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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 room 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 Journar (6 issues
per year) and the o bserver’s Handbook (published annually in November). Annual
fees of $10.00 ($5.00 for full-time students) are payable October 1and include the
publications for the following calendar year.

VISITING HOURS AT SOME CANADIAN OBSERVATORIES
David Dunlap Observatory, Richmond Hill, Ontario.
Wednesday mornings throughout the year, 10:00 a.m.
Saturday evenings, April through October (by reservations, tel. 884-2112).
Dominion Astrophysical Observatory, Victoria, B.C.

May-August: Daily, 9:15 a.m.-4:30 p.m. (Guide, Monday to Friday).

Sept-April: Monday to Friday, 9:15 a.m.-4:30 p.m.

Public Observing: Saturday evenings, April-November.

Dominion Observatory, Ottawa, Ontario, K1A-0E4.

Monday-Friday, daytime, rotunda only.

Saturday evenings, April through October.

Week nights, school classes (by reservation).

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.
Closed Christmas day, New Year’s day, and Good Friday.
Summer: Daily (except Tues.) 1:45, 3:00,4:15, 7:15 and 8:45 p.m.
Current program information: tel. 264-4060.
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 Mon.) 8:15p.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 Mon.) 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., 1:00, 2:30, 4:00 p.m.; Tues.-Fri., 3:15, 8:30 p.m.

Sat. and holidays, 1:00, 2:30, 4:00, 7:30, 9:00 p.m.

July-August: Sat., Sun., and holidays, same as above; Mon., 3:30 p.m.
Tues.-Fri., 11:30 a.m., 3:30, 7:30, 9:00 p.m.

Open all holidays except Christmas and Good Friday.
McLaughlin Planetarium. 100 Queen’s Park, Toronto 5, Ontario.

Tues.-Fri., 3:00, 8:00 p.m.; Sat., 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 weekday shows at 2:00, 3:30, and

8:00 p.m.)

McMaster University, School of Adult Education, GH-136, Hamilton, Ontario.

Group reservations only.

Queen Elizabeth Planetarium, Edmonton, Alberta.
Winter: Tues.-Fri., 8:00 p.m., Sat., 3:30 p.m., Sun., 3:00 and 8:00 p.m.
Summer: Mon.-Sat.,, 3:00, 8:00 p.m., Sun. and holidays, 2:00, 4:00, and
8:00 p.m.
The University of Manitoba Planetarium, 394 University College, 500 Dysart Rd.,
Winnipeg 19, Man.
Wed. and Fri., 12:40 and 8:00 p.m.



the OBSERVER'S
HANDBOOK
1973

S

7o
~0

F1noN®
oy 313\

75.‘(

sixty-fifth year of publication

the ROYAL ASTRONOMICAL SOCIETY
of CANADA

252 College Street, Toronto 130, Canada

editor: JOHN R. PERCY



INDEX

Anniversaries and Festivals .
Asteroids—Ephemerides at Opposition .
Clusters . .
Constellations .
Eclipses .
Galaxies
Julian Day Calendar
Jupiter—Belts and Zones .

—Longitude of Central Merldlan

—Phenomena of Satellites
Mars—Longitude of Central Meridian .
Messier’s Catalogue
Meteors, Fireballs and Meteorxtes
Miscellaneous Astronomical Data
Moon—Observation

—Map
Moonrise and Moonset
Nebulae—Galactic
Occultations—Lunar

—Grazing .
—Planetary, Appulses

Planets—General

—Elements .
Precession for 50 Years
Radio Sources . .
Satellites of Solar System .
Saturn—Satellites .

Sky and Astronomical Phenomena Month by Month

Solar System—Elements .
—List of Satellites .
Star Maps
Stars—Brightest .
—Double and Multlple .
—Names, Finding List
—Nearest .
—Variable
Sun—Ephemeris .
—Physical Observatlons .
—Sun-spot Cycle .
Sunrise and Sunset .
Symbols and Abbreviations
Time—Correction to Sun-dial
—Radio Time Signals

—Solar, Sidereal, Universal, Standard Ephemerls

—Map of Time Zones
Twilight .

PRINTED IN CANADA

BY THE UNIVERSITY OF TORONTO PRESS

PAGE

70
96

57

. 100

. 102

79
94
78
90
92

56
26
13

11
10

. facing 12

19



THE OBSERVER’S HANDBOOK for 1973 is the sixty-fifth edition. The major change in
this edition is the inclusion of data on grazing occultations over Canada. These data
were supplied by Mr. L. V. Morrison of the British Nautical Almanac Office.

My thanks go to all those who assisted in the preparation of this edition: to those
whose names appear in the various sections and to my assistant editors Marie
(Fidler) Litchinsky and Chris Smith. Special thanks go to Margaret W. Mayall,
Director of the A.A.V.S.0., for the predictions of Algol and of the variable stars, to
Gordon E. Taylor, British Nautical Almanac Office, for the prediction of planetary
appulses and occultations, and to Maude Towne and Isabel Williamson for the tables
of moonrise and moonset. I also thank the Department of Energy, Mines and
Resources for the maps of time zones, and the David Dunlap Observatory for their
assistance and support. Finally, my deep indebtedness to the British Nautical
Almanac Office and to the American Ephemeris is gratefully acknowledged.

JoHnN R. PErcy

ANNIVERSARIES AND FESTIVALS, 1973

New Year’s Day....... Mon. Jan. 1 Pentecost (Whit Sunday). June 10
Epiphany............. Sat. Jan. 6 Trinity Sunday.......... June 17
Accession of Queen Corpus Christi.......... Thur. June 21
Elizabeth (1952)......Tues. Feb. 6 St. John Baptist
Septuagesima Sunday. Feb. 18 (Mid-Summer Day)....Sun. June 24
St. David............. Thur. Mar. 1 Dominion Day.......... Sun. July 1
Quinquagesima Birthday of Queen Mother
(Shrove Sunday). . ... Mar. 4 Elizabeth (1900). . ..... Sat. Aug. 4
Ash Wednesday........ Mar. 7 Labour Day............ Mon. Sept. 3
St. Patrick............. Sat. Mar. 17 Jewish New Year
Palm Sunday.......... Apr. 15 (Rosh Hashanah)...... Thur. Sept. 27
First day of Passover. ..Tues. Apr. 17 St. Michael
Good Friday.......... Apr. 20 (Michaelmas Day)..... Sat.  Sept. 29
Birthday of Queen Yom Kippur............ Sat. Oct. 6
Elizabeth (1926)...... Sat. Apr. 21 Thanksgiving........... Mon. Oct. 8
Easter Sunday......... Apr. 22 All Saints’ Day.......... Thur. Nov. 1
St.George. . .......... Mon. Apr. 23 Remembrance Day. ..... Sun. Nov. 11
Victoria Day.......... Mon. May 21 St. Andrew............. Fri. Nov. 30
Rogation Sunday....... May 27 First Sunday in Advent .. Dec. 2
Ascension Day......... Thur. May 31 Christmas Day.......... Tues. Dec. 25

JULIAN DAY CALENDAR, 1973

Jan. 1........ 2441684 May 1....... 2441804 Sept. 1....... 2441927
Feb. 1........ 2441715 June 1....... 2441835 Oct. 1....... 2441957
Mar. 1........ 2441743 July 1....... 2441865 Nov.1....... 2441988
Apr. 1........ 2441774 Aug. 1....... 2441896 Dec. 1....... 2442018

The Julian Day commences at noon. Thus J.D. 2441684 = Jan. 1.5 U.T. = Jan. i,
12 hours U.T.



SYMBOLS AND ABBREVIATIONS

©® The Sun

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

SUN, MOON AND PLANETS

@ The Moon generally
8 Mercury

Q@ Venus

@ Earth

o' Mars

ASPECTS AND ABBREVIATIONS

o Conjunction, or having the same Longitude or Right Ascension.
& Opposition, or differing 180° in Longitude or Right Ascension.
O Quadrature, or differing 90° in Longitude or Right Ascension.
£ Ascending Node; 23 Descending Node.

o or R.A., Right Ascension; 8 or Dec., Declination.
h, m, s, Hours, Minutes, Seconds of Time.

° 7’ Degrees, Minutes, Seconds of Arc.

T Aries.......... 0°
5w Taurus......... 30°
X Gemini........ 60°
¢ Cancer......... 90°
A,a Alpha
B,B Beta
',y Gamma
A, 8 Delta
E,e Epsilon
Z,§ Zeta
H,n Eta
©, 0, 9 Theta

SIGNS OF THE ZODIAC

2l Jupiter
b Saturn
5 Uranus
P Neptune
P Pluto

Q Leo.......... 120° A Sagittarius. . . .240°
W Virgo........150° B Capricornus . .270°
= Libra......... 180° = Aquarius. ....300°
m Scorpius. .....210° H Pisces........ 330°
THE GREEK ALPHABET

I,v Iota P, p Rho

K, ¥ Kappa X, o Sigma

A, A Lambda T, t Tau

M, p Mu T, v Upsilon

N, v Nu ®, ¢ Phi

=€ Xi X, x Chi

0, o Omicron Y, y Psi

II, n 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. 2440953.4677

and period 2.8673285 days as published in Sky and Telescope, 1971.

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.
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THE CONSTELLATIONS

LATIN NAMES WITH PRONUNCIATIONS AND ABBREVIATIONS

Andromeda,
an-drom’é-da..........
Antlia, ant'li-a...........
Apus,a’pis..............
Aquarius, a-kwar’i-is. . . ..
Aquila, ak’'wi-la..........
Ara,ara................
Aries,a’ri-€z.............
Auriga, 0-ri'ga...........
Bootes, bo-0't€z..........
Caelum, s€’lim...........
Camelopardalis,
ka-mél’o-pir’da-lis. . . ..
Cancer, kan’sér..........
Canes Venatici,
ka’'néz vé-nat’i-si.......
Canis Major,
kd'nisma‘jér...........
Canis Minor,
kd'nis’'mi’'nér..........
Capricornus,
kdp'ri-kér'nis.........
Carina, ka-rina..........

Cassiopeia, kds’i-6-pé’ya’. .

Centaurus, sén-to’riss . . . ..
Cepheus, s€’fis...........
Cetus, sé’tis. ............

Chamaeleon, ka-mé’lé-tin. .

Circinus, sGr’si-nis. . .....
Columba, ko-lim’ba... ...
Coma Berenices,
kd’'ma bér’é-ni'séz.. .. ..
Corona, Australis,
kO-ro'na 6s-tra’lis. . . . ..
Corona Borealis,
ka-ronabo’ré-a’lis. . ...
Corvus, kor'vis..........
Crater, kra’tér...........
Crux, kriks..............
Cygnus,sig'mis. . ........
Delphinus, dél-fi'nis. . . ...
Dorado, d6-rd’do. .......
Draco,dra’k6............
Equuleus, é-kwoo’lé-is. . . .
Eridanus, é-rid’a-nis. .. . ..
Fornax, for’'naks.........
Gemini, jém’i-ni.........
Grus, gris...............
Hercules, hiir’ka’léz. . .. ..
Horologium,
hor’6-16'ji-m..........
Hydra, hi‘dra............
Hydrus, hi‘dris. .........

Andr
Antl
Apus
Aqar
Aqil
Arae
Arie
Auri
Boot
Cael

Caml
Canc

Capr
Cari
Cas
Cent
Ceph
Ceti
Cham
Circ
Colm

Com Coma

CorA

CorB
Corv
Crat

Cruc
Cygn
Diph
Dora
Drac
Equl

Erid

Forn
Gemi
Grus
Herc

Horo
Hyda
Hydi

Indus,in'dis............. Ind Indi
Lacerta, la-stir'ta. ........ Lac Lacr
Leo,l€’0................ Leo Leon
Leo Minor, 16’0 mi’nér. . ..LMi LMin
Lepus,le'pids............. Lep Leps
Libra,li'bra.............. Lib Libr
Lupus, lo'pas............ Lup Lupi
Lynx,lingks............. Lyn Lync
Lyra,li'ra............... Lyr Lyra
Mensa, mén’sa........... Men Mens
Microscopium,

mi’kro-sko’pi-im....... Mic Micr
Monoceros, m-6nds’ér-os. . Mon Mono
Musca, mis’ka........... Mus Musc
Norma,nér'ma.......... Nor Norm
Octans, 0k’tdnz. . ........ Oct Octn
Ophiuchus, of‘i-ukds. . .. .. Oph Ophi
Orion, 0-ri’én. ........... Ori Orio
Pavo,Pa’ve.............. Pav Pavo
Pegasus, pég'a-siis. . ...... Peg Pegs
Perseus, plr’st@s. ......... Per Pers
Phoenix, fé'niks.......... Phe Phoe
Pictor, pik‘tér............ Pic Pict
Pisces, pis€z............. Psc Pisc
Piscis Austrinus,

pis’is 6s-tri'nés. ........ PsA PscA
Puppis, pipis............ Pup Pupp
Pyxis, pik’sis............. Pyx Pyxi
Reticulum,..............

ré-tik’a-lam............ Ret Reti
Sagitta, sa-jit'a........... Sge Sgte
Sagittarius, saj'i-ta’ri-is. . .Sgr  Sgtr
Scorpius, skor'pi-is. . ... .. Sco Scor
Sculptor, skilp’tér........ Scl  Scul
Scutum, skii’tém......... Sct  Scut
Serpens, stir'pénz. ........ Ser Serp
Sextans, s€éks’tdnz......... Sex Sext
Taurus, to'rigs............ Tau Taur
Telescopium,

tél’é-sko’pi-gm. .. ...... Tel Tele
Triangulum,

tri-dng’gu-ldm..........Tri Tria
Triangulum Australe,. . . ..

tri-ang’gh-lidm 6s-tra’lé. . Tra TrAu
Tucana, ti-kd'na......... Tuc Tucn
Ursa Major,

Gr'sama’jér............ UMa UMaj
Ursa Minor,

Gr'sami’mér............ UMi UMin
Vela,vé’la............... Vel Velr
Virgo, viir'gd. . .......... Vir Virg
Volans, vo'ldnz........... Vol Voln
Vulpecula, vul-pék‘t-lg....Vul Vulp

a fate; a chaotic; 4 tdp; d findl; & ask; a idea; 4 cire; 4 dlms; au aught ; € bé; e créate;
¢ &nd; ¢ ang¢l; € makér; 1 time; 1 bit; # animal; 6 note; 6 anatomy; 6 hot; d decur;
6 6rb; 50 m6on; 0o book; ou out; G tiibe; G unite; U sun; # sgbmit; & hirl.



MISCELLANEOUS ASTRONOMICAL DATA

UNITS OF LENGTH

1 Angstrom unit = 10-8cm. 1 micron, p = 10-4cm.=10%A.
1 inch = exactly 2.54 centimetres 1 cm. = 10 mm. = 0.39370 ... in.
1 yard = exactly 0.9144 metre Im. =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 10® km. = 9.2957 x 107 mi.
1 light-year 9.461 x 10t7 cm. = 5.88 X 10!2 mi. = 0.3068 parsecs

Il

1 parsec = 3.084 x 108 cm. = 1.916 x 10!3 mi. = 3.260 Ly.
1 megaparsec = 106 parsecs
UniTts ofF TIME
Sidereal day = 23h 56m 04.09s of mean solar time
Mean solar day = 24h 03m 56.56s of mean sidereal time
Synodic month = 29d 12h 44m 03s Sidereal month = 27d 07h 43m 12s
Tropical year (ordinary) = 365d 05k 48m 46s
Sidereal year = 365d 06/ 09m 10s
Eclipse year = 346d 14h 52 52s
THE EARTH
Equatorial radius, @ = 6378.160 km. = 3963.20 mi.: flattening, ¢ = (@ — b)/a = 1/298.25
Polar radius, = 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 @ = 11.2 km./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. 184 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. 17k 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 101! solar masses

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

RADIATION CONSTANTS
Velocity of light, ¢ = 2.997925 X 10!° cm./sec. = 186.282.1 mi./sec.
Frequency, v = ¢/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 10-24 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.
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SUN—EPHEMERIS AND CORRECTION TO SUN-DIAL
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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) (L)
days o ) o o
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 |17.21109.9| 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 |@=1 °
© Sun 864,000 0 332,958 | 1.41| 27.9 | 25¢-35%
@ Moon 2,160 0 0.0123 3.36| 0.16 |27¢07"43™ 6.7 0.067
8 Mercury| 3,025 0 0.055| 5.46| 0.38 | 58416" <7° 0.056
@ Venus 7,526 0 0.815| 5.23| 0.90 | 243%(retro.)| ~179°| 0.76
@ Earth 7,927 | 1/298 1.000  5.52{ 1.00 [23"56™04° | 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 1.33] 2.64| 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
Pluto 3,500? ? 0.11 |5°? 0.67| 6991r17™ ? 0.14?

{Depending 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 miles 1 % d h m| °1i% Discovery
SATELLITE OF THE EARTH
Moon [-12.7| 2160 | 238,900 | ... | 27 07 43| Var.§
SATELLITES OF MARS
Phobos l 11.6 14 ' 5,800 25 0 07 39 1.0| Hall, 1877
Deimos 12.8 8 14,600 62 1 06 18 1.3| Hall, 1877
SATELLITES OF JUPITER
\Y% 13. 1 112,000 59 0 11 57 0.4| Barnard, 1892
Io 4.8 | 2273 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
VII 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) (225) 100,000 0 17 59 A. Dollfus, 1966
Mimas 12.1 (550) 116,000 30 0 22 37 1.5| W. Herschel, 1789
Enceladus | 11.8 350 148,000 38 1 08 53 0.0| W. Herschel, 1789
Tethys 10.3 750 183,000 48 1 21 18 1.1| G. Cassini, 1684
Dione 10.4 500 235,000 61 2 17 41 0.0| G. Cassini, 1684
Rhea 9.8 800 327,000 85 4 12 25 0.4| G. Cassini, 1672
Titan 8.4 | 3000 759,000 | 197 | 15 22 41 0.3 | Huygens, 1655
Hyperion | 14.2 | (200) 920,000 | 239| 21 06 38 0.4| G.Bond, 1848
Iapetus 11.0 | 700 | 2,213,000 | 575| 79 07 56| 14.7| G.Cassini, 1671
Phoebe (14) (160) | 8,053,000 | 2096 | 550 11 150 W. Pickering, 1898
SATELLITES OF URANUS
Miranda 16.5 | (350) 77,000 9 1 09 56 0 Kuiper, 1948
Ariel 14.4 | (900) 119,000 14 2 12 29 0 Lassell, 1851
Umbriel 15.3 | (600) 166,000 20 4 03 38 0 Lassell, 1851
Titania 14.0 | (1100) 272,000 33 8 16 56 0 W. Herschel, 1787
Oberon 14.2 | (1000) 365,000 4| 13 11 07 0 W. Herschel, 1787
SATELLITES OF NEPTUNE
Triton 13.6 | 2350 220,000 17 5 21 03]|160.0| Lassell, 1846
Nereid 18.7 (330) | 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 and recent values in italics.

tInclination 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.
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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 is tabu-
lated in ET, but observed in UT. AT was zero near the beginning of the century, but
in 1973 will be about 43 seconds.

RADIC TIME SIGNALS

National time services distribute co-ordinated time called UTC, which on January
1, 1972, was adjusted so that the time interval is the atomic second. The resulting
atomic time gains on mean solar time at a rate of about a second a year. An approxi-
mation to UT1 is maintained by stepping the atomic time scale in units of 1 second
on June 30 or December 31 when required so that the divergence from mean solar
time (DUT1 = UT1 — UTC) does not exceed 0.6 second. The first such ‘“leap
second” occurred on June 30, 1972. These changes are coordinated through the
Bureau International de I’'Heure (BIH), so that most time services are synchronized
to the tenth of a millisecond.

DUT!1 is identified each minute on CHU and WWYV by a special group of split or
double pulses. The number of such marker pulses in a group gives the value of
DUT!1 in tenths of a second. If the group starts with the first (not zero) second of
each minute, DUT1 is positive and mean solar time is ahead of the transmitted time;
if with the 9th second DUT]1 is negative, and mean solar time is behind.

Radio time signals readily available in Canada include:

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

CALENDAR 1973
JANUARY | FEBRUARY | MARCH APRIL

F|S|S[M[T|W T|WIT|F M
o 2
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9(10(11(12 4 1 1 8 9 j 12

6
17]1819(20( 11 13(14{15(16 19
24)25(26 20)21(22
e N 27]28(29

JULY
T|W[T

345
10[11(12
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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 [406E
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 Sault Ste. Marie | 47 | +37E Flagstaff 35 [+2TM
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 | +20E Sudbury 47 | +24E Los Angeles 34 | —07P
Hull . 45 | +03E Sydney 46 | +01A Louisville 38 [—17C
Kapuskasing 49 | +30E The Pas 54 | +45C Memphis 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 | 4+23M | Thunder Bay 48 | +S7E 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 00P Pittsburgh 40 | +20E
North Bay 46 | +18E Windsor 42 | +32E St. Louis 39 | +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 | +08E

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).
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MAP OF STANDARD TIME ZONES

OF ENERGY, MINES AND RESOURCES, OTTAWA, CANADA, 1972.
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TWILIGHT—BEGINNING OF MORNING AND ENDING OF EVENING

Latitude 35°

Latitude 40°

Latitude 45°

Latitude 50°

Latitude 54°

+1 Morn. Eve. |Morn. Eve. {Morn. Eve. [Morn. Eve. |Morn. Eve.
hm h m|(hm hm|hm h m hm h m/ hm hm
Dec. 31| 537 1829|544 1821|552 1814|600 18 07| 6 06 18 00
Jan. 10| 539 1837|546 1830|553 1823600 18 16| 6 05 18 10
20| 537 1845|543 1840|548 1834|555 1829|600 18 24
30| 534 1854|539 1850|542 18 46| 546 18 43| 549 18 41
Feb. 9|527 1903|530 1901|531 1859|533 18 58| 534 18 58
19/ 518 1911|518 1911{519 1911|518 1913|515 19 16
Mar. 1| 507 1920505 1922|502 1925(458 1930|454 19 35
111454 1928|450 1932|444 1938|437 1946|429 19 55
211 439 1937433 1944|425 1952414 2004|402 20 17
311424 1946|415 1956|404 2008|349 2024|332 20 41
Apr. 10| 408 1956|357 2008|342 2024|321 2045|259 2108
200 353 2007|338 2022|319 2042|253 2109|224 2140
300 339 2018|320 2036|257 2101|223 2136|140 2219
May 10|/ 325 2029303 2051|235 2121|151 2206|037 2329
20 314 2041|1249 2106|214 2142|115 2242 — ——
30/ 304 2051|237 2119|156 2201|027 2337 — ——
June 9/ 300 2059|230 2130|145 22 15— ——| — ——
19/ 259 2104|228 2135|140 2223 — ——| — ——
‘ 29/ 301 2105{230 2136|143 2223| — —| — ——
July 9|/ 308 2102|239 2131({15 2213 — —r — ——
19| 317 2054|250 2120|212 2158|101 2306 — ——

29| 327 2044|304 2107|231 2139|140 2228 —
Aug. 8/ 339 2031|319 2051|252 2118|212 2155|118 2247
18] 349 2017|332 2033|311 2055|240 2124|204 2159
28| 400 2002|346 2015|328 2032|304 2055|238 2121
Sept. 7| 409 1946|358 19 56| 3 44 20 10| 3 26 20 28| 3 06 20 47
17| 418 1930|410 19 38| 359 1948|345 2001| 3 30 20 15
27 427 1914|421 1919|413 1927|403 19 37| 3 52 19 47
Oct. 7/ 434 1900|431 1903|427 1907 420 19 13| 412 19 20
17| 443 18 47| 4 41 18 48| 439 18 50| 4 36 18 53| 4 31 18 57
27| 450 18 36| 4 51 18 35| 4 52 18 35| 4 51 18 35| 449 18 36
Nov. 6| 459 1828|501 18 24| 504 18 22| 506 18 20| 5 07 18 19
16/ 507 1822|511 18 17| 515 18 13| 519 18 08| 522 18 05
26/ 515 1819|521 18 13| 526 18 07| 532 18 01} 538 17 55
Dec. 6/ 523 1818|529 18 12| 536 18 05| 544 17 57| 550 17 50
16 529 1821|537 18 14| 544 18 06| 553 17 58| 6 00 17 51
26( 535 1826|542 18 19 550 18 11| 558 18 02| 6 05 17 55
Jan. 5| 538 1832|545 18 26| 552 1819/ 600 18 11| 6 06 18 05

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, 1973; LOCAL MEAN TIME

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
Jan. hm hm|hm hm|(hm hm|hm hm|hm hm|hm hm
1 04 29 14 44| 04 42 14 30) 04 58 14 14|05 18 13 54|05 43 13 30|06 07 13 04
2 0521 1534[/0535 1519|0552 150206 12 14 42|06 38 14 17|07 04 13 51
3 06 11 16 28| 06 24 16 14|06 41 15 57|07 00 15 39|07 24 15 14|07 50 14 49
4@®| 06 56 17 24| 07 08 17 11| 07 23 16 57|07 41 16 40| 08 03 16 18|08 25 15 57
5 07 36 1821|0747 18 11|08 00 17 59 {08 15 17 45|08 33 17 28 |08 51 17 11
6 08 13 19 1908 23 19 12| 08 32 19 02| 08 44 18 52| 08 58 18 39| 09 12 18 27
7 08 48 20 17|/ 08 54 20 13|09 01 20 06|09 09 20 00| 09 19 19 52|09 28 19 44
8 09 19 21 15 3 21 14[0927 21 1109 31 21 08|09 37 21 05|09 42 21 01
9 51 22 15(09 51 2215|09 52 22 16|09 53 22 18|09 54 22 19|09 55 22 21
10 1023 2315|1020 2319({10 18 2323(1015 2328|1011 23 35(10 08 23 41
11 10 56 .. | 10 51 1045 .. ..|1038 .. ..[1029 .. 10 22 ..
12| 11 34 00 18| 11 25 0024 11 15 00 33| 11 05 00 42| 10 52 00 5310 39 01 05
13 1216 01 23( 12 05 01 33| 11 53 01 44| 11 38 Ol 58( 11 20 02 14| 11 02 02 30
14 1305 0230 1252 0243|1237 0257|1219 03 15|11 57 03 35|11 35 03 57
15 14 02 03 39| 13 48 03 53| 13 32 04 09| 13 12 04 28| 12 47 04 53| 1222 05 18
16 1507 04 45| 14 53 04 59| 14 36 05 16|14 16 05 35( 13 52 06 01 13 26 06 26
17 16 16 05 44| 16 03 05 58| 1549 06 13| 15 30 06 32| 15 08 06 55| 14 46 07 18
18®] 17 26 06 37| 17 16 06 48| 17 04 07 01| 16 49 07 16| 16 32 07 35| 16 15 07 54
19 18 35 07 21| 18 26 07 30| 18 18 07 40| 18 08 07 51| 17 56 08 05| 17 44 08 19
20 19 39 08 00( 19 35 08 06| 1929 08 13|19 24 08 20| 19 17 08 29| 19 10 08 37
21 20 41 08 36|20 40 08 38|20 38 08 41 |20 37 08 45|20 35 08 49 |20 23 08 53
22 21 40 09 07)21 42 09 0721 43 09 07 |21 46 09 07 (21 49 09 07 |21 52 09 06
23 22 38 09 38(2242 0936|2247 09 32 (22 54 09 28 {23 01 09 24 |23 08 09 19
24 2334 1010{ 2341 1004|2350 09 58(.. .. 0950|.. .. 09 41 .. 09 32
25 10 42 .. 1035 .. .. 1025|0000 10 13|00 12 10 O1 [ 00 23 09 48
26 €| 00 30 11 18 00 40 11 07|00 51 10 55|01 04 10 40( 01 21 10 23|01 37 10 06
27 0125 11 5701 38 1144|0151 1129(0208 11 12( 0228 10 51|02 48 10 30
28 0220 1240({02 34 1226|0250 1209|0308 11 50|03 32 1127|0356 1101
29 0314 1327|0328 1313{0345 125604 05 12 36|04 30 12 11|04 56 11 44
30 04 04 1418/ 04 19 14 05| 04 35 13 48|04 55 13 28| 0520 13 04]| 05 46 12 38
31 04 51 1514/ 0505 1501|0520 14 46|05 39 14 28|06 01 14 06| 06 25 13 43
Feb. [ hm hm|hm hm|{hm hm|hm hm|hm hm|hm hm
1 0533 16 12| 0546 16 01| 05 59 1548| 06 16 15 33|06 35 15 14|06 55 14 55
2 06 12 17 10| 06 22 02|06 33 16 52|06 47 16 40 (07 02 16 25|07 17 16 11
3| 06 48 18 09| 06 55 18 04| 07 04 17 57| 07 13 17 48( 07 24 17 38|07 35 17 29
4 07 22 19 09|07 26 19 06|07 30 19 02|07 37 18 58 (07 44 18 53|07 50 18 48
5 07 54 20 09| 07 55 20 08) 07 56 20 08| 07 59 20 08| 08 02 20 08|08 04 20 08
6 08 26 21 09| 08 24 21 12|08 22 21 15(08 21 21 19|08 19 21 2408 17 21 28
7 08 58 22 11|08 55 22 17| 08 49 22 24| 08 44 22 32 (08 37 22 42|08 30 22 52
8 09 35 23 15(09 27 2324|0919 23 35(09 09 23 47|08 58 .. 08 47 .. ..
9 10 15 .. |10 05 0953 ....|/0940 .. ..10923 0002(09 07 0016
10p| 11 01 002110 48 0032|1034 0046|1017 01 02|09 57 01 21 | 09 36 Ol 41
11 11 53 01 28|11 40 O1 41 | 1124 01 57|11 04 02 16 (10 40 02 39 |10 16 03 03
12 1253 0232(1239 0247 (1223 0304|1202 0324|1137 0349|1111 04 14
13 1358 0332|1345 0346|1329 0403|1310 04 21 |12 47 04 46|12 23 05 10
14 1506 04 26| 14 55 04 39 (14 41 04 53 {1425 0509 |14 05 05 30| 13 46 0S5 51
15 16 14 05 13|16 05 05 23|15 54 0534|1542 0548 (1528 06 04 | 15 13 06 20
16 1719 05 54|17 14 06 01|17 07 06 09 | 16 59 06 19|16 49 06 31 | 16 40 06 41
17®| 18 23 06 30| 18 20 06 34| 18 16 06 40| 18 13 06 45| 18 08 06 52| 18 04 06 58
18 1923 07 04| 1924 07 05|19 24 0706|1924 07 09{19 24 07 10|19 25 07 12
19 20 22 07 36| 20 26 07 34|20 29 07 32|20 33 07 30|20 38 07 28|20 44 07 25
20 21 20 08 08| 21 27 08 03| 21 33 07 58|21 41 07 52|21 51 07 45|22 01 07 39
21 22 18 08 40| 22 26 08 33|22 36 08 25(22 48 08 15|23 02 08 04 |23 16 07 S3
22 2314 09 15(2325 0905|2338 0855|2353 0842(.. .. 0826 .. 0810
23 09 53] .. 09 41| .. . 0927 |.. .. 0911|0011 08 52 (00 30 08 33
24 €| 00 09 1034|0023 1021|0038 1005|0055 09 47 |01 17 09 24 (01 40 09 01
25 01 04 11 19(01 18 11 05/01 34 104901 53 1029 |02 18 10 05 (02 44 09 39
26 155 121010210 1155|0227 11380247 111903 12 10 54 |03 38 10 28
27 0243 13 04(02 57 1250|031 12 34103 33 1216 |03 57 11 52|04 21 11 28
28 0328 1400/ 03 40 1348|0355 1334|0412 13 18|04 33 12 57|04 55 12 36




Latitude 30° | Latitude 35° | Latitude 40° | Latitude 45° | Latitude 50° | Latitude 54°
Moon Moon Moon Moon Moon oon

DATE | Rise  Set Rise Set | Rise Set Rise Set Rise Set Rise Set
Mar.| hm hm|{hm hm|hm hm|hm hmfhm hm|hm hm
1 0409 1457|0419 14 48|04 31 14 37| 04 45 14 23| 0502 14 07| 0520 13 51
2 04 45 155704 54 1549{0503 1542|0513 1532|0527 1520| 0540 15 08
3 | 0520 1657|0525 16 520532 16 47| 0539 16 42| 05 48 16 35| 05 56 16 28
4@ | 05 53 17 57|05 56 17 55|05 59 17 54|06 03 17 52( 06 07 17 50| 06 11 17 48
5 06 26 18 58|06 25 1900|0625 19 02| 06 25 19 04| 06 25 19 07| 06 24 19 10
6 06 59 20 01|06 56 20 06|06 52 20 12| 06 48 20 19| 06 43 20 26| 06 38 20 34
7 07 35 21 06| 07 29 21 14|07 22 21 23| 07 14 21 34| 07 04 21 47| 06 55 22 00
8 08 15 22 13| 08 06 22 24| 07 55 22 36| 07 43 22 51| 07 29 23 09| 07 14 23 27

9 08 59 23 20| 08 48 23 33|08 34 2348|0819 ... 0800 .. ..[ 0741 ...
10 51 09 37 0921 .. ..| 0903 0006/ 0840 00 28| 08 17 00 50
11| 10 48 00 25| 10 34 00 40| 10 17 00 56| 09 58 01 15| 09 33 01 40| 09 07 02 05
12 11 51 01 27| 11 37 01 40| 1120 01 57| 11 02 02 16| 10 37 02 40| 10 13 03 06
13 1256 0221|1243 02 34(1230 0248|1212 03 07| 11 51 03 28| 11 31 03 50
14 14 02 0309|1352 0320|1341 0332( 1327 03 47| 13 11 04 04| 12 55 04 22
15 1506 0351|1459 0359|1451 04 09| 14 41 04 20| 14 30 04 33| 14 19 04 45
16 16 09 04 28|16 04 04 34 | 16 00 04 40| 15 55 04 47| 15 48 04 55| 15 42 05 03
17 1709 0502|1708 0505|1707 0507|1706 05 11|17 04 05 15( 17 02 05 18
18®| 18 08 05 34| 18 11 05 34| 18 13 05 33| 18 15 05 33| 18 18 05 33| 18 21 05 32
19 19 07 06 06| 19 12 06 03|19 17 05 59| 19 23 05 55| 19 31 05 50| 19 38 05 45
20 20 04 06 38| 20 12 06 32| 20 20 06 26| 20 31 06 18| 20 43 06 08| 20 55 05 59
21 21 02 07 12|21 11 07 04|21 23 06 54| 21 37 06 43| 21 53 06 29| 22 10 06 16
22 21 58 07 49| 22 10 07 38| 22 24 07 26| 22 41 07 12| 23 01 06 54| 23 22 06 36
23 2253 0829|2307 0817|2322 0802|2341 0745/ .. .. 0723 .... 0703
24 23 46 09 13 .. 0900|.. .. 0844 ... 08 24| 00 04 08 01| 00 29 07 37
25 ...1002|(0000 09 480017 09 31|00 36 09 11| 01 01 08 47| 01 26 08 21
26 €| 0036 1053|0050 10 39|01 06 10 24{01 25 10 04( 01 50 09 41| 02 14 09 16
27 01 21 1148|0134 1135(0149 1121|0207 1104( 0229 1042|0251 10 21
28 0203 1244|0214 1234 (0227 12220242 1207(03 01 11 50| 0320 11 31
29 0240 13 42]0250 13340300 1324(03 13 1313|0328 13 00| 03 42 12 46
30 0316 14 41]0322 14 350330 1429|0339 14 21| 03 49 14 12| 04 00 14 03
31 0349 1541{03 53 15370358 1535|0403 1531|0409 1527| 04 15 1523
Apr. ([h m hm|hm hm|hm hm|(hm hmlhm hm hm hm
1 0422 16 41|04 23 16 42|04 25 16 42|04 26 16 42| 04 28 16 43| 04 29 16 44
2 04 55 17 45|04 54 17 48|04 52 17 52 ({04 49 17 57| 04 46 18 02| 04 44 18 08
3@ |05 31 18 500526 18 570521 19 04 (0515 19 13| 05 07 19 24| 05 00 19 35
4 06 11 19 58|06 02 20 08 | 05 54 20 19|05 43 20 31( 05 31 20 48| 05 19 21 04
5 06 54 21 07|06 44 21 20|06 32 21 33|06 18 21 50| 06 00 22 10| 05 43 22 31
6 07 45 22 16|07 32 22 29|07 18 22 45|07 00 23 04| 06 39 23 27| 06 17 23 52
7 0842 2319|0828 23330812 2350|0753 ....|0729 ....[0704 ....
8 09 45 .. 0930 ... 0914 .. ..|08 54 0009|0831 00 33| 08 06 00 58
9P| 1050 00 17|10 37 00 30|10 23 00 45|10 04 01 03| 09 43 01 26| 09 21 Ol 49
10 11 56 0107|1145 01 19|11 33 Of 31|11 18 01 46| 11 00 02 06| 10 44 02 25
11 1300 01 511252 01 59 (1242 0210(1232 0221|1219 02 36| 12 07 02 50
12 1402 0229|1356 0235(1351 0242|1345 02 50|13 37 03 00| 13 29 03 09
13 1501 0303[1500 03 06|14 57 03 10|14 54 03 15| 14 51 03 20| 14 48 03 25
14 16 00 03 35|16 01 03 36|16 01 03 36 (16 03 03 37|16 04 03 38| 16 06 03 39
15 16 57 04 06|17 01 04 04 |17 05 04 02 {17 10 03 59|17 16 03 56| 17 22 03 52
16 1755 04 38[18 01 04 33|18 08 04 28 [ 18 17 04 21| 18 28 04 14| 18 38 04 06
17|18 52 05111900 05 04|19 11 G4 55|19 23 04 45( 19 38 04 34| 19 52 04 22
18 19 49 0547|1959 0537({20 13 0526|2028 0512|2047 04 57| 21 06 04 41
19 20 44 06 26|20 57 06 14|21 12 06 00| 21 29 05 44| 21 52 05 25| 22 14 05 05
20 21 38 07 09|21 52 06 55|22 08 06 40|22 27 06 22| 22 51 06 00| 23 15 05 36
21 2229 07 55[2243 07 41(2259 0725|2318 07 06| 23 42 06 42| .. . 06 17
22 2315 0846|2329 08 32(2344 08 16(.. .. 07 57| .. .. 07 33| 0007 07 08
23 23 58 09 39 .. 0926|.. .. 09 11[00 02 08 54| 00 24 08 31| 00 48 08 09
24 .. 1035(0010 10230023 10 10|00 40 09 54| 00 59 09 35| 01 19 09 16
25| 0036 11 310046 11 21{0058 11 11|01 11 10 59| 01 28 10 43| 01 43 10 28
26 01 12 1227|0119 1221 (0129 12 13|01 38 12 04| 01 51 11 53| 02 03 11 43
27 01 46 1325|0150 1321|0157 1317[0203 13 1102 11 1305|0219 1259
28 02 18 1424 (0220 14230223 1422|0226 1421{0230 1419|0233 14 18
29 [0251 1525/0250 1527 (0250 1530 (0249 1532|0248 1535|0248 15 39
30 0325 16290321 16 34|03 17 16 40 |03 13 16 47 (03 08 16 55|03 03 17 03




