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Abstract

Shipborne magnetic surveys were carried out along the Japan Trench off Sanriku
Coast and over and around the Yamato Bank in the Japan Sea using a towed proton
precession magnetometer. The spacing was about b miles. Total magnetic intensity
was observed to the absolute accuracy of +10r. The positions of chservation points
were measured by means of Loran system.

A magnetic total force distribution chart for the sea was obtalned Substracting
the regional trend from the data, an anomaly chart was also drawn,

From the observation results, it was found that there was a series of magnetic
anomaly of about 5007 along the Japan Trench in the Pacific Ocean. This means
that the magnetic anomaly is related to the structure of the Japan Trench. It also
was found that there were positive and negative magnetic anomalies of about 500 7
over and around the Yamato Bank. In this case, the pattern of the anomaly dis-
tribution is complicated due to the existence of the sea mounts, including the Yamato
Bank and the North Yamato Bank. It seems that the magnetic material causing
the anomalies must be embedded quite near the surface of the bank.
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Fig. 2 Bathymetric Chart around the Japan Trench
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Fig. 3 Bathymetric and Magnetic Contour

around the Japan Trench
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Fig.4 Magnetic and Topographic Frofiles
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Fig. 5 Gomparison between observed and
calculated magnetic contour
around the Japan Trench
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Fig. 6 Residual Map

around the Japan Trench
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& accompanying the Yamato Bank
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Fig. 1 Comparison between observed and
Calculated magnetic contour

around the Yamato

Bank
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Fig. 12 Residual Map

around the Yamato Bank
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On the Magnetic Change accompanying the Niigata Earthquake

Takuichi Matsuzaki

Received January 10, 1966

Abstract

Local changes in the earth’s magnetic field accompanying the Niigata Earthquake
were studied in this paper. Shipborne magnetic surveys were carried out respectively
before and after the Niigata Earthquake on the sea area near Awashima Island off
the coast of Niigata prefecture, including an epicenter of the earthquake in 1964.
Total magnetic intensity was observed to the accuracy of + 10 gammas using a towed
proton precession magnetometer on board the survey ship “Takuy6” belonging to the
Hydrographic office of Japan.

From the results of the surveys, it has been found that total intensity of the
earth’s magnetic field shows a distinet local change of about several tens of gammas
caused by the Niigata Earthquake. This change may be explained by considering that
at the time of the earthquake the change in the stress within the earth’s crust
produced the change in the earth’s magnetism.
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BE, ZhboflEfEd, ELEEER LSRR 57 e P YRNEHC X e EsREE L v
CHIES H LG O EREE T X 5 HEBRPh TV B

4 HEBEROMBSOEL

SEOFEHBFE T, 7 r b VEASEV L, WEOH 10 BHTE 10 Ao 2EEHESWAE. ok
5 I BB TRl A B RTR I T b e 2 &0, SETIAIR RV DTH 5.

LRV E A BR R LHIE L7z C, £ 78 1 oFike Uk RITE - TR—H S o ERiE off
IR Le. $bbE 3 MIENE 2 Blicbh 2 HIEHE RO magnetic profile 'TH 5. 4 KILHT
BOFELWNMOLERTHS. X5, LOHRIEREZRDLEESHOL Sk,

ZOZENRPLRThPr 5T L3,

D K OZEbE A Ul & Bbh 2B »h Tl D, chpsse LTIl S rrE o b mic it

FILTHD, b oL OMEOMEROFHEITE—TL TS,

2) ZLOREXN, +4F OFXEFH0r ¢, —4F OFKRIZHI0r TH5.

W, B2 OFEKRE LT, gk S local ZZ Lo M BIRME—~4#iC b7 b regional izt 2R
T 50, HENBZEOIBRAOSHASRATRLbINTWHELT, B/MERECL VEHEL TWE R LK
MRt L7, HEWE TR THEITEbNAHOL 2 FVT, HEN 3B OR 0ROV TR
B & D ofiE ki, WA hehn 98 5 ch 5.

HEHIC > W T OHER SR

F=47714.6 7 +12.0898 4 ¢ —5.79986 4 2+0.098689 4 ¢*+0.188003 4 42 —0.227325 4 ¢ 4 4
v, = 38° 30’ N.
{x0:139° 00’ E. BREET S, P=17.27
LD, HHREAECHDOLED TH S,
HEBIT OV T,
F=47700.27+13.3008 4 ¢ —5.66607 4 A--0.15536 4 ¢?+0., 174367 4 22— 0.265044 4 ¢ 4 A
v, = 38° 30’ N.
{M:BWOW}l BESET 5. P=18.1¢
L, HAEEEETIROEENTH S,

F7e, WENBOELEOWTRkDHEEEHDOLE LD TH 5.

T, HEK XS regional HZE(MIL, REOHF—WIChA DEAN 207 £U Tk Y, WEIC X Vb
TAERHOWEMSHEML TWH L EFRL TV 5.

5 i - H1E

i 5 OHHFIC VKR 700~1,000 m OFE A 5 600~700 m OhE% H oL OHEREFET S, Tinbb
PEiE OJALEIE R i L - e - SRR - B BHEASER D, ZTORENCIIEREMS S D, Flicit Torimi
Guri - BEWSH 5. BRRSNCERCX 5L, BREOBZIRE BIORE - KlE - Xt B
BEORINEDPBK - T 5.

Fio, WENBORME L CiE, —RCHEAKAMEZRL, ATV X S nliE#s e L Tn 5.

EESHEDFAL L SEHEEZRL TS, TbbREEIES kn, X 25kn OIJbILE~ErEME O 5 ICH
F QBRI LB b O TH 5. L OREFENOHERICIT 5 pRTCHE & Bbh 5 A5
BH5. WTFRDIILH~HEE OEANEZET 5. TLTHA = P A ORZOMEREAIC TV B,
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EEMED, WENEE, KB X b Eiche v IR T b, CofE—H oM $ 9 iR
TR, WEBERL BSXOCEBO TRF] X SRR S X ORE 8 A~ 9 i Shi-lgEmn Mg
& BRHBOHRIIE I0MO LR Th 5. BAELS (1965) ko X 5Bz L T 5.

Fhbb, FESHECX Y BRI X CEEHER S0k~ O FMICA S BV EKERAKREL, £0
HHORr B—ERBRCE S BES XCBOBTORF OB IS L. T, BREREohiE»bEEI
iz DRI 3ARDWIERD 5 L bz 13 NEH.

6 EBEHEIHMBSES

PERD BB - THIRSR I RRBERSEET 2 2 R LIELIRRE S Cw 5. SEOAEOHSE, Wi
K[OER TG FUROX STHARBEREELEROLNSE. OB EA URERZR T plot +5&
BLROX S KEEOHME EIZD > TWEZ E8bhoie. M, FoRIEHEN, ToXRESRTH 3.

o2 HORMEFKRE, D, BARFRIEERSGRCEC D, Lird, ZOMHBEAREEORE -k BEHAR
SOHENIALE~TEE T, FBREMHE OSSO BE R TTH 5 LBk 5 L Th 5 (3 13 HER).

7T &3 U

BEE T, HBCESHIRKOELIZ DWW TIEE  OMERERS 523, 3 ICHEOERMETOMER
DOEED SEBTHBORFINE LSRR S TER. 7ok 20, SHE - LHETHE - BENE - HAhE -
THEHLE CILB - CUBRORACE(LEAT, Tk, BHERELECIERORAKENEECE
&P &N,

SR OPHEHEOR AL, F¥#e L iy, normal distribution DFHRIC X BMIFO L Z B CH UL,
BE, O F—HN§ 16~20r Hilicc &, SIOBHERMICEPICSNTCEAORY SRR E L &
Th% CHERRUMIOWTHSTHEFCHERL W L Bbh s, Tiabb, BANWNHEZEGARE
T (ERE LB oFH L Ty AHEBRICHIBIC X 5 BERR I - T, 0L b OMRICHERSIbrn 42 Ui b
Fxbhs.

AR 72 D EHRIRE W T I T B AR BRI M LT R e R o v

AR OEIICH N SR - BEAEHEREL SO HEB OF 4 3 X OYER TRk Nkl oFE8
CREHOBELZET S, ERBEECHN SNl RERT KB EIR - AR - KT -0 - FE (1) - oRiE - b
I OFER DI & # Lizv.

2 & X ®
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nying Earthquakes or Volcanic Eruption” The Science Reports of the Tohoku
Imperial University, Series I, 27, No. 1, 1.
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the Tohoku Univ., Geophysics, 1, 40,
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BERERR, JINRZRE HIRNESRS, £HE—J8 1965, “PERIC & 2 K MLBEOZT oW
W ERRITKEH FNEHBIEmY M4 og2 A
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Magnetic Profiles along each course
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Fig. 5 Changes inthe Total Intensity of the Earths
Magnetic Field accompanying Niigata Carthquake
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Fig. 6 Calculated Magnetic Map
before Niigata Earthquake
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Fig. 7 Calculated Magnetic Map
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Fig. 8
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Fig. 9 Geomorphological Chart off the Northeastern Coast of Honsyi
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Fig. {0 Submarine Topograpy around Niigata Epicenter(Dlepth In Meter‘s)I
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Some Examples of the Magnetic Change
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On the Magnetic Anomalies over Toya Lake and Its Vicinity

Takuichi Matsuzaki and Shinkichi Utashiro
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Abstract

The aeromagnetic surveys were carried out over and around Toya Lake in July
1964, using a proton magnetometer suspended from the helicopter belonging to the
Maritime Safety Agency of Japan. The magnetometer used is of a simple type, with
a magnetizing and detecting head coil weighing about 10kg. It was hung down from
the helicopter at a distance of 10 meters. The accuracy of the proton magnetometer
is about 57 for the total intensity of the earth’s magnetic field. The flight path
of the helicopter was photographically determined by taking a series of terrain pictures
with the automatic 35mm camera. The spacing was about 2km. The flight was carried
out at the heights of 1,100m and 1,600m, vespectively. From the results obtained,
it has been found that there is a remarkable magnetic anomaly of about 4007 at the
central part of Toya Lake in the case of the flight altitude of 1,100m, and also,
there is an anomalous magnetic anomaly of about 1,000y over Mt. Usu at the lower
altitude. Thus, we have reached the conclusion that the magnetic anomalies can
well be revealed by observing the magnetic field characterized by the voleanic rock
containing a large amount of magnetite in the region.

1 £AMNE

KUNCHE S K RRCHT 5T, H<» 55 OMEEICE - TRINTEL. Fibb, L=
REpHE (1941) 43 Ad. Schmidt OEHAFEEST 2ERAL T, (IBFEH 5 I 0 RRAHO Vertical
Component > magnetic survey #f7lo7c. F7z, MEEMEE (1938) WABRHERAEL L » =288
R BHHAEROEHEREL, B> THELWEHOD -7 2 LS AT L. 0, BE - B
i - AR S KRR EREL, COREI W THEELL. £, K EREL (1941) B=28H oW
SHRZRAFC I DTV, ZREBTERE 8kn Kl /MR TH 2121 b b T, MEAENKELD
TELVZ EHA L. $bb, e LioRAEORAHER 58° 18.75, FuMi: 44°42./1C, #o3Ei% 13°
30/ I BA. ¥, BEEEEEE (1957) 12 Schmidt type SAEMNE 2 BV CAHEIRBMEN O mag—
netic anomaly ZMlEL7. %L T2 OO magnetic anomaly [XBIE OHIRRESOHINCHTL T %
ETRUEBITE 5T LR, BEEROK X 1T 107 TH B &\ 5 2.

T, PR UL (1957) 13, KBEOXKL K2»To HANERTT - T, XUiKfE> magnetic
anomaly @ distribution %R, »0, ZOFREMKINC LS magnetic dipole fleld TH 3 L{HEL T
magnetic moment Z3RD7-.

KUHCHE S magnetic anomaly X, bPEERWTHERCELL OWMEFC LV FHFEINTER.

