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The Moon'’s ashen light and libration in Leonardo and Galileo

Pasquale Tucci (*)

Uniwversita di Milano, Milano, Italy

Riassunto. Nell’articolo analizzo i contributi di Leonardo da Vinci (1452-1519) e
di Galileo Galilei (1564-1642) all’interpretazione della luce cinerea e della libra-
zione lunare. Entrambi fecero riferimento al piu generale contesto delle relazioni
tra Sole, Luna, Terra, pianeti ed evidenziarono alcune relazioni con il contesto
teorico e osservativo di riferimento: quello geocentrico/Tolemaico per Leonardo e
quello eliocentrico/Copernicano per Galileo. A Leonardo si attribuisce la prima
interpretazione della luce cinerea. Ma essa differisce da quella Galileiana, oltre
che da quella moderna. La librazione lunare € probabilmente riscontrabile in uno
dei tre disegni leonardeschi della Luna, ma non fu notato dal Vinciano. Nelle
immagini ad acquerello della Luna e in quelle pubblicate nel Sydereus Nuncius
(1610) Galileo registro, involontariamente, la librazione. Ma solo nel Dialogo
(1632) troviamo una prima parziale descrizione e interpretazione del fenomeno.
Mostrero come le osservazioni della Luna ad occhio nudo di Leonardo non sono
comparabili con quelle di Galileo eseguite con il telescopio. Il suo uso, comunque,
non ¢ sufficiente a spiegare la grande diversita tra le frammentarie argomentazioni
di Leonardo e quelle molto articolate di Galileo. Solo I'emergenza di nuovi stili
di pensiero e di pratiche visuali ed osservative aiutano a meglio comprendere il
grande fenomeno che molti storici hanno chiamato “Rivoluzione scientifica”, al
fine di sottolinearne la novita nel campo del sapere filosofico e scientifico.

Abstract. In the paper I analyse the contributions of Leonardo da Vinci (1452-
1519) and Galileo Galilei (1564-1642) to the interpretation of the lunar ashen
light and libration. Both authors referred to the more general context of the rela-
tionships between the Sun, the Moon, the Earth, the planets and they highlighted
some relationships with the theoretical and observational context of reference: the
geocentric/Ptolemaic one for Leonardo and the heliocentric/Copernican one for
Galileo. Leonardo is credited with being the first who interpreted the phenome-
non of the ashen light for astronomical purposes. But Leonardo’s interpretation
differs from the Galilean one, as well as from the modern one. The lunar libration
is probably found in one of Leonardo’s three drawings of the Moon, but it was not
noticed by the Vincian. In the watercolour images of the Moon (1609/1610) and
in those published in the Sydereus Nuncius (1610) Galileo involuntarily recorded
the libration. But only in the Dialogo (1632) do we find a first partial description
and interpretation of the phenomenon. I will show how Leonardo’s observations
of the Moon with the naked eye are not comparable with those Galileo made with

(*) Retired.
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the telescope. Its use, however, is not sufficient to explain the great diversity
between Leonardo’s fragmentary arguments and Galileo’s highly articulated ones.
Only the emergence of new styles of thinking and of visual and observational
practices help to better understand the great phenomenon that many historians
called “The Scientific Revolution”, in order to underline its novelty in the field
of philosophical and scientific knowledge.

1. Introduction

Many scholars in different branches of knowledge, natural philosophers, artists,
laymen, included images of the Moon in their works in the century between Leonardo
(1452-1519) and Galileo (1564-1642). It is evident, even to an observer not very
attentive to details, that the images of the Moon that Galileo inserted in his Sydereus
Nuncius (1610) [1,2] had a quality and showed lunar surface appearances that only
the use of a new observation instrument —the telescope— could highlight.

Reeves titled “The artist and the astronomer” the introductory chapter of her
book [3] as to emphasise how, alongside the evident elements of discontinuity bet-
ween artistic and astronomical practice, there were, in Galileo, elements of continuity
that his biography highlights. Maffeis, not unlike Reeves, following Leonardo’s con-

“

siderations in the Trattatto della pittura, states: astronomy is not simply a
consequence of optics, but of painting too.” (see [4], p. 253).

The ashen light of the Moon was dealt with both by Leonardo and Galileo in
the context of their reasoning about the similarity of the Earth and the Moon. The
Vincian is credited with being the first who have consciously drawn and interpreted
the phenomenon for astronomical purposes. The Pisan had observed with naked
eyes and interpret the phenomenon at least since the 1606 and probably carried out
experiments with Paolo Sarpi.

The “ashen light” or “secondary light” or “lumen cinereum” or “candore lunare”
(“lunar candour”) or “luce bronzina” (“bronzy light”) or Coppery light” is a faint
luminosity that emanates from the dark part of the Moon near the conjunction. Cur-
rently it is attributed essentially to the reflection of Sun’s rays on the Earth, especially
on the clouds. The phenomenon is independent of the geocentric or heliocentric sy-
stem used to interpret it. But, while Leonardo did not draw clear consequences against
the Aristotelian dualism between the sublunar world, room of corruption, and the ce-
lestial world, theatre of perfection, in Galilean hands the phenomenon became an
attack against the inadequacy of the Aristotelian physics.

The Moon would always show the same face towards the Earth if its orbit were
perfectly circular and its shape were perfectly spherical, since its period of revolution
around the Earth is equal to its period of rotation. The Moon, on the other hand,
like any other celestial body orbiting around another, moves according to Kepler’s
laws. Its trajectory, therefore, is an ellipse travelled with variable speed. Its rotation
axis is inclined by 4 6.8° to the plane of orbit. These circumstances cause the Moon



The Moon’s ashen light and libration in Leonardo and Galileo 23

to have small movements in longitude and latitude called librations: they allow us
to observe more than half of its surface. Moreover, the position of an observer on
the Earth’s surface contributes to the lunar libration: it is also called parallactic
libration. What we call parallactic libration (or diurnal libration) has been known
since Ptolemy’s model as lunar parallax, even though the Alexandrian astronomer
gives a too large value of it. Several astronomers tried to correct the Ptolemaic
value of the lunar parallax before Copernicus. Refer to the literature on the subject
for an in-depth discussion of the topic [5-8]. The lunar parallax is independent of
the geocentric or heliocentric system. Even in Copernicus, in fact, the lunar theory
is geocentric. The analysis of the lunar libration becomes complex if we take into
account the Sun-Earth-Moon system, that is, if we pass from a two-body system to a
three-body one.

Galileo probably drew the libration in the ink-and-wash images of the Moon and
in those ones of the Moon published in the Sydereus Nuncius (1610) [1,2]. Galileo
thought that the Moon did not rotate and that its revolution around the Earth oc-
curred along a perfectly circular orbit. Therefore, as G. Righini [9,10] argued, Galileo
despite having “unwittingly” (see [9], p. 74) recorded the lunar libration in the dra-
wings of the Moon published in Sydereus Nuncius (1610), gave neither a description
nor an explanation. The libration led Galileo, first in the Dialogo (1632) [11] and
later, in the Letter to Micanzio (1637) and in the Letter to Antonini (1638), when
he was blind and “imprisoned” in Arcetri, to reaffirm his thought that the Moon was
completely similar to the Earth, in opposition to the Artistotelian dichotomy between
the sublunar and the celestial world. And in accordance with the Copernican the-
sis that the Moon had the same features as the Earth: “... as Aristotle says in a
work on animals, the Moon has the closest kinship (cognationem in Latin) with the
Earth.” (see [12], p. 32). Copernicus’ reference to Aristotle, however, would require
an in-depth discussion that would take me too far from the limits of this paper. Suf-
fice it to say here that Copernicus explained the falling of bodies by the Aristotelian
theory of “natural place”, which was based on the Aristotelian distinction of “natu-
ral” and “artificial” movements. According to Zilsel, Copernicus accepted “... the
theory of Aristotle and classical astronomy that celestial bodies move in circles and
that this movement is something “natural”, whereas rectilinear motion belongs only
to terrestrial bodies and is “artificial”... (see [13], pp. 115-116).

Moreover, to Galileo, the superiority of the Copernican system over the Ptolemaic
one had an unequivocal observational basis since the end of 1610 when he observed
the phases of Venus through a telescope (') [14,15].

Subsequent developments in physical theories have challenged the concept of su-
periority of one system over another. In fact, in Newtonian mechanics, all frames of

(1) However it should be noted that the phases of Venus could be correctly deduced from the
Tychonic system which hypothesized that the planets revolved around the Sun and that the Sun and
the Moon revolved around the Earth placed in the centre of the Universe. Galileo was convinced
that it was a pure mathematical compromise.
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reference, as long as they are inertial, are equivalent. So it does not matter if we
describe the universe in an inertial frame of reference centred on the Earth or on the
Sun or on the centre of mass of the planetary system (?). What we can say at best,
as Infeld suggested (see [16], p. 75) is that the inertial frame of reference centred in
the centre of mass of the planetary system is more inertial than the one centred on the
Earth; namely that Newton’s laws are better verified in the reference frame centred
on the centre of mass of the planetary system rather than in the Ptolemaic one.

