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APPENDIX H  

APPENDIX A: NAVIGATIONAL STARS AND THE PLANETS

Name Pronunciation Bayer name Origin of name Meaning of name Distance*
 Acamar  �'k�·mär  � Eridani  Arabic  another form of Achernar 160 
 Achernar  �'k�r·när  � Eridani  Arabic  end of the river (Eridanus) 140
 Acrux  �'kr�ks  � Crucis  Modern  coined from Bayer name 323
 Adhara  �·d�'r�  � Canis Majoris  Arabic  the virgin(s) 430
 Aldebaran  �l d�b'�·r�n � Tauri  Arabic  follower (of the Pleiades) 65
 Alioth �l'�·�th � Ursa Majoris  Arabic  another from of Capella 83
 Alkaid  �l·k�d'  � Ursa Majoris  Arabic  leader of the daughters of the bier  104
 Al Na'ir  �l·n�r'  � Gruis  Arabic  bright one (of the fish's tail) 101
 Alnilam  �l'n�·l�m � Orionis  Arabic  string of pearls 1,344
 Alphard  �l'färd  � Hydrae  Arabic  solitary star of the serpent 177
 Alphecca  �l·f�k'�  � Corona Borealis  Arabic  feeble one (in the crown) 75
 Alpheratz  �l·f�'r�ts  � Andromeda  Arabic  the horse's navel 97
 Altair  �l·t�r'  � Aquilae  Arabic  flying eagle or vulture 16.7
 Alpha Phoenicis (Ankaa)  än'kä  � Phoenicis  Arabic  coined name 85
 Antares  �n·t�'r�z � Scorpii  Greek  rival of Mars (in color) 555
 Arcturus  ärk·t�'r�s � Bootis  Greek  the bear's guard 37
 Atria  �t'r�·�  � Trianguli Australis  Modern  coined from Bayer name 391
 Avior  �'v�·ôr  � Carinae  Modern  coined name 630
 Bellatrix  b�·l�'tr�ks  � Orionis  Latin  female warrior 250
 Betelgeuse  b�t'�lj�z � Orionis  Arabic  the arm pit (of Orion) 300
 Canopus  k�·n�p�s � Carinae  Greek  city of ancient Egypt 310
 Capella  k�·p�l'�  � Aurigae  Latin  little she-goat 43
 Deneb  d�n'�b � Cygni  Arabic  tail of the hen 2,616
 Denebola  d�·n'�b'�·l�  � Leonis  Arabic  tail of the lion 36
 Diphda  d�f'd�  � Ceti  Arabic  the second frog (Fomalhaut was once the first) 96
 Dubhe  d�b'�  � Ursa Majoris  Arabic  the bear's back 123
 Elnath  �l'n�th  � Tauri  Arabic  one butting with horns 130
 Eltanin  �l·t�'n�n � Draconis  Arabic  head of the dragon 154
 Enif  �n'�f  � Pegasi  Arabic  nose of the horse 688
 Fomalhaut  f�'m�l·ôt  � Piscis Austrini  Arabic  mouth of the southern fish 25
 Gacrux  g�'kr�ks  � Crucis  Modern  coined from Bayer name 89
 Gienah  j�'n�  � Covri  Arabic  right wing of the raven 154
 Hadar  h�'där  � Centauri  Modern  leg of the centaur 391
 Hamal  h�m'�l � Arietis  Arabic  full-grown lamb 66
 Kaus Australis  kôs ôs·tr�'l�s  � Sagittarii  Arabic, Latin  southern part of the bow 143
 Kochab  k�'k�b  � Ursa Minoris  Arabic  shortened form of “north star” (named when it was that) 131
 Markab  mär'k�b � Pegasi  Arabic  saddle (of Pegasus) 133
 Menkar  m�n'kär  � Ceti  Arabic  nose (of the whale) 248
 Menkent  m�n'k�nt  � Centauri  Modern  shoulder of the centaur 59
 Miaplacidus  m�'�·pl�s�·d�s  � Carinae  Arabic, Latin  quiet or still waters 113
 Mirfak  m�r'f�k � Persei  Arabic  elbow of the Pleiades 506
 Nunki  n�n'k�  � Sagittarii  Bab.  constellation of the holy city (Eridu) 228
 Alpha Pavonis (Peacock)  p�'k�k � Pavonis  Modern  coined from English name of constellation 179
 Polaris  p�·l�'r�s  � Ursa Minoris  Latin  the pole (star) 323
 Pollux  p�l'�ks  � Geminorum  Latin  Zeus' other twin son (Castor, � Geminorum, is first twin) 33
 Procyon  pr�'s�·�n  � Canis Min  Greek  before the dog (rising before the dog star, Sirius) 11.5
 RasaIhague  r�s'�l·h�'gw�  � Ophiuchi  Arabic  head of the serpent charmer 49
 Regulus  r�g'�·l�s � Leonis  Latin  the prince 78
 Rigel  r�'j�l � Orionis  Arabic  foot (left foot of Orion) 864
 Alpha Centauri (Rigil Kentaurus)  r�j�l k�n·tô'r�s  � Centauri  Arabic  foot of the centaur 4.3
 Sabik  s�'b�k � Ophiuchi  Arabic  second winner or conqueror 88
 Schedar  sh�d'�r � Cassiopeiae  Arabic  the breast (of Cassiopeia) 228
 Shaula  shô'l�  � Scorpii  Arabic  cocked-up part of the scorpion's tail 587
 Sirius  s�r'�·�s  � Canis Majoris  Greek  the scorching one (popularly, the dog star) 8.6
 Spica  sp�'k�  � Virginis  Latin  the ear of corn 250
 Suhail  s��·h�l'  � Velorum  Arabic  shorted from of Al Suhail, one Arabic name for Conopus) 545
 Vega  v�'g�  � Lyrae  Arabic  the falling eagle or vulture 25
 Zubenelgenubi  z��·b�n'�l·j�·n�'b�  � Librae  Arabic  southern claw (of the scorpion) 77

PLANETS
Name Pronunciation Origin of name Meaning of name Distance*

 Mercury  m�r'k�·r�  Latin  god of commerce and gain 0.6
 Venus  v�'n�s  Latin  goddess of love 0.3
 Earth  ûrth  Mid. Eng. — —
 Mars  märz  Latin  god of war 0.5
 Jupiter  j��'p�·t�r  Latin  god of the heavens, identified with the Greek Zeus, chief of the Olympians s 4.2
 Saturn  s�t'�rn  Latin  god of seed-sowing 8.5
 Uranus  �'r�·n�s  Greek  the personification of heaven 18.8
 Neptune  n�p't�n  Latin  god of the sea 29
Guide to pronunciations: f�te, �dd, fin�l, l�st, �bound, ärm; b�, �nd, cam�l, read�r; �ce, b�t, an�mal; �ver, p�etic, h�t, lôrd, m��n; t�be, �nite, t�b, cir�s, ûrn
*Distances for stars are in light-years (as measured in 2023). One light-year equals approximately 63,200 AU, or 5,880,000,000,000 miles.
Distances for planets are in AU from Earth. AU is the average distance of the Earth from the Sun, approximately 93,000,000 miles.

Appendix A - Navigational Stars and the Planets
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APPENDIX B 
CONVERSION OF COMPASS POINTS TO DEGREES

Conversion of Compass Points to Degrees

Points
Angular 
measure

Points
Angular 
measure

NORTH TO EAST SOUTH TO WEST

North 0 0° 00' 00� South 16 180° 00' 00�

N1/4E  1/4 2° 48' 45� S1/4W 16 1/4 182° 48' 45�

N1/2E 1/2 5° 37' 30� S1/2W 16 1/2 185° 37' 30�

N3/4E 3/4 8° 26' 15� S3/4W 16 3/4 188° 26' 15�

N by E 1 11° 15' 00� S by W 17 191° 15' 00�

N by E1/4E 1 1/4 14° 03' 45� S by W1/4W  17 1/4 194° 03' 45�

N by E1/2E 1 1/2 16° 52' 30� S by W1/2W 17 1/2 196° 52' 30�

N by E3/4E 1 3/4 19° 41' 15� S by W3/4W 17 3/4 199° 41' 15�

NNE 2 22° 30' 00� SSW 18 202° 30' 00�

NNE1/4E 2 1/4 25° 18' 45� SSW1/4W 18 1/4 205° 18' 45�

NNE1/2E 2 1/2 28° 07' 30� SSW1/2W 18 1/2 208° 07' 30�

NNE3/4E 2 3/4 30° 56' 15� SSW3/4W 18 3/4 210° 56' 15�

NE by N 3 33° 45' 00� SW by S 19 213° 45' 00�

NE3/4N 3 1/4 36° 33' 45� SW3/4S 19 1/4 216° 33' 45�

NE1/2N 3 1/2 39° 22' 30� SW1/2S 19 1/2 219° 22' 30�

NE1/4N 3 3/4 42° 11' 15� SW1/4S 19 3/4 222° 11' 15�

NE 4 45° 00' 00� SW 20 225° 00' 00�

NE1/4E 4 1/4 47° 48' 45� SW1/4W 20 1/4 227° 48' 45�

NE1/2E 4 1/2 50° 37' 30� SW1/2W 20 1/2 230° 37' 30�

NE3/4E 4 3/4 53° 26' 15� SW3/4W 20 3/4 233° 26' 15�

NE by E 5 56° 15' 00� SW by W 21 236° 15' 00�

NE by E1/4E 5 1/4 59° 03' 45� SW by W1/4W 21 1/4 239° 03' 45�

NE by E1/2E 5 1/2 61° 52' 30� SW by W1/2W 21 1/2 241° 52' 30�

NE by E3/4E 5 3/4 64° 41' 15� SW by W3/4W 21 3/4 244° 41' 15�

ENE 6 67° 30' 00� WSW 22 247° 30' 00�

ENE1/4E 6 1/4 70° 18' 45� WSW1/4W 22 1/4 250° 18' 45�

ENE1/2E 6 1/2 73° 07' 30� WSW1/2W 22 1/2 235° 07' 30�

ENE3/4E 6 3/4 75° 56' 15� WSW3/4W 22 3/4 255° 56' 15�

E by N 7 78° 45' 00� W by S 23 258° 45' 00�

E3/4N 7 1/4 81° 33' 45� W3/4S 23 1/4 261° 33' 45�

Appendix B - Conversion of Compass Points to Degrees
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E1/2N  7 1/2 84° 22' 30� W1/2S 23 1/2 264° 22 30�

E1/4N 7 3/4 87° 11' 15� W1/4S 23 3/4 267° 11' 15�

EAST TO SOUTH WEST TO NORTH

East 8 90° 00' 00� West 24 270° 00' 00�

E1/4S 8 1/4 92° 48' 45� W1/4N 24 1/4 272° 48' 45�

E1/2S 8 1/2 95° 37' 30� W1/2N 24 1/2 275° 37' 30�

E3/4S 8 3/4 98° 26' 15� W3/4N 24 3/4 278° 26' 15�

E by S 9 101° 15' 00� W by N 25 281° 15' 00�

ESE3/4E 9 1/4 104° 03' 45� WNW3/4W 25 1/4 284° 03' 45�

ESE1/2E 9 1/2 106° 52' 30� WNW1/2W 25 1/2 286° 52' 30�

ESE1/4E 9 3/4 109° 41' 15� WNW1/4W 25 3/4 289° 41' 15�

ESE 10 112° 30' 00� WNW 26 292° 30' 00�

SE by E3/4E 10 1/4 115° 18' 45� NW by W3/4W 26 1/4 295° 18' 45�

SE by E1/2E 10 1/2 118° 07' 30� NW by W1/2W 26 1/2 298° 07' 30�

SE by E1/4E 10 3/4 120° 56' 15� NW by W1/4W 26 3/4 300° 56' 15�

SE by E 11 123° 45' 00� NW by W 27 303° 45' 00�

SE3/4E 11 1/4 126° 33' 45� NW3/4W 27 1/4 306° 33' 45�

SE1/2E 11 1/2 129° 22' 30� NW1/2W 27 1/2 309° 22' 30�

SE1/4E 11 3/4 132° 11' 15� NW1/4W 27 3/4 312° 11' 15�

SE 12 135° 00' 00� NW 28 315° 00' 00�

SE1/4S 12 1/4 137° 48' 45� NW1/4N 28 1/4 317° 48' 45�

SE1/2S 12 1/2 140° 37' 30� NW1/2N 28 1/2 320° 37' 30�

SE3/4S 12 3/4 143° 26' 15� NW3/4N 28 3/4 323° 26' 15�

SE by S 13 146° 15' 00� NW by N 29 326° 15' 00�

SSE3/4E 13 1/4 149° 03' 45� NNW3/4W 29 1/4 329° 03' 45�

SSE1/2E 13 1/2 151° 52' 30� NNW1/2W 29 1/2 331° 52' 30�

SSE1/4E 13 3/4 154° 41' 15� NNW1/4W 29 3/4 334° 41' 15�

SSE 14 157° 30' 00� NNW 30 337° 30' 00�

S by E3/4E 14 1/4 160° 18' 45� N by W3/4W 30 1/4 340° 18' 45�

S by E1/2E 14 1/2 163° 07' 30� N by W1/2W 30 1/2 343° 07' 30�

S by E1/4E 14 3/4 165° 56' 15� N by W1/4W 30 3/4 345° 56' 15�

S by E 15 168° 45' 00� N by W 31 348° 45' 00�

S3/4E 15 1/4 171° 33' 45� N3/4W 31 1/4 351° 33' 45�

S1/2E 15 1/2 174° 22' 30� N1/2W 31 1/2 354° 22' 30�

S1/4E 15 3/4 177° 11' 15� N1/4W 31 3/4 357° 11' 15�

South 16 180° 00' 00 North 32 360° 00' 00

Conversion of Compass Points to Degrees
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APPENDIX C 

APPENDIX C: MISCELLANEOUS DATA

UNIT CONVERSION

Use the conversion tables that appear on the following pages to convert between different systems of units. 
Conversions followed by an asterisk * are exact relationships.

MISCELLANEOUS DATA

Appendix C Area
1 square inch _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 6.4516 square centimeters*
1 square foot _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 144 square inches*

= 0.09290304 square meter*
= 0.000022957 acre

1 square yard _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 9 square feet*
= 0.83612736 square meter

1 square (statute) mile_ _ _ _ _ _ _ _ _ _ _ = 27,878,400 square feet*
= 640 acres*
= 2.589988110336 square kilometers*

1 square centimeter _ _ _ _ _ _ _ _ _ _ _ _ = 0.1550003 square inch
= 0.00107639 square foot

1 square meter_ _ _ _ _ _ _ _ _ _ _ _ _ _ = 10.76391 square feet
= 1.19599005 square yards

1 square kilometer _ _ _ _ _ _ _ _ _ _ _ _ = 247.1053815 acres
= 0.38610216 square statute mile
= 0.29155335 square nautical mile

Astronomy
1 mean solar unit_ _ _ _ _ _ _ _ _ _ _ _ _ = 1.00273791 sidereal units
1 sidereal unit _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.99726957 mean solar units
1 microsecond_ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.000001 second*
1 second _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,000,000 microseconds*

= 0.01666667 minute
= 0.00027778 hour
= 0.00001157 day

1 minute _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 60 seconds*
= 0.01666667 hour
= 0.00069444 day

1 hour _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 3,600 seconds*
= 60 minutes*
= 0.04166667 day

1 mean solar day _ _ _ _ _ _ _ _ _ _ _ _ _ = 24h03m56s.55536 of mean sidereal time
= 1 rotation of Earth with respect to Sun (mean)*
= 1.00273791 rotations of Earth 
with respect to vernal equinox (mean)
= 1.0027378118868 rotations of Earth 
with respect to stars (mean)

1 mean sidereal day_ _ _ _ _ _ _ _ _ _ _ _ = 23h56m04s09054 of mean solar time
1 sidereal month _ _ _ _ _ _ _ _ _ _ _ _ _ = 27.321661 days

= 27d07h43m11s.5
1 synodical month _ _ _ _ _ _ _ _ _ _ _ _ = 29.530588 days

= 29d12h44m02s.8

Appendix C - Miscellaneous Data
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1 tropical (ordinary) year _ _ _ _ _ _ _ _ _ = 31,556,925.975 seconds
= 525,948.766 minutes
= 8,765.8128 hours

= 365d.24219879 – 0d.0000000614(t–1900), 
where t = the year (date)

= 365d05h48m46s (–) 0s.0053(t–1900)

1 sidereal year _ _ _ _ _ _ _ _ _ _ _ _ _ = 365d.25636042 + 0.0000000011(t–1900), 
where t = the year (date)

= 365d06h09m09s.5 (+) 0s.0001(t–1900)
1 calendar year (common)_ _ _ _ _ _ _ _ _ = 31,536,000 seconds*

= 525,600 minutes*
= 8,760 hours*
= 365 days*

1 calendar year (leap) _ _ _ _ _ _ _ _ _ _ = 31,622,400 seconds*
= 527,040 minutes*
= 8,784 hours*
= 366 days

1 light-year _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 9,460,000,000,000 kilometers
= 5,880,000,000,000 statute miles
= 5,110,000,000,000 nautical miles
= 63,240 astronomical units
= 0.3066 parsecs

1 parsec _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 30,860,000,000,000 kilometers
= 19,170,000,000,000 statute miles
= 16,660,000,000,000 nautical miles
= 206,300 astronomical units
= 3.262 light years

1 astronomical unit _ _ _ _ _ _ _ _ _ _ _ = 149,600,000 kilometers
= 92,960,000 statute miles
= 80,780,000 nautical miles

= 499s.012 light-time
= mean distance, Earth to Sun

Mean distance, Earth to Moon _ _ _ _ _ _ _ = 384,400 kilometers
= 238,855 statute miles
= 207,559 nautical miles

Mean distance, Earth to Sun _ _ _ _ _ _ _ _ = 149,600,000 kilometers
= 92,957,000 statute miles
= 80,780,000 nautical miles
= 1 astronomical unit

Sun’s diameter _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,392,000 kilometers
= 865,000 statute miles
= 752,000 nautical miles

Sun’s mass_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,987,000,000,000,000,000,000,000,000,000,000 grams
= 2,200,000,000,000,000,000,000,000,000 short tons
= 2,000,000,000,000,000,000,000,000,000 long tons

Speed of Sun relative to neighboring stars _ _ = 19.4 kilometers per second
= 12.1 statute miles per second
= 10.5 nautical miles per second

Orbital speed of Earth _ _ _ _ _ _ _ _ _ _ = 29.8 kilometers per second
= 18.5 statute miles per second
= 16.1 nautical miles per second

Obliquity of the ecliptic_ _ _ _ _ _ _ _ _ _ = 23°27′08″.26 – 0″.4684 (t–1900), 
where t = the year (date)

General precession of the equinoxes _ _ _ _ _ = 50″.2564 + 0″.000222 (t–1900), per year,
where t = the year (date)

Precession of the equinoxes in right ascension _ = 46″.0850 + 0″.000279 (t–1900), per year,
where t = the year (date)

Precession of the equinoxes in declination _ _ = 20″.0468 – 0″.000085 (t–1900), per year,
where t = the year (date)
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Magnitude ratio _ _ _ _ _ _ _ _ _ _ _ _ _ = 2.512

Charts
Nautical miles per inch _ _ _ _ _ _ _ _ _ _ = reciprocal of natural scale ÷ 72,913.39
Statute miles per inch _ _ _ _ _ _ _ _ _ _ _ = reciprocal of natural scale ÷ 63,360*
Inches per nautical mile _ _ _ _ _ _ _ _ _ _ = 72,913.39 × natural scale
Inches per statute mile _ _ _ _ _ _ _ _ _ _ = 63,360 × natural scale*
Natural scale _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1:72,913.39 × nautical miles per inch

= 1:63,360 × statute miles per inch*

Earth
Acceleration due to gravity (standard) _ _ _ _ = 980.665 centimeters per second per second

= 32.1740 feet per second per second
Mass-ratio—Sun/Earth _ _ _ _ _ _ _ _ _ _ = 332,958
Mass-ratio—Sun/(Earth & Moon) _ _ _ _ _ _ = 328,912
Mass-ratio—Earth/Moon _ _ _ _ _ _ _ _ _ = 81.30
Mean density _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 5.517 grams per cubic centimeter
Velocity of escape _ _ _ _ _ _ _ _ _ _ _ _ = 6.94 statute miles per second
Curvature of surface _ _ _ _ _ _ _ _ _ _ _ = 0.8 foot per nautical mile

World Geodetic System (WGS) Ellipsoid of 1984

Equatorial radius (a) _ _ _ _ _ _ _ _ _ _ _ = 6,378,137 meters
= 3,443.918 nautical miles

Polar radius (b) _ _ _ _ _ _ _ _ _ _ _ _ _ = 6,356,752.314 meters
= 3432.372 nautical miles

Mean radius (2a + b)/3 _ _ _ _ _ _ _ _ _ _ = 6,371,008.770 meters
= 3440.069 nautical miles

Flattening or ellipticity (f = 1 – b/a) _ _ _ _ _ = 1/298.257223563
= 0.003352811

Eccentricity (e = (2f – f2)1/2) _ _ _ _ _ _ _ _ = 0.081819191

Eccentricity squared (e2) _ _ _ _ _ _ _ _ _ = 0.006694380

Length
1 inch _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 25.4 millimeters*

= 2.54 centimeters*
1 foot (U.S.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 12 inches*

= 1 British foot
= 1/3 yard*
= 0.3048 meter*
= 1/6 fathom*

1 foot (U.S. Survey) _ _ _ _ _ _ _ _ _ _ _ = 0.30480061 meter
1 yard _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 36 inches*

= 3 feet*
= 0.9144 meter*

1 fathom _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 6 feet*
= 2 yards*
= 1.8288 meters*

1 cable_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 720 feet*
= 240 yards*
= 219.4560 meters*

1 cable (British) _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.1 nautical mile
1 statute mile _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 5,280 feet*

= 1,760 yards*
= 1,609.344 meters*
= 1.609344 kilometers*
= 0.86897624 nautical mile

1 nautical mile_ _ _ _ _ _ _ _ _ _ _ _ _ _ = 6,076.11548556 feet
= 2,025.37182852 yards
= 1,852 meters*

1005= *
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= 1.852 kilometers*
= 1.150779448 statute miles

1 meter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 100 centimeters*
= 39.370079 inches
= 3.28083990 feet
= 1.09361330 yards
= 0.54680665 fathom
= 0.00062137 statute mile
= 0.00053996 nautical mile

1 kilometer_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 3,280.83990 feet
= 1,093.61330 yards
= 1,000 meters*
= 0.62137119 statute mile
= 0.53995680 nautical mile

Mass
1 ounce _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 437.5 grains*

= 28.349523125 grams*
= 0.0625 pound*
= 0.028349523125 kilogram*

1 pound _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 7,000 grains*
= 16 ounces*
= 0.45359237 kilogram*

1 short ton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 2,000 pounds*
= 907.18474 kilograms*
= 0.90718474 metric ton*
= 0.8928571 long ton

1 long ton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 2,240 pounds*
= 1,016.0469088 kilograms*
= 1.12 short tons*
= 1.0160469088 metric tons*

1 kilogram _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 2.204623 pounds
= 0.00110231 short ton
= 0.0009842065 long ton

1 metric ton _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 2,204.623 pounds
= 1,000 kilograms*
= 1.102311 short tons
= 0.9842065 long ton

Mathematics
 π _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 3.1415926535897932384626433832795028841971

π2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 9.8696044011

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1.7724538509

Base of Naperian logarithms (e) _ _ _ _ _ _ = 2.718281828459
Modulus of common logarithms (log10e) _ _ _ = 0.4342944819032518

1 radian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 206,264.″80625
= 3,437′.7467707849
= 57°.2957795131
= 57°17′44″.80625

1 circle _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,296,000″*
= 21,600′*
= 360°*
= 2π radians*

180° _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = π radians*
1° _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 3600″*

= 60′*
= 0.0174532925199432957666 radian

1′ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 60″*
= 0.000290888208665721596 radian

1″ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.000004848136811095359933 radian
Sine of 1′ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.00029088820456342460
Sine of 1″ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.00000484813681107637

π
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Meteorology
Atmosphere (dry air)

Nitrogen _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 78.08%
Oxygen _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 20.95%
Argon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.93%
Carbon dioxide _ _ _ _ _ _ _ _ _ _ _ = 0.03%
Neon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.0018%
Helium _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.000524%
Krypton _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.0001%
Hydrogen _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.00005%
Xenon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.0000087%
Ozone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0 to 0.000007% (increasing with altitude)
Radon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.000000000000000006% (decreasing with altitude)

Standard atmospheric pressure at sea level_ _ _ = 1,013.250 dynes per square centimeter
= 1,033.227 grams per square centimeter
= 1,033.227 centimeters of water
= 1,013.250 hectopascals (millibars)*
= 760 millimeters of mercury
= 76 centimeters of mercury
= 33.8985 feet of water
= 29.92126 inches of mercury
= 14.6960 pounds per square inch
= 1.033227 kilograms per square centimeter
= 1.013250 bars*

Absolute zero _ _ _ _ _ _ _ _ _ _ _ _ _ _ = (–)273.16°C
= (–)459.69°F

Pressure
1 dyne per square centimeter _ _ _ _ _ _ _ _ = 0.001 hectopascal (millibar)*

= 0.000001 bar*
1 gram per square centimeter _ _ _ _ _ _ _ _ = 1 centimeter of water

= 0.980665 hectopascal (millibar)*
= 0.07355592 centimeter of mercury
= 0.0289590 inch of mercury
= 0.0142233 pound per square inch
= 0.001 kilogram per square centimeter*
= 0.000967841 atmosphere

1 hectopascal (millibar) _ _ _ _ _ _ _ _ _ _ = 1,000 dynes per square centimeter*
= 1.01971621 grams per square centimeter
= 0.7500617 millimeter of mercury
= 0.03345526 foot of water
= 0.02952998 inch of mercury
= 0.01450377 pound per square inch
= 0.001 bar*
= 0.00098692 atmosphere

1 millimeter of mercury _ _ _ _ _ _ _ _ _ _ = 1.35951 grams per square centimeter
= 1.3332237 hectopascals (millibars)
= 0.1 centimeter of mercury*
= 0.04460334 foot of water
= 0.039370079 inch of mercury
= 0.01933677 pound per square inch
= 0.001315790 atmosphere

1 centimeter of mercury _ _ _ _ _ _ _ _ _ _ = 10 millimeters of mercury*
1 inch of mercury _ _ _ _ _ _ _ _ _ _ _ _ = 34.53155 grams per square centimeter

= 33.86389 hectopascals (millibars)
= 25.4 millimeters of mercury*
= 1.132925 feet of water
= 0.4911541 pound per square inch
= 0.03342106 atmosphere

1 centimeter of water _ _ _ _ _ _ _ _ _ _ _ = 1 gram per square centimeter
= 0.001 kilogram per square centimeter

1 foot of water_ _ _ _ _ _ _ _ _ _ _ _ _ _ = 30.48000 grams per square centimeter
= 29.89067 hectopascals (millibars)
= 2.241985 centimeters of mercury
= 0.882671 inch of mercury
= 0.4335275 pound per square inch
= 0.02949980 atmosphere

 

 

 





 99.99%
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1 pound per square inch_ _ _ _ _ _ _ _ _ _ = 68,947.57 dynes per square centimeter
= 70.30696 grams per square centimeter
= 70.30696 centimeters of water
= 68.94757 hectopascals (millibars)
= 51.71493 millimeters of mercury
= 5.171493 centimeters of mercury
= 2.306659 feet of water
= 2.036021 inches of mercury
= 0.07030696 kilogram per square centimeter
= 0.06894757 bar
= 0.06804596 atmosphere

1 kilogram per square centimeter _ _ _ _ _ _ = 1,000 grams per square centimeter*
= 1,000 centimeters of water

1 bar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,000,000 dynes per square centimeter*
= 1,000 hectopascals (millibars)*

Speed
1 foot per minute _ _ _ _ _ _ _ _ _ _ _ _ = 0.01666667 foot per second

= 0.00508 meter per second*
1 yard per minute _ _ _ _ _ _ _ _ _ _ _ _ = 3 feet per minute*

= 0.05 foot per second*
= 0.03409091 statute mile per hour
= 0.02962419 knot
= 0.01524 meter per second*

1 foot per second _ _ _ _ _ _ _ _ _ _ _ _ = 60 feet per minute*
= 20 yards per minute*
= 1.09728 kilometers per hour*
= 0.68181818 statute mile per hour
= 0.59248380 knot
= 0.3048 meter per second*

1 statute mile per hour _ _ _ _ _ _ _ _ _ _ = 88 feet per minute*
= 29.33333333 yards per minute
= 1.609344 kilometers per hour*
= 1.46666667 feet per second
= 0.86897624 knot
= 0.44704 meter per second*

1 knot_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 101.26859143 feet per minute
= 33.75619714 yards per minute
= 1.852 kilometers per hour*
= 1.68780986 feet per second
= 1.15077945 statute miles per hour
= 0.51444444 meter per second

1 kilometer per hour _ _ _ _ _ _ _ _ _ _ _ = 0.62137119 statute mile per hour
= 0.53995680 knot

1 meter per second_ _ _ _ _ _ _ _ _ _ _ _ = 196.85039340 feet per minute
= 65.6167978 yards per minute
= 3.6 kilometers per hour*
= 3.28083990 feet per second
= 2.23693632 statute miles per hour
= 1.94384449 knots

Light in vacuum_ _ _ _ _ _ _ _ _ _ _ _ _ = 299,792.5 kilometers per second
= 186,282 statute miles per second
= 161,875 nautical miles per second
= 983.570 feet per microsecond

Light in air _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 299,708 kilometers per second
= 186,230 statute miles per second
= 161,829 nautical miles per second
= 983.294 feet per microsecond

Sound in dry air at 59°F or 15°C 

and standard sea level pressure _ _ _ _ _ = 1,116.45 feet per second
= 761.22 statute miles per hour
= 661.48 knots
= 340.29 meters per second
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Sound in 3.485 percent saltwater at 60°F _ _ _ = 4,945.37 feet per second
= 3,371.85 statute miles per hour
= 2,930.05 knots
= 1,507.35 meters per second

Volume
1 cubic inch_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 16.387064 cubic centimeters*

= 0.016387064 liter*
= 0.004329004 gallon

1 cubic foot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,728 cubic inches*
= 28.316846592 liters*
= 7.480519 U.S. gallons
= 6.228822 imperial (British) gallons
= 0.028316846592 cubic meter*

1 cubic yard_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 46,656 cubic inches*
= 764.554857984 liters*
= 201.974026 U.S. gallons
= 168.1782 imperial (British) gallons
= 27 cubic feet*
= 0.764554857984 cubic meter*

1 milliliter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 0.06102374 cubic inch
= 0.0002641721 U.S. gallon
= 0.00021997 imperial (British) gallon

1 cubic meter _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 264.172035 U.S. gallons
= 219.96878 imperial (British) gallons
= 35.31467 cubic feet
= 1.307951 cubic yards

1 quart (U.S.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 57.75 cubic inches*
= 32 fluid ounces*
= 2 pints*
= 0.9463529 liter
= 0.25 gallon*

1 gallon (U.S.)_ _ _ _ _ _ _ _ _ _ _ _ _ _ = 3,785.412 milliliters
= 231 cubic inches*
= 0.1336806 cubic foot
= 4 quarts*
= 3.785412 liters
= 0.8326725 imperial (British) gallon

1 liter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 1,000 milliliters
= 61.02374 cubic inches
= 1.056688 quarts
= 0.2641721 gallon

1 register ton _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 100 cubic feet*
= 2.8316846592 cubic meters*

1 measurement ton _ _ _ _ _ _ _ _ _ _ _ _ = 40 cubic feet*
= 1 freight ton*

1 freight ton_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = 40 cubic feet*
= 1 measurement ton*

Volume-Mass
1 cubic foot of seawater _ _ _ _ _ _ _ _ _ _ = 64 pounds

1 cubic foot of freshwater _ _ _ _ _ _ _ _ _ = 62.428 pounds at temperature of maximum 
density (4°C = 39°.2F)

1 cubic foot of ice _ _ _ _ _ _ _ _ _ _ _ _ = 56 pounds

1 displacement ton _ _ _ _ _ _ _ _ _ _ _ _ = 35 cubic feet of seawater*
= 1 long ton
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NGA MARITIME SAFETY INFORMATION NAUTICAL CALCULATORS

NGA's Maritime Safety Office website offers a variety of online Nautical Calculators for public use. These calculators 
solve many of the equations and conversions typically associated with marine navigation. See Figure C1. 

Prefixes to Form Decimal Multiples and Sub-Multiples 
of International System of Units (SI)

Multiplying factor Prefix Symbol

1 000 000 000 000 = 1012 tera T

1 000 000 000 = 109 giga G

1 000 000 = 106 mega M

1 000 = 103 kilo k

100 = 102 hecto h

10 = 101 deka da

0. 1 = 10–1 deci d

0. 01 = 10–2 centi c

0. 001 = 10–3 milli m

0. 000 001 = 10–6 micro μ

0. 000 000 001 = 10–9 nano n

0. 000 000 000 001 = 10–12 pico p

0. 000 000 000 000 001 = 10–15 femto f

0. 000 000 000 000 000 001 = 10–18 atto a

Figure C1. Link to NGA Nautical Calculators. https://msi.nga.mil/Calc

List of NGA Maritime Safety information Nautical Calculators https://msi.nga.mil

Celestial Navigation Calculators 

Compass Error from Amplitudes Observed on the Visible Horizon

Altitude Correction for Air Temperature

Table of Offsets

Latitude and Longitude Factors

Altitude Corrections for Atmospheric Pressure

Altitude Factors & Change of Altitude
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Pub 229

Compass Error from Amplitudes observed on the Celestial Horizon

Conversion Calculators

Chart Scales and Conversions for Nautical and Statute Miles

Conversions for Meters, Feet and Fathoms

Distance Calculators
Length of a Degree of Latitude and Longitude

Speed for Measured Mile and Speed, Time and Distance

Distance of an Object by Two Bearings

Distance of the Horizon

Distance by Vertical Angle Measured Between Sea Horizon and Top of Object Beyond Sea Horizon

Traverse Table

Geographic Range

Distance by Vertical Angle Measured Between Waterline at Object and Top of Object 

Dip of Sea Short of the Horizon

Distance by Vertical Angle Measured Between Waterline at Object and Sea Horizon Beyond Object

Meridional Parts

Log and Trig Calculators

Logarithmic and Trigonometric Functions 

Sailings Calculators

Great Circle Sailing

Mercator NGA Sailing

Time Zones Calculators

Time Zones, Zone Descriptions and Suffixes

Weather Data Calculators

Direction and Speed of True Wind

Correction of Barometer Reading for Height Above Sea Level

Correction of Barometer Reading for Gravity

Temperature Conversions

Relative Humidity and Dew Point

Corrections of Barometer Reading for Temperature

Barometer Measurement Conversions

List of NGA Maritime Safety information Nautical Calculators https://msi.nga.mil
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APPENDIX D 

NAVIGATIONAL COORDINATES

Coordinate Symbol Measured from Measured along Direction Measured to Units Precision Maximum value Labels

latitude L, lat. equator meridian N, S parallel °, ' 0.1' 90° N, S

colatitude colat. poles meridian S, N parallel °, ' 0.1' 90° —

longitude l, long. prime meridian parallel E, W local meridian °, ' 0.1' 180° E, W

declination d, dec. celestial equator hour circle N, S
parallel of 
declination °, ' 0.1' 90° N, S

polar distance p elevated pole hour circle S, N
parallel of 
declination °, ' 0.1' 180° —

altitude h horizon vertical circle up
parallel of 

altitude °, ' 0.1' 90° —

zenith distance z zenith vertical circle down
parallel of 

altitude °, ' 0.1' 180° —

azimuth Zn north horizon E vertical circle ° 0.1° 360° —

azimuth angle Z north, south horizon E, W vertical circle ° 0.1° 180° or 90° N, S...E, W

amplitude A east, west horizon N, S body ° 0.1° 90° E, W...N, S

Greenwich 
hour angle

GHA Greenwich 
celestial meridian

parallel of 
declination

W hour circle °, ' 0.1' 360° —

local hour 
angle

LHA local celestial 
meridian

parallel of 
declination

W hour circle °, ' 0.1' 360° —

meridian angle t local celestial 
meridian

parallel of 
declination

E, W hour circle °, ' 0.1' 180° E, W

sidereal hour 
angle

SHA hour circle of 
vernal equinox

parallel of 
declination

W hour circle °, ' 0.1' 360° —

right ascension RA hour circle of 
vernal equinox

parallel of 
declination

E hour circle h, m, s 1s 24h —

Greenwich 
mean time

GMT
lower branch 
Greenwich 

celestial meridian

parallel of 
declination

W
hour circle mean 

Sun
h, m, s 1s 24h —

local mean 
time

LMT
lower branch 
local celestial 

meridian

parallel of 
declination

W
hour circle mean 

Sun
h, m, s 1s 24h —

zone time ZT
lower branch 
zone celestial 

meridian

parallel of 
declination

W
hour circle mean 

Sun
h, m, s 1s 24h —

Greenwich 
apparent time

GAT
lower branch 
Greenwich 

celestial meridian

parallel of 
declination

W
hour circle 

apparent Sun
h, m, s 1s 24h —

local apparent 
time

LAT
lower branch 
local celestial 

meridian

parallel of 
declination

W
hour circle 

apparent Sun
h, m, s 1s 24h —

Greenwich 
sidereal time

GST Greenwich 
celestial meridian

parallel of 
declination

W
hour circle vernal 

equinox
h, m, s 1s 24h —

local sidereal 
time

LST
local celestial 

meridian
parallel of 
declination

W
hour circle vernal 

equinox
h, m, s 1s 24h —

Appendix D - Navigational Coordinates
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APPENDIX E: EXTRACTS FROM 2024 NAUTICAL ALMANAC

A2ALTITUDE CORRECTION TABLES 10
◦
-90

◦
—SUN,STARS,PLANETS

OCT.—MAR. SUN APR.—SEPT.