#i, Electronics OFFEIfo T, earth’s magnetic field e+ 28 b AMicEA L, Flux-gate
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type & magnetometer & Proton Precession magnetometer HFEBAXI, #EHE - BMZEoBEE LT
OHIRKBIENTAEE 7 D, (£ ground magnetic survey T X B kil|® magnetic anomaly oz 237
e b QBRIE TR - ST magnetic survey 23T/ d L 5/, F— Level ETo mag-
netic field DIERHLN S X Sk otz SETE, MERSHESBBEHICEEIN, U. S, Geological
Survey TiX DC-3 iz Flux-gate type ® magnetometer %IV fHCHREEA (1946) 13d & X D, -~
74 - FEEEE OBRE (1949) To aeromagnetic survey {775 o7c.

IS ORI, SIER - RIBSEOREEL VTR, WEBETIEO—FRE LTERCENITH 15
ThHb. ‘

DABEICI VT, aeromagnetic survey JIFILASEOIMREHEIRIC L - THD TEIBI Rz, bbb,
1955 4E X D IfEE O FC F lux-gate > magnetometer HS3UIEYE S, 1958 4R MR RT A MOH
ARED, o magnetometer RE—F 75 7 MBI Y CRIRBE S X O BEEAS - SO aero-
magnetic survey %} (1958) L CRIFAREEHB/. T survey TIIHIRE&® Vertical Compenent
PRlE S 2ot BE bk YREEETO aeromagnetic survey HSEfE Xz,

B, W LRRTKBEC 350 T h, BRI IR T WA SRS O Flux-gate type o
magnetometer PE{ESH, HAMKHBEFHBO—HE L THAKREIOE LOMERSHE 284 MET b -
TEEXI, % ORMOW I KT % magnetic anomaly 2FEHE Xhi.

T O, KEHTI helicopter IWHAHLL T earth’s magnetic fleld o total imtensity #ilEd %
Proton magﬁetomefer %@{@Lf:@f‘, INEHAVTEADHE ) - XILUE% @ aeromagnretic survey #
SEHL 7o

AT helicopter : Proton magnetometer T 5iH% % /L5 7 aeromagnetic survey m#kHic
DTS, Ak, HIEREMBEIRS MW - BE - IR - KBIROWT helicopter & Proton mag-
netometer T X W MERIBEZ T -2,

2 REEtH

HlmEatas & LCit, Beat type @ Proton magnetometer % vy, [REUIRMFO Y = F VREENE L
—THBH, RiHET DT, MPAT R P VEIEOX S EEOKGHIREREFHVCTHIESh &V /)
AEEABEICEHKL, The digital TRRLAD, 4 analogue recorder LR ATSHFE LD HOD
THIE L, BIERHRAIC AR SN BB TERISIC X B L, Detector m BT Y /3 MEHBA bE
T, Beat FRICX DEHFE VAT RS T 7N LY, Thhd frequency ##AF - C total intensity
DOEZFRDHDOTH 5.

028

TN
T T ¥ T T T T T T T T T T T L T T T L ]

FALINILZ,
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Tiobb, &Whe F, vt VORZSEHORENE F 15L&
F=23,4865f #v=<
THoHP5, CORPD F 2RDBHZENTELY, COHBOEEIKIE Beat 2& 5TWA0T, ~vit
>wu /57 ko frequency V3 4f Lm0, df=fotf 7oL fo VIERHEIKARFEIRER O Rk K
_vFdowryI7ILE b Beat HFRO—EII EROL D TH 5.
7A bR R

(1) )= HipH 43,000~52,000

(2) & #% #e +17

(3) WrEe +1y

(4) H=reRERER 6 sec

(5) RenFEIRE s 1900, 1950, 2000, 2050, 2100, 2150 ¢/s

grespE +£1x105/100V 0°~40°C joC
OB £1x108
(6) pick-up HERAIRERETH  5sec

(7) HFEAN AC 100V410V  50¢/s, 60c/s 35X X DC 26V
i BTk X SR ST 5.
(1) pick-up coil coil  1{ENE, #—71#10m

(2) pre—amplifier

(3) HiEH

(4) EBwEs A ~—
(8) RvFdowsysy

(6) DBattery 16 volt

78 bYBEHEF® Block Diagram

' pen
‘head coil |& relay »| Pre-amp K~ 7| oscillograph
' K
— crystal
oscillator
A.C.
™ source
D.C.
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(7) 4v.3—x— RFH  2ivolt DC
W7 100volt AC -

Pick-up coil #IIHIBADIEV 5727 27 ) MEOMEIRE D Kz coll &N Ty, coi X I{EATHS.

3N =

SO ETAUA»L TH2 Aiihieh, JLHpERsZERE LT~y a7 455 v b VETEIR &
CHb RREA» A 7 2B U CRRINELOMERSHEZ FH L. BEREEX 1,100 m 101,600 m
ZHETH S, (KHE 1,100 m OBEIHAE = - ARRK 2km T, FEdE 0BT v, FRHCHLES A
7 (Bmm HEj=avn 2 SRR~ V) 2AWT HEAOL EFERZREL, ChifiEFREL
BUCHE REE Lz,

Proton magnetometer ¢ detector |3 helicopter 75 10 mo b FTIFTH (DT, BAMKOTE Ty
DITFT®Y, Proton magnetometer 13#y 57 OFEECHlEsM T nbhiz. MEiRE, LiEplElalEi otz
W CMRBE OBIE 2 {770 - 2.

1,100 m (3,200 ft) BEOHAOHMAR I HEEIF IROL k) TH 5. Eh, SLWNHEIEE 2R
DEBDTHS.

Z @ magnetic chart 75 OIE bi- 7z,

1) BEkUicfEo TRAEE 07 DA%/ magnetic anomaly 2#fET+ 5. ¢ magnetic anomaly
o pattern ¥, HEKLO top 2 LEEMIC D + @ anomaly area 3% D, Jufilic — @ anomaly
area 3% 4.

CAUTEEOKIUSTEAED earth’s magnetic field O F[JIC magnetize L'TWB EHZ 5N, K& - &
B 2k - AL FERC BT dipole fleld EF 2 505, AL, HEILO top AL T max.
anomaly J3Zo) peak ZFL TS —DRAFBHROLT, WI/MFHROLTHS. Lk ->T22D
magnetic peak X AFHEE - INEEEDILAD magnetic rock Lk HEELELLND.

2) AFMORLHOREFHER +4007 @ anomaly H3&% 5. CHIIHE KT X 5 BEEFE L BN B
z @ anomaly ¢ pattern {ikX<, HBOHBIC X D AEUAEOTIZEL, L LAEL L@ source %
FLTWG WRESS AT F TS LDTIARH V7 7 ONHEE» LET L 0L EX BN 5.

3) HELOEFICHMEFLRS 52, ZOKIUNC L % magnetic anomaly i, TR detect 32
ERTEIR.

4) RIS OEIUMT —5007 ¢ magnetic anomaly PSEHEI/c. Zhid positive anomaly
b opair 7L THEEVCHBICHEET 5 0TH 5. CRIMLRARE DT bIRICRED 5 b 0T
H5.

5) JRIMEHic magnetic anomaly 2% local i< IAH %795, COHBIIBLTHBDT, IHiKX 5
WEDHETHETILLDEEILNS.

WiT, BEED 1,600m (4,800 ft) OEEEEICoWCL, M L CHEERE ML s THE.

fo, HEWABRNIE A RCR IR TS,

BEED 1,600 m OlEEERs SROBHEIPB LT,

1) FHkkUncfE> k&7 magnetic anomaly MEHEEOHELERIC +, — @ vortex ZZRLTW
B, COEBEIHEREE 1,100 m CRANAKEEEMIBIC L 5700 vortex BRYESTF, —00
vortex DB TH5S. Thbb, BENEI LB LTI, KA MEHC L 5oL ORE
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W5 75T, ZoDllm source ZRLTVWHNHO magnetic substance, 7z& xp¥ dipole ik
Dyke ¢ X % magnetic field @& E 51 %5, £ LT magnetic anomaly ¢ max. kX min |3,
BEEEOES I VNI Ko T w5, E7:, positive anomaly @ pattern JAFHEL - TV S, T
ukd, dipole ¥£7-¢% Dyke It X % magnetic fleld 73, FENE LB L amp. H/PHEL, A0 pattern
ML B\ 3 umbrella effect 2L TV B EEZ BN 5.

2) RO HRLERICSH 5 positive anomaly IIEREOHAIC b RIRIC positive anomaly ZRL TV 3
A%, %@ intensity JMEBEEICHTHE DEDL V.

Z Ik, © @ magnetic anomaly o source RFEWIDEE X BN S, TR OWTIIROECHRITT 5.

3) REHIF OERIUFED negative anomaly VXEFEE (1,600 m) 04 & AIFRIL negative anomaly
ZRTH, £O amp. EHEIHVELLEV. ThbLd source RFEWVWEEZ SN,

4) ARRIABFI S % local magnetic anomaly 13, F”ﬁamu\ EE ALY detect THLV. iU,
Zi 6@ magnetic anomaly @ source 75>LU1L®§E® Rock T X % magnetic field "¢H a2, &
EMNE b & umbrella effect [k p detect TEL B EEZLNS.

4 & =

KUNCfE S magnetic anomaly 1, T TR X 51, ZLOWRFICL Yy FAEME S, £ LTRD
XOREZBNS.

Tindb, KIUIHS magnetic anomaly 3, [EMRFEMIEK, &5V ik e 52 Sl ko —RE L
Lo TRbEINE, EHEBAKRTISHBETE30REML BB X OERUMD D, Miko—FRRIL
THBPTEZDORRBGZERUPH S, 7275, ZOHA, WD effective 7% mass LEEO DD LA sum
TNTVBEEZLNS. £ LT dipole field 2T RTOPERFEELTHE LD 1. Yokoyama (1957)
DRED B 5.

Thbb, EiER dipele ol e b, dipole DX % d, magnetic moment of dipole % M (M,,
My, M,)) L5%&, EH D magnetic fleld § each component L DN TIRD X 5 AR THLIN 5.

My , Z,
AH=— d?—2 x2—y!—3 xd-=% 1
° < g Ho> (1)
4z <1¢2 2d'—y'—3xd Hﬂ) (2)

' Zy

% d

3
(Zo Ho) (3

Z ok magnetic survey X% map &ttixbfa‘i‘ﬁ@%ﬁ% KEO=ZFILKiLOE AR L magnetic
dipole DFEX#2.7km, magnetic moment M=7.1x10" emu, 7 magnetization ¢ effective inten-
sity J=0.01 emu/cc #ETV5%. /27 L, magnetization OFMIL, HIED earth’s magnetic fleld &
~ﬁ?6%@&ﬁ%brmé

AMOIRIINELLD magnetic survey »HE LIRS, KA - INFHO magnetic anomaly 0¥}
AREIARBERILEARICELZ 5 LM TES. Thbb, 200 magetic dipole PNEHELCHFETHLL
TEHET B E X LHHF, T magnetic anomaly pattern 2ZHITE 3.

L4 L, magnetic anomaly Z/R I WIEFIH LS TR VT Z 2R L TV BRI O positive
magnetic anomaly &I, BEHCHIAE  ZEEBS0OEELERELS. Thbb, Bigbog4ic
1, BRLTVWASERPERLELLF—o andesite TH BRI PrbST, BEE/ magnetic anomaly %
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On the Aeromagnetic Surveys in the Kagoshima Bay and Its Vicinity

Takuichi Matsuzaki and Shinkichi Utashiro

Received January 10, 1966

Abstract

The aeromagnetic surveys were carried out in the Kagoshima Bay and its vicinity
in November 1964, The total coverage of the surveys was 60km x 70km including
Sakurajima, an active voleano, and the Kagoshima Bay. The average spacing between
the track lines was about 2km. The flight altitude was about 2,000m. Geomagnetic
total forece was measured with a proton magnetometer suspended from the helicopter
in the same way as in the aeromagnetic surveys over and around Toya Lake. The
results of the surveys are summarized as follows : '
(1) Mt. Sakurajima has a remarkable magnetic anomaly of about 400r. It is

assumed that this anomaly is caused by a magnetic dipole magnetized in the
present earth’s magnetic field.

(2) There is a remarkable magnetic anomaly of about 1507 around the mouth of
the River Beppu.

(8) There is an anomalous magnetic anomaly of 1707 over the area about 1bkm
east of Kushikino.