But after General Relativity (GR) the inertial reference frame was not necessary:
there were no differences among the Ptolemaic system, the Copernican one or the
Tychonic one or that one centred in the centre of mass of the planetary system. GR
was able to explain some natural phenomena that Newtonian mechanics was unable
to explain: deflection of the rays of light from their path near a massive body, the
motion of Mercury perihelion, the shifting of the light spectrum toward the red, until
the gravitational waves recently detected.

2. Leonardo’s drawings of the Moon

In 1987 Reaves and Pedretti published a paper in which they drew the attention
of the historians of astronomy on Leonardo’s three drawings of the Moon [17]. They
were included in the Codex Atlanticus (CA): two of them were in F.3107 and the other
in F.674v, made visible only after restoration of the CA [18] (fig. 1). The first two
drawings were made between 1505 and 1508 when Leonardo was either in Florence or
in Milan. The third one was drawn about 1513 or 1514 when Leonardo was in Milan
or in Rome [17].

The three drawings were the first to be carried out with astronomical intentions.
Although Leonardo’s drawings were not accompanied by any consideration or com-
ment, nonetheless his manuscripts contain a large amount of speculations on the
Moon, characterized by:

a) geometric studies of the relations between Earth, Sun and Moon;

b) hypotheses on the constitution of the lunar soil deduced from observations
compared with similar observations of the Earth’s surface.

Leonardo did not leave any treatise or any organic discussion on any topic. Vasari, a
few decades after Leonardo’s death, reported that “... Lionardo began many things
for understanding of art, & none ever finished” () (see [19], p. 5). It is not by chance
that Kemp speaks about Leonardo’s “... congenital inability to arrive at a definitively
fixed and classified order for the subject he wishes to treat” (see [20], p. 26). Maffeis

2) The centre of mass of the planetary system lies inside the Sun but not in the centre of the
Yy Sy
Sun.
(3) “... Lionardo per 'intelligenza de I’arte comincid molte cose, & nessuna mai ne fini” (see [19],

p. 5).
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Fig. 1. — Leonardo’s drawings of the Moon. Codex Atlanticus F.3107 and F.674v. Reproduced with
permission (© Veneranda Biblioteca Ambrosiana/Mondadori Portfolio.

too writes about “... an extraordinarily interwoven body of perspicacious deductions
and colossal misrepresentations ...” (see [4], p. 251). Nevertheless Leonardo’s role
in the Renaissance lunar topic is quite peculiar as regards the approach to natural
phenomena even though he was neither a natural philosopher nor an astronomer
(see [21], p. 8). According to Kemp, Leonardo developed “... extraordinary visions
of nature in extreme action over a vast number of years” (see [20], p. 41). Also
Whitaker underlines how Leonardo viewed the spots (macule) on the Moon with a
scientific rather than imaginative eye (see [22], pp. 8-9).

Leonardo’s drawings of the Moon seemed inscribed in the context of “a man in
the Moon”, an ancient tradition dating back to Plutarch [23,24]. Also many artists
had preceded Leonardo, among them Giotto (fig. 2) and van Eyck (fig. 3) as stressed
by several scholars [21,25,26]. However the first two Leonardo’s images, although
inspired by the tradition of “a man in the Moon”, contain observational elements
that can be compared with features afterwards discovered on the Moon. In fig. 4 and
fig. 5 it is possible to spot some “maria” (seas) in Leonardo’s drawings.

2.1. The Moon'’s ashen light in Leonardo

Considerations around the Moon are found in various Leonardian Codices. In the
Leicester Codex [27] the phenomenon of ashen light is accompanied by a beautiful
image repeatedly reported by several scholars. It also contains many reasonings about
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Fig. 2. — Giotto di Bondone (ca. 1265-1337). “Il giudizio universale” (Last Judgement), one of the
frescoes (ca. 1305), 10.0 x 8.4m of the Cappella degli Scrovegni, Padova. On the right an enlarged
detail of the Moon. Courtesy of Comune di Padova - Assessorato alla Cultura, Settore Cultura
Turismo Musei Bibilioteche.

the phenomenon: I will mainly mention them in my discussion, referring to the rich
bibliography found in Maffeis [28] to get a complete picture of the role the Moon
had in the development of Leonardo’s thought and of the influence it subsequently
exercised.

Paolo Frisi was the first to draw the attention of scholars to Leonardo’s interpre-
tation of the ashen light (see [29], pp. 31-32). Leonardo realised that the spots on the
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Fig. 3. — Jan van Eyck (ca. 1390-1441), The Crucifixion, ca. 1440-41. The MET, New York.
56.5cm x 19.7cm. On the right an enlarged detail of the Moon, red circled in the painting.

Moon, later on named macule, were stable and did not resemble the vapours that
would exist in the sublunary world (*).

According to the Vincian, on the Moon there were “maria” (seas) which reflected
Sun rays in all directions due to the wind which blew on their surface, causing a wave
motion. To a fictional “adversary” who denied the existence of water on the Moon

(*) Leonardo, Notebook F, Institut de France Paris 84a; Ms2177-folio83/84-manuscrit F.
https://www.photo.rmn.fr/CS.aspxVP3=SearchResult&VBID=2CO5PCTBS3CLV&SMLS=1&RW=1161&RH=
937&PN=3#/SearchResult&VBID=2C05PCTBS3CLV&SMLS=1&RW=1161&RH=937&PN=4
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Fig. 5. — Some “maria” (seas) located in Leonardo’s drawings CA F.674v.



The Moon’s ashen light and libration in Leonardo and Galileo 29

because in this case it would fall on the Earth, the centre of the Universe towards
which all heavy things tend, Leonardo would reply that the Moon attracted both
water and earth towards its centre as it happened on the Earth (see [30], p. 82).
Moreover the Moon did not shine with its own light. It received the light of the Sun
and the one mirrored by the terrestrial oceans. This last effect changed according
to the position of the Sun, the Earth and the Moon. The brightness that appeared
between the horns of the growing new Moon derived from the light reflected from the
terrestrial seas. So Leonardo guessed that the Moon did not shine with its own light
and this was certainly contrary to the Aristotelian dichotomy between sublunar and
celestial world. At the same time he thought that the Earth was at the centre of the
Universe. Furthermore Leonardo thought that the terrestrial seas reflected sunlight
better than the soil of the Earth. Leonardo’s reasoning was based on two points:
1) the ashen light was due to the reflection of the Sun’s rays on the Earth towards
the Moon and 2) the reflection was more effective for the seas than for the earth.

Depending on whether the emphasis is on point 1) or on point 2) Leonardo was,
from time to time, a brilliant precursor of scientific reasoning, or an artist who made
some good considerations on natural phenomena. But it is underestimated, in both
cases, that Galileo’s explanation, as we shall see, was very different from that of
Leonardo and was based on the assumption that rough surfaces diffused light in all
directions while shiny surfaces would have reflected light in a single direction. Galileo
highlighted the difference, in the Dialogo [11], with an experiment.

In fig. 6 a page of the Leicester Codex is shown (). The last drawing shows the
ashen light of the Moon, clearly visible in a modern photo, fig. 7.

This is my summary of Leonardo’s sentences (°):

Sect. IV The shining part of the Moon is formed by water that mirrors the light it
receives from the Sun. The water of the Moon has a wave motion that reflects the
light that arrives from the Sun and makes it less luminous than the Sun.

It remains now to show if the Moon is a heavy or light object: because if it were
heavy ... it would fall towards the centre of the Universe and would be united to
the Earth. At least the water should fall towards the centre of the Universe and,
in this case, the Moon would be uncovered and appear black. But since it appears
shining to us, it is clear that the Moon is covered with water, air and fire and thus
remains in space.

Sec. VIII The Moon does not shine with its own light. It receives the light of the Sun
and the one mirrored by the terrestrial oceans. This last effect changes according to
the position of the Sun, the Earth and the Moon.

Sec. XIV Some argue that the Moon shines with its own light but this is a false
opinion.

The brightness that appears between the horns of the new moon derives from the
light reflected from the terrestrial seas.

(5) The red writings are have been added by me.
(6) The transcriptions of Leonardo’s considerations are taken from [31].
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Fig. 6. — The page F.2r of Leonardo’s Leicester Codex [27]. The words in red have been added by
me.
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Fig. 7. — A modern photo where the phenomenon of the ashen light is clearly visible. (© Tunc Tezel
(TWAN), https://apod.nasa.gov/apod/ap190504.html.
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Fig. 8. — Leicester Codex F.1r [27]: Leonardo’s model of the lunar seas as a tooth wheel. The words

written in red have been written by me.

In the Leicester Codex F.1r (fig. 8) [27] the Moon was not represented as Leonardo
saw it but was modelled as a toothed wheel. The aim was to demonstrate how Sun
rays, reflected from the lunar surface, reached the observer placed in A from several
directions. If the surface of the lunar seas was flat, the light would be reflected only
in one direction. The Moon was a quasi dentata rota paraphrasing Leonardo. The
drawing was very unusual and it is as if a dragon’s crest had grown out of the Moon
(see [28], p. 308).
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2.2. The Moon'’s libration in Leonardo

The Moon, as mentioned above, in a first approximation always turns the same
face towards the Earth, but, due to the libration, a terrestrial observer sees more than
half of the Moon, about 59%.

