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Phaenomena
Doppelmayr’s Celestial Atlas
Giles Sparrow

A beautiful showcase of Johann Doppelmayr’s magnificent and influential Atlas 
Coelestis (1742) that deconstructs the intricately drawn plates and traces the 
ideas of the famed astronomers featured.

Marketing points

•	 �Complements the major trend for interest in astronomy and the zodiac, 
providing an authoritative and beautiful guide to the heavens for all cosmological 
enthusiasts.

•	 �Decodes this influential work with expert commentary and analysis by Giles 
Sparrow, relating it to modern understandings of our galaxy and elucidating the 
work of the influential astronomers featured.

•	 �Elegantly expands the original manuscript, adding multiple layers of interest 
and utilizing stylish design concepts, to create a luxurious presentation in the 
manner of STRATA and London Poverty Maps.

�Description

�First published in 1742, Johann Doppelmayr’s Atlas Coelestis is an extraordinary 
exposition of the heavens that charts constellations, planets, comets and moons in 
captivating detail. A sumptuous introduction to the fundamentals of astronomy, the 
Atlas also illuminates the work of other famed astronomers, including Copernicus, 
Riccioli, Kepler, Newton and Halley. In Phaenomena this magnificent work is 
both reproduced in its entirety and expertly deconstructed, presenting a celestial 
treasure trove to delight every seasoned star gazer and amateur astronomer.

Born in Nuremberg in 1677, Johann Doppelmayr was a mathematician, 
astronomer and cartographer. Phaenomena begins by introducing his life and 
works, placing his extraordinary atlas in the context of the discoveries made during 
the Renaissance and the Enlightenment, a canon of work that the Atlas both draws 
upon and contributes to. It then presents the thirty beautifully illustrated and richly 
annotated plates, covering all the fundamentals of astronomy, from the dimensions 
of the solar system to the phases of the moon, and from the constellations of 
the Northern and Southern Hemispheres to the courses of comets. Each plate 
is accompanied by expert analysis from astronomer Giles Sparrow, eloquently 
explaining Doppelmayr’s references, illuminating each exquisite detail and 
rendering this important cosmological work intelligible for a modern audience. 
The plates are then carefully deconstructed, isolating key stars, planets, orbits and 
moons for in-depth explanation. A conclusion reflects upon the Atlas’s influence 
on the development of astronomy and traces the course of the science up to the 
present day. This elegant and comprehensive presentation intelligently expands 
Doppelmayr’s work, creating a spectacular handbook to the cosmos invaluable to 
any astrological enthusiast.
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FIG. 1.

The frontispiece 
of Harmonia 

Macrocosmica, a star 
atlas produced in 1660 

by Dutch-German 
cartographer Andreas 

Cellarius, depicts key 
figures in the debate 

about the nature of the 
universe attending on 

Urania, the Greek muse 
of astronomy. Those 

depicted include Tycho 
Brahe (front left), 

Nicolaus Copernicus 
(front right) and 

Ptolemy of Alexandria 
(back row, left).

FIG. 1.

FIG. 2.

A plate from 
Andreas Cellarius’ 
atlas displays the 
Copernican model  
of the Universe in  
plan view, with the  
Sun at the centre, 
circled by the 
planets and ringed 
by the sphere of the 
stars (represented 
by the traditional 
constellations of 
the zodiac). Both 
Earth and Jupiter 
are depicted with 
their accompanying 
satellites.

FIG. 2.

doppelmayr & his world.Introduction.

T
he Atlas Coelestis by Johann 
Doppelmayr (1677–1750) is 
among the most spectacular 
artistic and scientific feats 
of astronomy created in the 
European Enlightenment. 
Across thirty spectacular 
plates it gathers together and 
explains countless aspects 

of astronomical science as it was known at that 
time, ranging from the motions of the planets 
to the timing of eclipses, the passage of comets 
and the properties of distant stars. Published in 
1742 by the great Nuremberg cartographic house 
founded by Johann Baptist Homann (1664–1724), 
the ‘celestial atlas’ collates illustrations created  
for previous world atlases over the preceding 
decades with many created especially for the 
project. Together, they provide an unrivalled 
insight into the Enlightenment view of the cosmos 
– a world that had shaken off many of the wrong-
headed theories that had persisted since classical 
times, but for whom many questions remained 
unanswered.

From a 21st-century perspective, Doppelmayr’s 
time feels comfortably removed from the great 
revolution that had overturned astronomy in the 

16th and 17th centuries. When we consider the 
Copernican Revolution – which uprooted Earth 
from its privileged place at the centre of the cosmos 
and transformed it into one of several planets 
orbiting the Sun – we may think of it as beginning 
with Nicolaus Copernicus’s (1473–1543) own treatise 
on the subject, On the Revolutions of the Heavenly 
Spheres, published almost exactly 200 years earlier 
in 1543. Or perhaps we consider its culmination with 
the trial of Galileo (1564–1642) before the Inquisition 
in 1633. History is written by the winners, and it is 
easy to assume that, despite his condemnation by 
the Church, Galileo’s discoveries and arguments 
effectively settled the matter in the mind of all 
rational thinkers.

The truth, of course, is more complex, and 
Doppelmayr’s Atlas, with its numerous illustrations 
of alternative systems of the universe, hints at some 
of that complexity. Telescopic discoveries, such as 
the moon-like phases of Venus and the satellites 
orbiting Jupiter, may have resolved the basic 
question of whether the Sun or Earth formed the 
centre of the cosmos, but there were still lingering 
questions and arguments. What controlled the 
shape of planets’ orbits around the Sun, and the 
periods in which they orbited? Could the details 
of orbits be modelled with enough accuracy to 
predict planetary motions? What was the true scale 
of the universe, and the true nature of the planets? 
And above all, if the old order of things – in which 
materials naturally fell towards the centre of Earth 
and the universe, and thereby found their orderly 
place – was swept away, what should replace it?

These days we understand the answer to that last 
question to be gravity, an attractive force exerted 
by all heavy objects in proportion to their mass, 
and it is easy to imagine Isaac Newton’s (1643–
1727) magisterial Principia of 1687 being greeted 
with relief as the longed-for solution to countless 
astronomical problems, but Newtonian physics  
was slow to catch on – particularly in mainland 
Europe – and these questions remained open for 
far longer than we might care to imagine. In places, 
therefore, Doppelmayr’s plates offer a glimpse into 
a cosmos of possibilities in which the universal 
Newtonian clockwork had not yet quite found its 
rhythm.

