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LOOKING BACKWARD AT THE OBSERVER’S HANDBOOK

The first volume of the OBSERVER’S HANDBOOK was that for 1907. Many of today’s
users of the HANDBOOK do not have easy access to that first issue so we will describe
some of its purposes and contents.

The HANDBOOK was published by the Royal Astronomical Society of Canada just
as it is now, but it was titled ‘“The Canadian Astronomical Handbook’’. The editor
was the remarkable Dr. C. A. Chant of the University of Toronto, then President
of the Society. For precisely fifty years until his death in 1956, Chant edited both
the HANDBOOK and the JOURNAL of the Society.

First printed in 1906, the HANDBOOK consisted of 108 pages and in format was
smaller than now, one-half inch narrower and two inches shorter. Chant explains
in the Preface that for a number of years astronomical annuals have been published
in several foreign countries, designed chiefly for use of amateur observers, “and
have been very effective in extending the interest in Astronomy. The present
HANDBOOK aims to do a similar service for Canada.” Chant further notes that “The
Royal Astronomical Society of Canada aims to unite in a common bond of interest all
such students of nature,” that is, “those who have a profound interest in the celestial
bodies above and in the natural phenomena about them.” He hopes many “will add
their names to the Society’s roll of membership. Anyone interested in Astronomy,
Astronomical Physics or allied subjects is eligible for membership”’—a statement
which still holds true.

The first HANDBOOK has basic tables which have appeared in the HANDBOOKS ever
since. Sunrise and sunset tables are there, but moonrise and moonset are included
in the same table. The values are given for every day of the year for five places in
Canada from the Atlantic to the Pacific. ‘“‘Satellites of the Solar System” was a
simpler listing than now. Jupiter had only seven moons, with the last three dis-
coveries still unnamed. Saturn had ten moons, Uranus four, and Neptune one which
was nameless. The planet Pluto was unknown.

Readers were encouraged by J. Miller Barr of St. Catharine’s, Ontario, to observe
variable stars. In fact Barr’s section on “The Study of Variable Stars’’ was so well
written and informative that it was republished in its entirety in the April 1907 issue
of Popular Astronomy, volume XV. The table of ‘“New Stars’ was relatively small,
with 28 objects from the new star of 134 B.C. in Scorpio to that of 1905 in Aquila.
Barr describes the famous ““Pilgrim Star” of 1572 as the most striking instance of
stellar variation on record. In November 1572 it rivalled Venus in brightness and
was distinctly visible in the daytime.

A section entitled “The Most Beautiful Double Stars” lists them under two
headings, “I, The Most Luminous Pairs, Diamonds’” and “II, The Finest Coloured
Pairs, Rubies, Garnets, Sapphires, Topazes, Emeralds”. Mizar and Castor were in
the first category, Y Andromedae and o Canum Venaticorum in the second.

The star maps were “‘borrowed from that valuable annual ‘Knowledge Diary and
Scientific Handbook’.”” The table of Meteor Showers was supplied by W. F. Denning
of Bristol, England, still well known for his meteor studies. Instructions on observing
sunspots were included in ‘“‘Observing the Sun, Moon and Planets” by Andrew
Elvins, one of the pioneers who started the Society in Toronto. Elvins also set down
some philosophical reflections in a poem whose authorship is not given.

“The Planets
Are planets peopled like the Earth,
And do the people come by birth ?
Do they resemble people here,
Or are they only half as queer?
When old do they renew their youth?
Does falsehood pass for more than truth?”’

Dr. Chant earnestly requested that those who use the HANDBOOK send in any
suggestions which may come to them regarding methods of improving it. This
policy, followed throughout the intervening decades, has led to a greatly improved
HANDBOOK. Especially in recent years Editor John Percy has made many agreeable
changes and valuable additions.

HELEN SAWYER HoGG



THE OBSERVER’S HANDBOOK FOR 1981

THE OBSERVER’S HANDBOOK for 1981 is the seventy-third edition. On behalf of
myself and the Royal Astronomical Society of Canada, I thank all those who have
contributed to its production: the contributors listed on the inside front cover, and
my editorial assistant Paul Ford.

Special thanks are due to Helen Sawyer Hogg for her unfailing interest and helpful
comments. Ian McGregor kindly previewed the 1981 sky for me in the Star Theatre
of the McLaughlin Planetarium. Alan Dyer provided the extensive new version of
Messier’s catalogue, as well as his list of the 110 finest NGC objects. Brian Marsden
provided ephemerides of a score of bright asteroids, making the asteroids section
considerably more complete and rational. Doug Welch drew the maps of the paths
of Uranus, Neptune and Pluto. Terence Dickinson, David Dunham, Ken Hewitt-
White and Walter Scott Houston provided valuable advice on a number of points.

