


Wh en Galileo tu rn ed his
tel e s cope to the heaven s
in late 1609, a s tron omy

was a scien ce fill ed with diagrams but
l acking actual pictu re s . The moon ,
for ex a m p l e , of ten portrayed as a
c re s cent in med i eval and Ren a i s s a n ce
works of a rt , was not pictu red as it
actu a lly appe a red to the naked eye .
Prevailing astron omical op i n i on hel d
that the moon was in fact a perfect
s ph ere .

Eu ropean intell ectual soc i ety was
t h erefore shocked wh en Galileo’s
Si d ereus nu n cius (The St a rry Me s sen -
ger ) was publ i s h ed in 1610. Am on g
o t h er discoveri e s , G a l i l eo reported
that the moon was a ru gged body
with eart h - l i ke fe a tu res—a claim that
was punctu a ted with five natu ra l i s ti c
copperp l a te en gravi n gs of the moon
with its warts and bl emishes intact
( F i g. 1 ) .

Al t h o u gh Galileo em p l oyed pictori a l
devi ces in his Let ters of Su n s pot s of 1 6 1 3 ,
he later abandon ed natu ra l i s tic forms of
repre s en t a ti on . In deed , his cel ebra ted
work on co s m o l ogy, the Dialogue Co n -
cerning the Two Chief Wo rld Sys tem s of
1 6 2 3 , con t a i n ed not a single pictu re . Th i s
l ack of p i ctorial repre s en t a ti on was in step
with the ti m e s . In pri n ted astron om i c a l
works of this peri od , p i ctu res were ra re
and made no attem pt at natu ra l i s tic repre-
s en t a ti on .

It was not until the 1640s, with the
em er gen ce of physical astron omy as an au-
ton omous discipline, that a pictorial lan-
g u a ge began to be devel oped in astron omy.

This bri ef reco u n ting of the circ u m-
s t a n ces su rrounding Galileo’s copper en-
gravi n gs of the moon raises a nu m ber of
qu e s ti on s . F i rs t , s i n ce astron omy was a
s c i en ce with diagrams at the beginning of
the seven teenth cen tu ry, what role did
G a l i l eo’s pictu res of the moon serve in the
Si d ereus nu n ci u s?  It is clear that diagra m s
p l ayed an ep i s temic role in Ren a i s s a n ce as-
tron omy, of ten imparting cri tical pieces of
i n form a ti on to the re ader. Were Galileo’s
copper en gravi n gs of the moon meant to
p l ay a similar role?  Secon d , did Galileo’s
p i ctu res of the moon signal a natu ral evo-
luti on of the trad i ti onal role played by dia-
grams as repo s i tories of i n form a ti on — a n
evo luti on that em er ged as a re sult of t h e
i nven ti on of the tel e s cope and the oppor-
tu n i ty it afforded for more natu ra l i s ti c
repre s en t a ti ons of the heavens?  If s o, why
did it take another 30 ye a rs for a vi su a l

l a n g u a ge to em er ge for astron omy ?
And third , what role did Galileo’s
con tri buti ons play in the devel op-
m ent of a vi sual language for as-
tron omy ?

Galileo’s observations
Un til 1604, a s tron omy was som e-
thing of a dep a rtu re for Galileo. But
l a ter he su d den ly became intere s ted
in two astron omical qu e s ti on s . Th e
f i rst was why if e a rth moved in
s p ace , as Copernicus con ten ded ,
on ly one hem i s ph ere of the sky was
vi s i bl e . Propon ents of the trad i ti on-
al astron omy of Ari s totle insisted
that moving aw ay from the cel e s ti a l
s ph ere bro u ght one cl o s er to on e
s i de , t h erefore ren dering more than
h a l f the sph ere vi s i bl e . G a l i l eo was
certain that this attem pted rebut t a l
of the Copernican sys tem was
gro u n dl e s s , but he po s s e s s ed no

physical proof for the hypothesis of a
m oving eart h . He wro te to Johannes Ke-
p l er, the imperial mathem a tician at
Pra g u e , to tell him that he su pported the
Copernican hypo t h e s i s , but Kep l er was al-
re ady one of the converted .

