Pagina: [551]

MATHEMATICAL INSTEUMENTS AND THE
« THEORY OF THE COMCAVE SPHERICAL MIRRORs:
GALILEQ'S OPTICS BEYOND ART AND SCIENCE

SVEM DNFAI'HE
hem Linioersily

RIASSLUNTO —————— -

L articolo, nel quale vengono presi in aame gh sudi di ogtica di Galileo
precedentt all'utibizeazione del connocchiale, cerchera & dimostrare comse
I"anacronistica distinzione tra ane ¢ scienza abbia oscurato il reale significa-
o dell'ottica galibeiana. L avencone ¢ concentrata in maniera panicolare su
di un documento poco conosciuto contemeto nel MS Gal, 83, «Theorica
speculi concavi sphacricis, che & sempre msultato di difficile intepretazione,
perché ke sue relaziont con le reali tracesont di deeren in cul 5 & mossa l'o-
pera galilciana non sono mai state ben comprese,

1. GETTING THE BIG PICTURE I8 ART AND SCIENCE

When Lodovico Cigoli, Galileo's friend and a painter, heard about the
opinion on the moon of Clavius, the mathematician of the Collegio
Romano, he wrote to Galileo thar «a mathematician without disegro is not
only a mediocre mathematician, but also a man without eyess.! Recent
scholurship has agreed with Cigoli's judgment that Galileo was such a
mathematician. Edgerton has argued that Galileo perceived the light and
dark spots on the moon s evidence for the moon's mountainous surface,
because he was familiar with the «chiaroscuros pictures, that are the

pictures of shadows casted by illuminated regular bodies, in the books on

| Cigoli 1o Galikeo, August 11, 1611, in GaLnso Gawng, Le Opere af Galildeo, Firenae, G,
Barberd, 11, 195, o LiH,
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lineur perspective of Wenzel Jamnitzer, Dunicle Barbaro, Loremnzo Sirig
and Guidobaldo del Monte® But whar did Cigoli scnally mean by his
sLtement

It tempting to inverpret Cigoli's staterment in o way that makes Galileo a
man wheo bridged the «wo culturess of ar and scence, and w berald Galileo's
miterpretation of the moonspots as an exemplary cose of the formative
mfluence of art on science. However, an and science are bardly appropriare
categories to talk about the Renaissance, and thus Galileo's moon
observations, because the dispenction of these stwo culisress is 2 modem
concept that does not fit the Gfveenth, sixteenth and seventeenth century. [t
is more historically appropriate to consider Cigoli’s stmement apiing the
Renaissance background of the ubiquity of perspective, In the Rensissance,
perspective was imporant 1o a whole rnge of practical activities, such as
surveyiing, map-making, navigation, building and abso painting,®

The mathematical core that provided ares like map-making, painting and
surveying their disciplinary unity were projection technigues 1o represent
space.” In his annotated edition of Eudlid’s «Opticss, the Cosmographer
of the Grand Duke of Tuscany in the 1560s, Egnasio Danti, also editor of
Vignola’s perspective manual «Le Due Regole dells Prospettiva Praticas,
boaseed about the wide applications of perspeative, that is the mathematics
10 represent space, to cantography, astronomy, architecture, painting and
all the other arts of disegro,

2 Samu Y, Encexron, Caliter, Flermtinr sihiegmre and rbe ahtrawpr 1ipodteaiverie of the
Moowe, adin Jowsmals, 44, 1984, pp, 225232 ine=d & SasurL Y. EncErmos, The
of Giroeso's prosetry: art amd scicmve o by coe of the ssentalic revedstion, Ihsca’Losdon, Cs
University Press, 1991, ppe. 223253, The masush Edperton refermad 1o s Gusdobaldo dd
Monec, *FH'T-HIH'Ir By sewe, 1600; Daracle Barbaro, sPracs dolls perypettivas, 1368 Lo
romeo Sirigaiel, «Pratica di prospethvas, 159 Wenzed Jsmedtrer, «Ferspectiva corporum eegu-
lariens, 1369,

¥ For this criticismn of the application of & atwn culiisress concepd e the Boraisance. see
Jis Bereegry, The sveanserrs: o Fleomish smage of mtbematics i the tixteemh armtaery, Orford,
Mencum of the History of Science, 1999, i 1516 In & temninokgy more kyal ro Renaiaance
miﬂl activities like setveying. navigation, dulling, were all smmse. Pergective has

wed & fair amount of aticstion froms hisioeisss of an, bue ot practscal actritace that
were invobred with msthematicn, have received eolatively linke sirention from hisgorians. of
scacncr sirupghng with the hevitage of Koyet, Mow ihe interest for stnaments in the hisroay of
MIHT I3 prowing. penpooiive B hoaing s privikegal matus, Sec o Jin Bessierr, Praciscal
prometry and operative baouledge, «Configurationss. 6, 1938, pp. 195,202, for 3 more derailed

o * Joa B, Mfmﬂiﬁrlﬁtﬁmn wirtr off geowerry iu the Rewatmance, in M-
hﬂfﬁr,ﬁfﬂm teritaial themnes iu the shaping of kwosededge, Croshie Smith & Jon

