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1. Chronological remarks. The main source for our knowledge of 
ancient astronomy is Ptolemy. His Mathematical composition, com­
monly known as the Almagest, quotes observations of his own rang­
ing from 127 to 142 A.D. [35; 36; 37].1 This work seems to be the 
earliest of a whole series of fundamental works, such as his Geography 
[41 ], the Tetrabiblos [39; 40], and so on, whose influence on mediaeval 
thought cannot be overrated. 

Questions of historical priority will not be discussed here. Never­
theless it must be emphasized that Ptolemy relied heavily on meth­
ods developed by his predecessors, especially Hipparchus. Indeed, 
almost all our information about the latter's work is based on refer­
ences in the Almagest. However fragmentary our knowledge of 
Hipparchus' astronomy may be, it is evident that it represents a 
milestone in the development of mathematical astronomy. Observa­
tions of Hipparchus quoted by Ptolemy extend from 162 to 127 B.C. 

Finally, we have original Babylonian ephemerides for the moon 
and the planets covering, with only minor gaps, the years from 227 to 
48 B.C. (Kugler [19; 20], Schnabel [47], Schaumberger [20], Neuge-
bauer [3l]). Nothing is known about the exact date or origin of the 
Babylonian methods though it might be a fair guess to assume a date 
between 400 and 250 B.C. 

To our knowledge, Egypt exercised no positive influence on the 
development of mathematical astronomy. This is in perfect accord 
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with the fact that Egyptian mathematics never went beyond an ex­
tremely elementary level, totally unfit for the description of astro­
nomical phenomena. 

2. Introduction. It is not the scope of this paper to give even a 
sketch of the historical development of ancient astronomy. I shall 
only try to illustrate the close relationship between mathematics and 
astronomy, a relationship which goes much farther than one might 
assume at first sight. I shall mention only three problems which 
seemingly would belong to purely observational astronomy but 
actually are essentially dependent upon mathematical theories. 
These problems are (a) the determination of the apparent diameter 
of the moon, (b) the determination of the constant of precession, 
(c) the determination of geographical longitude. The first two prob­
lems were not solved by direct measurement but by relating them to 
the theory of the motion of the moon. It requires the whole mecha­
nism of the lunar theory to compute the coordinates of the moon for 
given eclipses, especially the distance of the center of the moon from 
the center of the shadow. It is only after these elements were found 
according to the mathematical theory that the observed magnitudes 
of the eclipses are used to find the apparent diameter of the moon 
(Almagest V, 14). Similarly, the longitudes of fixed stars are not 
measured directly but are referred to the moon, and thus eventually 
to the sun, by means of occultations or close conjunctions. Again the 
whole lunar theory is required to find the common longitude of moon 
and star (Almagest VII, 3). Finally, the determination of geo­
graphical longitude is based on the simultaneous observation of a 
lunar eclipse, the circumstances of which must be determined from 
theory. This last problem involves, however, another theoretical con­
sideration. The ancients measured time not by means of clocks of 
uniform rate but by sun dials and waterclocks which showed "sea­
sonal" hours. Seasonal hours can be simply described as an extremal 
form of "daylight saving time" because each hour is always the 12th 
part of the actual length of daylight. Thus the time reckoning is fully 
adjusted to the variation of the seasons. For civil life, this un­
doubtedly has its great advantages. For astronomical computations, 
however, the reduction of seasonal hours to equinoctial hours re­
quires a theory of the dependence of sun dials upon the geographical 
coordinates and the longitude of the sun. 

These examples will suffice to make it understandable that two 
groups of mathematical theory play a paramount role in ancient 
astronomy. On the one hand, a detailed celestial mechanics is needed, 
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especially for the theory of the moon; on the other hand, auxiliary 
problems must be solved, including the theory of celestial and 
terrestial coordinates, their transformation from one system into 
another, and their application to the theory of various types of sun 
dials. In short, we can say that kinematics and spherical astronomy 
play a much greater role than empirical observations. The ancient 
astronomers were fully aware of the fact that the low accuracy of 
their instruments had to be supplemented by a mathematical theory 
of the greatest possible refinement. Observations are more qualita­
tive than quantitative: "when angles are equal" may be decided fairly 
well on an instrument but not "how large are the angles," says 
Ptolemy with respect to the lunar and solar diameter {Almagest 
V, 15; Heiberg p. 417). Consequently, period relations over long 
intervals of time and lunar eclipses are the main foundations so far 
as empirical material is concerned ; all the rest is mathematical theory. 
We shall see that this holds for Greek as well as for Babylonian 
astronomy. 

