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BEGINNINGS OF ASTRONOMY

The oldest of physical sciences, i.e. Astronomy arose because human being,
a rational part of this vast universe, was forced to notice the happenings on this
tiny earth and the celestial surroundings. Being seriously concerned with his
own survival, the primitive man was cautious about the happenings on this tiny
earth and so naturally considered this earth as a special place in the Universe.
This point has been nicely made by Alduous Huxley in his book “Ape and the
Essence”, where discussing the impact of the assassination of Gandhi he says:
“Inspite of all that the astronomers can say, Ptolemy was perfectly right: the
center of the Universe is here not there”. This and the fact that the celestial
vault containing sun, moon, planets and stars appears to revolve diurnally around
our tiny earth, automatically led to the geocentric system of our Universe in
the very beginnings of Astronomy.

The real reasons for the beginnings of Astronomy are manifold. Briefly, the
following may be cited:

a) Divine celestial bodies were to be watched and worshipped at appointed times
in the year, lest they become angry and send devastation to the human society.

b) These divine bodies may influence the fates of human beings and humap
societies and organizations. So, “judicial” and “horoscopic” astrologers
watched the movements and positions of celestial objects so as to be able to
forecast the oncoming events.

¢) The sense of direction and time was necessary to the primitive hunter human
being and so also to the later agricultural human being. The positions of the
celestial bodies must have been used to find the directions on the surface of
the earth, while their orderly motions to find time. To agricultural society
meteorology was very significant, but as it must have included some celestial
phenomena also (such as comets, shooting stars, aurorae etc.) it became
necessary to observe the celestial bodies continuously.

d) Finally, man, a rational being, always had an urge to understand the structure
and mechanics of the Universe around him and such cosmological urges forced
him to observe the Universe and speculate over the happenings in it in terms
of cause and effect.

Though, the astronomical observations attained great respect and heights in
the Chinese, Egyptian, Indian and Mesopotamian civilizations and contributed
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to our astronomical knowledge in a period prior to 4000 B.C. upto Thales of
Greece (640-546 B.c.). but in this talk we confine ourselves to the Greek Astronomy
only from Thales upto Ptolemy (2nd century, A.nD.) and refer to the literature
cited at the end of this article for the period prior to Thaljes.

GREEK ASTRONOMY

Greek Astronomy started at an epoch when Egyptian and Babylonian cultures
had declined and, perhaps, the beginnings occurred a century or so earlier. Earliest
Greek astronomer, of whom there are records, was Thales of Miletus (640-546 s.C.).
It is said that Thales predicted a solar eclipse of 585 B.c. It is very probable
that Thales predicted only the vear of occurrence of this eclipse. Thales assumed
that our earth is a flat disk floating on a vast body of water, the primary substance
out of which evervthing is formed. He said nothing about the motions of the
stars, sun, moon and planets.

If we forget Xenophanes (570-500 B.c.). as his astronomical views were
primitive, the next worth mentioning school of thought was that of Anaximander
(611-547 B.C.). Anaximander assumed that the primary substance is not water
but infinite, ever-existing matter, transforming itself from one state to another.
Earth was assumed to be a cylinder, at the centre of the Universe, totally
unsupported by any means. The height of this cylinder was taken as one third
of the dimensions of the circular face. Infinite number of such worlds in the
Universe were imagined to exist. Heraclitus (about 540-480 8.c.) was the founder
of the idea that the Universe has no creator, always existed and that in it every-
thing moves and changes and. therefore, the main task of science is to know the
nature in its continuous evolution.

