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properties during the Big Bang. Epoch (Astronomy) - a precise moment in time for which celestial
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pafiedoeiannudy Wiestuudunalumsiinlg Uszan Tachymeter fpuldiusndusoureiidianu
fansaMIUANUSNUN LTS Ausfiefifiunnfaziiszuuiiisendin Chronograph $78 U526AN Day-
date snansavenSukasTuild Thefiveniamedunsailawanadudinvesnsdunsvunings Uszian
World Time dnifuniwinafizrazdedld wanzanunsavennaszmasme analauld duquiiaiede
@l Omega fif® Omega Speedmaster Tuway NASA massifiulasensnind MERCURY
wazhmasazisufulasens GEMINI - wiensasauniled senllaassaulandalassms MERCURY
NASA massifiuagiudunsufsfiansiamelusy Taedndugnadilaasseulan dauansia GEMINI
i azfinsdsaupenivusneuiiisaseluansin wazvAInaapsingg e NASA FufinAnudesns
fazdamunfnudiisldlulasenioama Tagunfinidnazdesdissuudvnaiognldasodunsaifiszuunan
nanduman uRnnfiiasdemusionnaaniy euAAfUeIA amwaINe gamalifilasuudas
anfnaulidu oo 8 WpaadsuimaNlflUguauan
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S:uUIda1 (Time Systems)
[a.0 US:INNUDDS:UUIIAT
Aanssuludisveseuilanfidoddnaniesdaiunandaifsadoeiunatuliinniny - Aansay
wanilFasidayanafifininuazidun gndes Al (Stable) uasiidnwaefiAudug s szuDATT
lulandeiivansene  walasanaszuunaudsesntdidy o szuulvg Ae
6. FUDRATSBIUMIMYUIaUMIEwedan (Rotational Time System) Heutsdozaaniy
30 v VY AD
9.9 ITUUNAIANIAIDIZVUNAIANTIAR (Sidereal Time System)
0.1 izuunmmﬁmﬁmﬂﬁmzuuL’am@%mﬁﬁ%mzuunmmﬂa (Solar Time System or
Universal Time System)
©. JTUUNATIBNBTUNIlAaTIaUAeTinduadian Fautegasaanudn © SzU fAe
©.9 J2UUadWNLILDIa (Ephemeris Time System)
.o S2UURAAWIEN (Dynamic Time System)
@, SLUUA0AN (Atomic Time System) WuseuuIafidnedeiuanuivasadukdinanini
PDIDLABUVDIS NI EMILANMIHURSENIOIUNRNY
WARITUDINANAZNEMEY Yzan P uazUfiiu Afnnsinualdlustounandug Tuiidas
POUUINANURINETDS @ AT Il
amz19a1 (Epoch) minefis nan w vaelen  wisnandelidmilsddafiadu foquszasd vos
uznadeisuaniezlsfistuliols Wy fuweuna ocmo U AeTingTua ob.oo u. TuTadied
PNUNAT ow.¢o U, NANWENEAD VAZIATNAY ?szlﬂmlﬂﬁﬂ%g\‘iL%EJﬂL’DmLQEJG]
%291281 (Time Interval) Aa ANNUIY w3anafiaralsening o vasalag Wy Fr9na

v
o '

RAARUUBY (o&.mo U.) Femanfingdu (0%9.00 W) AD mo Wl udy wihevesdanldun Juaft wi
Flae Ju U wazduq

P Fean AUnal (Period) AunaEiudwmileddafifiatugng wasfinauuuwind
Fouluas & Y Away ¢o uil udu

Uiy (Calendar) wangfis Mmatiunawdsaifes Wurssaumunanmsfimauasesufazs2uy
a0

AalUazvanaifeneasiBuavasusazssuunan  eluldasssuuiianaznaniSeemuasuain
PUTIAT BIIAT WasUNAU wAATIZULLIAN

la.la S:UUIDA1NH1WOAUNISKIUSDUMDIDDUDDIan
©.lo.0 FZUUNAIANTIAR (Sidereal Time System) snufnsimsngde szuunafldanignyd (Star) uds

sedddumstuna wilunmafiszuunaidldaaneiusadeiuend (Vemal Equinox) udssnedslu
NIUUAN
©.9.9.9 VUsAIANIIAR (Sidereal Epoch)

PUZIANNTIAR (Sidereal Time) Ao yuFaluswoqanuaadaiuand

ANNBIUDADAIUBNT (Vernal Equinox : y) winansfluy fe andnvevedrdvfa iy

fo—
‘e
NN
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INNUUINS BQNNFANANS s, cov, U JUT) 95, UNSIALY, W.Al.loccan

\urudignaiin (Celestial Equator) waziushunusiiaaseniingdes] reauiazlmasinudnlantaluénlaninile

U U
{ v

(ATl 10-0) FeazmsaiLszINAl W TN VBAT qATiTidaBusuAe Fist of Ares uaz Fist Point of
Aries

Munisesaneiuaadaiuandiuliaed usasidsulunasanatlusuwentds s
asRnnesusadrmuandluraclevaznids 3ondn “aanpsunadaiuendass (True )"  @usWAL0Y
JanaiusadriuEndiliaInmMImaAeaYy Bundn “aanesusadriuandiay (Mean y)”

NEP

RULADT -

1wasfa Taasfia

MIDIUPAAIUBNY

Amil -0 InLIBTUDABAIUENT

¥
@

oz NARdsldunyudlieqanpsupadniuendul wisesniy ¢ o muaei

Buluuazaefiduluds Ao (@l w-w)

G.M.A.M. fpw3iAguniImians todufinIdy

L.M.A.M. ﬂn\uitﬂwnﬂr‘mﬁaws—nuﬁu;uvﬂ"u
G.M.AM. (Greenwich Mean Astronomic Meridian) @a t3HaUaIAEATRALTNNSITY
LM.AM. (Local Mean Astronomic Meridian) f® SHgUAIIIANERATIRALTIDDUY

i]’)?’\/ﬁ o-lo VUSKIAINTITIAG

- AANARLYIING (Apparent Sidereal Time : AST) fin yuFlaNT89q0L05UDADAT

UINTA3Y AUUMUTNUNRN NG RgumIFansasTinedu (Local Mean Astronomic Meridian

L.M.AM.)
- A1 NARYIINYTN3A% (Greenwich Apparent Sidereal Time : GAST) #o yudalus

YsRAnBsURADAIuaNgass  dumudunRnanudiieunmansiefefindds  (Greenwich Mean
Astronomic Meridian : G.M.A.M.)
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- paINARREY (Mean Sidereal Time : MST) fin yuflusuowanesusa drduand

WAy ATuauduuRnaNEIFUANT A anS lRATDeRU
- nANARLLAYTN3TY (Greenwich Mean Sidereal Time : GMST) fin yuialisag

Janaiusadriuendiedy MTumuduunfnanuEiReummansiafefinas
AU RN -0 A9 A waz EqE

A (Reduced Astronomic Longitude @D Fapsaqa3Fnans 7IdA3DANNE
v dedamuduuRmanudifsuanmansieasiin3is anani e-e azliin

A = MST - GMST = AST - GAST (2-1)

Eq.E #gau1a1n Equation of Equinox (88n158AUBND) WUNYEN HaRINIZAING
nANIARLIINYTUAINIARRAY TufAe

EqE = AST - MST = GAST - GMST (2-2)

©.v.9.0 9393819151AF (Sidereal Interval)

MENUTNIBNIMNNTIAR AD SupTARledY (Mean Sidereal Day) o YumnARi
naUszina e Falue @ Wil €0 T WisuwhiunaflanayuasseuauRUsIUANY

o TumAReAY Ap Br9na1ITRINNIBULLEFBUMUDY. (MWEAVUY) TeeiSiRoy
o © afsiniu vesRanesusadaiuendiody nanfe Weanneiusadaiusndiveguuuidiey fu
vureisulausidiounie feaznad Fond “nafissnied (Sidereal Noon)” ABuduUNA1AY
naeTiRanpusadeiuandiediy AduanaguundRsuiuUsIEReuiuBanTmis Afeilu o u
MIIARLRAY

Franaliiluszuonaile aziinsude fil

o U (d) - e Tk (h)
o Talue () = vo Wl (m)
o W1 (m) = w0 AW (s)

fRTUITUUNAINIIAR  NANTENTNNAINIRR  azdassarinadiy <) Winladlk
SUAUAUBIIAVDITZUUNANDUNRZNEAED L T INnaIANTIARAZINITHUY 9T

1¢ (S) = 24" (S)
1" (S) = 60™ (S)
1™ (9) = 60° (S)

\nsanndnwarasmawnisesununguaedan edundt “WSwady (Precession)” vilian
wesusadAIuNdIRdy wasuldmeazTusnidanteuniu il o TumARaundl o Tuade WIBEI9
DANTIlaNTyUIBURILEIAY o 39Ua399 pYUszanm 0°.0084 gaslapaziduntoeiuasnai Ao

19(S) = {0.999999902907 - 59 x 10"t} x MWVBINIRYUIBVFIEWRdan  (2-3)
%30

1 urssmanyuIsuiieeadan = {1.0 + (97093 + 69t) x 107} (S) (2-4)

ot = wummdIIEBwe3a  (Ephemeris Century) = 36525 Sudwiussa
(aznansialyl)
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w.v.0.a UANIUMINAR (Sidereal Calendar)

Weornuazamntunvhugiuaned viedonameadsedos saamsnsthidldou 3
TN suaRANNRNZIY © A1 Ap TUANIIARNIEY wazlaIuaIARNIED
JUAN9IARANIUY (Greenwich Sidereal Date : GSD) Aa ANuWIWIUANTIAFLRAY (Mean

Sidereal Day) Timun (Reanuiufiuaziasosiy) finuly duusvaznafiaanesusadeiuandiadsetuy
FMULUTBN S IFouMINMansasiinsts o Wil o unTAN U cwom ApuRSARANIT (Jan.1, 4713
B.C.) fevauzaniimmun

1827uA151ARN3ET (Greenwich Sidereal Day Number) 79 fatavaufidusuiuisl

299 GSD
narsue Tudin w3sudsnmaifnuesdningmaaiuseeeie fusafinals azdideslosd

fin Baelimudainunngmsaiiug Aevianvasnanyagunilsudssifmanfinatoswinls wazezls
Aadurou wiaRandunatosfisds ldTansfuiariumneinitsvesiummeiusnvewaideul fidu
a3 9lunisds Nautical Almanac Offices 90 ooo T 1B a1nT) A.A.oxo0 - owe WAZANT A.FB00O
- o Husu Fespendumsned w-o

OF DAY COMMENCING AT UNIVERSAL TIME:

Year  Jan. Feb. Mar. Apr. May June July Aug. Sept.t Oct. Nov. Dec.