The fact that ancient astronomy is to a large extent "mathematics" 
has far-reaching consequences for the history of civilization. The 
Middle Ages inherited an astronomical system, and with it a picture 
of the structure of the universe, of a consistency and inner perfection 
which hardly seemed open to improvement. The bearers of the Chris­
tian civilizations, at the very beginning, had lost contact with Hellen­
istic science ; hence the astronomy of Western and Central Europe re­
lapsed for many centuries into a primitive stage of knowledge where a 
few simple period relations sufficed as the basis of the computation of 
Easter and similar problems. Though this process was to some extent 
delayed by the continued use of astronomical tables for astrological 
purposes, the destruction of the ancient tradition would have been 
complete had not Greek astronomy found a new and most interesting 
development among Hindu astronomers. When the Arab conquest 
reached India, Greek astronomy soon saw a triumphant revival every­
where in the Moslem world, thus preparing the basis for the new de­
velopment of astronomy and mathematics in the Renaissance. The 
"Ptolemaic system" has often been blamed for the preservation for 
almost 1500 years of a narrow, yet much too complicated, picture of 
the world.2 It is only fair to underline the fact that this system pre-

2 It should be remarked that "Ptolemaic system" is often used in a rather un-
historic fashion. Actually the Aristotelian version of the homocentric spheres of 
Eudoxus determined the cosmological ideas of the philosophers and theologians of 
the Middle Ages. Thus a system 500 years older than the Almagest should take most 
of the blame. 
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served for the same length of time the tradition of mathematical 
methods which became most powerful tools in the hands of Coper­
nicus, Tycho Brahe and Kepler. 

A. CELESTIAL MECHANICS 

3. Greek astronomy. The cornerstone of Greek celestial mechanics 
is an essentially "dynamical" principle, however metaphysical its 
actual formulation in Greek philosophical literature may sound. It is 
the idea that the circular movement of celestial bodies is the only 
movement which can last eternally. This "principle of inertia" is the 
guiding principle of all Greek astronomical theories. The fortunate 
accident that the orbits in our planetary system deviate very little 
from circles made it possible to construct geometric models whose 
gradual improvement corresponds to the addition of new Fourier 
terms, each of which has a certain physical significance. Modern 
scientists have often declared simplicity to be the criterium of truth, 
and a whole philosophy of "economy of reasoning" has offered its 
guidance to the researcher. This school of thought could rightly claim 
the early Greek astronomers as its first followers. Nothing "simpler" 
and more natural could have been assumed than the preference of 
celestial bodies for circular movements. And the remarkable suc­
cesses of this assumption could only strengthen confidence in its cor­
rectness. Nobody could foresee that the simplicity of the circular 
movements is due to an accidental distribution of masses or that this 
also causes the simplicity of Newton's law, conveniently hiding from 
us the effects of a general gravitational space. 

Here is not the place to describe the development of astronomical 
hypotheses, based on the combination of circular movements, or, 
originally, of movements of spheres, following an ingenious idea of 
Eudoxus. This development is described in masterly fashion by 
Duhem in his Système du monde [ l8] . We shall here restrict our­
selves to a short discussion of some points in the theory of eccenters 
and epicycles in its application to the lunar movement. For the 
theory of Mercury and Venus see Boelk [3] and Schumacher [48]. 

Assuming that all circular movements proceed at constant angular 
velocity, it is obvious that an observer who is not located at the 
center gets the impression of a variable velocity. We know that al­
ready Apollonius, about 200 B.C., knew that an eccentric movement 
can be replaced by an epicyclic movement, where the center of the 
epicycle moves on the deferent with the mean angular motion 
around the observer whereas the object moves on the circumference of 
the epicycle with the same angular velocity in the opposite direction. 
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The radius of the epicycle is identical with the eccentricity of the 
eccenter. Similar relations hold for more general cases and it is there­
fore a matter of choice which hypothesis is used in a specific case 
(Almagest XI I , 1 and III , 3). We know, for example, that Hip-
parchus used an epicycle for the description of the solar anomaly 
(Theon Smyrnaei, De astronomiaf XXXIV [50 ]) while Ptolemy pre­
ferred the eccenter because of its greater simplicity, using only one 
motion (Almagest I II , 4). 

FIG. 1 

The determination of the parameters of models of this type re­
quires great ingenuity. As an example I might quote the case of the 
lunar theory in its simpler (Hipparchian) form which only accounts 
for the "first anomaly," that is, the eccentricity with uniformly pro­
gressing apsidal line. To this end an epicyclic model is assumed and 
three lunar eclipses are observed, giving the true longitudes Xi, X2, X3 
at given moments tu ky k. The mean motions in mean longitude (X) 
and mean anomaly (a) are known from period relations. Thus it is 
possible to find the positions of the moon on its epicycle, expressed by 
the differences of their anomalies (cf. Fig. 1). Furthermore the cor­
responding mean longitudes X; can be found for each t%. The differ­
ences d=\i — %i are the corresponding values of the equation of 
center and can be interpreted as the angles under which the radii EPi 
appear from the observer (Almagest IV, 6). The solution of this 
problem, undoubtedly known to Hipparchus and discussed in de­
tail by Ptolemy, is often needed in surveying; one then speaks of the 
"Pothenot" or "Snellius" problem (Tropfke [SI, V, 97]; the identity 
of these problems has been seen by Delambre [4, II , 164] and Oude-
mans [33]). As a result the radius of the epicycle can be found in 
terms of the radius of the deferent. Thus the eccentricity of the 
lunar orbit is known. 

Before we proceed to Ptolemy's addition to Hipparchus' theory of 