In order to detect the libration, an observer must record several images of the
Moon taken in succession. We have no documentation concerning a Leonardo series
of images of the Moon. Nor in his writings do we find the slightest hint that Leonardo
had noticed the phenomenon [21,32,33]. Leonardo probably unwittingly recorded the
phenomenon. In the 1993 Reaves [34] dated the drawing F.674v of the Atlanticus
Codex (fig. 1). Having calculated the libration +7° in latitude and —2° in longitude
(all angles to + 2°), he found that the possible dates were 1513 November 14 and
December 12. They were in good agreement with Leonardo’s own notations in his
notebooks [34] (7). Leonardo’s drawing would be therefore accurate enough to deduce
quantitative evaluations from it. However, there is a sentence in which Leonardo
seemed to have noticed the phenomenon of the lunar libration:

If you keep the details of the spots of the Moon under observation you will often find
great variation in them, and this I myself have proved by drawing them (see [31],
vol. I1, p. 167).

But in another passage he stated:

. the spots on the moon, as they are seen at full moon, never vary in the course
of its motion over our hemisphere (see [31], vol. II, p. 166).

“

Whitaker argues that the contradiction may possibly be explained by the fact
that the markings so noticeable at the full phase are almost lost when they are situated
near the terminator (the sunrise or sunset line) at other phases” (see [22], p. 9; [32],

p. 516 (footnote)).

3. The Moon'’s ashen light in Galileo

Galileo was not the first to observe the phenomenon of the ashen light that had
been described since ancient times (see [3], pp. 28-29). Nor was he the first to give
an astronomical interpretation of it. As we have seen, Leonardo firstly described the
phenomenon by relating it to the arrangement of the Earth, the Sun and the Moon
in the heavens and to the roughness of the Moon which was covered, according to the
Vincian, with wind-rippled waters that spread in all directions the sunlight reflected
from the Earth toward the Moon.

(") T would like to thank the anonymous referee for his relevant comments and suggestions,
included the bibliographic reference for Reaves.



The Moon’s ashen light and libration in Leonardo and Galileo 33

We do not know if and how Galileo became aware of Leonardo’s point of view (®).
But, as we will see in detail, not only did Galileo describe the phenomenon with a
precision that only the telescope, although weak, allowed him to do, but he inscribed
it in the context of his opposition to Aristotelian cosmology, which stated that the
Moon and the Earth were made up of different materials.

It is known, however, that Galileo had been in close friendships, since the '90s
of 1500, with Paolo Sarpi, who had come to very similar conclusions to those of
Leonardo:

Therefore the Moon is opaque, but not shiny. ... If she were a polished mirror, she
would still shine during the day, and not only in the shadows, indeed with a double
light, although in the same solar light, because so do the mirrors and the waters,
making the solar light duplicated [my translation] (see [35], p. 10).

The two interpretations diverged on the different aptitude of the Earth and water to
reflect the Sun’s rays. And it is probable, as Reeves suggests, that Galileo and Sarpi
worked together in 1606-1607 and carried out experiments to determine whether the
land or the water reflected better the light (see [3], p. 34). As we will see, Galileo will
dwell on this point in the Sydereus Nuncius.

The Galileeian interpretation of the ashen light does not need rotation and revo-
lution of the Earth around the Sun. It rather highlighted a symmetry of behaviour of
the Earth and the Moon as regards the reflection of sunlight. Aristotelian distinction
between the sublunar world and the world beyond the Moon was questioned: impli-
citly by Leonardo and explicitly by Galileo. On the other hand, Galileo’s interest in
Copernicus’s De Revolutionibus dated back to several years earlier [36]. So it is very
likely that Galileo inserted his interpretation of ashen light not only in the context of
the critique of the Aristotelian cosmology but also in the broader development of the
Copernican heliocentric system.

Galileo had observed lunar ashen light by naked eyes many years before the use of
the telescope, but he stressed in the Sydereus Nuncius that the phenomenon, observed
through a telescope, highlighted the similarity between the Earth and the Moon:

In this place I wish to explain the cause of another lunar phenomenon worthy of
notice. This phenomenon was observed by us not recently but rather many years ago,
shown to some close friends and pupils, explained, and given a causal demonstration
(see [2], p. 26 or p. 14R).

If we analyse the way in which the Sydereus Nuncius printing had occurred since the
manuscript was in the hands of Tommaso Baglioni for the composition between the
15 January and 12 March 1610, we get evidence that the ashen light represented,
to Galileo, an important topic for his commitment to Copernican system (see [38],
p. 137). The initial manuscript underwent several changes (see [38,39] and [40],
Vol. II). One of these was the interpolation of the description and interpretation of

(®) We do not know which particular Leonardo’s note Galileo had access to, so we are unable
to understand the precise extent of Galileo’s debt to Leonardo [37].
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ashen light. Earthshine, according to the Pisan scientist, was a powerful evidence in
favour of Copernicus’ claim that there was no difference between the Earth, the Moon
and the planets. In the Sydereus Nuncius Galileo claimed:

I thought it not unsuitable to be repeated here, and especially so that the relationship
(cognatio in latin) and similarity between the Moon and Earth may appear more
clearly (%). (see [2], p. 26 or p. 14R).

It was precisely the ashen light that impressed so much Henry Wotton, the English
ambassador at the Republic of Venice, when he transmitted to the Earl of Salisbury
a dispatch on the new discoveries that were being made in Venice (*°).

As we have seen, Galileo had carried out naked eyes observations of the Moon and
had explained its ashen light several years before the use of the telescope. His alle-
giance to the development of heliocentric Copernican system was long standing ('!).
Anyway Galileo’s acceptance of the heliocentric Copernican system, never explicitly
treated in any published work, was a private affair as if Galileo preferred to keep a low
profile on this thorny topic. But now, in 1610, after observing with a new instrument
phenomena such as the similarity between the Moon and the Earth and, above all,
the four satellites of Jupiter, Galileo felt the need to make his thoughts public in a
book that he knew would have changed the way of observing and interpreting the
movements of celestial bodies.

In the Sydereus Nuncius, the reference to Copernicus was explicit when Galileo,
discussing about the satellites of Jupiter, mentioned the Copernican system:

We have moreover an excellent and splendid argument for taking away the scruples
of those who, while tolerating with equanimity the revolution of the planets around
the Sun in the Copernican system, are so disturbed by the attendance of one Moon
around the Earth while the two together complete the annual orb around the Sun
that they conclude that this constitution of the universe must be overthrown as im-
possible. For here we have only one planet revolving around another while both run
through a great circle around the Sun: but our vision offers us four stars wandering
around Jupiter like the Moon around the Earth while all together with Jupiter tra-

(?) Giudice [41], p. 55, notes that the word used by Galileo —cognatio, relationship or kinship
in English— is the nominative singular of the one used by Copernicus —cognationem— previously
quoted in this paper (third page).

(%) An excerpt from the letter is published by Reeves who writes that the ambassador was so
impressed by the Galilean interpretation of the ashen light that in his Elements of Architecture,
published 15 years later, he described Galilean interpretation (see [3], pp. 9-10).

(11) There are at least two episodes, prior to Sydereus Nuncius, in which Galileo expresses a fa-
vourable evaluation of the Copernican heliocentric system. The first is the letter written by Galileo
to Kepler on 4 August 1597 (see [43], pp. 67-68) and the other refers to fragments of the University
lectures given by Galileo in December 1604, to notes and considerations relating to the Progymna-
smata of Tycho Brahe and some observations and calculations drawn up in different periods, datable
approximately between 1604 and 1607 [my translation] [42], p. 240. However, Galileo’ interest in the
Copernican thesis had been clear since 1590 when he left Pisa to occupy the chair of mathematics
at the Padua University [36].
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verse a great circle around the Sun in the space of twelve years (see [2], pp. 28r, 28v
or p. 59).

And in a letter to Antonio de' Medici dated 7 January 1610 Galileo took side against
the Aristotelian dichotomy between sublunar and celestial world:

Indeed one sees very openly that the Moon, as well as other celestial bodies, is not of
the same surface, smooth and clear, as it is believed by a great multitude of people,
but on the contrary is harsh and unequal. In conclusion the Moon shows, from a
sound discourse, to be filled with mountains and cavities, similar, but much greater
than the mountains and valleys scattered on the terrestrial surface.

I really still have the opinion that the terrestrial globe, seen from a great distance
hit by Sun-rays would appear more shining in the terrestrial part, and sea and the
surface of the other waters would appear less bright (see [44], p. 273, p. 259).

And in addition to the observations of the Moon, I have observed this in the other
stars. First, I have seen with glasses many fixed stars, which without them are
not separate; and even this evening I saw Jupiter accompanied by three fixed stars,
totally invisible due to their smallness, and their configuration was in this form:

% occidens

*

*
oriens

nor did they occupy no more than one degree in longitude. [44]

3.1. Dating of Galileo’s images of the Moon

Galileo published in the Sydereus Nuncius (SN) [1], for the first time, five ima-
ges (*?) of the Moon observed through a 20-power telescope (see [45], p. 154; see also
table I). Moreover Galileo composed seven ink-and-wash drawings, now kept in the
Biblioteca Nazionale di Firenze (fig. 9, fig. 10).

