4. EPHEMERIDES (EPHEMERIDES)

PRESIDENT: R. L. Duncombe.

VICE-PRESIDENT: V. K. Abalakin.

ORGANIZING COMMITTEE: J. Kovalevsky, T.Lederle, B.Morando, J. D.Mulholland, A. M. Sinzi,
G. A. Wilkins.

1. INTRODUCTION

The reports of the directors of the national ephemeris offices appended here review the
programs for the production and publication of the navigational almanacs (marine and air), the
almanacs for surveyors, as well as the ephemerides and special tables prepared for the use of
astronomers and space scientists. Related programs conducted by other organizations and indi-
viduals are reviewed at the end of the Appendix. As a consequence of the research carried on by
the national ephemeris offices these reports are of interest also to the commissions on
positional astronomy and celestial mechanics. The comments following will review the principal
work of Commission 4 since the XVth General Assembly and some items to be presented at the
XVIth General Assembly.

Before proceeding it is fitting to pay tribute to the memory of Prof. Gerald M. Clemence who
passed away 22 November 1974 at the age of sixty-six. During his long association with the
International Astronomical Union, he served as member and Chairman of the U.S. National
Committee, and as President of Commissions 4 and 7. Among subjects in our field, he made
important contributions to our knowledge of the motions of the principal planets and the
system of astronomical constants.

2.v COMMISSION 4 WORKING GROUPS

As a result of discussions at IAU Colloquium No. 9, (Heidelberg 1970) and in agreement with
the recommendations of Commission 4, the XIVth General Assembly established working
groups to study the subjects — precessional constants, units and time scales, and planetary
ephemerides. The Chairmen of these working groups are W. Fricke, G. Wilkins, and R. Dun-
combe. In 1975 P. K. Seidelmann became Chairman of the Planetary Ephemerides Working
Group. Following preliminary exchanges of ideas among members of the working groups and
various consultants, a symposium on Precessional Constants, Units and Time Scales, and Plane-
tary Ephemerides was held during the XVth General Assembly at Sydney. The ideas presented
there were further refined at a meeting in October 1974 held at the U.S. Naval Observatory,
Washington, D.C. Comprising approximately twenty-five invited participants, this meeting
formulated preliminary reports which were then circulated widely to interested astronomers.
The comments and suggestions received were carefully considered in a final revision of the
working group reports during a meeting of the three Chairmen at the Royal Greenwich Obser-
vatory, Hailsham, England, in October 1975. The final recommendations of the working
groups will be made available to all IAU Members prior to. the XVIth General Assembly and
will be discussed at a Joint Meeting of Commissions 4, 8 and 31.

3. INTERNATIONAL INFORMATION BUREAU ON
ASTRONOMICAL EPHEMERIDES

The following information has been provided by the Director, B. Morando:
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“The International Information Bureau on Astronomical Ephemerides established by IAU in
1970 and located at Bureau des Longitudes in Paris has completed the following business since
the last General Assembly in 1973.

Information cards nos. 73 to 77 have been published in December 1973; cards nos. 78 to 93 in
April 1974, cards nos. 94 to 102 in August 1974; cards nos. 103 to 111 in March 1975. Other
cards are being printed (September 1975).

The Scientific Advisory Council met at Sydney in 1973, and in Washington in 1974.”

4. FUNDAMENTAL EPHEMERIDES

Following discussions by representatives of H. M. Nautical Almanac Office, the Astrono-
misches Rechen-Institut, the Bureau des Longitudes and the American Nautical Almanac Office
held in Washington in October 1974, plans were drawn up for a revision of form and content of
the Astronomical Ephemeris and the American Ephemeris (both henceforth referred to as the
A.E.). Involved also in these plans are new methods for the distribution of advanced data and a
possible re-distribution of the basic computations for the AE among the cooperating national
ephemeris offices. These plans to further improve the efficiency of production and distribution
of fundamental ephemerides will be discussed at meetings of Commission 4 at Grenoble.