wd, York, St Martin Press, 1998, pp. 2735, foe the substantiation of this laises, wath a b
ol examples of wcal matbematicians who wicee on perspective, but whome acthity 5o -
enited po the: i, Lecnsrdo, Piero dells Franorsca, Francesoo & Giorgio Martin, Luca Pa-
cioli, Egnatio Danti, Guidobaldo del Monee, Albrecht Ditrer and Simon Seevin,
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Also, 1 everyone should it be known to what extemt and how pemspective
enriches Geography, because it alone shows the way 10 reduce @ a plane, oval or
circular, or in severs] other ways, the space of the complete earth, and of the
particwlar provinces .. And not less help does it offer o Astronomy, because we
know with certaimty the size of the stars, and the position of the heavens, by
which we know that the Moon is bower, and Saturm higher than the Sun, and
bower tham the fixed stass in the cighv sphere. It also shows the distance from one
Heaven 1o another, and from one star to another, and the rexson why it happens
that the stars appear larger i one place of the Heaven than in another. ... And
beaving assde the advantages and usefulness it offers, to what extent it is necessary
to infinite mechamical arts, 1o particular to Architecire and all the other ans of
disegno, ... | shall only say how | cannot bur wonder hm.-.' it is possible thar this
SCHCTHOC -.'-Fpm'-wenw is 50 lowe esteemed by bearmed men.®

Taobe a complete mathematician, means to know divegro, but divegms did
il have the priviliged status it has been assigned by modern scholarship by
muaking it «orte external o mathematics. In is just one of the many «artss,
What Cigoli and Danti emphasized, was that dieegno was «intemals to
mathematics. As Bennett has argued, modemn scholarhip should use this
Renaissance concept of mathematics.

The ubiquity of perspective also explaing why it has been argued that
Galilew's acguaintance with contemporaneous cantography made him see
the moon mountainous ke another earth.®

S Ecsarior Dasmn, La proapetiiva & Euclide melle guale o tratra off gwelle coer, e por raggs
daril if erppon & o guelly, obe cow mappl urrazfl's,m'dli prooma, Fiowerea, Criuna,
1573, Procmie, Dhania's biography i exemplary for the disa L:-:].-Hrrullu-nullﬂ. E:ﬂl-lt
adfiting Euchid's «Opaices and Vignola's perspective masual, he i knoun to have boen ;-:i::ml
andl it ponomes bo differcen purqmmhiﬁulﬂqi_mdﬂ-d

imtrumsenis imvohang progection teckmigques, that s the astrolabe and the arscio E-uu-ul'-l'.l:r
wini, and o kave made 5 #Girem Astrosomical Quasdrants, For the latter, sor Mama Lusa Rl
G Bospin) & Toosas Serna, Epersre’s Daetr's s{erear Asrromomocn’ (uadmmts, whnnali
el lstrueo ¢ Museo & Seons della Saonzas, 4, 1979, pp. 3-15,

& SerrT L. MosTooMIny, T.I!lrIrm'r.'.l,l"n' Voice, Mew York & London, The Guiliesd Prem,
1996, pp. 233229, {Jh.l-l_'ll'lm'lT the moon in the «Sideras MNuancuss sre commondy
puxta 2o Hammiot's um awings of 1609 that lxk Gallleo's achlarososros rende:
rmi. Abexamler hnﬂ;lrdﬂ'ui{mm:repmun-mdﬂwmn were influsaod
by q.pnnmd'mqmngﬂ“mﬂfﬁruﬂmu_qwwhﬂupmlajdmlﬂw an a di-
scowery voyage with Ser Waker According so Alexandor, Harret never istended ro make
& g map showdng topographical fearures like mountsira, b he would bave boen able to if be
bzl weaniead s Sev ASSiE A LECARTHEE. Lupmp;mfmﬂﬁﬂmmmm:mpﬂ::
off the moon, aSudics in ke Flisoory and Phi hy of Scaenccs, 29, 1998, pp. L5 b8 Ar
on coitempoerary Erglmh ajrhical or exsnple, Saxton’s, thore s 3 schearsouses
ecexlering of che mownains, but they were m&mhﬁmﬁﬁmmhhmltmnm
by the De Bry, the Flemish I:rl:hhrr of Hariot's «/A briclc and true reporns, of Whine's map
shows 3 acdhuaroscuras thmuﬂ.lhiﬂamm’mmll:nrﬁdlh'iﬂ
mvach lassd inwards, and other show that he did moe masier perspective. For White's
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For example, the maps of Danti in the «Guardarobas of the Palag.
20 Vecchio show bewutiful examples of the sechiarscuros rendering
of mountwing,” In fact, at the time, it was a pictoral convention lor
opographical maps 1o use little smolehillss lit from one side, mostly the
left side a5 ot sunset, and custing their shadow 1o the other side 1o
represent a mountainous area, In the «Sidereus Nunciuse, Galileo used
the circular valley of Bohemia as o terrestrial unalogy for the lunar
Albategnius crater, whose dimensions he gremly exaggerated,