As always, the R.A.S.C. National Council, the editor Lloyd Higgs, and the
executive secretary Rosemary Freeman have given me their cheerful support and
assistance. The HANDBOOK also benefits greatly from the direct and indirect support
of the Department of Astronomy and Erindale College, University of Toronto.

The HANDBOOK is particularly indebted to H.M. Nautical Almanac Office (U.K.
Science Research Council) and to the Nautical Almanac Office, (U.S. Naval
Observatory). 1 am especially grateful to Leslie Morrison and the Occultation
Section of H.M.N.A.O. for providing the wealth of information on total and grazing
lunar occultations, and to LeRoy Doggett of the U.S. Naval Observatory for pro-
viding proof pages of the American Ephemeris in advance of its publication.

I hope the OBSERVER’S HANDBOOK serves you well. If you have comments or
suggestions, let me know. Good observing!

JoHnN R. PErcy, EDpITOR

THE ROYAL ASTRONOMICAL SOCIETY OF CANADA

The history of the Royal Astronomical Society of Canada goes back to the middle of
the nineteenth century. The origins of the Society were outlined by Dr. Helen
Sawyer Hogg in her article on the inside front cover of the 1979 edition of this
HANDBOOK. The subsequent development of the Society was described by Dr. Hogg
in the 1980 edition. The Society was incorporated in 1890, received its Royal Charter
in 1903, and was federally incorporated in 1968. The National Office of the Society
is located at 124 Merton Street, Toronto, Ontario M4S 2Z2 (telephone 416-484-4960);
the business office and astronomical library are housed here.

The Society is devoted to the advancement of astronomy and allied sciences, and
any serious user of this HANDBoOOK would benefit from membership. Applicants may
affiliate with one of the eighteen Centres across Canada established in St. John’s,
Halifax, Quebec, Montreal, Ottawa, Kingston, Toronto, Hamilton, Niagara Falls,
London, Windsor, Winnipeg, Saskatoon, Edmonton, Calgary, Vancouver and
Victoria, or join the National Society direct, as an unattached member.

Members receive the publications of the Society free of charge: the OBSERVER’S
HANDBOOK (published annually in November), and the bimonthly JOURNAL and
NATIONAL NEWSLETTER, which contain articles on many aspects of astronomy.
Membership applies to a given calendar year; new members joining after October 1
will receive membership and publications for the following calendar year. Annual
fees are currently $16.00, and $10.00 for persons under eighteen years.

COVER PHOTOGRAPH

The great globular cluster 47 Tuc (NGC 104) photographed by W. E. Harris and
R. Racine with the University of Toronto 24-inch telescope on Las Campanas in
Chile. North is to the right.



SUGGESTIONS FOR FURTHER READING

The OBSERVER’S HANDBOOK is an annual guide to astronomical phenomena and data.
The following is a brief list of publications which may be useful as an introduction
to astronomy, as a companion to the HANDBOOK or for advanced work.

Becvar, A. Atlas of the Heavens. Cambridge, Mass.: Sky Publishing Corp., 1962.
Useful star charts to magnitude 7.5.

Burnham, Robert. Burnham’s Celestial Handbook, Volumes 1, 2 and 3 New York:
Dover Publications Inc., 1978. An observer’s guide to the universe beyond the
solar system.

Hartmann, W. K. Astronomy: The Cosmic Journey. Belmont, Calif.: Wadsworth
Publ., 1978. An excellent non-technical college text.

Hogg, Helen S. The Stars Belong to Everyone. Toronto: Doubleday Canada Ltd.,
1976. Superb introduction to the sky.

Mayall, R. N., Mayall, M. W. and Wyckoff, J. The Sky Observer’s Guide. New York:
Golden Press, 1971. Useful guide to practical astronomy.

Mitton, S. ed. The Cambridge Encyclopaedia of Astronomy. Toronto: Prentice-Hall
of Canada; New York: Crown Publ. Co., 1977. An exciting comprehensive
guide to modern astronomy.

Roth, G. D. Astronomy: A Handbook. New York: Springer-Verlag, 1975. A com-
prehensive advanced guide to amateur astronomy.

Satterthwaite, G. ed. Norton’s Star Atlas. Cambridge, Mass.: Sky Publishing Corp.,
1973. A classic observing guide.

