TRANSIT OF MERCURY, 2019

A transit of Mercury over the disk of the Sun will occur on November 11. The entire
transit will be visible in eastern North America, South America, Antarctica, extreme
southern Greenland, extreme western Africa, and the Atlantic Ocean.

The times provided in the following tables are given provisionally in Universal Time,
using AT(A) = +69%0. Once the value of AT is known, the data on these pages may
be expressed in Universal Time as follows:

Define 67" = AT —AT(A), in units of seconds of time.

Change the times given in provisional Universal Time by subtracting 67"

Apply the correction 0.00417807 67" to the longitudes in such a way that if §7T
is positive, the longitudes shift to the east.

Leave all other quantities unchanged.

Longitude is positive to the east and negative to the west.

GEOCENTRIC PHASES

Position Mercury being in the Zenith in

UT Angle P Longitude Latitude

d h m s o ° ’ o ’

Ingress, exterior contact November 11 123527.2 109.8 - 1236.2 -17 30.5
Ingress, interior contact 11 1237 08.5 109.8 - 1301.7 -17 30.5
Least angular distance 11 1519483 243 - 53568 —-17 25.8
Egress, interior contact 11 1802333 298.8 — 9453.1 -17 21.0
Egress, exterior contact 11 1804 147 2987 — 9518.6 -17 21.0

Least angular distance: 1’ 15’9

The position angle P of the point of contact is reckoned from the north point of the
limb of the Sun towards the east as viewed at the geocenter.

The position angle ¥ of the point of contact, reckoned from the vertex of the limb of
the Sun towards the east, is found by:

V=P-C

where C, the parallactic angle, is given by:

