43 54115 b 45 5 56 0.3
162 | Sept. 10 N 106 05 P e e e 10623 P 108 0.1
E 1 05 59 P 106 12 106 29 - 108 0.1
163 10 N 14131 o 14141 | 14208 143 147 | 0.3
E 14112 e e 141 31 1 41 58 143 150 0.5
164 10 N e e e ... 158 12 158 88 I 1569 0.1
E 1 57 48 e e 1 57 58 1 58 22 . e 2 00 0.2
165 10 N 9 b5 37 - 9 56 13 9 b6 28 9 58 10 04 0.7
E 9 55 83 e e - 9 56 02 9 b6 21 9 59 10 05 1.6
166 | Oct. 3 N 17 81 18 17 37 50 17 43 36 17 52 46 17 57 18 27 0.3
E 17 30 51 17 37 49 e e e 17 66 40 18 05 18 20 0.1
167 22 N 6 44 16 e . 6 45 08 6 46 21 6 48 6 56 0.8
E 6 44 09 .. 68 44 b3 6 45 42 6 47 6 55 0.8
168 | Nov, 1 N e e e 5 b3 24 5 b4 06 5 56 ... 0.1
E 5 53 30 b5 54 10 5 b6 0.1
169 18 N 9 58 09 10 04 23 10 16 0.5
E e e e 9 b8 42 9 59 52 10 18 0.1
170 24 N e e - 12 16 32 12 26 30 12 32 12 12 38 e e 0.2
E 12 06 12 12 16 30 12 26 40 12 37 20 12 50 13 13 0.1
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102 TUCSON MAGNETIC OBSERVATORY.

REMARKS.

No. 130. E not in proper adjustment.

No. 132. Actual maximum (0.2 millimeter) on E occurred at 4:82:42 during first preliminary tremors.

No. 135. Drum of N disconnected. : '

bN(l)l. 1¢§2 Maximum amplitudes greater than the values given. Both pendulums struck the limiting brushes

on both sides.

No. 146. Phases indistinct.

No. 150. No definite phases on N; only a few small waves.

No. 152. Barely perceptible on E.

No. 153. Faint indications of a distant earthquake from 5.10 to 5.40 on both seismograms.

No. 166. On E the actual maximum (0.8 millimeter) occurred at 17:33:04.

No. 170. The actual maximum occurred at 12:17:11, 0.8 millimeter on N and 3.5 millimeters on E.

Microseismic tremors were present on July 19, 22—§6; August, 6, 7, September 7, 11-14, 19, 20; October 28, 29;
December 18, 1913,

MAGNETIC STORMS.

In the following table the relative magnitude of the disturbances is indicated by the figures
1, 2, 3. When a storm began abruptly the time of beginning is given to the nearest minute.
For comparison with similar data for other observatories, the Greenwich mean time may be
found by adding 7® 23=.

On the succeeding 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. Upward motion of the curves corresponds
to decreasing east declination, increasing H and decreasing Z.

Principal magnetic disturbances.

Local mean Duration I:glati;re Dato Loca‘m lx}xgau Duration | Relative
Deate time of I;e— in hours tau%% £ time of : ¢~ | 'in hours ‘nﬁgg
1913. h m 1914, h m

Jan. 2% 3 51 31 2 Feb. 28 7 46 1
9 4 34 1 Mar. & 17 32 1
17 17 39 1 15 4 20 1
29 16 01 20 1 17 11, 18 1
Feb, 11 18 111 2 31 18 23 1
24 18 58 2 Apr. 5%| 19 78 3
Mar. 13* 21 03 109 2 15 14 32 1
20 19 33 1 18 12 15 1
28 23 72 1 May 14 21 32 1
Apr. 8% 12 30 109 3 18 16 30 1
14 18 7 1 25 11 41 1
May 3 20 101 2 30 22 33 43 2
31 22 94 2 June 19 10 30 1
June 28 10 44 1 24% 18 87 132 2
July 12 0 50 1 July 4% 18 03 b8 2
19 23 06 27 1 24 13 62 1
" 23 23 48 1 28% 12 160 2
Aug. 8 19 103 1 Aug. 5 18 30 1
Sept. 5* 18 181 2 19 12 15 1

22 0 30 1 22 21 21 1.
Oct. 4% 10 156 2 28 12 64 1
18 015 36 1 Sept. 17 16 15 1
Nov. 1 18 38 1 22 14 35 1
6 17 31 1 26% 21 27 2
27 7 48 1 30 14 33 1
Dec. 4 1 25 1 Oct. 26% 16 84 2
24 17 42 1 Nov. 2 21 48 1
10 10 60 1
1914. 26% 10 42 1
Jan. 4 12 38 36 1 Dec. 16 8 22 1
21 10 35 1 26 23 40 1
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TUOSON MAGNETIC OBSERVATORY.

EARTHQUAKES.

A Bosch-Omori seismograph has been: in continuous operation since September, 1910.
It consists of two horizontal pendulums, one recordmg east-west motion () and the other

recording north-south motion (N).
from midnight.

M="Time of; greatest a.mplxtude

The times in the table are Greenwich mean time, counted

Peériod of pendulums.
N E
s 8
Japuary to December, 1915. .. ... P 19.6 16.0
January 15 to March 31 1916........... 19.0 15.2
Apri! 2 to December 31, 1916. ........... 19.0 14.0

Magnification, 10; steady mass, 10 to 12 kg.

The nomenclature of the Internationdl Seismological Association has been used in the
table to designate the dlfferent; phases:

P=Beginning of first preliminary tremors.
S=Reginning of second préliminary tremors.
L=Beginning of long waves of principal portion.

C=End of prmmpal portion. .
F=End of #igible récord.

A=Maximum amplitude or one-hali. maxipum range. The quantities given denote the actual mévement
of the stylus as messured on the seismogram, ) : N

Register of earthquakes.

No, Date Comp. 14 S L M [o/ F A
) 1915 y h m s hm s hms | hmes h m h m mmn .
171 | Jap, 12| N .. -l 43536 | 48601 489 e 0.1
) E . 43518 | 43630 4 39 4 46 0.3
172 13| N . . . 78 .. 78 .. |. 748 e e |- 01
. E . .. 78 .. | 73 .. | 787 eiee |- 0.1
178 | Feb. 14| E e e s : 118409 | 118554 | 1187 e |t 001
174 25| N e e s . | 205704 | 2057 24 21 00 N
) E e e .. . | 208708 | 2057 27 21 0}, s e 0.5
176 |Mar. 6| N | .. .. .. v e s 42308 | 42504 498 4 34 0.3 -
E e e e e e 49246 .| 49386 | 4928 4,39 | 1.0
176 28| N |'195210 | .. .. .. | 195628 | 1987 23 20 00 20 06 0.2
I E | 19 52.07 we -2 | 195622 | 19 57 08 20 02 20 10 0.3 .
177 | Apr. 10| N . .. 052 37 0 53 33 0 58 JO [ A
E ... cee oo 08218 | 0b428 | 100 ... 0.1
178 23| N “ e oo | 15744 49 | 15 44 55 15 47 15 b2 0.1 :
E . e L ... | 154449 | 15 44 53 15 47 165 | 02
79 [May 1| N 5 11 20 520 32" g:_zg 20 [ 53640 5 39 735 | 0.4.]
. - E 511 18 5 20 20 9912 | 585293 544 736 1.0
180 6| N | 12124 s - aav| 124742 71 1218 54 12 26 1258 | 1.1
E | 121248 12718 41 | 1219 38 12 97 18 08 1.0
181 27| E el Ll 142206 | 142310 14 25 . - 0.1
182 27| -N . 14739 20 | 14 40 14 14 43 0.1
E 1439 20 | 14 40 24 14 46 0.1 -
183 27| N | . 1689 00 | 16 39 30 16 41 0.1
E 16 38 54 | 16 40 05 16 42 0.1
184 27| N . 1927 00 | 19 27 40 19 30 0.1,
E .. 1927 06 | 19 28 16 19 30 0.1 -
186 27| N 10 82 12 | 19 32 48 19 34 0.4
E 19 32 00 | 19 33 01 19 34 0.5
186 | 27| N . 10 49 50 | 19 51 08 19 53 . 0.3
E 195000 | 195110 |» 19 54 0.3
187 20 | N 6 49 42 6 50 04 6 53 0.7
! E 6 49 47 6 50 36 6 51 0.9
| 188 . 29| N 8§ 33 40 8 34 16 8 36 0.2
. I L, ... . 8§ 83 27 8 34 05 8 36 0.2
| 189 | June 1| N 15 03 49 16 16 48 | 15 22 42 16 28 15 47 0.8
| E | 150309 15 15 50 | 15 18 08 15 22 15 50 1.2




- Register of earthquakes—Continued.