Sky and Telescope. Sky Publishing Corp., 49-50-51 Bay State Rd., Cambridge,
Mass. 02138. A monthly magazine containing articles on all aspects of

astronomy.
ANNIVERSARIES AND FESTIVALS 1981

New Year’s Day........ Thur.Jan. 1 Trinity Sunday......... June 14
Epiphany............... Tues. Jan. 6 Corpus Christi.......... Thur. June 18
Accession of Queen St. John Baptist......... Wed. June 24

Elizabeth II (1952)..... Frii Feb. 6 CanadaDay........... Wed. July 1
Lincoln’s Birthday........ Thur. Feb. 12 First Day of Ramadan...Fri. July 3
Septuagesima Sunday. ... Feb. 15  Independence Day. . ..... Sat. July 4
Washington’s Birthday....Mon. Feb. 16  Civic Holiday........... Mon. Aug. 3
St.David............... Sun. Mar. 1 Labour Day............ Mon. Sept. 7
Quinquagesima St. Michael

(Shrove) Sunday....... Mar. 1 (Michaelmas Day)..... Tues. Sept. 29
Ash Wednesday......... Mar. 4 Rosh Hashanah......... Tues. Sept. 29
St. Patrick.............. Tues. Mar.17 Yom Kippur........... Thur. Oct. 8
Palm Sunday........... Apr.12  Thanksgiving (Can.)..... Mon. Oct. 12
Good Friday............ Apr.17  Columbus Day.......... Mon. Oct. 12
Easter Sunday.......... Apr.19 Islamic New Year....... Fri. Oct. 30
First Day of Passover....Sun. Apr.19 All Saints’ Day......... Sun. Nov. 1
Birthday of Queen Election Day. .......... Tues. Nov. 3

Elizabeth II (1926)..... Tues. Apr. 21  Remembrance Day...... Wed. Nov. 11
St. George.............. Thur. Apr. 23 Veterans’ Day. ......... Wed. Nov. 11
Victoria Day............ Mon. May 18  Thanksgiving (U.S.)......Thur. Nov. 26
Rogation Sunday........ May 24  First Sunday in Advent. . Nov. 29
Memorial Day. ......... Mon. May 25 St. Andrew............. Mon. Nov. 30
Ascension Day.......... Thur. May 28  Christmas.............. Fri. Dec. 25
Pentecost (Whit Sunday). June 7

All dates are given in terms of the Gregorian calendar. January 14 corresponds to
January 1, Julian reckoning. Italicized holidays are celebrated in the U.S. only.
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SYMBOLS AND ABBREVIATIONS

SUN, MOON AND PLANETS

© The Sun @ The Moon generally 2l Jupiter
@ New Moon 8 Mercury b Saturn
@ Full Moon @ Venus 3 Uranus
D First Quarter @ Earth Y Neptune
@ Last Quarter J* Mars P Pluto

SIGNS OF THE ZODIAC

T Aries.......... 0° Q Leo.......... 120° A' Sagittarius. . . .240°
Y Taurus......... 30° W Virgo........ 150° % Capricornus . .270°
X Gemini........ 60° = Libra......... 180° = Aquarius. . ... 300°
6 Cancer......... 90° m Scorpius. . ....210° H Pisces........ 330°

THE GREEK ALPHABET

A,a Alpha I,v Iota P, p Rho
B,p Beta K, ¥ Kappa X, o Sigma
I,y Gamma A, A Lambda T, t Tau
A,8 Delta M, u Mu T, v Upsilon
E,e Epsilon N, v Nu @, ¢ Phi
Z,{ Zeta =€ Xi X, x Chi
H,n Eta 0O, 0 Omicron ¥, y Psi

0O, 0, 9 Theta I, & Pi Q, ® Omega

CO-ORDINATE SYSTEMS AND TERMINOLOGY

Astronomical positions are usually measured in a system based on the celestial
poles and celestial equator, the intersections of the earth’s rotation axis and equa-
torial plane, respectively, and the infinite sphere of the sky. Right ascension (R.A. or
a) is measured in hours (h), minutes (m) and seconds (s) of time, eastward along the
celestial equator from the vernal equinox. Declination (Dec. or 8) is measured in
degrees (°), minutes (") and seconds (’*) of arc, northward (N or +) or southward
(S or —) from the celestial equator toward the N or S celestial pole. One hour of
time equals 15 degrees.

Positionscan also be measured in a system based on the ecliptic, the intersection of
the earth’s orbit plane and the infinite sphere of the sky. The sun appears to move
eastward along the ecliptic during the year. Longitude is measured eastward along
the ecliptic from the vernal equinox ; latitude is measured at right angles to the ecliptic,
northward or southward toward the N or S ecliptic pole. The vernal equinox is one
of the two intersections of the ecliptic and the celestial equator; it is the one at which
the sun crosses the celestial equator moving from south to north.

Objects are in conjunction if they have the same longitude or R.A., and are in
opposition if they have longitudes or R.A.’s which differ by 180°. If the second object
is not specified, it is assumed to be the sun. For instance, if a planet is “in con-
junction”, it has the same longitude as the sun. At superior conjunction, the planet is
more distant than the sun; at inferior conjunction, it is nearer.