It is possible that they were made by Galileo during his telescopic observa-
tions (**) but, more likely, they were drawn from a sketch after observations. Six
of them, arranged in two columns of three rows, were drawn on the same sheet (287)
and partially numbered by Galileo: “17, “3”  “4”  “5”. The other two were not num-
bered and I will quote them as “upper left” and “upper right”. The seventh one was
drawn on another sheet (29v) and numbered “8” by Galileo. From the numerical
sequence it is clear that there must have been another sheet —28v— where, presu-
mably, images “6” and “7” were drawn [40]. The “upper left” image is considered a

(2) More precisely, the original images were four, the third and fifth being the same.
('3) Elizabeth Cavicchi [46], as reported by Gingerich and Van Helden (see [39], p. 256), had
been able to draw the Moon in watercolour while observing it through a telescope.
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TABLE 1. — Printed images of the Moon in the Sydereus Nuncius. SN F.10r and SN F.10v lower
are the same (see [1], pp. 11-15).

SN F.8r

SN F.10r

SN F.10v lower
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Fig. 9. — Galileo Galilei, Sydereus Nuncius, cc. 8r-29v, autograph sketch, 1610 in Galileo Galilei,
Opere di Astronomia, manoscritto composito, secc. XVII-XIX; Firenze, BNC, Galileiano 48, c¢.287,
297, 29v. By permission of the Ministero per i Beni culturali e per il turismo/Biblioteca Nazionale
di Firenze.
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Fig. 10. — Galileo Galilei, Sydereus Nuncius, cc. 8r-29v, autograph sketch, 1610 in Galileo Galilei,
Opere di Astronomia, manoscritto composito, secc. XVII-XIX; Firenze, BNC, Galileiano 48, c.28r,
297, 29v. By permission of the Ministero per i Beni culturali e per il turismo/Biblioteca Nazionale
di Firenze.
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test image, then repeated in “1”. On why Galileo did not number “2” the “upper
right” image, see Gingerich [47] (**).

Galileo’s representations of the Moon have been analysed and cited by an endless
number of scholars. What interests us, however, in the present context, is whether the
ashen light is clearly visible in drawn or printed images. To this end attempts to date
them are worth analysing and the correspondence between ink-and-water drawings
and printed ones, because a dating procedure would give us information on the quality
of the images and on their adequacy to show faint phenomena such as that of ashen
light.

The five printed images were analysed in depth by G. Righini [9,10] with the aim of
trying to date them. His approach was purely astronomical. The first image represents
the waxing Moon on the fourth or fifth day after the new Moon. G. Righini established
the dates of the new Moon between July and December 1609, having identified this
dates interval on the basis of historical reconstructions of Galileo’s activity. For
dating the second and the third image G. Righini used a very original method. He
claimed that in Galileo’s images it was possible to detect the phenomenon of lunar
libration (I shall talk about it later), unwittingly noticed by the Pisan scientist. From
this G. Righini deduced a method for dating the images: his results are shown in
table II.

Gingerich criticised these results as they refer to images of the Moon which were
too inaccurate for a quantitative analysis. G. Righini had deduced from his analysis
that Galileo was a remarkably faithful recorder of his visual experiences. Gingerich
instead argued that the accuracy required for Righini’s method —to the extent of
concluding that Galileo unknowingly recorded Moon’s libration— was very far from
the one achieved by Galileo. In particular, Gingerich argued that the crater that
was seen in the second (F.9v) and third images (F.107) was completely unrealistic.
Moreover, three possible dates corresponded to the first image: 29 January 1610, 29
March 1610, 2 October 1609 (see [48], pp. 86-87).

Bredekamp ('®) [50] suggested a different dating: the first image (F.87) of the
Sydereus Nuncius 31 December 1609, the second one (F.9v) 02 January 1610, the
third one (F.107) 15 January 1610, the fourth one (F.10vtop) 16.01.1610 (see [50],
pp. 180-181). But, as Gingerich pointed out (see [51], p. 161), he entirely neglected

(**) Nine drawings of the Moon are in a copy of Galileo’s letter dated 7 January 1610 to an
unknown correspondent, doubtfully identified by Favaro in Antonio de' Medici (see [44], pp. 273~
278). In spite of the poor quality of the images due to printing systems, they have been analysed by
Needham (see [40], pp. 93-101). Afterwards, the images drawn in the letter, now in the Historical
Archives of the Pontificia Universita Gregoriana (APUG 530, ff. 155r-156v), have been analysed
by Bredenkamp who had the opportunity to consult the catalogue of the 2015 exhibition Magistri
astronomiae dal XVI al XIX secolo: Cristoforo Clavio, Galileo Galilei e Angelo Secchi, where the
letter was displayed (see [49], pp. 100-110).

(*®) Bredekamp was a staunch and disinterested supporter of the authenticity of a copy of the
Sydereus Nuncius which later on turned out to be a forgery. A story of this unbelievable fact can
be found in a essay review of Van Helden [54].
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TABLE II. — Dating of the printed images of the Moon in the Sydereus Nuncius according to G.
Righini. The diameter of the images 1, 3, 4, 5 is 80 mm; image 2 has a diameter of 76,5 mm [9,10].

SN F.8r

02.10.1609

waxing Moon the fourth or fifth

day after new Moon

03.12.1609

first quarter

18.12.1609

last quarter

18.12.1609

shortly before the last quarter

18.12.1609
last gquarter

“editorial mistake”
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astronomical constraints, relying his dating only on Galileo’s letter of 07 January
1610 [44].

Drake re-examined Righini’s chronology and, on the basis of his knowledge of
Galileo’s biography, observed that Galileo could not have started his observations
before 1 December 1609, shortly after sunset when the age of the Moon was 5 days.
He moved Righini’s date 02.10.1609 to 29.01.1610 (see [45], p. 154), he accepted
other G. Righini’s dating and considered G. Righini’s work a contribution “... which
remains without rival in scope and scholarship in the vast literature regarding this
important phase of Galileo’s activities.” [52]

The problem of dating both ink-and-wash and printed images was reconsidered by
Whitaker, an astronomer specialized in lunar studies, who argued that he had been
surprised to find that the ink-and-wash drawings and printed images were “... more
accurate in their qualitative portrayal of actual phases (their geometrical accuracy
is clearly much poorer) that I had hitherto thought” (see [53], p. 158). Whitaker
compared Galileo’s images of the Moon with the photographic ones taken at the same
conditions of Galileo’s observations. See table III. Whitaker confirmed Righini’s dates
for the second and fourth printed image of the Sydereus Nuncius; for the third image
he confirmed Righini’s date if for “shortly before the last quarter” we mean one day
before. For the first image Whitaker proposes a different date: 30.11.1609. Moreover
he finds links between Galileo’s printed and drawn images of the Moon.

In the images of the Sydereus Nucnius there was an error, probably due to the
printer, in the up-down orientation of image 2 (F.9v) which must be reversed. Ne-
vertheless, if we compare the second image (F.9v) with a photo of the Moon (at low
resolution as suggested by Gingerich) at the same phase, we can “..
gainsayers who assert that Galileo images bear no resemblance to reality” (see [22],
p. 21).

Gingerich and Van Helden (see [39], p. 258) took Whitaker’s chronology as defi-
nitive, except for the date of the second image of the Sydereus Nuncius (2 December
1609 instead of 3 December 1609). Moreover Whitaker, according to the two authors,
roughly confirmed G. Righini’s dates. More recently A. Righini revised G. Righini’s
dates, using the JPL Horizon project website and the Stonyhurst disc, and corrected
the date provided by G. Righini of the first image of the Sydereus Nuncius from 2
October 1609 to December 1 1609, with a mean absolute error of 2.5% in units of
lunar diameter. Such a little error means, according to the author, that Galileo’s

muzzle the

images were accurate enough to perform measurements on them and, contrary to
what Gingerich claimed, they were not just attempts to give the idea of mountains
and plains [33,55]. It is worth underlining that while for most scholars the fifth image
of the Sydereus Nuncius is the same as the third and this was a mistake, A. Righini
argues that, perhaps, Galileo deliberately duplicated the third image in order to speed
up the publication of the book (see [33], p. 30).

So, due to the studies on dating of both the images drawn by Galileo and those
printed in the Sydereus Nuncius, we can be enough confident that Galileo was quite
accurate to record not only the ashen light but also the lunar libration, this last one
although unknowingly.
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TABLE III. — Dating and correspondence between Galileo’s ink-and-wash drawings and printed
images of the Moon in Sydereus Nuncius according to Whitaker [22,53].

