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Introduction

THE RECENT advances in micro
computer technology have raised 
the question of whether refer

ence to astronomical tables of apparent 
coordinates is actually required for deter
mining the astronomical positions of the 
sun and other stars. In light of the almost 
exponential trend of power and compact
ness of microcomputers, it is now feasible 
to directly compute the various astronom
ical data from the same basic theories of 
motion of the earth that are used to prepare 
the tables. This means that one need not 
keep such tables on hand but instead sim
ply supply the time and date to a computer 
program employing the necessary al
gorithms.

Previous Computational Methods

Many researchers have used a wide 
variety of techniques to approximate the 
data in astronomical tables. Among these 
are the methods that fit various functions 
to the data (e.g. algebraic and Chebychev 
polynomials, Fourier series, etc.). How
ever, these are merely approximations and 
are invariably limited to the specific time 
period over which the data were approxi
mated (e.g. 1 month for the Star Al
manac’s polynomials). As a result these 
functions must be continuously updated 
for new time periods.

The ideal method would involve 
computing the data directly from the basic 
theories of the motion of the earth and 
stars. For the sun the periods over which 
the algorithms are valid depend only on 
significant changes in the astronomical 
constants used in the theories. Although 
the algorithms for stars (e.g. Polaris) de
pend on the astronomical constants, they 
are affected to a greater degree by uncer
tainties in their motions with respect to 
our solar system (i.e. proper motion). 
However, for 1' accuracy in azimuth de
terminations, the estimates for the proper 
motions are valid for periods of about 30 
years.

Recently, Meeus [1962], Emerson 
[1978], Bennett [1980] and Craymer 
[1984] have derived algorithms for updat
ing the sun’s right ascension and declina
tion using the theories of the motion of 
the earth around the sun. The precision

resulting from Meeus [1962], Emerson 
[1978] and Bennett [1980], however, are 
limited. On the other hand, Craymer 
[1984] provides all of the necessary ex
pressions necessary to compute exactly the 
values published in the Astronomical Al
manac and K & E Ephemeris (actually 
reproduced from the former). In addition, 
Craymer [1984] also provides a more 
thorough review of the fundamental con
cepts involved.

Updating the Position of Stars

The astronomic position (i.e. right 
ascension and declination) of a star is read
ily obtained by simply updating its 
catalogued coordinates at one point in time 
(called the catalogued epoch) to that for 
the time of observation. These catalogued 
positions are currently available in the FK- 
4 star catalogue which will soon be fol
lowed by the updated version, the FK-5.

The procedures for updating 
catalogued star positions are readily avail
able in many text books on positional as
tronomy (e.g. Mueller [1969]). Briefly, 
the following effects that must be applied 
to the catalogued positions are:
1. proper motion -  the absolute motion

of the star with respect to the earth,
2. precession -  the long period motion

of the earth’s spin axis,
3. nutation -  the short period motion of

the earth’s spin axis,
4. aberration -  the effect of the finite

velocity of light,
5. parallax -  the effect of the displace

ment of the observer from the origin 
of the stellar coordinate system. This 
is negligible for most stars including 
Polaris.

Updating the Position of the Sun
The method of updating the as

tronomical position of the sun is not so 
readily available. However, the theory 
upon which the tables are based was de
veloped almost a century ago by the fa
mous Canadian astronomer Simon New
comb [ 1898] for the American Ephemeris 
and Nautical Almanac. In this paper New
comb develops expressions describing the 
motion of the sun as perceived from the 
earth.

Briefly, the procedure of updating the 
sun’s astronomical position involves com

puting the following from Newcomb 
[1898):

1. mean ecliptic coordinates (i.e. ecliptic 
longitude and latitude),

2. mean obliquity of the ecliptic
3. perturbing effects of the planets and 

moon on ecliptic longitude, latitude 
and obliquity,

4. effect of nutation on ecliptic longitude 
and obliquity,

5. aberration effect on ecliptic longitude,
6. transformation from ecliptic longitude 

and latitude to right ascension and de
clination using the obliquity of the ec
liptic.

The results of such a computation 
may be further reduced for the effect of 
geocentric parallax given the approximate 
geographic latitude and longitude of the 
observer (cf.Mueller [1969]).

Practical Applications

These computations can be quite in
volved for manual solutions. The advent 
of the microcomputer, however, has now 
resolved this problem. Furthermore, it 
would be more efficient to combine the 
commonly employed routines for azimuth 
determination with those described above. 
Such a program could be used to directly 
compute the azimuth of the sun in the 
field.

A program has been developed by 
the first author under contract with the 
Ontario Ministry of Transportation and 
Communication and is available as a tech
nical report from the Department of Sur
vey Science, Erindale College [Craymer, 
1984]. This contract was made possible 
through the efforts of J. T. Gourlay,
O .L.S. and F. G. Lane, O .L.S. The prog
ram was written in a low level of FOR
TRAN in order to make it as transparent 
as possible for reasons of compatibility, 
customization and ease in converting to 
other languages. The authors and students 
of Survey Science have also developed 
programs in BASIC and for the HP-41CV.

A paper (Craymer and Gunn [1984]) 
giving the necessary algorithms for prog
ramming azimuth determinations for the 
sun and polaris may be obtained by writing 
to Survey Science, Erindale College, Uni
versity of Toronto in Mississauga, Missis
sauga, Ontario L5L 1C6. •
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On April 13, 1984 our regional group 
got together for a buffet dinner followed 
by our spring meeting. The meeting was
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held at the Rock Haven Motel in Peter
borough. We had a good turn out even 
though it was Friday the thirteenth but 
there is also room for more group members 
to show up.

A previous engagement prevented 
our council liaison from attending this 
meeting but we were quite fortunate that 
Red and Lorraine Petzold were in town 
that night and we welcomed them as our 
guests. I trust they enjoyed both the buffet 
and our meeting.

Lorraine gave a report from council 
which covered the topics of building loca
tions surveys, the use of contracts and 
copyrighting. Our members had many 
questions for Lorraine, especially dealing 
with contracts and copyright and Lorraine 
did her usually excellent job of fielding 
these questions. We would like to thank 
Lorraine for her most informative presen
tation.

Fellowship among our members was 
another topic for discussion at this meet
ing. It was noted that we quite often see 
or speak to each other professionally, but 
seldom socially. As a result of that discus
sion a social get together was suggested 
for June.

Merrill Brown of Bowmanville took 
on the task of planning the social and has 
arranged a tour of the Darlington Nuclear 
Generating Station. Merrill and his wife 
June have also kindly offered to host a 
BBQ after the tour. This should be a very 
interesting day as Darlington, with a work 
force of 3,000, is the largest single con
struction project in North America.

Sir Sandford Fleming College has, 
within the past year, set up an EDM calib
ration line at the Frost Campus. Ted Gur- 
nett of Lindsay gave a report on the con
struction of the calibration line along with 
some preliminary results of measurements 
taken by the college and himself. Ted’s 
presentation was so interesting that we 
made plans to meet at the Frost Campus 
to try out our own equipment on the calib
ration line. With this new line being in 
the middle of our region it should prove 
to be very useful once the final adjusted 
values are published.

As always the end of the meeting was 
an open forum with various questions and 
ideas being presented. Quite often this part 
of our meetings allow us to present a prac
tical problem and to discuss a number of 
solutions which might be put forward. The 
meeting was adjourned at 11.00 p.m.

Eric L. Ansell, O.L.S.
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