The arca around the midklle of the Moon is occupied by o certain cavity larger
than all others and of a perfectly round figure. ... It offers the same asspect 1o
shadow and ilumination a5 a region similar to Bohemia would offer on Earth, i it
were enclosed on all sides by very high mountaing, placed around the periphery in
a perfect arcle. For on the Moon it & surrounded by such befey ranpes that its side
bordering on the dark part of the Moon is olwerved bathed in sunlight before the
dividing line beraeen light and shakow reches the middle of the dameter of tha
arcle. But in the manner of the ather spots, its shaded paet feces the Sun while its
bright pant is siaated towards the dark pare of the Moon, which, 1 advise for the
third time, is to be esteemed as a very strong argument for the roughness and
unevennesses scattered over the ontire brighter regson of the Moon.®

The moon's crater showed the same appearances as a valley on earth at
sunrise, As Mongomery has pointed out, Galileo would have seen the
basin of Bohemia depicted like this on the corresponding map in Orrelius’
atlas «Theatrum Orbis Terrarems, (Fig. 1) Being a mathematician, books
on cartography and cosmography had their place in Galileo's library®

drwwings, see . H, Hutros & D B, Quisn, The Awerican drarmer of Tabn Whire, § 5771590,
'IZI:up-:I?IIﬂ_. University of Nonh Canoliea Pros, |964; for Die Bry's engravings, soc Tross Hak

10T, A Bricfe and Teve Repoes of the New Fownd Land of Vergeuds, New York, Dover Publica:
taoem, 1971

¥ Danti was appoinicd cosmographer of the Grand Duke of Tuscany, Cosimea 1, i 1962,
Do hael the intemt 1o make 32 magn For the «Clusndarobas, @t that tme bosnieg the Medici
celloction of mathemarical sdruments, bur the peotea was only finihed by his sucoessor Buon:
MEMONL. Dee Tfﬂ:"-“:f- SETTLE, E:-Hlﬁ'ﬁ-fhd-l'r-ml' wearbesatical edwcation 1a .I'.:;'r:' Al Pearen
tary Flovescr, s perspectives o Remainence thonght. exsays i e Misory of rercmee, edia.
v dmd phelawphy, Tobe Henry & Sarah Huston ., Lendon, Deckuorih, 1990, pp. 24-37,
Drani’s and Buonsignos's have been repeodbacnd in Easaso Dismt & Sterano Buosar
@0, Le taenle grografiche Cassrrdaredha Masfivos & Palezze Vb in Firense/ The grogea:
pvical parrects i the Medici Guarderoba of Palarze Veodvio i Florescr, Beemed Elgore, 1995,

" Gauwec, Sideresr Nuwicrar, in GaLiLEs, Opere, 3, p, 68, Tramdation in ALSERT Vax HiL
Do, Caadilen Calier Sachortwer Munour or e usfrreel sensemger, Chicago/Losdon, The Universicy
of Chicago Press, 1989, p. 47.

¥ A LH'_I'I:.L!.E-, The rhyater of the wholr world, Londor, B A, Skelion ol Amster-
dham, Theatrum Orbis Terranem Lad., 1968, In Galloo's Bhrary there were indeod a fair amouse
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1. The basin of Bohemia, From: Ovtelius, Theatrum Orbés Terrarum, 1592, (Photo Courtesy
of Crhont Univeoresty Libeary),

There is mo incompatibility hetaeen this claim for cartography as Galileo's
source and Edgerton’s chim for disegno when there is not made o modern
and ahistorical distinction between sarts and ssciences.

This big picture of mathemarics has hardly come into view, in particular
in studies of Galileo's optics, Galileo's educational background in optics has
been reduced 1o a training in linear perspective, considered to be earts.
However, a large folio, preserved among the papers of the M5 Cralileiana
#3, that is entitled «Theorica speculi concavi sphaericis, has received very
little attention, neither has its content ever been analyzed. When it has
received attention, it has resisted interpretation, because giving it a place in
Galileo's science has never been successful. This is due to considering
Galiles’s training in linear perspective uwnconnected to a larger
mathematical framework that focussed on instrument Il'lill'l.il'l-g. It will be
shown that the mathematics of painting did not have the privileged status

of cosmesraphical books, for cxample several editions of Prokemy's «Geographys. Oreclia’
o Theatrzs { dbk Terranams was on¢ of them. See Ao Favano, Le bfwerds dd Caliveo O
Edes, sbhulleting i Bibliografis e di Seoria delle Scienze Matomatiche ¢ Fisiches, 19, p. 251
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it was asgmed by modemn scholarschip i Galileo's educntion or early
research. Instead, it will be arpued thar the disciplinary unity of
mathematics was preserved by its central aim 1o develop measuring
instruments, and that Galileo Fis this radition. Once this context i
described, the «Theorica speculi concavi sphaericis will be analysed
against this background of mathematical instrument making, shoan o be
the core of tao optical traditions, painting and matural magic, which, at the
end of the sixteenth and the beginning of the seventeenth cemury, were
part of one optical continuum. Being almost the only document relating 1o
Calileo's sources in optics that is preserved today, the «Theoricas will
offer a privileged glimpse into the instrument-onented conexe of Gulileo's
early optics,