Galileo’s ink-and-wash

-!n =

] ) Date Sydereus Nuncius
drawings numbering
Sheet 287 [upper left]
“ 30.11.1609
Sheet 287 [upper right]
01.12.1609
Sheet 28+ drawing 1
30.11.1609
Sheet 287 drawing 3
02.12.1609
Sheet 28+ drawing 4 SN F.10v top
: ’ 18.12.1609
Sheet 287 drawing 5
. 17.12.1609
Sheet 29v drawing 8
19.01.1610

03.12.1609
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3.2. The ashen light of the Moon in Galileo’s “Sydereus Nuncius”

In addition to the famous and fascinating images and drawings of the Moon,
Galileo had left us dozens of pages in which lunar phenomena are analysed in detail.
He dedicated to the Moon about a third of the 60 pages of the Sydereus Nuncius [1,2],
from the end of page 10 to the middle of page 30, including the famous five images.
About 4 pages (from the top of page 26 to page 29 in the middle) were assigned to the
ashen light. But while the reference to printed images was clear when Galileo exposed
the novelties that the telescope had allowed him to detect —in particular complete
similarity of the Moon to the Earth with its mountains, valleys, clefts, sinuosities—
he did not relate the ashen light to any of the images.

Swerdlow argues that non-uniformities of shading in the dark part of the first
image (F.87) may be intended to show the effect of the ashen light (see [56], p. 249).
This is certainly possible but one needs to keep in mind that at least two other
craftsmen (not necessarly different) contributed to the printing: the engraver and the
printer. And again we have to consider that in the several reprints of the Sydereus
Nuncius the images have undergone various transformations and therefore we should
know which edition of the Sydereus Nuncius has been consulted.

Knowing, therefore, that the ashen light is a tenuous phenomenon, it seems ap-
propriate to analyse also the drawings that Galileo made during the observations or
immediately afterwards. Not all the images of the Moon in the 80 known copies of
the 550 of the first edition of the Sydereus Nuncius are perfectly identical, if only for
their different state of preservation. Not to mention the images of the Moon in the
various subsequent editions. Galileo’s ink-and-wash drawings of the Moon are, on the
other hand, unique. Since in some of them the phenomenon of the ashen light can
be identified, the historiographical problem arises of understanding why there was
not any printed image that referred to the ashen light, even though there was a very
detailed description of the phenomenon.

In the Sydereus Nuncius Galileo noted that, when we observe the Moon before
and after the conjunction, and when it is not far from the Sun, we not only see its
shining horns but also a faint circle which separates it from the darker surrounding
ether. Moreover, looking more closely at the phenomenon, we observe also the entire
face of the Moon, though it was not illuminated by the Sun. This last phenomenon
can be observed with difficulty, as Galileo noted, due the bright horns. But it can
be observed if the horns are concealed by a roof or a chimney or another obstacle
between our sight and the Moon. The observer then will discover that this region of
the Moon, although deprived of sunlight, also shines with a considerable light. The
phenomenon was observed by Galileo with the naked eye many years before, and, as
we have already seen, was firstly interpreted by Leonardo.

Galilean explanation assumed that the Earth was able to reflect the Sun’s rays,
a point of view strongly criticised by “... those who claim that the Earth is to be
excluded from the dance of the stars, especially because she is devoid of motion and
light” (see [2], p. 30). Galileo claimed that in his Systema Mundi he would have
demonstrated a very strong reflection of solar light from the Earth.
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As the phenomenon of the ashen Moon is more visible in the phases of the waxing
Moon, the watercolour drawings which I have analysed are the “upper right”, the
“17, the “3” and the “5”. This latter can be excluded because in the waxing gibbous
phase the phenomenon of the ashen light is very weak. See fig. 9 and fig. 11.

I should also exclude the drawing “3” because Galileo drew the dark background
of the sky only in correspondence with the illuminated part of the Moon, unlike the
other two, where the dark background of the sky is drawn behind the whole Moon.
Both in the “upper right” drawings and in the “1” drawings we note how the part of
the Moon not illuminated by the Sun is a little bit lighter than the dark background
of the sky. This greater candour could indicate that Galileo actually perceived and
drew the ashen light. Describing the image “1” Bredekamp states that ... strangely,
the deepest dark appears outside, on the upper and lower edges of the picture ...”.
Indeed if, as I suppose, Galileo wanted to highlight the phenomenon of the ashen
Moon, I do not find strange that he coloured the sky with a much darker color in
order to enhance the faint luminosity of the Moon illuminated by the Sun’s rays
reflected from the Earth towards the Moon. It’s the same artifice used by Galileo in
the image “upper right” where, as Bredekamp rightly writes, ... after the glaringly
illuminated crescent and the abrupt contrast of the dividing line to the lunar night,
the refined treatment of lighting continues with a diminishing of the darkness to
reproduce the reflected light of the Earth” (see [57], pp. 173-174).

So, assuming that Galileo actually drew the ashen light, why is there no record
of this phenomenon in the printed images of the Sydereus Nuncius? And why did
not Galileo add another image that would have better illustrated the phenomenon
described at length in the text?

In this regard, Molaro argues that it does not seem plausible, as someone could
suppose, that the more common Venetian woodcut would have been more suitable
than etchings to highlight details and nuances present in the ink-and-wash drawings.
The problem should be therefore, according to the author, not technical. Those who
accepted that the Earth could reflect the Sun’s rays were considered supporters of
Copernicanism. For this reason Galileo would have hesitated to illustrate with an
image the theory of the origin of ashen light (see [58], pp. 83-84). To this hypothesis
it can be objected that Galileo wanted to publish the text as soon as possible to claim
discovery priority, comforted, among other things, by Cosimo II de' Medici who had
accepted that the book could be published under Medici patronage.

Moreover, in addition to the point already mentioned, there are two other parts
of the Sydereus Nuncius in which the reference to the Copernican system is clear
although not explicit. The first one is in the dedication to Cosimo II de' Medici:

. four stars ... make their journeys and orbits with a marvellous speed around the
star of Jupiter ... with mutually different motions, like children of the same family,
while meanwhile all together, in mutual harmony, complete their great revolutions
every twelve years about the centre of the world, that is, about the Sun itself (see [2],
p. 4, F.3r).
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Fig. 11. — The three drawings where the ashen light should be detected.

A second reference is in the part of the Sydereus Nuncius which deals with the ashen
Moon:

We will say more in our System of the World, where ... we will demonstrate that
she [the Earth] is movable and surpasses the Moon in brightness, and that she is not
the dump heap of the filth and dregs of the universe ... (see [2], p. 30, F.167).

The reference to the Earth as a “wandering star” is all the more significant as it is
not necessary for the interpretation of the phenomenon of the ashen light.

Evidently Galileo wanted to underline his full endorsement of the heliocentric
Copernican system (') (see [59], note 84, p. 76). It was then evident for a reader
educated enough to read a book written in Latin, that two of the key points of the
text —similarity between the Moon and the Earth and the Jupiter’s satellites— had
been interpreted by Galileo in light of Copernican system.

In conclusion, Galileo, especially after the Medicis’ patronage, did not seem re-
luctant at all to admit his acceptance of the Copernican system. He did not insert an
image of the Moon that highlighted the ashen light because he was in a hurry and he
was not very satisfied with the quality of the images in the Sydereus Nuncius. When
the Pisan scientist sent to Cosimo I de' Medici a still fresh copy of his booklet, he
accompanied it with a letter, dated 19 March 1610, to Vinta, the First Secretary of
State of the Grand Duchy. In it Galileo expressed his disappointment at the poor
quality of the images:

It is necessary that Your Most Illustrious Lord offers my apologies to the Highnesses
if the work doesn’t come out printed with that magnificence and decorum that such
a larger-than-life object would have required, because the time constraints did not
allow it, nor did I want to put off the publication, so as not to take the risk that
someone else has encountered the same and made me worry. ... It will also be
necessary in a very short time to reprint the work, completed with many observations,
which I'm continuing, and with many and beautiful copper-cut images by a talented
man [my translation] (see [61], pp. 299, 300).

(*6) A detailed analysis of Galielo’s adhesion to Copernicanism in the Sydereus Nuncius would
take us too far from the purpose of this paper. For information on this topic see [38,59,60].
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The poor quality of the images was, therefore, attributed by Galileo to haste even if he
did not exclude, in the case of reprinting, to contact a more skilled printer. The lack
of an image of the Moon under the effect of the ashen light could also be attributed
to the same cause.

3.3. The ashen light of the Moon in Galileo’s “Dialogo”

As Galileo had foretold in the Sydereus Nuncius, he detailed his thought on ashen
light in the First Day of the Dialogo [11]. The similarity between the Earth and
the Moon was the context, introduced by Salviati —the Galileian— who listed seven
topics in favour of it ('7). To our purposes, the sixth argument is interesting: As the
Moon supplies us with the light received from the Sun so the Earth reflects the solar
rays towards the Moon.

Salv. ... To get back to our original discussion, I state that the sixth agreement
between the Moon and the Earth is that just as the Moon supplies us with the light
we lack from the Sun a great part of the time, and by reflection of its rays makes
the nights fairly bright, so the Earth repays it by reflecting the solar rays when the
Moon most needs them, giving a very strong illumination —as much greater than
what the Moon gives us, it would seem to me, as the surface of the Earth is greater
than that of the Moon (see [62], p. 67).

