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BA 31 2 g EMREENL, 7 v — 1+ 71 (Anchored-Buoy) HRIZ & » Tiifrbh
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HBRB L, T—2 « H TV BEERCORELD TN AT A PBETHR, » PEALILE
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Table 1. Comparison of anchored-buoy system and free-fall
pop-up system on characteristics.

‘ 7 vH~-F- T HFRK EEHEBET - gcBELREAR
KtkoZehER 100~350 kg 100 kg
K & E B 15~200 kg BRAIES 50 kg
r—7D EE 14~22 mmé 14~22 mmé
B 8000 m 10~20 m
(6000 m D¥EEE)
REIFEERR 2~10 B%fE S 10 4
(EEERFHD (20~30 BERD) (5 B§HD)
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WCRETH D IedIT, KHEND o7k bé o TH L TORBBRINET O & Ly
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o Atk GRS, TR, #iEE, T, K
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D OFENE, (d) BEARPA G L EIE
ANDEEFDTEL 7DD A5 A b, (e)
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Fig. 1. A model of free-fall pop-up
ocean-bottom seismograph (OBS) tested at
Suruga Bay, in 1973. (1): antenna, (2):
syntactic foam, (3) : aluminum frame, (4):
nylon net bag, (5): flash beacon and 27
MHz radio beacon enclosed in 17 inch glass
sphere, (6): recording system enclosed in
glass sphere, (7): sensor enclosed in pres-
sure case, (8): double release-mechanism,
(9) : ballast and (10): flag.
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Fig. 2. Revised model of free-fall pop-
up OBS. (1): 27 MHz radio beacon, (2):
glass sphere for buoyant body, (3): syn-
tactic foam, (4) : release-mechanism, (5):
sensor and recording system enclosed in
aluminum pressure case and (6) : ballast.

( (6)
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Fig. 3. Another revised model of free-
fall pop-up OBS. (1) : 27 MHz radio beacon,
(2) : glass sphere, (3) : syntactic form, “:
release mechanism, (5) : sensor and record-
ing system enclosed in aluminum pressure:
case and (6) : box with large weight.

Br o iz, NFEHCHBWESEMEARSCEsZ&Cky, BRTAERENRS.
Fig. 1 TIES YA « 74 LT T o va s T4 bER1DDHTAROPANANI,

Fig. 2 Tix, Mg, m&ct, BEE, KGEEh Eib, »F CRESSRCks ol WE
BEIBECEL. PIARBIVCUY AT 497 « 73— A%FNEE LTHES, HESTE
SRHER ANATMEESEIT A § = v ATEVEL T2, MESBRIBERCE - TROHFIT
EH DAL S5, BIE, ¥)0EELEENMIVCTFEELL S LENEDFIR - THEE.
BT WTTREE A B B, R E BT B iy, MESRLEOPCAN, BLT5LE
BRI L s L TRETE5THHS (Fig.3). 72+ 74L7Fyva » 74 MIJIATL
Fo. TTyiaeTA MIFTARE, FUF e TARTAIMERBCAR, YVET 4

2« T4 —ATELEXES,
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HE% T « BOE L BEE T, 7ya—F e 71 FRBELEFCIM LT, &
BEED, PMMchr LB, HEEDSRBENTEAE LT LEY, BEhrige
AT AERDOAR—ADZHO L EREHTLES. 4% THEREFN CHGTE LT v
— Ve FABEREFORB AT AL, 12V T 120mA D EL OERYEE TS, 40 AR
OEETE, 120AH $0BRERESLETR), BETOREETCI2BEETLEES
Ay, EE 240mm, K& 2000mm OKEX= v » » FEMSLETHL, £OHERFI
EEHF T Ens s 500kg PlEicid, CAKEREOLORFELEELZ EIXKFEHET
AL AERAETHS. HEHBHERHLTEA -7 v « V-2 0RHHNIER 240 mm,
X 300~450 mm 4 455,