The second qu e s ti on Galileo ad d re s s ed
was why if the heavens were immut a bl e ,a s
Ari s totle had argued , a new star appe a red
in 1604. Ari s to telians demu rred that the
ph en om en on was meteoro l ogi c a l , occ u r-
ring in the ch a n ge a ble regi on bel ow the
su rf ace of the moon . However, G a l i l eo
and others were beginning to su s pect that
the star of 1604 and an earl i er nova of
1572 lay beyond the sph ere of the moon ,
as Tycho Brahe had cl a i m ed many ye a rs
e a rl i er.

Finding answers to these qu e s ti ons be-
gan to be po s s i ble with the inven ti on of
the tel e s cope . Al t h o u gh many papers have
been wri t ten on this su bj ect , n obody
k n ows who actu a lly inven ted the tel e-
s cope . Rega rdl e s s , this amazing instru-
m ent that made distant obj ects appe a r
both larger and nearer cre a ted a stir in the
Net h erlands in 1608. A report of this in-
s tru m ent re ach ed Galileo the fo ll owi n g
ye a r. Af ter con f i rming the tel e s cope’s ex i s-
ten ce and acqu i ring the basic inform a ti on
on its con s tru cti on , G a l i l eo proceeded to
build his first ref racting tel e s cope in Ju ly
1 6 0 9 . By the end of that ye a r, he had su c-
ceeded in cre a ting an instru m ent that rep-
re s en ted obj ects 1,000 times larger and 30
times nearer than they appe a red to the
n a ked eye .
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Galileo Galilei. (Courtesy of AIP Emilio Segrè
Visual Archives, Physics Today Collection.)

Galileo's use of
mathematics to

predict experimental 
results is considered

a  cornerstone of
modern science.

He made significant
contributions to the

physical sciences,
and his defense of

the Copernican 
system brought him
into conflict with the

Catholic Church,
which found him
guilty of heresy,

banned his works in
1633 and placed him
under house arrest.



G a l i l eo tu rn ed this com p a ra tively sim-
ple instru m ent to the skies in Ja nu a ry
1 6 1 0 . In a very short ti m e , he made three
s ets of ob s erva ti ons that ch a ll en ged the
prevailing astron omical op i n i ons of Ari s-
to t l e . F i rs t ,G a l i l eo asserted ri gh t ly that
the moon was unique among heaven-
ly bodies in possessing fe a tu res dis-
cern i ble to the naked eye (su n s po t s
were of ten large en o u gh to be seen
with the naked eye , but pri or to the
s even teenth cen tu ry, the dom i n a n t
Ari s to telian co s m o l ogy cl o s ed the
door to su n s pot inve s ti ga ti on ) . Th e
m oon’s fe a tu res caused difficulti e s
for Ari s to telian co s m o l ogy, wh i ch was
b a s ed on a disti n cti on bet ween the per-
fecti on of the cel e s tial realm and the cor-
ru pti on of the terre s trial re a l m . A nu m-
ber of cl ever theories were devi s ed to ex-
plain the spo t tiness of the moon , t h e
preva l ent op i n i on being that the perfect ly
s ph erical lunar su rf ace appe a red bl em-
i s h ed as a con s equ en ce of lunar den s i ty
va ri a ti on s .

