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Performance Test of STS-Seismograph in Low Temperature
Masaki KaNAO® and Katsutada KAMINUMA®

Abstract: Seismological observations by a set of three-component Streckeisen
seismometers (STS-1V, -1H) have been carried on at Syowa Station (69.0°S,
39.6’E), East Antarctica since April 1989. Some troubles have occurred during
the deployment of the STS seismographs. First, there is a relationship between
temperature change and the drift of POS (position) and LP (long period)
outputs of STS. Second, pulse-like noises (referred to as ‘shift-noises’ in this
paper) have been observed on the vertical component of a rapid change in
temperature greater than 3°C /day or immediately after arrival of a large earth-
quake. In order to investigate the mechanism of occurrence of shift-noises, a
simultaneous observation by use of two vertical sensors was conducted during
the 33rd Japanese Antarctic Research Expedition (JARE-33). It was revealed
that the noises were generated not by poor attachment of the glass plate to the
ground but by the behavior of the electric feed-back circuit and/or of the
leaf-spring of the vertical sensor under low temperature.

We performed some tests of the STS seismograph in the low temperature
laboratory of National Institute of Polar Research to find the relationship
between the drift of POS and temperature change. It was found by the experi-
ments that there is a positive correlation between temperature change and drift;
about 0.75V/°C for the vertical component and 0.15 V/°C for the horizontal
component. Shift noises similar to those at Syowa Station were also observed
in the experiment in the low temperature laboratory. For the purpose of
obtaining the response of the seismometer to the temperature variation at
Syowa, LP digitized records in 1992 were decomposed into the drift component,
tidal component, response to temperature variations, and noise series by making
use of the BAYTAP-G program. The maximum addmittances to the tempera-
ture change are — 1.3 V/°C for the vertical component and —0.003 V/°C for the
NS component, respectively.
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Fig. 1. Map showing the locations of construction projects concerning seismological
observation at Syowa Station.
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Fig. 2. Upper figure: Locations of seismometers (HES, PELS, STS) in the seismogra-
phic room. Lower figure: A schematic illustration of the installation and the
temperature conditions for the STS seismometers.

R 1 EHEMBTHEME L STS-1V, -1H HFE
Table 1. Serial number, sensitivity and notation used in this paper for the STS-1V /VBB and -
I[H/ VBB seismometers at Syowa Station.

Sensitivity
Type Serial number BRB (Vs/m) LP (V/Gal) Notaion
Vertical 28709 2 X 1081 2 X 364 UDI (or UD)
Vertical 28737 2 X 1194 2 X 40.5 UD?2
Horizontal 18739 2 X 1232 2 X 41.5 EW

Horizontal 18740 2 X 1225 2 X412 NS
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Fig. 3. Relationship between air temperature (AIR-TMP, thick line) and the tempera-
tures in two sets of boxes covering the STS-1V seismometers from February
1, 1992 to January 31, 1993. TMPI (bold line) is for UDI! and TMP2 (broken
bold line) is for UD2, respectively. Air temperature is after Japan Meteorologi-
cal Agency (JMA) (left; daily mean, right; averaged over 5 days).
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Fig. 4a. Relation between cumulative POS outputs and daily mean of temperature in
the seismograhic room from May 1990 to January 1991 at Syowa Station
(after NaGasaka et al, 1991).
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Fig. 4b. Relation between cumulative POS outputs and temperature in the covering
box of the STS-1V seismometer (UD1) from February 1991 to January 1992
(after Yamamoto, 1992).
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Fig. 4c. Relation between cumulative POS outputs and temperature in the covering
box of the UD2 seismometer (TMP2: thick line) from February 1992 to
January 1993 at Syowa Station; (left) STS-1V seismometers (UDI: bold line
and UD?2: broken bold line), and (right) STS-1H seismometers (NS: bold line
and EW: broken line) (after Kanao and Kaminuma, 1993).
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Fig. 6a. Relation between the daily number of shift noises (upper figure) and daily
mean air-temperature (lower figure) from April 1989 to January 1990 (after
Murakamr and Kaminuma, 1990). Air temperature is after JMA.
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DRT —NWIHZTHDB, —1TCH5—38C T THHAI 2L 5, KEFRDTITHEK
ISVEES 7ML, MITERERCREZRLEBOHBPELNL, LELLH S,

