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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA
Incorporated 1890 - Royal Charter 1903
Federally Incorporated 1968

The National Office of the Society is located at 252 College Street, Toronto 130,
Ontario; the business office, reading rooms and astronomical library are housed
here.

Membership is open to anyone interested in astronomy and applicants may
affiliate with one of the eighteen Centres across Canada established in St. John’s,
Halifax, Quebec, Montreal, Ottawa, Kingston, Hamilton, Niagara Falls, London,
Windsor, Winnipeg, Saskatoon, Edmonton, Calgary, Vancouver, Victoria and
Toronto, or join the National Society direct.

Publications of the Society are free to members, and include the Journat (6 issues
per year) and the Observer’s Handbook (published annually in November). Annual
fees of $10.00 ($5.00 for full-time students) are payable October 1 and include the
publications for the following calendar year.

VISITING HOURS AT SOME CANADIAN OBSERVATORIES

David Dunlap Observatory, Richmond Hill, Ontario.
Tuesday mornings, 10:00-11:00 a.m.
Saturday evenings, April through October (by reservation).
Dominion Astrophysical Observatory, Victoria, B.C.
Summer: Daily 9:30-4:30 (Guide, Monday to Friday).
Winter: Monday to Friday, 9:30-4:30 (Saturday evenings April through
November).
Dominion Observatory, Ottawa, Ontario.
Monday to Friday, daytime, rotunda only.
Saturday evenings, April through October.
Dominion Radio Astrophysical Observatory, Penticton, B.C.
Sunday, July and August only (2:00-5:00 p.m.).

Planetariums

The Calgary Centennial Planetarium, Mewata Park, Calgary 2, Alberta.
Winter: Wed.-Fri., 7:15 and 8:45 p.m.; Sat. and Sun. 3:00, 7:15, 8:45 p.m.
Summer: Daily (except Tues.) 2:00, 3:00, 4:00, 7:15 and 8:45 p.m.
Dow Planetarium, 1000 St. Jacques St. W., Montreal, P.Q.
In English: Tues. through Fri. 12:15 p.m.; Sat. 1:00 and 3:30 p.m.; Sun.
2:15 p.m. Evenings (except Monday) 8:15 p.m.
In French: Tues. through Sat. 2:15 p.m., also Sat. 4:30 p.m.; Sun. 1:00, 3:30
and 4:30 p.m. Evenings (except Monday) 9:30 p.m.
H. R. MacMillan Planetarium, 1100 Chestnut St., Vancouver 9, B.C.
Sept-June: Tues.-Thurs., 4:00 and 8:00 p.m., Fri., 4:00, 7:30, 9:00 p.m.
Sat. and holidays, 1:00, 2:30, 4:00, 7:30, 9:00 p.m. Sun., 1:00,
2:30,4:00,7:30 p.m.
July-August: Tues.-Sat., 1:00, 2:30, 4:00, 7:30, 9:00 p.m.; Sun., 1:00, 2:30,
4:00,7:30 p.m. (including Christmas and Easter weeks). Closed on
Mondays except holidays.
Manitoba Museum ofMan & Nature Planetarium, 190 Rupert Ave., Winnipeg 2, Man.
Sept-June: Sun. and holidays, 1:00, 2:30, 4:00 p.m.; Tue.-Fri., 3:30, 8:30
p.m. Sat., 1:00, 2:30, 4:00, 7:30, 9:00 p.m.
July-August: Sat., Sun. and holidays same as above; Tue.-Fri., 11:00 a.m.,
3:00, 7:30, 9:00 p.m. (Closed Mon. except holidays.) Christmas
show, 3:30, 7:30, 9:00 p.m.
McLaughlin Planetarium, 100 Queen’s Park, Toronto 5, Ontario.
Tue.-Fri., 3:30, 8:00 p.m.; Sat. 11:00 a.m., 2:00, 3:30, 7:30, 9:00 p.m., Sun.
2:00, 3:30, 5:00, 7:30 p.m. (During July and August, additional weekday show
at 2:00 p.m.)
McMaster University, Dept. of Continuing Education, Hamilton, Ont.
Group reservations only.
Queen Elizabeth Planetarium, Edmonton, Alberta.
Winter: Tue.-Fri., 8:00 p.m., Sat. 3:00 p.m., Sun. and holidays, 2:00,4:00 p.m.
Summer: Mon.-Sat., 3:00, 8:00 p.m., Sun. and holidays, 2:00, 4:00, 8:00 p.m.
The University of Manitoba Planetarium, 500 Dysart Rd., Winnipeg, Man.
Wed. and Thurs., 12:40, 8:30 p.m., Fri., 12:40, 7:00, 8:30 p.m.
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THE OBSERVER’S HANDBOOK for 1971 is the 63rd edition. A number of small changes
and additions have been made in response to suggestions from readers; further
changes and additions are contemplated for the 1972 edition. Additional informa-
tion about the planet Mars is included, in view of the favourable opposition which
occurs in 1971.

Cordial thanks are offered to all those who assisted in the preparation of this edi-
tion: to those whose names appear in the various sections and to Marie Fidler, Edward
Kipp, Roslyn Shemilt, Maude Towne and Isabel Williamson. Special thanks go to
Donald Davis, for providing a new cover design, to Margaret W. Mayall, Director
of the A.A.V.S.0., for the predictions of Algol and the variable stars, to Gordon E.
Taylor for the prediction of planetary appulses and occultations, and to Malcolm M.
Thomson and the Department of Energy, Mines and Resources, for providing a map
of time zones. My deep indebtedness to the British Nautical Almanac Office and to
the American Ephemeris is gratefully acknowledged. Finally, as only the third editor
of the HANDBOOK in 63 years, I wish to record my sincere gratitude to the late
Miss Ruth Northcott for her inspiration and for the high editorial standards which
she established.

JoHnN R. PErcy

ANNIVERSARIES AND FESTIVALS, 1971

New Year’s Day. ...... Fri. Jan. 1 VictoriaDay........... Mon. May 24
Epiphany............. Wed. Jan. 6 Trinity Sunday......... June 6
Accession of Queen Corpus Christi.......... Thur. June 10
Elizabeth (1952)...... Sat. Feb. 6 St. John Baptist
Septuagesima Sunday. .. Feb. 7 (Mid-summer Day)....Thur. June 24
Quinquagesima Dominion Day.......... Thur. July 1
(Shrove Sunday). . ... Feb. 21 Birthday of Queen Mother
Ash Wednesday........ Feb. 24 Elizabeth (1900)....... Wed. Aug. 4
St.David............. Mon. Mar. 1 Labour Day............ Mon. Sept. 6
St. Patrick............. Wed. Mar. 17 Hebrew New Year
Palm Sunday.......... Apr. 4 (Rosh Hashanah)...... Mon. Sept. 20
Good Friday.......... Apr. 9 Yom Kippur............ Wed. Sept. 29
First Day of Passover...Sat. Apr. 10 St. Michael
Easter Sunday......... Apr. 11 (Michaelmas Day).. ... Wed. Sept. 29
Birthday of Queen Thanksgiving. .......... Mon. Oct. 11
Elizabeth (1926). ..... Wed. Apr. 21 All Saints’ Day.......... Mon. Nov. 1
St. George............ Fri. Apr. 23 Remembrance Day...... Thur. Nov. 11
Rogation Sunday....... May 16 First Sunday in Advent. .. Nov. 28
Ascension Day......... Thur. May 20 St. Andrew............. Tues. Nov. 30
Pentecost (Whit Sunday) May 30 Christmas Day.......... Sat. Dec. 25

JULIAN DAY CALENDAR, 1971
J.D. 2,400,000 plus the following:

Jan. 1......... 40,953 May 1........ 41,073 Sept.1........ 41,196
Feb. 1......... 40,984 June 1........ 41,104 Oct. 1........ 41,226
Mar.1......... 41,012 July 1........ 41,134 Nov.1........ 41,257
Apr. 1......... 41,043 Aug. 1........ 41,165 Dec. 1........ 41,287

The Julian Day commences at noon. Thus J.D. 2,440,953 = Jan. 1.5 U.T.



SYMBOLS AND ABBREVIATIONS

©® The Sun

@ New Moon
@ Full Moon
P First Quarter
@ Last Quarter

SUN, MOON AND PLANETS

@ The Moon generally 2| Jupiter
8 Mercury b Saturn
@ Venus 8 Uranus
@ Earth Y Neptune
o Mars B Pluto

ASPECTS AND ABBREVIATIONS

o Conjunction, or having the same Longitude or Right Ascension.
& Opposition, or differing 180° in Longitude or Right Ascension.
[0 Quadrature, or differing 90° in Longitude or Right Ascension.
§3 Ascending Node; 29 Descending Node.
o or R.A., Right Ascension; 8 or Dec., Declination.
h, m, s, Hours, Minutes, Seconds of Time.
° 77, Degrees, Minutes, Seconds of Arc.

T Aries.......... 0°
Y Taurus......... 30°
X Gemini........ 60°
69 Cancer......... 90°
A, a Alpha
B,B Beta
I',y Gamma
A, 8 Delta
E,& Epsilon
Z,{ Zeta
H,n Eta
0O, 0, 9 Theta

SIGNS OF THE ZODIAC

S Leo...o..nn.. 120° A Sagittarius. . . .240°
M Virgo........ 150° B Capricornus . .270°
= Libra......... 180° = Agquarius..... 300°
M Scorpius. ..... 210° X Pisces........ 330°
THE GREEK ALPHABET

I, Iota P, p Rho

K, ¥ Kappa %, o Sigma

A, A Lambda T, t Tau

M, u Mu T, v Upsilon

N, v Nu @, ¢ Phi

E & Xi X, x Chi

O, 0 Omicron ¥, y Psi

II, = Pi Q, ® Omega

THE CONFIGURATIONS OF JUPITER’S SATELLITES

In the Configurations of Jupiter’s Satellites (pages 33, 35, etc.), O represents the
disk of the planet, d signifies that the satellite is on the disk, * signifies that the satellite
is behind the disk or in the shadow. Configurations are for an inverting telescope.

CALCULATIONS FOR ALGOL

The calculations for the minima of Algol are based on the epoch J.D. 2437965.6985
and period 2.8673285 days as published in Sky and Telescope, 1963.

CELESTIAL DISTANCES

Celestial distances given herein are based on the standard value of 8.794’” for the
sun’s parallax, and the astronomical unit of 92.957 million miles.