Pythagoras. a widely travelled philosopher, was acquainted with the changing
night sky as one moves from the equator towards the poles. Pythagoras was,
perhaps, the first philosopher to take the earth as spherical. The model proposed
by Pythagoreans had a “‘central fire” at the centre of the Universe and earth, sun,
moon, planets and stars revolved around it in circular orbits participating in the
twentv-four hour motion of the fixed stars besides their own motions. Between
our earth and the central fire there is a “counter-earth” or, so named. “antichthon™
always hiding the central fire. Further, the inhabited part of our earth never
sees the antichthon and the “central fire” (cf., Fig. 1). The existence of the
antichthon is attributed to the number 10 being a perfect number representing
the sum of the first four integers. So. a tenth body (besides sun, moon, earth,
five planets and the sphere of fixed stars) was needed. However, Theodore
Gomperz (1957) feels that the “counter-earth was invented partly as an ostensible
cause for the eclipses of the moon which occurred so frequently as to seem to
require the shadow of the counter-earth in addition to shadow of the earth”.
Pvthagoras was first to make the planet earth revolve around some centre which
prior to that was alwavs assumed as stationarv at the centre of the Universe.
Further, the Pythagorean cosmology was evolved on philosophical grounds the
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Fig. 1. The Pythagorean picture of universe.

basis of which was that the numbers are supreme, express the relations between
various phenomena, are the substance of everything, cause of every phenomenon
in the nature. In fact, numbers were taken as symbols of the “harmony of
spheres™ and the planets in their movements were supposed to emit special notes
which the human ears are not trained to receive. Amongst the later Pythagoreans
the name of Philolaus (end of fifth century B.C.) may be mentioned, who perhaps,
was responsible for moving the earth around the “central fire”, not Pythagoras
himself. Antichthon and central fire had to disappear. because later, when the
terrestrial globe was better traversed, it was found that no such bodies actually
exist.

Democritus (460-370 B.c.) considered our Universe as infinite consisting of
atoms. OQOut of these atoms, through their vortex motions, infinitely large number
of evolving worlds were created. These worlds distintegrate with time. The
sun was taken to be much larger than our moon or earth and the moon was
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supposed to shine through reflected sunlight. Democritus was first to assert that
the Milky Way is a collection of large number of stars.

Anaxagoras interpreted the large meteorite which fell in Greece (467 B.C.)
to be of extra-terrestrial origin. From this he erroncously concluded that the sun
is a mass of molten iron slightly larger than a part of Greece and also that the
moon was of about the same size. The Moon, according to him, contained
“plains and valleys” and reflected the sunlight. He considered earth as flat, an
incorrect conclusion based on the change in the altitude of the sun and moon
by 1° it one goes 70 miles north or south on our earth. From this, he wrongly
concluded that the sun and moon were about 35 miles in diameter and only about
400 miles away from the earth.

Plato (427.347 p.c) argues that four primary elements fire, earth, air and
water make the world and that the matter is finite. The Ideal Living Creature
should have a spherical shape with no organs or limbs, rotating on its axis. As
the World is a Perfect Creature so all its points should be equidistant from the
centre. Besides this World-Soul, the other heavenly bodies are also divine,
endowed with intelligence within the soul and the soul within the body and so
move in an orderly manner. The principal motion of the World-Soul is along
the “circle of the same” ie. the celestial equator. Our sun, moon and five
planets, besides the above motion, partake in their own motions along the “circle
of deferent” inclined to the “circle of the same™ This plane is the modern
ecliptic. The earth, immovable with respect to the absolute space, is imagined
at the centre of this system.

Plato thought that the “Good” and *‘Perfect” Creator had a purpose in
making this Universe, i.e. it is made through a rational choice. This is unlike
the atomist view of Democritus who regarded the cosmos to be formed through
a chance collection of atoms because of blind necessity. But as order or
rationality is embedded in irrational materials, so the Universe has objects which
are mixtures of the order and necessity. Influenced by the Pythagorean school,
Plato tried to fit the distances to the various planets in terms of “harmony of
spheres”. Combining two geometrical progressions, viz. 1,2,4,8, and 1,39,27
Plato gave the distances of 1 to Moon, 2 to Sun, 3 to Venus, 4 to Mercury, 8 to
Mars, 9 to Jupiter and 27 to Saturn.