With his tel e s cope , G a l i l eo was able to
ob s erve the familiar spots of the moon
and many small er spots previ o u s ly not
s een . ( It should be noted that Galileo was
not the first scien tist to ob s erve the moon
with a tel e s cope . E a rl i er, the English as-
tron om er Th omas Ha rriot ob s erved the
m oon for several ye a rs , and it was he wh o
produ ced the first ro u gh maps of its su r-
f ace ) . G a l i l eo noti ced that these bri gh t
and dark areas ch a n ged in size as he
w a tch ed—a ph en om en on that previ o u s ly
h ad been invi s i bl e . In parti c u l a r, he noted
that the width of the dark lines def i n i n g
these spots va ri ed with the angle of s o l a r
i llu m i n a ti on . As the dark lines ch a n ged ,
he saw light spots in the dark part of t h e
m oon gradu a lly mer ge with the illu m i-
n a ted part of the moon .

G a l i l eo re a s on ed that the best ex-
p l a n a ti on for the ch a n ging pattern s
of l i ght and dark was that the
ch a n ging dark lines were shadows
proj ected by fe a tu res on the su rf ace
of the moon . His re a s oning im-
p l i ed that the su rf ace of the moon
was “every wh ere full of vast pro tu-
bera n ce s , deep ch a s m s , and sinu o s i-
ti e s ,” l i ke eart h’s su rf ace . No ting that
the summits of the highest el eva ti on s
were illu m i n a ted at a con s i dera ble dis-
t a n ce from the ed ge of the lunar cre s cen t ,
G a l i l eo app l i ed simple geom etrical re a-
s oning to esti m a te that the lunar moun-
tains were at least four times high er than

the mountains on eart h . Con tra ry to tra-
d i ti onal bel i ef , G a l i l eo con clu ded that the
m oon was far from perfect ; i n deed , it was

not even sph eri c a l .
G a l i l eo then tu rn ed the tel e s cope

to the stars to make his second ob s er-
va ti on . Al t h o u gh the stars appe a red
bri gh ter thro u gh the tel e s cope ,
t h ey were not en l a r ged and in-
s te ad loo ked even small er (unlike
the planet s , wh i ch gave the ap-
pe a ra n ce of s m a ll disks).
G a l i l eo’s on ly ex p l a n a ti on was
that the stars were situ a ted at im-
m ense distances from eart h , mu ch

f a rt h er than the planet s . By foc u s-
ing the tel e s cope on the con s tell a ti on

O ri on , he discovered and recorded
m a ny stars never seen before in the bel t

and sword of the hu n ter. He then swung
the tel e s cope thro u gh the Mi l ky Way, re-
vealing that a univers a lly bel i eved lu m i-
nous cloud in the sky was in fact a co ll ec-
ti on of i n d ivi dual stars .

G a l i l eo’s final set of ob s erva ti on s
proved to be the most dra m a ti c , at least in
terms of t h eir pro - Copernican po ten ti a l .
He ob s erved ti ny stars near Ju p i ter. O n
su cce s s ive nigh t s , he noti ced that these lit-
tle stars stayed with Ju p i ter as the planet
w a n dered thro u gh the fixed stars . He con-
clu ded that these four attendants must be
m oons circling Ju p i ter, and named them
the Med i cean stars in hon or of the Med i c i
f a m i ly that ru l ed Tu s c a ny. Here was a
Copernican sys tem in miniatu re , wh i ch
d i s c red i ted the Ari s to telian con ten ti on
that there could on ly be one cen ter of m o-
ti on in the univers e , n a m ely eart h . L a ter
that same ye a r, G a l i l eo ob s erved that a
s tra n ge oval satell i te su rro u n ded Sa tu rn ,

and that Venus ex h i bi ted phases as the
m oon did.

G a l i l eo wasted little time and re-
ported his ob s erva ti ons in a small ,
h e avi ly illu s tra ted tre a tise that was
p u bl i s h ed in 1610 with the ti t l e
Si d ereus nu n ci u s. It caused a sen-
s a ti on , making Galileo a cel ebri ty
overn i gh t . Wh en the initial ru n
of 550 copies sold out , a rei s su e
a ppe a red in Fra n k f u rt wi t h i n

m on t h s . In Pra g u e , G iuliano de’
Med i c i , the Tuscan ambassador,

gave Kep l er a copy with a requ e s t
f rom Galileo for com m en t s . Kep l er ’s

p a tron , the Emperor Ru doph II, s oon
m ade a similar request and Kep l er soon
produ ced a pamph l et call ed A Di sc u s s i o n
with the St a rry Me s sen ger. This pamph l et
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F i g u re 2. Ink wash of the last quart e r
m o o n , 1 6 0 9 - 1 6 1 0 . (S o u r c e : Le opere di
Galileo Galilei.)