2. GALILEDS EpUcATION: MATHEMATICAL INSTRUMENTS

The claims for Galileo's training in lincar perspective go back o what is
knoam about his education under Owsiilio Rica, after Galileo had left the
Pisan university. As Scule has shown, Ricd introduced Galileo 10 the
study of Euelid and Archimedes, while Galileo also studied ety ama
perspective under Riced, together with Cigali, in the house of Bermardo
Buontalenti, What this education must have been like, is known through
the MS Galileana 10, that is the «Problemi Geometricis. attributed to
Ricci. Settle has convincingly argued that this manuscript was a copy of the
alacli Matematici» of Alberti, available in several manuscripe copies and
in @ published edition of 1568 by Cosimo Banoli Setthe perceived a
connection between Albenis «Ludi Matematicis and the wradition of
artists' manuals on linear perspective.” Although Settle has emphasized
that the «Ludi Matematicis conveved an sadvertisement  for
measurements in general, his exclusive enumeration of perspective
manuals in this context has umed ow unfortunate, because, herewith, a
priviliged conncetion between Galileo and the visual arts was considered
established

® All referemoes are so Toomas B. Sermur, Oundio Ricer, o bridiee betiween Alberti and Gra-
bileo, im XI* Congriv imtorwational & Bivedre dei saewoes: actes, Congees imemaonal dhisocane
o screnoes, Pasis, Libraine mnﬂwn techmigae Alben Blanchars], pp. 122-126, Beferences
are 1o the modern edition of the =1 patemanicis by Cocil G raywn in Loos BATTISTA ALREETI,
Opere poalpar, iramslation Cecil Grayson, Bani, Latersa ¢ Fight, 1973, pp. 131173, almost identical
with Rica's copy in the M5 Gal. 10,

" sl the Ludi offors meore than ibe knowdedpe of simple technigues. [t conveys also cer
rain anivades. whimatcly derived witkan and very much past of the 1echnical-antiesic tradeion of
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However, although Alberti s the founding father of the tradition of
artists’ manuals with his «Della Pitturas, the «Ludi Matematicie is not such
4 manual.,"”? The «ludi Matematicie showed how 1o memsure by sight
depths, heights and distances. To that end, techniques of riangulaion and
instruments were introduced. Already Euclid had proposed to use a mirror
to measure the height of a tower, Albert explained how a mirror was o be
placed horizontally on the ground ae a known dissance from the foot of the
tower. The measurer withdrew from the mirror until the top of the ower
wis seen reflected in the mirror, The distance from the mirror to the
mcasurer has the same proportion o the height of the measurer as the
distance from the mirror o the wower has to the height of the tower,"* Even
when Kemp's proposal is accepted that this surveying technique was the
ground for Brunelleschi's pancls, considered to be the invention of linear
perspective, there is no reason o cpualify them as «arts in a modemn sense, '
Later links betaeen surveying, topography and perspective, instanced in
the work of Leonardo, Luca Pacioli and Francesco i Giorgio Martini,
rather suggests a continmum of mathematical diseiplines, including
perspective as used by painters, with at its core the making of measuring
instruments."® Which were these instruments and how were they used?

the 19 and 16™ contuies, a traditions which includal the pedfection of ive as onc of ihe
farit sscscniocss tn @ fecognizal medern senae, Froms the bandy of A 4 Bumself, Proro dolls
Francevca. [Lecwards da Viwes and Albreaks Direr i rhe aurdier phave and Duwicle Baetsrn, lacose
Bavorrs da Vegaols, Cavadobaldn daf Mante awd Crgedi i Gallileo's owm sy lonly to mestion a few)
AUk Epoalies on popectivies SETTLE, Chtlio Ria, p. 124, However, Seitle 'ﬂll:lﬂl'-l_-l-':d cn the
influense of measurcment ecchnbques on Calileo's soience, wheon ducusieng i nvnscal educa-
tion. See, in panicular, Thosas B Servie, La st degli esperosments' galiledins, @ Cualileo ¢ ke
tcrewsa iperewentate, Mills Babdo Ceolin od., Packrea, Digartisenti i Fissca «Calibeo Galilers,
1995, pp. 12-62.

12 Albeni's saDells Pitturas was the firn codificaion of perspective, The Latin version was
wrilbens in 1459 (first prineed in 1540}, the Ralian version in 1436, Tranalascd in Lics Barmsta
ALBERTL, O Pamtang. translation Cecil Grayson, introduction Manin Kemp, London, Pengun
Books, 199,

1 Aumism, Opere solgard, pp. 138-139, Eaclid's pros i in the sllpeices, not in the
o atopericis, Soc P, Vie Froee, Beclide: FOptipar of I!-lu?r-l:-ﬁ-ﬂ'i.ﬁ't'. Parie, Libeasric scienid
Fisue et cechnigue Albert Blanchand, 1959, p 14

H Marrin Kene, Somce, som-sgrmee and momsemses the imterpretatrn of Brusalesdhe's per-
speetior, =Ast Hioeys, 1, 1978, pp. 134-161. Todday, Brusellesch’s panecls anc kot and for the
cOnsruction mhﬂﬁ mz&hﬂr mrfilwhluﬂrim -.:F-h-.:llnlt'ri hwfjhm FTI asch as
varveyang skills, progscuive ni Prodemy’s peogra . medseval opaics ITHAITY' ETHHT,
For 2 comvenicst |1, see Hmmh The warmer l:f-l'nFll'l'.' opficsl themct im foeirer oot from
Beuncilfevchy do Sewrat, New Hswn/London, Yale Usnversiey Press, 1990, p, M5, Akhough