Eudoxus, a Greek philosopher (408-355 B.C.), was the first person to evolve
a mathematical device to explain the motions of the moon, sun, five known planets
and stars, i.e. enunciated the model solar system made of “homocentric spheres”.
The heavens were supposed to consist of a large number of perfectly transparent
crystalline spheres rotating about different poles. The fixed stars, situated outer-
most, were supposed to have only one such sphere rotating east to west in
twenty-four hours around the earth placed in the centre of the Universe. As
the sun appears to move from west to east in its yearly path, besides taking part
in diumal motion, the sidereal day is about four minutes shorter than the solar
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day. To account for the solar motion, Eudoxus assumed an outer sphere, revolv-
ing in 24 hours in a way identical to the sphere of stars. Inside this, another
sphere, with axis inclined at 23} to that of the outer circle, was assumed at the
equator of which the sun is attached. Thus, sun taking part in these two motions
will revolve around the earth from east to west in 24 hours and also will slowly
go castwards completing its revolution in a year appearing sometimes to the
north and sometimes to the south of the equator. Perhaps, to make the case of
solar motion similar to that of the lunar. Eudoxus added an extra third inner
sphere for the sun.

In case of the moon, the first sphere revolved around our earth in a sidereal
day. The second one had its axis at 231° from the first and a third sphere with
axis incined at 5° to that of the second. The second sphere rotated in 27} days
and the third in 19 years.

Eudoxus, perhaps, had no idea of the distances earth-moon and earth-sun,
though he possibly assumed the sun to be nine times more distant than the moon.

For planets, which exhibit more complicated motions in the sky, viz. (i) east
to west diurnal motion of 24 hours (ii) orbital motion eastwards in sidereal
period and (iii) retrograde motion. Eudoxus imagined four spheres with the
planet attached to the innermost of them. The first revolved as the sphere of
fixed stars in a sidereal day : the second in a sidereal period of revolution of
the planet. The third rotating west to east in synodic period and the fourth in
the same period in the opposite direction. 1f the poles of the last two spheres
coincide the motions are annulled and no retrograde motion occurs. On the other
hand, if these axes are inclined then the planet’s path describes a figure of eight
(or “hippopede”). If this figure's larger axis is set parallel to the ecliptic, for half
the cycle the planet will be showing retrograde motion and for another half direct
motion.

So, in brief, Eudoxus imagined 27 spheres in all, i.e. one for the fixed stars,
three each for the sun and the moon and four each for five known planets.
Callipus (370-300 B.c.) attempted to improve this model by adding six more
spheres but the orbits of Mercury. Venus and Mars were still not explained
satisfactorily.

It was known even to the ancient Babylonians that the seasons are of
unequal durations: Spring, Summer, Fall and Winter last for 94}, 921, 882 and
89} days respectively. Callipus added to the homocentric scheme of Eudoxus two
extra spheres for the sun, so that the hippopede slows down the sun during the
spring and summer and speeds it up during fall and winter. Similarly, he added
two extra spheres for the moon. We know now that the inequality of seasons is
due to the elliptical nature of earth’s orbit around the sun.

Then. there was the problem of calendar resolved by Meton (460 B.c.). In
a year 12.3344 lunations, i.e. full moon to full moon conditions occur. Thus. in
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a solar year 0.3344 months will have to be counted as extra and each third year
an extra month should be added if the lunar and solar calendars are to be put
in step. Ancient Babylonians found that 235 lunar months or 6940 days exactly
equal 19 solar years. Thus, for the length of a solar year we have 365 5/16 days
which exceeds 365} days by only 1/16 day. After each 16 years a day will then
have 10 be added to account for this fraction. Meton proposed the 19 years
Metonic cycle which meant that though the calendars may differ from year to
year. but the same sequence of calendars can be repeated after every 19 years
interval and 12 years should contain 12 months and 7 years 13 months.

