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We have developed rotation seismometer using four translation seismic sensors (L22d),
which have the same amplitude and phase characteristics. A negative input impedance
amplifier and band-pass filter have eliminated mechanical deviations of individual sensor and
adjusted to have suitable characteristics. Temporal earthquake observations have executed
using translation and rotation sensors, at three places, which have different surface geology.
They were Mitsuishi (MUJ), Obihiro (OBI), and Usu volcano (SWZ) in Hokkaido. We
demonstrate some seismograms of rotation and translation components. Between maxi-
mum amplitudes of rotation (A7) and translation (A#), an empirical formula;

Log Ar=p Log At (1)
has been found, and p takes different value for each observing site. We have obtained D
value to be 1.39 for MUJ, and 1.29 for OBI, from local earthquakes seismograms. At SWZ,
we obtained 0.84 from volcanic swarm type seismograms, which contains some low frequency

type.
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H, 1965 ; Nigbor, 1994 ; & B, 1994 ; Takeo
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1998 ; Moriya and Teisseyre, 1999). iR\ 2HZE N
HEICEAL EXEEL TW2Z &R, BRLE
DR LHET L T2 L K HEE N TW
5, Ik HBEIBICHEEIEAE V) Z
EENY, FNCXBUTAIKREPSTZZLE
RLTWBEDTIZZ\WIZAH ) p, ERHEFRNF Fig. 1. A sketch of rotated tombstone and a
B2 o4 PR RIS R g 0, T e b T M st
FOEEDH -7 2 & 5% John Milln D 2 4 v F Yokohama in 1880 (figure after Hagiwara,
ok > Thnr b (FRJE, 1982, Fig.1). 721970 .
FEABILRETEOICHE 2 HB S 2HEFROYV A o3 S CHELETETICHEL
Iz EHREESN TS (Ka - dbHE, 1971).
WEOMETIERST DA ZERET 505, T AR TIIRVZBNZHE 247 ) O TEWIE
BEiC B2 Zon s — CEREN2BOMNEZFHIT 2 2 gk . ZORRL WEEL
ML L TEEIC L 203 OOMBERORFESFE L TRITIUS X b h\WwEWn) ZETHE, H
BIRICE 2V TAZEAT B30T L DEMIC 272 2 BEBIE 7% GBE OREFInEE
HTLTOWEREETED EEZ D, BE, RAPAFTEIHERDP LN LWL 55728
BWERF->THDE00, EDLITTIUZZNDN 507, SHEOMER ZFH UIFIEICHRE TS 52,
L WATIED 5. EEBROEERSGDTE D L WOMIHEL FON Bk S 5HETH
%, WEWZWERSG DAY LT HERS T DEHT 5 2 Lid e LEEOMBRE T oL 72
D, BEAT A LATE LRSS D B, HA - K (1998) iF HERSHER = HAEL 72074
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BEER DRI EU2BERICH D, »EHEHORERS 2R, HEUBSE T LT,
R=A-B (1)
T=A+B (2)
22T A=1/2(6ux/dy), B=1/2(0uy/dx) ThH > TN bIFEEFME & Urgdbsm o 22k
SEEETH L. ABLUB#ET 27201 _MHOFEI R LT 2> —20ETH 5, FiZ
MR ENFE—EIZBEETH 5, BrIZL> T —DIRIE EAABEOR—E2BET 2 FiEd i
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Bl M ERRT O B & BRI E 7z BRSBTS 3

Fig. 2. Photograph of three-axis rotation seismometers.

FRERDIDIAAD L H—% ) > TRICEEL, FOMBIZN22em & L7 (Fig.2). L
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Fig. 3. Circuit diagram of negative input impedance and band-pass filter.
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Fig. 4. Spectra of microtremor observed by single EW translation
(A) and subtraction (B, amplified 22 db) components by two EW
sensors set apart 22 cm.

RTIZ L HERGOTHE LREE 2RI P F LT T FAF—TRELZATH B, IR
NDART FVATIZ 2.44 Hz & 2.60 Hz 12— 7 %% 5 2 RTE T B O E RS D 3Lk THRE L
EERSGOLIETH LI Lo bh b, X3 ) 7TV —2 3 VIFFHEES - I (1998) LR U HETIT-
72, WroEERSHETIZ VA 2> F—c X T4Hz ©89.1db k& ¢ 300mV/deg./
sec. & %t -7z (Fig.5). 2 GO HERESHERIC L 2EBRE COME) 2 HH L EYOER & A7
FIATFTAF—TRSEE (Fig.6), 3L AER—DART FAPERLNTE ) BEEIS

ZEbrDb, EENOL2D 2 HEH L GRERTERL72DIZEEH 3G EAKTPE#2ETH 5.
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Fig. 5. Calibration of the rotation seismometer by comparison with gyro-sensor.
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Fig. 6. A comparison of spectra of microtremor observed by two
rotation seismometers, showing two instruments have almost the
same characteristics. A peak of 2.60 Hz is a rotation resonance
frequency of the building.

