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OBSERVATIONS OF THE EARTH TIDES AT YURA
(OBSERVATION SYSTEM AND TIDAL FACTORS)

By Masaaki Kato, Torae Tanaxa and Yoshinobu Hoso

Synopsis

Telemetering system for monitoring crustal deformations has started into operation in Oc-
tober 1982 at the Yura Observation Station, Wakayama Prefecture. Twenty-four signals of
crustal strains and tilts observed with strainmeters and tiltmeters, and of other geophysical data
are transmitted to the Disaster Prevention Research Institute by a telephone line with the data
signalling rate of 50 bits/sec.

In this paper, firstly the structures of observing instruments and their electronic circuits
are described. Both the magnetic sensors and differential transformers are adopted as trans-
ducers of strainmeters and tiltmeters. Secondly tidal factors obtained by using the data from
October 6, 00h00m to December 31, 23h00m, 1984 are shown. It has become clear that the
values expressing the ratio of observed to theoretical amplitudes for M, constituent distribute
in the range of 0.3~2.6.
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Fig. 1 Observation vault and the installation of instruments. EXTO: Strainmeter with
differential transformer. EXT: Strainmeter with magnetic sensor. WT: Water-
tube tiltmeter. TEMP: Thermometer. As to the detail of instruments refer to

Table 1.
Table 1 Constants of the instruments in Yura
Instrument | Direction Sign Span | Input range | Magnifi- | Sensitivity
symbol or cation of D: digit
FATEC205 | auto-zero S: step
O~ circuit
EXT-NS N 9°W | Extension (—) 624cm | +-50mV | 5.000 1.621 E-10/D
EXT-NW N 43°W | Extension (— 1452 cm | +-50mV | 2.360 1.403 E-10/D

)

EXT-NE(C) | N 42°E | Extension (+) 1165 cm | +-50mV 2.360 2.280 E~-10/D
EXT-NE(E) N 42°E | Extension (—) | 3102 cm | +-50mV 1.040 1.214E-10/D
EXTO-EW N 85°E | Extension (+) 500 cm | +-50mV 0.555 0.929 E-09/D
EXTO-NS N 5°W | Extension (4) 500 cm | +-50mV | 0.560 1.123E-09/D
EXTO-NWW | N 60°W | Extension (+) 600 cm | +-50mV 0.551 1.469 E-09/D

WTI12 N 42°E | Down  (+) 1794cm | +-50mV | 0.306 0.871 E-09/D
WT34 N 51°W | Down  (+) | 1396cm | +-50mV | 0.306 1.119E-09/D
VP-1 N270°E | Down  (+) 25cm | +-50mV | 5.054 0.719 E-09/D
VP-2 N O0°E | Down (+) 25cm | +-50mV | 2.402 1.518 E-09/D
TEMP-1 Increase (+) +-10mV 0.0001 °C/D
TEMP-2 Increase (+) +-50mV 0.0005 °C/D
TEMP-3 Increase (+) +-10mV 0.001 °C/D
TEMP-4 Increase (+) +-10mV 0.001 °C/D
PRESSURE Increase (+) +-50mV 0.1 mb/D
PRECIP . Increase (+) +-10mV 0.5 mm/S
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Fig. 2 Detector of strainmeter (magnetic sensor type)
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Fig. 3 Diagram of auto-zero-adjustal:le circuit (with main-amp and high-cut filter)
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Fig. 4 Secular changes of tilts, strains, atmospheric temperature, atmospheric pressure
and precipitation at Yura. Al the changes are drawn by using hourly values
during the period from Oct. 06, 00h00m to Dec. 31, 23h00h, 1984, (JST).

(a): Precipitation and atmospheric temperatures.

(b) : Strainmeters with magnetic sensor.

(c): Water-tube and vertical pendulum tiltmeters.

