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OBSERVATIONS OF ELECTROMAGNETIC RADIATION RELATED
WITH THE OCCURRENCE OF EARTHQUAKES

By Kazuo O1kE and Zoshio Ocawa

Synopsis

Simple observation systems to record natural electromagnetic noises have been developed.
AGC signals from the radio recciver are amplified and filtered by a low-pass circuit to record a long
period variations of the noise level, and filtered with a high-pass circuit to count-up the number of
impulsive noises.

The specific frequency of 9.5 kHz was used for the observation of VLF noises. For LF and HF
continupus observations, 164 kHz and 20.007 MHz were used, respectively. These frequencies
have been chosen based on the results of surveying the artificial signal distribution in the wide fre-
quency range. The integrated signals of each frequency are recorded on the strip chart paper with
a speed of 25 mm/h. The counted number of pulses are converted into the analogue voltage to be
recorded on the same chart paper. VLF flash-type noises are clearly recorded by the latter method.

Some examples of VLF imminent precursors have been obtained by these systems. They show
that the signal level increases gradually before the occurrence of earthquake, and neither co-seismic
nor post-seismic signals are recorded.

ELF natural noises have been continuously recorded by the pen recorder with a speed of 4 mm/
sec. The sensor of this system is a ball antenna installed on the roof of the institute. The conti-
nuous record have becn obtained since the beginning of February, 1982. The Urakawa-oki earth-
quake of M7.3 occurred in Hokkaido on March 21, 1982. The focal depth of the earthquake was
about 30 km and a part of after-shock region was located in the land part of the coastal region.

Anomalous ELF signals were clearly recorded before and after this main shock. The ELF
signals appeared about one day before the main shock. The signal intensity increased gradually
and then rapidly decreased until the occurrence of the first fore-shock. The similar ELF signals
appeared again after the occurrence of the main shock, and the maximum after-shock occurred at
the peak of this ELF radiation.
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Fig. 1. The amplitude spectrum of artificial signals in VLF and LF ranges
measured using the radio reciever with a rod antenna.
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Fig. 2. The amplitude spectrum of artificial signals in a part of MF range.
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Fig. 3. The amplitude spectrum of artificial signals in a part of HF range.
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Fig. 4. The block-diagram of a simple system of the continuous observation for
VLF to HF natural noises. The low-pass filter (LPF) is used to record
a long period variation of signals and the high-pass filter (HPF) and the
counter are used to record the number of impulse-type noises.
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Fig. 5. Overall frequency characteristics of the recording system of ELF natural
noises. The ball antenna is used for the pick-up sensor which has a flat

sensitivity in the frequency range higher than about 3 Hz.
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Fig. 6. Examples of usual ELF flashes recorded in a very fine day, and an example
of ELF signal clearly showing a dispersion, which appear in the upper
right of the record.
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Fig. 7. An example of precursors recorded in a wide frequency range from VLF to HF.
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Fig. 8. An example of unusual HF noises just before a small earthquake. Long period
variation is a drift in the circuit due to the daily variation of the air temperature.
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Tig. 9. An example of impulse-type noises observed before the earthquake.
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Fig. 10. An example of precursors recorded only in a few minutes just before the shock.
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Fig. 13. The time variation of ELF precursory noises shown by ranks in its activity.
The heavy arrow shows the main shock of M7.3 and the other two arrows
show the first fore-shock and the largest after-shock, respectively.

—10 —



B« /N1 - BB B S RGO BIR) 99

LlekD, FOWEEENDL L ENEHTH D, T, ALK ELF &, #Hic¥ He~20Hz O/ 41 X%
RET BT ERLBOOT, BABFORELHBENESETH S, CREMALTAV-TT VT F+ERAOT
BEOEEFERO DN THE LS 2, CNOOREEZZINT, HMRERIO DL S TERBS OB
%lZ, HEFAODICIERKEETH S,

6. = I )

HERRAIC LS BRIKHOBRSEHERS 20, DWANWADENEE CHEMBRET >/, €DHFER, T
BRI, LhSEBIBRASTLISC EEENE UTHR U, Y, MEctEd BROFELH
OB EBREEEZ I DOTHS,

YR OF — 2 h o DER TS 2, HicE VLF X3 ELF HTOBEABEETHY, LobH
UHRICE 2 B EBHSRETH B T Ebbh»Tc, MEREICHE L TEFRSEMSEHINLAEND
DIET &, BICEEENC LI, ChSDOREEKIMBRENMICEN—E~¥I0ERICAS NS &
WHTETHB,

A%, BBAEE UL OESENERT AL, BLOREDA N =X b%EZLLLLGELAEZBED
T, BIRERKEE LT LE 550,

COBRIETRICEL, HAuBESERHESEEINTOS S Vv — T TOERPBCEHTE -1 2D
R =03 BANRRREL « BAKFEL  FRUBELCEELCRREY > oo COBRERDIIE
BOX -G, TR TR¥ET AT L —HRYERAHRO Dr. GOKHBERG 3 X TF Dr. MorGouNov D
REICE > THPABARTIADTEREOKEN S S SN bOTHY, BUER et LD 2HE
T, EHTELOATHEAFRICET 3 IHF—REOFXEM AL ROKBEILSE TR0, Bil#E
BOREL XURBICRREREHBEOENICAS LCAnE L, TLRBMREDOMNEE, cns50H
BICESEHN LTS,

COWEAEED B, BROCER AR EH R ERM &R R K ERBIH (156020011 (REE HFH
®RR) O—EEHEDE TN,

2 B X W

1) Gokhberg, M. B., I. L. Gufeld and I. P. Dobrovolsky: Electromagnetic Prescursors During Earth-
quakes Preparation Process, Schmidt Institute of Physics of the Earth, Institute of Seismology of
Academy of Sciences of Uzbekistan, Preprints No. 7, 1980, pp. 1-12.

2) Gokhberg, M. B., V. A. Morgounov, B. Gruzinskaya, T. Yoshino and I. Tomozawa: The Experim-
ental Results of Appearance of Electromagnetic Emissions Related with the Earthquake at Sugadaira
Observatory in Japan, Jour. Geophys. Res., 1982, in press.

3) Gokhberg, M. B, V. A. Morgounov and E. L. Arnov: On High-Frequency Electromagnetic Radia-
tion during Seismic Activity, Doklady, Academy of Science USSR, 248, No. 5, 1979, p. 1077.

4) BRI  ELhEEEEIkE, 1976, p. 69.

5) WABET : HEICHS B, FEARIEERER I HE, 1981

6) IrE—ik : FETELOEMBRE, AR FIRET RS, 1982

7) Ogawa, T., Y. Tanaka, T. Miura and M. Yasuhara: Observations of Natural ELF and VLF
Electromagnetic Noises by Using Ball Antennas, Jour. Geomag. Geoelect., Vol. 18, No. 4, 1966, pp.
443-454.

8) Ogawa, T.: Analyses of Measurement Techniques of Electric Fields and Currents in the Atomosphere,

— 11 —



100 FOKBKBIZCER 255 B-1 (FE57.4)
Contr. Geophys. Inst., Kyoto Univ., No. 13, 1973, pp. 111-137.

9) HEER - EXRAE : ELF HERREEHVENERLTO MT HE—LEKE—, Sutiut,
#14%, 1979, pp. 21-31.

— 12 —