Aristotle (384-322 B.C) tried to dovetail all the views prevailing prior to him
into a consistent pattern. Our earth and the heavens were regarded by him as
spherical. He declared that in the sublunar world all the motions are either
straight up (away from the centre) or straight down (towards the centre) or a
combination of both. The divine celestial bodies can have only circular
motions.

Aristotle adopted the scheme of “homocentric spheres” of Eudoxus and
Calippus and added the so called “unrolling spheres” so that the motion of
Saturn may not disturb that of the Jupiter and so on. The total number of
spheres thus became 55 in which the extra spheres were introduced on purely
philosophic grounds.

Aristotle developed his own cosmology, assuming that the sublunar world
is made of earth, water, air and fire. Being heaviest the earth sinks towards the
centre of the Universe, above this is water. air goes upwards and so also fire.
The straight up or straight down movements are natural to these substances. As
heavenly bodies follow a circular path, so they should be made of some other
more divine substance, i.e. “aether” or quintessence.

Aristotle assumed that the earth is spherical and about 12,000 miles in
diameter (a figure some 50 percent larger than the modern value) and as the
shadow of the earth on the moon is circular during a lunar eclipse, the earth
should be a sphere. Also, he believed that the moon shines by refiected sunlight.
The appearance of new stellar constellations in the night sky, as one moves to-
wards the north and south poles, was also taken to indicate that the earth is
spherical. The fact that the moon occults stars showed that it is closer to the
earth. However, Aristotle assumed our sun to be the next closest body after
moon, then the planets and finally the stars. Aristotle considered the possibility
that our sun may be at the centre of the solar system with the earth moving
around it and rejected it. Such appearances as comets, shooting stars and
aurorae were considered by him as exhalations from the earth which get ignited
in the course of their motion.

So exceptional was the authority of Aristotle that the central position of
earth (needed to explain the diurnal motion of celestial bodies) and the immobility
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of earth (as the stars show no parallactic shift) were not challenged and lead to a
regression in the scientific thought and knowledge in the dark middle ages.

The initiator of the first heliocentric system was Aristarchus (312-230 B.c.)
who preceded Copernicus by about 18 centuries. It is not known how Aristarchus
reached his picture of the solar system. It appears that, in an effort to d:termine
the distances earth-moon and earth-sun and the dimensions of the sun and
moon, Aristarchus realised that the Sun and not our earth is the more dominating
body, so it should be in the centre of our solar system. For this Aristarchus
considered the triangle Sun (S), Moon (M) and Earth (E) at the quarter phase of
the moon. At this instant, angle SME should be 90° and a m=asurement of the
angle then gives the ratio of the distances earth-sun and earth-moon. The
angle SEM was found to be 87°, while the correct value is 89°50°. Thus,
Aristarchus concluded that the sun is 18-20 (while actually it is 400) times more
distant than the moon. Since, sun and moon appear to be of the same size on
the earth and as moon was taken by him as 1/3 times as big as the earth so sun
should be 6-7 times bigger than the earth.

Archimedes (287-212 B.c.) in his book “Counting of Sand Particles” informs
that Aristarchus considered the stars to be at a very large distance from earth
so much so that the orbit of earth around the sun is just a point compared to the
diameter of the sphere carrying the fixed stars. Archimzds=s posed the problem:
“If the Universe is a sphere, limited by the sphere bf fixed stars, then how many
particles can be contained inside such a sphere?” The difficulty at that tme
was that even in India, where the concept of large numbers was considerably
evolved, such unheard of large numbers were not known. Therefore, Archimedes
evolved his own system of reckoning large numbers containing upto 8.10% zeros
taking the diameter of the sun certainly larger than 10-3of the circumference of
the sphere of fixed stars, Archimedes obtained 10® for the dssired number.
though, this is definitely an extremely small number it represents the first attempt
to fix the diameter of our Universe in numerical terms.