cos @' sin h

tan C' =
sin ¢’ cos § — cos ¢’ sin § cos h

in which ¢’ is the geocentric latitude of the place, ¢ is the declination of the Sun, and A
is the local hour angle of the Sun; sin C has the same algebraic sign as sin 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 ’ ’ h m s o h m s o h m s ’ 4 h m s o h m s o
Hartford, CT +41 462 - 72 40.6 [ 1236 03.4 1099 |123744.6 1099 |152012.8 113.2(180239.8 2985 |18 04 21.0 298.5
Boston, MA +4220.0 — 7105.0|123602.9 1099 |1237442 1099|1520 12.0 113.1|180239.2 298.5|18 04 20.4 298.5
New York, NY +4044.0 — 7400.0|123603.9 10991237452 1099|1520 134 1132|180240.1 298.5|18 04 21.2 298.5
Washington, DC +3853.7 — 77022(123604.9 1099 |123746.2 1099|1520 14.7 113.4|1802409 298.5|18 04 22.1 298.5
Raleigh, NC +3549.1 — 7838.7|123605.8 109.9|123747.1 1099|1520 155 113.6|180240.8 298.6 |18 04 21.9 298.5
Atlanta, GA +33 453 — 842341123607.1 10991237484 1099|1520 18.1 113.9|180243.2 298.6 |18 04 24.4 298.5
Miami, FL +2545.0 — 8015.0|123607.5 1099|1237 488 109.8|1520 158 1142|1802 384 298.6|18 04 19.6 298.5
Montgomery, AL +3221.7 - 8616.8|123607.5 1099|1237 488 109.8|1520189 114.0|180243.9 298.6 |18 04 25.0 298.5
Detroit, MI +42 199 - 8302.8|123604.9 10991237463 10991520172 113.4|1802449 298.5|18 04 26.1 298.5
Indianapolis, IN +3947.5 — 860891236059 1099|1237473 1099|1520 18.6 113.6|1802458 298.6 |18 04 269 298.5
Chicago, IL +41 50.0 — 87 38.0 .o .o .o . . 1152019.0 113.6|180247.0 298.6|18 04 28.2 298.5
Milwaukee, WI +43 03.0 - 8757.0 152019.0 113.5]1802474 298.6|18 04 28.6 298.5
Minneapolis, MN +44 58.8 — 93 15.1 152020.6 113.6|1802503 298.6|18 04 31.5 298.5
St. Louis, MO +3840.0 — 90150 . . .. . .o Ce e . . 11520203 113.8|180247.6 298.6|18 04 28.7 298.5
Louisville, KY +38 153 — 8545.6|1236 063 109.9|123747.6 1099|1520 185 113.7|1802452 298.6 |18 04 263 298.5
Lincoln, NE +40 48.6 — 96405 . .. . . .o Ce e . . 11520223 113.8|180251.2 298.6|18 04324 298.5
Oklahoma City, OK +35289 - 97321 1520232 114.1|180250.7 298.6|18 04 31.8 298.5
Denver, CO +39 444 -104 59.1 1520249 114.1 1802550 298.6|18 04 36.2 298.5
Salt Lake City, UT +40 45.0 —11155.0 1520264 11421802583 298.6|18 04 39.5 298.5
Dallas, TX +3247.0 — 96 48.2 152023.1 1143|180249.7 298.6|18 04 30.9 298.5
Houston, TX +2945.0 — 9525.0 152022.7 11441802483 298.6|18 04 29.4 298.5
Albuquerque, NM +35 06.6 —106 36.6 1520260 114.4|1802552 298.6|18 04 36.4 298.6
Las Vegas, NV +36 10.6 —11508.2 152027.8 114.6|18 02594 298.6 |18 04 40.6 298.6
Los Angeles, CA +34 03.0 -118 15.0 152028.7 114.8|180300.7 298.6 |18 04 41.9 298.6
San Diego, CA +32 429 -117 09.7 152028.6 1149|1803 00.0 298.6 |18 04 41.2 298.6
San Francisco, CA +37 46.8 —122252 152028.7 114.7|1803 02.7 298.6 |18 04 43.9 298.6
Portland, OR +4532.0 —122 40.0 1520269 1142|1803 02.7 298.6 |18 04 43.9 298.6
Seattle, WA +47 36.6 —12220.0 1520263 114.1 1803025 298.6|18 04 43.7 298.5
Canada
St. John’s, Nfld. +47 34.1 — 524241123556.6 1100|1237 37.8 109.9|152003.9 112.5|180233.7 298.5|18 04 149 298.5
Moncton, N.B. +46 07.0 — 64 4821236004 110.0|123741.7 10991520093 112.8|1802379 298.5|18 04 19.1 298.5
Halifax,N.S. +44 38.0 — 6335.0|123600.5 110.0|123741.7 109.9|152008.7 112.8|180236.7 298.5|1804 179 298.5
Charlottetown, P.E.I. +46 144 - 630841236 00.0 110.0|123741.2 10991520085 112.8|1802372 298.5|18 04 184 298.5
Montreal, Que. +4530.5 - 73332(123602.5 110.0|123743.8 109.9|152013.1 113.0|180241.5 298.5|18 04 22.6 298.5
Toronto, Ont. +4343.0 - 792041236 04.0 1099|1237453 1099|1520 15.6 1133 |180243.5 298.5|18 04 24.7 298.5
Thunder Bay, Ont. +48 229 - 89 14.8 - .o .o . . [152018.7 113.3|180249.2 298.5|18 04 30.3 298.5
Winnipeg, Man. +49 54.0 — 97 08.0 152020.8 11341802527 298.6|18 04 33.9 298.5
Edmonton, Alta. +5334.6 —-113 31.0 1520232 113.6|180259.1 298.6|18 04 40.3 298.5
Iqaluit, Nunavut +63 449 — 68 31.2 1520099 11241802456 298.5|18 04 269 298.5
Vancouver, B.C. +49 15.0 —123 06.0 1520258 114.0|180302.6 298.6|18 04 43.9 298.5