EARTHQUAKES.

No. Date. Comp. P S L M C F ‘ A
1915. h m s h m s h m s h m s hm hm | mm
190 | June 6 N 21 40 01 21 48 31 21 56 18 22 09 28 22 11 22 27 ] 0.2
) E 21 39 59 21 48 33 21 56 16 22 00 12 22 10 223 | 0.3
191 23 N 3 59 47 [ 4 00 42 4 01 04 4 02 427 © 6.8
E 3 b9 46 e e . 4 00 57 4 01 58 4 02 4 32 3.0
192 23 N 4 56 35 e e 4 57 26 4 57 38 4 59 5 25 3.0
E 4 56 31 e e . 45728 | 45735 4 59 525 @ b1

193 | July 31 N 14156 1560 29 e ee .. 1208 50 2 10 2 41 0.1
B 1 41 51 1560 25 2 02 38 2 05 07 2 09 2 46 ‘ 0.3
194 | Sept. 7 N 1 26 37 131 30 13511 141 42 1 42 223 ° 11.7
E 1 26 37 13116 135 06 13823 143 306 22.8
195 7 N 4 35 20 4 44 50 5 09 0.1
E 4 36 22 4 41 48 4 56 . 0.1
196 | Oct. 2 N . 23 44 31 23 46 20 23 51 .. 0.2
E e e 23 44 39 23 45 30 23 50 I 0.6
197 3 N 153 00 1 53 50 1 54 02 166" 2 04 2.5
E 1 52 51 153 41 1 563 51 1 56 2 08 3.3
198 3 N 6 55 22 6 58 21 6 59 b8 7 06 8 11 49.0
E 6 55 40 | 6582 | 65939 7 13 8§50 | 43+
199 12 E e e 2 24 14 2 24 44 2 29 .- 0.1
200 28 N .. 16 05 10 16 05 50 16 11 . 0.2
E e e e 16 05 16 16 06 55 16 08 e e 0.3
201 | Nov. 21 N 0 14 52 0 156 57 I 0 24 126 38+
E 014 44 0 15 58 0 16 38 019 125 46.1
202 21 N e e e 3 46 52 347 18 3 52 .. 0.1
E 3 46 55 3 47 50 3 50 .. 0.2
203 | Dec. 13 N 513 28 5 14 04 5 16 R 0.1
E 513 30 b 14 10 5 16 e e 0.1
204 31 N e e - . 12 29 24 12 29 36 12 31 12 36 0.4
B 12 23 36 12 29 06 12 29 38 12 30 13 02 4.7

1916 .

205 | Jan. 1 E . . R 14 05 36 14 13 50 14 25 16 67 5.0
206 13 B .. PO 7 13 48 7 24 00 7 35 . 0.1
207 13 N e a- 8 56 .. 9 28 39 e e 10 21 0.1
E e e - . . 8 55 50 9 15 35 .. 10 37 0.6
208 15 N 10 00 27 . . 10 01 17 10 01 53 .. 10 08 0.1
E 10 00 27 . 10 01 17 10 01 26 .. 10 08 0.3
209 24 N e e e . 7 48 25 7 b7 15 S 12 e e 0.2
E R . 7 46 . 7 B6 55 8 15 e e 0.1
210 | Feb. 3 N 5 05 42 b 06 45 5 07 38 . 5 19 0.3
E 5 05 48 e e s 5 06 44 b 06 50 .- 5 18 0.2
211 6 N 22 00 06 22 08 30 22 16 06 22 23 14 22 30 23 38 0.2
E 22 00 26 22 08 28 22 18 14 22 26 06 22 30 23 37 0.4
212 15| N e L e ee . ] 114234 | 11 48 04 12 20 e 0.1
E P . . 11 49 17 11 59 47 12 18 . 0.1
213 20 N 17 66 20 . . 18 07 00 18 09 22 18 20 19 12 0.3
E e e aa . . 18 06 26 18 15 46 18 22 19 14 0.2
214 27 N 20 27 38 . . 20 37 42 20 46 21 20 57 21 59 20.7
E 20 27 46 . . 20 38 69 20 41 20 20 48 22 28 10.4
216 | Mar. 12 N 7 36 40 . R 7 40 44 7 45 22 e .- 7 62 0.1
E e e ae e - 7 41 38 7 46 38 .. 7 55 0.1
216 25 N Cee e . . -- 003 22 004 49 .. 0 07 0.1
E e e e . ... 004 14 0 04 40 . .. 0 08 0.1
217 31 E 11 20 26 . . 11 25 21 11 25 46 11 26 11 34 0.6
218 [Apr. 2| N | ... .. | . 835 .. 8 37 32 ... 843 | 0.1
E 835 .. 8 36 40 R 8 42 0.1

219 2 N 18 58 42 18 59 19 . . 19 07 0.1
E [ 18 58 43 18 59 08 e e 19 07 0.4
220 14 N 20 36 01 20 42 05 20 42 34 20 46 20 54 0.4
E | 203557 20 41 35 | 20 42 27 20 46 20 53 0.5

221 16 N 22 31 27 e e e 22 36 24 22 38 37 22 41 23 05 1.5
E e e e 22 33 57 22 36 30 22 38 37 22 39 22 55 0.5

222 18 E 4 10 07 4 17 03 .. 4 32 25 4 44 6 56 0.1
223 21 E 11 54 48 I, 12 14 18 12 17 15 12 23 12 47 0.2
224 24 N R, 4 40 14 4.43 42 5 07 e 0.1
E RN ‘4 36 0b 4 45 10 5 14 P 0.1

225 24 N 8 08 52 8 17 46 8 28 01 8 36 9 07 0.9
E 8 08 52 8 17 12 8 29 39 8 356 9 22 0.6
226 26 N 2 28 22 2 38 56 2 41 56 e e 310 0.4
E 2 28 26 2 39 02 2 43 03 e e 307 0.6

227 | May 11 N 10 08 11 10 09 20 10 09 34 10 17 10 51 - 2.3
E 10 07 14 10 08 40 10 08 58 10 17 10 29 3.8
228 26 E R 21 01 50 21 03 43 21 04 21 08 0.2
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TUCSON MAGNETIC OBSERVATORY.

Register of earthquakes—Continued.