TELEFNE « BE - EEBRENCT LD, 45+ v 34, BERZR (DR) T+
» PERgE (Fig. 4) L0135« vau - Mg A2RAE L GER, 1974), EHEEHE
Ry AT AL, WIEEY, REREtor— AR . 3 7 AR e~ FEE, ECERDE,
MBI D Lo TwD, BilEHE, 35 » a4, 60, 80, 100db, ANBE 2 1 X 0.5~2 uV
pp, 056~20Hz 75 » t, OfkEHH > Tv%, Fig 5 ni@etoy - FERTHS. O
ik, SSIREHRER MR (Low Power IC) ks X O E{bBHHEREEC -7 -8y
2= B4 F— FERHWE iEL, YEod2v—v,Fre7v7 IC B 10V ©

Fig. 4. Low-power 4 channels casset recorder. When the C-120 casset tape
is used, recording time is about 12 days.
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Fig. 5. Circuit diagram for servo-motor. .

5mA LEET L0 L, £10V T 10 A CEIET S, BFL, 7 v—-27BR (—ERE
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BHTEAL, Fhed0 1 vr/DTHEETAEEY 2EEET) Thbhilinblicv, £0
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VI ZOHMNCH 5. Lo LBEEBETT~ ARS8 Lo = — FE 2R oK EREHEH R

IRhTuinus,
EEBE, FYEA« a— PREEFTARE LA SR, 1973b). Fig. 6 iERFETY

Fig. 6. Digital crystal clock with liquid crystal display.

TIME CODE FORMAT
19D14H 07M /1 SEC 19D14HO8M

Wbttt

: 12481248 121248ml241248
DAY HOUR- & +—MI N
(@]
190 Ll aw 190 o7M
b= = ‘
(o C
W W i T
m m :
1 MIN
EXAMPLE OF TIME CODE sy,
’26“‘16”15 }

MIN

Fig. 7. Time code format for digital clock (upper figure) and an example of
time code (lower figure) (after Kasahara et al., 1973b).
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ok itotRcdhy, Fig. 7 xHHof<cds. EERCITGERALE» Thbhie C-
MOS IC (#8#% MOS #£#EK) 2B\, =0 IC ik, 4F¥ToXfiTthoi TTL IC
(FIYYRE e Py YRE RBEEREIR) ORBTHHRENHEE, THEEHEOR
X, ER2FHRT230THS, —ic TTL X 05VE05V, 100mA OBE, BHSASLE
THBHH, C-MOS 11 3~18V, 10 A LI EAHEERME, EHEERCHIFETS. AFL
TeKEFEHIET 2 — FOMic® <5 B B ~—2 3O e s, BRIOBTRIFEL LA
A= FERIERC L, Chick - T, —RUTAH ORI 12 M5 2 L3 TE 5.
RELM 4~ FZ I HEROBEE, BRCENEEET 0T, BREHOAL » 21T
oo RLIEWEEIZ 6V T 2mA TH5, KEEIX 10~40°C oEEHHEAT 0.02~0.05
B/ETHD, ChamRoNMKEHFLRBETHD, BEEHIZO 1/5 THB, —74,
BRETRETERAWE EEERRT L2 LRI %S, 10V 0k XEAERIZH 1I0mA T
BB, LOLBELM A — PR bRTEAF 1 7 BITHR T ebhide b3, tokd
Z IC ApHeSETHD, BEBBE2 E Y, BERBRIN W BHRFIARBETHS, Lo
REEFHF->THB, LOrUERERIEE LuBELEOBILEIZBELTWSTHA ).

3 & #

D), @) AL ST, BFEYAT AR LOKEETHOBEBEENMEET - BRI,
FHTHEMLERO=y « » FEEAEWMEZEE LK.