UD2 (2 POS #% 20 73475 & Ac FH- Laho, 30 0 %ICIHIED Ik Bic - T L &
- 72, ARTFBRA% 20 3 H 720 2 5 W AR D O Tuw agdr (X, BRED), EAEH
TBRINLL 7P/ AXEEBONEHEZAINBRISI N, EEREAGBAEKICIT—E—
10CICF CTEERVFERLTEBY, FNE2EHZ L 307MIC30°0CHEH bELLZZ 29
L7288 R Lizid, STS o L F#E s @ POS DnE Asia i 2 {LicBie ik 7 v &

ITH B,

34. BEETIIZES POS OXEW

22T, POSHOFY 7T AL (R R) CRLT—FEE2ITH). KAE»HHZE
25w 72aicid, UD D7 —24 (mass) (BN SIEAPRLT S, £DOHER, 7—20F
A1) POS i h»#)6 VAL F$ 2 (STRECKEISEN and MESSGERAETE, 1987). EFRIZ(37 —
LFEMMICBEIE T, BEXWICT7 4 — F/Xy 7221 T mass 251 3¢ 57:00EE
WEAT L, ZD2HUDNDPOSIBEZEIZSISECHLI LD+ VICHKEL, HZE
L7 tRICAERE — 2 — i L D EERIFICA 7R P B 2TV, 100 mV LIPNIZ FE ® 4T
J. THIEHLT, KEEFRFCIIFHOREIZIILALHALZLWOT, BEICHCEIC
POSiZH 71y F2HZTBLEIIL W,

FRRBRBY—E L EIZRBANEETH L, AETHER/L T3N3, KIEFE
FHERINHACIREZBEIIE T IR HATH S, FERDOBDPITIINGY 50K
BENDERDBED L, KBELENBHEI —ETH -2 LIRETE S, ZDEHA,
BEMETICHECEN»BRTT 5720, [FH»EALLPOSUETFTE2THAY.

POS " E#NT 2IRK L LTREZDNCEZ bNLE 2 &L, P —7 —Z2DIHER
oY —7 L —LDERHIEFLNSL (LA, 191), FETF#it 4 —i2i3, STSHAD
) =727 7EER L HEES ZORERNIHES £, BRIV ELBER TS
Wwhr kB bbb, POSDEEELIC ﬁTémKﬁﬁmﬁn b, A7) v IREOR
WHLDTIIHwhrrEZOLNS, STS2ICH DY) —7R7 ) v I7HFEHENTEY
(STRECKEISEN and MESSGERAETE, 1990), 2 Bl D>\ T L 4%, ED AL 5 TIEERE(L
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AT ARBOREIEE NS,

AREEN I L T, KIBEEEERS2 L POS ORIV RABENVETICH L TENLLZ &
ZIBELTWE, [UEELICH I FHAOEAEHFOIRBLTELHT, [RDELSZ
IR SUERE» L5 3R IEINI Lo —r —Z2R L =7 L —2DFF, F/2i3
HEOMEE) (KEENEA) HEBCHELTWSLEbNS, FBAERM L ZICHD
DL, CHFEFTOEEDLY LIZM LTI\,

RBAEBOBAEERE» W25 POSHF ) 7 MIRFABME#FIIHT2L0THY, K
BEEBROKERL, Btor o BEEE L W) GRFEORILIZHT RETH L. KK
oY) 7 b EEREOREE EBINCEFET 5 2 LARBEN—-OTH L, THIZO0
TITRDE 4 ETHIT 5.

4. BEZERIIHT S FY 7 MoBERDERGEHE
4.1. EEHAN (LP)

FE21 EREIHETHALL SIS, STSHOPOSH F I 7 bDJERD—D L LT, Hh
Bito<AB@HDF ) 7 FLAZ L, [ARRAEOEI, FRICRERILVEVERTH S Z
EWhHTEI, ZHOETIE, ZOREERELIINTEF) 7 MeEDERILERXAS,
fRATIZ (2 JARE-33 O A TOBRABIM I B s mEE RS (LP) DF Y 27—
g EMERLZ., LP2FBLZBEHE LTS, LPHAPOSDO2MENEEL LTHHENT
BY, FFE#E2ICOWTOHOAPOS ity 25T, KEFIRILE 228>
EHREONT VS, ZOLPF—#2I3JARE-33 L ) @ik B L2700 (82 - M
B, 1993) ERATREICZ D, ZHEZWITT 22 L TPOSOEFNHEHEEICELNE»L T
»5.