No. Date. Comp. P S ’ L ! M C F A
i ! :
19186 i hms | hms « hms | hms hm hom mm
229 |June 2| N | 14 03 56 I 14 07 46 : 14 07 49 14 15 .. .- 0.5
E 14 04 00 | 14 07 46 | 14 07 54 14 15 R 0.6
230 19| N e e . I 13423 T ae e 1 36 0.1
E ! 133 36 .- 142 0.1
231 21| N } 215216 ! .. 21 58
E i 21 52 24 .. .- -- | 2156
232 25| N i 18 25 28 18 26 24 1831 | 18 36 0.6
b} e - ! 18 25 39 18 26 18 27 18 30 4.0
233 30| N 3 12 57 e .- .. 82121 3 26 36 327 342 0.9
E . 31838 ¢ 32130 326 43 327 7 349 1.3
234 1 Aug. 2| N 20 36 34 R e el P - b 2048
E 20 37 13 | e 20 42 30 .o .- 1 2048 0.1
235 3| N 9 01 39 90411 9 04 40 907 | 913 0.1
E 9 02 20 9 04 10 9 05 10 907 | 912 0.1
236 | 3| N e el ee e e 14 26 29 - 14 35 0.2
\ E 14 25 03 ;14 25 49 14 25 49 14 33 0.4
237 ; 6| N 19 44 13 e e s 19 45 26 19 52 0.1
E 19 44 23 e e e 19- 46 25 - 19 62 0.1
238‘ 25 N 9 55 18 10004 .. ' .. .. .. 10 18 28 10 22 - 0.1
E 9 b5 28 100402 | .. .. .. e e 10 19 - 0.1
239 28| N el e e «. .., 705148 7 b4 18 PN 8 08 0.1
| E - ... ' 74526 | 75548 ... ] 804 | 0.1
240 | Sept. 21 | N <. ..+ 18 50 34 18 51 25 18 57 1 - 0.2
E . S .. 11850 27 ce e o 18 56 ' -
28 . 23 N 549 13 . Ce e e 6 05 28 e o 6 20 0.1
E 519 18 e .- 559 . 6 02 51 6 22 0.2
242 ' Oet. 3| XN . el . 186 . 201 .. 213 0.2
‘ E e .. S N Y e e e . .. 1210
243 - 3| N e e - oo 44904 4 50 04 503 | .- 0.4
E e e - Sa. .. b 44004 4 50 20 453 1 - 1.0
244 | 23| N ce e - c e .. 1 24733 e e .- 250 | -
| E | ... S .. 24728 | 24822 N 259 | 0.2
245 | Nov. 10 | N 9 14 01 S .., 91530 9 16 05 916 9 31 2.7
! B 914 04 e 9 15 29 9 15 38 9 17 9 84 3.5
2486 | 12| N e - P, 11 09 34 11 10 14 11 22 .- 0.2
; E .- .- 11 09 30 11 10 12 11 24 .. 0.1
247 | 19| N .- e - 20 55 42 e e - e e 21 00 0.1
; E .. R 20 55 33 - . ce .- 21 00 0.1
248 | 21| N 6 30 41 6 34 39 6 37 46 6 40 18 6 41 6 56 7.2
; E 6 30 49 6 34 44 6 37 38 .6 38 05 6 41 710 7.0
249 | Dec. 12| N .- . 12 44 45 12 45 10 12 49 ce .- 0.1
: E 12 44 45 .- .- 12 49
REMARKS.
No. 190. Actual maximum, 0.5 mm. during S at 21:49:31.
No. 195. Probably recurrence of No. 194.
No. 197. Recorded on magnetograph.
No. 198, Stylus of E went off the paper. Recorded on magnetograph. .
No. 199. Nothing agparent on N,
No. 20L. Stylus of N went off theNpaper from 0:16:16 to 0:22:24.
No. 202. Probably recurrence of No, 201.
No. 208. Recorded by the magnetograph at 5:15.
No. 217. Times douhtful on precause of clock stopping.
No. 222. An amplitude of 0.5 mm. occurred at 4:21:10 on E. N clock stopped.
No. 223. N not recording.
No. 227. Times doubtful on N. .
No. 228, N driving clock stopped shortly after the earthquake, making times uncertain.
No. 229. End probably occurred whilé paper was being changed.
No. 235. P doubtful.
No. 236. Began while changing paper on N.
No. 239.

Some earlier motion. probably microseismiec.
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98 TUCSON MAGNETIC OBSERVATORY,

EARTHQUAKES.

A Bosch-Omori seismograph has been in continuous operation since September, 1910. It
consists of two horizontal pendulums, one recording east-west motion (E) and the other recording
north-south motion (N). The times in the table are Greenwich mean time counted from
midnight.

Period of pendulums—N. 18-19 sec.; E. 14 sec.
Magnification, 10.
Steady mass, 10 to 12 kg.

The nomenclature of the International Seismological Association has been used in the table
to designate the different phases. The quantities given in the last column denote the actual
movement of the stylus (one-half the maximum range) as measured on the seismogram.

Register of earthquakes.

No. Dato. pfg;‘;t' P s L M c F A

1917. h. m. s. h. m. s. h. m. s. h. m. 8. h. m. h, m. mm.

250 | Jan. 30 N 2 56 08 3 04 32 313 33 330 09 3 37 5 02 ‘1.4

E 2 56 08 3 04 37 3183 35 323 17 3 34 b 06 2.1

251 | Feb., 20 N 19 36 13 19 43 30 19 50 12 19 51 30 19 58 20 44 3.2

E 19 36 10 19 43 .. 19 50 20 19 55 10 19 59 20 38 1.9

262 | Mar. 6 N 311 10 31523 3 18 36 3 20 50 323 3 59 2.3

. E 31110 31523 3 18 42 319 30 323 359 7.3

253 | Mar. 26 N 14 04 16 N T 14 05 20 e -. 14 13- 0.2

E 14 04 09 .. .. PO 14 05 04 .e e .. 0.8

2564 | Mar. 26 N 14 28 58 .. - 14 29 54 ... 14 40 0.1

E 14 28 47 .. e em e 14 29 b6 ... 14 38 0.2

255 | May 1 N 18 39 36 18 50 08 19 02 41 19 08 43 19 42 22 46 1.7

E 18 39 40 18 50 01 19 03 01 19 29 52 19 42 22 45 2.8

266 | May 25 N 14 42 33 .. e e e 14 43 50 e e 15 02 1.0

E 14 42 45 F— e e 14 44 05 .. 14 57 1.4

257 | May 28 N 6 06 46 .. e . 6 08 10 615 0.2

E 6 06 42 e e . . 6 08 05 .- 6 13 0.1

258 | May 31 N ‘8 55 24 9 01 41 9 04 40 9 09 57 e -- 10 56 0.9

E 8 55 39 9 01 41 e e 9 08 26 e .- 10 52 0.2

259 | June 1 N 16 50 51 e ee . 16 61 20 16 51 46 e e 17 05 0.5

E ce e e PO 16 b1 20 16 51 40 16 57 0.4

260 | June 3 N - 6 49 3 e ee . 6 50 22 6 50 39 7 02 0.5

’ E 6 49 34 . e e 6 b1 27 6 52 0.2

261 | June 3 N 1111 15 e e ea e - 11 11 50 P 11 19 0.2

262 | June 8 N 0 57 30 10221 106 53 1 10 58 119 339 36.8

E 0 57 32 10231 107 00 108 53 117 334 8.9

263 | June 10 N 4 36 23 e e e 4 40 00 4 43.07 I b 41 0.3

E 4 38 08 e wa 4 43 13 FOR 5 33 0.2

264 { June 13 N 7 05 10 .- 7 43 46 ... 8 27 0.4

E 7 05 21 e ae e P 7 42 38 . 8 31 0.2

265 | June 26 N 6 01 33 6 11 41 6 24 56 6 32 57 6 45 9 00 5.8

. E 6 01 37 6 11 26 6 24 50 6 26 02 6 4b 8 38 3.4

266 | June 29 N 16 09 58 e e e 16 14 46 16 15 58 e e 16 b4 0.2

E 16 11 43 16 15 47 16 16.19 .. . e e 0.4

267 | June 30 N 18 00 40 e . e ee aa .. 18 28 P

268 | July 27 N e e - 109 28 127 20 e e 3 50 1.0

E e e .- 1 08 26 13424 .. 4 03 0.6

269 | July 29 N e e .- [ 23 05 28 .. . 24 22 0.1

E e e . 22 11 15 22 57 b4 P 23 33 0.1

270 | Aug. 30 N PR 4 28 44 4 45 04 e . 5 45 0.1

E e ee e e e 4 28 22 509 04 R, 5 36 0.1

271 | Aug. 31 N 11 44 35 11 51 20 11 58 00 12 03 49 12 17 12 54 0.2
, E 11 44 35 11 51 20 11 59 02 11 59 43 e e 13 04 0.3

272 | Sept. 11 N ce e e ce e . 9 385 50 9 36 42 ce e 9 44 0.3

, E e e e e e- 9 35 45 9 36 34 9 44 0.2

273 | Sept. 21 N e e e 8 44 26 8 45 17 . 8 53 0.2

' E e e - 8 44 26 8 45 (4 8 53 0.2

274 | Sept. 21 N e e 21 24 00 21 24 50 21 31 0.2

E e e .. 21 23 57 21 25 03 21-33 0.2

275 | Oct. 13 N 4 24 40 429 20 4 30 23 4 42 0.1

E 4 24 41 429 20 4 29 57 4 41 0.2

276 | Oct. 19 N e e e 16 47 36 16 54 37 17 04 0.2

E 16 46 34 16 52 42 17 10 0.1

277 | Nov. 7 N . 136 31 138 01 147 0.2

278 | Nov. 8| N . e e e 534 16 5 52 46 6 07 0.2

279 | Nov. 16 N 33220 e e e 3 56 .. d 4 20 58 5 15 0.2




Register of earthquakes—Continued.