Born on 29 September 1677, Johann Gabriel  
Doppelmayr was the son of Johann Siegmund 
and Maria Catharina Doppelmayr. His father,  
a Nuremberg merchant, made a hobby of experi-
mental physics and, according to Doppelmayr,  
was the first in the city to build a successful  
vertical air pump.

After private tuition to the age of twelve, the 
young Johann Gabriel attended the Aegidianum, 
or Old Nuremberg Gymnasium, one of Germany’s 
leading Protestant schools. He proved a model 
pupil and by 16 was attending the public lectures 

of the gymnasium’s most renowned professors. 
From 1696 he attended university at nearby 
Altdorf, intending to study for a career in law. It 
was here that his future took a fateful turn when 
he joined lectures on mathematics and physics 
by the influential philosopher Johann Christoph 
Sturm (1635–1703).

Sturm had gained a reputation as the greatest 
experimental physicist in Germany He founded 
the Collegium Curiosum – a private club modelled 
on scientific academies elsewhere in Europe – and 
published two volumes describing its experiments 
and demonstrations. Doppelmayr soon fell under 
his spell and began to concentrate on the worlds of 
mathematics and physics, leading to dissertations 
on the Sun and on vision and the camera obscura, 
a popular optical novelty of the time.

A brief spell at Halle University saw Doppelmayr 
finally abandon his legal training altogether in 
favour of physics and mathematics. Making plans 
to travel to Holland and England to improve his 
knowledge, he set off on a scientific ‘grand tour’ 
in 1700, spending time in Utrecht (where he honed 
his mathematics and studied other languages) and 
Leiden (where he learned the secrets of grinding 
glass to make optical instruments such as telescopes) 

in Holland before crossing the Channel. Alternating 
his time in England between London and Oxford, 
the keen young student Doppelmayr soon made 
the acquaintance of important scientists of the 
age, including Astronomer Royal John Flamsteed 
(1646–1719), Savilian Professor of Astronomy David  
Gregory (1659–1708) and the venerable scholar John  
Wallis (1674–1738). Subsequently, he was invited to 
attend lectures and discourses at the Royal Society, 
establishing relationships that would last for the 
rest of his life. 

In 1704, Doppelmayr made a triumphant return 
to the Aegidianum as its newly minted Professor 
of Mathematics. It was here he would remain for 
the rest of his life, devoting himself to research, 
teaching and the popularization of the latest 
scientific ideas. In 1716, he married Susanna Maria  
Kellner, the daughter of a prominent local 
apothecary. They had four children together but 
only one survived infancy. (This one surviving son, 
Johann Siegmund, showed his own early aptitude 
for mathematics, and was taught at first by his father 
at the gymnasium, but later followed his mother’s 
side of the family to become an apothecary).

Johann Doppelmayr may have no great scientific 
discovery of his own as a claim to fame, however he  
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SYS T E M  O F  T H E  S U N  
A N D  P L A N E T S

( SYSTEM SOLARE +  PLANETARIUM)

Doppelmayr summarizes the Copernican model  
of the solar system and demonstrates its usefulness  

for explaining celestial phenomena.

comprehensive as later depictions (including 
Doppelmayr’s) imply. While the planets were 
now placed on their familiar paths around the 
Sun with only the Moon orbiting Earth, Copernicus 
was forced to retain the smaller epicycles that 
caused them to wander back and forth even 
as they generally drifted westwards across  
the sky. The main reason for this was that he 
still believed in the necessity of Aristotle’s ideal  
of uniform, circular motion. Changes to the 
apparent speed and direction of the other  
planets could not be entirely explained by our 
shifting point of view on Earth, and so a further 
mechanism was required.

Even with this unwanted complication, 
Copernicus’s system clearly offered a powerful 
alternative to Ptolemy’s, and word began to 
spread through academic circles across Europe. 
Legend has it that the first copies of the finished 
work, De Revolutionibus Orbium Coelestium  
(On the Revolutions of the Heavenly Spheres) 
were brought to Copernicus as he lay dying from 
a stroke in May 1543. Whether he knew about 
printer Andreas Osiander’s (1498–1552) addition 
of a preface, dedicating the work to Pope Paul III 

(1468–1549) and insisting that the book’s hypothesis 
should merely be treated as a mathematical tool 
rather than a description of the true nature of 
 the universe, we will therefore never know.

Modern research has challenged the long
standing view that the densely packed, complex 
De Revolutionibus made little impact at the time 

– in fact a census of all known surviving copies 
from its early printings suggest that the book  
was read (and annotated) by many astronomers 
keen to make use of its mathematical tools. It  
seems true, however, that many turned a blind 
eye to its implications for cosmology – though  
this is perhaps unsurprising given the fervent 
religious debates of the time and the fact that  
its ideas were derided by Protestants. Somewhat 
ironically given their later infamous clash with 
Galileo, some parts of the Catholic Church offered 
the theory a warmer welcome, at least while it 
remained firmly in the realm of mathematical 
hypothesis. It was only from around 1609 that 
the invention and development of the telescope 
revealed new phenomena in the sky for which a 
Sun-centred, rather than Earth-centred, universe 
seemed the only plausible explanation. 

system solare + planetarium.

FIG. 1.

Perhaps the most 
famous plate from 
Andreas Cellarius’s 
1660 Harmonia 
Macrocosmica depicts 
the Sun at the centre 
of the solar system, 
demonstrating how 
our planet’s tilted axis 
of rotation can tip the 
northern hemisphere 
towards and away from 
the Sun at different 
times of year, giving 
rise to the familiar 
pattern of seasons. 
Earth is shown at four 
different points in the 
year. Anticlockwise 
from top, these are the 
winter solstice, vernal 
or spring equinox, 
summer solstice and 
autumnal equinox.