F i g u re 1. Copper engraving of the last
q u a rter moon. (S o u r c e : Galileo Sidere u s
nuncius, 1610.)



ex to ll ed Galileo’s work , even though at the
time Kep l er had no tel e s cope and had nev-
er loo ked thro u gh on e .

Soon afterw a rd s , Kep l er was afforded
the opportu n i ty to ob s erve thro u gh
one of G a l i l eo’s tel e s copes and he
t h ereu pon publ i s h ed a second pam-
ph l et . Kep l er became so intri g u ed
with the instru m ent that he tem-
pora ri ly bro ke of f his own re-
s e a rch to publish a book in 1611
on len s e s . Kep l er even de s i gn ed
an altern a tive tel e s copic arra n ge-
m ent fe a tu ring a bi convex len s
com bi n a ti on that had many ad-
va n t a ges over the Galilean arra n ge-
m en t . Al t h o u gh the bi convex len s
com bi n a ti on produ ced an inverted
i m a ge , its field of vi ew was mu ch larger,
perm i t ting the devel opm ent of tel e s cope s
with high er magn i f i c a ti on s .

For the first time there was physical ev-
i den ce that som ething was amiss in the
Ari s to telian univers e . If G a l i l eo’s ob s erva-
ti ons were sound, t h en the many fo ll owers
of Ari s totle (who dom i n a ted intell ectu a l
l i fe in and around the univers i ties) wo u l d
h ave to revise Ari s to telian astron omy,
phys i c s , and the en ti re ed i f i ce of Ari s-
to telian ph i l o s ophy. E ach of G a l i l eo’s
t h ree sets of ob s erva ti ons underm i n ed ob-
j ecti ons to the Copernican sys tem , a n d
su gge s ted that the universe was more con-
genial to the new astron omy than anyon e
h ad bel i eved .

While the discovery of Ju p i ter ’s satel-
l i tes was perhaps the most telling bl ow in
the deb a te bet ween the old and new as-
tron omy, the discovery that the moon had
a ru gged su rf ace was scien ti f i c a lly the most
rem a rk a bl e . The satell i tes of Ju p i ter, t h e
ri n gs of Sa tu rn , the phases of Venu s , a n d
the indivi dual stars in the Mi l ky Way
could not be ob s erved with the naked
eye . These ob s erva ti ons were ach i eve-
m ents of the tel e s cope . As a su pport-
er of the Copernican sys tem ,
G a l i l eo was caught up with these
ob s erva ti ons because he was con-
vi n ced that they on ly made sense if
the Copernican sys tem did in fact
repre s ent re a l i ty. These ob s erva-
ti ons and the Copernican sys tem ,i n
o t h er word s , but tre s s ed each other.

The lunar ob s erva ti ons were an-
o t h er matter altoget h er: s c i en tists and
l aypeople alike did not need a Galilean tel-
e s cope to know that the moon had dis-
cern i ble fe a tu re s . The fact that these fe a-
tu res were fixed made it obvious that the

m oon alw ays kept the same face tu rn ed to-
w a rds eart h . The tel e s cope en a bl ed Galileo
to stu dy the ch a n ging patterns of t h e s e
fe a tu re s , p a rti c u l a rly at the interf ace be-

t ween the shaded and illu m i n a ted por-
ti on s . In order to make sense of t h e s e

