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GALILEO’S LUNAR LANDSCAPES

language to emerge for astronomy?
And third, what role did Galileo’s
contributions play in the develop-
ment of a visual language for as-
tronomy?

hen Galileo turned his
Wtelescope to the heavens
in late 1609, astronomy

was a science filled with diagrams but
lacking actual pictures. The moon,
for example, often portrayed as a
crescent in medieval and Renaissance
works of art, was not pictured as it
actually appeared to the naked eye.
Prevailing astronomical opinion held
that the moon was in fact a perfect
sphere.

European intellectual society was

Galileo’s observations

Until 1604, astronomy was some-
thing of a departure for Galileo. But
later he suddenly became interested
in two astronomical questions. The
first was why if earth moved in
space, as Copernicus contended,
therefore shocked when Galileo’s only one hemisphere of the sky was
Sidereus nuncius (The Starry Messen - visible. Proponents of the tradition-

ger) was published in 1610. Among = al astronomy of Aristotle insisted
other discoveries, Galileo reported . that moving away from the celestial
that the moon was a rugged body [ — . sphere brought one closer to one
with earth-like features—a claim that w side, therefore rendering more than
was punctuated with five naturalistic | half the sphere visible. Galileo was

copperplate engravings of the moon certain that this attempted rebuttal
with its warts and blemishes intact of the Copernican system was
(Fig. 1). groundless, but he possessed no

Although Galileo employed pictorial physical proof for the hypothesis of a
devices in his Letters of Sunspots of 1613, moving earth. He wrote to Johannes Ke-
he later abandoned naturalistic forms of pler, the imperial mathematician at
representation. Indeed, his celebrated : 1 Prague, to tell him that he supported the
work on cosmology, the Dialogue Con - Galileo’s use of Copernican hypothesis, but Kepler was al-
(i%rzn;ng ttj[e_Tvgo C?ief.WcI)rId_ Stystem_ls_hc')f mathematics to reagi_;;]one of E;we cor][yerttecgi.l_l ddressed

, contained not a single picture. This ] ) e second question Galileo addresse

lack of pictorial representation was in step predict experimental was why if the heavens were immutable,as
with the times. In printed astronomical 3 3 Aristotle had argued, a new star appeared
works of this period, pictures were rare results is considered in 1604. Aristotelians demurred that the

Galileo Galilei. (Courtesy of AIP Emilio Segre
Visual Archives, Physics Today Collection.)

and made no attempt at naturalistic repre- a cornerstone of phenomenon was meteorological, occur-
sentation. : ring in the changeable region below the
It was not until the 1640s, with the modern science. surface of the moon. However, Galileo

emergence of physical astronomy as an au- innifi and others were beginning to suspect that
tonomous discipline, that a pictorial lan- He m?‘de S_Ignlflcant the star of 1604 and an earlier nova of
guage began to be developed in astronomy. contributions to the 1572 lay beyond the sphere of the moon,

This brief recounting of the circum- as Tycho Brahe had claimed many years

stances surrounding Galileo’s copper en- phy3|cal Sclences, earlier.

gravings of the moon raises a number of and his defense of Finding answers to these questions be-
questions. First, since astronomy was a i gan to be possible with the invention of
science with diagrams at the beginning of the Copern ICan the telescope. Although many papers have