073 064 057 048 o040 033 023 015 007 098 o090 o081
1950 243 9945 9976 %ooo4 *003s *oobs *oogb *o126 *or57 *0188 *o219 %0250 *0280
I9SI 244 0311 3 3 0370 0401 0431 o462 0492 0523 o$s4 0585 o616 o646
1953 0677 o708 0737 0768 0798 o829 0859 0Bgo 0921 o952 0983 1013
1953 1044 1078 1103 1134 1164 119§ 1225 1256 1287 1318 1349 1379
1954 1410 1441 1469 13500 1530 156t 159t 1623 1653 1684 171§ 174§

1985 1344 1776 1Bo7 1835 1866 1896 1927 1957 1988 2019 2050 208t 2111
196 3143 3173 3203 2333 3203 2294 2324 3355 3386 2417 2448 2478
1987 2509 2540 12568 1599 2629 2660 20690 2721 2752 2783 2814 2844
1958 2875 2906 2934 2965 2995 3oab 3056 3087 3118 3149 31Bo 3310
1959 3241 3372 3300 3331 3361 3392 3423 3453 3484 3515 3546 3576

TN -0 FI9ENIAYITUAITIAGASTY (Greenwich Sidereal Day Number) 5299 Nil A.A.0x¢0 — oade

L FFUUNAFIYARRIDIUUNANEINA (Solar Time System or Universal Time System)

STUNAFIEARTEeITULAENaRsztUnaNdmeinddudsshddumatuna wu e
AsenfindpgnsfsuereurioetuuA Fauiiiney RBNTuNa aunsisneeiindiagnysdeee
PpeTWionguuuEiFeuiinegdnatmis Afeifunilviumuszuunagiond  roufiaznaifiewusinan
729181 wazUIumNsTIUANgSEAR WaIrUUnaEnalagaziBun azenainiNsIITR HEenan
msfiigdpsiumamasuiiseumsenfindvedan wiomsimaouisoulanuosnisefing (Wearsanilan
aguil wazlimseniindifushoindou) Wnsuiuiug el

nsiAdauivaenleding

mMIAApuTiadeY vosAefing anmsdanavesidunafisguuiiulan aznuinsuniafsannms

Tnassoumsoiindoadantusent wazdnawnilafaannisryuieuimissodaniusou iy
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m’maaumimauﬂmmmmmms MUANMIBNG o Touan  ludwiwiue o 9o 289
wwiiaes (Kepler) mums:&i”mzy @Nu
el o wpaAtians nain adeasvesanmgiseumseindiduag  Tnafinag

onfindagfianniaamilannsd (il w-a)

TR———_ _ f o
I ks— 90
90° + Ws
/ = - .
b
r
0
S
a
B — A
\ ;
fa [
T

A7 o-a WlpasIAUANEITIALYlan

ANANT 9-a

1939eglunuadnaUfa

E fin suniszadaniinailaiiainil
suvtspadlan mauasiy $ATl (radius vector) 1 wazyu O

O =A - 180° o A = apsdqnvaenifing)

AUANTVRNNT AP (Smart, 1960} P.108)

T =

1 + ecos (O - HFS)

(2-5)
die 1 = dwdauszwineenangiiuaieaniing
s P = Safledy (Mean Radius) 999393
= ap a(l-¢) = 14956 x10° ny. (2-6)
o e = eccentricity 2094lAas (393)
e = [d Z—_bz)“ = 0.016726 (2-7)
a

- ASIRTNTONUNUYNITDNINS = 14960 x 10° n.

b = elwidwewnuiurend = 14958 x 10° .
W = a9¥A3ewasqn Perihelion (30 A Fudugaiilanlaasidianindnisefindann
igm) 102°
§o 0 = W (flalanagfiiyn Perihelion w3a3n A) A1 (2-5) azldd
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I = _p = 147.1 x 10° na. (2-8)
’ 1+e

§o O = 180° + W (lielanogfian Aphelion winqa B) a1n (2-5) azléid
I = _p = 162.1 x 10° na. (2-9)
o 1-e

ndaf o weuadians nandn a8 1 aznneldifuiuvidulunawindy (il -e)

(aphelion) B

W

Tndqn aphelion ATaIAT 1Y

a ¢ A ¢d 4
22 TA93T0UAND MATTIAY 92 19330 UANDMATIS 1Y

Tunauiiused roznnald

4 dd o
2 WUNUIMNY
2 - 3A8 1 aneliduiuiivhsulua v

o

il o-¢ Welanagu3inan Perihelion azldsuussisgaannaaofindunn Fdaasisa Al
r fsnnalfuyalng Welanogu3nmge Aphelion azldsbussisgaannaendindiey Adlaastn $ad 1
Fannalfusidn uslunafividuasldituil @usn) wihiu

Mapaeuiasen luseuiureenaeiing gnAILANMIBNTRYUIDURILES (SOUNNURYLY) Tadlan
fefdsenasouneandingldiuanagniiag T Faedeufilyfsrnusiaduate Wasnsounuiosh
99 (Celestial Parallels)

M3eduiiase veeneefing Wumsnanduszning msedsuiiluseudlfaanusiltainaue
vudeadia Aumsdsuiluseutu fMuanuisifsuaiauauuuwiaein  Sedenalineenfingd
madeuiludnuazanduas (Spiral - like Motion) seansiiliasnews saangluamil v-¢ uay

©-9

00 (oS luaada

LAUAUOGAIHN
93U eI lyasfis

27 lo-¢ MIAEaUTRSIIaNANDITINY (WUUT o)

cocooel)
o)
o
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23 September)

Autumnal Equinox

Summer
Solstice

(22 June)

(22 December) %
Winter Solstice

T -5 MITIAAIUTANYENANDITIAY (WUUTT o)

A9DNTINHATULATAIDITINL AN

nndaf o wauadians waasialfduin mardouiivpsnieeningade (True Sun) dubisiniaue

(In&qm Perihelion deauis 1ndam Aphelion Lpdpuiith) anmmidunie wazanANuaTeiiin ang
anfindasalildindoumuubdimimaiviesindndunids viliyudalue Favuiudinaimesiioin) vaemng
anfindasalldifindussneaiaue shoanuliadiauetios seorindaidaligaunnldlunssnmina
Tnalamzagnedanandideemsanuazidangs

aglafimu ielfsnunsaldnseiadlunmsdnemnals feldimsmaun “areeiindauyfnse

paeefingiads (Fictitious Sun)” Ty ieldunumseniindads Tnarmualilauauifced

- edeuiimnusndimwesiasinedvainale  ednsnSiisneanndnsnsiluns
wasuTluseuTunsmseiindaseuusdaduinfiaaandouwinu

- fudipioulag meenfindauyRazimsmdsuiiluseuulustesyudalue Afoleiuindoe
waslumIndauilusauiuresmeaniingade mnzdanuwsnseiutpeann eeananswasuulasas
Local Meridian wazdmsisalunismyuseusiesundlan

=



—

IDanu TGOS AtuUSsinsalnss

=
onUUINSLYNNANANS o6 0) U 95, UNSIAL, W.A.Bccn

w0 VULNAGILAR (Solar Epoch)

avafineaIse

“vefing 1af

G.M.AM. (Greenwich Mean Astronomic Meridian) 9 W3wAguasIfansiaasfinsis
LM.AM. (Local Mean Astronomic Meridian) fn w3ifgunneansiadsiioeiu

AWM o-av VUSIAGILAR

PauzANFIYARIINTANAMTARAD  JaznaeTARtuanwERsudowuTes
GMAM. waz LMAM. uswaznagsuafaziuannaiifoudipewes GMAM. ez LMAM. v
Welnssugaiunaz B iulvianussounagisadiivsssnpuilanidlumsifiuiiety  Aeduasunas
fu azldlifinansznusemsiiduiinvesey mswasuannudiFsudswudusdifoudessns vhldfe
MIININY oo Fala detiluanil w-o azdiuilumnsuwssaznangiunfity uiesniy © du fo
soulugudlaisasneiing wazdwiduraznaineiindrbevaznagund

yudaliwasaeniindtuannudiisuiawures GMAM. uay LMAM. wiesnidy «

pg e Buduuazaaiiulude fe

o o @

fio yudnlusesmenfindade  fduanudiduudewures GMAM,

o

n  fe yudnluswesmsenfindauyd duannudiisulewures GMAM.
. fio yudnlueesmeenfindase  fduaneEideudowures LMAM.
Ao yudnlusasnasenfindauy® fTuanudifeudewuses LMAM.

M 9

R

yuznagBeeR Ao yutlisweseeendind duanuddisudesses GMAM. was

LMAM. wieandlu ¢ 9819 mwasilizuduazaaiivulud fe
nang3uadaie (True Solar Time : TT) Ao nafilsanyudaluswasnsaniingase (h)

[

finannudiipudsssneesiasa (LMAM) dufe
TT = h + 12" (2-10)
nang3uafiady (Mean Solar Time : MT) Ao nafilsanyudalusuasnssaniindausn

vionnofingdiady (b ) Meanuiifsuiesiwesfasa e
TT = h + 12" (2-11)
(ushaiudemaransld LMT (Local Mean Time) wnu MT)

.
0%
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! |uu|‘lsl.k¢ 0s co, O) Suf| o5, UNSIAL, W.A.Bcca,

nmmaﬂms\‘mmu‘ﬁ (Greenwich True Solar Time : GTT) @8 nmﬁiﬁmmwﬁ"ﬂm
Yasnenfingase fvmanuEifswdosanen3ts (GMAM) dufe

GIT = h°_ + 12" (2-12)

na1Enansaag3aARladeiin3ls  (Universal Time : UT) fis naifildanyudalus

Pp9pDTindaNsi wiaofindiadsfitnanuidouidosanswesnidniude
UT : b° + 12" (2-13)
(ushspudemamansld GMT (Greenwich Mean Time) winu UT)
il - aziulddad

TT = GTT + A (2-14)
MT = UT + A (2-15)
h =ho + A (2-16)
h o=h% + A (2-17)
A =TT - GTT = MT - UT = h - hGS =h - hGM (2-18)

dlo A #» Reduced Astronomic Longitude @y + Wiadaniuduunin)
Taviupauturasaseniindauyfio ) mifangns (Newcomb; 1896)

o = 18" 38" 46".836 + 8,640,184°.542 t + 0°.0929t" (2-19)

die t = 4WnYp Julian Centuries (Befl 36525 Mean Solar Days WaziSutiuTu

Tniimouifiosdy) Aruuluseus Standard Epoch 989 UT #® 1900 January 0°5 UT

NN ooy HaRNeITRI NN findaseiamsenfindauynivaites
3und “aun1siaan (Equation of Time : Eq.T)” Heaglei

EqQT =TT - MT = GTT - UT =h_-h =h" - h° (2-20)

desnnmeoiindanyflifiogaiddusssunnd  uashisnnsodnldade el

neUfidnipudenazind1sna Tannaiaseindauyd (Mean Solar Time) lagnmswivainaeending
a39 (True Solar Time) AMUMITIANMNBTIRGAIY WaWANUARIYA1 Eq.T %wﬂé’mmmmmﬁ’uﬂ’uﬁ‘ grail
MT = TT - Eq.T (2-21)
w3 UT = GTT - EqT = TT - A - Eq.T (2-22)

w.v.o.lo FAF38AG (Solar Interval)

o ai

nnrhpastnagsuai  fawarhudiy (M) ielimsuidutisnangdeei il

® (Mean Solar Day: 1° (M)) fa 2290a13enINeNIpguuLSRguLfiyaiy

N

[

oemefindanyf o aseRaty wisgepsandu Falue Wil Aud il

(
1" (M) = 60" (M)
1" (M) = 60° (M)
Insallnnan3allg3anfads (Tropical Year or Mean Solar Year) Ao gariandinsg

anfindauyiniuanesupadaiuendiedy (Mean y) b ASHATY WiaTraa1ealinlingasewiuan
NBTURABATUEATATY (True Y) b ATIHANY
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Upns1Af (Sidereal Year) An Bananiinnseiingdauyfleasnsuseudiannes wienay

naRadsfinefingdasdaasnsusaursdaiaca

1 Unselana = 365%.24219879 (M)

= 365" 05" 48™ 45°9754 (M) (2-23)
1 Ponsad = 365%.25636042 (M)
= 365% 06" 09™ 09°.5403 (M) (2-24)

rnarsoanunuresinsalreauazlanned  wWagulUdssna 0263 (M)  uag
+0°.01 (M) FDARIIIWANEND

desnnisiinsedneauacdonaed  wanshuuTugseadieasduresaazidon v
dansuamsaundediayTugsoafindeey  livungiaglddmiunsinjiumenadou (Civil Calendar)

3

etiuite Tnguszasdumarhuiumanadeu Adafimafmusllalsy (Julian Year) Tu lngmafnim

\ane vasansnafeen Uude

1 Taideu = 365256 (M) = 365" 06" (M) (2-25)
1 ARTSMALEEN = 36525° (M) (2-26)
1 Taidau > 1 Unselaaa = 0%.008 (M)

w.0..n UNug3snd (Solar Calendars)

Tuiitlashivouusthvianueildlusfinuaziiagiu uwwazveuuzihifiss © o Ae  Uffiu
948U (Julian Calendar) wazifjiuinsneideu (Gregorian Calendar) eusiazoenedinuaziBuslagsay
el

Upniuaasy grAnduluenandnslsiu Tag Julius Caesar Wil «» riow ad. wazléisy
MmN Sosnauiniasuunesugarholulssnad af. ¢ grifEessniunyTuanaudl aAoccs T

matsudpsmiduliiunsneBoy Fddsuanuduuianidognanhnafeuimlaniunumaaisousie

UATiuinsneideu  Indnnssed

o) 819BeTUTqLdau (366.256 Mean Solar Days) waziimatsumaDaiasu Tagnmawiaiud
Al ludeunuanius g « T vRDAda Ul (Leap Year) & aow 4u  dwdn o Dazwinedy
azll ave T wadlulwivazuvadu ow Wou wdazifoull mo U waz mo T wniiuFounuMTLS Az
o u wawn @ U 2zl e Tu @ af finsmeas ¢ awn Wy U A.fosws)

o) Woisy (2-23) Au (2-25) Bmaduuiumied @ aznuindnselaea  sunindqudeu
Uszanas 09008 (M) Fetfulfiiugiaou @ededeiulqidy) azldudiady o Su 109 owe T ANwASY
sanintignasianuluil afeexls Pope Gregory XTI Asiauanglisaifiniudnlluiifinsazifin (Leap
year) @ T W0 « AAITIY 1AM Leap Year Wusnuasamsanfimisng oo linsin  dedulud aa.
9ai00, 9200 WAY owoo MY Leap Year (lsifinnsufidsu) witl A.fA.wooo azilu Leap Year

al

) sudfiiunsneBey lusfnfimsthaniedniuiis oo Tu nanfe Tnarnuald Tu
dPNTull @ ganAy AAoecs WU o naAl A.A.oEcw

.
.



€) AnugIRABYesDuUfAiunsne3ou Ao 365.24256 Mean Solar Days vhivideasy
39U <oo Ueghwauysal azlinaseazay doWisuivinselees @AAasdaiuszuunameenfindagng
w3endn) Wi 2" 52 (M) Wufie UffiunsneBsuazlduiin o u Uszanamn amoo T Beanunin
wilaldlnsnsiinduiia o Sulunanfiusnzay

w.o.v.c La1Uszaln1A (Zone Time : ZT)

\dasannnangonfedy (Mean Solar Time : MT) wiawanwdsfiosdiu (Local Mean Time
LMT) funaflldudifeuiiuiazeusgifuniidousneds wadundnlumstunaesnuessaialunsdil

wlusiazauazeglndi usndifouiiiuuiazauazsnety 7% & vazwafediuashil MT %S LMT
woslanssiay  wazsneiulUmumuEiRauinuusiazau

TumssnmnammaiEeu  amuduauazifedudinnld MT  aanfedmald MT  lums
anasianangla azlififlaasnsaUfiRldmazlinnuhnala  fosan MT  vesusazausneiuds
finanaun

Wonanidesanuduant wasielissmase Sszvusnmnaiiiuduntedudionty Seazily
auludsemAdisamddnaidioniy  fldfimsimuanaseiian (Zone Time : ZT) duiielfuny MT
TnefineaziBuatunsrimunads

so~]

LATITUDE
L]
.

3

[ o

~8o°| & i ZOMAL

= tiii]  commECTIONS

2| -n +10 | +9 +8 | -7 +1 | o |-t
T T T

G
LOMBITUDE

=y T T
z40° 320°

200°

& S ADO 0.5 HOUR TO ZONAL CORRECTIONS AS INDICATED.
IRREGULAR ZONES

Indurmational Date Line

@twuwﬁ-wwbmq
differs half an howur Or which have
sol adopted & rone wystem
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IDaasritOassyauniissinssinss

Y = ” - P
fis:an3IunangSuaoNUUINSUQNNANANS | ASUSOU, cog U) JUf o35, UNSIAL, W.A.lscca

o) uwidlanoeniu we MAdolou (Zone) q Az o  avMABGAR (WD o Fala)

©) uiadlpuduBiFounanandsy  WuediFeuinasgiu (Standard Meridian) aodlsunazling
AT IREAUTdY

0) Iduddsuvenitsduguinanseszunanszdme  waziugudnansasdougug

@ W AZ Jumwiveedsundaninuiavsskiy  (Zonal correction or Zonal Description)

¢ Taudalumenyiupanesnilasldin AZ  whiu -1, 2, -3, ., -12  awae

o) IilsudalUnnziuanoeendlafidn AZ Wiy +1, +2, 43, ..+12  AWaeD

anndarmuaiiarnazlai
UT = ZT + (AZ) (2-27)
dia UT = a1ena (Universal Time) #eSenlddnatewmiledn naweiensis
(Greenwich Mean Time : GMT)

ZT natdszannna

AZ Airadsy (NatwnumuaNAT (2-27)

fadldr3nsninguINKInaUdY)

- an (2-27) askfiuin AZ  ARedwiuthlusiideahluuandy ZT  wWisldls UT tuies

- Toufl oo gruteendlu o s lauduiBundt Wuuely  (Date Line) shuflog
memuaziueen AZ Sifwindy -12 duflegmesinunziuan AZ i +12

- luloudt o edhuduutivTuannmeasuanlumenziusen Banassiy o Fu lu
mapseiudng WedhauduuteiuanasiusenlUnziuan aazdas o Ju

- mildssupnadsziae idustadsdldnanderiufuuunuadunzia wagly
wiazlsunanazsiulemzdle  duuiiuaziuiideeadn agnelsimuiioanuazAINLAZIANALINZ
vetusazUszme veUszmAnalsuuasimuanalulssinavesausslUaanannsvasadszanmatis
Wi DneUszmefnuananyszaamassiuanlsuineg Wi o falue W e.¢ Falue Busw, duide,
LLUPLEaN) uaﬂmﬂﬁué’ﬁﬁmﬁmgmﬂﬁszmﬂiﬁnmmmgﬂummmgmﬂ fldannanyszamaiinmun
pamanannamuiinadnediy 1wy salBy wazdealds dezmdldnanassusesszmedu +¢ 4l
annaana (UT #wis GMT) v fidSasmamdnuasnismuuainailssaaa LANNATTIUYBNLA DY
wazdvAld azdpady + o dalue WuidAussmalng fadunsldfinainesgu (Standard Time)
Fedpeszylildiauindunanasyumamansnnazesmatmusnaszima  Wiounananasguaud
Uszinadszmeld



IDanu TGOS AtuUSsinsalnss

©..©.¢ UITIRNITNHIIANNTTIY

szupnanesuldiEuildafousnlay
ANIIAMNUDIENITEN1ANANS (British Railways)
Sofufl 90 SunAN A.fecem Walinswagu
nananna Uiy naRAYASIY
(Greenwich Mean Time : GMT) lagiSaniuin

nasall (Railway Time) avipulfidiuianiny

dAgdunumvesnatnasguivisnalils A

dhandeades  wdsannifuunfinmassas
daulwaluedodnsan Tednnssslivinduiuna
GMT sauit A.f.ocee
vaflunideusnmnde  Tugieieud
Afocen  Lavpsduedsildiuliegnapand
navhlinenatninwesimanazaesme
firnugeenndudeu  Sir Sandford Fleming %717

wawauelildnanasay  luiidszguues

_‘ii e | "A.’;‘ u

1 o -
.

|
.

=ty
U, o, O) U 25, UNSIAL, W.Al.occn

i —ali
(TR
¥ Ew e

o
oL

1

i
|

ah

i)’)?’\lﬁ - MITAINYDIEHTID0NT

The Royal Canadian Institute Wlo¥ufl ¢ numius Afocax lapudsnavedansaniu we lou

1a(Time Zone)usiazlsuazasauaguiluil o¢ aeransagn wiRnwemuafioglsulalifionamulsuiuus

A7 -0 Sir Sandford Fleming

fanuuanseanlaudnwfies o Falue 1aesdudl The Royal
Greenwich Observatory \ieen3la Uszinedengwe lagnidanli
Wunanasgw Tl afecee nfiszys International Me-
ridian Conference ~#in3flesuidantidugn B (W5idiau 0)
Anzilugng Afodee wiufidne TeunuTiduZouasunui
un AW o U e vesinualduuaiiduissifoudedy (Prime
Meridian)

maiiusalnanladnsysznuiui lasusuunududin Tudaln

AoilwIull 00 AaNAN AAocem  JUTBIENY
PONIUTLUUIANNNAS U (The Standard Time System) 32Uy
nalnilgsunsuensuansssulngfauasiui AN
mMsveusveswSEnsal  wazgarihenspeusuegraduniens
vos¥gunaanssn Weduludnifiey o Tsswn Tul Afoxow

Uszwmaaneg [Riduseusulsunaunnsgiuil
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IDaasritOassyauniissinssinss

Y = ” - P
fis:an3IunangSuaoNUUINSUQNNANANS | ASUSOU, cog U) JUf o35, UNSIAL, W.A.lscca

.w.w.5% La1dINa UTO, UT1, UT2 was UTIR

HasannszunaIMMARLAZITULAEEARSN DY iunsruIUiTewadan oA

Tummyuseusosadanliasiiaue azfinadaszunaisanstisng
anulilsiauslunsnygussuiieadan Weanamenan o 1U3zn13fe
o) MIlAABUFYBNTAlan  (Polar Motion) Famnefemswasuudasinumissuny
nyuInUMeswodlan (True Celestial Pole) Wawfisuiulanade (Solid Earth)
w) Mawasusasnnusilunsngussuiesadan uwedopeenlilly o dw Ae
©.0) MIABULIAIRNNNTINNGYNIAREEMUAILLAT (Seasonal or  Periodic
Variation) fntulsizng ludnwazidslaoyszanampl  wienaazanathedostheuansetuly - anmnwes
mswasuasilieanmmeandosinen  waz Eath Tides (Msindsusiveswdanlaniiosannlesy
BNBNANNUWIFNAVNANBTINTUATAIAUNS)
wlo) MIANAUDIANSINUITETENY (Secular  Decrease)  Wzian1zae19Bidl
aRNNANN dissipative tidal forces

©.n) MswasuuUasmnisinutuuuay (Irregular  Fluctuations) Faduna
ﬁmﬁmmmﬂﬂ‘s’mgmiai@hm PIRWTING

NANILNUYBNNNTAADUYRAlaNTITfAnaNa A (UT) wileainnns3edn (observations) %30
A5HR9R BeslunmIwarinzilag “diTneute e 3a a1na (Bureau International de I Heure

© BIH)” wanisgnuassmanasusuostilaniifisonan (aodqn) Iddganwaldu < AA 7
p

=

dosananulisiauslunsngussuiieadan  Felinansznudaszuunaiisnsdeiuns

nyussumewadan  hlEianudndudeshuunnaana (UT) Taaueenidu ¢ aede

o) UT fildanmaseianienfindlasnse Sand1 “UTO”  (Sruin y-fi-gug)

w) UT fildainnisseinmsenfindlagnse wawhnsdnudnases Polar Motion sanli
3undn “UT1” (B g-fi-nily)

m) UT filanmaseianseiingloanss wdwhmawnuinases Polar Motion — uaz
Seasonal Variations anll Bundn “UT2” (81u3 g-fi-ao9)

@ UT filfwd Zonal Tides woslanuans Bwndn “UTIR™ (druin g-fi-wils-13)

UT1 - UTIR < 0.0025 luenawiysal (in absolute value)

NANDNBLNAD

UTO UT #ilgannisseinneandinglaunss

UT1 = UTO + AA
p

UT2

UT1 + AA = UTO + AA + AA (2-28)
s P s
da AA Fo AuAdlesanuaresnsiadnudlITestalan
b
AN Fe Audillesinmawasusdasenudilunsnyuseuiioswadananuggma

S

.
(a0



IDa s issyanulssanssinss

Y = ” - P
As:an3JunansSuamnUUINSLYNNANANS, ASUSOU, cog U) JUM o5, UNSIAL, W.fl.occao,

UT1  wassieszgzmadelunsmyussuseendaniignosmunanuiiuaie

UT2 LfJuLaawﬁIﬁﬁﬂLLﬁmsm?iauﬁwmiT’ﬂaﬂLLazmiLﬁ?isJuLLiJa\ammL%amaqama ffinasia
anuslunsmyuIauieedaningueantd  uaRdinanIznURSeNENaTaY Secular WaY Ir-
regular Variations 5310g  UT2 Feflunaidislinssnasinaue (Uniform) fign  usndodndudunud
fAngauee UT flashiaunluilaqiiy

{Wosan UT1  waasfanmanyuseusniesaden vedan Asdanuadganniuaunisienind
(Geodesy) Tiafusipednedensseinduraznataasiia nie & UT2  fesannduiafiasinams
Famsneiagldiunufidasnsseinfideudneatiniaus

dosannanulissiauslumsryussufewedaninadonan  UT  Sdioiddnsnadenan
MT, MST waz GMST #g  lwrhusafisaiusdeainsodwunnannsisondy MT0, MT1, MT2,
MSTO, MST1, NST2, GSMTO, GSMT1, GSMT2 (2-28) Ifwuiu  edlsimulunmdfofnamant
ldgninlldunswaremfiouaan UTO, UT1, UT2

anfingnnal UT funa GMT #edafivaiy fdusnasnsadeu UTO, UT1, UT2 iy
GMTO, GMT1, GMT2 suasiuls agnalsAmulunemsieansieuld UT0, UT1, UT2 snnnin dausnu
mMsthses (Navigation) abidasnismnugndesgs wfisunumamansdaiunumaingmans s
UT aghafisn Bisinnssuundy UTO, UT1, UT2 wazdssld GMT wnu UT we UT Tufidwaness U1
Fufusunuiivanzaufigaves UT viavun

Universal Time U Universal Time System wusinedi  vnavhudusuifiosaniidowasldsnsse

AaNYe NU  Universal Time wungie L3ana1na (UT) G’B"ﬁLﬁ‘flumzummaammﬁwawmznmaﬁﬂﬂﬁwi’ni’u
Tupnuedl Universal Time System tiumsngdi ‘s:um'ammﬂaw%mzwnmq%alﬂﬁﬁ“ﬁzw

.o NMIUUaIILNINNITULIAIATIARNUSSUULIA§ILAR

PULMIARTUTNERAESERR  sanInsamaulndvinsewineiuld  faagnsrusuius
sinlil

MT = 12" +h = 12"+ MST - «
M M

MST = MS + o -12"
N (2-19) azlddn
MT = MST - 6" 38" 45°.836 - 8,640,184°642t - 0°.0929 t’_ (2-29)
MST = MT + 6" 38" 45°836 + 8,640,184°542t + 0°.0929 t" (2-30)
i MT = Mean Solar Time (NangIuARiafg)
MST = Mean Sidereal Time (NA1AIARLRAE)
A NARTUTIMgSAR  ansnsawdasnavlunduansznineiuls fasgasnauduius
spluil
198) = 0.997269566414 - 0.586 x 10"t = (S) (2-31)
1°(M) o
1TZ((SM))_ = 1.002737909265 + 0.589 x 10'1°tM = % (2-32)

A
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IAANHIUAUUINSUQNNANANS) U, co O/ SUfi o5, UNSIAL, W.ALwcca

TasmsEanIaIUAI (2-31) way (2-32) wazlaenNFinUNaIULlesaIn Secular Variations

(%

sonld azldgaswSeuifisugasnaluszupnamaefnugsnaluszuunagiond fl

198) = 23" 56™ 04°.09054 (M) 1°M) = 24" 03™ 56°.55536 (S)
1(8) = 59™ 50°.17044 (M) 1"M) = 1" 00™ 09°.85647 (S)
1"(S) = 59°.83617 (M) 1"(M) = 1™ 00°.16427 (S)
1%(S) = 099727 (M) 15(M) = 100273 (8)

FIOENNAINITAIIA MIRAITHINTUZIAMNIARIUTULANEIIAR LazMIKaeIzHing
e ARTUTNMg3aR lekaneld ¢ foredssallil

eI
ﬂﬂﬂmﬂamﬁﬂtﬁﬂﬂﬁ@?q (True Solar Time : TT) Wutnaiairmanasa
(Apparent Sidereal Time : AST) Iatlulaairiglunisudes

1 |TT 15733192000 December 14, 1966
2 |A -5 32 09.303
3 |GTT = TT - A 21 05 28.303
4 |[Eq. T ato"UT 05 41.970 From U.S. Naval Obs. Circular No. 97
5 | Approximate UT (first) 20 59 46.333 3) - @)
6 |A(Eq.T) for approximate UT (first) -25.090 From U.S. Naval Obs. Circular No, 97
7 | Approximate UT (second) 21 00 11.423 (5) - (6)
8 |A(Eq.T) for approximate UT (second) -25.099 From U.S. Naval Obs. Circular No. 97
9 |UT = GTT - Eq.T 21 00 11.432 3) - (4) - (8)
10 {JD at 1966 Dec. 14, 21"00%11%432 UT 2439474.375132 From AENA, 1966, p. 17
11 |JD at 1900 January 045 UT 2415020.0 Fundamental epoch of UT
12 |t, (mean solar days) 24454.375132 (10) - (11)
13 |ty (Julian centuries) 0. 6695243020 (12) /36525
14 | (GMST), = 6"38745!836 6738745836 (GMST), = GMST at 0"UT, from
+ 8640184°542t,, 22 53 33.525 equation (5. 41)
+ 0%0929t3 0.042
15 |GMST = UT + (GMST), 26 32 30.835
16 | Eq. E -0.732 From AENA, 1966, p. 17
17 | GAST = GMST + Eq. E 26 32 30.103
18 | A -5 32 09.303
19 | AST = GAST + A 21"00®20°800 December 14, 1966

AENA gpuNaIn American Ephemeris and Nautical Almanac

AnauIg
NITUUNIa1g5uAFNTS (True Solar Time : TT)
WJunernnsafiase (Apparent Sidereal Time : AST) Taslaarrslunirudes

1|TT 15"33%19° 000 December 14, 1966

2 |A -5 32 09.303

3 |GTT =TT - A 2] 05 28.303

4 |Eq. T at O"UT 05 41.970 From U.S. Naval Obs. Circular No. 97
5 | Approximate UT (first) 20 59 46.333 3) - (14

6 | A(Eq.T) for approx. UT (first) -25.090 From U.S Naval Obs. Circular No. 97
7 | Approximate UT (second) 21 00 11.423 (5) - (6)

8 | A(Eq.T) for approx., UT (second) -25.099 From U.S. Naval Obs. Circular No. 97
9 | UT = GTT - Eq.T 21 00 11.432 3) -4 - (@’
10 | GAST at 1966 Dec. 14, 0"UT 5 28 51. 646 From AENA, 1966, p. 17
11 [ 21"(S) - 21M(MVM) 3 26.986 Conversion of mean solar to mean

117432(S) - 117432(M) 0.031 sidereal interval

12 | A(Eq. E) for UT 0. 008 From AENA, 1966, p. 17

13 | GAST 26 32 30.103 (9) + (10) + (11) + (12)

14 | A -5 32 09.303

15 | AST = GAST + A 21"00"20°800 December 14, 1966

M
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=
npuuNSLQNnmAns, o U} SUR| 25, LNSIAL, W.A.Bccn

faaw1g
nITudadgnain1TIAfiase (Apparent Sidereal Time : AST) Lﬁumﬁﬁtﬁﬂﬂﬁ@?ﬂ
(True Solar Time : TT) laululaniTigluniTudea

1 AST 21"00°20°800 December 14, 1966
2 [ A -5 32 09.303
3 | GAST = AST - A 26 32 30.103
4 Eq. E at 1966 December 14,
26"32"30% 103 GAST -0.732 From AENA, 1966, p. 17
5 | GMST = GAST - Eq. E 26 32 30.835
6 | GSD at 1966 Dec. 14, 26"32°307835
GMST 2446154. 105913
7 | JD = 0.9972695664 X GSD 2439475. 044133 Equation (5. 43)
-0.669 -0.669
= 2439474.375133
8 JD at 1900 January 045 UT 2415020. 0
9 ty (mean solar days) 24454.375133 (7 - (8)
10 | t, (Julian centuries) 0. 6695243020 (9)/36525
11 (UT), = -6"38745836 -6238™45°836 (UT)o = UT at O"GMST, from
-8640184° 542t -22 53 33.525 | equation (5. 40)
-0°0929t3 —0.042
12 | UT = GMST + (UT)o 21 00 11.432 (5) + (11)
13 Eq.T i 05 16.871 From U.S. Naval Obs. Circular No. 97
14 | GTT = UT + Eq.T 21 05 28.303
15| A -5 32 09.303
16 TT = GTT + A 157337197000 December 14, 1966
o 1
AAAHI]
N1TILUANLI81AN1TIARRTS (Apparent Sidereal (Time : AST) Lﬂummqﬁ“ﬂﬂﬁ@’i‘q
2
(True Solar Time : TT) lnulaa1sglunirules
1 | AST 21"00"20°800 December 14, 1966
2 A -5 32 09.303
3 | GAST = AST - A 26 32 30.103
4 | GAST at O"UT 5 28 51. 646 From AENA, 1966, p. 17
5 | Apparent Sidereal Interval 21 03 38.457 3) - @
6 | A(Eq. E) for 21"03"38! 457 -0. 008 From AENA, 1966, p. 17
7 | Mean Sidereal Interval 21 03 38.449 (5) + (6)
8 | 21"03*(M) - 21%03°(S) -03 26.912 Conversion of mean sidereal to mean solar
387449(M) - 387449(S) -0. 105 interval
9 | UT 21 00 11,432 (n + (8)
10 | Eq.T 05 16,871 From U. S. Naval Obs., Circular No, 97
11 GTT = UT + Eq.T 21 05 28,303
12 | A -5 32 09.303
13 | TT = GTT +A 1533719 000 December 14, 1966
~A ¢ o . & o PR & & ~ Y o o
’3311‘].1L’J?R’]@'NE]’]‘V]G]EJ‘W?E]?&JUL’H@WQ’?EJPW]W?B?Z‘UUL’Da’]aﬁﬂaiflﬂa’]’m’mﬁﬁmﬂuu UURANNHRNAIT
AP

5) FULDRAANITAGHEEIUUNAGSAR  TTasundnoewmiledn  “szuunatana”

iy fesanaurilanigaefingidudesneddunisimuaing dnsunIe i iuEinmiinuiunue

W) agrelsimuauiilanidldldareenfingaselasnsslunisrinuaaiion1saniudie

wAfimsUsussedssynanaldniseiindasdnansduney ausidunauunfindefionioufnfanis
ldiuseniud  Tesaydussunmstasgnaldneendindasedisa

wo) Usanmsldaeriindadsniunserindauyf
ww) Yivanmsidnaianasenfindauyiniudifeudosenswesusazay anu

LaYUIzaNNA

w.a) vnUszmAdsuazdszmdldnainassweswsema  TWisaananinnssu

.
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i
WUINSLg BB T DU, o, U) JUN o5 UNSIAL, W.Al.lacco,

AumANaNaTBINITMUAaNUITINA peery saBsuazaealls feinanaunuds

w.e) nauRndefioniounAnmfandsrpsusazay  ARBANNATINUVBNUIZINA
PO9U  F9D1RATALMIRNAIN AR U IRANaNaTRs T UANasTIAALE  eliTuag)
AumadpRulasazyszmalduesdssmavnemnu fWSUUsTMAMEAINAITIUDOILIZIMAR TN
WAIFIWMARANANaTDIN I MUAaNUIzNA TWAD nawnassuvesizmelng Wiy +a Falas
an GMT

.0 S:UUDaBWoNuNsinossounovinduslan
©.m.0 32UUNADNLNBSE (Ephemeris Time System)

rwpnadwiweds  Wussvunadidudaszansnswdsuudasmungeiindmsusdiiaiwonis
ofing aeduns wazeIATBUY Tussuugsyy

annAnabisinEneesszuUnasediuNIruIURoswadlan (FLVUAMNNATILAY
sTuunagieaR)  vhiiszuunafisndaionsuyuseniesedanlisnsaldldivnunmeanmans
tnanmansdaduininenmansanmidsdefounszupnaimiibifssdesionmyuseuunuaadan
e Tagszvunalnmiddosimuasiemsiedeufinunsdiuiiwesingiesiluszuugiozwindu
uaziilevanmandsuiiunnguesingiesiismualuszuugiosiiunannvesmandsuiivedaniuues
ﬁ’mqﬁmﬂwﬁu Feansanismsineuiilnnguasnsenfindiodasiamzesnedmaauuutasn - Geometric
Longitude  wpsmoiindiuiuguvasszuonaiin  waziilosnnmguiiniogainmsasuwaseiida
oo finduosioneut (Newcomb) [FSuanudouniewnsdgn fsgnihanldlumsmmunszuniam
Tl ssupnamiflfizondt “szuunaidiiueis (Ephemeris Time System)”

NABINBId (Ephemeris Time : ET) LfluéhLLIJ':?@asﬂumwﬁw’%aQmaﬂmwaﬂaﬂ AINAUNT
wazANATIZe  gallunuidesmsmsinnaeinsainEueaie Wy Twnusunamandviosih
(Celestial Mechanics) BaiignAUAIRAMINNTIARBUATEIANIATIZARAZATILTINTANG

mamanmMItnamansaBweds a sadle IannsSeiammuisnsnseniing wie
aeduns  sBamnaeaed  wdihluifsuiBmiae3anseuiiivansmans (uraanlidayansmuin
fuvswasingiinsihee Tuudaziunaset Mogasvosiinout]) veswmeiing wEoneduns wioa
Wz Aazldnandmieds dadushusdaslugnsuansiunisesingiindihifun vesiineuesn
i wazidiednenmanianaana (UT) sazynmsseiammusiassneenfing wioneduns wioam
wzilithe thansenansazldnasewos ET /i UT feglugves AT svhdumssldeumldldm BT
Iesinly Toagmaves AT Ao

AT = ET - UT

TunmsUfRdagiasihfidnansemanilawinmsseiasumiaiion ET Ao aaeduns esanmag
Junsfimsnasuiisauandudnatsuadlan (Geocentric Motion) Mannniwmsedaauniningiasindu

smduaunll Wedesmsm ET @ na1 UT win GMT laq fmlaleeligns ET = UT + AT
dle UT Aonan UT #3a GMT fisesmansu ET aw AT Aormmumsisitnasmansmliauiinaa
N

©.m.9.0 PAUsRADINIPSE (Ephemeris Epoch)

PUSIANNIATFIY (Standard Epoch) w893andinila3ansavaziansudunandimiania

..
ulu
0%
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Aowustdy 1900 January 0°5 ET @ vauztianil Geometric Mean Longitude 284a3991fingfifwyinny
279° 41’ 48".04 (WAfiUszaw 1AU SS9l 00 @ nywesln T A.A.oxew)
AN Geometric Mean Longitude 289n2907indl urasiilugns Geometric Mean

Longitude 2s9a98ing (XE) YpaTireny Fna1Iin

>
I

279° 4148”04 + 129,602,768”.13tE + 1”.089t2E (2-33)
AUIUANITIWD LN LNDTE

c,_
20
©
—+

I

©.m.0.0 B39ADNIUDTE (Ephemeris Interval)

PN le3adsnaTnenIy “(E)” LAZRUILARINVUDIBINIAN DN UDIEAD AUUIUYD
ANIIIENIDTABA (Tropical Century) o VUSIaNNNAIFU (Standard Epoch) weiiandiniuea
(t = 0) Faueosaanld el

1 Ephemeris century = 36525 Ephemeris days

1° (E) = 24" (E)
1" (E) = 60™ (E)
1™ (E) = 60° (E)

w.m.0.a UNudiua3a (Ephemeris Calendars)
Tumavhufiudmmeiasimsmauading laatssgnsany Julian Date (JD) wa Julian
Day Number T4 0 f e
o) AualasudNue3a (Julian Ephemeris Date : JED) fia A wiuiudiniaia

& & o <

NNRUA (IR RAZABYDSTY) TNUlUAILANET olo WA AURABWMINESE 1a93Ufi o unIAY
U emom fAouASaRFMNTIT (12" ET Jan.l, 4713 B.C.) fevaizinanlag fideens
w) lavdualdsudiniueda (Julian Ephemeris Day Number) #g fuilu

AUULANVDY JED
fatiuAn JED YBNVULLIANATTIY (Standard Epoch) waet3adwiaada (1900 Jan. 0°5
ET) Afp
1900 Jan. 0°5 ET = JED 2,415,020.0
Tngialuazlei
JED = JD + AT
BN TuYes Tugidsuduiueia aawisoeTugEuy nandfe

[

Fugdoudwlweda  3ufl 12" ET

[

Fuqidsy Fufl 12" UT

AMUNUNUSIZAIT AN LIBTAALLIANEINE

nadwmweda (ET) funaiana (UT or GMT) fianuifedeetustnalndde ﬁﬁq duran
AuaTsTLY Lasanaunsauasnananaiiiiunadwiwedald dmsueanuinsesnaivassd g
aglugtane AT Fimuaziusivanangldinlanlinenaganadfgy vedan

o o
N
oococel)
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o
Wunns. 1] U, oy 3Jun a5 UNSIAU, W.fl.l9cGn,
QN L AU BT u_Fl. o

anmsfnsndeyannuiedoundsluid  Arosee WANBWMWEIASINIINAEING we Ui
nasnniududusnnadmweIasuaziiniinaanasduiu uasAausl f.f.ocon WD A.f.oxEm
nadmwedaFunduinaninananadn nanAluT A.f.ecom NANBINBIAENNAUNNSINIINAT
ana o.ale U wAzIFINATUNATAUANT A.A.oxem RABWLEIASINTINAEINA enae TUNT uas
Tu wnman Afoxce RaBWlLasaInMENaTe ens 3Uf Aanuiesaeansily Uiiu
A12%38  Astronomical Almanac (D3saaidoyarfidavioeiifieonmunamioudmiueis el

doyatipaninuaznenuninvedmiueia) Wilugves AT Taed
AT = ET - UT

Paqtunandwweialilssunssensuliiunldridmusiansatfiunsmans (Ussasnsaln

[

syanarwaiulasingiseinene Tuusdaziunaeal) Sndell Wesnnmaua © Yszns Ae
o) JymmedfvRlumaseinuazfmuiamnadmiueia
Tums¥etauazAmmmnadwwsiauwsazass Unadeddnannnni o T Fwgld
nadwinaninld  Tiliipsanndewihmainudinansieinmnnuazideyaiiuiusnniidesiiessi  uanann
thdutrwesmseiameduns Admuilgmimeiunililansnauiiauysal wazasdunsazlivngiu
WAannafeiivinas¥eln (Funin Moon’s Vibration)
o) Jymmenguiifsiumainrnueesnadwiueds Fi v dsensfie
wo) medunsaylnalaninn  vhlikisnansaRasanmrualiflaniduanveens
(Point Mass) MNNOHEUDIKIIRGA (Gravitation) 61 LLazv‘iﬂﬁ’LﬂLfJquiJmmamgﬁg’mmmammﬂm ey
firhuauninazdiod © 90 Iesnanssyheeiy
wo) AnuunslaaseulanpsnsdunsldinuanuslunsnyusInm
wwadan anilgmussnandwimpiasiinaiun iidssguanamenmansszninadssma (Inter-
national Astronomical Union : IAU) ‘?ﬁﬁﬂﬁuﬁ Grenoble 11T A.F.oxm' LLaz‘i?i Montreal hui) A.A.oxm«
Uszmeldszuunantauniin (Dynamic Time System) Tuqmﬁi’mﬂ lu Geocentric Theory, Barycentric
Theory wazludmimp3avevingiioeinluszung3as (The Astronomical Almanac,1984,Supplement)

.ol 32UURaLAUSN (Dynamic Time System)

szuunanlaundaduszupnaiisnedeiodsngasainislaunfin (Dynamic Phenomena) Faleun
mapdeuivesn R elusziugsyr Wussuunamididmiwedauwunadmiueds Wesnnmauass
soluf
o) Wuszuunafihdddheninadmiieia
o) WuszuunanfifnussgazidansiedudauSnuiiundeie
o) Wussuunaiifnuasedededsinaisnmenyainauslussezen (Long Term
Uniformity)
@) WussuunafimnuasiudwsaUsinaiiinnuasda (Stability) Tusesuidiaaiu
RADLNLUDIE
(1AU) grnunfienudwiiniassuunangesluszuunalawndin 3u © g fie

I
I
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Y = ” - P
As:an3JunansSuamnUUINSLYNNANANS, ASUSOU, cog U) JUM o5, UNSIAL, W.fl.occao,

o) Terrestrial Dynamical Time (TDT) \Juszuunan wiasnasinnardwmsuldiu Apparent
Geocentric Ephemerides Fslu Apparent Geocentric Ephemerides $iNt#Aude (0L,8) %aﬁi’mqﬁaﬁﬁ’]&]:ﬁﬂ
shedsiuqarugnatswadan (Geocenter)

o) Barycentric Dynamical Time (TDB) Juszuuiian wiasnasinnaidmsuldiy Equa-
tion of Motion woeingiasiidninBeiuqarudnaasszung3es (Barycenter)

fuwatls (0L8) veeinginsiinuesldaninsainuad Bt Geocenter 16 fpsrnunsIeds
U Barycenter W3» Helicenter namilawasude TDT Wuszuunaiensdeiy Geocenter luvauzil TDB
Wuszuunanfienededt Barycenter (0L fin lsnuwoasudy, 8 An wAGLLTY)

©.0.v.0 VUsAILAZEMIAT TDT (TDT Epoch and Time Interval)

1% (TDT) = 86400° SI fiszfunzialIuNa
SI = International System of Units
1° SI = 1° (A)

A = Atomic Time

- AMNUUYDIUNTIURN RN ARNTITATISE AN AU IUNAN AzFNNANAANNLN TR IUTITaauNRAN
pzpeNiitaiiay  eiiflasanndvsnavosusdiiugag (Gravity)
- Standard epoch 289 TDT @A®
1977 Jan 01¢ 00" 00™ 00° (TAI) 1977 Jan 01¢ 00" 00™ 32°.184 (TDT)