Location

Latitude

Position
Longitude

Ingress
Exterior Contact
uT P

Ingress
Interior Contact
uT P

Least
Angular Distance

uT Separation

Egress
Interior Contact
uT P

Egress
Exterior Contact
uT P

Martinique Fort-de-France
Bermuda Hamilton
Puerto Rico San Juan
Haiti Port-au-Prince
Jamaica Kingston
Bahamas Nassau

Cuba Havana

Mexico
Mexico City
Monterrey
Guadalajara
Veracruz

Guatemala Guatemala City
El Salvador San Salvador
Honduras Tegucigalpa
Belize Belmopan
Nicaragua Managua
Venezuela Caracas

Costa Rica San Jose
Panama Panama City

Argentina
Buenos Aires
Cordoba

Falkland Islands Stanley

Brazil
Recife
Rio de Janeiro
Belo Horizonte
Sao Paolo

+14360 - 61050
+3218.0 — 64480
+1829.0 — 6608.0
+1832.0 — 72200
+17580 — 76480
+2503.6 — 77207
+2308.0 — 82230

+1925.0 - 9910.0
+2540.0 —10020.0
+2040.0 —-10321.0
+1926.1 — 96 23.0

+14 38.0 — 9022.0
+1340.0 - 89 10.0
+14 05.0 — 87 14.0
+17 13.0 — 88 48.0
+12 06.0 — 86 18.0
+1030.0 — 66 55.0
+ 9590 - 8404.0
+ 857.0 - 7930.0

-3440.0 - 5830.0
-31250 - 6411.0

-51415 - 57515

S

13 32 01.9 109(?9
1236 03.0 109.9
1236 04.0 109.9
1236 059 109.9
1236 07.0 109.8
1236 06.9 109.9
12 36 08.0 109.9

1236092 109.8
1236 08.9 109.8
1236 08.7 109.8
1236 08.6 109.8
1236 08.8 109.8
1236 08.3 109.8
1236 03.6 109.8
1236 07.8 109.8
1236 06.9 109.8

1235453 109.7
12 35489 109.7

1235359 109.7

123544.0 109.8
12 3543.8 109.8
1235453 109.8
1235453 109.8

S

13 3n7l 432 109(.)8
1237 443 109.9
1237452 109.8
123747.1 109.8
1237 48.3 109.8
1237482 109.8
1237493 109.8

1237506 109.8
1237502 109.8
1237 50.1 109.8
1237499 109.8
1237502 109.8
1237 49.6 109.8
1237 449 109.8
1237 49.1 109.8
1237482 109.8

12 37 26.6 109.7
1237 30.2 109.7

1237172 109.6

12 37 25.1 109.8
12 37 25.0 109.7
12 37 26.5 109.7
12 37 26.5 109.7

lg 2n(l) 025.9 1, 1472
1520082 1134
1520069 114.1
1520105 1143
152013.0 1145
1520142 114.1
152016.6 1144
1520237 115.1
1520245 1148
1520253 1152
1520227 115.0
1520194 1151
1520187 115.1
152017.8 115.1
152019.1 1149
152017.0 115.1
1520056 114.6
1520155 1152
1520128 115.1

1519466 1172
1519508 117.1

1519409 118.1

1519392 11438
1519408 116.0
1519420 1158
1519428 116.1

S

llé 03 23.1 298(?6
1802 323 298.6
1802 27.5 298.6
1802 31.2 298.6
18 02 33.7 298.6
1802 36.5 298.6
18 02 38.9 298.6

1802479 298.6
18 02 50.1 298.6
1802 50.6 298.6
1802 46.2 298.6

1802 41.1 298.6
1802 40.0 298.6
18 02 38.9 298.6
1802 409 298.6
18 02 37.7 298.6
1802250 298.6
1802 35.6 298.6
1802 323 298.6