R. L. DUNCOMBE
President of the Commission

APPENDIX: REPORTS OF THE DIRECTORS OF THE NATIONAL EPHEMERIDES

H.M. Nautical Almanac Office, Royal Greenwich Observatory,
Herstmonceux, England

Unified publications. The Nautical Almanac Offices of the U.S. Naval Observatory and of the
Royal Greenwich Observatory have continued to produce jointly without substantical change
of content or arrangement the three unified publications: The Astronomical Ephemeris, The
American Ephemeris, which is primarily intended for use by astronomers; The Nautical
Almanac, for astronavigation at sea; and The Air Almanac, for astronavigation in the air. These
almanacs are printed separately in the two countries from identical reproducible material; this
material can be made available by Her Majesty’s Stationery Office, at a small charge, to the
official almanac-producing agency in any country that desires to publish similar ephemerides in
this form. Proof editions of the first part of the Astronomical Ephemeris for 1977—79 have
been distributed on a limited basis.

As from the editions for the year 1977 the Air Almanac will be published in two, instead of
three, volumes for each year. There will be no change in the main tabulations, but some minor
changes in the arrangement of the auxiliary data are being made.

Good progress has been made in the planning of a revision of content and arrangement of the
volumes for the astronomical ephemerides for the year 1981 and onwards. The revised volume
will contain a wider range of data and it is hoped that it will be more convenient in use. Further
details of the proposals for the contents and for new publication arrangements will be available
for discussion at the meetings of the Commission at Grenoble. It is intended that the volumes
of Astronomical Phenomena and Planetary Coordinates shall also be prepared jointly and
published well in advance so that the special distribution of advanced proofs will not be
necessary.

It is understood that as from the year 1981 the volume Connaissance des Temps will change
its character and contain special ephemerides that are complementary to those in The Astrono-
mical Ephemeris, thus extending still further the sharing of the work and costs of the publica-
tion of astronomical ephemerides for international use. The volume Apparent Places of Funda-
mental Stars, prepared by the Astronomisches Rechen-Institut in Heidelberg and Ephemerides
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of Minor Planets prepared by the Institute of Theoretical Astronomy in Leningrad, have for
many years been published in one country only for general use.

Other publications. Apart from the unified almanacs referred to above, the Office has con-
tinued to publish The Star Aimanac for Land Surveyors, and to distribute special tabulations of
local astronomical data to observatories throughout the world.

The publication of an amended edition of the Explanatory Supplement to the Astronomical
Ephemeris has unfortunately been very much delayed by industrial disputes and other diffi-
culties, but took place in 1975 November. The new edition includes a reprint of the Supple-
ment to AE 1968 concerning the introduction of the IAU system of astronomical constants and
draws attention to changes in the ephemerides and procedures that have been made since 1960.

Occultation programme. The regular distribution of the predictions of occultations of stars by
the Moon has been continued in collaboration with the Nautical Almanac Office of U.S. Naval
Observatory. Special predictions have been issued for lunar occultations of radio, X-ray and
v-ray sources as and when required. The Office has received and processed about 7 000 timings
of occultations each year during the period. Magnetic tapes containing about 60 000 observa-
tions made in the period 1943—1971, and the approximate coordinates of the stations, are now
available; it is hoped that the data will also be published in printed form. The timings of grazing
occultations have also been processed systematically and the results are being prepared for
publication.

Published observations of occultations for the period 1860—1942 are being collected in a
joint project with U.S. Naval Observatory for use in a comprehensive analysis for the deter-
mination of the variations of the rotation of the Earth and the secular changes in the elements

of the Moon’s orbit.
The search for, and detailed prediction of, occultations of stars by major and minor planets

and by satellites has been continued. Special ephemerides of minor planets whose diameters are
believed to exceed 100 km have been provided by the Institute of Theoretical Astronomy,
Leningrad, and the Minor Planets Center, Cincinnati.