p a t tern s ,G a l i l eo invo ked a met h od of
a r g u m ent he referred to as “in vi rtu
di pers pet tiva .” F lu ent in the
m et h od of repre s en ting space ac-
cording to geom etrical rules el a bo-
ra ted by Filippo Bru n ell e s ch i
( 1 3 7 7 - 1 4 4 6 ) , G a l i l eo argued that
the ch a n ging patterns of l i ght and

d a rk were caused by shadows cast by
hu ge topogra phical fe a tu re s , i n clu d-

ing mountains and cra ters . Th e
Copernican theory was con s i s tent wi t h

the claim that the lunar su rf ace was
ru gged , but it did not provi de him with an
i n terpret a ti on for the spo t tiness of t h e
m oon . It was the com m on language of
Eu ropean art that provi ded Galileo this in-
terpret a ti on .

G a l i l eo ex p l oi ted the arti s t’s under-
standing of cast shadows not on ly in the
text of the Si d ereus nu n ci u s but also in the
f ive copperp l a te en gravi n gs (one of wh i ch
was a du p l i c a te) that accom p a n i ed the
tex t . Trad i ti on a lly, a s tron omy had been a
s c i en ce of d i a grams that lacked pictu re s .
The sole excepti ons were the ro u gh sketch-
es in the notebooks of Leon a rdo da Vi n c i
( c a . 1500) and a drawing of the moon by
Wi lliam Gilbert , wh i ch he left at his de a t h
in 1603. These illu s tra ti ons were never
pri n ted .

G a l i l eo con ti nu ed this style of repre s en-
t a ti on in Let ters of Su n s pot s in 1613. Here ,
he pictu red the daily appe a ra n ces of t h e
sun in an almost uninterru pted sequ en ce
for over a month so the re ader could see

the ch a n ging shapes of the spots and
t h eir progress ac ross the su n’s face .

However, t h ere is not a single pictu re
in his Dialogue Co n cerning the Two
C h i ef Wo rld Sys tems of 1 6 2 3 . Al-
t h o u gh one might except that pic-
torial repre s en t a ti ons in astron o-
my would become standard fare in
the ye a rs fo ll owing 1610, this was
not the case. The few pictu res that

a ppe a red in works by his con tem-
pora ries con t a i n ed none of the el e-

m ents that made Galileo’s copper en-
gravi n gs su ch a sen s a ti on . In deed , i t

was not until the 1640s that astron omy
devel oped its own pictorial language and
a s tron om ers began to use art as scien ce
( i . e . , as sources of i n form a ti on ) .
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F i g u re 3.Copper engraving of the moon,
four or five days old. (S o u r c e : G a l i l e o
Sidereus nuncius, 1610.)

F i g u re 4. Copper engraving of the last
q u a rter moon. (S o u r c e : H eve l i u s, S e -
lenographia:sive, Lunae Descriptio,1647.)



Conclusions 
Wh a t , t h en , a re we to make of G a l i l eo’s
copper en gravi n gs?  Galileo used the term
f i g u ra to den o te both diagrams and his
p i ctu res of the moon , and on ce used d e -
l i n e a ti o to refer to the copper engravings.
It is therefore po s s i ble to con clu de that the
copper en gravi n gs are not scien tific illu s-
tra ti ons in the ord i n a ry sense that a vi su a l
el em ent imparts knowl ed ge to the re ader.
The Si d ereus nu n ci u s de s c ri bes ch a n ges of
l i ght and dark over time that would have
requ i red an ex ten ded series of p i ctu re s
and not the few drawi n gs of the moon
prep a red by Galileo. If a nyt h i n g, G a l i l eo’s
en gravi n gs are less inform a tive than the
s ch em a tic diagrams that frequ ent astro-
n omical tre a tises in the Ren a i s s a n ce . Th e
en gravi n gs are therefore not scien ti f i c , but
i n s te ad are vi sual impre s s i ons ge a red to-
w a rd bo l s tering the claim that the lu n a r
su rf ace is ru gged and eart h - l i ke—a poi n t
el a bora ted at great length in the tex t .