I'm sympathetic to i, the argumens for the wbiguity of perpective o the disciplinary unisy of
machersatscs ooy ot depersd on Emp';pﬂhnﬂl{ﬂfmhﬂnlﬂ'# of lincar per-
spalive,

1% Thee final seciscn of Francesen i Giorgio Marnini’s aPracrica di prometrias l;l'l_l-l.l_f'l"l.'-}'i-"ﬂ
dealt with painer's perspective. Surveyor's reds and strings were used 1 show the principlo. of

*
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By the end of the sixteenth century o range of mexsuring instruments was
available on the marker. Some of these instruments were highly specialized,
for example, Francesco Pitfen's monrcowmetre,' but often the same
nstrument was used for several practical mathematical activities.
Instruments better known for their astronomical purposes, for example,
the astrolabe and the geometrical quadrane, were also used for purposes of

terrestrial measurement.” In a very popular sixteenth cemtury book,
Cosimo Baroli explained that to measure heighes, depahs and distances,
the surveyor could make use of the shadow square on the back of the
astralabe’s mater and of the alidade in its centre." Ako, Baroli showed
how the astrolabe could be used as a drawing aid by wing it to project a
building onto a plane intersecting the visual cone, «a thing of much use for
Architects and those who delight in painting a perspectives."™ At the same
time, the use of the asrolabe was advised w miliary men to chedk
whether the enemy’s troops were approaching or receding.™ It is hardly

e, Rl H. VELTsan, Sudies o Leowarade de Virer 1 Lwear poripestiee amd e pisal
drerenrsons of arf aud seoewor, Mincken, Deutscher Kunstverlag, 1986, pp. 57 106; Kia WL Vit
MAN, Mrlary pewrpmg awd topogrephy. the pracitcal dimeeen of Benastiensor oo perspociive,
alRevista da Universidsde de Cotmbras, 27, 1979, pp. §500332,

b Pafferi was a carmehite monk ancd mathematicaan, who taogha sborly ar the sniverisy of
Poa before Calibeo's armival. ansd ibereaiver a2 the Uniessity of Seena, Piller's «Monicomenno in-
stromeran da misurar com b vista seando feemos, was pubilished in 1595, The monicometio al
bevavee 1o enemiare hoghta, depths and dstances without 1he measurer noeling 1o move 10 take
enone than one point of view. Pifer, well kecwn o Clndus of the Callegio Romano, was present
ot Cradileo's demoratraton of the telocope in Rome in 1611 See Jaaes M, Larrs, Bosves Co-
perraca and Curlefon: Christopds Claviur and rbe Collapie of Profemase Conmudogy. Chicago & Lon-
shon, The University of Chicago Pecis, 1994, o 188,

1T The szpolibse was wned for sdronomical calculssion and ohsercaghon, that is 1o cosmpute
the: mcrecancnts of the stars and the sun and 10 mexure altimude, In the sisteonth rmlll;ﬂ;ﬁ'-
rent projection techniques weee wiod an an sdrolabe. See | AL Banser, The dieddied arle: a
Bissory of daptraments for avtronomy, magaiion sed peveyivg, Oxlord, Phaidon & Chrigic’s,
1957, ﬁ: 14-16; Beiwce Channoen & Saps SCHECHRER GENUTH, Wentern Asfrolaber, Chicago,
Addler & Asteonoeny Muscum, 1998 Asrriony Toana, Fadly st srenn:
Enrope 1400- 1500, Londan, Sotheby's Publicatioes, 1957, pp. 11-16. The asirolabe wased for tor-
eeitraal pemarement was widely disossicd, for examgle in Johann Seoffler, «[Bacidatio (abrice:
Hﬂ-l-:lﬂtlll'ﬂl-h:ll-. 1524; Juan de Kogas, «LComnsentarionam in astsodabium queod planisplariem
vocants, 135 1; Epnaso Danti, « Traiesto dell uso of della fabbrica dell’asirolabios, 1569 Gemma
Frzisn, Db mtrolabo catholico Bhees, 1383,

M Carnats Baxrow), Dl seodds i mvaurare fe Lurawnie, e snpenfacar, ¢ e piawis, e
ruscre, fr _ﬂ&tEFWEﬂHMrm.#Mmmwnimw.wmﬁ
PTe dBwclide, & de gl altes pese fodati scrattors, Porland (Ovegen, Collegiim Ceraphicum,
1972, pp. 1o-49. Sec also FiLipeo Casmors, Giongio Vaserr I Giowawe: Raorolto fatto dal Cre:
Grorgee Vaiars dy puit insteusscsss per evtinrare oow b evsra, «Biblioteca della Scienea [alisnas,
4, Firore, Giunti Grupgeo Falitoniale, 1996, pp. 4445

P Baxrou, Ded sodo df svinseneee, pp, 4745,

™ Baxrow, Del modo of setisnsre, p 49,
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surprising to find military concerns side by side with sartistics concerns. It
has often been observed tht the perspective manuals of the end of the
sixteenth century had an audience mainly interested in military
fortifications, that the men, often known today o8 «artistse, also were
assigned the function of supervising the military fonificmions of their

ron, amd that instruments, often considered helpful in a painter’s
workshop, like Alber's veil or Diirer's sportells, were used for military
ropography and surveying.”

