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DEVELOPMENT OF PRECISE TIME DEVICE
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Abstract

A time device, since such a unit did not exist, has been newly developed with the ability to
permit exact synchronization of the times of two clocks installed at very remote sites to + 0.1us.

The conventional time device has a weak point in relation to the difficulty of defining the
delays of signals in the whole receiving system including the cycle correction of sampling points
in comparison with clocks using Loran C waves.

In a clock comparison based on the developed time device, a Loran C pseudo signal which
has a fixed relation to the clock signal is generated at the receiving station, to the clocks are
indirectly compared with each other through the generated signal by an ordinary hyperbolic
navigation receiver. Therefore, the signal delays in the receiving system are cancelled since
the two signals to be compared pass through the same receiving system and thus the possibility
of error does not exist.

To check the accuracy of the developed time device, the time of the related new device
concerned was set to “UTC” based on the writer’s method and the time set point was compared
three times with one of UTC-TAO (Tokyo Astronomical Observatory). As a result, it was verified
that the desired setting accuracy of 0.1 4s was satisfactorily cleared.

This time device was fabricated for international co-observation based on laser geodetic
servey of the laser geodetic satellite “LAGEQOS” by which the Maritime Safety Agency originally
started to prove the relationship between the local and world geodetic systems since 1982
Currently, the time device is performing in a stable manner at the Shimosato Hydrographic
Observatory.

Key words: Time determination, Time comparison of Loran C wave, International Clock

comparison.
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Figure 1 Timing chart of conventional type time comparison system
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Figure 2 Timing chart of new type time comparison system
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Figure 3 Block diagram of a Clock and Clock comparison system
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Figure 4 Block diagram of the Clock Device
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2 - 0.4
UTC (TAO)— LCiwo 7.1us

TAO & JHD ®u 7 > CEERNDRHEIZT.1-2.2 = 4.9
INT, TAO L JHD »u T > CELERNDRHEEIIE M 5B Z0FE CTXC5us bR LHEERTLIZZE
2% 5,
(4) BEEHELEBHERICOVTOEER ,
FNEN, HA, FE, NEREZEI 2 3EOMY L CHEFRESRI LICh > 22 b, BREEz 5 E
TH% A, KD EDIEWTE S,
1. ZOBRBOEHEEREVGEL+7EHTE S,
v, RiEEESEoSHCERL -#ER, X0 B BET
o, BREDRBRRICE LR CHEE I N5E, ZoEgEs
ERTEL W,
=, IOFRICLIULE, v CEBENFIETE 2LENHAMT, £0.1us D4 —F—DIE T, BitoR
FTEHD UTC ~ORREH TR TH 5, (FIHOBEILREET S)
R, FEEHEBE L0 1us UT EBbN 24, EICRENLHENLETH S,
~ BT CREDES LT ONHHELC LD MERRICELREESusZ, v CHRENTEEA 7

REBLLOTH -T2,
FEBETICvA 2 oBORBELERTLE

b

JCHST 245, ok, SERDBEHEXITHLEVNT, 29 LABENHFAT ZEHI TV

I3 LR OBRICOWTUL, FER SETYT, vIrCrial—F, BT T HEOREK

W, BHHEIFHETLZLELNZNT, ZIUCOWTLHRZTA L 2T, #OREZBHENEL0E

WL A Y P OBECLWTIE, S/INHELZIEEH-TH, BHEOMEMEIC0. lus L ENBEZEL
BB LDTELh -7,

7. HECAVWARER, FEHAUCEAREAOIHEE
(1) EHMBOERHDOER (ZZTXWIILD)
2 EOBHAE (on A, (g A) B52T, TOHMOBERIRHLZ &,

B=tan"! (b/a-tang) (7.1)
x = cos™ {sinf1+sinf2+cosfi-cosfe-cos(A1—Az)) (7.2)
x' = x-7/180 (7.3)
Ao = (sinf1+sinfz)? (7.4)
Bo = (sinf1—sinfz)? (7.5)
P = (a—b) (x'—sinx)/ (4(1+cosyx)) (7.6)
Q = (a—b) (x'+sinx)/ {4(1—cosx)) (7.7