P
late 2 of the atlas presents a 
vision of the Enlightenment 
Universe. Originally compiled 
for Homann’s 1716 Grand Atlas, 
at its heart lies a model of the 
solar system, centred on the 
Sun according to the theories 
of Nicolaus Copernicus (1473–
1543), and elaborated with the 

discoveries made over some 130 years of telescopic 
observations.

What we now think of as the Copernican 
Revolution was a long time coming – and followed 
a prolonged and tortuous path to acceptance. The 
practice of ‘positional astronomy’ – the idea that the 
ancient system of epicycles and equant points could 
deliver accurate predictions if only it was provided 
with sufficiently precise initial measurements of 
planetary positions and movements – reached its 
peak in medieval Spain during the late 13th century, 
where Islamic, Jewish and European ideas and 
scholarship mixed freely. Here, King Alfonso X 
of Castile (1221–84) sponsored the compilation of 
astronomical tables that drew on a wide variety of 
earlier sources and fresh observations to deliver 
unprecedented accuracy. The resulting ‘Alfonsine 
Tables’ were used to create ephemerides – charts of 
the heavenly bodies that could be used in casting 
horoscopes.

The only catch was that the same process began 
to reveal shortcomings in Ptolemy’s (c. 100–170 ce) 
complex model of the universe – more accurate 
measurements made the tables themselves 
more accurate, but also revealed errors in their 
predictions that might have been overlooked in 
previous centuries. Thus Ptolemy’s model, like that  
of Aristotle (384–322 bce) before him, began to 
accrue awkward elaborations – epicycles within 
epicycles just to keep the cosmic clockwork in line 
with observation.

The first rumblings of a revolution came in 1377, 
when Nicolas d’Oresme (c. 1320–82), philosopher 
and Bishop of Lisieux in northwestern France, 
published his Livre du Ciel et Du Monde (Book of 
the Heavens and the Earth). In it, he demonstrated 

that the daily motion of the stars, at least, could be 
explained as well by a rotating Earth as by a rotating 
outer celestial sphere. He foreshadowed Galileo’s 
later concept of inertia by arguing that the elements 
would share Earth’s motion and so we should 
not expect a perpetual wind from the east, and 
suggested that spinning the relatively small Earth 
about its axis might prove more economical to the 
scheme of the universe than causing a vast starry 
sphere to rotate in a matter of twenty-four hours. 
And finally, he directly addressed a thorny issue 
that would come back to haunt Galileo in particular 

– the fact that several Biblical accounts mention 
the Sun, and one (in the Book of Joshua) even has 
it briefly stopped on its path. D’Oresme suggested 
this was just the Bible speaking to the language and 
common experience of its characters and audience, 
and should not be taken as a statement on the true 
construction of the universe. Nevertheless, he 
ultimately held back from any statement on the 
reality of the situation, insisting that he, like all 
right-thinking people, believed the heavens, rather 
than the Earth, stood still.

A century and a half later, Nicolaus Copernicus 
launched his theory in a very different climate. The 
transformations unleashed by the Renaissance 
and the Protestant Reformation saw many long-
accepted dogmas being openly questioned, while 
the invention of the printing press allowed new 
ideas to spread more quickly than ever before. 
Copernicus was particularly inspired by the 
Epitome of the Almagest, a 1496 book by George  
von Peuerbach (1423–61) and Regiomontanus  
(1436–76) that amongst other things drew attention 
to some of the problems in Ptolemy’s theory of  
lunar motion. After confirming these for himself 
through observation, he began to read more 
widely and develop his own ideas. By 1514 he had 
summarized these in a small book usually referred 
to as the Commentariolus (Little Commentary), 
which he circulated among friends and fellow 
astronomers in manuscript copies. 

Although chiefly famous for placing the Sun, 
rather than the Earth, at its centre, the Copernican 
vision of the universe was not as simple or as 

2.
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FIG. 1.
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is:	  	 🜩 27683213673192				    major	 🜩  10397	
	  	 ⊖ 3645252928246960				    ⊖  1369078	 Turns
		  ♀  6151366863		            			   ♀   2⅓	
		  ♂  355815367				    minor	 ♂  7½		
		  ☿  149300419				                   	 ☿  17 6�7		

FIG. 8.
PROPORTIONAL DIAMETER AND MAGNITUDE OF  
THE PLANETS WITH RESPECT TO THE SUN AND EARTH.

Diam.:	 Saturn’s rings	 To the		  11–37		  The diameter	 -------------
	 Saturn (♄)		  diameter		  c. 5–37 		  of the Sun		  ♄ 405
	 Jupiter (🜩)	 of the Sun:		 2–11		  shall exceed:	 🜩 131
	 Earth (⊖)				    1–111				    ⊖ 1369078
	 Venus (♀)				    1–84				    ♀ 592754
	 Mars (♂)				    1–160 				    ♂ 10244509
	 Mercury (☿)			   1–290				    ☿  24415557

FIG. 9.
THE SOLAR ECLIPSE OF 12 MAY, 1706.

First appearing in Homann’s Neuer Atlas of 1707, Plate 2  
depicts the most recent solar eclipse seen over Europe at  
the time. The eclipse was the first to have its path across the  
Earth’s surface accurately predicted in advance, along with  
the extent of the umbral (total) and penumbral (partial)  
shadows cast by the Moon.

FIG. 5.
THE SCALE OF THE BODIES OF THE  
PLANETS WITH RESPECT TO THE SUN.

By combining his knowledge of the distance to the 
planets with the latest angular measurements of  
their apparent size in the sky, Doppelmayr was able  
to estimate the relative sizes of bodies in the solar 
system. The basis of these calculations are shown  
in the included table (Fig. 8).

The diameter of the Moon is 477 Germanic miles:  
therefore smaller than the Earth nearly 47 times.

FIG. 4.
THE SATURNIAN SYSTEM.

The outermost planet known in Doppelmayr’s time, 
Saturn is depicted with its surrounding ring system 
and five known moons: Tethys, Dione, Rhea, Titan and 
Iapetus (numbered 1 through 5). Titan was discovered 
by Christiaan Huygens in 1655, and the other four by 
Giovanni Domenico Cassini between 1671 and 1784.

FIG. 7.
THE SOLAR ECLIPSE OF 12 MAY, 1706.