App. Lower Upper App. Lower Upper

Alt. Limb Limb Alt. Limb Limb

◦ � ◦ �
9 33 � � 9 39 � �

+10·8 −21·5 +10·6 −21·2
9 45 9 50

+10·9 −21·4 +10·7 −21·1
9 56 10 02

+11·0 −21·3 +10·8 −21·0
10 08 10 14

+11·1 −21·2 +10·9 −20·9
10 20 10 27

+11·2 −21·1 +11·0 −20·8
10 33 10 40

+11·3 −21·0 +11·1 −20·7
10 46 10 53

+11·4 −20·9 +11·2 −20·6
11 00 11 07

+11·5 −20·8 +11·3 −20·5
11 15 11 22

+11·6 −20·7 +11·4 −20·4
11 30 11 37

+11·7 −20·6 +11·5 −20·3
11 45 11 53

+11·8 −20·5 +11·6 −20·2
12 01 12 10

+11·9 −20·4 +11·7 −20·1
12 18 12 27

+12·0 −20·3 +11·8 −20·0
12 36 12 45

+12·1 −20·2 +11·9 −19·9
12 54 13 04

+12·2 −20·1 +12·0 −19·8
13 14 13 24

+12·3 −20·0 +12·1 −19·7
13 34 13 44

+12·4 −19·9 +12·2 −19·6
13 55 14 06

+12·5 −19·8 +12·3 −19·5
14 17 14 29

+12·6 −19·7 +12·4 −19·4
14 41 14 53

+12·7 −19·6 +12·5 −19·3
15 05 15 18

+12·8 −19·5 +12·6 −19·2
15 31 15 45

+12·9 −19·4 +12·7 −19·1
15 59 16 13

+13·0 −19·3 +12·8 −19·0
16 27 16 43

+13·1 −19·2 +12·9 −18·9
16 58 17 14

+13·2 −19·1 +13·0 −18·8
17 30 17 47

+13·3 −19·0 +13·1 −18·7
18 05 18 23

+13·4 −18·9 +13·2 −18·6
18 41 19 00

+13·5 −18·8 +13·3 −18·5
19 20 19 41

+13·6 −18·7 +13·4 −18·4
20 02 20 24

+13·7 −18·6 +13·5 −18·3
20 46 21 10

+13·8 −18·5 +13·6 −18·2
21 34 21 59

+13·9 −18·4 +13·7 −18·1
22 25 22 52

+14·0 −18·3 +13·8 −18·0
23 20 23 49

+14·1 −18·2 +13·9 −17·9
24 20 24 51

+14·2 −18·1 +14·0 −17·8
25 24 25 58

+14·3 −18·0 +14·1 −17·7
26 34 27 11

+14·4 −17·9 +14·2 −17·6
27 50 28 31

+14·5 −17·8 +14·3 −17·5
29 13 29 58

+14·6 −17·7 +14·4 −17·4
30 44 31 33

+14·7 −17·6 +14·5 −17·3
32 24 33 18

+14·8 −17·5 +14·6 −17·2
34 15 35 15

+14·9 −17·4 +14·7 −17·1
36 17 37 24

+15·0 −17·3 +14·8 −17·0
38 34 39 48

+15·1 −17·2 +14·9 −16·9
41 06 42 28

+15·2 −17·1 +15·0 −16·8
43 56 45 29

+15·3 −17·0 +15·1 −16·7
47 07 48 52

+15·4 −16·9 +15·2 −16·6
50 43 52 41

+15·5 −16·8 +15·3 −16·5
54 46 56 59

+15·6 −16·7 +15·4 −16·4
59 21 61 50

+15·7 −16·6 +15·5 −16·3
64 28 67 15

+15·8 −16·5 +15·6 −16·2
70 10 73 14

+15·9 −16·4 +15·7 −16·1
76 24 79 42

+16·0 −16·3 +15·8 −16·0
83 05 86 31

+16·1 −16·2 +15·9 −15·9
90 00 90 00

STARS AND PLANETS

App App. AdditionalCorrn
Alt. Alt. Corrn

◦ �
9 55 �

−5·3
10 07 −5·2
10 20 −5·1
10 32 −5·0
10 46 −4·9
10 59 −4·8
11 14 −4·7
11 29 −4·6
11 44 −4·5
12 00 −4·4
12 17 −4·3
12 35 −4·2
12 53 −4·1
13 12 −4·0
13 32 −3·9
13 53 −3·8
14 16 −3·7
14 39 −3·6
15 03 −3·5
15 29 −3·4
15 56 −3·3
16 25 −3·2
16 55 −3·1
17 27 −3·0
18 01 −2·9
18 37 −2·8
19 16 −2·7
19 56 −2·6
20 40 −2·5
21 27 −2·4
22 17 −2·3
23 11 −2·2
24 09 −2·1
25 12 −2·0
26 20 −1·9
27 34 −1·8
28 54 −1·7
30 22 −1·6
31 58 −1·5
33 43 −1·4
35 38 −1·3
37 45 −1·2
40 06 −1·1
42 42 −1·0
45 34 −0·9
48 45 −0·8
52 16 −0·7
56 09 −0·6
60 26 −0·5
65 06 −0·4
70 09 −0·3
75 32 −0·2
81 12 −0·1
87 03

0·0
90 00

2024

VENUS

Jan. 1–Nov. 30
◦
0

�
+0·1

60

Dec. 1–Dec. 31
◦
0

�
+0·2

41
+0·1

76

MARS

Jan. 1–Nov. 6
◦
0

�
+0·1

60

Nov. 7–Dec. 31
◦
0

�
+0·2

41
+0·1

76

DIP

Ht. of Ht. of Ht. ofCorrn Corrn
Eye Eye Eye

m ft. m �
2·4 � 8·0 1·0 − 1·8−2·8
2·6 8·6 1·5 − 2·2−2·9
2·8 9·2 2·0 − 2·5−3·0
3·0 9·8 2·5 − 2·8−3·1
3·2 10·5 3·0 − 3·0−3·2
3·4 11·2−3·3 See table
3·6 11·9−3·4 ←
3·8 12·6−3·5 m �4·0 13·3−3·6 20 − 7·9
4·3 14·1−3·7 22 − 8·3
4·5 14·9−3·8 24 − 8·6
4·7 15·7−3·9 26 − 9·0
5·0 16·5−4·0 28 − 9·3
5·2 17·4−4·1
5·5 18·3−4·2 30 − 9·6
5·8 19·1−4·3 32 −10·0
6·1 20·1−4·4 34 −10·3
6·3 21·0−4·5 36 −10·6
6·6 22·0−4·6 38 −10·8
6·9 22·9−4·7
7·2 23·9−4·8 40 −11·1
7·5 24·9−4·9 42 −11·4
7·9 26·0−5·0 44 −11·7
8·2 27·1−5·1 46 −11·9
8·5 28·1−5·2 48 −12·2
8·8 29·2−5·3
9·2 30·4 ft. �−5·4 2 − 1·4
9·5 31·5−5·5 4 − 1·9
9·9 32·7−5·6 6 − 2·4
10·3 33·9−5·7 8 − 2·7
10·6 35·1−5·8 10 − 3·1
11·0 36·3−5·9
11·4 37·6 See table

−6·0 ←11·8 38·9−6·1
12·2 40·1 ft.−6·2 �
12·6 41·5 70 − 8·1−6·3
13·0 42·8 75 − 8·4−6·4
13·4 44·2 80 − 8·7−6·5
13·8 45·5 85 − 8·9−6·6
14·2 46·9 90 − 9·2−6·7
14·7 48·4 95 − 9·5−6·8
15·1 49·8−6·9
15·5 51·3 100 − 9·7−7·0
16·0 52·8 105 − 9·9−7·1
16·5 54·3 110 −10·2−7·2
16·9 55·8 115 −10·4−7·3
17·4 57·4 120 −10·6−7·4
17·9 58·9 125 −10·8−7·5
18·4 60·5−7·6
18·8 62·1 130 −11·1−7·7
19·3 63·8 135 −11·3−7·8
19·8 65·4 140 −11·5−7·9
20·4 67·1 145 −11·7−8·0
20·9 68·8 150 −11·9−8·1
21·4 70·5 155 −12·1

App. Alt. = Apparent altitude = Sextant altitude corrected for index error and dip.

Appendix E - Extracts from 2024 Nautical Almanac
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ALTITUDE CORRECTION TABLES 0
◦
-10

◦
—SUN,STARS,PLANETS A3

OCT.—MAR. SUN APR.—SEPT.

App. STARS
Alt. Lower Upper Lower Upper PLANETS

Limb Limb Limb Limb

◦ � � � � � �
0 00 − 17·5 − 49·8 − 17·8 − 49·6 −33·8
0 03 16·9 49·2 17·2 49·0 33·2
0 06 16·3 48·6 16·6 48·4 32·6
0 09 15·7 48·0 16·0 47·8 32·0
0 12 15·2 47·5 15·4 47·2 31·5
0 15 14·6 46·9 14·8 46·6 30·9
0 18 − 14·1 − 46·4 − 14·3 − 46·1 −30·4
0 21 13·5 45·8 13·8 45·6 29·8
0 24 13·0 45·3 13·3 45·1 29·3
0 27 12·5 44·8 12·8 44·6 28·8
0 30 12·0 44·3 12·3 44·1 28·3
0 33 11·6 43·9 11·8 43·6 27·9
0 36 − 11·1 − 43·4 − 11·3 − 43·1 −27·4
0 39 10·6 42·9 10·9 42·7 26·9
0 42 10·2 42·5 10·5 42·3 26·5
0 45 9·8 42·1 10·0 41·8 26·1
0 48 9·4 41·7 9·6 41·4 25·7
0 51 9·0 41·3 9·2 41·0 25·3
0 54 − 8·6 − 40·9 − 8·8 − 40·6 −24·9
0 57 8·2 40·5 8·4 40·2 24·5
1 00 7·8 40·1 8·0 39·8 24·1
1 03 7·4 39·7 7·7 39·5 23·7
1 06 7·1 39·4 7·3 39·1 23·4
1 09 6·7 39·0 7·0 38·8 23·0
1 12 − 6·4 − 38·7 − 6·6 − 38·4 −22·7
1 15 6·0 38·3 6·3 38·1 22·3
1 18 5·7 38·0 6·0 37·8 22·0
1 21 5·4 37·7 5·7 37·5 21·7
1 24 5·1 37·4 5·3 37·1 21·4
1 27 4·8 37·1 5·0 36·8 21·1
1 30 − 4·5 − 36·8 − 4·7 − 36·5 −20·8
1 35 4·0 36·3 4·3 36·1 20·3
1 40 3·6 35·9 3·8 35·6 19·9
1 45 3·1 35·4 3·4 35·2 19·4
1 50 2·7 35·0 2·9 34·7 19·0
1 55 2·3 34·6 2·5 34·3 18·6
2 00 − 1·9 − 34·2 − 2·1 − 33·9 −18·2
2 05 1·5 33·8 1·7 33·5 17·8
2 10 1·1 33·4 1·4 33·2 17·4
2 15 0·8 33·1 1·0 32·8 17·1
2 20 0·4 32·7 0·7 32·5 16·7
2 25 − 0·1 32·4 − 0·3 32·1 16·4
2 30 + 0·2 − 32·1 0·0 − 31·8 −16·1
2 35 0·5 31·8 + 0·3 31·5 15·8
2 40 0·8 31·5 0·6 31·2 15·4
2 45 1·1 31·2 0·9 30·9 15·2
2 50 1·4 30·9 1·2 30·6 14·9
2 55 1·7 30·6 1·4 30·4 14·6
3 00 + 2·0 − 30·3 + 1·7 − 30·1 −14·3
3 05 2·2 30·1 2·0 29·8 14·1
3 10 2·5 29·8 2·2 29·6 13·8
3 15 2·7 29·6 2·5 29·3 13·6
3 20 2·9 29·4 2·7 29·1 13·4
3 25 3·2 29·1 2·9 28·9 13·1
3 30 + 3·4 − 28·9 + 3·1 − 28·7 −12·9

OCT.—MAR. SUN APR.—SEPT.

App. STARS
Alt. Lower Upper Lower Upper PLANETS

Limb Limb Limb Limb

◦ � � � � � �
3 30 + 3·4 − 28·9 + 3·1 − 28·7 −12·9
3 35 3·6 28·7 3·3 28·5 12·7
3 40 3·8 28·5 3·6 28·2 12·5
3 45 4·0 28·3 3·8 28·0 12·3
3 50 4·2 28·1 4·0 27·8 12·1
3 55 4·4 27·9 4·1 27·7 11·9
4 00 + 4·6 − 27·7 + 4·3 − 27·5 −11·7
4 05 4·8 27·5 4·5 27·3 11·5
4 10 4·9 27·4 4·7 27·1 11·4
4 15 5·1 27·2 4·9 26·9 11·2
4 20 5·3 27·0 5·0 26·8 11·0
4 25 5·4 26·9 5·2 26·6 10·9
4 30 + 5·6 − 26·7 + 5·3 − 26·5 −10·7
4 35 5·7 26·6 5·5 26·3 10·6
4 40 5·9 26·4 5·6 26·2 10·4
4 45 6·0 26·3 5·8 26·0 10·3
4 50 6·2 26·1 5·9 25·9 10·1
4 55 6·3 26·0 6·1 25·7 10·0
5 00 + 6·4 − 25·9 + 6·2 − 25·6 − 9·8
5 05 6·6 25·7 6·3 25·5 9·7
5 10 6·7 25·6 6·5 25·3 9·6
5 15 6·8 25·5 6·6 25·2 9·5
5 20 7·0 25·3 6·7 25·1 9·3
5 25 7·1 25·2 6·8 25·0 9·2
5 30 + 7·2 − 25·1 + 6·9 − 24·9 − 9·1
5 35 7·3 25·0 7·1 24·7 9·0
5 40 7·4 24·9 7·2 24·6 8·9
5 45 7·5 24·8 7·3 24·5 8·8
5 50 7·6 24·7 7·4 24·4 8·7
5 55 7·7 24·6 7·5 24·3 8·6
6 00 + 7·8 − 24·5 + 7·6 − 24·2 − 8·5
6 10 8·0 24·3 7·8 24·0 8·3
6 20 8·2 24·1 8·0 23·8 8·1
6 30 8·4 23·9 8·2 23·6 7·9
6 40 8·6 23·7 8·3 23·5 7·7
6 50 8·7 23·6 8·5 23·3 7·6
7 00 + 8·9 − 23·4 + 8·7 − 23·1 − 7·4
7 10 9·1 23·2 8·8 23·0 7·2
7 20 9·2 23·1 9·0 22·8 7·1
7 30 9·3 23·0 9·1 22·7 6·9
7 40 9·5 22·8 9·2 22·6 6·8
7 50 9·6 22·7 9·4 22·4 6·7
8 00 + 9·7 − 22·6 + 9·5 − 22·3 − 6·6
8 10 9·9 22·4 9·6 22·2 6·4
8 20 10·0 22·3 9·7 22·1 6·3
8 30 10·1 22·2 9·9 21·9 6·2
8 40 10·2 22·1 10·0 21·8 6·1
8 50 10·3 22·0 10·1 21·7 6·0
9 00 + 10·4 − 21·9 + 10·2 − 21·6 − 5·9
9 10 10·5 21·8 10·3 21·5 5·8
9 20 10·6 21·7 10·4 21·4 5·7
9 30 10·7 21·6 10·5 21·3 5·6
9 40 10·8 21·5 10·6 21·2 5·5
9 50 10·9 21·4 10·6 21·2 5·4

10 00 + 11·0 − 21·3 + 10·7 − 21·1 − 5·3

Additional corrections for temperature and pressure are given on the following page.

For bubble sextant observations ignore dip and use the star corrections for Sun, planets and stars.
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ALTITUDE CORRECTION TABLES—ADDITIONAL CORRECTIONSA4
ADDITIONAL REFRACTION CORRECTIONS FOR NON-STANDARD CONDITIONS
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A B C D E F G H J K L M N P
App. App.
Alt. Alt.

◦ � � � � � � � � � � � � � � � ◦ �
00 00 −7·3 −5·9 −4·6 −3·4 −2·2 −1·1 0·0 +1·0 +2·0 +3·0 +4·0 +4·9 +5·9 +6·9 00 00
00 30 5·5 4·5 3·5 2·6 1·7 0·8 0·0 0·8 1·6 2·3 3·1 3·8 4·5 5·3 00 30
01 00 4·4 3·5 2·8 2·0 1·3 0·7 0·0 0·6 1·2 1·8 2·4 3·0 3·6 4·2 01 00
01 30 3·5 2·9 2·2 1·7 1·1 0·5 0·0 0·5 1·0 1·5 2·0 2·5 2·9 3·4 01 30
02 00 2·9 2·4 1·9 1·4 0·9 0·4 0·0 0·4 0·8 1·3 1·7 2·0 2·4 2·8 02 00

02 30 −2·5 −2·0 −1·6 −1·2 −0·8 −0·4 0·0 +0·4 +0·7 +1·1 +1·4 +1·7 +2·1 +2·4 02 30
03 00 2·1 1·7 1·4 1·0 0·7 0·3 0·0 0·3 0·6 0·9 1·2 1·5 1·8 2·1 03 00
03 30 1·9 1·5 1·2 0·9 0·6 0·3 0·0 0·3 0·5 0·8 1·1 1·3 1·6 1·8 03 30
04 00 1·6 1·3 1·1 0·8 0·5 0·3 0·0 0·2 0·5 0·7 0·9 1·2 1·4 1·6 04 00
04 30 1·5 1·2 0·9 0·7 0·5 0·2 0·0 0·2 0·4 0·6 0·8 1·0 1·3 1·5 04 30

05 00 −1·3 −1·1 −0·9 −0·6 −0·4 −0·2 0·0 +0·2 +0·4 +0·6 +0·8 +0·9 +1·1 +1·3 05 00
06 1·1 0·9 0·7 0·5 0·3 0·2 0·0 0·2 0·3 0·5 0·6 0·8 0·9 1·1 06
07 1·0 0·8 0·6 0·5 0·3 0·1 0·0 0·1 0·3 0·4 0·5 0·7 0·8 0·9 07
08 0·8 0·7 0·5 0·4 0·3 0·1 0·0 0·1 0·2 0·4 0·5 0·6 0·7 0·8 08
09 0·7 0·6 0·5 0·4 0·2 0·1 0·0 0·1 0·2 0·3 0·4 0·5 0·6 0·7 09

10 00 −0·7 −0·5 −0·4 −0·3 −0·2 −0·1 0·0 +0·1 +0·2 +0·3 +0·4 +0·5 +0·6 +0·7 10 00
12 0·6 0·5 0·4 0·3 0·2 0·1 0·0 0·1 0·2 0·2 0·3 0·4 0·5 0·5 12
14 0·5 0·4 0·3 0·2 0·1 0·1 0·0 0·1 0·1 0·2 0·3 0·3 0·4 0·5 14
16 0·4 0·3 0·3 0·2 0·1 0·1 0·0 0·1 0·1 0·2 0·2 0·3 0·3 0·4 16
18 0·4 0·3 0·2 0·2 0·1 −0·1 0·0 +0·1 0·1 0·2 0·2 0·3 0·3 0·4 18

20 00 −0·3 −0·3 −0·2 −0·2 −0·1 0·0 0·0 0·0 +0·1 +0·1 +0·2 +0·2 +0·3 +0·3 20 00
25 0·3 0·2 0·2 0·1 0·1 0·0 0·0 0·0 0·1 0·1 0·1 0·2 0·2 0·2 25
30 0·2 0·2 0·1 0·1 0·1 0·0 0·0 0·0 +0·1 0·1 0·1 0·1 0·2 0·2 30
35 0·2 0·1 0·1 0·1 −0·1 0·0 0·0 0·0 0·0 0·1 0·1 0·1 0·1 0·2 35
40 0·1 0·1 0·1 −0·1 0·0 0·0 0·0 0·0 0·0 +0·1 0·1 0·1 0·1 0·1 40

50 00 −0·1 −0·1 −0·1 0·0 0·0 0·0 0·0 0·0 0·0 0·0 +0·1 +0·1 +0·1 +0·1 50 00

The graph is entered with arguments temperature and pressure to find a zone letter; using as arguments
this zone letter and apparent altitude (sextant altitude corrected for index error and dip), a correction is
taken from the table. This correction is to be applied to the sextant altitude in addition to the corrections
for standard conditions (for the Sun, stars and planets from page A2-A3 and for the Moon from pages xxxiv
and xxxv).
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106 2024 MAY 24, 25, 26 (FRI., SAT., SUN.)

UT ARIES VENUS −3·9 MARS +1·1 JUPITER −2·0 SATURN +1·0 STARS

GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec
d h ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �

2400 242 05.1 183 57.9 N19 41.3 225 09.6 N 5 53.0 184 35.0 N19 20.6 252 06.0 S 6 17.8 Acamar 315 12.6 S40 12.4
01 257 07.5 198 57.2 42.0 240 10.3 53.8 199 36.8 20.7 267 08.3 17.8 Achernar 335 21.0 S57 06.6
02 272 10.0 213 56.5 42.7 255 11.0 54.5 214 38.7 20.8 282 10.6 17.7 Acrux 173 00.3 S63 14.3
03 287 12.5 228 55.8 . . 43.5 270 11.7 . . 55.2 229 40.5 . . 20.9 297 13.0 . . 17.7 Adhara 255 06.6 S29 00.4
04 302 14.9 243 55.1 44.2 285 12.5 56.0 244 42.4 21.1 312 15.3 17.6 Aldebaran 290 40.6 N16 33.4
05 317 17.4 258 54.3 44.9 300 13.2 56.7 259 44.2 21.2 327 17.6 17.6

06 332 19.9 273 53.6 N19 45.7 315 13.9 N 5 57.4 274 46.1 N19 21.3 342 19.9 S 6 17.5 Alioth 166 13.1 N55 49.8
07 347 22.3 288 52.9 46.4 330 14.6 58.2 289 48.0 21.5 357 22.3 17.5 Alkaid 152 52.0 N49 11.6
08 2 24.8 303 52.2 47.1 345 15.3 58.9 304 49.8 21.6 12 24.6 17.4 Alnair 27 33.5 S46 50.4
09 17 27.3 318 51.5 . . 47.9 0 16.0 5 59.6 319 51.7 . . 21.7 27 26.9 . . 17.4 Alnilam 275 38.6 S 1 11.2
10 32 29.7 333 50.8 48.6 15 16.7 6 00.3 334 53.5 21.8 42 29.3 17.3 Alphard 217 48.4 S 8 45.9
11 47 32.2 348 50.1 49.3 30 17.4 01.1 349 55.4 22.0 57 31.6 17.3

12 62 34.6 3 49.4 N19 50.0 45 18.1 N 6 01.8 4 57.2 N19 22.1 72 33.9 S 6 17.2 Alphecca 126 03.8 N26 37.9
13 77 37.1 18 48.7 50.8 60 18.8 02.5 19 59.1 22.2 87 36.2 17.2 Alpheratz 357 35.5 N29 13.3
14 92 39.6 33 48.0 51.5 75 19.6 03.2 35 00.9 22.4 102 38.6 17.1 Altair 62 00.3 N 8 55.8
15 107 42.0 48 47.2 . . 52.2 90 20.3 . . 04.0 50 02.8 . . 22.5 117 40.9 . . 17.1 Ankaa 353 07.9 S42 10.3
16 122 44.5 63 46.5 52.9 105 21.0 04.7 65 04.7 22.6 132 43.2 17.0 Antares 112 16.1 S26 29.2
17 137 47.0 78 45.8 53.7 120 21.7 05.4 80 06.5 22.7 147 45.5 17.0

F
R
I
D
A
Y

18 152 49.4 93 45.1 N19 54.4 135 22.4 N 6 06.2 95 08.4 N19 22.9 162 47.9 S 6 16.9 Arcturus 145 48.1 N19 03.3
19 167 51.9 108 44.4 55.1 150 23.1 06.9 110 10.2 23.0 177 50.2 16.9 Atria 107 10.3 S69 04.2
20 182 54.4 123 43.7 55.8 165 23.8 07.6 125 12.1 23.1 192 52.5 16.9 Avior 234 15.3 S59 35.5
21 197 56.8 138 43.0 . . 56.5 180 24.5 . . 08.3 140 13.9 . . 23.3 207 54.9 . . 16.8 Bellatrix 278 23.8 N 6 22.3
22 212 59.3 153 42.2 57.3 195 25.2 09.1 155 15.8 23.4 222 57.2 16.8 Betelgeuse 270 53.0 N 7 24.7
23 228 01.8 168 41.5 58.0 210 25.9 09.8 170 17.6 23.5 237 59.5 16.7

2500 243 04.2 183 40.8 N19 58.7 225 26.6 N 6 10.5 185 19.5 N19 23.6 253 01.8 S 6 16.7 Canopus 263 53.1 S52 42.6
01 258 06.7 198 40.1 19 59.4 240 27.4 11.2 200 21.3 23.8 268 04.2 16.6 Capella 280 23.2 N46 01.4
02 273 09.1 213 39.4 20 00.1 255 28.1 12.0 215 23.2 23.9 283 06.5 16.6 Deneb 49 26.0 N45 21.7
03 288 11.6 228 38.6 . . 00.8 270 28.8 . . 12.7 230 25.1 . . 24.0 298 08.8 . . 16.5 Denebola 182 25.4 N14 26.2
04 303 14.1 243 37.9 01.5 285 29.5 13.4 245 26.9 24.1 313 11.2 16.5 Diphda 348 48.0 S17 51.2
05 318 16.5 258 37.2 02.3 300 30.2 14.1 260 28.8 24.3 328 13.5 16.4

06 333 19.0 273 36.5 N20 03.0 315 30.9 N 6 14.9 275 30.6 N19 24.4 343 15.8 S 6 16.4 Dubhe 193 41.5 N61 37.5
07 348 21.5 288 35.8 03.7 330 31.6 15.6 290 32.5 24.5 358 18.1 16.3 Elnath 278 02.9 N28 37.7
08 3 23.9 303 35.0 04.4 345 32.3 16.3 305 34.3 24.7 13 20.5 16.3 Eltanin 90 41.9 N51 28.9
09 18 26.4 318 34.3 . . 05.1 0 33.0 . . 17.0 320 36.2 . . 24.8 28 22.8 . . 16.2 Enif 33 39.3 N 9 59.1
10 33 28.9 333 33.6 05.8 15 33.7 17.8 335 38.0 24.9 43 25.1 16.2 Fomalhaut 15 15.2 S29 29.5
11 48 31.3 348 32.9 06.5 30 34.4 18.5 350 39.9 25.0 58 27.5 16.2

12 63 33.8 3 32.2 N20 07.2 45 35.2 N 6 19.2 5 41.8 N19 25.2 73 29.8 S 6 16.1 Gacrux 171 52.0 S57 15.2
13 78 36.2 18 31.4 07.9 60 35.9 19.9 20 43.6 25.3 88 32.1 16.1 Gienah 175 44.0 S17 40.8
14 93 38.7 33 30.7 08.6 75 36.6 20.7 35 45.5 25.4 103 34.5 16.0 Hadar 148 36.2 S60 29.6
15 108 41.2 48 30.0 . . 09.3 90 37.3 . . 21.4 50 47.3 . . 25.5 118 36.8 . . 16.0 Hamal 327 52.1 N23 34.5
16 123 43.6 63 29.3 10.0 105 38.0 22.1 65 49.2 25.7 133 39.1 15.9 Kaus Aust. 83 32.9 S34 22.3
17 138 46.1 78 28.5 10.7 120 38.7 22.8 80 51.0 25.8 148 41.5 15.9

S
A
T
U
R
D
A
Y

18 153 48.6 93 27.8 N20 11.4 135 39.4 N 6 23.6 95 52.9 N19 25.9 163 43.8 S 6 15.8 Kochab 137 18.6 N74 03.4
19 168 51.0 108 27.1 12.1 150 40.1 24.3 110 54.7 26.1 178 46.1 15.8 Markab 13 30.5 N15 20.0
20 183 53.5 123 26.4 12.8 165 40.8 25.0 125 56.6 26.2 193 48.4 15.7 Menkar 314 07.0 N 4 11.1
21 198 56.0 138 25.6 . . 13.5 180 41.5 . . 25.7 140 58.5 . . 26.3 208 50.8 . . 15.7 Menkent 147 57.9 S36 29.5
22 213 58.4 153 24.9 14.2 195 42.2 26.5 156 00.3 26.4 223 53.1 15.6 Miaplacidus 221 38.7 S69 49.3
23 229 00.9 168 24.2 14.9 210 43.0 27.2 171 02.2 26.6 238 55.4 15.6

2600 244 03.4 183 23.4 N20 15.6 225 43.7 N 6 27.9 186 04.0 N19 26.7 253 57.8 S 6 15.6 Mirfak 308 29.5 N49 56.7
01 259 05.8 198 22.7 16.3 240 44.4 28.6 201 05.9 26.8 269 00.1 15.5 Nunki 75 48.1 S26 16.0
02 274 08.3 213 22.0 17.0 255 45.1 29.4 216 07.7 26.9 284 02.4 15.5 Peacock 53 06.3 S56 39.2
03 289 10.7 228 21.2 . . 17.6 270 45.8 . . 30.1 231 09.6 . . 27.1 299 04.8 . . 15.4 Pollux 243 18.2 N27 58.1
04 304 13.2 243 20.5 18.3 285 46.5 30.8 246 11.4 27.2 314 07.1 15.4 Procyon 244 51.6 N 5 09.7
05 319 15.7 258 19.8 19.0 300 47.2 31.5 261 13.3 27.3 329 09.4 15.3

06 334 18.1 273 19.1 N20 19.7 315 47.9 N 6 32.2 276 15.2 N19 27.5 344 11.8 S 6 15.3 Rasalhague 95 58.7 N12 32.4
07 349 20.6 288 18.3 20.4 330 48.6 33.0 291 17.0 27.6 359 14.1 15.2 Regulus 207 35.0 N11 50.9
08 4 23.1 303 17.6 21.1 345 49.3 33.7 306 18.9 27.7 14 16.4 15.2 Rigel 281 04.7 S 8 10.5
09 19 25.5 318 16.9 . . 21.8 0 50.0 . . 34.4 321 20.7 . . 27.8 29 18.8 . . 15.1 Rigil Kent. 139 40.5 S60 56.3
10 34 28.0 333 16.1 22.4 15 50.8 35.1 336 22.6 28.0 44 21.1 15.1 Sabik 102 03.1 S15 45.3
11 49 30.5 348 15.4 23.1 30 51.5 35.9 351 24.4 28.1 59 23.4 15.1

12 64 32.9 3 14.7 N20 23.8 45 52.2 N 6 36.6 6 26.3 N19 28.2 74 25.8 S 6 15.0 Schedar 349 32.0 N56 40.0
13 79 35.4 18 13.9 24.5 60 52.9 37.3 21 28.1 28.3 89 28.1 15.0 Shaula 96 10.7 S37 07.3
14 94 37.9 33 13.2 25.2 75 53.6 38.0 36 30.0 28.5 104 30.4 14.9 Sirius 258 27.0 S16 45.0
15 109 40.3 48 12.5 . . 25.8 90 54.3 . . 38.7 51 31.9 . . 28.6 119 32.8 . . 14.9 Spica 158 22.6 S11 17.4
16 124 42.8 63 11.7 26.5 105 55.0 39.5 66 33.7 28.7 134 35.1 14.8 Suhail 222 46.9 S43 32.1
17 139 45.2 78 11.0 27.2 120 55.7 40.2 81 35.6 28.8 149 37.4 14.8

S
U
N
D
A
Y

18 154 47.7 93 10.2 N20 27.9 135 56.4 N 6 40.9 96 37.4 N19 29.0 164 39.8 S 6 14.7 Vega 80 33.2 N38 48.2
19 169 50.2 108 09.5 28.5 150 57.1 41.6 111 39.3 29.1 179 42.1 14.7 Zuben’ubi 136 56.3 S16 08.7
20 184 52.6 123 08.8 29.2 165 57.8 42.3 126 41.1 29.2 194 44.4 14.7
21 199 55.1 138 08.0 . . 29.9 180 58.6 . . 43.1 141 43.0 . . 29.3 209 46.8 . . 14.6
22 214 57.6 153 07.3 30.6 195 59.3 43.8 156 44.8 29.5 224 49.1 14.6 Venus 300 36.6 11 46
23 230 00.0 168 06.5 31.2 211 00.0 44.5 171 46.7 29.6 239 51.5 14.5 Mars 342 22.4 8 58

h m Jupiter 302 15.3 11 37
Mer.Pass. 7 46.4 v −0.7 d 0.7 v 0.7 d 0.7 v 1.9 d 0.1 v 2.3 d 0.0 Saturn 9 57.6 7 07

SHA Mer.Pass.
◦ � h m
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1072024 MAY 24, 25, 26 (FRI., SAT., SUN.)
Twilight Moonrise

UT SUN MOON Lat. Sunrise
Naut. Civil 24 25 26 27

GHA Dec GHA v Dec d HP ◦ h m h m h m h m h m h m h m
N 72

d h ◦ � ◦ � ◦ � � ◦ � � �
2400 180 47.3 N20 49.2 356 12.7 8.4 S25 46.3 6.9 56.4 N 70

01 195 47.3 49.6 10 40.1 8.3 25 53.2 6.7 56.4 68 //// //// 00 26
02 210 47.2 50.1 25 07.4 8.3 25 59.9 6.6 56.4 66 //// //// 01 40
03 225 47.1 . . 50.5 39 34.7 8.1 26 06.5 6.5 56.4 64 //// //// 02 15
04 240 47.1 51.0 54 01.8 8.1 26 13.0 6.3 56.4 62 //// 01 01 02 41 02 07
05 255 47.0 51.5 68 28.9 8.0 26 19.3 6.2 56.5 60 //// 01 46 03 00 23 35 24 48 00 48 01 18

06 270 47.0 N20 51.9 82 55.9 7.8 S26 25.5 6.0 56.5 N 58 //// 02 14 03 16 22 59 24 07 00 07 00 47
07 285 46.9 52.4 97 22.7 7.8 26 31.5 5.9 56.5 56 00 55 02 36 03 30 22 32 23 39 24 23 00 23
08 300 46.8 52.8 111 49.5 7.7 26 37.4 5.7 56.5 54 01 36 02 53 03 42 22 12 23 17 24 04 00 04
09 315 46.8 . . 53.3 126 16.2 7.6 26 43.1 5.6 56.5 52 02 03 03 08 03 52 21 54 22 59 23 48 24 21
10 330 46.7 53.7 140 42.8 7.6 26 48.7 5.5 56.6 50 02 23 03 20 04 02 21 40 22 44 23 34 24 10
11 345 46.7 54.2 155 09.4 7.4 26 54.2 5.3 56.6 45 02 59 03 45 04 21 21 10 22 13 23 05 23 46

12 0 46.6 N20 54.6 169 35.8 7.4 S26 59.5 5.1 56.6 N 40 03 26 04 05 04 37 20 47 21 49 22 42 23 27
13 15 46.5 55.1 184 02.2 7.2 27 04.6 5.0 56.6 35 03 46 04 21 04 50 20 27 21 29 22 24 23 11
14 30 46.5 55.5 198 28.4 7.3 27 09.6 4.9 56.7 30 04 02 04 35 05 01 20 11 21 12 22 08 22 57
15 45 46.4 . . 56.0 212 54.7 7.1 27 14.5 4.7 56.7 20 04 28 04 57 05 21 19 44 20 43 21 40 22 33
16 60 46.4 56.4 227 20.8 7.0 27 19.2 4.5 56.7 N 10 04 49 05 15 05 38 19 20 20 19 21 17 22 12
17 75 46.3 56.9 241 46.8 7.0 27 23.7 4.4 56.7 0 05 05 05 31 05 53 18 58 19 56 20 55 21 53

F
R
I
D
A
Y

18 90 46.2 N20 57.3 256 12.8 6.9 S27 28.1 4.2 56.7 S 10 05 21 05 46 06 09 18 36 19 33 20 33 21 33
19 105 46.2 57.8 270 38.7 6.8 27 32.3 4.1 56.8 20 05 35 06 02 06 25 18 13 19 09 20 10 21 13
20 120 46.1 58.2 285 04.5 6.8 27 36.4 3.9 56.8 30 05 49 06 18 06 44 17 45 18 40 19 42 20 48
21 135 46.0 . . 58.7 299 30.3 6.7 27 40.3 3.8 56.8 35 05 56 06 27 06 55 17 29 18 23 19 26 20 34
22 150 46.0 59.1 313 56.0 6.6 27 44.1 3.6 56.8 40 06 04 06 38 07 07 17 11 18 04 19 07 20 17
23 165 45.9 20 59.6 328 21.6 6.5 27 47.7 3.4 56.8 45 06 13 06 49 07 22 16 49 17 40 18 44 19 57