Motions of Mercury and of the Moon. A new analysis of some 2400 individual observations of
33 transits of Mercury made during the period 1677 to 1973 has been completed (L. V. Mor-
rison and C. G. Ward, Monthly Notices Roy. Astron. Soc. 173, 183, 1975). The differences (AT)
between the ephemeris and universal timescales and corrections to the values of Mercury’s
orbital elements in Newcomb’s theory have been determined. The long-term behaviour of the
values of AT agree best with those deduced from lunar occultations when a value of
— 13" 17 T? is adopted for the tidal term in the lunar mean longitude. This is in good
agreement with the currently-adopted value of — 11722 T2. The non-Newtonian component of
the motion of Mercury’s perihelion is found to be + 4179 £ 0”5 T Einstein’s general theory of
relativity predicts a value of + 4370 T.

G. A. WILKINS
Astronomisches Rechen-Institut, Heidelberg, Germany

The computation and publication of Apparent Places of Fundamental Stars (APFS, in annual
volumes) has been continued. In addition, the apparent places of FK4 Sup stars have been
computed and distributed in listed form to users on request. Preparations are being made to
make the APFS and the apparent places of FK4 Sup stars available on magnetic tape from 1980
besides the published volumes of APFS.

In accordance with a resolution adopted by the IAU in 1973 work has been carried out on
the improvement of FK4 and its extension, in particular, to a fainter magnitude limit.
Numerous catalogues of observations which have become available after the completion of FK4
have been examined and key-punched for use in the determination of individual and systematic
corrections to FK4. Other catalogues containing relevant observations for the extension of FK4
to a fainter magnitude limit have also been examined and key-punched. The documentation of
data on punched cards has been under the supervision of Lederle; the U.S. Naval Observatory,
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and the Centre de Données Stellaires at Strasbourg have contributed efficiently to this task.
Dr Billaud, Grasse (France), has kindly taken over the task of exploiting all available Astrolabe
observations for FK5. Fricke and Lederle have contributed to the preparation of a revision of
the IAU System of Astronomical Constants.

W. FRICKE, T. LEDERLE
Hydrographic Department, Tokyo, Japan

The Japanese Ephemeris, the Nautical Almanac, the Abridged Nautical Almanac, and the.
Polaris Almanac for Azimuth Surveying have continued to be published for the years 1974,
1975 and 1976 without substantial changes, respectively. The first part of the Japanese
Ephemeris has been reproduced from the advanced data of the Astronomical Ephemeris pro-
vided by the H.M. Nautical Almanac Office. The Altitude and Azimuth Almanac for Antarctic
Observations and the Abstract from the Japanese Ephemeris have been compiled annually at
the request of the National Defense Agency.

Reconstructions of the fundamental ephemerides given in the AE are in progress using newly
installed computer.

Prediction of occultations of the planets and four principal minor planets by the moon has
continued to be made. Maps of all of these events are to be given in the Japanese Ephemeris in
the volume after 1977. Detailed data have been sent to individual astronomers at their request.

Occultation observations are made as routine and the number of data acquisition has
increased over 800 data including 300 photo-electric ones, annually. For reduction analysis of
occultation data, a composite catalogue of 25 233 stars in the FK4 system was compiled from
the FK4, FK4 Sup. NZC, AGK3 and SAO catalogues. Provisional results of reduction analysis
have been published annually in the Data Report of Hydrographic Observations, Series of Astro-
nomy and Geodesy (Mori et al. 1973, 1974, 1975). The value of AT for use in prediction of
eclipses and compilations of the almanacs and the national calendar, (the latter is published
by the Tokyo Astronomical Observatory) has been settled by arrangement with the TAO from
the above results of occultation data, taking the tendency of TAI-UT into account.