1802 08.4 298.8
1802 11.7 298.8

1802 07.4 2989

1802 02.0 298.7
1802 02.7 298.7
1802 03.5 298.7
1802 04.1 298.7

S

llé 02 04.3 298?6
1804 13.4 2985
18 04 08.7 298.5
1804124 2985
18 04 14.9 298.6
1804 17.6 298.5
18 04 20.0 298.5

18 04 29.0 298.6
18 04 31.2 298.6
18 04 31.8 298.6
18 04 27.3 298.6

18 04 22.2 298.6
18 04 21.2 298.6
18 04 20.1 298.6
18 04 22.0 298.6
18 04 18.8 298.6
18 04 06.1 298.6
18 04 16.7 298.6
1804 13.4 298.6

18 03 49.6 298.7
18 03 52.8 298.7

18 03 48.7 298.8

3 298.6
9 298.7
7 2987
3 2987
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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
Brazil o ’ o ’ h m s o h m s o h m s ’ ’” h m s o h m s o
Brasilia —-1545.0 - 4757.0|1235489 109.8|123730.0 109.7| 1519458 115.7|180206.2 298.7 |18 03 47.4 298.7
Porto Alegre -3002.0 — 5113.8|123544.7 109.7|1237259 109.7|151943.8 116.7|180205.5 298.8|18 03 46.7 298.7
Chile
Santiago -3330.0 — 7040.0|123549.7 109.7|123731.0 109.6|151953.5 1174|1802 14.7 298.8|18 03 55.9 298.7
Concepcion -3650.0 — 7303.0|1235484 109.7|123729.7 109.6|1519533 117.7|1802153 298.8|18 03 56.5 298.8
Colombia
Medellin + 6142 - 75345(123605.6 109.8|1237469 109.8|1520099 115.1|180228.9 298.6|18 04 10.0 298.6
Bogota + 4380 — 7405.0|123604.9 109.8|1237462 109.8|152008.6 11521802274 298.6|18 04 08.5 298.6
Guyana Georgetown + 646.0 — 5810.0|123559.7 109.8|1237409 109.8|151959.1 1145|180218.5 298.6|18 03 59.6 298.6
Suriname Paramaribo + 5520 - 5514.0|1235583 109.8|1237395 109.8|1519569 1145|180216.5 298.6 |18 03 57.6 298.6
French Guiana Cayenne + 4550 — 521801235567 109.8|1237379 109.8|151954.6 1145|1802 14.5 298.6 |18 03 55.7 298.6
Bolivia
Santa Cruz -1745.0 - 6314.0|123554.8 109.7|123736.0 109.7|1519550 116.2|180213.9 298.7|18 03 55.1 298.7
Cochabamba -1723.0 - 6610.0 1235559 109.7|1237372 109.7|1519569 1163 |1802157 298.7|18 03 56.9 298.7
Paraguay Asuncion -2515.0 — 5740.0|123549.5 109.7|123730.7 109.7|151949.1 116.5|1802093 298.7|18 03 50.5 298.7
Ecuador Quito - 0150 — 7835.0|123605.0 109.8|1237463 109.7|1520099 11561802286 298.7|18 04 09.8 298.6
Peru Lima -1206.0 — 7703.0|123601.0 109.7 1237424 109.7|1520052 116.3|180223.8 298.7|18 04 05.0 298.7
Uruguay Montevideo —-3453.0 - 5610.0|1235444 109.7|1237256 109.7|1519452 117.1|1802073 298.8|18 03 48.5 298.7
Easter Island Hanga Roa -2709.0 —-10926.0 1235556 109.7|123737.1 109.6|1520124 1182|1802379 298.8|18 04 19.1 298.8
Pitcairn Islands Adamstown —2504.0 —-13006.0 1520169 118.7|18 02488 298.8|18 04 30.0 298.8
French Polynesia Papeete, Tahiti —-1732.0 —-149340| . .. .. . .. Ce e . .| 152019.7 118.7|180259.4 2989|1804 40.7 298.8
Kenya Nairobi - 1170 + 3649.0|123459.6 110.0|123640.8 1099|151909.0 1143
Mozambique Maputo —-2558.0 + 323501234587 10991236399 10981519066 1159
Uganda Kampala + 0188 + 323491235022 110.0|1236434 1099|151910.0 1142
Zimbabwe Harare -1751.8 + 3101.8|123500.0 10991236412 1098|151907.0 1153
Zambia Lusaka -1525.0 + 2817.0|123501.8 109.9|1236429 1099|151907.7 115.1
South Africa, Rep. of
Johannesburg -26 123 + 2802.7|123501.0 109.9 |12 36422 1098|1519073 1159
Cape Town —33555 + 18254 )123505.8 109.8|1236469 10981519100 1163
Namibia Windhoek —-22342 + 170501235073 10991236485 10981519100 1155
Angola Luanda - 8503 + 1314.1 1235119 109.9|123653.0 1099|151912.8 1145