In general, in the fifteenth and sixveenth centuries, the military concerns
of the courtly patrons of the mathematicians provided the framework and
the maotivation for the boom in measuring instruments.® There was o
natural link between surveying and military concems, for example range-
fimading: in |.1|_|nn-:r:,-.“ The eevation of the cannon depended on the
distance of the target, which was, of course, inaccessible at the risk of
one's life. Surveying instruments, incorporating triangulation technigues,
allowed to measure the distance 1o the target without approaching the
encmy. To that end, Tartaglia invented the sgradra der bombardierd,
presented in two versions, To measure the height and distance of a
target, the sgunadra des bomdbardieri was equipped with two equal legs
andd a shadow square, that was operated in the same way as the shadow
square of a quadrant, while to point a cannon to its target, one of the legs
of the squadra dei bomsbardiers was made longer so it could be inserted
into the cannon’s mouth. A plumb line suspended from the vertex
showed the elevation of the cannon on the quadrant arc, divided into
rwelve equal parts, called apointss.® (Fig. 2-3)

W I peneral, sy sttempt 10 make a distinetion between spainseres and smiliary engi
necras woubd be & fruithss enterpric. Por painiers with |nﬂu:ﬁ comems, soe |, R Hae, Re
sty foerdficition- arr or engreecrmg®, London, Thames an<| Hudson, 1977, lor & list of cxam-
plos. among ot hers, Bernards Buonalents, wh housed Bico when teacheng perspective s Cigoli
and Gealileo. Ser aleo VELTMAN, Mufiary sveying. pi, 357-367, and pgp. 3¥9-344, for the milnary
application of Albeni's veil, wed to desw the ptrmhmﬂi oatification, For the miliiary
avilienee of the peespective manaals of Comasandine, ti ard Guidobalde at the eel of
the sixicengh century, see |V Friea, Perspecirer swd the marbemaricions: Alberts to Dewrgues, in
Mathematics fromy mawarceipy fo priut: | FO0- 160, C Hay ed, Undord, Clasendon Press, 1983,
P 247-263. Ao, Galileo taaght miesry fonification po his seudents. For the sexthook he used,
see Giannen, Operr, 2, pp. 2146

13 Pasgiis O, Lowas, Power, Patromagr #xd the Autorbip of Ar: From Mechawical Know-
bhowr £ Mechanical Krcaeledpe iv the Last Scrabal Age, «lsis=, B8, 1997, pp. 141

B iy Besserr & Srersms Jonaron, The poossrtry of war F 500 1700, Orafiord, Musoum
of the Himory of Science, 199, p. 11,

8 MpoonLo TARTAGLIA, ot imevmidone diveree, Arnalds Masciti oo, Browia, Aeneo
i Brescia, 1999, pr. 5-35: and the third book of NicooLo TARTAGLIA, Now soieniis rravwsd oda
Nicols Tartalea, In Viesegpis, Per Stephano da Sabio ad instantia di Nicolo Tanalea, 1337,
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2, The sgwaddra der bombardicss, leven; Tartagha, La Mova Scientia, 1583, (Photo Courtesy of
o bt ':.lllul.-.'-l.'l".i|:|' |..||:q.:|r:,l|_

Tartaglia's squidra der bowbardiers had many rivals on the sisicenth
century market, for example, the redio favivo, Danti’s annotations 1o the
«lrattato del Radio Latinos, an instrument invented by Latino Orsini,
explained all the uses such a measuring device could have for military men,
like measuring heights, depths and distances, pointing a cannon a it
target, making a ground plan of a fortification, mapping the environment
or determining the position of the sun or the stars.® It was this rradition of
muking messuring instruments applicable to several practical activities,
ane presented in the context of military concerns, which was Galileo's
background and into which he continued to work after he finished his
studics and became a professor of mathematics ar the Paduan university,

# Eoxamc Dann, Tertato drf madio fatino: Ditrwenio ginaiiinm & faok it o ogur afire
per prendere qwal sl voglie mitura, & pedttione df husgo, tanto ds Cicke comsr iu Terrs, I Roma,
Apeesan Marc" Antorass Mot & Lacomo Branz, 1586,
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3, Measuring the height of a ower using the squaidea, from Tartaghia, Cheesiti o1 Evention
diverse, 1583, (Photo Courtosy of Ghent Univerity Library).

Galileo inherited this background from his teacher Omtilio Rieci.™
Alberti's «Ludi Matematicts served for Ricci a8 a textbook in his classes
fior pages at the Tuscan court whe were interested in military applications.
Also, Ricci’s own research continued in this tradition. Ricei invented the
archimetro, an instrument intended to messure by sight heights, depths
and distances.?” Galilea's interest comtinued after he had finished his

# By Lefore starting s elegses wrih Chgiba Béoo, ikhai m, abieady as a irectieall spaclens o
the univensty of Pna, Galileo most likely used mathematical instrumeeas, in parisculas &n stro-
labe 3 the Hartmsan asteoksbe. modsficd by Giusti_ that may harve beon owsed by Galilo, see
Gz L. E. Tursiik, Ar aitrolabe bebsmging to Galiteo?, «ienciuss, 12, 1997, pp. §7-92, while
the Lange astrolabe, mow in the Mussam of Eh-: Huzory of Sccexe in Florenoe (e, no. 33610,
ofen referred o as “Cralieo's Astrolabe”, is not related o Galloo, See GGERARD 1. TumsEx,
Thve Flonentine worksbep of Ciorar Batrrea Cuisists, aPunceass, 10, 1993, pp. 144, 157-134.