F72, LP {320 MLl L TFHH % R B tE 2 #% > (STRECKEISEN and MESSGERAETE,
1987)72%, BRI A & B A OB 2 4 — )V TIIMEREIS 208k LT 2o R L H 5.
EBE, FREICET S STSIC L 28ATIE, BB a»#BHICRREINTE ) G
OB H I NT 5 (FH - 7H, 1993), 7:%:E, GEOSCOPE & 5 8#llsio STS
(-1V, -1H) o POST—2 2R WT, W #BMORA LI T 2% (PILLET et al.,
1994), RETII, BELEYBITHO 707 7 L %FAL T, BEEICHT 5 BEER
DICEFREE KD B L iz, EEAMoOmBEHOFY) 7 (ML Pl LS (e
BRIy LR EAT), BEELICHT INERST, BIUMBRLABIEEICLS/
A XA & DY BER AT - 12,

42. F—9 LMIAE
LP ik R T LIZDWTIRERE - ¥l (1993) IR 3NTE Y, 1994 4 8 A3
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LIEFRICKEIT TH S, $22D 2 X7 LZIBHEM TRIBHCBER STV 2 8(ZEE )
&t (superconducting gravimeter) & ¥i% - BER AR L (SATO et al., 1993) TH Y, [
TAF Iy 7V ERELIERISEDRETH S, 4 ) P FNT—F (3 20bit Fl4(2
AD B#RENLIBH 7)) v 7 ThH LI, BIERFIHRD 2408 (77— 5 5 80 I2FY)
1213 (F) TRLUZZEA (weight) 220 THIZE D, BV 7T — 7 ICHBREL
2. ZOBEABEIZ, 308 (10unit) LI EDmEEZ@T TN T 408 — & L THERE
T5 (K13 (F), CHIBEE)V Y TATF—2ZRWTCEBOBKA7T0 77 4
BAYTAP-G (TAMURA et al., 199) % L Tt - 72,
BEEICHT 2B REEREL 2000 FTHAARART—2 £ LTI, UDI®D
RIRFENIRE (TMP) %2R L. CORET—% L LPUERY 2 7 AIICRIKEIC 3804
Y7 7T ADEBRINT S, BHTIM L, BEAEH T LP {8k % BAfh L 72 1992 4
2H2Z2HD26, 1924 12H 18HFTEL., 2HB2H 1A LIZ2EILT, 2, 3
AFEEEL L L) ICHITXBZ2 36 Larsito72, ETF#Et¥—& LT3 UDI %,
KFENL =L LTINS &2, thEnfKEDOV 7T NT—5 L LTHITL I,
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43. BIRKRCER