2500 180 45.9 N21 00.0 342 47.1 6.5 S27 51.1 3.3 56.9 S 50 06 23 07 03 07 40 16 20 17 09 18 15 19 32
01 195 45.8 00.4 357 12.6 6.4 27 54.4 3.1 56.9 52 06 27 07 09 07 48 16 06 16 54 18 00 19 20
02 210 45.7 00.9 11 38.0 6.4 27 57.5 3.0 56.9 54 06 32 07 16 07 58 15 50 16 37 17 43 19 06
03 225 45.7 . . 01.3 26 03.4 6.3 28 00.5 2.8 56.9 56 06 37 07 24 08 09 15 32 16 15 17 23 18 50
04 240 45.6 01.8 40 28.7 6.2 28 03.3 2.6 57.0 58 06 42 07 32 08 21 15 08 15 48 16 58 18 30
05 255 45.5 02.2 54 53.9 6.2 28 05.9 2.4 57.0 S 60 06 48 07 42 08 35 14 38 15 10 16 23 18 06

06 270 45.5 N21 02.7 69 19.1 6.2 S28 08.3 2.3 57.0 Twilight Moonset
07 285 45.4 03.1 83 44.3 6.1 28 10.6 2.1 57.0 Lat. Sunset
08 300 45.3 03.5 98 09.4 6.0 28 12.7 2.0 57.0 Civil Naut. 24 25 26 27
09 315 45.3 . . 04.0 112 34.4 6.0 28 14.7 1.8 57.1
10 330 45.2 04.4 126 59.4 5.9 28 16.5 1.6 57.1 ◦ h m h m h m h m h m h m h m
11 345 45.1 04.8 141 24.3 5.9 28 18.1 1.4 57.1 N 72
12 0 45.1 N21 05.3 155 49.2 5.9 S28 19.5 1.3 57.1 N 70
13 15 45.0 05.7 170 14.1 5.8 28 20.8 1.1 57.1 68
14 30 44.9 06.2 184 38.9 5.8 28 21.9 0.9 57.2 66 22 18 //// ////
15 45 44.9 . . 06.6 199 03.7 5.7 28 22.8 0.8 57.2 64 21 41 //// //// 00 32
16 60 44.8 07.0 213 28.4 5.8 28 23.6 0.6 57.2 62 21 15 22 58 //// 01 51 04 18
17 75 44.7 07.5 227 53.2 5.6 28 24.2 0.4 57.2 60 20 55 22 11 //// 02 27 02 44 03 34 05 07

S
A
T
U
R
D
A
Y

18 90 44.7 N21 07.9 242 17.8 5.7 S28 24.6 0.2 57.2 N 58 20 39 21 42 //// 02 53 03 21 04 15 05 38
19 105 44.6 08.3 256 42.5 5.6 28 24.8 0.0 57.3 56 20 25 21 20 23 03 03 14 03 47 04 43 06 01
20 120 44.5 08.8 271 07.1 5.6 28 24.8 0.1 57.3 54 20 13 21 02 22 20 03 31 04 08 05 04 06 20
21 135 44.5 . . 09.2 285 31.7 5.6 28 24.7 0.3 57.3 52 20 02 20 48 21 53 03 46 04 26 05 22 06 36
22 150 44.4 09.6 299 56.3 5.6 28 24.4 0.4 57.3 50 19 53 20 35 21 33 03 59 04 41 05 38 06 50
23 165 44.3 10.0 314 20.9 5.5 28 24.0 0.7 57.3 45 19 34 20 09 20 55 04 26 05 11 06 08 07 18

2600 180 44.3 N21 10.5 328 45.4 5.6 S28 23.3 0.8 57.4 N 40 19 18 19 49 20 29 04 47 05 34 06 32 07 40
01 195 44.2 10.9 343 10.0 5.5 28 22.5 1.0 57.4 35 19 04 19 33 20 09 05 04 05 54 06 52 07 58
02 210 44.1 11.3 357 34.5 5.5 28 21.5 1.1 57.4 30 18 53 19 20 19 52 05 20 06 10 07 09 08 13
03 225 44.1 . . 11.8 11 59.0 5.5 28 20.4 1.4 57.4 20 18 33 18 57 19 26 05 46 06 39 07 37 08 40
04 240 44.0 12.2 26 23.5 5.5 28 19.0 1.5 57.5 N 10 18 16 18 39 19 06 06 08 07 03 08 02 09 02
05 255 43.9 12.6 40 48.0 5.4 28 17.5 1.7 57.5 0 18 01 18 23 18 49 06 29 07 25 08 24 09 23

06 270 43.9 N21 13.0 55 12.4 5.5 S28 15.8 1.9 57.5 S 10 17 45 18 07 18 33 06 50 07 48 08 47 09 44
07 285 43.8 13.5 69 36.9 5.5 28 13.9 2.0 57.5 20 17 29 17 52 18 19 07 12 08 12 09 11 10 06
08 300 43.7 13.9 84 01.4 5.5 28 11.9 2.3 57.5 30 17 10 17 36 18 05 07 38 08 41 09 39 10 32
09 315 43.7 . . 14.3 98 25.9 5.5 28 09.6 2.4 57.5 35 16 59 17 26 17 57 07 54 08 57 09 56 10 47
10 330 43.6 14.7 112 50.4 5.5 28 07.2 2.6 57.6 40 16 46 17 16 17 49 08 12 09 17 10 15 11 04
11 345 43.5 15.1 127 14.9 5.5 28 04.6 2.7 57.6 45 16 32 17 04 17 41 08 34 09 40 10 38 11 25

12 0 43.4 N21 15.6 141 39.4 5.5 S28 01.9 2.9 57.6 S 50 16 14 16 51 17 31 09 01 10 11 11 08 11 51
13 15 43.4 16.0 156 03.9 5.5 27 59.0 3.2 57.6 52 16 05 16 44 17 27 09 15 10 26 11 23 12 04
14 30 43.3 16.4 170 28.4 5.6 27 55.8 3.2 57.6 54 15 56 16 37 17 22 09 31 10 44 11 40 12 18
15 45 43.2 . . 16.8 184 53.0 5.5 27 52.6 3.5 57.7 56 15 45 16 30 17 17 09 49 11 05 12 00 12 35
16 60 43.2 17.2 199 17.5 5.6 27 49.1 3.6 57.7 58 15 33 16 21 17 11 10 12 11 32 12 26 12 55
17 75 43.1 17.7 213 42.1 5.6 27 45.5 3.8 57.7 S 60 15 19 16 11 17 05 10 42 12 10 13 01 13 20

S
U
N
D
A
Y

18 90 43.0 N21 18.1 228 06.7 5.6 S27 41.7 4.0 57.7 SUN MOON
19 105 42.9 18.5 242 31.3 5.6 27 37.7 4.2 57.7
20 120 42.9 18.9 256 55.9 5.7 27 33.5 4.3 57.8 Day Eqn. of Time Mer. Mer. Pass. Age Phase
21 135 42.8 . . 19.3 271 20.6 5.7 27 29.2 4.5 57.8 00h 12h Pass. Upper Lower
22 150 42.7 19.7 285 45.3 5.7 27 24.7 4.7 57.8 d m s m s h m h m h m d %
23 165 42.6 20.2 300 10.0 5.8 S27 20.0 4.8 57.8 24 03 09 03 07 11 57 00 16 12 43 16 99

25 03 04 03 00 11 57 01 12 13 41 17 96
SD 15.8 d 0.4 SD 15.4 15.6 15.7 26 02 57 02 54 11 57 02 10 14 40 18 90
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110 2024 MAY 30, 31, JUNE 1 (THURS., FRI., SAT.)

UT ARIES VENUS −3·9 MARS +1·1 JUPITER −2·0 SATURN +1·0 STARS

GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec
d h ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �

3000 247 59.9 182 11.3 N21 17.5 226 51.7 N 7 36.7 189 02.1 N19 38.7 257 42.3 S 6 11.5 Acamar 315 12.6 S40 12.3
01 263 02.4 197 10.6 18.1 241 52.4 37.4 204 04.0 38.8 272 44.6 11.4 Achernar 335 21.0 S57 06.6
02 278 04.8 212 09.8 18.7 256 53.1 38.1 219 05.9 38.9 287 47.0 11.4 Acrux 173 00.4 S63 14.3
03 293 07.3 227 09.0 . . 19.3 271 53.8 . . 38.8 234 07.7 . . 39.0 302 49.3 . . 11.4 Adhara 255 06.6 S29 00.4
04 308 09.8 242 08.2 19.9 286 54.5 39.5 249 09.6 39.2 317 51.7 11.3 Aldebaran 290 40.6 N16 33.5
05 323 12.2 257 07.5 20.5 301 55.2 40.2 264 11.4 39.3 332 54.0 11.3

06 338 14.7 272 06.7 N21 21.1 316 55.9 N 7 40.9 279 13.3 N19 39.4 347 56.4 S 6 11.2 Alioth 166 13.1 N55 49.9
07 353 17.2 287 05.9 21.7 331 56.6 41.6 294 15.1 39.5 2 58.7 11.2 Alkaid 152 52.0 N49 11.6
08 8 19.6 302 05.1 22.2 346 57.3 42.4 309 17.0 39.6 18 01.1 11.2 Alnair 27 33.5 S46 50.4
09 23 22.1 317 04.4 . . 22.8 1 58.0 . . 43.1 324 18.8 . . 39.8 33 03.4 . . 11.1 Alnilam 275 38.6 S 1 11.2
10 38 24.6 332 03.6 23.4 16 58.7 43.8 339 20.7 39.9 48 05.8 11.1 Alphard 217 48.4 S 8 45.9
11 53 27.0 347 02.8 24.0 31 59.4 44.5 354 22.6 40.0 63 08.1 11.0

12 68 29.5 2 02.0 N21 24.6 47 00.1 N 7 45.2 9 24.4 N19 40.1 78 10.5 S 6 11.0 Alphecca 126 03.8 N26 37.9
13 83 32.0 17 01.3 25.2 62 00.8 45.9 24 26.3 40.3 93 12.8 11.0 Alpheratz 357 35.5 N29 13.3
14 98 34.4 32 00.5 25.8 77 01.5 46.6 39 28.1 40.4 108 15.2 10.9 Altair 62 00.2 N 8 55.8
15 113 36.9 46 59.7 . . 26.3 92 02.3 . . 47.3 54 30.0 . . 40.5 123 17.5 . . 10.9 Ankaa 353 07.8 S42 10.2
16 128 39.3 61 58.9 26.9 107 03.0 48.0 69 31.8 40.6 138 19.8 10.8 Antares 112 16.1 S26 29.2
17 143 41.8 76 58.1 27.5 122 03.7 48.7 84 33.7 40.7 153 22.2 10.8

T
H
U
R
S
D
A
Y

18 158 44.3 91 57.4 N21 28.1 137 04.4 N 7 49.4 99 35.6 N19 40.9 168 24.5 S 6 10.8 Arcturus 145 48.1 N19 03.3
19 173 46.7 106 56.6 28.7 152 05.1 50.1 114 37.4 41.0 183 26.9 10.7 Atria 107 10.2 S69 04.3
20 188 49.2 121 55.8 29.2 167 05.8 50.8 129 39.3 41.1 198 29.2 10.7 Avior 234 15.4 S59 35.4
21 203 51.7 136 55.0 . . 29.8 182 06.5 . . 51.5 144 41.1 . . 41.2 213 31.6 . . 10.7 Bellatrix 278 23.8 N 6 22.3
22 218 54.1 151 54.2 30.4 197 07.2 52.3 159 43.0 41.4 228 33.9 10.6 Betelgeuse 270 53.0 N 7 24.7
23 233 56.6 166 53.5 31.0 212 07.9 53.0 174 44.8 41.5 243 36.3 10.6

3100 248 59.1 181 52.7 N21 31.5 227 08.6 N 7 53.7 189 46.7 N19 41.6 258 38.6 S 6 10.5 Canopus 263 53.1 S52 42.6
01 264 01.5 196 51.9 32.1 242 09.3 54.4 204 48.5 41.7 273 41.0 10.5 Capella 280 23.1 N46 01.3
02 279 04.0 211 51.1 32.7 257 10.0 55.1 219 50.4 41.8 288 43.3 10.5 Deneb 49 25.9 N45 21.7
03 294 06.4 226 50.3 . . 33.2 272 10.7 . . 55.8 234 52.3 . . 42.0 303 45.7 . . 10.4 Denebola 182 25.4 N14 26.2
04 309 08.9 241 49.5 33.8 287 11.4 56.5 249 54.1 42.1 318 48.0 10.4 Diphda 348 48.0 S17 51.1
05 324 11.4 256 48.7 34.4 302 12.1 57.2 264 56.0 42.2 333 50.4 10.4

06 339 13.8 271 48.0 N21 34.9 317 12.9 N 7 57.9 279 57.8 N19 42.3 348 52.7 S 6 10.3 Dubhe 193 41.6 N61 37.5
07 354 16.3 286 47.2 35.5 332 13.6 58.6 294 59.7 42.4 3 55.1 10.3 Elnath 278 02.9 N28 37.7
08 9 18.8 301 46.4 36.1 347 14.3 7 59.3 310 01.5 42.6 18 57.4 10.2 Eltanin 90 41.9 N51 29.0
09 24 21.2 316 45.6 . . 36.6 2 15.0 8 00.0 325 03.4 . . 42.7 33 59.8 . . 10.2 Enif 33 39.2 N 9 59.1
10 39 23.7 331 44.8 37.2 17 15.7 00.7 340 05.2 42.8 49 02.1 10.2 Fomalhaut 15 15.1 S29 29.5
11 54 26.2 346 44.0 37.8 32 16.4 01.4 355 07.1 42.9 64 04.5 10.1

12 69 28.6 1 43.2 N21 38.3 47 17.1 N 8 02.1 10 09.0 N19 43.1 79 06.8 S 6 10.1 Gacrux 171 52.0 S57 15.2
13 84 31.1 16 42.5 38.9 62 17.8 02.8 25 10.8 43.2 94 09.2 10.1 Gienah 175 44.0 S17 40.8
14 99 33.6 31 41.7 39.4 77 18.5 03.5 40 12.7 43.3 109 11.5 10.0 Hadar 148 36.3 S60 29.6
15 114 36.0 46 40.9 . . 40.0 92 19.2 . . 04.2 55 14.5 . . 43.4 124 13.9 . . 10.0 Hamal 327 52.1 N23 34.5
16 129 38.5 61 40.1 40.6 107 19.9 04.9 70 16.4 43.5 139 16.2 09.9 Kaus Aust. 83 32.8 S34 22.3
17 144 40.9 76 39.3 41.1 122 20.6 05.6 85 18.2 43.7 154 18.6 09.9

F
R
I
D
A
Y

18 159 43.4 91 38.5 N21 41.7 137 21.3 N 8 06.3 100 20.1 N19 43.8 169 20.9 S 6 09.9 Kochab 137 18.7 N74 03.4
19 174 45.9 106 37.7 42.2 152 22.0 07.0 115 22.0 43.9 184 23.3 09.8 Markab 13 30.5 N15 20.0
20 189 48.3 121 36.9 42.8 167 22.7 07.7 130 23.8 44.0 199 25.6 09.8 Menkar 314 07.0 N 4 11.1
21 204 50.8 136 36.1 . . 43.3 182 23.4 . . 08.4 145 25.7 . . 44.1 214 28.0 . . 09.8 Menkent 147 57.9 S36 29.5
22 219 53.3 151 35.3 43.9 197 24.2 09.1 160 27.5 44.3 229 30.3 09.7 Miaplacidus 221 38.8 S69 49.3
23 234 55.7 166 34.6 44.4 212 24.9 09.8 175 29.4 44.4 244 32.7 09.7

100 249 58.2 181 33.8 N21 45.0 227 25.6 N 8 10.6 190 31.2 N19 44.5 259 35.1 S 6 09.7 Mirfak 308 29.5 N49 56.7
01 265 00.7 196 33.0 45.5 242 26.3 11.3 205 33.1 44.6 274 37.4 09.6 Nunki 75 48.1 S26 16.0
02 280 03.1 211 32.2 46.1 257 27.0 12.0 220 34.9 44.7 289 39.8 09.6 Peacock 53 06.2 S56 39.2
03 295 05.6 226 31.4 . . 46.6 272 27.7 . . 12.7 235 36.8 . . 44.9 304 42.1 . . 09.5 Pollux 243 18.2 N27 58.1
04 310 08.0 241 30.6 47.1 287 28.4 13.4 250 38.7 45.0 319 44.5 09.5 Procyon 244 51.6 N 5 09.8
05 325 10.5 256 29.8 47.7 302 29.1 14.1 265 40.5 45.1 334 46.8 09.5

06 340 13.0 271 29.0 N21 48.2 317 29.8 N 8 14.8 280 42.4 N19 45.2 349 49.2 S 6 09.4 Rasalhague 95 58.7 N12 32.4
07 355 15.4 286 28.2 48.8 332 30.5 15.5 295 44.2 45.3 4 51.5 09.4 Regulus 207 35.1 N11 50.9
08 10 17.9 301 27.4 49.3 347 31.2 16.2 310 46.1 45.5 19 53.9 09.4 Rigel 281 04.7 S 8 10.4
09 25 20.4 316 26.6 . . 49.8 2 31.9 . . 16.9 325 47.9 . . 45.6 34 56.2 . . 09.3 Rigil Kent. 139 40.5 S60 56.3
10 40 22.8 331 25.8 50.4 17 32.6 17.6 340 49.8 45.7 49 58.6 09.3 Sabik 102 03.0 S15 45.3
11 55 25.3 346 25.0 50.9 32 33.3 18.3 355 51.7 45.8 65 00.9 09.3

12 70 27.8 1 24.2 N21 51.5 47 34.0 N 8 19.0 10 53.5 N19 45.9 80 03.3 S 6 09.2 Schedar 349 32.0 N56 40.0
13 85 30.2 16 23.4 52.0 62 34.7 19.7 25 55.4 46.1 95 05.6 09.2 Shaula 96 10.7 S37 07.3
14 100 32.7 31 22.6 52.5 77 35.4 20.4 40 57.2 46.2 110 08.0 09.1 Sirius 258 27.0 S16 45.0
15 115 35.2 46 21.8 . . 53.1 92 36.2 . . 21.1 55 59.1 . . 46.3 125 10.4 . . 09.1 Spica 158 22.6 S11 17.4
16 130 37.6 61 21.0 53.6 107 36.9 21.8 71 00.9 46.4 140 12.7 09.1 Suhail 222 46.9 S43 32.0
17 145 40.1 76 20.2 54.1 122 37.6 22.5 86 02.8 46.5 155 15.1 09.0

S
A
T
U
R
D
A
Y

18 160 42.5 91 19.4 N21 54.6 137 38.3 N 8 23.2 101 04.7 N19 46.7 170 17.4 S 6 09.0 Vega 80 33.2 N38 48.2
19 175 45.0 106 18.6 55.2 152 39.0 23.9 116 06.5 46.8 185 19.8 09.0 Zuben’ubi 136 56.3 S16 08.7
20 190 47.5 121 17.8 55.7 167 39.7 24.6 131 08.4 46.9 200 22.1 08.9
21 205 49.9 136 17.0 . . 56.2 182 40.4 . . 25.2 146 10.2 . . 47.0 215 24.5 . . 08.9
22 220 52.4 151 16.2 56.7 197 41.1 25.9 161 12.1 47.1 230 26.8 08.9 Venus 292 53.6 11 53
23 235 54.9 166 15.4 57.3 212 41.8 26.6 176 13.9 47.3 245 29.2 08.8 Mars 338 09.6 8 51

h m Jupiter 300 47.6 11 19
Mer.Pass. 7 22.9 v −0.8 d 0.6 v 0.7 d 0.7 v 1.9 d 0.1 v 2.4 d 0.0 Saturn 9 39.6 6 44

SHA Mer.Pass.
◦ � h m
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1112024 MAY 30, 31, JUNE 1 (THURS., FRI., SAT.)
Twilight Moonrise

UT SUN MOON Lat. Sunrise
Naut. Civil 30 31 1 2

GHA Dec GHA v Dec d HP ◦ h m h m h m h m h m h m h m
N 72 03 13 02 19 01 40 01 03

d h ◦ � ◦ � ◦ � � ◦ � � �
3000 180 36.8 N21 48.7 274 54.9 10.5 S14 56.1 14.6 59.0 N 70 02 46 02 08 01 38 01 10

01 195 36.7 49.0 289 24.4 10.5 14 41.5 14.7 59.0 68 02 24 01 58 01 36 01 15
02 210 36.6 49.4 303 53.9 10.6 14 26.8 14.7 59.0 66 //// //// 01 15 02 08 01 50 01 34 01 20
03 225 36.5 . . 49.8 318 23.5 10.6 14 12.1 14.8 59.0 64 //// //// 01 59 01 54 01 43 01 33 01 24
04 240 36.4 50.1 332 53.1 10.7 13 57.3 14.9 59.0 62 //// 00 11 02 28 01 42 01 37 01 32 01 27
05 255 36.3 50.5 347 22.8 10.7 13 42.4 15.0 59.1 60 //// 01 28 02 50 01 32 01 31 01 31 01 30

06 270 36.2 N21 50.9 1 52.5 10.8 S13 27.4 15.1 59.1 N 58 //// 02 01 03 08 01 23 01 27 01 30 01 33
07 285 36.1 51.2 16 22.3 10.9 13 12.3 15.1 59.1 56 00 10 02 25 03 23 01 15 01 23 01 29 01 35
08 300 36.0 51.6 30 52.2 10.9 12 57.2 15.2 59.1 54 01 20 02 44 03 35 01 08 01 19 01 28 01 37
09 315 36.0 . . 51.9 45 22.1 10.9 12 42.0 15.3 59.1 52 01 51 03 00 03 46 01 02 01 15 01 27 01 39
10 330 35.9 52.3 59 52.0 11.0 12 26.7 15.3 59.1 50 02 14 03 14 03 56 00 56 01 12 01 27 01 41
11 345 35.8 52.7 74 22.0 11.1 12 11.4 15.4 59.1 45 02 53 03 41 04 17 00 44 01 06 01 25 01 45

12 0 35.7 N21 53.0 88 52.1 11.1 S11 56.0 15.5 59.1 N 40 03 21 04 01 04 34 00 34 01 00 01 24 01 48
13 15 35.6 53.4 103 22.2 11.1 11 40.5 15.6 59.1 35 03 43 04 18 04 47 00 25 00 55 01 23 01 51
14 30 35.5 53.7 117 52.3 11.2 11 24.9 15.6 59.2 30 04 00 04 33 05 00 00 17 00 51 01 22 01 54
15 45 35.4 . . 54.1 132 22.5 11.3 11 09.3 15.7 59.2 20 04 27 04 56 05 20 00 03 00 43 01 21 01 58
16 60 35.3 54.5 146 52.8 11.3 10 53.6 15.7 59.2 N 10 04 48 05 15 05 38 24 36 00 36 01 19 02 02
17 75 35.2 54.8 161 23.1 11.3 10 37.9 15.8 59.2 0 05 06 05 32 05 54 24 30 00 30 01 18 02 06

T
H
U
R
S
D
A
Y

18 90 35.1 N21 55.2 175 53.4 11.4 S10 22.1 15.9 59.2 S 10 05 22 05 48 06 10 24 23 00 23 01 17 02 10
19 105 35.1 55.5 190 23.8 11.4 10 06.2 15.9 59.2 20 05 37 06 04 06 28 24 17 00 17 01 15 02 14
20 120 35.0 55.9 204 54.2 11.4 9 50.3 15.9 59.2 30 05 52 06 21 06 47 24 09 00 09 01 14 02 19
21 135 34.9 . . 56.2 219 24.6 11.5 9 34.4 16.1 59.2 35 06 00 06 31 06 59 24 04 00 04 01 13 02 22
22 150 34.8 56.6 233 55.1 11.6 9 18.3 16.0 59.2 40 06 08 06 42 07 12 23 59 25 12 01 12 02 25
23 165 34.7 56.9 248 25.7 11.5 9 02.3 16.2 59.3 45 06 18 06 54 07 28 23 53 25 11 01 11 02 29

3100 180 34.6 N21 57.3 262 56.2 11.7 S 8 46.1 16.2 59.3 S 50 06 28 07 09 07 47 23 46 25 09 01 09 02 33
01 195 34.5 57.6 277 26.9 11.6 8 29.9 16.2 59.3 52 06 33 07 16 07 56 23 43 25 09 01 09 02 35
02 210 34.4 58.0 291 57.5 11.7 8 13.7 16.3 59.3 54 06 38 07 23 08 06 23 39 25 08 01 08 02 37
03 225 34.3 . . 58.3 306 28.2 11.7 7 57.4 16.3 59.3 56 06 43 07 31 08 17 23 35 25 07 01 07 02 40
04 240 34.2 58.7 320 58.9 11.7 7 41.1 16.3 59.3 58 06 49 07 41 08 30 23 30 25 07 01 07 02 43
05 255 34.1 59.0 335 29.6 11.8 7 24.8 16.5 59.3 S 60 06 56 07 51 08 46 23 25 25 06 01 06 02 46

06 270 34.0 N21 59.4 350 00.4 11.8 S 7 08.3 16.4 59.3 Twilight Moonset
07 285 33.9 21 59.7 4 31.2 11.8 6 51.9 16.5 59.3 Lat. Sunset
08 300 33.8 22 00.1 19 02.0 11.8 6 35.4 16.5 59.3 Civil Naut. 30 31 1 2
09 315 33.8 . . 00.4 33 32.8 11.9 6 18.9 16.6 59.4
10 330 33.7 00.8 48 03.7 11.9 6 02.3 16.6 59.4 ◦ h m h m h m h m h m h m h m
11 345 33.6 01.1 62 34.6 11.9 5 45.7 16.6 59.4 N 72 09 00 11 39 14 03 16 32

12 0 33.5 N22 01.5 77 05.5 11.9 S 5 29.1 16.7 59.4 N 70 09 26 11 48 14 00 16 17
13 15 33.4 01.8 91 36.4 11.9 5 12.4 16.7 59.4 68 09 45 11 55 13 58 16 05
14 30 33.3 02.1 106 07.3 12.0 4 55.7 16.7 59.4 66 22 45 //// //// 10 00 12 00 13 57 15 55
15 45 33.2 . . 02.5 120 38.3 12.0 4 39.0 16.8 59.4 64 21 59 //// //// 10 12 12 05 13 55 15 47
16 60 33.1 02.8 135 09.3 12.0 4 22.2 16.8 59.4 62 21 29 //// //// 10 23 12 09 13 54 15 40
17 75 33.0 03.2 149 40.3 12.0 4 05.4 16.8 59.4 60 21 07 22 31 //// 10 31 12 13 13 53 15 34

F
R
I
D
A
Y

18 90 32.9 N22 03.5 164 11.3 12.0 S 3 48.6 16.8 59.4 N 58 20 49 21 56 //// 10 39 12 16 13 52 15 29
19 105 32.8 03.8 178 42.3 12.0 3 31.8 16.9 59.4 56 20 34 21 32 //// 10 46 12 19 13 51 15 24
20 120 32.7 04.2 193 13.3 12.1 3 14.9 16.8 59.4 54 20 21 21 12 22 38 10 52 12 21 13 50 15 20
21 135 32.6 . . 04.5 207 44.4 12.0 2 58.1 16.9 59.4 52 20 10 20 56 22 06 10 57 12 24 13 50 15 17
22 150 32.5 04.8 222 15.4 12.1 2 41.2 16.9 59.5 50 20 00 20 43 21 43 11 02 12 26 13 49 15 13
23 165 32.4 05.2 236 46.5 12.0 2 24.3 17.0 59.5 45 19 39 20 15 21 03 11 12 12 30 13 48 15 06

100 180 32.3 N22 05.5 251 17.5 12.1 S 2 07.3 16.9 59.5 N 40 19 22 19 55 20 35 11 21 12 34 13 47 15 00
01 195 32.2 05.9 265 48.6 12.0 1 50.4 17.0 59.5 35 19 08 19 38 20 13 11 28 12 37 13 46 14 55
02 210 32.1 06.2 280 19.6 12.1 1 33.4 16.9 59.5 30 18 56 19 23 19 56 11 35 12 40 13 45 14 50
03 225 32.0 . . 06.5 294 50.7 12.1 1 16.5 17.0 59.5 20 18 36 19 00 19 29 11 46 12 45 13 43 14 42
04 240 31.9 06.9 309 21.8 12.0 0 59.5 17.0 59.5 N 10 18 18 18 41 19 07 11 55 12 49 13 42 14 36
05 255 31.8 07.2 323 52.8 12.1 0 42.5 17.0 59.5 0 18 01 18 24 18 50 12 04 12 53 13 41 14 29

06 270 31.7 N22 07.5 338 23.9 12.0 S 0 25.5 17.0 59.5 S 10 17 45 18 08 18 34 12 13 12 57 13 39 14 23
07 285 31.6 07.8 352 54.9 12.1 S 0 08.5 17.0 59.5 20 17 28 17 52 18 19 12 22 13 01 13 38 14 16
08 300 31.5 08.2 7 26.0 12.0 N 0 08.5 17.0 59.5 30 17 08 17 34 18 04 12 33 13 05 13 36 14 08
09 315 31.4 . . 08.5 21 57.0 12.0 0 25.5 17.0 59.5 35 16 56 17 24 17 56 12 39 13 08 13 35 14 04
10 330 31.3 08.8 36 28.0 12.1 0 42.5 17.0 59.5 40 16 43 17 13 17 47 12 45 13 10 13 34 13 59
11 345 31.2 09.2 50 59.1 12.0 0 59.5 17.0 59.5 45 16 28 17 01 17 38 12 53 13 14 13 33 13 53

12 0 31.1 N22 09.5 65 30.1 12.0 N 1 16.5 17.0 59.5 S 50 16 09 16 46 17 27 13 03 13 18 13 32 13 46
13 15 31.0 09.8 80 01.1 11.9 1 33.5 17.0 59.5 52 16 00 16 39 17 22 13 07 13 20 13 31 13 43
14 30 30.9 10.1 94 32.0 12.0 1 50.5 17.0 59.5 54 15 50 16 32 17 17 13 12 13 21 13 30 13 40
15 45 30.8 . . 10.5 109 03.0 12.0 2 07.5 17.0 59.5 56 15 38 16 24 17 12 13 17 13 24 13 30 13 36
16 60 30.7 10.8 123 34.0 11.9 2 24.5 17.0 59.5 58 15 25 16 15 17 06 13 23 13 26 13 29 13 32
17 75 30.6 11.1 138 04.9 11.9 2 41.5 16.9 59.5 S 60 15 10 16 04 16 59 13 29 13 29 13 28 13 27

S
A
T
U
R
D
A
Y

18 90 30.5 N22 11.4 152 35.8 11.9 N 2 58.4 17.0 59.5 SUN MOON
19 105 30.4 11.8 167 06.7 11.8 3 15.4 16.9 59.6
20 120 30.3 12.1 181 37.5 11.9 3 32.3 16.9 59.6 Day Eqn. of Time Mer. Mer. Pass. Age Phase
21 135 30.2 . . 12.4 196 08.4 11.8 3 49.2 17.0 59.6 00h 12h Pass. Upper Lower
22 150 30.1 12.7 210 39.2 11.8 4 06.2 16.8 59.6 d m s m s h m h m h m d %
23 165 30.0 13.0 225 10.0 11.8 N 4 23.0 16.9 59.6 30 02 27 02 23 11 58 05 52 18 17 22 53

31 02 19 02 14 11 58 06 41 19 05 23 41
SD 15.8 d 0.3 SD 16.1 16.2 16.2 1 02 09 02 05 11 58 07 29 19 53 24 30
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112 2024 JUNE 2, 3, 4 (SUN., MON., TUES.)