A companion diagram to the solar eclipse depicts  
the geometry of lunar eclipses, in which the full moon 
passes through the long cone of shadow cast by Earth. 
Because Earth is larger than the Moon, the required 
alignment is far less precise, and lunar eclipses can  
be seen across Earth’s entire night-time hemisphere.

FIG. 3.
THE JOVIAN SYSTEM.

Jupiter is shown with its four major satellites, 
today known as the Galilean moons. The satellites, 
numbered 1 through 4 moving outwards, are shown 
with their orbital periods – the familiar names Io, 
Europa, Ganymede and Callisto were not widely 
adopted until the 20th century.

FIG. 2.
THE INNER PLANETS.

Doppelmayr crowds the region around Mercury, Venus,  
Earth and Mars with information about their orbits. 
Distance from the Sun is given in Earth diameters, 
and orbital periods in days and hours. The current 
directions of perihelion (each orbit’s closest point to  
the Sun) and aphelion (its greatest distance) are shown.

FIG. 6.  
MARKINGS AND APPEARANCES  
OF THE PLANETS.

Here, Doppelmayr shows the typical surface  
features and appearances of the four inner planets – 
the seas and continents of Earth, the dark markings  
on the face of Mars and the changing phases of  
Venus and Mercury. All are explored in more  
detail on plate 5.

Doppelmayr’s atlas makes an unusual (for the time) attempt to depict the relative scales of orbits, showing  
that the four inner planets cluster relatively close to the Sun, while those of Jupiter and Saturn are much  
further out. Rays surrounding the Sun also hint at its dwindling influence at greater distances.
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FIG. 1.
THE COPERNICAN SOLAR SYSTEM.

Wider zone of partial  
eclipse (penumbral  
shadow).

Path of totality where  
umbra moves across the 
Earth.

Orbit of the Moon

terra

Eclipsis 
Lunae

Refactio Radiation

Numbers and paths on the 
face of the Sun indicate  
the varying extent of the 
eclipse and the timing of  
its beginning and end.
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FIGS. 2–3.

Two depictions of the 
Ptolemaic system that 
dominated medieval 
astrology, both 
depicting not only the 
spheres of the planets 
and outermost fixed 
stars, but also the inner 
sublunary spheres 
that were considered 
the rightful positions 
of the elements fire, 
air, water and earth. 
Fig. 2 is Gautier de 
Metz’s Image du Mond 
(1464), and Fig. 3, a late 
14th-century edition of 
the Breviari d’Amour 
by Occitan poet Matfre 
Ermengau.

FIG. 1.

Theoria planetarum primariorum.

T H E O RY  O F  T H E  
P R I M A RY  P L A N E T S

(THEORIA  PLANETARUM PRIMARIORUM)

Doppelmayr demonstrates how the Copernican system, modified by  
Kepler’s elliptical orbits, accounts for the motions of the planets.

4.
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FIG. 1.

One of the most 
common applications 

of astrology was to 
medieval medicine. 

The dominance of 
certain planets and 

constellations was 
seen as influencing the 

motions of the four 
classical elements, and 

(in a model originated 
by Greek philosopher 

Empedocles) four 
humours or fluids 

within the body. These 
in turn were linked 

to bodily organs, 
physical illnesses and 

psychological states 
in a complex model 

encapsulated by 
illustrations such as 

the Anatomy of Man 
from the famous Très 

Riches Heures du Duc 
du Berry of 1415.

visible throughout the night. Above all, there 
was the question of how and when the Sun, Moon 
and planets moved in and out of the various 
constellations. 

All of these questions had an immense practical 
importance because, until well into the 17th 
century, what we think of today as the science of 
astronomy was inextricably linked to astrology 
– the forecasting of events on Earth based on 
those in the heavens. Though modern astrology 
is widely regarded as a fairly harmless superstition, 
the classical and medieval form was part of a 
sophisticated world view that encompassed 
everything from the organization of states to the 
treatment of illness. Few scholars believed that 
the celestial bodies themselves were affecting 
events and people on Earth, but they did hold to a 
widespread view that events on Earth and in the 
heavens both followed pre-ordained cycles; history 
might not repeat itself, but it certainly rhymed and 
if, for example, a great king died unexpectedly 
while hunting during a conjunction of certain 
planets, then a shrewd ruler might well wish to 
know when the next such conjunction was due, 
and modify their plans accordingly. The ability to 
predict such events, which seem little more than 
curiosities to modern life, was the driving force of 
astronomy for two millennia or more.

Thus, astronomer/astrologers took a great 
interest in Copernicus’s system long before they 
properly digested its true implications. While 
geocentric models of the universe had been 

forced to employ complex epicycles and other 
mechanisms to keep the inferior planets anchored 
to the shifting location of the Sun as the Sun itself 
circled Earth, the Copernican model had a far 
simpler explanation: with Earth as third planet, 
the orbits of each of the two sunward worlds cover 
only a limited angle in our skies. All planets orbit 
in the same direction (counter clockwise as seen 
from above) and circle the Sun at different speeds 
and in different periods so that the distance and 
direction from one to another changes. An inferior 
planet has an orbit smaller than Earth’s and reaches 
its greatest elongation east or west of the Sun as it 
rounds the outer edge of its orbit seen from our 
point of view. It comes closest to Earth at a point 
called ‘inferior conjunction’ when it lies in exactly 
the same direction as the Sun (though because the 
orbits are slightly tilted in respect to each other, 
it does not usually pass across the face of the Sun 
itself). At its furthest from Earth, meanwhile, it 
lies on the opposite side of the Sun at ‘superior 
conjunction’. As it moves between superior and 
inferior conjunction via its greatest eastern 
elongation, the planet is visible in the evening sky 
after sunset (since it lies east of the Sun and sets 
after it). After inferior conjunction it appears in 
the morning sky and loops through its western 
elongation before returning to the next superior 
conjunction.

In addition, the Sun-centred system offers  
an easy explanation for the most obvious aspects 
of motion among the three superior planets. 

FIG. 3.FIG. 2.

P
late 4 demonstrates how 
Copernicus’s Sun-centred 
model of the solar system 
can make intuitive sense of 
some of the most obvious 
phenomena in the motions of 
the planets, before describing 
the revolutionary ideas of 
Johannes Kepler (1571–1630), 

as well as the adornments other astronomers 
added to Kepler’s simplicity in an attempt to  
explain what drove the planets in their orbits.