=y o FERICRbLZ—20HER, MEASEIDETHEVWELEESZ L THY, LD
1o EEREREE> o & THD, MiEOME LTilE) Bl (Snodgrass, 1968; 4&fl,
1973a) 2E Y, BEOFE LTY F v 2 Bih (EH, 1972) 2355,

MG B (Fig. 8) 2RAfFL, BERE ToOWEWESN (19724425 4 8~178) <R
Lic (&Rfh, 1973a). MBI EL, HBEOMEMLHHKESA I AVCE LD THD,
KERAA NV ZE L THEBBRCIEAT S, TofER, MBRTEMERESHELTRET
CRWTH ECHBHR Lic\v, 1 M SEKENE THoBMIK &K & oFEoRERZFOD
DERS, ZOPHEER IOFKEERZH L WIRFRFEECEDC LTS,

SEA WATER

[, |

N\

o o B OIL OF INTERMEDIATE DENSITY

+ -
/ DILUTE SULFURIC ACID
7

COMMERCIAL BATTERY

PLASTIC CASE 7— 7

12V 150 AH

Fig. 8. Oil-filled battery tested at Suruga Bay, in 1972 (after Kasahara et al., 1973a).



ETOWRET A b K& 2000m) 47\, +OBHEBEEN KGE 650 m) AR,
FTHERACm LD b of, L, Bih Rt r) 2SEBEKE#ERT 50
WEFROREE, S0, EE, REEACIRMELZERL T3,

—%, #BEDOY 7y ABMIERLLIRL BHE, 1972), V7 v ABXBECY 59 A%
HyTws, EBC X fibhz< vy vgBicd o_T, EREfERCLT5~101E, 7
HY e = VH VIEEMTIER 3~5 5, =+ » FREREM T 5~10 oML - T
5, BEHE2EEFATRINTS, ZoBhL, AHEE28V, AMERE 5AH TH5.
EEOBEMOMEEEX LB Lic (Table 2), Fig. 913V v ABMOKBHETH S, VFT A
BT OEIIZ S BRTMRIRE DT, A= RCRINHBEETILT V5 VERIBT
LRERVEERHETHS S,

Table 2. Comparison of various kind of batteries.

1 i il % 'ﬁW%g ﬁ%%% %%ﬁ% WEEER
= vH VTR (B2 ) 44 1.5 1.7 40~150 20~ 80
T ) R (¥ 2 7)) 70 1.5 3.5 140~230 50~100
HEXRTLHVEND (B 2 7 70 1.5 1.0 20~ 70 10~ 30
KRB (27 170 1.3 12 300~400 90~110
=, H Fow AEM (B 21) 70 1.2 1.5 50~ 70 20~ 35
) F v LI (35 2 ) 47 2.8 5 500~620 | 320~470
Y M
v 8a
20r
\,\
\\~~~ —_— (2)
1 L e —‘_—\\
0 (3)==—09V =09V
N
. N
2.“ AQ \\4 Q
- ~ ~.
0 10 20 H

Fig. 9. Discharge curve for (1), lithium dry battery, (2), alkali manganese dry
battery and (3) manganese dry battery.

is time in hour.

Vertical axis is voltage.

Horizontal axis
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5. # E B #

Ry AT ARBETOKED BRHET B LHMERRC AR T T b, BR%E
T - HERLFRCRZHOFENEL bhb, —oik, MEABRB I ENEH TS
Fitk fio—oit, BHEFHoTwikWHETHS, SEOFITE, BLALIMETHS
(Arnett and Newhouse, 1965; Bradner and Dodds, 1964; Bradner et al., 1965a, b;
Snodgrass, 1968; Whitmarsh, 1970).

ENRETAMERINE, #7ARET A IRO@ENHD, BYTHE, WENMZSHED
FEfEEC X o Tk ¥ 5. FEMERENKRE SBEVHEZAVE BHxRoMEARCTS
TEMNTES, shizx L, BRECIBRISHAKET 5 o, AERTEILFEs
Lk, FH 600 [EE 5 S ff TIXAFHRIZHT L,

#o AR, MR 8 10, 13, 16, 17 1 vl E AT %, FORE, =hER, F7,
fifEix Table 3 OFEDH TH5, FHEE LTHEFAVEL DL, FHEY 2HEHE TERL

Table 3. Glass spheres of various diameter.