UT ARIES VENUS −3·9 MARS +1·0 JUPITER −2·0 SATURN +1·0 STARS

GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec
d h ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �
200 250 57.3 181 14.6 N21 57.8 227 42.5 N 8 27.3 191 15.8 N19 47.4 260 31.6 S 6 08.8 Acamar 315 12.5 S40 12.3

01 265 59.8 196 13.8 58.3 242 43.2 28.0 206 17.6 47.5 275 33.9 08.8 Achernar 335 21.0 S57 06.6
02 281 02.3 211 13.0 58.8 257 43.9 28.7 221 19.5 47.6 290 36.3 08.7 Acrux 173 00.4 S63 14.3
03 296 04.7 226 12.2 . . 59.4 272 44.6 . . 29.4 236 21.4 . . 47.7 305 38.6 . . 08.7 Adhara 255 06.6 S29 00.4
04 311 07.2 241 11.4 21 59.9 287 45.3 30.1 251 23.2 47.9 320 41.0 08.7 Aldebaran 290 40.6 N16 33.5
05 326 09.7 256 10.6 22 00.4 302 46.0 30.8 266 25.1 48.0 335 43.3 08.6

06 341 12.1 271 09.8 N22 00.9 317 46.7 N 8 31.5 281 26.9 N19 48.1 350 45.7 S 6 08.6 Alioth 166 13.1 N55 49.9
07 356 14.6 286 09.0 01.4 332 47.4 32.2 296 28.8 48.2 5 48.1 08.6 Alkaid 152 52.1 N49 11.6
08 11 17.0 301 08.2 01.9 347 48.1 32.9 311 30.6 48.3 20 50.4 08.5 Alnair 27 33.4 S46 50.4
09 26 19.5 316 07.4 . . 02.4 2 48.9 . . 33.6 326 32.5 . . 48.5 35 52.8 . . 08.5 Alnilam 275 38.6 S 1 11.2
10 41 22.0 331 06.6 03.0 17 49.6 34.3 341 34.4 48.6 50 55.1 08.4 Alphard 217 48.4 S 8 45.9
11 56 24.4 346 05.8 03.5 32 50.3 35.0 356 36.2 48.7 65 57.5 08.4

12 71 26.9 1 04.9 N22 04.0 47 51.0 N 8 35.7 11 38.1 N19 48.8 80 59.8 S 6 08.4 Alphecca 126 03.8 N26 37.9
13 86 29.4 16 04.1 04.5 62 51.7 36.4 26 39.9 48.9 96 02.2 08.3 Alpheratz 357 35.4 N29 13.3
14 101 31.8 31 03.3 05.0 77 52.4 37.1 41 41.8 49.1 111 04.6 08.3 Altair 62 00.2 N 8 55.9
15 116 34.3 46 02.5 . . 05.5 92 53.1 . . 37.8 56 43.6 . . 49.2 126 06.9 . . 08.3 Ankaa 353 07.8 S42 10.2
16 131 36.8 61 01.7 06.0 107 53.8 38.5 71 45.5 49.3 141 09.3 08.2 Antares 112 16.1 S26 29.2
17 146 39.2 76 00.9 06.5 122 54.5 39.2 86 47.4 49.4 156 11.6 08.2

S
U
N
D
A
Y

18 161 41.7 91 00.1 N22 07.0 137 55.2 N 8 39.9 101 49.2 N19 49.5 171 14.0 S 6 08.2 Arcturus 145 48.1 N19 03.4
19 176 44.1 105 59.3 07.5 152 55.9 40.6 116 51.1 49.7 186 16.3 08.1 Atria 107 10.2 S69 04.3
20 191 46.6 120 58.5 08.0 167 56.6 41.3 131 52.9 49.8 201 18.7 08.1 Avior 234 15.4 S59 35.4
21 206 49.1 135 57.7 . . 08.5 182 57.3 . . 42.0 146 54.8 . . 49.9 216 21.1 . . 08.1 Bellatrix 278 23.8 N 6 22.3
22 221 51.5 150 56.9 09.0 197 58.0 42.7 161 56.6 50.0 231 23.4 08.0 Betelgeuse 270 53.0 N 7 24.7
23 236 54.0 165 56.0 09.5 212 58.7 43.3 176 58.5 50.1 246 25.8 08.0

300 251 56.5 180 55.2 N22 10.0 227 59.4 N 8 44.0 192 00.4 N19 50.2 261 28.1 S 6 08.0 Canopus 263 53.1 S52 42.6
01 266 58.9 195 54.4 10.5 243 00.1 44.7 207 02.2 50.4 276 30.5 07.9 Capella 280 23.1 N46 01.3
02 282 01.4 210 53.6 11.0 258 00.8 45.4 222 04.1 50.5 291 32.9 07.9 Deneb 49 25.9 N45 21.8
03 297 03.9 225 52.8 . . 11.5 273 01.5 . . 46.1 237 05.9 . . 50.6 306 35.2 . . 07.9 Denebola 182 25.4 N14 26.2
04 312 06.3 240 52.0 12.0 288 02.2 46.8 252 07.8 50.7 321 37.6 07.8 Diphda 348 48.0 S17 51.1
05 327 08.8 255 51.2 12.5 303 02.9 47.5 267 09.6 50.8 336 39.9 07.8

06 342 11.3 270 50.3 N22 13.0 318 03.7 N 8 48.2 282 11.5 N19 51.0 351 42.3 S 6 07.8 Dubhe 193 41.6 N61 37.5
07 357 13.7 285 49.5 13.4 333 04.4 48.9 297 13.4 51.1 6 44.7 07.7 Elnath 278 02.9 N28 37.7
08 12 16.2 300 48.7 13.9 348 05.1 49.6 312 15.2 51.2 21 47.0 07.7 Eltanin 90 41.9 N51 29.0
09 27 18.6 315 47.9 . . 14.4 3 05.8 . . 50.3 327 17.1 . . 51.3 36 49.4 . . 07.7 Enif 33 39.2 N 9 59.1
10 42 21.1 330 47.1 14.9 18 06.5 51.0 342 18.9 51.4 51 51.7 07.6 Fomalhaut 15 15.1 S29 29.5
11 57 23.6 345 46.3 15.4 33 07.2 51.7 357 20.8 51.5 66 54.1 07.6

12 72 26.0 0 45.5 N22 15.9 48 07.9 N 8 52.4 12 22.6 N19 51.7 81 56.5 S 6 07.6 Gacrux 171 52.0 S57 15.2
13 87 28.5 15 44.6 16.3 63 08.6 53.0 27 24.5 51.8 96 58.8 07.5 Gienah 175 44.0 S17 40.8
14 102 31.0 30 43.8 16.8 78 09.3 53.7 42 26.4 51.9 112 01.2 07.5 Hadar 148 36.3 S60 29.6
15 117 33.4 45 43.0 . . 17.3 93 10.0 . . 54.4 57 28.2 . . 52.0 127 03.6 . . 07.5 Hamal 327 52.1 N23 34.5
16 132 35.9 60 42.2 17.8 108 10.7 55.1 72 30.1 52.1 142 05.9 07.4 Kaus Aust. 83 32.8 S34 22.3
17 147 38.4 75 41.4 18.3 123 11.4 55.8 87 31.9 52.3 157 08.3 07.4

M
O
N
D
A
Y

18 162 40.8 90 40.6 N22 18.7 138 12.1 N 8 56.5 102 33.8 N19 52.4 172 10.6 S 6 07.4 Kochab 137 18.7 N74 03.4
19 177 43.3 105 39.7 19.2 153 12.8 57.2 117 35.6 52.5 187 13.0 07.3 Markab 13 30.4 N15 20.0
20 192 45.8 120 38.9 19.7 168 13.5 57.9 132 37.5 52.6 202 15.4 07.3 Menkar 314 07.0 N 4 11.1
21 207 48.2 135 38.1 . . 20.2 183 14.2 . . 58.6 147 39.4 . . 52.7 217 17.7 . . 07.3 Menkent 147 57.9 S36 29.6
22 222 50.7 150 37.3 20.6 198 14.9 59.3 162 41.2 52.8 232 20.1 07.3 Miaplacidus 221 38.9 S69 49.3
23 237 53.1 165 36.5 21.1 213 15.6 8 59.9 177 43.1 53.0 247 22.5 07.2

400 252 55.6 180 35.6 N22 21.6 228 16.3 N 9 00.6 192 44.9 N19 53.1 262 24.8 S 6 07.2 Mirfak 308 29.5 N49 56.7
01 267 58.1 195 34.8 22.0 243 17.0 01.3 207 46.8 53.2 277 27.2 07.2 Nunki 75 48.1 S26 16.0
02 283 00.5 210 34.0 22.5 258 17.7 02.0 222 48.6 53.3 292 29.5 07.1 Peacock 53 06.2 S56 39.2
03 298 03.0 225 33.2 . . 23.0 273 18.4 . . 02.7 237 50.5 . . 53.4 307 31.9 . . 07.1 Pollux 243 18.2 N27 58.1
04 313 05.5 240 32.3 23.4 288 19.1 03.4 252 52.4 53.5 322 34.3 07.1 Procyon 244 51.6 N 5 09.8
05 328 07.9 255 31.5 23.9 303 19.9 04.1 267 54.2 53.7 337 36.6 07.0

06 343 10.4 270 30.7 N22 24.4 318 20.6 N 9 04.8 282 56.1 N19 53.8 352 39.0 S 6 07.0 Rasalhague 95 58.7 N12 32.5
07 358 12.9 285 29.9 24.8 333 21.3 05.5 297 57.9 53.9 7 41.4 07.0 Regulus 207 35.1 N11 50.9
08 13 15.3 300 29.1 25.3 348 22.0 06.1 312 59.8 54.0 22 43.7 06.9 Rigel 281 04.7 S 8 10.4
09 28 17.8 315 28.2 . . 25.7 3 22.7 . . 06.8 328 01.6 . . 54.1 37 46.1 . . 06.9 Rigil Kent. 139 40.5 S60 56.3
10 43 20.2 330 27.4 26.2 18 23.4 07.5 343 03.5 54.2 52 48.5 06.9 Sabik 102 03.0 S15 45.3
11 58 22.7 345 26.6 26.6 33 24.1 08.2 358 05.4 54.4 67 50.8 06.8

12 73 25.2 0 25.8 N22 27.1 48 24.8 N 9 08.9 13 07.2 N19 54.5 82 53.2 S 6 06.8 Schedar 349 31.9 N56 40.0
13 88 27.6 15 24.9 27.5 63 25.5 09.6 28 09.1 54.6 97 55.5 06.8 Shaula 96 10.7 S37 07.3
14 103 30.1 30 24.1 28.0 78 26.2 10.3 43 10.9 54.7 112 57.9 06.7 Sirius 258 27.0 S16 45.0
15 118 32.6 45 23.3 . . 28.4 93 26.9 . . 11.0 58 12.8 . . 54.8 128 00.3 . . 06.7 Spica 158 22.6 S11 17.4
16 133 35.0 60 22.4 28.9 108 27.6 11.6 73 14.7 54.9 143 02.6 06.7 Suhail 222 46.9 S43 32.0
17 148 37.5 75 21.6 29.3 123 28.3 12.3 88 16.5 55.1 158 05.0 06.7

T
U
E
S
D
A
Y

18 163 40.0 90 20.7 N22 29.8 138 29.0 N 9 13.0 103 18.4 N19 55.2 173 07.4 S 6 06.6 Vega 80 33.2 N38 48.2
19 178 42.4 105 19.9 30.3 153 29.7 13.7 118 20.2 55.3 188 09.7 06.6 Zuben’ubi 136 56.3 S16 08.7
20 193 44.9 120 19.1 30.7 168 30.4 14.4 133 22.1 55.4 203 12.1 06.6
21 208 47.4 135 18.3 . . 31.2 183 31.1 . . 15.1 148 23.9 . . 55.5 218 14.5 . . 06.5
22 223 49.8 150 17.4 31.6 198 31.8 15.8 163 25.8 55.6 233 16.8 06.5 Venus 288 58.8 11 57
23 238 52.3 165 16.6 32.1 213 32.5 16.4 178 27.7 55.8 248 19.2 06.5 Mars 336 03.0 8 48

h m Jupiter 300 03.9 11 11
Mer.Pass. 7 11.1 v −0.8 d 0.5 v 0.7 d 0.7 v 1.9 d 0.1 v 2.4 d 0.0 Saturn 9 31.7 6 33

SHA Mer.Pass.
◦ � h m
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1132024 JUNE 2, 3, 4 (SUN., MON., TUES.)
Twilight Moonrise

UT SUN MOON Lat. Sunrise
Naut. Civil 2 3 4 5

GHA Dec GHA v Dec d HP ◦ h m h m h m h m h m h m h m
N 72 01 03 { 00

23
20
02 }

d h ◦ � ◦ � ◦ � � ◦ � � �
200 180 29.9 N22 13.4 239 40.8 11.7 N 4 39.9 16.8 59.6 N 70 01 10 { 00

23
38
49 }

01 195 29.8 13.7 254 11.5 11.7 4 56.7 16.9 59.6 68 01 15 00 52 { 00
22

20
53 }

02 210 29.7 14.0 268 42.2 11.7 5 13.6 16.8 59.6 66 //// //// 01 01 01 20 01 04 00 43 00 08
03 225 29.6 . . 14.3 283 12.9 11.6 5 30.4 16.7 59.6 64 //// //// 01 52 01 24 01 14 01 02 00 45
04 240 29.5 14.6 297 43.5 11.6 5 47.1 16.8 59.6 62 //// //// 02 23 01 27 01 22 01 17 01 12
05 255 29.4 15.0 312 14.1 11.6 6 03.9 16.7 59.6 60 //// 01 19 02 46 01 30 01 30 01 30 01 33

06 270 29.3 N22 15.3 326 44.7 11.5 N 6 20.6 16.7 59.6 N 58 //// 01 56 03 04 01 33 01 36 01 41 01 50
07 285 29.2 15.6 341 15.2 11.5 6 37.3 16.6 59.6 56 //// 02 21 03 20 01 35 01 42 01 51 02 05
08 300 29.1 15.9 355 45.7 11.4 6 53.9 16.6 59.6 54 01 12 02 41 03 33 01 37 01 47 02 00 02 18
09 315 29.0 . . 16.2 10 16.1 11.5 7 10.5 16.6 59.6 52 01 46 02 57 03 44 01 39 01 52 02 08 02 29
10 330 28.9 16.5 24 46.6 11.3 7 27.1 16.5 59.6 50 02 10 03 11 03 54 01 41 01 56 02 15 02 39
11 345 28.8 16.8 39 16.9 11.4 7 43.6 16.5 59.6 45 02 51 03 39 04 15 01 45 02 06 02 30 03 00

12 0 28.7 N22 17.1 53 47.3 11.2 N 8 00.1 16.5 59.6 N 40 03 19 04 00 04 32 01 48 02 14 02 43 03 17
13 15 28.6 17.5 68 17.5 11.3 8 16.6 16.4 59.6 35 03 41 04 17 04 47 01 51 02 21 02 53 03 31
14 30 28.5 17.8 82 47.8 11.2 8 33.0 16.4 59.6 30 03 59 04 32 04 59 01 54 02 27 03 03 03 44
15 45 28.4 . . 18.1 97 18.0 11.1 8 49.4 16.3 59.6 20 04 27 04 56 05 20 01 58 02 37 03 19 04 06
16 60 28.3 18.4 111 48.1 11.1 9 05.7 16.2 59.6 N 10 04 48 05 15 05 38 02 02 02 47 03 34 04 25
17 75 28.2 18.7 126 18.2 11.0 9 21.9 16.3 59.6 0 05 06 05 32 05 55 02 06 02 55 03 47 04 43

S
U
N
D
A
Y

18 90 28.1 N22 19.0 140 48.2 11.0 N 9 38.2 16.1 59.6 S 10 05 22 05 49 06 11 02 10 03 04 04 01 05 01
19 105 28.0 19.3 155 18.2 11.0 9 54.3 16.2 59.6 20 05 38 06 05 06 29 02 14 03 14 04 16 05 20
20 120 27.9 19.6 169 48.2 10.9 10 10.5 16.0 59.5 30 05 53 06 23 06 49 02 19 03 25 04 33 05 42
21 135 27.8 . . 19.9 184 18.1 10.8 10 26.5 16.0 59.5 35 06 01 06 33 07 01 02 22 03 32 04 43 05 56
22 150 27.7 20.2 198 47.9 10.8 10 42.5 16.0 59.5 40 06 10 06 44 07 14 02 25 03 39 04 55 06 11
23 165 27.6 20.5 213 17.7 10.7 10 58.5 15.9 59.5 45 06 20 06 57 07 30 02 29 03 48 05 08 06 29

300 180 27.5 N22 20.8 227 47.4 10.6 N11 14.4 15.8 59.5 S 50 06 31 07 12 07 49 02 33 03 58 05 25 06 53
01 195 27.4 21.1 242 17.0 10.6 11 30.2 15.8 59.5 52 06 35 07 19 07 59 02 35 04 03 05 33 07 04
02 210 27.3 21.4 256 46.6 10.6 11 46.0 15.7 59.5 54 06 41 07 26 08 09 02 37 04 08 05 42 07 16
03 225 27.1 . . 21.7 271 16.2 10.4 12 01.7 15.6 59.5 56 06 46 07 35 08 21 02 40 04 14 05 52 07 31
04 240 27.0 22.0 285 45.6 10.5 12 17.3 15.6 59.5 58 06 53 07 44 08 34 02 43 04 21 06 03 07 48
05 255 26.9 22.3 300 15.1 10.3 12 32.9 15.5 59.5 S 60 06 59 07 55 08 50 02 46 04 29 06 17 08 09

06 270 26.8 N22 22.6 314 44.4 10.3 N12 48.4 15.4 59.5 Twilight Moonset
07 285 26.7 22.9 329 13.7 10.2 13 03.8 15.4 59.5 Lat. Sunset
08 300 26.6 23.2 343 42.9 10.2 13 19.2 15.3 59.5 Civil Naut. 2 3 4 5
09 315 26.5 . . 23.5 358 12.1 10.1 13 34.5 15.2 59.5
10 330 26.4 23.8 12 41.2 10.0 13 49.7 15.1 59.5 ◦ h m h m h m h m h m h m h m
11 345 26.3 24.1 27 10.2 10.0 14 04.8 15.1 59.5 N 72 16 32 19 38

12 0 26.2 N22 24.4 41 39.2 9.8 N14 19.9 14.9 59.5 N 70 16 17 18 53
13 15 26.1 24.7 56 08.0 9.9 14 34.8 14.9 59.5 68 16 05 18 24 21 44
14 30 26.0 25.0 70 36.9 9.7 14 49.7 14.8 59.5 66 22 59 //// //// 15 55 18 02 20 31
15 45 25.9 . . 25.3 85 05.6 9.7 15 04.5 14.7 59.4 64 22 07 //// //// 15 47 17 45 19 55 22 41
16 60 25.8 25.6 99 34.3 9.6 15 19.2 14.7 59.4 62 21 35 //// //// 15 40 17 31 19 29 21 35
17 75 25.7 25.9 114 02.9 9.5 15 33.9 14.5 59.4 60 21 12 22 40 //// 15 34 17 19 19 09 21 01

M
O
N
D
A
Y

18 90 25.5 N22 26.2 128 31.4 9.5 N15 48.4 14.5 59.4 N 58 20 53 22 02 //// 15 29 17 09 18 52 20 36
19 105 25.4 26.5 142 59.9 9.3 16 02.9 14.3 59.4 56 20 38 21 37 //// 15 24 17 00 18 38 20 16
20 120 25.3 26.7 157 28.2 9.4 16 17.2 14.3 59.4 54 20 24 21 17 22 47 15 20 16 52 18 26 19 59
21 135 25.2 . . 27.0 171 56.6 9.2 16 31.5 14.1 59.4 52 20 13 21 00 22 12 15 17 16 45 18 16 19 45
22 150 25.1 27.3 186 24.8 9.1 16 45.6 14.1 59.4 50 20 03 20 46 21 48 15 13 16 39 18 07 19 32
23 165 25.0 27.6 200 52.9 9.1 16 59.7 13.9 59.4 45 19 42 20 18 21 06 15 06 16 26 17 47 19 07

400 180 24.9 N22 27.9 215 21.0 9.0 N17 13.6 13.9 59.4 N 40 19 24 19 57 20 38 15 00 16 15 17 31 18 47
01 195 24.8 28.2 229 49.0 9.0 17 27.5 13.8 59.4 35 19 10 19 39 20 16 14 55 16 05 17 18 18 30
02 210 24.7 28.5 244 17.0 8.8 17 41.3 13.6 59.3 30 18 58 19 25 19 58 14 50 15 57 17 06 18 15
03 225 24.6 . . 28.7 258 44.8 8.8 17 54.9 13.6 59.3 20 18 37 19 01 19 30 14 42 15 43 16 46 17 51
04 240 24.5 29.0 273 12.6 8.7 18 08.5 13.4 59.3 N 10 18 19 18 42 19 08 14 36 15 31 16 29 17 30
05 255 24.4 29.3 287 40.3 8.6 18 21.9 13.3 59.3 0 18 02 18 24 18 50 14 29 15 20 16 13 17 10

06 270 24.2 N22 29.6 302 07.9 8.5 N18 35.2 13.2 59.3 S 10 17 45 18 08 18 34 14 23 15 08 15 57 16 50
07 285 24.1 29.9 316 35.4 8.5 18 48.4 13.1 59.3 20 17 28 17 51 18 19 14 16 14 56 15 40 16 29
08 300 24.0 30.2 331 02.9 8.4 19 01.5 13.0 59.3 30 17 07 17 34 18 03 14 08 14 43 15 21 16 05
09 315 23.9 . . 30.4 345 30.3 8.3 19 14.5 12.9 59.3 35 16 56 17 24 17 55 14 04 14 35 15 10 15 51
10 330 23.8 30.7 359 57.6 8.2 19 27.4 12.7 59.2 40 16 42 17 12 17 46 13 59 14 26 14 57 15 35
11 345 23.7 31.0 14 24.8 8.1 19 40.1 12.7 59.2 45 16 26 17 00 17 37 13 53 14 15 14 42 15 15

12 0 23.6 N22 31.3 28 51.9 8.1 N19 52.8 12.5 59.2 S 50 16 07 16 45 17 26 13 46 14 03 14 24 14 51
13 15 23.5 31.6 43 19.0 8.0 20 05.3 12.4 59.2 52 15 58 16 38 17 21 13 43 13 57 14 15 14 40
14 30 23.4 31.8 57 46.0 7.9 20 17.7 12.2 59.2 54 15 47 16 30 17 16 13 40 13 51 14 05 14 26
15 45 23.2 . . 32.1 72 12.9 7.8 20 29.9 12.1 59.2 56 15 35 16 22 17 10 13 36 13 44 13 55 14 11
16 60 23.1 32.4 86 39.7 7.7 20 42.0 12.1 59.2 58 15 22 16 12 17 04 13 32 13 36 13 42 13 53
17 75 23.0 32.7 101 06.4 7.7 20 54.1 11.8 59.1 S 60 15 06 16 01 16 57 13 27 13 27 13 28 13 32

T
U
E
S
D
A
Y

18 90 22.9 N22 32.9 115 33.1 7.6 N21 05.9 11.8 59.1 SUN MOON
19 105 22.8 33.2 129 59.7 7.5 21 17.7 11.6 59.1
20 120 22.7 33.5 144 26.2 7.4 21 29.3 11.5 59.1 Day Eqn. of Time Mer. Mer. Pass. Age Phase
21 135 22.6 . . 33.8 158 52.6 7.4 21 40.8 11.3 59.1 00h 12h Pass. Upper Lower
22 150 22.5 34.0 173 19.0 7.2 21 52.1 11.2 59.1 d m s m s h m h m h m d %
23 165 22.4 34.3 187 45.2 7.2 N22 03.3 11.1 59.1 2 02 00 01 55 11 58 08 18 20 42 25 20

3 01 50 01 45 11 58 09 07 21 33 26 12
SD 15.8 d 0.3 SD 16.2 16.2 16.1 4 01 40 01 35 11 58 10 00 22 28 27 5
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118 2024 JUNE 11, 12, 13 (TUES., WED., THURS.)

UT ARIES VENUS −3·9 MARS +1·0 JUPITER −2·0 SATURN +1·0 STARS

GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec
d h ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �

1100 259 49.6 178 13.1 N23 24.4 230 14.2 N10 53.8 197 57.4 N20 12.2 269 03.9 S 6 02.8 Acamar 315 12.5 S40 12.3
01 274 52.1 193 12.2 24.7 245 14.9 54.5 212 59.2 12.3 284 06.3 02.7 Achernar 335 20.9 S57 06.5
02 289 54.5 208 11.3 25.0 260 15.6 55.1 228 01.1 12.4 299 08.7 02.7 Acrux 173 00.4 S63 14.4
03 304 57.0 223 10.5 . . 25.3 275 16.3 . . 55.8 243 03.0 . . 12.5 314 11.1 . . 02.7 Adhara 255 06.6 S29 00.3
04 319 59.5 238 09.6 25.5 290 17.0 56.4 258 04.8 12.6 329 13.5 02.7 Aldebaran 290 40.5 N16 33.5
05 335 01.9 253 08.7 25.8 305 17.7 57.1 273 06.7 12.7 344 15.9 02.7

06 350 04.4 268 07.8 N23 26.1 320 18.4 N10 57.7 288 08.5 N20 12.8 359 18.3 S 6 02.6 Alioth 166 13.2 N55 49.9
07 5 06.8 283 07.0 26.3 335 19.1 58.4 303 10.4 12.9 14 20.7 02.6 Alkaid 152 52.1 N49 11.7
08 20 09.3 298 06.1 26.6 350 19.8 59.1 318 12.3 13.0 29 23.1 02.6 Alnair 27 33.3 S46 50.4
09 35 11.8 313 05.2 . . 26.9 5 20.5 10 59.7 333 14.1 . . 13.2 44 25.4 . . 02.6 Alnilam 275 38.6 S 1 11.2
10 50 14.2 328 04.4 27.1 20 21.2 11 00.4 348 16.0 13.3 59 27.8 02.6 Alphard 217 48.4 S 8 45.9
11 65 16.7 343 03.5 27.4 35 21.9 01.0 3 17.9 13.4 74 30.2 02.5

12 80 19.2 358 02.6 N23 27.7 50 22.6 N11 01.7 18 19.7 N20 13.5 89 32.6 S 6 02.5 Alphecca 126 03.8 N26 38.0
13 95 21.6 13 01.7 27.9 65 23.3 02.3 33 21.6 13.6 104 35.0 02.5 Alpheratz 357 35.4 N29 13.3
14 110 24.1 28 00.9 28.2 80 24.0 03.0 48 23.4 13.7 119 37.4 02.5 Altair 62 00.2 N 8 55.9
15 125 26.6 43 00.0 . . 28.4 95 24.7 . . 03.6 63 25.3 . . 13.8 134 39.8 . . 02.5 Ankaa 353 07.7 S42 10.2
16 140 29.0 57 59.1 28.7 110 25.4 04.3 78 27.2 13.9 149 42.2 02.4 Antares 112 16.1 S26 29.2
17 155 31.5 72 58.2 29.0 125 26.1 04.9 93 29.0 14.0 164 44.6 02.4

T
U
E
S
D
A
Y

18 170 33.9 87 57.4 N23 29.2 140 26.8 N11 05.6 108 30.9 N20 14.1 179 47.0 S 6 02.4 Arcturus 145 48.1 N19 03.4
19 185 36.4 102 56.5 29.5 155 27.5 06.3 123 32.8 14.3 194 49.4 02.4 Atria 107 10.2 S69 04.3
20 200 38.9 117 55.6 29.7 170 28.2 06.9 138 34.6 14.4 209 51.7 02.4 Avior 234 15.4 S59 35.4
21 215 41.3 132 54.7 . . 30.0 185 28.9 . . 07.6 153 36.5 . . 14.5 224 54.1 . . 02.3 Bellatrix 278 23.7 N 6 22.3
22 230 43.8 147 53.9 30.2 200 29.6 08.2 168 38.3 14.6 239 56.5 02.3 Betelgeuse 270 53.0 N 7 24.7
23 245 46.3 162 53.0 30.5 215 30.3 08.9 183 40.2 14.7 254 58.9 02.3

1200 260 48.7 177 52.1 N23 30.7 230 31.0 N11 09.5 198 42.1 N20 14.8 270 01.3 S 6 02.3 Canopus 263 53.2 S52 42.5
01 275 51.2 192 51.2 31.0 245 31.7 10.2 213 43.9 14.9 285 03.7 02.3 Capella 280 23.1 N46 01.3
02 290 53.7 207 50.3 31.2 260 32.4 10.8 228 45.8 15.0 300 06.1 02.2 Deneb 49 25.8 N45 21.8
03 305 56.1 222 49.5 . . 31.5 275 33.1 . . 11.5 243 47.7 . . 15.1 315 08.5 . . 02.2 Denebola 182 25.4 N14 26.2
04 320 58.6 237 48.6 31.7 290 33.8 12.1 258 49.5 15.2 330 10.9 02.2 Diphda 348 47.9 S17 51.1
05 336 01.1 252 47.7 32.0 305 34.5 12.8 273 51.4 15.3 345 13.3 02.2

06 351 03.5 267 46.8 N23 32.2 320 35.2 N11 13.4 288 53.3 N20 15.4 0 15.7 S 6 02.2 Dubhe 193 41.7 N61 37.5
07 6 06.0 282 46.0 32.4 335 35.9 14.1 303 55.1 15.6 15 18.1 02.1 Elnath 278 02.9 N28 37.7
08 21 08.4 297 45.1 32.7 350 36.6 14.7 318 57.0 15.7 30 20.5 02.1 Eltanin 90 41.9 N51 29.0
09 36 10.9 312 44.2 . . 32.9 5 37.3 . . 15.4 333 58.8 . . 15.8 45 22.9 . . 02.1 Enif 33 39.1 N 9 59.1
10 51 13.4 327 43.3 33.2 20 38.0 16.0 349 00.7 15.9 60 25.2 02.1 Fomalhaut 15 15.0 S29 29.4
11 66 15.8 342 42.4 33.4 35 38.7 16.7 4 02.6 16.0 75 27.6 02.1

12 81 18.3 357 41.6 N23 33.6 50 39.4 N11 17.3 19 04.4 N20 16.1 90 30.0 S 6 02.1 Gacrux 171 52.1 S57 15.3
13 96 20.8 12 40.7 33.9 65 40.1 18.0 34 06.3 16.2 105 32.4 02.0 Gienah 175 44.0 S17 40.8
14 111 23.2 27 39.8 34.1 80 40.8 18.6 49 08.2 16.3 120 34.8 02.0 Hadar 148 36.3 S60 29.7
15 126 25.7 42 38.9 . . 34.3 95 41.5 . . 19.3 64 10.0 . . 16.4 135 37.2 . . 02.0 Hamal 327 52.0 N23 34.5
16 141 28.2 57 38.0 34.5 110 42.2 19.9 79 11.9 16.5 150 39.6 02.0 Kaus Aust. 83 32.8 S34 22.4
17 156 30.6 72 37.2 34.8 125 42.9 20.6 94 13.8 16.6 165 42.0 02.0

W
E
D
N
E
S
D
A
Y

18 171 33.1 87 36.3 N23 35.0 140 43.6 N11 21.2 109 15.6 N20 16.7 180 44.4 S 6 01.9 Kochab 137 18.8 N74 03.5
19 186 35.6 102 35.4 35.2 155 44.3 21.9 124 17.5 16.9 195 46.8 01.9 Markab 13 30.3 N15 20.1
20 201 38.0 117 34.5 35.5 170 45.0 22.5 139 19.4 17.0 210 49.2 01.9 Menkar 314 06.9 N 4 11.1
21 216 40.5 132 33.6 . . 35.7 185 45.7 . . 23.2 154 21.2 . . 17.1 225 51.6 . . 01.9 Menkent 147 57.9 S36 29.6
22 231 42.9 147 32.8 35.9 200 46.4 23.8 169 23.1 17.2 240 54.0 01.9 Miaplacidus 221 39.0 S69 49.2
23 246 45.4 162 31.9 36.1 215 47.1 24.4 184 24.9 17.3 255 56.4 01.9

1300 261 47.9 177 31.0 N23 36.3 230 47.8 N11 25.1 199 26.8 N20 17.4 270 58.8 S 6 01.8 Mirfak 308 29.4 N49 56.7
01 276 50.3 192 30.1 36.6 245 48.5 25.7 214 28.7 17.5 286 01.2 01.8 Nunki 75 48.0 S26 16.0
02 291 52.8 207 29.2 36.8 260 49.2 26.4 229 30.5 17.6 301 03.6 01.8 Peacock 53 06.0 S56 39.2
03 306 55.3 222 28.4 . . 37.0 275 49.9 . . 27.0 244 32.4 . . 17.7 316 06.0 . . 01.8 Pollux 243 18.2 N27 58.1
04 321 57.7 237 27.5 37.2 290 50.6 27.7 259 34.3 17.8 331 08.4 01.8 Procyon 244 51.6 N 5 09.8
05 337 00.2 252 26.6 37.4 305 51.2 28.3 274 36.1 17.9 346 10.8 01.7

06 352 02.7 267 25.7 N23 37.6 320 51.9 N11 29.0 289 38.0 N20 18.0 1 13.2 S 6 01.7 Rasalhague 95 58.7 N12 32.5
07 7 05.1 282 24.8 37.8 335 52.6 29.6 304 39.9 18.1 16 15.5 01.7 Regulus 207 35.1 N11 50.9
08 22 07.6 297 23.9 38.1 350 53.3 30.3 319 41.7 18.2 31 17.9 01.7 Rigel 281 04.7 S 8 10.4
09 37 10.0 312 23.1 . . 38.3 5 54.0 . . 30.9 334 43.6 . . 18.4 46 20.3 . . 01.7 Rigil Kent. 139 40.5 S60 56.3
10 52 12.5 327 22.2 38.5 20 54.7 31.6 349 45.5 18.5 61 22.7 01.7 Sabik 102 03.0 S15 45.3
11 67 15.0 342 21.3 38.7 35 55.4 32.2 4 47.3 18.6 76 25.1 01.6

12 82 17.4 357 20.4 N23 38.9 50 56.1 N11 32.8 19 49.2 N20 18.7 91 27.5 S 6 01.6 Schedar 349 31.8 N56 40.0
13 97 19.9 12 19.5 39.1 65 56.8 33.5 34 51.1 18.8 106 29.9 01.6 Shaula 96 10.6 S37 07.3
14 112 22.4 27 18.6 39.3 80 57.5 34.1 49 52.9 18.9 121 32.3 01.6 Sirius 258 27.0 S16 45.0
15 127 24.8 42 17.8 . . 39.5 95 58.2 . . 34.8 64 54.8 . . 19.0 136 34.7 . . 01.6 Spica 158 22.7 S11 17.4
16 142 27.3 57 16.9 39.7 110 58.9 35.4 79 56.6 19.1 151 37.1 01.6 Suhail 222 47.0 S43 32.0
17 157 29.8 72 16.0 39.9 125 59.6 36.1 94 58.5 19.2 166 39.5 01.5

T
H
U
R
S
D
A
Y

18 172 32.2 87 15.1 N23 40.1 141 00.3 N11 36.7 110 00.4 N20 19.3 181 41.9 S 6 01.5 Vega 80 33.1 N38 48.2
19 187 34.7 102 14.2 40.3 156 01.0 37.3 125 02.2 19.4 196 44.3 01.5 Zuben’ubi 136 56.3 S16 08.7
20 202 37.2 117 13.3 40.5 171 01.7 38.0 140 04.1 19.5 211 46.7 01.5
21 217 39.6 132 12.5 . . 40.7 186 02.4 . . 38.6 155 06.0 . . 19.6 226 49.1 . . 01.5
22 232 42.1 147 11.6 40.9 201 03.1 39.3 170 07.8 19.7 241 51.5 01.5 Venus 277 03.4 12 09
23 247 44.5 162 10.7 41.1 216 03.8 39.9 185 09.7 19.8 256 53.9 01.5 Mars 329 42.3 8 38

h m Jupiter 297 53.3 10 44
Mer.Pass. 6 35.7 v −0.9 d 0.2 v 0.7 d 0.6 v 1.9 d 0.1 v 2.4 d 0.0 Saturn 9 12.6 5 59

SHA Mer.Pass.
◦ � h m
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1192024 JUNE 11, 12, 13 (TUES., WED., THURS.)
Twilight Moonrise

UT SUN MOON Lat. Sunrise
Naut. Civil 11 12 13 14

GHA Dec GHA v Dec d HP ◦ h m h m h m h m h m h m h m
N 72 07 27 09 47 11 47

d h ◦ � ◦ � ◦ � � ◦ � � �
1100 180 04.8 N23 06.2 121 06.0 12.6 N20 28.1 10.7 55.3 N 70 05 01 07 58 10 01 11 51

01 195 04.7 06.4 135 37.6 12.6 20 17.4 10.7 55.3 68 06 08 08 21 10 12 11 54
02 210 04.5 06.6 150 09.2 12.8 20 06.7 10.9 55.3 66 06 43 08 38 10 20 11 56
03 225 04.4 . . 06.7 164 41.0 12.9 19 55.8 10.9 55.2 64 //// //// 01 36 07 09 08 53 10 28 11 58
04 240 04.3 06.9 179 12.9 12.9 19 44.9 10.9 55.2 62 //// //// 02 12 07 28 09 04 10 34 12 00
05 255 04.2 07.1 193 44.8 13.1 19 34.0 11.1 55.2 60 //// 00 57 02 37 07 44 09 14 10 39 12 01

06 270 04.0 N23 07.2 208 16.9 13.1 N19 22.9 11.1 55.2 N 58 //// 01 44 02 57 07 58 09 23 10 44 12 03
07 285 03.9 07.4 222 49.0 13.3 19 11.8 11.2 55.2 56 //// 02 12 03 14 08 09 09 31 10 48 12 04
08 300 03.8 07.6 237 21.3 13.3 19 00.6 11.3 55.1 54 00 52 02 34 03 28 08 19 09 37 10 52 12 05
09 315 03.6 . . 07.7 251 53.6 13.4 18 49.3 11.3 55.1 52 01 35 02 51 03 40 08 28 09 43 10 56 12 06
10 330 03.5 07.9 266 26.0 13.6 18 38.0 11.4 55.1 50 02 02 03 06 03 51 08 36 09 49 10 59 12 07
11 345 03.4 08.0 280 58.6 13.6 18 26.6 11.5 55.1 45 02 46 03 36 04 13 08 53 10 00 11 05 12 09

12 0 03.3 N23 08.2 295 31.2 13.7 N18 15.1 11.6 55.0 N 40 03 16 03 58 04 31 09 07 10 10 11 11 12 10
13 15 03.1 08.4 310 03.9 13.8 18 03.5 11.6 55.0 35 03 39 04 16 04 45 09 18 10 18 11 16 12 12
14 30 03.0 08.5 324 36.7 13.9 17 51.9 11.7 55.0 30 03 58 04 31 04 58 09 29 10 26 11 20 12 13
15 45 02.9 . . 08.7 339 09.6 13.9 17 40.2 11.7 55.0 20 04 26 04 56 05 20 09 46 10 38 11 27 12 15
16 60 02.7 08.8 353 42.5 14.1 17 28.5 11.8 55.0 N 10 04 49 05 16 05 39 10 01 10 49 11 34 12 17
17 75 02.6 09.0 8 15.6 14.1 17 16.7 11.9 55.0 0 05 08 05 34 05 56 10 15 10 59 11 40 12 19

T
U
E
S
D
A
Y

18 90 02.5 N23 09.2 22 48.7 14.3 N17 04.8 11.9 54.9 S 10 05 24 05 51 06 14 10 29 11 09 11 45 12 21
19 105 02.3 09.3 37 22.0 14.3 16 52.9 12.0 54.9 20 05 40 06 08 06 32 10 44 11 19 11 52 12 22
20 120 02.2 09.5 51 55.3 14.4 16 40.9 12.1 54.9 30 05 57 06 27 06 53 11 01 11 32 11 59 12 25
21 135 02.1 . . 09.6 66 28.7 14.4 16 28.8 12.1 54.9 35 06 05 06 37 07 05 11 11 11 38 12 03 12 26
22 150 02.0 09.8 81 02.1 14.6 16 16.7 12.2 54.9 40 06 15 06 49 07 19 11 22 11 46 12 08 12 27
23 165 01.8 09.9 95 35.7 14.6 16 04.5 12.2 54.8 45 06 25 07 02 07 36 11 35 11 56 12 13 12 29

1200 180 01.7 N23 10.1 110 09.3 14.7 N15 52.3 12.3 54.8 S 50 06 36 07 18 07 56 11 51 12 07 12 19 12 31
01 195 01.6 10.2 124 43.0 14.8 15 40.0 12.3 54.8 52 06 42 07 25 08 06 11 59 12 12 12 22 12 31
02 210 01.4 10.4 139 16.8 14.9 15 27.7 12.4 54.8 54 06 47 07 33 08 17 12 07 12 17 12 25 12 32
03 225 01.3 . . 10.5 153 50.7 14.9 15 15.3 12.4 54.8 56 06 53 07 42 08 29 12 16 12 23 12 29 12 33
04 240 01.2 10.7 168 24.6 15.1 15 02.9 12.5 54.8 58 07 00 07 52 08 44 12 26 12 30 12 33 12 35
05 255 01.0 10.8 182 58.7 15.1 14 50.4 12.6 54.7 S 60 07 07 08 04 09 01 12 38 12 38 12 37 12 36

06 270 00.9 N23 11.0 197 32.8 15.1 N14 37.8 12.5 54.7 Twilight Moonset
07 285 00.8 11.1 212 06.9 15.2 14 25.3 12.7 54.7 Lat. Sunset
08 300 00.7 11.3 226 41.1 15.4 14 12.6 12.7 54.7 Civil Naut. 11 12 13 14
09 315 00.5 . . 11.4 241 15.5 15.3 13 59.9 12.7 54.7
10 330 00.4 11.6 255 49.8 15.5 13 47.2 12.8 54.7 ◦ h m h m h m h m h m h m h m
11 345 00.3 11.7 270 24.3 15.5 13 34.4 12.8 54.6 N 72 02 32 01 39 01 02

12 0 00.1 N23 11.9 284 58.8 15.6 N13 21.6 12.8 54.6 N 70 03 24 01 59 01 23 00 56
13 15 00.0 12.0 299 33.4 15.6 13 08.8 13.0 54.6 68 02 16 01 35 01 10 00 50
14 29 59.9 12.1 314 08.0 15.7 12 55.8 12.9 54.6 66 01 39 01 16 00 59 00 46
15 44 59.7 . . 12.3 328 42.7 15.8 12 42.9 13.0 54.6 64 22 25 //// //// 01 13 01 00 00 50 00 42
16 59 59.6 12.4 343 17.5 15.8 12 29.9 13.0 54.6 62 21 49 //// //// 00 52 00 47 00 43 00 38
17 74 59.5 12.6 357 52.3 15.9 12 16.9 13.1 54.6 60 21 23 23 04 //// 00 36 00 36 00 36 00 35

W
E
D
N
E
S
D
A
Y

18 89 59.3 N23 12.7 12 27.2 15.9 N12 03.8 13.1 54.5 N 58 21 03 22 17 //// 00 21 00 27 00 30 00 32
19 104 59.2 12.8 27 02.1 16.0 11 50.7 13.1 54.5 56 20 47 21 48 //// 00 09 00 18 00 25 00 30
20 119 59.1 13.0 41 37.1 16.1 11 37.6 13.2 54.5 54 20 33 21 27 23 09 24 11 00 11 00 20 00 28
21 134 59.0 . . 13.1 56 12.2 16.1 11 24.4 13.2 54.5 52 20 20 21 09 22 26 24 04 00 04 00 16 00 26
22 149 58.8 13.3 70 47.3 16.2 11 11.2 13.3 54.5 50 20 10 20 54 21 59 23 58 24 12 00 12 00 24
23 164 58.7 13.4 85 22.5 16.2 10 57.9 13.3 54.5 45 19 47 20 25 21 14 23 45 24 03 00 03 00 20

1300 179 58.6 N23 13.5 99 57.7 16.3 N10 44.6 13.3 54.5 N 40 19 30 20 02 20 44 23 34 23 56 24 16 00 16
01 194 58.4 13.7 114 33.0 16.3 10 31.3 13.4 54.5 35 19 15 19 44 20 21 23 24 23 50 24 14 00 14
02 209 58.3 13.8 129 08.3 16.4 10 17.9 13.3 54.5 30 19 02 19 29 20 02 23 16 23 45 24 11 00 11
03 224 58.2 . . 13.9 143 43.7 16.4 10 04.6 13.5 54.4 20 18 40 19 04 19 34 23 01 23 35 24 06 00 06
04 239 58.0 14.1 158 19.1 16.5 9 51.1 13.4 54.4 N 10 18 21 18 44 19 11 22 49 23 27 24 02 00 02
05 254 57.9 14.2 172 54.6 16.5 9 37.7 13.5 54.4 0 18 04 18 26 18 52 22 37 23 19 23 59 24 37

06 269 57.8 N23 14.3 187 30.1 16.6 N 9 24.2 13.5 54.4 S 10 17 46 18 09 18 36 22 24 23 11 23 55 24 38
07 284 57.6 14.5 202 05.7 16.6 9 10.7 13.5 54.4 20 17 28 17 52 18 19 22 11 23 02 23 51 24 38
08 299 57.5 14.6 216 41.3 16.6 8 57.2 13.6 54.4 30 17 07 17 33 18 03 21 56 22 52 23 46 24 38
09 314 57.4 . . 14.7 231 16.9 16.7 8 43.6 13.6 54.4 35 16 55 17 23 17 55 21 48 22 46 23 43 24 39
10 329 57.2 14.8 245 52.6 16.7 8 30.0 13.6 54.4 40 16 41 17 11 17 45 21 38 22 40 23 40 24 39
11 344 57.1 15.0 260 28.3 16.8 8 16.4 13.6 54.4 45 16 24 16 58 17 35 21 26 22 32 23 36 24 39

12 359 57.0 N23 15.1 275 04.1 16.8 N 8 02.8 13.7 54.4 S 50 16 04 16 42 17 23 21 11 22 23 23 32 24 40
13 14 56.8 15.2 289 39.9 16.9 7 49.1 13.7 54.4 52 15 54 16 35 17 18 21 05 22 18 23 30 24 40
14 29 56.7 15.4 304 15.8 16.9 7 35.4 13.7 54.3 54 15 43 16 27 17 13 20 57 22 14 23 27 24 40
15 44 56.6 . . 15.5 318 51.7 16.9 7 21.7 13.7 54.3 56 15 30 16 18 17 07 20 49 22 08 23 25 24 40
16 59 56.4 15.6 333 27.6 16.9 7 08.0 13.8 54.3 58 15 16 16 07 17 00 20 39 22 02 23 22 24 40
17 74 56.3 15.7 348 03.5 17.0 6 54.2 13.8 54.3 S 60 14 59 15 56 16 53 20 28 21 56 23 19 24 40

T
H
U
R
S
D
A
Y

18 89 56.2 N23 15.8 2 39.5 17.0 N 6 40.4 13.8 54.3 SUN MOON
19 104 56.0 16.0 17 15.5 17.1 6 26.6 13.8 54.3
20 119 55.9 16.1 31 51.6 17.0 6 12.8 13.8 54.3 Day Eqn. of Time Mer. Mer. Pass. Age Phase
21 134 55.8 . . 16.2 46 27.6 17.1 5 59.0 13.9 54.3 00h 12h Pass. Upper Lower
22 149 55.6 16.3 61 03.7 17.2 5 45.1 13.8 54.3 d m s m s h m h m h m d %
23 164 55.5 16.4 75 39.9 17.1 N 5 31.3 13.9 54.3 11 00 19 00 13 12 00 16 26 04 03 05 25

12 00 07 00 01 12 00 17 09 04 48 06 34
SD 15.8 d 0.1 SD 15.0 14.9 14.8 13 00 06 00 12 12 00 17 49 05 29 07 43
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136 2024 JULY 8, 9, 10 (MON., TUES., WED.)

