
FROM ANCIENT TIMES, humans have tried to make
sense of the universe by observing objects beyond
our world – the sun, moon, stars and planets.

Early observers named star patterns, or constellations, after
mythological figures like Orion and Perseus. They charted
and predicted celestial events such as eclipses, comets and
the motion of planets, and their records formed the basis
of timekeeping and navigation. The optical telescope
invented in the seventeenth century greatly advanced the
study of astronomy: astronomers could search deeper into
space, where they discovered gas clouds, cosmic dust and
whole new galaxies, and cosmologists continued their
hunt for clues to the origin and evolution of the universe,
from its birth and into the future. 
Today’s astronomical instruments include satellite-borne
telescopes that detect radiation from cosmic objects, and
space probes that bring back information from other
planets. Armed with such sophisticated tools, astronomers
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are discovering more about the particles and forces that
make up the universe and the processes by which stars,
planets and galaxies evolve.

Earliest Known Star Catalogue:
Gan De

A Chinese astronomer, Gan De (c.400–c.340 BCE), and his
contemporary Shi Shen (fl. fourth century BCE) were the
authors of the world’s earliest-known star catalogues. Gan
De lived during the turbulent Warring States period of
ancient China, when the regular twelve-year passage across
the skies of the bright, visible light of Jupiter, the largest
planet in our solar system, was used to count years, so it was
the focus of concentrated observations and predictions.
Without telescopes, Gan De and his colleagues had to rely
on the naked eye, but they made acute calculations to guide
them to the best times to make celestial observations.
Gan De catalogued thousands of stars and recognized
more than 100 constellations. His star catalogue was more
comprehensive than the first known Western star
catalogue, drawn up in about 129 BCE by the Greek
astronomer Hipparchus, who listed about 800 stars.
His observation of what was almost certainly one of
Jupiter’s four large moons was the first known record in
the world of seeing a satellite of Jupiter – long before
Galileo Galilei officially ‘discovered’ the satellites in 1610
using his newly developed telescope. 

Shi Shen and Gan De were among the first astronomers
to approach an accurate measurement of the year, since they
calculated it as 365¼ days. Calendars based on 365 days
would eventually be reformed to reflect this more accurate
measurement. Indeed, the Greek astronomer Sosigenes of
Alexandria is said to have helped Julius Caesar realign the
Roman calendar in 46 BCE, and the resulting Julian calendar
would remain in use across Europe and Northern Africa
until the introduction of the Gregorian calendar in 1582. 

Geocentric View of the Cosmos: Aristotle

The prevailing view of the cosmos in Ancient Greece was
of the earth as a perfect sphere at the centre of the universe,
with the other known heavenly bodies orbiting around the
earth, the movement of the sun and planets being at a
uniform speed and in a perfect circle.
To this ‘geocentric theory’ the great natural philosopher
and scientist Aristotle added his own theory that the earth
and heavens were made up of five elements. The four earthly
elements were earth, air, fire and water. The fifth element,
aether, was the material that filled the heavens and was
arranged in concentric shells around the earth. Each
concentric shell of aether contained one of the heavenly
bodies, orbiting at a uniform pace and in a perfect circle;
the stars were all fixed within the outermost shell. Aristotle
believed that while earthly elements came into being,
decayed and died, the heavens were perfect and unchanging.
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Aristotle (384–322 BCE)

Aristotle was a giant of the classical Greek intellectual

world and his ideas had a lasting influence in the West.

Born to a Macedonian medical family, he was one of

the stars of Plato’s school in Athens, where he studied

philosophy and astronomy, as well as mathematics,

which Plato thought was a suitable discipline to

sharpen the mind.

Leaving Athens possibly because he was not

appointed head of the Academy after Plato’s death, but

perhaps because Philip of Macedon’s expansionist wars

made Macedonians unpopular, Aristotle returned to the

city in 335/4 BCE only after Alexander the Great –

Philip’s son and Aristotle’s pupil – had conquered all

of Greece. While running his own school, the Lyceum,

Aristotle continued extensive studies into almost every

subject then defined. His method of teaching and

debate was to walk around discussing topics, which is

why Aristotelians are often called Peripatetics.