EARTHQUAKES.

Com-
No, Date. | oot P 8 L M c ¥ A
1917, h. m. 8 k. m. 8 h. m. 8. k. m. 8. k. m. k. m. mm.
280 | Dec. 21 E 18 01 24 18 07 34 18 13 00 18 25 59 e ea 19 08 0.2
281 | Dec. 26 N e e e [ 58111 5 37 50 ce es 5 b1 0.1
E e me s « e e 531 06 537 07 .. 5 51 0.1
282 | Dec. 28 N 21 21 b7 e .- 21 34 30 21 45 30 e 22 04 0.2
E | 21 21 57 e ee e 21 36 29 21 42 51 .. . 22 04 0.1
283 | Dec. 29 N 22 55 22 22 59 36 23 02 12 23 06 .. 23 10 115 60. 04
E 22 55 18 22 59 30 23 02 12 23 03 23 09 115 62. 64
1918.
284 | Jan. 4 N 4 36 54 442 20 4 46 32 4 47 13 e a- 504 0.2
E . e e - 4 46 .. 4 47 26 . 5 04 0.3
285 | Jan., 25 N 1 26 07 ar .- R 139 01 e e 2 03 0.4
E 125 38 e e e 136 00 e e 2 13 0.6
286 | Feb, 12 N 1 256 50 126 08 12616 134 e ae 1.5
E 125 24 I, 12536 126 08 134 e - 1.2
287 | Feb, 12 N .. . . . 139 20 139 45 143 .. 0.4
E . .. 139 20 139 36 143 .. 0.1
288 | Feb. 12 N . .. . 2056 .. e e . 2 08 .. 0.1
E I e e ea 205 .. e e s 2 08 e . 0.1
289 | Feb. 12 N .. . . 19 19 0 19 19 32 ce ea 19 25 11
E . .. . . 19 19 02 19 19 45 .. 19 28 0.8
290 | Feb, 12 N R . . 19 30 38 19 31 32 .. 19 35 0.6
E PO, . - 19 30 52 19 32 24 .. 19 36 0.5
291 | Feb, 12 N 20 05 19 - . 20 05 31 20 05 40 20 07 20 16 5.9
E 20 04 52 . 20 05 20 20 05 40 20 07 20 16 7.1
292 | Apr.. 17 N 6 49 18 . e e - 6 52 23 6 54 7 06 0.2
E 6 49 14 - e e e 6 52 30 6 54 7 06 0.5
293 | Apr. 21 N 22 33 50 . - 22 35 10 e e e 22 40 23 14 89. 04
E 22 33 58 . 22 35 19 22 36 34 22 39 23 34 69,0
294 Apr. 27 |oenn.. fe me e - e e s ce ee as s -a ce lm .
E 14 56 45 .. . . . 156 02 .. . - 15 04 0.3
295 | May 1 N 4 33 50 . R 4 34 55 .. 4 43 0.6
E 4 34 12 . .. 4 34 46 ce s 4 36 0.4
2906 (| May 6 N 4 59 10 . e e e 5 00 35 5 02 512 1.2
E 4 59 51 .- PR 500 28 5 02 b 07 1.3 -
207 | May 20 |...... . B O R ... O
E 14 46 . 14 57 .. 15 11 .. 15 19 05 15 22 15 44 0.5
298 | May 23 N 11 58 52 e e e 12 00 12 12 08 .. 12 08 18 00 82.04-
E 11 59 12 . 12 00 20 12 03 12 06 13 20 60, 0}
299 | June 7 N 21 31 03 . - 21 35 47 21 37 42 21 40 - 22 60 8.6
E 21 81 02 .. 21 35 17 21 37 01 21 40 22 06 12.3
300 | June 12 N 4 28 50 4 33 58 4 36 e . 4 45 0.1
E 4 28 44 C e e 4 33 56 4 35 e ee 4 58 0.1
801 |-oeveen... N | ...... ) IR B ) A
301 | July 3 E 7 16 49 .- 739 .. 7659 .. e e 9 23 0.1
302 | July 8 N fe ee e .- 11 22 37 e e e 11 37 . - cee
E 10 43 12 e - 11 17 50 11 26 17 e e 12 08 0.1
303 | July 14 N 18 21 05 . .- e e - 18 22 50 .. 18 26 0.1
E 18 21 00 f e e e e e 18 22 40 - 18 25 0.1
304 | July 15 N 0 26 42 029 37 0 30 58 0 32 30 037 118 3.4
E 0 26 42 029 41 0 30 47 03312 0 40 126 3.6
"805 | July 21 E 6 27 16 6 35 50 6 54 35 7 00 35 7 16 7 58 0.2
306 | July 31 N e e . . ee e 14 57 .. 15 00 .. 15 15 e .. 0.1
E .. - . . 14 55 .. 15 10 .. 15 15 he e 0.1
307 | Aug. 8 E e e e e e - 10 33 20 10 41 37 10 45 10 55 0.1
808 | Aug. 15 N 12 39 40 12 48 26 13 16 24 18 47 24 13 56 14 09 0.2
E 12 88 30 12 48 23 13 14 37 13 26 30 13 53 14 08 L5
309 | Aug. 23 E e e e e e e 7 18 46 7 40 49 7 43 8 05 0.1
310 | Sept. 4 N 19 56 13 e -- 19 57 09 19 57 46 19 58 19 59 0.0
E 19 56 01 e ee e 19 56 49 19 b7 46 19 58 19 59 0.1
811 | Sept. 7 N 17 28 10 17 87 16 17 62 .. 18 06 04 18 23 20 27 1.2
E 17 28 12 17 87 12 17 51 .. 18 11 57 18 23 20 30 8.5
812 | Sept. 11 N 3 48 31 ce e a- 349 20 3 49 55 351 8 58 .
E 3 48 31 [ 8 49 20 3 50 41 3 51 3 53 een
313 | Oct. 13 N 14 22 26 14 28 47 14 34 15 14 42 30 14 47 15 30 4.8
E 14 22 22 14 28 52 e e ea 14 48 12 14 51 16 08 4.4
314 | Oct. 14 (. E e e e e i e 12 37 15 12 41 .. 12 43 12 47 0.1
815 | Oct. 19 N 2 08 44 2 10 00 213 .. 214 217 0.1
E 207 13 2 07 b4 203 .. 2 14 2 24 0.1
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INTRODUCTION. '

{Latitude, 32° 14’.8; longitude, 110° 50".1; elevation, 770 meters (2,525 feet).]

The Tucson Magnatic Observatory is about 8 miles (12.9 kilometers)
east of the city of Tucson, Ariz., in & comparatively level country
rising gradually to mountains on the north and west. The buildings

- were erected in the summer of 1909, and the instruments were in-
stalled and-put in operation in November of that year. A descrip-
tion of the buildinﬁs will-be found in the first-volume of observatory
results, for 1909 and 1910. The relative position of the office and vari-
ation buildings is thére incorrectly stated, however. The variation
building is about 700 feet east of the office, and the vestibule is on the
east end of 'the variationi building.