Eratosthenes (276-194 B.Cc.) measured the size of our earth with enough
accuracy. The alt:itude of the sun at noon at two places (Syene and Alexandria),
on the same meridian, on June 21 differed by 7°, i.e. by 1/50 of a circle. As the
distance between the two places was 5000 stadia (a stadium being nearly equal to
157.5 metres), Eratosthenes obtained a circumference of earth of 24,662 miles,
ie. 7850 miles for the diameter, which is about 50 miles smaller than the present
value of the polar diameter. Posidonius (135-50 B.C.) also determined the size
of the earth but his value is much less accurate. However, he considered the
sun to be about 200 times farther than the moon.

PuzzLES THAT REMAINED UNSOLVED
Now we acquaint ourselves with the puzzles, which lacked explanat’on prior

to Apollonius (230 B.c.), Hipparchus (130 B.c.) and Ptolemy (a.p. 140). Two
equivalent concepts, ie. (@) “excentric spheres” and (b) “epicycles and deferents”,
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were used by the later astronomers in order to understand, explain and make
predictions of the solar, lunar and planetary motions. Probably the ‘“excentric
spheres” theory appeared first and then the “epicyclic” theory. Both of these
were evolved by Apollonius and were applied by Hipparchus and Ptolemy to the
motions of the sun, the moon and the planets. The puzzles, to be explained, were:

a) Variations in the brightness of the planets: The variations in the bright-
nesses of the planets suggested that the distance from our earth varies
considerably for each planet, a criterion which could not be satisfied in the
scheme of “homocentric spheres” even by continuously increasing the number
of spheres in this system.

b) Inequality of the terrestrial seasons: These inequalities showed that the
sun moved sometimes slower and at other times faster on its yearly orbit
around the earth. As elliptical orbits were not acceptable to the ancient
Greeks, so some other way of varying the distance of the sun from our earth
was needed.

¢) Riddles of lunar motion: The moon, as we know today, has more elliptical
path around our earth than the earth has around the Sun. So, the departures
from the uniform circular motion must bs more pronounced in the lunar
case.

Besides, moon’s orbit is inclined to the ecliptic at an angle of 5 degrees,
cutting it at the ascending and descending nodes. The line joining these
nodes appears to move slowly westward in a direction opposite to that in
which the sun and planets appear to move around our earth. The successive
crossings of the ecliptic by the moon take about 27.21222 days (Draconitic
month). The westward “regression of the nodes™ is completed in 18.61 years
known as the “nutation” period, where nutation means wobbling. Thus,
the true path of the moon around our earth is not a circle, traversed uni-
formly around our earth, but a peculiar spiral path, inexplicable in the
geocentric theory of “homocentric spheres”.

d) Planetary motions: The motions of the planets, specially those of Mars,
Mercury and Venus, are still more complicated. To understand the situation,
we refer to the heliocentric system of Copernicus. To follow the apparent
nature of planetary orbits in the sky we select the orbits of Mars (a superior
planet) and Venus (an inferior planet). Figures 2 and 3 show the orbits of
Mars in Copernican and Ptolemaic systems respectively. While our earth
revolves around the sun in sidereal period of 365.25636 days, the planet
Mars takes 626.980 days for the same. Thus, for full 360 dsgrees of motion
of the earth around the sun the planet Mars is able to cover only 191 degrees
of its orb:t. In Fig. 2, A,B,C,D, E, and F are the b.monthly positions of
our earth and a, b,c,d, e, f, b, c’.d,e.f and q” are the bimonthly postions
of Mars in its orbit. In the second revolution the earth will occupy positions
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Fie. ¢ Lhe orbit of Mars in the Copernican system. A, B, C,D, E and F are the bimonthly

positions of the earth and a,b,c,d,e,f,a’, b’,c’,.d",e’,f’, and a” arc the bimonthly posi-
tions of Mars,

A,B,C,D,E and F again while the planet moves to a'.b'.c’,d’.e’ and f
(rather than a, b,c,d,e and f). Thus, the faster moving earth will aprear
to leave the slower moving Mars behind. So, instead of a direct eastward
motion in the first half of the revolution of Mars around the sun in the
second half a retrograde westward movement of Mars will be observed from
the earth. The earth-based orbit of Mars is seen as a heart-shaped curve

as shown in Fig. 3, where the earth is stationary, while sun moves around
our earth in a year.