K 141203, AV FNLDLP F—2% &£ BAYTAP-GIZ L h) 2BEL 2 BRAFDEE{LE
RT. UDL (X 14a) OER»SE2 5213, BECATL0ER (response) (3t~
H—EFDOEF)7F (b Fitrend) £DIFDE30A, FDHm (R R) 3F) 7L
ERIFFSTH D EREIDOBHEZREL TS 2 Ehah b, 72, BIRy (ide) &/
A4 X4y (noise) L AR LFRREDIEE TH 5 2 &, BZHEA (3000-5000 point) 12/ 4 X
LAADEA L TWDE 2L, FROBHIZZ S RET 2 3T RERILIZHI 7 /4
X (§23%FE) OBME /A XDVRUVDEKPEEL TWEZ L ENnnrsd. b,
9 H FHaILIFE (5000 point UL L) 120Wi3, £ o4 —HOFEELEEICIT- Eh /A4
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Fig. 15. Temperature responses obtained from the one-month period of LP accelera-
tion variations for time lag from 0 to 12 hours by BAYTAP-G analysis
(upper; UDI, lower; NS).
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AEADOHROELZIZEATH ) (F24EBH), £OREH» B tide, trend 12 RA T
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75, K152\ T, UDI 9250 BRI%OEREOEREM 7 7 ToMmi3, ¥24%
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ICOWTIE, 2B RICT 7RI BRITHRKEZ LD, £0£Nn13V/C, 0003V/CT
b5, LFHOREFADRE 2 FiTBAT—2 L LTI L2720, 2XETHTL7Z
BAIKTFENCIZ E TENC R TINEREA 1200 BN RO LNTHERE L - 72,
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Fig. 16. The average admittance to temperature variation for the whole observation
period from February 22 to December 18, 1992 (UDI; bold line with open
circles, NS; thin line with open squares).
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72, W 14i2BWT, FF#E), KFE#iHIC trend & response IZHIESIZIE > TR WA H
52 L5, BAYTAP-GIZ & DIBERILICHT 2 I0BER D » 52T BRyrTw
TWHREESE Z b D, INEHE2DDBICIE, EHITARERAE DAL
EWUEEL D, RBOHE, WEBTHIA L7 7 MANOREBREEEERLHBA L
HXTRBADZIEATHRING, /2, $22&ETED L7/ POS DIEEEICHT L E
BRI B 7 FIeBE LR 5 &, ETFEICOWTdA =9 — L LTRIBETH 5 2
Ebr b,

BAYTAP-G THEtE N2 DI b, /4 XBRADD L IR (5000 point ¥
T) KR LZ2HDEX 17 (1 UDL, 1 NS) 12, /2 UDI 2B W THELER
D ERES R (3000-3200 point) O / 4 X4 #X 17 (F) (2R L7:, —R L TSTS
TOBYH A2/ ANT WD L9242 5. L L, BAYTAP-GO#MKTH LN S B
e EHEEOMYERIL, BEOREENBOBRTHEONHE LI ITHATEY,
BIRD S 2IETIZ %V, AR LP 77— L KD S NI E BOEHER %2, JARE-33
DEI LB ICHEME O R HEFFE (K1) TRYENLSIAMEHFHTI2ER (KANAO
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Fig. 17. Tidal components for the first 5000 points generated by the BAYTAP-G
analysis (upper; UDI, lower; NS) and the noise series of UDI sensor for the
period from 3000 to 3200 points. Data sampling interval is I hour.
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FHCBREDRREZIT-> TWitWBL H 525, VORI omER O EFABRIORRE
FWZTwBEHEZLND, P L UHMNCHERIZ TRLLY, [REIDOER
EOREN L INLITNE, BHEMTOSTSIZBWIZIORAA2MZ 22 L35 L »
EEZ 5,

2, BREBHO /A XV, EEETEImVEE (17 (F) THH, £1
DIPDOBELNFHET L L 10GalFBETH S, i, /4 X v~k LTIZIDA
DBBEBOKEE T > T b (AGNEW, 1986). BEFIZHL X 5 i ESRIC B2 8
R TOHOERAMMEI L LT, STSREHFOHAUELHICAL LOTHL I Lrgh
5, /A XBSrICiE, 5, 6 REEAM o RAMIREN FIcEAIsrNT WS, AT G /A4 X
RHEA X ML AREERITE, BKESORE, @Yo, BEOHELOME
TEWLSOPDRRDEZ HiLb,

5. ¥ & &

Dbick Y, RBTHHELLBAEBOBRARTOEE & 77— S BT OME, o602
BIBEERICBIT27TXAMRUOKEREZ I LDHDLLLUTO®EN TH 5.