The division of terrestrial magnetism of the U. S. Coast and Geo-
detic Survey, of which N. H. Heck, hydrograghjc and geodetic engi-
neer, 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,

and % S. Hill, computers. The work of the observatory was carried
on by William H. Cullum, magnetic observer.

Up to the end of 1914 each hourly value of decliiation, horizontal
intensity, or vertical Intensity in the monthly tabulations represented
the momentary value of the quantity for the s(?eci’ﬁed hour, local
mean time. gegjnﬂing with 1915 the published hourly values are.
average values for successive periods of an hour, begimning at mid-
night of the specified standard meridian (one hundred and fifth in the

1



RESULTS OF OBSERVATIONS NEAR TUCSON, ARIZ., 1810 AND 1920, 98
EARTHQUAKES.

A Bosch-Omorj seismograph has been in continuous operation
since September, 1910. It consists of two horizontal pendulums,
one recording east-west motion (E) and the other recording north-
south motion (N). The times in the following table are Greenwich
mean time counted from midnight.

“Period of pendulums: N., 18 sec.; E., 14 sec., January to June, 1919; 17 sec.,
July, 1919; 15 sec., August to October, 1919; 17 sec.,-November, 1919, to December,
1920. ’

Multiplication, 10.

Steady mass, 10 to 12 kg.

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

iven in the last column denote the actual movement of the stylus
%one—ha,lf of the maximum range) as measured on the seismogram.

Register of earthquakes.

Com-
No. Date. pi- P 8 L M C F A
nent.

1919. k. . Ao mo 8| b mo .| B m s | b om | b om | mm.
320 | Jam. 1. .oLL._L.. N 3 12 28| 3 22 20 .. .. .. 3 22 30| .. 4 22| 14.0
330 [ Jan. 17. ... ... N 11 54 1711 58 20112 00 19|12 01 39|12 04 |12 08 L8

E If 54 28111 35 40|12 00 25|12 01 48 |12 03|12 26 6.8
331 [ Jan. 81 ... ... N ce e e e 2B B2 20|23 B2 43| .. .. |24 08 0.1
E ce e ae|ee o 12851 55|28 B4 ... .24 01 0.2
332 | Feb.16............. N |16 01 30| .. .. .| ev e wu|we o ool |16 02
16 0L 30| .. .. .. .. .o .18 02 02|.. ..|16 04
4 42 00 .. . 4 45 0.!
4 42 00 .. .. ... . .o .. . . 4 43 0.1
20 58 29121 03 08|21 06 35 21 10 03|21 L4 |2 (9] 66.5
2068 48 (21 03 11|21 08 40|21 09 50 |21 4|20 28 1.3
20 04 37| .. .. ..l21 oOb 00|21 11 20|21 14|20 31 3.0
oL 20 07 2|28 08 80|21 10 23 (21 1t |2t 13 3.2
3 08 23| .. .. .| .. oo ool . 3 13 0.5
3 08 37 .- .. 3 14 0.3
7 29 22 .| 7T 34 15 8 18 8 19 )10 22 4.4
- 11 14 15 R - 1 42 0.1
. -.;20 21 30|20 23 20|20 32|21 05 Lo
0 55 41 .. 0 57 50| 0 3 00| .. .. 1 02 0.2
23 26 00123 30 54|23 39 001 .. .. ..|.. ..|23 52 0.1
21 55 16| .. .. .. |21 &7 21|21 37 32|2L 58|22 00 0.1
2L 55 22| . .o iiie ool ee e ai|ee .. |21 B9 ..
7 09 22| 7 13 33| 7 18 38 7 21| 7 32 vaa
19 23 14 (19 27 20|10 20 51|19 3¢ I4 |19 34 | 19 41 ..
e ee .o |19 27 141D 28 50| .. .. ..|.. ..|19 35 ..
colae . .| 6 38 50| 8 48 20 7 00| 7 11 0.2
23 10 30| .. .. .l oo Lo .s oo ol L2316 0.1
17 34 01 |17 45 01 |18 07 20|18 15 20 |18 20|18 31 0.1
21 32 05| .. .. ... .. ..121 32 28| .. _.l21 38 0.4
17 86 15| .. .. .. |17 37 11 |17 38 30 |17 40|17 50 0.2
327 30|.. .. ..| 3 28 59, 3 30 00|.. ..| 8 33 0.6
7 36 28 7 3% 06 39 55| 7 44| 7 2.8
18 43 15| .. .. .. | .. .. .. |18 4 13| .. . |18 45 0.1
10 32 16| .. .. .. |19 33 12|16 33 55|10 35|19 45 2.3
21 48 40| .. .. .. | .. .. .21 40 07| .. .. |21 53 0.1
2 11 09 17 30| 2 17 38 2 27 0.2
6 48 38 .. 8 49 20 .. 8 53 0.2
1 24 40 26 09| 1 20 40| 1 31| 1 33 0.3
1 24 43 20 13| 1 29 44| 1 33| 1 38 0.2
2 36 12| . -, 2 3646 | .. .. 2 40 0.2
2 35 41| .. .. .. 2 36 22| 2 37 11| 2 88| 2 41 0.5
4 25 44| 4 20 14 4 31 00| 4 33 05| 4 37| 4 43 4.0
4 25 33| 4 29 03| 4 31 00| 4 33 15| 4 30| 5 00 7.2
23 04 38 (.. .. .. .- 23 10 35(.. .. |23 18 0.5
0 13 35 .. PO P 0 28 0.1
20 25 O .. .. ..|.. .. ..|2 37 55 20 42 0.2
U P 9 55 38| .. .. .. -. |10 12 0.1
22 14 50122 21 00122 26 50/22 37 32122 46123 24 0.2
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Register of earthquakes—Continued.