[ REDORE 22 R BAEEN x B
kg kg m
8" 0. 230”7 1.6 2.9
107 0. 350”7 3.8 4.5 6700
137 0. 4507 7.9 11.0 6700
16” 0. 500" 14.2 22,0
17 0. 550 17.6 25.2 6700

LTHRTEsdDEH%, Figs. 1,2 Tk, BEFHDOLIT A v+ « 77 AT AV, Fig.
1Tix, 2077 2ABREFEAL, 1M, &N HiER, B/, KERFTEAR, o
1ot e€—avy, 77, v, s E—avkAhic, #7AROEFLAL, BEWT
HBIEDILT Ty v s E—avkAhbhb, 7TAIRIDE,, ZETHE, FhT7A3
P ERSE HE NGO & h K\, TORME, BRECH UTHEW2AT T AxEhed
BRRENCEEYE TS, BEIANET AL o0 LSHROBEBRL 2 2 HiEir 4 Us s
BHHDH, FEELRED, REOREEFES TV,

7o IRRE, Ry, SO SRMBERD -, ROSEOFI TR T RTT v s BREER
LTw3, flifndLEn. 7AIRIMNME2U M vF, RE224 vFoL ORHEIA T
b, ZOFEME 48kg B3,

WEFIBERCEES TV R, Fig. 2 ko okkth s, WE LR E
UEASBRCANRD, ChEFEIMETIIRIFELEES, Kby —TARNEND TS 7403
Do, MERSEL7 A 18, PRIS0mm, A& 850mm, KFERIIHW 10kg ©H5, &FE
OMEZHEREN (SCM &2 SNC) %5 & PIEIRH 7e B hKEh BRI 2~3 i iins
%. FRP B2 - W ESRS B « ZH (1971) X » TR bhvicith EfiEEE
W,
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WEMEHVECRL L&, FhrtaehicRoddiudisbicly, FOHIcEH

RyAT A ETHB,

RAVATATIE, IVt sE~ay, 73y ~E—ay, I
Hrit, S3%2 LT3, nErss. Figs. 1,2 Cif, 34—y, 75,4, E

Veg  1/2° 1/12 1/10 1/6 1/10
T (00 1THR
I 1 IMIN_ [ | 11
413 412 108 4130 i o8 413 1) 10
MSM5576 MSM5536 MSM5535 MSM5536 MSM5535
567 u 6T lj S L 56[_'1 l'ijl 5
L]
. o b L] 1 ;i
DD ! FVs
1RES
Pl ] cEoe| W
i | e 31| 110
. @ S o ...]
i X oD
T o |
Fs:
L[9]] s 2l 10
Vo I 78N Y BEY a
N e
-MSMSS‘I f E] ; |
.‘.u,‘ >
u;c_sa ' Vg L_J_. % ey - 1110
- DIGITAL a
SWITCH =

Fig. 11. Circuit diagram of digital timer.
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—aVERVTWS, KEEROBIEE T haRELER L (Fig. 10).

S UK e TABECRLE LR, 79, V.« FOREmCEL LR, wEfe
Lishidle b, thbokedic, BROBREREILIZTL DAL v F, 74 e 2T
LBHAL v FE RV, e Tiedic, A bvA Ve F—UFBWIRERAA » 7,
BABA 5 FEHBTAHZLENEE L. KBRIRTFolcx 1 A « A4, F0EIKY Fig.
1L @R LA, o1 e2v 5,20 BCD HARE o244 « A4 o FLT I Lic
(&R A, 1973b).

TYh—=Fe 7AHRCHNTWETOF « 71i% 1.6KHz THB, ZOFVF« 74D
TYFFEAm B, FLTVFFORBIE—F 4 v e alARbD, T VFFHE
CEHWEF VS « 7M1 OBETIHIIEL RSB, Eha—F 4 v« af VXENTHBT 3R
HRH%. 2TMHz OF VA + 74 OT7 V7 HxEL (700g), < (25m), F¥hr—F4 ¥
Zeaf i, BFERBEMETCHLTCWSDT, 21MHz 05 U%4 - 74 2{#H LT,
27TMHz BATRHEVAVLRTWIWDOTEROEE IRV, FORE 27 MHz %
FETE DHEFMEL M2 otz v, L6KHz ofEate 1 CEERE 80km LIR) X b o=
By (EERK 50km LIR),