' Rleet's el v .,kl.l.';n'luu'n_{l'l.'rr_ l'ﬂlri.llll.'ll in FELHERICO Visaca, Chrlr Bin ..II-I I'Il-_-"-'-'-h'.
sdrptrg dr Galalro Cralitler, PFermae, 1924, ppe 299,
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studies with Ricci, Galileo's library contained several books on
mathematical instruments, for example, Gemma Frisius' and Seidfler’s
book on the astrolabe, Danti's « Tratato del Radio Latinas, and Tartaglia's
«MNovn Scienttae and his «Qucsiti et wvenitont diverses, ™ 'I_';gﬂqﬂ]i“'g
squadra dei bombardieri was known w Galileo and informed his own
mvention of the geometric and military compass,™ Although the manmal
that went with the instrument was only published in 1606, & first version of
the instrument already existed in 1597, At that time, Galileo's CoOmpass
resembled Tartaglia's squedre der bombandier, bt Galileo made it
foldable for ense of use like Ricci's arcbimretro, and he arranged that the
gunncr would no longer have 1o expose himself 1o danger by applying the
sgreelra ded bowmbardiens 1o the cannon's mouth.™

Galileo's compass also had the functions of Guidobaldo's proporional
compass 1o divide lines and circumferences into equal pants and 1o
construct regular polygons.® After 1599, Guidobaldo's scales had been
removed for other scales which made Galileo's Compass inte @ universal
mechanical calculstor™ For surveying purposes, detailed  arithmetical
calculations of a triangulation were no longer necessary, because Galileo's
compass allowed o do this mechanically by wsing the arithmetic scale, ™

# The books referecd 10 are: Genma Frisius, =D astrolabio catholioas, 155 Johasue
Stifller. sEhscidario fabwicse, umusque Astrolabit=, 1555: Tamaglis's sl Jaruiti of Emvenitione &
veree mnil «MNova Sciontiae, Beside thes, Galilon's Bbrary alse coetsined sovveral Dasakes on sun-
dials and om comenagraphy, iscluding i snsrumenes. See Favasn, Ly flrrrid, cxgeocally pp, F97.
255, ppp. 260-261. For the applacasion of Galden's compass (o surveying, soc abso Fiuero Caur
BOTA, Gporgio Vasdrs, o, 126-130

¥ U Calden's pronsciric and milluary anul Tartagha's soundes Jed BxenbanSieni
see STILLMAN Draxe, Tavtaplia’s iguednr amd ©a 1 govapanze, wnnali Jell'luizuin ¢ Museo
di St della Schenaae, 2, 1977, pp. 4045,

¥ GALLED, Le Opvracion] del Compario Crevmeirics « Miivare, in Gatiis, Opere, 2,
412, Tranalstion in STiLLuAN Dassce, Cualiles Galiles: Operarions of e peomereie and rTiaTY
compass, Washington, Smithsonzan Imeitution Press, 1978, p. 79,

" The propoional compass, inveried by Guidobaldo ded Moste, & 8 Burther
thrdmﬁmmnpﬂhwmrdh:FﬁriﬂnHmkme.Thmlmimmpm b -
wide lines in equall parts or acconding 1o a given progortion asd o dividde circumbferemont in gra-
s anad minuees. Beside che s aof the reduction compass, 1he paoportaonal compass also
allcrwed 1o finc] the lengeh of the sides of regslar podypons inscribed i a cirde. See Pau, L. Rost,
The oesgine of the ol et from Mordente fo Galideo, aPhysise, 10, 1968, pp. 53-6%
arsd aho B Rosi, rreention of e rediction oy, = Physise, 10, 1968, pp, 306-308,

thematiesl aperation weful for praciical men, like the caloadaimon of inqereas, |I1tdnpﬁ¢t‘:'nni'
-rdmlwlmmhhﬂadmnfdwnmpuﬁmhmmwlmmduﬂ;h.nhthn
ﬂmmmkleM.ﬂ'WMHﬂiﬁnﬂiupqmuﬂnﬁﬁﬂﬁmdmm.

" G, o, i CRALELECS, v & o A15. Translagion in Dxake, Cperatisns, p.
1. For the wic of the sshbenctic scale and converssoe of umbra retna inpo umbsa versa, see
abso Campnoma, Grorge Viwn, pp. 125-130,
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Galileo's compuss could abo be used o8 an wsronomical quadrant, while
Marolots showed its application to topography, and Desargues argued tor
its redevance for lincar perspective. Galileo's compass had the ambition o
be a universal instrument,™ Diruke and Camerota have argued that it was
the culmination poimt of o Renaissance tradivion of making instruments
applicable to all areas of messuring. ™ Galileo's background in this tradition
will prove essential w understand his involvernent with the «Theorica
speculi concavi sphaenicis. Before analyzing the «Theoricas in relation to
Galileo's prometric and military compass, the history of this document will
be described by comparing it 1o other copies of the same document.