38t

383

Com-
Date. po- P s L M F
nent.
| homos A o moos | b omos | b omos | hom | b m
N 17 88 05 (.. .. ... .. ... .. ... |17 58
E 17 54 35|17 8 35| .. .. ..|.. .. ..|-. 18 01
E |18 58 21} .. .. _.[18B 50 00|19 00 30| .. 19 34
N 15 28 55| .. .. .. (16 34 19|15 34 22|.. .. |15 37
E (15 28 49 .. .. ..!16 33 44 |15 34 32 (15 37|15 41
N 5 18 22).. .. .| 523 14| 5 23 30 6 25| 5 27
E 5 13 20| 5 17 47| 5 21 10| 5 23 30| 5 28| 5 54
E |18 54 38| .. .. .. |16 b4 40|18 55 12|18 68 |17 o1
E [21 10 51 (21 14 20 (21 18 40|31 17 41|21 19|21 28
E ce e e ee o 22 14 22 18 17 |22 20 |22 4
E .. .. ... 2 3 30| 2 41 .| 25| 3 2
B 7T 40 50| .. .. . 8 08 64| 8 09 . 8 17| 8 34
N (20 51 26 | .. . 22’8 51 57|20 52 35|20 54|21 o0
E |2 51 40| .. .. ©51 56|20 52 25|20 54 (20 58
N |21 3 19|.. .. __|.. .. o|.c oo |0 o210 18
E (20 13 18).. .. ..|.. .. ..|20 14 50|.. ..[2t 18
N |22 05 05|22 06 50|22 07 25|22 08 00 (22 15|22 27
E (22 06 31| .. .. .. |22 07 00|22 07 20|22 15|22 97
N 15 29 25 . .. .. |15 8 10|15 30 40|15 32| .. .
B | .. .. ]. .. ..|15 20 30|15 20 50|15 82| .. .
N .. ... .. |15 37 3071538 05|15 41|15 a7
E o o ee .. .. |15 36 45|15 37 20|15 40 | 15 45
N 4 390 28 .. . | .. .. oo .. ol o 4 49
. E e e - 4 46 27| 5 11 03| 5 16 00| 5 54| 6 12
June 7. ... ... ... E 9 57 48 (.. .. ..| 9 59 04| 9 50 30 (10 00|10 02
June 18............ N e I L b O N AR I () I T
E 10 11 29(10 12 07! .. .. .. |16 13 27|10 15|t0 19
Juame 22............ g 2 Bl 24| .. .. .. 2 51 52| 2 52 14| 2 54| 3 ot
D 2 51 271 .. R PO, 2 52 24 2 65| 3 01
July 7.l N | Lo O DU N N R R I
E |.. .. ..o.. .. |18 69 10|19 O1 10|19 04 |19 13
Aug. 3. .......... N [20 009 44|20 10 o0 .. .. __|.. .. _.|.. .. |20 39
E |20 00 0820 17 2020 28 29|20 30 45|20 41 |21 0]
Aug. 16 .. ... E 8 290 27| 8 40 13| 8 58 20| 9 02 45| 9 20| 9 2R
Auvg. 20............ N e e e e ae a8 85 04| L. L. .. L 17 ot
R E PO BN - 186 54 07 (17 00 52 |17 02|17 14
Aug. 26............ N (23 08 24| .. .. fe e o | ae e | e .. | 23012
E |23 08 25 (.. .. .. |23 23 50|23 27 25(238 32 |® 53
Aug, 20, ... ..... N 12 50 18| .. .. . 12 55 08 |12 56 52|12 5% | 13 O3
E ceee e |-o .. .| 12 53 B5 |12 55 57 (13 00|13 05
Sept. 8............. N 1 8 22| 2 08 33| .. .. ..|.. .. .|.. .. 2 17
E 1 58 20 2 08 37 (.. .. . T PO 3 09
Sept. 20............ N 14 52 22|15 02 50 ;15 22 35|15 28 3015 33|15 45
E 14 52 22(15 02 54 (15 21 05|15 32 15715 41 |17 17
Sept. 24............ N |22 02 18|22 08 11|22 13 45|22 17 27|22 1R |22 o7
E |22 02 15]22 08 14|22 14 45|22 15 27 |22 19|22 o8
Sept. 27............ N 527 101.. .. ..| 6 23 27| 5 20 34| 5 32| 5 45
E 5 27 83| .. . .| b 28 23| 5§ 28 58 5 31| § K2
Sept. 20............ N 12 0L 04| .. .- ae oo .12 02 5012 04|12 03
12 00 67 (.. .. . [12 O 3012 02 20|12 03|12 05
18 54 25 (.. .. ..[19 00 06|19 01 19|19 oR |10 20
18 88 10| .. .. .. [19 00 10|10 Ol 18|19 04 |10 22
16 5 14 (16 50 507117 02 50 (17 03 45|17 OR |17 11
16 8 14 (16 659 B7 (17 02 B3 |17 03 19|17 o7 |17 17
8 2 11| 8 82 A (.. .. .. .0 |0 ..] 8 54
8 22 12| 8 32 40 PR I I 9 18
12 20 47| .. .. ._|.. .. e o112 35
12 20 48 (12 29 36| .. .. __ .. .. .. .. |12 B4
oo 20(.. .. .. oo .. o oo o138 19
i3 0L 22|13 10 35|18 24 S8 .. .. ..| .. ..113 38
8 45 141 .. .. .| 8 52 33| 8 54 02| & 55| 8 o7
4 44 10|.. .. ..|-5 00 00] 5 08 35| 5 11 5 59
L.o.. .. |20 38 27|21 39 20121 40 2021 41|21 46
21 30 54|21 36 52|21 88 1521 40 153{ 21 42|21 51
12 24 18912 39 40 (12 40 30713 11 1 (13 13|13 58
12 24 1912 30 10|12 49 30|13 05 00|13 16| 14 507
14 47 42| .. .. O T . .. | 1B 56
14 47 b4 ... - . . 14 49 00 . 14 55

»
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REMARKS.

320. E out of adjustment; no well-defined long waves on N.
332. Instrument not in good adjustment.
333. Probably a near-by quake.
334. Stylus of N was off the paper from 21:10:05 to 21:12:53; the amplitude was measured to the edge of
hao paper.
t 335 %o distinet phages.
339. Only a trace on E; N not in good adjustment. . .
Mozg‘im%qs son;gwlmt uncertain because of irregular spacing of time marks; N not in operation from
Aug. 0 Nov. 15.
31%3, 344. Phages uncertain;seismograph not in good adjustment.
347. S uncertain.
355. P uncertaln.
346, 348-357. Probably near-by. .
360, 361, 362. Irregular record, possibly not seismiic; time marks missing and times, therefore, uncertain,
364. Reported from Porto Rico; PR plainly shown at 22:16:30.
3668. Phases not distinet; the one tabulated as Lmaybe 8.
369. Phases not distinet; times nncertain hecanse of missing time breaks.
370, 371. N not In operation.
376. P and S not well defined. .
377, 378. The end of vne overlapz tha beginning of the other.
379. Reported from Formosa; P and S uncertain,
382. Reported from Los Angeles as felt at 2:47; the phase tabulsted as P oceurs at about the time when
L would be @xpected at that distance.
384. P and § faint; times uncertain on account of farlure of time-marking apparatus.
385. Nothing on N.
387. Preliminary tremors faint on both components.
389. No well-defined long waves.
301. Another phase, probably PR, occurred on N at 22:03:50 and on E at 22:03:42.
392, 393, 3%4. Beginning faint; probably not P.
396, 397, 398. No well-defined long waves.
400. Nothing on N.
401. Phases not well defined.
402. P and $ not well defined; another phase at 12:31:48.

MAGNETIC STORMS.

Magnetic storms of considerable magnitude were recorded on the
days tabulated below. When a storm began abruptly, the time
of beginning is given to the nearest minute.

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
taﬁe by an asterisk after the date. IEIpward motion of the curves
porrezsponds to decreasing east declination, increasing H and decreas-
ing Z.
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INTRODUCTION

[Latitude 32° 14’.8; longitude 110° §0’.1; elsvation, 770 meters (2,626 feet)]

The Tucson Magnetic Observatory is about 8 miles (12.9 kilo-
meters) east of the city of Tucson, Ariz., in a comparatively level
country rising gradually to mountains on the north and west. The
buildings were erected in the summer of 1909 and the instruments
were installed and put in operation in November of that year. - A
description of the buildings will be found in the first volume of
observatory results for 1909 and 1910. The relative position of the
office and variation buildings is there incorrectly stated, however.
The variation building is about 700 feet east of the office; and the
vestibule is on the east end of the variation building.

The division of terrestrial magnetism of the U. S. Coast and Geo-
detic Survey, of which N. H. Heck, hydrographic and geodetic engi-
neer, is chief, includes both the office and 1£1)eld work. The office
computations and preparation of the results for publication were in
charge of the writer, assisted by W. N. McFarland, Frank Neumann,.
0. S. Hill, J. B. Goldsmith, and I. I. Kaplan, computers. The work.
of the observatory was carried on by William H. Cullum, magnetic
observer, to the end of August, 1922, After that it was in charge of

A. K. Ludy, magnetic observer.
1
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EARTHQUAKES

A Bosch-Omori seismograph has been in continuous operation
since September, 1910. It consists of two horizontal pendulums, one
recording east-west motion (E) and the other recording north-south
motion (N). The times in the following table are Greenwich mean
time counted from midnight.

" Period of pendulums.—N., 18 sec. to May, 1922; 19 sec. :;fter May, 1922. E,,
7 sec. *
Multiplication, 10.
Steady mass, 10 to 12 kg.

The nomenclature of the International Seismological Association
has been used to designate the different phases. The quantities
given in -the last column denote the actual movement of the stylus
- (one-half of the maximum range) as measured on the seismograms.

Register of earthquakes recorded at Tucson, Ariz.