THE CONSTELLATIONS

LATIN NAMES WITH PRONUNCIATIONS AND ABBREVIATIONS

Andromeda Indus,in’dis............. Ind Indi
an-drom’é-da. ......... And Andr Lacerta, lg-sOr'ta. ........ Lac Lacr
Antlia, ant’li-a........... Ant Antl Leo, lé’c‘) ................ Leo Leon
Apus,a’pis......couuun.. Aps Apus Leo Minor, 16’0 mi‘nér. . ..LMi LMin
Aquarius, g-kwar’i-is. . . .. Aqgr Agar Lepus,lépis............. Lep Leps
Aquila, 3k'wi-la.......... Aql Aqil Libra,li'bra.............. Lib Libr
Ara,ara................ Ara Arae Lupus, la'pis. ........... Lup Lupi
Aries,a'ri-€z............. Ari Arie Lynx,lingks............. Lyn Lync
Auriga, 6-ri’ga........... Aur Auwri Lyra,li'ra............... Lyr Lyra
Bodtes, b6-0't€z.......... Boo Boot Mensa, mén’sé@........... Men Mens
Caelum, s€’lzm........... Cae Cael Mlcroscoplum,
Camelopardalis, mi’krb-sko’ pl-im....... Mic Micr
ka-mél’6-par’da-lis. . . .. Cam Caml Monoceros, m-6nds‘ér-ds. . Mon Mono
Cancer, kan’sér.......... Cnc Canc Musca, mis’ké........... Mus Musc
Canes Venatici, Norma, nér'ma. ......... Nor Norm
ka’'néz vé-nati-si....... CVn CVen Octans, 0k’'tanz. ......... Oct Octn
Canis Ma]or Ophluchus ofi-okas. ... .. Oph Ophi
ka'nisma‘jér........... CMa CMaj Orion, 6-rion............ Ori Orio
Canis Minor, Pavo, Pa’ VOueee i Pav Pavo
ka’nis’mi’nér .......... CMi CMin Pegasus, pég'a-sus........ Peg Pegs
Capricornus, Perseus, plr’stis. ......... Per Pers
kap’ri-k(‘)r’nzis ......... Cap Capr Phoenix, fé'niks.......... Phe Phoe
Carina, kag-rina.......... Car Cari Pictor, pik’tér............ Pic Pict
Cassiopeia, kds‘i- o-pe ya'. .Cas Cas Pisces, pis€z............. Psc Pisc
Centaurus, sén-to'ris. . . ..Cen Cent Piscis Austrinus,
Cepheus, sé’fis........... Cep Ceph pis’is Os-tri'nis. ........ PsA PscA
Cetus, S€tls............. Cet Ceti Puppis, pip’is............ Pup Pupp
Chamaeleon, ka-mé’lé-tin. .Cha Cham Pyxis, pik’sis............. Pyx Pyxi
Circinus, sQr’si-niis. . ..... Cir Circ Retlculum ..............
Columba, ko-lum’ba.... .. Col Colm ré-tik l- lum ............ Ret Reti
Coma Berenices, Sagitta, sa- Jlt 7 S Sge Sgte
ko’ma bér’é-ni’séz. .. ... Com Coma Sagittarius, sa_] i-ta’ri-is. . .Sgr Sgtr
Corona, Australis, Scorpius, skor’pi-is. ... ... Sco Scor
kb-ro'nads-tra’lis. . ... CrA CorA Sculptor, skiilp“tér........ Scl  Scul
Corona Borealis, Scutum, skd’tdm......... Sct  Scut
Ka-ro'na bo'ré-a'lis. . . . . CrB CorB Serpens, sr’'pénz. ........ Ser Serp
Corvus, kér'vis.......... Crv Corv Sextans, s€ks'tanz......... Sex Sext
Crater, Keater. . ... Crt Crat Taurus, to'ris. . . ......... Tau Taur
Crux, krﬁks .............. Cru Cruc Telescoplum,
Cygnus, signis. . ........ Cyg Cygn t&l’é-sko’pl-gm. .. ...... Tel Tele
Delphinus, dél-fi'nis. . . ... Del Diph Triangulum,
Dorado, d6-ri’d6. . ... ... Dor Dora tri-dng’gli-lim..........Tri Tria
Draco, dra’ks. . ...Dra Drac Triangulum Australe, . . . ..
Equuleus 6-kwoo 1é-is. . . .Equ Equl tri-dng’gli-lim Os-trd’le. . Tra TrAu
Eridanus, é-rid’d-nis. ..Eri Erid Tucana, ti-ki'na. ........ Tuc Tucn
Fornax, for naks ......... For Forn Ursa Major
Gemlm jémini......... Gem Gemi Or'sama’jér............ UMa UMaj
Grus, gris.........ooovne. Gru Grus Ursa MlIlOI‘,
Hercules, hir’kti’lez. . .... Her Herc Gr'saminér............ UMi UMin
Horolqgium, Vela,vé'la............... Vel Velr
hor’6-16"ji-am.......... Hor Horo Virgo, vir’'gd............ Vir Virg
Hydra,hi‘dra............ Hya Hyda Volans, vo’lanz........... VYol Voln
Hydrus, hi‘dréis. ......... Hyi Hydi Vulpecula, viil-pék‘ti-la. . . . Vul  Vulp

a fate; 4 chdotic; 4 tdp; d findl; 4 ask; aidea; 4 care; d 4lms; au aught; & be; & créaté;
€énd; & angél € maker i tlme i blt i anzmal o note 6 anatomy, 0 hot; d decur;
6 O0rb; 60 mdon; 60 book ouout; 0 tube il unlte 1t stin; # sibmit; O hirl.



MISCELLANEOUS ASTRONOMICAL DATA

UNITS OF LENGTH

1 Angstrom unit = 10-8cm. 1 micron, p = 10-4 cm.=10%A.
1 inch = exactly 2.54 centimetres 1cm. = 10 mm. = 0.39370 ... in.
1 yard = exactly 0.9144 metre 1m. =102cm. = 1.0936 .... yd.
1 mile = exactly 1.609344 kilometres 1km. = 105cm. = 0.62137 ... mi.
1 astronomical unit = 1.496 x 1013 cm. = 1.496 x 108 km. = 9.2957 X 107 mi.
1 light-year = 9.461 X 1017 cm. = 5.88 X 1012 mi. = 0.3068 parsecs
1 parsec = 3.084 x 1018 cm. = 1.916 X 1013 mi. = 3.260 Ly.
1 megaparsec = 106 parsecs

UNITs OF TIME
Sidereal day = 23h 56m 04.09s of mean solar time
Mean solar day = 24/ 03m 56.56s of mean sidereal time
Synodic month = 29d 12k 44m 03s Sidereal month = 274 07h 43m 12s
Tropical year (ordinary) = 365d 05k 48m 46s
Sidereal year = 365d 06k 09m 10s
Eclipse year = 346d 14h 52m 52s

THE EARTH

Equatorial radius, @ = 6378.160 km. = 3963.20 mi.: flattening, ¢ = (@ — b)/a = 1/298.25
Polar radius, b = 6356.77 km. = 3949.91 mi.

1° of latitude = 111.137 — 0.562 cos 2¢ km. = 69.057 — 0.349 cos 2¢ mi. (at lat. ¢)
1° of longitude = 111.418 cos ¢ — 0.094 cos 3¢ km. = 69.232 cos ¢ — 0.0584 cos 3¢ mi.
Mass of earth = 5.98 x 1024 kgm. = 13.2 x 1024 ]b.

Velocity of escape from @ = 11.2km./sec. = 6.94 mi./sec.

EARTH’S ORBITAL MOTION
Solar parallax = 8'°.794 (adopted)
Constant of aberration = 20'°.496 (adopted)
Annual general precession = 50°'.26; obliquity of ecliptic = 23° 26’ 35’ (1970)
Orbital velocity = 29.8 km./sec. = 18.5 mi./sec.
Parabolic velocity at @ = 42.3 km./sec. = 26.2 mi./sec.

SoLAR MoTION
Solar apex, R.A. 18% 04m, Dec. + 30°; solar velocity = 19.4 km./sec. = 12.1 mi./sec.

THE GALACTIC SYSTEM
North pole of galactic plane R.A. 124 49m, Dec. + 27.°4 (1950)
Centre of galaxy R.A. 174 42.4m, Dec. — 28° 55’ (1950) (zero pt. for new gal. coord.)
Distance to centre ~ 10,000 parsecs; diameter ~ 30,000 parsecs
Rotational velocity (at sun) ~ 262 km./sec.
Rotational period (at sun) ~ 2.2 X 108 years
Mass ~ 2 x 10!1 solar masses

EXTERNAL GALAXIES
Red Shift ~ + 100 km./sec./megaparsec ~ 19 miles/sec./million Ly.

RADIATION CONSTANTS
Velocity of light, ¢ = 2.997925 x 101° cm./sec. = 186.282.1 mi./sec.
Frequency, v = c/A; v in Hertz (cycles per sec.), ¢ in cm./sec., A in cm.
Solar constant = 1.93 gram calories/square cm./minute
Light ratio for one magnitude = 2.512 ... ; log ratio = exactly 0.4
Stefan’s constant = 5.6694 X 10-5 c.g.s. units

MISCELLANEOUS
Constant of gravitation, G = 6.670 X 10~8 c.g.s. units
Mass of the electron, m = 9.1083 x 10-28 gm.: mass of the proton = 1.6724 X 1024 gm.
Planck’s constant, # = 6.625 x 10~27 erg. sec.
Absolute temperature = T° K = T° C + 273° = 5/9 (T° F + 459°)

1 radian = 57°.2958 n = 3.141,592,653,6
= 3437'.75 No. of square degrees in the sky = 41,253
= 206,265"' 1 gram = 0.03527 oz.



SUN—EPHEMERIS AND CORRECTION TO SUN-DIAL

Apparent Apparent Corr. to Apparent Apparent Corr. to
R.A. ec. Sun-dial R.A. Dec. Sun-dial
Date Oh E.T. Oh E.T 12h E.T. Date Oh E.T. Oh E.T. 12h E.T
hms ° ! m s hms ° ’ m s
Jan. 1 18 43 08 —23 04.5 + 324 | July 3 6 45 25 +23 02.0 + 4 03
4 18 56 23 —22 48.7 + 4 48 6 6 57 47 +22 46.8 + 4 34
7 19 09 33 —22 28.9 + 6 09 9 7 10 06 +22 28.0 + 503
10 19 22 39 —22 05.1 + 7 24 12 72221 +22 05.7 + 528
13 19 35 40 —21 37.5 + 8 35 15 7 34 33 +21 40.0 + 549
16 19 48 36 —21 06.1 + 9 40 18 7 46 40 +21 11.0 + 6 06
19 | 20 01 26 —20 31.0 +10 39 21 7 58 43 +20 38.7 + 6 18
22 | 20 14 09 —19 52.6 +11 32 24 8 10 40 +20 03.3 4+ 625
25 | 20 26 46 —19 10.5 +12 18 27 8 22 33 +19 24.9 + 6 27
28 | 2039 16 —18 25.4 +12 56 30 8 34 20 +18 43.6 + 623

31 20 51 38 —17 37.3 +13 28
Aug. 2 8 46 01 +17 59.5 + 6 14
Feb. 3 | 21 03 53 —16 46.4 +13 52 5 8 57 37 +17 12.9 + 559
6 | 21 16 00 —15 52.9 +14 08 8 9 09 07 +16 23.7 + 5 39
9 | 21 28 00 —14 56.9 +14 17 11 9 20 32 +15 32.1 + 513
12 | 21 39 53 —13 58.7 +14 19 14 9 31 52 +14 38.3 + 4 43
15 | 21 51 39 —12 58.4 +14 14 17 9 43 07 +13 42.4 + 4 08
18 | 2203 18 —11 56.2 +14 03 20 9 54 18 +12 44.5 + 3 28
21 22 14 51 —10 52.3 +13 45 23 10 05 24 +11 44.7 + 2 44
24 | 2226 19 — 9 46.8 +13 22 26 10 16 26 +10 43.3 + 156
27 | 22 37 41 — 8 40.0 +12 54 29 10 27 25 + 9 40.4 + 1 04
Mar. 2 | 22 48 58 — 7 32.1 +12 20 || Sept. 1 10 38 20 + 8 36.2 + 009
51 230010 — 6 23.2 +11 42 4 10 49 12 + 7 30.7 — 0 49
8 | 2311 18 — 513.5 +11 00 7 11 00 02 + 6 24.1 — 149
11 23 22 23 — 4 03.2 +10 14 10 11 10 49 + 516.5 — 251
14 | 2333 24 — 2 52.5 + 925 13 11 21 36 + 4 08.2 — 355
17 | 23 44 23 — 141.5 + 8 35 16 11 32 22 + 2 59.1 — 4 58
20 | 23 55 21 — 0 30.3 + 7 42 19 11 43 08 + 149.6 — 6 02
23 006 17 + 0 40.8 + 6 48 22 11 53 54 + 0 39.7 — 7 06
26 017 12 + 1 51.8 + 5 54 25 12 04 41 — 0 30.4 — 8 08
29 0 28 07 + 3 02.3 + 459 28 12 15 29 — 1 40.6 - 910
Apr. 1 039 03 + 4 12.3 + 4 05| Oct. 1 12 26 18 — 2 50.6 —10 09
4 0 49 59 + 5 21.6 + 312 4 12 37 10 — 4 00.4 —11 07
7 1 00 56 + 6 30.1 + 220 7 12 48 05 — 509.7 —12 01
10 111 55 + 7 37.5 + 130 10 12 59 04 — 6 18.4 —-12 51
13 122 56 + 8 43.7 + 0 42 13 13 10 07 — 7 26.5 —13 37
16 13401 + 9 48.7 — 003 16 13 21 14 — 8 33.6 —14 19
19 1 45 08 +10 52.2 — 045 19 13 32 27 — 939.6 —14 55
22 156 19 +11 54.2 - 123 22 13 43 45 —10 44.4 —15 26
25 2 07 34 +12 54.3 - 157 25 13 55 09 —11 47.8 —15 50
28 2 18 54 +13 52.6 — 226 28 14 06 39 —12 49.5 —16 09
31 14 18 16 —13 49.4 —16 20