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 v o | hm s o hm s o hm s s+ #| hm s o hm s o

Congo, Democratic Republic of Kinshasa | — 4 19.5 + 15193 (1235 11.5 1099|1236 52.6 1099|1519 13.0 1142
Libya

Benghazi +3207.0 + 2004.0(123519.3 110.0|123700.5 110.0|151926.8 1124

Tripoli +3254.1 + 1311.1 (1235233 11001237044 1100[151929.1 1123
Central African Republic Bangui + 4220 + 183501235114 110.0|123652.5 10991519145 1137
Chad N’Djamena +1206.7 + 1502.1 [ 123515.8 110.0 | 1236569 10991519184 1132
Tunisia Tunis +3648.0 + 1011.0 (1235262 110.1 |123707.3 110.0|1519322 1122
Cameroon Yaounde + 3520 + 113101235159 110.0|123657.0 1099 |151916.7 113.7
Nigeria Lagos + 6272 + 32381235219 110.0|123703.0 10991519209 1135
Algeria Algiers +3642.0 + 313.0(1235299 1100|1237 11.0 110.0|1519345 1122
Niger Niamey +13313 + 2063 (1235246 110.0|123705.7 1099 |151924.1 1 13.1
Ghana Accra + 533.0 012.0(1235242 11001237053 10991519223 113.6
Ivory Coast Abidjan + 5202 - 401.6(123526.7 109.9|123707.8 1099 |1519242 113.6
Morocco Rabat +3402.0 - 65001235350 110.0|123716.1 11001519373 1123
Mali Bamako +1239.0 — 8000 (1235312 11001237123 1099 1519288 1132 | .. . .. . ... | o o oo
Liberia Monrovia + 619.0 — 1046.8|123531.6 109.9|123712.7 1099 |151928.1 113.6|180159.6 298.6| 1803 409 298.6
Western Sahara El Aaiun +27092 — 13122 (123537.5 1100|1237 18.6 11001519373 1126 .. .. .. . oo | o oo o oo
Sierra Leone Freetown + 829.1 — 1314.1|123533.8 10991237149 10991519302 113.5]|1802009 298.6| 1803 422 298.6
Guinea-Bissau Bissau +1151.0 — 1534.0|123536.1 1099|1237 172 1099|151932.7 113.3|180202.9 298.6 |18 03 44.2 298.6
Mauritania Nouakchott +1806.0 — 1557.0(123537.6 1100|1237 18.7 10991519352 113.0|180206.0 298.6 |18 03 47.3 298.5
Senegal Dakar +1441.6 - 172681235379 110.0|123719.0 10991519348 1132|1802 04.6 298.6 |18 03 459 298.5
Albania Tirana +4119.8 + 194921235229 110.1|123704.1 11001519324 1 12.1
Bosnia-Herzegovina Sarajevo +43 509 + 182141235245 110.1 1237057 11001519343 112.0
Austria Vienna +48 125 + 1622.4|123527.0 110.1 1237082 11001519375 112.0
Croatia Zagreb +4549.0 + 1559.0|1235263 110.1|123707.5 110.0|151936.0 112.0
Czech Republic Prague +5005.0 + 142501235285 110.1|123709.7 110.0|151939.1 1119
Germany