(4) 'There is a big magnetic anomaly of about 4007 accompanying Mt. Kaimondake.
Studying the correlation between these magnetic anomalies and the geological
structure in the Kagoshima Bay and its vicinity, it has been found that there
is no magnetic anomaly around the area extending from Kagoshima City to Ikeda
Lake and there is no magnetic rock containing any amount of magnetite in
this area.

1 EADE
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Note on the Harmonic Analysis of Tides by means of Least Squares Method

and the Accuracies of Tidal Harmonic Constants.

Shigeo Hikosaka, Noboru Akagi and Yuké Yano
Received January 10, 1966

Abstract

The harmonic analysis of tides by means of least squares method from 719 hourly
heights of sea level is studied and the accuracies of the 13 tidal harmonic constants
are estimated. This method may be available even if some observations are missing.

1 Fansg

WY OISR, E5 5 Darwin o, TI HBRE, WAWAOEFERAWSLRTWS., LirLlTh
VTR BN ECOHECENOL S RTRINEDDOTH S, L LEEETHEBSHY OFMmasfHicd
ArohdXsicihb, 2,3 0FERREIN TS, C TR0, BAEREZFALLZLOTHL »
BomkoBRiEz By TR EERL, Tho0EROBEZRED > CHEb0THL. W 2zl
R g, OB RICKERD - THRMSAET Y CEPTRETHA 5.

2 RNBEREOFIBNIBAOIEH

WEHHOERNL L S, (2n+]) HogRoBAlEEAVE L L LT 5. GROWESY H(I) TEbTE

H(i)=a,+a, cos is; +a, cos Gy eeeree +agcos io, by sin g +-b,sinigy4-reeee +bysinia, (1)
LB 5. 4 PHKE, 0 0n v Oy WEESBIOEEE, a, by ay by oo y Gy by TIRD B NE G
DOHEET, EHWORIEL R, BAk K L5k
a=Rcos K
{b:RnnK (2)
ThH5. WEBHEOhREEY (=0 Tk -T, FHEHOME H@E) T cosis, sinig, ZF|LT, i=—nhd

i=n E’C‘bﬂ%/a\rb*}‘ &

n .
Z H(l) cos i"m =ao(w01 m+ woly m)+a (wh m +wl/. m) A + am(wm, m +wm,‘ m)

t=—n
T +as(ws, m,'l‘wsl,m) ( 8 )
n

Z H(I) sin iam:bl(a’lv m"'a‘l/, m) +b2(w2, m_wzl, m) e +b7n(am,m_wm/: m)

i=—n

e +bs(ws, m—w&’»m) (4
LBABELNhE. T

(1) Z O/NRBCEIEM 39 L ARBERARBRAT BRI 23D TH 55, W. Horn (1960) 314
(8,857 &) ofOBEIELAVT 2THRGE I RLFEREEL 64 PR L TEXTHH T L EH -0
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sin 2n+1) <st_2”m >

= 5
X, m Zsin< 0'3_20'7)1, > (%)

sin 20+ 1)<kaéh>

2sin{ %t Im
2

(6)

[
X ym =

THb.

Lzt T, (3), (4) Rk 54H0D 6, b OFEENE (5), (6) RILX-C, HOLPUDFHLTH L
BTESL. Tz, (8), () WROLDOME, BlEZHAWGHETZLERTES. Lep-T 8), (D
ORDOIEDDEEES T OVWCHET B LR E - T, S IRELFBREMIEI v Eitks. IR
iz, $91 A (TI9A) o OB & v T 18 5 ofEi 2k 25546 © (3), (O Ro Filo
(@omtas )y (@gn—ad,) ZHELHERZRLTHE. LKL, (B), (6) RpDBELPRISIT, s &
m R AN XTh @ o DOEEELLHEVID, AR THHRLMOBEEIERL T 55, £l g
(8,641 @) DEMHELFHWCAERFLER LM, #i~2— Y OE~7 X 51T, Horn BEEFHHL TH
0T CIIEET 5.

BIRPLDPB IO, FRIPATHIMTCSLVIE K & P, S, & K, N, & v, & ORBIEIER
R » G HABLNTYS. £2°C, 22T, K, & P, S, & Ky, Ny & v, & OESHRICIITHER
Wi b OGN

1
Rm:TRkn 1{1)1:]{7;1»
Ry;=0.272 Ry, K=K, (7
Ry,=0.194 Ry, Kyy=Ky,

REET S Tihbb, £F Py Ky v, OESMEEIELCR/DEFETESMOBIREEYEL, W
Ky, S; N, 5EED Ky Sy N, OHEOEHIc, Py Ky v, OGEBENENREENTWE EHEXT
WROFER & 5.
3 Ki & P, Sz & Kz, Np & v2 OB
VWi K A Pl BT, MRV T K e B SEoaRLICbOoBRELREERD .
R cos ({oz— K) =a cos fo;+b sin igy,
—y Ry K RDBRE K SEOIEKE L, i=0 BT 5 K H#le P SEoRI5EE Vi
Vo Lk, () OBERERETIE,
R cos (iop—K)=Ry cos (Vy+iop—K,)+pRycos (Vp+iop—K,)
=Rylcos (V,—K )+ pcos{Vp—K,+i(ep—az)}]cos ioy
—Ry[sin (Vy—Ky) + 0 sin {Vp— K, +i(op—az)}] sin i,

rES. LK =% B LichsT,

a=Ry(cos (Vy—K;)+p cos {Vp—K,+i(op—a)}]

:Rk[ cos (Vi—K,) {1+2% cos(V,,—VL.)}

—sin(Vp—Ky) - z_(%sm (V,,—r@] (8)




TABLE 1. COEFFICIENTS OF @, 4 IN THE SYMMETRIC NORMAL EQUATIONS FROM 719 HOURLY OBSERVATIONS (UPPER FOR @, LOWER FOR b).
22 K, 0, P, Q, M, Sy K, N, L, Vs Hy M, MS4

a, 719.0000 0.9660956 | — 3.801569 | — 2.910617 5.865898 | — 1.380789 1.000000 0.9666590 2.388080 0.3086820 0.6860372| — 1.776904 1.338322 1.171312
359.9833 29.04737 343.2960 25.70409 | — 2.199746 1.631028 0.9668514 3.580226 0.7459737 1.303584 | — 2.824326 1.470360 1.291776
= 359.0167 30.42816 344.2960 28.09217 | — 1.601823 1.279589 0.0007510 2.285672 0.8726010 1.187784 | — 1.973881 0.5507729 0.5131800
o 357.8011 3.596885 26.48957 | — 0.5275187 0.1289268 2.084732 1.818287 0.7236078] — 0.3672870] — 0.9686927 1.087999 0.9232765
! 361.1989 6.654978 30.48194 1.493614 1.676029 2.682653 | — 0.6551884 2.154182 | — 2.037291 1.261638 0.4900762 0.5718372
P 358.1416 11.25411 | — 0.75600563 0.3087494 2.099946 2.754634 0.6072452| — 0.2045395| — 1.254248 1.172780 0.9999645
! 360.8584 14.96740 1.048951 1.274845 2.451384 | — 0.1435522 1.797332 | — 1.635113 0.7668850 0.3223340 0.4020422
357.3466 -~ 0.2021569 0.4865376 2.266186 | — 0.8920421 1.216272 0.9807771 0.1158187 0.7885443 0.6505700
@ 361.6534 —  2.675632 2.784723 3.560739 1.858138 3.237405 3.211108 | — 2.520396 0.9151716 1.008341
358.8308 4.540276 29.63728 — 27.62157 28.05781 22.63817 4.376125 1.323767 1.092854
M 360.1692 5.711587 29.83829 — 29.34994 28.91370 21.60044 5.875738 0.0570218 0.0928532
359.0000 343.7878 — 12.31569 22.45571 3.968530 4.435757 1.481306 1.238650
Sa 360.0000 343.8042 — 13.90581 21.78290 3.112645 5.774079 0.2955986 0.1421390
359.9845 — 26.52508 33.93541 — 15.08184 17.21275 2.013170 1.780893
&, 359.0155 — 27.27121 33.58548 — 14.91077 17.60251 1.384638 1.277201
N 358.5024 26.75379 346.3604 23.04769 0.8640575 0.6613948
z 360.4976 28.09211 347.8601 21.19092 0.5553755 0.7079543
359.3409 4.872435 | — 12.59189 1.704803 1.462097
Ly 359.6591 5.379428 | — 13.62962 0.6832767 0.5462768
359.1512 — 27.87731 1.564565 1.329521
va 359.8488 — 29.09420 0.4438088 0.3079941
358.6731 1.169415 0.9512064
2 360.3269 0.1694143 0.3155391
u 358.9177 4.557685
4 360.0823 5.694178

M, 358.9503

Sy 360.0497




HARMONIC ANALYSIS OF TIDES BY MEANS OF LEAST SQUARES METHOD 29

ARz

b= —Rk[sin (Vy—K) {1+2(§‘;¢ lkycos(Vp-Vk)}

tcos (Ve—K,) - 2%sm(n—n>} (9)

Efs. kD (8), (9) Kbk s B SHMOFAMER By K X

Ry2= a2+
149D @ 5 o -”}2 { R L2 TP C A "}2
{+ oy artcos (Vy=V + {2 St sin V-Vl
cos (Vp—K,) =2 I:a{l—l— 20 @p.kgoq (V,,—Kl)}wa%;Jcsin (VP—VIc):|
a?+-b? (2n+1) (2n—1)
. . R, 2 pay 5 - 2 pap. p
sin (V= Ky) = = {a <2nif> sm(Vp—Kk)—f—b{l—F——(—ﬁ% cos (V,,—V,C)H

PHERDEND. LTI @p.p iE (5) LRk
sin (2n—|—1)<—d”2_—”’”>

Ep .,
. Gp—0
2sin <”T7“>

TH5.

INHORITE -T, 195544 Bk 50l (fEkR} © 12 AoaRoBEEr (719 @) ZRvTH
MRS LT B HEoRERE ko ReE 2RIoR L. e (1) ofGRRE AW IcEs 13
SEOEST FRASBWBS 03NSk s, Darwin OFEI X 55R (EEE, BKBHTOLEEL

TABLE 2. COMPARISON OF HARMONIC CONSTANTS FROM DARWIN’S METHOD WITH
THOSE FROM LEAST SQUARES METHOD.

=N N £1 e
PR Darwin opf St st i
H K H K H K
cm ° cm ° cm o
K, 20.85 183.24 21.02 187.64 21.28 188.97
O, 16.79 166.10 16.47 166.65 15.99 166.86
P, 6.95 183.24 7.15 187.64 7.69 188.39
Q, 3.56 166.72 3.32 168.81 3.23 172.79
M, 45.09 170.07 44.44 169.90 45.45 170.11
S, 18.87 198.36 19.56 198.65 18.43 194.53
K, 5.14 198.36 5.22 198.65 4.63 215.53
N, 7.79 164.26 7.89 165.58 5.77 221.56
L, 2.30 187.48 2.65 185.00 1.98 174.75
v, 1.51 164.26 1.53 165.58 6.04 48.75
sy - 2.47 144.27 1.82 135.00 2.45 146.88
M, 0.59 312.76 0.74 336.64 0.43 316.35
MS, 0.23 174.00 0.15 54.69 0.12 97.96
So 144.58 144.51 144 .55
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T HETH 50T Darwin OFEEIIRATH L. 2OBAIIE (7)) OFEREAVTW5) 2EBFTH 3.
4 FEABHOBE
BNBREOHEMICL 5L, BRMWE o, b OEERE o 13

sr=—Le] a3
n—m

TERDEIND. IR ¢ WHEBELHERE ORZE, » 3EIER (2 0BA T n=T19), m iR E Ok,
(4] WA BRAORMB ORI > LIRE SN BHET, @, WiT 5 (A1 (e mtey, ) ZETF
OEWREFHB LT, OfFOELI0THEE L EOBRTHREAD 0, OETHS. 2 3EITI1T 3 OH®RE
L5350k, BEEVHERNZBWEGORSHOD a, b © (] 25ELCEBIFCHS. ZOELD, EE
HBITE D & GHARTRE RO BICH U TR BRESAE N LERFLLTRLTWE. Fk a, b T+ 5 [42)
REIRONAROBEONMIIZEAES LV 25, ¢, b OREEXET BIEOEROEFRITAE LT
5. BV, BEMROTFRICHAIL T\ b L EL B LBTEL 5.