After Alexander’s death, ill feeling towards

Macedonians flared up again, and Aristotle fled,

supposedly stating in a reference to the execution of the

philosopher Socrates seventy years earlier: ‘I will not

allow the Athenians to sin twice against philosophy.’

Precession of the Equinoxes: Hipparchus

Influential Greek astronomer Hipparchus (c.190–c.120
BCE) is credited with many fundamental advances in
astronomy during the Hellenistic era, including the
discovery of the precession of the equinoxes. While
compiling his star catalogue, he noticed that the positions
of the stars did not match up with earlier records; there
was an unexpected systematic shift, which indicated to
him that the earth itself had moved, rather than the stars.
The motion he had detected was effectively a wobble as
the earth rotates around its axis – imagine the slow wobble
of a spinning top, with its axis tracing a circular path. One
such circuit takes about 26,000 years – a figure calculated
very accurately by Hipparchus. 
The ‘wobble’ detected by Hipparchus was called the
precession of the equinoxes (or ‘precession’) because it
caused the equinoxes (the dates occurring twice a year, in
March and September, when day and night are
approximately of equal length) to occur slightly earlier
than expected with reference to the positions of the stars.
This in turn created a discrepancy with the ancient solar
measurement of a year (the sidereal year), which was based
on the time it took for the sun’s apparent revolution from
a fixed star to the same fixed star again, as viewed from
earth (or, from a modern perspective, the time it takes the
earth to orbit once around the sun). Because of the
discrepancy, Hipparchus invented a second definition: the
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tropical year, or the length of time for the sun’s apparent
revolution from an equinox to the same equinox again, or
from season to season. The tropical year is about twenty
minutes shorter than the sidereal year. Hipparchus used
Babylonian data to calculate the lengths of the sidereal and
tropical years with great accuracy. 
Our current Gregorian calendar is based on the tropical
year, which ensures that the seasons occur in the same
months each year.

Mathematical View of the Cosmos:
Ptolemy 

Two hundred years after Hipparchus, Ptolemy, the last of
the great Ancient Greek astronomers, also adopted the
geocentric view of the earth as the centre of the cosmos. His
contribution was to create the first model of the universe to
explain and predict the movements of the sun and planets
in mathematical terms, and he recorded the results in his
great work, the Almagest. He theorized that the moon was
the closest heavenly body to the earth, followed by the
planets, and then the stars, which were fixed points of light
in a rotating sphere, and it was this model that would prevail
in Europe for the next 1,500 years.
Despite Ptolemy’s fundamental beliefs, in order to
mathematically explain the movements of heavenly bodies
he had to violate his own rules by assuming that the earth
was actually not the exact centre of the planetary orbits.
Pragmatically, he and his followers accepted this
displacement, known as the ‘eccentric’, as just a minor blip
in the essential geocentric theory.
Ptolemy used a combination of three geometric
constructs. The first, the eccentric, was not new, nor was
his second construct, the epicycle. This proposes that
planets do not actually move in large circles, but instead
move around small circles or epicycles which in turn
revolve around the circumference of a larger sphere
focused (eccentrically) on the earth. Progress along the
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The earth’s precession – the earth tilts on its axis at an angle of 
23.5 degrees, and wobbles like a top as it rotates, but only slowly: 

one wobble (or ‘circle of precession’) every 26,000 years. 
The wobble affects the equinoxes, or the timing of the seasons.



epicycle explains why planets sometimes appear to move
backwards, or ‘retrograde’, see diagram below.
His third construction – the equant – was revolutionary,
and Ptolemy invented it to explain why the planets
sometimes seem to move faster or slower, rather than
uniformly. He suggested that the epicycle’s centre of
motion on the circumference of its larger circle is not
aligned with either the earth or the actual eccentric centre
of the larger circle, but with a third point, the equant,
which is situated opposite the earth and at the same
distance from the true centre of the sphere as is the earth.
It is only from the point of view of the equant that the
planet would appear to be in uniform motion. 

Ptolemy (c.83–c.161 CE)

Ptolemy lived in Egypt when it was a province of the

Roman Empire. Although his first name, Claudius, is

Roman, his proper surname, Ptolemaeus, suggests

Greek heritage, and he used Greek for his writings.