Contact time observation was made cinematographically at the solar eclipse in 1973, 30 June,
in Mauritania, taking the flash spectra at its total phase, similarly to that made for the 1970
eclipse in Mexico. Reduction analysis (Mori and Ganeko, in press) of the data for both eclipses
has yielded the following (O—C)’s for the relative position of the Moon to the Sun:

[(m.e.)]

(L¢-Lo) = — 0Y17% 0703, )
(B¢ —-Bo) = + 0.21 0.06, for the 1970 eclipse,
(Lg -Lo) = + 040 + 0.02, .
(B¢ —Bo) = + 0.42 0.10, for the 1973 eclipse,
employing the Sun’s ephemeris in the 1964 IAU system, the Moon’s ephemeris in j = 2 and
ET-TAI = 3250.

A. M. SINZI

Bureau des Longitudes, Paris, France

Le Bureau des Longitudes a continué 4 publier la Connaissance des Temps et les Ephémérides
Nautiques et 3 contrdler la publication par la Société SONOVISION des Ephémérides
Aéronautiques. Le Bureau des Longitudes donne par ailleurs, sous forme de listages ou de
cartes, les coordonnées des satellites galiléens de Jupiter 4 un instant quelconque.

La réforme de la Connaissance des Temps pour les années qui suivront 1980 est 2 I’étude,
compte tenu du cofit élevé de la publication actuelle et du fait qu’elle ne correspond plus tout 3

https://doi.org/10.1017/50251107X0000184X Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X0000184X

EPHEMERIDES 5

fait aux besoins des utilisateurs. Il est 4 souhaiter que ’avenir des ephémérides astronomiques
soit le fait d’une collaboration internationale étroite.

B. MORANDO
Instituto y Observatorio de Marina, San Fernando (Cadiz}, Spain

The Ephemeris Office continued the publications Almanaque Nautico and Efemerides Astro-
nomicas as usual.

From 1972 on, the Almanaque Aeronautico is a copy of the British A4ir Almanac.

Computations for Almanaque Nautico were performed from 1974 by a H.P. 21008 computer.

M. RODRIGUEZ

Nautical Almanac Unit, Regional Meteorological Centre,
India Meteorological Department, Calcutta, India

During the period under review, three issues of the Indian Ephemeris and Nautical Almanac for
the years 1974, 1975 and 1976 were published.

Calculations of geocentric longitude and latitude of planets, longitude and latitude of certain
important stars, moonrise-moonset'times for the Central meridian and also for certain stations
in India, apparent position of Pluto from its astrometric position, elements of occultations of
bright stars and planets by the Moon with special reference to their visibility in India, and
ending moments of tithis, nakshatras and yogas etc. have been done on IMB—360/44 computer
commencing from the issue for 1976 of the Indian Ephemeris and Nautical Almanac.

In addition the following two other publications have been issued annually for meeting public
demand of certain additional astronomical information:

(i) Tables of Sunrise, Sunset and Moonrise, Moonset.

(ii)Rashtriya Panchang in English and eleven other Indian languages giving details of astro-

nomical data required for the Indian Calendar.

A. BANDYOPADHYAY

Nautical Almanac Office, U.S. Naval Observatory
Washington, D.C., U.S.A,

The American Ephemeris and Nautical Almanac, The Nautical Aimanac, The Air Almanac,
and The Astronomical Phenomena have continued to be published in accordance with the
international agreements on these publications. Beginning with 1977 editions, The Air Almanac
will be published semiannually, instead of the present three times per year. Development of
automatic typesetting techniques has continued (Janiczek, P. M. and Kaplan, G. H., U.S. Naval
Obs. Circ. No. 149, 1974).

The advance predictions of solar eclipses 1981—1990 have been published. (U.S. Naval Obs.
Circ. No. 142). Circumstances of solar eclipses with argument in UT have also been prepared
(U.S. Naval Obs. Circ. No. 144, 153). A special circular of Lunar Limb Profiles for Solar
eclipses has been published (U.S. Naval Obs. Circ. No. 141).

