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High sensitivity seismometers for rotational components of ground motion were tentatively
designed. Four L22d seismic sensors were set on a circumference of a metal plate. L22d seismic
sensors were selected to have almost the same mechanical and electrical characteristics. The
radius of the circumference was 11 cm. OQutput of four sensors were connected to be series to
cancel translational movement and to emphasize rotational movement of the ground. Sensitivity
of the rotation seismometer were obtained by comparing artificial rotational noise spectrum with
that of the gyro-sensor of which sensitivity is calibrated. By this experiment we confirmed that
high sensitivity of 335mV/deg/s was obtained. We show translational and rotational seismo-
grams of explosion, earthquakes and traffic noise with absolute amplitudes. The rotation
seismometer has wide utilities for S and Love waves observations and will bring large possibil-
ities for seismology and seismic exploration.
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Fig.1. A photograph of vertical axis rotation seismometer (left),
and horizontal axis rotation seismometer (right).
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Fig.2. A comparison of noise spectra of rotation seismometer and
gyro-sensor. Amplitude ratio and phase difference are shown.
Ascent of amplitude ratio and descent of phase difference from
8 Hz is caused by gyro-sensor of which natural resonance
frequency is 8 Hz and this rotation seismometer have a flat
velocity response greater than 5 Hz.
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Fig.3. Seismograms of an explosion by 500 kg of TNT observed at 17 km
apart from the origin. Vertical and transverse axes of rotation (upper
figure), and radial and transverse components of translational compo-
nents (lower figure) are shown.
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Fig.4. Six-component seismograms of earthquake (M : 4.6) which occur-
red off Urakawa, Hokkaido, at the depth of 60 km, on 17, Mar. 1997,
observed at Hokkaido university.
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Fig. 5. Six-component seismograms of earthquake (M : 4.4) which occur-
red beneath the Hidaka mountains, Hokkaido, at the depth of 124 km,
on 9, June 1997, observed at Hokkaido university.

s) DR, E—W Mt (RAIRNE 120 wrad/s) & N—S #iHERD OB HZ N ENP T B
U—D B BIERL S DIRIRIZ A2 7% ) /S (, Mo BlERil s DIRIED 1/4 BRETH 5, Z DRE) T RIH
EFEOBALDEESFHEL T 5, ZHUIBISF»ERAEICHEY 6 R THOBYTH-> T, E-W i
BEREBIFEELST V2O THS ).

V. 8 b U I

4B OBHEOBMAMBEFT L 22D 2 ) » Z7RICHAES DY 2 Z Lic kY, BaEEED BlEESS % 8
BTz B2 8EL, BB/ 4 X0 2 WE L7z, B2 U-D #blEis omE
BT, PEESOBRBIIFHEEIC/NE C SERSTIREETH ), FMobEss ok b i
B3R ->Twa,  LOEERSHYFEL T/ vl siF, BRlENESHIET
NTABEDOL2Z2D OARFIIC L 2 ) -7 Th b, F0H4A, BERSORIRIILERTDE L %30
WL —40db o 23 ThH 5D, EBICHBLNLHNEELPERSE MRS 2L 0db 2510



Bl R D RIE & REDRE 105

Time code
Sog T I 36 DO I O T T I IS O O Y T B O O T 0 O

Trans. U-D

' 2X103cm/s L

Trans. N-S

i |

Trans. E-W

gl o

Rot. U-D
| 80u rad/s

Rot. N-S§

' 80p rad/s

Rot. E-W
80u rad/s

AP sw I

Adwdi AAAA,

Fig. 6. Six-component seismograms of noises caused by a car running on
a road apart from seismometers about 100 m.

db BRELNT, BERGYHET 2DEHrTHS ). T T TREL LEERGHEFD) —78%
RS DEEG THET 2 UEH D 20%, EROBEG I BERS P EIN T 5 WEEN S 5,
L7245 > TEBETE 2 BERGMEN 2 /ES 2Hicid, BRICFALEEoe—%F52 L8, %
NERFET B 12HICHEEG D & b TN WIEERTEEE, BLUWERTDEbLDH TS W
EROREGILETH 5.