37, \/,5_:34 VRSN & R & ORRERR AL T 5 BT, B AAIRAETIE 10 om I (O C
DEADEHEIE9.8ecm Thote) TH5H. FHISE,D (AA)=3X108 THEH 5

6==10%y/ 3% 10 =0.55 (cm)

L5, ThbblrHOEREEEEREL 2541, K5O Reos K, RsinK X 4,17 0.5~0.6 cm i
DEEREOEEN DL EELLN5.

5 1HhAOBNAFRERICLIANMBEHOE

AT & [F4E D 1955 £ B0 SO & H ORFEZ FVv-C Darwin OBMETHENSM LARERC LS &

TABLE 3. ACCURACIES OF g, b FOR EACH TIDAL CONSTITUENT.

FEHMYEERE [i=) ® . *
o ]
a b a b
K; 3.124x 108 3.140x 103 3.510%x 102 3.552%x 102
o 2.828x% 1073 2.807 %103 2.983x 103 2.941%x 103
P, 3.495x 1072 3.500x 102
Q, 2.827x 103 2.801x103 2.868x% 108 2.836% 103
M, 2.818x 103 2.811x 103 8.763x 103 9.124x 1072
S, 2.404><10“3 2.400x 1073 9.911x 102 9.819%x 102
K, 9.289x 102 9.166 <102
N, 2.671x 103 2.658 %103 2.169x 1071 2.328x 107!
L, 2.826x 1073 2.826 %103 7.273x10°3 7.389x 103
Y, 2.230x 10! 2.391x 1071
g 2.804x 103 2.791x 103 6.716x 103 6.991%x 103
M, 2.787x103 2,778 x 103 2.788% 103 2.780x 103
MS, 2.787x 10 2.778 <108 2.787x103 2.780x 108
So 1.391x 103 } 1.393x 1078




TABLE 4. RESULTS OF HARMONIC ANALYSIS (DARWIN’S METHOD) FROM MONTHLY OBSERVATIONS IN 1955 AT URAGAMI.
- 1 A 2 B 3 R 4 R 5 A 6 A 7 H 8 A 9 g 10 A 11 A 12 A oy

H(em) | K(°) |H(em)| K(°) |[H(cm)| K(°) |H(em) | K(°) |H(em) | K(°) | H(em)| K(°) |H(cm)| K(°) |H(cm)| K(°) |H(em) K(°) |H(em)| K(°) [H(em) | K(°) (H(em) | K(°) |H(em) | K(°)
K, 21.86 | 187.71 | 22.25| 191.31| 20.14 | 201.18 | 20.85 | 183.24 | 21.01 | 183.75 21.08 | 187.22 19.92 | 187.64 | 20.64 | 184.77 | 21.42 | 183.87 | 21.40 | 184.63 | 20.66 | 191.78 19.81 | 188.92 | 21.00 | 187.97
0, 17.76 | 170.51 17.22 | 164.44 15.80 | 158.22 16.79 | 166.10 17.00 | 169.27 | 16.92 | 168.40 16.10 | 167.17 16.64 | 166.39 16.15 | 167.84 | 16.63 | 166.54 15.42 | 175.42 14.57 | 166.39 16.40 | 167.32
P, 7.29 | 187.71 7.42 | 191.31 6.71 | 201.18 6.95 | 183.24 7.00 | 183.75 7.03 | 187.22 6.64 | 187.64 6.88 | 184.77 7.14 | 183.87 7.13 | 184.63 6.89 | 191.78 6.60 | 188.92 6.97 | 188.30
Q1 3.24 | 156.59 4.10 | 158.99 3.81 | 204.38 3.59 | 166.72 3.86 | 151.56 3.91 | 162.60 4.21 | 147.38 2.97 | 165.21 3.01 | 154.18 3.04 | 162.83 3.78 | 189.93 3.53 | 161.89 3.43 | 164.75
M, 45.86 | 170.67 | 45.88 | 170.16 43.75 | 168.51 | 45.09 | 170.07 | 45.25 | 171.86 | 45.55 | 166.96 | 45.23 | 169.09 | 46.16 | 165.83 | 46.36 | 165.91 | 44.86 | 169.66 | 42.76 | 173.30 | 43.06 | 170.67 | 44.95 | 169.49
S, 21.38 | 201.20 19.85 | 198.06 18.27 | 194.62 18.87 | 198.36 18.25 | 203.81 19.86 | 200.08 | 20.61 | 197.86 | 20.20 | 193.77 | 20.47 | 189.30 | 20.15 | 189.15 19.64 | 190.74 | 20.92 | 199.30 19.81 | 196.42
K, 5.82 | 201.20 5.41 | 198.06 4.98 | 194.62 5.14 | 198.36 4.97 | 203.81 5.41 | 200.08 5.61 | 197.86 5.50 193777 5.58 | 189.30 5.49 | 189.15 5.36 | 190.74 5.70 | 199.30 5.41 | 196.09
N, 7.90 | 160.83 8.43 | 160.88 8.85 | 167.38 7.79 | 164.26 8.09 | 167.70 8.13 | 160.60 7.78 | 163.47 7.44 | 165.83 8.38 | 158.09 7.29 | 160.31 7.19 | 176.45 8.50 | 166.39 7.94 | 163.16
L, 1.99 | 206.15 1.30 | 212.30 1.16 | 324.04 2.30 | 187.48 1.10 | 156.52 2.14 | 171.65 0.71 1 197.13 1.30 | 181.73 0.60 | 235.10 1.33 | 186.44 2.62 | 165.14 1.69 | 153.50 1.30 | 184.40
V, 1.53 | 160.83 1.64 | 160.88 1.72 | 167.38 1.51 | 164.26 1.57 | 167.70 1.58 | 160.60 1.51 | 153.47 1.44 | 165.83 1.63 | 158.09 1.41 | 160.31 1.39 | 176.45 1.65 | 166.39 1.55 | 165.07
78 2.73 | 230.37 1.28 | 187.56 2.68 | 301.04 2.47 | 144.27 2.76 | 170.34 2.00 | 149.39 0.91 | 175.53 1.31 | 211.27 0.47 | 131.39 1.04 | 138.82 1.91 | 180.61 3.64 | 136.73 1.30 | 175.60
M, 0.26 | 316.12 0.17 | 334.51 2.76 | 40.46 0.59 | 312.76 0.19 | 340.45 0.53 | 235.26 0.89 | 283.39 0.07 | 243.11 0.27 | 240.24 0.31] 292.74 0.71 | 136.00 0.81| 30.78 0.30 0.00
MS, 0.43 | 347.72 0.37 | 22.25 2.73 | 113.05 0.23 | 174.00 0.62 | 36.52 0.10 ] 190.16 0.75 | 284.65 0.72 | 322.87 0.23 | 350.47 0.31 5.58 1.45 | 200.46 1.16 | 303.03 0.035] 45.00

Se 145.00 146.17 147.33 144.58 153.87 149.50 153.21 160.67 156.79 154.33 148.33 148.46 150.69
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RUTHENIUM-106 IN THE ADJACENT SEA OF JAPAN

Masaru Shiozaki*

Received January 10, 1966

Abstraect

Ruthenium-106 was concentrated from large volume of sea water by co-precipit-
ation with magnesium hydroxide, and then separated from other interferring nuclides
by oxidation to Ru(VII) in alkali medium and by solvent extraction of Ruls to
carbontetrachloride. The analyzed values of radioactivity were increased by oxidation-
reduction pretreatment. This increase was discussed using Ru-106 tracer of several
chemical forms. The mean value of Ru-106 in the Japan Sea is about three times as
large as that in the Kurosio region. The concentration of Ru-106 in swrface water
increased after the reopering of nuclear explosiéon tests, reached its maximum in
1968 and decreased exponentially thereafter. The half-lives. of Ru-106 and Ce-144
in surface layer were calculated, and are compared each other.

1. Intreduction

The determinations of radioactive nuclides in sea water have been conduct-
ed by many workers, and almost all of them were those of long lived nuclides,
such as Sr-90 or Cs-137 (MIYAKE et al. 1958, 1960, 1961, HIGANO et al. 1960,
1962), but comparatively short lived nuclides have scarecely been determined
except for Ce-144 (HIGANO et al. 1961). R

Ru-106 is also one of the fission products and its proportion in fission
products can not be neglected (IWASHIMA and WATARI 1963). ‘However,
the complicated chemical behavior and many oxidation states of ruthenium
make the determination of Ru-106 difficult, therefore, only. a few determinations
of Ru-106 in marine environment have been reported.

TSURUGA (1962, 1963) determined the Ru-106 and concentration factors
in seaweeds from Hirosima Bay, and discussed on the mechanism of uptake
of radioruthenium by seaweeds. YAMAGATA (1963) reported Ru-106 in
coastal water, but the concentration of Ru-106 in the adjacent sea of Japan
has never been reported.

Therefore, the measurements of Ru-106 were conducted to investigate the
geochemical behavior of Ru-106 in the sea and to evaluate the contamination
level in the adjacent sea of Japan.

2. Experimental
Sample 20~40 liters of sea water was used for each determination. Sea
water was acidified by adding concentrated hydrochloric acid at the rate of
2 ml, per liter of sea water immediately after the sea water was collected.
Reagents Antiformin. Commercial antiformin which contains 6% of
active chlorine was used without further purification. The blank test of the

* Qceanographic Section.
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reagent proved the radioactivity to be negligible.

Ru-carrier. Commercial ruthenium trichloride was used as carrier.

All other reagents used in this experiments were guaranteed reagent
quality.

Procedure (Table 1)

10mg. of yttrium, 10mg. of cerium, 10mg. of zirconium and 10mg. of
ruthenium were added to the sample as carriers. After the sample was
neutralized with 10M-NaOH soln., and excess NaOH soln. was added until
a portion of magnesium was precipitated as hydroxide, 6% antiformin was
added at the rate of 1.2 ml. per liter of sea water, and the sample was stood
for 80 min. to make the oxidation of Ru (III) to Ru (VII) complete. The
oxidized ruthenium was reduced by adding 4 g. of NaHSOs and 12 ml, of
ethanol. After the sample was heated to about 70°C., it was stood aside until
almost all precipitates settled. Clear supernatant was filtered through a Buch-
ner funnel. Residual precipitate and that on the filter paper were dissolved
in minimum amount of hydrochloric acid (about 10 ml.). The solution was
neutralized with 10M-NaOH soln. and 1 ml. was added in excess. 10 drops
of 6% antiformin was added to re-oxidize Ru to Ru (VI) or (VII), and the
mixture was centrifuged. The supernatant was transfered to other clean
beaker. The precipitate was dissolved in minimum amount of hydrochloric
acid, and then the oxidation and centrifugation were repeated. The precipit-
ate was used for the analyses of Zr-95 and Ce-144. The supernatants were
combined and 2 ml. of ethanol was added. After heating on a water bath
until the supernatant become colorless, the precipitate of ruthenium mixed
oxides was filtered and dissolved in hydrochloric acid. The solution was

- condensed to about 1 ml. on the water bath and then diluted to 10 ml. by

distilled water. Further radiochemical purification of ruthenium was done
by using solvent extraction method devised by MEADOWS et al. (1962) :
Ruthenium was oxidized to tetroxide by antiformin, extracted by carbontetra-
chloride and back-extracted by 3M-NaOH soln. containing 3 drops of 1M-
NaHS0s. Ruthenium was precipitated as mixed oxides of Ru (III) and (IV)
by adding ethanol and by heating. The ruthenium mixed oxides was filtered
on filter paper, washed by ethanol and ethyl ether and dried in vacuum desi-
cator.

Ru-106—Rh-106 was counted by 4 pi gas flow low-background counter.
Counting efficiency was about 70%. The radioactivity was corrected for the
decay since the date of collection. Chemical yield of ruthenium was determin-
ed by colorimetric method of Ru (IV) devised by WATERBURY et al. (1960).
The chemical yield was 71.4% (mean).