May 1 230 18 +14 48.8 — 251
4 2 41 47 +15 42.8 — 311 || Nov. 3 14 30 00 —14 47.3 —16 25
7 253 20 +16 34.4 - 327 6 14 41 51 —15 43.0 —16 23
10 3 04 58 +17 23.5 - 337 9 14 53 49 —16 36.5 —16 12
13 316 42 +18 10.1 — 34 12 15 05 55 —17 27.4 —15 55
16 3 28 31 +18 53.9 — 342 15 15 18 09 —18 15.6 —15 29
19 3 40 25 +19 34.8 - 337 18 15 30 31 —19 01.0 —14 56
22 35224 +20 12.7 — 327 21 15 43 01 —19 43.3 —14 15
25 4 04 28 +20 47.6 - 312 24 15 55 37 —20 22.3 —-13 27
28 416 36 +21 19.2 — 252 27 16 08 20 —20 58.0 —12 32
31 4 28 49 +21 47.5 — 228 30 16 21 10 —21 30.1 —11 31
June 3 4 41 06 +22 12.4 — 201 || Dec. 3 16 34 06 —21 58.6 —10 24
6 4 53 25 +22 33.7 — 131 6 16 47 08 —22 23.3 - 911
9 505 48 +22 51.6 — 057 9 17 00 14 —22 44.0 — 7353
12 518 12 +23 05.8 — 022 12 17 13 25 —23 00.8 — 6 31
15 530 39 +23 16.4 + 016 15 17 26 40 —23 13.4 — 506
18 543 07 +23 23.3 + 0 54 18 17 39 57 —23 21.9 — 338
21 55536 +23 26.5 + 134 21 17 53 16 —23 26.1 — 209
24 6 08 05 +23 25.9 + 213 24 18 06 35 —23 26.1 — 039
27 6 20 34 +23 21.6 + 2 51 27 18 19 54 —23 21.9 + 0 51
30 6 33 00 +23 13.7 + 328 30 18 33 12 —23 13.5 + 219




PRINCIPAL ELEMENTS OF THE SOLAR SYSTEM
MEAN ORBITAL ELEMENTS (for epoch 1960 Jan. 1.5 E.T.)

Mean Distance Period of Long. (Mean
from Sun Revolution  [Eccen-| In- |Long. of |Long.
(a) tri- |{clina-| of Peri- | at
millions | Sidereal | Syn- | city | tion | Node | helion | Epoch
Planet A. U. | of miles P) odic | (e) i | (&) m | @
days o o (<3 ]
Mercury 0.387 36.0 | 88.0d. | 116 | .206 | 7.0 | 47.9| 76.8 | 222.6
Venus 0.723 67.2|224.7 584 | .007 | 3.4 | 76.3|131.0|174.3
Earth 1.000 92.9 | 365.26 ...|.017| 0.0 0.0 102.3 | 100.2
Mars 1.524| 141.5|687.0 780 | .093 | 1.8 | 49.2| 335.3 | 258.8
Jupiter 5.203| 483.4 | 11.86y.| 399 | .048 | 1.3 {100.0{ 13.7 | 259.8
Saturn 9.539| 886. 29.46 378 | .056 | 2.5 |113.3| 92.3}280.7
Uranus 19.18 | 1782. 84.01 370 | .047 | 0.8 | 73.8| 170.0 | 141.3
Neptune | 30.06 | 2792. | 164.8 367| .009 | 1.8 [131.3| 44.3|216.9
Pluto 39.44 | 3664. |247.7 367 | .250{17.2 {109.9 | 224.2| 181.6
PHYSICAL ELEMENTS
Incli-
Equa- Mean | Sur- nation
torial Den- | face of
Object Di- sity |Grav- | Rotation | Equa- |Albedo
ameter | Ob- Mass ity Period tor to
late- water Orbit
miles ness ®=1 =1 |[®= °
® Sun 864,000 0 332,958 |1.41| 27.9|259-35%
@ Moon 2,160 0 0.0123/3.36| 0.16 | 274077 43™ 6.7 { 0.067
8 Mercury| 3,025 0 0.055|5.46| 0.38| 58.65¢ ? 0.056
Q@ Venus 7,526 0 0.815 | 5.23| 0.90 | 244%(retro.)| 10 0.76
@ Earth 7,927 | 1/298 1.000 | 5.52| 1.00|23"56m04° | 23.4 | 0.36
" Mars 4,218 | 1/192 0.107 | 3.93| 0.38 {24 37 23 24.0 | 0.16
9| Jupiter 88,700 | 1/16 | 318.0 1.332.64| 9 50 30 3.1] 0.73
b Saturn 75,100 | 1/10 95.2 0.69(1.13|10 14 26.7 | 0.76
d Uranus | 29,200 | 1/16 14.6 1.56| 1.07 |10 49 97.9 | 0.93
W Neptune | 31,650 | 1/50 17.3 1.54]1.08 |16 28.8 | 0.62
B Pluto 3,500? ? 0.06? | 4? 0.3?|6.387¢ ? 0.14?

TDepending on latitude. For the physical observations of the sun, p. 56, the
sidereal period of rotation is 25.38 m.s.d.



SATELLITES OF THE SOLAR SYSTEM

Mean Distance Revolution |Orbit
Mag. | Diam. from Planet Period Incl.
miles

Name * F t miles l % d h m]|°i% Discovery
SATELLITE OF THE EARTH
Moon [=12.7 | 2160 | 238,900| ... | 27 07 43 | Var.§|
SATELLITES OF MARS
Phobos 1 11.6 ‘ 12 ‘ 5,800 25 0 07 39 1.0 ‘ Hall, 1877
Deimos 12.8 | (<10) 14,600 62 1 06 18 1.3 | Hall, 1877
SATELLITES OF JUPITER
\' 13.0 | (100) 112,000 59 0 11 57 0.4 | Barnard, 1892
Io 4.8 | 2020 262,000 | 138 1 18 28 0 Galileo, 1610
Europa 5.2 | 1790 417,000 | 220 3 13 14 0 Galileo, 1610
Ganymede| 4.5 | 3120 665,000 | 351 7 03 43 0 Galileo, 1610
Callisto 5.5 | 2770 1,171,000 | 618 | 16 16 32 0 Galileo, 1610
VI 13.7 (50) | 7,133,000 3765 | 250 14 27.6 | Perrine, 1904
\%11 16 (20) | 7,295,000 | 3850 | 259 16 24.8 | Perrine, 1905
X 18.6 |(<10) | 7,369,000 | 3888 | 263 13 29.0 | Nicholson, 1938
XII 18.8 [(<10) |13,200,000| 6958 | 631 02 147 Nicholson, 1951
XI 18.1 [(<10) |14,000,000| 7404 | 692 12 164 Nicholson, 1938
VIII 18.8 |(<10) |14,600,000| 7715 | 738 22 145 Melotte, 1908
IX 18.3 |(<10) | 14,700,000 7779 | 758 153 Nicholson, 1914
SATELLITES OF SATURN
Janus (14) |<300 100,000 0 17 59 A. Dollfus, 1966
Mimas 12.1 300: 116,000 30 0 22 37 1.5 | W. Herschel, 1789
Enceladus | 11.8 400: 148,000 38 1 08 53 0.0 | W. Herschel, 1789
Tethys 10.3 600 183,000 48 1 21 18 1.1 | G. Cassini, 1684
Dione 10.4 600: 235,000 61 2 17 41 0.0 | G. Cassini, 1684
Rhea 9.8 810 327,000 85 4 12 25 0.4 | G. Cassini, 1672
Titan 8.4 | 2980 759,000 197 | 15 22 41 0.3 | Huygens, 1655
Hyperion | 14.2 | (100) 920,000 239 21 06 38 0.4 | G. Bond, 1848
Tapetus 11.0 | (500) | 2,213,000| 575| 79 07 56 | 14.7 | G. Cassini, 1671
Phoebe (14 (100) | 8,053,000 2096 | 550 11 150 W. Pickering, 1898
SATELLITES OF URANUS
Miranda 16.5 | (200) 77,000 9 1 09 56 0 Kuiper, 1948
Ariel 14.4 | (500) 119,000 14 2 12 29 0 Lassell, 1851
Umbriel 15.3 | (300) 166,000 20 4 03 38 0 Lassell, 1851
Titania 14.0 | (600) 272,000 33 8 16 56 0 W. Herschel, 1787
Oberon 14.2 | (500) 365,000 44| 13 11 07 0 W. Herschel, 1787
SATELLITES OF NEPTUNE
Triton 13.6 | 2300 220,000 17 5 21 03 |160.0 | Lassell, 1846
Nereid ’ 18.7 | (200) | 3,461,000| 264|359 10 27.4 | Kuiper, 1949

*At mean opposition distance.

tFrom D. L. Harris in “Planets and Satellites”, The Solar System, vol. 3, 1961, except

numbers in brackets which are rough estimates.

HInclination of orbit referred to planet’s equator; a value greater than 90° indicates

retrograde motion.

§Varies 18° to 29°. The eccentricity of the mean orbit of the moon is 0.05490.
Satellites Io, Europa, Ganymede, Callisto are usually denoted I, II, III, IV respectively,

in order of distance from the planet.



TIME

Any recurring event may be used to measure time. The various times commonly
used are defined by the daily passages of the sun or stars caused by the rotation of
the earth on its axis. The more uniform revolution of the earth about the sun, causing
the return of the seasons, defines ephemeris time. The atomic second has been defined ;
atomic time has been maintained in various labs, and an internationally acceptable
atomic time scale is under discussion.

A sundial indicates apparent solar time, but this is far from uniform because of
the earth’s elliptical orbit and the inclination of the ecliptic. If the real sun is replaced
by a fictitious mean sun moving uniformly in the equator, we have mean (solar) time.
Apparent time — mean time = equation of time. This is the same as correction to
sundial on page 7, with reversed sign.

If instead of the sun we use stars, we have sidereal time. The sidereal time is zero
when the vernal equinox or first point of Aries is on the meridian. As the earth makes
one more rotation with respect to the stars than it does with respect to the sun during
a year, sidereal time gains on mean time 3™ 56° per day or 2 hours per month. Right
Ascension (R.A.) is measured east from the vernal equinox, so that the R.A. of a
body on the meridian is equal to the sidereal time.

Sidereal time is equal to mean solar time plus 12 hours plus the R.A. of the
fictitious mean sun, so that by observation of one kind of time we can calculate the
other. Local Sidereal time may be found approximately from Standard or zone
time (0 h at midnight) by applying the corrections for longitude (p. 12) and sundial
(p. 7) to obtain apparent solar time, then adding 12 h and R.A. sun (p. 7). (Note
that it is necessary to obtain R.A. of the sun and correction to sundial at the standard
time involved.)

Local mean time varies continuously with longitude. The local mean time of
Greenwich, now known as Universal Time (UT) is used as a common basis for
timekeeping. Navigation and surveying tables are generally prepared in terms of UT.
When great precision is required. UT1 and UT2 are used differing from UT by polar
variation and by the combined effects of polar variation and annual fluctuation
respectively.

To avoid the inconveniences to travellers of a changing local time, standard time
is used. The earth is divided into 24 zones, each ideally 15 degrees wide, the zero zone
being centered on the Greenwich meridian. All clocks within the same zone will
read the same time.

In Canada and the United States there are 9 standard time zones as follows: New-
foundland (N), 3" 30™ slower than Greenwich ; 60th meridian or Atlantic (A),4 hours;
75th meridian or Eastern (E), 5 hours; 90th meridian or Central (C), 6 hours;
105th meridian or Mountain (M), 7 hours; 120th meridian or Pacific (P), 8 hours;
135th meridian or Yukon (Y), 9 hours; 150th meridian or Alaska-Hawaii, 10 hours;
and 165th meridian or Bering, 11 hours slower than Greenwich.