UT ARIES VENUS −3·9 MARS +1·0 JUPITER −2·0 SATURN +0·8 STARS

GHA GHA Dec GHA Dec GHA Dec GHA Dec Name SHA Dec
d h ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �
800 286 26.4 168 46.3 N22 08.8 237 39.5 N17 09.0 218 16.5 N21 13.2 295 24.9 S 6 03.5 Acamar 315 12.3 S40 12.1

01 301 28.8 183 45.5 08.3 252 40.2 09.5 233 18.4 13.3 310 27.4 03.5 Achernar 335 20.6 S57 06.4
02 316 31.3 198 44.7 07.8 267 40.9 10.0 248 20.3 13.4 325 29.9 03.5 Acrux 173 00.7 S63 14.4
03 331 33.8 213 43.9 . . 07.3 282 41.6 . . 10.5 263 22.2 . . 13.4 340 32.4 . . 03.5 Adhara 255 06.6 S29 00.2
04 346 36.2 228 43.1 06.8 297 42.2 11.0 278 24.1 13.5 355 34.9 03.5 Aldebaran 290 40.4 N16 33.5
05 1 38.7 243 42.3 06.3 312 42.9 11.4 293 26.1 13.6 10 37.3 03.6

06 16 41.1 258 41.5 N22 05.8 327 43.6 N17 11.9 308 28.0 N21 13.7 25 39.8 S 6 03.6 Alioth 166 13.3 N55 49.9
07 31 43.6 273 40.7 05.3 342 44.3 12.4 323 29.9 13.8 40 42.3 03.6 Alkaid 152 52.2 N49 11.7
08 46 46.1 288 39.9 04.8 357 45.0 12.9 338 31.8 13.8 55 44.8 03.6 Alnair 27 33.1 S46 50.3
09 61 48.5 303 39.1 . . 04.2 12 45.6 . . 13.4 353 33.7 . . 13.9 70 47.3 . . 03.7 Alnilam 275 38.5 S 1 11.1
10 76 51.0 318 38.3 03.7 27 46.3 13.9 8 35.6 14.0 85 49.8 03.7 Alphard 217 48.4 S 8 45.9
11 91 53.5 333 37.5 03.2 42 47.0 14.4 23 37.5 14.1 100 52.3 03.7

12 106 55.9 348 36.7 N22 02.7 57 47.7 N17 14.9 38 39.4 N21 14.1 115 54.8 S 6 03.7 Alphecca 126 03.9 N26 38.1
13 121 58.4 3 35.8 02.2 72 48.3 15.4 53 41.3 14.2 130 57.3 03.8 Alpheratz 357 35.1 N29 13.4
14 137 00.9 18 35.0 01.7 87 49.0 15.8 68 43.2 14.3 145 59.8 03.8 Altair 62 00.0 N 8 56.0
15 152 03.3 33 34.2 . . 01.2 102 49.7 . . 16.3 83 45.1 . . 14.4 161 02.3 . . 03.8 Ankaa 353 07.5 S42 10.1
16 167 05.8 48 33.4 00.6 117 50.4 16.8 98 47.0 14.5 176 04.8 03.8 Antares 112 16.0 S26 29.2
17 182 08.3 63 32.6 22 00.1 132 51.0 17.3 113 49.0 14.5 191 07.3 03.9

M
O
N
D
A
Y

18 197 10.7 78 31.8 N21 59.6 147 51.7 N17 17.8 128 50.9 N21 14.6 206 09.8 S 6 03.9 Arcturus 145 48.2 N19 03.4
19 212 13.2 93 31.0 59.1 162 52.4 18.3 143 52.8 14.7 221 12.3 03.9 Atria 107 10.2 S69 04.4
20 227 15.6 108 30.2 58.5 177 53.1 18.8 158 54.7 14.8 236 14.8 03.9 Avior 234 15.6 S59 35.3
21 242 18.1 123 29.4 . . 58.0 192 53.7 . . 19.2 173 56.6 . . 14.8 251 17.2 . . 04.0 Bellatrix 278 23.6 N 6 22.4
22 257 20.6 138 28.6 57.5 207 54.4 19.7 188 58.5 14.9 266 19.7 04.0 Betelgeuse 270 52.9 N 7 24.7
23 272 23.0 153 27.8 57.0 222 55.1 20.2 204 00.4 15.0 281 22.2 04.0

900 287 25.5 168 27.0 N21 56.4 237 55.8 N17 20.7 219 02.3 N21 15.1 296 24.7 S 6 04.0 Canopus 263 53.1 S52 42.4
01 302 28.0 183 26.2 55.9 252 56.5 21.2 234 04.2 15.2 311 27.2 04.0 Capella 280 22.9 N46 01.3
02 317 30.4 198 25.4 55.4 267 57.1 21.7 249 06.1 15.2 326 29.7 04.1 Deneb 49 25.7 N45 22.0
03 332 32.9 213 24.6 . . 54.8 282 57.8 . . 22.1 264 08.1 . . 15.3 341 32.2 . . 04.1 Denebola 182 25.5 N14 26.2
04 347 35.4 228 23.8 54.3 297 58.5 22.6 279 10.0 15.4 356 34.7 04.1 Diphda 348 47.7 S17 51.0
05 2 37.8 243 23.0 53.8 312 59.2 23.1 294 11.9 15.5 11 37.2 04.1

06 17 40.3 258 22.3 N21 53.2 327 59.8 N17 23.6 309 13.8 N21 15.5 26 39.7 S 6 04.2 Dubhe 193 41.8 N61 37.4
07 32 42.8 273 21.5 52.7 343 00.5 24.1 324 15.7 15.6 41 42.2 04.2 Elnath 278 02.7 N28 37.7
08 47 45.2 288 20.7 52.2 358 01.2 24.6 339 17.6 15.7 56 44.7 04.2 Eltanin 90 41.9 N51 29.2
09 62 47.7 303 19.9 . . 51.6 13 01.9 . . 25.0 354 19.5 . . 15.8 71 47.2 . . 04.2 Enif 33 38.9 N 9 59.2
10 77 50.1 318 19.1 51.1 28 02.5 25.5 9 21.4 15.8 86 49.7 04.3 Fomalhaut 15 14.8 S29 29.4
11 92 52.6 333 18.3 50.5 43 03.2 26.0 24 23.3 15.9 101 52.2 04.3

12 107 55.1 348 17.5 N21 50.0 58 03.9 N17 26.5 39 25.2 N21 16.0 116 54.7 S 6 04.3 Gacrux 171 52.2 S57 15.3
13 122 57.5 3 16.7 49.5 73 04.6 27.0 54 27.2 16.1 131 57.2 04.3 Gienah 175 44.1 S17 40.7
14 138 00.0 18 15.9 48.9 88 05.2 27.4 69 29.1 16.2 146 59.7 04.4 Hadar 148 36.4 S60 29.7
15 153 02.5 33 15.1 . . 48.4 103 05.9 . . 27.9 84 31.0 . . 16.2 162 02.2 . . 04.4 Hamal 327 51.8 N23 34.6
16 168 04.9 48 14.3 47.8 118 06.6 28.4 99 32.9 16.3 177 04.7 04.4 Kaus Aust. 83 32.7 S34 22.4
17 183 07.4 63 13.5 47.3 133 07.3 28.9 114 34.8 16.4 192 07.2 04.5

T
U
E
S
D
A
Y

18 198 09.9 78 12.7 N21 46.7 148 07.9 N17 29.4 129 36.7 N21 16.5 207 09.7 S 6 04.5 Kochab 137 19.2 N74 03.5
19 213 12.3 93 11.9 46.2 163 08.6 29.8 144 38.6 16.5 222 12.2 04.5 Markab 13 30.1 N15 20.2
20 228 14.8 108 11.1 45.6 178 09.3 30.3 159 40.5 16.6 237 14.7 04.5 Menkar 314 06.7 N 4 11.2
21 243 17.3 123 10.4 . . 45.1 193 10.0 . . 30.8 174 42.5 . . 16.7 252 17.2 . . 04.6 Menkent 147 58.0 S36 29.6
22 258 19.7 138 09.6 44.5 208 10.6 31.3 189 44.4 16.8 267 19.7 04.6 Miaplacidus 221 39.2 S69 49.2
23 273 22.2 153 08.8 44.0 223 11.3 31.8 204 46.3 16.8 282 22.2 04.6

1000 288 24.6 168 08.0 N21 43.4 238 12.0 N17 32.2 219 48.2 N21 16.9 297 24.7 S 6 04.6 Mirfak 308 29.2 N49 56.7
01 303 27.1 183 07.2 42.9 253 12.7 32.7 234 50.1 17.0 312 27.2 04.7 Nunki 75 47.9 S26 16.0
02 318 29.6 198 06.4 42.3 268 13.4 33.2 249 52.0 17.1 327 29.7 04.7 Peacock 53 05.8 S56 39.3
03 333 32.0 213 05.6 . . 41.7 283 14.0 . . 33.7 264 53.9 . . 17.1 342 32.2 . . 04.7 Pollux 243 18.2 N27 58.1
04 348 34.5 228 04.8 41.2 298 14.7 34.1 279 55.8 17.2 357 34.7 04.7 Procyon 244 51.6 N 5 09.8
05 3 37.0 243 04.0 40.6 313 15.4 34.6 294 57.8 17.3 12 37.2 04.8

06 18 39.4 258 03.3 N21 40.1 328 16.1 N17 35.1 309 59.7 N21 17.4 27 39.7 S 6 04.8 Rasalhague 95 58.6 N12 32.6
07 33 41.9 273 02.5 39.5 343 16.7 35.6 325 01.6 17.4 42 42.2 04.8 Regulus 207 35.1 N11 51.0
08 48 44.4 288 01.7 38.9 358 17.4 36.0 340 03.5 17.5 57 44.7 04.8 Rigel 281 04.6 S 8 10.3
09 63 46.8 303 00.9 . . 38.4 13 18.1 . . 36.5 355 05.4 . . 17.6 72 47.2 . . 04.9 Rigil Kent. 139 40.6 S60 56.4
10 78 49.3 318 00.1 37.8 28 18.8 37.0 10 07.3 17.7 87 49.7 04.9 Sabik 102 02.9 S15 45.3
11 93 51.7 332 59.3 37.2 43 19.4 37.5 25 09.2 17.8 102 52.2 04.9

12 108 54.2 347 58.6 N21 36.7 58 20.1 N17 37.9 40 11.1 N21 17.8 117 54.7 S 6 05.0 Schedar 349 31.5 N56 40.0
13 123 56.7 2 57.8 36.1 73 20.8 38.4 55 13.1 17.9 132 57.2 05.0 Shaula 96 10.5 S37 07.3
14 138 59.1 17 57.0 35.5 88 21.5 38.9 70 15.0 18.0 147 59.7 05.0 Sirius 258 27.0 S16 44.9
15 154 01.6 32 56.2 . . 35.0 103 22.1 . . 39.3 85 16.9 . . 18.1 163 02.2 . . 05.0 Spica 158 22.7 S11 17.4
16 169 04.1 47 55.4 34.4 118 22.8 39.8 100 18.8 18.1 178 04.7 05.1 Suhail 222 47.0 S43 31.9
17 184 06.5 62 54.6 33.8 133 23.5 40.3 115 20.7 18.2 193 07.2 05.1

W
E
D
N
E
S
D
A
Y

18 199 09.0 77 53.9 N21 33.2 148 24.2 N17 40.8 130 22.6 N21 18.3 208 09.7 S 6 05.1 Vega 80 33.1 N38 48.4
19 214 11.5 92 53.1 32.7 163 24.8 41.2 145 24.5 18.4 223 12.2 05.1 Zuben’ubi 136 56.3 S16 08.7
20 229 13.9 107 52.3 32.1 178 25.5 41.7 160 26.5 18.4 238 14.7 05.2
21 244 16.4 122 51.5 . . 31.5 193 26.2 . . 42.2 175 28.4 . . 18.5 253 17.2 . . 05.2
22 259 18.9 137 50.7 30.9 208 26.9 42.6 190 30.3 18.6 268 19.7 05.2 Venus 241 01.5 12 47
23 274 21.3 152 50.0 30.4 223 27.5 43.1 205 32.2 18.7 283 22.2 05.2 Mars 310 30.3 8 08

h m Jupiter 291 36.8 9 23
Mer.Pass. 4 49.5 v −0.8 d 0.5 v 0.7 d 0.5 v 1.9 d 0.1 v 2.5 d 0.0 Saturn 8 59.2 4 14

SHA Mer.Pass.
◦ � h m
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1372024 JULY 8, 9, 10 (MON., TUES., WED.)
Twilight Moonrise

UT SUN MOON Lat. Sunrise
Naut. Civil 8 9 10 11

GHA Dec GHA v Dec d HP ◦ h m h m h m h m h m h m h m
N 72 04 27 07 09 09 15

d h ◦ � ◦ � ◦ � � ◦ � � �
800 178 43.2 N22 26.4 152 08.6 11.6 N21 45.2 10.0 55.5 N 70 05 15 07 28 09 22

01 193 43.1 26.1 166 39.2 11.7 21 35.2 10.2 55.5 68 03 06 05 45 07 42 09 27
02 208 43.0 25.8 181 09.9 11.8 21 25.0 10.3 55.5 66 //// //// 01 10 04 02 06 07 07 54 09 32
03 223 42.9 . . 25.5 195 40.7 11.9 21 14.7 10.3 55.5 64 //// //// 02 00 04 35 06 25 08 03 09 36
04 238 42.8 25.2 210 11.6 12.0 21 04.4 10.4 55.4 62 //// //// 02 31 04 59 06 39 08 12 09 39
05 253 42.7 24.9 224 42.6 12.2 20 54.0 10.6 55.4 60 //// 01 27 02 54 05 18 06 51 08 19 09 42

06 268 42.6 N22 24.6 239 13.8 12.2 N20 43.4 10.6 55.4 N 58 //// 02 03 03 12 05 34 07 01 08 25 09 45
07 283 42.5 24.3 253 45.0 12.3 20 32.8 10.7 55.4 56 //// 02 29 03 27 05 47 07 10 08 30 09 47
08 298 42.4 24.0 268 16.3 12.4 20 22.1 10.7 55.4 54 01 20 02 49 03 40 05 58 07 18 08 35 09 49
09 313 42.3 . . 23.7 282 47.7 12.5 20 11.4 10.9 55.3 52 01 54 03 05 03 52 06 09 07 25 08 39 09 51
10 328 42.2 23.4 297 19.2 12.6 20 00.5 10.9 55.3 50 02 17 03 19 04 02 06 18 07 32 08 43 09 52
11 343 42.1 23.1 311 50.8 12.7 19 49.6 11.1 55.3 45 02 58 03 46 04 23 06 37 07 46 08 52 09 56

12 358 42.0 N22 22.8 326 22.5 12.8 N19 38.5 11.1 55.3 N 40 03 27 04 08 04 40 06 52 07 57 08 59 09 59
13 13 41.9 22.5 340 54.3 12.9 19 27.4 11.1 55.3 35 03 49 04 25 04 54 07 05 08 06 09 05 10 02
14 28 41.9 22.2 355 26.2 13.0 19 16.3 11.3 55.2 30 04 06 04 39 05 06 07 16 08 15 09 10 10 04
15 43 41.8 . . 21.9 9 58.2 13.0 19 05.0 11.3 55.2 20 04 34 05 03 05 27 07 35 08 29 09 19 10 08
16 58 41.7 21.6 24 30.2 13.2 18 53.7 11.4 55.2 N 10 04 55 05 22 05 45 07 52 08 41 09 28 10 12
17 73 41.6 21.4 39 02.4 13.3 18 42.3 11.5 55.2 0 05 13 05 39 06 02 08 08 08 53 09 35 10 15

M
O
N
D
A
Y

18 88 41.5 N22 21.0 53 34.7 13.3 N18 30.8 11.5 55.2 S 10 05 29 05 56 06 18 08 23 09 04 09 42 10 18
19 103 41.4 20.7 68 07.0 13.5 18 19.3 11.6 55.1 20 05 45 06 12 06 36 08 40 09 17 09 50 10 22
20 118 41.3 20.4 82 39.5 13.5 18 07.7 11.7 55.1 30 06 00 06 30 06 56 08 58 09 31 09 59 10 26
21 133 41.2 . . 20.1 97 12.0 13.6 17 56.0 11.8 55.1 35 06 08 06 40 07 07 09 09 09 39 10 04 10 28
22 148 41.1 19.8 111 44.6 13.7 17 44.2 11.8 55.1 40 06 17 06 51 07 21 09 22 09 48 10 10 10 30
23 163 41.0 19.5 126 17.3 13.8 17 32.4 11.9 55.1 45 06 26 07 03 07 37 09 36 09 59 10 17 10 33

900 178 40.9 N22 19.2 140 50.1 13.9 N17 20.5 11.9 55.0 S 50 06 37 07 18 07 56 09 54 10 11 10 25 10 37
01 193 40.8 18.9 155 23.0 14.0 17 08.6 12.0 55.0 52 06 42 07 25 08 05 10 03 10 17 10 29 10 38
02 208 40.7 18.6 169 56.0 14.0 16 56.6 12.1 55.0 54 06 47 07 33 08 15 10 12 10 24 10 33 10 40
03 223 40.6 . . 18.3 184 29.0 14.2 16 44.5 12.1 55.0 56 06 53 07 41 08 27 10 23 10 31 10 37 10 42
04 238 40.6 18.0 199 02.2 14.2 16 32.4 12.2 55.0 58 06 59 07 50 08 40 10 34 10 39 10 42 10 44
05 253 40.5 17.7 213 35.4 14.3 16 20.2 12.3 55.0 S 60 07 06 08 01 08 56 10 48 10 49 10 48 10 47

06 268 40.4 N22 17.4 228 08.7 14.4 N16 07.9 12.3 54.9 Twilight Moonset
07 283 40.3 17.1 242 42.1 14.4 15 55.6 12.3 54.9 Lat. Sunset
08 298 40.2 16.8 257 15.5 14.6 15 43.3 12.4 54.9 Civil Naut. 8 9 10 11
09 313 40.1 . . 16.5 271 49.1 14.6 15 30.9 12.5 54.9
10 328 40.0 16.2 286 22.7 14.7 15 18.4 12.5 54.9 ◦ h m h m h m h m h m h m h m
11 343 39.9 15.8 300 56.4 14.8 15 05.9 12.6 54.9 N 72 01 19 { 00

23
05
25 } 22 53

12 358 39.8 N22 15.5 315 30.2 14.8 N14 53.3 12.6 54.8 N 70 { 00
23

29
45 } 23 15 22 51

13 13 39.7 15.2 330 04.0 15.0 14 40.7 12.7 54.8 68 { 01
23

01
57 } 23 29 23 08 22 49

14 28 39.6 14.9 344 38.0 15.0 14 28.0 12.7 54.8 66 22 57 //// //// { 00
23

03
34 } 23 15 23 01 22 48

15 43 39.6 . . 14.6 359 12.0 15.0 14 15.3 12.8 54.8 64 22 09 //// //// 23 15 23 04 22 55 22 47
16 58 39.5 14.3 13 46.0 15.2 14 02.5 12.8 54.8 62 21 38 //// //// 23 00 22 55 22 50 22 45
17 73 39.4 14.0 28 20.2 15.2 13 49.7 12.9 54.8 60 21 16 22 41 //// 22 47 22 47 22 46 22 45

T
U
E
S
D
A
Y

18 88 39.3 N22 13.6 42 54.4 15.3 N13 36.8 12.9 54.7 N 58 20 58 22 06 //// 22 35 22 39 22 42 22 44
19 103 39.2 13.3 57 28.7 15.3 13 23.9 12.9 54.7 56 20 43 21 41 //// 22 26 22 33 22 39 22 43
20 118 39.1 13.0 72 03.0 15.5 13 11.0 13.0 54.7 54 20 30 21 21 22 48 22 17 22 27 22 35 22 42
21 133 39.0 . . 12.7 86 37.5 15.4 12 58.0 13.1 54.7 52 20 18 21 05 22 16 22 09 22 22 22 33 22 42
22 148 38.9 12.4 101 11.9 15.6 12 44.9 13.1 54.7 50 20 08 20 51 21 52 22 02 22 17 22 30 22 41
23 163 38.8 12.0 115 46.5 15.6 12 31.8 13.1 54.7 45 19 47 20 24 21 12 21 47 22 07 22 24 22 40

1000 178 38.8 N22 11.7 130 21.1 15.7 N12 18.7 13.1 54.6 N 40 19 31 20 03 20 43 21 34 21 58 22 20 22 39
01 193 38.7 11.4 144 55.8 15.7 12 05.6 13.2 54.6 35 19 16 19 46 20 22 21 24 21 51 22 15 22 38
02 208 38.6 11.1 159 30.5 15.8 11 52.4 13.3 54.6 30 19 04 19 31 20 04 21 14 21 44 22 12 22 37
03 223 38.5 . . 10.8 174 05.3 15.9 11 39.1 13.2 54.6 20 18 43 19 08 19 37 20 58 21 33 22 05 22 36
04 238 38.4 10.4 188 40.2 15.9 11 25.9 13.4 54.6 N 10 18 26 18 48 19 15 20 43 21 23 22 00 22 35
05 253 38.3 10.1 203 15.1 16.0 11 12.5 13.3 54.6 0 18 09 18 31 18 57 20 30 21 13 21 54 22 34

06 268 38.2 N22 09.8 217 50.1 16.1 N10 59.2 13.4 54.6 S 10 17 53 18 15 18 41 20 16 21 04 21 49 22 32
07 283 38.2 09.5 232 25.2 16.1 10 45.8 13.4 54.6 20 17 35 17 59 18 26 20 02 20 54 21 43 22 31
08 298 38.1 09.1 247 00.3 16.1 10 32.4 13.4 54.5 30 17 15 17 41 18 11 19 45 20 42 21 36 22 30
09 313 38.0 . . 08.8 261 35.4 16.2 10 19.0 13.5 54.5 35 17 03 17 31 18 03 19 35 20 35 21 33 22 29
10 328 37.9 08.5 276 10.6 16.3 10 05.5 13.5 54.5 40 16 50 17 20 17 54 19 23 20 27 21 28 22 28
11 343 37.8 08.2 290 45.9 16.3 9 52.0 13.5 54.5 45 16 34 17 08 17 44 19 10 20 18 21 23 22 27

12 358 37.7 N22 07.8 305 21.2 16.3 N 9 38.5 13.6 54.5 S 50 16 15 16 53 17 34 18 54 20 07 21 17 22 25
13 13 37.6 07.5 319 56.5 16.4 9 24.9 13.6 54.5 52 16 06 16 46 17 29 18 46 20 01 21 14 22 25
14 28 37.6 07.2 334 31.9 16.5 9 11.3 13.6 54.5 54 15 56 16 38 17 24 18 37 19 56 21 11 22 24
15 43 37.5 . . 06.8 349 07.4 16.5 8 57.7 13.6 54.5 56 15 44 16 30 17 18 18 27 19 49 21 07 22 23
16 58 37.4 06.5 3 42.9 16.5 8 44.1 13.7 54.4 58 15 31 16 21 17 12 18 16 19 42 21 03 22 22
17 73 37.3 06.2 18 18.4 16.6 8 30.4 13.7 54.4 S 60 15 15 16 10 17 05 18 03 19 34 20 59 22 21

W
E
D
N
E
S
D
A
Y

18 88 37.2 N22 05.8 32 54.0 16.7 N 8 16.7 13.7 54.4 SUN MOON
19 103 37.1 05.5 47 29.7 16.6 8 03.0 13.7 54.4
20 118 37.0 05.2 62 05.3 16.8 7 49.3 13.8 54.4 Day Eqn. of Time Mer. Mer. Pass. Age Phase
21 133 37.0 . . 04.8 76 41.1 16.7 7 35.5 13.8 54.4 00h 12h Pass. Upper Lower
22 148 36.9 04.5 91 16.8 16.8 7 21.7 13.8 54.4 d m s m s h m h m h m d %
23 163 36.8 04.2 105 52.6 16.8 N 7 07.9 13.8 54.4 8 05 07 05 12 12 05 14 19 01 55 03 7

9 05 16 05 21 12 05 15 03 02 42 04 13
SD 15.8 d 0.3 SD 15.1 14.9 14.8 10 05 25 05 29 12 05 15 45 03 24 05 20
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STARS, 2024 JANUARY — JUNE270
SHA Declination

Mag. Name and Number
JAN. FEB. MAR. APR. MAY JUNE JAN. FEB. MAR. APR. MAY JUNE

◦ � � � � � � ◦ � � � � � �
2·9 γ Trianguli Aust. 129 43·0 42·4 41·8 41·4 41·2 41·1 S 68 45·8 45·8 45·9 46·0 46·2 46·3
3·1 γ Ursæ Minoris 129 49·6 49·0 48·5 48·1 48·0 48·2 N 71 44·5 44·4 44·5 44·6 44·8 44·9
2·6 β Libræ 130 25·7 25·4 25·2 25·0 24·9 24·9 S 9 28·3 28·4 28·4 28·5 28·5 28·4
2·7 β Lupi 134 58·6 58·3 58·0 57·8 57·7 57·6 S 43 13·6 13·7 13·8 13·9 14·0 14·1
2·8 α Libræ 39 136 57·0 56·8 56·6 56·4 56·3 56·3 S 16 08·5 08·5 08·6 08·6 08·7 08·7
2·1 β Ursæ Minoris 40 137 20·2 19·5 19·0 18·6 18·6 18·8 N 74 03·0 03·0 03·0 03·2 03·3 03·5
2·4 ε Bootis 138 29·6 29·3 29·1 29·0 28·9 28·9 N 26 58·2 58·1 58·1 58·2 58·3 58·4
2·3 α Lupi 139 07·3 06·9 06·6 06·4 06·3 06·3 S 47 29·3 29·3 29·4 29·6 29·7 29·7

−0·3 α Centauri 38 139 41·6 41·2 40·8 40·6 40·5 40·5 S 60 55·8 55·8 55·9 56·1 56·2 56·3
2·3 η Centauri 140 44·7 44·4 44·1 43·9 43·8 43·8 S 42 15·6 15·7 15·8 15·9 16·0 16·1
3·0 γ Bootis 141 44·4 44·1 43·9 43·7 43·7 43·7 N 38 11·9 11·9 11·9 12·0 12·1 12·2
0·0 α Bootis 37 145 48·7 48·5 48·3 48·1 48·1 48·1 N 19 03·3 03·2 03·2 03·2 03·3 03·4
2·1 θ Centauri 36 147 58·7 58·4 58·1 58·0 57·9 57·9 S 36 29·1 29·2 29·3 29·4 29·5 29·6
0·6 β Centauri 35 148 37·3 36·9 36·5 36·3 36·2 36·3 S 60 29·0 29·1 29·3 29·4 29·6 29·7
2·6 ζ Centauri 150 44·5 44·2 43·9 43·8 43·7 43·8 S 47 24·2 24·3 24·4 24·5 24·6 24·7
2·7 η Bootis 151 02·6 02·4 02·2 02·1 02·0 02·1 N 18 16·5 16·4 16·4 16·4 16·5 16·6
1·9 η Ursæ Majoris 34 152 52·7 52·4 52·1 52·0 52·0 52·1 N 49 11·3 11·3 11·3 11·4 11·6 11·7
2·3 ε Centauri 154 38·9 38·5 38·3 38·1 38·1 38·2 S 53 35·0 35·1 35·3 35·4 35·6 35·7
1·0 α Virginis 33 158 23·2 22·9 22·7 22·6 22·6 22·7 S 11 17·2 17·3 17·3 17·4 17·4 17·4
2·3 ζ Ursæ Majoris 158 46·5 46·2 45·9 45·8 45·9 46·0 N 54 47·7 47·7 47·7 47·9 48·0 48·1
2·8 ι Centauri 159 30·8 30·5 30·4 30·2 30·2 30·3 S 36 50·2 50·3 50·4 50·5 50·6 50·7
2·8 ε Virginis 164 09·4 09·2 09·0 08·9 08·9 09·0 N 10 49·7 49·6 49·6 49·6 49·7 49·7
2·9 α Canum Venat. 165 42·7 42·4 42·2 42·2 42·2 42·3 N 38 11·1 11·1 11·1 11·2 11·3 11·4
1·8 ε Ursæ Majoris 32 166 13·6 13·2 13·0 12·9 13·0 13·2 N 55 49·5 49·5 49·6 49·7 49·8 49·9
1·3 β Crucis 167 43·0 42·7 42·5 42·4 42·4 42·6 S 59 48·9 49·1 49·2 49·4 49·5 49·6
2·9 γ Virginis 169 16·8 16·6 16·5 16·4 16·4 16·5 S 1 34·9 35·0 35·1 35·1 35·1 35·0
2·2 γ Centauri 169 17·3 17·0 16·8 16·8 16·8 16·9 S 49 05·3 05·4 05·6 05·7 05·8 05·9
2·7 α Muscæ 170 20·6 20·1 19·8 19·7 19·9 20·1 S 69 15·8 15·9 16·1 16·3 16·4 16·5
2·7 β Corvi 171 05·2 05·0 04·9 04·8 04·8 04·9 S 23 31·7 31·8 31·9 32·0 32·0 32·0
1·6 γ Crucis 31 171 52·4 52·1 51·9 51·8 51·9 52·1 S 57 14·6 14·7 14·9 15·1 15·2 15·3
1·3 α Crucis 30 173 00·8 00·4 00·2 00·2 00·3 00·5 S 63 13·6 13·8 14·0 14·1 14·3 14·4
2·6 γ Corvi 29 175 44·3 44·1 44·0 43·9 44·0 44·0 S 17 40·4 40·6 40·7 40·7 40·8 40·8
2·6 δ Centauri 177 35·8 35·6 35·4 35·4 35·5 35·6 S 50 51·1 51·3 51·4 51·6 51·7 51·8
2·4 γ Ursæ Majoris 181 13·4 13·1 12·9 12·9 13·0 13·2 N 53 33·4 33·4 33·5 33·7 33·8 33·8
2·1 β Leonis 28 182 25·6 25·4 25·3 25·3 25·3 25·4 N 14 26·2 26·1 26·1 26·1 26·2 26·2
2·6 δ Leonis 191 09·1 08·9 08·8 08·8 08·9 09·0 N 20 23·4 23·4 23·4 23·4 23·5 23·5
3·0 ψ Ursæ Majoris 192 14·6 14·4 14·3 14·3 14·4 14·5 N 44 21·9 21·9 22·0 22·1 22·2 22·2
1·8 α Ursæ Majoris 27 193 41·6 41·2 41·1 41·2 41·4 41·7 N 61 37·0 37·1 37·2 37·4 37·4 37·5
2·4 β Ursæ Majoris 194 10·4 10·1 10·0 10·1 10·2 10·4 N 56 15·0 15·0 15·2 15·3 15·4 15·4
2·7 μ Velorum 198 02·7 02·6 02·5 02·6 02·7 02·9 S 49 32·6 32·8 33·0 33·1 33·2 33·2
2·8 θ Carinæ 199 02·5 02·3 02·3 02·4 02·7 03·0 S 64 31·0 31·1 31·3 31·5 31·6 31·6
2·3 γ Leonis 204 40·4 40·2 40·2 40·2 40·3 40·4 N 19 43·1 43·1 43·1 43·1 43·2 43·2
1·4 α Leonis 26 207 35·0 34·9 34·9 34·9 35·0 35·1 N 11 50·9 50·9 50·9 50·9 50·9 50·9
3·0 ε Leonis 213 11·6 11·4 11·4 11·5 11·6 11·7 N 23 39·7 39·7 39·7 39·8 39·8 39·8
3·1 N Velorum 217 00·4 00·3 00·4 00·6 00·8 01·0 S 57 08·2 08·4 08·6 08·7 08·8 08·7
2·0 α Hydræ 25 217 48·3 48·2 48·2 48·2 48·3 48·4 S 8 45·8 45·9 45·9 45·9 45·9 45·9
2·5 κ Velorum 219 16·8 16·7 16·8 17·0 17·2 17·4 S 55 06·6 06·8 07·0 07·1 07·1 07·1
2·2 ι Carinæ 220 33·6 33·6 33·7 33·9 34·2 34·4 S 59 22·4 22·6 22·7 22·9 22·9 22·8
1·7 β Carinæ 24 221 37·6 37·5 37·7 38·1 38·6 39·0 S 69 48·8 48·9 49·1 49·2 49·3 49·2
2·2 λ Velorum 23 222 46·5 46·4 46·5 46·6 46·8 47·0 S 43 31·7 31·8 32·0 32·1 32·1 32·0
3·1 ι Ursæ Majoris 224 46·9 46·8 46·8 47·0 47·1 47·2 N 47 56·7 56·8 56·9 57·0 57·0 56·9
2·0 δ Velorum 228 39·1 39·1 39·2 39·4 39·7 39·9 S 54 47·7 47·9 48·0 48·1 48·1 48·0
1·9 ε Carinæ 22 234 14·4 14·5 14·6 14·9 15·2 15·5 S 59 35·1 35·3 35·4 35·5 35·5 35·4
1·8 γ Velorum 237 25·5 25·5 25·7 25·9 26·1 26·2 S 47 24·4 24·5 24·7 24·7 24·7 24·6
2·8 ρ Puppis 237 51·2 51·2 51·3 51·4 51·5 51·6 S 24 22·4 22·5 22·6 22·6 22·6 22·5
2·3 ζ Puppis 238 53·2 53·2 53·3 53·5 53·7 53·8 S 40 04·2 04·3 04·5 04·5 04·5 04·4
1·1 β Geminorum 21 243 17·9 17·9 18·0 18·1 18·2 18·2 N 27 58·0 58·1 58·1 58·1 58·1 58·1
0·4 α Canis Minoris 20 244 51·3 51·3 51·4 51·5 51·6 51·6 N 5 09·8 09·7 09·7 09·7 09·7 09·8
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STARS, 2024 JULY — DECEMBER 271
SHA Declination

Mag. Name and Number
JULY AUG. SEPT. OCT. NOV. DEC. JULY AUG. SEPT. OCT. NOV. DEC.