Modern astronomers have confirmed that he made his

observations of the heavens from the town of

Alexandria, whose magnificent library was a magnet

for ancient scholars of all disciplines.

Until Ptolemy began writing, there had been a gap

in Greek astronomy since the days of Hipparchus

(c.190–c.120 BCE), and it is only thanks to Ptolemy

that we know about Hipparchus’ work. Ptolemy was a

great synthesizer, and acknowledged using earlier

theories in his explanation for how the universe moves.

These three mathematical constructions – epicycle,
eccentric and equant – were complex and unsatisfactory to
purists, but they worked. They explained some puzzling
aspects of astronomy, such as why planets sometimes
appear to move backwards in the night sky and why they
appear brighter, and therefore closer, at different times.
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Ptolemy’s geocentric model placed the earth not at the exact
centre of the planetary orbits.



Together they actually approximated the modern view of
the universe, in which the planets orbit the sun in elliptical
paths. So Ptolemy’s work allowed for reasonably accurate
predictions of planetary positions for many years.
Ptolemy’s geocentric model was first followed in the
Middle East and then in western Europe. It aligned with
religious belief, and scholars who dared dispute it faced a
death sentence from the rigid and repressive Catholic
Church. However, by 1008, Arab astronomers were
questioning his data and his ideas, and centuries later it was
clear that at least some of his recorded observations were
falsified to match his theories.

More Accurate than Ptolemy: Al-Battani

Ptolemy’s predictions of planetary positions were surpassed
in early medieval times by a brilliant Arab astronomer and
mathematician, al-Battani (c.850–929).
Descended from a well-known instrument maker and
astronomer, al-Battani lived at a time when the Muslim
empires encouraged learning and kept alive the science and
philosophy of ancient Greece and Rome. At the crossroads
between East and West, Muslim scholars also received ideas
from the Asian civilizations of China and India, and
incorporated them with their own discoveries into a body
of knowledge that was later passed on to Europe. 
Using some massive instruments to observe the sky, al-
Battani produced a set of elaborate astronomical tables
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recording positions of the sun, moon and planets, and
explaining how these could be used to anticipate future
positions. His ‘Sabian Tables’ were more accurate than any
others available at the time. They were translated into
Latin in 1116 and were widely used. For example,
sixteenth-century Renaissance astronomer Nicolaus
Copernicus acknowledged al-Battani in his
groundbreaking work on heliocentrism.
Al-Battani made the amazingly accurate determination
that our solar year is 365 days, 5 hours, 46 minutes, and
24 seconds long, only a couple of minutes off today’s
reckoning of 365 days, 5 hours, 48 minutes, 45 seconds.
And he made a discovery that had eluded Ptolemy: that
the farthest distance of the sun from the earth varies. As a
result, he correctly predicted annular eclipses, in which the
moon does not quite cover the whole face of the sun. He
also improved Ptolemy’s models of the orbits of the sun
and the moon.

Navigation – by the Stars and 
Compass: Shen Kuo

Prior to the compass, sailors relied upon landmarks and
observations of celestial bodies, including the northern
pole star, or North Star, which lies approximately directly
overhead when viewed from the earth’s North Pole. The
North Star provides an excellent fixed point in the sky
from which to navigate: all the other stars of the northern
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sky appear to rotate around it. Historically, sailors in the
northern hemisphere used it to find the geographic North
Pole and, from its angle of elevation, their latitudinal
position. 
Due to the precession of the equinoxes (see page 10),
over many years the earth’s axis and North Pole will point
to a different star, which will then take on the role of the
pole star. At least from late antiquity the northern pole
star has been Polaris and this star will reign for centuries
to come, but in about 3,000 CE Gamma Cephei is set to
replace Polaris as the northern pole star, which will in turn
be replaced by Vega in 14,000 CE.
Chinese polymath and government official Shen Kuo
(1031–95 CE) with his colleague Wei Pu (fl. 1075) measured
the position of the pole star every night for five years. Later
he recorded the invention of the magnetic needle compass
in China, knowledge of which would pass to Europe and
the Middle East and become so important for navigation
and sea exploration. He was the first known person to
discover that needles point to the magnetic north, not to
true north and south.
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