The mean solar second, defined as 1/86400 of the mean solar day, has been
abandoned as the unit of time because random changes in the earth’s rotation make
it variable. The unit of time has been redefined twice within the past two decades. In
1956 it was defined in terms of Ephemeris Time (ET) as 1/31,556,925.9747 of the
tropical year 1900 January 0 at 12 hrs. ET. In 1967 it was redefined as 9,192,631,770
periods of the radiation corresponding to the transition between the two hyperfine
levels of the ground state of the cesium 133 atom. Ephemeris Time is required in
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celestial mechanics, while the cesium resonator makes the unit readily available.
The difference, AT, between UT and ET is measured as a small error in the observed
longitude of the moon, in the sense AT = ET —UT. The moon’s position istabu-
lated in ET, but observed in UT. AT was zero near the beginning of thecentury, but
in 1971 will be about 41 seconds.

RADIO TIME SIGNALS

National time services distribute co-ordinated time called UTC, which approxi-
mates UT2. It is derived from the cesium atomic standard by offsetting the output
frequency. The offset is reviewed annually, and a change, if necessary, is applied at
the beginning of the year. A divergence between UTC and UT2 amounting to
0.1s is corrected by a step adjustment at the beginning of the next month. By
agreement these changes are co-ordinated through the Bureau International de
I’Heure, so that most time services are synchronized to the millisecond.

A growing body of public opinion favours the use of stepped atomic time, SAT,
in place of UTC. The scientific advantage would be the use of the official cesium
second in everyday timekeeping. An adjustment of 1.0 second would be made when
necessary to maintain UT approximately. The change, which would pass unnoticed
by the general public, will not be introduced before 1972.

Radio time signals readily available in Canada include:

CHU Ottawa, Canada 3330, 7335, 14670 kHz
WWYV Fort Collins, Colorado 2.5, 5, 10, 20, 25 MHz
WWVH Maui, Hawaii 25,5, 10, 15 MHz

astro murals

24" x 36" photo-quality prints of plates from world's great observatories.
Twelve prints in black and white, two in full color. Heavy matte paper.

CLOCKWISE: #C-3, Dumbbell nebula in Vulpecula, color; #C-4,

Lagoon nebula in Sagittarius, color; #3, Triangulum spiral, b&w;

#4, Great Andromeda galaxy, b&w; #6, Southern section of

the moon, b&w; #8, Edge-on spiral in Andromeda, b&w; #9,
Canes Venatici spiral, b&w; #11, Solar corona and Venus, b&w; #12, Trifidnebula, b&w.
ALSO AVAILABLE: #1, Composite photo of third-quarter moon, b&w;#2, Orionnebula,
b&w; #5, Saturn and rings, b&w; #7, Solar prominences, b&w; #10, Full moon, b&w.

Black and white AstroMurals — $7.50 ea.

Color AstroMurals — $18.00 ea.

Set of 12 black and white AstroMurals — $75.00

Set of 14 AstroMurals (12 b&w, 2 color) — $100.00
All postpaid. Phone (after 6 P.M. EST): 703-280-5216
astro-murals box 7563-0 Washington, D.C. 20044



TIMES OF RISING AND SETTING OF THE SUN AND MOON

The times of sunrise and sunset for places in latitudes ranging from 30° to 54
are given on pages 13 to 18, and of twilight on page 19. The times of moonrise and
moonset for the 5 h meridian are given on pages 20 to 25. The times are given in
Local Mean Time, and in the table below are given corrections to change from Local
Mean Time to Standard Time for the cities and towns named.

The tabulated values are computed for the sea horizon for the rising and setting
of the upper limb of the sun and moon, and are corrected for refraction. Because
variations from the sea horizon usually exist on land, the tabulated times can rarely
be observed.

The Standard Times for Any Station

To derive the Standard Time of rising and setting phenomena for the places
named, from the list below find the approximate latitude of the place and the
correction in minutes which follows the name. Then find in the monthly table the
Local Mean Time of the phenomenon for the proper latitude on the desired day.
Finally apply the correction to get the Standard Time. The correction is the number
of minutes of time that the place is west (plus) or east (minus) of the standard
meridian. The corrections for places not listed may be obtained by converting the
longitude found from an atlas into time (360° = 24 h).

CANADIAN CITIES AND TOWNS AMERICAN CITIES

Lat. | Corr. Lat.| Corr. Lat. | Corr.
Athabasca 55°| +33M || Peterborough 44 | +13E Atlanta 34° | +37E
Baker Lake 64 | +24C || Port Harrison 59 | +13E Baltimore 39 |+06E
Brandon 50 | +40C || Prince Albert 53 | +63C Birmingham 33 |—13C
Brantford 43 | +21E || Prince Rupert 54 | +41P Boston 42 | —16E
Calgary 51 | +36M [ Quebec 47 | —15E Buffalo 43 | +15E
Charlottetown 46 | +12A || Regina 50 | +58C Chicago 42 [ —10C
Churchill 59 | +17C St. Catharines 43 | +17E Cincinnati 39 |+38E
Cornwall 45 | — 1E | St. Hyacinthe 46 | —08E Cleveland 42 |+26E
Edmonton 54 | +34M || saintJohn, N.B.| 45| +24A Dallas 33 | +27C
Fredericton 46 | +27A | St.John’s, Nfid.| 48 | +0IN Denver 40 00M
Gander 49 | + 8N || Sarnia 43 | +29E Detroit 42 |+32E
Glace Bay 46 00A || Saskatoon 52 | +67C Fairbanks 65 |—10AL
Goose Bay 53 [+ 2A |i Sault Ste. Marie| 47 | +37E Flagstaff 35 |+27M
Granby 45 | —09E || Shawinigan 47 | —09E Indianapolis 40 [—15C
Guelph 44 | +-21E || Sherbrooke 45 | —12E Juneau 58 |+58P
Halifax 45 | +14A || Stratford 43 | +24E Kansas City 39 |+18C
Hamilton 43 | 420E Sudbury 47 | +24E Los Angeles 34 (—07P
Hull 45 | +03E | Sydney 46 | +01A Louisville 38 |—17C
Kapuskasing 49 | +-30E | The Pas 54 | +45C Mempbhis 35 00C
Kingston 44 | +-06E Timmins 48 | +26E Miami 26 |+21E
Kitchener 43 | +22E | Toronto 44 | +18E Milwaukee 43 |—-09C
London 43 | +25E | Three Rivers 46 | —10E Minneapolis 45 |+13C
Medicine Hat 50 | +23M | Thunder Bay 48 | +57E New Orleans 30 | 00C
Moncton 46 | +19A | Trail 49 | —09P New York 41 |—04E
Montreal 46 | —06E | Truro 45 | +13A Omaha 41 |-+24C
Moosonee 51 | +23E | Vancouver 49 | +12P Philadelphia 40 |+01E
Moose Jaw 50 | +62C Victoria 48 | +13P Phoenix 33 |+28M
Niagara Falls 43 | +16E || Whitehorse 61 00Y Pittsburgh 40 |+20E
North Bay 46 | +18E Windsor 42 | +32E St. Louis 39 |4-01C
Ottawa 45 | +03E | Winnipeg 50 | +29C San Francisco 38 |+10P
Owen Sound 45 | +24E | Yellowknife 62 | +38M Seattle 48 | +09P
Penticton 49°| —02P Washington 39 |408E

Example—Find the time of sunrise at Owen Sound, on February 12.

In the above list Owen Sound is under “45°”, and the correction is +24 min. On
page 13 the time of sunrise on February 12 for latitude 45° is 7.06; add 24 min. and
we get 7.30 (Eastern Standard Time).

12



MAP OF STANDARD TIME ZONES

DEPARTMENT OF ENERGY, MINES AND RESOURCES 1969
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BEGINNING OF MORNING AND ENDING OF EVENING TWILIGHT

Latitude 35° | Latitude 40°| Latitude 45°| Latitude 50° | Latitude 54°
Morn. Eve. |Morn. Eve. | Morn. Eve.| Morn. Eve. | Morn. Eve.
hm h m|hm h m{hm h m hm h m hm h m
Dec. 536 1829 |5 44 21| 551 14| 6 00 18 06] 6 06 18 00
Jan. 539 18 36| 5 46 29| 553 23] 559 18 16| 6 05 18 10
538 1844|544 39| 549 33] 555 1828|559 18 23
535 1853|539 49| 5 42 45| 547 18 42| 549 18 40
Feb. 528 19025 30 00| 5 32 58| 534 18 57| 535 18 57
519 1911|519 111 5 20 111 519 1912|516 19 15
Mar. 508 1919|506 21| 503 24| 459 19 29| 455 19 34
455 19 28 |4 51 32| 4 45 38| 438 1945|430 19 54
440 19 37 |4 34 43| 4 26 52 415 2003|403 20 16
425 19464 17 56| 4 05 08| 350 20 23| 3 34 2040
Apr. 409 1956|358 08| 343 2023] 322 2044|301 2106
354 2006|340 2213 20 41| 2 55 21 08| 225 21 38
339 2018|321 36| 2 58 00| 224 2134|143 2218
May 325 2029|305 51 235 20{ 152 2204 041 2323
314 20402 49 05215 40| 1 18 22 40| —— ———
306 2051|237 19| 1 58 591 031 2332 — ——
June 300 2059|230 29| 1 45 15| —— —_
259 2103|228 35| 140 23| —— —_—
301 2105|230 36| 143 23| — _
July 308 2102|238 31 155 14| — o
317 20551249 211 211 58/ 059 2309 — ——
327 2044303 08| 2 31 391139 2230 — ——
Aug. 338 2032317 52| 2 50 18/ 2 11 21 56| 1 14 22 50
349 20183 32 35| 309 56{ 2 38 21 26| 202 2201
35 2002|345 16| 3 27 33 303 2057|236 2123
Sept. 409 1947 |3 58 57| 3 44 11| 324 2029 305 20 48
418 1930|409 39| 35 49| 344 2002|329 2017
426 1915|421 20( 4 13 28| 4 02 19 38| 3 51 19 48
Oct. 434 1901|430 04| 4 26 08 419 19 14| 4 12 19 22
442 18 48 |4 41 49| 4 38 511 435 18 53| 430 18 S8
450 18 37 |4 50 36| 4 51 36| 4 50 18 36| 4 48 18 37
Nov. 4 58 18 28 |5 01 25| 503 23| 505 18 20| 506 18 19
507 1821|510 18 5 15 13 519 18 09| 522 18 05
514 1819|521 12| 526 18 07| 532 18 01| 5 37 17 56
Dec. 522 1818|529 12| 5 36 05| 543 17 57| 549 17 51
529 18 21| 5 37 14| 5 44 06| 552 1757|559 17 51
535 18265 42 18| 5 50 11| 557 18 02| 6 04 17 55
Jan. 538 1832|545 25| 552 18| 6 00 18 10| 6 07 18 04

The above table gives the local mean time of the beginning of morning twilight, and of the ending
of evening twilight, for various latitudes. To obtain the corresponding standard time, the method used
is the same as for correcting the sunrise and sunset tables, as described on page 12. The entry —in
the above table indicates that at such dates and latitudes, twilight lasts all night, This table, taken from
the American Ephemeris, is computed for astronomical twilight, i.e. for the time at which the sun is

108° from the zenith (or 18° below the horizon).
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MOONRISE AND MOONSET, 1971; LOCAL MEAN TIME

Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon oon Moon Moon
DATE | Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set
Jan. hm bhm|/hm hmhm hm|hm hm| hm hmi|hm hm
1 1009 22 01 (10 13 21 58 |10 17 21 55 |10 23 21 52 |10 29 21 48 (10 35 21 44
2 10 42 23 06 | 10 42 23 07 |10 43 23 08 |10 44 23 10 (10 45 23 11 |10 46 23 12
3p (1114 .. .. /1111 .. .. (1107 .. 1104 ... 1100 .. .. [1056 .. ..
4 11 46 00 10|11 40 00 15 {11 34 00 20 |11 26 00 26 |11 16 00 33 |11 07 00 40
5 1221 01 15(1212 0123 |12 02 01 32 |11 50 O1 43 (11 35 01 56 |11 20 02 09
6 1301 02201249 0231|1235 0244 (1218 02 59 |11 58 03 18 |11 38 03 37
7 13 45 03 25|13 31 03 39 {13 14 03 55 |12 54 04 14 |12 29 04 38 |12 04 05 03
8 14 35 0429|1420 0444 {14 01 05 02 (13 39 0524 (13 11 05 52 |12 41 06 21
9 1531 05281516 0544 {14 57 06 03 (14 34 06 26 {14 05 06 55 [13 34 07 26
10 16 31 06 22 (16 16 06 38 |15 58 06 55 |15 37 07 17 |15 10 07 44 |14 41 08 13
11®| 17 31 07 09| 17 18 07 22|17 03 07 38 (16 44 07 57 |16 21 08 21 |15 57 08 46
12 18 30 07 48 (18 20 08 00 |18 07 08 13 |17 52 08 28 (17 34 08 47 {17 16 09 06
13 1927 0822|1919 08 31/19 10 08 41 (19 00 08 53 |18 47 09 07 |18 34 09 21
14 2022 08 53|20 17 08 58 {20 12 09 06 (20 04 09 14 |19 57 09 23 [19 49 09 32
15 2115 09 19|21 13 09 23 {21 11 09 27 |21 08 09 31 |21 05 09 37 ({21 02 09 42
16 2208 0945|2209 09472209 09 47 (22 11 09 47 122 12 09 49 |22 14 09 49
17 2300 101112305 1009 [23 09 10 06 (23 14 10 04 |23 20 10 01 (23 26 09 57
18 2355 1038 .. .. 1033 .. 1028 (.. .. 1021 .. 1013 (.. .. 1005
19 @ .. 1107(0002 1059 |00 10 10 50 |00 19 10 40 {00 30 10 28 |00 41 10 15
20 00 51 1140|0102 112901 13 11 17 {01 25 11 03 {01 42 10 46 |01 58 10 28
21 01 51 1218|0204 12 05/02 18 11 50 |02 35 11 31 (02 57 11 09 |03 18 10 46
22 0253 1304(0308 1249|0325 1231|0346 1210 (04 12 11 43 |04 39 11 15
23 03 56 13 59 04 12 134204 31 1323|0454 1300 ({0523 12 31 |05 55 12 00
24 04 57 150105 14 14 46 |05 32 14 27 |05 55 14 04 {06 25 13 35 |06 56 13 04
25 0554 16 11| 06 08 15 57 |06 26 15 40 |06 47 1520 (07 13 14 55 |07 39 14 29
26®| 06 43 17 23|06 56 17 12|07 10 16 59 |07 27 16 43 |07 48 16 24 |08 08 16 04
27 07 27 18 35/ 07 36 18 27|07 46 18 18 |07 59 18 08 |08 13 17 55 {08 28 17 42
28 08 05 1945/ 08 11 19 41|08 17 19 36 (08 25 19 31 {08 34 19 24 |08 42 19 18
29 08 40 20 53| 08 42 20 53|08 44 20 53 ({08 47 20 52 |08 50 20 52 {08 53 20 51
30 09 14 22 00({ 09 12 22 04|09 10 22 07 {09 08 22 11 |09 06 22 17 |09 04 22 22
31 09 47 23 06|09 42 23 13{09 37 2321 |09 30 23 30 (09 23 23 42 {09 15 23 53
Feb.
1 10 22 .. 1014 .. ..| 1004 .. 0953 ....]0940 .. 09 27 .. ..
2D | 1101 00 13| 10 49 00 23| 10 36 00 34|10 21 0049 (10 02 01 05 |09 43 01 23
3 1144 01 19| 11 30 01 32| 11 14 01 47| 10 54 02 05|10 30 02 27 |10 06 02 51
4 1232 0223) 1217 0238|1158 0255|1136 03 17 |11 09 03 44 [10 40 04 12
5 1326 03 23| 1309 03 40| 12 50 03 58 | 1227 04 21 |11 58 04 50 |11 28 05 21
6 1423 04 17| 1408 04 34|13 49 04 53 11328 0514 {12 59 0543 |12 30 06 13
7 1522 0506|1509 0520|1452 0537 |14 33 0557 |14 08 06 22 |13 43 06 48
8 16 21 0547| 16 10 0559|1556 06 14 {1540 06 31 |1521 06 52 |15 00 07 13
9 1719 06 23| 17 10 06 33|17 00 06 44 | 16 48 06 58 |16 33 07 14 |16 19 07 29
10®| 18 14 06 54| 18 08 07 01| 18 02 07 10 |17 53 07 19 {17 44 07 30 (17 34 07 41
11 1908 0722|1905 07 2719 01 07 31|18 57 07 38 |18 53 07 44 |18 48 07 51
12 20 01 07 48| 20 01 07 50{20 00 07 52 |20 00 07 54 (20 00 07 56 |20 00 07 58
13 20 54 08 14( 20 57 08 13|21 00 08 11 (21 03 08 10|21 08 08 08 {21 12 08 06
14 21 47 08 41| 21 53 08 36|22 00 08 32122 07 08 27 |22 17 08 20 |22 26 08 14
15 2242 09 08| 22 51 09 02|23 01 08 54 |23 12 08 44 {23 27 08 33 (23 41 08 23
16 23 39 09 39| 23 51 09 29 .. 0918 (.. .. 0905 .. 0850 (.. .. 0834
17 .. 1014} .. .. 1002{0004 09 48 (0019 09 31 (00 39 09 10 |00 59 08 50
18@| 0039 10 56| 00 53 10 41|01 09 1024 |01 28 10 04 |01 52 09 39 |02 18 09 13
19 01 40 11 01 56 11 28{02 14 1109|0236 10 47 {03 04 10 19 {03 34 09 48
20 0240 1241] 0257 1225/0316 12 06|03 39 114304 09 11 13 {04 40 10 42
21 03 37 13 46] 03 54 13 31|04 11 13 13|04 34 12 51|05 02 12 24 |05 31 11 55
22 04 30 14 56| 04 43 14 43( 0500 1427 (0519 14 10|05 42 13 43 |06 06 13 24
23 05 16 16 08| 05 27 1558|0539 1547|0554 1534 |06 12 15 17 |06 30 15 00
24 05 57 17 19| 06 04 17 13 13 17 06|06 23 16 58 (06 35 16 48 |06 47 16 38
25®| 06 34 18 30| 06 38 18 27| 06 43 18 2506 48 18 22|06 54 18 19 {06 59 18 15
26 07 09 1939/ 0709 1941{07 09 19 43|07 10 19 45,07 10 19 48 {07 10 19 50
27 07 43 20 48| 07 40 20 54{ 07 36 21 00|07 32 21 07|07 27 21 16 {07 22 21 25
28 08 19 21 57| 08 12 22 07| 08 04 22 17107 55 2229 {07 44 22 44|07 34 22 59




Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon Moon Moon Moon
DATE | Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set
Mar, { hm hm| hm hm| hm hm|hm hm hm hm|hm hm
1 08 58 23 06 |08 47 23 19 |08 35 23 32 (08 22 23 49 {08 05 .. .. (0749 .
2 0940 .. ..1[0927 .. ..[0912 .. .. |0854 .. .. (0832 0010 |08 10 00 32
3D |1028 00 13 {10 13 00 28 |09 55 00 45 |09 34 01 06 (09 07 01 31 |08 40 01 58
4 1121 01 16 |11 05 01 32 {10 46 01 51 |10 23 02 14 {09 54 02 43 |09 23 03 13
5 12 17 02 14 |12 02 02 30 |11 43 02 48 |11 21 03 11 {10 52 03 41 |10 21 04 11
6 1316 03 04 {13 02 03 19 |12 45 03 37 {1225 03 58 |11 59 04 24 {11 32 04 52
7 14 15 03 47 |14 03 04 00 |13 48 04 16 |13 32 04 34 |13 10 04 56 |12 48 05 18
8 1513 04 25 |1503 04 35 |14 52 04 48 (14 39 05 02 |14 23 05 20 |14 06 05 37
9 16 08 04 57 |16 02 05 05 |15 54 05 14 |15 45 05 25 |15 33 05 37 {15 22 05 50
10 17 03 05 26 |16 59 05 31 |16 54 05 37 |16 49 05 44 |16 42 05 52 (16 36 06 00
11® |17 56 05 52 |17 55 05 55 (17 53 05 58 (17 52 06 01 |17 50 06 05 |17 48 06 09
12 18 48 06 18 |18 50 06 18 |18 52 06 18 |18 55 06 17 |18 57 06 17 (19 G0 06 16
13 19 41 06 45 |19 46 06 41 {19 52 06 37 |19 58 06 34 |20 05 06 29 (20 13 06 24
14 20 37 07 12 |20 44 07 05 {20 53 06 59 (21 03 06 51 {21 15 06 42 (21 28 06 33
15 21 33 07 41 |21 43 07 32 |21 55 07 23 {22 09 07 11 {22 27 06 57 |22 44 06 44
16 22 31 08 15 |22 44 08 03 {22 59 07 50 ({23 17 07 35 |23 39 07 16 .. 06 58
17 2331 0853|2346 0840 (.. .. 0823 (.. .. 0804 |.. .. 0742 (0002 07 18
18 ..., 0939].. .. 0922|0003 09 050024 08 43 |00 51 08 16 (01 19 07 47
19 ¢ |00 30 10 31 |00 46 10 14 (01 05 09 55 {01 27 09 32 {01 57 09 03 |02 28 08 32
20 01 26 11 30 |01 43 11 15 (02 02 10 56 {02 24 10 34 |02 53 10 05 {03 23 09 35
21 02 19 12 35 |02 34 1222 102 51 12 05 {03 11 11 45 (03 36 11 20 {04 03 10 55
22 03 06 13 44 |03 18 13 33 {03 32 13 20 {03 50 13 04 |04 10 12 44 (04 31 12 25
23 03 48 14 54 |03 57 14 46 {04 08 14 36 {04 20 14 26 (04 35 14 13 |04 50 14 00
24 0426 16 04 |04 32 1559 |04 39 15 54 |04 46 15 48 |04 56 15 42 (05 05 15 35
25 0501 17 13 |05 03 17 12 {0507 17 12 {05 10 17 11 (05 13 17 11 |05 16 17 10
26® |05 36 18 23 (05 35 18 26 |05 34 18 30 {05 32 18 35 {05 30 18 40 |05 28 18 45
27 06 12 19 34 |06 07 19 41 |06 01 19 48 |05 54 19 59 |05 47 20 10 |05 40 20 21
28 06 50 20 45 (06 41 20 55 |06 32 21 07 {06 20 21 22 (06 07 21 40 (05 54 21 58
29 07 32 21 55 |07 20 22 09 |07 07 22 24 |06 51 22 43 |06 31 23 07 {06 12 23 31
30 08 19 23 03 |08 05 23 18 {07 49 23 37 |07 28 23 58 (0705 .. .. |06 39 .
31 0912 .. ..|085 .. .. (0838 .... 0815 .. .. |07 48 0025 (07 18 00 55
Apr.
1 1009 00 05 |09 54 00 21 {09 35 00 39 |09 12 01 02 |08 43 01 31 (08 12 02 02
2D) |11 09 00 59 (10 54 01 15 {10 36 01 32 {10 15 01 54 (09 49 02 21 |09 21 02 50
3 12 08 01 46 (11 56 01 59 |11 40 02 15 |11 22 02 34 {10 59 02 58 {10 36 03 22
4 13 07 02 25 {12 57 02 37 (12 44 0249 (12 30 03 05 |12 12 03 24 |11 54 03 43
5 14 03 02 58 |13 56 03 08 |13 47 03 18 [13 36 03 29 |13 23 03 44 |13 11 03 58
6 14 58 03 29 {14 53 03 35 (14 47 03 42 (14 40 03 50 {14 32 04 00 {14 25 04 09
7 1551 03 56 1549 04 00 {15 46 04 03 {15 44 04 08 |15 40 04 13 [15 37 04 18
8 16 43 04 22 {16 44 04 23 |16 45 04 23 |16 46 04 24 |16 48 04 26 (16 49 04 26
9 17 36 04 48 |17 40 04 46 (17 45 04 43 |17 49 04 41 |17 55 04 38 |18 01 04 34
10® |18 31 05 15 |18 37 05 10 |18 45 05 05 |18 54 04 58 (19 05 04 50 |19 16 04 42
11 19 27 05 44 |19 37 05 36 |19 47 0527 (20 00 05 17 {20 16 05 05 |20 31 04 53
12 20 25 06 16 {20 37 06 06 {20 51 05 54 (21 08 05 40 (21 28 05 23 (21 49 05
13 21 24 06 54 |21 39 06 40 |21 55 06 26 {22 16 06 08 (22 40 05 46 |23 07 05 24
14 22 23 07 37 (2239 07 22 (2257 07 05 |23 20 06 44 {23 48 06 18 .. 0551
15 23 20 08 27 (23 36 08 10 {23 55 07 52 .. 0729 |.. .. 0701|0018 06 31
16 .. .. 0924 |.. .. 0907 !.. .. 0849 {0018 08 27 |00 47 07 57 |01 18 07 27
17 00 13 10 26 {00 29 10 11 |00 46 09 54 |01 08 09 33 (01 34 09 07 |02 02 08 40
18 (01 01 11 31 |01 14 11 19 |01 29 11 04 |01 47 10 47 (02 10 10 26 {02 33 10 05
19 01 43 1238 |01 53 1229 |02 06 12 17 |02 20 12 05 |02 37 11 50 |02 54 11 34
20 0221 1345 (0229 1339 |02 37 13 32 {02 47 13 24 |02 58 13 15 (03 10 13 05
21 02 57 14 52 |03 00 14 50 (03 05 14 47 (03 10 14 44 |03 16 14 40 |03 22 14 37
22 0330 1559 (0331 16 01 03 31 16 03 |03 32 16 05 (03 33 16 07 |03 33 16 09
23 04 04 17 09 {04 02 17 13 (03 58 17 19 |03 54 17 26 |03 50 17 35 |03 45 17 43
24@ |04 41 18 19 (04 34 18 28 |04 27 18 38 |04 19 18 50 {04 08 19 05 |03 57 19 19
25 0521 19 31 (0512 19 42 |05 00 19 57 |04 47 20 13 (04 31 20 34 |04 14 20 54
26 06 07 20 41 |05 54 20 56 |05 38 21 13 |05 22 21 33 |04 59 21 59 |04 37 22 25
27 06 59 21 48 (06 43 22 04 [06 25 22 22 |06 05 22 44 |05 38 23 13 |05 11 23 43
28 07 56 22 47 (07 40 23 03 |07°21 23 21 (06 59 23 43 [06 30 .. .. |06 00 ..
29 08 56 23 38 (08 40 23 53 (0823 .. .. {0801 .. .. [0733 0011 |07 04 00 41
30 0958 ....|0943 .. .. [0928 0009 [09 08 00 30 |08 44 00 54 |08 19 01 20




Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon Moon Moon Moon
DATE | Rise  Set Rise  Set | Rise Set Rise Set Rise  Set Rise Set
May hbm hm|(hm hm|hm h m{hm hm |hm hm|hm hm
1 10 58 00 22 |10 46 00 33 |10 33 00 48 [10 17 01 05 |09 S8 01 25|09 38 01 46
2D |11 56 00 58 {11 47 01 08 |11 37 01 19 {11 25 01 32 |11 11 01 48 {10 57 02 03
3 12 51 01 30 (1245 01 36 (1239 01 451230 01 54 1221 020512 12 02 16
4 1345 01 58 {1342 02 02 {13 38 02 07 (13 34 02 13 |13 30 02 20 |13 25 02 26
5 14 37 02 24 {14 37 02 27 |14 37 02 28 (14 37 02 30 |14 37 02 33 {14 37 02 35
6 1530 02 51 1533 02 50 {1536 02 48 (1540 02 47 |15 44 02 45 |15 48 02 43
7 16 24 03 18 (16 30 03 13 |16 36 03 09 (16 44 03 04 |16 53 02 57 |17 02 02 51
8 1720 03 45 (17 29 03 39 |17 38 03 31 (1749 0322 |18 03 03 11 |18 17 03 01
18 17 04 17 |18 29 04 08 {18 42 03 57 (18 57 03 44 |19 16 03 28 |19 35 03 13
10® (19 17 04 53 |19 31 04 41 |19 46 04 27 |20 05 04 11 (20 29 03 51 |20 54 03 31
11 20 17 05 35 (20 33 0521 [20 50 0504 |21 12 04 45 |21 39 04 20 {22 08 03 55
12 21 15 06 23 (21 31 06 08 {21 49 05 50 {22 12 05 28 |22 41 05 00 {23 12 04 30
13 2210 07 19 (2225 07 03 {2243 06 44 (23 04 06 21 ({23 32 0553 |.. .. 0523
14 2259 08 19 (23 13 08 05 {23 28 07 47 (23 47 0726 |.. .. 07 00 |00 00 06 31
15 23 42 09 24 {23 53 09 11 08 56 .. 08 38 |00 10 08 16 |00 34 07 52
16 .. 10 30 |.. . 10 19 [00 06 10 07 (00 21 09 54 |00 40 09 36 |00 59 09 20
17.@ |00 21 11 35 (0029 11 28 {00 38 11 20 |00 49 11 11 {01 02 10 59 |01 15 10 48
18 00 56 12 40 |01 01 12 36 (01 06 12 32 |01 13 1228 |01 21 1222 |01 28 12 17
19 01 29 13 45 |01 31 13 45|01 32 13 45 |01 34 13 45 |01 37 13 46 101 39 13 46
20 02 02 14 51 |02 00 14 55 (01 58 14 59 |01 56 15 04 |01 53 15 10 {01 51 15 15
21 0236 1559 {0231 1606 [0225 16 14 102 18 1624 (02 10 16 35 |02 03 16 48
22 03 14 1709 {0305 17 19 (02 55 17 31 {02 44 17 46 |02 31 18 03 |02 18 18 21
23 03 56 18 19 |03 44 18 32 {03 31 18 48 {03 15 19 06 |02 56 19 30 {02 37 19 53
24® |04 44 19 28 |04 30 19 43 |04 13 20 01 {03 54 20 22 {03 30 20 49 |03 05 21 18
5 05 39 2031|0523 2047 0505 21 05|04 43 2127 |04 16 21 55|03 46 22 26
26 06 39 21 26 [06 23 21 42 |06 05 21 59 |05 43 22 20 |05 14 22 46 (04 45 23 13
27 07 42 22 15 (07 27 22 27 |07 10 22 42 (06 50 23 01 |06 24 23 23 (05 57 23 46
28 08 44 22 54 |08 31 23 05 (08 17 23 17 {08 00 23 31 |07 39 23 49 (07 17 .. ..
29 09 44 23 28 {09 35 23 37 |09 23 23 45 {09 10 23 56 |08 53 .. .. {08 37 00 06
30 1041 2359 (1034 .. .. |1027 .. 1018 .. .. |10 07 00 09 {09 56 00 22
31D (1136 .. . 11 33 00 04 |11 28 00 10 |11 22 00 17 {11 16 00 25 |11 10 00 33
June
1 12 30 0026 (12 28 0029 |12 27 00 31 {1226 00 35 |12 24 00 39 |12 22 00 42
2 1322 0052 {1324 0052 (1326 0051 {1328 00 51 |13 31 00 51 |13 34 00 51
3 14 15 01 19 {14 20 01 15 |14 26 01 12 |14 31 01 08 |14 39 01 04 (14 46 00 59
4 1510 01 46 (15 18 01 41 (1526 01 34 (1536 01 26 (1549 01 17 (16 01 01 08
5 16 07 02 17 {16 18 02 08 |16 29 01 58 |16 43 01 47 |17 00 01 33 |17 17 01 20
- 6 17 07 02 51 (17 19 02 39 |17 34 02 27 (17 51 02 11 |18 13 01 53 |18 36 01 35
7 18 07 03 30 {18 22 03 17 {18 38 03 02 |19 00 02 43 |19 25 02 20 |19 53 Ol 56
8® (19 07 04 17 |19 22 04 02 [19 41 03 44 {20 03 03 23 {20 32 02 56 {21 02 02 28
9 20 03 05 11 {20 19 04 55 [20 37 04 37 {20 59 04 14 |21 27 03 46 |21 57 03 15
10 20 56 06 11 {21 09 05 56 |21 26 05 38 |21 46 05 16 {22 10 04 48 (22 36 04 19
11 21 42 07 16 |21 53 07 02 (22 07 06 46 (22 23 06 27 (22 43 06 04 |23 03 05 39
12 2222 0822 (2231 08 11 |22 41 07 58 (22 53 07 43 (23 07 07 25 {23 22 07 07
13 22 58 0929 {2303 0920 {2310 09 11 {23 18 09 01 (23 27 08 48 |23 36 08 36
14 23 31 1033 (2334 1029 |23 36 1024 |23 39 10 18 |23 43 10 11 |23 47 10 04
5@ |.. .. 1137 ].. .. 1137 .. 11 36 .. 1134|2359 1133|2358 1131
16 00 04 12 42 {00 02 12 44 |00 01 1247|0000 1251 |.. .. 1255}.. .. 1259
17 00 36 13 48 {00 32 13 54 (00 28 14 00 (00 22 14 08 (00 16 14 19 |00 10 14 28
18 01 11 14 54 |01 04 15 04 (00 55 15 15 (00 46 1527 {00 34 1543 (0022 15 58
19 01 50 16 02 {01 40 16 15 |01 28 16 29 |01 14 16 46 {00 57 17 08 |00 40 17 30
20 0235 17 11 {0222 17 25 |02 06 17 42 |01 49 18 03 {01 26 18 28 |01 04 18 56
21 0327 1816 {03 11 18 32 |02 53 18 50 |02 33 19 12 {02 06 19 40 (01 39 20 10
22® {0424 19 14 (04 08 19 30 |03 49 19 47 |03 27 20 10 {02 59 20 37 |02 29 21 06
3 0525 2005 {0510 20 20 |04 53 20 35|04 31 20 55|04 04 21 19 {03 36 21 44
24 06 28 20 49 (06 15 21 00 |05 59 21 14 |05 41 21 30 |05 18 21 50 |04 54 22 09
25 07 30 21 26 |07 19 21 34 |07 07 21 45 |06 52 21 57 (06 34 22 12 {06 15 22 27
26 0829 21 57 (0822 2204 {0812 22 11 (08 01 22 19 (07 48 22 29 |07 35 22 39
27 0925 2227 {09 21 2230 {09 15 22 33 [09 08 22 39 (09 00 22 44 (08 52 22 49
28 1020 22 53 {10 18 22 54 |10 15 22 54 {10 12 22 56 [10 09 22 57 |10 06 22 58
29 11 13 2319 |11 14 23 17 {11 14 23 15 |11 15 23 13 |11 17 23 09 (11 18 23 06
30D |12 06 23 46 |12 10 23 41 {12 14 23 36 |12 18 23 30 |12 24 23 22 |1229 23 15




Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon Moon Moon Moon
DATE | Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set
July hm hm m hm|hm hm|hm hm|hm hm|hm hm
1 1259 .. .. (1306 .. .. |13 14 2359 [13 23 23 49 |13 33 23 37 (13 43 23 26
2 1355 0015 (14 05 0008 |14 15 .. .. (1428 .. .. |14 43 23 55 (14 58 23 39
3 14 53 00 47 {1505 0037 {1519 0025 (1535 0012 {1555 .. .. (16 16 23 57
4 1553 0125 |16 07 01 11 [16 23 00 57 |16 43 00 40 {17 08 00 18 |17 34 .. ..
5 16 54 02 08 |17 09 01 53 |17 27 01 37 |17 49 01 16 |18 17 00 51 |18 47 00 24
6 17 52 0259 [18 08 02 43 {18 26 02 25 (18 49 02 03 |19 18 01 34 {19 48 01 04
7 18 47 03 57 [19 02 03 42 {19 20 03 23 |19 40 03 01 |20 06 02 33 |20 34 02 02
8® [19 36 05 01 |19 49 04 47 {20 04 04 30 (20 21 04 10 |20 43 03 45 |21 05 03 18
9 2019 06 09 (20 29 05 57 (20 41 05 43 {20 55 0526 |21 11 05 06 |21 27 04 45
10 20 57 07 17 |21 05 07 08 {21 12 06 58 |21 22 06 46 |21 33 06 31 |21 43 06 16
11 21 33 08 24 (21 36 08 19 |21 40 08 12 (21 45 08 05 [21 50 07 57 ;21 55 07 48
12 22 06 09 31 |22 06 09 28 [22 06 09 26 [22 06 09 23 (22 06 09 20 {22 06 09 17
13 2238 10 36 (22 35 10 36 |22 31 10 38 |22 28 10 41 (22 23 10 43 [22 18 10 46
14 23 12 11 41 |23 06 11 45 |22 58 11 51 {2250 11 58 |22 40 12 07 |22 30 12 15
15@ |23 50 12 47 |23 40 1255|2329 1304 {23 16 13 16 |23 00 13 31 |22 45 13 44
16 .. .. 1354 |.. .. 1406 |.. .. 1418 (23 48 14 34 |23 27 14 54 |23 06 15 14
17 0032 1501 {0019 1515(0005 1531 |.. .. 1551 (.. .. 16 15 (23 36 16 41
18 0120 16 06 |01 05 16 21 |00 48 16 39 |00 28 17 01 (00 02 17 29 |.. .. 1759
19 02 14 17 05 |01 58 17 21 |01 40 17 40 |01 18 18 02 |00 50 18 30 {00 20 19 00
20 03 13 17 59 [02 58 18 13 |02 40 18 30 |02 18 18 50 (01 49 19 16 [01 20 19 43
21 04 15 18 44 |04 01 18 57 |03 45 19 11 (03 25 19 29 {03 00 19 50 |02 34 20 12
22® (0518 19 23 [0505 19 34 |04 52 19 45 |04 35 19 59 |04 15 20 15 (03 54 20 32
23 06 17 19 56 |06 09 20 05 |05 58 20 13 |05 45 20 22 |05 30 20 34 |05 14 20 46
24 07 15 20 27 |07 09 20 31 |07 02 20 37 |06 53 20 43 106 43 20 50 (06 33 20 57
25 08 10 20 54 |08 07 20 56 |08 04 20 58 (07 59 21 01 {07 53 21 04 |07 48 21 06
26 09 04 2120 |09 04 2120 (09 03 21 18 |09 03 21 18 (09 02 21 16 |09 01 21 15
27 09 57 21 47 {10 00 21 43 [10 02 21 39 |10 05 21 35 (10 09 21 29 |10 13 21 23
28 10 50 22 15 {10 56 22 09 [11 02 22 01 |11 08 21 52 |11 17 21 42 |11 25 21 32
2! 11 45 22 45 {11 53 2236 [12 02 2226 (12 13 22 13 |12 27 21 59 |12 40 21 44
30D |12 41 2320 |12 52 2308 [13 04 22 55 |13 19 22 38 |13 37 2219 |13 56 22 00
31 13 39 23 59 |13 53 23 46 |14 07 23 30 {14 26 23 10 |14 49 22 46 (15 13 22 22
Aug.
1 1439 .. .. (1454 .. .. 1511 .. .. 11532 2351 {1559 23 24 |16 27 22 55
2 15 38 00 46 {15 54 00 31 (16 12 00 13 {16 35 .. .. (1704 .. .. |17 34 23 44
3 16 34 01 41 {16 50 01 25 (17 07 01 06 (17 30 00 44 (17 57 00 15 {18 26 .. ..
4 1726 02 43 (17 39 02 27 (17 56 02 10 {18 15 01 48 |18 39 01 21 |19 04 00 52
5 18 12 03 49 {18 23 03 36 (18 36 03 21 |18 52 03 02 |19 11 02 39 {19 30 02 15
6® (18 53 04 58 |19 01 04 48 |19 11 04 36 |19 22 04 22 [19 35 04 04 |19 48 03 47
7 19 30 06 07 {19 35 06 00 |19 41 05 52 {19 48 05 43 |19 55 05 31 {20 03 05 20
8 20 05 07 16 {20 06 07 12 |20 08 07 09 [20 10 07 04 (20 12 06 58 |20 14 06 53
9 20 39 08 23 |20 36 08 24 |20 35 08 24 {20 32 08 24 {20 29 08 25 (20 26 08 25
10 21 13 09 30 |21 08 09 34 (21 02 09 39 |20 54 09 44 (20 46 09 50 |20 38 09 56
11 21 50 10 38 |21 42 10 45 |21 32 10 54 |21 20 11 04 (21 06 11 16 |20 53 11 28
12 22 31 1146 {2220 11 57 (2206 12 09 |21 50 12 23 (21 30 12 42 (21 11 13 00
13@ ({23 18 12 54 |23 03 13 07 |22 47 13 23 |22 27 13 41 {22 03 14 04 (21 38 14 29
14 .. .. 1359 |23 54 14 14 |23 35 14 32 |23 14 14 54 |22 46 1520 |22 18 15 49
15 00 10 15 00 .. 1516 |.. .. 1534 |.. .. 1556 (2342 16 25 |23 12 16 55
16 01 07 1554 |00 51 16 10 |00 32 1627 |00 10 1649 |.. .. 1715 .. .. 1743
17 02 07 16 42 |01 52 16 55 |01 35 17 11 {01 14 17 30 (00 48 17 53 |00 21 18 16
18 0309 17 22 |02 55 17 34 ({02 41 17 46 {0223 18 01 |02 01 18 20 (01 39 18 38
19 04 08 17 57 |03 58 18 06 |03 47 18 15 |03 32 18 27 {03 15 18 41 (02 58 18 54
20® |05 07 18 28 (04 59 18 34 |04 51 18 41 |04 41 18 48 |04 29 18 57 {04 17 19 05
21 06 02 18 57 |05 58 18 59 {05 53 19 02 |05 47 19 07 (05 40 19 11 |05 32 19 15
22 06 56 19 23 {06 55 19 23 |06 53 19 23 |06 51 19 24 (06 49 19 24 |06 46 19 24
23 07 50 19 50 (07 51 19 47 |07 52 19 43 |07 54 19 41 {07 57 19 36 (07 59 19 32
24 08 42 20 17 |08 47 20 11 |08 52 20 05 |08 57 19 58 {09 04 19 49 (09 11 19 41
25 09 36 20 46 |09 43 20 38 |09 52 20 28 |10 01 20 18 |10 12 20 05 |10 24 19 52
26 10 32 21 18 {10 41 21 08 {10 53 20 55 [11 06 20 41 (11 22 20 24 |11 39 20 06
27 1128 21 56 |11 41 21 42 {11 55 21 27 (12 12 21 09 (12 33 20 47 |12 54 20 24
28p |12 26 22 38 |12 41 2223 |12 57 2206 [13 17 21 45 [13 42 21 20 (14 09 20 53
9 1324 2328 (1340 23 12 |13 58 22 53 |14 20 22 31 (14 48 22 03 |15 18 21 33
30 1420 .. .. (1436 .. .. |14 55 2351|1517 2329|1545 23 00 (16 16 22 31
31 1513 0025 (1528 0009 |1545 .. .. |16 06 .. 11632 .. .. |16 59 23 45

23



Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon Moon Moon Moon
DATE | Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set
Sept. |h m hm| hm hm/hm hm|hm hm| hm hm|hm hm
16 01 01 28 (16 15 01 13 |16 29 00 57 |16 46 00 37 |17 08 00 12 |17 30 .
2 16 44 02 35 |16 55 02 23 (17 06 02 10 {17 20 01 53 {17 36 01 33 |17 52 01 12
3 17 24 03 44 {17 31 03 35 |17 38 03 25 |17 47 03 13 {17 57 02 59 {18 08 02 45
4® |18 00 04 53 {18 03 04 48 |18 07 04 42 (18 11 04 35 (18 16 04 26 {18 21 04 19
5 18 35 06 02 (18 34 06 01 |18 34 05 59 (18 34 05 57 |18 34 05 54 |18 33 05 53
6 19 10 07 12 {19 06 07 14 (19 02 07 16 (18 57 07 19 (18 51 07 23 |18 45 07 27
7 19 47 08 22 [19 40 08 27 |19 32 08 34 {1922 08 42 (19 11 08 52 [18 59 09 01
8 20 28 09 32 (20 18 09 41 |20 05 09 52 {19 51 10 05 |19 34 1020 (19 17 10 36
9 21 13 10 41 |21 10 54 120 45 11 09 |20 27 11 26 {20 04 11 47 {19 42 12 10
10 22 05 11 50 (21 49 12 05 |21 32 1222 (21 11 12 43 |20 44 13 08 |20 17 13 36
11@ |23 02 12 54 |22 46 13 09 |22 28 13 28 (22 05 13 50 {21 37 14 18 |21 07 14 48
12 13 51 (23 46 14 06 |23 29 14 24 {23 07 14 47 (2241 1514 (22 12 15 42
13 0002 1441 (.. .. 1455 |.. .. 1511 |.. .. 1530 (23 51 1555 (2327 16 19
14 01 03 1523 |0049 1535 {0034 1549 {0014 1605 |.. .. 16 25 .. 16 44
15 02 02 1559 |01 52 16 08 |01 39 16 19 {01 23 .16 32 |01 05 16 47 |00 46 17 02
16 03 01 16 31 |02 52 16 38 |02 43 16 45 |02 32 16 54 |02 18 17 02 05 17 14
17 03 56 17 00 |03 51 17 04 {03 45 17 08 |03 38 17 13 |03 29 17 19 |03 20 17 25
18 04 51 17 27 |04 49 17 28 (04 46 17 29 |04 42 17 31 |04 38 17 32 |04 34 17 34
19® (05 44 17 53 {0545 17 52 (0545 17 49 |05 45 17 48 |05 46 17 45 |05 47 17 42
20 06 37 18 20 |06 40 18 15 |06 44 18 11 |06 48 18 05 {06 53 17 58 (06 58 17 51
21 07 30 18 48 {07 36 18 42 |07 44 18 33 |07 51 18 23 (08 01 18 12 {08 11 18 02
22 08 25 19 20 108 33 19 10 |08 44 18 59 (08 56 18 45 (09 11 18 29 (09 25 18 14
23 0921 19 55 |09 32 1943 0945 1928 (1001 19 12 {10 21 18 52 (10 40 18 31
24 10 18 20 35 (10 31 20 21 |10 47 2005 (11 06 19 45 {11 30 19 20 |11 54 18 55
25 11 15 21 22 (11 30 21 06 |11 47 20 48 (12 09 2026 {1236 19 59 |13 04 19 30
2 12 10 22 14 |12 26 21 58 {12 45 21 40 (13 07 21 18 |13 36 20 50 (14 06 20 19
27D |13 03 2313 {1319 22 58 |13 37 2241 |13 58 2219 [14 26 21 53 |14 54 21 25
28 1352 .. .. |14 06 .. |14 21 23 48 (14 40 23 30 |15 04 23 08 |15 28 22 44
29 14 36 00 17 (1448 0003 |[1500 .. .. (1515 .. .. |15 34 ... [1553 ..
30 1516 01 22 |1524 01 12 |15 33 01 00 |15 44 00 46 |15 58 00 29 |16 11 00 12
Oct.
1 1552 02 30 (1558 02 23 |16 04 02 15 [16 10 02 06 |16 18 01 54 |16 26 01 42
2 16 28 03 37 (16 29 03 34 |16 32 03 30 (16 34 03 26 (16 36 03 20 (16 38 03 14
3 17 03 47 117 01 04 46 {16 59 04 47 |16 56 04 47 |16 53 04 48 |16 51 04 48
4® |17 40 05 57 |17 34 06 01 (17 28 06 05 |17 21 06 11 {17 12 06 17 {17 03 06 23
5 18 20 07 08 |18 11 07 16 |18 01 07 25 |17 49 07 35 |17 34 07 47 |17 20 07 59
6 19 05 08 20 {18 53 08 32 |18 39 08 44 |18 22 08 59 {18 02 09 19 (17 42 09 37
7 19 56 09 33 |19 41 09 46 {1925 1002 (19 04 10 21 (18 40 10 46 {18 14 11 11
8 20 53 10 41 {20 37 10 56 |20 19 11 14 [19 57 11 36 (1929 12 03 (19 00 12 32
9 21 53 1142|2137 1158 {21 20 12 16 {20 58 12 38 {20 31 13 06 |20 02 13 35
10 22 55 1236 12241 1251 (2225 1308 |22 06 13 27 {21 41 13 52 |21 15 1419
11@ {23 57 1321 ({2345 13 35 (2331 1349 {2315 14 05 |22 55 14 27 (2235 14 48
12 14 00 1410 |.. .. 1422(.. .. 1435|.. .. 1452 (23 54 1508
13 00 56 14 33 |00 47 14 41 |00 36 14 49 |00 24 14 59 |00 09 15 10 .. 1522
14 01 52 1503 (01 46 1508 |01 39 15 13 {01 31 1519 |01 20 15 26 |01 10 15 33
15 02 46 15 31 (0243 1533|0239 1534|0235 1537|0229 1540 {0224 1543
16 03 40 1557 |03 39 1556 (03 38 1555 |03 38 15 55|03 37 1553 |03 36 15 52
17 04 32 1624 (04 35 16 20 |04 37 16 16 |04 40 16 12 {04 44 16 06 48 16
18 0525 16 52 (05 31 16 46 |05 37 16 38 (05 43 16 30 |05 51 16 20 {05 59 16 11
19® |06 19 17 22 106 27 17 13 |06 37 17 03 [06 47 16 51 (07 00 16 37 (07 13 16 23
07 15 17 56 {07 25 17 44 |07 38 17 32 |07 52 17 16 |08 10 16 57 {08 28 16 38
21 08 12 18 35 |08 24 18 22 |08 40 18 06 |08 57 17 47 |09 19 17 24 |09 42 17 01
22 09 19 19 109 23 19 04 |09 40 18 47 |10 01 18 26 |10 27 17 59 |10 54 17 32
23 1005 20 09 {10 20 19 54 {10 38 19 36 (11 00 19 14 |11 28 18 46 |11 57 18 17
24 10 58 21 06 {11 13 20 S1 {11 31 2033 {11 53 20 12 |12 20 19 44 {12 49 19 16
25 11 47 2206 |12 01 21 53 |12 18 21 36 {12 37 21 18 |13 02 20 54 (13 27 20 29
26 12 31 23 09 |12 43 22 58 {12 57 2245 |13 14 2229 |13 34 22 10 {13 54 21 51
27p (13 11 .. 11321 13 31 23 55 |13 44 23 44 |13 59 23 30 |14 14 23 17
28 1348 00 14 {13 54 0005 {1402 .. .. |1410 .. .. 1420 .. .. |1430 ..
29 1422 0119 (1425 01 13 {1429 01 07 {14 33 01 01 |14 38 00 53 {14 43 00 45
30 14 56 02 24 |14 56 02 23 {14 56 0221 {14 56 02 19 |14 56 02 17 {14 55 02 14
31 1532 03 31 |1528 03 33 {1523 0336 (1519 03 39 (1513 03 42 (1508 03 45
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Latitude 30°