◦ � � � � � � ◦ � � � � � �
2·9 γ Trianguli Aust. 129 41·3 41·6 42·0 42·2 42·2 41·9 S 68 46·4 46·4 46·4 46·3 46·2 46·1
3·1 Pherkad 129 48·6 49·1 49·6 50·0 50·1 50·0 N 71 45·0 45·0 44·9 44·8 44·6 44·4
2·6 Zubeneschamali 130 24·9 25·0 25·1 25·2 25·2 25·0 S 9 28·4 28·4 28·4 28·4 28·4 28·5
2·7 β Lupi 134 57·7 57·8 58·0 58·1 58·0 57·8 S 43 14·1 14·1 14·1 14·0 13·9 13·9
2·8 Zubenelgenubi 39 136 56·3 56·4 56·5 56·6 56·5 56·4 S 16 08·7 08·6 08·6 08·6 08·6 08·7
2·1 Kochab 40 137 19·3 19·9 20·4 20·8 20·9 20·7 N 74 03·5 03·5 03·4 03·3 03·1 02·9
2·4 Izar 138 29·0 29·1 29·2 29·3 29·3 29·1 N 26 58·5 58·5 58·4 58·4 58·2 58·1
2·3 α Lupi 139 06·4 06·5 06·7 06·8 06·7 06·5 S 47 29·8 29·8 29·7 29·7 29·6 29·5

−0·3 Rigil Kent. 38 139 40·7 40·9 41·2 41·3 41·2 40·9 S 60 56·4 56·4 56·3 56·2 56·1 56·0
2·3 η Centauri 140 43·9 44·0 44·1 44·2 44·1 43·9 S 42 16·1 16·1 16·0 16·0 15·9 15·9
3·0 Seginus 141 43·8 44·0 44·1 44·2 44·2 44·0 N 38 12·3 12·3 12·2 12·1 11·9 11·8
0·0 Arcturus 37 145 48·2 48·3 48·4 48·4 48·4 48·2 N 19 03·4 03·4 03·4 03·3 03·2 03·1
2·1 Menkent 36 147 58·0 58·2 58·3 58·3 58·2 58·0 S 36 29·6 29·6 29·5 29·4 29·4 29·4
0·6 Hadar 35 148 36·5 36·7 36·9 37·0 36·9 36·5 S 60 29·7 29·7 29·6 29·5 29·4 29·3
2·6 ζ Centauri 150 43·9 44·0 44·1 44·2 44·1 43·8 S 47 24·7 24·7 24·6 24·6 24·5 24·4
2·7 Muphrid 151 02·2 02·2 02·3 02·4 02·3 02·1 N 18 16·6 16·6 16·6 16·5 16·4 16·3
1·9 Alkaid 34 152 52·3 52·4 52·6 52·6 52·6 52·3 N 49 11·7 11·7 11·6 11·4 11·3 11·1
2·3 ε Centauri 154 38·3 38·5 38·6 38·7 38·5 38·2 S 53 35·7 35·7 35·6 35·5 35·4 35·3
1·0 Spica 33 158 22·7 22·8 22·9 22·9 22·8 22·5 S 11 17·4 17·3 17·3 17·3 17·3 17·4
2·3 Mizar 158 46·2 46·4 46·5 46·6 46·5 46·2 N 54 48·1 48·1 48·0 47·8 47·6 47·4
2·8 ι Centauri 159 30·4 30·5 30·6 30·6 30·4 30·2 S 36 50·7 50·6 50·5 50·5 50·4 50·4
2·8 Vindemiatrix 164 09·1 09·2 09·2 09·2 09·1 08·8 N 10 49·8 49·8 49·7 49·7 49·6 49·5
2·9 Cor Caroli 165 42·4 42·5 42·6 42·6 42·4 42·2 N 38 11·4 11·4 11·3 11·1 11·0 10·8
1·8 Alioth 32 166 13·4 13·6 13·7 13·7 13·5 13·2 N 55 49·9 49·8 49·7 49·5 49·4 49·2
1·3 Mimosa 167 42·8 43·0 43·1 43·1 42·9 42·5 S 59 49·6 49·6 49·4 49·3 49·2 49·2
2·9 Porrima 169 16·5 16·6 16·6 16·6 16·5 16·2 S 1 35·0 35·0 35·0 35·0 35·1 35·2
2·2 Muhlifain 169 17·1 17·2 17·3 17·3 17·1 16·7 S 49 05·9 05·8 05·7 05·6 05·5 05·5
2·7 α Muscæ 170 20·5 20·8 21·0 21·0 20·7 20·1 S 69 16·5 16·5 16·3 16·2 16·1 16·1
2·7 Kraz 171 05·0 05·0 05·1 05·0 04·9 04·6 S 23 32·0 32·0 31·9 31·9 31·9 31·9
1·6 Gacrux 31 171 52·3 52·5 52·6 52·5 52·3 51·9 S 57 15·3 15·2 15·1 15·0 14·9 14·9
1·3 Acrux 30 173 00·7 01·0 01·1 01·0 00·8 00·3 S 63 14·4 14·3 14·2 14·0 13·9 13·9
2·6 Gienah 29 175 44·1 44·2 44·2 44·1 44·0 43·7 S 17 40·7 40·7 40·6 40·6 40·6 40·7
2·6 δ Centauri 177 35·8 35·9 36·0 35·9 35·7 35·3 S 50 51·7 51·7 51·5 51·4 51·4 51·4
2·4 Phecda 181 13·4 13·5 13·5 13·4 13·2 12·9 N 53 33·8 33·7 33·6 33·4 33·2 33·1
2·1 Denebola 28 182 25·5 25·5 25·5 25·5 25·3 25·0 N 14 26·2 26·2 26·2 26·1 26·0 25·9
2·6 Zosma 191 09·0 09·1 09·0 08·9 08·7 08·4 N 20 23·5 23·5 23·4 23·4 23·2 23·1
3·0 ψ Ursæ Majoris 192 14·7 14·7 14·7 14·5 14·3 14·0 N 44 22·2 22·1 22·0 21·8 21·7 21·6
1·8 Dubhe 27 193 41·9 42·0 41·9 41·7 41·4 41·0 N 61 37·4 37·3 37·1 36·9 36·8 36·7
2·4 Merak 194 10·6 10·7 10·6 10·4 10·1 09·8 N 56 15·3 15·2 15·1 14·9 14·7 14·6
2·7 μ Velorum 198 03·1 03·1 03·1 03·0 02·7 02·3 S 49 33·1 33·0 32·9 32·8 32·8 32·8
2·8 θ Carinæ 199 03·2 03·4 03·4 03·2 02·8 02·3 S 64 31·5 31·4 31·3 31·2 31·1 31·2
2·3 Algieba 204 40·4 40·4 40·3 40·2 40·0 39·7 N 19 43·2 43·2 43·1 43·0 42·9 42·8
1·4 Regulus 26 207 35·1 35·1 35·0 34·9 34·6 34·4 N 11 51·0 51·0 50·9 50·9 50·8 50·7
3·0 ε Leonis 213 11·7 11·7 11·5 11·4 11·1 10·8 N 23 39·8 39·8 39·7 39·6 39·5 39·5
3·1 N Velorum 217 01·2 01·2 01·1 00·9 00·5 00·1 S 57 08·6 08·5 08·3 08·2 08·3 08·4
2·0 Alphard 25 217 48·4 48·4 48·3 48·1 47·9 47·6 S 8 45·8 45·8 45·7 45·8 45·8 45·9
2·5 Markeb 219 17·6 17·6 17·5 17·2 16·9 16·5 S 55 07·0 06·8 06·7 06·6 06·6 06·7
2·2 Aspidiske 220 34·6 34·6 34·5 34·2 33·8 33·4 S 59 22·7 22·6 22·4 22·4 22·4 22·5
1·7 Miaplacidus 24 221 39·3 39·3 39·2 38·8 38·2 37·7 S 69 49·1 49·0 48·8 48·7 48·7 48·8
2·2 Suhail 23 222 47·0 47·0 46·9 46·7 46·4 46·1 S 43 31·9 31·8 31·7 31·6 31·6 31·8
3·1 Talitha 224 47·3 47·2 47·0 46·7 46·4 46·0 N 47 56·9 56·8 56·7 56·6 56·5 56·4
2·0 Alsephina 228 40·0 39·9 39·8 39·5 39·2 38·8 S 54 47·9 47·8 47·6 47·6 47·6 47·7
1·9 Avior 22 234 15·6 15·5 15·3 15·0 14·6 14·3 S 59 35·3 35·1 35·0 34·9 35·0 35·1
1·8 γ Velorum 237 26·3 26·2 26·0 25·7 25·4 25·2 S 47 24·5 24·3 24·2 24·2 24·2 24·4
2·8 Tureis 237 51·6 51·5 51·3 51·1 50·9 50·6 S 24 22·4 22·3 22·3 22·2 22·3 22·4
2·3 Naos 238 53·8 53·7 53·5 53·3 53·0 52·8 S 40 04·3 04·1 04·0 04·0 04·1 04·2
1·1 Pollux 21 243 18·2 18·0 17·8 17·6 17·3 17·1 N 27 58·1 58·1 58·0 58·0 57·9 57·9
0·4 Procyon 20 244 51·6 51·5 51·3 51·1 50·8 50·6 N 5 09·8 09·8 09·8 09·8 09·8 09·7
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POLARIS (POLE STAR) TABLES, 2024276
FOR DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH

LHA 240◦ – 250◦ – 260◦ – 270◦ – 280◦ – 290◦ – 300◦ – 310◦ – 320◦ – 330◦ – 340◦ – 350◦ –
ARIES 249◦ 259◦ 269◦ 279◦ 289◦ 299◦ 309◦ 319◦ 329◦ 339◦ 349◦ 359◦

a0 a0 a0 a0 a0 a0 a0 a0 a0 a0 a0 a0
◦ ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ � ◦ �
0 1 35·6 1 33·4 1 30·2 1 26·1 1 21·1 1 15·5 1 09·3 1 02·9 0 56·3 0 49·7 0 43·5 0 37·7
1 35·4 33·1 29·8 25·6 20·6 14·9 08·7 02·2 55·6 49·1 42·9 37·1
2 35·2 32·8 29·5 25·2 20·0 14·3 08·1 01·5 54·9 48·4 42·3 36·6
3 35·0 32·6 29·1 24·7 19·5 13·7 07·4 00·9 54·3 47·8 41·7 36·0
4 34·8 32·3 28·7 24·2 18·9 13·1 06·8 1 00·2 53·6 47·2 41·1 35·5
5 1 34·6 1 31·9 1 28·3 1 23·7 1 18·4 1 12·5 1 06·1 0 59·6 0 53·0 0 46·5 0 40·5 0 35·0
6 34·4 31·6 27·8 23·2 17·8 11·8 05·5 58·9 52·3 45·9 39·9 34·5
7 34·2 31·3 27·4 22·7 17·2 11·2 04·8 58·2 51·7 45·3 39·3 34·0
8 33·9 30·9 27·0 22·2 16·7 10·6 04·2 57·6 51·0 44·7 38·8 33·5
9 33·7 30·6 26·5 21·7 16·1 10·0 03·5 56·9 50·4 44·1 38·2 33·0

10 1 33·4 1 30·2 1 26·1 1 21·1 1 15·5 1 09·3 1 02·9 0 56·3 0 49·7 0 43·5 0 37·7 0 32·5
Lat. a1 a1 a1 a1 a1 a1 a1 a1 a1 a1 a1 a1

◦ � � � � � � � � � � � �
0 0·6 0·5 0·5 0·5 0·4 0·4 0·4 0·4 0·4 0·4 0·4 0·5

10 ·6 ·5 ·5 ·5 ·4 ·4 ·4 ·4 ·4 ·4 ·4 ·5
20 ·6 ·6 ·5 ·5 ·5 ·4 ·4 ·4 ·4 ·4 ·5 ·5
30 ·6 ·6 ·5 ·5 ·5 ·5 ·5 ·5 ·5 ·5 ·5 ·5
40 0·6 0·6 0·6 0·6 0·5 0·5 0·5 0·5 0·5 0·5 0·5 0·6
45 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6
50 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6
55 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6 ·6
60 ·6 ·6 ·6 ·7 ·7 ·7 ·7 ·7 ·7 ·7 ·7 ·7
62 0·6 0·6 0·7 0·7 0·7 0·7 0·7 0·7 0·7 0·7 0·7 0·7
64 ·6 ·6 ·7 ·7 ·7 ·8 ·8 ·8 ·8 ·8 ·7 ·7
66 ·6 ·7 ·7 ·7 ·8 ·8 ·8 ·8 ·8 ·8 ·8 ·7
68 0·6 0·7 0·7 0·8 0·8 0·8 0·9 0·9 0·9 0·8 0·8 0·8

Month a2 a2 a2 a2 a2 a2 a2 a2 a2 a2 a2 a2
� � � � � � � � � � � �

Jan. 0·5 0·5 0·5 0·5 0·5 0·5 0·6 0·6 0·6 0·6 0·6 0·7
Feb. ·4 ·4 ·4 ·4 ·4 ·4 ·4 ·4 ·5 ·5 ·5 ·6
Mar. ·4 ·4 ·3 ·3 ·3 ·3 ·3 ·3 ·3 ·3 ·4 ·4
Apr. 0·5 0·4 0·4 0·3 0·3 0·3 0·2 0·2 0·2 0·2 0·3 0·3
May ·6 ·6 ·5 ·4 ·4 ·3 ·3 ·2 ·2 ·2 ·2 ·2
June ·8 ·7 ·6 ·6 ·5 ·4 ·4 ·3 ·3 ·2 ·2 ·2
July 0·9 0·8 0·8 0·7 0·7 0·6 0·5 0·5 0·4 0·4 0·3 0·3
Aug. ·9 ·9 ·9 ·9 ·8 ·8 ·7 ·6 ·6 ·5 ·5 ·4
Sept. ·9 ·9 ·9 ·9 ·9 ·9 ·9 ·8 ·8 ·7 ·7 ·6
Oct. 0·8 0·8 0·9 0·9 0·9 0·9 0·9 0·9 0·9 0·9 0·8 0·8
Nov. ·6 ·7 ·8 ·8 ·9 ·9 1·0 1·0 1·0 1·0 1·0 1·0
Dec. 0·5 0·6 0·6 0·7 0·8 0·8 0·9 1·0 1·0 1·0 1·0 1·0
Lat. AZIMUTH

◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦
0 0·2 0·3 0·4 0·5 0·5 0·6 0·6 0·6 0·6 0·6 0·6 0·5

20 0·2 0·3 0·4 0·5 0·6 0·6 0·7 0·7 0·7 0·6 0·6 0·5
40 0·3 0·4 0·5 0·6 0·7 0·8 0·8 0·8 0·8 0·8 0·7 0·6
50 0·3 0·5 0·6 0·7 0·8 0·9 1·0 1·0 1·0 0·9 0·9 0·8
55 0·4 0·5 0·7 0·8 0·9 1·0 1·1 1·1 1·1 1·0 1·0 0·9
60 0·4 0·6 0·8 0·9 1·1 1·2 1·2 1·3 1·3 1·2 1·1 1·0
65 0·5 0·7 0·9 1·1 1·3 1·4 1·5 1·5 1·5 1·4 1·3 1·2

Latitude = Apparent altitude (corrected for refraction) −1◦ + a0 + a1 + a2

The table is entered with LHA Aries to determine the column to be used; each column refers to a range of
10◦. a0 is taken, with mental interpolation, from the upper table with the units of LHA Aries in degrees as
argument; a1, a2 are taken, without interpolation, from the second and third tables with arguments latitude and
month respectively. a0, a1, a2, are always positive. The final table gives the azimuth of Polaris.
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CONVERSION OF ARC TO TIME

0◦–59◦ 60◦–119◦ 120◦–179◦ 180◦–239◦ 240◦–299◦ 300◦–359◦ 0�.00 0�.25 0�.50 0�.75

◦ h m ◦ h m ◦ h m ◦ h m ◦ h m ◦ h m � m s m s m s m s

0 0 00 60 4 00 120 8 00 180 12 00 240 16 00 300 20 00 0 0 00 0 01 0 02 0 03
1 0 04 61 4 04 121 8 04 181 12 04 241 16 04 301 20 04 1 0 04 0 05 0 06 0 07
2 0 08 62 4 08 122 8 08 182 12 08 242 16 08 302 20 08 2 0 08 0 09 0 10 0 11
3 0 12 63 4 12 123 8 12 183 12 12 243 16 12 303 20 12 3 0 12 0 13 0 14 0 15
4 0 16 64 4 16 124 8 16 184 12 16 244 16 16 304 20 16 4 0 16 0 17 0 18 0 19

5 0 20 65 4 20 125 8 20 185 12 20 245 16 20 305 20 20 5 0 20 0 21 0 22 0 23
6 0 24 66 4 24 126 8 24 186 12 24 246 16 24 306 20 24 6 0 24 0 25 0 26 0 27
7 0 28 67 4 28 127 8 28 187 12 28 247 16 28 307 20 28 7 0 28 0 29 0 30 0 31
8 0 32 68 4 32 128 8 32 188 12 32 248 16 32 308 20 32 8 0 32 0 33 0 34 0 35
9 0 36 69 4 36 129 8 36 189 12 36 249 16 36 309 20 36 9 0 36 0 37 0 38 0 39

10 0 40 70 4 40 130 8 40 190 12 40 250 16 40 310 20 40 10 0 40 0 41 0 42 0 43
11 0 44 71 4 44 131 8 44 191 12 44 251 16 44 311 20 44 11 0 44 0 45 0 46 0 47
12 0 48 72 4 48 132 8 48 192 12 48 252 16 48 312 20 48 12 0 48 0 49 0 50 0 51
13 0 52 73 4 52 133 8 52 193 12 52 253 16 52 313 20 52 13 0 52 0 53 0 54 0 55
14 0 56 74 4 56 134 8 56 194 12 56 254 16 56 314 20 56 14 0 56 0 57 0 58 0 59

15 1 00 75 5 00 135 9 00 195 13 00 255 17 00 315 21 00 15 1 00 1 01 1 02 1 03
16 1 04 76 5 04 136 9 04 196 13 04 256 17 04 316 21 04 16 1 04 1 05 1 06 1 07
17 1 08 77 5 08 137 9 08 197 13 08 257 17 08 317 21 08 17 1 08 1 09 1 10 1 11
18 1 12 78 5 12 138 9 12 198 13 12 258 17 12 318 21 12 18 1 12 1 13 1 14 1 15
19 1 16 79 5 16 139 9 16 199 13 16 259 17 16 319 21 16 19 1 16 1 17 1 18 1 19

20 1 20 80 5 20 140 9 20 200 13 20 260 17 20 320 21 20 20 1 20 1 21 1 22 1 23
21 1 24 81 5 24 141 9 24 201 13 24 261 17 24 321 21 24 21 1 24 1 25 1 26 1 27
22 1 28 82 5 28 142 9 28 202 13 28 262 17 28 322 21 28 22 1 28 1 29 1 30 1 31
23 1 32 83 5 32 143 9 32 203 13 32 263 17 32 323 21 32 23 1 32 1 33 1 34 1 35
24 1 36 84 5 36 144 9 36 204 13 36 264 17 36 324 21 36 24 1 36 1 37 1 38 1 39

25 1 40 85 5 40 145 9 40 205 13 40 265 17 40 325 21 40 25 1 40 1 41 1 42 1 43
26 1 44 86 5 44 146 9 44 206 13 44 266 17 44 326 21 44 26 1 44 1 45 1 46 1 47
27 1 48 87 5 48 147 9 48 207 13 48 267 17 48 327 21 48 27 1 48 1 49 1 50 1 51
28 1 52 88 5 52 148 9 52 208 13 52 268 17 52 328 21 52 28 1 52 1 53 1 54 1 55
29 1 56 89 5 56 149 9 56 209 13 56 269 17 56 329 21 56 29 1 56 1 57 1 58 1 59

30 2 00 90 6 00 150 10 00 210 14 00 270 18 00 330 22 00 30 2 00 2 01 2 02 2 03
31 2 04 91 6 04 151 10 04 211 14 04 271 18 04 331 22 04 31 2 04 2 05 2 06 2 07
32 2 08 92 6 08 152 10 08 212 14 08 272 18 08 332 22 08 32 2 08 2 09 2 10 2 11
33 2 12 93 6 12 153 10 12 213 14 12 273 18 12 333 22 12 33 2 12 2 13 2 14 2 15
34 2 16 94 6 16 154 10 16 214 14 16 274 18 16 334 22 16 34 2 16 2 17 2 18 2 19

35 2 20 95 6 20 155 10 20 215 14 20 275 18 20 335 22 20 35 2 20 2 21 2 22 2 23
36 2 24 96 6 24 156 10 24 216 14 24 276 18 24 336 22 24 36 2 24 2 25 2 26 2 27
37 2 28 97 6 28 157 10 28 217 14 28 277 18 28 337 22 28 37 2 28 2 29 2 30 2 31
38 2 32 98 6 32 158 10 32 218 14 32 278 18 32 338 22 32 38 2 32 2 33 2 34 2 35
39 2 36 99 6 36 159 10 36 219 14 36 279 18 36 339 22 36 39 2 36 2 37 2 38 2 39

40 2 40 100 6 40 160 10 40 220 14 40 280 18 40 340 22 40 40 2 40 2 41 2 42 2 43
41 2 44 101 6 44 161 10 44 221 14 44 281 18 44 341 22 44 41 2 44 2 45 2 46 2 47
42 2 48 102 6 48 162 10 48 222 14 48 282 18 48 342 22 48 42 2 48 2 49 2 50 2 51
43 2 52 103 6 52 163 10 52 223 14 52 283 18 52 343 22 52 43 2 52 2 53 2 54 2 55
44 2 56 104 6 56 164 10 56 224 14 56 284 18 56 344 22 56 44 2 56 2 57 2 58 2 59

45 3 00 105 7 00 165 11 00 225 15 00 285 19 00 345 23 00 45 3 00 3 01 3 02 3 03
46 3 04 106 7 04 166 11 04 226 15 04 286 19 04 346 23 04 46 3 04 3 05 3 06 3 07
47 3 08 107 7 08 167 11 08 227 15 08 287 19 08 347 23 08 47 3 08 3 09 3 10 3 11
48 3 12 108 7 12 168 11 12 228 15 12 288 19 12 348 23 12 48 3 12 3 13 3 14 3 15
49 3 16 109 7 16 169 11 16 229 15 16 289 19 16 349 23 16 49 3 16 3 17 3 18 3 19

50 3 20 110 7 20 170 11 20 230 15 20 290 19 20 350 23 20 50 3 20 3 21 3 22 3 23
51 3 24 111 7 24 171 11 24 231 15 24 291 19 24 351 23 24 51 3 24 3 25 3 26 3 27
52 3 28 112 7 28 172 11 28 232 15 28 292 19 28 352 23 28 52 3 28 3 29 3 30 3 31
53 3 32 113 7 32 173 11 32 233 15 32 293 19 32 353 23 32 53 3 32 3 33 3 34 3 35
54 3 36 114 7 36 174 11 36 234 15 36 294 19 36 354 23 36 54 3 36 3 37 3 38 3 39

55 3 40 115 7 40 175 11 40 235 15 40 295 19 40 355 23 40 55 3 40 3 41 3 42 3 43
56 3 44 116 7 44 176 11 44 236 15 44 296 19 44 356 23 44 56 3 44 3 45 3 46 3 47
57 3 48 117 7 48 177 11 48 237 15 48 297 19 48 357 23 48 57 3 48 3 49 3 50 3 51
58 3 52 118 7 52 178 11 52 238 15 52 298 19 52 358 23 52 58 3 52 3 53 3 54 3 55
59 3 56 119 7 56 179 11 56 239 15 56 299 19 56 359 23 56 59 3 56 3 57 3 58 3 59

The above table is for converting expressions in arc to their equivalent in time; its main use in this Almanac is for the

conversion of longitude for application to LMT (added if west , subtracted if east) to give UT or vice versa, particularly in

the case of sunrise, sunset, etc.
i
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24m
INCREMENTS AND CORRECTIONS 25m

m SUN v v v
ARIES MOON or Corrn or Corrn or Corrn

24 PLANETS d d d

s ◦ � ◦ � ◦ � � � � � � �
00 6 00·0 6 01·0 5 43·6 0·0 0·0 6·0 2·5 12·0 4·9
01 6 00·3 6 01·2 5 43·8 0·1 0·0 6·1 2·5 12·1 4·9
02 6 00·5 6 01·5 5 44·1 0·2 0·1 6·2 2·5 12·2 5·0
03 6 00·8 6 01·7 5 44·3 0·3 0·1 6·3 2·6 12·3 5·0
04 6 01·0 6 02·0 5 44·6 0·4 0·2 6·4 2·6 12·4 5·1
05 6 01·3 6 02·2 5 44·8 0·5 0·2 6·5 2·7 12·5 5·1
06 6 01·5 6 02·5 5 45·0 0·6 0·2 6·6 2·7 12·6 5·1
07 6 01·8 6 02·7 5 45·3 0·7 0·3 6·7 2·7 12·7 5·2
08 6 02·0 6 03·0 5 45·5 0·8 0·3 6·8 2·8 12·8 5·2
09 6 02·3 6 03·2 5 45·7 0·9 0·4 6·9 2·8 12·9 5·3
10 6 02·5 6 03·5 5 46·0 1·0 0·4 7·0 2·9 13·0 5·3
11 6 02·8 6 03·7 5 46·2 1·1 0·4 7·1 2·9 13·1 5·3
12 6 03·0 6 04·0 5 46·5 1·2 0·5 7·2 2·9 13·2 5·4
13 6 03·3 6 04·2 5 46·7 1·3 0·5 7·3 3·0 13·3 5·4
14 6 03·5 6 04·5 5 46·9 1·4 0·6 7·4 3·0 13·4 5·5
15 6 03·8 6 04·7 5 47·2 1·5 0·6 7·5 3·1 13·5 5·5
16 6 04·0 6 05·0 5 47·4 1·6 0·7 7·6 3·1 13·6 5·6
17 6 04·3 6 05·2 5 47·7 1·7 0·7 7·7 3·1 13·7 5·6
18 6 04·5 6 05·5 5 47·9 1·8 0·7 7·8 3·2 13·8 5·6
19 6 04·8 6 05·7 5 48·1 1·9 0·8 7·9 3·2 13·9 5·7
20 6 05·0 6 06·0 5 48·4 2·0 0·8 8·0 3·3 14·0 5·7
21 6 05·3 6 06·3 5 48·6 2·1 0·9 8·1 3·3 14·1 5·8
22 6 05·5 6 06·5 5 48·8 2·2 0·9 8·2 3·3 14·2 5·8
23 6 05·8 6 06·8 5 49·1 2·3 0·9 8·3 3·4 14·3 5·8
24 6 06·0 6 07·0 5 49·3 2·4 1·0 8·4 3·4 14·4 5·9
25 6 06·3 6 07·3 5 49·6 2·5 1·0 8·5 3·5 14·5 5·9
26 6 06·5 6 07·5 5 49·8 2·6 1·1 8·6 3·5 14·6 6·0
27 6 06·8 6 07·8 5 50·0 2·7 1·1 8·7 3·6 14·7 6·0
28 6 07·0 6 08·0 5 50·3 2·8 1·1 8·8 3·6 14·8 6·0
29 6 07·3 6 08·3 5 50·5 2·9 1·2 8·9 3·6 14·9 6·1
30 6 07·5 6 08·5 5 50·8 3·0 1·2 9·0 3·7 15·0 6·1
31 6 07·8 6 08·8 5 51·0 3·1 1·3 9·1 3·7 15·1 6·2
32 6 08·0 6 09·0 5 51·2 3·2 1·3 9·2 3·8 15·2 6·2
33 6 08·3 6 09·3 5 51·5 3·3 1·3 9·3 3·8 15·3 6·2
34 6 08·5 6 09·5 5 51·7 3·4 1·4 9·4 3·8 15·4 6·3
35 6 08·8 6 09·8 5 52·0 3·5 1·4 9·5 3·9 15·5 6·3
36 6 09·0 6 10·0 5 52·2 3·6 1·5 9·6 3·9 15·6 6·4
37 6 09·3 6 10·3 5 52·4 3·7 1·5 9·7 4·0 15·7 6·4
38 6 09·5 6 10·5 5 52·7 3·8 1·6 9·8 4·0 15·8 6·5
39 6 09·8 6 10·8 5 52·9 3·9 1·6 9·9 4·0 15·9 6·5
40 6 10·0 6 11·0 5 53·1 4·0 1·6 10·0 4·1 16·0 6·5
41 6 10·3 6 11·3 5 53·4 4·1 1·7 10·1 4·1 16·1 6·6
42 6 10·5 6 11·5 5 53·6 4·2 1·7 10·2 4·2 16·2 6·6
43 6 10·8 6 11·8 5 53·9 4·3 1·8 10·3 4·2 16·3 6·7
44 6 11·0 6 12·0 5 54·1 4·4 1·8 10·4 4·2 16·4 6·7
45 6 11·3 6 12·3 5 54·3 4·5 1·8 10·5 4·3 16·5 6·7
46 6 11·5 6 12·5 5 54·6 4·6 1·9 10·6 4·3 16·6 6·8
47 6 11·8 6 12·8 5 54·8 4·7 1·9 10·7 4·4 16·7 6·8
48 6 12·0 6 13·0 5 55·1 4·8 2·0 10·8 4·4 16·8 6·9
49 6 12·3 6 13·3 5 55·3 4·9 2·0 10·9 4·5 16·9 6·9
50 6 12·5 6 13·5 5 55·5 5·0 2·0 11·0 4·5 17·0 6·9
51 6 12·8 6 13·8 5 55·8 5·1 2·1 11·1 4·5 17·1 7·0
52 6 13·0 6 14·0 5 56·0 5·2 2·1 11·2 4·6 17·2 7·0
53 6 13·3 6 14·3 5 56·2 5·3 2·2 11·3 4·6 17·3 7·1
54 6 13·5 6 14·5 5 56·5 5·4 2·2 11·4 4·7 17·4 7·1
55 6 13·8 6 14·8 5 56·7 5·5 2·2 11·5 4·7 17·5 7·1
56 6 14·0 6 15·0 5 57·0 5·6 2·3 11·6 4·7 17·6 7·2
57 6 14·3 6 15·3 5 57·2 5·7 2·3 11·7 4·8 17·7 7·2
58 6 14·5 6 15·5 5 57·4 5·8 2·4 11·8 4·8 17·8 7·3
59 6 14·8 6 15·8 5 57·7 5·9 2·4 11·9 4·9 17·9 7·3
60 6 15·0 6 16·0 5 57·9 6·0 2·5 12·0 4·9 18·0 7·4

m SUN v v v
ARIES MOON or Corrn or Corrn or Corrn

25 PLANETS d d d

s ◦ � ◦ � ◦ � � � � � � �
00 6 15·0 6 16·0 5 57·9 0·0 0·0 6·0 2·6 12·0 5·1
01 6 15·3 6 16·3 5 58·2 0·1 0·0 6·1 2·6 12·1 5·1
02 6 15·5 6 16·5 5 58·4 0·2 0·1 6·2 2·6 12·2 5·2
03 6 15·8 6 16·8 5 58·6 0·3 0·1 6·3 2·7 12·3 5·2
04 6 16·0 6 17·0 5 58·9 0·4 0·2 6·4 2·7 12·4 5·3
05 6 16·3 6 17·3 5 59·1 0·5 0·2 6·5 2·8 12·5 5·3
06 6 16·5 6 17·5 5 59·3 0·6 0·3 6·6 2·8 12·6 5·4
07 6 16·8 6 17·8 5 59·6 0·7 0·3 6·7 2·8 12·7 5·4
08 6 17·0 6 18·0 5 59·8 0·8 0·3 6·8 2·9 12·8 5·4
09 6 17·3 6 18·3 6 00·1 0·9 0·4 6·9 2·9 12·9 5·5
10 6 17·5 6 18·5 6 00·3 1·0 0·4 7·0 3·0 13·0 5·5
11 6 17·8 6 18·8 6 00·5 1·1 0·5 7·1 3·0 13·1 5·6
12 6 18·0 6 19·0 6 00·8 1·2 0·5 7·2 3·1 13·2 5·6
13 6 18·3 6 19·3 6 01·0 1·3 0·6 7·3 3·1 13·3 5·7
14 6 18·5 6 19·5 6 01·3 1·4 0·6 7·4 3·1 13·4 5·7
15 6 18·8 6 19·8 6 01·5 1·5 0·6 7·5 3·2 13·5 5·7
16 6 19·0 6 20·0 6 01·7 1·6 0·7 7·6 3·2 13·6 5·8
17 6 19·3 6 20·3 6 02·0 1·7 0·7 7·7 3·3 13·7 5·8
18 6 19·5 6 20·5 6 02·2 1·8 0·8 7·8 3·3 13·8 5·9
19 6 19·8 6 20·8 6 02·5 1·9 0·8 7·9 3·4 13·9 5·9
20 6 20·0 6 21·0 6 02·7 2·0 0·9 8·0 3·4 14·0 6·0
21 6 20·3 6 21·3 6 02·9 2·1 0·9 8·1 3·4 14·1 6·0
22 6 20·5 6 21·5 6 03·2 2·2 0·9 8·2 3·5 14·2 6·0
23 6 20·8 6 21·8 6 03·4 2·3 1·0 8·3 3·5 14·3 6·1
24 6 21·0 6 22·0 6 03·6 2·4 1·0 8·4 3·6 14·4 6·1
25 6 21·3 6 22·3 6 03·9 2·5 1·1 8·5 3·6 14·5 6·2
26 6 21·5 6 22·5 6 04·1 2·6 1·1 8·6 3·7 14·6 6·2
27 6 21·8 6 22·8 6 04·4 2·7 1·1 8·7 3·7 14·7 6·2
28 6 22·0 6 23·0 6 04·6 2·8 1·2 8·8 3·7 14·8 6·3
29 6 22·3 6 23·3 6 04·8 2·9 1·2 8·9 3·8 14·9 6·3
30 6 22·5 6 23·5 6 05·1 3·0 1·3 9·0 3·8 15·0 6·4
31 6 22·8 6 23·8 6 05·3 3·1 1·3 9·1 3·9 15·1 6·4
32 6 23·0 6 24·0 6 05·6 3·2 1·4 9·2 3·9 15·2 6·5
33 6 23·3 6 24·3 6 05·8 3·3 1·4 9·3 4·0 15·3 6·5
34 6 23·5 6 24·5 6 06·0 3·4 1·4 9·4 4·0 15·4 6·5
35 6 23·8 6 24·8 6 06·3 3·5 1·5 9·5 4·0 15·5 6·6
36 6 24·0 6 25·1 6 06·5 3·6 1·5 9·6 4·1 15·6 6·6
37 6 24·3 6 25·3 6 06·7 3·7 1·6 9·7 4·1 15·7 6·7
38 6 24·5 6 25·6 6 07·0 3·8 1·6 9·8 4·2 15·8 6·7
39 6 24·8 6 25·8 6 07·2 3·9 1·7 9·9 4·2 15·9 6·8
40 6 25·0 6 26·1 6 07·5 4·0 1·7 10·0 4·3 16·0 6·8
41 6 25·3 6 26·3 6 07·7 4·1 1·7 10·1 4·3 16·1 6·8
42 6 25·5 6 26·6 6 07·9 4·2 1·8 10·2 4·3 16·2 6·9
43 6 25·8 6 26·8 6 08·2 4·3 1·8 10·3 4·4 16·3 6·9
44 6 26·0 6 27·1 6 08·4 4·4 1·9 10·4 4·4 16·4 7·0
45 6 26·3 6 27·3 6 08·7 4·5 1·9 10·5 4·5 16·5 7·0
46 6 26·5 6 27·6 6 08·9 4·6 2·0 10·6 4·5 16·6 7·1
47 6 26·8 6 27·8 6 09·1 4·7 2·0 10·7 4·5 16·7 7·1
48 6 27·0 6 28·1 6 09·4 4·8 2·0 10·8 4·6 16·8 7·1
49 6 27·3 6 28·3 6 09·6 4·9 2·1 10·9 4·6 16·9 7·2
50 6 27·5 6 28·6 6 09·8 5·0 2·1 11·0 4·7 17·0 7·2
51 6 27·8 6 28·8 6 10·1 5·1 2·2 11·1 4·7 17·1 7·3
52 6 28·0 6 29·1 6 10·3 5·2 2·2 11·2 4·8 17·2 7·3
53 6 28·3 6 29·3 6 10·6 5·3 2·3 11·3 4·8 17·3 7·4
54 6 28·5 6 29·6 6 10·8 5·4 2·3 11·4 4·8 17·4 7·4
55 6 28·8 6 29·8 6 11·0 5·5 2·3 11·5 4·9 17·5 7·4
56 6 29·0 6 30·1 6 11·3 5·6 2·4 11·6 4·9 17·6 7·5
57 6 29·3 6 30·3 6 11·5 5·7 2·4 11·7 5·0 17·7 7·5
58 6 29·5 6 30·6 6 11·8 5·8 2·5 11·8 5·0 17·8 7·6
59 6 29·8 6 30·8 6 12·0 5·9 2·5 11·9 5·1 17·9 7·6
60 6 30·0 6 31·1 6 12·2 6·0 2·6 12·0 5·1 18·0 7·7
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TABLES FOR INTERPOLATING SUNRISE, MOONRISE, ETC.
TABLE I—FOR LATITUDE

Tabular Interval Difference between the times for consecutive latitudes

10◦ 5◦ 2◦ 5m 10m 15m 20m 25m 30m 35m 40m 45m 50m 55m 60m 1h05m 1h10m 1h15m 1h20m

◦ � ◦ � ◦ � m m m m m m m m m m m m h m h m h m h m
0 30 0 15 0 06 0 0 1 1 1 1 1 2 2 2 2 2 0 02 0 02 0 02 0 02
1 00 0 30 0 12 0 1 1 2 2 3 3 3 4 4 4 5 05 05 05 05
1 30 0 45 0 18 1 1 2 3 3 4 4 5 5 6 7 7 07 07 07 07
2 00 1 00 0 24 1 2 3 4 5 5 6 7 7 8 9 10 10 10 10 10
2 30 1 15 0 30 1 2 4 5 6 7 8 9 9 10 11 12 12 13 13 13

3 00 1 30 0 36 1 3 4 6 7 8 9 10 11 12 13 14 0 15 0 15 0 16 0 16
3 30 1 45 0 42 2 3 5 7 8 10 11 12 13 14 16 17 18 18 19 19
4 00 2 00 0 48 2 4 6 8 9 11 13 14 15 16 18 19 20 21 22 22
4 30 2 15 0 54 2 4 7 9 11 13 15 16 18 19 21 22 23 24 25 26
5 00 2 30 1 00 2 5 7 10 12 14 16 18 20 22 23 25 26 27 28 29

5 30 2 45 1 06 3 5 8 11 13 16 18 20 22 24 26 28 0 29 0 30 0 31 0 32
6 00 3 00 1 12 3 6 9 12 14 17 20 22 24 26 29 31 32 33 34 36
6 30 3 15 1 18 3 6 10 13 16 19 22 24 26 29 31 34 36 37 38 40
7 00 3 30 1 24 3 7 10 14 17 20 23 26 29 31 34 37 39 41 42 44
7 30 3 45 1 30 4 7 11 15 18 22 25 28 31 34 37 40 43 44 46 48

8 00 4 00 1 36 4 8 12 16 20 23 27 30 34 37 41 44 0 47 0 48 0 51 0 53
8 30 4 15 1 42 4 8 13 17 21 25 29 33 36 40 44 48 0 51 0 53 0 56 0 58
9 00 4 30 1 48 4 9 13 18 22 27 31 35 39 43 47 52 0 55 0 58 1 01 1 04
9 30 4 45 1 54 5 9 14 19 24 28 33 38 42 47 51 56 1 00 1 04 1 08 1 12

10 00 5 00 2 00 5 10 15 20 25 30 35 40 45 50 55 60 1 05 1 10 1 15 1 20

Table I is for interpolating the LMT of sunrise, twilight, moonrise, etc., for latitude. It is to be
entered, in the appropriate column on the left, with the difference between true latitude and the nearest
tabular latitude which is less than the true latitude; and with the argument at the top which is the
nearest value of the difference between the times for the tabular latitude and the next higher one; the
correction so obtained is applied to the time for the tabular latitude; the sign of the correction can be
seen by inspection. It is to be noted that the interpolation is not linear, so that when using this table it
is essential to take out the tabular phenomenon for the latitude less than the true latitude.