Long before the planets were recognized as 
balls of rock and gas distinct from stars, they 
had first drawn attention to themselves through 
their eccentric motions in the sky. While the stars 
wheeled around the heavens in fixed patterns  
that never seemed to change, five bright lights 
wandered among them on varying paths. Two 

of these lights rarely strayed far from the Sun. 
One, the brightest of all, traced large loops and 
often appeared as a brilliant beacon in the dark 
sky, lingering after sunset or heralding the new 
day – small wonder that ancient civilizations 
frequently associated it with their goddess of 
beauty (the Roman Venus). The other, much fainter, 
faster-moving and harder to spot, made only brief 
appearances in the sky at dawn or dusk; the Romans 
named it Mercury, after the fleet-footed messenger 
of the gods.

The other three planets moved differently. 
Largely unshackled from the Sun, they could circle 
westwards around the entire sky along the band 
of stars known as the zodiac. Once in each cycle 
they would approach the Sun’s own position and 
disappear into the sunset sky, before re-emerging 
weeks or months later to be visible before sunrise. 
What was more, their general westward track was 
frequently interrupted by periods of ‘retrograde’ 
motion in which they tracked east across the 
sky for weeks or months before resuming their 
general westward trend. The least predictable of 
these three wanderers, which had a baleful red 
colour and could vary significantly in brightness, 
became associated with gods of war, such as 
the Greek Ares and Roman Mars. Steadier in its 
motion and more predictable in its brilliance was 
the planet frequently associated with the chief 
or king of the gods, known since Roman times as 
Jupiter. Finally, the system was completed by the 
fainter and more sedate planet associated by both 
Greeks and Romans with the king’s father – Cronus  
or Saturn.

Tracking the motions of these planets and 
predicting various events in their passage around 
the sky became the key concern of ancient 
astronomy. Such events could include the timing 
of their conjunctions or comings-together with 
the Sun, Moon or stars, or simply with each other, 
the greatest distance or ‘elongation’ from the Sun 
achieved by the so-called ‘inferior planets’ Venus 
and Mercury and the timing of ‘oppositions’ when 
the free-roaming ‘superior’ planets lay directly 
opposite the Sun in the sky and were therefore 
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LIBROS DEL SABER DE ASTRONOMIÁ 
(12th CENTURY).

The Libros del Saber de Astronomiá (Books of  
the Wisdom of Astronomy) was an extraordinary astronomical 
encyclopedia commissioned in the late 12th century under 
King Alfonso X of Castile. Compiled by Christian, Jewish 
and Muslim scholars of the Toledo School, it encompasses 
a vast range of knowledge, including detailed tables for 
use in astrological prediction. Alfonso also commissioned 
the Alfonsine Tables – an ephemeris of planetary positions 
that offered tools for predicting future movements with 

unprecedented precision – and whose persistent inaccuracies 
did much to fuel doubts in the geocentric model. Alongside 
astrological tables, the Libros del Saber de Astronomiá 
includes manuals for the use of instruments such as the 
astrolabe (top) and arnillary sphere (bottom left). As well  
as offering a tool for measuring inclinations of objects in the 
sky, disc-shaped astrolabes functioned as elaborate analogue 
computers, with sliding and rotating pointers to simplify 
various calculations, and a variety of useful data engraved on 
either side of the disc. They found uses not only in astronomy, 
but also as general surveying tools – for instance when 
calculating the height of distant objects.
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P H E N O M E N A  O F  T H E
P R I M A RY  P L A N E T S

( PHAENOMENA IN  PLANETIS  PRIMARIIS )

Doppelmayr shows how the orbits and orientations of the planets in  
the Copernican system affect their appearance as seen from Earth.

so a precisely ground glass lens (or later, a curved 
mirror) can redirect them into a tightening cone 
of rays that converge at a single point – the focus. 
The concave eyepiece of a Galilean telescope 
intercepts the converging rays before they reach 
the focus and bends or ‘refracts’ them back onto 
diverging paths, so they reach the eye as if they 
were coming from a closer, or larger, magnified 
object. The Keplerian design, meanwhile, allows 
the rays to cross at a focus and then refracts 
them with a second convex lens to create the 
diverging light cone viewed by the observer. 

The actual magnification achieved by any 
refracting (lens-based) telescope depends on the 
shape of the two lenses (the stronger the curved 
surface, the greater its light-bending effect, and 
on the distance between them. Unfortunately, 
simple curved glass lenses come with their own 
drawbacks – principally the light passing through 
the lens is bent by different amounts depending 
on its colour, resulting in a series of colourful 

‘fringes’ known as chromatic aberration. The 
stronger the lens’s curvature, the greater the effect. 

While the challenges of chromatic aberration 
would eventually be overcome in the later 18th 
century, early telescopic astronomers found 
an ingenious workaround  – minimizing the 
curvature of the objective lens to create an 
extremely long cone of light that reached a focus  
far behind the lens, before being picked up 
by the eyepiece to create the magnified image. 
This minimized the problem of coloured 
fringes and gave rise to higher magnifications.

The final factor that shaped telescopes from  
the mid-17th century until Doppelmayr’s own time 
is today known as ‘light grasp’. Because a telescope’s 
objective lens has a larger light-collecting surface 
than a human pupil, it effectively delivers more of 
the light from distant objects into the eye, making 
faint objects appear brighter. The larger the lens,  
the more light can be delivered, but the longer the 
focal length (in fact, all else being equal, doubling 
the lens’s diameter quadruples the focal length).  
As optical glassmakers improved their techniques 
for casting and polishing lenses of increasing 
size, telescopes had to become longer and longer  
to accommodate them. The result was an era of 
bizarre-looking instruments – enormous tubes tens 
of metres long, supported on ingenious scaffolds, 
and even longer ‘aerial telescopes’ that abandoned 
tubes entirely in favour of mounting the objective 
on a distant mast and linking it to the observer at the 
eyepiece with strings, controlling wires and other  
mechanisms. 