3. Horizontal Distribution
The analytical results of Ru-106 in surface sea water are shown in Table
2. The yearly mean values of Ru-106 and Ru-106/Sr-90 in the Kurosio region
and the Japan Sea are shown in Table 3. Though the increase of Sr-90 in
surface sea water are not significant after the reopening of nuclear explosion
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tests in 1961 (NAGAYA, 1964), Ru-106 in surface sea water increases abruptly
like Ce-144 and reaches maximum in 1963 (1.68 #uc/L in the Kurosio region and
5.82upmc/L in the Japan Sea). The radioactivity of Ru-106 in the northern
part of the Japan Sea agrees well with that of the Oyasio region and they
are three-fold of those of the Kurosio region and the southern part of the
Japan Sea. This result agrees with that obtained from the horizontal dis-
tributions of Sr-90 and Ce-144 (NAGAYA, 1964). These high values in the
northern part of the Japan Sea and the Oyasio region are explained as
follows.

In the Kurosio region, the radioactivity in the surface layer is diluted
with sea water coming from the south where the amount of fallout was
very little compared with the area near Japan. On the contrary, in the

TABLE 1. ANALYTICAL SCHEME OF Ru-106 IN SEA WATER

_Sea water (20 L.)

Add 40 ml. of conc. HCI and carriers (Ce, Zr, Cs and 10 mg. of
Ru). Neutralize with 10M-NaOH and add 1 ml. in excess.
Add 24 ml, of 6% antiformin and stand aside for 30 min. Add
4 g. of NaHSO3 and 12 ml. of ethanol. Heat to about 70°C.
Filter.

Fil, Res

Dissolve in HCl. Neutralize with 10M-NaOH and add 1 ml, in
excess. Add 10 drops of 6% antiformin. Centrifuge.

Res. Supernatant
Add 2 ml. of ethanol and heat to 85°C. Filter on a glass filter.

Flll- _R_!eg-_

Dissolve in hot HCl. Evaporate to 1 ml. and dilute to 10 ml.
with distilled water. Neutralize with 12M-NaOH and add 10
drops in excess. Add 6 drops of 6% antiformin and stand
aside for 30 min. Adjust pH to about 4 with 3M-HCI. Shake
with 10 ml. of CCly. Repeat the extraction with 5 ml. of CCls.

1
rg.

Ag. e
Wash with 10 ml. of distilled water containing 1 drop of 6%
antiformin. Back-extract with 10 ml, of 3M-NaOH containing
8 drop of 1M-NaHSOs3,
I 1
Org. Aq.
Adjust the volume to 50 ml,
1 ml 49 ml,
Add 10 ml. of 3M-NaOH and 10 ml. of Add 2 ml. of ethanol and heat to 85°C.
conc. HCL Heat on a water bath for Filter on a filter paper.

15 min. Adjust the volume to 256 ml
and measure absorbance against 4M-
HCL

I I
Tl Res.

Ruthenium (mixed oxides).
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northern part of the Japan Sea and the Oyasio region, the current are relat-
ively stagnant and the surface sea water is supplied from the north where the
amount of fallout is large. . Y

- The values of Ru-106/Sr-90 in the Kurosio region and the Japan Sea in
1963 (3.1 and 5.2 respectively) and in 1964 (1.09 and 1.78 respectively) are very
large when compared with values from Hunter Ballou taking into consideration
the amount of Sr-90 that had been present already in sea water before the
reopening of the nuclear explosion tests in 1961 (0.3 puc/L., HIGANO et al.
1962). These results are explained as follows. :

The fission yields of Sr-90 and Ru-106 are significantly influenced by
the types of fission and these high values of Ru-106/Sr-90 are considered to
be due to the fission processes other than U-235 (Table 4).

4, Secular Variations

The secular variations of Ru-106 and Ce-144 (NAGAYA, 1964) in the
Kurosio region and in the Japan Sea are shown in Fig. 1.

The radioactivity of Ru-106 increased rapidly from 1962 owing to the
reopening of the nuclear explosion tests, reached maximum in 1963 and then
gradually decreased owing to the absence of large scale nuclear explosion
test in air thereafter. ,

The effects of the tests conducted by Red China in 1964 and 1965 on the
radiocactivity of the ocean water are too small to produce a significant con-
tribution to the total activity in sea water.

Fig. 1 shows that the Ru-106 in surface layer decreases exponentially after

the maxima in March 1963 in the Kurosio and in July 1963 in the Japan Sea.
The half-lives of Ru-106 and Ce-144 in the surface layer were calculated from
Fig. 1 by least squares method and shown in Table 5.
‘ The correction were made for radioactive decay since the maxima in 1963
to compensate the difference of the nuclear physical half-lives of Ru-106 (1 y.)
and Ce-144 (285 d.) and resulted half-lives are also included in Table 5
(half-life corrected).

In the Kurosio region, the half-life and corrected half-life of Ru-106 in
surface layer are 0.70 y. and 1.8 y. respectively. On the other hand, in the
Japan Sea, they are 0.44 and 0.77 y. respectively. There are difference between
the half-lives of Ru-106 in the Japan Sea and those in the Kurosio region,
and the former is about twice of the latter. This result means that the
mixing in the vertical direction is considerably more violent in the Japan
Sea than in the Kurosio region, and agrees well with the results which have
been obtained by the oceanographical observations.

In the case of Ce-144, the ﬁuclear physical half-life (285 d.) is short
compared with that of Ru-106, therefore, the half-life in surface layer is also
short, but the corrected half-life of Ce-144 in the Kuvosio region (1.6 y.)
agrees well with that of Ru-106 (1.8 y.), but in the Japan Sea, a little difference
was observed between Ru-106 and Ce-144. This may be due to the difference
of adsorbability to the particulate matter of Ce-144 and Ru-106 owing to the
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presence of Ce (IV) (SUGIHARA 1962, GOLDBERG 1963) in the Japan Sea
where the suspensoid is rich. On the other hand, in the Kurosio region, the
decrease of the radioactivity in the surface layer are influenced by the

TABLE 2. ANALYTICAL RESULTS OF Ru-106 IN SURFACE SEA WATER.

Location | Sampling Date D(ffl’§h Ru-106 zuc/L.| Ru-106/Sr-90
Kurosio region.
31° 59/ N., 135° 43/ E. | Jul. 17th, 62 0 1.02+0.18 " 2.6£0.6
32° 01/ N., 138° 48/ E.*| Mar. 22nd, 63 0 1.68:£0.06 4.3:40.2
33° 28/ N., 138° 35/ E.*| Nov., 16th, 63 0 0.660.04 1.84+0.2
32° 55/ N., 138 52/ E.# | Mar. 13th, 64 0 0.66+0.03° | = 0.9+0.1
33° 32/ N., 141° 02/ E. | Mar. 19th, 64 0 0.28-+0.02 1.0+0.1
33° 58/ N., 140° 42’ E. | Mar. 19th, 64 0 0.32:+0.02 0.8:40.1
33° 05/ N., 136° 05/ E.* | Apr. 16th, 64 0 0.52+0.03 1.240.1
33° 30/ N., 187° 00/ E. | May 17th, 64 0 0.32:£0.02 0.8+0.1
33° 01/ N., 137° 03¢ E.% | May 17th, 64 0 0.34+0.02 0.940.1.
32° 01/ N., 137° 01/ E. | May 17th, 64 0 0.53+0.02 1.3+0.1
34° 50’ N., 142° 09/ E.*| Jun.  30th, 64 0 0.56--0.04 1.5+0.2
32° 45/ N., 135° 12/ E.*| Jul. 13th, 64 0 10.36+0.02 1.34+0.1
33° 59/ N., 138° 30’ E. | Aug. 15th, 64 0 0.67+0.03 1.740.2
34° 10/ N., 142° 06’ E. | Sept. 8th, 64 0 0.42+0.02 1.2::0.1
32° 49/ N., 140° 01/ E. | Sept. 16th, 64 0 0.48-+0.02 1.140.1
33° 01/ N., 135° 46/ E.*#| Nov. 15th, 64 0 0.27-+0.02 0.7+0.1
33° 29/ N., 139° 12! E.* | Dec. 11th, 64| .0 0.29-+0.02 0.9-+0.1
33° 10/ N., 135° 54/ E.%| Feb. 15th, 65 0 0.19+0.02 0.6--0.1
33° 27! N., 138° 43/ E.*| Mar. 18th, 65 0 0.16+0.01 0.540.1
33° 24/ N., 136° 09/ E.%| Apr. 27th, 65, .0 0.210.02 0.8:£0.1
33° 28/ N., 138° 28/ E.%*| May 20th, 65 0 0.18:0.01 0.7+0.1

* Samples collected in the Kurosio current.

Northern part of the Japan Sea.

38° 43/ N., 136° 35/ E. | Nov. . 8th, 61 0 0.55+0.07 1.740.2
44° 03/ N., 150° 08’ E. | May 10th, 62 0 2.78+0.11 5+1

45° 40’ N., 150° 48" E. | May 10th, 62 0 2,09+0.08 7.5+0.9
38° 04/ N., 133° 57/ E. | May  1Ist, 63 0 2.6440.10 | v
39° 35/ N., 135° 07/ E. | Aug.  6th, 63 0 4.72+0.13 5.1+0.2
40° 30’ N., 135° 53’ E. | Aug.  6th, 63 0 5.82+0.11 5.3+0.2
45° 46/ N., 139° 32/ E. | May 19th, 64 0 0.80:+0.03 1.340.1
45° 46! N., 138° 47/ E. | May 19th, 64 0 0.900.04 1.740.1
43° 42 N., 136° 31’ E. | May 2Ist, 64 0 1.2440.04 2,2+40.1
41° 11/ N., 137° 01/ E. | May 27th, 64 0 1.204-0.04 2,0+0.1
40° 01/ N., 132° 31/ E. | May 29th, 64 0 1.8140.05 2,6+0.1
40° 01/ N., 137° 49’ E. | May 30th, 64 0 1.2240.04 2.1+0.1
41° 15/ N., 139° 34/ E. | Aug.  7th, 64 0 0.88+0.03 1.4+0.1
39° 27/ N., 185° 17/ E. | Aug - 9th, 64 0 1.15--0.03 1.8+0.1
37° 54/ N., 137° 44/ E. | Aug 20th, 64 0 1.27+0.03 1.8+0.1
42° 007 'N., 138° 20r E. | Nov. Oth, 64 0 0.92+0.03 1.4+0.1
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TABLE 2. ANALYTICAL RESULTS OF Ru-106 IN SURFACE SEA WATER. (CONTINUED)
. . Depth
Location Sampling date (m) Ru-106 guc/L.| Ru-106/Sr-90
40° 54/ N., 139° 27/ E. Nov. 10th, 64 0 0.73+0.03 .3+0.1
37° 30/ N., 138° 10/ E. Mar. 18th, 65 0 0.47+0.02 .9+0.1
39° 20/ N., 136° 00/ E. Mar. 19th, 65 0 0.31£0.02 7+0.1
Southern part of the Japan Sea.
35° 55/ N., 132° 48/ E. Aug. 26th, 61 0 0.4440.05 1.0+0.1
36° 39/ N., 132° 00/ E. Nov.  8th, 61 0 0.61+0.06 1.9+0.2
36° 39/ N., 132° 00/ E. Oct. 30th, 63 0 1.1040.05 2.1+0.2
38° 42/ N., 136° 36’ E. Mar. 24th, 64 0 0.4440.02 0.8+0.1
36° 39/ N., 132° 00/ E. May  10th, 64 0 0.56+0.02 1.1+0.1
36° 37/ N., 132° 04/ E. Aug. 2lst, 64 0 0.48+0.02 0.540.0
36° 39/ N., 132° 00/ E. Oct. 3lst, 64 0 0.34+0.02 0.740.1
"36° 08/ N., 132° 00/ E. Mar. 30th, 65 0 0.20+0.01 0.6+0.1
36° 19/ N., 134° 58/ E, May 9th, 65 0 0.24+0.01 0.8+0.1
Oyasio region.
39° 13/ N., 144° 117/ E. Jul. 7th, 63 0 2.44:-0.06 4.4+0.3
41° 47’ N., 146° 15/ E. Jul.  16th, 63 0 3.564+0.07 6.1+£0.3
40° 20/ N., 143° 39/ E. Jul.  19th, 64 0 1.60+0.05 2.3+0.1
39° 00/ N., 144° 31/ E. Jul.  20th, 64 0 0.804-0.03 1.74+0.1
TABLE 3. YEARLY MEAN VALUES OR Ru-106 AND Ru-106/Sr-90
IN SURFACE SEA WATER.
Kurosio Oyasio
Ru-106 puc/L. Ru-106/Sr-90 | Ru-106 ppc/L. Ru-106/Sr-90
1962 1.02+0.09 2.6x=0.6
(1) (1)
1963 1.2640.04 3.1+0.1 3.00+0.05 5.3+£0.2
(2) (2) (2) (2)
1964 0.43+0.01 1.09+0.03 1.20+0.03 2.00+0.07
(14) (14) (2) (2)
1965 0.19::0.01 0.65+0.05
(4) (4)
N. Japan Sea. S. Japan Sea.
1961 0.55+0.07 1.7:0.2 0.563%0.07 1.5+0.1
(1) (1) (2 (2)
1962 2.44+0.07 8.5+0.7 0.63+0.13
(2) (2) (1)
1963 4.39+0.02 5.2+0.1 1.104-0.05 2.1+0.2
(3 (2) (1) (1)
1964 1.10+0.01 1.78+0.03 0.461+0.01 0.77+0.04
(an 1D (4) (4)
1965 0.39+0.01 0.80+0.07 0.22+0.01 0.70+0.07
(25 (2) (2) (25
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TABLE 4,

FISSION YIELDS OF SEVERAL SORTS OF FISSION REACTIONS.