the seventeenth century, what role did - been written on this subject, nobod
Galileo’s pictures of the n):oon serve in the SyStem brought him knows who actually invenjted the tele>-/
Silden(ejus nun_citus? It islcl_ea;that_ diagrams into conflict with the scopf.thRigard(;esso,l_t?is tamt?'Zirl[g instru-
played an epistemic role in Renaissance as- ; ment that made distant objects appear
tronomy, often imparting critical pieces of Catholic Chu I’Ch, both larger and nearer created a stir in the
Mttt | vnich found nim | AR
p!ay a simfilir role? Se_confl, dic{[ Ga:ileo’s gui|ty of heresy1 year. Aftgr conf_ir_minﬂ trE)e tgle_sc?pe’s e>_<is-
pictures of the moon signal a natural evo- . . tence and acquiring the basic information
lution of the traditional role played by dia- banned his works in on its construction, Galileo proceeded to
e pirrall | 1633 and placed him | EEEEHH b
invention of the telescope and the oppor- under house arrest. ceeded in creating an instrument that rep-
tunity it afforded for more naturalistic resented objects 1,000 times larger and 30
representations of the heavens? If so, why times nearer than they appeared to the
did it take another 30 years for a visual naked eye.
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Galileo turned this comparatively sim-
ple instrument to the skies in January
1610. In a very short time, he made three
sets of observations that challenged the
prevailing astronomical opinions of Aris-
totle. First,Galileo asserted rightly that
the moon was unique among heaven-
ly bodies in possessing features dis-
cernible to the naked eye (sunspots
were often large enough to be seen
with the naked eye, but prior to the
seventeenth century, the dominant
Aristotelian cosmology closed the
door to sunspot investigation). The
moon’s features caused difficulties
for Aristotelian cosmology, which was
based on a distinction between the per-
fection of the celestial realm and the cor-
ruption of the terrestrial realm. A num-
ber of clever theories were devised to ex-
plain the spottiness of the moon, the
prevalent opinion being that the perfectly
spherical lunar surface appeared blem-
ished as a consequence of lunar density
variations.

With his telescope, Galileo was able to
observe the familiar spots of the moon
and many smaller spots previously not
seen. (It should be noted that Galileo was
not the first scientist to observe the moon
with a telescope. Earlier, the English as-
tronomer Thomas Harriot observed the
moon for several years, and it was he who
produced the first rough maps of its sur-
face). Galileo noticed that these bright
and dark areas changed in size as he
watched—a phenomenon that previously
had been invisible. In particular, he noted
that the width of the dark lines defining
these spots varied with the angle of solar
illumination. As the dark lines changed,
he saw light spots in the dark part of the
moon gradually merge with the illumi-
nated part of the moon.

Galileo reasoned that the best ex-
planation for the changing patterns
of light and dark was that the
changing dark lines were shadows
projected by features on the surface
of the moon. His reasoning im-
plied that the surface of the moon
was “everywhere full of vast protu-
berances, deep chasms, and sinuosi-
ties,” like earth'’s surface. Noting that
the summits of the highest elevations
were illuminated at a considerable dis-
tance from the edge of the lunar crescent,
Galileo applied simple geometrical rea-
soning to estimate that the lunar moun-
tains were at least four times higher than

Figure 1. Copper engraving of the last
quarter moon. (Source: Galileo Sidereus
nuncius, 1610.)

Figure 2. Ink wash of the last quarter
moon, 1609-1610. (Source: Le opere di
Galileo Galilei.)

the mountains on earth. Contrary to tra-
ditional belief, Galileo concluded that the
moon was far from perfect; indeed, it was
not even spherical.

Galileo then turned the telescope
to the stars to make his second obser-
vation. Although the stars appeared
B brighter through the telescope,

"\ they were not enlarged and in-
g stead looked even smaller (unlike
the planets, which gave the ap-
pearance of small disks).
Galileo’s only explanation was
that the stars were situated at im-
mense distances from earth, much
farther than the planets. By focus-
ing the telescope on the constellation
Orion, he discovered and recorded
many stars never seen before in the belt
and sword of the hunter. He then swung
the telescope through the Milky Way, re-
vealing that a universally believed lumi-
nous cloud in the sky was in fact a collec-
tion of individual stars.

Galileo’s final set of observations
proved to be the most dramatic, at least in
terms of their pro-Copernican potential.
He observed tiny stars near Jupiter. On
successive nights, he noticed that these lit-
tle stars stayed with Jupiter as the planet
wandered through the fixed stars. He con-
cluded that these four attendants must be
moons circling Jupiter, and named them
the Medicean stars in honor of the Medici
family that ruled Tuscany. Here was a
Copernican system in miniature, which
discredited the Aristotelian contention
that there could only be one center of mo-
tion in the universe, namely earth. Later
that same year, Galileo observed that a
strange oval satellite surrounded Saturn,
and that Venus exhibited phases as the
moon did.