G a l i l eo’s inten ded distorti ons in the lu-
nar landscapes also point to the noti on
that the en gravi n gs were meant as tex tu a l
a i d s . Con s i der, for ex a m p l e , the ink wash
of the last qu a rter moon (Fig. 2) that was
prep a red at ro u gh ly the same time as the

the proper sense of the ex pre s s i on . It is
with Hevel ius that astron omy became a vi-
sual scien ce . However, this con ce s s i on
does not undermine the import a n ce of
G a l i l eo’s con tri buti ons to the em er gen ce
of a s tron omy as a vi sual scien ce . Before
s c i en tists could take interest in the moon’s
fe a tu re s ,t h ey had to first accept the cl a i m ,
m ade cred i ble by Si d ereus nu n ci u s , that the
m oon was a terre s trial body. O n ly wh en
the iden ti f i c a ti on with eart h ly fe a tu res was
e s t a bl i s h ed could standard cartogra ph i c
tech n i ques be ex ten ded to the moon .

This accept a n ce of a ru gged moon too k
s ome time in the making. Al t h o u gh
G a l i l eo open ed up the po s s i bi l i ty of a new
bra n ch of vi sual astron omy con cern ed
with the actual anatomy of the com po-
n ents of the planet a ry sys tem , it was not
u n til the 1640s that physical astron omy
em er ged as an auton omous discipline. A
nu m ber of re a s ons could be cited for this
del ay, but cl e a rly the most important fac-
tor was that the Copernican sys tem did
not come to en j oy wi de s pre ad su pport in
the mainstream scien tific com mu n i ty un-
til the 1630s and 1640s. O n ly then did as-
tron om ers have good re a s on to sys tem a ti-
c a lly ex p l ore the physical ch a racteri s tics of
the moon and other planet a ry bod i e s .
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copper en graving of the same obj ect 
( F i g. 1) as it appe a red su b s equ en t ly in
Si d ereus nu n ci u s. The ink wash te s ti f i e s
that Galileo was more than capable of exe-
c uting a de s c ri ptively acc u ra te pictu re of
the moon , but com p a ri s on with the cop-
per en graving reveals that he was prep a red
to sac ri f i ce de s c ri ptive acc u racy for the
s a ke of his argumen t . In order to shore up
his claim that lunar cavi ties re s em ble su ch
l a r ge eart h ly va ll eys as Bo h em i a , the large
c avi ty just bel ow the middle of the term i-
n a tor (pre su m a bly Al b a tegn ius) is gre a t ly
ex a ggera ted . More cari c a tu re than de-
s c ri pti on , a cavi ty of this size would have
been vi s i ble from eart h , wh i ch of co u rs e ,i t
was not. It seems to have been lost on
G a l i l eo’s con tem pora ries that a cra ter of
this size would undermine his cl a i m s .

G a l i l eo’s en gravi n gs (Fig. 3) stand in
s t a rk con trast to Hevel iu s’ S el en o gra p h i a
( 1 6 4 7 ) , wh i ch con t a i n ed copper en grav-
i n gs of 40 different lunar phases and fo u r
vi ews of the full moon (Fig. 4 ) . These pic-
tu res were inten ded as acc u ra te de s c ri p-
ti ons of the moon , a purpose that is ex-
p l i c i t ly stated in the boo k . The en gravi n gs
a re inform a tive indepen den t ly of the asso-
c i a ted tex t , as are scien tific illu s tra ti ons in
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SRS is concerned with theory, algorithms and 
applications of signal recovery and synthesis in op-
tics and other disciplines.

ICIS will bring together scientists and engineers of
various backgrounds to discuss developments in
modern imaging, including new imaging modalities,
technologies, architectures and information theory
applied to imaging. 

For more information, visit www.osa.org/icis-srs
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