Ru-106/Sr-90

T ime after nuclear fission 1 year 2 year 3 year
Pu-239 (Thermal neutron) 34 18 9.1
U-238 (Fast neutron) 11 5.8 3.1
U-~235 (Thermal neutron) 1.6 0.8 0.4

TABLE 5. HALF-LIVES OF Ru-106 AND Ce-144 IN SURFACE SEA WATER.
Ru-106 Ce-144

Current region Half-life in Half-life Hali-life in Half-life
surface layer corrected surface layer corrected

(year) (year) (year) (year)
Kurosio 0.70+0.05 1.840.4 0.60+0.06 1.6+0.3
N. Japan Sea. 0.444+0.04 0.77+0.12 0.29+0.03 0.4740.10

TABLE 6. ADSORPTION OF Ru-106 IN SITU. TO POLYETHYLENE CONTAINER.

Sample number

Rucarrier and HC1
were added in situ.

Only HC1 was added

in situ.

1. 0.184+0.01 puc/ L. 0.1740.01 ppc/L.
2. 0.32+0.02 puc/L. 0.3040.02 puc/ L.
TABLE 7. THE RESULTS OF THE METHODS WITH AND WITHOUT

OXx~RED PRETREATMENT.

Current region

Ox-Red method

Hydr. method

puc/ L. puc/ L.
Kurosio 0.66+0.03 0.33+0.02
0.17+0.01 0.1440.01
Japan Sea 0.80+0.03 0.69+0.03
1.2030.04 0.9640.04

TABLE 8.

THE RESULTS OF TRACER EXPERIMENTS.

Sample number

Tracer (Ru-106) added

The analyzed values

by this method

o1 o W

83.4 d.p. m.

81.84-2.6 d.p. m.
81.6£2.6
85.342.5
82.2:2.3
80.6+2.3
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horizontal mixing with the sea water of lower radioactivity coming from low
latitude area rather than vertical mixing., Therefore, there are no difference
between the corrected half-life of Ru-106 and that of Ce-144,

5. Discussion of the Analytieal Method

Adsorption of Ru-106 to the container

The adsorption’ of Ru-106 to the polyethylene container was investigated
by adding Ru-106 tracer to two 500 ml. portions of sea water that wete con-
tained in 500 ml. polyethylene bottles, and adjusting pH to 1.5 and 6 re-
spectively. They were stood aside for 2 days. After carrier was added, Ru was
precipitated as hydroxide, dissolved: in hydrochloric acid, adjusted to 5 ml,,
and counted by a well type scintillation counter.. When the sea water sample
was acidified to pH 1.5 by adding 2 ml. of conc. HCI per liter of sea water,
95% of added Ru-106 was recovered, but when pH was adjusted to about 6,
only 56% of Ru-106 was recovered. ‘

Ags for Ru-106 in sea water in situ., Ru carrier and cone. HCl was added
immediately after sampling. After standing aside for 10 days, Ru-106 was
analyzed. Results are shown in Table 6. There are no difference in the results.
between the sample in which only HCl was added and that in which HCIl and
Ru carrier was added. These results indicate that the adsorption of Ru-106
to polyethylene was negligible. when the sample was adjusted to pH 1.5 by
adding’ HCI.

Oaidation and reduction pretreatments

The values of Ru-106 were increased by preliminary oxidation with anti-
formin and by reduction with sodium bisulphite and ethanol before the con-
centration of Ru from large volume of sea water. The results are shown in
Table 7. This difference will be discussed later.

Radiochemical purification of Ru-106

To concentrate Ru-106 from large volume of sea water (20-40 L.), the
co-precipitation method with magnesium hydroxide which has been used for
concentration of yttrium was applied (SHIOZAXKI, et al. 1964). For the pur-
pose of separation of ruthenium from rare earth nuclides, zirconium and
great amount of magnesium in sea water, ruthenium was oxidized to Ru (VII)
and made into solution by adding antiformin in alkali media. In this step,
ruthenium was purified considerably, however, for further purification, solvent
extraction method was used which consgists of the extraction of ruthenium
tetroxide oxidized by antiformin to carbontetrachloride and back-extraction to
aqueous layer by reducing tetroxide to Ru (VI) by sodium bisulphite. The
absorption spectrum of Ru (IV) which was used for chemical yield determi-
nation is shown in Fig. 2. This spectrum agrees very well with that reported
by WATERBURY et al (1960), and shows good reproducibilities. The beta ray
energy absorption curves and decay curves of samples are shown in Figs. 3
and 4. These curves agree with those of standard Ru-106—Rh-106. In any
decay curves of sample, the effects of Ru-103 are negligible. This may be
due to marked lowness of beta energy of Ru-103 compared with that of Rh-106.
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This analytical method was discussed quantitatively by adding Ru-106 tracer
to the sea water which was preliminary scavenged by magnesium hydroxide
and determining the Ru-106 by this method. The results are shown in Table 8.
As shown in Table 8, the analytical method of Ru-106 reported in this paper
was proved to be satisfactory.

6. Discussion of the Difference between the Results of Oxidation-Reduction
Method and those of Hydroxide Method

It is necessary to conduct the oxidation and reduction ecycle prelimina-
rily because of the presence of many oxidation states of Ru (II, III, 1V, VI,
VII and VIII) and various stable complex compound (IWASHIMA, 1964).
The difference between results of the analytical method with oxidation-reduc-
tion pretfeatment (Ox-Red method) and without that (Hydr. method) is
shown in Table 7.

The followings are considered as contributing factors to the difference.
1. Complex compound organic.... chelate

. inorganic. .. nitrosyl complex.
2. High oxidation state ruthenium.

As for the presence of chelate of Ru in sea water, nothing has been
known, then it was not discussed in this paper.

Pottasium ruthenate and nitrosyl ruthenium chloride (FLETCHER, 1955)
were prepared by use of Ru-106 and stable Ru (specific activity, 80 puc/g of
Ru). These tracer solutions were added to two 1 liter portions of sea waters,
and one sea water sample was treated by Ox-Red method and another was
precipitated as hydroxide without Ox-Red pretreatment. Hydroxide was
separated by centrifugation, dissolved in hydrochloric acid and condensed to
5 ml. Radioactivity was measured by a well-type scintillation counter. The

M# 5?0 > 600

400

Fig. 2. Absorption spectrum of Ru (IV).
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results are shown in Table 9. When Ru (VI) is present in sea water as high
oxidation state ruthenium, there is difference between the results of Ox-Red
method and Hydr. method. However, Ru (VI) is oxidizing agent and very
easily reduced to RuQO:z by organic matter, therefore, it is difficult to think
that high oxidation state ruthenium is present stably in sea water. As the
nitrosyl complex compound is considered to be the most important inorganic
complex of ruthenium, the tracer of the chemical form of nitrosyl ruthenium
chloride was added, but there was no difference between Ox-Red method and
Hydr. method. As the chemical form other than nitrosyl ruthenium chloride,
nitrosyl ruthenium nitrocomplex can be considered to be present in sea water.
Nitro complex is formed by NOzf ion in sea water. To investigate the effect
of NO:2~ on the formation of nitrosyl ruthenium nitro complex, Hydr. method
was conducted using artificial sea water containing known amount of NO2~
ion and _Ru-106. Results are shown in Table 10. It is proved that the presence
of 1 /«tg;atom/L. of NO:" in sea water produces the considerable difference
between them. These results may indicate that nitrosyl ruthenium nitro
complex may have been produced when the acidified sample was stood aside
for several days from sampling to analyéis.

TABLE 9. THE RESULTS OF TRACER EXPERIMENTS OF NITROSYL RUTHENIUM
COMPLEX COMPOUND AND HIGH OXIDATION RUTHENIUM.

. —radioacti
Cheo?ltc:alcefrorm {Non 1aR1uoac ive| 1 cer added Ox-Red - Hydr.

Nitrosyl ruthenium 40 pg. /L. 764 c.p. m. 759 c¢.p. m. 746 c.p. m.

Pottasium ruthenate 80 ug. /L. 1258 c.p. m. 1259 c.p. m. 989 c. p. m.

TABLE 10, THE EFFECT OF N O, CONCENTRATION IN SEA WATER TO THE
NITROSYL RUTHENIUM NITRO COMPLEX FORMATION.,

NO," concentration in Tracer addekd Hydr. Recovery
sea water
0 pg-atom. /L. 1996+ 10 - 196410 98.5%
1 ug-atom. /L. ‘ 192049 81.3%
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Abstract

Comparing with daily mean sea levels in Seto Naikai [the inland sea of Seto],
the difference of more than 10cm is sometimes found between those in the east part
and in the west part. Seto Naikai is divided into four regions and the corrected
daily mean sea levels by the assumption of the static effect of pressure in each region
are computed. Their anomalies (in Seto Naikai) show the strong relations with the
difference between daily mean sea levels in Kusimoto and in Aburatu which seems to
be related to the variation of the Kuroshio. Based on these phenomena, a standard
procedure for the mean sea livel correction in a short-period hydrographic survey
is presented.
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PHOTOGRAMMETRIC INVESTIGATION ON THE UPHEAVAL OF
WATER SURFACE IN THE STRAIT, HAYATOMO SETO
(APPLICATION OF PHOTOGRAMMETRY TO HYDROGRAPHY 3)

Kohei Ono, Toshio Kato and Kuniro Sugiura
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Abstruct

In order to determine the datum level in the narrow strait the upheaval of
water surface must be investigated. The method of terrestrial photogrammetry was
applied for this purpose, and the observation and reduction were made for Hayatomo
Seto with two synchronized cameras and stereoplotter, Autograph AT.

It is found that the upheaval occurs in the northern coastal area and its maximum
magnitude is about 90 centimeters high in the case of the westerly maximum current,
and that the photogrammetry is definitely available to observe the figure of the water
surface. i

1. Introduction ,
It has become necessary to obtain the water depth in a harbor or a strait
more precisely than before due to the increase of ship’s draft, and thus the
effect of the change of water surface cannot be ignored. It is, therefore,
important to investigate the feature of upheaval or other change of the
surface, as well as to study how to observe them efficiently.

For this purpose aerial photos might be applied to investigate the water
surface in various parts of a stream, by means of stereoparallax measurement
of floating objects, e.g., artificial floating targets or natural foams photo-
graphed on two overlapping frames. Generally, it is necessary to photograph
synchronously with two cameras from planes in order to obtain the undulation
of water surface. In the method of the aerial measurement, however, two
alr-crafts connected with some radio-system must be prepared for controlling
synchronous photography, and it is obviously difficult to determine the height
of upheaval with a desired accuracy even if the synchronous photography
would be possible from two planes. Thus the authors applied the method
of terrestrial photogrammery which is considered to be more precise than
the aerial surveying.