Munich +48 08.0 + 1134.0|123529.1 110.1 1237102 110.0|1519385 1119

Stuttgart +4846.7 + 910.8|1235303 110.1|123711.5 110.0|151939.6 1119
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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

Germany o ’ o ’ h m s o h m s o h m s ’ 4 h m s o h m s o

Dusseldorf +51142 + 647.0(123532.0 110.1 1237132 11001519417 111.9
San Marino San Marino +43 560 + 1226.0(123527.3 110.1 1237085 110.0|1519358 112.0
Italy

Rome +4154.0 + 1230.0(123526.6 110.1 |123707.8 110.0|1519345 1 12.1

Milan +4527.8 + 91141235293 110.1 (1237105 110.0|151937.6 112.0
Switzerland Zurich +4722.0 + 833.0(123530.2 110.1|123711.3 11001519389 111.9
Netherlands Amsterdam +52224 + 4535(123533.1 110.1 1237 143 11001519429 111.9
France

Ajaccio, Corsica +41556 + 84421235285 110.1|123709.6 110.0|151935.6 112.0

Marseille +4317.8 + 5222(123530.5 110.1 (1237 11.7 11001519374 112.0

Paris +48 514 + 221.0|1235334 110.1 1237145 110.0(151941.6 111.9
Spain

Barcelona +4123.0 + 211.0(123531.6 110.1 1237 12.8 110.0|1519374 112.0

Madrid +4024.0 - 341.0(1235345 1100|1237 156 110.0|151939.1 1 12.1
United Kingdom

London +51305 - 0075(123535.1 110.1 {1237 162 11001519438 111.9

Birmingham +5229.0 - 153.6(123536.0 110.1 1237172 11001519449 111.9

Edinburgh +5557.0 - 309.6(123537.1 110.1 (1237 183 110.0|151947.1 111.8

Taunton +5101.1 - 306.0(123536.2 110.1 1237174 11001519445 1119
Ireland Dublin +53209 - 61561235380 110.1 1237192 110.0|151946.7 1119
Faroe Islands Torshavn +62 000 — 647.0|1235393 110.1 1237205 110.0|1519513 1118
Portugal Lisbon +3842.8 — 90841235371 1100|1237 182 110.0|151940.5 1121 | .. . . . oo o] w oo oo
Ascension Island Georgetown - 7557 - 142471235307 1099|1237 11.8 109.8 1519263 114.5|1801 557 298.7|18 03 37.0 298.6
Canary Islands Las Palmas de Gran Canaria | +28 09.0 — 1525.0|123539.0 110.0|123720.1 110.0 1519389 1125|1802 11.3 298.6| 18 03 52.6 298.5
Madeira Funchal +3239.1 - 1654.6|123540.5 110.0|123721.7 110.0|151941.5 1124|1802 143 298.5|18 03 55.6 298.5
Iceland Reykjavik +64 08.0 — 2156.0|123544.0 110.1 1237253 110.0|1519563 1119| .. . .. . ... .| « . o ...
Cape Verde Islands Praia, Santiago +14 552 - 2330.5(1235419 109.9|123723.0 1099 |151938.6 113.2|1802063 298.6 |18 03 47.6 298.5
Azores Ponta Delgada +3744.0 — 2540.0|1235458 110.0|1237269 110.0|151948.0 1123|1802 19.4 298.5|18 04 00.7 298.5
South Georgia Grytviken -54169 - 3630.5|1235279 109.7|123709.1 109.6 1519316 117.9|180201.2 298.9 |18 03 42.5 298.8
Greenland Nuuk +64 10.0 — 5144.0|123551.7 110.0|123733.0 110.0|152005.0 1122|180241.4 298.5|18 04 22.7 298.5
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