Similarly, the Copernican orbit of the inferior planet Venus can bs under-
stood because now the earth is slower than the faster moving Venus, so will
overtake the earth, after having started together. The earth-based orbit again
becomes heart-shaped due to the shorter sidereal period of revolution of 224.701
days for Venus (Fig. 4). The orbits of Jupiter (sidsreal period = 11.86 years)
and Saturn (sidereal period = 29.46 years) are analogous to that of Mars and
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4

Fig. 3. The orbit of Mars in the Ptolemaic system. The earth is made stationary. The
deferent circle, few positions of the epicycle and the heart-shaped orbit of Mars as
seen from the earth are given.

that of Mercury (sidereal period = 87.97 days) similar to that of Venus. So, the

puzzle faced by the ancient Greeck astronomers, adherents of the geocentric system,

was to explain the heart-shaped curves described above which was done by

Ptolemy (2nd century A.D.).

GREEK ASTRONOMY (CONTINUED)

Hipparchus (130 B.c.) was really a great astronomer and we owe the modern
stellar magnitude scale to him. The Universe being geocentric, the sphere of
fixed stars has all points equidistant from the earth. So, Hipparchus assumed that
all the stars are at the same distance from the centre (i.e. the earth) and the diffe-
rences in the observed brightnesses of the stars are a result of their differing
magnitudes (or sizes). The sensation produced by objects of various brightnesses
on the human eye is logarithmic, so Hipparchus devised a logarithmic scale of
magnitudes. Only when it was realised that the stars are situated at various
distances from our earth, the concept of magnitudes was applied to the apparent
brightness of a star. Hipparchus also made a catalogue of stars, determined the
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Fig. 4. The orbit of Venus in the Ptolemaic systern. The earth is made stationary. The
deferent circle, few positions of the epicycle and the heart-shaped orbit of Venus as
seen from the earth are given.

precise duration of tropical year, the earth-moon distance (about 59-60 earth

radii) and the dimensions of the Moon. Comparing the longitudes of the stars

observed by him with those determined 150 years prior to him, Hipparchus
discovered the phenomenon of precession, i.e. the slow westward drift of the vernal

equinox at the rate of 45 or 46 seconds of arc per year (the modern value is 50.23

seconds of arc per year). Actually, in 25,800 years the equinox completes a revolu-

tion about the poles of the equator. Hipparchus tried to explain the so'ar motion
by making the centre of sun’s orbit non-coincident with the earth, i.e. by using

“excentric circle” theory. As the distance earth-sun is variable in such a system,

the inequality of seasons could be explained and the sun’s path was determined

accurate to within a minute of arc in this picture. Hipparchus also showed that
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this is equivalent to the “epicyclic” theory in which the sun revolves (say clockwise)
on a circle (called the epicycle) while the centre of the epicycle itself moves in
counter clockwise direction, around the earth, on another circle called the deferent.
The efforts made by Hipparchus to explain the planetary and lunar motions using
epicyclic theory were less successful.

After Hipparchus one may mention only few names. Sosigenes (I century
B.C.), on the orders of Julius Caesar, made the well known Julian Calendar. Rome,
the new centre of Astronomy, produced such philosophers as Lucretius (99-95 B.c.),
who dzveloped the concept of infinite, ever-existing and evolving Universe without
the participation of any divine forces. Pliny, the Senior (23-79 A.p.), believed in
the sphericity of the earth and also asserted that there may be innumerable such
worlds serving as the abodes for intelligent life. Seneca (3-65 A.D.) posed the
dilemma: “The celestial vault revolves around our earth or the earth moves in
space’.*

The next great astronomer was Ptolemy (2nd century A.p.), the author of the
“Almagest” the quintessence of the Greek astronomical knowledge. He retained,
however, all the earlier concepts and evolved the *“epicyclic” theory to such an
extent that it became a vast mathematical device for predicting solar, lunar and
planetary motions. According to him the earth d'd not rotate about an axis,
because things on its surface are not washed out or thrown off and such objects as
clouds or birds, flying above it, do not appear to lag behind the earth. Further,
our earth should be stationary because the stars do not show any displacements
which would have been the case if the earth were moving in the absolute space.

Ptolemy noticed that the errors between the predicted positions of the moon
on the theory of Hipparchus and the observed positions reached maximum at the
time of quadrature and disappeared completely at syzygy. Further, this error was
found to be variable attaining 2°39 at its maximum and vanishing altogether at
times. The error turned out to be zero when moon was at the same moment at
quadrature and perigee (or apogee) of the epicycle. It appeared, as if the radius
of the epicycle should be variable being greater at quadrature and smaller at
syzygy. As Ptolemy wanted to “save the phenomsnon”, i.e. not to sacrifice uni-
form circular motion or a combination thereof for celestial bodies, he devised an
alternative model. In the lunar case, according to Ptolemy, the deferent is not
concentric on the earth and that the centre of the epicycle moves on the d:ferent
in such a manner that its angular velocity is uniform with respect to our earth
and not with respect to the centre of deferent. At the same time, the line through
the centre of apogee of the eccentric was supposed to revolve in retrogradz direc-
tion around the earth so that the angle apogee, earth and the centre of the epicycle
is equal to twice the elongation of the moon.

¢ 1t appears that the Chinese astronomers concluded that the carth is spherical in the same
period as Greeks. Howecver, the idea that our carth can move in space occurred to Chincse
astronomers and philosophers much earlier than others (cf. Percl 1g62).
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As a consequence of the above scheme, the epicycles do not occur at the same
positions in the two theories by Hipparchus and Ptolemy. The theory by Ptolemy
turned out to be much better and could explain the second inequality called “evec-
tion”. Ptolemy attempted to explain further departures in the lunar motion
(variation) but d.d not succeed.

Hipparchus left the explanation of the planetary motions to his successors
zcause he believed that the observations were insufficient to understand planetary
motions well. Ptolemy adopted an approach analogous to that used by him for
lunar motion, i.e. he used d:ferents eccentric with respect to earth, inclined some-
what to the ecliptic, to account for the non-uniform motion along the zodiac. In
the modzrn heliocentric picture the non-uniform motion is due to the ellipticity
of the planetary orbit around the sun. An epicycle, along which the planet moved
while the centre of the epicycle moved over the deferent, accounts for the anomaly
(retrogradations and stations). This explained the heart-shaped earth-based orbits
shown in Figs. 3 and 4. However, still there were departures between the
predicted positions of the planets and the observed positions. Ptolemy tried to
remove this dscrepancy by choosing a point named ‘“equant”. situat=d halfway
between the centre of the eccentric dzferent and the earth. The line from equant
to the centre of the epicycle was made to describe equal angles in equal time, i.e.
equant was the new centre of uniform motion, while the centre of the deferent was
the centre of equal distances.