If an object crosses the ecliptic moving northward, it is at the ascending node of its
orbit; if it crosses the ecliptic moving southward, it is at the descending node.

Elongation is the difference in longitude between an object and a second object
(usually the sun). At conjunction, the elongation of a planet is thus zero.
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PRINCIPAL ELEMENTS OF THE SOLAR SYSTEM
MEAN ORBITAL ELEMENTS

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. | ofkm (P) odic| (e) @ | Q) (n) | (L)

days o o o o
Mercury 0.387 57.9 | 88.0d. 116] .206 | 7.0| 47.9| 76.8| 222.6
Venus 0.723| 108.1 [224.7 584 .007 | 3.4| 76.3| 131.0| 174.3
Earth 1.000| 149.5 | 365.26 ...| .017| 0.0 0.0 102.3] 100.2
Mars 1.524| 227.8 |687.0 780 .093 | 1.8| 49.2] 335.3| 258.8
Jupiter 5.203| 778. 11.86y.| 399| .048 | 1.3|100.0| 13.7| 259.8
Saturn 9.539| 1427. 29.46 378 .056 | 2.5|113.3| 92.3]| 280.7
Uranus 19.18 | 2869. 84.01 370| .047 | 0.8| 73.8| 170.0| 141.3
Neptune | 30.06 | 4497. |164.8 367| .009 | 1.8 131.3| 44.3| 216.9
Pluto 39.44 | 5900. |247.7 367| .250|17.2| 109.9| 224.2| 181.6

These elements, for epoch 1960 Jan. 1.5 E.T., are taken from the Explanatory
Supplement to the American Ephemeris and Nautical Almanac.

PHYSICAL ELEMENTS

Equat. Ob- Den- | Grav- | Esc. Rotn.
Diam. late- Mass sity ity Vel. Period | Incl.
Object km ness | @® =1 | g/em? =1 | km/s d ° | Albedo

© Sun 1,392,000 0 332,946 | 1.41 | 27.8 616 25-35*
@ Moon 3,476 0 0.0123 | 3.36 | 0.16 | 2.3 | 27.3215 6.7| 0.067
8 Mercury 4,878 0 0.0553 | 5.44 0.38 4.3| 58.67 <7 | 0.056
Q Venus 12,104 0 0.8150 | 5.24 | 0.90 | 10.3 | 243} ~179| 0.76
@ Earth 12,756 | 1/298| 1.000 5.52 1.00 | 11.2| 0.9973|23.4 | 0.36
o Mars 6,794 | 1/192| 0.1074 | 3.93 0.38 5.0 1.0260 | 24.0 | 0.16
9] Jupiter 142,796 | 1/16 |317.9 1.33 2.87 [63.4| 0.4101| 3.1 { 0.73
b Saturn 120,000 | 1/10 | 95.17 0.70 1.32 [39.4 0.426 |26.7 | 0.76
3 Uranus 50,800 | 1/16 | 14.56 1.28 0.93 | 21.5 0.45? | 97.9 | 0.93
Y Neptune 48,600 | 1/50 | 17.24 1.75 1.23 |24.2| 0.67?7 | 28.8 | 0.62
P Pluto 3,000? ? 0.0015?| 0.7? 0.03? 6.3868 | ? 0.5?

The table gives the equatorial diameter and mass of the objects, as recommended by the I.LA.U. in
1976, the mean density, the gravity and escape velocity at the pole, the rotation period, the inclination
of equator to orbit, and the albedo. Evidence in 1977 suggests that the equatorial diameter of Uranus
may be 55,800 km and that its oblateness may be 1/120. There is also some evidence that the rotation
periods of Uranus and Neptune are 1.0 and 0.9 day, respectively; these values are about twice those
given in the table.

*depending on latitude

fretrograde



SATELLITES OF THE SOLAR SYSTEM
By JOSEPH VEVERKA

Mean Distance Revolution
from Planet Period Orbit
Vis. | Diam. Incl.

Name Mag. km km/ IOOOJ arc sec d h m ° Discovery
SATELLITE OF THE EARTH
Moon | ~12.7 | 3476 | 3845 — | 27 07 43| 18-29 |
SATELLITES OF MARS
| Phobos 11.6 ‘ 23 ' 9.4 25 | 0 07 39 | 1.1 | A, Hall, 1877
Il Deimos 12.7 13 23.5 63 1 06 18 1.8v| A.Hall, 1877
SATELLITES OF JUPITER
X1V 1979]1 17.6 (40) 128 42 0 07 04 — D. Jewitt, 1979
V Amalthea 14.1 170 180 59 0o 11 57 0.4 | E. Barnard, 1892
XV 197912 16.1 (80) 223 73 0 16 16 — S. Synnott, 1979
I To 5.0 3630 422 138 1 18 28 0 Galileo, 1610
1T Europa 5.3 3140 671 220 3 13 14 0.5 | Galileo, 1610
1T Ganymede| 4.6 5260 1,070 351 7 03 43 0.2 | Galileo, 1610
1V Callisto 5.6 4800 1,885 618 16 16 32 0.2 | Galileo, 1610
XIII Leda 20 (10) 11,110 | 3640 240 26.7 | C.Kowal, 1974
VI Himalia 14.7 170 11,470 | 3760 251 27.6 | C. Perrine, 1904
X Lysithea 18.4 (20) 11,710 | 3840 260 29.0 | S. Nicholson, 1938
VII Elara 16.4 80 11,740 | 3850 260 24.8 | C. Perrine, 1905
XII Ananke 18.9 (20) | 20,700 | 6790 617 147 S. Nicholson, 1951
XI Carme 18.0 (30) | 22,350 | 7330 692 164 S. Nicholson, 1938
VIII Pasiphae] 17.7 (40) | 23,330 | 7650 735 145 P. Melotte, 1908
IX Sinope 18.3 (30) | 23,370 | 7660 758 153 S. Nicholson, 1914
SATELLITES OF SATURN
XI 1966S2 14 (200) 151 25 0 16 40 0.0 | J. Fountain, S. Larson, 1978
*X Janus 14 (200) 160 26 0 17 59 0.0 | A. Dollfus, 1966
| Mimas 12.9 (400) 187 30 0 22 37 1.5 | W. Herschel, 1789
Il Enceladus 11.8 (500) 238 38 1 08 53 0.0 | W. Herschel, 1789
I Tethys 10.3 1000 295 48 1 21 18 1.1 G. Cassini, 1684
**[V Dione 10.4 1000 378 61 2 17 41 0.0 | G. Cassini, 1684
V Rhea 9.7 1600 526 85 4 12 25 0.4 | G. Cassini, 1672
VI Titan 8.4 5800 1,221 197 15 22 41 0.3 | C.Huyghens, 1655
VII Hyperion 14.2 220 1,481 239 21 06 38 0.4 | G.Bond, 1848
VIII Iapetus 11.0v| 1450 3,561 575 79 07 56 14.7 | G. Cassini, 1671
IX Phoebe 16.5 (240) 12,960 | 2096 550 11 150 W. Pickering, 1898
SATELLITES OF URANUS
V Miranda 16.5 (300) 130 9 1 09 56 3.4 | G. Kuiper, 1948
[ Ariel 14.4 (800) 192 14 2 12 29 0 W. Lassell, 1851
[T Umbriel 15.3 (550) 267 20 4 03 27 0 W. Lassell, 1851
HI Titania 14.0 | (1000) 438 33 8 16 56 0 W. Herschel, 1787
IV Oberon 14.2 (900) 587 44 13 11 07 0 W. Herschel, 1787
SATELLITES OF NEPTUNE
I Triton 13.6 | (4400) 354 17 ’ 5 21 03 } 160.0 | W. Lassell, 1846
II Nereid 18.7 (300) 5600 264 365 5 27.6 | G. Kuiper, 1949
SATELLITE OF PLUTO
ICharon | 17 | 1300 | 20.0] 0.8 6 09 17| 115|  J. Christy, 1978

Apparent magnitude and mean distance from planet are at mean opposition distance. The inclination of the
orbit is referred to the planet’s equator; a value greater than 90° indicates retrograde motion.

Values in brackets are uncertain.
*Probably the same as 1966 S2.

**At least one other satellite has been reported in the same orbit, near the preceding Lagrangian point.

(Disc., B. Smith, 1980).
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MISCELLANEOUS ASTRONOMICAL DATA

UNITS OF LENGTH

1 Angstrom unit = 10-8cm 1 micrometre, p = 10~4cm=10%A.
1 inch = exactly 2.54 centimetres lem = 10mm = 0.39370 ... in
1 yard = exactly 0.9144 metre 1m =102¢cm = 1.0936.... yd
1 mile = exactly 1.609344 kilometres 1km = 105cm = 0.62137 ... mi
1 astronomical unit = 1,49597870 X 108 km = 9.2956 x 107 mi
1 light-year =9.461 x 1012km = 5.88 x 1012 mi = 0.3068 parsecs
1 parsec =3.086 x 10!3km = 1.917 x 10!3mi = 3.262 Ly.
1 megaparsec = 106 parsecs

UNITs oF 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 = 2995306 Sidereal month = 27d 07h 43m 12s
Tropical year (ordinary) = 365d 05k 48m 46s = 36592422 = 2743216
Sidereal year = 365d 06h 09m 10s = 36592564
Eclipse year = 346d 14h 52m 525 = 34696200

THE EARTH

Equatorial radius, a = 6378.140 km = 3963.19 mi: flattening, ¢ = (@ — b)/a = 1/298.257
Polar radius, b = 6356.755 km = 3949.904 mi

1° of latitude = 111.133 — 0.559 cos 26 km = 69.055 — 0.347 cos 24 mi (at lat. ¢)
1° of longitude =111.413cos ¢ — 0.094 cos 3¢ km = 69.229 cos & — 0.0584 cos 3¢ mi
Mass of earth = 5.976 x 1024 kg = 13.17 x 1024 1b

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 MoOTION
Solar apex, R.A. 184 04m, Dec. + 30°; solar velocity = 19.75 km/sec = 12.27 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) ~ 250 km/sec
Rotational period (at sun) ~ 2.46 X 108 years
Mass ~ 1.4 x 10!! solar masses

EXTERNAL GALAXIES
Red Shift = +50—75 km/s/megaparsec (depending on method of determination)

RADIATION CONSTANTS
Velocity of light, ¢ = 2.99792458 x 108 m/s
Frequency, v = c/A; v in Hertz (cycles per sec), ¢ in cm/sec, A in cm
Solar constant = 1.947 cal/cm?2/min = 0.1358 W/cm?
Light ratio for one magnitude = 2.512... ; log ratio = exactly 0.4
Stefan’s constant = 5.66956 x 10~3 erg/cm2/s/°K#

MISCELLANEOUS
Constant of gravitation, G = 6.6727 x 10-8 dyn cm?/g?
Mass of the electron, m = 9.1096 x 10-28 g: mass of the proton = 1.6727 X 1024 gm
Planck’s constant, b = 6.6262 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

Apparent Apparent Corr. to Apparent Apparent Corr. to
AL Dec. Sun-dial R.A. Dec. Sun-dial
Date Oh E.T. Oh E.T. 12h E.T. Date Oh E.T. Oh E.T. 12h E.T
h m s ° : m s h m s ° ’ m s
Jan. 1|18 45 38 [ —23 O1.5 | + 3 38 |(July 3| 6 47 45| +22 59.2 | + 4 08
4118 58 51 | —22 45.0 ( + 5 02 67 00 07 [ +22 43.3 | + 4 39
7119 12 01 | =22 24.5 | + 6 21 97 12 26| +22 23.8( + 5 08
10119 25 07 | —22 00.0 | + 7 37 121 7 24 41| +22 009 | + 5 32
13(19 38 07 | —21 31.6 | + 8 46 15 (7 36 51| +21 34.5| + 5 52
16 (19 51 02 | —20 59.4 | +9 50 18 7 48 57| +21 04.9| + 6 08
19120 03 51 | —20 23.7 | +10 48 21| 8 00 59| +20 32.0| 4+ 6 19
22120 16 32 | —19 44.5 | +11 39 24| 8 12 55| 419 56.1 | + 6 25
25120 29 07 | —19 02.0 | +12 23 27| 8 24 46 | +19 17.1 | + 6 25
28120 41 35| —18 16.4 | +13 00 30 8 36 32| +18 353 | 4 6 21
31120 53 S6 | —17 27.8 ( +13 30
Aug. 2| 8 48 13| +17 50.7| + 6 11
Feb. 3/21 06 09 | —16 36.4 | +13 53 58 59 48 | +17 03.5| + 5 55
621 18 16 | —15 42.4 | +14 08 8|9 11 18 | +16 13.9 | + 5 34
9121 30 15| —14 46.0 | +14 16 1119 22 42| +15 21.8( + 5 08
12121 42 06 | —13 47.3 | +14 17 1419 34 01 | +14 27.6 | + 4 37
15(21 53 51 | —12 46.7 | +14 11 171 9 45 15| +13 31.3 | + 4 00
18122 05 29 | —11 44.1 | +13 58 20 9 56 24| +12 33.1( 4+ 3 19
21122 17 01 | —10 39.9 | +13 39 23 (10 07 29 | +11 33.1{ + 2 34
24122 28 27| — 9 34.3 | +13 15 26 (10 18 31 | +10 31.5| + 1 45
27122 39 48 | — 8 27.3| +12 45 29110 29 29| +9 28.3| + 0 53
Mar. 2122 51 04 | — 7 19.2 | +12 12|/ Sept. 1|10 40 24 | +~ 8 23.7| — 0 02
5(23 02 16 | — 6 10.1 [ +11 32 4 (10 51 16| 47 18.0| — 1 00
823 13 23 — 5 00.3 | +10 50 7|11 02 06| +6 11.2| — 2 01
11{23 24 28 | — 3 49.9 | +10 04 10 (11 12 53| + 5 03.5| —3 03
14123 35 29| —2 390} +9 15 13 (11 23 40| + 3 55.0| — 4 06
17(23 46 28 | — 1 28.0( + 8 24 16 (11 34 25| + 2 459 | — 5 10
20123 57 25| — 0 16.8| + 7 30 19 |11 45 11 + 1 36.3| —6 14
231 0 08 20| + 0 54.2 | + 6 36 22 (11 55 57| +0 264 — 7 18
261 0 19 15| +2 050 | + 5 42 25|12 06 44| — 0 43.7 | — 8 20
29| 0 30 10| + 3 154 | + 4 47 28|12 17 32| — 1 539 | —9 21
Apr. 1| 0 41 06 | + 4 253 | + 3 53|/ Oct. 1|12 28 23| — 3 03.9| —10 20
4 0 52 02| + 5 34.5| + 3 00 4112 39 15| — 4 13.6 | —11 16
7/ 1 03 00 | + 6 42.7 | + 2 09 7112 50 11| — 5 22.9| —12 10
10| 1 14 00| + 7 50.0 | + 1 19 1013 01 11| — 6 31.5| —12 59
137 1 25 02| +8 56.0) + 0 32 13113 12 14| — 7 39.3| —13 45
16f{ 1 36 07 | +10 00.7 | — 0 12 16 (13 23 22 | — 8 46.2 | —14 26
19| 1 47 15| +11 03.9 | — 0 53 19 (13 34 35( —9 52.0| —15 01l
22| 1 58 26 | +12 05.5| — 1 31 2213 45 54| —10 56.4| —15 31
251 2 09 42| +13 05.3 | — 2 04 25|13 57 20 —11 59.5| —15 54
281 2 21 02| +14 03.1 | — 2 33 28|14 08 51| —13 00.9 | —16 11
31 (14 20 30| —14 00.4 | —16 21
May 1| 2 32 27| +14 58.9| — 2 57
4| 2 43 57| +15 524 | — 3 16 ([ Nov. 3|14 32 15| —14 58.0| —16 24
71 2 55 32| +16 43.6 | — 3 30 6|14 44 08 | —15 53.3 | —16 20
100 3 07 11 | +17 32.3 | — 3 39 9114 56 08 | —16 46.3 | —16 09
131 3 18 56 | +18 18,4 | — 3 43 12|15 08 15| —17 36.7 | —15 50
16 3 30 46 | +19 01.6 | — 3 42 15(15 20 30 ( —18 24.3 | —15 23
19 3 42 40 | +19 42.0| — 3 36 18|15 32 S3 | —19 09.1 | —14 49
22| 3 54 40| +20 19.3 | — 3 26 21 |15 45 23| —19 50.7 | —14 07
25| 4 06 45 | +20 53.5| — 3 10 24 |15 58 01 | —20 29.1 | —13 17
281 4 18 54 | +21 24.5| — 2 50 27|16 10 46 | —21 04.2 | —12 21
31 4 31 07| +21 52.1 -2 25 30|16 23 38| —21 35.6| —11 18
June 3| 4 43 25| +22 164 | — 1 57| Dec. 3|16 36 35| —22 03.4| —10 10
6| 4 55 45 | 422 37.1 | — 1 25 6|16 49 37| —-22 27.3| — 8 56
9| 5 08 09 | +22 543 | — 0 51 917 02 45| —22 47.3 | — 7 38
121 5 20 34 | +23 07.9 | — 0 15 12 (17 15 56 | —23 03.2| — 6 15
15| 5 33 01| +23 17.7 | 4+ 0 22 15117 29 10| —23 15.1 | — 4 50
18 5 45 29| +23 239 | + 1 01 18 117 42 27| —-23 22.7| — 3 22
21| 5 57 58| +23 264 | + 1 40 21 {17 55 46 | —23 26.2| — 1 53
24| 6 10 26 | +23 25.1 | 4+ 2 18 24 (18 09 06 | —23 25.4| — 0 23
271 6 22 54 | +23 20.1 + 2 56 27 118 22 25| —23 204 | + 1 06
30( 6 35 21 | +23 11.5| + 3 33 30 (18 35 43| —23 11.2( + 2 34




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. Time can also be defined in terms
of the vibrations within atoms. Atomic time is maintained in various labs, and an
internationally acceptable atomic time scale has now been adopted.

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.

Another useful quantity is the correction to sundial (see page 9), which differs from
equation of time only in its sign. As the name implies, mean time — apparent time =
correction to sundial.

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 the
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 ficti-
tious mean sun, so that by observation of one kind of time we can calculate the
other. Sidereal time is useful to an observer for setting his telescope on an object of
known right ascension. The hour angle of the object is equal to the sidereal time —
right ascension. There are several ways of calculating sidereal time if you do not have
a sidereal clock; an article by Hardie and Krebs, Sky and Telescope 41, 288 (May
1971) provides helpful information. See also the table on p. 11.

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 time-
keeping. Navigation and surveying tables are generally prepared in terms of UT.

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. See map on p. 11.

In Canada and the United States there are 9 standard time zones as follows:
Newfoundland (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 decades. In
1956 it was defined in terms of Ephemeris Time (ET) as 1/31,556,925.9747 of the
tropical year 1900 at January O 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 cesium 133 atom. Ephemeris Time is required in celestial
mechanics, while the cesium resonator makes the unit readily available. The dif-
ference, AT, between UT and ET is measured as a small error in the observed longi-
tude of the moon, in the sense AT = ET — UT. The moon’s position is tabulated
in ET, but observed in UT. AT was zero near the beginning of the century, but in
1981 will be about 52 seconds.
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RADIO 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. Atomic time
gains on mean solar time at a rate of about a second a year. An approximation to
UT1, which is a close approximation to UT, is maintained by stepping the atomic
time scale in units of 1 second on June 30 or December 31, when required so that the
predicted difference DUT1 = UTI1 — UTC does not exceed 0.9 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.

Radio time signals readily available in Canada include:

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

For those without short wave radios, or in areas of poor reception, time service is
available from Ottawa by telephone: 613-745-1576 (English) and 613-745-9426
(French).

SIDEREAL TIME 1981

The following is the Greenwich sidereal time (GST) on day 0.0 (0 h U.T.) of each

month:
Jan. 006"38™3 Apr. 0 127337] July 0 18"31m9 Oct. 000"34m6
Feb. 008 40.5 May 0 14 31.4 Aug. 020 34.1 Nov. 0 02 36.8
Mar. 0 10 30.9 June 0 16 33.6 Sept. 0 22 36.3 Dec. 004 35.1
GST at hour ¢ U.T. on day d of the month
= GST at 0 h U.T. on day 0 + 0%"0657 d + 1"0027 ¢

Local sidereal time = GST + east longitude (or — west longitude). Be sure to

convert your time and date to U.T. to calculate ¢ and d.

WORLD MAP OF TIME ZONES

Taken from Astronomical Phenomena for the Year 1981 (Washington: U.S.
Government Printing Office and London: Her Majesty’s Stationery Office)
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MAP OF STANDARD TIME ZONES
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PRODUCED BY THE SURVEYS AND MAPPING BRANCH, DEPARTMENT
OF ENERGY, MINES AND RESOURCES, OTTAWA, CANADA, 1973.

The map shows the number of hours by which each time zone is slower than Green-
wich, that is, the number of hours which must be added to the zone’s standard time
to give Greenwich (Universal) Time.

Note: Since the preparation of the above map, the standard time zones have been
changed so that all parts of the Yukon Territory now observe Pacific Standard
Time. The Yukon Standard Time Zone still includes a small part of Alaska, as
shown on the above map. Also, the part of Texas west of longitude 105° is in the
Mountain Time Zone.
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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 15 to 20, and of twilight on page 21. The times of moonrise and
moonset for the 5 h meridian are given on pages 22 to 27. 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).

It is possible to extrapolate these tables northward and southward a few degrees
(but not more) without significant loss of accuracy.

CANADIAN CITIES AND TOWNS AMERICAN CITIES
Lat.| Corr. Lat.| Corr. Lat,| Corr.

Athabasca 55°| 4+33M || Peterborough 44 | +13E Atlanta 34° | +37E
Baker Lake 64 |+424C Port Harrison 59 | +13E Baltimore 39 | +06E
Brandon 50 | +40C Prince Albert 53 | +63C Birmingham 33 |—13C
Brantford 43 [+21E Prince Rupert 54 | +41P Boston 42 [ —16E
Calgary 51 |4+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 | 426E
Edmonton 54 |+34M || SaintJohn, N.B.| 45 | +24A Dallas 33 [+427C
Fredericton 46 |+27A St. John’s, Nfid. | 48 | +01N Denver 40 | OOM
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 | 421E 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 |4-22E Toronto 44 | +18E Milwaukee 43 |—09C
London 43 |+25E Three Rivers 46 | —10E Minneapolis 45 |+13C
Medicine Hat 50 |+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 |424C
Moosonee 51 {+23E Vancouver 49 | +12P Philadelphia 40 | +01E
Moose Jaw 50 |+62C Victoria 48 | +13P Phoenix 33 |+28M
Niagara Falls 43 |4 16E Whitehorse 61 00Y 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 15 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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