1. A HisTORICAL ANALYSISOF THE « THEORICA SPECULT CONCAVI SPHAERICTS

A large folio, 1oday preserved among the papers of the MS Galilciana 83
in the National Library of Florence, has hardly been mentioned in the vast
English language scholarship on Galileo's science, Lindberg once reservesd
a foomnote for i, limiting his comment o an evaluation as «briet bt
competents, but this is the exception that confirms the rule.™ The
& [heoriea si'u:l:;l,:lli concavi sphaericis, as the folbio is entitled, has been
readily availsble, because a facsimile was published by Favaro in the third
volume of Galileo's collected works.™ (Fig. 4) Favaro dated it 10 1610,
because he noted some similarities in subject with Magini’s «Breve
instruttione sopra l'apparenze et mirabili efferti delle specchio concaveo
sfericow, published a year later.®® Magini presumably informed Galileo

1 .Mq,qu.-..:l’ql'u-p,-wrilmwmumdhﬂnlhmmmﬂlhdlmhhmhm
allow i to be useel as an astrosomical quadrans, but Galiloo did nce himself to go Wi so-
mething that he condered widely known; shext fdlowing the division of the Astronomical Qua.
drare, whene use (havieg been dealt with by many otbers) will oot be explained heres, Gavnen,
Coperaziont, in CGALELED, Opere, 2, p. 412, Tramllstion in Dreace, Openations, p. 79, For the topo-
graphical and paincerly use of G s compass, see F. CAMEROTA, Grorgss Vi, pp. 131-135,

W Dk, Tantrglia's spuader; F Casproma, Gionges Vasan, p. 126,

w Daven O Lsmeeec, Opticr i sicfeewdl covtary [raly, in Mﬂhﬁrmﬂm
arti det compegno intermasionale & aredt Cralitedans, Packs Galhuel ed., Firenae, Ciegi
1984, p. 151.

¥ Gansn, Opere, 3, pp 865870, The «Thesticas i in the M5 Gal 835, vogesher with
fragments of uncertain date, now i in GiaLsen, Opere, B, E.:F‘TH'- Anginon, whao =
the mimeveemth cencury zrneal the Galilean collection, clas ik auiograph work
of Crallleo was Toand i e containing vasious recipes for bonsei and pelescopes. Tt was
ruist. krcrarn thas Cralilon cver dealr with this subgeets. IF Antinon is reliabde, tha M3, prensmably,
haes ot survivedd. Oin Arinos, soc MecHELE CAMERDTA, (Gl it D mrotn antigrorss off Galiler
Galiled: of My, Gaf. 710 U’amatin’ saowire-orvseer, Caglian, OUEC Editnice, 1992, pp. 13-23

M Ga, Anmosn Macisa, Breve initrattionc sapra Fapparenze of svrabdll effeiti defio gpec
chio concmn oo, Bologna, Gaoe Ban Bellagamba, 1611. Favaro's cqurmon, see GUULILFO,
Cipoere, 3, po BOT.
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ahout this work as early as the latter’s visit vo Bologna in the summer of 1610
to show Magini his telescopic discoveries. Magini's extant ketvers to Galileo
berween 28 Seprember 1610 and 11 January 1611 show thar Maging was
anxious to engage Galileo as his broker in order to sell one of the large
concave mirrors Magini had made for Rudolf 1T to the Grand Duke of
Tuscany, Galileo's new patron, instead.™ Also, Magini promised to send
Galileo two copies of his newly published work, presumably to faclitate
the deal. It seems Galileo indeed did receive these copies, because in his
bast leer Magini  acknowdedged Galileo's pmise for his «Breve
instruttiones, and Galileo's library contained a copy of the book.™
However, nothing in the correspondence berween Magini and Galileo
substantiates Favaro's dating of the «Theoricas wo 1610,

Drake has disagreed with Favaro's dating, because sat that time Galileo
was 50 busy day and night with the improvement and use of the refracting
telescope that the elaborate caleulations required for the «Theoricas are
unlikely to have been carried out, nor would they have assisted him in any
work he is known to have done at Paduas.”' Drake thought a daing 1o
mid-1626 more lkely, because between 1624 and 1626 Galileo was
engaged in discussions about the possibility of a concave mirror to
function as a telescope with Marsili and about the focal point of a concave
spherical mirror with Guazzaroni®® However, nowhere in  this

¥ Magini's mirrors were very lasge, with diroumformncss ap o 1.3 m and a radiua of curva-
ture up to 50 cm. He scit ane of these mirrors g0 Ruscholl 1, using Tengnagel, Tycho's som-in-kaw,
qlhh}l.ﬂf,ﬂtﬂhlﬂlffﬂ-_lut[l‘ﬂﬂtﬂﬂplln fﬂ'im‘lm-ﬂﬂ:lﬂtﬂ
1680, b szl haxd nee been pai .'Ihrldm.l:-rdmm' gar change his strategy and to sell one to
Cosimo 11, Gramd Duke of Tescany. On Maginl's mirrors, see ANmosac FAYARD, : inediio
di Tiose Brabe, Cioopdnny E-Tkmrdfdninﬁnduﬁmmfrmurm#fumﬁ & XVTI
cow Crionatrraed Antewio Magmi, teatro dall" Archivee Malpess de” