TRANSIT OF VENUS, 2004

A transit of Venus over the disk of the Sun will occur on June 8. The entire transit will be

visible in Asia except the extreme eastern portion, Africa except the western portion, Europe
except the extreme southwestern Iberian Peninsula, Greenland except the southern tip, and most

of the Indian Ocean.

The times provided in the following tables are given provisionally in Universal Time,
using DT(A)=+68. Once the value of DT isknown, the data on these pages may be expressed

in Universal Time as follows:

Define dT =DT — DT(A), in units of seconds of time.
Change the times given in provisional Universal Time by subtracting dT.
Apply the correction 0.00417807 dT degrees to the longitudes in such a way that if dT is

positive, the longitudes shift to the east.
Leave all other quantities unchanged.

Longitudeis positive to the east and negative to the west.

GEOCENTRIC PHASES

uT
d h m s
Ingress, exterior contact  June 8 0513 30.1
Ingress, interior contact 8 0532 46.8
Least angular distance 8 08 19 40.8
Egress, interior contact 8 11 06 34.7
Egress, exterior contact 8 1125 51.4

Position
Angle P

116.3
119.4

213.2
216.3

Least angular distance: 10¢26&9

Venus being in the Zenith in

Longitude
° ¢
+101 38.7

+ 96 48.2
+ 54 53.3
+ 1258.4
+ 807.9

Latitude
¢
+22 45.3
+22 45.1
+22 43.1
+22 41.0
+22 40.8

The position angle P of the point of contact is reckoned from the north point of the limb

of the Sun towards the east.

The position angle V of the point of contact, reckoned from the vertex of the limb of the

Sun towards the east, is found by:
V=P-C

whereC, the parallactic angle, is given by:

tan C = cos ¢¢sin h

sin ¢$¢cosd —cos¢esin § cosh

inwhich ¢’ is the geocentric latitude of the place, § is the declination of the Sun, and his the
local hour angle of the Sun; sin C has the same algebraic signassin h.
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Ingress Ingress Least Egress Egress
Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uT P uT P
United States o o o+ |h m s o |h m s o |h m s oo h m s ° h m s o
Boston, MA +4220.0 - 7105.0 110548.3 211.8|112536.2 215.1
New York, NY +4044.0 - 7400.0 1105554 211.8|1125444 2151
USNO, Washington, DC +38553 - 77040 1106032 211.8|112553.2 2151
NRAO, Green Bank, WV +38258 - 7950.5 1106009 211.8|112552.2 215.1
Morehead Obs., NC +35548 - 79030 1106216 211.8|112611.9 2151
Miami, FL +2545.0 - 80150 1107349 212.0|112722.7 2153
Univ. of Fl. Radio Obs., FL +2931.7 - 83021 1106595 211.9|112650.1 215.2
Univ. of AlabamaObs., AL +33126 - 87325 1106200 211.8|112613.7 2151
Goethe Link Obs., IN +39330 - 86237 1105369 211.7|112531.3 2150
Chicago, IL +4150.0 - 87380 1105172 211.6|1125125 2150
Yerkes Obs., WI +42342 - 88334 110509.6 211.6|112505.3 2149
St. Louis, MO +3840.0 - 90150 1105329 211.7|112528.8 2150
Clyde W. Tombaugh Obs., KS | +3857.6 - 9515.0 110516.3 211.6|112514.2 2149
Houston, TX +29450 - 95250|. .. .. . T o v e o ... 21126169 2151
Fairbanks, AK +6450.0 -147500|51351.2 117.6|533423 1209|. .. ... . . . e e e
Nome, AK +64 300 -16530.0|513284 1175|533134 120.8| 816145 10456
Canada
Algonquin Radio Obs. +4557.3 - 78044 1105085 211.7|112500.3 215.0
Halifax +4438.0 - 6335.0 1105409 211.8|112525.8 215.1
Devon Astro. Obs., Edmonton | +5323.4 -11345.5 e e e e e e o oo 01122545 2147
Igaluit (Frobisher Bay) +6345.0 - 6830.0 82046.7 1048.2|110314.0 2115|112303.8 2148
Ottawa River Solar Obs. +45232 - 75536 . e e+ .. . |110516.8 211.7|112507.6 2150
Winnipeg +4953.0 - 97100 110357.6 211.5|112356.7 214.8
Yellowknife +6230.0 -11429.0 Coe e ool w0 110206.2 211.3|112206.6 214.7
Nuuk, Greenland +64 150 - 51350 538026 121.3|82115.7 10475|110320.7 211.6|1123054 214.9
Hamilton, Bermuda +32180 - 64480 1107156 212.1|112657.1 2153
Arecibo Obs., Puerto Rico +1820.6 - 66452 1108585 2124|1128354 2156
Kingston, Jamaica +17580 - 7648.0 110840.7 212.3|1128235 2155
Merida, Mexico +2059.0 - 8939.0 1127333 2153
Tegucigapa, Honduras +1405.0 - 87140 1128259 2155
Belmopan, Belize +1713.0 - 88480 1128010 2154
Managua, Nicaragua +1206.0 - 86180 112841.2 2156
San Jose, Costa Rica + 9590 - 8404.0 e e . ... .| 1129004 215.6
Panama City, Panama + 8570 - 79300 1109369 2125|112917.3 2157




Ingress Ingress Least Egress Egress
Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uT P uT P
o ' ° ' h m s ° h m s o h m s [ " h m s o h m s o
Cordoba Ast. Obs., Argentina -31252 - 6411.9 i e e . ... .11132352 216.9
LaPaz, Bolivia -1630.0 - 6810.0 1112276 213.4|113147.3 2165
Brazil
Abrahao de Moraes Obs., Sao Paulo | -2300.1 - 4658.1 111309.1 213.8|113212.6 2169
Brasilia -15450 - 47570 1112406 213.6|113148.0 216.8
Manaus - 3060 - 6000.0 1111302 213.1|113051.8 216.3
Natal - 5460 - 35150 1111446 2135|113048.7 216.7
Piedade Obs., Belo Horizonte -1949.3 - 4330.7 111256.5 213.8|113159.3 216.9
Antofagasta, Chile -23400 - 7023.0 v e o ... . 1132099 216.7
Nat. Ast. Obs., Bogota, Columbia |+ 4359 - 7404.9 1110193 212.7|112954.2 2159
Quito Ast. Obs., Ecuador - 0130 - 78299 v e . ... .| 1130139 216.0
Asuncion, Par aguay -2515.0 - 57400 1113136 21381132225 2169
Peru
Lima -1206.0 - 7703.0 v e e . ... .| 12131163 216.3
Iquitos - 3510 - 73130 1111130 212.9|113042.8 216.1
Paramaribo, Suriname + 5520 - 55140 111039.2 2129|113002.3 216.1
Montevideo Obs., Uruguay -34543 - 56104 1113401 214.0|113243.7 217.1
Cagigal Obs., Caracas, Venezuela | +1030.4 - 66 55.7 1109540 212.6|112927.3 2158
Australia
Anglo-Aust. Obs., Coonabarabran | -3116.4 +14903.7|50727.3 1149 |52605.1 117.9
Aust. Nat. Radio Ast. Obs,, Parkes | —3300.0 +14815.7|50730.7 1149|52608.0 1179
Brisbane -2730.0 +153000|50714.1 1150|525544 1180|. .. ... . . .
Darwin -12230 +13044.0|508579 1153|527324 1183|814023 10157
Melbourne -37450 +144580|507451 1148|526208 1178|. .. ... . . .
Mt. Stromlo Obs., Weston Creek -3519.2 +149005|50730.2 1149|526076 1178|. . ... . .. .
Perth -31580 +11549.0|50948.7 1149|528164 1179|81600.2 1009.4
Sydney -33550 +151100|507226 1149|52601.1 1179|. . ... . . .
Alice Springs -23420 +133520|508275 115.0|52700.3 118.0|81428.7 10129
Suva (Viti Levu), Fiji -1808.0 +178250|50630.3 115.3|52528.7 1184
Majuro, Marshall Islands + 7050 +17108.0|50733.6 1159|526383 119.0
Auckland Obs., New Zealand -36544 +17446.7|50642.7 1150|. .. .. . -
Port Moresby, Papau New Guinea | - 930.0 +14707.0| 507504 1153|52632.7 1184
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Ingress Ingress Least Egress Egress
Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uTt P uT P
Japan o o 1+ |h m s o |h m s o |h m s oo h m s o h m s °
National Ast. Obs., Tokyo +3540.3 +139325|511159 116.6|53021.2 119.7|81343.7 10333
Kyoto Univ. Ast. Dept. Obs. +3501.7 +13547.2|51126.7 1165|53030.1 119.7 | 81349.6 10327
Norikura Solar Obs., Nagano +3606.8 +13733.3|(511256 116.6|530304 119.7|81348.7 1033.2
Osaka +3440.0 +13530.0|511259 1165|53029.0 119.7|81349.3 10325
Sapporo +43050 +141210(51151.2 116.8|531028 120.0|81405.1 10359
Korea Ast. Obs., Korea, Rep. of +36239 +127223|51208.2 1166531101 119.7|814148 10324
China, People's Republic of
Purple Mtn. Obs., Nanjing +3204.0 +11849.3|51228.7 1165|531251 1196|81433.8 1030.1|{105940.0 2125 .. .. .. . ....
Yunnan Obs. +25015 +10247.3|51330.2 1164 |532193 1194|81537.2 1026.6|110031.4 2129|111943.1 216.0
Beijing +3955.0 +11626.0|51313.2 116.7|53215.6 1199|81459.3 10328|105925.8 2123|1118526 2155
Wuhan +30350 +11419.0|51245.7 1165|53140.2 119.6|81449.2 10293|1059504 2126 .. .. .. . ... .
Harbin +4550.0 +12640.0|51257.2 116.9|53206.7 120.0| 814453 10355|105908.7 212.1
Victoria, Hong Kong +2216.0 +114130(512145 1162|531027 1193814402 1026.2|1100186 2129| .. .. ... ... .
Ulaanbaatar, Mongolia +4754.0 +10652.0|51427.0 1170|533354 120.1|815539 1035.2|105929.2 2122|111856.1 2154
Taipe Obs., Taiwan +2504.7 +121316(511459 1163|530375 1194814128 10278 | .. . oo . cov | e e e
Hanoi, Vietnam +2101.0 +105520|512586 116.2|53145.0 1193(815195 10253|110039.8 213.0| 1119509 216.1
Yangon, Myanmar +1647.0 + 9610.0|513448 116.2|532283 119.2(81612.2 10233|110123.2 2132|1120269 216.3
Bangkok, Thailand +1344.0 +10030.0|51308.2 116.1|53149.6 119.1|81548.1 10223|1101253 2133|112029.5 216.3
Manila, Philippines +1437.0 +12058.0(511084 116.0|529527 119.0|814075 10239 .. .. ... ....
KualaLumpur, Malaysia + 3080 +10142.0|512285 1158|53104.0 1188|81548.1 101861102175 2136
Bosscha Obs., Bandung, Indonesia | - 649.5 +10737.0|51123.0 1155|529544 1185|81529.0 10155
India
Bombay +1856.0 + 72510516154 1164 |535045 1195|818364 1024.3|110235.7 2134 |112131.2 2164
New Delhi +28370 + 7713.0|51609.8 116.7|535045 1198|818025 1027.8|110136.3 213.0|1120394 216.1
Calcutta +22300 + 8820.0|51449.7 1164 |53337.8 1195|816575 102541101226 2131|112026.0 216.2
Vainu Bappu Obs. +12346 + 7849.6|515234 116.2|53406.8 1193(81802.7 1021.8|110243.3 2135|112137.0 216.6
Colombo, Sri Lanka + 6550 + 79520|51501.6 116.0|53341.6 119.1(81801.0 1019.7|110309.1 213.7|112200.2 216.7
Kabul, Afghanistan +3430.0 + 69100|517029 1169|53604.3 120.0|81846.2 1030.3|1101429 2129|112048.0 216.0
Qaraghandy, K azakhstan +49530 + 73070|516579 117.2|53611.0 1204|818179 10357|1100435 2124|112001.0 2156
Tashkent Obs., Uzbekistan +41195 + 69176|51709.1 117.0|53616.0 120.2|818404 103281101185 212.7|112028.7 2158



Ingress Ingress Least Egress Egress
Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uT P uT P
° ' ° ' h m s ° h m s ° h m s ' " h m s o h m s o

Baku, Azerbaijan +4022.0 +4953.0|51834.1 1172 |53747.2 1204820231 1033.6|110231.3 212.7|112138.0 2159
Tehran, Iran +3540.0 +5126.0|51828.2 117.1|53737.3 1202820246 1031.8|110246.1 2129 |112149.2 216.0
Sanaa, Yemen +1524.0 +4414.0|51842.7 116.7 537425 1198|82146.7 10252|110501.6 213.6|112350.0 216.6
Riyadh, Saudi Arabia +2439.0 +4646.0|51843.1 1169 |537471 120.0|821136 10283|110359.8 213.3|112254.3 216.4
Amman, Jordan +31570 +3556.0|51929.0 117.2|53843.6 1203821565 1032.0|110407.2 213.0|112307.1 216.1
F.and G. Wise Obs,, Israel | +3035.8 +3445.8|51933.2 117.2|53847.7 120.3|82206.4 1031.6|1104194 213.0|1123184 216.2
Kottamia Obs., Cairo, Egypt | +2955.9 +3149.5|519429 117.2|53858.8 120.3|82223.3 1031.7|1104353 213.1|112334.0 216.2
Alger Obs., Algeria +3648.1 + 3021|52029.8 1176|540074 120.8|82349.6 1037.6|110536.6 212.7 | 112446.7 2159
M orocco

Rabat +34020 - 6510 540161 120.8|82425.0 1038.2|110623.2 2127 |1125349 215.9
Marrakech +3149.0 - 800.0 540176 1208824374 1037.7|1106419 212.7|112552.6 215.9
Dakar, Senegal +14380 -1727.0 82555.7 10339|110906.7 2132|112811.1 216.3
Monrovia, Liberia + 6200 -1046.0|. .. .. . P . .| 826065 1030.1|1109434 2135|112839.8 216.6
Khartoum, Sudan +1533.0 +3232.0|519305 116.8|53837.7 1199|822559 1026.6|110555.3 21351124440 216.6
Addis Ababa, Ethiopia + 903.0 +3842.0|51854.7 116.6 537544 1197822318 10235|110604.0 213.7|112448.6 216.8
N’ Djamena, Chad +12100 +1459.0|52013.3 117.0|53931.1 120.1|824323 10279|110733.6 21351126233 216.7
Tombouctou, Mali +1649.0 - 259.0|. .. .. . T . .[1825234 10323|110811.2 213.2|112710.1 216.4
Abuja, Nigeria + 9100 + 706.0[520189 117.0|53941.2 120.1|82511.0 10281 |110824.2 213.6|112714.6 216.7
Yaounde, Cameroon + 3510 +1131.0|52001.2 116.8|539175 1199|82503.1 1025.6|110838.7 213.8|112724.8 2169
Nairobi, Kenya - 1170 +3650.0|518351 116.3|537309 1194 |822574 1020.2|1107126 21401125520 217.1
Dar es Salaam, Tanzania - 6510 +3918.0|518064 116.2|53658.2 119.2|822476 10181|1107323 2142 |112609.3 217.2
Luanda, Angola - 8500 +13150/|. .. .. . . .|538253 1195825074 1021.1|1109429 214.1|1128229 217.2
Lusaka, Zambia -1526.0 +2820.0|518126 116.1|53708.1 119.1|823548 1016.8|110910.7 2144 |1127456 2174
South Africa, Republic of

South African Ast. Obs. -3356.1 +1828.7|. .. .. . P . .|1824254 101301111152 214.7|112948.6 217.7
Pretoria -25450 +2812.0|517234 1158 |536156 1188 |823519 1013.8| 1110020 2146|112834.8 217.6
Antananarivo, Madagascar | -1852.0 +4730.0|51643.1 1158 |53526.0 1188|82203.6 10135|110800.5 2145|112634.2 2175
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Ingress Ingress Least Egress Egress
Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uT P uT P
° ' ° ' h m s ° h m s ° h m s ' " h m s o h m s o
Univ. of Ankara, Turkey +39506 +3246.8|519339 1174538551 1205|821475 1035.0|110337.3 2127 | 1122437 215.9
National Obs. of Athens, Greece | +3758.4 +23432|51959.6 117.4|539249 120.6|822335 10354|110420.7 2128|112326.6 2159
Italy
Bologna Univ. Obs. +44155 +1120.2|(52009.0 1176|539446 120.9|822504 1038.7|1104236 2125|112336.9 2157
Rome Obs. +41553 +1227.1|52012.8 117.6|53946.7 120.8|822580 103791104348 2126|112346.0 2158
Palermo Univ. Ast. Obs. +3806.7 +1321.5(520183 1175|53950.0 120.7|82312.2 1036.7|110455.7 212.7|112403.8 2159
Spain
National Ast. Obs., Madrid +40246 - 341.1(520244 117.7|540075 120.9|82347.3 10395|110530.1 21251124451 2157
Barcelona +41250 + 210.0|52021.9 117.7|54001.7 120.9|82329.3 1039.0|110508.0 2125|112421.7 2158
Naval Obs., San Fernando +36279 - 6123|52030.3 117.6|54013.7 120.9|824120 1038.7|110604.2 2126|112517.4 2158
Lisbon Ast. Obs., Portugal +38427 - 9112520250 117.7|540109 120.9|82405.6 1039.7|1105553 2125|112511.2 2157
United Kingdom
Univ. of London Obs. +51368 - 0144|51954.8 117.8|53939.0 121.1|822388 1041.8|110406.0 2122 | 1123279 2155
Armagh Obs. +54212 - 6389|519443 1179|539322 1211822321 1043.0|1104004 2121 |112326.1 2154
Cambridge Univ. Observatories +52128 + 0056|51952.7 1178539369 121.1|822346 104191104014 2122|1123236 2155
Univ. of Glasgow Obs. +55541 - 4183|51939.2 1179|53926.2 121.1|822194 1043.1|1103459 21211123120 2154
Univ. of St. Andrews Obs. +5620.2 - 2489|51937.7 1179|53924.1 121.1|82214.6 1043.0|1103404 2121 |112306.4 2154
Dunsink Obs., Dublin, Ireland +53233 - 620.2|519479 1179539355 121.1|82237.7 10428 |1104064 2122|112331.3 2154
France
Paris Obs. +4850.2 + 220.2|(52003.0 1178|539452 121.0|822495 104091104183 212.3|112337.5 2156
Pic du Midi Obs. +4256.2 + 008.7|52019.3 117.7|54000.8 120.9|82326.2 1039.7|110503.0 21251124185 215.7
Lyon +4546.0 + 450.0(52010.6 117.7|539504 120.9|823004 1039.8|1104321 21241123482 2157
Strasbourg Obs. +48350 + 746.2|52001.0 117.7|53940.2 121.0| 822383 1040.2|1104064 21241123240 215.6
Marseille +43180 + 522.0(52016.3 117.7|539549 120.9|82311.8 1039.1|110446.7 2125|112400.8 215.7
Germany
Archenhold Obs., Berlin +5229.2 +1328.7|51943.7 1177539215 121.0|82203.1 1040.6|110328.3 2123|1122476 2155
Hamburg Obs. +53289 +10145(519435 117.8|53923.1 121.0|82206.0 1041.2|1103305 212.3|112251.2 2155
Effelsherg Radio Obs., Bonn +50316 + 653.1|519557 117.753936.0 121.0|82230.1 1040.8|110356.6 212.3| 1123158 2155
Copenhagen Univ. Obs., Denmark | +5541.2 +1234.6|51933.6 117.8|53913.0 121.0|821485 10415|110312.2 2122 (1122342 2154
Leiden Obs., Netherlands +5209.3 + 429.1(51951.7 1178|53933.7 121.0|822264 1041.4]1103521 212.3|112313.1 2155
Royal Obs. of Belgium, Belgium | +5047.9 + 4215|51956.2 1178539379 121.0|82234.2 1041.1|110400.9 2123|112321.0 2155
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Location Position Exterior Contact Interior Contact Angular Distance Interior Contact Exterior Contact
Latitude Longitude uT P uT P uT Separation uT P uT P
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Warsaw Univ. Ast. Obs., Poland +52054 + 21252|519342 117.7|539080 1209|821422 1039.7|110309.4 2123|112227.0 215.6
Norway

Skibotn Ast. Obs. +69209 + 2021.9|51828.1 1178538094 121.1|82019.1 1043.7|110149.0 211.9|112120.7 2151
Odlo +5956.0 + 10450|519186 117.8|53900.1 121.1|82129.2 10425|1102525 2121|1122181 2153
Longyearbyen (Svalbard) +78120 + 15400 |51744.2 1179|537290 121.1|819369 104531101195 211.7|112058.2 215.0
Univ. of Helsinki Obs,, Finland +6009.7 + 24573519018 117.7|53837.8 121.0| 820544 10415]110220.5 2121 |1121443 2154
Sweden

Lund Obs. +55419 + 13112519330 117.8|539121 121.0|82147.0 10414 |110310.7 2122|1122326 2154
Stockholm +59200 + 18050|51914.1 117.8|538524 121.0|82116.0 1041.8|110240.0 2121 |1122040 2154
Russia

Irkutsk Ast. Obs. +5216.7 +10420.7 514521 117.1|534045 120.3|816139 1036.6|105930.1 212.1|111858.6 215.3
Pulkovo Obs., St. Petersburg +59464 + 3019.6|51854.3 117.7|538281 1209|82041.2 1041.0|110209.6 2121|1121326 2154
M oscow +55450 + 37420|51850.8 117.6 538194 120.8|82033.0 10394 |110207.2 2123|1121265 2155
Murmansk +6859.0 + 3308.0|518152 1178537529 121.0|819559 1043.0(110129.3 211.9|112059.8 215.2
Tomsk Univ. Obs. +5628.1 + 84568 |51617.1 1173535341 1205|817322 1037.8|110004.2 2122 |111929.4 2154
Tiks +71400 +128450|515034 1175|534356 120.8|81639.7 1043.0|1059319 211.6|1119158 214.9
Magadan +5938.0 +15050.0|513122 117.2|53239.6 1205|815129 10414 | .. .. .. . ... | e o o
Vladivostok +4309.0 +13153.0(512239 116.8|531326 1200814234 10351 .. .. .. . oo | o o
Urania Obs., Budapest, Hungary +47291 + 1903.8|51950.7 117.6|539234 120.8|82210.9 1038.7|1103415 2125|1122557 215.7
Bucharest Ast. Obs., Romania +44248 + 26058 |519440 1175|539114 120.7|821589 1037.1|110336.4 212.6|112247.1 2158
CharlesUniv. Agt. Inst.,, Czech Rep. | +5004.6 + 1423.7|51950.2 117.7 539265 1209|822129 1039.9|110339.9 21241122570 2156
Urania Obs., Vienna, Austria +4812.7 + 16231|519528 117.6|53927.3 1209|82216.1 1039.2|110345.1 2124|1123005 215.6
Zimmerwald Obs., Switzerland +4652.7 + 7280|52006.0 117.7|539448 1209|82248.0 1039.8|110418.0 2124 |112334.2 2156
Saragjevo, Bosnia +43520 + 1826.0(52000.1 117.6|539314 120.8|82229.3 1037.8|110404.3 212.6| 1123158 215.8
Kiev Univ. Obs., Ukraine +5027.2 + 30299|519209 117.6|538495 120.8|821184 10385|110251.4 2124|112206.6 215.6
Vilnius Ast. Obs,, Lithuania +54410 + 25172519198 117.7|53853.0 1209|821184 1040.1|110245.7 2123|1122049 2155
Reykjavik, | celand +6409.0 - 21580|518529 118.0|53846.8 121.3|82136.8 10457 |110313.2 211.8|112249.2 215.1

Dot leaders indicate the phenomenon occurs below the horizon.

Blanks indicate the phenomenon does not occur for the location.