The survey was made in September 1964, in the Hayatomo Seto in North-
ern Kyusyu, where the predominant upheaval occurs accompanied by tidal
currents. In the present paper we shall show the excellent applicability of
terrestrial photogrammetry to the investigation of the figure of the water
surface.

2. Setting of Photographing Station and Photography
Cameras employed were a pair of synchronized Wild P 30 Phototheodolites.
The accuracy of synchronization of camera was adjusted before each exposure
to be less than 102 second. By such a fore-adjustment the displacement of
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a floating target in the investigated area during the mis-synchronous exposures
by two cameras was controlled under 2 to 3 centimeters. The construction
of the floating target is shown in Fig. 1, the size of its photographed image
being about 0.1—1.0 millimeters. The size of target was so large that it
could generally be seen even behind the crest or sprang. Distribution of
the targets was carried out with the high speed patrol boat “Hatakaze” and
the hydrographic surveying boat “Hesaki”, and ten targets were distributed
on the sea surface for each photographic chance.

5
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Fig. 1. TFloating Target.

Camera stations were selected in the precinet of Mekari Shrine (in Kita-
Kyusyu city) as shown in Fig. 2. The photographing base length was 44.58
meters, and the cameras were set in parallel swing photographing, i. e., each
camera axis was 20° left to the base line and set in horizontal plane (see
Table 1).

The time required for distributing and picking-up the targets was so long
that it was impossible to extend the photographic area by another parallel
averted method. Moreover, photographing at the time of maximum velocity
of eastward tidal current was carried out under the counter-light. Con-
sequently the measurement of the elevation of water surface was difficult
because of the silhouetted pair pictures, and thus discussion on the case of
eastward current will be omitted in this paper.
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Fig, 2. Camera Station.
TABLE 1. PHOTOGRAPHIC DATA
|
. Camera | Plate |Direction of i
Date Time | Weather Position| No. Photography Exposure Remarks
m h m
Sept. 8| 10 35 | clear up P1 1 Horizontal 1/100 s. Mwec: 10 21
1964 20° left 10 targets
P2 11 same same
13 23 same P1 5 same same Tte: 13 14
10 targets
P2 15 same same
16 18 cloudy P1 8 same same Mec: 16 31
10 targets
P2 18 same same
Notes: (1) Difference of two camera-heights is 8.5 cm,

(2) Height of one camera is 122.0 cm.
(3) Signals in above table means:

Mwe: Maximum westerly current
Ttc Turn of tidal current
Mec : Maximum easterly current
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UPHEAVAL OF WATER SURFACE IN THE STRAIT

For the control points of orientation six points on the opposite side to
the cameras of the strait were selected; these were three junctions of the
frames on a tower of oversea electric cables on Mt. Kabuto-Yama, top of the
light-house of Dannoura, and two corner points of the notice letter boards

3

for navigators “yo” and ‘“te” on the wall of the coastal dike. These control
points are marked on the photographs in Fig, 3, a pair of stereophotographs
for the westerly stream. These points were surveyed with a TM 10 Sokkisha

Theodolite,

3. Measurement of the Local Elevation of Water Surface

Plotting was made by means of the A7 Autograph with an instrumental
scale 1 : 2,000 and a mapping scale 1 : 500. In order to measure the vertical
height of the water surface the images of floating targets were utilized, and
to increase the measuring points many natural foams were also utilized.
By the resulted plotting the undulation of the stream surface in this strait
at the times of maximum westerly current and of turning current were clarified
as expected. Figs. 4 and 5 are the contour maps in 20 centimeters height
difference of upheaval. The zero level of the contour lines in these figures
are the sea level at a certain point below the light house in each instance of
exposure.

4. Discussions .

In order to obtain the accuracy of measuring the surface undulation, we
have assumed that the surface was flat at the time of turn of current. Then
the root mean square error was obtained from the observed height about 58
points on the surface except for a certain area where some systematic rise
was found. The error thus estimated is = 0.072 meters.

It seems rather peculier that such area was found in the central portion
even at the turning time. The height was 20 to 40 centimeters, while the
water level along the opposite coast was almost constant. The constancy will
be seen by curve (b) of Fig. 6 representing the undulation of the water
surface in the close vicinity of the opposite coast-at the turning time plotted
against the horizontal distance along the coast. The numbers given in the
abscissa denote the ones of marks attached the coast. The curve (a) of Fig. 6
represents also the undulation of the water surface in close vicinity of the
opposite coast at the time of westerly maximum current. For these curves
a point of 14.72 meters below the centre of the lens of the light house was
adopted as the zero point of the height of the water surface, which was
approximately coincides with the mean sea level and was not the same of
the zero point of Fig. 4. The water level along the coast had the undulation
of 50 to 70 centimeters in case of westerly maximum current as shown in
Fig. 6, while as stated before it was almost constant in case of turning
current. This peculiar rise might be explained by the fact that the water
surface would be affected by the submarine topography and the shape of the
coast (see Fig. 7).
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Fig. 6. Undulated Water Surface along the Coast in
case of the Westerly Maximum, 10h 35m (a)
and the Turn Time, 13h 23m (b).

Fig. 7. Submarine Topographic Chaxrt.
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Fig. 4 shows the distribution of the local elevation of water surface. It
is clearly seen that the upheaved area lies in the northward coastal part and
does not exist in the central portion of the strait. The maximum magnitude
of this upheaval is 90 centimeters in height. This phenomena will be con-
sidered to be also related to the submarine topography (see Fig. 7) in this
strait, that is, caused by confluence of the two flows: the main flow with the
velocity of about 7 to 8 knots in the upper layer and the ascending flow due
to the conflict with the shallow of 10 meters depth. The upheaval in the
alongshore area may be considered to be formed by the similar process.

5. Conclusions

The datum level for the water depth is generally obtained from the mean
sea level with the correction Zo whlich is defined as a sum of four components
Mo, S», K1 and O1 in tidal variation. However, in the case of the inclined
sea surface like in the strait, we must determine Zo more precigsely from the
tidal records given at a large number of stations distributed along the coast.
For example, the value of Zo lies in the range of 0.80 to 2.10 meters in the
present water area which is 14 Kilometers long in the Kanmon Strait. Thus
in actual hydrographic survey we have to adopt various values of Zo for each
case. However, it has now become clear that a correction of upheaval must
be taken into account for in order to obtain accurate water depth movre than
the tidal correction for Zo. It should be remarked here that the change of
water surface by the current is of course a function of time. Precise ex-
periments will be made for the broad area using photographs taken at the
both sides of the strait in futuve.

The authors wish to express their thanks to Prof. Dr. T. Maruyasu for
his helpful discussion and for utilization his instruments, P30 Phototheodolite
and Autograph A7. To Mr. T. Oshima their thanks are also due for his help
for this work. In preparing this paper they express their cordial thanks to Dr.
N. Owaki, Director of Maritime Research Raboratory, H. O., for his kind
revision.
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A NEW TIMING DEVICE OF SATELLITE TRACKING CAMERA
WITH GEODETIC PURPOSE

Fusakichi Ono

Recetved January 10, 1966

Abstract

For the photographic observations of an artificial satellite in geodesy, it generally
needs to use cameras equipped with precise timing devices. Various timing devices
being designed by some authors, they have not necessarily been satisfactory in handling
facility, simplicity, high effeciency, and their price.

Thus, the new timing device has been designed in view of the use of a simple
equatorial camera. This device, in brief, is based on the following principle.

A satellite trail is chopped by narrow metal slits passing by a photographic
plate, while the serial position marks of the same slits are photographed by multiple
flashing lights of a discharging flashlamp. The times when the satellite trail was
chopped by the slits are determined through the relative positions between the chopped
satellite images and the position marks of the slit plate corresponding to each flash
time, while the flash times are read by a recording oscillograph with standard time
signals. Using this device, the timing accuracy of 1 msec. will be expected.

In this paper, detailes of the timing device are described and its errvor estimations
are discussed with preliminary experiment. '

1. Introduction

Until recently the dimension and figure of the earth have been derived
from triangulation and gravimetric observation made only on limited areas
of the earth. For wider ranges, i. e., for geodetic connection of two continents
or distant islands to a continent, Solar Eclips or star’s occultations by the
Moon, have been applied, of which observing chances are, considerably limited.
However, by launching of artificial satellites, new possibility for the long range
geodesy was opened.

In the use of the satellites for the geodesy, it is necessary to fix the
motion of the satellites in the sky, since the satellites are regarded as triangu-
lation statioﬁs floating in the sky. To attain this purpose following methods
are thought out :

1) to use flash lights provided for the satellite,

2) to use synchronized cameras at different stations,

3) to use a precise timing device equipped for a camera.

With regard to the first method the geodetic satellites such as ANNA
and GEOS are planned in practice, and are subjecting to the tests at present.
In this case, however, it needs to use a powerful telescope for photographing
these faint satellites. Accordingly, this method is not applied effectively
for the observations at isolated islands, where the transportation of large
instruments is difficult.

In the second method it is possible to use a relatively small camera
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for the bright satellites such as Echo. Also the experiments of the camera
shutter synchronization within at least 1 msec. at each station is in progress,
using the very low frequency (VLF) time signals. However, this synchro-
nizing demands very complicated electronic system, and the cost of the
observing system perhaps will come quite expensive.

Comparing the above three, it seems that the third method is most effective,
since, which the use of a simple cameras is possible.

In order to determine geodetic positions within the error =5 m, assuming
that the altitude and the topocentrie angular velocity of the satellite is 1000 km
and 1000”/sec respectively, an accuracy of =1 msec. are required for the
timing device. As satellite cameras having these timing accuracy, Baker Nunn
Camera (Smithonian in USA), BMK Camera (Zeiss Co.) and BC-4 Camera
(Wild Co.) ete. are well known at present.

Among these cameras, B. N, Camera, developed by the Smithonian Astro-
physical Observatory for the precision optical satellite tracking net, was
designed as a super Schmidt F/1 of 50 em focal length in order to photograph-
satellites to the 12 th magnitude. In this camera, a barrel shutter rotating
with a highly precise angular velocity breaks the trails of stars and satellites.
Since the focal field is spherical, we must use a film instead of a glass plate.
Therefore, the accuracies of measurement of the images compare unfavorably
with that of glass plates. On the other hand, BMK and BC-4 Cameras have
been developed with the object of the Ballistic Missile. Their timing devices
are mounted portable cameras, and also based on mechanical shutters. To
keep always the precise timing accuracy, the manufacturing the devices requi-
res higher techniques and they are obliged to come expensive,

Instead of these mechanical shutters Tsubokawa (1963) has designed
a photoelectric timing device consisting of a series of knife-edges, and proved
its excellency, when it was mounted to a portable camera.

Thus several mechanics for the precise timing device has been developed
hitherto. However, for the use of the bright satellites such as ECHO, we
cannot pass the problem untouched, which arises from the differences of the
brightness between a satellite and comparison stars causing a systematic error
in measurements of position of the satellite trail on a plate. Only for reducing
the brightness, it is possible by means of ‘F-stopping or using lower sengitivity
plates. In this case, however, a guiding error comes into question, especially
by a simple equatorial camera. Accordingly, it is highly desirable that the
camera for bright satellites has the function to reduce the brightness of the
satellite to that of the comparison stars.

Based on the foregoing view a new timing device has been designed to
meet the demands of convenience of handling, easiness of setting and reducing
the brightness of the satellite.

2. The Principle of The Timing Device
In order to chop a satellite trail on the photographic plate, moving
slits are used in the new timing device.



TIMING DEVICE OF SATELLITE TRACKING CAMERA

If a plate having several slits passes in front of the photographic plate
when the satellite transits the camera field, the trail of satellits will be
chopped as shown in Fig. 1. During the slit plate is moving, a series of
flash lights is emitted onto the photographic plate through time mark slits
bored in top and bottom of the slit plate. Thus the time marks which represent
the positions of the moving slit plate corresponding to each flash time are
photographed on the photographic plate with the breaks of satellite trail,
The standard time signals and time of each flash are recorded in a suitable
recording instrument as explained in the later paragraph. Accordingly, the
time marks are connected to the standard times, and the times when the
satellite trail is chopped by the slits are determined through this connection.