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 | hm bhbm|bhm hm|{hm hm| hm hm/ hm hm| hm hm
1 04 03 17 36| 03 56 17 44|03 48 17 54| 03 40 18 05| 03 30 18 18| 03 20 18 32
26| 04 45 18 46| 04 35 18 57|04 25 19 10| 04 12 19 24| 03 57 19 43| 03 43 20 01
3 0533 19 57|/ 0521 2010|0507 2025]04 52 20 42| 04 32 21 05| 04 13 21 27
4 06 29 21 05| 06 16 21 19|06 00 21 35| 05 41 21 54| 05 19 22 18| 04 55 22 43
5 07 31 22 08| 07 17 2220|07 01 22 36| 06 42 22 55| 06 18 23 18| 05 53 23 41
6 08 38 2302|0825 23 14|08 10 23 28|07 52 2344{ 0729 .. ..[0706 .
7 09 46 23 49| 09 35 23 58|09 22 .. 09 07 .. ..| 08 48 00 03| 08 29 00 23
8 1052 .. ..[ 1044 .. ..|1034 0009|1022 00 23| 10 08 00 38( 09 55 00 53
9P| 11 56 0029| 11 50 00 36| 11 43 00 44| 11 36 00 53| 11 27 01 04| 11 18 01 15
10 1256 01 05| 12 54 01 09|12 51 01 14| 12 46 01 19| 12 42 01 26 12 38 01 32
11 1355 0138|1355 0139|1355 01 40| 13 55 01 43| 13 55 01 45| 13 56 01 46
12 1452 0209|1455 0208|1458 0206|1502 0204|1507 0202|1512 02 00
13 1549 0240|1554 0236|1601 02 31|16 08 02 26| 16 18 02 20| 16 26 02 13
14 16 45 03 12|16 53 03 06 {17 03 02 58 | 17 14 02 49| 17 27 02 38| 17 40 02 29
15 17 42 03 47|17 52 03 38|18 04 03 28| 18 18 03 15| 18 36 03 00| 18 53 02 46
16®| 18 37 04 25|18 50 04 13|19 04 04 00| 19 21 03 45| 19 41 03 27| 20 03 03 09
17 19 31 0506| 19 45 04 53|20 00 04 38|20 19 04 21|20 43 03 59|21 07 03 37
18 2023 05 51[2037 0537|2053 0522|2113 0503|2137 04 39|22 02 15
19 21 11 06 41|21 25 0627 |21 41 06 10|21 59 05 51|22 22 0527|2246 0502
20 2155 0733|2207 0720(2222 07 04|22 38 0646|2259 0623|2321 0600
21 2235 0827|2245 08 16 (22 58 08 02|23 12 07 46| 23 29 07 26| 23 46 07 05
22 2311 092312319 09 132329 09 02|23 40 OR 48| 23 54 08 31| .. .. 08 15
23 2345 1019|2350 1011(2357 1002| .. .. 09 53| .. . 09 40| 00 07 09 27
24 e 1115 .. .. 1109 .. 1104|0005 10 58| 00 15 10 50( 00 24 10 42
25| 0016 12 11|00 20 12 09 (00 23 12 06 | 00 28 12 04 | 00 34 12 00| 00 39 11 57
26 0048 1310|0048 1310|0049 13 11|00 50 13 12| 00 51 13 14| 00 52 13 14
27 0120 14 10|01 18 14 14 |01 16 14 18|01 13 14 23| 01 09 14 29| 01 06 14 35
28 01 55 15 14|01 50 1521 |01 44 1528|01 38 153801 30 1548|0122 1559
29 0234 1622(0226 1631 |02 17 16 43|02 06 16 55|01 54 17 12|01 42 17 28
30 0319 17 32(03 08 17 44 |02 56 17 58|02 42 18 1402 25 18 35|02 07 18 56
31| 04 11 18 42|03 58 18 56 (03 43 19 1203 26 19 31|03 05 19 54| 02 43 20 18
Jwme | hm hm|hm hm|hm hm|hm hm hm hm|hm m
1 0511 19 49|04 57 2003 |04 41 20 19|04 22 20 38| 03 59 21 02| 03 34 21 26
2 06 18 20 49|06 14 21 02 |05 48 21 16 |05 30 21 34|05 06 21 55|04 42 22 17
3 07 28 21 41|07 16 21 52|07 02 22 04 |06 45 22 18| 06 24 22 35| 06 04 22 53
4 08 37 2225|0828 22 34|08 16 22 43|08 04 22 53| 07 47 23 05| 07 32 23 18
5 09 44 23 04|09 38 23 10|09 30 23 15|09 21 23 21|09 10 23 29|09 00 23 37
6 10 48 23 39|10 44 23 41 |10 40 23 43|10 35 23 46| 1029 23 50|10 23 23 53
7P 1148 ... 11 48 .. . 1147 .. ..|1146 .. ..[1144 .. ..| 1143 ..
8 1247 0011|1249 001012 51 00 09|12 54 00 09| 12 57 00 08| 13 01 00 07
9 13 44 00 43|13 48 0039 |13 54 00 35|14 01 00 31| 14 09 00 26| 14 16 00 21
10 14 40 01 15|14 47 01 08 |14 56 01 02|15 06 00 54| 15 18 00 44| 15 30 00 35
11 1536 0148|1546 0140|1558 01 30|16 10 01 19| 16 27 01 06| 16 43 00 52
12 16 31 0224|1644 0214 |16 57 02 01|17 14 01 48|17 33 01 30| 17 54 01 13
13 1726 03 04|17 40 02 52 (17 55 02 38|18 14 02 21| 18 36 02 00| 19 00 01 40
14 18 19 03 49|18 33 03 35(18 49 03 20|19 08 03 00| 19 32 02 37|19 57 02 14
15©(19 09 04 37|19 22 04 23 (19 38 04 07 [ 19 57 03 47|20 21 03 23| 20 45 02 58
16 19 54 0528|2006 05 14 |20 21 04 59 (20 38 04 40|21 00 04 17|21 22 03 53
17 2035 0622(2045 06 10 (20 59 05 55|21 13 0539|2133 05 18|21 51 04 56
18 21 12 07 17|21 21 07 07 {21 31 06 55|21 43 06 40|21 59 06 23|22 13 06 05
19 21 46 08 13|21 52 08 04 {22 01 07 55|22 09 07 44(2220 07 30|22 30 07 17
20 2217 09 08[2222 09 02 (2227 08 562233 08 49|22 39 08 39|22 46 08 30
21 2248 1004 (22 50 10 01 {22 52 09 57 {22 54 09 54|22 57 09 49|22 59 09 44
22 2320 1100|2318 1101 (2317 11 00(23 16 10 59|23 14 10 59(23 13 10 59
23@| 2352 11 59{2349 1201 (23 44 120423 39 12 0823 33 12122327 1215
24 ..., 12591.. .. 1305 . 1311 |.. .. 1318|2354 1327|2344 13 35
25 0028 1403|0021 14 11 |00 14 14 21|00 05 14 32 .. . 14 46 .. 1459
26 01 08 1509|0059 1521 |00 48 15 33 (00 36 1548|0021 16 07|00 06 16 26
27 01 55 16 18 |01 44 16 32 |01 30 16 47 (01 15 17 04|00 55 17 27|00 35 17 49
28 0251 1727|0238 17 41 |0222 17 57 ({0203 18 16|01 41 18 40|01 17 19 05
29 0354 18 30|03 40 18 44 (03 24 18 59 |03 05 19 18|02 41 19 41|02 16 20 05
30@ |05 03 19 27 (04 50 19 39 |04 35 19 52|04 17 20 09|03 55 20 28 | 03 32 20 48




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(hm hm hm hm|hm hm/  bhbm hm|hm hm
1 06 15 20 16| 06 03 20 26( 05 51 20 36| 05 36 20 48| 05 18 21 03| 04 59 21 18
2 07 25 20 59|07 17 21 05| 07 07 21 12| 06 56 21 21| 06 43 21 31( 06 30 21 41
3 08 32 21 36| 08 27 21 40| 08 21 21 43| 08 15 21 48] 08 06 21 53| 07 58 21 58
4 0936 22 11]0934 22110932 2211}0929 2212} 09 26 22 13| 09 23 22 13
5 10 37 22 43|10 38 22 40| 10 39 22 38| 10 40 22 35| 10 42 22 31 10 43 22 28
6 11 36 23 16| 11 40 23 10| 11 44 23 05| 11 49 22 58| 11 55 22 50| 12 02 22 42
7P| 1233 2349|1240 23 411247 23 32| 12 57 2323|1307 23 11| 13 18 22 59
8 1330 .. ..[1339 ... 1350 .. ..| 1402 23 50| 14 17 23 34| 14 32 23 18
9 1426 0025|1438 0014|1450 0003|1506 .. ..|1525 .. ..| 1543 23 42
10 1521 0104|1534 00 51| 1549 00 38| 16 07 00 21| 16 29 00 02| 16 51 ..
11 16 15 01 461629 01 32|16 45 01 17| 17 04 00 59| 17 27 00 37{ 17 52 00 14
12 17 05 02 32(17 19 02 18|17 35 02 02| 17 54 01 43|18 18 01 19| 18 43 00 54
13 17 52 03 23 (18 05 03 1820 02 53| 18 38 02 35|19 00 02 11| 19 24 01 46
14 18 34 04 16( 18 46 04 04| 18 59 03 49| 19 16 03 32| 19 35 03 09| 19 55 02 47
15( 1912 05121923 0500| 19 33 04 48] 19 47 04 32| 20 03 04 14| 20 19 03 55
16 19 48 06 08 (19 55 05 58|20 04 05 48| 20 14 05 36| 20 26 05 21| 20 38 05 06
17 20 20 07 042026 06 57|20 31 06 50| 20 38 06 41| 20 46 06 30| 20 54 06 19
18 20 51 08 00|20 54 07 55{20 57 07 51| 21 00 07 46| 21 04 07 40| 21 08 07 33
19 21 22 08 56|21 22 08 54|21 22 08 53| 21 22 08 51|21 22 08 50| 21 21 08 48
20 21 54 09 52|21 51 09 54|21 48 09 56| 21 44 09 58|21 39 10 00| 21 35 10 03
21 2228 105112222 10552215 11 012208 1107|2200 11 14| 21 51 11 21
22€(2306 11 52(2257 1200|2247 12 08| 22 36 1217|2223 1229|2210 12 41
23 23 48 1256 (2338 1306|2325 13 18|23 10 13 31|22 52 13 47| 22 35 14 04
24 L. 1402 .. 14 14| .. .. 14 29| 23 53 14 45|23 31 1506| 23 10 15 27
25 0038 1509|0025 1522|0010 1538| .. .. 1557|.. .. 1620|2359 16 44
26 0135 16 13|01 22 16 26 (01 06 16 42|00 47 17 01 (0023 17 25| .. .. 17 49
27 0240 17 110227 1724(0211 17 39|01 52 17 57(01 29 18 18| 01 04 18 39
28 03 50 18 04(03 37 18 14|03 24 18 27|03 07 18 41|02 47 18 58| 02 26 19 16
29@ | 0501 18 50|04 51 18 58 (04 40 19 06| 04 27 19 17 (04 11 19 29| 03 55 19 41
30 06 10 19 30(06 04 19 35|05 55 19 40| 05 47 19 47|05 36 19 55| 05 26 20 02
31 07 17 20 06|07 13 20 08|07 09 20 11| 07 05 20 13|06 59 20 16| 06 54 20 18
Aug. [h m hm|hm hm|hm h hm hm|hm hmihm hm
1 08 21 20 41(08 21 2039|0820 20 39|08 19 20 37|08 19 20 35| 08 18 20 34
2 0923 2114|0925 21 10{09 28 21 06|09 32 21 00|09 35 20 54| 09 39 20 48
3 1022 21 47| 1027 21 411033 2134|1041 2125|1049 21 15|10 58 21 05
4 1120 2223|1129 2214|1137 2204|1149 21 52|12 02 2137|1215 21 23
5P 12 18 2302|1228 2250|1240 22 38(12 54 2222 (13 12 22 04{13 29 21 46
6 1313 2343|1326 23 30(1340 23 1613 58 22 58|14 18 22 37| 14 40 22 14
7 14 08 .. . 14 22 ... 14 37 23 59|14 56 2340|1519 23 17| 1543 22 52
8 1500 0028|1514 00 15(1530 .. . 1549 .. ..[1613 .. ..|[16 38 23 40
9 1547 01 18|16 01 01 04|16 17 00 48| 16 36 00 28 |16 59 00 04| 17 22 .. ..
10 16 32 02 10| 16 44 01 57|16 59 01 42|17 15 01 23|17 36 01 01| 17 57 00 37
11 1712 03 05(17 22 02 53 (17 35 0239|1749 0223|1806 02 03|18 24 01 43
12 17 48 04 01|17 57 03 50|18 06 03 39|18 17 03 26 (18 31 03 09|18 45 02 53
13® (1823 04 57 (18 28 04 49 |18 35 04 41 |18 43 04 31 |18 52 04 19|19 01 04 06
14 18 54 05 53|18 58 0548|1901 0543|1906 0537 |19 12 052919 16 05 21
15 19 25 06 50 |19 26 06 48|19 27 06 45|19 28 06 43 |19 29 06 39 {19 30 06 36
16 19 57 07 47|19 55 07 48 (19 53 07 48|19 50 07 49|19 47 07 51| 19 44 07 52
17 20 30 08 46|20 26 08 49 (20 20 08 53|20 14 08 58|20 06 09 04| 20 00 09 09
18 21 06 46|20 59 09 532050 09 59|20 40 1008|2028 10 19|20 17 10 29
19 21 47 1048(21 37 1058(2125 11 08|21 12 1120|2056 1135|2040 11 50
20 22 34 11532221 1204|2207 1217|2151 12 33|21 31 1253|2110 13 12
21 €(2326 1257 (2313 13 11|22 58 1326(2239 1344(2216 14 06|21 52 14 30
22 ... 1401 ].. .. 14 15[23 57 14 31|23 38 14 49|23 14 15 13|22 51 15 38
23 0027 1500(/0013 1513].. .. 1529|.. .. 1546|.. .. 16 09| .. .. 16 32
24 01 32 1553[0120 16 05{01 05 16 18|00 48 16 34|00 25 16 53|00 03 17 12
25 0240 1641|0230 16 50|02 18 17 01|02 03 17 13|01 44 17 28| 01 26 17 42
26 0349 1723|0342 17290332 17 370321 17 45|03 08 17 55|02 55 18 05
27@ (04 57 18 00|04 51 18 0504 46 18 08 (04 39 18 12 (04 31 18 18|04 23 18 23
28 6 01 18 36 (06 00 18 36 (05 58 18 37|05 54 18 38 |05 51 18 38|05 49 18 39
29 07 05 19 10|07 06 19 08 107 07 19 05(07 08 19 02 (07 10 18 58|07 12 18 54
30 08 06 19 44108 10 19 40|08 15 19 3308 20 19 26 |08 27 19 18|08 33 19 10
31 09 06 202009 13 201209 21 20 04 ({09 30 19 53|09 41 19 40|09 52 19 28




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. | hm hm|hm hm|{hm hm|{hm hm{hm hm|hm hm
1 10 05 20 58 {10 15 2048|1025 20 36| 10 38 20 22| 10 54 20 06| 11 09 19 49
2 1103 21 39|11 14 2127|1128 21 13| 11 43 20 56| 12 03 20 36| 12 22 20 16
3 1158 2223|1211 2210|1227 2155|1245 21 36) 1306 21 13|13 30 20 51
4P| 1252 2311|1306 22 571321 224213 40 2223|1404 21 59| 1429 21 34
5 1342 ... 1355 2348|1410 23 33( 1429 2315|1453 2251|1517 2228
6 1427 00021440 .. .. 1454 .. ..|1512 ... 15 33 23 51| 1555 23 30

7 1509 00551520 00441533 0029|1548 00 13| 16 07 .. . 16 25 .
8 1546 01 51|1556 01 40|16 06 01 29| 16 19 01 14| 16 34 00 56| 16 48 00 38
9 16 22 02 471628 0238|1636 0229|1645 02 18| 16 56 02 04| 17 07 01 50
10 16 55 03 44| 16 59 03 38‘ 17 04 0331|1710 0323|1716 03 14|17 23 03 05
11 17 27 04 4117 28 04 38|17 30 04 33| 17 33 04 29| 17 35 04 24| 17 38 04 20
12®| 17 59 05 38|17 57 05 38|17 57 05 38| 17 55 05 37| 17 53 05 36| 17 52 05 36
13 18 31 063818 28 06 40| 18 24 06 43| 18 18 06 46| 18 12 06 50| 18 07 06 54
14 19 08 07 38(19 01 07 44|18 54 07 49 18 45 07 57| 18 34 08 05| 18 24 08 14
15 19 47 08 41|19 39 08 49|19 28 08 59| 19 15 09 09( 19 00 09 23| 18 46 09 36
16 20 32 09 462021 09 5612008 1009|1952 1023|1933 1041|1914 10 59
17 2124 105021 10 11 031 20 55 11 182038 1134|2016 11 56|19 S3 12 18
18 2221 11 5412207 1208 21 52 1223|2133 12422109 1305(2045 1329
19@| 2324 125412311 1307[2255 1322]2238 1341|2215 14 04|21 52 1427
20 ... 1348| .. .. 1400 .. .. 1414|2350 1431|2330 14 51|23 11 1511

|

21 0030 143600 18 1447 0005 1458 .. .. 1511| ... 15 27 .. 1543
22 0136 1519|0127 1526 01 17 1535|01 05 1544|0050 15 56|00 35 16 08
23 0242 1557[0236 16020229 1607|0220 16 13{02 10 16 20|02 00 16 28
24 03 46 16 33103 43 16 35“03 39 16 37,03 34 1639|0329 16 41|03 24 16 44
25 04 49 17 07|04 49 17 06 ‘04 48 17 05|04 48 17 03| 04 48 17 01 | 04 47 16 59
26@® | 05 51 17 410553 17 38,0556 17 33/06 00 17 27|06 04 17 21|06 09 17 15
27 06 51 18 16|06 56 18 10 (07 03 18 02|07 10 17 54|07 19 17 43(07 28 17 32
28 07 50 18 53|07 59 18 45/08 08 18 34|08 19 18 22|08 33 18 07|08 46 17 53
29 0849 19340900 1923(09 12 19 09|09 27 18 54|09 44 18 36|10 01 18 17
30 09 47 201709 59 2004 |10 13 1949|1031 19 32|10 51 19 11|11 13 18 49
Oct. hm hm| hm hm|/hm h hm hm|hm hm|hm hm
1 1042 21031055 2050{11 10 2034|1129 2016|1151 1953|1215 19 29
2 11 33 21 54|11 47 2140|1202 2125|1221 2106|1245 2043|1308 20 19
3 1220 2246 (1233 2234|1249 2219|1306 2201|1329 2140|1351 21 18
4D 1303 2340|1315 2330|1328 2316|1345 2301|1404 2243|1424 2223
5 1342 .. .. 1352 .. 1404 ... 1417 ... 14 33 23 48|14 49 23 33

6 14 18 00 36|14 26 0027 |14 35 00 16| 14 45 00 03| 14 58 .. . 1510 .
7 14 52 0132|1457 0124|1504 01 171511 01 08| 1519 00 56|15 27 00 45
8 1524 0228|1527 0224|1530 0219|1534 0213|1538 0206|1543 02 00
9 1556 0325|1556 0324|1557 0321|1557 0319|1557 0317|1557 03 15
10 16 29 04 24|16 27 0425|1624 04 26| 16 20 04 28| 16 16 04 30| 16 12 04 32
11®| 1705 0524|1659 0529|1654 05 33|16 46 05 39|16 38 05 45|16 29 05 52
12 17 44 06 28 |17 36 06 34|17 27 06 43|17 16 06 52|17 03 07 04| 16 50 07 15
13 1828 07 33|18 18 07 42|18 05 07 54|17 52 08 07 [ 17 34 08 23 {17 17 08 40
14 1919 084019 06 08 51 |18 52 09 06| 18 35 09 22| 18 14 09 42117 53 10 02
15 20 16 09 45|20 02 09 58|19 47 1014|1929 1033|1906 10 55(18 42 11 18
16 21 18 104821 05 1101|2049 1117|2031 1135(2009 11 58(19 45 1222
17 2223 1145|2211 1156|2158 12 11|21 41 12282121 1249|2101 1310
18 €| 2330 12342319 1245|2308 1257|2255 1311|2239 1329|2223 13 46
19 ... 1318 .. .. 1326 .. .. 1335|.. .. 1346|2358 13 592347 14 12
20 00 34 1357|0027 1403/0019 1408|0009 1416 .. . 14 25 .. 14 33
21 01 38 14 33|01 34 1435|0128 1439|0123 144201 16 14 46|01 10 14 50
22 0239 1507/0238 1506|0236 1507|0235 1506(02 33 150602 31 1505
23 0340 1540(03 41 1537|0343 1534|0345 1530(03 47 1525(03 50 15 21
24 0439 16 14(04 43 16 09 |04 49 16 02|04 54 1555|0501 1546|0508 15 38
25@ ) 05 38 16 50|05 46 16 42|05 54 16 33|06 03 16 22|06 15 16 09 | 06 26 15 57
26 06 37 172906 47 17 18 |06 58 17 07 |07 11 16 53 (07 27 16 36 (07 42 16 20
27 07 35 18 11 (07 46 17 59|08 00 17 45|08 16 17 29 (08 36 17 09 (08 54 16 48
28 08 31 18 57 (08 44 18 44 ({08 59 1829 (09 17 18 11 (09 39 17 48 (10 01 17 25
29 0924 19 46(09 37 1933|0953 1917 |10 11 18 58 |10 34 18 35|10 58 18 11
30 10 13 2038|1026 2025 (1042 201011 00 19 52 122 1930|1145 19 07
31 10 58 21 31|11 10 21 20|11 24 21 06| 11 40 20 50| 12 01 20 30| 1222 20 10




Latitude 45°

Latitude 30° | Latitude 35° | Latitude 40° Latitude 50° | Latitude 54°
Moon Moon . Moon Moon Moon Moon
pATE | 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
1 11 38 222511148 2216§1201 22 04(12 15 21 511233 2135|1250 21 I8
2 1215 2320|1224 23 13}1233 2304|1245 2253[1259 2240|1312 2228
3p{1249 .. .. 1255 .. ..|1303 .. .. 11311 2357|1321 2348|1330 2340
4 1321 0015|1325 0010|1329 0004 (1335 .. ..|1341 .. ..|1346 .. ..
5 1353 01 11{1354 0108|1355 0105|1357 0102|1359 00 57|14 01 00 53
6 1425 020701423 0208|1422 0208|1420 0207 |14 18 02 07 |14 16 02 08
7 1459 0307|1455 0309|14 50 03 13|14 45 03 17 (14 39 03 21 |14 32 03 25
8 1537 04081529 04 141521 04 21 {1513 04 28 (1502 04 37 |14 51 04 47
9 16 19 05 13|16 09 0522|1558 0531|1546 0543|1530 0557 {1515 06 11
10| 17 07 06 20 | 16 56 06 32 |16 43 06 44 |16 26 06 59 |16 07 07 17 {15 48 07 36
11 1803 0729|1750 07 41|17 36 07 56 |17 17 08 14 |16 55 08 35 |16 33 08 57
12 1906 08 35|18 52 08 48|18 37 09 04 |18 18 09 22 |17 56 09 45|17 32 10 08
13 2012 09 35(2000 09 48|19 46 1003|1929 1020|19 07 1042 {18 46 11 04
14 2120 1029]21 10 10 41)20 58 10 53/20 44 1108 (2027 112612009 11 45
15 2228 11172219 1125{22 11 1135[2200 1147|2147 1201|2135 1215
16 2332 1158[2327 1203{2321 1211|2314 1219|2306 1229|2258 1238
17€1 .. .. 1234).. .. 1238]... 1242].. . 1246 .. .. 1251}.. .. 1256
18 0034 13090031 1309/0029 13 10}0027 1311|0023 13 11}0020 13 12
19 01 33 1342|0134 1339|0136 13 37|01 36 13 34|01 37 13 31)0139 1327
20 0232 1415|0236 1410|0240 14 05(02 45 13 58 {02 51 13 51102 56 13 44
21 0331 1450|0337 1442|0344 14 34 (03 53 1424 (04 03 14 13104 13 14 01
22 0429 1527]0438 151704 48 1506|0500 14 54 |05 14 14 38 {05 28 14 22
23 0527 16 07]0537 1556|0550 154306 04 1527 |06 23 1508 | 06 41 14 50
24@®| 06 22 16 52|06 35 16 39|06 50 16 24 [07 06 16 06 | 07 28 15 45 |07 49 15 23
25 07 17 17 40|07 30 17 26|07 46 17 11|08 04 16 53 |08 27 16 30 | 08 50 16 06
26 0807 183110821 1817|0836 18 02)08 54 17 44|09 17 17 22|09 41 16 58
27 0854 1923(0907 19 11/09 20 18 58 (09 38 18 41|09 59 18 20|10 21 17 59
28 0935 20 17 (09 47 200709 59 19 55|10 15 19 41|10 33 19 23|10 51 19 05
29 1013 21 121023 21 04) 10 33 20 53 [ 10 46 20 42| 11 01 2028 |11 15 20 15
30 1048 22 06 (1055 22 00 11 03 21 53 [ 11 12 21 44| 11 24 21 34|11 35 21 25
Dec. hm hm|hm hm{hm hm|hm hm[{hm hm|{hm h

1 1119 2300|1125 2257|1130 2253|1137 2247|1144 22411151 2235
2P| 1150 2355|1153 2354|1156 23 53§11 59 2351|1203 2349|1206 23 47

3 1222 .. ..{1221 .. ..|1221 ....{1221 .. .. {1221 .. ..[1220 ...
4 1254 00 51|12 50 00 53|12 48 00 54|12 44 00 56|12 39 00 59 | 12 35 01 02
5 1328 01 501322 Of 541317 01 59|13 09 020513 01 02 12|12 52 02 19
6 1407 0251|1359 0258|1350 0307|1339 0316|1326 0327|1313 03 39
7 14 52 03 56|14 41 04 06 14 30 04 17 [ 14 15 04 31| 13 58 04 47 | 13 40 05 03
] 1544 0504 1532 05 1615 18 05 30|15 00 05 46| 14 40 06 06 | 14 19 06 27
9 16 45 06 12|16 31 06 26|16 16 06 41 |15 58 06 59| 15 35 07 21 | 15 12 07 44
10| 17 52 07 18 |17 38 07 31|17 23 07 46|17 06 08 04| 16 43 08 26 16 21 08 49
11 1902 08 16|18 50 08 29|18 37 08 42|18 21 08 59( 18 03 09 19|17 43 09 39
12 2012 09092003 09 1819 53 09 30|19 40 09 43|19 26 09 59 | 19 12 10 IS
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THE SUN AND PLANETS FOR 1973

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.
Sun-spot activity is currently approaching a minimum.
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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 1973

Elong. East—Evening Sky Elong. West—Morning Sky
Date Elong. Mag. Date Elong. Mag.
Feb. 25 18° -0.2 Apr. 10 28° +0.6
June 22 25° +0.7 Aug. 8 19° +0.4
Oct. 18 25° +0.2 Nov. 27 20° -0.2

The most favourable elongations are: in the evening, Feb. 25; in the morning,
Aug. 8. Neither of these elongations is exceptionally favourable. The apparent
diameter of the planet ranges from about 5’/, at superior conjunction, to about 11”7,
at inferior conjunction.

On Nov. 10, a transit of Mercury will be seen (briefly, for a short time after
‘sunrise) in eastern North America. The transit will be more favourably seen in
South America, Europe, Africa and parts of Asia.

VENUS

Venus is the next planet in order from the sun. In size and mass it is almost a twin
of the earth. Venus béing 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.

Venus is a morning star until superior conjunction, Apr. 9, after which it is an
evening star. Greatest elongation east occurs on Nov. 13 (47°) and greatest brilliancy
(mag. —4.4) on Dec. 19. By the end of the year, the apparent diameter of the planet
exceeds 50",

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.

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
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-
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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 August 10, 1971, the planet was closer to the earth—34,931,000 mi.—than
it will be for many years. Such favourable oppositions occur at intervals of 15 to
17 years.

A favourable opposition of Mars occurs on Oct. 24, at which time its distance
from earth is 40,500,000 miles and its magnitude and apparent diameter are, respec-
tively, —2.3 and 21.5"".
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Jupiter is the giant of the family of the sun. Its mean diameter is 87,000 miles and
its mass is 24 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
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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.

During 1973, Jupiter moves from Sagittarius into Capricornus. Retrograde motion

occurs between May 31 and Sept. 28, opposition occurring on July 30. At that
time, the magnitude of the planet and its apparent diameter are, respectively, —2.4
and 45”. An occultation of Jupiter by the moon is visible from the north-west part
of North America on Feb. 1.

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, and
twice during the planet’s revolution period of 294 years the rings appear to open out
widest ; then they slowly close in until, midway between the maxima, the rings are
presented edgewise to the sun or the earth, at which times they are invisible. The
rings were edgewise in 1950, and were again in 1966; the northern face of the rings
was at maximum in 1958 and the southern will be in 1973. (The tenth satellite was
discovered in 1966.)
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1973 will be an excellent year to view Saturn. Retrograde motion occurs between

Oct. 17 and the end of the year. Opposition occurs on Dec. 23. At that time the
magnitude of the planet reaches —0.3, and the apparent diameter of the disc reaches
18.5”". The rings open to the maximum extent (27°) in May, the southern face being
visible.

Saturn passes from Taurus through Orion into Gemini in 1973; it is near 1 Tau in

April, M1 in June, and n and p Gem in the autumn.

URANUS

Uranus was discovered in 1781 by Sir William Herschel by means of a 63-in.

mirror-telescope made by himself. The object did not look just like a star and he
observed it again four days later. It had moved amongst the stars, and he assumed
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it to be a comet. He could not believe that it was a new planet. However, computa-
tion later showed that it was a planet nearly twice as far from the sun as Saturn. Its
period of revolution is 84 years and it rotates on its axis in about 11 hours. Its five
satellites are visible only in a large telescope.

Uranus, in 1973, is in Virgo, a few degrees north of Spica. At opposition on April
10, its magnitude is + 5.7; at that time it should be faintly visible to the naked eye
under a clear dark sky. Its apparent diameter reaches 4/, easily resolvable with a
small telescope under good seeing conditions. Conjunction occurs on Oct. 16.
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NEPTUNE

Neptune was discovered in 1846 after its existence in the sky had been predicted
from independent calculations by Leverrier in France and Adams in England. It
caused a sensation at the time. Its distance from the sun is 2791 million miles and its
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period of revolution is 165 years. A satellite was discovered in 1846 soon after the
planet. A second satellite was discovered by G. P. Kuiper at the McDonald Observa-
tory on May 1, 1949. Its' magnitude is about 19.5, its period about a year, and dia-
meter about 200 miles. It is named Nereid.

In 1973, Neptune moves from Scorpius into Ophiuchus. Retrograde motion
occurs between March 9 and Aug. 16; opposition occurs on May 27, at which time
the planet has a magnitude of +7.7 and an apparent diameter of 2.5"". Neptune
passes close to y Oph three times in 1973 (see map).

PLUTO

Pluto, the most distant known planet, was discovered at the Lowell Observatory
in 1930 as a result of an extended search started two decades earlier by Percival
Lowell. The faint star-like image was first detected by Clyde Tombaugh by comparing
photographs taken on different dates. Further observations confirmed that the object
was a distant planet. Its mean distance from the sun is 3671 million miles and its
revolution period is 248 years. It appears as a 14th mag. star in the constellation
Coma. At opposition on March 23 its position is: R.A. 12" 38™, Dec. +14°27’,
and it is 2,800,000,000 miles from earth.

1 < (k _ 1)‘ co { (c‘k”—l)r(los n: + (64"65)'('03 N E:2 luil (rt!)—l} ,
Do you know. ..

M That the University of Toronto Press is one of only four printing plants in the
world using the four-line system of typesetting mathematical formulas mechanically ?

M That this system has been developed to its highest degree of mechanization and
efficiency right here at University of Toronto Press?

M That printing experts and scholars from the United States, Great Britain, and
other parts of the world regularly visit our plant to see this system in operation?

W That this research and experimentation has been made possible only by the
co-operation of Canadian scholars, scientific societies and non-profit scientific
journals?
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THE SKY MONTH BY MONTH
By JonN F. HEARD

THE SKY FOR JANUARY 1973
Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During January the sun’s R.A. increases from 18 h45 m to 20 h 58 m
and its Decl. changes from 23°02’S. to 17° 12’ S. The equation of time changes
from —3 m44s to —13 m 33 s. These values of the equation of time are for noon
E.S.T. on the first and last days of the month in this and in the following months. The
earth is at perihelion, or nearest the sun, on the 2nd at a distance of 91,401,000 miles
from the sun. There is an annular eclipse of the sun on the 4th, not visible in North
America. For changes in the length of the day, see p. 13.

The Moon—TFor its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 20. There is a penumbral eclipse of the moon on the 18th.

Mercury on the 1st is in R.A. 17 h 37 m, Decl. 23° 21’S., and on the 15th is in
R.A. 19 h 10 m, Decl. 23° 56’ S. It is too close to the sun for observation, superior
conjunction being on the 28th.

Venus on the 1stis in R.A. 17 h 02 m, Decl. 21° 52’ S., and on the 15th it is in R.A.
18 h 17 m, Decl. 23° 05’ S., mag. —3.4, and transits at 10 h 41 m. A morning star,
it rises only about an hour and a half before the sun and is about 10° above the south-
eastern horizon at sunrise. There is a close conjunction with Jupiter on the 31st.

Mars on the 15th is in R.A. 16 h 36 m, Decl. 21° 54’ S., mag. + 1.7, and transits
at 8 h 58 m. Moving from Libra into Ophiuchus, it rises about three hours before
the sun, but is not prominent in brightness.

Jupiter on the 15th is in R.A. 19 h 31 m, Decl. 21° 59’ S., mag. — 1.4, and transits
at 11 h 52 m. It is too close to the sun, early in the month, for easy observation,
conjunction being on the 10th; but by month’s end it is visible as a morning star,
and on the 31st it is in close (0°.2) conjunction with Venus. For the configurations of
Jupiter’s satellites see opposite page, and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 4 h 53 m, Decl. 20° 59’ N., mag. 0.0, and transits at
21 h 12 m. In Taurus, it is well up in the east at sunset and sets before dawn.

Uranus on the 15th is in R.A. 13 h 26 m, Decl. 8° 21’ S., and transits at 5 h 47 m.
Neptune on the 15th is in R.A. 16 h 20 m, Decl. 19° 52’ S., and transits at 8 h 41 m.

Pluto—For information in regard to this planet, see p. 31.
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ASTRONOMICAL PHENOMENA MONTH BY MONTH

Sun’s
JANUARY Min. Selen.
1973 ES.T. Aol onoE
d| h|m h m °
Mon. 1|08 Neptune 5° N. of Moon 22 10 228.74
Tues. 2 Earth at perihelion 240.93
08 Venus 3° N. of Moon
Wed. 3|03 Quadrantid meteors 253.11
03 Mercury 1° N. of Moon
Thur. 4|10 | 42 | @ New Moon. Eclipse of O, p. 57 | 19 00 265.30
Fri. 5 277.49
Sat. 6 289.67
Sun. 7 15 50 301.86
Mon. 8 314.04
Tues. 9|09 Mars 1.4° S. of Neptune 326.22
Wed. 10 | 04 Jupiter in conjunction 12 40 338.40!
Thur. 11 Mercury at aphelion 350.56
Fri. 12|00 |27 | P First Quarter 2,720
03 Mars 5° N. of Antares
Sat. 13|15 Pluto stationary 9 30 14.88
Sun. 14 27.03
Mon. 15 | 17 Saturn 4° S. of Moon 39.17
Tues. 16 | 16 Moon at perigee (225,200 mi.) 6 20 51.30
Wed. 17 63.43
Thur. 18 | 16 | 28 | @ Full Moon. Penumbral eclipse 75.56
Fri. 19 |11 Vesta stationary 310 87.68
Sat. 20 99.81
Sun. 21 Venus at descending node 111.94
Mon. 22 0 00 124.07
Tues. 23 136.21!
Wed. 24 Mars at descending node 20 40 148.35
Thur. 25 | 04 Uranus 6° N. of Moon 160.50°
Fri. 26 {01 |05 | @ Last Quarter 172.65
Sat. 27 |05 Uranus stationary 17 30 184.81
Sun. 28 |11 Moon at apogee (251,600 mi.) 196.98
15 Mercury in superior conjunction
17 Neptune 5° N. of Moon
Mon. 29 |20 Mars 2° N of Moon 209.15
Tues. 30 14 20 221.33
Wed. 31 Mercury greatest hel. lat. S. 233.52
13 Venus 0.2° S. of Jupiter

See explanation of time on p. 10, of colongitude on p. 58.
!Jan. 10, —6.25°; Jan. 23, +6.31° Jan. 12, —6.80°; Jan. 25, +6.81°.
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THE SKY FOR FEBRUARY 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During February the sun’s R.A. increases from 20 h 58 mto 22 h 47 m
and its Decl. changes from 17°12’S. to 7°43’S. The equation of time changes
from —13 m 41 s to a maximum of — 14 m 19 s on the 11th and then to —12 m 34 s
at the end of the month. For changes in the length of the day, see p. 13.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 20.

Mercury on the 1st is in R.A. 21 h 09 m, Decl. 18° 32’S., and on the 15th is in
R.A. 22 h 45 m, Decl. 8° 53’ S. Greatest eastern elongation is on the 25th at which
time Mercury stands about 15° above the western horizon at sunset. For about a
week before and after this date it may be possible to see Mercury low in the western
sky just after sunset.

Venus on the 1st is in R.A. 19 h 49 m, Decl. 21° 30’ S., and on the 15th it is in
R.A. 21 h 02 m, Decl. 17° 52’ S., mag. —3.4, and transits at 11 h 23 m. It rises less
than an hour before the sun and is only about 5° above the south-eastern horizon
at sunrise.

Mars on the 15th is in R.A. 18 h 08 m, Decl. 23° 43’ S., mag. + 1.5, and transits
at 8 h 28 m. Moving into Sagittarius, it rises about three hours before the sun.

Jupiter on the 15th is in R.A. 20 h 01 m, Decl. 20° 46’ S., mag. — 1.5, and transits
at 10 h 20 m. Moving from Sagittarius into Capricornus, it rises about an hour and
a half before the sun. For the configuration of Jupiter’s satellites see opposite page,
and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 4 h 50 m, Decl. 21° 01’ N., mag. +0.2, and transits
at 19 h 06 m. In Taurus, it is high in the east at sunset and sets about three hours
after midnight. On the 13th it is stationary in right ascension and resumes direct or
eastward motion among the stars.

Uranus on the 15th is in R.A. 13 h 26 m, Decl. 8° 19’ S., and transits at 3 h 45 m.
Neptune on the 15this in R.A. 16 h 23 m, Decl. 19° 57’ S., and transits at 6 h 42 m.

Pluto—For information in regard to this planet, see p. 31.

34



Sun’s

FEBRUARY Min. Selen.
1973 ES.T. Aol Ytk
d| h|m h m °

Thur. 1] 16 Jupiter 1° S. of Moon. Occ’n.* 245.70

19 Venus 1° S. of Moon
Fri. 2 11 10 257.90
Sat. 3|04 |23| @ New Moon 270.09
Sun. 4 282.28
Mon. 5 8 00 294.47!
Tues. 6 306.66
Wed. 7 318.85
Thur. 8 4 50 331.04°
Fri. 9 343.21
Sat. 10|09 | 05| B First Quarter 355.38
Sun. 11|23 Saturn 4° S. of Moon 140 7.55
Mon. 12 19.70
Tues. 13 | 06 Moon at perigee (228,700 mi.) 22 30 31.86

14 Saturn stationary
Wed. 14 44.00
Thur. 15 56.14
Fri. 16 19 20 68.28
Sat. 17 |05 |07 | @ Full Moon 80.41
Sun. 18 92.55
Mon. 19 Mercury at ascending node 16 10 104.69
Tues. 20 116.83!
Wed. 21 |12 Uranus 6° N. of Moon 128.97°
Thur. 22 13 00 141.12
Fri. 23 153.27
Sat. 24 Mercury at perihelion 165.44

22 | 10| @ Last Quarter
Sun. 25 Venus at aphelion 9 50 177.60

02 Neptune 5° N. of Moon

08 Moon at apogee (251,200 mi.)

15 Mercury greatest elong. E. (18°)
Mon. 26 189.78
Tues. 27 | 20 Mars 0.1° S. of Moon. Occ’n.** 201.96
Wed. 28 6 40 214.14

'Feb. 5, —5.30°; Feb. 20, +5.14°.

*Visible in N. Pacific, N.W. of N. America.
**Visible in Indian Ocean and vicinity.
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THE SKY FOR MARCH 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During March the sun’s R.A. increases from 22 h 47 m to 0 h 41 m and
its Decl. changes from 7°43’S. to 4° 24’ N. The equation of time changes from
—12m 23 s to —4 m 10 s. For changes in the length of the day, see p. 14.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 21.

Mercury on the 1st is in R.A. 23 h 48 m, Decl. 1° 06’ N., and on the 15th is in R.A.
23 h 25 m, Decl. 0° 04’ S. For the first few days of the month it may be possible to
see Mercury low in the west just after sunset, but later in the month it is too close to
the sun, inferior conjunction being on the 13th.

Venus on the 1stis in R.A. 22 h 11 m, Decl. 12° 34’ S., and on the 15th it is in R.A.
23 h 17 m, Decl. 6° 10’ S., mag. —3.4, and transits at 11 h 48 m. Still to be seen
early in the month as a morning star very low in the south-east at sunrise it has
approached the sun so closely at month’s end as to make observation difficult.

Mars on the 15th is in R.A. 19 h 34 m, Decl. 22° 26’ S., mag. + 1.2, and transits
at 8 h 04 m. Moving from Sagittarius into Capricornus, it rises about three hours
before the sun.

Jupiter on the 15th is in R.A. 20 h 25 m, Decl. 19° 34’ S., mag. — 1.6, and transits
at 8 h 54 m. In Capricornus, it rises about two hours before the sun. For the con-
figurations of Jupiter’s satellites see opposite page, and for their eclipses, etc., see
p. 73.

Saturn on the 15th is in R.A. 4 h 53 m, Decl. 21° 13’ N., mag. +0.3, and transits
at 17 h 20 m. In Taurus, it is past the meridian at sunset and sets within an hour
after midnight.

Uranus on the 15th is in R.A. 13 h 23 m, Decl. 8° 01’ S., and transits at 1 h 52 m.
Neptune on the 15th is in R.A. 16 h 24 m, Decl. 19° 57’ S., and transits at 4 h 52 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
MARCH Min. Jupiter’s  Selen.
1973 ES.T. Afiol ShEST. OROT.
d| h| m h m °
Thur. 1|13 Jupiter 2° S. of Moon 3104d | 226.33
Fri. 2 32014 | 238.53
Sat. 3|19 Mercury stationary 330 1024* | 250.73
Sun. 4|19| 07| @ New Moon 01234 | 262.94'
Mon. 5|21 Mercury 2° S. of Moon 21034 | 275.14
Tues. 6 Mercury greatest hel. lat. N. 0 20| 20134 | 287.35
Wed. 7|04 Uranus 3° N. of Spica 3024* | 299.55°
Thur. 8 21 10| 31024 | 311.75
Frii 9|16 Neptune stationary -~ | 32401 | 323.95
Sat. 10| 03 Moon at perigee (229,700 mi.) 4102* | 336.15
Sun. 11|05 Saturn 4° S. of Moon 18 00 | 40123 | 348.33
16| 26| P First Quarter
Mon. 12 42103 0.51
Tues. 13| 15 Mercury in inferior conjunction 42013 12.69
Wed. 14 14 40| 43102 24.85
Thur. 15 4302d | 37.02
Fri. 16 34201 49.17
Sat. 17 11 30| 3140* 61.33
Sun. 18| 18| 33| ® Full Moon 01342 73.48
Mon. 19 Venus greatest hel. lat. S. 12034 85.63!
10 Pallas stationary
Tues. 20 | 13 | 13| Equinox. Spring begins 8 20 | 20134 97.78°
19 Uranus 6° N. of Moon
Wed. 21 1024d | 109.94
Thur. 22 30124 | 122.09
Fri. 23|16 Pluto at opposition 5 10| 3204* | 134.25
Sat. 24| 10 Neptune 5° N. of Moon 3104* | 146.42
Sun. 25| 04 Moon at apogee (251,300 mi.) 04132 | 158.59
Mon. 26 | 01 Mercury stationary 2 00 | 14203 | 170.77
18| 46| @ Last Quarter
Tues. 27 42013 | 182.96
Wed. 28 | 23 Mars 3° S. of Moon 22 50 | 41032 | 195.15
Thur. 29 Mercury at descending node 43012 | 207.35
8 Jupiter 3° S. of Moon
Fri. 30 4320* | 219.55
Sat. 31 19 40 | 43210 | 231.76!

'Mar. 4, —5.50°; Mar. 19, +4.56°; Mar. 31, —6.40°.

bMar. 7, —6.57°; Mar. 20, +6.57°.
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THE SKY FOR APRIL 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During April the sun’s R.A. increases from 0 h 41 m to 2 h 32 m and
its Decl. changes from 4° 24’ N. to 14° 58’ N. The equation of time changes from
—3m 52sto +2m 50 s, being zero on the 15th. For changes in the length of the
day, see p. 14.

The Moon—TFor its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 21.

Mercury on the 1st is in R.A. 23 h 09 m, Decl. 5° 58’ S., and on the 15th is in R.A.
23 h 55 m, Decl. 3° 09’ S. It is too close to the sun for easy observation despite the
greatest western elongation on the 10th at which time it is only about 8° above the
eastern horizon at sunrise.

Venus on the 1st is in R.A. 0 h 35 m, Decl. 2° 17’ N., and on the 15th it is in R.A.
1 h 39 m, Decl. 9°08’ N., mag. —3.5, and transits at 12 h 07 m. Superior conjunc-
tion is on the 9th so that it is too close to the sun for observation until later in the
month when it may be seen as an evening star low in the west just after sunset.

Mars on the 15th is in R.A. 21 h 06 m, Decl. 18° 00’ S., mag. + 0.8, and transits
at 7 h 33 m. In Capricornus, it rises about three hours before the sun. It is in con-
junction with Jupiter on the 6th, passing less than a degree south.

Jupiter on the 15th is in R.A. 20 h 46 m, Decl. 18° 24’ S., mag. — 1.8, and transits
at 7 h 12 m. In Capricornus, it rises about three hours before the sun and is well up
in the south-east at dawn. (See Mars.) For the configurations of Jupiter’s satellites
see opposite page, and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 5 h 03 m, Decl. 21° 34’ N., mag. +0.3, and transits
at 15h 28 m. In Taurus, it is well past the meridian at sunset and sets about an
hour before midnight.

Uranus on the 15th is in R.A. 13 h 18 m, Decl. 7° 33’ S., and transits at 23 h 41 m.
Neptune on the 15th is in R.A. 16 h 22 m, Decl. 19° 52’ S., and transits at 2 h 49 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
APRIL Min. Jupiter’s  Selen.
1973 ES.T. Affol 4nEST. OhOE
d| h| m h m °
Sun. 1] 12 Mercury 6° S. of Moon 40312 | 243.97
Mon. 2| 4103d | 256.19
Tues. 3| 06| 45| @ New Moon 16 30| 2013* | 268.41°
Wed. 4 10234 | 280.64
Thur. 5|23 Moon at perigee (226,700 mi.) 30124 | 292.86
Fri. 6|09 Mars 0.8° S. of Jupiter 13 20| 32104 | 305.08
Sat. 7| 14 Saturn 3° S. of Moon 32014 | 317.30
Sun. 8 0124* | 329.51
Mon. 9 Mercury at aphelion 10 10| 10234 | 341.71
14 Venus in superior conjunction
23| 28| P First Quarter
Tues. 10 | 09 Mercury greatest elong. W. (28°) 20143 | 353.91
20 Uranus at opposition
Wed. 11| 13 Juno stationary 10243 6.10
19 Ceres stationary
Thur. 12 7 00| 43012 18.29
Fri. 13 43120 30.47
Sat. 14 43201 42.65'
Sun. 15 3 50| 4302* 54.82
Mon. 16 41023 66.99°
Tues. 17 | 00 Uranus 6° N. of Moon 42013 79.16
08| 51| @ Full Moon
Wed. 18 0 30| 4103* 91.33
Thur. 19 43012 | 103.50
Fri. 20| 17 Neptune 4° N. of Moon 21 20| 31204 | 115.67
Sat. 21|21 Moon at apogee (251,800 mi.) 32014 | 127.85
Sun. 22| 03 Lyrid meteors 13024 | 140.03
Mon. 23 18 10| 0234d | 152.22
Tues. 24 20134 | 164.41
Wed. 25| 12| 59| @ Last Quarter 1034* | 176.60
Thur. 26 | 00 Jupiter 3° S. of Moon 15 00| 30124 | 188.81
16 Pallas at opposition
Fri. 27|01 Mars 5° S. of Moon 31204 | 201.02
Sat. 28 32041 | 213.23!
Sun. 29 Mercury greatest hel. lat. S. 11 50| 43102 | 225.46
Mon. 30 40132 | 237.68

'Apr. 14, +5.15°; Apr. 28, —7.33°,
bApr. 3, —6.49°; Apr. 16, +6.56°.
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THE SKY FOR MAY 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During May the sun’s R.A. increases from 2 h32m to 4 h 35 m and
its Decl. changes from 14° 58’ N. to 22° 00’ N. The equation of time changes from
+2m 57 s to a maximum of +3 m 43 s on the 14th and then to +2 m 23 s at the
end of the month. For changes in the length of the day, see p. 15.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 22.

Mercury on the Istisin R.A. 1 h 21 m, Decl. 5° 55" N., and on the 15th is in R.A.
3 h 01 m, Decl. 16° 30" N. It is too close to the sun for observation, superior con-
junction being on the 20th.

Venus on the 1stis in R.A. 2 h 55 m, Decl. 16° 06’ N., and on the 15thitisin R.A.
4 h 05 m, Decl. 20° 48’ N., mag. —3.4, and transits at 12 h 35 m. It is an evening
star low in the west at sunset and setting within an hour.

Mars on the 15th is in R.A. 22 h 29 m, Decl. 11° 32’ S., mag. +0.5, and transits
at 6 h 59 m. In Aquarius, it rises about three hours before the sun.

Jupiter on the 15th is in R.A. 20 h 57 m, Decl. 17° 44’ S., mag. —2.0, and transits
at 5 h 25 m. In Capricornus, it rises about midnight and is well up in the south-east
by dawn. On the 31st it is stationary in right ascension and begins to retrograde or
move westward among the stars. For the configurations of Jupiter’s satellites see
opposite page, and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 5 h 17 m, Decl. 21° 56’ N., mag. +0.3, and transits
at 13 h 44 m. In Taurus, it is well down in the west at sunset and sets within about
two hours.

Uranus on the 15th is in R.A. 13 h 14 m, Decl. 7° 07’ S., and transits at 21 h 39 m.
Neptune on the 15this in R.A. 16 h 19 m, Decl. 19° 44’ S., and transits at 0 h 48 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
MAY Min. Jupiter’s  Selen.
1973 ES.T. A?grol IEST. OROE
d| h|m h m °
Tues. 1] 12 Mercury 8° S. of Moon 4203* | 249.92°
Wed. 2|15 55| @ New Moon 8 40| 42103 | 262.15
Thur. 3 40312 | 274.39
Frii 4|01 Moon at perigee (223,800 mi.) 43102 | 286.63
Sat. 503 Saturn 3° S. of Moon 5 30| 43201 | 298.87
04 n Aquarid meteors
Sun. 6 3102* | 311.10
Mon. 7 03412 | 323.33
Tues. 8 2 20| 2043* | 335.55
Wed. 9|07 |07 | P First Quarter 2034d | 347.77
Thur. 10 23 10| O3124 | 359.98
Fri. 11 31024 12.18!
Sat. 12 32014 24.38
Sun. 13 20 00 | 31024 36.58°
Mon. 14 | 05 Uranus 6° N. of Moon 03124 48.77
Tues. 15 Venus at ascending node 2103d 60.96
Wed. 16 | 23 | 58 | ® Full Moon 16 40 | 4203d 73.14
Thur. 17 | 22 Neptune 4° N. of Moon 40132 85.33
Fri. 18 Mercury at ascending node 43102 97.51
Sat. 19 |09 Moon at apogee (252,300 mi.) 13 30| 43201 | 109.70
Sun. 20|03 Mercury in superior conjunction 4310* | 121.89
12 Venus 6° N. of Aldebaran
Mon. 21 4012* | 134.08
Tues. 22 10 20 | 41203 | 146.27
Wed. 23 Mercury at perihelion 24013 | 158.48
11 Jupiter 4° S. of Moon
Thur. 24 0234* | 170.68
Fri. 25|03 |40 | @ Last Quarter 7 10| 31024 | 182.89
Sat. 26 | 01 Mars 8° S. of Moon 32014 | 195.11!
Sun. 27 | 08 Neptune at opposition 3104* | 207.34
Mon. 28 4 00 | O124* | 219.57°
Tues. 29 12034 | 231.81
Wed. 30 | 05 Venus 1.7° N. of Saturn 20134 | 244.05
Thur. 31 | 00 Mercury 3° N. of Saturn 0 50 | O243* | 256.30
01 Jupiter stationary
23 |34 | @ New Moon

'"May 11, +6.41°; May 26, —7.75°.

*May 1, —6.58°; May 13, +6.66°; May 28, —6.74°.
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THE SKY FOR JUNE 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During June the sun’s R.A. increases from 4 h 35 m to 6 h 39 m and
its Decl. changes from 22° 00’ N. to 23° 08’ N. The equation of time changes from
+2m 14s to —3 m 35 s, being zero on the 13th. There is a total eclipse of the sun
on the 30th, not visible in North America. For changes in the length of the day,
see p. 15.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 22. There is a penumbral eclipse of the moon on the 15th, not visible
in North America.

Mercury on the 1stis in R.A. 5 h 33 m, Decl. 25° 11’ N., and on the 15th is in R.A.
7 h 16 m, Decl. 24° 01’ N. Greatest eastern elongation is on the 22nd at which time
it is about 15° above the western horizon at sunset. Thus for about a week before
and after this date Mercury may be seen low in the west just after sunset.

' Venus on the 1st is in R.A. 5 h 34 m, Decl. 23° 59’ N., and on the 15th it is in R.A.
6 h 49 m, Decl. 24° 07’ N., mag. —3.3, and transits at 13 h 18 m. Seen low in the
west at sunset, it sets w1th1n an hour and a half.

Mars on the 15th is in R.A. 23 h 50 m, Decl. 3° 53’ S., mag. +0.1, and transits
at 6 h 17 m. In Pisces, it rises about four hours before the sun.

Jupiter on the 15th is in R.A. 20 h 58 m, Decl. 17° 50" S., mag. —2.2, and transits
at 3 h 24 m. In Capricornus, it rises about two hours before midnight. For the con-
figurations of Jupiter’s satellites see opposite page, and for their eclipses, etc., see
p. 73.

Saturn on the 15th is in R.A. 5 h 34 m, Decl. 22° 13’ N., and transits at 11 h 59 m.
It is too close to the sun for observation, conjunction being on the 15th.

Uranus on the 15th is in R.A. 13 h 11 m, Decl. 6° 52’ S., and transits at 19 h 34 m

Neptune on the 15th is in R.A. 16 h16 m, Decl. 19° 36’S “and transits at
22h 39 m.

Pluto—For information in regard to this planet, see p. 31. N
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Config.of Sun’s
JUNE Min. Jupiter’s  Selen.
1973 ES.T. A?gfol IhEST. ShOE
d| h|m h m °

Frii 1|03 Mercury 1.2° N. of Venus 4302d | 268.55

06 Ceres at opposition

09 Moon at perigee (222,200 mi.)
Sat. 2 Mercury greatest hel. lat. N. 21 40 | 34201 | 280.80

00 Mercury 0.9° N. of Moon. Occ’n.*
Sun. 3 43120 | 293.05
Mon. 4 43012 | 305.30
Tues. 5|05 Juno at opposition 18 30| 41023 | 317.54
Wed. 6 42013 | 329.77
Thur. 7|16 | 11| D First Quarter 41023 | 342.00
Fri. 8 15 20 | 4012d | 354.23!
Sat. 9 320%** 6.45
Sun. 10| 09 Uranus 6° N. of Moon 32104 18.66°
Mon. 11 12 00 | 30124 30.87
Tues. 12 10234 | 43.07
Wed. 13 20134 55.27
Thur. 14 | 03 Neptune 4° N. of Moon 8 50 | 1034* 67.46
Fri. 15|04 Saturn in conjunction 03124 79.66

12 Moon at apogee (252,400 mi.)

15 | 35| ® Full Moon. Eclipse of @, p. 57
Sat. 16 3204* 91.85
Sun. 17 5 40 | 3204d | 104.05
Mon. 18 Venus at perihelion 34012 | 116.24

19 Pluto stationary
Tues. 19 | 16 Jupiter 4° S. of Moon 41023 | 128.44
Wed. 20 | 04 Mercury 6° S. of Pollux 2 30| 42013 | 140.64
Thur. 21 | 08 | 01 | Solstice. Summer begins 4103* | 152.85
Fri. 22|12 Mercury greatest elong. E. (25°) 23 20 | 40312 | 165.06
Sat. 23| 14| 45| @ Last Quarter 43120 | 177.27
. 21 Mars 9° S. of Moon
Sun. 24 4320d | 189.50"
Mon. 25 Mercury at descending node 20 10| 34012 | 201.72

00 Pallas stationary

02 Venus 5° S. of Pollux
Tues. 26 10342 | 213.96
Wed. 27 | 00 Uranus stationary 20143 | 226.20
Thur. 28 17 00| 12034 | 238.45
Fri. 29|19 Moon at perigee (222,300 mi.) 03124 | 250.70
Sat. 30 Mars greatest hel. lat. S. 3104d | 262.95

06 | 39 | @ New Moon. Eclipse of ©, p. 57.

June 8, +7.29°; June 24, —7.48°.
bJune 10, +6.77°; June 24, —6.81°.
*Visible in Australia, Indian Ocean.
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THE SKY FOR JULY 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During July the sun’s R.A. increases from 6 h 39 m to 8 h44 m and
its Decl. changes from 23° 08’ N. to 18° 07’ N. The equation of time changes from
—3m47s to a maximum of —6 m 26 s on the 26th and then to —6 m 18 s at the
end of the month. The earth is in aphelion on the 3rd at a distance of 94,513,000
miles from the sun. For changes in the length of the day, see p. 16.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 23. There is a penumbral eclipse of the moon on the 15th.

Mercury on the 1stisin R.A. 8 h 16 m, Decl. 18° 33’ N., and on the 15this in R.A.
8 h 08 m, Decl. 15° 38’ N. It is too close to the sun for observation, inferior con-
junction being on the 20th.

Venus on the 1st is in R.A. 8 h 13 m, Decl. 21° 28’ N., and on the 15th it is in R.A.
9 h 23 m, Decl. 17° 03’ N., mag. —3.3, and transits at 13 h 53 m. It is an evening
star seen low in the west for less than an hour and a half after sunset.

Mars on the 15th is in R.A. 1 h 00 m, Decl. 3° 06" N., mag. —0.3, and transits at
5 h 29 m. In Pisces, it rises before midnight.

Jupiter on the 15th is in R.A. 20 h 47 m, Decl. 18° 39’ S., mag. —2.3, and transits
at 1 h 15 m. In Capricornus, rising about at sunset, it is visible all night. Opposition
is on the 30th. For the configurations of Jupiter’s satellites see opposite page, and
for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 5 h 51 m, Decl. 22° 21’ N., mag. +0.3, and transits
at 10 h 18 m. Moving from Taurus into Gemini, it is now a morning star to be seen
low in the east just before sunrise.

Uranus on the 15th is in R.A. 13 h 11 m, Decl. 6° 55’ S., and transits at 17 h 37 m.

Neptune on the 15th is in R.A. 16 h13 m, Decl. 19°30’S., and transits at
20 h 38 m.

Pluto—For information in regard to this planet, see p. 31.



Config.of Sun’s

JULY Min. Jupiter’s  Selen.
1973 ES.T. Affol OhEST. ORUT.
d|{h|m h m °

Sun. 1|14 Mercury 3° S. of Venus 13 40 | 32014 | 275.21

21 Mercury 0.8° N. of Moon. Occ’n.*

22 Venus 4° N. of Moon
Mon. 2 3024* | 287.46
Tues. 3 1024* | 299.72
Wed. 4 Earth at aphelion 10 30 [ 2013d | 311.96
Thur. 5|18 Mercury stationary 41203 | 324.21
Fri. 6 Mercury at aphelion 40132 | 336.44!
Sat. 7 (03|26 | B First Quarter 7 20 | 41302 | 348.67°

15 Uranus 6° N. of Moon
Sun. 8 43201 0.90
Mon. 9 Venus greatest hel. lat. N. 43102 13.12
Tues. 10 4 10 | 4024d* 25.33
Wed. 11 |08 Neptune 5° N. of Moon 42013 37.54
Thur. 12 | 17 Moon at apogee (252,200 mi.) 21403 49.74
Fri. 13 1 00 | 01432 61.94
Sat. 14 13024 74.14
Sun. 15 {06 | 56 | ® Full Moon. Penumbral eclipse 21 50 | 32014 86.33
Mon. 16 |17 Jupiter 4° S. of Moon 3104* 98.53
Tues. 17 30124 | 110.72
Wed. 18 18 40 (20134 | 122.92
Thur. 19 21034 | 135.12
Fri. 20 {01 Mercury in inferior conjunction 01423 | 147.32
Sat. 21 15 30 | 14302 | 159.53%*
Sun. 22 |10 Mars 9° S. of Moon 43201 | 171.74

22 | 58 | @ Last Quarter
Mon. 23 | 00 Ceres stationary 4310* | 183.96
Tues. 24 | 02 Venus 1.2° N. of Regulus 12 20 | 43012 | 196.18
Wed. 25 4203* | 208.41
Thur. 26 Mars at perihelion 42103 | 220.65

Mercury greatest hel. lat. S.

22 Vesta in conjunction
Fri. 27 |02 Saturn 2° S. of Moon 9 00 (40123 | 232.89
Sat. 28 |02 Moon at perigee (224,100 mi.) 4102d | 245.14
Sun. 29 |04 d Aquarid meteors 3201* | 257.39

13 |59 | ® New Moon
Mon. 30 |08 Jupiter at opposition 5 50 | 31204 | 269.64

08 Mercury stationary
Tues. 31 |23 Venus 7° N. of Moon 30124 | 281.89

July 6, +7.47°; July 21, —6.53°.
bJuly 7, +6.83°; July 21, —6.75°.
*Visible in Australasia.
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THE SKY FOR AUGUST 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During August the sun’s R.A. increases from 8 h44 m to 10 h40 m
and its Decl. changes from 18° 07’ N. to 8° 25’ N. The equation of time changes
from —6m 15sto —0 m 14 s. For changes in the length of the day, see p. 16.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 23.

Mercury on the 1stis in R.A. 7 h 37 m, Decl. 18° 04’ N., and on the 15th is in R.A.
8 h 29 m, Decl. 19° 11’ N. Greatest western elongation is on the 8th and at that
time Mercury stands about 14° above the eastern horizon at sunrise, so that for
about 10 days one might see it as a morning star very low in the east just before
sunrise.

Venus on the Ist is in R.A. 10 h 42 m, Decl. 9° 45’ N., and on the 15th it is in R.A.
11 h 44 m, Decl. 2° 49’ N., mag. — 3.4, and transits at 14 h 11 m. Seen low in the
west at sunset, it sets within an hour and a half.

Mars on the 15th is in R.A. 2 h 00 m, Decl. 8° 34’ N., mag. —0.9, and transits at
4 h 26 m. Moving into Aries, it rises two to three hours before midnight.

Jupiter on the 15th is in R.A. 20 h 31 m, Decl. 19° 42’ S., mag. —2.3, and transits
at 22 h 53 m. In Capricornus, it is risen in the south-east by sunset and sets just
before dawn. For the configurations of Jupiter’s satellites see opposite page, and
for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 6 h 06 m, Decl. 22° 22" N., mag. +0.3, and transits
at 8 h 31 m. In Gemini, it rises about four hours before the sun.

Uranus on the 15th is in R.A. 13 h 15 m, Decl. 7° 16’ S., and transits at 15 h 38 m.

Neptune on the 15th is in R.A. 16 h 12 m, Decl. 19°29’S., and transits at
18 h 35 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
AUGUST Min. Jupiter’s Selen.
1973 EST. Afbol BEST. OROE
d| h|m h m °
Wed. 1 2034d | 294.14
Thur. 2 2 40| 01234 | 306.39
Fri. 3|14 Juno stationary 10324 | 318.63%?
Sat. 4|00 Uranus 6° N. of Moon 23 30| 32014 | 330.87
Sun. 5|04 Mercury 9° S. of Pollux 31204 | 343.10
17| 27| D First Quarter
Mon. 6 34012 | 355.32
Tues. 7| 14 Neptune 4° N. of Moon 20 20 | 4103d 7.54
Wed. 8|13 Mercury greatest elong. W. (19°) 42013 19.75
Thur. 9| 05 Moon at apogee (251,700 mi.) 4023* 31.95
Fri. 10 17 10 | 41032 | 44.15
Sat. 11 43201 56.35
Sun. 12|05 Perseid Meteors 43210 68.54
16 Jupiter 3° S. of Moon
Mon. 13 | 21 | 17 | ® Full Moon 14 00 | 34012 80.73
Tues. 14 Mercury at ascending node 1024* 92.92
Wed. 15 20134 | 105.10
Thur. 16 | 19 Neptune stationary 10 40 | O34** | 117.29
Fri. 17 10324 | 129.48*
Sat. 18 32014 | 141.67°
Sun. 19 Mercury at perihelion 7 30 | 32104 | 153.87
14 Mars 8° S. of Moon
Mon. 20 30124 | 166.07
Tues. 21 | 05 | 22| @ Last Quarter 1024* | 178.27
Wed. 22 4 20 | 24013 | 190.49
Thur. 23 | 15 Saturn 1° S. of Moon 4103* | 202.71
Fri. 24 4032d | 214.93
Sat. 25|02 Moon at perigee (227,000 mi.) 1 10 | 43201 | 227.17
Sun. 26 43210 | 239.40
Mon. 27 | 22 | 25| @ New Moon 22 00 | 43012 | 251.64
Tues. 28 41302 | 263.89
Wed. 29 Mercury greatest hel. lat. N. 42013 | 276.13
Thur. 30 18 50 | 14203 | 288.37°
Fri. 31|00 Venus 6° N. of Moon 01432 | 300.60!
11 Uranus 6° N. of Moon

'Aug. 3, +7.00°; Aug. 17, —5.30°; Aug. 31, +6.17°.
bAug. 3, +6.75°; Aug. 18, —6.63°; Aug. 30, +6.59°.
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" THE SKY FOR SEPTEMBER 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, 0 h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During September the sun’s R.A. increases from 10 h40 mto 12 h 28 m
and its Decl. changes from 8° 25’ N. to 3° 03’ S. The equation of time changes from
+0mO05s to +10 m 04 s. For changes in the length of the day, see p. 17.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 24.

Mercury on the 1st is in R.A. 10 h 36 m, Decl. 10° 43’ N., and on the 15th is in
R.A. 12 h 10'm, Decl. 0° 11’ S. It is too close to the sun for observation, superior
conjunction being on the 2nd.

Venus on the 1Ist is in R.A. 12 h 57 m, Decl. 5° 56’ S., and on the 15th it is in R.A.
13 h 58 m, Decl. 12° 47’ S., mag. —3.6, and transits at 14 h 23 m. Seen low in the
south-west at sunset it sets about an hour and a hlaf later.

Mars on the 15th is in R.A. 2 h 31 m, Decl. 11° 17" N., mag. — 1.6, and transits
at 2 h 55 m. In Aries, it rises about two hours after sunset, now very bright. On the
19th it is stationary in right ascension and begins to retrograde, i.e. to move west-
ward among the stars.

Jupiter on the 15th is in R.A. 20 h 20 m, Decl. 20° 21’ S., mag. — 2.2, and transits
at 20 h 41 m. In Capricornus, it is well up in the south-east at sunset and sets well
before dawn. On the 28th it is stationary in right ascension and resumes direct or
eastward motion among the stars. For the configurations of Jupiter’s satellites see
opposite page, and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 6 h 16 m, Decl. 22° 19’ N., mag. +0.3, and transits
at 6 h 39 m. In Gemini it rises before midnight and is approaching the meridian at
dawn.

Uranus on the 15th is in R.A. 13 h 20 m, Decl. 7° 51’ S., and transits at 13 h 42 m.

Neptune on the 15th is in R.A. 16 h13 m, Decl. 19°33’S., and transits at
16 h 34 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
SEPTEMBER Min. Jupiter’s  Selen.
1973 ES.T. A?gfol AUREST. ORUE
d| h| m h m °
Sat. 1 304*d | 312.84
Sun. 2| 15 Mercury in superior conjunction 15 30| 32104 | 325.06
Mon. 3 Venus at descending node 30124 | 337.29
21 Neptune 4° N. of Moon
Tues. 4| 10| 22| P First Quarter 13024 | 349.50
Wed. 5| 18 Venus 0.8° S. of Uranus 12 20| 20134 1.71
22 Moon at apogee (251,200 mi.)
Thur. 6 12043 13.91
Fri. 7| 00 Venus 2° N. of Spica 01423 26.11
Sat. 8| 19 Jupiter 3° S. of Moon 9 10| 4102d 38.30
Sun. 9 4320d 50.49
Mon. 10 43012 62.67
Tues. 11 6 00| 43102 74.84
Wed. 12| 10| 16| @ Full Moon. Harvest Moon 42013 87.02
Thur. 13 41203 99.19!
Fri. 14 2 50| 40123 | 111.36°
Sat. 15 41032 | 123.53
Sun. 16| 06 Mars 8° S. of Moon 23 40| 3201* | 135.71
Mon. 17 304** | 147.89
Tues. 18 31024 | 160.07
Wed. 19| 08 Mars stationary 20 30| 20314 | 172.26
11| 11| @ Last Quarter
Thur. 20| 00 Saturn 1° S. of Moon. Occ’n.* 21034 | 184.46
17 Moon at perigee (229,700 mi.)
Fri. 21 Mercury at descending node 01234 | 196.67
Sat. 22| 23| 21| Equinox. Autumn begins 17 20| 10324 | 208.88
Sun. 23 32014 | 221.09
Mon. 24 304** | 233,31
Tues. 25 14 00 | 34102 | 245.54
Wed. 26| 08| 54| @ New Moon 4201* | 257.76
Thur. 27| 08 Pluto in conjunction 42103 | 269.99°
16 Mercury 1.4° S. of Uranus
19 Mercury 1.4° N. of Spica
23 Uranus 6° N. of Moon
Fri. 28| 00 Mercury 4° N. of Moon 10 50 | 40123 | 282.21!
09 Jupiter stationary
Sat. 29| 23 Venus 2° N. of Moon 41032 | 294.44
Sun. 30| 14 Uranus 3° N. of Spica 42301 | 306.66

'Sept. 13, —4.79°; Sept. 28, +5.40°.
*Sept. 14, —6.54°; Sept. 27, +6.51°.
*Visible in Arctic, Siberia.
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THE SKY FOR OCTOBER 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N,

The Sun—During October the sun’s R.A. increases from 12 h28 m to 14 h24 m
and its Decl. changes from 3° 03’ S. to 14° 19’ S. The equation of time changes from
+10m 23 s to +16 m 21 s. For changes in the length of the day, see p. 17.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 24.

Mercury on the 1stisin R.A. 13 h 40 m, Decl. 11° 36’ S., and on the 15th isin R.A.
14 h 50 m, Decl. 19° 03’ S. Greatest eastern elongation is on the 18th, but this is an
exceedingly unfavourable one, Mercury being only about 6° above the south-
western horizon at sunset.

Venus on the 1stisin R.A. 15 h 10 m, Decl. 19° 31’ S., and on the 15th it is in R.A.
16 h 16 m, Decl. 23° 52’ S., mag. —3.8, and transits at 14 h 43 m. Seen low in the
south-west at sunset, it sets about two hours later.

Mars on the 15th is in R.A. 2 h 14 m, Decl. 10° 52’ N., mag. —2.2, and transits
at 0 h 39 m. In Aries, it is in opposition on the 24th so that it rises about at sunset
and sets at dawn. Mars is nearest the earth on the 16th at a distance of 40,532,000
miles.

Jupiter on the 15th is in R.A. 20 h 21 m, Decl. 20° 18’ S., mag. — 2.0, and transits
at 18 h 43 m. In Capricornus, it is approaching the meridian at sunset and sets well
before midnight. For the configurations of Jupiter’s satellites see opposite page,
and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 6 h 21 m, Decl. 22° 16’ N., mag. +0.2, and transits
at 4 h 45 m. In Gemini, it rises about four hours after sunset. On the 17th it is
stationary in right ascension and begins to retrograde or move westward among the
stars.

Uranus on the 15th is in R.A. 13 h 27 m, Decl. 8° 32’ S., and transits at 11 h 51 m.

Neptune on the 15th is in R.A. 16 h16 m, Decl. 19°42’S., and transits at
14h 39 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
OCTOBER Min. Jupiter’s Selen.
1973 ES.T. Afgol 20WEST. OhOE
d| h|m h m °

Mon. 1|07 Neptune 4° N. of Moon 7 40 | 43120 | 318.87
Tues. 2 Mercury at aphelion 3402d | 331.08
Wed. 3|18 Moon at apogee (251,100 mi.) 0O4*d* | 343.29
Thur. 4 {05|32| D First Quarter 4 30 | 21034 | 355.48
Fri. 5 02134 7.67
Sat. 602 Jupiter 3° S. of Moon 10234 19.86
Sun. 7 1 20 | 23014 32.04
Mon. 8 Venus at aphelion 31204 | 44.21
Tues. 9 22 10 | 30124 56.37
Wed. 10 3024* 68.54!
Thur. 11 | 22 [ 09 | @ Full Moon. Hunter’s moon 2103d 80.69°
Fri. 12 19 00 | 4013* 92.85
Sat. 13 {07 Mars 7° S. of Moon 41023 | 105.00
Sun. 14 (17 Venus 4° S. of Neptune 42301 | 117.16
Mon. 15 | 20 Moon at perigee (228,600 mi.) 15 40 | 43210 | 129.32
Tues. 16 | 18 Uranus in conjunction 43012 | 141.48

23 Mars nearest to earth
Wed. 17 | 01 Saturn stationary 43102 | 153.64

05 Venus 1.9° N. of Antares

06 Saturn 0.8° S. of Moon. Occ’n.*
Thur. 18 | 17 Mercury greatest elong. E. (25°) 12 30 | 4203d | 165.81

17 | 33 | @ Last Quarter
Fri. 19 4013* | 177.99
Sat. 20 10423 | 190.18
Sun. 21 (07 Orionid meteors 9 20 |2014d | 202.37
Mon. 22 Mercury greatest hel. lat. S. 32104 | 214.57
Tues. 23 30124 | 226.77
Wed. 24 |22 Mars at opposition 6 10 (31024 | 238.97°
Thur. 25 |22 [ 17 | @ New Moon 20134 | 251.18!
Fri. 26 2034* | 263.39
Sat. 27 (19 Mercury 0.1° S. of Moon. Occ’n.** | 3 00 | 10423 | 275.60
Sun. 28 | 16 Neptune 4° N. of Moon 42031 | 287.81
Mon. 29 23 50 [ 43210 | 300.02
Tues. 30 Mercury greatest hel. lat. S. 43021 | 312.22

01 Venus 3° S. of Moon

10 Mercury stationary
Wed. 31 |14 Moon at apogee (251,600 mi.) 43102 | 324.41

!Oct. 10, —5.34°; Oct. 25, +5.27°.
®Qct. 11, —6.56°; Oct. 24, +6.59°.

*Visible in N. of N. America, Europe, E. Asia.
**Visible in S. Pacific.
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THE SKY FOR NOVEMBER 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During November the sun’s R.A. increases from 14 h24 mto 16 h 28 m
and its Decl. changes from 14°19’S. to 21 ° 45’ S. The equation of time changes
from +16 m 23 s to a maximum of +16 m 24 s on the 3rd and then to +11 m15s
at the end of the month. For changes in the length of the day, see p. 18.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 25.

Mercury on the Ist is in R.A. 15 h 34 m, Decl. 21° 51’ S., and on the 15th is in
R.A. 14 h 42 m, Decl. 14° 16’ S. On the 10th it is in inferior conjunction, a transit
occurring on that date, but by the 27th it is in greatest western elongation, standing
about 14° above the south-eastern horizon at sunrise. Thus for about 10 days it may
be seen as a morning star.

Venus on the 1st is in R.A. 17 h 38 m, Decl. 26° 35’ S., and on the 15th itis in R.A.
18 h 43 m, Decl. 26° 30’ S., mag. —4.1, and transits at 15 h 07 m. Although greatest
eastern elongation is on the 13th, it is only about 16° above the south-western
horizon at sunset and sets within two and a half hours.

Mars on the 15th is in R.A. 1 h 38 m, Decl. 9° 36’ N., mag. —1.7, and transits
at 21 h 57 m. Moving back into Pisces, it is now well up in the east at sunset. On
the 19th it is stationary again in right ascension and resumes direct or eastward
motion among the stars.

Jupiter on the 15th is in R.A. 20 h 33 m, Decl. 19° 33’ S., mag. — 1.8, and transits
at 16 h 55 m. In Capricornus, it is near the meridian at sunset and sets about five
hours later. For the configurations of Jupiter’s satellites see opposite page, and for
their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 6 h 17 m, Decl. 22° 18’ N., mag. 0.0, and transits
at 2 h 40 m. In Gemini it rises about three hours after sunset.

Uranus on the 15th is in R.A. 13 h 34 m, Decl. 9° 14’ S., and transits at 9 h 56 m.

Neptune on the 15th is in R.A. 16 h20 m, Decl. 19°53’S., and transits at
12h42m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
NOVEMBER Min. Jupiter’s  Selen.
1973 ES.T. Algol 19BEST. ORUT.
d| h|{m h m °

Thur. 1 20 40 { 42013 | 336.61
Fri. 2|14 Jupiter 4° S. of Moon 42103 | 348.79
Sat. 3| 01|29| P First Quarter 41023 0.97
Sun. 4 Taurid meteors 17 30 | 4031d 13.14
Mon. 5 23140 25.31
Tues. 6 30214 37.47
Wed. 7 14 20 | 31024 | 49.62%"
Thur. 8 20314 61.77
Fri. 9|02 Mars 6° S. of Moon 21034 73.91
Sat. 10 Mercury at ascending node 11 00 | 0234d 86.05

06 Mercury in inferior conjunction,

transit over sun, p. 57

09 | 27 | ® Full Moon
Sun. 11 0234* 98.19
Mon. 12 | 10 Moon at perigee (225,200 mi.) 23104 | 110.33
Tues. 13 | 05 Venus greatest elong. E. (47°) 7 50 | 3014* | 122.47

12 Saturn 0.6° S. of Moon. Occ’n.*
Wed. 14 31402 | 134.61
Thur. 15 Mercury at perihelion 4201* | 146.76
Fri. 16 4 40 | 42103 | 158.91
Sat. 17| 01 Leonid meteors 40123 | 171.08

01| 34| @ Last Quarter
Sun. 18 4023* | 183.24
Mon. 19 | 04 Mercury stationary 1 30 | 42310 | 195.42
Tues. 20 4301* | 207.60"°
Wed. 21| 20 Uranus 6° N. of Moon 22 20 | 34102 | 219.78
Thur. 22 2301* | 231.97
Fri. 23|02 Mercury 6° N. of Moon 21034 | 244.17
Sat. 24| 14| 55| @ New Moon 19 10 | 01234 | 256.36
Sun. 25 Mars at ascending node 10234 | 268.56

Mercury greatest hel. lat. N.

Mon. 26 2304d | 280.75
Tues. 27 | 00 Mercury greatest elong. W. (20°) 16 00 | 32014 | 292.95

03 Mars stationary
Wed. 28 | 08 Moon at apogee (252,200 mi.) 31024 | 305.14

23 Venus 5° S. of Moon
Thur. 29 | 08 Neptune in conjunction 32014 | 317.32
Fri. 30|06 Jupiter 4° S. of Moon 12 50 | 21043 | 329.51

'Nov. 7, —6.38°; Nov. 20, +6.25°.
®Nov. 7, —6.69°; Nov. 20, +6.73°.
*Visible in N.W. of N. America, Asia.
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THE SKY FOR DECEMBER 1973

Positions of the sun and planets are given for 0 h Greenwich Ephemeris Time.

The times of transit at the 75th meridian are given in local mean time, O h at
midnight; to change to Standard Time, see p. 10. Estimates of altitude are for an
observer in latitude 45° N.

The Sun—During December the sun’s R.A. increases from 16 h 28 m to 18 h 44 m
and its Decl. changes from 21°45’S. to 23° 03’ S. The equation of time changes
from +10m 53 s to —3 m 08 s, being zero on the 25th. There is an annular eclipse
of the sun on the 24th, visible as a partial eclipse in eastern North America. For
changes in the length of the day, see p. 18.

The Moon—For its phases, perigee and apogee times and distances, and its con-
junctions with the planets, see opposite page. Times of moonrise and moonset are
given on p. 25. There is a partial eclipse of the moon on the 9th, visible in North
America.

Mercury on the 1stis in R.A. 15 h 09 m, Decl. 15° 3lf S., and on the 15this in R.A.
16 h 30 m, Decl. 21° 21’ S. Except for the first day or two of the month (see Novem-
ber) it is too close to the sun for observation.

Venus on the 1st is in R.A. 19 h 48 m, Decl. 24° 07’ S., and on the 15th it is in R.A.
20 h 31 m, Decl. 20° 41’ S., mag. —4.4, and transits at 14 h 55 m. It is to be seen
low in the south-west for about three hours after sunset. Greatest brilliancy is on
the 19th.

Mars on the 15th is in R.A. 1 h 41 m, Decl. 11° 18’ N., mag. —0.7, and transits
at 20 h 04 m. Moving from Pisces into Aries, it is fairly high in the east at sunset
and sets about three hours after midnight.

Jupiter on the 15th is in R.A. 20 h 54 m, Decl. 18° 13’ S., mag. — 1.7, and transits
at 15 h 17 m. In Capricornus, it is well past the meridian at sunset and sets within
four hours thereafter. For the configurations of Jupiter’s satellites see opposite page,
and for their eclipses, etc., see p. 73.

Saturn on the 15th is in R.A. 6 h 08 m, Decl. 22° 22’ N., mag. —0.2, and transits
at 0 h 33 m. In Gemini it rises about an hour after sunset, opposition being on the
23rd.

Uranus on the 15th is in R.A. 13 h 40 m, Decl. 9° 46’ S., and transits at 8 h 04 m.

Neptune on the 15th is in R.A. 16 h25m, Decl. 20°05’S., and transits at
10 h 48 m.

Pluto—For information in regard to this planet, see p. 31.
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Config.of Sun’s
DECEMBER Min. Jupiter’s  Selen.
1973 ES.T. A?gfol 18hEST. 0B UY.
d|{ h|m h m °
Sat. 1 40123 | 341.68
Sun. 220 29( P First Quarter - | 41023 | 353.86
Mon. 3 9 40 | 4201d 6.02
Tues. 4 43201 18.18°
Wed. 5 43102 30.33%0
Thur. 6| 10 Mars 4° S. of Moon 6 30| 4301d 42.47
Frii 7 42103 54.61
Sat. 8 40213 66.75
Sun. 9| 20| 34| ® Full Moon. Eclipse of @, p. 57 3 20| 10423 78.88
Mon. 10| 17 Moon at perigee (222,500 mi.) 20314 | 91.00
: 19 Saturn 0.7° S. of Moon. Occ’n.*
Tues. 11 32104 | 103.13
Wed. 12 0 00| 31024 | 115.26
Thur. 13| 22 Geminid meteors 30214 | 127.39
Fri. 14| 00 Mercury 1.0° S. of Neptune 20 50 | 21034 | 139.52
12 Mercury 5° N. of Antares
Sat. 15 0134* | 151.67
Sun. 16| 12| 13| @ Last Quarter 10243 | 163.81
15 Pallas in conjunction
Mon. 17 ‘ 17 40 | 20413 | 175.97°
Tues. 18 Mercury at descending node 43210 | 188.13!
Wed. 19| 01 Venus greatest brilliancy 4302d | 200.30
04 Uranus 6° N. of Moon
Thur. 20 14 30| 43021 | 212.47
Fri. (21| 19| 08| Solstice. Winter begins 4210* | 224.65
Sat. 22| 09 Neptune 3° N. of Moon 42013 | 236.84
15 ««Ursid meteors
Sun. 23| 01 Saturn at opposition 11 20| 41023 | 249.02
Mon. 24| 10| 07| @ New Moon. Eclipse of O, p. 57 42013 | 261.21
Tues. 25 Venus at ascending node 24310 | 273.40
) 17 Moon at apogee (252,600 mi.)
Wed. 26 ) 8 10| 3012* | 285.59
Thur. 27| 17 Venus 3° S. of Moon 3024* | 297.77
Fri. 28 00 Jupiter 5° S. of Moon 21304 | 309.96
Sat. 29 Mercury at aphelion 5 00| 20134 | 322.14
Sun. 30 10234 | 334.31
Mon. 31 20134 | 346.48

'Dec. 5, —7.35°; Dec. 18, +7.38°.
*Dec. 4, 5, —6.78°; Dec. 17, +6.83°.

- *Visible in N.E. of N. America, N. Europe, W. Asia.
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SUN—EPHEMERIS FOR PHYSICAL OBSERVATIONS, 1973

For Oh U.T.
Date P By Lo Date P By Ly
Jan. 1|+ 2.08 | —3.06|201.32 July 5|— 0.94|+3.33]279.59
6| — 0.35|—3.63|135.47 10 [+ 1.33 | +3.86| 213.41
11— 2.76 | —4.18 | 69.63 15 | + 3.57 | +4.35| 147.24
16 | — 5.12 | —4.69 3.79 20 [+ 5.77 | +4.82| 81.08
21 | — 7.42 | —5.16 | 297.95 25 |4+ 7.91 | +5.25| 14.93
26 | — 9.64 | —5.59 | 232.12 30 [+ 9.98 | +5.65| 308.80
31 | —11.76 | —5.98 | 166.29 Aug. 4 | +11.96 | +6.01 | 242.67
Feb. 5| —13.77 | —6.32 |100.46 9 |+13.85 | +6.33 | 176.56
10 | —15.66 | —6.61 | 34.63 14 | +15.64 | +6.60 | 110.45
15 | —17.41 | —6.84 | 328.79 19 | +17.31 | +6.83 36
20 | —19.03 | —7.03 | 262.94 24 | +18.86 | +7.01 | 338.29
25 1—20.49 | —7.16 | 197.09 29 | +20.29 | +7.14 | 272.23
Mar. 2| —21.80|—7.23|131.23 Sept. 3 [ +21.57 | +7.22]206.19
71-—22.96 | —7.25| 65.36 8 [ +22.72 | +7.25] 140.15
12 | —23.95 | —7.21 | 359.48 13 [ +23.72 | +7.23| 74.13
17 | —24.77 | —7.12 | 293.58 18 | +24.57 | +7.15 8.12
22 | —25.43 | —6.97 | 227.66 23 | +25.26 | +7.02 | 302.12
27 1 —25.91 | —6.78 | 161.72 28 | +25.78 | +6.84 | 236.13
Apr. 1[-—-26.21 |—6.53| 95.77 Oct. 3 |+26.14 | +6.61|170.15
6| —26.33 | —6.23 | 29.80 8 | +26.32 | +6.33 | 104.18
11 | —26.28 | —5.89 | 323.80 13 | +26.31 | +6.00 | 38.22
16 | —26.04 | —5.51 | 257.79 18 | +26.12 [ +5.62 | 332.27
21 | —25.61 | —5.09 | 191.75 23 | +25.74 [ +5.20 | 266.32
26 | —25.00 | —4.63 | 125.70 28 | +25.17 | +4.75 | 200.38
May 1 |-—24.21 |—4.14| 59.63 Nov. 2 |+24.40 [+4.25|134.45
6 [ —23.24 | —3.62 |353.54 7 |+23.43 | +3.72| 68.52
11 | —22.09 | —3.08 |287.43 12 [ +22.27 | +3.16 2.60
16 | —20.77 | —2.52 | 221.30 17 [ +20.91 | +2.58 | 296.69
21 | —19.29 | —1.94 | 155.16 22 | +19.37 | +1.98 | 230.78
26 | —17.66 | —1.35 | 89.01 27 | +17.66 | +1.36 | 164.88
31 [ —15.88 | —0.75| 22.85 Dec. 2 |+15.78 [+0.72| 98.98
June 5 [—13.98 |—0.15 |316.68 7 |1+13.76 |+0.08 | 33.09
10 | —11.97 | +0.45 | 250.50 12 [+11.61 [ —0.56 | 327.21
15| — 9.87 |+1.05 |184.32 17 |+ 9.36 [—1.19 | 261.33
20 [— 7.70 | +1.64 |118.13 22 |+ 7.02 | —1.82 | 195.47
25 | — 5.47 [ +2.22 | 51.95 27 |+ 4.63 | —2.44|129.61
30 | — 3.21 [+2.79 |345.77

P—The position angle of the axis of rotation, measured eastward from the north
point of the disk.

Bo—The heliographic latitude of the centre of the disk.

Lo,—The heliographic longitude of the centre of the disk, from Carrington’s solar
meridian.

No.

1597
1598
1599
1600
1601

CARRINGTON’S ROTATION NUMBERS—GREENWICH DATE OF
COMMENCEMENT OF SYNODIC ROTATIONS, 1573

Commences
Jan. 16.29
Feb. 12.63
Mar. 11.96
Apr. 8.26
May 5.51

No.

1602
1603
1604
1605
1606

Commences

June
June
July

Aug.

Sept.

1.73
28.92
26.13
22.36
18.61

No.

1607
1608
1609

Commences

Oct. 15.90
Nov. 12.20
Dec. 9.51
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ECLIPSES DURING 1973

In 1973 there will be seven eclipses, three of the sun and four of the moon.

1. An annular eclipse of the sun on January 4, visible in the South Pacific, across
the southern part of South America and in the South Atlantic, but not at all in
North America.

2. A penumbral eclipse of the moon on January 18, the ending only being visible
in the north-eastern half of North America.

Moon enters penumbra ............... Jan. 18, 14.17 E.S.T.
Middle of eclipse . .....cvvviiniiiiieiiinann. 16.17 ES.T.
Moon leaves penumbra ............co00 .. 18.18 E.S.T.

3. A penumbral eclipse of the moon on June 15, no part of which is visible in North
America.

4. A total eclipse of the sun on June 30, totality visible in a narrow band extending
from Guiana across the Atlantic and across central Africa, ending in the Indian
Ocean.

5. A penumbral eclipse of the moon on July 15, visible in the western half of North
America.

Moon enters penumbra .............. July 15, 543 ES.T.
Middle of eclipse . ..........c.covvvininnnnnn... 6.39 E.S.T.
Moon leaves penumbra ..............co00uennn 7.34 ES.T.
6. A partial eclipse of the moon on December 9, visible in North America.
Moon enters penumbra................ Dec. 9 18.37 ES.T.
Moonentersumbia. .........ooviiviiieaannn, 20.09 E.S.T.
Middle of eclipse.......covvviiiiiiie i, 20.45 E.S.T.
Moon leavesumbra. ................o00i ... 21.20 ES.T.
Moon leaves penumbra. . .........cco0viiennnn. 22.52 E.S.T.

7. An annular eclipse of the sun on December 24, visible across the northern part
of South America, the Atlantic Ocean and north-west Africa. The partial phase will
be visible in the eastern half of North America just after sunrise.

TRANSIT OF MERCURY

A transit of Mercury across the disk of the sun will occur on November 10. The
latter part of this event will be visible in the eastern half of North America, the
transit being already under way at sunrise and the egress from the disk (at position
angle 293°) occuring at about 8.18 E.S.T.

ENTERPRISES

DEPT. O
P.O. BOX 1059
COLORADO SPRINGS, COLO. 80901

Free Catalogue on Request
==WORLD'S LARGEST PRODUCER OF ASTRONOMICAL SLIDES =

57



THE OBSERVATION OF THE MOON

During 1973 the ascending node of the moon’s orbit is in Sagittarius (§ from
287 to 268°). See p. 59 for occultations of stars.

The sun’s selenographic colongitude is essentially a convenient way of indicating
the position of the sunrise terminator as it moves across the face of the moon.
It provides an accurate method of recording the exact conditions of illumination
(angle of illumination), and makes it possible to observe the moon under exactly
the same lighting conditions at a later date.

The sun’s selenographic colongitude is numerically equal to the selenographic
longitude of the sunrise terminator reckoned eastward from the mean centre of
the disk. Its value increases at the rate of nearly 12.2° per day or about 4° per hour;
it is approximately 270°, 0°, 90° and 180° at New Moon, First Quarter, Full Moon
an% 3L)ast Quarter respectively. (See the tabulated values for 0 h U.T. starting on
p. 33.

Sunrise will occur at a given point east of the central meridian of the moon when
the sun’s selenographic colongitude is equal to the eastern selenographic longitude
of the point; at a point west of the central meridian when the sun’s selenographic
colongitude is equal to 360° minus the western selenographic longitude of the point.
The longitude of the sunset terminator differs by 180° from that of the sunrise
terminator.

The sun’s selenographic latitude varies between + 14° and — 14° during the year.

By the moon’s libration is meant the shifting, or rather apparent shifting, of
the visible disk. Sometimes the observer sees features farther around the eastern
or the western limb (libration in longitude), or the northern or southern limb
(libration in latitude). The quantities called the earth’s selenographic longitude
and latitude are a convenient way of indicating the two librations. When the libration
in longitude, that is the selenographic longitude of the earth, is positive, the mean
central point of the disk of the moon is displaced eastward on the celestial sphere,
exposing to view a region on the west limb. When the libration in latitude, or the
selenographic latitude of the earth, is positive, the mean central point of the disk
of the moon is displaced towards the south, and a region on the north limb is exposed
to view.

In the Astronomical Phenomena Month by Month the dates of the greatest
positive and negative values of the libration in longitude are indicated by * in the
column headed “‘Sun’s Selenographic Colongitude,” and their values are given in the
footnotes. Similarly the extreme values of the libration in latitude are indicated by °.

Two areas suspected of showing changes are Alphonsus and Aristarchus.

McLAUGHLIN PLANETARIUM

STAR THEATRE
Shows daily except Monday. For informa-

e — tion call 928—8550.

BOOK STORE

Astronomical publications, globes, atlases,
charts, slides. Catalogues available. Mail
orders filled. R.A.S.C. Members discount
10%. Hours: Tues.—Sat.,, 10 a.m.—5 p.m.
Sun., 1-5 p.m. Closed Monday.

Bloor at Avenue Road, Toronto 5, Canada
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OCCULTATIONS BY THE MOON

The moon often passes between the earth and a star; the phenomenon is called
an occultation. During an occultation a star suddenly disappears as the east limb
of the moon crosses the line between the star and observer. This is referred to as
immersion (I). The reappearance from behind the west limb of the moon is called
cmersion (E). Because the moon moves through an angle about equal to its own
diameter every hour, the longest time for an occultation is about an hour. The time
can be shorter if the occultation is not central. Occultations are equivalent to total
solar eclipses, except that they are total eclipses of stars other than the sun.

The elongation of the moon is its angular distance from the sun, in degrees,
counted eastward around the sky. Thus, elongations of 0°, 90°, 180° and 270°
correspond to new, first quarter, full and last quarter moon. When elongation is less
than 180°, a star will disappear at the dark limb and reappear at the bright limb.
if the elongation is greater than 180° the reverse is true.

As in the case of eclipses, the times of immersion and emersion and the duration
of the occultation are different for different places on the earth’s surface. The
tables given below, are adapted from data supplied by the British Nautical Almanac
Office and give the times of immersion or emersion or both for occultations visible
from six stations distributed across Canada. Stars of magnitude 7.5 or brighter are
included as well as daytime occultations of very bright stars and planets. Since an
occultation at the bright limb of the moon is difficult to observe the predictions are
limited to phenomena occurring at the dark limb.

The terms a and b are for determining corrections to the times of the phenomena
for stations within 300 miles of the standard stations. Thus if Ao, ¢o, be the longitude
and latitude of the standard station and A, ¢, the longitude and latitude of the neigh-
bouring station then for the neighbouring station we have: Standard Time of
phenomenon = Standard Time of phenomenon at the standard station +a(A — o)
+b(d — ¢o) where A — Ao and ¢ — ¢, are expressed in degrees. This formula must
be evaluated with due regard for the algebraic signs of the terms. The quantity P is
the position angle of the point of contact on the moon’s disk reckoned from the north
point towards the east.

Since observing occultations is rather easy, provided the weather is good and the
equipment is available, timing occultations should be part of any amateur’s observ-
ing program. The method of timing is as follows: Using as large a telescope as is
available, with a medium power eyepiece, the observer starts a stopwatch at the time
of immersion or emersion. The watch is stopped again on a time signal from a
WWY or CHU station. The elapsed time is read from the stopwatch and is then
subtracted from the standard time signal to obtain the time of occultation. All
times should be recorded to 0.1 second and all timing errors should be held to
within 0.5 second if possible. The position angle P of the point of contact on the
moon’s disk reckoned from the north point towards the east may also be estimated.

The following information should be included: (1) Description of the star
(catalogue number), (2) Date, (3) Derived time of the occultation, (4) Longitude
and latitude to nearest second of arc, height above sea level to the nearest 100 feet,
(5) Seeing conditions, (6) Stellar magnitude, (7) Immersion or emersion, (8) At dark
or light limb; Presence or absence of earthshine, (9) Method used, (10) Estimate of
accuracy, (11) Anomalous appearance: gradual disappearance, pausing on the limb.
All occultation data should be sent to the world clearing house for occultation data:
H.M. Nautical Almanac Office, Royal Greenwich Observatory, Herstmonceux
Castle, Hailsham, Sussex, England.

The co-ordinates of the standard stations are: Halifax, Ao 63° 36.0’, o +44° 38.0";
Montreal, Ao, 73° 34.5", ¢o +45° 30.3’; Toronto, Ao 79° 24.0°, bo +43° 39.8%;
Winnipeg, Ao 97° 06.0°, ¢o +49° 55.0’; Edmonton, A, 113° 04.5°, ¢o +53° 32.0";
Vancouver, A, 123° 06.0°, ¢o +49° 30.0".
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LUNAR OCCULTATIONS VISIBLE AT HALIFAX AND MONTREAL 1973

HALIFAX MONTREAL
1 | Elong. W. 632600, N. 442633 W. 732575, N. 452505
Z.C. or of
Date Name No. Mag| E | Moon A.T. a b P ES.T. a b P
° h m m m ° h m m m °
Jan. 13 | € Ari 440 4.6 | 1 114 22 33.8| —1.2| —0.8| 80|21 19.7 —1.5| —0.4| 78
14 | 36 Tau 598 5711 128 23 49.3] —1.1| —1.0f 85|22 36.2| —1.4| —0.8( 87
15 | +23°624 611 7.0 1 129 159.8 +0.5| —3.1]145| 1 03.5 . .| 163
15 | 98 k Tau 743 5611 140 18 01.6| —0.7| +1.7| 71 Sun
23 | 13 B. Vir 1713 58| E 237 329.2| —2.4| +0.4(266| 2 04.1 . .| 245
28 | 40 B. Sco 2286 54| E 294 6 02.2 . . |351| 459.0| —0.4| —0.6333
Feb. 6 | +3°4909m 3524 6911 43 18 45.6 | —0.8| —0.6 | 69 Sun
u Ari 399 5711 83 21 52.6 | —0.4| —2.7 | 121 {20 44.0 | —0.8 | —2.9| 123
10 | 9 Tau 521 6.7 1 96 19 07.1| —1.6| +1.2| 55|17 53.1| —1.4 | +2.0| 45
10/11 | 104 B. Tau 556 551 1 98 033.0) —0.2| —0.7| 67|23 29.1| —0.4}| —0.9| 75
12 | 315 B. Tau 740 6.3 I 113 Low 140.2( +0.3| —1.5| 110
12 | 399 B. Tau 880 7.2 1 123 21 24.6| —1.5| —1.4|116| 20 07.2| —1.7| —1.1| 117
12 | 132 Tau 882 5.0 1 124 22 06.4| —1.1| —2.5( 135/ 20 51.8| —1.4| —2.7| 140
13 | 412 B. Tau 898 6.0 I 125 143.6 0.0 —1.9(122| 0 41.5| —0.1| —2.2 133
13 | +23°1491 1036 6.5 1 136 18 39.6| —1.1| +2.0| 68 Sun
13/14 | +22°1531 1059 69| I 138 104.5( —0.8| —1.5|103( 23 54.6 | —0.9| —1.7| 114
19 | 87 e Leo 1670 5.1 | E 204 321.5| —2.6| —0.1 | 249 | No. Occ.
23 | 18 G. Lib 2109 6.1 | E 252 No occ. 318.3 — — | 358
Mar. +21° 447 493 6.9 | 1 66 20 28.8 —_ — | 150| Graze
10 | 62 Tau 652 6.4 1 79 18 53.8| —1.6 | —0.7| 9 Sun
11 +24° 854 835 6.9 1 94 22 08.6| —0.9 9120 57.8| —1.1 | —1.4]| 100
11/12 | +24°909 853 7.0 1 95 0 52.3| +0.4| —1.7| 122} 23 54 +0.3| —2.0( 132
12 | +423°1425 1014 6.8 1 107 22 45.2( —0.6 0f121| 21 36.3| —0.8| —2.3( 132
13 | 69 B. Gem 1033 6.8 1 109 Lo 116.6 —0.3| —0.8| 63
13 | 171 B. Gem 1150 6.8 (1 120 23 07.6| —0.7| —2.1|132| 21 58.5( —0.7 | —2.5| 144
20/21 1944 5.6 E 208 0 07.4 — 23 06.7| —0.2| —1.2| 343
22 | —19° 3880 2066 6.4 E 220 309.9) —1.8| —0.7(295| 1 51.4| —1.8{ —0.1| 285
Apr. 6 | +23°624 611 7.0 1 49 No occ. 19 20.2 —_ — 21
6 | +23°648 624 7.0 1 50 Low 21 17.4| —0.1| —0.8| 71
8 | 9 Gem 956 6.3 1 76 20 27.5| —1.6| —0.1| 62|19 11.3] —1.6| —0.3] 73
8 | 10 Gem 960 6.6 | I 76 21 21.1| —1.1} —0.6| 67|2008.8| —1.2| —0.8| 79
8 | 11 Gem 962 7.0 I 76 21 29.9| —0.7| —1.3| 91{2021.0| —0.9| —1.5]| 102
8 [ 12 Gem 964 7.0} 1 76 21 39.4| —0.1] —2.2[131] 20 35.5| —0.2} —2.6] 143
8 | 36 B. Gem 983 6.0 I 78 No occ 23 12.6| —0.8| +0.1| 40
9/10 | +20° 1798p 1123 7.2 (1 91 0 05.5 0.0| —1.41100| 23 03.1| —0.2| —1.6( 109
9/10 | 61 Gem 1127 5911 91 044.0| +0.3| —1.7 | 126] 23 45.3| +0.2| —1.9]| 134
10 | +18°1882 1241 6.4 |1 102 19 28.3 | —1.8 | —0.6 | 102 Sun
12 | 222 B. Cnc 1381 6.3 |1 117 138.3|'4+0.2|—2.2[156| 0 38.3| +0.2| —2.5| 165
13 | 16 Sex 1489 6.8 |1 130 2 12.1 0.0 —2.1|146| 109.3| —0.1| —2.3| 152
20 | 31 B. Sco 2269 54| E 212 Sun 404.6 —1.5| —0.6| 247
24 | 222 B. Sgr 2822 56 | E 255 351.4| —1.7| +1.6 (224 236.0| —1.6| +1.9 225
May 5 — 5004 8.0 I 44 20 16.2| +0.5| —2.8 | 153 Sun
7| +18°1816 1203 7.1 1 72 20 49.1| —1.0 —1.1| 83 n
8| 177 B. Cnc 1344 6.8 I 86 22 46.6 0.0 —2.2| 146| 21 44.2 0.0 —2.41 156
9 | +9°2239 1440 6.7 1 98 20 17.5| —0.9| —2.0 143 un
10 | +8°2289 1457 6.7| I Low 003.2| —0.3] —1.3| 81
11 —1°2521 1655 6.7 1 122 20 27.1| —1.9( —0.5( 103 Sun
11/12 | 87 e Leo 1670 5.1 I 124 019.3| —0.9| —1.5| 89(2307.1( —1.3| —1.5[ 96
June 5| 6hLeo 1410 531 67 20 56.5| —0.1| —2.4[159| 19 54.2| +0.1| —2.8} 172
6 | 84 B. Sex 1528 6.6 | I 81 22 30.7| —0.2| —2.0| 135| 21 25.8| —0.4| —2.1| 140
7| —0°2422 1629 6.8 |1 93 22 23.8| —1.1| —0.9| 65|21 09.6 —1.5| —1.0( 75
10 | 562 B. Vir 1960 69| I 129 Lo 23 19.8| —1.3| —1.2| 81
11 —19° 3880 2066 6.4 1 139 22 16.4) —1.9| —0.8 102| 20 56.9| —1.8| —0.4( 110
20 | 53 B Aqr 6.5 E 228 245.5| —1.7| +1.1]240| 129.6| —1.7| +1.3( 251
20 | —13°5897 3112 6.2 | E 228 301.8 — | 180| 1 57.1| —1.0| +2.1| 200
23 | +1°4744 3482 5.6 | E 263 2 51.5| —0.8| +2.1|219| 146.1| —0.7( +2.0| 230
July 4 | 55Leo 1587 6.0 1 61 20 49.3| —0.6| —1.5] 9 Sun
4 | 57 Leo 1590 69| 1 61 21 16.7{ —0.2| —2.0( 139 Sun
10 | 31 B. Sco 2269 5411 132 23 05.3| —1.9| —2.1[138| 21 44.6| —1.9| —1.4] 134
19 | x Aqr 3320 53| E 222 335.7| —2.1| —0.2|266( 2 10.9| —2.8| —0.5]| 288
July 26| 99 Tau 742 6.0 E 311 Sun 2 54.9 0.0| +1.5] 256
27 | 1 Gem 916 43| I 325 3 40.5| —0.6( —0.3 | 145 Low
27 | 1 Gem 916 43| E 325 410.3( +0.7| +2.9| 212 17.7] 4+0.5| 4+2.0( 230
Aug. 7 | 22 Sco 2371 49| I 112 Low 21 30.8| —1.6| —1.0| 89
Sept. 3| 64 G.Lib 2183 57| 1 70 Low 19 21.9 40
3| 24 G. Sco 2311 6.2 | 1 81 19 51.3| —1.6| —1.2 95 Sun
4 | 88 B. Oph 5911 92 19 36.5| —1.6| +0.2| 51 Sun
5| 63 Oph 2577 6.1 1 103 21 02.4( —1.9( —1.1| 99( 19 42.7| —2.0| —0.5| 90
7| 203 G. Sgr 2859 6.7 1 124 20 09.6| —1.3| +1.8| 23|18 59.0 _— —_ 11
8 | —17°5975 2979 7.1 1 136 20 53.8| —1.6| +1.0| 53(19 39.3| —1.5| +1.6| 43




HALIFAX MONTREAL
1 | Elong. W. 632600, N. 442633 W. 739575, N. 452505
Z.C. or of
Date Name No. Mag,| E | Moon A.T. a b P E.S.T. a b
° h m m ° h m m m
Sept. 8| 35B. Cap 2989 6.8 1 136 No occ. 21 20.6 . .
9| 41 B. Cap 2997 7.1 1 137 110.7| -0 —0.2| 52| 005.7|—0.5( +0.4
9 [ 53B. Aqr 3109 6.5| 1 148 21 34.1| —2.0( 4+0.6| 81| 2016.7|—1.6| +1.2
16/17 | { Ari 472 5.0/ E 235 001 -1 +1.0|280( 22 52.2 | —1.0| +0.7
17 | tAri 486 5.2| E 236 Graze 149.6 | —0.6| +3.3
19/20 | p Gem 976 3.20 1 275 053.2| — —0.3]143( 23 49.2 | -0.2| +0.4
20 | u Gem 976 3.21 E 275 128.3|+0.4|+3.1(218] 033.4|+0.3| +2.1
21 [ 61 Gem 1127 59| E 289 303.7|-0.9|—0.1}314| 1554|—-0.8]| —0.7
Oct. 6 [ 95 B. Cap 3066 6.0| 1 117 2229.4 —2.0| —1.8|104| 21 09.1 | —1.9 | —0.5
8| —9°5854 3199 6.8| 1 129 Low 040.7 | —0.1| +1.0
9 | x Agr 3320 53| 1 141 1246 —1.1|-1.7} 95| 011.9-1.2| —0.9
10 | x Psc 3453 49| 1 153 208.4) —1.11-2.1|103| 054.4|—-1.4|—1.3
14 | 133 B. Tau 566 59| E 216 20 00.3 — — | 331 | No occ.
14 | 32 Tau 582 5.8/ E 217 23 11.6 | —1.0 | +1.2(271) 22 03.3 | —0.9 | +0.9
17 | 3 Gem 929 58| E 246 218.4(—1.6|—0.6(307| 102.4)|—1.5|-0.9
17 | 6 Gem 942 6.3 E 246 349.1|—1.7140.3]273( 233.1(—1.5(+0.5
17 | Saturn — 0.2 1 248 807.6| —0.2 [ —3.0]151f 7 03.9 [ 4+0.1 | —4.5
17 | Saturn — 0.2 | E 248 852.81—1.2(-0.3[{239| 736.7 (—2.2|+1.2
Nov. 1| 56 fSer 2886 5.1 1 73 17 58.3 | —1.9 0.0 75 Sun
4 | 128 B. Aqr 3248 6.6 1 107 No occ. 17 37.0 | —2.7 0.0
4 | =7°5727 3259 7.4 1 108 22 02.0| —0.3 [ +1.8| 13| Graze
6 | 19 Psc 3501 5311 131 20 22.6 | —1.6 | +1 63|19 10.1 | —1.2 | +1.7
7| +43°4909m 3524 6.9 I 134 ow 15 —-0.3{-1.9
7 | 136 B. Psc 89 6.5 1 145 23 18.4(—1.7 |—-0.4| 82|2201.7 | —1.6 | +0.5
11 | v Tau 660 44| E 197 18 43.4 [ +0.2 | +1.2 (263 Low
11 | 72 Tau 664 54| E 197 19 02.6 [ —0.2 | +0.8 | 294 Low
12 | 423°1007 859 6.5 E 213 22 56.9 | —1.1 | 4+0.6 | 287 | 21 47.4 | —0.9 | +0.4
12 | 394 B. Tau 865 6.1 | E 213 23 37.3 | —1.1 (+1.4 25922 28.8 |[—0.8 [+1.2
14 | ¢ Gem 1077 3.9v| 1 231 Sun —-0.9 | —1.8
14 | 81 G. Gem 1175 50| E 240 22 35.8 [ —0.3 | +0.6 | 297 Low
15| 3Cnc 1207 58| E 244 Sun 509.6 [ —2.0 0.0
19 | 87¢eLeo 1670 5.1| E 295 ’546.3 | —1.4|+0.3|1290| 4 33.8|—1.2|+0.9
Dec. 1| —9°5854 3199 6.8 1 75 17 26.3 | —1.6 | +0.9| 55 Sun
2 | x Aqr 3320 531 87 No occ. 17 13.3 —_ —
2 | 207 B. Aqr 3326 6.4 1 88 20 54.4) —1.5 | —1.4) 91119 38.1 | —1.6 | —0.4
3| +1°4731 3464 7.1 1 101 23 44.3—0.3 |40.3| 40|22 40.4 | —0.5| +0.7
5 | 212 B. Psc 177 7.1 1 126 Graze 23 41.3 — —
7 | 20 H! Ari 317 6.4 1 139 140.4|-0.8(-0.3( 59| 031.3 (—1.0-0.2
8 | ¢ Ari 472 5.0 1 154 422.2|-0.74+0.8| 29| 315.7 |-0.7 | +0.3
10 | Saturn — |=0.2 |1 192 18 55.3 1| —0.3 [40.4 | 126 ( 17 54.9 [+0.1 [ +0.7
10 | Saturn — |-0.2 | E 192 19 38.2 ( +0.2 | +2.1 (23318 41.7 | +0.2 | +1.7
10 | u Gem 976 3.2 1 195 23 51.4(—1.6 |+1.5( 70|22 39.1 |—1.2 |+2.0
10/11 | p Gem 976 3.2 | E 195 056.8|—1.6 —1.413072339.9|—-1.6|—-1.1
14 [ 6 h Leo 1410 5.3 | E 238 444.4|—-1.0 [—1.9 326 3 31.5 |—1.3 (-1.3
18 | 370 B. Vir 1852 6.0 | E 289 430.0|—0.3 [—1.2339( 326.2 (—0.3 (-0.5
18 | —11°3398 1858 6.5 | E 290 6 30.7 | —0.6 | —1.6 |342| 522.3 |—0.8 | -0.8
19 3 Vir 1967 5.7E 301 5149 |—-0.7 |—0.1 (314 | 4 08.8 |—0.6 | +0.4
28 | —10°5714 3163 7.3 (1 45 17 26.4 | —1.1 |+0.3 | 49 Sun
29 | —5°5790 3290 7.3 11 57 20 19.3 | —1.4 (—4.1 [123 (19 02.4 [—1.5 [—2.2
30 | —1°4393 3397 7.4 |1 68 18 12.5 1| —0.7 [+1.9 ] 18 )17 12.6 — —
31 +3°4909m 3524 6.9 1 80 20 03.7 — — 1134[18 33.8|-2.4|—1.8
LUNAR OCCULTATIONS VISIBLE AT TORONTO AND WINNIPEG, 1973
HALIFAX MONTREAL
1 | Elong. W. 632600, N. 442633 W. 732575, N. 452505
Z.C. or | of
Date Name No. Mag.[ E | Moon AT. a b P ES.T. a b
° h m m m ° h m m m
Jan. 9| kPsc 3453 49| 1 63 Low 20 25.7 | —0.6 | —0.4
9 | 9Psc 3455 6.4 1 63 Low 20 31.0 |—0.8 | —1.7
12/13 | 47 B. Ari 311 6.5 1 103 103.7|—-0.5 (+0.9 | 2523 58.9 |—1.0 [ +2.2
13 | 134 B. Ari 438 6.7 1 114 21 32.3 — — 10 | No occ.
13 | € Ari 440 4.6 | 1 114 21 11.2 | —1.7 | —0.4 | 83|19 47.2 |—1.3 | +1.4
14 | 36 Tau 598 5711 128 2229.4(—1.6 |—1.0 | 9620 59.8 | —1.5 | +0.6
28 [ 40 B. Sco 2286 54| E| 29 4 56.7 [ —0.6 |—0.1 |319 Low
Feb. 9 | pAri 399 5711 83 20 45.4 | —1.0 |—4.4 |137 (19 03.2 |—1.6 |—1.2
10 | 104 B. Tau 556 5501 98 28.5 [—0.5 ([—1.2 | 86 (22 08.4 (—1.0 (—1.0
12 | 315 B. Tau 740 6.3 |1 113 1449 |4+0.3 |—1.8 |121 | 0 34.5 |—0.1 |—2.2
12 | 399 B. Tau 880 7.2 1 123 19 59.2 | —1.8 | —1.3 (125 (18 29.4 [—1.3 [+0.7
12 | 132 Tau 882 50| 1 124 20 49.6 | —1.4 | —4.0 {153 (19 07.3 |—1.5 | —0.6
12/13 | 412 B. Tau 898 6.0 1 125 46.0 | +0.1 | —2.8 | 147 | 23 24.8 |—0.3 | —3.4
13 | +22°1531 1059 6.9 |1 138 23 52.51—-0.9 [—2.0 {126 (22 21.3 |—1.2 (—1.6
15 | { Cnc 1236 5.1 I 155 Low 512.2 [+0.2 | —1.6
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TORONTO INNIPEG
1| Elong W. 792400, N. 432663 W. 972100, N. 492917
ZzC. or of
Date Name No. | Mag.| E| Moon| ES.T. a b P C.S.T. a b P
° h m m m °|l h m m m °
Feb. 23| 17G.Lib 2108 6.4 E| 252 228.5|+0.2 | —1.7| 350 Low
23| 18 G. Lib 2109 6.1| E| 252 320.2|-0.5)|—1.2] 339 Low
Mar. 7| 101 Psc 233 62| 1 41 Low 21 05.1|+0.1| —1.6] 96
11 +24° 854 835 69| I 94 20 54.0 | —1.2 | —1.7| 111 19 21.5 | —1.5| —0.8| 103
11/12 ) +24°909 853 7.0| I 95 000.3|+0.5|—2.5| 145| 22 48.4 | +0.2 | —3.3| 154
12| +23°1425 1014 [ 6.8 I 107 21 36.7| —0.7 | —2.9( 146| 20 02.9 | —1.2 | —2.4( 142
13 [ 69 B. Gem 1033 6.8| I 109 16.6 | —0.3 | —1.0| 74| 000.7 | —0.7 | —1.3| 83
13 [ 171 B. Gem 1150 | 6.8| I 120 | 22 00.1 | —0.5 | —3.3| 160| 20 27.7 | —0.9 [ —3.2| 161
20| 75 Vir 1944 5.6 | E| 208 | 2306.2|—0.5|—0.6(327| Low
22| —19°3880 2066 | 6.4| E 220 139.9|-2.0|+0.4(274| 0 15.5 | —1.5| +1.5( 261
Apr. 6| +23°648 624 | 7.0] I 50 | 21 18.4|—0.1 |—1.0| 82|20 05.0 | —0.6 —1.2| 83
8| 10 Gem 960 6.6| 1 76 20 03.1)—1.3 |—1.1( 91 Sun
8| 11 Gem 962 | 7.0| I 76 | 20 18.7 | —0.9 | —1.7| 113 Sun
8| 12 Gem 964 7.0 I 76 | 20 40.7 | +0.1 | —3.6| 160| Su
8| 36 B. Gem 983 6.0 I 78 | 2309.3{—-0.6 |—0.5| 57|21 51.6 | —0.9| —0.8] 67
9| +20°1798p 1123 7.2 1 91 23 05.0—0.2 [ —1.8] 119| 21 46.0 | —0.5] —2.0| 128
9| 61 Gem 1127 59| 1 91 23 50.5 | +0.3 [ —2.1| 144 22 38.8 | 40.1 | —2.6( 155
1 222 B. Cnc 1381 6.3| 1 117 045.1]+0.5 | —3.0( 177 | No occ.
12/13 | 16 Sex 1489 6.8 1 130 112.8|—-0.1|-2.5[160|23 54.6 | 0.0 —2.8| 174
20 | 31B. Sco 2269 54| E| 212 356.0{—1.8[—-0.3|246| 221.3 |—-2.0|-0.4] 250
24 | 222 B. Sgr 2822 5.6 | E| 255 222.7|-1.6 [+2.3)220 Low
May 4| 99 Tau 742 6.0| I 32 Low 20 45.8 | +0.2 | —1.5
5| 1 Gem 916 | 4.3 I 46 Low 21 15.5 [ +0.3| —2.0( 136
6 | 120 B. Gem 1086 6.5 1 61 No occ. 22 33. — —_ 38
8 [ 177 B. Cnc 1344 | 6.8 1 86 | 21 49.3 |+0.2 |—-2.9 (169 20 36.7 | — — | 193
9 | 79 B. Leo 1454 | 7.1 1 99 | No occ. 21 40.3 | —2.1| —0.3] 62
9/10 | +8°2289 1457 6.7] 1 100 003.8(—-0.4(—1.4]| 83|2242.7(-0.9| 1.6/ 95
11 | 87 e Leo 1670 5.1 (I 124 23 02.0 | —1.4 |—1.5]104| 21 28.0 [—1.4| —1.0| 117
June 3| 81gGem 1175 5.0( I 42 Lo 21 44.4 | +0.6 | —2.1 161
6 | 84 B. Sex 1528 6.6 I 81 21 27.4 | -0.4 | —2.3 | 148 Sun
7 —0°2422 1629 6.8( 1 93 21 02.3 |—1.7 |—1.1| 85 Sun
10 | 562 B. Vir 1960 | 6.9 I 129 | 2313.5|—-1.6 |[—1.1| 85|21 36.4 |—1.9|—0.5| 90
11 | —19° 3880 2066 | 6.4 | I 139 | 20 47.2 | —1.7 |—-0.4 | 119 un
20 | 53 B. Acg 3109 | 6.5| E| 228 117.7|-1.6 | +1.4|254| 005.4 (—0.9 | +1.6/ 267
20 | —13°5897 3112 | 6.2 | E| 228 147.1 |—1.1 |+2.2(204| 0 40.2 |—1.0 | +2.0 223
23| +1°4744 3482 5.6 E| 263 138.9|—-0.5|+2.0232 Low
27 | ¢ Ari 472 | 5.0 | E 316 3 07.0 [+0.4 [+1.8 225 Low
July 10 | 31 B. Sco 2269 5411 132 21 36.0 |—1.9 |—1.3 [138 Sun
19 | x Aqr 3320 5.3 E 222 1 54.0 —_ — 1298 | No occ.
20 | x Psc 3453 49 | E| 234 3 48.1 |—1.5 |+1.2 {231 | 225.9 |—1.7 | +0.9| 268
20 | 9 Psc 3455 6.4| E| 234 3359 |—0.6 [+2.5[193( 230.3 |—1.1[+1.5(232
26 | 99 Tau 6.0 | E 311 2 52.7 | +0.1 |+1.4|258 Low
Aug. 5| 17G.Lib 2108 6.4 |1 90 (21009 |—-1.4{-1.3]| 91 Sun
6 2 Lib 2237 5.1 1 102 Low 21 15.0 |—1.4 | —-1.1| 92
7 | 22 Sco 2371 49 (1 112 |21 22.6 [—1.8 [—0.8 | 88 Sun
22 | 284 B. Tau 693 6.0 | E 280 0 O 047.5 [ +0.6 | +2.2( 213
Sept. 3 | 71 B. Sco 2317 6.6 I 81 19 57.6 | —1.7 |—1.5[110( Sun
5 | 63 Oph 2577 6.1 (1 103 19 31.4 | —2.1 |—0.2| 89| Sun
8 | —17°5975 2979 7.1 1 136 19 27.5 [—1.5 [+1.9| 42| Sun
8 | 35B Cap 2989 6.8 1 136 21 05.1 [—2.8 [—0.5|114( 19 32.8 [—1.5 | +1.1| 90
9 | 41 B. Cap 2997 7.1 1 137 001.6 |—0.6 |+0.7 | 32 | No occ.
9 | 47 B. Cap 3005 621 138 Low 017.2 |-0.9|—0.3| 57
9 [ 53 B. Agr 3109 | 6.5] 1 148 | 20 05.0 | —1.5 |[+1. 67 Sun
9 | —13°5897 3112 | 6.2 | I 148 | 21 05.3 | — — |126]19 34.3 [—1.3 | +1.3| 97
16 | ¢ Ari 472 | 5.0| E| 235 22 45.8 | —0.9 |+0.5 { 302 [ No occ.
17 | © Ari 486 52| E| 236 140.7 | —0.5 |+3.1[207| 043.6 |—0.6 | +1.8| 246
20 | u Gem 976 32| E| 275 031.6 |+0.4 |+2.0 (236 | Low
21 | 61 Gem 1127 59| E| 289 152.4 |-0.7 |—0.6 |328 | No occ.
Oct. 6 | 95B. Cap 3066 | 6.0 [ I 117 |20 58.5 |—2.0 |—0.1 | 79 (19 33.3 |—1.3 | +1.1| 48
8 | —9°5854 3199 6.8|1 129 037.9 {-0.2 |[+1.1 | 22 | No occ.
8/9 | x A%r 3320 531 141 005.5|—1.5 [—0.7]| 79|22 44.2 |—1.0 | +0.9| 39
9 | 207 B. Aqr 3326 6.4 | I 142 2 20.0 [—0.3 |+0.5 ) 35 | No occ
9/10 | x Psc 3453 49 (1 153 047.7 |—1.7 |—1.1| 89(2321.9 |—-1.2|+0.8| 49
9 | 9Psc 3455 6.4 |1 153 | No occ. 23 24.6 | —1.7| —0.2| 84
14 | 32 Tau 582 5.8 E| 217 |21 57.1 [—0.7 |+0.8 |289 [ No occ.
17 | 3 Gem 929 5.8 E| 246 0 55.4 [—1.4 |—0.7 | 318 | No occ.
17 | 6 Gem 942 6.3 | E| 246 223.2 [—1.4 |+0.8 273 | 1 05.6 306
17 | n Gem 946 3.7v| 1 247 No occ. 133.1|—1.5|—1.4| 149
17 | n Gem 946 3.7v| E 247 No occ. 2 10.5 216
17 3.2 1 249 Sun 5249 |- -0 100
31 | —22°4928 2762 | 6.0 I 63 17 54.9 | — — | 135 Sun
Nov. 1 | 57 Sgr 2902 6.0| I 74 20 51.6 |—0.4 |+0.1 | 41 | No oc.
3 | 96 G. Cap 3145 | 6.8| I 96 | No occ 19 25.3 | -2.0| —0.3| 94
3 | 72B. Aqr 3146 | 6.5 I 97 | No occ. 19 52.2 | —-1.9| —0.5| 91




TORONTO WINNIPEG
1 | Elong. W. 792400, N. 432663 W. 972100, N. 492917
ZC. or of
Date Name No. Mag.| E | Moon ES.T. a b P CS.T. a b P
° h m m m ° h m m m °
Nov. 6 | 19 Psc 3501 5311 131 19 00.3 | —1.0 | +2.0| 42| 18 04.6 [ —0.1 | +2.7 8
7 | 43°4909m 3524 | 6.9 | 1 134 156.0|—0.5|—2.3|108| 032.0(—-1.0|—0.9| 76
7 | 136 B. Psc 8 | 6.5 1 145 21 50.9 | —1.6 [ +0.9| 64| 20 40.6 | —0.6 | +2.2( 25
12 | 423°1007 859 | 6.5|E| 213 21 41.8 | —0.8 | +0.4 | 302 No occ.
12 | 394 B. Tau 865 6.1 | E| 213 22 22.2| —0.7 [ +1.2| 271 21 17.2 | —0.5 [ +0.5( 307
14 | { Gem 1077 3.9vf I 231 558.7|—0.9 [—-2.1|132| 427.7 |-1.2|—1.7( 133
14 | { Gem 1077 3.9v| E| 231 Sun 532.7|-1.5| —0.4] 261
15| 3Cnc 1207 5.8 E|. 244 4557 |—2.5|+1.3|244| 328.2 |—1.6|+1.5)251
19 | 87eLeo 1670 | 5.1 | E| 295 424.8|—1.2(+1.5|268f Low
Dec. 2| xAgr 3320 | 5.3 |1 87 16 57.3 | —2.6 | +0.1 [ 104| Sun
2 | 207 B. Aqgr 3326 | 6.4 I 88 19 28.8 | —1.7 | 0.0 71| 18 09.7 (—1.0| +1.5| 32
2 [ —3°5505 3340 | 7.5 I 89 Low 22 32.2 [—0.5| —0.6( 61
3| xPsc 3453 4911 99 No occ. 17 38.3 | —1.7| 40.9| 85
3| +1°4731 3464 | 7.1 I 101 22 35.9 | —0.7 | 4+0.7 [ 36| No occ.
5| 410°128 163 7.2 |1 No occ. 18 27.6 | —1.7| 40.6| 105
5 | 212 B. Psc 177 7.1 |1 126 No oce. 21 49.4 | —1.7| —0.9( 96
6/7 | 20 H!. Ari 317 6.4 | 1 139 025.3|—1.2 [-0.3| 66(2305.7 (—1.2|+1.2| 39
8 | { Ari 472 50| 1 154 311.3|-0.7 |-0.1| 52| 155.1|—1.1|+0.5( 43
8 | tAri 486 5.2 |1 156 Low 432.3(-0.3|-0.6| 57
10 | Saturn — |-0.2|1I 192 17 54.4 | +0.2 [ 4+0.7 | 111 Low
10 | Saturn 0.2 | E 192 18 40.4 | +0.3 [+1.5(249( 17 53.5 | +0.3 | +1.0( 278
10 | p Gem 976 3.2 |1 195 2229.1 (—1.0 | +1.9| 67| 21 40.7 | — — 17
10 | p Gem 3.2 | E 195 23 32.1 (—1.6 |—0.6 | 302| 21 56.2 — | 349
14 | 6h Leo 1410 | 5.3 | E| 238 325.3|—1.5|-0.7|301| 200.1|—1.0{ —0.1]| 305
17 | 64 B. Vir 1752 | 6.5 ) E| 279 Sun 540.4 | —2.2| +1.5| 252
18 | 370 B. Vir 1852 | 6.0 ( E| 289 324.6—-0.4|—-0.1(315 Low
18 11° 3398 1858 6.5| E 290 518.2 | —1.0 | —0.4 [ 314 4 05.1 | —0.5| +0.3| 309
29 | —5°5790 3290 | 7.3 | 1 57 18 56.7 | —1.8 | —2.0|102| 17 24.6 [ —1.3 | +0.3| 59
31 | +3°4909m 3524 | 6.9 1 80 18 21.9 | —2.6 | —1.2|103| Sun
LUNAR OCCULTATIONS VISIBLE AT EDMONTON AND VANCOUVER, 1973
. EDMONTON VANCOUVER
1 | Elong. W. 1132075, N. 532533 W. 1232100, N. 492500
Z.C. or of
Date Name No. Mag] E| Moon | M.S.T. a b P P.S.T. a b P
° h m m m ° h m m m °
Jan 9 | xPsc 3453 491 63 19 15.2 | —0.6 | +0.6 [ 33| 18 04. .9 +0.9| 34
9 Psc 3455 6.4 1 63 19 12.0 [ —1.0 | —-0.5( 68 18 O1. —-0.2| 69
12 [ 47 B, Ari 6.5]1 103 Graze 21 32. +1.7| 24
13 | €Ari 0 | 4.6 |1 114 18.40.1 | —0.5 | +2.9 [ 22| 17 24. +3.0| 20
14 | 36 Tau 598 5.7|1 128 19 44.0 | —1.0 | +1.8| 51| 18 26. +2.0( 54
14 | +23°624 611 7.0 | I 129 22124 | — — ]156 | No occ.
15 | 424° 654 649 | 7.2 [ 1 133 412.2 (-0.2 |-0.5| 45| 313.7 |—0.1|—0.8{ 65
15 | 62 Tau 652 | 6.4 (I 133 416.5 [+0.1 |—1.0| 71| 322.0 |+0.1|—1.2| 88
Feb. 9| +19°432 425 7.0 | I 86 23 41.6 [ +0.1 |—2.2 {116 22 54.8 [ +0.4 | —4.1 | 144
10 | 104 B. Tau 556 55 |1 98 20 47.8 | —1.2 |—0.4| 75|19 35.6 | —1.5| —0.4| 89
10 | +423°563 564 | 6.1 I 98 No occ. 20 36.5 | —1.5| +1.9| 33
11| 315B. Tau 740 | 6.3 | I 113 23 22.2 | -0 —2.6|133] 22 36.4 | — — | 169
11 | 98 k Tau 743 56 |1 113 0 occ. 23 14.0 [—1.5| +0.8( 39
12 | 412 B. Tau 898 6.0 I 125 22 03 —0.7 |—3.8 | 156 | No occ.
13| 422°1531 1059 6.9 | I 138 20 56.4 | —1.3 [--0.8 |124| 19 47.3 [—1.4 | —1.4 | 141
14 [ 10 H. Cnc 1217 6.1 I 153 No oce. 23 05.2 [—2.1(+0.8| 68
15| ¢ Cnc 1236 | 5.1 | I 155 07.8 0.0 [—1.9 (129 3 15.8 0.0 | —2.1] 144
Mar. 6| 136B. Psc . 89 6.5 |1 28 19 31.2 | —0.2 [—1.3 | 80| Sun
7| 101 Psc 233 6.2 | I 41 19 57.0 | —0.3 {—1.6 | 92(19 00.3 [—-0.6 | —2.3 | 110
9| +22°523 524 | 6.6 | I 69 22 47.1 | —0.1 |—1.3 | 84|21 51.9 [—0.1 [ —1.7]|102
11| 95 Tau 714 6.2 |1 83 0 00.4 | +0.5 |—2.4 | 140 | No occ.
11| +24°909 853 7.0 | I 95 21 37.8| — ‘| —_ |168| No occ.
12 | 69 B. Gem 1033 6.8 |1 22 43.0 | —0.9 [—1.3| 94|21 38.9 (—1.0| —1.6( 114
14 | 209 B. Gem 1186 | 6.1 | I 124 0 occ. 135.5|-0.9|-0 54
22| 9G.Lib 2084 | 6.5 | E| 222 | No occ. 317.6 | — — | 349
24 | o Sco 2349 3.1 (I 245 Sun 508.3| — — | 164
Aug. 8| +23°1346 98 6.8 |1 78 | 20 40.8 [ —1.7 |4+0.6 | 46| Sun
8| 36 B. Gem 983 6.0 | I 78 | 2032.2|—1.1 [-0.8| 78 Sun
91 +20°1798p 1123 7.2 (1 91 20 28.1 | —0.7 |—2.2|139] 19 33.1 |—0.3 | —3.8] 166
9| 61 Gem 1127 59 |1 91 21 30.6 (+0.4 |—3.8 (173 [ No occ.
14 | 62 p3 Leo 1605 6.2 | I 144 158.2|—0.5|-2.0|138| 101.3 (—0.5|—2.1| 149
May 5| 1Gem 916 4.3 | I 46 20 11.0 | +0.2 |—2.6 | 148 | No occ.
5| 3 Gem 929 58 |1 47 22 11.7 | +0.3 [—1.6 | 120 21 22.2 | +40.4 | —2.0| 136
5| 4 Gem 931 6.7 |1 48 22 33.7 [+0.5 | —1.8 | 139| 21 48.2 (40.8 | —2.5 159
6| 120 B. Gem 1086 6.5 |1 61 21 18.2 | —0.8 |—0.8 | 57|20 13.8 |—0.9 ] —1.1| 80
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w



EDMONTON VANCOUVER
2C 1 Elo?g. W. 1132075, N. 532533 W. 1232100, N. 49°500
or o
Date Name No. Mag.| E | Moon M.S.T. a b P PS.T. a b P
° h m m m °|lh m m m °
May 9| +8°2289 1457 6.7 |1 100 21 21.2 | —1.1| —1.4} 108 Sun
36 Sex 1566 6.6 |1 112 No occ 20 22.0 . . 63
June 8 | 64 B. Vir 1752 6.5 1 107 Low 22 42.31—-0.9|—-1.7( 104
11 | 9 G. Lib 2084 6.5|1 141 Low 06.6 | —1.9 | —0.2| 53
July 19/20 | x Psc 3453 49 | E 234 103.8|—1.5|+1.0]296( 23 45.7 [ —1.3 | +0.9| 304
20 | 9 Psc 3455 6.4 [E 234 118.6 | —1.0|+1.6|253| 002.9|—0.8 |+1.7| 257
25| 32 Tau 58, 5.8 | E 298 146.6 [ +0.9 | +2.6| 192 Low
Aug. 22 | 300 B. Tau 716 6.2 (E 282 341.9|-0.3 (+2.5(225| 230.3 |—0.1|+2.4|226
24 | 36 d Gem 1047 5.2 |E 308 346.0 [ —0.1 | +1.6( 263 39.8 | +0.1 | +1.5] 262
Sept 6 | 154 B. Sgr 2754 59 |1 116 Low 21 45.8 — — | 139
8 | 47 B.Cap 3005 6.2 (1 138 23 04.6 [ —0.7 | +0.6| 2921 53.6 | —0.8 | +1.2| 23
9 | 61 B. Cap 3019 591 139 Low 055.5|—-0.8|-0.9| 74
10 | 72 B. Aqgr 3146 6.5 (1 151 213.2(—-0.2| +0.5( 24} 108.2)|-0.3|+0.8) 24
15 [ 101 Psc 233 6.2 | E 212 357.4 . . 318| 2 49.2 —_ — | 308
16 | t Ari 486 5.2 |E 236 23 40.6 | —0.5 [ +1.5|269 |22 31.1 | —0.3 [ +1.4| 273
20 | +22° 1416 1021 6.3 | E 279 Sun 418.1 | —0.8 | +4.2| 217
22| 90 B. Cnc 1284 6.3 | E 305 Sun 411.3|-0.6 | +0.8| 290
Oct. 8| —9°5876 3216 6.6 (I 131 Low 051.3]-0.7|—-1.1] 79
8 | x Agr 3320 531 141 21 38.3 | —0.3 | +2.1 7120 27.1 — — | 356
9 | 22 B. Psc 3444 6.5 1 152 19336 (—1.4(+1.0|117{18 17.2 | —1.0 [ +1.2| 112
9 | x Psc 3453 49 [ I 153 22 12.3|—-0.6 ( +1.8| 2020 58.6 [ —0.4 | +2.4( 12
9| 9Psc 3455 6.4 11 153 22 03.7| —1.1| +1.1| 56)|20 47.0 | —1.1 | +1.6| SO
14 | § Ari 472 50 E 208 519.7| —0.8 | —2.3}298( 417.2|—1.2 | —1.4{ 280
16 | 6 Gem 942 6.3 | E 246 23 46.7 — — | 345( 22 40.1 — — | 345
16/17 | n Gem 946 3.7 I 247 017.4|—0.6| +0.7(119|23 09.4 | —0.4 | +0.7] 121
Oct. 17 | n Gem 946 3.7v| E 247 111.9|—0.5|+2.1(243| 000.0|—0.2 | +2.2| 240
17 | Saturn —_ 0211 248 4 02.4 — — | 165 | No occ
17 | Saturn 0.2 (E 248 4 30.4 — — 210 | No occ.
17 | u Gem 976 3.2 101 249 401.5|—-1.3|+0.5| 92| 246.2 |—1.3 |+0.4| 104
17 | u Gem 976 3.2 |E 249 514.4 | —1.4(—-0.6|285( 3 59.9|—1.6 |+0.4( 269
19 [ 416° 1662 1238 6.1 [E 273 0 53.9 [+0.2 [ +2.5 (238 Low
20 | 222 B. Cnc 1381 6.3 | E| -289 544.3|—0.8| —1.5(337| 439.2|—-0.9 (—0.4{ 316
Nov. 1 | 247 G. Sgr 2908 6.9 (1 75 19 48.7 | —1.7 | —1.6 | 108 { 18 35.7 | —2.0 { —1.0| 102
2 | 61B. Cap 3019 5911 85 18 03.9 — — 1137 Sun
3| 96 G. Cap 3145 6.8 (1 96 17 59.7 | —1.4 | +0.9{ 70 Sun
3| 72B. Agr 3146 6.5|1 97 18 26.9 | —1.4 | +0.8 | 66 Sun
6 | +3°4909m 3524 6911 134 |23 14.4|—-1.0| +0.2| 53|2201.4|—1.3|+0.6| 54
11 | © Tau 709 4.3 |1 2 21 02.0 [ —-0.6 | +0.9]| 116} 19 53.5 | —0.3 | 4+0.9| 114
11 | = Tau 709 43| E 200 21 50.2 | —0.2| +2.3 (226 20 40.2 0.0 | +2.2| 227
13 | Saturn — 0.0(1I 221 No occ. 10 04.8 [ —0.1 | —0.5| 47
13 | Saturn — 00| E 221 No occ. 10 32.6 | +0.8 [ —1.9( 339
14 | { Gem 1077 3.9vf I 231 303.1(—1.2—1.0[130| 1557 |—1.3|—1.9(149
14 Gem 1077 3.9v| E 231 407.9)—1.5)+0.4[258) 246.6 | —1.7 | +2.2| 236
15 Cnc 1207 5.8 (E 244 212.7|-1.0|+1.6{260( 0 55.5|—0.7 | +2.4| 246
Dec. 1| —9°5876 3216 6.6 | I 7 18 17.3 — — | 11816 55.4 | —2.5 | —0.3| 108
2 | 207 B. Aqr 3326 6.4 |1 88 17 07.5 — — 0 Sun
2| —3°5505 3340 75| 1 89 21 21.9| —0.6| +0.3| 37|2012.6 |—0.9 [ +0.6| 38
4 | 45 Psc 51 7.211 114 23 27.9 | —1.1| —3.1]118) 22 30.2 — — | 136
5| +10°128 163 7.2 |1 124 17 13.5 | =0.7 | +1.6 | 79 un
5| 212 B. Psc 177 7.1 |1 126 |'20 24.8 | —1.3| +0.8| 69|19 07.4 | —1.3 | +1.3| 66
6 | 20 H!. Ari 317 6.4 |1 139 21 58.7 | —0.5| +3.6 9120 40.0 | —0.4 | +3.4] 12
78 | § Ari 472 5.0(1 154 039.5|—-1.2| +1.5| 32|2321.6 | —1.4 |+1.2| 47
8 | { Ari 52|11 156 323.0|-0.6|—-0.7| 60 19. —-0.8 |—-1.0} 79
13/14 | 6 h Leo, 1410 5.3 |E 238 0 46.8 [ —0.7 [ +0.2|310(23 39.1 | —0.5 | +0.6| 296
17 | 64 B. Vir 1752 6.5 | E 279 4 14.9 —_ — | 234 | No occ.
28 | 47 c? Cap 3187 6.2 |1 47 19 38.3 ([—0.5|—0.7| 6018 34.2 | —0.8 [ —0.5| 62

MODERN

ASTRONOMY

You’ve probably noticed it at the local museum or planetarium, or perhaps at a
friend’s house. Wherever you go you find more and more Astronomers reading
MODERN ASTRONOMY, or talking about things they’ve seen or built from ideas
in M.A. and with good reason. MODERN ASTRONOMY is packed from cover to

cover with useful and interesting features.

MODERN ASTRONOMY is fun reading, from cover to cover. MA’s editors do
their best to make even the technical aspects of Astronomy readily understandable

to the layman. Published Bi-Monthly at $3.00 per year

Dept. C. MODERN ASTRONOMY 18 Fairhaven Dr. Buffalo N.Y. 14225

64



GRAZING OCCULTATIONS OVER CANADA DURING 1973

By L. V. MORRISON

H. M. Nautical Almanac Office
Royal Greenwich Observatory, Hailsham, Sussex

The maps show the tracks of stars brighter than 7.5 magnitude which will graze
the limb of the Moon when it is at a favourable elongation from the Sun and at
least 10° above the observer’s horizon (5° in the case of stars brighter than 5.5, and 2°
for those brighter than 3.5). Each track starts in the West at some arbitrary time given
in the key and ends beyond the area of interest, except where the letters 4, B, or S
are given. A denotes that the Moon is at a low altitude, B that the brlght limb
interferes, and S that daylight interferes. The tick marks along the tracks denote 10
minute intervals of time which, when added to the time at the beginning of the track,
give the approximate time of the graze at places along the tracks.

Observers positioned on, or very near, one of these tracks will probably see the
star disappear and reappear several times at the edge of features on the limb of the
Moon. The recorded times of these events (to a precision of a second, if possible)
are very valuable in the study of the shape and motion of the Moon currently being
investigated at the Royal Greenwich Observatory and the U.S. Naval Observatory.

Observers sited near to any of these tracks who are interested should write to
Dr. D. W. Dunham, Department of Astronomy, University of Texas, Austin, Texas
78712, at least two months before the event, giving their approximate latitude and
longitude, and details of the event will be supplied.

*NOTES ON DOUBLE STARS

Track Remark

6 ZC 438 is the mean of the double star Aitken 2253. The components are
7.5 and 7.6 magnitude; separation 0’4 in p.a. 257°.

18 ZC 567 is the brlghtest component of the triple system Aitken 2795. The
companions are 9.0 and 9.9 magnitude; separation 10’3 and 3%'2 in p.a.
236° and 238° respectively. It is also a spectroscopic binary.

25 ZC 501 is the brighter component of the system Aitken 2552. The companion
is 10th magnitude; separation 1’’ in p.a. 68°.

26 ZC 822 is the brighter component of the double star Aitken 4068. The
compamon is 6.6 magnitude; separation 4°.'8 in p.a. 205°.

47 ZC 3524 is the mean of the double star Aitken 17111. The components are

112 7.5 and 8.0 magnitude; separation 0’4 in p.a. 220°.

49 ZC 1639 is the following component of the double star Aitken 8131. The
preceding component is 8.0 magnitude; separation 9°’6 in p.a. 253°.

55 ZC 594 is the preceding component of the system Aitken 2926. The com-
panion is magnitude 7.9; separation 774 in p.a. 127°

56 ZC 767 is a spectroscopic binary.

64 ZC 1054 is the brighter component of the double star Aitken 5564. The

96 compamon is 10th magnitude; separation 20’’ in p.a. 170°.

79 ZC 929 is the mean of the two brlght components of the double star Aitken
475133"£he components are 6.0 and 8.0 magnitude; separation 076 in

a

80 ZC 931 is the mean of two components of the double star Aitken 4768.
The components are 7.2 and 7.5 magnitude; separation 0%.3 in p.a. 252°.

82 ZC 946, which is a spectroscopic binary, is the following component of the
double 2séaér Aitken 4841, The companion is 6th magnitude; separation 1’5
in p.a.

85 ZC 1587 is the brighter component of the double star Aitken 7982. The
companion is 9th magnitude; separation 06 in p.a. 79°.
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KEY TO MAPS 1 AND 2

Beginning | Time |Percent| NorS

Track| ZC Name Mag. U.T. hm Sunlit | Limit
1 3444 22 B. Psc 6.5 Jan. 10 0 2 27 S
2 3455 9 Psc 6.4 Jan. 10 2 54 27 S
3 311 47 B. Ari 6.5 Jan. 13 5 51 61 N
4 425 +19° 432 7.0 Jan. 13 23 24 70 S
5 435 47 Ari 5.8 Jan. 14 0 56 71 S
6* 438 134 B. Ari 6.7 Jan. 14 2 46 71 N
7 611 +23°624 7.0 Jan. 15 55 82 S
8 1605 62 Leo 6.2 Jan. 22 7 31 85 S
9 1713 13 B. Vir 5.8 Jan. 23 6 21 77 S
10 1833 —11° 3361 6.9 Jan. 24 11 51 66 S
11 2046 —19° 3846 6.9 Jan. 26 9 28 48 S
12 2152 —22°3897 7.3 Jan. 27 8 46 38 S
13 399 u Ari 5.7 Feb. 10 117 45 S
14 521 9 Tau 6.7 Feb. 10 23 27 55 N
15 550 +23° 537 6.8 Feb. 11 3 48 57 N
16 559 26 Tau 6.6 Feb. 11 4 39 58 N
17 564 +23° 563 6.1 Feb. 11 4 54 58 N
18* 567 +23° 569 6.8 Feb. 11 59 58 N
19 743 98 Tau 5.6 Feb. 12 7 24 70 N
20 882 132 Tau 5.0 Feb. 13 112 78 S
21 1893 —13° 3665 7.0 Feb. 21 8 47 82 S
22 2251 —24° 12275 7.5 Feb. 24 12 9 54 S
23 2524 151 G. Oph 6.0 Feb. 26 12 34 35 S
24 2659 70 B. Sgr 6.4 Feb. 27 11 23 27 N
25%* 501 66 Ari 6.1 Mar. 10 156 31 N
26* 822 118 Tau 5.9 Mar. 12 0 5 53 N
27 1017 +23° 1433 6.8 Mar. 13 224 65 N
28 1033 69 B. Gem 6.8 Mar. 13 6 20 66 N
29 1186 209 B. Gem 6.1 Mar. 14 9 41 78 N
30 2455 31 Oph 6.8 Mar. 25 8 34 63 N
31 611 +23° 624 7.0 Apr. 7 025 17 N
32 954 8 Gem 6.1 Apr. 9 014 38 N
33 956 9 Gem 6.3 Apr. 9 032 38 N
34 960 10 Gem 6.6 Apr. 9 130 39 N
35 982 +23° 1346 6.8 Apr. 9 359 40 N
36 983 36 B. Gem 6.0 Apr. 9 410 40 N
37 1468 n Leo 4.9 Apr. 12 23 58 81 N
38 2692 24 Sgr 5.7 Apr. 23 9 4 70 N
39 923 2 Gem 6.9 May 6 4 22 16 N
40 1086 120 B. Gem 6.5 May 7 4 35 26 N
41 1454 79 B. Leo 7.1 May 10 351 58 N
42 1566 36 Sex 6.6 May 11 4 38 69 N
43 2785 —22°4977 6.8 May 21 722 85 N
44 2806 —22° 5021 6.9 May 21 12 11 84 N
45 3029 —16° 5690 6.9 May 23 8 31 69 N
46 3281 162 B. Aqr 7.5 May 25 9 0 49 N
47* | 3524 +3° 4909 6.9 May 27 9 5 28 N
48 1629 —0°2422 6.8 June 8 2 27 53 N
49* | 1639 123 H. Leo 7.0 June 8 4 32 54 N
50 1489 16 Sex 6.8 July 4 3 6 18 N
51 1605 62 Leo 6.2 July 5 4 54 28 N
52 425 +19° 432 7.0 July 24 7 58 37 N
53 435 47 Ari 5.8 July 24 9 18 36 N
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KEY TO MAPS 3 AND 4

Beginning | Time |Percent{N or S
Track| ZC Name Mag. U.T. h m | Sunlit | Limit
54 584 33 Tau 6.0 July 25 8 34 26 N
55* 594 161 B. Tau 6.9 July 25 10 16 25 N
56* 767 103 Tau 5.5 July 26 11 27 15 N
57 923 2 Gem 6.9 July 27 8 59 8 N
58 89 136 B. Psc 6.5 Aug. 18 154 84 N
59 375 +18°325 6.8 Aug. 20 50 64 N
60 524 +22°523 6.6 Aug. 21 8 19 52 N
61 714 95 Tau 6.2 Aug. 22 9 2 40 N
62 839 121 Tau 5.3 Aug. 23 51 31 N
63 1047 36 Gem 5.2 Aug. 24 10 15 19 S
64* | 1054 +21° 1428 6.8 Aug. 24 11 34 18 S
65 1192 +18°1778 7.4 Aug. 25 11 24 10 S
66 2754 154 B. Sgr 5.9 Sept. 7 6 0 72 S
67 459 151 B. Ari 6.7 Sept. 17 116 79 N
68 472 € Ari 5.0 Sept. 17 329 78 N
69 486 T Ari 5.2 Sept. 17 6 52 77 S
70 693 284 B. Tau 6.0 Sept. 18 12 54 64 S
71 839 121 Tau 5.3 Sept. 19 11 4 54 N
72 1001 +22° 1364 7.2 Sept. 20 8 58 43 S
73 1021 +22° 1416 6.3 Sept. 20 11 54 42 S
74 1113 56 Gem 5.2 Sept. 21 4 44 34 N
75 1127 61 Gem 5.9 Sept. 21 6 39 33 N
76 1135 +19° 1743 6.8 Sept. 21 7 48 32 S
77 2935 347 B. (Sgr) 7.0 Oct. 6 0 37 63 S
78 761 +22° 818 6.7 Oct. 16 50 80 S
79* 929 3 Gem 5.8 Oct. 17 5 21 70 N
80* 931 4 Gem 6.7 Oct. 17 5 45 70 N
81 942 6 Gem 6.3 Oct. 17 6 33 70 N
82% 946 | n Gem 4.2 Oct. 17 7 44 69 S
83 1238 +16° 1662 6.1 Oct. 19 729 47 S
84 1247 +16° 1687 6.8 Oct. 19 10 11 46 S
85* | 1587 55 Leo 6.0 Oct. 22 10 33 15 S
86 1713 13 B. Vir 5.8 Oct. 23 13 30 8 S
87 2610 27 G. Sgr 6.8 Oct. 30 22 3 19 S
88 2762 —22°4928 6.0 Oct. 31 23 12 27 S
89 2908 247 G. Sgr 6.9 Nov. 2 313 37 S
90 3005 47 B. Cap 6.2 Nov. 2 22 33 45 S
91 3019 61 B. Cap 5.9 Nov. 3 15 46 S
92 3145 96 G. Cap 6.8 Nov. 4 157 56 S
93 3146 72 B. (Aqr) 6.5 Nov. 4 227 56 S
94 3248 128 B. Aqr 6.6 Nov. 4 22 52 65 S
95 3370 6 G. Psc 6.2 Nov. 5 23 45 75 S
96* | 1054 +21°1428 6.8 Nov. 14 555 83 N
97 1077 & Gem 4.1 Nov. 14 10 17 81 S
98 1192 +18° 1778 7.4 Nov. 15 S5 44 73 N
99 1207 3 Cnc 5.8 Nov. 15 8 21 72 S
100 1235 +16° 1657 7.4 Nov. 15 14 33 70 S
101 3216 —9° 5876 6.6 Dec. 2 114 39 S
102 3320 | x Aqr 5.3 Dec. 2 22 27 48 S
103 3453 K Psc 4.9 Dec. 4 09 59 S
104 3455 9 Psc 6.4 Dec. 3 23 54 59 S
105 51 45 Psc 7.2 Dec. 5 6 39 71 S
106 163 +10° 128 7.2 Dec. 6 0 34 79 S
107 177 212 B. Psc 7.1 Dec. 6 4 9 80 S
108 1528 84 B. Sex 6.6 Dec. 15 7 51 65 S
109 1543 +3°2379 6.6 Dec. 15 11 59 64 S
110 1752 64 B. Vir 6.5 Dec. 17 10 54 42 S
111 3290 —5°5790 7.3 Dec. 30 029 23 S
112* | 3524 +3° 4909 6.9 Dec. 31 23 55 42 S
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MAP OF THE MOON
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South appears at the top.

PLANETARY APPULSES AND OCCULTATIONS

According to Mr. Gordon E. Taylor, H.M. Nautical Almanac Office, there will
be no planetary appulses or occultations, involving bright stars, visible from North
America in 1973. An occultation by the asteroid Pallas of the 972 star SAO 120836
at 13" 10™ U.T. on February 6 will probably be visible from some part of the western
side of North America. An occultation by the asteroid Europa of the 971 star
SAO 189207 at 09" 10™ on September 12 may be visible to observers, with good
photoelectric equipment, from some part of the western side of North America.
More refined predictions will be issued at a later date.
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MARS—LONGITUDE OF THE CENTRAL MERIDIAN

A favourable opposition of Mars occurs late in 1973. The following table lists
the longitude of the central meridian of the geometric disk of Mars for each date at
0 hours U.T. (19 hours E.S.T. on the preceding date). To obtain the longitude of the
central meridian for other times, add 14.6° for each hour elapsed since 0 hours U.T.

A map of the surface of Mars appeared in the 1971 edition of the OBSERVER’S
I’;ANDdBOOK; single copies of this map may be obtained without charge by writing to
the Editor.

Date May June July Aug. Sept. Oct. Nov. Dec.
1 58.91 | 113.59 | 179.08 |238.33 | 304.07 | 29.34 | 115.42 | 205.43
2 49.07 | 103.74 | 169.31 | 228.71 |294.73 | 20.39 | 106.59 | 196.22
3 39.22| 93.90|159.54 [219.11 (285.40 | 11.45| 97.76| 187.00
4 29.38 | 84.06 | 149.78 [209.51 |276.08 2.52 | 88.911177.76
5 19.54 | 74.22 | 140.02 | 199.92 | 266.77 | 353.61 | 80.05 | 168.52
6 9.69 | 64.38|130.26 [190.34 |257.48 (344.71 | 71.19 | 159.26
7 359.85| 54.54(120.51 [180.76 |248.20 | 335.82 | 62.31 | 149.99
8 350.00 | 44.70|110.76 | 171.19 [238.93 |326.94 | 53.43 | 140.71
9 340.15| 34.86|101.02 |161.63 |229.67 |318.07 | 44.53 | 131.41
10 330.30 | 25.03 | 91.28 [152.08 |220.42 [309.21 | 35.62 | 122.11
11 320.46 | 15.20| 81.55 (142.53 {211.19 {300.36 | 26.70 | 112.79
12 310.61 5.37| 71.82(132.99 |201.97 |291.51 | 17.76 | 103.46
13 300.76 | 355.54 | 62.09 |123.46 |192.76 |282.68 8.81| 94.13
14 290.90 | 345.72 | 52.37 | 113.94 | 183.57 | 273.85 | 359.85| 84.78
15 281.05]335.89 | 42.66 |104.42 | 174.38 | 265.03 | 350.88 | 75.42
16 271.20 | 326.07 | 32.95 | 94.92 | 165.21 | 256.22 | 341.89 | 66.05
17 261.35|316.25| 23.24 | 85.42 | 156.06 | 247.41 | 332.89 | 56.68
18 251.50 | 306.43 | 13.54 | 75.93 |146.92 |238.61 |323.88 | 47.29
19 241.65 | 296.62 3.84 | 66.45 (137.79 {229.81 |(314.85| 37.89
20 231.79 | 286.81 | 354.15 | 56.97 | 128.68 |221.02 | 305.81 | 28.49
21 221.94 | 277.00 | 344.47 | 47.51 [119.58 |212.22 |296.75 | 19.08
22 212.09 | 267.19 | 334.79 | 38.06 | 110.49 |203.43 | 287.68 9.66
23 202.24 | 257.39 | 325.12 | 28.61 |101.42 | 194.64 | 278.60 0.23
24 192.39 | 247.59 | 315.45 | 19.18 | 92.36 | 185.85 |269.50 | 350.79
25 182.53 | 237.79 | 305.79 9.75 | 83.31 |177.06 |260.39 | 341.34
26 172.68 | 228.00 | 296.13 0.34 | 74.28 |168.27 |251.27 | 331.89
27 162.83 [ 218.21 | 286.48 |350.93 | 65.27 [159.47 |242.13 | 322.43
28 152.98 | 208.42 | 276.84 |341.54 | 56.27 |150.67 (232.97 | 312.96
29 143.13 | 198.64 | 267.20 {332.15 | 47.28 | 141.87 |223.80 | 303.49
30 133.28 | 188.86 | 257.57 [322.78 | 38.30 |133.06 | 214.62 | 294.00
31 123.44 247.94 [313.42 124.24 284.52

ASTEROIDS—EPHEMERIDES AT OPPOSITION, 1973

Three of the four major asteroids—Ceres, Pallas and Juno—come to opposition
in 1973. Ephemerides near opposition are given for Ceres and Pallas, together with
maps. Since Juno is fainter than magnitude 10.0 at opposition, no ephemeris or map
is given. Its position at opposition on June 6 is R.A. 16" 59™43%, Declination —4°04".
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. ..~:V.".‘.|;‘.,-.. .. -
15" 20™ 15"oo™ 14hg0m
Ceres (No. 1) Pallas (No. 2)
Opposition June 1 in Oph Opposition May 2 in Boo
Mag. 6.8 Mag. 8.0
Date R.A. Dec. Date R.A. Dec.
h m o ’ h m o ’
May 2 17 02.1 —18 20 Apr. 2 1523.1 +17 03
12 16 55.5 —18 35 12 15 18.3 +19 52
17 16 51.5 —18 43 17 15 15.2 +21 09
22 16 47.1 —18 51 22 1511.6 +22 18
27 16 42.4 —19 00 27 15 07.7 +23 20
June 1 16 37.6 —19 08 May 2 15 03.6 +24 12
6 16 32.8 —19 16 7 14 59.4 +24 55
11 16 28.1 —19 25 12 14 55.3 +25 29
16 16 23.6 —19 34 17 14 51.4 +25 52
21 16 19.5 —19 44 22 14 47.7 +26 06
July 1 16 12.7 —20 04 June 1 14 41.5 +26 08

Viewed through a
telescope of 6-inch
aperture or greater,
Jupiter exhibits a
variety of changing
detail and colour in
its cloudy atmo-
sphere. Some fea-
tures are of long
duration, others are
short-lived. The
standard nomencla-
ture of the belts and
zones is given in the
figure.

JUPITER’S BELTS AND ZONES

south

. polar region

. s. temperate belt
---S. temperate belt

. equatorial belt

equatorial zone

-n. equatorial belt

~--n. temperate belt
---n. n. temperate belt

----n. polar region
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JUPITER—PHENOMENA OF THE BRIGHTEST SATELLITES 1973

Times and dates given are E.S.T. The phenomena are given for latitude 45° N., for
.}Ilupjter at least one hour above the horizon, and the sun at least one hour below the
orizon.

The symbols are as follows: E—eclipse, O—occultation, T—transit, S—shadow,
D—disappearance, R—reappearance, I—ingress, e—egress. Satellites move from
east to west across the face of the planet, and from west to east behind it. Before
opposition, shadows fall to the west, and after opposition to the east. Thus eclipse
phenomena occur on the west side until July 30, and on the east thereafter.

MARCH d h m Sat. Phen. d h m Sat. Phen. d h m Sat. Phen.
d h m Sat. Phen. 18 537 1II OR 28 322 III ER 24 037 I TI
X 21 6 46 1 SI 4 43 1II 2 05 I Se
Jupiter l{eing near [ 22 353 JII ED 2356 1I TI 255 I Te
the sun, phenomena 4 I ED |29 022 1II Se | 25 0 14 I OR
are not given before | 23 2 32 1 TI 247 1I Te 2238 III OR
March 8. 329 I Se 30 510 I SI 28 200 II ED
4 47 I Te 6 20 1 TI 627 II OR
8 529 1 TI |24 210 I OR [31 22 I ED (29 547 ml SI
23 1 Se |25 245 1 ED 449 v I 23 1 TI
8§23 1 To |26 248 II Te 558 I OR 2359 U Se
10 72 mi ER |27 323 I Te 2338 1 SI |30 125 I Te
28 515 1V TI 4 33 I ED
730 I OD 13 557 ‘1 ED
13 822 I SI
14 53 1 ED |3 308 I SI JUNE JULY
15 505 1 Se 4 26 I TI d h m Sat. Phen. d h m Sat. Phen.
d0s I T 523 1 Se |1 048 1 TI| 1 141 1 SI
6 42 I Te 154 ) Se 223 I TI
e I Sl 304 1 T 35% 1 S
817 I TI 2 e
7 531 1 OR MAY 2 025 1 OR 441 1 Te
613 1Iv OD |d hm Sat Phen. | 3 45 1 ED 2301 1 ED
958 I ED | 1 404 o 4 347 11 ED | 2 15 1 OR
21 534 M Te | 2 519 W ED |5 007 H SI 227 1 Se
731 1 ED | 3 125 II Se 222 I TI 2307 1 Te
2 44 1 St 315 I TI 257 I Se| 3 201 Il OR
548 1 TI 649 II Te 512 I Te 2133 IV Se
6 59 1 Se 4 307 II TI 6 2322 II OR 23 00 IV TI
23 533 1 OR 318 I Se [ 7 423 1 ED | 4 342 IV Te
% 4% v sl 55 I Te | 8 132 SI| 5 437 1 ED
% 316 11 Te | 6 243 IV ED 148 M Te | 6 2343 1  SI
28 53 m s | 7 S0 I SI 2 36 TI| 7 051 I TI
239 m T 619 1 TI 348 I Se 234 I Se
29 63 1 S| 8 22 I ED 453 1 Te 341 U Te
7% 1 T 557 1 OR 22 51 ED 621 1 ED
30 354 1 ED |9 04 1 TI |9 04 IV OD | 8 335 SI
73 1 OR 145 1 SE 214 I OR 408 I TI
31 33 1 Se 303 I Te 535 IV OR 553 1 Se
23 1 To |10 15 m SI 23 20 Te 6 I Te
S 1 ED 525 M Se [12 242 1 SI 2155 1 OR
11 303 II SI 445 11 TI 9 055 I ED
541 1I TI 532 1II Se 343 I OR
APRIL 554 1II Se 14 145 II OR 22 04 I SI
d h m Sat. Phen 13 242 1II OR 15 121 III Se 22 34 I TI
2 10 II 1 14 045 III OR 147 11 TI 23 44 1III ED
337 11 Se 15 34 1V Te 325 SI 10 022 I Se
603 II Te 413 I ED 424 I TI 052 I Te
3 621 IV OR 16 123 I SI 523 III Te 522 III OR
4 601 III SI 239 1 TI 542 I Se 22 09 I OR
6 548 I ED 3 38 I Se 16 045 ED 12 25 IV ED
7 25 I SI 4 55 1 Te 01 I OR 14 218 1I SI
4 12 I TI 17 217 I OR 22 51 ) § TI 306 II TI
514 I Se 553 III SI 22 54 IV SI 508 1II Se
6 27 I Te 18 538 I SI 17 010 1 Se 55 II Te
8 349 I OR (20 513 II OR 108 I Te 15 530 I SI
432 III OR 21 058 III OD 323 1V Se 552 1 TI
9 322 1I SI 435 III OR 22 28 1 OR 2032 II ED
553 11 TI 2 019 11 Te 19 17 11 SI 16 011 II OR
613 1II Se 6 07 I ED 20 2324 II ED 2 49 1 ED
11 245 1V Se 23 114 IV ER |21 407 II OR 527 I OR
258 1I OR 316 1 SI 2 147 1 SI 23 58 I SI
14 452 I SI 4 30 I TI 517 1III TI 17 018 I TI
6 08 I TI 532 1 Se 519 I SI 216 I Se
707 I Se 24 0 36 1 ED 521 III Se 2 36 I Te
15 326 III ER 4 08 I OR 6 11 1 TI 343 III ED
507 III OD 25 000 I Se 2306 1II Te 21 18 I ED
5 46 I OR 114 I Te 23 239 I ED 23 53 I OR
16 252 Te 27 221 II ED 547 I OR 18 20 45 I Se
558 11 SI 23438 HII ED 23 47 I SI 21 02 I Te
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15

h m Sat. Phen
141 I TI
20 1 SI
359 I Te
424 1 Se
1926 I1I OD

22 57 I OD

2316 II ER
140 I ER

20 07 I TI

20 35 I SI

22 25 I Te

22 53 I Se

20 09 I ER

2129 III OD

22 III ER

324 1I TI
431 II SI

2233 IV Te

2324 IV SI
326 I TI
4 01 1 SI
407 1V Se

2144 II OD
0 43 I OD
15 1I ER
335 I ER

21 53 I TI

2230 I SI
011 I Te
0 48 I Se

19 09 I OD

1922 II Te

20 38 1I Se

2204 1 ER

1837 I Te

19 17 1 Se
051 III OD
003 II OD
214 IV OD
228 I OD
43 II ER

23 39 I TI

SEPTEMBFR

m Sat. Phen.

0 26 I SI
157 I Te
2 44 I Se
18 50 1I TI

2023 1II SI

20 55 I OD

21 26 III Se

2139 1II Te

2312 11 Se

23 58 I ER

1854 I SI

2024 1 Te

2112 1 Se

18 27 I ER
417 III OD
224 11 OD
127 1 TI
221 1 SI
3 45 1 Te

2110 II TI

21 43 III Te

21 50 III SI

2219 1V Se

22 42 I OD

2258 1II SI

2359 1II Te
126 III Se
148 1I Se
153 I ER

19 54 1 TI

2050 I SI

2212 I Te

23 08 I Se

20 22 I ER

2030 I ER
315 I TI

21 40 III TI
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h m Sat. Phen.
23 32 TI
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0 30 I oD
116 III Te
134 1I SI
150 III SI
22 II Te

00 I Te
103 I Se
1801 II OD
18 57 I OD
22 17 I ER
2308 I ER
18 28 I Te
19 32 I Se
1925 III ER
118 III TI
156 1I TI
219 1 OD
23 33 1 TI
41 I SI
150 I Te
2028 II OD
20 47 I OD
012 I ER
045 1V TI
147 11 ER
18 01 I TI
19 10 I SI
20 18 I Te
21 28 I Se

1758 II  Te
18 40 III OR

1
19 48 II1 ED

20 16 II Se
2326 Il ER

h1 m Sat. Phen.

2237 1 OD
2258 I OD

207 I ER
1952 I TI
2106 I SI
2210 I Te
23 23 I Se
18 47 III OD
2002 II SI

029 I OD
130 II OD
2145 1 TI
23 01 1 SI
00 I Te
119 I Se
1858 I OD
2007 II TI
22 31 I ER
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17 57 I SI
21 33 1III Se

20 03 TI
2122 I SI
2220 I Te
2339 1 Se
1714 1 OD
2000 II OD
2050 I ER
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014 III Te
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m Sat. Phen.
19 33 1III ER
2159 I TI
23 18 | SI
016 I Te
19910 I OD
2240 I OD
2246 I ER
17 47 1 SI
1846 I Te
20 04 } Se
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23 04 oD
20 24 TI
21 38 SI
22 41 Te
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d h m Sat. Phen. d h m Sat. Phen. d h m Sat. Phen. d h m Sat. Phen.
20 7127 1I OD 29 1649 1II SI 6 1718 1II TI 15 2004 II ER
2253 II ER 1723 1I Te 1925 1II SI 17 21 53 "IV TI

22 1647 1V OD 1940 1I Se 6 2008 II Te |18 2002 I OD
17 03 1I Se 2216 II Se |19 1724 1 TI

21 36 IV OR 8 17 27 ER 18 18 1 SI

23 03 III OD DECEMBER 9 1723 IV OR 19 41 I Te

24 2223 1 TI d h m Sat. Phen. 2216 IV ED 2036 1 Se
25 1932 1 OD 1 1726 1V Se | 10 2053 I TI |20 1744 I ER
2300 I ER 2 213 1 D 21 54 SI |22 1801 II OD

26 1653 1 TI 3 1739 I TI 2200 IT TI (24 1649 II Se
16 57 TII  Te 1853 1 TI | 11 18 02 OD |26 1925 1 TI

18 03 SI 195 1 SI 2120 I ER 2014 1 SI

18 06 III SI 21 10 I Te 12 16 23 1 SI 21 18 IV ER

19 10 Te 116 III  Te 1740 1 Te |27 1939 I ER

20 20 Se 22 07 1 SI 1840 I Se |28 17 00 Se

21 43 111 Se 2216 I Se [ 13 2004 II TI 20 53 III OD

27 1729 1 ER 4 1925 1 ER 2202 1II SI |29 2051 II OD
2013 II OD 5 1645 1 Se | 14 1940 III ER | 31 :; ;g H 'ge

e

METEORS, FIREBALLS AND METEORITES
by PETER M. MILLMAN

Meteoroids are small solid particles moving in orbits about the sun. On entering
the earth’s atmosphere at velocities ranging from 15 to 75 kilometres per second
they become luminous and appear as meteors or fireballs and in rare cases, if large
enough to avoid complete vaporization, they may fall to the earth as meteorites.

Meteors are visible on any night of the year. At certain times of the year the
earth encounters large numbers of meteors all moving together along the same orbit.
Such a group is known as a meteor shower and the accompanying list gives the
more important showers visible in 1973.

An observer located away from city lights and with perfect sky conditions will
see an overall average of 7 sporadic meteors per hour apart from the shower meteors.
These have been included in the hourly rates listed in the table. Slight haze or nearby
lighting will greatly reduce the number of meteors seen. More meteors appear in the
early morning hours than in the evening, and more during the last half of the year
than during the first half.

The radiant is the position among the stars from which the meteors of a given
shower seem to radiate. The appearance of any very bright fireball should be
reported immediately to the nearest astronomical group or other organization con-
cerned with the collection of such information. Where no local organization exists,
reports should be sent to Meteor Centre, National Research Council, Ottawa.
Ontario, K1A OR8 Free fireball report forms and instructions for their use, printed
in either French or English, may be secured at the above address. If sounds are
heard accompanying a bright fireball there is a possibility that a meteorite may
have fallen. Astronomers must rely on observations made by the general public
to track down such an object.

METEOR SHOWERS FOR 1973

Shower Maximum Radiant Normal
Single Duration
Position Daily Observer to 1/4
at Max. Motion Hourly strength
Shower Date |E.S.T.| Moon R.A. Dec.| E.A. Dec. Rate |Velocity| of Max.
i h h m ° m ° km/sec | days
Quadrantids Jan, 3| 03 NM. (15 28 +50 —_ — 40 1 1
Lyrids Apr. 22 03 LQ. (18 16 +34 |+4.4 0.0 15 48 2
n Aquarids May 5| 04 N.M. (22 24 00 (+3.6 +0.4 20 3
& Aquarids July 29( 04 NM. (22 36 —17 [+3.4 +0.17 20 40 —
Perseids Aug. 12| 05 FM. |03 04 +58 |+5.4 +40.12 50 60 4.6
Orionids Oct. 21| 07 LQ. |06 20 +15 [+4.9 +0.13 25 66 2
Taurids Nov. 4| — F.Q. |03 32 +14 |+2.7 +0.13 15 28 —
Leonids Nov. 17| 01 LQ. (10 08 +22 [(+2.8 —0.42 15 72 —
Geminids Dec. 13| 22 LQ. |07 32 +32 |+4.2 -0.07 50 35 2.6
Ursids Dec. 22| 15 N.M. [ 14 28 +76 — — 15 34 2




SATURN AND ITS SATELLITES

BY TERENCE DICKINSON

Saturn, with its system of rings, is a unique sight through a telescope. There are
three rings. The outer ring A has an outer diameter 169,000 miles. It is separated
from the middle ring B by Cassini’s gap, which has an outer diameter 149,000 miles,
and an inner diameter 145,000 miles. The inner ring C, also known as the dusky
or crape ring, has an outer diameter 112,000 miles and an inner diameter 93,000
miles. Evidence for a fourth, innermost ring has been found; this ring is very faint.

Saturn exhibits a system of belts and zones with names and appearances similar
to those of Jupiter (see diagram pg. 71).

Titan, the largest and brightest of Saturn’s moons is seen easily in a 2-inch or
larger telescope. At elongation Titan appears about 5 ring-diameters from Saturn.
The satellite orbits Saturn in about 16 days and at magnitude 8.4* dominates the
field around the ringed planet.

Rhea is considerably fainter than Titan at magnitude 9.8 and a good quality 3-inch
telescope may be required to detect it. At elongation Rhea is about 2 ring-diameters
from the centre of Saturn.

Iapetus is unique among the satellites of the solar system in that it is five times
brighter at western elongation (mag. 10.1) than at eastern elongation (mag. 11.9).
When brightest, Iapetus is located about 12 ring-diameters west of its parent planet.

Of the remaining moons only Dione and Tethys are seen in ‘‘amateur”-sized
telescopes.

*Magnitudes given are at mean opposition,
ELONGATIONS OF SATURN'’S SATELLITES, E.S.T.

JANUARY d h Sat.Elong. | d h Sat Elong.
d h Sat.Elong. | d h Sat.Elong. | 31 23.0 Rh E 16 04.8 Ti W
0 10.2 Rh E 21 23.4 Ti W 16 19.6 Rh E
1 03 Ti W 22 17.7 Rh E AUGUST 21 08.0 Rh E
4 225 Rh E 27 06.3 Rb E d h Sat.Elong. | 23 01.7 Ta W
9 08.0 Ti E 30 02.4 Ti E 3 19.5 la W 24 09.1 Ti E
9 10.8 Rh E 31 18.8 Rh E 5 10,6 Ti E 25 20.4 Rh E
13 150 la E 5 11.6 Rh E 30 08.8 Rh E
13 23.1 Rh E APRIL 10 00.2 Rh E
17 03.9 Ti W d3 D Sat. El‘gm- 13 06.2 Ti W NOVEMBER
18 11.5 Rh E 0 -4 ‘ah E 14 12.7 Rh E d h_Sat Elong.
22 23.9 Rh E g 2745 Rl w 19 01.3 Rh E 1 03.2 Ti W
25 05.7 Ti E $ 3-9 Tlh il 21 11.2 Ti E 3 21.2 Rh E
27 12.2 Rh E 19.9 R 23 13.9 Rh E 8 09.5 Rh E
}‘5‘ oa.g Rh E 28 02.4 Rh E 9 07.2 Ti E
FEBRUARY 13 02.9 Ti £ 29 06.5 Ti W 12 21.9 Rh E
d h SatElong | 1 21.1 Rh - E 17 01,1 Ti W
1 00.6 Rh E zg og.g T'h X SEPTEMBER 17 10.2 Rh E
2 020 Ti W 3 09.7 R d h Sat.Elong. | 21 22.5 Rh E
5 13.0 Rh E 22.3 Rh E 1 149 Rh E 25 049 Ti E
10 01.4 Rh E MAY 6 03.4 Rh E 26 10.9 Rh E
10 04.0 Ti E d h ‘Sat.Elong. | 6 11.4 Ti E 30 23.2 Rh E
14 13.9 Rh E 1 03.7 Ti E 10 16.0 Rh E
18 00.6 Ti W 2 108 Rh E 13 04.0 la E DECEMBER
19 02.3 Rh E 6 234 Rh E 14 06.4 Ti W d h _Sat Elong.
22 154 Ja W 9 007 Ti W 15 04.5 Rh E 1 07.6 la E
TR puam b 2min
9 Ti ; 2 Ti 11.
28 032 Rh E | Sofurn being redrthe | 24 054 Rh E 9 238 Rh E
satellites are not given | 28 17.9 Rh E 11 02.1 Ti E
MARCH between May O and | 30 05.9 Ti W 14 12.1 Rh E
d h Sat. Elong. July 22. 18 19.9 Ti w
4 157 Rh E OCTOBER 19 00.4 Rh E
5 238 Ti W JULY d h_ Sat Elong. | 23 12.7 Rh E
9 04.2 Rh E d h_ Sat.Elong. | 3 06.3 Rh E 26 23.2 Ti E
13 16.7 Rh E 22 21.9 Rh E 7 18.8 Rh E 28 01.0 Rh E
14 02.4 Ti E 27 10.4 Rh E 8 1004 Ti E
18 05.2 Rh E 28 05.6 Ti W 12 07.2 Rh E
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FINDING LIST OF NAMED STARS

Name Con. R.A. Name Con. R.A.
Acamar, a’ka-mar 0 Eri 02 Gienah, jé'na y Crv 12
Achernar, a’kér-nir o Eri 01 Hadar, had’ar B Cen 14
Acrux, a’kriiks o Cru 12 Hamal, ham’al o Ari 02
Adhara, g-da’ra ¢ CMa 06 Kaus Australis,
Al Na’ir, dl-nar’ o Gru 22 kos Os-tra’lis g Sgr 18
Albireo, dl-bir’é-o B Cyg 19 Kochab, kd’kab B UMi 14
Alcyone, &l-si’6-né n Tau 03 Markab, mar’kab o Peg 23
Aldebaran, al-déb’a-ran o Tau 04 Megrez, mé’gréz 8 UMa 12
Alderamin, il-dér’a-min o Cep 21 Menkar, mén’kar o Cet 03
Algenib, dl-jé’nib v Peg 00 Menkent, mén’ként 6 Cen 14
Algol, dl’gol B Per 03 Merak, mé’rak B UMa 10
Alioth, al’i-6th ¢ UMa 12 Miaplacidus,
Alkaid, al-kad’ n UMa 13 mi’a-plas’i-dus B Car 09
Almach, al’'mak v And 02 Mira, mi'ra o Cet 02
Alnilam, al-ni’lam € Ori 05 Mirach, mi‘rak B And 01
Alphard, al'fard o Hya 09 Mirfak, mir’fak o Per 03
Alphecca, dl-fék’a a CrB 15 Mizar, mi‘zir { UMa 13
Alpheratz, al-fé’rats o And 00 Nunki, niin’ké o Sgr 18
Altair, al-tar’ a Agl 19 Peacock o Pav 20
Ankaa o Phe 00 Phecda, fék’da v UMa 11
Antares, dn-ta’rés o Sco 16 Polaris o UMi 01
Arcturus, drk-ti'ris o Boo 14 Pollux, pol‘iks B Gem 07
Atria, a'tri-a o TrA 16 Procyon, pro’si-on a CMi 07
Avior, d-vi-6r’ e Car 08 Ras-Algethi, ras’al-jé’the | o Her 17
Bellatrix, bé-1a‘triks v Ori 05 Rasalhague, ras’al-ha’gwé | a Oph 17
Betelgeuse, bét’&l-jiiz o Ori 05 Regulus, rég’4-lis a Leo 10
Canopus, ka-nd’piis a Car 06 Rigel, ri’jél B Ori 05
Capella, ka-pél’a o Aur 05 Rigil Kentaurus
Caph, kaf B Cas 00 ri’jil kén-td'riss o Cen 14
Castor, kas’tér a Gem 07 Sabik, sa’bik n Oph 17
Deneb, dén’€éb a Cyg 20 Scheat, shé’at B Peg 23
Denebola, dé-néb’d-1a B Leo 11 Schedar, shéd’ar o Cas 00
Diphda, dif'dd B Cet 00 Shaula, shd’la A Sco 17
Dubhe, dub’é o UMa 11 Sirius, sir’i-is o CMa 06
Elnath, €l’nith B Tau 05 Spica, spi’ka o Vir 13
Eltanin, €l-ta’nin v Dra 17 Suhail, sti-hal’ A Vel 09
Enif, én’if £ Peg 21 Vega, vé’'gd o Lyr 18
Fomalhaut, f6'mal-6t a PsA 22 Zubenelgenubi,
Gacrux, gi’kriiks v Cru 12 200-bén’¢l-j€-nti'bé a Lib 14

Pronunciations are generally as given by G. A. Davis, Popular Astronomy, 52, 8 (1944). Key to

pronunciation on p. 5.

12418-66th ST.,
EDMONTON,
CANADA

Vacuum Aluminizing for Telescope, Beacon and Projector
Reflecting Mirrors. Grinding Kits, Tripod, Finder Scope, Sun
Glass, Eyepiece, Microscope, Magnifiers, Lenses and other
Optical Goods.
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THE BRIGHTEST STARS

BY DONALD A. MACRAE
The 286 stars brighter than apparent magnitude 3.55.

Star. If the star is a visual double the letter 4 indicates that the data are for the
brighter component. The brightness and separation of the second component B
are given in the last column. Sometimes the double is too close to be conveniently
resolved and the data refer to the combined light, AB; in interpreting such data the
magnitudes of the two components must be considered.

Visual Magnitude (V). These magnitudes are based on photoelectric observations,
with a few exceptions, which have been adjusted to match the yellow colour-
sensitivity of the eye. The photometric system is that of Johnson and Morgan in
Ap. J., vol. 117, p. 313, 1953. It is as likely as not that the true magnitude is within
0.03 mag. of the quoted figure, on the average. Variable stars are indicated with a

v”’. The type of variability, range, R, in magnitudes, and period in days are given.

Colour index (B-V). The blue magnitude, B, is the brightness of a star as observed
photoelectrically through a blue filter. The difference B-V is therefore a measure of
the colour of a star. The table reveals a close relation between B-V and spectral type.
Some of the stars are slightly reddened by interstellar dust. The probable error of a
value of B-V is only 0.01 or 0.02 mag.

Type. The customary spectral (temperature) classification is given first. The
Roman numerals are indicators of luminosity class. They are to be interpreted as
follows: Ia—most luminous supergiants; Ib—less luminous supergiants; II—bright
giants; III—normal giants; IV-——subgiants; V—main sequence stars. Intermediate
classes are sometimes used, e.g. Iab. Approximate absolute magnitudes can be
assigned to the various spectral and luminosity class combinations. Other symbols
used in this column are: p—a peculiarity; e—emission lines; v—the spectrum is
variable; m—lines due to metallic elements are abnormally strong; f—the O-type
spectrum has several broad emission lines; n or nn—unusually wide or diffuse lines.
A composite spectrum, e.g. M1 Ib+ B, shows up when a star is composed of two
nearly equal but unresolved components. In the far southern sky, spectral types in
italics were provided through the kindness of Prof. R. v. d. R. Woolley, Australian
Commonwealth Observatory. Types in parentheses are less accurately defined
(g—giant, d—dwarf, c—exceptionally high luminosity). All other types were very
kindly provided especially for this table by Dr. W. W. Morgan, Yerkes Observatory.

Parallax (r). From “General Catalogue of Trigonometric Stellar Parallaxes’’
by Louise F. Jenkins, Yale Univ. Obs., 1952

Absolute visual magnitude (My), and distance in light-years (D). If m is greater
than 0.030’’ the distance corresponds to this trigonometric parallax and the absolute
magnitude was computed from the formula My = V + 5 + 5 log ©. Otherwise a
generally more accurate absolute magnitude was obtained from the luminosity class.
In this case the formula was used to compute  and the distance corresponds to this
“‘spectroscopic’ parallax. The formula is an expression of the inverse square law for
decrease in light intensity with increasing distance. The effect of absorption of light
by interstellar dust was neglected, except for three stars, { Per, c Sco and { Oph,
which are significantly reddened and would therefore be about a magnitude brighter
if they were in the clear.

Annual proper motion (W), and radial velocity (R). From “General Catalogue of
Stellar Radial Velocities” by R. E. Wilson, Carnegie Inst. Pub. 601, 1953. Italics
indicate an average value of a variable radial velocity.

The star names are given for all the officially designated navigation stars and a few
others. Throughout the table, a colon (:) indicates an uncertainty.

79



91— |126°1 SLT'0 TL0+ | 0S°E |90 91— | L'Th ¥ 2
AvuIIYIY 61+ |860°0 €20°0 9I'0— | IS0 |€T LS— | 979€ ug »©
£°ST+ 60270 £00° — 9 I+ | vv'g |8T €v— | 1°LT ayd A
p6SLw:80°0Y (' TPH |L°90+ |TOE"0 620°0 €1°0+ | L9°T |SO 09+ | 8°€T seD) Q
Yoo €00+ |112°0 €/0°0 LS T+ | 20°C (8T s€+ | 0°80 puy ¢
S II+ [0sT°0 7€0°0 9I'I+| Lv'€ |0z OT— | 1°LO ¥ U
JCul VTl vV [T 10— [S€0°0 L10°0 88°0+| 0€'€ |€S°9v—| L'v0 10 | gV oud ¢
. Tu8T'84 "TeA (8°90— (920°0 10— |$€0°0 A9T"0— [AET"T |€€ 09+ | 6°¥S psed A
L 6w9T LT P 60+ [1TT°1 8'y+ |Z81°0 96°0+ | Lv'E |6€ LS+ | €LY psed u
vpydiq €I+ [pEg 0 8°0+ | LS00 €0°I+ | 20°C {60 81— | I'TH 10 ¢
1DpaYoS {IBA [8°€0— [850°0 I'I— |600°0 8T+ | 91'C |22 95+ | 8°8¢ se) ©
STl (€ L0— |I9T°0 70— |¥20°0 9T T+ |:ST°E |ty O+ | LLE Y pPuy @
oo3Up 9L+ |Thb'0 1°0+ {S€0°0 80° T+ | 6£°C |8T ¢v— | 8°¥C ayd ©
quasly = Sod A 8T+ |ssTT L€+ |€ST°0 79°0+ | 8L°C (ST LL— | T¥T KH ¢
pST'0°S8T-€8°CA WY 9dAieND g [T°40+ [010°0 v E— | 400" — €2°0— [Ap8°T (10 ST+ | L°TT 8og 4
ydv) 8 I+ |$55°0 9T+ |2L0°0 ¥E'0+ | 92T |6S 85+ | 9°L0 se) ¢
Zaaydy Te)5050URSURI [£ IT— |60C°0 1'0— |+20°0 80°0— | 90°C |SS 8T+ | 8790 00 puy ©
ung ¥8° v+ €9°0+|€L 9T~ NNS
-8%\-5 'z 4 / o E :
q ul AN x Ag | A [Pd O0L6T 'Vi| IS
§ o ”
= o o
] 17 o = e (] g
> = g8 w,m »® -8 = 3 .m 5
—_ I 29 52 < sq = —_ g @
sS|& |22 |88 | 3 | 3% & |58 | £ | =%
S5 | & |25 | 38 | § 88 s |28 | 3 23
g> | A& | AZ | <= & no O | 5= o) &<

80



*(6961) ,L0 068+ 230 ‘WIS"ZO YT "V A ‘SMpjod ‘TN P

S'LI+ |120°0
€ Vet | 89V°0
uviogaply 1€ w€18 ‘€6'0-8L°0Y (WL I'¥S+ | TOT 0
Tejs uooii§ 9°6¢+ | 1S0°0
§6€+ | 801°0
9°8¢+ | 8IT°0
6wl &) 9°SE+ | $90°0
L719+ |9T1°0
,6wb6’LE| 10— | 9€0°0
LETwiE'6d|9°0C+ | S10°0
0°91+ | STI'0
ouodaly sopela[d ul [0l + | 0S0°0
60— | 9%0°0
AofHN ¥ C0— | S€0°0
1931y pL8°T ‘8T’E€-90°T Y 1P |0°#0+ 9000
8'€-Tey T8+ |TLL'O
€20+ |$00°0
ADAUIN 6°ST— | SLO°0
Aounoy 8uwIE VT wSTEV|67 11+ | 190°0
EwETIT wlSEV|1°60— | €0T°0
DA, TwO1 g BCEET°01-0TY ‘dT[8 €9+ | TET'O
660+ | 9S1°0
[ouUvE €vi— [ IVT°0
suojod 81 w6'84 S0V wll'0Y “d2D|# LI — |9¥0°0
Yoouljy = puy A

HL00-8 ., 0128V wTI9D ub'S&| L 11— | 89070
L0+ | S9T°0
6°10— | LY1'0
1°80— | 8€0°0
9°¢cI— | 0ET°0

‘ods/uny |,

06€ | v'z— |S1000 | I €3 |6v T+ |:b9°T |L0 €€+ |0°SS my 1
97 [S9°€+ [STI'0| A 9d| Sh'0+| LI'€ [sS 90+ |T 8y HuQ (1
8 | L°0— [8v0°0| I S |cTS I+ [A98°0 [LT 91+ |T¥E p ney o
09z | 21— [110°0 | dizI OF | 80°0—| 8T°E |90 SS— | £ €€ 10 ©
obl |20+ |sc00| TN LV|LI'0+| b€ |8 SI+ |6°9C ney .o
091 | 1°0+ [810°0| T  OM|Z0'I+| ¥S'€ |L0 61+ [6°9C ney 2
06 | 1°T— [800°0 | II 90| 1670+ | €6°€ |€€ 29— [0 VI ¥0 | V1Y ©
091 | s'0— |€00'0| M OW |8 E+| 10°€ |9 €1— |9°9¢ ug A
089 | L€— |100'—| A SOF|LI'0—| 88°C |SS 66+ |8°SS p 1oq 2
0001 | 19— |£00°0 | aI 19| €1°0+| €87 |8F I+ |1°TS ¥ 1od 9
00€ | S T— |T00° —| IHI-II ZW | 19'1+| OE°€ |0C vL— |L'L¥ 1Ky
s | z'g— [s00°0| I Le| 60°0—| 98°T | 10 ¥T+ | LSk neg, L
065 | €€~ [£00°0| T  S€|¥I°0—| €0°€ |T¥ Lb+ |8 OF 1 Q
0LS | v'b— |620°0 | Al S| sv0+| 08°1 |Sh 6v+ |TTC ©g ©
01 |s0— [I€0°0| A 84 |L0°0— |A90°C |0S O¥+ |0°90 14 ¢
09z | 01— (8000 |TIFIT I AS'€ b 8€+ [1°€0 w4 d
€11 | €0+ [110°0 [ev+ 18D [:z2 0+ |:16°C |€T €5+ |9°20 24 A
0l | $°0— [€00°0 | I T | €9°T+| ¥S'T |8S €0+ |L°00 €0 1w ®
s9 |L1+ [sz00| 4 ev|ero+| et |sTov— |TLs gy udg 9
89 |07+ [8600| A _ TV|II'0+| 8v°€ |L0 €0+ |L' T8  |g¥ 19D 4
€01 | S°0— |€10°0 | (3OWS) AQ'T | L0 €0— |8°LI ¥ 10 0
ovl | 1°0— |00 | T sv|e€ro+|00€|Ts vE+ [8°L0 uL ¢
oL |z'0+ |¢b0'0| T TI|SI'T+]| 00°C |61 €T+ [S750 uy o
089 | 9'v— |€00°0 | a1 84 [A09°0+ |A66°T |80 68+ |S'Z0 ¥ TN ©
097 | v'z— s000| 1 eX[or T+ |11 T+ [1'20 20 | ¥ puy 4
£ | 6T+ A 04| 80+| v8°7 | €v 19— |8°LS 1AH ©
7 | L1+ €900 A sv|wIo+]| 89°C |ov oz+ |0°€S uy ¢
0zs | L't— [L00°0 | AT €& | ST 0—| €€°€ | 1€ €9+ |T°TS se) 3
907+ [0S0°0| Al 9| 900+ | ShE |9T 6+ |41 10 uy ©
&1 ., . e w g

a ‘W | adA1, A-g | 4 |ea ol va | 1S

81



§°ZI— 1990°0 | SOT [9°0— |I€0°0 Al 0V [ 00°0 €6°1 (9T 91+ | 0°9¢ wen 4
sndoun) §°0C+ |ST0°0 | 86 I'¢€— |810°0 | II9I O0d|91°0+ | CL'O—|I¥ TS— | €°€T ) 0
o[qerrea odA1 BND g |2 €6+ [#00°0 | OSL |8'v— (¥I0°0 | IIFII 19| ¥C0—| 96°1 |9S LI— | ¥'IT BND ¢
wb'0 A [8°VS+ [6C1°0 | 091 |9°0— |120°0 II €N | €91+ |AT6'T (T€ TC+ | 1'1T wap 1
Z°CE+ 1¥00°0 | 06€ |¥'C— |€00°—| A S°TH|8I'0—| ¥0'E (€0 OE— | T'61 BAD 2
TwOL9d ‘wlTOY|0°6I+ [990°0 | 00Z [9°0— [€ET0°0 NI €N | 8S' I+ |AE'E [TIETC+ | T°€E1 90| PweD L
1 €ub 'L wl9'TY ICISUOINIS| € 6C+ |L60°0 | 80T | I°0+ [8I0°0 Adg 68 | LO'O— | §9°CT €1 LE+ | L°LS gy my ¢
c'8I— [1S0°0 | 88 €°0— |LEO°0 A TV | 90°0+ | 98°T [LS v¥+ | €°LS iy ¢
asnagjazog w'SL'0—90°0Y {0 IC+ (820°0 | OCS | 9°S— |S00°0 | 9qel TN |*L8° T+ |ATP'0 (VT LO+ | S'ES O ©
7°68+ [TOF'0 | OVI |0°0+ |€20°0 (133) 9I'T+ [ TI'E |L¥ S€E— | 6°6F 100 ¢
9°0C+ [#00°0 | 00ICT |6°9— [600°0 | ®I S0 | LI'0O— | 90°C |I¥ 60— | €°9F HO X
+€ w0 VHwl6 TP |1°8T+ (#00°0 | 009T [9°9— (T2O'0 (Al §°60 |TT0— | 6L°T |LS 10— | T 6€ gy 10 3
LClull & SE+ {92070 | OFT | 9°0— | SO0 —| 24 84 | 11°0— | ¥9°C (SO ¥€— | 9°8¢€ y 10D ©
Teis [PUS|£° 4+ |€20°0 | OV6 | T'¥— [200° — |d:TII ¢d [F€1°0— |:L0°E |80 IT+ | 6°S€E ney, 3
wopuly 1°9¢+ {000°0 | 009 | 8°9— |L0OO — | ®BI od | 61°0— | OL'T |E€T 10— | L'VE 1o 3
T wl€Ld w8LTY|S [T+ |S00°0 | 000C | 1°9— | 120°0 I 60| ¥T°0— | 9L°CT |9S SO— | O'VE gy o 1
+6CwC60ID , Y ubS' ST wISEV|S EEL |900°0 | 008I | T°S— [900°0 80 | 8I'0— | OV°E |SS 60+ | S€E gy 110 Y
L"¥T+ 1900°0 [ 006 |9°v— |200°0 | 4I 04| TC°0+ | 85°C (IS LI— | ¥ IE dog ®
€S whL'9E L' SETOTTY "PH(0°9I+ [T00°0 | 00ST [ I°9— #0070 II $°60|02°0— (A0T°C |61 00— | S°OE Vo
LEuV6F|SE€ET— |060°0 | €IT | T°0+ |$10°0 1II §O | T80+ | I8°C (L¥ 0T— | 0°LT y dot ¢
yiouj 0°80+ |8LI°0 | 00€ (T'€— [8I0°0 I LE| €1°0— | S9'T |SE€ 8T+ | ¥'¥C ney, ¢
xiyojjoqg T8I+ [SI0°0 | OLY |[T°v— |920°0 I cd | €C°0—| ¥9°1 |61 90+ | S'€C o A
1/ Tu86'VE w6S"€ ¥ 208 ‘0S"€—CE'€ Y '[9H| 8°6I + |800°0 | O¥6 | L°€— | +00°0 A S°0d| 8I'0—|ATE'E (ST CO— | 0 €T gruou
Djjado) 20+ |SEV°0 | SY 9°0— |€L0°0 |d+ III 8D | 08°0+ | SO0 (85 Sh+ | S'¥I my 0
1231y +6wS9'9 g 0T°0-80°0F ¢ HI| L0+ | 100°0 | 006 | I'L— |€00"—| ®I 8d | ¥0°0— (AVI'0 |¥T 80— | T°€I YV uo ¢
TeysosouedueN | L L2+ [6¥0°0 | 06€ | 1°C— (810°0 | dIIf 64 | 60°0— | 6C°¢ |VI 9l— [ 9°11 dog o
80— [TCI'0 | 8L 60+ |THO'0 I EV | €170+ | 6L°C |LO SO— [ +°90 ug g
L0+ | LLOTO | OLE | T°CT— |€10°0 A €d| 81°0—| LI'E |TI v+ | ¥'¥0 Iny U
0°10+ (LL0°0 | OLT |¥°0— [900°0 | III SY |9¥° I+ | 1T°€ |ST TT— [ T'¥0 SO doy 3
29886 wI8°0Y "I°H| £ ¢0— [800°0 | OOVE | T"L— |#00°0 | der 04 |°0S°0+ | A0°E [LV €V + | 8°6S YO mny 3
[ods/uny |, K3 ' /o w oy
k! i a | ‘N 1 adAY A4 A [%d 0L6T V™ 1’8

82



L La8010g|TTi+ [soso| 60 |zz+ |9900 | A v ]|ero+]|zie 6o sv+ [zs | pemn 2
8'7¢+ [T01°0| 0z |1'T1— |620°0 |HMI-II O |00° 1+ | T1°€ [0 90+ |8°€S eAH 9
0TI, Eu8'9D S, 0uT STV |P° 96+ |861°0 | OFT | 9°0+ [070°0 |'dwod 0D |89°0+ | 66°€ [c€ 90+ | TSy |pgw BAH 2
1169 wOT @D 1€ wl'S §w0TV|T 20+ [980°0| 9L |70+ €000 | 4 OV |S0°0+ | S6°T |95 v5— |6°€h | gV oA @
WLaSTE|8 6T+ |1LI°0| OST | T°0+ [#00°0 | TII  $O|€8°0+| LE'E |6V 09+ |8, | Vemn o
4otay ST+ |0£0°0| ovE |1 €E— &+ 00 [bl' I+ | L6°T [vT 65— | 6°1¢ ) 3
S eleva| se+ |[1100| ots | 1'v— 10M | 92°0— | 88°1 |91 Lv— | 9780 ¥ 1A A
L8'T-ZL'TH “TeA|9°9b+ (86070 | 1SOT |:€°0+ |1£0°0 |dII 94 | b 0+ |A08°C [€1 ¥2— | €90 dng d
v2— |g€0°0| oobT | 12— 350 | 92°0— | €2°C |ss 65— |s'20 80|  dnd 3
I'61+ |6£0°0| o€y | 1'T— (€q) 81°0—| 8v°c |vS 25— |0°9s 1) X
£°20+ [$00°0| obzr| 9v— |€00°— |a1 €O | €T i+ | vE'E |8b vT— |0°8p dng §
xnjjoq €0+ [529°0| S€ |0 T+ (€600 | II  OM |20 T+ | 91T |90 8¢+ | S°€F won ¢
uodo0ig /SwLOLEITE0~ [OTL I | LT 8800 |AAL S | [0+ | LE'0 (81 SO+ | Liig ¥ IAD ©
e . S|z 10— |esto| sy | €T+ |00 wey [:£0°0+ | $6°C |LS Te+ | L°TE g ued »
40380 1/EL wh80°6 D TO°0+AF :mﬁ 0°90+ |661°0| S¥ | €1+ 200 | A TV|000+| L6°T |LS 1€+ | L'TE p wep ©
T av'68|1°88+ |S61°0| 081 | ¥'0— |€10°0 | (B | 6b'I+]| 82°€ |¥I €v— | £°8¢C p dng o
e+ [s900| o1z |1'1— |oz00 | A La|e0'0—| T6'C |17 80+ |L°sT o ¢
I'Tv+ |800°0| oo0LT| T°L— el sa| 80°0—| 9v°z |¥I 62— | 6°CC eAD U
8°SI+ [800°0| OvI | €°0— |€20°0 | @WM8) |96 I+ | 18°C |€0 £E— | 1°91 dng u
WIPL T EH ‘AT 0° S+ |ThE'0| 09 | T°€— [910°0 | (SIS 9¢ vv— | 971 dng #1
€' vE+ |500°0| 0012 | T'L— |810°— |®I 84 | s9°0+ | s8°1 |1z 92— |Z°L0 eAD @
b8+ (000°0| 0OVE| 1°L— o] €| 60°0— | Z0°€ |Lb €— | 8710 L0| EAD £
vavypy 8uS'Ld |vLT+ 4000 089 | 15— I zd ['8T°0— [:8v°1 [95 8¢— | ¥'LS | VWD 2
P of+ |6£0°0| eI | 10+ oY | Lii+| L6'T |s€ 0s— |z 6p dng 2
9'0c+ |zzo| Ls | T+ A ov|Tco+| Leg |vs 19— | T8y o1 ©
smats 06 =0 ,6:0961 «99°'8 4] 9°20— |$2€'T|L°8 |sv°1+ |60 | A IV|10°0+| v’ 141y 91— | 8°€k | PEND ®
£'ST+ |vcco| 9 |61+ |1S0°0 | AT Ssd | €p-0+ | S€'E |95 TI+ | 9°¢k wep 9
6'60+ |9710°0| 0801| 9'v— |600°0 |aI  8O|6c'I+| 00°€ |OT ST+ | 12k wen 3
7'8t+ |o010°0| 079 |z E— I .g|010—|61°¢ |OF €b— |8°9c 90|  dng A
-8”\-5 1 O%-— 47 ’ o E g
X i | a | w v | edAy A | 4 [»a ot va| s

83



pjoqausq 1'00— |IIS'0 | €V §'I+ |9L0°0 A EV 1 60°0+ | ¥I°CT |vb vI+ | S°LY 097 ¢
6°£0+ 16€0°0 | OLE |[I'C— ur 64 | S0°0— | SI'€ IS T9— | ¥'¥E U Y
8°L0+ |#01°0 | 06 I'I+ | 610°0 A vV 1 00°0 ve'e |9¢ SI+ | L'TI 037 9
9°0C— (I0C°0 | T8 9°0+ |0v0°0 A YV | €170+ | LS'T |I¥ 0T+ | S°TI 097 Q
8°€0— |[CLO'O | OET |0°0+ III XA [PI'T+ | 00°€E [6€ ¥¥+ | 0°80 BAQ A
ayanq 1 w8V H w88 TF|6°80— [8E1°0 | SOI | L°0— |T€0°0 I 0 |90° I+ | I8°T (SS I9+ | 610 |V EBANN P
AvIIN 0°CI— |[L80°0 | 8L §'0+ |ZH0°0 A IV | €0°0— | LE'T | €€ 9§+ | 0700 IT BN ¢
0°10— {1ZC°0 [ OSI |T°0— |CT0°0 I €A | ST T+ TI'C |20 91— | I°8Y BAH A
wCul'LE wl’TV|6°90+ |S80°0 | 80I |[I°0+ 117 $O 168°0+ | £9°C |91 6b— | S SP gy AT
¥¢+ [810°0 | OIL | 0¥ — dq 08 | TTO0— | PL'T | VI ¥9— | 6' 1V &) ¢
6£°€~CTEY TBA|0°9C+ |120°0 | Ot | €°CT— adj] S | 11°0— |A0E°€ |TE 19— | O' 1€ ey d
€'0C— |980°0 | SOI | S0+ |1€0°0 Il O |SS'TI+ | SO'E |6€ I+ | €°0C BAN T
1Y u¥S €T w6T'TV|9°9€— |0SE°0 | 06 1'0+ |610°0 | dII O | €I'T+| 6671 |00 0T+ | €8I gy 097 A
Pr'E-8E’E Y "TBA |9°80+ |€20°0 | 00ET | 9°¥— |8I0°0 | 9I SH [SST I+ |AIV'E [TT 19— | 1°91 e b
€8I+ [OLT°0 | OST | I°0+ |OI0"—| AI TV | €0°0+ | SY'E | #0 €+ | €°ST BAN Y
0°ST— 1€20°0 | OET [S°0+ (6000 I 04 |0€°0+ | 9V°€ (V€ €T+ | T°ST 097 2
¥0+ {620°0 [ 00€ |S°'I— Al S84 |80°0— | €€°€ [€S 69— | O'€T ') ©
smm3oy ALY wI'8G |S°€0+ [8VT°0 | ¥8 L0— |6£0°0 A LA | TT°0— | 9€°T | LO TI+ | 8790 OI S8 Y
+SwE0 9T wlOEV|9°€L+ |TIOO0 | OVE | IT°CT— {0200 | I LV | 9T°0+ | S6°C |9S ¥9— | ¥ 9P gy e) a
pCS'SE ‘w8'y U up°¢ xXeur*daD| 0" #0+ | 910°0 | 00LZ | S°S— | 610°0 (0D9) L'V | €T 09— | v'ib '’y I
0°S0+ (870°0 | OVE | I'CT— |200°0 I 0D | I8°0+ | 66°C |¥S €T+ | T ¥ 037 3
ASubl |V ST+ [$60°T | €9 8 I+ | 7SO0 Al 94 | 9%'0+ | 61°€ |6V IS+ | 8°0€ V eI 0
6°€l— |9€0°0 | OLT |#°0— |SI0O°0 ($313) 9 I+ | 6I°€ |¥S 95— | €£°0¢ PAN
paydy €v0— [¥€0°0 [ ¥6 €°0— {LIO'O I YA | I+| 8671 [ TE 80— | 1°9C eAH ®
6°IC+ |TIOO | OLY |¥°€— |LOO'O | AT | S1'0—| SV'C €S ¥S— | T'IT IBA Xt
9°LE+ |LIT°O | O8] | S°0— | 120°0 IOI O | PS'I+| LI'E |CE bE+ | €61 uky ©
€el+ [610°0 [ OSL | 9°¥— I 04| L1'0+)| ST°T |80 65— | €91 &) 1
snprovjdotN S0— | €81°0 | 98 ¥°0— | 8€0°0 | IIT OV | T0°0+| L9°T | 9€ 69— | 6°CI ) d
£6C+ |80°0 | 065 | 6°CT— AT £ | LT°0—| €F°€ | 0S 8S— | T°0T ') ®
1oyng' P8I+ 1920°0 | OSL | 9°v— | SIO°O | 91 SH [¥9° I+ | vT°T |61 €v—| 690 60 PA ¥
[oos/uny| K1 ‘0 /o w g
R n a N x adAyL A4 A |7R_d 0L6T 'V Te1s

84



$°90+ [9L0°0 | 0TS |v€— Al 74 '€20— | 9S°T |60 Lv— | L'€S uw) 9

1'00— [0LE0 | TE |L'TH+ |T0I'0| Al 0D |650+| 69°C |€€ 81+ | €°¢€S oog U

LT'€-80°€ ¥ "TBA[9°TI+ [T€0°0 | OLY | L'T— oud:A zd [€1°0— |ATI'€ |0T Th— | 8°LY u) 1

0°60+ |LEO'O | OSL | v €— Al | TC0—| Tre |2E h— | L' LY u) A

212714 6°0I— [€21°0 | OIC | 1°CT— [#00°0 | A €d | 0C°0— | L8] |8C 6V+ | ¥ 9p BN U

9°60+ [€€0°0 | OLS | 6 €— Al I9 | €2°0— | €€°C |61 €5— | 0°8€ u) 3

TEI— [L8T°0 | €6 | T'I+ |SE0°0 | UA €V | 010+ | Ob'€E |LT 00— | T°€E A 9

po1dg p0'% ‘T10°I-16'0 ¥ 'PH|0° 10+ |¥S0°0 | 0ZC | €°€— |120°0 | A 19 | ¥2°0— [AI6°0 {00 11— | 9°€C A

ADZIA (.. ¥TT “109IV) , ¥1 wb6 € |0°60— |LT1°0 | 88 ['0+ |LE0OO | A TV [ 200+ | 9T°C |S0 SS+ | L'TT ¥ BINN 2

1°00+ [1S€°0 | IL |11+ [9%0°0 | 4 TV | S0°0+ | 9L°C |€€ 9€— | 6°81 u) 1

°S0— [980°0 | €IT | €0+ (1200 | I 8D [T6°0+|86°C |10 €2— | €°LI BAH A

0'%I— [$L2°0 | 06 |9°0+ [9€0°0 [IIIFII 6O [€6°0+ | 98°C |80 TI+ | L°00 €I TA 3

,,0C wl9°S g “Te)s WnIdoma-uodI[IS (£ £0— |8€Z°0 | 8IT | 1°0+ |€20°0 Adg'6d | 01°0— | 06°C 16T 8€+ | 9°¥S F UAD ©

yiony Teys wnidomoe-wmraory) |¢ 60— [€11°0 | 89 | Z°0+ |800°0 AdOV | €0°0— | 6L°T |0 9§+ | L°TS BN 3

spna) viag 0°0C+ |6V0°0 | 06% |9 v— Inr 04 [ST0—| 8T'1 |T€ 65— | 0°9% np ¢

A0V wl €V T+ [100°0 | OLY | T°2— A €4 |'L1°0—| 90°€ |LS L9— | ¥'¥b gy sn\ ¢

Y wlSET wOSEV|L 61— |L9S°0 | TE | S€+ |TOT'O]| A 0d | ¥€°0+ | 9L°C |LT 10— | T"OF gy nA 4

T wbTT w6TV|SLO— |L61°0 | 09T | S°0— |900°0 | <A OV |00°0+ | L1'T |8V 8F— | 6°6€ gy u) 4

€L'T99°TY "TBA| 8I+ |L€0°0 | Oy | 6'CT— Al €9 | 02°0— |AOL"T |8S 89— | ¥°S€ snA ©

L'L0— |650°0 | 80T |10+ |L20'0| T SO |68°0+|99°C |¥I €7— | 8°CE A1) g

X409 € 1C+ |vLTo | 0ce | sTT— I EW | SS'T+| 69°T |LS 9S— | S"6C np 4

,VTu9T8G| 60+ [SSTO | vTI | 170+ | 810°0 _H>Am vm.am 00— wm.m mm eoT €8¢ w%wm

e 9°00— |Tv0°0 | OLE | ¥ E— q ST0— : 79— | 6°¥C g

xny +68 =06 D :Qm zIr— |2v0'0 | OLE | 67€— Al I8 |sT°0—| 66T |95 29— | 64T p o1 o

YousLn TH0— [€91°0 | OSY | I°€— II 84 |0I'0— | 65°C {TC LI— | €% A1) A

Z2439 6'CI— |901°0 | €9 |61+ |TSO'0| A €V | L0°0+| 0€°€ |TI LS+ | 6°€T BN ¢

P8T-8L'TH TeA (v 9T+ |1H#0°0 | OLS | ¥ €— Al 74 | €2°0— |AI8°T [S€ 86— | S°€I ny Q

6'v0+ |690°0 | ObT | 20— I €| €€ T+ | $0°€ (LT 72— | 9°80 A 3

79'T-9STY "TeA| 60+ |THO'O | OLE | L'T— 24 Zd |'S1°0— [A6S°C |€€ 05— | 8790 TI ) ¢

opoyJ 6'Cl— |¥60°0 | 06 |T0+ [0T0°0| A oV |00°0 | ¥b'T |2s €5+ |T°Ts 1T BN 4
[oas/uny | K1 . /o w g

Jd il a | ‘N x 9dAL A-q A 179d 0L6T 'VE Ieg

85



vI— |z€0°0| o06s | 0 v— A odg|cro—|vez |ee ze—] 98s 005 @
STeOLLE wlb'S V| L0+ |20°0| oLs | LT— A | €co—|sye |61 8c—| 1'8 |gwdnT U
£0— |v£0°0| oLs | £€— [s00'0| A 18|61'0—|26°C |20 92— | 0°LS 09§ x
£00— |8hb°0| <v | €T+ |8L00| A  zd|:8T°0+]| L8°Z |oc €9— | T8 ViL ¢
620+ [661°0| 1L | 0T+ |9p00| T M| LI'T+| 9T | 1€ 90+ | 8Tk S ©
vosaydjy oPLT WIT0Y PA| L T0+ |4ST°0| 9L | ¥'0+ [€40°0| A OV |20°0— |A€°T |6V 92+ | b e€ g1 ©
Al ST aSEr| 90+ |L£0°0| 0LS | LT— A 7E| 00— 08°C |40 th—| I'e  |gp dny 4
0 11— |z10°0| 201 | 80+ |zeoo| T T | SI'I+| 8T°€ |b0 65+ | €T eI 1
6'€0— |920°0| OLZ | S'T— |S00°—| IIFII €V |90°0+ | 80°€ |9 IL+ | 8°0¢ NN
20+ |2€0°0| 089 | vg— Al 78| €00~ | ¥T°€ |26 Ob— | ¥61 dng @
reis wnidomg| 00 | £90°0| €IT | T°0+ |S00°0| 44 oV | 10°0— | ¥6°C |vE 89— | 1°91 VIL 4
zse— [101°0| ovI | 9°0— |Z10°—| A 84| 11°0—| 19°C |91 60— | ¥°SI ar1 ¢
LSOT ub8'LE|TTI— |861°0| OVT | €0+ |820°0| T 8O |s6°0+| Lb'e |97 g6+ | €b1 y ood ¢
L uSLd|L°60— [SET°0| 06 | T T+ [90°0| 1T oY [:06°0+ | zv'c |65 15— | 10T p dog 3
€50— |680°0| :85 |:0°C+ [950°0| T | S9 T+ | I€'€ |0f sT— | €20 qry ©
6'61— |650°0| o¥1 | €0+ |z20'0| TI 8O | <60+ | 8b°€ |og Ov+ | 8°00 ST | oog g
1'60+ |€€0°0| oLv | Lz~ A zalico-|ste l6s - | 1°Ls w) 3
€£00— [990°0| ovs | ¥E— Al 7| €c0—| 69°C |10 gv— | 9-9¢ dng ¢
qoyooy 69T+ |€60°0 | SOT | S°0— |1€0°0 | I ¥ |ib 1+ |+0°T |91 v+ | 8°0¢ wN ¢
1qnua3jousqnz LIETaSIS | 01— [0E1°0| 99 | 21+ |600°0 wey | s1°0+ | 9L°2 |28 sI— | 2°6b pqri o
LEwb0'S T ulbTP|S9T— |150°0| €0T | 070+ |€10°0 | VA4 : 13 | 96°0+ | 26T |21 Lc+ | L'sv  |gw oog 2
.91 al9'8F w61'€ F "TeIS WNNUONS|#° L0+ [80€°0| 99 | 9° T+ |640°0| d4 04 | Sz0+ | 8T°€ |0S 59— | 10 | g¥ 1D »
ELOT 6500 | 0cp | € E— Ay & L0 | 26T (o1 L= |00 dny o
L'0T— | graec 6y | 8°€ . IP) €70+ |:0p° 09— | 9L g ©
sminouoy 151 :M:A ovt— |99y e v+ EA A 79|89°0+]|10°0 |g¥ 09— | 9°L pu) o
SY'T-€6°TH “TeA|7°00— |6v0°0| 06€ | 0°E— owA  ¢ld| 12°0— [A6E°T |10 Th— | 9°€¢ ) U
S'se— |981°0| 8IT |20+ [910°0| I v |6I'0+ | s0'€ |rz 86+ | 6°0¢ oog 4
smanpay 7'50— |¥8T°7| 9¢ | €£0— [060°0 | AIII X | €2 I+ | 90°0—0T 61+ | €51 oog ©
moyuspy €70+ [8€L°0| S§ | 670+ |650°0 |AT-IIT 0 | €0°T+ | 40°T |pT 9€— | 60 wD 9
i+ |ostro| v8 | 7T+ |600| M@ o | €11+ | szo€ |ze 9t~ | Lt eAH
aopogy T w6€TwlOV| CI— |S0°0| 06v | T'S— |910°0 | 1T 14 €20~ | €9°0 (€1 09— | L°T0 4T |g@¥u)d d
oos/uny |, | AT . , . | w oy
o 1 | a | w u odAL A9 | 4 |»a ot va| s

86



¥ 10+ |TI0°0 | 0S9 | 9°'v— |0CO°0 |41 04 |16£°0+ | 98°T |65 Th— | T'SE 03§ 6
an3vy[osvy LTI+ |09C°0 | 85 8°0+ [950°0 I SV |91°0+ | 60°C |SE TI+ | S €€ 4do ©
pjnvyg 00 I1€0°0 | OI€ | €°€— A 19 (¥C°0— | 09°T |SO LE— [ 9°I€E 03§ Y

Vw6V 11 &) 0°0C— | 610°0 | OIE | I'CT— | 600°0 II 7D [96°0+| LL'T |0T TS+ | L'6C yead
c0— [€80°0 | 06€ | v'CT— A STH|-8I'0—| S6°C |TS 6V— | S 6C BIy ©

8+ 16£0°0 | OVS | ¥ E€E— Al cq | TC°0— | IL'C |91 LE— | L°8C 03§ a

,8lwOl & ¥0— [LIOO | 089 | €°€— A g | 91°0—| T€'€ |IC 95— | 6°CC y ery A

¥°00— |S€0°0 | OEOT | 9°v— |920°0 | 4I EM 'SV I+ | 06°C [0€ SS— | 8°CT A

9°¢0— |ST0°0 | OIL | ¥'E— Al Cd | TT°0— | 62°€ |85 vT— | T°0C 4do o

L°ST— {6200 | OI¥ | #¥'C— | 0C20°0 I €A | €V T+ | €E1°€ |0S 9€+ | O° VI IoH 2

Iv— (¥91°0 | 96 8°0+ | ¥€0°0 Al €V | 60°0+ | ¥I°€ |TS ¥+ | 8" €I IH @
wy1asy-svy LS wb'STE0 F wTEV|['EE— |TEO'0 | OIY | €°T— [L00"—*| II SN | TP T+ |AOT°€ |ST VI+ | €°€T gy 1Y ©

v'8C— |€6T°0 | TS €T+ (€90°0 | IIT Cd | 870+ | €€°€ [TI €v— | 0°01 oog L
yqos' Wl wV €T wOEV|6°00— |L60°0 | 69 P I+ | LVO°O A STV 900+ | 9v°'C |I¥ ST— | L°80 gy ydo u

I'vI— |920°0 | 0T9 | T°€— [LIO'O III 9 | TI'0— | 0T°€ [S¥ S9+ | L°80 LI 'IQ )

9°66— |€6C°0 | OST | I°0— |920°0 I A |ST'T+ | 8I°€ |9C 60+ | €795 qdo

0°90— | T0°0 | 06 6°0+ | 9€0°0 (s19) 19°1+ | 9I°€ [9S SS— | 179§ BIV )
o1 ‘60°€-66TY ‘1P| ST— |€€0°0 | 0TS | 0°€— A 19 [0T°0— |466°C {00 8€— | 8 6¥ 09g 11

§°C0— [$99°0 | 99 L0+ |6V0°0 |AI-IIT CTY [91'1+ | 8T'T |ST vE— | T'8F 00§ 3
vy 9°¢0— |¥¥0°0 | T8 1'0— (¥20°0 | I Y} | €V 1+ | €6°T |6S 89— [ S°Sh VIL ©

€80+ [L60°0 | 29 I'C+ | €50°0 (AITIII LD |T6'0+ | 9V°€ |65 8E+ | 6°1F H U

TP SE wl6TV|6°69— |809°0 | OF '€+ [0IT°0 Al 0D | ¥9°0+ | 18°C [6€ IE+ | T OF gy 1Y )
61— |TC0'0 | OCS | €v— |LO0"— | A S°60 [00°0+ | LS'T {0 OT— | S"S€ qdo 3

L’00— [0€0°0 | OSL | O'V— A 0d | ST'0— | S8°C |60 8T— |0°¥E 05§ 1

€°6C— |S0I'0 | €01 | €70+ [LIO'O I 8D [T6°0+ | 8L°C [€€ 1T+ |6°8C o ¢
Sadvup € wl0S & wl0'T-wIB0 V| T €0— (620°0 | 0TS | I°S— |610°0 (A+AI TN |+8 I+ [AT6°0 |TC 9T— |9°LT V03§ ©

/Qul’ 8 € VI— |T90°0 | 9L 60+ [€70°0 III 8D 1T6°0+ | IL'T V€ 19+ | 9°€C yeiqlu
/0T mbV'8 4 $ST'0°06°C-TTY BINO 9| #°00— |0£0°0 | OLS | ¥'v— III 19 | ¥1°0+ |A98°C |I€ ST— | ¥'61 y 0o§ o
€°0I— (680°0 | 06 0'I+ |9¢0°0 I 6D [L6°0+ | TC'E (8E YO— |L°9T ydo 3
661— [9ST°0 | OVI | S°0— [620°0 Ir T (6S°I+ | TL'T |9€ €0— [8°CI qdo ¢
T w€6PD T ub0'S T w8LTH|9°90— | L2070 | 0S9 | L'€— |$00°0 A §0d |60°0— | S9°T |€V 61— [L'€E0 9T | gV 03S ¢
[oss/uny |, K] ‘s Y w g
k! Ul a 1N b adAL A-q A A 0L6T VI Ielg

87



a1y €°97— [859°0 7T+ |861°0 LV | TT0+ | LL°'O| LY 80+ | €76V by »
1°20— | 2I0°0 ¥°'C— |900°0 €A | 8y T+ | L9°CT| TE OI+ | 8V by 4
CubV'9F wl6TV| 17— | 090°0 L'1— | 120°0 s6d | €0°0— | L8°T| ¥O S+ | O'Hb gy 86D Q
024191y LSEIT'SE|0°¥T— | 600°0 pT— |$00°0| d+:IL €X | CI'T+| LOE| VS LT+ | S°6T p 840 ¢
66— | L9T'0 €T+ (79070 0d | IE°0+ | 8€°€| €0 €0+ | 0°4C bv @
8 vC+ | 0E1°0 70+ {820°0 6D |00 1+ | 90°€|LE L9+ | S°TI 'IQ Q
1> w09) w8’ €T wl'€V|8°60— | 01070 L°0— |910°0| IIFII_ TJd| SE0+| 68°CT| ¥0 IT—| 0°'80 |Ogp 135 1
s+ | 19770 71+ |8€0°0 811+ | 0£°€| €V LT— | 1°SO 185 2
¥1— | 260°0 ['0— |$T0°0 168 | LOTO— | V€| 9S ¥O— | L'¥O by Y
LSwll g|€°9C— | 10170 8°0+ |9€0°0 oV | 10°0+ | 66°C| 6V €1+ | 0°10 y bV 2
LS ET wEEV| T+ | 02070 ['0+ |020°0 ZV | 80°0+ | 19°CT| SS 62— | L°00 gv 13§ 3
S 1T— | L00°0 1'z— | 110°0 64 [ S0°0— | ST'E|6E TE+ | 8°LS I A
6°61— | SE0°0 0°0+ | 900°0 811+ | 1S°€| 80 IT— | 6°SS 185 .3
yunN I1— | 650°0 L'T— 79| 12°0— | TI°T| 0T 92— | ¥'€ES 138 of
9P w8'LE 6T O Y—8E' €Y "1PA|C 61— | LOO'O 9'y— | 110" — odg |:60°0— |A8E°€ | OT €€+ | 0°6F VIAT g
S 1T+ | TSO°0 ['e— 8 | 11°0— | 0T°€| 20 LZ— | 8'€EF i3S ¢
0324 6 €l— | SVE'O S0+ | €210 OV |00°0 |00 Sk 86+ | 6°SE AT ©
€ ch— | v61°0 I'T+ |9%0°0 ZY | S0 1+ | 08°C| LT ST—|1°9C 135
stypagsny snoy II— | SET°0 I'[— |S10°0 64| 70°0—| I8 1| vT ¥€— | T'TC i8¢ 3
6°80+ | ¥68°0 61+ | $50°0 O | ¥6°0+ | €2°€| ¥S T0— | L'61 ng U
0°0Z— | 0S0°0 L0+ | 6£0°0 X | 6€° 1+ | IL°T|0S 62— | 1°61 135 @
b =0T &[S 00+ | 8IT°0 T+ | 8€0°0 EN | SS T+ | LI'E| Ly 9€— | 9°ST pass u
1°cz+ | 000 [0+ |810°0 0X | 00° T+ | L6°CT| 9T 0E— | 6°€0 i8S 4
i+ | 8IT°0 0+ [S10°0 6D |00 1+ | 2E€| LV 60— | VLS ydo A
uolg 9°LT— | 920°0 $°0— |L1I0°0 S | TS T+ | 1T°C| 6T IS+ | 6°SS 'IQ A
L'¥T+ | ¥90°0 L0+ | 2€0°0 ST 1+| 12°€| 20 LE— | L'LY 03§ D
9°£Z— | ¥00°0 ['L— |€10°0 A | 6V°0+ | 66°CT |90 Ov— | S°SP 008 41
LEEw8L'6DF|9°ST— | T18°0 9'¢+ | 801°0 SO | SL0+ | The| Sy LTt | €SP y oy 1
0°ZI— | 09170 1'0— [€20°0] III T |9T'I+ | LL°T|SE VO+ | 0T ydo ¢
01— | 1€0°0 ve— g | 12°0— | 6€°CT| 10 6E— | ¥ OV L 002G 3t
‘oas/uny| " ;o w
q i ! A9 A | A oLel 'V 118

S
>

88



ATV I BAFW LIAQAAWW > I LBWWIUAER T A3 >

v'er— | 891°0 IS ¢+ | ¥90°0 Al M| 20°T+| 0C°€ |LC LL+ | 1°8€E dsp
qUIAIDN S°€0— | 1LO'0| 60I | I°0— [0€0°0 I S'64| €0°0—| 0S°C |20 ST+ | €7°€0 3od
WIS LT Ty "1eA L°80+ | ¥€ET0| OIT | S'T— |SI0°0| IIFII TN | L9'T+ (A §°T [SS LT+ | €770 €T 8od
oy oo,y §°90+ |L9€°0|9°CT 0'c+ |[¥PI°0 A EV | OI'0+ | 61°T |LV 62— |0°9S Vvsd
0°'8I+ |LVO'O| ¥8 I+ |6£0°0 A €V | 80°0+ | 8C°¢ |65 ST— | I'€S by
€20+ |LT0°0| 09€ |T°CT— |00 —|¢d + Il 8D | §8°0+ | S6°C [¥0 OE+ | 9°I¥ 8ad
€CTII'TY " TBA (9" IO+ |VEL'O| O8C | S°C— |€00°0 | II EN | 65 T+ [ALT'T |20 Lh— | 6°0F nn
L0+ [LLO'O| OIT [9°0— [¥00°—| A 84 |:80°0— |‘0v°€ (I¥ OL+ [0°OF 8o
T wb1'9d o¥'S THY-1S'€ Y "d3D| 8797 — |Z10°0| O00ET [ 0'v— [S00°0 | AI TO-S|A99°0+ [A96°¢ |91 85+ | I'8T y doD
Z'Zr+ |6L0°0| T9 S I+ (610°0 |AI-IIT EX | OV'I+ | L8'C |¥VT 09— |¥'91 ong
»'81— |S10°0| OVCI | 9°v— [610°0 | AT | SS T+ | I€°€ [€0 85+ | 8760 daD
AN IV 8 I+ |¥61°0| ¥9 [€°0+ [ISO°0 | A $q | ¥1°0— | 9L°1 |LO L¥y— | €790 nn
§°LO+ [910°0| 080T |9'¥— |€00°0 | AI 7D | 96°0+ | 96°C |8C 00— |T¥0 TC by
['C0— (20L°'0| ObS |1°€— |[800°0 | -III 84| 01'0—| €0°€ |OE LE— | I°CS nn
S6°'CT88°CY IBAI£°90— |T6E°0| OS 0°C+ |S90°0 W9V | 6C°0+ [AT6'C (91 91— |V'S¥ dep
Jug +C8ull &L ¥O+ |STO'O| O08L |9'v— |S00"—| AI | SS I+ | 1€°T |S¥ 60+ |L'TY ¥ 324
$°90-+ [LI0°0| O€EOI [ 9°¥— {000°0 | AI 0D | 78°0+ | 98°C [€V SO— |0°0€ Iby
P60 9T EHI'€¥ BNO 9| 7" 80— (¥10°0| 086 |T'¥— |S00°0 oI TH |ATT0— |AST"E [ST OL+ | €°8T dsp
utvaply Ol— (9S1°0| TS P I+ (€90°0 | A°AT LV | ¥T0+ | ¥/'T (8T 29+ | 6°LI dsp
P'LI+ |9S0°0| 06€ |T'CT— |120°0 I 8D *6T°¢ (90 0E+ | L°IT 1T 84D
£0r— [18v°0| VL L0+ |¥¥0°0 I 0| €0 I+ | 9v°'CT |IS €€+ | 0°Sy 84D
€°L8— |SC8°0| 9¥ LT+ |1L0°0 Al 0| 760+ | Iv'e |EV 191 |L'Vb deD
8°60+ |9¥0°0| 09I |1°0— |920°0 | IIT SV | 91°0+ | S¥°€ |61 99— |€'TY Aed
qauaq 9'¥0— |€00°0| 009T | I'L— |€10°—| Bl 7V | 60°0+| 9C'T |01 S¥+ | ¥ OF 84D
1°10— |780°0| V8 I'1+ |6€0°0 | IIT 0| 00° T+ | IT°€ |€C Ly— |S'SE pur
Yo0ovad 0°¢0+ (L80°0| OIf€ |6°C— Al £ 0C°0— | S6°T |0S 9S— | €°€C Aed
S§'L0— |100°0| OSL |9°%— |900°—| dI 84| 99°0+ | TT'T |60 OVt | I°1IT 84D
1/S0C wL6°S & € 98] + :0MB2dAL 6°8T— |6€0°0| OET | [0+ |S00°0 *dwoo 9L°0+ | 90°€ (€S ¥I— |€°61 ¥ dep
£°4C— (V€00 | OEE |L°T— [800°0 oI s6d|L0°0— | IE€ |PS 00— |8°60 OT by

roes/uny |, &1 . /o w g
k! i a AN L odAY, A9 A [d 0L6T 'V IelS

89



THE NEAREST STARS
By ALAN H. BATTEN AND RUSSELL O. REDMAN

The accompanying table is similar to one that has been published in the HANDBOOK
for several years past. Like its predecessor, it has been based on the work of Professor
van de Kamp who published in the Publications of the Astronomical Society of the
Pacific for 1969 a revision of his list of the nearest stars. The new list contains three
new stars (two of them forming a binary system) and three new unseen companions
of stars already in the list. In addition, many distances have been revised, and this
has changed the order of stars in the list. The relative luminosities in the last column
have also been changed a little, partly because of the revisions of distances, but also
because of a small change in the adopted absolute magnitude of the sun.

Measuring the distances of the stars is one of the most difficult and most important
tasks of the observational astronomer. As the earth travels around the sun each year,
the directions of the nearer stars seem to change very slightly when measured against
the background of the more distant stars. This change is called annual parallax.
Even for the nearest star, the parallax is less than one second of arc—which is the
angle subtended by a penny at a distance of about 2.5 miles. That explains the
difficulty of the task. Its importance stems from the fact that all our knowledge of the
Iuminosities of stars, and hence of the structure of the galaxy, depends on the rela-
tively few stellar distances that can be directly and accurately measured. To describe
these vast distances, astronomers have invented new units. The most familiar is the
light-year—the distance light travels in a year, nearly six million million miles. More
convenient in many calculations is the parsec, which is about 3.26 light-years.
The distance in parsecs is simply the reciprocal of the parallax.

The table gives the name and position of each star, the annual parallax &, the
distance in light-years D, the spectral type, the proper motion p in seconds of arc per
year (that is the apparent motion of the star across the sky each year—nearby stars
often have large proper motions), the total space velocity W in km./sec., if known,
the visual apparent magnitude and the luminosity in terms of the sun. In column 6,
wd stands for white dwarf, and e indicates the presence of emission lines in the
spectrum. Note how very few stars in our neighbourhood are brighter than the sun.
There are no very luminous or very hot stars at all. Most stars in this part of the
galaxy are small, cool, and insignificant objects.

The list contains 60 stars, including the sun, and seven unseen companions.
Thirty-one of these objects are either single stars or have only unseen companions.
There are eleven double-star systems and two triple systems. Of the unseen com-
panions, one of the most interesting is that of Barnard’s Star. Van de Kamp has
shown that the observed perturbations in the motion of Barnard’s Star can be
explained on the assumption that the star is accompanied by a body about twice the
size of Jupiter. Alternatively, two objects each about the size of Jupiter could produce
the observed perturbations. Perhaps this star has the first planetary system to be
discovered outside our own system.

The newest addition to the table is G158-27, which was reported in 1971 to have
a parallax of 07224, It is one of the faintest stars in the table, explaining why it has
been unknown for so long, and indicating how difficult it is to be sure that all nearby
stars have been detected.
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THE NEAREST STARS

1970
Name a ] T D Sp. n w m L
h m ° " Ly. | km./[sec.
Sun G2 —26.8| 1.0
a Cen A 14 37 | —60 43 | 0.760 4.3 G2 3.68 32 0.1 1.3
B K5 1.5| 0.36
C 14 27 | —62 33 MSe 11.0 | 0.00006
Barnard’s* 17 56 | +04 36 .552 5.9 5 10.30| 140 9.5 | 0.0
Wolf 359 10 55 | +07 13 .431 7.6 Mée 4.84 55 13.5 | 0.00002
Lal.21185* 11 02 | +36 10 .402 8.1 M2 4.78| 103 7.5 | 0.0052
Sirius A 644 | —16 41 .377 8.6 Al 1.32 18 —-1.5 .
B wd 7.2| 0.008
Luy. 726-8A 137 | —18 07 .365 8.9 Mée 3.35 52 12.5 | 0.00006
B Mée 13.0 | 0.00004
Ross 154 18 48 [ —23 51 .345 9.4 MSe 0.74 12 10.6 | 0.0004
Ross 248 23 40 | +44 01 .317 10.3 Mé6e 1.82 86 12.2 | 0.00011
¢ Eri 03 32 | —09 34 .305 10.7 K2 0.97 22 3.7( 0.30
Luy. 789-6 22 37 | —15 31 .302 10.8 M6 3.27 79 12.2 | 0.00012
Ross 128 11 46 | +01 01 .301 10.8 MS 1.40 26 11.1 | 0.00033
61 Cyg A 21 06 | +38 36 .292 11.2 K5 5.22| 106 5.2 | 0.083
B* K7 6.0 | 0.040
€Ind 22 02 | —56 55 .291 11.2 K5 4.67 86 4.7 0.13
Procyon A 07 38 | +05 18 .287 11.4 F5 1.25 21 0.3| 7.6
B wd 10.8 | 0.0005
X 2398 A 18 42 | +59 35 .284 11.5 M3.5| 2.29 39 8.9 | 0.0028
B M4 9.7 | 0.0013
Groom. 34 A 00 17 | +43 51 .282 11.6 Ml 2.91 52 8.1 | 0.0058
B M6 11.0 [ 0.00040
Lacaille 9352 23 04 [ —36 02 .2719 11.7 M2 6.87| 117 7.4 | 0.012
1t Ceti 01 43 | —16 06 .273 11.9 G8 1.92 37 3.5| 0.44
BD +5°1668* 07 26 | +05 28 .266 12.2 M4 3.73 71 9.8 ( 0.0014
Lacaille 8760 21 15 | —39 00 .260 12.5 M1 3.46 67 6.7 | 0.025
Kapteyn’s 05 11 | —45 00 .256 12.7 Mo 8.79| 292 8.8 | 0.0040
Kruger 60 A 22 27 | +57 33 .254 12.8 M4 0.87 31 9.7 | 0.0017
B M6 11.2 | 0.00044
Ross 614 A 06 28 | —02 48 .249 13.1 MSe 0.97 30 11.3 [ 0.0004
B 14.8 | 0.00002
BD —12°4523 1629 | —12 35 .249 13.1 M5 1.18 38 10.0 | 0.0013
van Maanen’s 00 47 | +05 16 .234 13.9 wdF 2.98( 270 12.4 | 0.00017
Wolf 424 A 12 32 | 409 12 .229 14.2 Mée 1.87 39 12.6 | 0.00014
B Mé6e 12.6 | 0.00014
CD —37°15492 00 03 | —37 30 .225 14.5 M3 6.09( 130 8.6 | 0.0058
G158-27 00 05 | —07 41 224 14.6 — 2.1 — 13.8 | 0.00005
Groom. 1618 10 09 | +49 36 217 15.0 MO 1.45 40 6.6 | 0.040
CD—46°11540 17 27 | —46 53 .216 15.1 M4 1.15 9.4 [ 0.0030
CD —49°13515 21 31 | —49 08 .214 15.2 M3 0.78 8.7 | 0.0058
CD —44°11909 17 36 | —44 17 .213 15.3 M5 1.14 11.2 [ 0.00063
Luy. 1159-16 01 58 | +12 57 .212 15.4 (M7) | 2.08 12.3 | 0.00023
Lal. 25372 13 44 | +15 04 .208 15.7 M3.5| 2.30 55 8.5 | 0.0076
AOe 17415-6* 17 37 | +68 22 .207 15.7 M3.5| 1.31 34 9.1 | 0.0044
CC 658 11 44 | —64 39 .206 15.8 wd 2.69 11.0 [ 0.0008
Ross 780 22 51 | —14 25 .206 15.8 M5 1.17 28 10.2 | 0.0016
0% Eri A 04 14 | —07 42 .205 15.9 KO 4.08| 104 4.4 | 0.33
B wdA 9.9 | 0.0027
C Mde 11.2 | 0.00063
BD +20°2465* 10 18 | +20 01 .202 16.1 M4.5| 0.49 15 9.4 | 0.0036
Altair 19 49 | +08 47 .196 16.6 A7 0.66 31 0.8 [10.
70 Oph. A 18 04 | +02 31 .195 16.7 K1 1.13 29 4.2 0.44
B K6 6.0 | 0.083
AC+79°3888 11 45 | +78 50 .194 16.8 M4 121 11.0 | 0.0009
BD +43°4305* 22 46 | +44 11 .193 16.9 MSe 0.84 21 10.1 [ 0.0021
Stein 2051 A 04 29 | +58 56 .192 17.0 (M5) 11.1 | 0.0008
B wd 12.4 | 0.0003

*Star has an unseen compbnent.
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VARIABLE STARS

The systematic observation of variable stars is an area in which an amateur can
make a valuable contribution to astronomy. For beginning observers, maps of the
fields of four bright variable stars are given below. In each case, the magnitudes (with
decimal point omitted) of several suitable comparison stars are given. Using two
comparison stars, one brighter, one fainter than the variable, estimate the brightness
of the variable in terms of these two stars. Record also the date and time of observa-
tion. When a number of observations have been made, a graph of magnitude versus
date may be plotted. The shape of this ‘“light curve” depends on the type of variable.
Further information about variable star observing may be obtained from the Ameri-
caxllszgssociation of Variable Star Observers, 187 Concord Ave., Cambridge, Mass.
02138.

In the tables the first column, the Harvard designation of the star, gives the
1900 position: the first four figures give the hours and minutes of R.A., the last
two figures give the Dec. in degrees, italicised for southern declinations. The column
headed Max. gives the mean maximum magnitude. The Period is in days. The Epoch
gives the predicted date of the earliest maximum occurring this year; by adding the
period to this epoch other dates of maximum may be found. The list of long-period
variables has been prepared by the American Association of Variable Star Observers
and includes the variables with maxima brighter than mag. 8.0, and north of Dec.
—20°. These variables may reach maximum two or three weeks before or after the
listed epoch and may remain at maximum for several weeks. The second table
contains stars which are representative of other types of variable. The data are taken
from “The General Catalogue of Variable Stars” by Kukarkin and Parenago and
for eclipsing binaries from Rocznik Astronomiczny Obserwatorium Krakowskiego,
1972, International Supplement.
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LONG-PERIOD VARIABLE STARS

Max., Per | Epoch Max,| Per | Epoch

Variable m d 1973 Variable m d 1973
001755 T Cas 7.8 | 445 | Aug. 20 142539 V Boo 7.9 | 258 | Sept. 11
001838 R And 7.0 (409 | July 10 143227 R Boo 7.2 (223 | June 15
021143 W And 7.4 397 | Sept. 9 151731 S CrB 7.3 (361 | Feb. 5
021403 o Cet 3.4|332| May 1 154639 V CrB 7.5 358 | Nov. 13
022813 U Cet 7.51235| Aug. 8 154615 R Ser 6.9 {357 | Oct. 2
023133 R Tri 6.2 | 266 | Mar. 8 160625 RU Her | 8.0 | 484 | Dec. 13
043065 T Cam 8.0 | 374 | Nov. 11 162119 U Her 7.5 | 406 | Feb. 11
045514 R Lep 6.8 | 432 — 162112 V Oph 7.51298 | Apr. 28
050953 R Aur 7.7 | 459 | Feb. 27 163266 R Dra 7.6 | 245 | May 12
054920 U Ori 6.3 1372 | Aug. 5 164715 S Her 7.6 1307 | Oct. 30
061702 V Mon 7.0 [335]| Aug. 3 170215 R Oph 7.9 {302 | June 13
065355 R Lyn 7.9 | 379 | Feb. 26 171723 RS Her | 7.9 (219 | July 24
070122aR Gem 7.1 (370 | June 6 180531 T Her 8.0 | 165 | June 7
070310 R CMi 8.0 | 338 | Nov. 13 181136 W Lyr 7.9 1196 | Jan. 31
072708 S CMi 7.5 1332 July 17 183308 X Oph 6.8 1334 | May 5
081112 R Cnc 6.8 | 362 | Dec. 28 190108 R Aql 6.1 | 300 | Mar. 28
081617 V Cnc 7.9 1272 | June 16 191017 T Sgr 8.0 (392 | Mar. 2
084803 S Hya 7.8 257 |Jan. 4 191079 R Sgr 7.3 1269 | Mar. 7
085008 T Hya 7.8 | 288 Oct. 14 193449 R Cyg 7.5 1426 | Dec. 13
093934 R LMi 7.1(372| Feb. 8 194048 RT Cyg | 7.3 | 190 | Feb. 18
094211 R Leo 5.8 {313 | Nov. 3 194632 x Cyg 5.2 1407 | Jan. 27
103769 R UMa 7.5(302|Jan. 9 201647 U Cyg 7.2 |465| Apr. 20
121418 R Crv 7.5 (317 | May 26 204405 T Aqr 7.7 1202 | Mar. 3
122001 SS Vir 6.8 [ 355| Jan. 21 210868 T Cep 6.0 390 | May 7
123160 T UMa 7.7 | 257 | Mar. 28 213753 RU Cyg | 8.0 | 234 | Jan. 24
123307 R Vir 6.9 | 146 | Mar. 20 230110 R Peg 7.8 378 | Jan. 25
123961 S UMa 7.8 226 | Jan. 17 230759 V Cas 7.9 | 228 | May 25
131546 V CVn 6.8 | 192 | Irreg. 231508 S Peg 8.0 (319 | Apr. 15
132706 S Vir 7.0 378 — 2338715 R Aqr 6.5 | 387 | Nov. 19
134440 R CVn 7.7 {328 | Sept. 7 235350 R Cas 7.0 | 431 | July 16
142584 R Cam 7.9 | 270 | May 17 235715 W Cet 7.6 | 351 | May 4

OTHER TYPES OF VARIABLE STARS
Max. | Min. Period Epoch 1973

Variable m m Type Sp. Cl. d E.S.T.
005381 U Cep | 6.7 9.8 Ecl. | B8+gG2| 2.49302 Jan. 1.82*
025838 p Per 3.3 4.0 | Semi R M4 33-55,1100 —
030140 B Per 2.1 3.3 Ecl. B8+ G 2.86731 Jan. 1.92*
035512 A Tau 3.5 4.0 Ecl. B3 3.952952 Jan. 3.96*
060822 n Gem | 3.1 3.9 | Semi R M3 233.4 ~—
061907 T Mon| 6.4 8.0 5 Cep F7-K1 27.0205 Jan. 25.23
065820 { Gem | 4.4 5.2 8 Cep | F7-G3 10.15172 Jan. 2.06
154428 RCrB| 5.8 [ 14.8 | RCrB| cFpep —_
171014 o Her 3.0 4.0 | Semi R M5 50-130, 6 yrs. —
184205 R Sct 6.3 8.6 | RVTau| G0e-KOp| 144 —
184633 B Lyr 3.4 4.3 Ecl. B8 12.931163 Jan. 12.20*
192242 RR Lyr| 6.9 8.0 | RRLyr| A2-Fl 0.5668223 Jan. 1.09
194700 n Aql 4.1 5.2 8Cep | F6-G4 7.176641 Jan. 6.72
222557 & Cep 4.1 5.2 8Cep | F5-G2 5.366341 Jan. 5.96

*Minimum.
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DOUBLE AND MULTIPLE STARS

By CHARLES E. WORLEY

Many stars can be separated into two or more components by use of a telescope.
The larger the aperture of the telescope, the closer the stars which can be separated
under good seeing conditions. With telescopes of moderate size and average optical
quality, and for stars which are not unduly faint or of large magnitude difference,
the minimum angular separation is given by 4.6/D, where D is the diameter of the
telescope’s objective in inches.

The following lists contain some interesting examples of double stars. The first
list presents pairs whose orbital motions are very slow. Consequently, their angular
separations remain relatively fixed and these pairs are suitable for testing the per-
formance of small telescopes. In the second list are pairs of more general interest,
including a number of binaries of short period for which the position angles and
separations are changing rapidly.

In both lists the columns give, successively: the star designation in two forms;
its right ascension and declination for 1970; the combined visual magnitude of the
pair and the individual magnitudes; the apparent separation and position angle
for 1973. 0; and the period, if known.

Many of the components are themselves very close visual or spectroscopic binaries.
(SOthe; double stars appear in the table of The Brightest Stars and of The Nearest

tars.

Dec. Sep. P.A. P
1970 Magnitudes 1973.0 (app.)
Star A.D.S. h m ° ‘ |comb. A B " ° years
A Cas 434 00 30.1 +54 22 | 4.9 55 5.8 0.6 180 640
o Psc 1615 02 00.4 +02 37 4.0 4.3 5.3 1.8 286 720
33 Ori 4123 05 29.6 +03 16 5.7 6.0 7.3 1.8 27 —
OX 156 5447 06 45.7 +18 14 6.1 6.8 7.0 0.5 248 1100
I 1338 7307 09 19.2 +38 19 5.8 6.5 6.7 1.0 243 220
35 Com 8695 12 51.8 +21 25 5.1*5.2 7.4 0.8 162 670
I 2054 10052 16 23.3 +61 45 5.6 6.0 7.2 1.1 355 —
e! Lyrt 11635 18 43.4 +39 39 5.1 5.4 6.5 2.7 357 1200
€2 Lyrt 11635 18 43.4 +39 36 4.4 5.1 5.3 2.3 87 60!
n  Aq 12962 19 47.4 +11 44 5.6 6.0 6.8 1.4 110 —
¢ Cas 17140 23 57.4 +55 36 5.2 5.4 1.5 3.0 326 —_
n Cas 671 00 47.3 +57 39 3.5#3.5 7.2 | 11.6 303 480
z 6 1538 01 54.3 +01 42 6.0 6.8 6.8 1.4 56 160
vy And AB 1630 02 02.0 +42 12 2.1* 2.1 5.4 9.8 64 —
a CMa 5423 06 43.9 —16 41 [—1.4—1.4 8.5 [11.3 63 5
a Gem 6175 07 32.7 +31 58 1.6 2.0 2.8 1.9 119 420
{ CncAB 6650 08 10.4 +17 44 5.0 5.6 5.9 1.0 317 60
{ CncAC 6650 08 10.4 +17 44 5.2 5.4 7.3 5.9 84 1150
+42° 1956 UI 08 58.7 +41 53 3.9 4.1 6.2 0.4 160
Y 0 7724 10 18.3 +20 00 1.8 2.1 3.4 4.4 122 620
& UMaAB 8119 11 16.7 +31 42| 3.8 4.3 4.8 3.0 118 60
y Vir 8630 12 40.1 -01 18 2.8 3.5 3.5 4.4 302 170
X 1785 9031 13 47.7 +27 08 7.0 7.6 8.0 3.3 154 155
{ Boo 9343 14 39.8 +13 52 3.8 4.5 4.5 1.1 307 125
& Boo 9413 14 50.0 +19 14 | 4.5 4.7 6.8 7.2 338 150
{ Her 10157 16 40.2 +31 39 2.8 2.9 5.5 1.1 197 35
a Her AB 10418 17 13.3 +14 26 3.1* 3.2 5.4 4.6 108 _
X 2173 10598 17 28.8 —01 02 5.3 6.0 6.1 0.4 126 46
70 Oph 11046 18 03.9 +02 32 4.0 4.2 6.0 2.0 30 88
B 648 11871 18 56.0 +32 52 5.2 5.4 7.5 0.5 96 60
4 Agqr 14360 20 49.9 —05 45 6.0 6.4 7.2 1.0 9 150
t Cyg 14787 21 13.6 +37 54 3.7 3.8 6.4 1.0 175 50
X 3050 17149 23 57.9 +33 34 5.8 6.5 6.7 1.6 300 800

*There is a marked colour difference between the components.
1The separation of the two pairs of € Lyr is 208"’,
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MESSIER’S CATALOGUE OF DIFFUSE OBJECTS

This table lists the 103 objects in Messier’s original catalogue. The columns con-
tain: Messier’s number (M), the number in Dreyer’s New General Catalogue
(NGC), the constellation, the 1970 position, the integrated visual magnitude (m.,),
and the class of object. OC means open cluster, GC, globular cluster, PN, plan-
etary nebula, DN, diffuse nebula, and G, galaxy. The type of galaxy is also indicated,
as explained in the table of external galaxies. An asterisk indicates that additional
information about the object may be found elsewhere in the Handbook, in the appro-

priate table.

M NGC | Con o 1970 & my | Type |[M |NGC|Con | a 1970 & my |Type
11952 [Tau | 5 32.7|+22 01 |11.3 [DN* 56/6779 |Lyr |19 15.4|+30 07| 8.33|GC
2 7089 |Agr (21 31.9(/—00 57| 6.27|GC* 57/6720 |Lyr |18 52.5|/+33 00( 9.0 {PN*
3 5272 |CVn (13 40.8(+28 32| 6.22|/GC* 58{4579 |Vir |12 36.2|+11 59| 9.9 |G-SBb
4 6121 |Sco |16 21.8|—26 26| 6.07|GC* 59(4621 |Vir |12 40.5/+11 50{10.3 |G-E
5 5904 |Ser |15 17.0{+02 13| 5.99/GC* 60(4649 |Vir |12 42.1{+11 44| 9.3 |G-E
6 6405 |Sco |17 38.1(—3211|6 oc* 61(4303 |Vir |12 20.3/+04 39] 9.7 |G-Sc
7 6475 [Sco |17 51.9|—34 48 |5 oc* 626266 |Sco |16 59.3(—30 04| 7.2 |GC
8 6523 (Sgr |18 01.8|—24 23 DN* 63|5055|CVn |13 14.4/ 442 11| 8.8 |G-Sb*
9 6333 |Oph |17 17.5|—18 29 | 7.58|GC 644826 |Com (12 55.2|+21 51| 8.7 |G-Sb*
10 6254 [Oph |16 55.5|—04 04 | 6.40|GC* 65/3623 |Leo |11 17.3!+413 16( 9.6 |G-Sa
11 6705 [Sct |18 49.5|—06 19 C* 663627 (Leo (11 18.6:+13 10| 9.2 [G-Sb
12 6218 |Oph |16 45.6|—01 54 | 6.74| GC* 67(2682 [Cnc | 8 49.5!+11 56| 7 ocC*
13 6205 [Her |16 40.6|+36 31| 5.78|GC* 684590 [Hya (12 37.81—26 35| 8.04|GC
14 6402 |Oph (17 36.0|—03 14 | 7.82|GC 696637 |Sgr |18 29.4:—-32 23| 7.7 |GC
15 7078 |Peg |21 28.6|+12 02 | 6.29 |GC* 706681 [Sgr (18 41.3|—32 19| 8.2 [GC
16 6611 (Ser |18 17.2|—13 48 |7 ocC* 71/6838 [Sge (19 52.4|+18 42| 6.9 |GC
‘17 6618 |Sgr (18 19.1(—16 12 |7 DN* 72(6981 [Aqr (20 51.87—12 41| 9.15|GC
18 6613 (Sgr |18 18.2|—17 09 (7 oC 73(6994 |Agr (20 57.3|—12 46 ocC
19 6273 (Oph |17 00.7|—26 13 | 6.94|GC 74| 628 |Psc 135.1/+15 38} 9.5 |G-Sc
20 6514 (Sgr |18 00.6|—23 02 DN* 75(6864 (Sgr |20 04.3|—22 01| 8.31|{GC
21 6531 (Sgr |18 02.8 |—22 30 (7 OoC 76( 650 (Per 1 40.3|+51 25(11.4 |PN*
22 6656 [Sgr (18 34.6|—23 56 | 5.22|GC* 77(1068 (Cet 2 41.1{—00 07| 9.1 |G-Sb
23 6494 (Sgr |17 55.1|—19 00 (6 ocC* 782068 (Ori 5 45.3(+400 02 DN
24 6603 |(Sgr |18 16.7|—18 27 |6 ocC 7911904 (Lep 522.9/—-24 33/ 7.3 |GC
25 4725t |Sgr (18 29.9(—19 16 | 6 ocC* 80|6093 [Sco |16 15.2{—22 55| 7.17|GC
26 6694 [Sct 18 43.6|—09 26 (9 81{3031 (UMa | 9 53.4|+69 12| 6.9 [G-Sb*
27 6853 |Vul (19 58.4(+22 38 (8.2 [PN* 8213034 [UMa| 9 53.6|+69 50| 8.7 |G-Irr*
28 6626 |Sgr (18 22.6|—24 52 { 7.07|GC 83(5236 (Hya (13 35.3|—29 43| 7 5 [G-Sc*
29 6913 |Cyg (20 22.9|+38 25 |8 844374 |Vir (12 23.6|+13 03| 9.8 |G-E
30 7099 [Cap |21 38.6|—23 18 | 7.63|GC 85|4382 (Com |12 23.8|+18 21| 9.5 |G-SO
31 224 |(And | 0 41.1|+41 06 (3.7 |G-Sb* | 86|4406 |Vir (12 24.6|+13 06| 9.8 |G-E
32 221 |(And | 0 41.1|+40 42|8.5 |G-E* 87(4486 [vir (12 29.2(+12 33| 9.3 |G-Ep
33 598 |Tri 132.2|+30 30 5.9 |G-Sc* || 884501 |{Com |12 30.4|+14 35(9.7 |G-Sb
34 1039 |Per 240.1(4+4240(6 oC 8914552 |vir |12 34.1|+12 43 (10.3 |G-E
35 2168 |Gem | 6 07.0 |+24 21 |6 oC* 90(4569 [Vir 12 35.3(+13 19| 9.7 |G-Sb
36 1960 |Aur | 5 34.3|+3405 (6 91| — | — — — M58?
37 2099 |Aur | 5 50.4(+3233 |6 OC* 9216341 |[Her (17 16.2(+43 11| 6.33|GC*
38 1912 (Aur | 526.6|+3548 (6 oC 9312447 [Pup | 7 43.2|-23 48| 6 C
39 7092 |(Cyg (21 31.1|+48 18 |6 oC 9414736 |CVn |12 49.6|+41 17| 8.1 |G-Sb*
40 — |(UMa| — —_ 2stars || 95(3351 |[Leo |10 42.3|+11 52| 9.9 |G-SBb
41 2287 |CMa | 6 45.8|—20 42 |6 OC* 96(3368 |[Leo |10 45.1|+11 59| 9.4 |G-Sa
42 1976 |Ori 5 33.9(—05 24 DN* 97(3587 (UMa (11 13.1(+55 11|11.1 |PN*
43 1982 |Ori 534.1|—-05 18 DN 9814192 |[Com |12 12.2|+15 04 (10.4 |G-Sb
44 2632 (Cnc | 8 38.2(+20 06 |4 ocC* 99(4254 (Com (12 17.3|+14 35| 9.9 |G-Sc
45 — |[Tau | 3 45.7|+24 01 |2 OC* 100(4321 (Com (12 21.4|+15 59| 9.6 |G-Sc
46 2437 (Pup | 7 40.4|—14 45 |7 OoC* 101|5457 |{UMa (14 02.1(+54 30| 8.1 |G-Sc*
47 2422 (Pup | 7 35.1|—14 26 |5 OC 102| — | — - — Mi101?
48 2548 (Hya | 8 12.0(—05 41 |6 OC 103| 581 [Cas 131.21+60 32(7
49 4472 |Vir [12 28.3|+08 10 | 8.9 [G-E*
50 2323 (Mon | 7 01.5|—08 18 | 7 oC tIndex Catalogue Number.
51 5194 (CVn (13 28.6 |+47 21 (8.4 |G-Sc*
52 7654 (Cas (23 22.9(+61 26 | 7 oC
53 5024 |Com (13 11.5|+18 20 | 7.70|GC
54 6715 (Sgr |18 53.2|-30 31 (7.7 |GC
55 6809 [Sgr (19 38.1|—31 01 | 6.09|GC*
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STAR CLUSTERS

By T. ScHMIDT-KALER

The star clusters for this list have been selected to include those most conspicuous.
Two types of clusters can be recognized: open (or galactic), and globular. Globulars
appear as highly symmetrical agglomerations of very large numbers of stars, dis-
tributed throughout the galactic halo but concentrated toward the centre of the
Galaxy. Their colour-magnitude diagrams are typical for the old stellar population
I1. Open clusters appear usually as irregular aggregates of stars, sometimes barely
distinguished from random fluctuations of the general field. They are concentrated
to the galactic disk, with colour-magnitude diagrams typical for the stellar population
I of the normal stars of the solar neighbourhood.

The first table includes all well-defined open clusters with diameters greater than
40’ or integrated magnitudes brighter than 5.0, as well as the richest clusters and
some of special interest. NGC indicates the serial number of the cluster in Dreyer’s
New General Catalogue of Clusters and Nebulae, M, its number in Messier’s catalogue,
o and § denote right ascension and declination, P, the apparent integrated photo-
graphic magnitude according to Collinder (1931), D, the apparent diameter in
minutes of arc according to Trumpler (1930) when possible, in one case from
Collinder; m, the photographic magnitude of the fifth-brightest star according to
Shapley (1933) when possible or from new data, in italics; r, the distance of the
cluster in kpcs (1 kpc = 3263 light-years), usually as given by Becker and Fenkart
(1971); Sp, the earliest spectral type of cluster stars as a mean determined from three
colour photometry and directly from the stellar spectra. The spectral type indicates
the age of the cluster, expressed in millions of years, thus: O5 = 2, B0 = 8, B5 = 70,

0 = 400, A5 = 1000, FO = 3000 and F5 = 10000.

The second table includes all globular clusters with a total apparent photographic
magnitude brighter than 7.6. The first three columns are as in the first table, followed
by B, the total photographic magnitude; D, the apparent diameter in minutes of arc
containing 90 per cent of the stars, and in italics, total diameters from miscellaneous
sources; Sp, the integrated spectral type; m, the mean blue magnitude of the 25
brightest stars (excluding the five brightest); N, the number of known variables; r,
the distance in kpcs (absolute magnitude of RR Lyrae variables taken as My =
+0.5); ¥, the radial velocity in km/sec. The data are taken from a compilation by
Arp (1965); in case no data were available there, various other sources have been
used, especially H. S. Hogg’s Bibliography (1963).

OPEN CLUSTERS

o 1970 &

NGC [h m ! P|D| m r Sp Remarks
188 00 41.0| +85 11{9.3| 14| 14.6| 1.55 | F2 | oldest known

752 01 56.0| +37 32|6.6| 45| 9.6|0.38 | AS

869 02 16.9| +57 01 |4.3| 30| 9.5|2.15 | Bl | hPer

884 02 20.3| +56 59 |4.4| 30| 9.5|2.48 | BO | x Per, M supergiants
Perseus |03 20 +48 30 (2.3|1240| 5 0.17 | Bl | movingcl., o Per
Pleiades|03 45.3 | +24 02 | 1.6(120 4.2.0.125| B6 | M45, best known
Hyades [04 18 +15 3410.8(400| 1.5] 0.040| A2 | movingcl. in Tau*
1912 |05 26.6| +3549|7.0( 18| 9.7|1.41 | BS

1976/80|05 33.9| —05 24| 2.5| 50| 5.5| 0.41 | OS5 | Trapezium, very young
2099 |05 50.4| +32 32|6.2) 24| 9.7|1.28 | B8 | M37

2168 |06 07.0| +24 21 |5.6/ 29| 9.0| 0.87 | BS | M35
2232 |06 25.0| —04 4414.1| 20| 7 0.49 | B3
2244 106 30.8| +04 53 |5.2] 27| 8.0| 1.62 | O5 | Rosette, very young
2264 106 39.4| +09 55(4.1( 30| 8.0(0.72 [ O8 | S Mon
2287 |06 45.8| —20 42| 5.0| 32| 8.8]| 0.66 | B4 | M4l
2362 |07 17.6| —24 53| 3.8 7| 9.4/ 1.64 | 09 | TCMa

*Basic for distance determination.
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a 1970 &
NGC|h m ° 1P| D m r Sp Remarks
2422 |07 34.2 | —14 26| 4.3| 30 9.8|0.48 | B3
2437 |07 40.4 | —14 45| 6.6| 27 |10.8| 1.66 | B8 | M46
2451 07 44.3 | —37 541 3.7| 37 6 0.30 |BS
2516 |07 57.8 | —60 49| 3.3/ 50 |10.1]|0.37 |BS8
2546 |08 11.4 | —37 33| 5.0| 45 7 0.84 | BO
2632 |08 38.4 | +20 06| 3.9| 90 7.5|0.158| AO | Praesepe, M44
IC2391 {08 39.4 | —52 57| 2.6| 45 3.5{0.15 | B4
IC2395 |08 40.1 | —48 05| 4.6/ 20 |[10.1] 0.90 | B2
2682 |08 48.8 | +11 56| 7.4| 18 [10.8| 0.83 |F2 | Mé67, old cl.
3114 10 01.7 | —59 58 | 4.5| 37 7 0.85 | BS
1C2602 |10 42.2 | —64 14| 1.6| 65 6 0.15 | B1 |0 Car
Tr16 |10 44.0 | —59 33(6.7| 10 |10 2.95 | O5|n Car and Nebula
3532 11 05.1 | —58 30| 3.4| 55 8.110.42 |B8
3766 11 34.7 )} —61 27| 4.4| 12 8.1]1.79 |B1
Coma |12 23.6 | +26 16 | 2.9(300 5.5]0.08 | Al | Very sparse cl.
4755 12 51.8 | —60 10| 5.2 12 7 2.10 | B3 |k Cru, “jewel box”
6067 16 10.9 | —54 08| 6.5| 16 [10.9| 1.45 | B3 |G and K supergiants
6231 16 51.9 | —41 45| 8.5| 16 7.511.77 | 09 | O supergiants, WR-stars
Tr24 (16 54.9 | —40 37| 8.5| 60 7.311.60 |05
6405 17 38.1 | —32 12| 4.6| 26 8.3(0.45 (B4 | M6
IC4665 |17 45.2 | +05 44| 5.4 50 7 0.33 | B8
6475 17 51.9 | —34 48 (3.3| 50 7.4]10.23 |B5 (M7
6494 17 55.1 | —19 01 | 5.9( 27 |10.2| 0.44 | B8 (M23
6523 18 01.3 | —24 23|5.2| 45 7 1.56 |O5| M8, Lagoon neb. and
very young cl.
NGC6530
6611 18 17.2 | —13 48| 6.6 8 |10.6|1.69 [O7|M16, nebula
1C4725 |18 29.9 | —19 16| 6.2| 35 9.3 0.60 | B3 [ M25, Cepheid, U Sgr
IC4756 |18 37.8 | +05 25| 5.4| 50 8.5/ 0.44 | A3
6705 18 49.5 [ —06 19| 6.8] 12.5[12 1.70 | B8 | Ml1, very rich cl.
Mel 22720 06.7 | —79 25| 5.2| 60 9 0.24 | B9
IC1396 |21 38.0| +57 22| 5.1| 60 8.5 0.71 | O6|Tr 37
7790 23 56.9 | +61 7.1 4.5/11.7| 3.16 | B1 | C Ceph: CEa, CEb,
CF Cas
GLOBULAR CLUSTERS
o 1970 8
NGC| M |h m ° ! B D |[Sp m N r A\
104 |47 Tuc|00 22.6 | —72 14 | 4.35 | 44 G3 | 13.54| 11| 5 —24
1851 0513.0(—-4003 | 7.72: | 11.5| F7 3(14.0 | +309
2808 09 11.3 | —64 44 | 7.4 18.8| F8 | 15.09 4| 9.1 | +101
5139 [@Cen |13 25.0 [ —47 09 | 4.5 65.4| F7 | 13.01|165| 5.2 | +230
5272 3 [1340.8 | +28 32 | 6.86 9.3| F7 [14.35| 189 | 10.6 | —153
5904 5 |11517.0|14+02 12 | 6.69 |10.7| F6 |14.07| 97| 8.1 | +49
6121 4 |16 21.8| —-2627 | 7.05 [22.6| GO |13.21| 43| 4.3 | +65
6205 13 |16 40.6 | +36 31 | 6.43 | 12.9| F6 | 13.85| 10| 6.3 | —241
6218 12 (16 45.6 | —01 54 | 7.58 |21.5| F8 | 14.07 1] 7.4 —16
6254 10 |16 55.5|—04 04 | 7.26 [16.2]| Gl | 14.17 3] 6.2 +71
6341 92 (17 16.2 { +43 11 | 6.94 [12.3| F1 |13.96| 16| 7.9 | —148
6397 17 38.4 | —53 40 | 6.9 19 F5 [12.71 31 29| +11
6541 18 05.8 | —43 45 | 7.5 23.2| F6 |13.45 1| 4.0 —148
6656 | 22 (18 34.5|—23 57 | 6.15 [26.2| F7 |13.73| 24| 3.0 | —144
6723 18 57.6 | —36 40 | 7.37 |11.7| G4 |14.32| 19| 7.4 -3
6752 19 08.2 | —60 02 | 6.8 41.9| F6 | 13.36 1| 53| -39
6809 55 [1938.2—3100 | 6.72 [21.1|F5 [13.68 6 6.0 +170
7078 15 121 28.6 | +1202 | 6.96 9.4| F2 | 14.44| 103 | 10.5 | —107
7089 2 |21 31.9|—00 58 | 6.94 6.8| F4 | 14.77| 22| 12.3 -5
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GALACTIC NEBULAE

By RENE RACINE

The following objects were selected from the brightest and largest of the various
classes to illustrate the different types of interactions between stars and interstellar
matter in our galaxy. Emission regions (HII) are excited by the strong ultraviolet flux
of young, hot stars and are characterized by the lines of hydrogen in their spectra.
Reflection nebulae (Ref) result from the diffusion of starlight by clouds of interstellar
dust. At certain stages of their evolution stars become unstable and explode, shedding
their outer layers into what becomes a planetary nebula (P1) or a supernova remnant
(SN). Protostellar nebulae (PrS) are objects still poorly understood; they are some-
what similar to the reflection nebulae, but their associated stars, often variable, are
very luminous infrared stars which may be in the earliest stages of stellar evolution.
Also included in the selection are four extended complexes (Compl) of special interest
for their rich population of dark and bright nebulosities of various types. In the
table S is the optical surface brightness in magnitude per square second of arc of
representative regions of the nebula, and m* is the magnitude of the associated star.

a 1970 & S Dist.
Size |mag.| m | 103
NGC M |Con |h ° Type ‘ sq” | * Ly. Remarks
650/1 | 76 | Per 01 40.3 | +51 25 | Pl 1.5 20 |17 |15
IC348 Per 03 42.6 | +32 05 | Ref 3 21 8 0.5 | Nebulouscluster
1435 Tau 03 45.7 | +23 59 | Ref 15 20 4 0.4 | Merope nebula
1535 Eri 04 12.8 | —12 49 | PI 0.5 17 |12
1952 ( 1 (Tau | 05 32.7 | +22 05 | SN 5 19 |16v | 4 “Crab” + pulsar
1976 | 42 | Ori 05 33.8 | —05 25 | HII 30 18 4 1.5 | Orion nebula
1999 Ori 05 35.0 | —06 45 | PrS 10v | 1.5
§ Ori Ori 05 39.3 | —01 57 | Comp 2° 1.5 |Incl. “Horsehead”
2068 |78 | Ori 05 45.3 | +00 02 | Ref 5 20 1.5
1C443 Gem | 06 15.8 | +22 36 | SN 40 2
2244 Mon | 06 30.8 | +04 53 | HII 50 21 7 3 Rosette neb.
2247 Mon | 06 31.5 | +10 20 | PrS 2 20 9 3
2261 Mon | 06 37.5 | +08 45 | PrS 2 12v | 4 Hubble’s var. neb.
2392 Gem | 07 27.4 | +20 58 | Pl 0.3 18 (10 {10 Clown face neb.
3587 ({97 |[UMa | 11 13.0 | +5511 | PI 3 21 |13 |12 Owlnebula
pOph Oph |16 23.8 | —23 23 | Comp 4° 0.5 | Bright 4+ dark neb.
60ph Oph | 17 20.1 | —24 58 | Comp 5° Incl. “S’’ neb.
6514 |20 | Sgr 18 00.6 | —23 02 | HII 15 19 3.5 | Trifid nebula
6523 | 8 |Sgr 18 01.8 | —24 23 | HII 40 18 4.5 | Lagoon nebula
6543 Dra |17 58.6 | +66 37 | Pl 0.4 15 11 3.5
6611 | 16 | Ser 18 17.2 | —13 48 | HII 15 19 (10 6
6618 | 17 | Sgr 18 19.1 | —16 12 | HII 20 19 3 Horseshoe neb.
6720 | 57 | Lyr 18 52.5 | +33 00 | P1 1.2 18 |15 5 Ring nebula
6826 Cyg | 19 44.1 | +50 27 | PI 0.7 16 {10 3.5
6853 |27 | Vul 19 58.2 | +22 38 | PI 7 20 (13 3.5 |Dumb-bell neb.
6888 Cyg (2011.2 | +38 19 | HII 15
Y8 Cyg 20 21.1 | +40 10 | Comp 6° HII + dark neb.
6930/95 Cyg 20 44.4 | +30 36 | SN 150 2.5 | Cygnusloop
000 20 57.8 | +44 12 | HII 1 22 3.5 | N. America neb.
7009 Agr 21 02.5 | —11 30| Pl 0.5| 16 |12 3 Saturn nebula
7023 Cep |[2101.3 | +68 03 | Ref S 21 7 1.3
7027 Cyg |2106.0 | +42 07 | Pl 0.2 15 |13
7129 Cep |21 42.3 | +65 57 | Ref 21 (10 2.5 |Small cluster
7293 Agr |2228.0 | —2057 | PI 13 22 (13 Helix nebula
7662 And |2324.5 | +4222 | PI 0.3| 16 (12 4

98



RADIO SOURCES

By JoHN GALT

Although several thousand radio sources have been catalogued most of them are
only observable with the largest radio telescopes. This list contains the few strong
sources which could be detected with amateur radio telescopes as well as representa-
tive examples of astronomical objects which emit radio waves.

o (1970) &

Name h m ° ! Remarks
Tycho’s s’nova 00 24.0 | +63 58| Remnant of supernova of 1572
Andromeda gal. 00 41.0 | +41 06| Closest normal spiral galaxy
IC 1795, W3 02 23.1 | +61 58 | Multiple HII region, OH emission
PKS 0237-23 02 38.7 | —23 17 | Quasar with large red shift Z = 2.2
NGC 1275,3C 84 | 03 17.8 | +41 24| Seyfert galaxy, radio variable
Fornax A 03 21.2 | —37 17| 10th mag. SO galaxy
CP 0328 03 30.5 | +54 27| Pulsar, period = 0.7145 sec., H abs’n.
Crab neb, M1 05 32.6 | +22 00| Remnant of supernova of 1054
NP 0527 05 32.6 | +22 00| Radio, optical & X-ray pulsar
V 371 Orionis 05 32.2 | +01 54 | Red dwarf, radio & optical flare star
Orion neb, M42 05 33.8 | —05 24 | HII region, OH emission, IR source
IC 443 06 15.5 | +22 36| Supernova remnant (date unknown)
Rosette neb 06 30.4 | +04 53| HII region
YV CMa 07 21.8 | —20 41 | Optical var. IR source, OH, H,O emission
3C273 12 27.5 | 402 13 | Nearest, strongest quasar
Virgo A, M87 12 29.3 | +12 33| EO galaxy with jet
Centaurus A 13 23.6 | —42 52| NGC 5128 peculiar galaxy
3C 295 14 10.3 | +52 21 | 21st mag. galaxy, 4,500,000,000 light years
Scorpio X-1 16 18.2 | —15 34| X-ray, radio optical variable
3C 353 17 19.0 | —00 57 | Double source, probably galaxy
Kepler’s s’nova 17 27.0 | —21 16 | Remnant of supernova of 1604
Galactic nucleus 17 43.7 | —28 56 | ComplexregionOH,NH3em.,H,COabs’n.
Omega neb, M17 18 18.7 | —16 10| HII region, double structure
w49 19 08.9 | +09 04 | HII region s’nova remnant, OH emission
CP 1919 19 20.4 | +21 49| First pulsar discovered, P = 1.337 sec.
Cygnus A 19 58.4 | +40 39| Strong radio galaxy, double source
Cygnus X 20 21.5 | +40 17 | Complex region
NML Cygnus 20 45.4 | +40 00| Infrared source, OH emission
Cygnus loop 20 51.0 | +29 34| S’nova remnant (Network nebula)
N. America 20 54.0 | +43 57 | Radio shape resembles photographs
3C 446 22 24.2 | —05 07 | Quasar, optical mag. & spectrum var.
Cassiopeia A 23 22.0 | +58 39| Strongest source, s’nova remnant
Sun Continuous emission & bursts
Moon Thermal source only
Jupiter Radio bursts controlled by Io
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EXTERNAL GALAXIES

By S. VAN DEN BERGH

Among the hundreds of thousands of systems far beyond our own Galaxy relatively
few are readily seen in small telescopes. The first list contains the brightest galaxies.
The first four columns give the catalogue numbers and position. In the column Type,
E indicates elliptical, I, irregular, and Sa, Sb, Sc, spiral galaxies in which the arms are
more open going from a to c. Roman numerals I, II, III, IV, and V refer to supergiant,
bright giant, giant, subgiant and dwarf galaxies respectively; p means ‘‘peculiar’.
The remaining columns give the apparent photographic magnitude, the angular
dimensions and the distance in millions of light-years.

The second list contains the nearest galaxies and includes the photographic
distance modulus (m — M),,, and the absolute photographic magnitude, M,,.

THE BRIGHTEST GALAXIES

o 1970 6 Dimen- Distance

NGCor sions millions
name M h m ° 7 Type Mpyg ! ’ of Ly.

55 00 13.5 |—39 23| Scor Ir 7.9 30x5 7.5
205 00 38.7 |+41 32| E6p 8.89 | 12x6 2.1
221 32 |00 41.1 |+40 43| E2 9.06 |3.4x2.9 2.1
224 31 |00 41.1 |+41 07| Sb I-II 4.33 |163x42 2.1
247 00 45.6 |—20 54| S1V 9.47 | 21x8.4 7.5
253 00 46.1 [—25 27| Scp 7.0:| 22x4.6 7.5
SMC 00 51.7 =72 59| IrIVorIV-V |2.86 (216x216 0.2
300 00 53.5 |—37 51| ScIII-IV 8.66 | 22x16.5 7.5
598 33 |01 32.2 [+30 30| ScII-III 6.19 | 61x42 2.4
Fornax 02 38.3 |—34 39| dE 9.1: | 5035 0.4
LMC 05 23.8 |—69 47| Iror ScIII-IV |0.86 |432x432 0.2
2403 07 33.9 |+65 40| ScIII 8.80 | 22x12 6.5
2903 09 30.4 |+21 39| Sb I-II 9.48 | 16x6.8 19.0
3031 81 |09 53.1 {+69 12| Sb I-II 7.85 | 25%x12 6.5
3034 82 |09 53.6 |+69 50| Scp: 9.20 | 10x1.5 6.5
4258 12 17.5 |+47 28| Sbp 8.90 | 19x7 14.0
4472 49 |12 28.3 (+08 09| E4 9.33 |19.8%6.6 37.0
4594 104 |12 38.3 |—11 28| Sb 9.18 [7.9x4.7 37.0
4736 94 |12 49.5 |+41 16| Sbp II 8.91 | 13x12 14.0
4826 64 (12 55.3 |+21 51 9.27 | 10x3.8 12.0:
4945 13 03.5 |—49 19| Sb III 8.0 20x 4 —
5055 63 |13 14.4 |+42 11| SbII 9.26 |18.0x3.0 14.0
5128 13 23.6 |—42 51| EOp 7.87 | 23x20 —
5194 51 |13 28.6 |{+47 21| SclI 8.88 | 11x6.5 14.0
5236 83 |13 35.4 |—29 43| ScI-II 7.0: | 13x12 8.0:
5457 101 |14 02.1 |+54 29| ScI 8.20 | 23x21 14.0
6822 19 43.2 |—14 50| Ir IV-V 9.21 | 20x10 1.7
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THE NEAREST GALAXIES

a 1970 6 Dist.
thous.
Name NGC|h m T myy ((m—M)y, | My, Type | of Ly.
M3l 224 (00 41.1 |+4107|4.33| 24.65 |—20.3|SbI-II |2,100
Galaxy — — — — ? iSborSc —
M33 598 |01 32.2 {+3030|6.19| 24.70 |—18.5(ScII-III {2,400
LMC 05 23.8 |—69 47| 0.86| 18.65 |—17.8 Ir?IrISBc 160
-1V
SMC 00 51.7 |—7259|2.86| 19.05 [—16.2 Ir%Vor 190
V-V
NGC 205 |00 38.7 |+41 32|8.89| 24.65 |—15.8|E6p 2,100
M32 221 (00 41.1 [+4043|9.06| 24.65 |—15.6|E2 2,100
NGC 6822 (19 43.2 |—14 50| 9.21 | 24.55 |—15.3|/IrIV-V |[1,700
NGC 185 |00 37.2 |+48 11{10.29 | 24.65 |—14.4/E0 2,100
IC1613 01 03.5 |+01 58|10.00 | 24.40 [|—14.4|IrV 2,400
NGC 147 |00 31.5 [+48 1110.57 | 24.65 |—14.1|dE4 2,100
Fornax 02 38.3 |—3439({9.1: | 20.6: |—12: |dE 430
Leol 10 06.9 |+12 27|11.27 | 21.8: |—10: |dE 750:
Sculptor 00 58.4 |—33 52(10.5 19.70 |—-9.2 |dE 280:
Leo I1 11 11.9 |+22 19(12.85| 21.8: |—-9: |dE 750:
Draco 17 19.7 1+57 57| — : 19.50 ? |dE 260
Ursa Minor 15 08.4 |+67 13| — | 19.40 ? |dE 250

24" x 36" photo-quality prints of plates from world’s great observatories. Heavy matte paper.

TWO NEW COLOR PRINTS

C-6. Eta Carinae Nebula.
Photo taken with ADH
Baker-Schmidt telescope
at the Boyden Observa-
tory, Bloemfontein, South
Africa.

C-5. Spiral Nebula in
Canes Venatici. M-51. 40"
Ritchey-Chrétien reflector.

U.S. Naval Observatory
photograph.

THE FOLLOWING ARE AVAILABLE
Black and White: 1. Third-quarter moon; 2. Orion nebula; 3. Triangulum spiral; 4. Great Andro-
meda galaxy; 5. Saturn and rings; 6. Southern section of the moon; 7. Solar prominences;
8. Edge-on spiral in Andromeda; 9. Canes Venatici spiral; 10. Full moon; 11. Solar corona and
Venus; 12. Trifid nebula; 13. Horsehead nebula near Zeta Orionis. Color: C-3, Dumbbell nebula
in Vulpecula; C-4, Lagoon nebula in Sagittarius; C-5, Canes Venatici spiral; C-6, Eta Carinae

nebula.
Black and white AstroMurals — $ 7.50 ea. Set of 13 black and white AstroMurals — $ 80.00
Color AstroMurals — $ 18.00 ea. Set of 17 AstroMurals (13 b&w, 4 color) — $140.00
All postpaid. Phone 703-280-5216
astro-murals box 7563-0 Washington, D.C. 20044
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STAR MAP /

Midnight.......... Feb. 21
lpm............ Mar. 7
10 ” ...l > 22
9 7 Apr. 6
8 ” ... » 21
T 7 i May 8
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The centre of the map is the zenith, the circumference the horizon. To identify the
stars hold the map so that the part of the horizon you are facing is down. A set of
four 8-inch horizon maps may be obtained by writing to the National Office.
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STAR MAP 2

The above map represents the evening sky at

Midnight......... May 24
Nlpm............ June 7
10 7 ool » 22
9 7 ... July 6
8 ” .. » 21

The centre of the map is the zenith, the circumference the horizon. To identify the
stars hold the map so that the part of the horizon you are facing is down.
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STAR MAP 3

E[3

o) @ ceLptle

LY
TAR!
saot’ e

PISCIS AUSTRINUS
o ° MAGNITUDES

6 A US|

The above map represents the evening sky at

Midnight.........Aug. 21

lpm............ Sept. 7
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The centre of the map is the zenith, the circumference the horizon. To identify the
stars hold the map so that the part of the horizon you are facing is down.
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STAR MAP 4

MAGNITUDES
'

coun
CEEY ¥

The centre of the map is the zenith, the circumference the horizon. To identify the
stars hold the map so that the part of the horizon you are facing is down.
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Presenting—UNITRON'S New 2.4"™ Equatorial with
Setting Circles and Optional Motor Drive

New features have been added to UNITRON'S
popular, portable 2.4" Equatorial. Setting circles
are now standard equipment. An optional syn-
chronous motor clock drive may be obtained
with the telescope or added later. In addition
to the hand drive, a supplementary R.A. slow
motion has been included to facilitate changes
in this coordinate without the need to stop or
disengage the motor.

If this sounds like what you have been waiting
for in a telescope, we have some good news
indeed. These new feature—the circles and
supplementary slow motion—are included at no
extra charge. The price of $225 includes view
UNIHEX Rotary Eyepiece
Selector Achromatic Amplifier,

finder, 5 eyepieces,

sunglass, cabi-
nets, etc. The accessory drive is priced at $50

extra. Write for complete details.

SEE OUR ADVERTISEMENT ON THE BACK COVER

TELESCOPE SALES DIV.

U N I TR ON 6”6\lSI;II—I?EUD'\IA-|TI\-/I|— SE:F?'\S:\?/"T'ISN-HIGHLANDS, MASS. 02161



NEW UNITRON CLOCK DRIVE MODELS

Synchronous motor clock drives are now avail-
able for all UNITRON Equatorial Models. The
new drive, pictured on the back cover of this
issue, is priced at $50 for the 2.4" and at $60
for the 3" and 4" models. The 4" refractors are
also available with our popular weight-driven
clock drive which operates independently of a
source of electricity.

2.4"” ALTAZIMUTH $125
with eyepieces for 100x, 72x, 50x, 35x
2.4"” EQUATORIAL $225

with eyepieces for 129x, 100x, 72x, 50x, 35x

3" ALTAZIMUTH $265
with eyepieces for 171x, 131x, 96x, 67x, 48x

3" EQUATORIAL $435
with eyepieces for 200x, 131x, 96x, 67x, 48x

3" PHOTO-EQUATORIAL $550
with eyepieces for 200x, 171x, 131x, 96x,
67x, 48x

4" ALTAZIMUTH $465
with eyepieces for 250x, 214x, 167x, 120x,
83x, 60x

4" EQUATORIAL $785
with eyepieces for 250x, 214x, 167x, 120x,
83x, 60x, 38x

4" PHOTO-EQUATORIAL $890
with eyepieces for 250x, 214x, 167x, 120x,
83x, 60x, 38x

4" EQUATORIAL with weight-driven $985
clock drive, eyepieces as above
4" EQUATORIAL with weight-driven $1075

clock drive, metal pier, eyepieces as above

4" PHOTO-EQUATORIAL with weight- $1175
driven clock drive and ASTRO-CAMERA, with
eyepieces for 250x, 214x, 167x, 120x, 83x,
60x, 38x, 25x

4" PHOTO-EQUATORIAL with weight- $1280
driven clock drive, pier, ASTRO-CAMERA,
eyepieces for 375x, 300x, 250x, 214x, 167x,
120x, 83x, 60x, 38x, 25x

5 PHOTO-EQUATORIAL with clock $2275
drive and ASTRO-CAMERA with eyepieces for
500x, 400x, 333x, 286x, 222x, 160x, 111x,
80x, 50x, 33x

6" EQUATORIAL with clock drive, $5125
pier, 2.4" view finder, with 10 eyepieces

6" PHOTO-EQUATORIAL as above but $5660
with 4" guide telescope, illuminated diagonal,
UNIBALANCE, ASTRO-CAMERA Model 330

6" PHOTO-EQUATORIAL as above with $6075
addition of 3" Astrographic Camera Model 80

UNITRON

INSTRUMENT COMPANY
66 NEEDHAM ST, NEWTON HIGHLANDS, MASS. 02161

Each UNITRON comes complete with an assort-
ment of eyepieces and accessories as standard
equipment. In addition, our barlow-type Achro-
matic Amplifier is now included at no extra
cost. A proven reputation for optical and
mechanical quality plus unique features and
extra value make a UNITRON Refractor the
logical telescope for you to choose.

Get UNITRON’S

e and Catalogon

Observer’s Guid
ASTRONOMICAL TELESCOPES

This valuable 38-page book
is yours for the asking!

With artificial satellites already launched and space
travel almost a reality, astronomy has become today's
fastest growing hobby. Exploring the skies with a tele-
scope is a relaxing diversion for father and son alike.
UNITRON's handbook contains full-page illustrated
articles on astronomy, observing, telescopes and acces-
sories. It is of interest to both beginners and advanced
amateurs,

Contents include—

Observing the sun,
moon, planets and
wonders of the sky

Constellation map

Hints for observers
Glossary of telescope terms
How to choose a telescope

Amateur clubs and research
programs

66 NEEDHAM STREET, NEWTON HIGHLANDS, MASS. 02161
LN N B N N N N _§N ]
Please rush to me, lrac of charge, UNITRON's new Observer's

Guide and Telescope Catalog.

Name '
Stroot.

City State I

L-_—-—_——_J

HOW TO ORDER
Send check or money order in full. Shipments
made express collect. Send 20% deposit for
C.O.D. shipment. UNITRON instruments are
fully guaranteed for quality workmanship, and
performance.

|

TELESCOPE SALES DIV



Keep Informed on Astronomy and Space

THE WORLD'S LARGEST
MONTHLY MAGAZINE
ON ASTRONOMY

Join the leading astronomers and thousands of amateurs
throughout the world who look to SKY AND TELESCOPE
as a welcome monthly package of pleasingly illustrated in-
formative articles, up-to-date news items, observing material,
telescope making notes, and the latest advances in space.

SUBSCRIPTION:

In Canada and Pan American Postal ~ One year, $9.00; two years, $16.00;
Union Countries (except Spain) three years, $23.00.

In the United States and possessions  One year, $8.00; two years, $14.50;
three years, $21.00.

STAR ATLASES

We publish the largest selection of sky atlases to fit your observ-
ing needs. Whether you’re a beginning amateur or an advanced
astronomer, write for our free booklet “C” describing these
celestial maps and other Sky Publications.

Please enclose check or money order (U.S. funds) payable to

. s . 49c Bay State Road
Sky PUbIlShlng Corporatlon Cambridge, Massachusetts 02138



BREDBERG OPTICAL & SCIENTIFIC

Our latest catalog (Dec. '72) represents over 4000 products, and covers not only
astronomy, but chemistry, biology, rocketry and geology. The astronomy section
now includes the Celestron-Pacific line of Schmidt-Cassegranian Telescopes,
full color slides and prints taken by the Mount Palomar Observatories and
camera adapters for astrophotography.

Manufacturing facilities now include a complete optical and machine shop,
allowing us to assemble complete telescopes with our own components. This
capability has permitted the introduction of several new features: First, prices
on completed telescopes have dropped by 10%; secondly, all electrical equipment
and drives now carry electrical safety certification, and thirdly, we have intro-
duced a written 5-year warranty covering optical, mechanical and electrical
performance.

Catalog sent on request

BREDBERG OPTICAL & SCIENTIFIC

General Science Products for Hobby, Education and Research
400 DON PARK ROAD, MARKHAM, ONTARIO (416) 499-0353

We are gaining an international reputation by believing that quality implies
dependable performance



FULLY
COATED
OPTICS

Write for
Free 44-Page
Catalogue

TASCO OPTICS LTD.

Tasco

Sales Inc.,

127 Portland Street TORONTO 2B
Box 878, Miami, Florida 33138



CRAFTSMANSHIP AND COSTS

Accuracy and durability in a precision instrument can only be obtained by
perceptive design and painstaking craftsmanship. True craftsmanship is a
rare art. It can not be hurried — but when it is based on years of experience,
it need not be costly.

Boiler & Chivens applies craftsmanship based on many years of experi-
ence to the manufacture of fine astronomical instruments. During the past
15 years, Boiler & Chivens has produced 93 large-aperture, professional
astronomical reflecting telescopes— about half the world’s present inventory.
Experience lends efficiency to craftsmanship. That is why, when detailed
specifications are the basis for quotation, Boiler & Chivens is consistently
low bidder.

This efficient craftsmanship makes available to the professional astron-
omer instruments of the highest possible quality at truly competitive prices
— from Boiler & Chivens, where precision is a way of life.

BOLLER & CHIVENS
engineers manufacturers
916 MERIDIAN AVENUE + SOUTH PASADENA, CALIFORNIA
A DIVISION OF THE PERKIN-ELMER CORPORATION

Member American Astronomical Society



Require SIDEREAL Time?

DIGITAL SIDEREAL CLOCKS

Model 21 as illustrated, highly accurate
and reliable, operates on 110 volts, 60
CYCIES e $90

DARKROOM AIDS

PHOTOGRAPHIC PLATE-

CUTTERS. model 42, with guides and
adjustable stops for cutting spectroscopic
plates to any size in total darkness; hard
carbide cutting tool withstands much
more hard service than diamond and is
superior in every way $500

TRAY-ROCKERS, model 31 to en-

sure continuous agitation and uniform
processing of plates ... $100

These instruments are being used by
amateurs and observatories everywhere.

Specifications on request.

Prices shown are FOB Nashville, Ten-
nessee, U.S. Funds.

INTERNATIONAL OBSERVATORY INSTRUMENTS
5401 Wakefield Drive
Nashville, Tenn. 37220

PROTECTION
for your Scope and Oculars

Telegraphic Ltd. announces an adjustable
scope cover to protect your valuable
optics from inquisitive hands, falling ob-
jects, dust, etc. Cover is made of high-
impact plexiglass with unique pat’d ad-
justable feet. AIll contact surfaces are
covered with Vi" foam. Will accommodate
4" to 12" O.D. tubes. When ordering state
the O.D. of your telescope.

All models $14.95

. and for your oculars an inexpensive,
dustproof ocular box made of high-impact
plastic with a positive lock-top. Three
models available: J6 holds six Japanese-
size (.965") oculars, A6 holds six standard
1%" oculars, and M6 holds six standard
(.917") microscope Oculars.

Model #J6—$8.95 Model #A6-$8.95
Model M6—$8.95

Send check or money order. Sorry, no
C.0.D.’s. We pay postage in continental
U.S.A.

N.Y. State residents add 7% sales tax.

Telegraphic Ltd.
P.O. Box 36, Dept. B,
Hauppauge, N.Y. 11787
Phone 516-979-7510



For the Astronomer

The Milky Way: An Elusive Road, for Science

Stanley L. Jaki, Seton Hall University

An often surprising and meticulously documented history of man’s concepts of

the Milky Way. . athorough treatment by a scholar who is very well informed
. a useful and highly competent contribution to the history of astronomy.”

—Joseph Ashbrook. 368 pages. 24 plates, L/C 72-87334, 1972, $14.95.

Galileo’s Intellectual Revolution:
The Middle Period, 1610-1632

William R. Shea, University of Ottawa

A deft analysis of the vexing problem concerning the actual relationship
between mathematics and experiment in Galileo’s scientific work. The author,
avoiding extremes in his explanation, presents a closely reasoned argument based
upon a profound command of the literature.

Approximately 200 pages, illustrated, L/C 72-89852, 1972, $15.95.

Journal for the History of Astronomy

Edited W™.A.Hoskin

Unique in the field, the journal now entering its fourth year of publication
presents articles concerning the history of astronomy, astrophysics and cosmology,
as well as relevant branches of navigation, timekeeping, geography, mathematics
and physics. Subscription information, contents of previously published issues
and a special back-volume offer is available from the publisher.

Astronomy & Space, volume one

Edited by Patrick Moore

Although primarily intended for the amateur astronomer, the long articles
dealing with such topics as the moon landings, Apollo 11 and 12, and an original
translation of Antoniadi’s classic study of the planet Mercury will be of equal
interest to the professional. The first in a new series of annual volumes, Astronomy
& Space, volume one, includes articles on the history of the calendar,
breathing in space, binocular variables, infra-red astronomy, and radio galaxies

As well as book reviews and sky maps.
400 pages, over 30 pages of illustrations, in press, approximately $8.00.

Full contents and descriptive literature for all
our publications is available upon request.

Science History Publications
156 Fifth Avenue « New York 10010



UNITRON'S 6" Refractor on left, 4" on right

Amateur and professional astronomers alike
continue to proclaim their enthusiasm and high
praise for UNITRON's new 6-inch Refractor.
And little wonder—for this latest and largest
UNITRON offers features, precision, and per-
formance usually associated only with custom-
built observatory telescopes of much larger
aperture. Here, indeed, is the ideal telescope
for the serious observer and for the school and
college observatory.

Imagine yourself at the controls of this 6"
UNITRON—searching the skies, seeing more
than you have ever seen before, photographic-
ally recording your observations—truly, the
intellectual adventure of a lifetime.

Full specifications are given in the UNITRON
Telescope Catalog available on request. There
are three massive 6" models from which to
choose with prices starting at $5125.

SEE OUR ADVERTISEMENTS ON THE INSIDE PAGES

UNI TR O

INSTRUMENT COMPANY -
66 NEEDHAM ST., NEWTON HIGHLANDS, MASS. 02161

TELESCOPE SALES DIV.