Galileo wasted little time and re-
ported his observations in a small,

heavily illustrated treatise that was
published in 1610 with the title
Sidereus nuncius. It caused a sen-
sation, making Galileo a celebrity
overnight. When the initial run
of 550 copies sold out, a reissue
appeared in Frankfurt within
months. In Prague, Giuliano de’
Medici, the Tuscan ambassador,
¥ gave Kepler a copy with a request
from Galileo for comments. Kepler’s
patron, the Emperor Rudoph II, soon
made a similar request and Kepler soon
produced a pamphlet called A Discussion
with the Starry Messenger. This pamphlet
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extolled Galileo’s work, even though at the
time Kepler had no telescope and had nev-
er looked through one.

Soon afterwards, Kepler was afforded
the opportunity to observe through
one of Galileo’s telescopes and he
thereupon published a second pam-
phlet. Kepler became so intrigued
with the instrument that he tem-
porarily broke off his own re-
search to publish a book in 1611
on lenses. Kepler even designed
an alternative telescopic arrange-
ment featuring a biconvex lens
combination that had many ad-
vantages over the Galilean arrange-
ment. Although the biconvex lens
combination produced an inverted

image, its field of view was much larger,

permitting the development of telescopes
with higher magnifications.

For the first time there was physical ev-
idence that something was amiss in the
Aristotelian universe. If Galileo’s observa-
tions were sound, then the many followers
of Aristotle (who dominated intellectual
life in and around the universities) would
have to revise Aristotelian astronomy,
physics, and the entire edifice of Aris-
totelian philosophy. Each of Galileo’s
three sets of observations undermined ob-
jections to the Copernican system, and
suggested that the universe was more con-
genial to the new astronomy than anyone
had believed.

While the discovery of Jupiter’s satel-
lites was perhaps the most telling blow in
the debate between the old and new as-
tronomy, the discovery that the moon had
a rugged surface was scientifically the most
remarkable. The satellites of Jupiter, the
rings of Saturn, the phases of Venus, and
the individual stars in the Milky Way
could not be observed with the naked
eye. These observations were achieve-
ments of the telescope. As a support-
er of the Copernican system,
Galileo was caught up with these
observations because he was con-
vinced that they only made sense if
the Copernican system did in fact
represent reality. These observa-
tions and the Copernican system,in
other words, buttressed each other.

The lunar observations were an-
other matter altogether: scientists and
laypeople alike did not need a Galilean tel-
escope to know that the moon had dis-
cernible features. The fact that these fea-
tures were fixed made it obvious that the

Figure 3. Copper engraving of the moon,
four or five days old. (Source: Galileo
Sidereus nuncius, 1610.)

Figure 4. Copper engraving of the last
quarter moon. (Source: Hevelius, Se -
lenographia:sive, Lunae Descriptio,1647.)

moon always kept the same face turned to-
wards earth. The telescope enabled Galileo
to study the changing patterns of these
features, particularly at the interface be-
tween the shaded and illuminated por-
tions. In order to make sense of these
patterns,Galileo invoked a method of
argument he referred to as “in virtu
di perspettiva.” Fluent in the
method of representing space ac-
cording to geometrical rules elabo-
rated by Filippo Brunelleschi
(1377-1446), Galileo argued that
the changing patterns of light and
dark were caused by shadows cast by
huge topographical features, includ-
ing mountains and craters. The
Copernican theory was consistent with
the claim that the lunar surface was
rugged, but it did not provide him with an
interpretation for the spottiness of the
moon. It was the common language of
European art that provided Galileo this in-
terpretation.
Galileo exploited the artist’s under-
standing of cast shadows not only in the
text of the Sidereus nuncius but also in the
five copperplate engravings (one of which
was a duplicate) that accompanied the
text. Traditionally, astronomy had been a
science of diagrams that lacked pictures.
The sole exceptions were the rough sketch-
es in the notebooks of Leonardo da Vinci
(ca. 1500) and a drawing of the moon by
William Gilbert, which he left at his death
in 1603. These illustrations were never
printed.
Galileo continued this style of represen-
tation in Letters of Sunspots in 1613. Here,
he pictured the daily appearances of the
sun in an almost uninterrupted sequence
for over a month so the reader could see
the changing shapes of the spots and
their progress across the sun’s face.
However, there is not a single picture
in his Dialogue Concerning the Two
Chief World Systems of 1623. Al-
though one might except that pic-
torial representations in astrono-
my would become standard fare in
the years following 1610, this was
not the case. The few pictures that
appeared in works by his contem-
poraries contained none of the ele-