Com- Maxi-
No. Date po- P ] L M C F gl‘gﬁ_
nent tude
1921 m, 8 m. 8. | h m | A mm
1| Feb. 4 __.. 33 27| 8 35.10; 8 44| 9 :
34 43 35 437 8 4 9
2| Feb.19_. n 49| .. "19 24|19
3| Feb.21......._. 10 45|18 11 20116 12| 18
10 45 oo fo.. 16
4| Feb, 27eone___. 59 0719 00 35|19 14
08 86 |-cemmeea]-os
5| Mar.6.__..._. 27 57) 7 28 35| 7 35 1
28 13| 7 30 02] 7 35
8| Mar. 25 __.___ 83 61 0 34 38| 0 37
33 55{ 0 34 18| 0 37
7| Mar.28.._____. 06 68 8 08 18| 8 18
s a 06 10 8 08 00| 8 11
..... {2 PR,

b b 2 2 1 2 3 2% 2 O 2% 2 20 o O 2 e 2 1 2 2
Smmﬁﬁaaﬂooﬁﬁmmooamsg
B R AR RRY L RSN REE RS RRRSS
COCPEOPPP P RO AN oL PPN NAIOOO OO NE]

RSO0 N NN R OO D DO = O S N R UTCI 00 O € €5 bt i bt | b=t bt

N |10 24 49| -_.____...]19 25 30|19 25 58|16 20| . ...
E .1
E 24
N b1 IR
E 44 S 09 0.1
E . [R) W PR
N 58 31 0.2
N 50 4 1.0
N 05 o 0.1
N 16 2. 21 0.2
N - 44 ;16; o7 | 3.8
% 407 46| 4 0L 5 0}° 25
2 15 33| 2 18| 2 0.1
- B 4 31 BM.| 4 33| 44 0.5
D7 IO SN AN A 08| 4 31 |
E 21 26 16|21 43|21 48 0.2
W B 9 46 55| 9 49|10 % 0.3
E " Note. - |18 34 | 16~ 42.+
E 3 34 19| .. 1 B 0.3
E 91 35 03| ___..._|2t %0 0.1
E 2 4lnzln 3 10.8
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Register of earthquakes yecorded at Tucson, -Ariz.—Continued

No. Date

B9 | Apr. 2. ...
40 1. _.do......._.
41 | Apr.8.. ...
43 | Apr. 20

51| Aug. 18_._______
52 | Aug.30_._____. !

53| Sept. 1. ______. [
54| Sept. 9. _. i

55 | Sept. 20....._.. !
50 | Sept. 30____._.. :
57| Nov. 11....._. l
58 | Nov. 17._..._.. |

41| 6 17 B5| 5 19
3 6 17 30| .. _
55|22 47 20¢ .. .
13122 49 413 0 _.
270120 08 20 .. __
| 0 25 42| . __
.| 0.27 42} .

.- |21 40 01|21 41
|21 39 2| ..

.. 123 35 30|23 37
.. |28 35 30|28 37
91 5 11 30| 5 12
18 5 1L 17| 5 14
12 .0 o o .- aa

Maxi-
mum
ampli-
tude

<
§)

o
.»'-

eepe

SR D 00D D OO B I Y BN 1

- ‘
CRRONSDOSHDOP

e
-

W‘ON'@GONNHNOSH

pwRooo-ooeePe

REMARKS

1. PR af 8:28:08; SRy on N at 8;32:22 A= 2,580 km.
g. Phages ili-defined on N; PR;on E at 18: 38:31,

. Beglnmni doubtful.
7. A= 2,930

8, 10. No definite phases.
12, Phases not well defined.

18. Wind tremors obscure record on N; Le doubtful.

17. N not operating.

19. P and L interpretati 1'1;? u(]loubtful ex at 4:25:10.

20. P interpretation do

21. P interpretation -douhfful.
aximum; actual maxlmum at 6:23:39.
23, 24, 25, 28, 27. E not operating.

22. N’o definite L wave

25. Pdou tful.
26. P doubtfal.

Recorded on magnet?gmph at 15:45.

2860 37,

37. L doubtfu

not in operation
29, 30. P-interpretation doubtful.
-+ 81. Record, lost from 3:55 to 4:02.
33. A series of L waves begins at 9:26:
34. 8tylus off Paper frord 13:26:08 to 13: 29 89,
Reeorded on the magnetograpn.

38. No definite maximuin during L; maxirnurm on E occurs at 4: 18 27; on N at 4:08:44.

39, 40. P lnter% retations doubtfuls
nses indetexrminate on E on account ot irregular motlon of drum.
L waves on E at 22:13:10 and 22:26:0

41. Tires of 5
44, Addition:

46. 0=4:47:08; A= 3,210 kim.; additional L phase on N at 4:52:34, Recorded on the magnetograph from

4:51 to 5:01.

47. An emérgence on-E and N at 10:47:14.
48, 0=20:59:20; A= 500(?)

49 Local tremors,

phases doubtful; oP
End 1031; In‘changing paper.
51, 52. L interpretations doubtful.
52, Emerfrence on N ooeurs at 22:47:39.
, 54, 66, 56. P interpretations doubtrul

. Recorded on the magneto
56. End pdrtion on B r%sx;skeﬂy wind tremers.

Sy o
St

km. Recorded on the maguetograph at 21:02. Las occurs at 21:01:32.
RF oceurs at 13:45:26; @PRx at 13:45:00; SRs at 13:53:31; SRix at 13:33:20.

57. O=4.39:33; A=38,120 km; PSn(?) oeccurs at 4'51 07; P8x () nt 4:53: 54, SRiz ot 4:58:45; SRag at 5:02:04;
5:10:50; Lax at 5:00:08. SR doubt:lul Fu

5'02 04; em at 5:03115; e at 5:08:39; Lo at 5:09: 50; Lam &
mdetermin ﬁq on aceonnt of irregular trace due to loose stylus.
58. Barely' pereeptible.

Recorded on the magnetograph
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INTRODUCTION

fLatitude 32° 14.8; longitude 110° 5¢".1; elevation, 770 meters (2.526 feet)]

The Tucson Magnetic Observatory is about 8 miles (13 kilometers) east of the city of
Tucson, Ariz., in a comparatively level country rising gradually to mountains on the north
and west. The buildings were erected in the summer of 1909 and the instruments were
installed and, put in operation in November of that year. A description of the buildings
will be founti in the first volume of observatory results for 1909 and 1910. The relative
position of the office and variation buildings s there incorrectly stated, however. The
variation building is about 700 feet east of the office, and the vestibule is on the east end
of the variation bulding.

The division of terrestrial magnetism and seismology of the United States Coast and
Geodetic Survey has supervision of the office, field, and observatory work in terrestrial
magnetism. During the period covered by this report, N. H. Hegg hydrographic and
geodetic engineer, was chief -of this division. The work of the observatory was in charge of
Albert K. Ludy, magnetic observer, during all of 1923 and 1924. The o%ce computations
and preparation of the results for publication were in charge of the author and the assistant
chief of the division, D. 1., Hazard, assisted by O. S. Hill and Augustine M¢Carthy, mathe-
maticians, and R. R. Bodle, Louis P. Sissman, and John Hershberger, magnetic observers.
The methods of observing are explained in Directions for Magnetic Measurements, published
in 1911 (third edition in 1930).

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 published hourly values
are average values for successive periods’of an hour, beginning at midnight according to the
mean time of the one hundred and fifth meridian. Thus, a value in the column headed 1
represents the average value for the hour beginning at midnight and ending at 1 a. m., one
hundred and fifth meridian mean time.

INSTRUMENTS
VARIATION INSTRUMENTS

The magne l%'xaph is of the Eschenhagen pattern and consists of a recording apparatus
and declination (D), horizontal intensity (H), and vertical intensity (Z) variometers. The
variometers are mounted west of the recording apparatus. Upward motion of the curves
on the magnetogram corresponds to decreasing east declination, increasing horizontal

1
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EARTHQUAKES

99

A Bosch-Omoni seismograph has been in continuous operation since September, 1910,
It consists of two horizontal pendulums, one recording cast-west motion (E) and the
The constants of the instruments were as

other recording north-south motion (N).
follows:

separate publications for the seismological reports.