Time Mark _ Time Mark Slit
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Fig. 1. Schematic diagram of new timing device

Now, In Fig. 1 A and B are the photographic plate, and the slit plate
which have three slits and a pare of time mark slits, respectively. The image
of satellite traverses on the photographic plate from left to right. At the
start of trail, the slit plate is situated at the left side of the photographic
plate, as shown by broken diagram. - After a while, the slit plate will begin to
moved towerds right when the satellite approaches to the optical center of
camera, where the start time of the slit motion may easily be obtained through
the finder. The motion of the slit plate has to be faster than the image of
satellite. (As regards the speed of the slit plate, it will be discussed in the
third paragraph). Subsequently, the right side edge of slit plate will catch
up with the image of satellite at point Pi, and cut off the light beam from
the satellite. At point Ps, similarly slits will eatch up with the image, and
the photographic plate will be exposed to the light beam again in a short time
interval. If the width of slits Si is narrow, the chopped trail will be
photographed as a point like image. Similarly, when the slit plate arrives at
the right side of the photographic plate, three chopped image at Ps, P3, and Ps,
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have been printed by slits S1, S, and Ss respectively.

During motion of the slit plate, the time marks are printed to the photo-
graphic plate by a series of flash lights as the marks denoted by T4, T2 ...
T, as shown in Fig. 1, while the times (1, t2, ....) referred to these marks
are determined in the preceding way. From these data any position of slit plate
will be obtained as a function of the flashing times. Even if the motion of
the slit plate is not linear, the nonlinearity will be eliminated by increasing a
number of the flash. If the shape of slit plate is well known, the timing of
(Po, P3, Py ....) can be interpolated‘from analyzed motion of the slit plate,

" The plactlcal process of the timing of (Ps, Ps, Ps....) is descubed
below in more detail. (See Fig. 2.) -

la=0
ft—] 4~ g —>]
Is | 11
'1;0 '.lin '1| § T ”2 e Ts Ty T
. | | | | L= (i
as L
Bz Bs < B Time Mark Slit
ba o
13
IS
W_ww‘i’x P Ps S: 8 S

Fig. 2. Principle of time determination of the satellite images

In Fig. 2, provided that the shape of the slit plate is known, the positions

Bs, B3, By ....of the time mark slits at the moment when the trail was
chopped will be yielded as the positions situated at the distance of I, lo'l3 ..
from P2, P3, Py ..., where ly, Is, I3 ... are slit intervals as shown in Fig. 2.
Assummg that for the sake of brevity the movement of the slit plate
is linear, we can determine the times (#ps, #p3, ps....) when the t1a11 are
chopped at (Ps, Ps, Py ...), by the following f01mu1ae :
tpj=tg+%dﬁ (i=1, 2, 3, =2, 3, 4,)

where, suffix ¢ means the order of the time marks and is counted from zero point
of the time marks, and 7 means the order of the chopped images of satellite
trail and is counted from the first image (7=2). Also tf represents the
flash time corresponding to time mark Tf which is most closely situated to
the left hand side of Bj, and @j-1, bs, and 4] are definded as :

aj-1= the distance between T;1+1 and T" on the photoglaphlc plate,

b;= the distance between Bj; and T3,
A=t~ 1.
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In the foregoing we have described the time determination process using
the time marks on one side only of the photographie plate. Actual movement
of the slit plate has naturally slight vibration in vertical compornent.
Therefore, it may be necessary to consider two dimensional analysis of the
position of time marks printed both in top and bottom on the photographie
plate. However, in practice, by using time marks enough in a short time
interval, it seems to be possible to eliminate the quadratic terms in the change
of the driving speed of the slit plate.

3. Specification of The Device

1) Slit plate

The width of each slit is not so important for the timing accuracy con-
cerend. By narrowing the slit, however, it becomes possible to reduce the
exposure. Accordingly, the accuracy of image of the bright satellite such as
ECHO will be improved. This is one of the advantages of the present device.

In general, the more number of the slits, the better the observational
accuracy becomes the better. On the other hand, however, we must also
take into account the strength and moving speed of the slit plate, and the
velocity of the satellite image ete. - Hence the number of the slits and slit
intervals have to be determined by their balance.

To investigate the images, which are to be photographed by this device
provides the following data :

topocentric angular velocity of the satellite : w=1000"'/sec,
focal length of camera ¢ f=1000mm
moving speed of slit plate : v=30mm/sec,
slit width : d=0.1mm,
slit interval : D=6.7mm.

The relative-velocity between the focal image of the satellite and the
slit plate varies with the direction of each movement, same or not. In our
case the both velocities are 25 mm/sec and 35 mm/sec, respectively.

As regards chopped intervals of the satellite trail, we have,

DX folCfo—v)=1.3 (mm) for the rel. vel. of 25 mm/sec,

DX ful (fotv)=1.0 (mm) for the rel. vel. of 35 mm/sec.

On the other hand, corresponding to each relative-velocities, we get the
following exposures allowed for the satellite.

d(fo—v)=1/250 (sec) for the rel. vel. of 25 mm/sec,

A/ fut+v)=1/350 (sec) for the rel. vel. of 35 mm/sec.
Therefore, the sizes of photographic image of satellite on the focal plane are
estimated as follows :

40-+5/250=60 (u),

40+5/350=54 (u),
that the size proper to the satellite image being supposed to be 404. In
general, the sizes of satellite images photographed in practice will become
smaller than the above ones for the short exposures than given above.

The circumstance described above can be explained in the Fig. 8.
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In so far as only the measuring accuracy of time marks is concerned, it
is possible to increase the accuracy over required one by increasing the speed
of the moving slit plate. Provided that the measuring accuracy of the time
marks is 10 u# this corresponds to 0.33 msec. in the timing accuracy. Ac-
cordingly, if the equipment are designed by the data described above, it will

i< 30 mm / 1 seec. I
IlllllllllIlIlIIIIIIIIIIIIIIH |
Time Mark
lmm
A t d
L-I\
1.3 mm
B »
1.0 mm o4 #

Fig. 3. An Schematic diagram of the photographic images
taken with the new timing device.
Case A) The direction of movement of the satellite
is equal to that of the slit plate.
Case B) The direction of movement of the satellite
is in opposite to that of the slit plate

be enough to obtain the timing accuracy of 1 msec. except the error caused
by the ambiguity of photographic image of the satellite. As regards the latter,
we can expect the same accuracy in time judging from the experimental results
that the measuring accuracy of chopped satellite images in general was within
=5 4 on the plate (corresponds to 17 in second of arc in this case).

As the speed of the moving slit plate, 30 mm/sec. has been supposed in the
preceding. In practice, the driving mechanism of the slit plate should be go
designed that the speed is changeable in corresponding with topocentric
angular velocities of the satellites, in order to keep always the uniformity of
photographic images. In such case, the timing accuracy is affected by the
velocities to a certain extent. However, this effect will be negligible in the
concerned accuracy, except for the extremely lower velocities.

2) Flashing lamp

As described in the foregoing paragraph the timing accuracy depends
partially on the accuracy of measurement of time marks by flashing lights.
Accordingly, it is desirable to make short the duration of the flash lights
as possible to produce sharp time marks. If the duration and speed of the
slit plate are supposed to be 10 4 sec and 30 mm/sec, respectively, then the
slip of the time mark image becomes 0.3 4. Accordingly, for the timing
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accuracy concerned above, it will be out of the question. Hitherto, the
fluctuation of the speed of the slit has been disregarded. If the speed is
perfectly equal, only the first time mark is needed. In practice, it is improbable,
and is subject to some fluctuation. In such case, we have to take larger
number of the flash in unit time in proportion to the fluctuation. The present
flashing lamp has duration of its flash shorter than 10 g sec and lamps of
over 30 flashes per second are already available. However, even if a con-
siderable fluctuation is contained in the slit motion, it will be practically
sufficient to take the number of flash to about 30/sec in order to keep timing
accuracy of =+ 1 msec.

3) Recording instrument

In order to record times of the flashing, we may use the strong pulses
of electro-magnetic wave, which is generated around a lead-wire by a flash
current in flashing tube. As the recording instrument employed, an electro-
magnetic oscillograph will be suitable. Moveover, it will be possible to use
a magnetic tape-recorder. In this case, recording will be made more simply,
since the time signals can be directly recorded without amplifier.

4) Situation of slit plate

It is most desirable that the slit plate will be put on the focal plane of"

the camera. However, this place is occupied by a photographic plate.
Accordingly, the location of the slit plate should be designed as closely as
possible to the focal plane, so long as the motion of the slit is not disturbed.

In practice the interval between the glass plate and the slit plate can
be taken at least within 0.3mm. Therefore, the unclearness of the photo-
graphic images of satellite and time marks caused by above interval will not
come into question.

4. Block Diagram of Observing Equipments
The brock diagram of observing equipments is shown in Fig. 4.

5. Results of Experiments
Based on the principle described in the foregoing paragraph, the first
timing device has been constructed for trial. The experiments and tests of
" the device have been carried out in October 1965 at the Simosato Observatory
belong to Hydrographic Office of Japan, located at the middle part of Japan.
In these experiments a simple equatorial camera F/5 of 60 ecm focal length,
was used equipted with above device.

The general view of the timing device is shown in Fig. 5 a. Fig. 5 b
shows a flashing light generator. In Fig. 5 a the mark A shows a Xenon
multiple flash tube. The light from the flash tube is guided to two fixed small
prisms B (size 3 mm X 8mm) through a condenser lens attached to the top of
the tube A. Then the light is sent to the two second prisms C (same size
with B), which are attached to the upper and lower sides of the central one
of the three slits E in the slit plate D. The slit plate D is moved parallel
to the photographic plate by a driving motor F. The slits E have the size
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Standard Time Signal

Receiver
Guiding Telescope
Quartz Clock
riving Motor
Power Recorder
Amplifier

Slit Driving

Flash Generator

Fig. 4. Block diagram of observing equipments.

Fig. ba. Timing device
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Fig. 5b. Tlashing light generator

of 0.1 mm X 80 mm and their mutual distances are 11 mm. After passing
through the prisms C time marks are photographed by the flashing lights.
The marks G show electric switches, by which the slit plate D is moved in

advance of the operation of the flashing. This makes possible to determine

the zero point of time marks. In these experiments, the driving speed of
the slit plate was fixed to 40 mm/sec, and the sequence of the flash lights
was preferred to 30 flashes/sec.

Although the details of the analysis on these experiment are in progress,

their preliminary results are given in the following.

1Y)

2)
3)

4)

The timing may be accomplished in accuracies of -+ 1 msec. in spite
of disregarding the quadratic term of the speed change of the slit
plate.

The vibrations of the slit plate are negligible,

The sizes of the Echo Satellite images chopped by the moving slit
plate are smaller about 40 &, and their photographic densities are
comparable to 9 th magnitude (with the Oriental SS glass plates and
the exposure in two minutes).

The measuring accuracies of the time marks are within 2~8 u.

6. Summary

The following items provide a summary of the relative advantages of
this new timing device.

D

2)
3)

4)

A stability of the timing is expected in a long period, because the
driving mechanism of the slit plate is very simple.

It is possible to attach to a portable camera.

Vibration of the slit plate is very small, compared with the ones of a
focal plane shutter and a lens shutter.

It is possible to bring the slit plate close to the photographic plate, and
to improve the clearness of the satellite images in comparison with
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the usual satellite cameras.

Since the satellite images obtained with this device are point-like,
the measurement of the images is very easy and its accuracy is very
good, compared with those of the break-like images photographed with
the usual one.

6) It is possible to reduce the systematic measuring errors of the satellite
positions on the photographic plate caused by the difference in the
brightness between the satellite and comparison stars, because this
device allows us to reduce only the brightness of satellite.

7) As a wide field is easily obtained for the long slit, the observations
of satellites such as KCHO can be made easily, of which predictions
are uncertain at present.

8) By using signals of flashing lights instead of a mechanical switch,
it will be expected the higher precise timing accuracies.

9) This method does not require special expensive equipments.
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