1977 Jan 01°.0003725 (TDT)

- azfuazléin
TDT - TAI = 0°.0003725 = 32°.184
dlo TAI = International Atomic Time
- YZnaYee TDT WinAuaeia ey ET 1ws1ean
1977 Jan 1°.0003725 = ET - TAI = 0°.0003725 = 32°.184

azifiudn TDT fife ET Wuee lumsufiidsanunsald TDT wnu ET levninguUszesd

- AUl Afoxee Windalidnatnazaay aunsafiaITanld TDT windisudy ET 16 (Duncombe et
al, 1976) nasantulgin1siwua Atomic (SI) Second Winsedu Ephemeris second
- AVNUANENNIEWING TDB i TDT mlgangmasialil

TDB = TDT + 0.001658 sin g + 0.000014 sin 2g (2-34)
die g = Mean anomaly 209 ANIAUANATIRE

g = 357°.63 + 0°.98560028 (JD - 2451545.0) (2-35)
TDT = TAI + 32°.184

- lu (2-34) woudl © waz e Aorufilpsainmanyussuipwwedansnedaiuneeing
- NAMIFAUIMMHASNeIEnINe ET uay TDT fu UT Selfdudnvalin AT lduanaldidunnsnau
Astronomical Almanac’s Section B ﬂ’]’iﬁW’JﬁﬂﬁQ’]ﬂ@Jm
AT = ET - UT (doul A.f.oxce)
AT = TDT - UT (sl a.foxce udusn)
- maudasiusds (6, o) vasingipeinandwiueda Feirsdeegiu TDB THunsredeiy UT (450



isssannuisS=inssinss

o
o 0] 3ufi| o5, UNSIAL, W.ALBccn,

107 | Hydrogen Maser

10 6|

10°_] Cesium

10 R ubidium

107>

102

e Accuracy of ET and Quariz Crystal

1
] Variation of Earth’s Rotaion -

10 |

100 —| Pendulum and other timing devices

[ms /day]

FIGURE 2.8 lllustration of progress in timing accuracy per day.

GPS surveying possible.

P19NT oo waMNAINAINTYENANNAINYNIa D TN RMB A UKaSIRABYY

TABILE 2.2 Accummidation of Timming Ermors for Various Oscillators

T Oscillauon S ability Time o
P |y' K Frequency Per day Lose One
G HY (D £) S econd

Quartz Crystal 005 o°
Oscillator (ypical) 1 0years
R ubidium 6.834.682,613 1072 30.000 years
Cesium 9.192.631,770 1073 3000,000 years
Hydrogen Masen 1.420.405.751 107 30.000.000 years

MIINT -a WEAANANINUILVBNMISIARBATIARAZEN o T YBNUIRADLABNFANG

TABLE 23 GPS Timing Requirements

Light Travel Time Ermmor Time for Cesium Clock to
() (nsec) Accumulate E rror (sec)
300.0 1000 107
03 1 10*
0.003 0.01 10°

The accumuiation time is based on the assumption of a constant clock stability.

TN 9@ WANDATIRNESANYBNUIRI T T UNT TN AP TIAAYN TSN N TIAUN NYNAR UK (FATIRRESANYDN

vadpguuauyAzuiiin wIRndnuAe AT
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Y = ” - P
As:an3JunansSuamnUUINSLYNNANANS, ASUSOU, cog U) JUM o5, UNSIAL, W.fl.occao,

GMT) vhenudunaussil
9) W1 O, o (TDB) a1n Ephemeris
w) wilas TDB Ju TDT lagldgns
TDB = TDT - 0.001658 sin g + 0.000014 sin 2g
) was TDT wu TAI lneldgns
TDT = TAI + 32°.184(A)
@ wias TAI fu UT legldgasmnuunnsineszning TAI fu UT azld §, o 819Beiu
UT Sefunaildanunfindefiofldaudng

.G S:UUIDA1D:ndl) (Atomic Time System)

STUUnAeIARY  WieLnewnBend  stupnandingy  Wussunaiistdeioaudves
AAuLmaN A Te R AT RN T RILANNT LR O NI TWDDIDBUN RN

naezApY (Atomic Time : AT) Asnafildanunfinmesaon Beldun wnfnildsng sgradu
mend (Quartz) 30WeN-ca (Rubidium-87) #iFsu-omm (Cesium-133) lolastau wiwes (Hydrogen
Maser) AIUANNNILRURIDANTYINUBIUIRAN

59N finaanifinnudgs Weldmugumsihnusesnfinaddinnuasiden gados wazasi
(Stable) PDIAGINN FeazFUlFFANANTINT -, b-a UAZ -¢

NN oo aziununfinneed wRndFey nRENEEeL  wesunFnlolasay wioes
aianugneiesasanssi 107, 10% 10°, 107 millisecond sio¥u (ms/day) mwsnéi (1 millisecond
Wiy 107 3ui)

NN o-a azidfiuiunfdimaend RMIDEsn nFnEiden  wesuRmlolasay wioes
aglidnRAnazanweeansm o A daddnaiuuis mo T, mo,co0 T, moo,000 T way mo aul
ANNEAL

NN o-¢  azfiunilfun AN B BeNdUna e UM ITEZNINNITRUNINTDILES TN
msfiszpgnemsiumeaaskssazinll moo WA WRNMEIFudeelidnyAa 1,000 nsec (nanosecond
= 10° Aunf) wazmsIuRNTBnasdidnAnazausan 1,000 nsec iRnEiBoudesdinanhauuiuis
107 i

safilsudnanldruaumM T ussunfiniezaeufinansegteieiing mn 510 UAaTDENE
audsneiy Wethuldmunumsinauseanfinesaou teulinnuaziden s wazANAIvD
AU RANIIUIUYDITTUUNABRNRe  AesuaNSuANLATDRzADLRS A InsAnilaTy
WPsTIUBIEENI WRsTIUezARY (Atomic Standard) iel#hnandildannunfinezaenilisinaieiu
snanInfisuiule

snageusUANIATeeADNYD BN EIBYNKE T TuN-onn  WulasyWezARY NanaFe Tidssaw
YDNAMZATIUNNTTY A9 3R &na (International Committee of Weights and Measures : CGPM) ﬂ’%y“\‘l
7l om o manAN Afowom & nU3a IddsemAgensuldnudvesesnouvews g iEou-ona Tuns
AMUATINLYBNANNLILYRY o AunflazmaNsng Tauialiulisnuvesenuuiuzes o Aunfianania
o ANTinuITUUENaTeUY ((International System of Units : SI) ¢3g

v
=Y

FTENNTINANUUIUDDY o FuNTianafiszaasausuinunlslussed As
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“The standard to be employed is the transition between two hyperfine levels F = 4,
m_ = 0 and F = 3, m_ = 0 of the fundamental state 251/2 of the atom of caesium -133 undis-
turbed by external fields and the value 9,192,631,770 Hertz is assigned”

(F = energy level, m = magnetic field)

AANBNBENNAD ANUUIUVEY o FUTiENNA FRANNUUTIRRANANNTRNINYBIRRLWNIAN TR
PYADUVDIDINTITUN-00n UM oo sne,mao FaUKIDlEAa Tusznitmswauuanuzassesnoy
PN BBL-omm ANILAUNTNNUY @ aWswlman o usziundsy o awuuiman o lawkign
FUMUANNFUHU LN RANNLUBN

feudinniguesmouiduiisensuiuduana Ul a.roxem AomassuezneudiBon-omm WA
M3ldEiBen-oaa Wuwsnessulumssnsnadautwenldidy © o @

9) INAIUTBeURan (Primary or Long-Beam Caesium Standard)

) WIRNIFIWBBEUBINAUTE (Commercial Caesium Standard)

WnsguBiBeandn fo wnassuBidu-oma Mldgnaosasuduauysaimuonuses o 3w
pzARNANANNUITMS MIsBuMaesuEBuananazaesifiunmsiduiesdfoinmssunalng Haqiiu
TulanfinansnsnusnunsasiiumanasyudiBoamanld  widnd o mhsnuwhduiiaansaduiu
MINAIPUTBURANAAe

o) National Bureau of Standard (NBS) lu Boulder 35 Colorado U3zMAFNTFDRIENN

) National Research Council (NRC) 199 Ottawa UIZnALALIAN

o) Physikalisch-Technische Bundesanstalt (PTB) Tu Braunschweig t3sinelynIgu

misnuINAIUdBumdnie o wisi nasuniiannatulmidsanuaziBungndae (Precision)
LAzLiBenTe (Stability) g9 pgwlsfmuinasuBiBumdniia o § Hufsaedsdonaasemeinenmans
windu Tawanzaddifumnnsianawioinmnainasyiusssaifioduszozena

assudidsndendsd  fasfinanuionRazisanniuiianadndes  usfiduanudfifies

a3e Wedels wasliognioudiazldlad
faquudinansmhsnufisfiunmsnassud Bedandss natezaeuilianiNaIgIuTEuNde
mdsdvesusazniiy azfiodunapzaeuudazzuy duilaatululandsfinatezneuagnanyszuy ue

sruvidfuazAInuisiadl
aBsABY A.l

dunatazaaufildannanssiiuaisvee U.S Naval Observatory Tu Washington D.C. @aidutian
zaouisedew3alaain Caesium Beam Oscillator anwesufjifin1s (Laboratory) singe fisaejiialan

[

N

2De

al

U.S. Naval Observatory 91 Washington D.C. aw%’gamﬁm

G ©

. U.S. Naval Observatory 7 Richmond, Florida AAIFBLUINN
U.S. Naval Research Laboratory l Washington D.C. @%3§83n
U.S. National Bureau of Standards # Boulder, Colorado AATFDLUINN

e A 3

National Physical Laboratory Teddington, &@®3Nte1dIaNT
Laboratorie du CNET, Bagneux, W34.fid

o

M35 IaezRa A1 I Caesium Beam Standard LLUULﬂ?iBuﬁIﬁ (Portable) #519n195 Hewlett
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> S
N3IUAANEIUADIUUNINSLQNNANANS, s, cov, U JUT) 95, UNSIALY, W.Al.loccan