Simplicio —the Aristotelic— disagreed on some proofs Salviati brought to support
similarities between the Earth and the Moon. Specifically he found unconvincing the
interpretation of the ashen light of the Moon. Simplicio said that the Moon could not
receive light from the Earth which was completely dark, opaque and unfit to reflect
the sunlight as the Moon reflected it. And he added:

Stmp. ... I consider the light which is seen over the rest of the face of the Moon
(outside the horns brightly illuminated by the Sun) to be the Moon’s own proper
and natural light, and it would be quite a feat to make me think otherwise (see [62],
p. 70).

Salviati replied that Simplicio’s assumption —the Moon was polished and smooth as a
mirror and, as such, fitted to reflect the sunlight, while the Earth, due to its roughness,
had no power to make a similar reflection— was wrong. An easy experiment showed
the opposite. Salviati hanged a mirror on a rugged wall illuminated by Sun’s rays
and showed that the surface of the wall always looked equally illuminated, no matter
from what place you observed it, and somewhat lighter than that of the mirror from
every place except that small area where the reflection from the mirror struck.

If the surface of the Moon were a mirror observed from the Earth, it would into-
lerably dazzle us in one point but it would be much darker in other points. So, since
the Moon reflected the Sun’s rays in all directions, it looked more like the wall than

(17) English quotations of the Dialogo are taken from [62].
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the mirror. A rough wall scattered its light more diffusely unlike the mirror, which
diffused it more vividly (see [62], pp. 73, 77 and [11], pp. 98, 102).

But, Sagredo —the subtle moderator of the debate— asked, and Simplicio agreed
with him, as the Moon was spherical and not flat, it ought to reflect on the Earth
light rays coming from the Sun to all directions, and not to a restricted area like those
of a flat mirror (see [62], p. 73 and [11], p. 98). It was easy for Salviati to argue that
only a very small part of the Moon would show itself to the eyes of a particular person
on the Earth, although the entire lunar hemisphere would be exposed to Sun’s rays.
The rest would remain, to the observer’s eyes, unilluminated and therefore invisible,
since that little area which gave reflection would be lost by reason of its smallness
and great distance (see [62], pp. 74-75 and [11], pp. 99-100).

Similar arguments were used by Salviati against Simplicio’s objections dealing
with the reflection of light on copper or silver plates. And Salviati, rather ironically,
concluded:

Salv. ... So if anyone, seeing from a distance a little gilded plate shining all over,
should imagine that the same phenomenon would have to occur with a plate as large
as the Moon, he would be as much deceived as if he were to think that the Moon is
no larger than the bottom of a bathtub. (see [62], p. 79)

Simplicio was not satisfied and came back citing a “recent booklet” in which the
author —Locher— argued that ashen light derived from the illumination of the Sun
itself, which penetrated its whole body because the substance of the lunar globe
was somewhat transparent. But this more vividly illuminated the surface of the
hemisphere which was exposed to Sun’s rays, and the interior, soaking up this light like
a cloud or crystal, transmitted it and made the Moon visibly lighted (*®). Moreover,
Simplicio again said, during the solar eclipses, when the Moon was under the Sun’s
disc, it was seen to be translucent, especially around the extreme edges. Then, since
this phenomenon could be derived neither from the Earth, nor from the stars nor from
the Moon itself, it necessarily followed that it came from the Sun. This hypothesis,
according to Locher, explained all the observed lunar phenomena: the appearance of
ashen light more vividly along the extreme edges; the observation of a brighter circle
along the extreme edge of the Moon, during a solar eclipse, in that part which was
under the Sun’s disc, and not in the part outside this disc; and so on (*9).

Salviati easily proved that all Locher’s arguments were false or contradictory and
concluded that reflection from the Earth is very powerful on the Moon and he delved
into the question of the solidity of the material which the Moon was made of.

Simplicio argued:

(8) Tt is the so called “theory of imbibition”, not longer used to explain the light of the Moon,
but the ashen light.

(19) The booklet which Simplicio referred to was Disquisitiones mathematice written by Locher,
a pupil of Scheiner [63].
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— that the Moon was made of solid material because it was polished and smooth;

— that the reflection from the Earth’s seas ought to be stronger as they have a
smooth surface.

While Salviati claimed:

— that it was solid because it was mountainous

— that the Earth’s seas reflected less light that land which was rough and dark
(see [62], p. 97 and [11], p. 122).

Dealing with the first question, if the Moon and the Earth were made of fluid material,
they would level out and it would be impossible to see on the Moon mountains and
their shadows (see [62], p. 97 and [11], p. 122).

As concerns the second question, Salviati claimed that, having considered the
events that take place in mirrors, we could understand quite well that the reflection
of light coming from the seas would be less than that coming from the land (*°)
(see [11], p. 22). While seas, if unshaken by the wind, reflect solar rays in one
direction only, land reflects light in all directions due its roughness. To make his
reasoning even more understandable, Salviati poured water on the floor and asked
his interlocutors to observe the reflection of solar rays from the dry part and the wet
part of the ground. Like the experiment with the mirror, the dry ground diffused
the light in all directions while the wet ground reflected the solar rays only in one
direction. Salviati could conclude therefore that just as the surface of the Earth’s
oceans seen from the Moon would appear even (except for islands and rocks), so it
would appear less bright than that of the land, which was uneven and mountainous
(see [62], pp. 97-98 and [11], pp. 122-123).

But did similarities between the Moon and the Earth go so far as to consider
the Moon covered with forests or inhabited by human beings? No, on this point
Salviati was cautious because the richness of nature is unimaginable for us. So Sagredo
commented:

It always seems to me extreme rashness on the part of some when they want to make
human abilities the measure of what nature can do. ... On the contrary, there is
not a single effect in nature, even the least that exists, such that the most ingenious
theorists can arrive at a complete understanding of it. This vain presumption of
understanding everything can have no other basis than never understanding any-
thing. For anyone who had experienced just once the perfect understanding of one
single thing, and had truly tasted how knowledge is accomplished, would recognize
that of the infinity of other truths he understands nothing (see [62], p. 101 and [11],
pp. 126-127).

(20) As we have seen previously, Leonardo also posed the same problem and solved it by stating
that lunar seas did not constitute a flat surface but were rippled by the wind.
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3.4. The ashen light of the Moon in the “Lettera al Principe Leopoldo”

Prompted by the request of Prince Leopoldo de' Medici (*') to communicate his
thoughts about Liceti’s book (?2) on the ashen light of the Moon, the seventy-six
year old Galileo, now completely blind, dictated to Vincenzo Viviani (1622-1703), his
“dear friend” (**) and devoted disciple, a memoir which would turn out to be the
last one of the Pisan scientist.

Galileo’s answered Prince Leopoldo on 13 March 1840 [64] and the Memoir was
addressed on 14 May 1640. Paolo Frisi refers to the Memoir in his Elogio del Galileo
(see [29], pp. 32-33). The first printed version of the memoir was published by Liceti
in his book De Lune subobscura luce [65], after repeated requests of authorization to
Galileo, rather reluctant to make public what he considered a private affair between
himself and the Prince.

The Letter to the Prince is full of considerations on the relationships among
perception, natural philosophy and mathematics. But I will not analyse this topics,
which would take me away from the main subject of my paper. Galileo, in the letter to
the Prince, came back to discuss about the Moon after that his first telescopic images
of the lunar soil, published almost thirty years before [69], had placed him in the
narrow circle of the great thinkers who had revolutionized the philosophical, cultural
and scientific thought. With thorough arguments Galileo reiterated the thesis that
the Moon’s ashen light originated from the reflection of the Sun’s rays on the surface
of the Earth. Moreover the Pisan scientist demolished, with sharp quills (**), Liceti’s
thesis, who maintained that the Moon gave back, in the dark, the light stored when hit
by sunlight: a behaviour quite similar to that one of the “bolognese stone” (*°) [70].

In the memoir Galileo does not bring new proofs supporting his thesis. The goal is
to reiterate interpretation of the ashen light that Liceti had criticized and to demolish
Liceti’s one. Galileo therefore continued to support his thesis with proofs he had

(?') Leopoldo de' Medici (1617-1675) was the brother of Ferdinando IT de' Medici (1590-1621),
Grand Duke of Tuscany from 1621, who thought highly of Galileo and protected him, within the
limits of his possibilities [66]. At the death of Leopold, his personal patrimony constituted, among
other things, by the lens of Galileo, the telescopes, the jovialabe and the glassworks of the Accademia
del Cimento, became part of the Medici collections and are currently exhibited in the “Museo Galileo”
in Florence.

(?2) In the chapter L of his book, Liceti criticized Galileo on the ashen light of the Moon [65].
Fortunio Liceti (1577-1657) was professor of philosophy first at Pisa University and then at Bologna
University where he taught from 1637 to 1645. Afterwards he taught medicine in Padua University
where he was colleague of Galileo for one year. Their relationship, testified by several letters, was
based on esteem and friendship which, however, did not influence their deep divergences as regards
to natural philosophy, mathematics and astronomy [67].

(?3) Galileo spoke of Viviani as “dear friend” in several letters. See [68], p. 473.