TABLE II—FOR LONGITUDE

Difference between the times for given date and preceding date (for east longitude)
or for given date and following date (for west longitude)

1h + 1h +

Long.
East
or

West
10m20m 30m 40m 50m 60m 10m 20m 30m 40m 50m 60m 2h10m 2h20m 2h30m 2h40m 2h50m 3h00m

◦ m m m m m m m m m m m m h m h m h m h m h m h m

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 00 0 00 0 00 0 00 0 00
10 0 1 1 1 1 2 2 2 2 3 3 3 04 04 04 04 05 05
20 1 1 2 2 3 3 4 4 5 6 6 7 07 08 08 09 09 10
30 1 2 2 3 4 5 6 7 7 8 9 10 11 12 12 13 14 15
40 1 2 3 4 6 7 8 9 10 11 12 13 14 16 17 18 19 20

50 1 3 4 6 7 8 10 11 12 14 15 17 0 18 0 19 0 21 0 22 0 24 0 25
60 2 3 5 7 8 10 12 13 15 17 18 20 22 23 25 27 28 30
70 2 4 6 8 10 12 14 16 17 19 21 23 25 27 29 31 33 35
80 2 4 7 9 11 13 16 18 20 22 24 27 29 31 33 36 38 40
90 2 5 7 10 12 15 17 20 22 25 27 30 32 35 37 40 42 45

100 3 6 8 11 14 17 19 22 25 28 31 33 0 36 0 39 0 42 0 44 0 47 0 50
110 3 6 9 12 15 18 21 24 27 31 34 37 40 43 46 49 0 52 0 55
120 3 7 10 13 17 20 23 27 30 33 37 40 43 47 50 53 0 57 1 00
130 4 7 11 14 18 22 25 29 32 36 40 43 47 51 54 0 58 1 01 1 05
140 4 8 12 16 19 23 27 31 35 39 43 47 51 54 0 58 1 02 1 06 1 10

150 4 8 13 17 21 25 29 33 38 42 46 50 0 54 0 58 1 03 1 07 1 11 1 15
160 4 9 13 18 22 27 31 36 40 44 49 53 0 58 1 02 1 07 1 11 1 16 1 20
170 5 9 14 19 24 28 33 38 42 47 52 57 1 01 1 06 1 11 1 16 1 20 1 25
180 5 10 15 20 25 30 35 40 45 50 55 60 1 05 1 10 1 15 1 20 1 25 1 30

Table II is for interpolating the LMT of moonrise, moonset and the Moon’s meridian passage for
longitude. It is entered with longitude and with the difference between the times for the given date
and for the preceding date (in east longitudes) or following date (in west longitudes). The correction is
normally added for west longitudes and subtracted for east longitudes, but if, as occasionally happens,
the times become earlier each day instead of later, the signs of the corrections must be reversed.
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INDEX TO SELECTED STARS, 2024

Name No Mag SHA Dec No Name Mag SHA Dec

◦ ◦ ◦ ◦
Acamar 7 3·2 315 S 40 1 Alpheratz 2·1 358 N 29
Achernar 5 0·5 335 S 57 2 Ankaa 2·4 353 S 42
Acrux 30 1·3 173 S 63 3 Schedar 2·2 350 N 57
Adhara 19 1·5 255 S 29 4 Diphda 2·0 349 S 18
Aldebaran 10 0·9 291 N 17 5 Achernar 0·5 335 S 57

Alioth 32 1·8 166 N 56 6 Hamal 2·0 328 N 24
Alkaid 34 1·9 153 N 49 7 Acamar 3·2 315 S 40
Alnair 55 1·7 28 S 47 8 Menkar 2·5 314 N 4
Alnilam 15 1·7 276 S 1 9 Mirfak 1·8 308 N 50
Alphard 25 2·0 218 S 9 10 Aldebaran 0·9 291 N 17

Alphecca 41 2·2 126 N 27 11 Rigel 0·1 281 S 8
Alpheratz 1 2·1 358 N 29 12 Capella 0·1 280 N 46
Altair 51 0·8 62 N 9 13 Bellatrix 1·6 278 N 6
Ankaa 2 2·4 353 S 42 14 Elnath 1·7 278 N 29
Antares 42 1·0 112 S 26 15 Alnilam 1·7 276 S 1

Arcturus 37 0·0 146 N 19 16 Betelgeuse Var.∗ 271 N 7
Atria 43 1·9 107 S 69 17 Canopus −0·7 264 S 53
Avior 22 1·9 234 S 60 18 Sirius −1·5 258 S 17
Bellatrix 13 1·6 278 N 6 19 Adhara 1·5 255 S 29
Betelgeuse 16 Var.∗ 271 N 7 20 Procyon 0·4 245 N 5

Canopus 17 −0·7 264 S 53 21 Pollux 1·1 243 N 28
Capella 12 0·1 280 N 46 22 Avior 1·9 234 S 60
Deneb 53 1·3 49 N 45 23 Suhail 2·2 223 S 44
Denebola 28 2·1 182 N 14 24 Miaplacidus 1·7 222 S 70
Diphda 4 2·0 349 S 18 25 Alphard 2·0 218 S 9

Dubhe 27 1·8 194 N 62 26 Regulus 1·4 208 N 12
Elnath 14 1·7 278 N 29 27 Dubhe 1·8 194 N 62
Eltanin 47 2·2 91 N 51 28 Denebola 2·1 182 N 14
Enif 54 2·4 34 N 10 29 Gienah 2·6 176 S 18
Fomalhaut 56 1·2 15 S 29 30 Acrux 1·3 173 S 63

Gacrux 31 1·6 172 S 57 31 Gacrux 1·6 172 S 57
Gienah 29 2·6 176 S 18 32 Alioth 1·8 166 N 56
Hadar 35 0·6 149 S 60 33 Spica 1·0 158 S 11
Hamal 6 2·0 328 N 24 34 Alkaid 1·9 153 N 49
Kaus Australis 48 1·9 84 S 34 35 Hadar 0·6 149 S 60

Kochab 40 2·1 137 N 74 36 Menkent 2·1 148 S 36
Markab 57 2·5 14 N 15 37 Arcturus 0·0 146 N 19
Menkar 8 2·5 314 N 4 38 Rigil Kentaurus −0·3 140 S 61
Menkent 36 2·1 148 S 36 39 Zubenelgenubi 2·8 137 S 16
Miaplacidus 24 1·7 222 S 70 40 Kochab 2·1 137 N 74

Mirfak 9 1·8 308 N 50 41 Alphecca 2·2 126 N 27
Nunki 50 2·0 76 S 26 42 Antares 1·0 112 S 26
Peacock 52 1·9 53 S 57 43 Atria 1·9 107 S 69
Pollux 21 1·1 243 N 28 44 Sabik 2·4 102 S 16
Procyon 20 0·4 245 N 5 45 Shaula 1·6 96 S 37

Rasalhague 46 2·1 96 N 13 46 Rasalhague 2·1 96 N 13
Regulus 26 1·4 208 N 12 47 Eltanin 2·2 91 N 51
Rigel 11 0·1 281 S 8 48 Kaus Australis 1·9 84 S 34
Rigil Kentaurus 38 −0·3 140 S 61 49 Vega 0·0 81 N 39
Sabik 44 2·4 102 S 16 50 Nunki 2·0 76 S 26

Schedar 3 2·2 350 N 57 51 Altair 0·8 62 N 9
Shaula 45 1·6 96 S 37 52 Peacock 1·9 53 S 57
Sirius 18 −1·5 258 S 17 53 Deneb 1·3 49 N 45
Spica 33 1·0 158 S 11 54 Enif 2·4 34 N 10
Suhail 23 2·2 223 S 44 55 Alnair 1·7 28 S 47

Vega 49 0·0 81 N 39 56 Fomalhaut 1·2 15 S 29
Zubenelgenubi 39 2·8 137 S 16 57 Markab 2·5 14 N 15

∗0·1 — 1·2 xxxiii
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ALTITUDE CORRECTION TABLES 0◦–35◦— MOON

0◦–4◦ 5◦–9◦ 10◦–14◦ 15◦–19◦ 20◦–24◦ 25◦–29◦ 30◦–34◦

Corrn Corrn Corrn Corrn Corrn Corrn Corrn
App. App.
Alt. Alt.

◦ ◦ ◦ ◦ ◦ ◦ ◦� 0 � 5 � 10 � 15 � 20 � 25 � 30 � �
00 34·5 58·2 62·1 62·8 62·2 60·8 58·9 00
10 36·5 58·5 62·2 62·8 62·2 60·8 58·8 10
20 38·3 58·7 62·2 62·8 62·1 60·7 58·8 20
30 40·0 58·9 62·3 62·8 62·1 60·7 58·7 30
40 41·5 59·1 62·3 62·8 62·0 60·6 58·6 40
50 42·9 59·3 62·4 62·7 62·0 60·6 58·5 50

1 6 11 16 21 26 31
00 44·2 59·5 62·4 62·7 62·0 60·5 58·5 00
10 45·4 59·7 62·4 62·7 61·9 60·4 58·4 10
20 46·5 59·9 62·5 62·7 61·9 60·4 58·3 20
30 47·5 60·0 62·5 62·7 61·9 60·3 58·2 30
40 48·4 60·2 62·5 62·7 61·8 60·3 58·2 40
50 49·3 60·3 62·6 62·7 61·8 60·2 58·1 50

2 7 12 17 22 27 32
00 50·1 60·5 62·6 62·7 61·7 60·1 58·0 00
10 50·8 60·6 62·6 62·6 61·7 60·1 57·9 10
20 51·5 60·7 62·6 62·6 61·6 60·0 57·8 20
30 52·2 60·9 62·7 62·6 61·6 59·9 57·8 30
40 52·8 61·0 62·7 62·6 61·6 59·9 57·7 40
50 53·4 61·1 62·7 62·6 61·5 59·8 57·6 50

3 8 13 18 23 28 33
00 53·9 61·2 62·7 62·5 61·5 59·7 57·5 00
10 54·4 61·3 62·7 62·5 61·4 59·7 57·4 10
20 54·9 61·4 62·7 62·5 61·4 59·6 57·4 20
30 55·3 61·5 62·8 62·5 61·3 59·5 57·3 30
40 55·7 61·6 62·8 62·4 61·3 59·5 57·2 40
50 56·1 61·6 62·8 62·4 61·2 59·4 57·1 50

4 9 14 19 24 29 34
00 56·4 61·7 62·8 62·4 61·2 59·3 57·0 00
10 56·8 61·8 62·8 62·4 61·1 59·3 56·9 10
20 57·1 61·9 62·8 62·3 61·1 59·2 56·9 20
30 57·4 61·9 62·8 62·3 61·0 59·1 56·8 30
40 57·7 62·0 62·8 62·3 61·0 59·1 56·7 40
50 58·0 62·1 62·8 62·2 60·9 59·0 56·6 50

HP L U L U L U L U L U L U L U HP

� � � � � � � � � � � � � � � �
54·0 0·3 0·9 0·3 0·9 0·4 1·0 0·5 1·1 0·6 1·2 0·7 1·3 0·9 1·5 54·0
54·3 0·7 1·1 0·7 1·2 0·8 1·2 0·8 1·3 0·9 1·4 1·1 1·5 1·2 1·7 54·3
54·6 1·1 1·4 1·1 1·4 1·1 1·4 1·2 1·5 1·3 1·6 1·4 1·7 1·5 1·8 54·6
54·9 1·4 1·6 1·5 1·6 1·5 1·6 1·6 1·7 1·6 1·8 1·8 1·9 1·9 2·0 54·9
55·2 1·8 1·8 1·8 1·8 1·9 1·8 1·9 1·9 2·0 2·0 2·1 2·1 2·2 2·2 55·2
55·5 2·2 2·0 2·2 2·0 2·3 2·1 2·3 2·1 2·4 2·2 2·4 2·3 2·5 2·4 55·5
55·8 2·6 2·2 2·6 2·2 2·6 2·3 2·7 2·3 2·7 2·4 2·8 2·4 2·9 2·5 55·8
56·1 3·0 2·4 3·0 2·5 3·0 2·5 3·0 2·5 3·1 2·6 3·1 2·6 3·2 2·7 56·1
56·4 3·3 2·7 3·4 2·7 3·4 2·7 3·4 2·7 3·4 2·8 3·5 2·8 3·5 2·9 56·4
56·7 3·7 2·9 3·7 2·9 3·8 2·9 3·8 2·9 3·8 3·0 3·8 3·0 3·9 3·0 56·7
57·0 4·1 3·1 4·1 3·1 4·1 3·1 4·1 3·1 4·2 3·2 4·2 3·2 4·2 3·2 57·0
57·3 4·5 3·3 4·5 3·3 4·5 3·3 4·5 3·3 4·5 3·3 4·5 3·4 4·6 3·4 57·3
57·6 4·9 3·5 4·9 3·5 4·9 3·5 4·9 3·5 4·9 3·5 4·9 3·5 4·9 3·6 57·6
57·9 5·3 3·8 5·3 3·8 5·2 3·8 5·2 3·7 5·2 3·7 5·2 3·7 5·2 3·7 57·9
58·2 5·6 4·0 5·6 4·0 5·6 4·0 5·6 4·0 5·6 3·9 5·6 3·9 5·6 3·9 58·2
58·5 6·0 4·2 6·0 4·2 6·0 4·2 6·0 4·2 6·0 4·1 5·9 4·1 5·9 4·1 58·5
58·8 6·4 4·4 6·4 4·4 6·4 4·4 6·3 4·4 6·3 4·3 6·3 4·3 6·2 4·2 58·8
59·1 6·8 4·6 6·8 4·6 6·7 4·6 6·7 4·6 6·7 4·5 6·6 4·5 6·6 4·4 59·1
59·4 7·2 4·8 7·1 4·8 7·1 4·8 7·1 4·8 7·0 4·7 7·0 4·7 6·9 4·6 59·4
59·7 7·5 5·1 7·5 5·0 7·5 5·0 7·5 5·0 7·4 4·9 7·3 4·8 7·2 4·8 59·7
60·0 7·9 5·3 7·9 5·3 7·9 5·2 7·8 5·2 7·8 5·1 7·7 5·0 7·6 4·9 60·0
60·3 8·3 5·5 8·3 5·5 8·2 5·4 8·2 5·4 8·1 5·3 8·0 5·2 7·9 5·1 60·3
60·6 8·7 5·7 8·7 5·7 8·6 5·7 8·6 5·6 8·5 5·5 8·4 5·4 8·2 5·3 60·6
60·9 9·1 5·9 9·0 5·9 9·0 5·9 8·9 5·8 8·8 5·7 8·7 5·6 8·6 5·4 60·9
61·2 9·5 6·2 9·4 6·1 9·4 6·1 9·3 6·0 9·2 5·9 9·1 5·8 8·9 5·6 61·2
61·5 9·8 6·4 9·8 6·3 9·7 6·3 9·7 6·2 9·5 6·1 9·4 5·9 9·2 5·8 61·5

DIP

Ht. of Ht. of Ht. of Ht. ofCorrn Corrn
Eye Eye Eye Eye

m ft. m ft.
2·4 � 8·0 9·5 � 31·5−2·8 −5·5
2·6 8·6 9·9 32·7−2·9 −5·6
2·8 9·2 10·3 33·9−3·0 −5·7
3·0 9·8 10·6 35·1−3·1 −5·8
3·2 10·5 11·0 36·3−3·2 −5·9
3·4 11·2 11·4 37·6−3·3 −6·0
3·6 11·9 11·8 38·9−3·4 −6·1
3·8 12·6 12·2 40·1−3·5 −6·2
4·0 13·3 12·6 41·5−3·6 −6·3
4·3 14·1 13·0 42·8−3·7 −6·4
4·5 14·9 13·4 44·2−3·8 −6·5
4·7 15·7 13·8 45·5−3·9 −6·6
5·0 16·5 14·2 46·9−4·0 −6·7
5·2 17·4 14·7 48·4−4·1 −6·8
5·5 18·3 15·1 49·8−4·2 −6·9
5·8 19·1 15·5 51·3−4·3 −7·0
6·1 20·1 16·0 52·8−4·4 −7·1
6·3 21·0 16·5 54·3−4·5 −7·2
6·6 22·0 16·9 55·8−4·6 −7·3
6·9 22·9 17·4 57·4−4·7 −7·4
7·2 23·9 17·9 58·9−4·8 −7·5
7·5 24·9 18·4 60·5−4·9 −7·6
7·9 26·0 18·8 62·1−5·0 −7·7
8·2 27·1 19·3 63·8−5·1 −7·8
8·5 28·1 19·8 65·4−5·2 −7·9
8·8 29·2 20·4 67·1−5·3 −8·0
9·2 30·4 20·9 68·8−5·4 −8·1
9·5 31·5 21·4 70·5

MOON CORRECTION
TABLE

The correction is in two parts;
the first correction is taken from
the upper part of the table with
argument apparent altitude, and
the second from the lower part,
with argument HP, in the same
column as that from which the
first correction was taken. Sepa-
rate corrections are given in the
lower part for lower (L) and up-
per(U) limbs. All corrections are
to be added to apparent altitude,
but 30� is to be subtracted from
the altitude of the upper limb.

For corrections for pressure
and temperature see page A4.

For bubble sextant observa-
tions ignore dip, take themeanof
upper and lower limb corrections
andsubtract15� fromthealtitude.

App. Alt. = Apparent altitude
= Sextant altitude corrected for
index error and dip.

xxxiv
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ALTITUDE CORRECTION TABLES 35◦–90◦— MOON

35◦–39◦ 40◦–44◦ 45◦–49◦ 50◦–54◦ 55◦–59◦ 60◦–64◦ 65◦–69◦ 70◦–74◦ 75◦–79◦ 80◦–84◦ 85◦–89◦

Corrn Corrn Corrn Corrn Corrn Corrn Corrn Corrn Corrn Corrn Corrn
App. App.
Alt. Alt.

◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦� 35 � 40 � 45 � 50 � 55 � 60 � 65 � 70 � 75 � 80 � 85 � �
00 56·5 53·7 50·5 46·9 43·1 38·9 34·6 30·0 25·3 20·5 15·6 00
10 56·4 53·6 50·4 46·8 42·9 38·8 34·4 29·9 25·2 20·4 15·5 10
20 56·3 53·5 50·2 46·7 42·8 38·7 34·3 29·7 25·0 20·2 15·3 20
30 56·2 53·4 50·1 46·5 42·7 38·5 34·1 29·6 24·9 20·0 15·1 30
40 56·2 53·3 50·0 46·4 42·5 38·4 34·0 29·4 24·7 19·9 15·0 40
50 56·1 53·2 49·9 46·3 42·4 38·2 33·8 29·3 24·5 19·7 14·8 50

36 41 46 51 56 61 66 71 76 81 86
00 56·0 53·1 49·8 46·2 42·3 38·1 33·7 29·1 24·4 19·6 14·6 00
10 55·9 53·0 49·7 46·0 42·1 37·9 33·5 29·0 24·2 19·4 14·5 10
20 55·8 52·9 49·5 45·9 42·0 37·8 33·4 28·8 24·1 19·2 14·3 20
30 55·7 52·8 49·4 45·8 41·9 37·7 33·2 28·7 23·9 19·1 14·2 30
40 55·6 52·6 49·3 45·7 41·7 37·5 33·1 28·5 23·8 18·9 14·0 40
50 55·5 52·5 49·2 45·5 41·6 37·4 32·9 28·3 23·6 18·7 13·8 50

37 42 47 52 57 62 67 72 77 82 87
00 55·4 52·4 49·1 45·4 41·4 37·2 32·8 28·2 23·4 18·6 13·7 00
10 55·3 52·3 49·0 45·3 41·3 37·1 32·6 28·0 23·3 18·4 13·5 10
20 55·2 52·2 48·8 45·2 41·2 36·9 32·5 27·9 23·1 18·2 13·3 20
30 55·1 52·1 48·7 45·0 41·0 36·8 32·3 27·7 22·9 18·1 13·2 30
40 55·0 52·0 48·6 44·9 40·9 36·6 32·2 27·6 22·8 17·9 13·0 40
50 55·0 51·9 48·5 44·8 40·8 36·5 32·0 27·4 22·6 17·8 12·8 50

38 43 48 53 58 63 68 73 78 83 88
00 54·9 51·8 48·4 44·6 40·6 36·4 31·9 27·2 22·5 17·6 12·7 00
10 54·8 51·7 48·3 44·5 40·5 36·2 31·7 27·1 22·3 17·4 12·5 10
20 54·7 51·6 48·1 44·4 40·3 36·1 31·6 26·9 22·1 17·3 12·3 20
30 54·6 51·5 48·0 44·2 40·2 35·9 31·4 26·8 22·0 17·1 12·2 30
40 54·5 51·4 47·9 44·1 40·1 35·8 31·3 26·6 21·8 16·9 12·0 40
50 54·4 51·2 47·8 44·0 39·9 35·6 31·1 26·5 21·7 16·8 11·8 50

39 44 49 54 59 64 69 74 79 84 89
00 54·3 51·1 47·7 43·9 39·8 35·5 31·0 26·3 21·5 16·6 11·7 00
10 54·2 51·0 47·5 43·7 39·6 35·3 30·8 26·1 21·3 16·4 11·5 10
20 54·1 50·9 47·4 43·6 39·5 35·2 30·7 26·0 21·2 16·3 11·4 20
30 54·0 50·8 47·3 43·5 39·4 35·0 30·5 25·8 21·0 16·1 11·2 30
40 53·9 50·7 47·2 43·3 39·2 34·9 30·4 25·7 20·9 16·0 11·0 40
50 53·8 50·6 47·0 43·2 39·1 34·7 30·2 25·5 20·7 15·8 10·9 50

HP L U L U L U L U L U L U L U L U L U L U L U HP

� � � � � � � � � � � � � � � � � � � � � � � �
54·0 1·1 1·7 1·3 1·9 1·5 2·1 1·7 2·4 2·0 2·6 2·3 2·9 2·6 3·2 2·9 3·5 3·2 3·8 3·5 4·1 3·8 4·5 54·0
54·3 1·4 1·8 1·6 2·0 1·8 2·2 2·0 2·5 2·2 2·7 2·5 3·0 2·8 3·2 3·1 3·5 3·3 3·8 3·6 4·1 3·9 4·4 54·3
54·6 1·7 2·0 1·9 2·2 2·1 2·4 2·3 2·6 2·5 2·8 2·7 3·0 3·0 3·3 3·2 3·5 3·5 3·8 3·8 4·0 4·0 4·3 54·6
54·9 2·0 2·2 2·2 2·3 2·3 2·5 2·5 2·7 2·7 2·9 2·9 3·1 3·2 3·3 3·4 3·5 3·6 3·8 3·9 4·0 4·1 4·3 54·9
55·2 2·3 2·3 2·5 2·4 2·6 2·6 2·8 2·8 3·0 2·9 3·2 3·1 3·4 3·3 3·6 3·5 3·8 3·7 4·0 4·0 4·2 4·2 55·2
55·5 2·7 2·5 2·8 2·6 2·9 2·7 3·1 2·9 3·2 3·0 3·4 3·2 3·6 3·4 3·7 3·5 3·9 3·7 4·1 3·9 4·3 4·1 55·5
55·8 3·0 2·6 3·1 2·7 3·2 2·8 3·3 3·0 3·5 3·1 3·6 3·3 3·8 3·4 3·9 3·6 4·1 3·7 4·2 3·9 4·4 4·0 55·8
56·1 3·3 2·8 3·4 2·9 3·5 3·0 3·6 3·1 3·7 3·2 3·8 3·3 4·0 3·4 4·1 3·6 4·2 3·7 4·4 3·8 4·5 4·0 56·1
56·4 3·6 2·9 3·7 3·0 3·8 3·1 3·9 3·2 3·9 3·3 4·0 3·4 4·1 3·5 4·3 3·6 4·4 3·7 4·5 3·8 4·6 3·9 56·4
56·7 3·9 3·1 4·0 3·1 4·1 3·2 4·1 3·3 4·2 3·3 4·3 3·4 4·3 3·5 4·4 3·6 4·5 3·7 4·6 3·8 4·7 3·8 56·7
57·0 4·3 3·2 4·3 3·3 4·3 3·3 4·4 3·4 4·4 3·4 4·5 3·5 4·5 3·5 4·6 3·6 4·7 3·6 4·7 3·7 4·8 3·8 57·0
57·3 4·6 3·4 4·6 3·4 4·6 3·4 4·6 3·5 4·7 3·5 4·7 3·5 4·7 3·6 4·8 3·6 4·8 3·6 4·8 3·7 4·9 3·7 57·3
57·6 4·9 3·6 4·9 3·6 4·9 3·6 4·9 3·6 4·9 3·6 4·9 3·6 4·9 3·6 4·9 3·6 5·0 3·6 5·0 3·6 5·0 3·6 57·6
57·9 5·2 3·7 5·2 3·7 5·2 3·7 5·2 3·7 5·2 3·7 5·1 3·6 5·1 3·6 5·1 3·6 5·1 3·6 5·1 3·6 5·1 3·6 57·9
58·2 5·5 3·9 5·5 3·8 5·5 3·8 5·4 3·8 5·4 3·7 5·4 3·7 5·3 3·7 5·3 3·6 5·2 3·6 5·2 3·5 5·2 3·5 58·2
58·5 5·9 4·0 5·8 4·0 5·8 3·9 5·7 3·9 5·6 3·8 5·6 3·8 5·5 3·7 5·5 3·6 5·4 3·6 5·3 3·5 5·3 3·4 58·5
58·8 6·2 4·2 6·1 4·1 6·0 4·1 6·0 4·0 5·9 3·9 5·8 3·8 5·7 3·7 5·6 3·6 5·5 3·5 5·4 3·5 5·3 3·4 58·8
59·1 6·5 4·3 6·4 4·3 6·3 4·2 6·2 4·1 6·1 4·0 6·0 3·9 5·9 3·8 5·8 3·6 5·7 3·5 5·6 3·4 5·4 3·3 59·1
59·4 6·8 4·5 6·7 4·4 6·6 4·3 6·5 4·2 6·4 4·1 6·2 3·9 6·1 3·8 6·0 3·7 5·8 3·5 5·7 3·4 5·5 3·2 59·4
59·7 7·1 4·7 7·0 4·5 6·9 4·4 6·8 4·3 6·6 4·1 6·5 4·0 6·3 3·8 6·1 3·7 6·0 3·5 5·8 3·3 5·6 3·2 59·7
60·0 7·5 4·8 7·3 4·7 7·2 4·5 7·0 4·4 6·9 4·2 6·7 4·0 6·5 3·9 6·3 3·7 6·1 3·5 5·9 3·3 5·7 3·1 60·0
60·3 7·8 5·0 7·6 4·8 7·5 4·7 7·3 4·5 7·1 4·3 6·9 4·1 6·7 3·9 6·5 3·7 6·3 3·5 6·0 3·2 5·8 3·0 60·3
60·6 8·1 5·1 7·9 5·0 7·7 4·8 7·6 4·6 7·3 4·4 7·1 4·2 6·9 3·9 6·7 3·7 6·4 3·4 6·2 3·2 5·9 2·9 60·6
60·9 8·4 5·3 8·2 5·1 8·0 4·9 7·8 4·7 7·6 4·5 7·3 4·2 7·1 4·0 6·8 3·7 6·6 3·4 6·3 3·2 6·0 2·9 60·9
61·2 8·7 5·4 8·5 5·2 8·3 5·0 8·1 4·8 7·8 4·5 7·6 4·3 7·3 4·0 7·0 3·7 6·7 3·4 6·4 3·1 6·1 2·8 61·2
61·5 9·1 5·6 8·8 5·4 8·6 5·1 8·3 4·9 8·1 4·6 7·8 4·3 7·5 4·0 7·2 3·7 6·9 3·4 6·5 3·1 6·2 2·7 61·5

xxxv
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SEMIDURATION OF SUNLIGHT AND TWILIGHT322

1
JANUARY

16 1
FEBRUARY

16 1
MARCH

16 1
APRIL

16 1
MAY

16 1
JUNE

16 1
JULY

oN70 N70o

oN75 N75o

oN80 N80o

oN85 N85o

0h

2h 4h 6h 8h 10h 12h

SEMIDURATION OF SUNLIGHT

SUN BELOW
HORIZON

SUN ABOVE
HORIZON

12:05 12:10 12:1412:14 12:10 12:05 12:00 11:5711:57 12:00

1
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SUN BELOW
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SEMIDURATION OF MOONLIGHT324
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APPENDIX F 

                                                                                                                   APPENDIX F: MEASUREMENT ON THE EARTH

F1. The Earth

The Earth is approximately an oblate spheroid (a
sphere flattened at the poles). Approximations of its dimen-
sions and the amount of flattening are given in Appendix C.
However, for many navigational purposes, the earth is as-
sumed to be a sphere, without intolerable error.

The axis of rotation or polar axis of the Earth is the
line connecting the North Pole and the South Pole.

F2. Circles of the earth

A great circle is the line of intersection of a sphere and
a plane through the center of the sphere. This is the largest
circle that can be drawn on a sphere. The shortest line on the
surface of a sphere between two points on that surface is
part of a great circle. On the spheroidal Earth the shortest
line is called a geodesic. A great circle is a near enough
approximation of a geodesic for most problems of
navigation.

A small circle is the line of intersection of a sphere and
a plane which does not pass through the center of the
sphere.

A meridian is a great circle through the geographical
poles of the Earth. Hence, all meridians meet at the poles,
and their planes intersect each other in a line, the polar axis
(Figure F2a). The term meridian is usually applied to the
upper branch only, that half from pole to pole which pass-
es through a given point. The other half is called the lower
branch.

The prime meridian is that meridian used as the origin
for measurement of longitude (Figure F2b). The prime me-
ridian used almost universally is that through the original
position of the British Royal Observatory at Greenwich,
near London.

The equator is the terrestrial great circle whose plane
is perpendicular to the polar axis (Figure F2c). It is midway
between the poles.

A parallel or parallel of latitude is a circle on the sur-
face of the Earth, parallel to the plane of the equator (Figure
F2d). It connects all points of equal latitude. The equator, a
great circle, is a limiting case connecting points of 0° lati-
tude. The poles, single points at latitude 90°, are the other
limiting case. All other parallels are small circles.

F3. Position on the Earth

A position on the surface of the earth (except at either

of the poles) may be defined by two magnitudes called co-
ordinates. Those customarily used are latitude and
longitude. A position may also be expressed in relation to
known geographical positions.

Latitude (L, lat.) is angular distance from the equator,
measured northward or southward along meridian from 0°
at the equator to 90° at the poles (Figure F2b). It is desig-
nated north (N) or south (S) to indicate tho direction of
measurement.

The difference of latitude (l, DLat.) between two
places is the angular length of arc of any meridian between
their parallels (Figure F2b). It is the numerical difference of
the latitudes if the places are on the same side of the equa-
tor; it is the sum of the latitudes if the places are on opposite

Figure F2a. The planes of the meridians meet at the polar 
axis.

Appendix F - Measurement on the Earth
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sides of the equator. It may be designated north (N) or south
(S) when appropriate.

The middle or mid-latitude (Lm) between two places
on the same side of the equator is half the sum of their lati-
tudes. Mid-latitude is labeled N or S to indicate whether it
is north or south of the equator. The expression may refer to
the mid-latitude of two places on opposite sides of the equa-
tor. In this case, it is equal to half the difference between the
two latitudes and takes the name of the place farthest from
the equator. When the places are on opposite sides of the
equator, two mid latitudes arc generally used, the average
of each latitude and 0°.

Longitude (λ, long.) is the arc of a parallel or the angle
at the pole between the prime meridian and the meridian of
a point on the Earth, measured eastward or westward from
the prime meridian through 180° (Figure F2b). It is desig-
nated east (E) or west (W) to indicate the direction of
measurement.