A special ephemeris of Mars based on the theory by G. M. Clemence and constants deter-
mined by R. Laubscher has been prepared for the years 1960—1980 (U.S. Naval Obs. Circ.
No. 151). Normalized observations of Mercury 1901-1937 were published (U.S. Naval Obs.
Circ. No. 145). Additional astronomical information has been prepared and published in
U.S. Naval Observatory Circulars to meet public demand; Sunlight, Moonlight and Twilight for
Antarctica 1975—1977 (No. 147) and Physical Ephemeris of Mars (No. 148). A new catalog of
astronomical data in machine readable form has been published (U.S. Naval Obs. Circ. No. 146,
1974).
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I. Lunar Research

T. C. Van Flandern is reducing and analyzing occultation observations and the new derived
values for the secular acceleration of the Moon may indicate a secular decrease in the gravita-
tional constant (Monthly Notices Roy. Astron. Soc. 170, 33, 1975) and (Annals N.Y. Acad.
Sci., 1975).

In cooperation with H.M. Nautical Almanac Office, ET—UT is being redetermined for the
period 1627—-1955 from lunar occultation observations.

T. C. Van Flandern, and K. F. Pulkkinen have transformed the analytical lunar theory into
analytical expressions for the Moon’s osculating elements by means of a computerized algebraic
manipulator.

T. C. Van Flandern, G. H. Kaplan and K. F. Pulkkinen are investigating high precision integra-
tion techniques suitable for a numerical integration of the Moon extending over several cen-
turies.

II. Planetary Research

P. K. Seidelmann is working with L. Carpenter of Goddard Space Flight Center to prepare
programs and to calculate general theories for the inner planets using Musen’s method.

R. L Duncombe, P. K. Seidelmann, P. M. Janiczek and W. J. Klepczynski have continued the
analysis of observational determinations of the masses of the principal planets (4nn. Rev.
Astron. Astrophys. 11, 135, 1973), (Fundam. Cosm. Phys. 1, 119, 1974), (AU Highlights of
Astron. Vol. 3, p. 170, Reidel 1973). A discussion of celestial reference systems derivable
from solar system dynamics appears in Proc. IAU Coll. 26, Torun 1975).

A. D. Fiala, and D. Pascu are analyzing photographic observations of the Nov. 1973 transit of
Mercury to obtain an accurate time of least separation of centers.;

L. E. Doggett is applying Chebyshev polynomials to the problem of planetary theories to
determine polynomial representations of the planetary motions to different accuracies.

III. Satellite Research ‘

Using filtering techniques in order to obtain proper relative exposure of the primary, satellites
and field stars, D.Pascu and A. D. Fiala have obtained photographic observations of the
Martian satellites, Galilean satellites and seven brightest satellites of Saturn (4stron. J. 78, 794,
1973). The Martian satellite observations have been analyzed by Pascu for orbital corrections
and the Galilean satellite observations have been analyzed by J. E. Arlot and S. Ferraz Mello for
orbital corrections.

P. K. SEIDELMANN

Ephemeris Department of the Institute for Theoretical Astronomy
of the U.S.S.R. Academy of Sciences

During the period under review three volumes of the Astronomiceskij EZegodnik SSSR (The
Astronomical Year-Book of the U.S.S.R.) for the years 1976, 1977, 1978 have been published,
the volume for 1979 being in press. The positions and proper motions of the stars are given as
usual in the FK4 system in conformity with the decision of Commission 4 (Ephemerides) at the
Eleventh IAU General Assembly (Berkeley 1961).

As recommended by Commission 4 at its meeting in Hamburg on 28th of August, 1964 (IAU
Trans. 12B, 105, 1966) the new 1AU System of Astronomical Constants 1964 was introduced
into tabulations of the Day Numbers, solar and lunar eclipses data, ephemerides for astrophy-
sical observations of the Sun, Moon, and planets, the table of factors C and S.