(d) : Strainmeters with differential transformer and atmospheric pressure.
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Table 2 Results from the tidal analyses of observed and theoretical strains (1)

Instrument | Direction | Constituent Observed Theoretical Amplitude
symbol Amplitude Phase | Amplitude Phase ratio
(strain) (rad) (strain) (rad) (Obs./Theor.)
M2 0.1092E-07  1.993 | 0.1331E-07 —1.960 0.820
52 0.4453E-08 —3.006 | 0.6633E-08 —0.131 0.671
K1 0.6535E-08 —0.765 | 0.6095E-08  1.903 1.072
EXT-NS | N 9°W 01 0.7848E-08 0.062 | 0.4690E-08  3.096 1.673
N2 0.2208E-08 —1.951 | 0.2477E-08 0.305 0.891
K2 0.1096E-08 —3.058 | 0.2009E-08 —0.429 0.546
S1 0.4244E-08  2.881 | 0.3615E-08 —0.422 1.174
M2 0.3319E-08  1.590 | 0.1033E-07 —2.217 0.321
S2 0.1461E-08 —2.952 | 0.5145E-08 —0.388 0.284
K1 0.2113E-08 —0.820 | 0.8159E-08  2.132 0.259
EXT-NW | N43°W Ol 0.2415E-08  0.322 | 0.6277E-08 —2.959 0.385
N2 0.6572E-09 —2.052 | 0.1902E-08  0.051 0.346
K2 0.5550E-09  2.511 | 0.1561E~-98 —0.685 0.256
St 0.4381E-09  2.705 | 0.4847E-08 —0.193 0.904
M2 0.3717E-08 —0.631 | 0.1048E~07 —1.542 0.355
52 0.2208E-08  0.553 | 0.5224E-08  0.286 0.423
K1 0.4963E-08 1.486 | 0.8098E-08 1.339 0.613
e | NM2E | o1 0.4258E-08  2.704 | 0.6224E-08  2.531 0.684
N2 0.6389E-09 1.770 | 0.1978E-08 0.727 0.323
K2 0.3882F-09 1.234 | 0.1582E-08 —0.012 0.245
Sl 0.2952E-08 —1.873 | 0.4805E-08 —0.989 0.614
M2 0.4685E-08 2.464 | 0.1048E-07 —1.542 0.447
S2 0.2362E-08 —2.711 | 0.5224E-08  0.286 0.452
K1 0.5532E-08 —1.795 | 0.8098E-08 1.339 0.683
PXE@ | N2 | Ol | 04617E-08 ~0.471 | 0.6224E-08 2581 | 0742
N2 0.8627E-09 —1.338 | 0.1978E-08 0.727 0.436
K2 0.3904E-09 —2.401 | 0.1582E-08 —0.012 0.247
S1 0.2427E-08 1.458 | 0.4805E-08 —0.989 0.505

Notes: Period of analysis; Oct. 06, 00h00m~Dec. 31, 23h00m, 1984, (JST).

The phase is the value of ¢ in a cos (@ -9), in which the time origin is adopted as
Oci. 07, 00h00m, 1984, (JST).
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Table 3 Results from the tidal analyses of observed and theoretical strains (2)
(presented as in Table 2)

Instrulr)nelnt Direction | Constituent Observed Theoretical Amplitude

symbo . i ratio
Aplinde Thase | Ampitude Thate | (Obs./Theor)
M2 0.4842E-08 —1.785 | 0.5441E-08 —1.758 0.890
s2 0.2181E-08 —1.647 | 0.2711E—08  0.072 0.805
Kl 0.7011E-08  1.455 | 0.9411E-08  1.674 0.818

EXTO- | N85°E o1 0.5819E—08 —3.106 | 0.7241E-08  2.866 0.804
N2 0.8417E-09 0.522 | 1.0204E-09  0.539 0.825
K2 0.7090E-09 —0.020 | 0.8231E-09 —0.228 0.861
sl 0.3382E-08  1.156 | 0.5586E~08 —0.652 0.605
M2 0.1304E-07 —1.066 | 0.1343E-07 —1.924 0.971
s2 0.4426E-08  0.418 | 0.6689E~08 —0.096 0.662
K1 0.6400E-08 2.383 | 0.5978E-08 1.834 1.071