The difference of longitude (DLo) between two plac-
es is the shorter arc of the parallel or the smaller angle at the
pole between the meridians of the two places. If both places
are on the same side (east or west) of Greenwich, DLo is the
numerical difference of the longitudes of the two places; if
on opposite sides, DLo is the numerical sum unless this ex-
ceeds 180°, when it is 360° minus the sum. The distance
between two meridians at any parallel of latitude, expressed
in distance units, usually nautical miles, is called departure
(p, Dep.). It represents distance made good east or west as
a craft proceeds from one point to another. Its numerical
value between any two meridians decreases with increased
latitude, while DLo is numerically the same at any latitude.
Either DLo or p may be designated east (E) or west (W)
when appropriate.

F4. Distance on the Earth

Distance (D, Dist.) is the spatial separation of two
points, and is expressed as the length of a line joining them.
On the surface of the Earth it is usually stated in miles.
Navigators customarily use the nautical mile (mi., NM) of
1852 meters exactly. This was the value suggested by the
International Hydrographic Bureau in 1929, and since
adopted by most maritime nations. It is often called the
International Nautical Mile to distinguish it from slightly
different values used by some countries. On July l, 1959,
the United States adopted the exact relationship of 1 yard-
0.9144 meter. The length of the International Nautical Mile
is consequently equal to 6,076.11549 feet (approximately).

For most navigational purposes nautical mile is
considered the length of one minute of latitude, or of any
great circle of the earth, regardless of location. On the

Figure F2b. Circles and coordinates on the Earth. All 
parallels except the equator are small circles; the equator 

and meridians are great circles.

Figure F2c. The equator is a great circle midway between 
the poles.

Figure F2d. Parallel of latitude is parallel to the equator.
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World Geodetic System ellipsoid of 1972, the length of 1
minute of latitude varies from about 6,046 feet at the
equator to approximately 6,108 feet at the poles. A
geographical mile is the length of 1 minute of the equator,
or about 6,087 feet.

The land or statute mile (mi., St M) of 5,280 feet is
commonly used for navigation on rivers and lake, notably
the Great Lakes of North America.

The nautical mile is about 38/33 or approximately 1.15
statute miles. A conversion table for nautical and statute
miles is given in Table 9.

Distance, as customarily used by the navigator, refers
to the length of the rhumb line connecting two places. This
is a line making the same oblique angle with all meridians.
Meridians and parallels (including the equator) which also
maintain constant true directions, may be considered spe-
cial cases of the rhumb line. Any other rhumb line spirals
toward the pole, forming a loxodromic curve or loxo-
drome (Figure F4), Distance along the great circle
connecting two points is customarily designated great cir-
cle distance.

F5. Speed

Speed (S) is rate of motion, or distance per unit of time.
A knot (kn.), the unit of speed commonly used in nav-

igation, is a rate of one nautical mile per hour. The
expression “knots per hour” refers to acceleration, not
speed.

Sometimes the expression speed of advance (SOA) is
used to indicate the speed intended to be made along the
track (Section F6), and speed over ground (SOG) is used to
indicate the speed along the actual path. Speed made good
(SMG) is the speed along the course made good.

F6. Direction on the Earth

Direction is the position of one point relative to another.
Navigators express direction as the angular difference in de-
grees from a reference direction, usually north or the ship’s
head. 

Course (C, Cn) is the horizontal direction in which a
vessel is intended to be steered, expressed as angular distance
from 000°, at north, clockwise through 360°. Strictly used,
the term applies to direction through the water, not the direc-
tion intended to be made good over the ground. The course is
often designated as true, magnetic, compass, or grid accord-
ing to the reference direction.

Track made good (TMG) is the single resultant
direction from the point of departure to point of arrival
at any given time. The use of this term is preferred to
the use of the misnomer “course made good.” Course
of advance (COA) is the direction intended to be made
good over the ground, and course over ground (COG)
is the direction between a vessel’s last fix and an esti-
mated position. A course line is a line drawn on a chart
extending in the direction of a course. It is sometimes
convenient to express a course as an angle from either
north or south, through 90° or 180°. In this case it is
designated course angle (C) and should be properly la-
beled to indicate the origin (prefix) and direction of
measurement (suffix). Thus, C N35°E = Cn 035° (000°
+ 35°), C N155°W = Cn 205° (360° - 155°), C S47°E =
Cn 133° (180° - 47°). But Cn 260° may be either C
N100°W or C S80°W, depending upon the conditions
of the problem.

Track (TR) is the intended horizontal direction of travel
with respect to the Earth. The terms intended track and track-
line are used to indicate the path of intended travel. See
Figure F6a. The track consists of one or a series of course
lines, from the point of departure to the destination, along
which one intends to proceed. A great circle which a vessel in-
tends to follow is called a great-circle track, though it
consists of a series of straight lines approximating a great
circle.

Figure F4. A rhumb line or loxodrome.
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Heading (Hdg., SH) is the direction in which a vessel
is pointed at any given moment, expressed as angular dis-
tance from 000° clockwise through 360°. It is easy to
confuse heading and course. Heading constantly changes
as a vessel yaws back and forth across the course due to
sea, wind, and steering error.

Bearing (B, Brg.) is the direction of one terrestrial
point from another, expressed as angular distance from
000° (North) clockwise through 360°. When measured

through 90° or 180° from either north or south, it is called
bearing angle (B). Bearing and azimuth are sometimes used
interchangeably, but the latter more accurately refers to the
horizontal direction of a point on the celestial sphere from
a point on the Earth.

A relative bearing is measured relative to the ship’s
heading from 000° (dead ahead) clockwise through 360°.
However, it is sometimes conveniently measured right or
left from 000° at the ship’s head through 180°. This is par-

Figure F6a. Course line, track, track made good, and heading.

Figure F6b. Relative Bearing
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ticularly true when using Table 18, Distance of an Object
by Two Bearings.

To convert a relative bearing to a true bearing, add the
true heading. See Figure F6b.

True Bearing = Relative Bearing + True Heading.

Thus, if another vessel bears 127° relative from a ship
whose heading is 150°, the bearing from north is
127°+150°=277°. If the total exceeds 360°, subtract this
amount.

To convert a bearing from north to a relative bearing,
subtract the heading:

Relative Bearing = True Bearing - True Heading.

Thus, a lightship which bears 241° from north bears
relative from a ship whose heading is 137°. If the heading
is larger than the true bearing, add 360° to the true bearing
before subtracting.

F7. Grid Direction

Because of the rapid convergence of the meridians in

polar regions, the true direction of an oblique line near the
pole may vary considerably over relatively few miles. The
meridians are radial lines meeting at the poles, instead of
being parallel, as they appear on the familiar Mercator
chart.

Near the pole the convenience of parallel meridians is
attained by means of a polar grid. On the chart a number of
lines are printed parallel to a selected reference meridian,
usually that of Greenwich. On transverse Mercator charts
the fictitious meridians may serve this purpose. Any
straight line on the chart makes the same angle with all grid
lines. On the transverse Mercator projection it is therefore a
fictitious rhumb line. On any polar projection it is a close
approximation to a great circle. If north along the reference
meridian is selected as the reference direction, all parallel
grid lines can be considered extending in the same direc-
tion. The constant direction relative to the grid lines is
called grid direction. North along the Greenwich meridian
is usually taken as grid north in both the Northern and
Southern Hemispheres.

The value of grid directions is indicated in Figure F7.
In this figure A and B are 400 miles apart. The true bearing
of B from A is 023°, yet at B this bearing line, if continued,
extends in true direction 163°, a change of 140° in 400
miles. The grid direction at any point along the bearing line
is 103°.

 When north along the Greenwich meridian is used as
grid north, interconversion between grid and true directions
is quite simple. Let G represent a grid direction, T the cor-
responding true direction, λ is longitude and W is the
Western Hemisphere. Then for the Arctic,

G = T + λW

 That is, in the Western Hemisphere, in the Arctic, grid
direction is found by adding the longitude to the true direc-
tion. From this it follows that,

T = G - λW

and in the Eastern Hemisphere,

G = T - λE
T = G + λE

In the Southern Hemisphere the signs (+ or -) of the
longitude are reversed in all formulas.

If a magnetic compass is used to follow a grid direction,
variation and convergency can be combined into a single cor-
rection called grid variation or grivation. It is customary to
show lines of equal grivation on polar charts rather than lines
of equal variation. Isogrivs are lines of equal grivation.

 With one modification the grid system of direction can
be used in any latitude. Meridians 1° apart make an angle of
1° with each other where they meet at the pole. The conver-
gency is one, and the 360° of longitude cover all 360°
around the pole. At the equator the meridians are parallel
and the convergency is zero. Between these two limits the
convergency has some value between zero and one. On a
sphere it is equal to the sine of the latitude. For practical
navigation this relationship can be used on the spheroidal
earth. On a simple conic or Lambert conformal chart a con-
stant convergency is used over the entire chart, and is
known as the constant of the cone. On a simple conic pro-
jection it is equal to the sine of the standard parallel. On a
Lambert conformal projection it is equal (approximately) to
the sine of the latitude midway between the two standard
parallels. When convergency is printed on the chart, it is
generally adjusted for ellipticity of the earth. If K is the con-
stant of the cone,

K = sin½ (L1 + L2) approx.,

where L1and L2 are the latitudes of the two standard paral-
lels. On such a chart, grid navigation is conducted as
explained above, except that in each of the formulas the
longitude is multiplied by K:

G = T + KλW
T = G - KλW
G = T - KλE
T = G + KλE

Thus, a straight line on such a chart changes its true direc-
tion, not by 1° for each degree of longitude, but by K°. As
in higher latitudes, convergency and variation can be
combined. 

 In using grid navigation one should keep clearly in
mind the fact that the grid lines are parallel on the chart.
Since distortion varies on charts of different projections,
and on charts of conic projections having different standard
parallels, the grid direction between any two given points is
not the same on all charts. For operations which are to be
coordinated by means of grid directions, it is important that
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all charts showing the grid be on a single graticule.
For more information on polar navigation see Volume

1 Chapter 34.

F8. Problems

F3. Point A: lat. 37°21.4'N, λ 143°18.8'W; Point B: lat.
43°04.1'N, λ 11°47.3'E; Point C: lat. 63°24.4'S, λ
132°06.9'E; Point D: lat. 2°36.6'S, λ 168°01.2'W.

Required: (1) The difference of latitude between A and B,
between A and C, and between C and D. (2) The differ-
ence of longitude between A and B, between A and C,
and between B and C.

Answer: (1) lAB 5°42.7'N, lAC 100°45.8'S, lCD 60°47.8'N;

(2) DLoAB 155°06.1'E, DLoAC 84°34.3'W, DLoBC

120°19.6'E.

F4a. The distance between points E and F is 258.4 nautical
miles.

Required: The distance in statute miles between points E
and F (1) by proportion, using the ratio given in Section
F4; (2) by conversion factor, using the value given in
Section F4; (3) by Table 9.

Answer: (1) 297.6 St M, (2) 297.2 St M, (3) 297.4 St M.

F4b. The distance between points G and H is 83.3 statute
miles.

Required: The distance in nautical miles between points G

Figure F7. Polar grid navigation.
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and H (1) by proportion, using the ratio given in Section
F4; (2) by conversion factor, using the value given in
Section F4; (3) by Table 9.

Answer: (1) 72.3 M, (2) 72.4 M, (3) 72.4 M.

F5a. A ship is steaming at 18.5 knots.
Required: The speed in statute miles per hour.
Answer: 21.3 mph.

F5b. A motorboat is traveling at 30 statute miles per hour.
Required: The speed in knots.
Answer: 26 kn.

F6a. Convert the following course angles to courses: (1)
N127°W, (2) S3°W, (3) N99°E, (4) S171°E.

Answer: (1) Cn 233°, (2) Cn 183°, (3) Cn 099°, (4) Cn 009°.

F6b. Convert the following courses to course angles, giving
the two possible answers of each: (1) 153°, (2) 257°.

Answer: (1) N153°E or S27°E, (2) N103°W or S77°W.

F6c. A ship is on course 151°. The following relative bear-
ings are observed: (1) 006°, (2) 109°, (3) 255°, (4) broad
on the port bow.

Required: The bearings from north.
Answer: (1) 157°, (2) 260°, (3) 046°, (4) 106°.

F6d. A ship is on course 244°. The following bearings from
north are observed:(1) 041°, (2) 188°, (3) 332°.

Required: The relative bearings.
Answer: (1) 157°, (2) 304°, (3) 088°.

F6e. The captain of a ship on course 055° wishes to change
course when a certain lighthouse is broad on the star-
board beam.

Required: The bearing from north when the course is to be
changed.

Answer: 145°.

F7a. Convert the following true directions to grid directions
using (1) a convergency of one, (2) a convergency of
0.866. (Give answers to nearest whole degree.)

Required: 

Answer: (1) 184°, 239°, 181°, 255°; (2) 180°, 254° 173°, 275°.

F7b. Convert the following grid directions to true direc-
tions using (1) a convergency of 0.629, (2) a convergen-
cy of one.

Required: 

Answer: (1) 254°, 154°, 357°, 159°; (2) 189°, 157°, 021°, 101°.

True Latitude Longitude

157° N 27° W

353° N 114° E

118° S 63° E

042° S 147° W

Grid Latitude Longitude

003° N 174° W

148° N 9° E

317° S 64° E

256° S 155° W
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G1. The Celestial Sphere

A glimpse of the sky on a clear night is sufficient to en-
able an observer to imagine that all of the heavenly bodies
are located on the inner surface of a sphere (Figure G1a) of
infinite radius with the Earth at its center. This imaginary
dome is called the celestial sphere (Figure G1b) whose
north   and south celestial poles are located by the extension
of the Earth's axis and whose celestial equator (sometimes
called equinoctial) is formed by projecting the plane of the
Earth's equator to the celestial sphere. A celestial meridian
is formed by the intersection of the plane of a terrestrial me-
ridian, extended, and the celestial sphere. It is the arc of a
great circle through the poles of the celestial sphere.

The point on the celestial sphere vertically overhead of
an observer is the zenith and the point on the opposite side
of the sphere, vertically below, is the nadir. The zenith and
nadir are the extremities of a diameter of the celestial sphere
through the observer and the common center of the Earth
and the celestial sphere. The arc of a celestial meridian be-
tween the poles is called the upper branch if it contains the
zenith, and the lower branch if it contains the nadir. The
upper branch is frequently used in navigation and referenc-
es to a celestial meridian are understood to mean only its
upper branch unless otherwise stated. Celestial meridians
take the names, of their terrestrial counterparts.

An hour circle is a great circle through the celestial
poles and a point or body on the celestial sphere. It is similar
to a celestial meridian, but moves with the celestial sphere
as it rotates about the Earth, while a celestial meridian re-
mains fixed with respect to the Earth.

The location of a body along its hour circle is defined
by the body's angular distance from the celestial equator.
This distance, called declination, is measured north or
south of the celestial equator in degrees, from 0° through
90°, similar to latitude on the Earth.

A circle parallel to the celestial equator is called a par-
allel of declination, since it connects all points of equal
declination. It is similar to a parallel of latitude on the Earth.
The path of a celestial body during its daily apparent revo-
lution around the Earth is called its diurnal circle. It is not
actually a circle if a body changes its declination. Since the
declination of all navigational bodies is continually chang-
ing, the bodies are describing flat spherical spirals as they
circle the Earth. However, since the change is relatively
slow, a diurnal circle and a parallel of declination are usu-
ally considered identical.

A point on the celestial sphere may be identified at the
intersection of its parallel of declination and its hour circle.
The parallel of declination is identified by the declination.

Two basic methods of locating the hour circle are in
use. Its angular distance west of a reference hour circle
through a point on the celestial sphere called the vernal

Figure G1a. The celestial sphere.

Figure G1b. Elements of the celestial sphere.

Appendix G - Measurement on the Celestial Sphere
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equinox or first point of Aries ( ) is called sidereal
hour angle (SHA, Figure G1c). This angle measured east-
ward from the vernal equinox is called right ascension, and
is usually expressed in time units.

The second method of locating the hour circle is to in-
dicate its angular distance west of a celestial meridian
(Figure G1d). If the Greenwich celestial meridian is used
as the reference, the angular distance is called Greenwich
hour angle (GHA), and if the meridian of the observer, it
is called local hour angle (LHA). It is sometimes more
convenient to measure LHA either eastward or westward,
as longitude is measured on the Earth, in which case it is
called meridian angle (t). These coordinates are discussed
further in Section G4.

A point on the celestial sphere may also be located by
means of altitude and azimuth, coordinates based upon the
horizon as the primary great circle, instead of the celestial
equator. This system is discussed in Section G6.

Two additional systems used by astronomers are based
upon the ecliptic (Section G2) and the galactic equator (the
approximate mid great circle of the galaxy). The coordi-
nates of the ecliptic system are celestial latitude and
celestial longitude and those of the galactic system are ga-
lactic latitude and galactic longitude.

G2. Apparent Motion of Celestial Bodies

To a terrestrial observer the Earth seems to be
stationary and the various celestial bodies appear to be in
continual motion. It is this apparent motion, or motion
relative to the Earth, that concerns the navigator primarily.

The daily motion of the various bodies due to the rota-
tion of the Earth is the most conspicuous movement. Even
a casual observer, however, soon notes that the various ce-
lestial bodies do not maintain the same positions relative to
each other. That is, while the celestial sphere appears to ro-
tate about its axis, making one revolution about the
apparently stationary Earth each day, the various celestial
bodies are changing their positions on the sphere.

If the rotation of the Earth on its axis could be stopped,
so that the daily apparent rotation of the celestial sphere
would cease, the motions of the various bodies relative to
each other would be more apparent. The stars would appear
almost stationary. This is why they are sometimes called
“fixed stars.” They form a nearly stationary background
which serves as a convenient reference for other motions.

The Sun would appear to move eastward about 1 ° per
day, completing its trip around the celestial sphere in 1 year.
The motion is not along the celestial equator, but along an-
other great circle, called the ecliptic, which is inclined to
the celestial equator at an angle of about 23°27' (Figure
G2). This great circle lies in the plane of the Earth's orbit
around the Sun, since it is this actual motion that causes the
apparent motion of the Sun.

The Moon would appear to make one trip around the
celestial sphere each month, following closely the path of
the Sun. The planets would appear to move erratically, but
keeping close to the ecliptic.

The two points at which the ecliptic crosses the celes-
tial equator are called equinoxes (meaning “equal nights”),
since days and nights are of equal length when the Sun is at

these points. The Sun is at one of these points ( ) about
March 21. This is called the vernal (spring) equinox, first

Figure G1c. A point on the celestial sphere can be located 
by its declination and sidereal hour angle.

Figure G1d. A point on the celestial sphere can be located 
by its declination and hour angle.
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point of Aries, or March equinox.

Since the Sun is on the celestial equator at this time, its
declination is 0°. As it continues eastward, it arrives about
June 21 at one of the points of maximum separation of the
ecliptic and celestial equator. This is called the summer
solstice, sometimes called June solstice. At this time the
declination of the Sun reaches its maximum value of about
23°27'N, and since the ecliptic and celestial equator are par-
allel at this point, the change in declination of the Sun is
momentarily zero, increasing slowly on each side of this
point. Hence, the name solstice, meaning “Sun standing
still”.

Continuing on, the Sun arrives at the autumnal or Sep-
tember equinox about September 23, when the declination
is again 0° and the days and nights are again of equal length.
In another 3 months it arrives at the winter or December
solstice about December 22, when the declination is again
maximum, but on the opposite side of the celestial equator.
By March 21 it has arrived back at the vernal equinox, com-
pleting the cycle.

The terms equinox and solstice refer both to the points
indicated and the times at which the Sun is at these points.

G3. Coordinated Systems

Various systems of coordinates on the celestial sphere,
all of them similar to the familiar latitude and longitude on
the Earth, were discussed briefly in the Section G1. Of
these, the navigator is usually concerned with only the ce-
lestial equator system and the horizon system. The former
is but an extension to the celestial sphere of the geographi-
cal system of the Earth. The latter is a similar system in
which the horizon replaces the celestial equator as the pri-
mary great circle, and the zenith and nadir are the poles.
These two systems are the almost constant companions of

the celestial navigator.

G4. The Celestial Equator System of Coordinates

The familiar graticule of latitude and longitude lines,
expanded until it reaches the celestial sphere, forms the
basis of the celestial equator system of coordinates. On the
celestial sphere latitude becomes declination, while
longitude becomes sidereal hour angle (SHA), measured
from the vernal equinox.

Declination (d) is angular distance north or south of
the celestial equator (d in Figure G4a). It is measured along
an hour circle, from 0° at the celestial equator through 90°
at the celestial poles, and is labeled N or S to indicate the
direction of measurement. All points having the same dec-
lination lie along a parallel of declination.

Polar distance (p) is angular distance from a celestial
pole, or the arc of an hour circle between the celestial pole
and a point on the celestial sphere. It is measured along an
hour circle and may vary from 0° to 180°, since either pole
may be used as the origin of measurement. It is usually
considered the complement of declination, though it may be
either 90° – d or 90° + d, depending upon the pole used. See
Figure G4a.

Local hour angle (LHA) is angular distance west of
the local celestial meridian, or the arc of the celestial equa-
tor between the upper branch of the local celestial meridian
and the hour circle through a point on the celestial sphere,
measured westward from the local celestial meridian,
through 360°. It is also the similar arc of the parallel of dec-
lination and the angle at the celestial pole, similarly

Figure G2. Elements of the ecliptic, along which the Sun 
appears to move during 1 year.

Figure G4a. The celestial equator system of coordinates, 
showing measurements of declination, polar distance, and 

local hour angle.
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measured. If the Greenwich (0°) meridian is used as the ref-
erence, instead of the local meridian, the expression
Greenwich hour angle (GHA) is applied. It is sometimes
convenient to measure the arc or angle in either an easterly
or westerly direction from the local meridian, through 180°,
when it is called meridian angle (t) and labeled E or W to
indicate the direction of measurement. All bodies or other
points having the same hour angle lie along the same hour
circle.

The time diagram, shown in Figure G4b, illustrates
the relationship between the various hour angles and merid-
ian angle. The circle is the celestial equator as seen from
above the South Pole, with the upper branch of the observ-
er’s meridian (PsM) at the top. The radius PsG is the
Greenwich meridian; Ps is the hour circle of the vernal
equinox. The Sun’s hour circle is to the east of the observ-
er’s meridian; the Moon’s hour circle is to the west of the
observer’s meridian. Note that when LHA is less than 180°,
it is numerically the same and is labeled W, but that when
LHA is greater than 180°, t = 360° – LHA and is labeled E.
In Figure G4b arc GM is the longitude, which in this case is
west. The relationships shown apply equally to other ar-
rangements of radii, except for relative magnitudes of the
quantities involved.

G5. The Horizons

The second set of celestial coordinates with which the
navigator is directly concerned is based upon the horizon as
the primary great circle. However, since several different
horizons are defined, these should be thoroughly
understood before proceeding with a consideration of the
horizon system of coordinates.

The line where Earth and sky appear to meet is called
the visible or apparent horizon. On land this is usually an
irregular line unless the terrain is level. At sea the visible
horizon appears very regular and is often very sharp. How-
ever, its position relative to the celestial sphere depends
primarily upon (1) the refractive index of the air and (2) the
height of the observer’s eye above the surface.

Figure G5 shows a cross section of the Earth and celes-
tial sphere through the position of an observer at A above
the surface of the Earth. A straight line through A and the
center of the Earth O is the vertical of the observer, and con-
tains his zenith (Z) and nadir (Na). A plane perpendicular to
the true vertical is a horizontal plane, and its intersection
with the celestial sphere is a horizon. It is the celestial hori-
zon if the plane passes through the center of the Earth, the
geoidal horizon if it is tangent to the Earth, and the sensi-
ble horizon if it passes through the eye of the observer at A.
Since the radius of the Earth is considered negligible with
respect to that of the celestial sphere, these horizons be-
come superimposed, and most measurements are referred
only to the celestial horizon. This is sometimes called the
rational horizon from the Latin word “ratio,” reckoning.

If the eye of the observer is at the surface of the Earth,
his visible horizon coincides with the plane of the geoidal
horizon; but when elevated above the surface, as at A, his
eye becomes the vertex of a cone which, neglecting refrac-
tion, is tangent to the Earth at the small circle BB, and which
intersects the celestial sphere in B' B', the geometrical
horizon. This expression is sometimes, but less appropri-
ately, applied to the celestial horizon.

Figure G4b. Time diagram. Figure G5. The horizon used in navigation.
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Refraction causes the visible horizon C' C' to appear
above, but is actually slightly below, the geometrical hori-
zon as shown in Figure G5.

For any elevation above the surface, the celestial hori-
zon is usually above the geometrical and visible horizons,
the difference increasing as elevation increases. It is thus
possible to observe a body which is above the visible hori-
zon but below the celestial horizon. That is, the body's
altitude is negative and its zenith distance is greater than
90°.

G6. The Horizon System of Coordinates

This system is based upon the celestial horizon as the
primary great circle and a series of secondary vertical cir-
cles which are great circles through the zenith and nadir of
the observer and hence perpendicular to his or her horizon.
Thus, the celestial horizon is similar to the equator, and the
vertical circles are similar to meridians, but with one im-
portant difference. The celestial horizon and vertical circles
are dependent upon the position of the observer and hence
move with changes in position, while the primary and sec-
ondary great circles of both the geographical and celestial
equator systems are independent of the observer. The hori-
zon and celestial equator systems coincide for an observer
at the geographical pole of the Earth and are mutually per-
pendicular for an observer on the equator. At all other
places the two are oblique.

The celestial or local meridian passes through the ob-
server's zenith, nadir, and poles of the celestial equator
system of coordinates. As such, it passes through north and
south on the observer's horizon. One of these poles (having
the same name, N or S, as the latitude) is above the horizon
and is called the elevated pole. The other, called the de-
pressed pole, is below the horizon. In the horizon system it
is called the principal vertical circle. The vertical circle
through the east and west points of the horizon, and hence
perpendicular to the principal vertical circle, is called the
prime vertical circle, or simply the prime vertical. 

As shown in Figure G6, altitude is angular distance
above the horizon. It is measured along a vertical circle,
from 0° at the horizon through 90° at the zenith. Altitude
measured from the visible horizon may exceed 90° because
of the dip of the horizon, as shown in Figure G6. Altitude is
nominally a positive value, however, angular distance below
the celestial horizon, called negative altitude, is provided for
by including certain negative altitudes in some tables for use
in celestial navigation. All points having the same altitude
lie along a parallel of altitude or almucantar.

Zenith distance (z) is angular distance from the zenith,
or the arc of a vertical circle between the zenith and a point
on the celestial sphere. It is measured along a vertical circle
from 0° through 180°. It is usually considered the comple-
ment of altitude. For a body measured with respect to the
celestial horizon z = 90°-h, and for a body below the celes-
tial horizon z = 90°-(-h), or z = 90°+h.

The horizontal direction of a point on the celestial

sphere, or the bearing of the geographical position, is called
azimuth or azimuth angle depending upon the method of
measurement. In both methods it is an arc of the horizon (or
parallel of altitude). It is true azimuth (Zn) if measured east
from north on the horizon through 360°, and azimuth angle
(Z) if measured either direction along the horizon through
180°, starting at the north for an observer in north latitudes
and the south in south latitudes.

G7. Diagram on the Plane of the Celestial Meridians

From a point outside the celestial sphere (if this were
possible) and over the celestial equator, at such a distance
that the view would be orthographic, the great circle ap-
pearing as the outer limit would be a celestial meridian.
Other celestial meridians would appear as ellipses. The ce-
lestial equator would appear as a diameter 90° from the
poles, and parallels of declination as straight lines parallel
to the equator.

A number of useful relationships can be demonstrated
by drawing a diagram on the plane of the celestial meridian
showing this orthographic view. Arcs of circles can be sub-
stituted for the ellipses without destroying the basic
relationships. Refer to Figure G7a. In the lower diagram the
circle represents the celestial meridian, QQ' the celestial
equator, Pn and Ps the north and south celestial poles, re-
spectively. If a star has a declination of 30 °N, an angle of
30° can be measured from the celestial equator, as shown.
It could be measured either to the right or left, and would
have been toward the south pole if the declination had been
south. The parallel of declination is a line through this point
and parallel to the celestial equator. The star is somewhere
on this line (actually a circle viewed on edge).

Figure G6. The horizon system of coordinates, showing 
measurement of altitude, zenith distance, azimuth, and 

azimuth angle.
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To locate the hour circle, draw the upper diagram so
that Pn is directly above Pn of the lower figure (in line with
the polar axis Pn Ps), and the circle is of the same diameter
as that of the lower figure. This is the plan view, looking
down on the celestial sphere from the top. The circle is the
celestial equator. Since the view is from above the north ce-
lestial pole, west is clockwise. The diameter QQ' is the
celestial meridian shown as a circle in the lower diagram. If
the right half is considered the upper branch, local hour an-
gle is measured clockwise from this line to the hour circle,
as shown. In this case the LHA is 80°. The intersection of
the hour circle and celestial equator, point A, can be project-
ed down to the lower diagram (point A') by a straight line
parallel to the polar axis. The elliptical hour circle can be
represented approximately by an arc of a circle through A',
Pn, Ps. The center of this circle is somewhere along the ce-

lestial equator line QQ', extended if necessary. It is usually
found by trial and error. The intersection of the hour circle
and parallel of declination locates the star.

Since the upper diagram serves only to locate point A'
in the lower diagram, the two can be combined. That is, the
LHA arc can be drawn in the lower diagram, as shown, and
point A projected upward to A'. In practice, the upper dia-
gram is not drawn, being shown here for illustrative
purposes only.

In this example the star is on that half of the sphere to-
ward the observer, or the western part. If LHA had been
greater than 180°, the body would have been on the eastern
or “back” side.

From the east or west point over the celestial horizon,

Figure G7a. Measurement of celestial equator system of 
coordinates.

Figure G7b. Measurement of horizon system of 
coordinates.
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the orthographic view of the horizon system of coordinates
would be similar to that of the celestial equator system from
a point over the celestial equator (Figure G7a), since the ce-
lestial meridian is also the principal vertical circle. The
horizon would appear as a diameter, parallels of altitude as
straight lines parallel to the horizon, the zenith and nadir as
poles 90° from the horizon, and vertical circles as ellipses
through the zenith and nadir, except for the principal verti-
cal circle, which would appear as a circle, and the prime
vertical, which would appear as a diameter perpendicular to
the horizon.

A celestial body can be located by altitude and azimuth
in a manner similar to that used with the celestial equator
system. If the altitude is 25°, this angle is measured from
the horizon toward the zenith and the parallel of altitude is
drawn as a straight line parallel to the horizon, as shown at
hh' in the lower diagram of Figure G7b. The plan view from
above the zenith is shown in the upper diagram. If north is
taken at the left, as shown, azimuths are measured clock-
wise from this point. In the figure the azimuth is 290° and
the azimuth angle is N 70° W. The vertical circle is located
by measuring either arc. Point A thus located can be project-
ed vertically downward to A' on the horizon of the lower
diagram, and the vertical circle represented approximately
by the arc of a circle through A' and the zenith and nadir.
The center of this circle is on NS, extended if necessary. The
body is at the intersection of the parallel of altitude and the
vertical circle. Since the upper diagram serves only to lo-
cate A' on the lower diagram, the two can be combined,
point A located on the lower diagram and projected upward
to A', as shown. Since the body of the example has an azi-
muth greater than 180°, it is on the western or “front” side
of the diagram.

Since the celestial meridian appears the same in both
the celestial equator and horizon systems, the two diagrams
can be combined and, if properly oriented, a body can be lo-
cated by one set of coordinates, and the coordinates of the
other system can be determined by measurement.

Refer to Figure G7c. By convention, the zenith is
shown at the top and the north point of the horizon at the
left. The west point on the horizon is at the center, and the
east point directly behind it. In the figure the latitude is
37°N. Therefore, the zenith is 37° north of the celestial
equator. Since the zenith is established at the top of the di-
agram, the equator can be found by measuring an arc of 37°
toward the south, along the celestial meridian. If the decli-
nation is 30°N and the LHA is 80°, the body can be located
as described above.

The altitude and azimuth can be determined by the re-
verse process to that described above. Draw a line hh'
through the body and parallel to the horizon, NS. The alti-
tude, 25°, is found by measurement, as shown. Draw the arc
of a circle through the body, the zenith, and nadir. From A',
the intersection of this arc with the horizon, draw a vertical
line intersecting the circle at A. The azimuth N 70° W, is
found by measurement, as shown. The prefix N is applied

to agree with the latitude. The body is left (north) of ZNa,
the prime vertical circle. The suffix W applies because the
LHA, 80°, shows that the body is west of the meridian.

If altitude and azimuth are given, the body is located as
described above. The parallel of declination is then drawn
parallel to QQ', the celestial equator, and the declination de-
termined by measurement. Point L' is located by drawing
the arc of a circle through Pn, the star, and Ps. From L' a line
is drawn perpendicular to QQ', locating L. The meridian an-
gle is then found by measurement. The declination is
known to be north because the body is between the celestial
equator and the north celestial pole. The meridian angle is
west to agree with the azimuth angle, and hence LHA is nu-
merically the same.

Since QQ' and PnPs are perpendicular, and ZNa and
NS are also perpendicular, arc NPn is equal to arc ZQ. That
is, the altitude of the elevated pole is equal to the declina-
tion of the zenith, which is equal to the latitude. This
relationship is the basis of the method of determining lati-
tude by an observation of Polaris.

The diagram on the plane of the celestial meridian is
useful in approximating a number of relationships.

G8. The Navigational Triangle

A triangle formed by arcs of great circles of a sphere is
called a spherical triangle. A spherical triangle on the ce-
lestial sphere is called a celestial triangle. The spherical
triangle of particular significance to navigators is called the
navigational triangle, formed by arcs of a celestial merid-
ian, an hour circle, and a vertical circle. Its vertices are the
elevated pole, the zenith, and a point on the celestial sphere

Figure G7c. Diagram on the plane of the celestial meridian.
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(usually a celestial body). The terrestrial counterpart is also
called a navigational triangle, being formed by arcs of two
meridians and the great circle connecting two places on the
Earth, one on each meridian. The vertices are the two places
and a pole. In great-circle sailing these places are the point
of departure and the destination. In celestial navigation they
are the assumed position (AP) of the observer and the geo-
graphical position (GP) of the body (the point on the
Earth’s surface having the body in its zenith). The GP of the
Sun is sometimes called the subsolar point, that of the
Moon the sublunar point, that of a satellite (either natural
or artificial) the subsatellite point, and that of a star its sub-
stellar or subastral point. When used to solve a celestial
observation, either the celestial or terrestrial triangle may
be called the astronomical triangle.

The navigational triangle is shown in Figure G8a on a
diagram on the plane of the celestial meridian. The Earth is

at the center, O. The star is at M, dd' is its parallel of decli-
nation, and hh' is its altitude circle.

In the Figure G8a, arc QZ of the celestial meridian is
the latitude of the observer, and PnZ, one side of the trian-
gle, is the colatitude. Arc AM of the vertical circle is the
altitude of the body, and side ZM of the triangle is the zenith
distance, or coaltitude. Arc LM of the hour circle is the dec-
lination of the body, and side PnM of the triangle is the
polar distance, or codeclination.

The angle at the elevated pole, ZPnM, having the hour
circle and the celestial meridian as sides, is the meridian an-
gle, t. The angle at the zenith, PnZM, having the vertical
circle and that arc of the celestial meridian, which includes
the elevated pole, as sides, is the azimuth angle. The angle
at the celestial body, ZMPn, having the hour circle and the
vertical circle as sides, is the parallactic angle (q) (some-
times called the position angle), which is not generally used
by the navigator.

Figure G8a. The navigational triangle.

Figure G8b. The navigational triangle in perspective.
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���� ����������� ���������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ����� ����� �����
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���� �������������������������������� ���������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
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���� ������������ �������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ��������� ���������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ����� ����� �����
���� ���������� �������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
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���� ������ ������������������������������������������������������������������������ ��° ��� ���° ��� ����� ����� ����� ����� ����� ����� �����
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���� ��������� ���������������������������������������������������������������� ��° ��� ���° ��� ����� ����� ���� ���� ����� ����� �����
���� ������ ������������������������������������������������������������������ ��° ����� ���° ����� Daily predictions ����� ����� �����
���� ���� ������������������������������������������������������������������������ ��° ��� ���° ��� ����� ����� ����� ����� ����� ����� �����
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Kill Van Kull
���� ������������������ �������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ����������������������������������������������� ��° ����� ���° ����� Daily predictions, p.76 ���� ���� ����
���� �������������� ���������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ������������������������������������������������������������������ ��° ��� ���° ��� ����� ����� ����� ����� ����� ����� �����

Passaic River
���� ������������������ ���������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� �������������� �������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ������������������� �������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ���������������������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����

Hackensack River
���� ���������������� �������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ��������������������������� ������������������������������������ ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ���������������������������� ������������������������������������ ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ����������������������������������������������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ���������������������������������� ������������������������ ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ���������������������������������������� ������������������ ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
���� ���������������������������������� �������������������������� ��° ����� ���° ����� ����� ����� ����� ����� ���� ���� ����
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APPENDIX I  

APPENDIX I: EXTRACTS FROM 2020 TIDAL CURRENT TABLES
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�������� � Period with a speed not more than -  
  current  0.1 knot 0.2 knot 0.3 knot 0.4 knot 0.5 knot 

   Knots  Minutes Minutes Minutes Minutes Minutes  
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