ments that made Galileo’s copper en-
gravings such a sensation. Indeed, it
was not until the 1640s that astronomy
developed its own pictorial language and
astronomers began to use art as science
(i.e., as sources of information).
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Conclusions

What, then, are we to make of Galileo’s
copper engravings? Galileo used the term
figura to denote both diagrams and his
pictures of the moon, and once used de -
lineatio to refer to the copper engravings.
It is therefore possible to conclude that the
copper engravings are not scientific illus-
trations in the ordinary sense that a visual
element imparts knowledge to the reader.
The Sidereus nuncius describes changes of
light and dark over time that would have
required an extended series of pictures
and not the few drawings of the moon
prepared by Galileo. If anything, Galileo’s
engravings are less informative than the
schematic diagrams that frequent astro-
nomical treatises in the Renaissance. The
engravings are therefore not scientific, but
instead are visual impressions geared to-
ward bolstering the claim that the lunar
surface is rugged and earth-like—a point
elaborated at great length in the text.
Galileo’s intended distortions in the lu-
nar landscapes also point to the notion
that the engravings were meant as textual
aids. Consider, for example, the ink wash
of the last quarter moon (Fig. 2) that was
prepared at roughly the same time as the

copper engraving of the same object
(Fig. 1) as it appeared subsequently in
Sidereus nuncius. The ink wash testifies
that Galileo was more than capable of exe-
cuting a descriptively accurate picture of
the moon, but comparison with the cop-
per engraving reveals that he was prepared
to sacrifice descriptive accuracy for the
sake of his argument. In order to shore up
his claim that lunar cavities resemble such
large earthly valleys as Bohemia, the large
cavity just below the middle of the termi-
nator (presumably Albategnius) is greatly
exaggerated. More caricature than de-
scription, a cavity of this size would have
been visible from earth, which of course, it
was not. It seems to have been lost on
Galileo’s contemporaries that a crater of
this size would undermine his claims.
Galileo’s engravings (Fig. 3) stand in
stark contrast to Hevelius’ Selenographia
(1647), which contained copper engrav-
ings of 40 different lunar phases and four
views of the full moon (Fig. 4). These pic-
tures were intended as accurate descrip-
tions of the moon, a purpose that is ex-
plicitly stated in the book. The engravings
are informative independently of the asso-
ciated text, as are scientific illustrations in
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the proper sense of the expression. It is
with Hevelius that astronomy became a vi-
sual science. However, this concession
does not undermine the importance of
Galileo’s contributions to the emergence
of astronomy as a visual science. Before
scientists could take interest in the moon’s
features,they had to first accept the claim,
made credible by Sidereus nuncius, that the
moon was a terrestrial body. Only when
the identification with earthly features was
established could standard cartographic
techniques be extended to the moon.

This acceptance of a rugged moon took
some time in the making. Although
Galileo opened up the possibility of a new
branch of visual astronomy concerned
with the actual anatomy of the compo-
nents of the planetary system, it was not
until the 1640s that physical astronomy
emerged as an autonomous discipline. A
number of reasons could be cited for this
delay, but clearly the most important fac-
tor was that the Copernican system did
not come to enjoy widespread support in
the mainstream scientific community un-
til the 1630s and 1640s. Only then did as-
tronomers have good reason to systemati-
cally explore the physical characteristics of
the moon and other planetary bodies.
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