Precarious though they often seemed, these early 
devices nevertheless allowed the great astronomers 
of the 17th and early 18th centuries to begin 
observing the ‘phenomena’ of the other planets. 
Alongside depictions of the markings observed 
(erroneously) on Venus and more accurately on 
Mars, Doppelmayr’s Plate 5 depicts the phases of 
Mercury – first observed by Giovanni Battista Zupi 
(1589–1650) in 1639 – the shifting cloud bands of 
Jupiter and early observation of Saturn’s puzzling 
shape that was later resolved by Christiaan Huygens 
(1629–95) in 1655 as the planet’s famous ring system.

FIG. 1.

Johannes Hevelius’s 
successful brewing 
business in Danzig 

paid for him to 
construct an 

ambitious observatory 
across a platform that 

straddled the roofs 
of three houses. This 

view from his Machina 
coelestis highlights 

its centrepiece – the 
enormous 46-metre 

(151-ft) Keplerian 
telescope that Hevelius 

used in mapping  
the Moon.

FIG. 1.
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FIGS. 2–3.

Two more plate 
from Johannes 
Hevelius’s Machina 
coelestis, in which 
Hevelius describes 
the techniques and 
equipment used at 
his state-of-the-art 
observatory. Fig. 2 
illustrates an enclosed 
hut with a hooded 
aperture for the 
eyepiece end of a 
telescope. In daylight, 
the telescope could 
be directed towards 
the Sun, projecting a 
bright image onto the 
screen. Fig. 3 shows 
the various tools that 
Hevelius used in the 
painstaking process of 
grinding, shaping and 
polishing precision 
lenses for his optical 
instruments.

phaenomena in planetis primariis.5.

FIG. 3.FIG. 2.

T
he invention of the telescope 
is often attributed to a Dutch 
spectacle maker called Hans 
Lippershey (c. 1570–1619). In 
the most colourful version 
of the story, children playing 
with a pair of ground spectacle 
lenses found that if they lined 
up a convex lens behind a 

concave one, with a significant distance between 
them, they could create a magnified image. Whether 
this tale is true or not, Lippershey certainly tried 
(and failed) to patent the invention in 1608, and as 
reports of the new device circulated around Europe, 
many curious people attempted to build their own.

The most famous of these was Galileo Galilei 
(1564–1642), then Professor of Mathematics at the 
University of Padua in northern Italy. Galileo was 
already renowned as a successful inventor and a 
pioneer of scientific experimentation, and through 
his methodical approach he was able to rapidly 
improve the basic telescope design, increasing 
magnification from around three times in his 
first attempt of early 1609, to around thirty times 
in the space of a few months. Late in 1610, this 
apparently allowed him to be the first person to 
record the Moon-like phases of Venus though a 

telescope, opening a new era in which the planets 
were transformed from mere lights in the sky into 
worlds with appreciable features of their own.

While Galileo’s telescope allowed him to 
make several other key discoveries within the 
solar system – including spots on the surface of 
the Sun, the four major moons circling Jupiter 
and the fact that there was something odd about 
the shape of Saturn – the optical arrangement 
outlined by Lippershey produced a sharp image 
only for objects in a very narrow ‘field of view’, 
and severely limited early telescopic observers. 
As early as 1611, however, Johannes Kepler (1571–
1630) outlined an alternative arrangement in 
which both the front ‘objective’ lens and the rear 
‘eyepiece’ were outward-curving, or convex. This 
produced a wider field of view and theoretically 
allowed higher magnifications – though at the 
minor cost of flipping the image itself upside-down. 

Perhaps surprisingly, no one seems to have built a 
‘Keplerian’ telescope until Christoph Scheiner (1573–
1650) – a Jesuit priest and scientific rival of Galileo 

– in 1630. Thereafter, however, Scheiner’s account of 
the instrument’s advantages led to its rapid adoption.

The underlying principle behind any telescope 
relies on the fact that rays of light from distant 
objects are effectively parallel to each other, and 
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separations, alongside armillary spheres used to model both 
the zodiacal and equatorial coordinate systems of the heavens. 
Further plates from Tycho’s book include, at top right of this 
page, the Great Globe – perhaps his greatest achievement. This 
1.6-metre (5-ft) hollow wooden sphere took a decade to build 
to the required accuracy, after which it was covered in brass 
plates onto which the positions of stars and other objects could 
be precisely etched. Pivoting ‘auxiliary circles’ permitted rapid 
conversion between the unchanging equatorial coordinate 
system of the sphere, and the localized altitude and azimuth 
coordinates unique to a particular time and location.

ASTRONOMIAE INSTAURATAE MECHANICA 
(INSTRUMENTS FOR RESTORATION OF ASTRONOMY) 
(1602).

Tyco Brahe’s 1602 treatise describes the cutting edge 
of astronomical technology on the eve of the telescopic 
revolution. Written in 1598, it describes the instruments used 
in the great observatory at Uraniborg, with which he recorded 
the positions of objects in the sky to an unprecedented 
degree of accuracy. This selection of plates illustrates various 
quadrants and sextants used for measuring positions and 
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FIG. 3.
MARKINGS OF VENUS ACCORDING  
TO BLANCHINO.

FIG. 4.
MARKINGS OF JUPITER.

FIG. 1.
PHASES OF THE INFERIOR  
PLANETS AND MARKINGS OF VENUS.

FIG. 2.
PHASES AND APPEARANCE  
OF THE SUPERIOR PLANETS.

FIG. 5.
MARKINGS AND VARIATIONS  
OF MARS.

FIG. 6.
CHANGING INTERPRETATIONS  
AND MARKINGS OF SATURN.

This section shows various dark markings reported  
on Venus by Francesco Blanchino in his 1728 book 
on the subject. Beneath each figure he notes the 
observatory from which the observation was made. 

While Venus’s brilliant white clouds generally appear 
uniform for optical observers, dark markings are still 
occasionally reported – though generally dismissed  
as illusions or telescopic artefacts.

Doppelmayr reproduces various sketches of  
Jupiter by observers, including Christiaan 
Huygens, Giovanni Domenico Cassini and Robert 

Hooke. Cassini’s sketches in particular show some 
understanding of the turbulent cloud bands that 
dominate the planet’s appearance.