V. JbiBER 34+ Fr CEA & N7-BEEERS & EERD & DR

MR L 72 AR g ERT % 6 > THROHE R 2 3 LiBHEN O B X F =46 (MUJ), %
PP IR & EEAY: (OBI) 8 & OVEERAILILE (SWZ) O 34 Bt CEEIC BB %17 - TR % FE
7z, MUJ i3 HEIWARDFEERIC B ) HEEE I I EME LB TH 5 (1212 Moriya et al.,
1998 ; Iwasaki et al., 2004). OBI (3 EWHIEEIZE LN T\ 5 HBFEHFHEIMICAET 2
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1999 Mar., 16, 23h 29m, Hidaka Mountalns
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16.4 10° chls

N 1 Counterclockwise turning to the south

NS axis ;
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S
=
g EW axis wa 1 Counterclockwise turning to the east
= 65.3uRad/s
e
@
g UD axis T Counterclockwise Fig. Ta. Seismograms of earth-
4 . "\_—ﬁﬂ‘M‘ . .
= EW quake, which occurred in south-
g ern Hokkaido, observed by
&= ) three translation and rotation
UD axis | e [ Coumtorclochuiee components seismometers at
(N=8) |65.3.Radss MUJ
1999 Apr., 04, 03h17m, Off Urakawa, M: 4.4
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"5
g
£
e
2 EW axis 1 Counterclockwise turning to the east
g i MJ‘MVWN»W
=]
§ UD axis 1 Counterclockwise
E EW) |
S
£ b axis y + Counteretoctanise Fig. 7Th. Same as Fig. 7a., but for
PSPPI SIS s B
(N=S) J\;RWM/“ e earthquake, which occurred in
the south off Hokkaido.
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1998 Nov., 29, 23h 19m, Southern Molucca Sea,

Mw: 7.8, depth: 33km
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—
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1999 Apr., 05, 20h08m, Bismarck Is, M: 7.4,
Depth: 150km
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pe——
10s

up TU%}%/»WWWINW;S

ns A MV\/\,\/\[WV\’\/\MA
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NS “iswvww\/m/\/lw/v\—«w»w—

Translation components

&2 65.3uRad/s

=

)

=

g EW axi R 1 Counterclockwise turning to the east
was M/\/\/\/\/\/\/\/\f\M

g JSS.SyRad/s

=}
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B EW A AN e N N A A
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S
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Fig. 7¢c. Same as Fig. 7a., but for
earthquake, which occurred in
the Molucca sea.

Fig. 7d. Same as Fig. 7a., but for
earthquake, which occurred in
the Bismarck Is.
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1080 Apr., 08, 22h24m, 8C8 phase of the deep
b h Depth: 500km

ear

Time code JRURUSS Il Hy UL ety it O ML TP Vit

Tu

uD
16.4 10-%cm/s

EW Te ]W\/\——/\/v ’\/\/W\/J\f\mm/\/“
16.4 10-3cm/s

ns TN IW/VVWWMW
16.4 10-%cm/s

T Counterclockwise turning to the south

NS axis IW

Translation components

1 Counterclockwise turning to the east

EW axis IMWWWWW
65.3pRad/s

UD axis 1 Counterclockwise

(E=W) ’WM

Fig. 7Te. Same as Fig. 7a., but for
SCS phase of deep earthquake,

- T Counterclockwise
lJ(ltiljs)‘{)Is LWWW which occurred beneath
.3uRad/s

Vladivostok.

Rotation components

2ITIRE - M, 1989). %7: SWZ (ZHFRAIL & RGOS CEL N2 LI H 5. Fig,
7a B LU Fig. 7bix MUJ CHEIE 117z, BE LR OHE (M 3.8) LB OHE (M4.4)

DEHETH 5, Fig.7c, Fig. 7d BL U Fig. 7TeliB 2 L MUJ TEHEIZ L2y ZHEOHE,

EACNVIHBENOME, BLUTYIVF AL v 7 OBRBEHED SCSHENILAETH 5. ZOFM S
TIFAGE 3 By & 3 B MR G DOMEFT 2 L 72, TE#O BIEZS 1T 2 EORERG DE
E2MENEEIRG NEZZ LI WTRELNED, ZLEICHD 287G (LNAL BiziE4 L, Fig
3NAEBPLEFZIY BT) 2HILICEESE L 72, ZIUIWEOMARILED & 70 5 728, THE
DPWTEHE & A ER L TOWIUSIRNEG 2T & A KWy Z 5 ThTIUTENRS D FE
DRREND ZLIZH B b THD, S L L MIODRHED b FHRY) TR BRI S
NTWwaEEZ NS, MUJ ZBBIFIZR L2 & 51z Pk S itz BERg i +4 2 IRIECEH
FIENTWDEZ Lh oz, Fig 8§ DELsis OBl CHEE N/ TENHBETH 5. Fig.9a i
SWZ T#EH 1172 2000 FHETRAIUNOEEIC & 2HEHEMENLE TH S, Fig. 9b iR L  #EH
HMEFIZRLNTEREMENGES TH S, Fig.8a TRENLZBEEDAIMEME LY D EER
SGORMEIZNE VLS TH DB, BIFRESEL Z 5 ITHEFEOWREIFEWIZ LD TREM
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Jan. 03, 22h 12m, 2000y.