(?%) Leopoldo had invited Galileo to soften his criticisms to Liceti, “ad astenersi dalli aculei” [to
refrain from quills] as the Pisan scientist had interpreted Prince’s suggestion.

(25) The bolognese stone is barium sulphate which, once calcinated, becomes phosphorescent in
the dark, after his exposition to light. The phenomenon was discovered at Monte Paderno, near Bo-
logna, around the 1604 [71]. Galileo learned of it through Giovanni Antonio Magini, mathematician
of the Bolognese Studio (see [68], p. 469).
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already given in the Sydereus Nuncius and in the Dialogo. On this occasion he added
methodological considerations on the relationships between natural philosophy and
mathematics. By proposing stringent logical arguments Galileo showed the fallacy of
Liceti’s arguments against him.

Galileo then moved on to Liceti’s hypothesis that the ashen light depended on
the reflection of Solar rays on the ether surrounding the Moon. According to Galileo,
there was an indisputable proof against this hypothesis: during an eclipse, the ether
surrounding the Moon remained outside the shadow cone and continued to be illumi-
nated. The ether could have reflected the Sun’s light on the dark part of the Moon,
but observations did not highlight this phenomenon, except to a very low extent such
as to be absolutely inferior to that one of the ashen light. Galileo, continuing in his
inexorably rational analysis, taught Liceti a true lesson, with considerations of natural
philosophy taking into account mathematical, quantitative reasoning. Liceti, in fact,
argued that ashen light would be weaker than terrestrial illumination during the full
Moon.

“Senses —Galileo wrote— can go wrong and be in need of correction, to be
obtained through the use of right rational speech” (see [68], p. 511).

Liceti’s mistake was to form

“... judgment ... from the first and sensual appearance, reasoning as a physicist
and natural [philosopher] ... . See therefore Your Highness how mathematical
reasoning serves to dodge those rocks, in which sometimes the pure physicist takes

the risks of colliding and breaking” (see [68], pp. 515, 521).

At the end of the memoir, Galileo takes into account Liceti’s statement that the
Moon can be compared to the Bologna’s stone. According to this hypothesis, the
Moon would preserve for some time the tenuous light reflected by the ether that
surrounds her and that this light would vanish after some time that the Moon was
in the shadow. Galileo had no doubts in saying that this hypothesis was a “poetical
graceful joke” (see [68], p. 540).

4. The Moon'’s libration (“titubazione”) in Galileo

There are three types of libration: 1) optical libration in longitude, 2) optical
libration in latitude, 3) optical diurnal libration, called also parallactic libration.

Optical libration in longitude was discovered by Hevelius (see [72], p. 96). It
derives from the variation, according to Kepler’s second law, of the angular velocity
of the Moon along its orbit, being it a little eccentric. A terrestrial observer sees an
angular shift of surface objects either to the western or the eastern edge of the lunar
disk. The maximum angular shift relative to the centre of the Moon is of + 7.9°
(see [32], p. 495).

Optical libration in latitude was discovered by Hevelius too (see [72], p. 96). It
depends on the Moon’s axis which is not normal to the plane of the orbit. A terrestrial
observer sees the North and the South poles of the Moon alternately inclined towards
the Earth (+ 6.8° maximum [72]).
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Optical diurnal libration, also called parallactic libration, was discovered by Ga-
lileo (as we will shortly see). It depends on the position of the observer on the Earth
and from the position of the Moon on the horizon of the observer. Its maximum value
is equal to 57" [72].

While the librations listed above are referred to as optical, there is another type
of libration, called physical, inherent in the movement of the Moon.

The librations were first observed by Galileo (see [29], p. 33) the one in longitude
in 1632 and the one in latitude in 1637, but Hevelius was the first to portray the
effects of these in images (see [22], p. 57).

In 1693, J.D. Cassini (see [73], p. 35) published some empirical laws, now called
Cassini’s laws, which described approximately the rotation of the Moon, whose de-
viation from laws was nothing but the physical libration [74]. They are as follows
(see [75], p. 50):

1) The Moon rotates eastward, about a fixed axis, with constant angular velocity
and in a period of one sidereal month.

2) The inclination I of the Moon’s axis of rotation to the ecliptic remains constant.

3) The poles of the Moon’s axis of rotation, of the ecliptic and of the lunar orbit lie
in the same plane, and on one great circle, in that order (?¢).

Optical librations were analysed by Newton in the light of his gravitation theory (*7)
(see [76], Prop. 17, Theo. 15, p. 820). Later in the same volume Newton, discussing
the problem of the figure of the Moon, mentioned also the possibility of its physical
librations caused by the attraction of the Earth but “... neither Jean Dominique
Cassini himself, nor his son Jacques ever published the observations ...”. This is
why for Newton, following Hevelius, the axis of rotation of the Moon was still perpen-
dicular to its orbital plane (see [75], p. 58). Newton’s solution was however considered
incomplete. In 1764 the Académie des Sciences in Paris offered Lagrange a special
prize for his solution of the problem after Cassini’s laws, then unknown to Newton.
Further difficulties arose when the gravitational influence of the Sun was also taken
into consideration. The whole problem was still considered unsolved in 1818 if La-
place felt the need to propose to the Académie des Sciences in Paris to set up a new
prize to be awarded to whoever succeeded in constructing lunar tables based solely
on the law of universal gravitation [77].

(26) Eckhardt (see [60], p. 7) claims that the third law was added only in the twentieth century,
giving implausible reasons for it. Actually, already for Tisserand (see [78], T.II, p. 444) Cassini’s
laws were three.

(27) Newton’s libration theory appeared in the Appendix to Nicholas Mercator’s Institutionum
astronomicarum libri duo (see [72], p. 97).
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4.1. The libration in Galileo’s Dialogo

As previously mentioned, G. Righini dated the second and third image (F.9v and
F.107) of the Sydereus Nuncius having found that Galileo, unwittingly, recorded the
phenomenon of the libration in latitude. So, according to G. Righini, already from
his first telescopic observations of the Moon, Galileo had highlighted the phenomenon
of “optical libration” —namely a combination of the libration in longitude and the
libration in latitude— but he had not realised their meaning and origin. Indeed in the
Sydereus Nuncius there was no reference to it. In the Dialogo (1632), instead, and
afterwards in the letters to Fulgenzio Micanzio (1637) and Alfonso Antonini (1638),
Galileo set out in detail his ideas on the subject.

It was Salviati who introduced the subject of a new event observed on the Moon
by his “Academic friend” (Galileo): 1) we do see somewhat more than half the Moon
and 2) the Moon’s motion bears an exact relation to the centre of the Earth (see [62],
pp. 65-66). For an observer on the surface of the Earth, the line joining his eye
with the center of the Moon did not cross in the same point on the Moon as the line
joining the center of the Earth with the center of the Moon. So Galileo highlighted the
difference between geocentric observation —the observer at the centre of the Earth—
and topocentric observation —the observer anywhere on the Earth’s surface—. When
the observer is at the zenith, geocentric and topocentric observation coincided.

In other words the observer saw some parts of the edge of the Moon’s hemisphere
and at the same time some parts were hidden for him. If the observer had been at the
centre of the Earth he would have always seen the same face of the Moon. It is evident
that Galileo was speaking of the “parallactic libration” (also called “diurnal libration”)
and that he did not grasp the different consequences of libration in longitude and
latitude.

Galileo also recorded in his observations, the phenomenon of the optical libration
in longitude:

Now the telescope has made it certain that this conclusion is in fact verified. For
there are two special markings on the moon, one of which is seen to the north-west
when the moon is on the meridian, and the other almost diametrically opposite. The
former is visible even without a telescope, but not the latter. The one toward the
north-west is a small oval spot separated from three larger ones. The opposite one
is smaller, and likewise stands apart from larger marks in a sufficiently clear field.
In both of these the variation mentioned already is quite clearly observed; they are
seen opposite to one another, now close to the edge of the lunar disc and now farther
away. The difference is such that the distance between the north-westerly spot and
the edge of the disc is at one time more than twice what it is at another. As to
the other spot, being much closer to the edge of the disc, the change is more than
threefold from one time to the other. From which it is obvious that the moon, as
if drawn by a magnetic force, faces the earth constantly with one surface and never
deviates in this regard (see [62], pp. 66-67).

Galileo, according to Righini (see [10], p. 37) attributed it to the movement of the
observer due to the Earth’s rotation. According to Wlodarczyk, instead, [32] Galileo
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was speaking about the combination of the libration in longitude and that one in
latitude.

As we have seen, G. Righini’s approach to the phenomenon of libration in Galileo
was strongly criticized by Gingerich, partly for philosophical considerations and partly
because it presupposed an accuracy that Galileo’s images of the Moon did not have.

Whitaker recognized that 1974 Righni’s work was an “ingenius paper” by an
author, I would add, who first had had the courage and skill to tackle a topic that
seemed beyond the scope of a quantitative evaluation. However the core of Whitaker’s
criticism regarded Galileo, who would not have recorded at all, even if unwittingly, the
effects of the libration in latitude. G. Righini based his calculations on the position of
the large crater in image 2 (F. 9v) and 3 (F.107) of the Sydereus Nuncius. His results
were in agreement with the data of the libration but, if I have understood correctly
Whitaker’s reasoning, agreement was due to chance: if Righini had been forced in the
absence of the crater, to rely on the borders of the mountain common to the Maria
Serenitatis and Inbrium, the value of motion in latitude would have occurred in the
opposite direction.