D =ax —AoP—BoQ (7.8)
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REL, al HEROERE, b OB EE D MRGOIEE o M A S
ZHS DI WGS— 72 Tt a = 6378.135km, b = 6356.755km
X, a, b#kmTEHZ S5 UE (7,8) ROBLZkn TH B,
(2) EHGHRESR « (HORSBEEI8—4, 1972)
T = D/V+aD+E&+7y/D (7.9)
V = 0.2996912 (km/us), = 0.002155 (us/km), &= —0.4076 (us), y=38.67 (us-km)
EFiUE (7.9) Al us TRE B,
(8) Hfk
HALE (@1, A1) 26 RAMBAIE (@2, Az) Odbh LB Y 2 - 72 B Z
8= cos™! {(sing,~sin @, cos x)/{sinx*cos ;) } (7.10)
Z=0 sin (A1—2A2)2 0
Z=360—0 sin (A\1—A2)<0 7
(4) RBEEONMME GUBLRWGS—72) (BHIHIIZLD)

Table 1 Loan-C Stations

Station Longitude Latitude Emission delay
P P s
9970 M (Iwojima) | 1411930.3 E | 244803.6 N 0.0
9970 W 1535853.2 E | 241707.9 N 15283.94
(Marcus)
7930 N 0.0
9970 X 1434309.2 E | 424437.1 N 36685.12
(Hokkaido)
%7930 X 18526.27
9970 Y 128 0856.4 E | 263625.0 N 59463.18
(Okinawa)
7930 Y 38702.77
9970 7 } v 1380955.0 E 93245.8 N 80746.79
w7930 7 | e 56814.78
JHD(Tokyo) 1394558.1 E | 353953.1 N
SHO(Simosato) 1355611.9 E | 333439.1 N
TAO(Mitaka) 1393211.5 E 354031.5 N

% Emission moratorium on the Iwojima Station

8 . EHEFRIR UTC (BIH) ~DES
DOWFIFEEIZ, 07 CREMICEINNE, T nMRIERICKE 28E TH - T, #BEHRENE
FAEHERE B LTI, 2%, ZoFETHE, 972 CEEDFIT & ERENR : OBEE, Wics
26, ELCHESNT, Mo TEIEHZADELIEE LD,
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B, HEEOBEMEN (RRL) A%, £ ZBL T2 FRORSFET 2 UTCH) (2 L THBRIEZMEL, &KX
CHERIFEREOUIE #1T - ¢, BHBFLMEL, FHAYC TAO I Time and Latitude BULLETINS{Z, RRL
{3 STANDARD FREQUENCY AND TIME SERVICE BULLETIN I2f#iL A& L T 255, IHHREE
ToT, EREHNFR~DEEERT,

HMEEHR L L CHEICHB T2 2 UTCHERLBSTH L0, wAf 7opant——n#irviEiws T4 &
B, EFLLIE L LW S, UTCHE—DTIEAL, M RALEEELELTHY, —ERNICE
T LT AR Y RBA N H— SN Tt v b Th DL, Ldi-> TUTCIZEIZ\UTC Tl <Ml
Wi T T 5 L 52 UTC (TAOQ), UTC (USNO) & Z & CBEICML 2R EH L 2T ES 57200,

ERE i g L Ry, EHESE (BIH) THRET S UTC (BIH) T ~XELDE BN DD,
ERIZHA L 252 UTC () oB%o UTC (BIH) ~o8i#E L, BIH» M2 D UTC (i) @ ERE T
ik, m 7 CREFZMMEML 2AELERERLY L L I2EL, UTC (BIH) 2349 5 UTC (i) @R
2 FWEC Circular DICHBEARL T 225 22 AHT 5,

Bhiz, 4R Lo 7 v CHRHILEREE &, TAODMEENZNE DI Sus DRZEND 5 Z L AR LD
WA R LWL 22, Z0ESusld, TOBHEOMKFERCIREEROBLEMEZ LEL LEVWNT, BEDN
AL BN LG, TAODREET 07 > CERFAMILEM SHOEEXT» THALLHUL R S 40,