The upper centre of the plate illustrates the orbits  
of Mercury, Venus and Earth, explaining why the 
inferior planets change their appearance as observers 

on Earth see differing amounts of their sunlit  
side. The illustration also hints at markings on  
Venus – a topic that remains controversial today.

The lower central illustration shows the orbits of Mars,  
Jupiter and Saturn in relation to the Earth and Sun. 
These planets are also shown to have a daylight and a  
dark side, but because we view them from the direction  

of the Sun, we only see their sunlit hemisphere (with 
a minor exception for Mars). For Saturn, Doppelmayr 
shows how its tilted orientation causes our view  
of the rings to change during the course of each orbit.

A series of views reproduce observations of Mars  
by Giovanni Domenico Cassini, Robert Hooke  
and the Italian Giacomo Maraldi. While early 
interpretations of the Martian surface varied 

considerably, the triangle on Maraldi’s final  
drawing seems likely to be a representation  
of the region now known as Syrtis Major.

Doppelmayr reproduces a handful of interpretations 
of Saturn’s strange appearance by early telescopic 
observers, culminating in Christiaan Huygens’s 
recognition of the rings. Four further images  

show changes in Saturn’s appearance, owing to  
our changing views of the rings and the shadows  
that they cast upon the planet.

From the observatory  
of Cassini.

From the 
observatory  
of Huygens.

From the 
observatory  
of Huygens.

From the observatory  
of Scheiner.

From the observatory  
of Scheiner.

From the observatory  
of Scheiner.

From the observatory  
of Cassini.

From the observatory  
of Huygens.

From the observatory  
of Huygens.

From the observatory  
of Huygens.

From the observatory  
of Huygens.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the 
observatory  

of Hooke.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Maraldi.

From the 
observatory  
of Huygens.

From the 
observatory  
of Cassini.

From the 
observatory  

of Hooke.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the 
observatory  
of Cassini.

From the observatory  
of Cassini.

From the observatory  
of Cassini.

From the observatory  
of Blanchino.

Another hemisphere from 
the same observatory.
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T
he near side of the Moon is 
a familiar sight to everyone 
on Earth, and has been since  
long before the invention of  
the telescope. With a diameter 
of roughly half a degree in the 
sky, the Moon is large enough 
to make out both bright and 
dark markings on its surface. 

Different cultures have told stories of the patterns 
they saw there, with the most popular being the  

‘Man in the Moon’ (seen as either a face or a full 
figure) and the eastern ‘Rabbit in the Moon’. 

Despite these differences in interpretation, 
stargazers from classical Greece to India, China 
and beyond recognized early on that the Moon’s 
changing phases are governed by how much 
of the visible surface is illuminated by the Sun, 
but the nature of the surface markings was long 
disputed. As early as the mid-5th century bce,  
Greek philosopher Democritus (c. 460–370 bce) 
attributed the markings to mountains and 

valleys on the lunar surface. This early insight 
was largely forgotten in later centuries, however,  
as the Aristotelean model of the universe  
became widespread. While the Moon occupied 
the innermost of the heavenly spheres and 
was thus subject to more change than the 
other celestial bodies, Aristotle (384–22 bce) 
nevertheless viewed it as an unchanging and 
perfect sphere, created by the mixing of fire  
from the uppermost ‘sublunary’ sphere and aether 
from the realm of the heavens.

The changing lunar phases and the relationship 
between Sun, Earth and Moon provided an 
ingenious method of estimating their distance 
and scale: since at its first or last quarter (when 
exactly half of its disc is illuminated) the Moon 
must sit at the right-angled corner of a triangle 
linking it with the Earth and Sun, the observed 
angle between Sun and Moon will indicate their 
relative distances and the scale of the entire system. 
If the Sun was infinitely distant then this angular 
separation would be precisely 90 degrees, but in 
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tabula selenographica.

S E L E N O G R A P H I C  
TA B L E

(TABULA SELENOGRAPHICA)

Doppelmayr depicts the principle markings on the surface  
of the Moon, following the naming schemes of his time.

FIG. 3.

A plate from Kircher’s 
1646 Ars Magna Lucis 
et Umbrae (Great Art 
of Light and Shadow) 
depicts the 28 distinct 
phases that describe 
the lunar month, from 
New Moon, through 
crescent, first quarter 
and waxing gibbous 
states to reach Full 
Moon, and then back 
through waning 
gibbous, last quarter 
and decrescent to  
the next New Moon. 

FIG. 3.

FIG. 1.

The first map 
of the Moon to 

include a system 
of nomenclature, 

published by Dutch 
cartographer Michael 

Florent von Langren 
in 1645. Few of the 

roughly 300 names 
introduced by von 

Langren have survived 
and those that persist 

are now mostly applied 
to different features.

FIG. 2.

Athanasius Kircher’s 
Typus Corpus Lunaris 

of 1669 incorporates 
Kircher’s own 

observations with 
those of Christoph 

Scheiner.
FIG. 1. FIG. 2.

11.

the mid-3rd century Greek astronomer Aristarchus 
of Samos (c. 310–230 bce) estimated it to be just  
87  degrees. From this he was able to calculate that the 
Moon was about twenty Earth radii away, and that 
the Sun was twenty times further away and twenty 
times the Moon’s size since they appear roughly 
equivalent in the sky. Since Earth’s dimensions 
were already known, it was simple to prove that 
the Moon was therefore a substantial body in  
its own right, while the Sun must be larger  
than Earth itself.

Aristarchus’s geometry was right, but working 
long before the telescope, his estimates of precisely 
when the Moon was half-illuminated, and 
measurements of the angle separating it from the 
Sun at that moment, were significantly off. Today 
we know the Moon’s distance is closer to sixty Earth 
radii, and the Sun is about four hundred times 
further still. Regardless of its precise value, the 
fact that the Sun was clearly much larger than 
Earth raised significant questions for classical and 
medieval thinkers attempting to model an Earth-
centred solar system. Indeed, it was enough to 
convince Aristarchus that the Sun, rather than Earth,  
must be the centre of everything and led to one  
of the first attempts at a heliocentric cosmology.