In technical language, Whitaker reproposed the old problem, already raised by
Hevelius, that Galileo did not have a good telescope or did not care enough for
his observations or he was ignorant of the art of painting (**), in contrast instead
with those who, like Righini, maintained that Galileo’s printed images of the Moon
represented a transposition on paper of what Galileo actually had observed and not
an invention or a remake as claimed by Gingerich.

As we have seen G. Righini and Wlodarczyk did not agree on the interpretation
of Galileo’s claims. And other dissenting statements could be quoted. Their dissent
is not due to justified methodological problems relating to the modalities of historical
research. In fact, it is Galileo who was imprecise when speaking about libration. The
Pisan believed that the Moon did not rotate on its axis and that its trajectory was
perfectly circular. With these assumptions, the phenomenon of libration could not be
correctly set, much less interpreted.

As for the ashen light it is possible to hypothesize that both the printed images
and those drawn by Galileo are sufficiently accurate to carry out quantitative inve-
stigations such as those of G. Righini or Whitaker. However, the fact remains that
Galileo was not able to correctly interpret the phenomenon of libration.

4.2. The libration in Galileo’s letters to Micanzio and to Antonini

After the publication of the Dialogo (1632), and the tragic consequences that
followed, Galileo returned to the subject of the libration in a letter to Micanzio [79],

(28) “Hinc vero plane colligitur, Galileeum, aut satis idoneo Perspicillo caruisse, aut iisdem ob-
servationibus suis non satis vacare potuisse, aut quod potissimum, artem pictoriam & delineatoriam
ignorasse; quée alias huic operi admodum inservit, uti non minus visus acutus, Patientia & Labor”
(see [80], p. 205).
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a Venetian friend of his. In the letter he spoke of two wonders he had discovered:
1) three variations of the Moon’s face and 2) they have three different periods.:

I have discovered a very wonderful observation in the face of the Moon, in which,
although it has been looked at infinite times, I do not find that any change has been
observed, but that the same face always represents itself in the same view; which I
find not to be true, on the contrary that she is changing our appearance with all three
possible variations, making towards us those mutations that does who, exposing his
face to our eyes, and as they say “in maesta” (front face), is changing in all possible
ways, that is, turning it a little now to the right and now to the left, or actually
raising and lowering it, or finally tilting it now to the right and now to the left
shoulder.

All these mutations are seen to take place in the face of the moon, and the great
and ancient spots, which can be seen in it, make what I am saying manifest and
meaningful to us. We add a second surprise, and it is that these three different
mutations have three different periods: it is important that one changes from day to
day, and thus comes to have its diurnal period; the second is changing from month
to month, and has its menstrual period; the third has its annual period, according
to which its variation ends [my translation] (see [79], pp. 214-215).

So Galileo spoke of three mutations with different periods: daily, monthly and yearly.
The first two are librations: the first one is nothing more than the diurnal libration (or
parallactic libration), while the second is a combination of the libration in longitude
and that in latitude. The third one has nothing to do with librations.

In a letter to Antonini he will no longer speak of annual mutations, testifying to
be clearly aware of the difference between “mutations” of the Moon appearances, due
to the relative motions of Earth-Moon-Sun system and the “librations” which allow
the terrestrial observer to see more that 50% of the lunar face, but whose origin is
not specified by Galileo except in the case of the change of the observer position on
the terrestrial surface (parallactic libration) [81].

In the letter to Antonini, written on February 20th, 1638, “from the Arcetri
prison”, Galileo stated that the first reason that led him to support a similarity
between the Earth and the Moon was that the main philosophers had supported it:

I therefore say to VS Ill.ma that the first reason that led me to estimate that the
correspondence and, as they say, kinship (29) between the Moon and the Earth was
great, was that this conclusion was commonly held and pronounced by the main
philosophers. In the second place, this concept was confirmed in me by the diversity
of the spots that can be seen on the face of the moon, very similar to those which
on earth would appear through the continents and seas, when they were gazed at
from a great distance; but then this opinion is greatly enhanced by more minute
details that can be seen in it, very similar to ours on earth: I say from the wide flat

(29) In Ttalian “cognazione” is the same word, in Latin, used by Copernicus (in latin “cognatio-
nem” accusative of “cognatio”, relationship or kinship in english) See p. 4 of this paper. It is worth
stressing that Galileo employed the same Copernican word used twenty-eight years before in the
Sydereus Nuncius.
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countryside, and from the long stretches of mountains and groups of reefs, which are
equally and very similar both on them. ...

The Moon, therefore, with a diurnal period raises and lowers its face in setting and
being born; and with the menstrual period she turns it to the left and to the right.

I wanted with more accurate observations to go and find other peculiarities ... but
fate prevented me from doing this, since for about six months I had a congestion in
my eyes that deprived me of the use of the telescope ... [and] that it ended in a
total blindness [my translation] (see [81], pp. 292, 294, 296).

In the letter Galileo reported the theses that he had already maintained in the letter
to Micanzio. However, there was a difference: this time he did not talk about the
annual libration.

5. Conclusions

In a previous paper I have underlined how the different quality of the images
of the Moon by Leonardo and by Galileo were not assigned only to the use of the
telescope [82]. In the century between the two representations, some great events
had taken place that had changed our way of interpreting natural phenomena, giving
rise to what historians have defined “The Scientific Revolution” with the purpose of
stressing the discontinuity that had occurred in the history of philosophical and scien-
tific thought. A phenomenon that did not concern only the analysis, representation,
transformation and modelling of natural phenomena, but involved all aspects of our
being social individuals.

In the Sydereus Nuncius Galileo destroyed the Aristotelian dichotomy between
celestial and terrestrial phenomena. He was not the first to deduce that the Moon
was completely similar to Earth. Leonardo as well maintained the same thesis, but
he did not derive from it a critique either of the Ptolemaic system or to Aristotelian
dichotomy between sublunar and celestial world. Galileo, thanks to his Copernican
views, his mechanical and mathematical background, his drawing abilities, announced
the proof of the fallacy of the Ptolemaic system. We know, after General Relativity,
that a scientific choice between a frame of reference centred on the Sun or centred
on the Earth no longer makes sense: but, four centuries ago, the claim that the
Copernican system was not only more effective in describing astronomical phenomena
but was also true led Galileo to condemnation and abjuration and, in the 1633, his
Dialogo was put on the Index librorum prohibitorum.

The seven original drawings of the telescopic observations of the Moon show clearly
that Galileo was an expert in watercolour technique and, in particular, in chiaroscuro
technique. With the deft brushstrokes of a practiced watercolourist, Galileo laid at
least half a dozen different grades of washes, imparting to his images an attractive
soft and luminescent quality (see [83], p. 229).

For Galileo, disegno was a tool to exercise his sight and hands and not just a means
of making beautiful figures. The skills of the astronomer had to be combined with
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those of the painter. Galileo aimed to prove that the lunar surface was very similar
to the Earth’s one. Galileo’s drawings of the Moon were not a pure converting into
an image what his eyes had seen with the help of the telescope. He interpreted the
observational data in the light of a theoretical context [84]. In the Sydereus Nuncius
Galileo gave quite a long description of the phenomenon of the ashen light of the
Moon.

We do not know if Galileo knew Leonardo’s hypothesis; in any case, as I tried
to show, his proof was very different. Galileo not only proved that the Moon was
another Earth, a strand of thought introduced by Copernicus: from this point of
view Leonardo had been the first who has highlighted similarities between the Moon
and the Earth. But Galileo, unlike Leonardo, thought that rough surfaces reflected
light better than flat and shiny surfaces and proved this in the Dialogo, through
an experiment probably actually carried out with Paolo Sarpi many years earlier.
Whereas Leonardo had been forced to introduce a mechanical model of the Moon as
a “toothed wheel” in order to account for the phenomenon of the ashen light.

As far as the lunar libration was concerned, Leonardo certainly did not notice it.
On the other hand, it is controversial whether Galileo actually realised that he had
observed the new phenomenon of the lunar libration before 1632. G. Righini argued
that in the Sydereus Nuncius the images of the Moon showed that Galileo, although
without realizing it, recorded the phenomenon and, on the basis of it, proposed their
dating. Galileo, however, noticed the phenomenon not before 1632 and, in any case,
gave an incomplete interpretation of it. His bias that the orbits of the planets and
the Moon must be circular and travelled with uniform speed prevented him from
analysing the phenomenon in the light of Kepler’s laws.

In summary, if we analyse in detail Leonardo’s fragmentary arguments about the
Moon and do the same with those proposed by Galileo in the Sydereus Nuncius, in
the Dialogo and in the Letters, we notice a difference that only the emergence of new
styles of thinking and visual and observational practices can explain.

* ok ok

I thank the anonymous referee who provided me with useful annotations and
Gianfranco Truffa for his careful reading of the text and for his valuable suggestions.
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