Packard §u 5060A Uazanad ob 1A399 lapAufivey Oscillator 19 o 1A3DeWMal azifisuiAud
YoeDmAaRe » wisfinaundudszd
La1eznan NBS-A

dunaaznaufildannasefiuasveeU.S. National Bureau of Standards i Boulder, Colorado
duaeznauiidnedeiunialéain Caesium Beam Standard wuy NBS-TI Fafluuwpuiildluipamnaans
MISNBIADLABNIZUTE Atomic Oscillator SMuaU € 1A38N T9ANNTVDNN ¢ h3pvaz3uudivy
fumnudveaaias NBS-II udsedn

naNaLAnY A3

Wunanempuilldarnnissifiunuses Bureau International de 'Heure (BIH) n3eu13a 1azine
dSAa nanezmNszuuilfanAasaunTruadmiTn (Weighted Means) WU Caesium Beam
Oscillator TNHDINAADNFGE ot

9. National Physical Laboratory Teddington, &@®31%a1d1NT

. U.S. National Bureau of Standards # Boulder, Colorado ANIFDLUTN

o. National Research Council (NRC) of Canada, Ottawa, Canada UZneALAUIAN

. U.S Naval Observatory 7 Washington D.C. @%3583M

€. Radio Research Laboratory, Tokyo ‘Ll’izmﬂzﬂﬂu

. Research Institute for National Defense, Stockholm, &3LAu

av. Paris Observatory, H5qLea

«. Republic Observatory, Johannesburg, aﬁﬁﬁm%ﬁl,t,a‘i/\l%ﬂ’ﬂﬁ
mahmirlumamAedseaan A3 s

NBS Wiy ¢

NRC WU

fdug Wiy o

TumedfninaezaeuinaigiuldainmsnusunaissmeuaninmIuiifuudendsg  an
wanesasUfifnseannuansmiy Beudazmhgfldmuiamnaiezaeuidy (Mean Atomic Time)
YanuLesl I natumnis waRueonInlugLaerug 938097 “Paper Clock” #3p91aagldiuwRinInan
(Master Clock) BniSauniausnsnemn WakananaasnouRaslaynsa

©.c.9 TULABLABN (Atomic Time Epoch)

YULLIAMANAIDVULIANMNATF U (Fundamental or Standard Epoch) U893sUUNANDZADN FD
PauraEURLINRAnezAeNRIssUAATILIAAAINANeAeN (Initial Reading) FawansneiulUanm
wiazdesUfRnmsnamdsudazszupnaesaon  waztiesninglszasinanassnasaoulumedfom
fRaifieldinzaana  Fufurarnamdnmdssarnainasyuluszounaezaessiianuddyuaslid
ANUALJUADIITUA

©.co BA1LAdN (Atomic Time Interval)

NIENANVBNTINIABZARN Ap AU (Second) MNNTNUITTNVDIAENTINATEY AN TA &N4
(International Committee of Weights and Measures : CGPM) A7l om LD faNAN A.F.owm U NN
1138 ldszmageansuthanldmauiinanauan

I
-]
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! |uu|‘lsl.k¢ 0s co, O) Suf| o5, UNSIAL, W.A.Bcca,

ffisnaweiuniifingnint Wunainandeldanasnaasssiuiuszwing US. Naval Observa-
tory U National Physical Laboratory (i Teddington, 15zimeAsanam)

ANMINAABITINAURINATINUTIIANNEVEY  Caesium-133  Hauuwsimdawindy 0 & 1957.0
@zaSUGUYDY Besselian year) ffnwinAu 9,192, 631, 770 + 20 Cycle #® Ephemeris second
(Markowitz et al, 1958 ; Essen et al, 1958) lufitsinssnedenazinan?l 1957.0 fig iesain Atomic
Time ay Ephemeris Time (Gravitational Time) maaummiwﬁmﬁmmnmL‘Iﬂ@m’m‘i/lﬁ]wﬁﬁh\m NN
ANIINa (Cosmic causes)

N VRNTIIABLARNDNY asldanaduniasaaumuidanuinanin  Tumsidougianaiaznay
Tng azdpsnrigiig “(A)" wue Tnagulei

19 (A) = 24" (A) = 1440™ (A) = 86400° (A) %39
19 (A) = 24" (A)
1" (A) = 60™ (A)
1™ (A) = 60° (A)

©.€.a ANUTUNUSIZNINIADLADNAVLIAD LN LUDS &

ANULANFNSTZRINNABLABN (AT) wazadwweda (ET) |leanmswSuudisy ET fu AT
- ET leanmsseiamsnunte (0L8) 289n29duns  wanthldwSsuisuiudinmedavns
arsduns Baldun sumissosnedunsaugnivesianeund S9il ET Wushuldaszeglugns wazins
wigunns azld ET sanan
- d AT lgannmstiufin AT ssiivhnsseinaedunsifiian ET
- pwduiusszning AT AU ET Wuldemugessialud (Markowitz, 1959)

AT - ET = a+bt+ct?

dlo t = A A va? AT = ET + a

a = Fananvee AT Aduiusiy ET

b = #ns1dwnIms (Division ratio) Auausutanldsdmsy Atomic resonator

c = cosmic constant F4PNRALWINAL 0 w39 0°.001 il
UAANNANNTEY 17 (A) AU 17 (B) azupgiuanugnieewee b Wunan @9 b ﬁﬁuaﬂﬁ’ymm

AvesdBuafisauivinnldiutues  dw ¢ Jaaruilidessduiuidnansznuinavaliuazazindivlai
wfasantandala

S

faqiiu 1° (A) azmseiu 1° () Tuszdu 2x10° AamBnag1eiAvUIAANUFAINTRY 1° (A) AU 1

(E) azogluszit 2x10° Beazifuinuduridaaunn muu‘lumwmaamﬂumﬁ vhasldrrnaiaznon
WNUTIIAD N LUBTA
JalauSuursatafnanfuroalainznen  nAplaNBARNA NI ATUANNSYLIaIaN  Was

yJszneAA (Correction Bulletins)

©.c.¢ azaaudIna (International Atomic Time : TAI)

[
(4

AU LANANNTZAINIADLADUBAZIIABWIIDSE SIS sTisunansyezinasielnd  ag1s
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As:an3JunansSuamnUUINSLYNNANANS, ASUSOU, cog U) JUM o5, UNSIAL, W.fl.occao,

Wy LORAN-C, anifies, unRneaeud wazlnaimd laneliiAnunnsianaianna (International Time
Scales) 4U IAEATMNANRALVRINANDZABNT IHAINUTLINARN
AdgrasnapzReNfilsannRMezaaNaatefuinsaiilan Bunin natezasuEna

(International Atomic Time : TAI) Fwmuazsnulagdineiuss e s na (Bureau International

1z
al o

de I' Heure : BIH, {Jaqifufie Bureau International des Poids et Mesures : BIPM) #sfifiseny o nys
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World standard times at noon Greenwich mean time

Accra Noon Darwin 2.30 pm Panama 7.00 am h
Adelaide .30 pm Delhi 5.30 pm | Paris 1.00 pm
Algiers 1.00 pm Dublin Noon Peking 8.00 pm
Amman 2.00 pm Gibraltar 1.00 pm Perth 8.00 pm
Amsterdam 1.00 pm Helsinki 2.00 pm Prague 1.00 pm
Ankara 2.00 pm Hobart 10.00 pm Quebec 7.00 am
Athens 2.00 pm Hong Kong 8.00 pm | pangoon 6.30 pm
Auckiand Midnight | Istanbul 2.00 pm | pawalpindi 5.00 pm
Baghdad 3.00 pm | Jakarta 8.00 pm | peyijavik Noon
Bangkok 7.00 pm Jerusalermn 2.00 pm Rio de Janeiro 9.00 am
Beirut 2.00 pm Karachi 5.00 pm Rome 1.00 pm
Be[grade 1.00 pm Kuala Lumpur 7.30 pm G Ermmeies 4.00 am
Berlin 1.00 pnj Lag'os 7 I.OQ pm Santiago e o am
Berne l.w Prm L'enujgrad 300 Pm Singapore 7.30 pm
Bombay 5.30 pm Lima 7.00 prm i 2.00 pm
Bonn 1.00 pm Lisbon 1.00 pm )

i Stockholm 1.00 pm
Brisbane 10.00 pm Luxembourg 1.00 pm Byl 10.00 pm
Bucharest 2.00 pm Madras 5.30 pm Tahran 3' ot it
Budapest 1.00 pm Madrid 1.00 pm .
Buenos Aires .00 pm Melbourne 10.00 pm Tokyo #LO e
Cairo 2.00 pm Mexico City 6.00 pm To’?nfo e L
Calcutta 5.30 pm Montevideo 8.30 pm Tunis 1.00 pm
Canberra 10.00 pm Moscow 3.00 pm Vancouver 4.00 am
Cape Town 2.00 pm | Nairobi 3.00 pm | Vienna 1.00 pm
Caracas 8.00 am | New York 7.00 pm | Warsaw 1.00 pm
Chicago 6.00 am | Nicosia 2.00 pm | Washington 7.00 am
Copenhagen 1.00 pm | Oslo 7.00 pm | Wellington Midnight

| Damascus 2.00 pm | Oftawa 7.00 am | Winnipeg 6.00 am )
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Add time zone number to local time to obtain UTC.
Subtract time zone number from UTC to obtain local time.
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Subtract time zone number from local time to obtain UTC.
Add time zone number to UTC to obtain local time.
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