As to the Moon’s physical nature, Aristotle’s 
idealized sphere theory benefitted by association 
from the widespread adoption of his entire 
paradigm of physics, but it took some time  
to see off its rivals. As late as the 2nd century  
ce the Greek philosopher Plutarch (46–119 ce)  
wrote a remarkable essay in which he argued  
that the Moon was a world not dissimilar to  
Earth, with markings created by its landscape 
features.

With the spread of Christianity, the incorporation 
of Aristotle’s physics and cosmology into the 
teachings of the Catholic Church ensured that 
a ‘perfect sphere’ Moon became the accepted 
view among European scholars for more than a 
millennium. It was only at the start of the 16th 
century that advances in technology provided 
startling evidence that Aristotle had been wrong. 

Beginning in 1609, both Galileo Galileo  
(1564–1642) and the English observer John  
Harriot (1745–1817) studied the Moon and made 
sketches of its appearance through the newly 
invented telescope. Harriot’s drawings went 
unpublished, while Galileo incorporated them, 
along with other groundbreaking discoveries, in 
his Siderius nuncius (Starry Messenger) of 1610. 
Galileo not only recorded details on the surface 
of the Moon, but showed how their appearance 
varied with the lunar phases, according to the 
angle of sunlight striking them and the length 
of the shadows they cast. Such shadows could 
only be explained by differences in elevation;  
the Moon must have hills, valleys and circular 

pits on its surface. Galileo suggested that the  
dark and largely smooth areas might be seas,  
with land forming the brighter areas that 
separated them. The discovery of Earth-like 
lunar relief features, coupled with the observation  
of shifting spots on the Sun (another supposedly 
unchanging body) helped shake faith in the  
old Aristotelean ideas almost as much as  
the theories of Copernicus (1473–1543) and Kepler 
(1571–1630).

As the century progressed and telescopes 
improved, stargazers of varying talents 
attempted to map the lunar surface. The earliest 
to be published was that of Michael van Langren 
(1698–1675) in 1645, but Doppelmayr chooses  
to reproduce two slightly later maps that became 
standard authorities for more than a century. 
The first is from Polish astronomer Johannes 
Hevelius (1611–87) and was published in his 1647 
Selenographia, the first work dedicated to 
lunar theory; the second is the work of Jesuit 
priests Giovannia Battista Riccioli (1598–1671) 
and Francesco Maria Grimaldi (1618–63), who 
published it as part of Riccioli’s Almagestum 
novum (New Almagest) in 1651. Comparison  
of the two maps will immediately show two 
different naming schemes at play, but it is 
Riccioli’s map from which many of our modern 
names for the lunar markings (in particular  
those denoting the ‘seas’ or maria) derive.
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Phasis Lunæ crescentis.
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uadratura Lunie.

Luna fenex in congunctionem propendens.

Ultima Quadratura.
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FIG. 1.
LUNAR MAP AFTER HEVELIUS.

The left-hand side of Plate 11 reproduces 
one of the three large lunar charts from 
Johannes Hevelius’s Selenographia 
of 1647. The book – the first dedicated 
entirely to the astronomy of the Moon – 
introduced a system of nomenclature  
in which features were named largely 
after classical features and geographical 
regions on Earth.

FIG. 2.
LUNAR MAP AFTER RICCIOLI.

The other side of plate 11 is dominated 
by a map drawn from Giovanni Battista 
Riccioli’s Almagestum Novum (New 
Almagest) of 1651. This map was in fact 
compiled by another Jesuit astronomer, 
Francisco Maria Grimaldi, and in 
contrast to Hevelius’s first-hand work, 
draws on several different sources. 
The resulting map bears a far stronger 
resemblance to the Moon as most people 
saw it, and this no doubt encouraged  
the wide adoption of Riccioli’s own 
naming system in which seas bore  
the name of abstract concepts, while 
other features were named after 
scientists and philosophers both  
ancient and modern.

FIG. 3.
PHASES OF THE MOON.

The four corners of Plate 11 are adorned with 
miniature maps representing the Moon in its  
crescent (crescentis), first quarter (prima 

quadratura lunie), last quarter (ultima quadratura) 
and decrescent (luna fenex in congunctionem 
propendens) phases.

FIG. 5.
LUNAR LIBRATION.

FIG. 6.
ASTRONOMICAL DIGITS.

FIG. 4.
SHADOWS ON THE LUNAR 
SURFACE.

FIG. 6.
SCALE, GERMAN MILES.

This diagram explains the principle 
of libration – due to our changing 
perspective and the Moon’s relative 
proximity to Earth, different regions 
come into view along the limb of the 
Moon at different points in its orbit.

A now-obsolete system of measurement 
dividing the face of the Moon (or Sun) 
into twelve ‘digits’, each of which was 
further divided into 60 minutes.

This small diagram illustrates the  
way in which shadows are cast across 
craters on the lunar surface in different 
directions depending on the orientation 
of the Sun.

A map scale shows distances  
in German landmeile (roughly  
equivalent to 7.5 km or 5 miles). 
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FIG. 3. MILES.

FIG. 1. ARGENTUM. FIG. 5. VERU.FIG. 2. AURORN. FIG. 6. PERTICA.

FIG. 7. ROSA.FIG. 4. DOMINUS ASCHONE. FIG. 8. SCUTELLA.

KOMETENBUCH (1587).

Created by an anonymous author in Flanders around 1587,  
the Kometenbuch is an extraordinary illuminated manuscript 
describing the astrological interpretation of comets. Drawing 
from classical, medieval and Arabic sources, the book’s 
illustrations draw on the sometimes fanciful descriptions of 
the appearance of historic comets, depicting them as lances, 
tumbling wheels and even faces. With its roots in a philosophy 
that saw comets as phenomena of the upper atmosphere 
appearing in the spheres of air and fire, it is little wonder  

that the book is mostly concerned with the possible 
consequence of these apparitions for people on Earth.  
Despite their fantastical elements, the Kometenbuch 
illustrations hint at the wide variety in the appearance of 
physical comets, created by interactions of their gas and dust 
tails, central comas, and the way these reflect sunlight. While 
most comets make only rare returns to the skies of Earth,  
at least one of those shown here (the comet ‘Veru’ of 69 ce, 
at top left of this page) has in modern times been linked to a 
predictable short-period comet, now known as Swift-Tuttle, 
that returns once every 133 years.
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