SNz REMEXR LA (USNO) {3, UTC (USNO)—UTC (LCi) nE#E2T~Tor 7> CERIIIWT
BELTCHILE, 07> CRERZBIL TGS 2T 2L, ZA#BVWCUTC (BIH) (2#H U2 %
ZENTEL, LEAXMBTHLY, BEIIR, £ M Ciihyv, USNO, TAO, RRL 0 ET
2= Ty CREBICHTIENZFNEFNR L6 Ths, BWENw T CR (WER) OBREZ>N
HMD, H— S NARICH L CEEL, BHERCBREL (RETIRE-BAEI T TH D, BAEHI
DWTEHBL &5, 19814 8 A23H1C B RMOEMIF-T RS & 2 Bt B S 1, Z #5447 TAO, RRL
IV enFac ARSI R, JHERBEIOHNUTC (USNO), UTC (TAO), UTC (RRL) #IHE®
BRI 2 AN L0 lus ORE TREINL L BHND, R-oTRALH, ZAFNOBEE I MIIZWELZLC

S, ATEOWIEANILE 2 &N bR TNT—HLAT N L 5%, LA b, FAFRNEEHEIL,

UTC (USNO)—UTC (TAO) = —5.5us CEMRETREEHC & 5 85E)
UTC (USNO)—UTC (RRL) = —5.0us ( y )
UTC (USNO)—UTC (LCiwo) = +2.5us (27> CHEHIC L 2H%)
UTC (TAO)—UTC (LCiwo) = +2.8us ( z )
UTC (RRL)—UTC (LCiwo) = +1.0us ( Z )

THY, IHNERUICHRTEESREL), BBV -EN T2, TREBZ5FNEFNOBBE» AT
507 CEEROBEIFRRIBELNEELNE, D VHREW T, o7 CHRBEEROEHIFC W,
FREHFRET LT — 1, TOFEHATLETHEIELLNT, Mo NEENTTRTHDL I &EFRL
T3,
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Figure 5 Contradict of Loran-C emited time by lwojima

Z 2 CHE, WHEEROBMZ ML CHRIA-E 2T om0 UTC(—BIH) ~?3IELIZIE, TAO
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Hobh, ZOBEVLIErRELCDE, 07 CHERMBEROGENEL S 2R Twa, TAO U
RRL & USNO OHEBOREMFCHT 2 BREBEOTEAE, 323 5us2BLKRELL OThH DY, #
DEIE, WOL lusOITEC—HTHL EIZRLA WV, TH 6053, B CHELEe S Y CEHEROLRE
EOBRAEZRTLNTHS ),

b, BERBEHRNDELEOFTEIZ DV TR RIEIC—D0n 7 > CREIHINT 58S 2 £EHN 3
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v, o T, ERBICH L I OMOZEBIEIRFHTEIC I E THE, LrL, ZOMETIIRENE
AFCHBOEREFH ), BHHREIC W T, REBREOEMSEENERR - 2R LANEFRTH B &
Hzilz, ZEARANBEBENNALLZVES ) Z LR, E5OBEEVrRLI2LENE ) HEEEBEHEHAL T
WEMIEZ T2 4L, ALBROWNEEEI»RILICL 22 THY, HENBILEFRR L) LHEIZ» L -
RLDEEZDL,

IORBETHRHLALe 7Y Criab =2, ZEHRNAHLVIMHHRT A LA TE S L) IcEiF S IR
T, ANV EBHRELNTH LY, KETHREZTPHOTH UL, BRICBEMES A BETCERE LWL FiE
DOMBELLOTIWE A, Hlow 7y CHERE, BRMNARMMILA S LWTREESRONAE 2
LTSN TE Y, AT 27 L4080 ELEMIZT 2#8E L TR, HLE AL v F KT, 20
FEAHFEORMEL AHWICNERRT 2, L L REOZER TR, WEOERIEZE (ISR, B
FR&EDUMZ 2 &, WERSHELRTILKIE, WHTEDS > CO3BESTOATNETH L EE2 LT
2H%, ZOZERORE TZE ST T2 DB ESTHOSA T, BELIC BT 5 & RIRORBE T8
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