EXTO | N 5w o1 0.9089E-08 3.091 | 0.4509E-08  3.027 1.976
N2 0.2607E-08  1.361 | 0.2501E-08  0.340 1.042
K2 0.1996E-08  0.158 | 0.2026E~08 —0.393 0.985
sl | 0.5645E-08 —0.182 | 0.3543E-08 —0.491 1.593
M2 0.1001E-07 —1.655 | 0.8016E-08 —2.263 1.249
s2 0.2456E-08 —0.625 | 0.3990E~08 —0.434 0.616
Kl 0.8644E-08 2.119 | 0.8950E-08  2.049 0.965

oW | Neow |01 0.8500E-08 —2.952 | 0.6892E-08 —3.042 1.233
N2 0.1667F-08 0.813 | 0.1468E-08 0.011 1.136
K2 0.2222E-08 —0.517 | 0.1211E-08 —0.731 1.835
sl 0.3269E-08  0.055 | 0.5323E-08 —0.276

0.641
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Table 4 Results from the tidal analyses of observed and theoretical tilts
(presented as in Table 2)
Instrument| Direction | Constituent Observed Theoretical Amplitude
symbol Amplitude Phase | Amplitude Phase ratio
(rad)  (rad) | (rad)  (rad) | (OPbs/Theor)

M2 0.8750E-07  1.059 | 0.3383E-07 2.274 2.586
S2 0.3484E-07 —2.992 | 0.1679E-07 —2.181 2.075
K1 0.5605E-07 —1.399 | 0.1476E-07  0.832 3.797

WT12 N42°E o1 0.4929E-07 —0.407 | 0.1135E-07 2.021 4.343
N2 0.1766E-07 —2.074 | 0.6103E-08 —1.725 2.894
K2 0.1047E-07  2.939 | 0.5088E-08 —2.471 2.058
Sl 0.3080E-07 2.635 | 0.8871E-08 —1.497 3.472
M2 0.6860E-07 1.114 | 0.3669E-07 —3.021 1.870
S2 0.3665E-07 —2.898 | 0.1826E-07 —1.189 2.007
K1 0.2790E-07 —1.862 | 0.1575E-07 —0.347 1.771

WT34 N51°W 0Ol 0.3001E-07 —0.771 | 0.1205E-07 0.846 2.490
N2 0.1432E-07 --2.949 | 0.7006E-08 —0.726 2.044
K2 0.1097E-07  2.512 | 0.5557E-08 —1.484 1.974
Sl 0.1312E-07 0.815 | 0.9282E-08 —2.686 1.413
M2 0.1026E-06  1.038 | 0.4318E-07 —0.306 2.376
S2 0.4520E-07 —2.893 | 0.2145E-07 1.524 2.107
K1 0.5050E-07 —1.515 | 0.1764E-07 —2.976 2.862

VP-1 N270°E 01 0.5030E-07 —0.576 | 0.1354E-07 —1.782 3.714
N2 0.2178E-07 —3.067 | 0.8032E-08  1.998 2.711
K2 0.1531E-07 2.862 | 0.6525E-08 1.232 2.347
S1 0.2582E-07 2.298 | 0.1045E-07 0.978 2.470
M2 0.1177E-07 —2.508 | 0.2401E-07 1.266 0.490
S2 0.4862E-08 0.911 | 0.1196E-07  3.093 0.406
K1 0.1975E-07 2.041 | 0.1219E-07 1.745 1.620

VP-2 N 0°E o1 0.1536E-07 3.046 | 0.9325E-08 2.932 1.648
N2 0.3554E-08 —0.704 | 0.4490E-08 —2.780 0.791
K2 0.5338E-09 —0.325 | 0.3615E-08 2.796 0.147
St 0.1872E-07 —0.269 | 0.7320E-08 —0.602 2.558