Latitude 35°

Latitude 40°

Latitude 45°

Latitude 50°

Latitude 54°

Moon Moon Moon Moon Moon Moon
DATE | Rise Set |Rise Set |Rise Set Rise Set Rise Set Rise Set
Nov. (hm hm|hm hm|hm hm|hm hm|hm hm|hm hm
16 10 04 41 116 02 04 47 |15 54 04 53 {15 45 05 01 {1533 05 10 |1523 05 19
2® (16 52 05 53 |16 41 06 02 |16 30 06 13 |16 16 06 26 |15 58 06 41 |15 42 06 56
3 17 41 07 06 {17 28 07 19 (17 12 07 33 {16 55 07 50 (16 32 08 11 |16 09 08 33
4 18 37 08 18 |18 21 08 33 |18 04 08 50 (17 43 09 10 |17 16 09 36 |16 49 10 02
5 19 37 09 26 {19 22 09 41 |19 04 09 59 |18 42 10 21 |18 14 10 48 (17 46 11 17
6 20 41 10 25 |20 27 10 40 |20 10 10 57 (19 50 11 18 (19 24 11 44 |18 57 12 11
7 21 45 11 15 |21 33 11 29 (21 18 11 44 (21 01 12 02 (20 39 12 24 |20 17 12 47
8 22 46 11 58 |22 37 1208 |22 26 1221 {22 11 1236 |21 55 12 54 |21 38 13 12
9@G (2345 12 34 |23 38 12 42 (23 30 12 51 {2320 13 02 (23 09 13 15 |22 57 13 28
10 .. 1305 (.. .. 1310 Lo 1317 (.. .. 13 24 .. 1332 .. 13 40
11 00 41 13 33 |00 37 13 36 {00 32 13 39 |00 26 13 43 (00 19 13 47 |00 12 13 51
12 01 34 14 00 |01 33 14 00 |01 31 14 00 {01 30 14 00 {01 27 14 00 {01 25 14 00
13 02 27 14 27 (02 28 14 24 {02 30 14 21 |02 32 14 18 [02 35 14 13 {02 37 14 09
14 0320 14 54 |03 24 14 49 {0329 14 43 {03 35 14 35 |03 41 14 27 {03 48 14 18
15 04 13 1524 |04 21 1516 {0429 1507 {04 38 14 56 |04 49 14 43 |05 00 14 30
16 0509 1557 |05 18 1546 {0530 1534 (0543 1520 (0559 1503 |06 15 14 45
17® |06 05 16 35 {06 18 16 21 (06 32 16 07 |06 49 15 49 (07 09 15 27 |07 30 15 05
18 07 03 17 17 |07 17 17 03 (07 34 16 46 |07 53 16 26 |08 18 16 01 |08 43 15 34
19 07 59 18 06 |08 15 17 51 {08 33 17 33 108 54 17 11 {09 21 16 44 |09 SO 16 15
20 08 54 19 01 (09 10 18 46 |09 27 18 28 |09 49 18 07 |10 17 17 40 (10 45 17 11
21 09 45 2001 (09 59 19 46 |10 16 19 30 |10 36 19 10 |11 01 18 46 (11 28 18 20
22 10 30 21 02 {10 42 20 51 {10 57 20 36 |11 15 2020 |11 36 20 00 [11 58 19 39
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THE SUN AND PLANETS FOR 1971

THE SUN

The diagram represents the sun-spot activity for the current 20th cycle, as far as
the final numbers are available. The present cycle began at the minimum in October
1964. For comparison, cycle 19 which began April 1954 (solid curve), and the mean
of cycles 8 to 19 (dashed curve), are placed with their minima on October 1964.
The sun-spot number has remained constant near 110 for the past two years.
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MERCURY

Mercury is exceptional in many ways. It is the planet nearest the sun and travels
fastest in its orbit, its speed varying from 23 mi. per sec. at aphelion to 35 mi. per sec.
at perihelion. The amount of heat and light from the sun received by it per square
mile is, on the average, 6.7 times the amount received by the earth. By a radar
technique in 1965, the period of rotation on its axis was found to be 59 days.

Mercury’s orbit is well within that of the earth, and the planet, as seen from the
earth, appears to move quickly from one side of the sun to the other several times
in the year. Its quick motion earned for it the name it bears. Its greatest elongation
(i.e., its maximum angular distance from the sun) varies between 18° and 28°, and
on such occasions it is visible to the naked eye for about two weeks.

When the elongation of Mercury is east of the sun it is an evening star, setting soon
after the sun. When the elongation is west, it is a morning star and rises shortly
before the sun. Its brightness when it is treated as a star is considerable but it is
always viewed in the twilight sky and one must look sharply to see it.
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The most suitable times to observe Mercury are at an eastern elongation in the
spring and at a western elongation in the autumn. The dates of greatest elongation
this year, together with the planet’s separation from the sun and its stellar magnitude,
are given in the following table:

MAXIMUM ELONGATIONS OF MERCURY DURING 1971

Elong. East—Evening Sky Elong. West—Morning Sky
Date Dist. Mag. Date Dist. Mag.
Apr. 1 19° -0.1 Jan. 18 24° 0.0
July 29 27° +0.6 May 17 26° +0.7
Nov. 23 22° -0.1 Sept. 12 18° 0.0

The most favourable elongations are: in the evening, April 1; in the morning,
September 12. Neither of these elongations is exceptionally favourable. The apparent
diameter of the planet ranges from 4.7’’, at superior conjunction, through about 7.5"/
at elongation, to 11’/ at inferior conjunction.

VENUS

Venus is the next planet in order from the sun. In size and mass it is almost a twin
of the earth. Venus being within the earth’s orbit, its apparent motion is similar to
Mercury’s but much slower and more stately. The orbit of Venus is almost circular
with radius of 67 million miles, and its orbital speed is 22 miles per sec.

On January 1, 1971, Venus is near maximum brilliancy, magnitude —4.3, and
reaches greatest elongation west on January 20. Its magnitude declines rapidly
thereafter, remaining near — 3.4 for most of the year. Superior conjunction occurs
on August 27, and by the year’s end, Venus is 32° east of the sun. The apparent
diameter of Venus is greatest on January 1, being 33’ at that time.

Its brilliance is due to its nearness and to dense clouds enshrouding the planet.
Visits by Mariner Il and V, and by the Russian Venera IV spacecraft, revealed a surface
temperature close to 1000° F, a surface pressure of perhaps 100 times that of the
earth, and little or no magnetic field. The atmosphere consists mainly of carbon
dioxide, and of course the clouds, whose nature is still uncertain.
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MARS

The orbit of Mars is outside that of the earth and consequently its planetary
phenomena are quite different from those of the two inferior planets discussed above.
Its mean distance from the sun is 141 million miles and the eccentricity of its orbit
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is 0.093, and a simple computation shows that its distance from the sun ranges
between 128 and 154 million miles. Its distance from the earth varies from 35 to
235 million miles and its brightness changes accordingly. When Mars is nearest it is
conspicuous in its fiery red, but when farthest away it is no brighter than Polaris.
Unlike Venus, its atmosphere is very thin, and features on the solid surface are
distinctly visible. Utilizing them its rotation period of 24 h. 37 m. 22.6689 s. has
been accurately determined. Perhaps the most surprising result of the space pro-
gramme so far is the revelation by Mariner IV that the surface of Mars contains
craters much like those on the Moon. This discovery was confirmed in 1969 by
Mariners VI and VII, which revealed also large areas free of craters, and other
areas with unusual chaotic structure.

The sidereal, or true mechanical, period of revolution of Mars is 687 days; and
the synodic period (for example, the interval from one opposition to the next one) is
780 days. This is the average value; it may vary from 764 to 810 days. At the opposi-
tion on Sept. 10, 1956, the planet was closer to the earth than it will be for some
years. In contrast, the opposition distance on Mar. 9, 1965, was almost a maximum.
A very favourable opposition occurs on August 10, 1971, when the planet is only
35,000,000 miles from earth. Such favourable oppositions occur at intervals of
15 to 17 years.

In January, Mars is in Libra; at opposition, it appears as a — 2.6 magnitude object
in Capricornus with an apparent diameter of 25’”. Later in the year, it is an evening
star in Pisces.
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JUPITER

Jupiter is the giant of the family of the sun. Its mean diameter is 87,000 miles and
its mass is 2% times that of all the rest of the planets combined! Its mean distance is
483 million miles and the revolution period is 11.9 years. This planet is known to
possess 12 satellites, the last discovered in 1951 (see p. 9). Bands of clouds may be
observed on Jupiter, interrupted by irregular spots which may be short-lived or
persist for weeks. The atmosphere contains ammonia and methane at a temperature
of about —200° F. Intense radiation belts (like terrestrial Van Allen belts) have been
disclosed by observations at radio wave-lengths. A correlation of radio bursts with
the orbital position of the satellite Io has now been found.

Jupiter is a fine object for the telescope. Many details of the cloud belts as well as
the flattening of the planet, due to its short rotation period, are visible, and the
phenomena of its satellites provide a continual interest.
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On January 1, 1971, Jupiter is a morning star in Libra, from whence it moves
rapidly into Scorpius. From March 23 until July 24, retrograde motion occurs and
it crosses the boundary between Scorpius and Libra on the date of opposition,
May 23, when it reaches its maximum brightness, —2.1 magnitude, and maximum
apparent size, 42’’. On December 9 it is in conjunction with the sun, and moves into
the morning sky for the rest of the year.

SATURN

Saturn was the outermost planet known until modern times. In size it is a good
second to Jupiter. In addition to its family of ten satellites, this planet has a unique
system of rings, and it is one of the finest of celestial objects in a good telescope. The
plane of the rings makes an angle of 27° with the plane of the planet’s orbit, a