The basic defect of Ptolemaic lunar theory was that (he distances earth-moon
were grossly exaggerated and the size of moon should have varied by a factor of
two in this theory. In planetary theory of epicycles and deferents there was a
curious connection indicating the movement of the carth around our sun. For
inferior planets (Mercury and Venus) the deferent has a radius equal to the radius
of earth’s orb:t arourd the sun and the centre of the epicycle moved on it in a
terrestrial sidereal year. The planet moved on the epicycle, with a rad.us equal
to the radius of the heliocentric orbit of the planet, in a planetary sidereal period,
For superior planets (Mars, Jup:ter and Saturn) we have the opposite picture, i.e.
the deferent represents the heliocentric orbit of the planet, while the epicycle
represents the heliocentric orbit of our earth. Further, Ptolemy cou'd not explain
completely the motions of the planets in latitudes. He faced this difficulty because
he passed the line of nodss of the planetary orbits through our earth, while it should
actually pass through the sun. However, we cannot undsrestimate the value of
the fine work done by Ptolemy because he refined the “‘geocentric” systzm to his
utmost in ordzr to enable others to prepare tables of the positions of the moon
and planets with accuracy sufficient for the measurements mad: in those days.
Dryer aptly says that the Ptolemaic astronomy “for more than 1400 years remained
the Alpha and Omega of the theoretical Astronomy”. After Ptolemy, astronomers
addzd epicycles upon epicycles, used different ratios of the radii of deferents and
epicycles to make better predictions.
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SHORTCOMINGS OF THE ANCIENT ASTRONOMY

Briefly, the mistakes committed by the ancient astronomers were as follows:

i) The assumption made that the Universe is geocentric and the earth does not
move in space because stars do not show any parallactic displacements due to
such a motion. The stars show very small displacements because they are
at vast distances from our earth.

ii) That an application of geometrical principles alone can explain the planetary
motions and that the heavenly bodies cannot have any other motion besidz=s
the uniform circular motion or a combination thereof. Elliptical orbits were

not introduced even by Copernicus and were used only as late as Kepler
(1571-1630).

iii) Ancient astronomers did not bother much about the relative locations of the
sun, moon and planets with respect to the stationary earth in the centre of the
Universe. Plato, Aristotle and others placed them in the order : Moon, Sun,
Venus, Mercury, Mars, Jupiter and Saturn. Hipparchus and the astronomers
who followed him preferred the order : Moon, Mercury, Venus, Sun, Mars,
Jupiter and Saturn.

PoST-PTOLEMAIC ASTRONOMY

Between 375-500 A.D., the Roman Empire, suffering cataclysmic upheavals,
totally disappeared and there was no progress in the centuries following the above
events. Commerce and trade were paralysed and a general atmosphere of
pessimism prevailed in the countries of Europe. Chnstian churches also played
a negative role by dogmatically accepting the Scriptures and Aristotle as the final
authorities on the mechanics and the structure of the Universe and much of the
Greek astronomical knowledge, which contradicted the Scriptures became a taboo.
However, after third century B.C. the Hindu Astronomy started gaining new heights
and the siddhantas (written between about 400-600 A.D.) contain its essential
features. Then, Arabs, after conquering Persia, came in contact with the Hindu
Astronomy and Mathematics. In the reign of Caliph Al Mansur (754-775 A.D.)
in Baghdad, siddhintas were translated and by the end of ninth century, the works
of Aristotle, Archimedes, Euclid, Appollonius, Ptolemy and other mathematicians
became known to the Arabs. Though in these dark ages no remarkable progress
occurred in Astronomy, but the observational astronomy was continued by
Mohammedan, Tartar and Arab astronomers right upto the beginning of the
fifteenth century. Then, in the fifteenth century, European countries, already free
from the foreign domination, experienced the onslaught of rational thinking which
proved victorious over the pessimism, mysticism and dogmatism of the dark middle
ages. In this period of rennaissance Nicolaus Copernicus was born, wh? ing=ni-
ously noticed the flaws in the Ptolemaic epicyclic theory and realised that it is
much rational to rotate our earth round its axis in 24 hours than to rotate the
heavens in the same time and also that the epicycles of the superior planets and
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the deferents of the inferior planets are nothing but a reflection of earth’s movement
around the sun in one sidereal year. This was the beginning of the Copernican
system, which ultimately led to a Universe like Emerson’s concept of God as a
“circle with circumference everywhere but centre nowhere™.
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