1) JARE-30 i2#h % 2B MEHICH1T 2 STSHEITIZ, POSE LPOEFEMEEFY 7 b
PREELL AL H ) FRAEEFZFD. L THOREBHNTEE ICHT 2 RAMPOLE
R ERELBE, UDTO07-08V,C, £/2NSELEWT%XIOV,//C, 02V,/C
C REETHD. o, FFHICEHBLTEISY 7/ 4 Z0RERKII, KBOBIZ£
RLTEY, F3C/HAULEDREDIHLEIIHIEL Tz,

2) JARE-33 25\ T3, ET#250BBRAZT) LT 7/ 4 XDJEHEEK
BiT-72, ZORER, WEHES~OREAHEIFETIIZ L, 74 — FoXy Z7HIEOK
%, ot Y —NRORETCOME  ERARPER L EZ SN,

3) KIBFERD S, KETFTORKEKET) FRECHRET I STSIZIEE ICENET S
ZEHHER I N, POSOEHFH L FROENHICOWTOEE LTV, BKBREERICE
WO ERIIEFEMOENICH LT ETFEIRS 5075 V/°C, KFERSI0.15V/CT
bote, FREMLEEENIIHT L7 M4 X3, wEHH»HHETFIC L 2E8{ERE
KEDHERBI THRET LI L 2R L .

4) 192 FENTYINT—F (LPmMEENN) 2HWT, ET#HE/KRFEE I EIC
DWTOMBEIHOKEI Y 7 by, BERLICHT 2I0ER, iy, BLUHE
RNBIHEEIZ L D /4 X053 8ER TV, BRFEORE RIS T 2B EDORE
BEDOERNI LR ERAT, ZOHE, LP DEEEICHT 2 0EHEIT, RENT
—Z TR L22EACIE LTS, KEFNE LA L7 7 I REBITRAIERZ LD, Tt
1.3V/°C, 0.003V/°C TH s Lhamh-iz,
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AR TIIFFIC, STSOL % DR BUEG T TOIEREICHT 2R L HFE2IT
o7, BRI, A ROBEERE FY) 7 bOBEREERFLE L THEGRGLTEL, A
HICKE T 5 XEFBE LTI, STS DR, £éHe L TORERRFICOWTERE
RZTHEET L ]I, [BEMNAL ST ENFOBHEICFICRE L LI TR
MY IEZFARCRELLIIEPLETHDL, o, BEERICHT I 727~
TDFEMOBHROHERS L —T VL —L LX) v TOBYEED L 2 IV — a3y
EERBHLAHEIrEENS, 613, RSB ABAGEE S LT, BERALELED
FREALICE B L 1 ) ELod A v RIFABRIBINIC B W TRIRZ BRI - BT 247V, AR
TR - 72HEFIEM & 0 ) FEF ICKEBOFEREO KR ECBREOM R & ki - BREtT 22k
PEINS,

W

ARErELDHBIIHhY, RRALHERLTIHBLZHERIEHLE T, BHNEKRY
HERoOIWATREK, QRTHESRNAO BEERK, IRIERKL 5= FE®KIC
FSTS ZKBEDO HFEICHOWTHEELME#THE F L2, BRSO SRIHK & A&
INFHERICIMREEBROBICHEEZM > Tt k, F2@mr» LTIHE F L, kY
BEEKRBON LRSI (JARE-30), RIKE@E—KX (JARE-31), iRIEARK (JARE-32)
IIIEAEBBRUORKRICIOWT ZSOFERIEHEZ LTHE F LA, FrRSH ERICIE
STSHOHEEHFEEL /AXODRRICE L TASLMS2HEZ LA, /2, HFFEKK
(JARE-34), #HI—KX (JARE-35) (23, RAEDIBHZEM O BRI 2 € RIY I E#E
THEZ L7 72agXatHoBEIBR—-RKICE, /4 ZREDRKIZOWTHEE L HR
PRELTHE Z L, EVYRXERKROEREELK & B RAK, EnKEHEEROE
g HEIR, B LUOERKFBERRAOASTES—KIZIE, BAYTAP-G T & %89 #HTiC
DNWTHRR IS #THE F L7z, sEVKED RIFRAMBE T ML v 2 — DR
K, MEHFGLK, AWK, FREEK, BORK, LTEMERICIIBMERICEIT I8
HOEBRBICBWTARLMS2HE, FLERIOWTHRE LTHEEZ LA,
Td, HMAHBPIIEEERE B ABAKELIILHEL, ERBOHF2ICHhETH
EF L7 F72, [AETL S EIBMERDRIET— 5 E’ﬁ&(kﬁttf@é gL UED
BRI L TR#OELERLET.
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