SHEOREL, )y TRICES T2 4O L 22D OREEE L2252 52 8, RAMET 2 2 &,
BIUVEUFEDORERSHESOGEHEZBOT I L TH D, 2olzoicidafilk (BEFE) -Eas:

(B2 1XFRAM, 1996) DFIEIEZ LN b, ZHUIMETNIC BT HE % M40 L CHES OB



106 FE RB-IUE HRE _
HMEL, &A%t EFOR CHRET 5 &\ ) e D, Tk Lennartz #+0) LE—3D/5 s B¢
HETHCITBHIR B R AEREMMELN, ZAC L > THEERLREVWREEEZE TS
ZOHMEL L P LRER L 2RO AT 4 NI =0T HZ LT, RelTE, BEBER
2ET W3 L3, BEFEBRHOBEBICL ) ZHOUBOELDE2EbDTAHALL LTS
Py Ayt — 3 HERRDOEEST TH > THEREICH EVISHEEIEZ 5 s, nil_ﬁﬁ%é
NLERMEBFTELHE 7 7 A= 7T 4 v 7V x4 0id, BEN LIS 5X10"°Rad/s D5 E
Hedh 5nC, BERMHETCMERT L L URHETE 2 WHeES D 5.

BE OAPHEIGRSHOMKRILFERICE D » A vy b —CHT B8R 2 HREL Tl
2. ARFFR TR L 72 L22D I3 R AEMBEM AT & ¢ Tz n iz, db kB S T RS
/MENSFBEE, MINEAKE, BLUCMBEHEREICEERED—ILREL Tniziiniz,

X B

BUHRENRTIE 7 L — 7, 1997, ATHEIZ & 5 1996 FIUN SR s 504, 1997 48 MR ERIZEHES, 131—
P37,

Bouchon, M. and K. Aki, 1982. Strain, tilt, and rotation associated with strong ground motion in the vicinity of
earthquake fault, Bull. Seismol. Soc. Am., 72, 1717—1738.

#FIFFEH, 1958, OEBIMEFORME HWEI, 11, 141144,

Henkel, S. L, 1993. Gyro-on-a-Chip acts as Coriolis Sensor, SENSORS, May, 6.

F bdi—, 1992. REBER# P v A v FNEH, =v 7 te=72547, May, 1992, 109—116.

ARPROLAE - TUAT SR - NS - SPHAEHE - SRR —, 1996, @Eﬁﬂ%‘fﬂ)ﬁﬁ% YA S B 94 BN A R
£, 22, 96—99,

ME E-WE K 1990, HEEREdE Q) -—ERAMEEICEING T TEELRNT 2 RA -, PEREESE 82 [ (F
B 2 SEEEEM) FAEREAWOCE, 5 8.

HERE -G B-5E - WHE JE 1996, HEBREND LWiEHRE R, WEHRAE, 49, 210217,

ABFE - AR, 1971, 1970 4F 1 A4 21 BbdlE A SR HEORERS, il kR LI R,

25, 141—154,
Nigbor, R. _L., 1994. Six-Degree-of-Freedom Ground-Motion Measurement, Bull. Seismol. Soc. Am., 48, 5, 1665—
1669.

P [R-1RE &, 1989, TREMEASL (D) —MENCEINE T THOBINFEE £ O —, WEEAELE 81 | (F
BT EREA) SRS, 1518,

HEASEZ - B 2, 1965, YHRHRERSMET OFME, dbiE R MERYEZI RS 14, 95— 104,

HKE ¥, 1994, MEBYREES OB & Z0OEH, MESSBHETRHEL B8,

Takeo, M. and H. M. Ito, 1896.What can be learned from rotational motions exited by earthquakes?, Submitted
to Geophys. J. Int.

¥R 5, 1959, [EIEFEHERT, MENL, 12, 162—170.