7Ty va e TAMITOH - T MO

) S HbETHREL, HHXBELR.
B FR X BAERE AV, chixs v/
VERE b LELEIEEEAEDS, 22 v
DX ATEE #200V) ZMEE Lists,
,' HIARDOPRDTT A VONBEERHED
(1) B TEY, EEW 3~5km LI LA

TR THA S,

siva Z 2 SCH e TAETTya c T4 MIF
C17 14 v # 5 A% B (Fig. 10).
o — Fig. 2 %10 Fig. 1243, 594« 7
el Y ARG % H T AREIFIOT v I BEHTA
@ ' (3) . EEREDHEENEE LTS 7b
DTH5H, TN IMEREOKPERILD

) kg, =L 7 br=/ AR XOBBOTREIT
7B 3kg, FNEOEML 12kg L Lk, I
v, CFeTL4ETT YV FAMRALS

o 5 AFRIC AN B HEIZ S BRT, & OFH
REFIIENTHH 5.

Fig. 12, A27 MHz radio beacon in
aluminum pressure case. (1): antenna,

(2) : syntactic foam, (3): circuit board of T VFFORTH VY OBEDER T
radio beacon, (4): circuit board of timer LDLEBNTHSS.

and pressure switch, (5): dry battery and
{6) : aluminum pressure case.
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.Y BELES

Pk LB, BIKRTHREY (7210 2P0 LEBECET B0l 230
IoTRBUVATARB LI LDHOLDOTHS, YI0EE LIk, (1) BEtRRERE, @
E-Cell #AWIfiif 4 ~<—, (3) FEEH LEE, (@) ~7/*vv 20ER, 6) RIEOH
fit, IeECT L BHENHS. WEBRNO LS LENMOL 0z (4), (5) OFHFEIFHE TR ..

1), 2) oFC>WTUETTIRAME Lic GERM, 1971; 1973b). (1), (3) DL DITDW
TAMAOEII R CHEMA D 5. B ABRERER S A £ 1 vit, HRIE FEFH
LIEE (Acoustic Command System) (3% Inter Ocean #, # AMF #ofif2$%. &
HIEH L e ) IR Ebh T %, BTE Tilebhick Tl fo@EmERIIC S W T
HEPH LoEE Ebhie (Arnett & Newhouse, 1965). ZHhiC ko TEIRShich O
(% 18 i 10 (55%), BERtic X o THEULE hicdb @ 4 {8, RERD & D 4ETH -7 (M
£E, 1970). Woods Hole ¥PERFZER CIT b iR Tix, 36 (@ 23 A EF L (Hein-
miller, 1968). FFEDOZTERH LEFEOLLRIIMESI R TW AT ELBHREHET LD
DEE Ly, FoiERd 2EEFICHERTAZ L8 E Ly, FERIFEFCEfiths O
TEETE OIF L FR IS s a (A L, HERH LB OB SRR O B\ R B
TEHLLTHH. REBEENDHHEIERP CTHBEEIVEESh TEI WD H 5.
FORH URTRE BRI R S Tl b A S 2 70 b ERECT 2 LEX H 5 DT, M0k
ELTHIBMBEZF - T 5 2 28 E Ly, —7, Bt il <5 v fIE L oA
BETH B, HETH LEBOMED 1/10~1/20 THs, Lrl, SARCHIIES TLR
MICAauEZ ELTLE S DO THINA T L2 &R H 5,

8. 3 @ &

FEHEE LTELSABAVOR T B LD H Y ) viid s (fEaRK - Fl, 1966; ¥,
1970). 7V ) VIXEETH BTk ME, HETELREDETH T W, FleH Y ) Vi
ANTCBEBRDER Uc B ElErEHET 5. RENRE VDR LR %E 5 0ifl X
DRBEVLETHS,

MESHE LTHRWRFT S AR, 7oA iRIBENMELTLERTES, MELTAvFO
HS ABRDEOEINL 25kg, MR AL vFDOT L IROEINL 48kg THB. b 2~
S 2 I XLEIFE NG N AE, FHOHEL T AKTH S5 TH/kg, 7/ IRTHLIT
F/kg THs, WMEFRL LTLFERATELDTLEL LTIXR, # I ARIIHE LT
W,