In accordance with the recommendations of, and specification by, Commission 4 adopted at
the Thirteenth IAU General Assembly (Prague 1967) the Lunar ephemeris with the nomen-
clature index j = 2 is published.

The regular publication of the ephemerides of the Lunar crater Mosting A. has been con-
tinued in the volumes of the Astronomical Year-Book of the U.S.S.R. mentioned above.
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Fundamental ephemerides of the Sun, Moon, and planets have been printed in full confor-
mity with the First Part of the Astronomical Ephemeris circulated in advance by H.M. Nautical
Almanac Office, Royal Greenwich Observatory.

The Appendices to the volumes of the Astronomical Year-Book of the U.S.S.R. for 1978 and
1979 have been published containing the ephemerides of the four ancient (Galilean) satellites of
Jupiter for 1977 and 1978 as computed in, and received from, the Bureau des Longitudes,
Paris, France.

The navigational almanacs have regularly been produced as before. The Nautical Almanac has
been issued for the years 1975—1977, and the Air Almanac for 1974—1976.

As before, the photostates of predicted Lunar occultations data listings, both for stars
(planets) and radio sources for 1975—1977, calculated in, and obtained from, H.M. Nautical
Almanac Office, were distributed among the Soviet observatories.

A series of papers on various topics of Celestial Mechanics and computational procedures
were published in the publications of this Institute and elsewhere.

V. K. ABALAKIN

Brief Reports and Notes

A. M. Sinzi and S. Aoki in a report from Japanese Institutes report the following:

“The Hydrographic Department (K. Inoue) and the Tokyo Astronomical Observatory
(S. Aoki) are jointly reconstructing the EWE Lunar Tables based on a private communication
from USNO (Duncombe). They are now just reproducing almost the same results with the data
given in the Astronomical Ephemeris 1973 onwards.

Kinoshita (H.) et al. (Ann. Tokyo Astron. Obs. 14, 1, 1974) published a direct comparison of
Newcomb’s Tables of the Sun with the trigonometric series given by Newcomb. Besides the
inconsistency in the action by Venus, they found some errors amounting * 004 in action by
Jupiter, etc. Kinoshita (Smithsonian Special Report No. 364, 1975) recalculated Newcomb’s
Precession Formulas with new astronomical constants. He also is preparing a new theory of the
rigid Earth, using Andoyer’s variables (to be submitted to Celes. Mech.). Among others he
found that the secular term in the obliquity given by Woolard, (—07056/cent.) is in error.

A. Deprit reports a general algorithm has been proposed to find the best approximation of an
astronomical ephemeris to an assigned accuracy in terms of Chebyshev polynomials. It has been
applied to the corrections due to the nutation, to the inner planets and to the Galilean satellites
of Jupiter. (Compt. Rend. Acad. Sci. Paris, 278, 1055, 1974) and (Mechanics Res. Commun, 1,
209, 1974).

The Jet Propulsion Laboratory, Pasadena, California, U.S.A., is continuing its efforts in the
development of planetary, lunar and satellite ephemerides. The currently available JPL lunar
and planetary ephemerides will shortly be replaced by a new set based on analyses of planetary
meridian circle and radar data, lunar laser and optical observations; as well as radio tracking
data from Mariner 9 and Pioneers 10 and 11. New FORTRAN computer programs are available
for calculating the positions and partial derivatives of Jupiter’s Galilean satellites.

J. D. Mulholland, reporting on lunar ephemeris development at the University of Texas at
Austin, states that a combined analysis of lunar laser delays and photoelectric occultation obser-
vations has been undertaken as a means of tying the laser-based numerical lunar ephemeris to

-the FK4 system. Another possible result of the investigation will be a determination of the
location in three dimensions of the center of the Watts datum relative to the mass center of the
Moon.

R. L. DUNCOMBE
President of the Commission
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