Time code

61.2x10% cm/s .

B ——
i

ew %11$#M€ﬁ%MMMMWMN$m+%W

61.2 x10% cm/s

ns "WMMWMN\JWMMMW Yy F ‘l
i

61.2 x10® cm/s

Translation components

2
=
7]
g
g up axis WWWI ‘
g &w i
= 18.3 X106 rad/s
=]
= .
e U(Illng)ls WA‘”MWWMWIWW{JWWWM Fig. 8. Same as Fig. 7a., but for
= earthquake, which occurred in
= 18.3 x10°6 rad/s o
e the Kurile islands, observed at
- OBI.
0.5 cm/s
uU_
a P u | | }
<
]
<
e | 0.5 cm/s
0 N %
§ s
=)
5
[ 10 sec.
E -— 0.5 cm/s
E
W
Fig. 9a. Same as Fig. 7a,, but for
ot [comrtoonne] o e e e
Rotati ; e thooé : ’
co ation * l beneath Usu volcano, observed
omponent 2.0-10° Rad/s at SWZ.
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Translation Components

T 0.5 cm/s

- T 0.5 cm/s
sty
w |

Vertical axis 1 counterclockwise 'J'

Rotation
Component

ROTATION {LogiAmp (10%rad/s)}

;J.Am.r.‘lv 'A Il'l‘l
j_ 2.0-10° Rad/s

MuJ

Y=1.39X-1.06

1 2
TRANSLATION {LogiwAmp (10 tm/s)}

Fig. 9b. Same as Fig. 9a,, but for
low-frequency type of volcano
earthquake.

Fig. 10a. Plots of maximum ampli-
tudes of vertical axis rotation
component against averaged
horizontal translation compo-
nents of seismograms observed
at MUJ.



ROTATION {LogwAmp (10%rad/s)}

ROTATION {LogiAmp (10 %ad/s)}

B MR OB B & B & 17z HERS B O BE 11

0Bl

1 2
TRANSLATION {LogiAmp (10tm/s)}

Swz

Y = 0.84X — 0.02

2 3
TRANSLATION {LogwAmp (10 tm/s)}

Fig. 10b. Same as Fig. 10a., but
for seismograms observed
at OBL

Fig. 10c. Same as Fig. 10a., but
for seismograms observed
at SWZ. Open squares
denote normal type of earth-
quakes, and closed squares
denote low frequency type
of earthquakes.
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DWE T EERSORIBIIERPOMWERE LD H/NE 25, MREOREE 2z OHEITHR
HEARF ClZBBE I N o 7o, Re PR L 2D EFKRE L LFEINIERNF T
ROFBEWTH - I BB N T o7z, RICEBRE TERI S 17230 /S & BT D
BRIRIEZ i L T4 5, SAIRMEIZTNT SRS TH -7z, Fig.10a, 10b, 10 cIZIFHERE S
N7 HBORIIRIEL 72 v P 3T 5, WG 20-10"cm/s 7 & & D EIERS DIRIE %
34T CH~% &, MUJ Tit 3-107°rad/s, OBI Tl 1.5-10"°rad/s, SWZ TiZ 30-10~%rad/s &
otz b LY IRHERGORKIEIRAL & BEERG ORKIRIBA, & DI,

Log Ar=p Log At
&) BRI L0 & UL, pDEIZERLEEICIHSLOESTR LS Z Lathh 5, MUJ T
13 1.39, OBI Ti% 1.29, SWZ TiZ 0.84 "z FNE 672, pAF L LD KREVWZ LIE, L&
WHLEB BT L 7o R B D R & D S EMOEAEPRKEWI L ZEBRL TS, B
B 6L 7T 0BREERCRERICER L COEESRESNLINTIN L ) B Tldpld
REWVWDOTIR LW EREENDE, SWZ Tlidph 1 LD /IEws, BEERS DOIWEERS T 5
MBI 2 L) DRE WV, ZIUEEBREME S km OB NIETH 5720 TH 20 LN
T, M2, EHEEKIETEZ W2 Lilh\y,
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TR ZLEEI TR HEL TWH02 b Lk, WINIZELHMERHI»FREL T ERNE
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o7z,
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