E. N.
Steadymass_____.._____.____..___. 10 10
Multiplication____ .. . __________. d - 10 10
Perlod from—
Jan, 1, 1923 .. ... 16.7 19.4
May 1, 1928 R 18.9 18.5
Dee. 1,1923_ . ... s 17.0 19.6

The following table is a register of the earthquakes recorded by the seismograph.
The time is Greenwich mean time counted from midnight.
the table for impulses and emergences which have not been identified with any phase of
the seismogram, the times of their appearances 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.
On January 31, 1925, the President approved an act of Congress, which authorized
the Coast and Geodetic Sutvey to make investigations and reports in seismology, and in
accordance with the provisions of this act, the scope of the work of this bureau in seis-
mology has been enlarged, and its importance has been felt to warrant the issuance of

In order to find a place in

Accordingly the records of the opera-

tion of the seismograph at the Tucson Magnetic Observatory will be published hereafter
in the seismological reports which are being issued, beginning with the first quarter

3
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of 1925.
Register of earthquakes
‘ “(‘ompo ‘
T C -
. No. Date " hent P S L M c
' 1 '
1623 | ko om. s h. m. s h. m. s b m. & ko om
Ll dan, U0 el [ 1 ; 4
| N 4
2 IAN 22 e ) 9
N 9 i9
3 E 8 8
N 8 8
4 £ 5 5
N § 5
5 E 6 16
N 16
[ L io
N i0
7 E
N
8 B
;N
9| Feb. 27 . ... E 620
N 820
10| Mar. 7. il ' E 5 02 58
N 5 02 58
1| Mar. 18, el I 20 20 54
N ‘20 20 B4
12 | May 4 el E 16 34 20
N 616 34 24 o616 40 34 16
13 [ June 18, .ol E 8 28 04
N g 28 08
14 | July (2. __. el E e5 41 31
@G| Jaly 12 ... )0 6 13 43 |-
A .
16 (July 28. .. ... ieee.. E e7 32 7
N 7 32 7
170 Aug. 23 . E 3 17 23
N 28 17 23
18 | Sept. 1. o oo )] 3 11 a3 34
! N 3 11 ed 34
19 | Sept. 2. K ed 02 3 8
20 | Sept. 23 0 el 48 3 48
N 63 49
E 1 48
N 1 48
E
N
O]
E
E
E
N
E
E

popePOERROnL
Lol L = D =t e DD =t e O OO
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Register of carthquakes—Continued

Compo- . @

Na. Date nent P S I, M C F A
h. mm.
E 22 0.4
N | 22 09 88 |cocccmocoo_22b 22 10 52 oo 22 22| ___
E 23 5.4
N 23 2.6
E 0.2
E 1 0.2
N |. 13 31 18| 218 31 52 |- |eeo 0.2
E 16 01
N | 18 07 31| 218 08 03 .o oo |omccmiamcccaen 01
E 01
E 21 03 00 21 13 18 21 32 32 21 34 0l |omooos 21 52 0.3
E e8 09 23| o6 18 45 |- ....__..__.. 8 15 69 |-.oo_—- 6 38 0.2
E 10 14 29 10 19 58 10 24 31 10 20 07 |- 11 15 2.0
E ell 51 06 11 585 58 11 01 13 11 05 Ol |—oooooee 11 30 0.1

E eld 58 25 | . 11 02 05 |omeaeo - 1 13 0.1
E 14 02 0 18 41 0 22 58 0 23 68 |..oo__. 0 42 0.2
R O RN 17 10 06| 17 14 38 [.___.__ 18 19 0.4
E 20 05 13 20 08 07 20 09 44 20 10 29 11|20 28 6.1
N 20 05 09 |- e 20 090 20 20 10 10 |-coeoon 20 16 6.5
]]:.} 20 00 18| e20 06 05| &20 09 13 % 10 34|20 24 |21 02 2.4
E 1 0.2
N | 120 31 | mmcmmmg oo | 1B |l -
E 0.2
E 0.4
E L4
N oo fommccmccecae| 2 88 18 | i 2 B8 || s
E | 15 88 17| 18 05 28 ||| 17 00 .
E 0.3
E 0.1
. E 0.1
E 0.3
E 0.2
E 0.1
E 0.2
N [
56 E 0.1
57 E - 0.1
58 E 23 0.1

REMARKS
1. Local fremors.

2. O at 9:04:18, distance 1,550 km,; Ls and Ls on E at 0:11:48 and 9:12:46, respectively; Ls on N at 9:11:36; recorded on magnetograph.

8. Recorded on the magnetograp

4. O at 5:08:07, distance 8,920 km., I3 on E at 5:43:46,

5. O at 18:01; 41 distance 7,320 km.; Py on both at 16:12:47; e on both at 16:21:00; PS on N at 16:21:42; i on N at 16:22:51; e on E at 18:24:31
and on N at 16:25: 44; e on E at "18:27: 68; SRyon E at 18:30:01 and on N at 16: -40; :49; Mg off paper at 16:39: 26; recorded on magnetograph.

6. Inon N ut 0-43 23; recorded on magnetograph,

7. Local tre]

8, iRc&nNat'lmaS Ls on E at 8:10:51 and on N af, 8:14:27;

9. Laocal.

10. e on E at 5:03:42; local.

11, Loecal; recorded on magnetogn

12. O at 18:26:47, distance 4,210 InonEatlB4501andonNat164656

13. O at 8:16:14, distance 8, ssokm ‘aon E at 8:28: 30, 8:38:12, and 8:41:18; records very faint.
14, 16, Local tremors
18. O at 7:30:40, diste,nce 640 km.; recorded on magnetograph.
17. O at 28:14;35, distance 1, lmkm
18. O at 2:58:42, distance § ,600 km.; e on E at 3:45:26; N not in good adjustment,
ég. &2{;}2&6 zs distance 9 675 km. trom Le-Sg; o on E at 8:22:47; N not in good adjustment; only slight evidence of waves.
21, O at 1:20:49, distance 6,400 km. from Ln-Sn; ePR: on E at 1:33:18; SR on E at 1:44:00,
22. Local shock.
23, Ly on E at 4:27:32; N out of order.
24, O at 7:10:42, distance 7,110 km.; L3 and 1 on E at 7:43:21 and 7:48:05, respectively; P and S barely pereeptible.
27. O at 21 08.418 distancs 10,040 km PR on E at 21:25:40; SRs on E at 21:44: 12; Ly and L on E at 21:59:00 and 22:01:45, respectively; N

component not tﬁemi% satisfactorily,
29. e on E at 22:20:11; Mz on E at 22:22:09; recorded on magnefograph; ee Apparently another earthquake,
30. i on E at 28:59:31; ' recorded on magnetogmph tremors superimposed on L.
3L. 34, 35, 86. No record on N.
37. O at 10:07:38, distance 3,660 km.; ePR at 10:15:46; e at 10:20:21; SR at 10: 22 14; T2 ot 10:28:15; N not operating during March,
38: Interpre! atation based on report of Porto Rico observator
41. O at 18:20:15, distance 12,100 km.; PR3 at 18:42:17; ¢ at 16:45; 45; PS at !0 49:40; SRy and SR: at 16:55:15 and 16:59:42, respectively; e at
17:10:67; origm based o PRa and SR3i; N not operaf.ing satisfactor| ily.
42, O at 20:01:29, distance 1,720 km.,; recorded on mngnemgra;l)h obsened in magnetometer while making declination abhservations.
43. M; on E at 20:21:48; reeord of N derectlva phases not well defined.
44. e on E at 1:29:08; thls may not be selsmic.
46. N not in good adjustment
47. ePR on E at 1:57:22; P8 on.E at 2:07:16 and on N af 2:07:30; SR on E 2t 2:14:16; 12 on E at 2:33:28.
48. O at 15:45:05, distance 7,820km no definita long waves.
49, 60, 61. N out, of order during July

52 ¢ on It at 18:38; 35; N not operatlng satisfactorily during August.

53. P and 8 extremely weak.

56. N out of order during October.
57. eLa at 23:36:02.

58. N out of order,
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