BORERE LTIV Y 2T 4 v 7« 72— A5 %, CHIRERE 10~100 g, HE 0.25~
0.38 DFRZEOW/INH T ABRE = K ¥ LREIE TED L 0 TH B, FHkE LToRER 0.60:
~0.65 TH5, KE12000m % Ttz bh, Zex—F&v., EYUTLASCYS L
TE, WULT e, 7EHELTHATE S, 1972 4 5 A OBFNE 0 FEB Tl RBNE M &
LTz n&HELE 30ecmx30cmX15cm ofFE U, 1 MoEifgas5ke, Thxi@o
HFAARTHE AT Lic, BHBMAAEL, 1 AM/Kg BEb3+5, KLRbOv I A% H
WV VET 4 v 7 e 7x—abED, MiBLI/SEETHSN, MEEKELNOm TH5..
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9. BMET - AECHF LA BERMBRITOIF LRR

197345 B 17 H, W AFOHEMBETFIC X 0 BB R oK% 230 m ORECHE
ET -« HCERELEHFRORBRY T -7, R Fig. 1 ov a7 arx v, BOoF LR
THHLEDTEEXYH L TER 2mm OF e v e r—FL/ HEra—} (w—H—+71)
PEMEOD. L LBELLES T e —Fi ks T bW sz e icd s, BEOREL M
e L, FMBREH 10 A, FARToMmoEh THRELL. &) THo B
BREEI ok, BREES~I0m Thote, FETESL (FHK L) CHEHBRE ST
TE MOMEBERASBCL ok FEEidE 7. TEHHO 34 300K, ML 500m EA
ACFLELTWBORT v 7 F ORI LKL » TROU . FAMICZ ¥4 « 71 0BE
BEBCHTWA Z LR L, My~ ESE, KEEM EABINT 5 £ TOREIX
b5 THo7. Fig 13 (38 A0, Fig 4 3FELLERECHS.

60kg DEYH BfHiTicL &, B TFEEZG S0m/ 4, FEEELY T0m/aThate, T
« FEEBEQED OHEE, £EOHEE, Fh BRLECI-oTEEShDOTERRC LI
P2 bt Figl o vAF A LTA—# =& LTSEREYEZ IRV THA S,
ALBETOTHC L VBB N ol L L, R COERE EXBIIRY TH -, AT

Fig. 13. Two glass spheres and aluminum frame shown in Fig. 1.
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AROWIROEME, RRERVAT LDLLHEDALE, BELO~,Fv/, REOHRETS
Jo, Fig. 2, Fig. 3 ov a5 a2 LTV 5,

HE%ET « AOEEHRBEREH OS5 o4 « 71 2RE L TUW i WioREEG A,
B ERBY STV WREBRFE DA BERS LOB+F0K 2B LET

Fig. 14, Free-fall pop-up OBS floating at sea surface.
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1. Free-Fall Pop-Up Ocean-Bottom Seismograph System.

By Junzo KASAHARA, Sadayuki KORESAWA,
Toru OUCHI and Shozaburo NAGUMO,

Earthquake Research Institute.

Free-fall pop-up ocean-bottom seismograph systems were developed and tested. The
free-fall pop-up ocean-bottom seismograph has many merits compared with the anchored-bouy
ocean-bottom seismograph commonly used in Japan. Two of its merits are that the size of
this system is small and the weight is light. On the other hand, one of its demerits relateg
to the difficulty involved in recovering OBS. The free-fall pop-up ocean-bottom seismograph
is composed of a sensor and recording system, pressure case, release-mechanism, ballast,
buoyant body, and a finding system. For our system, we developed a low-power recording
device. Both syntactic foam and glass sphere were adapted in order to obtain a buoyant
force. To increase the safety of the system, a double release-mechanism was adopted. A
27 MHz radio beacon, and a flash beacon and flag were used as the finding system. A de-
tailed description of the system is provided in this paper.



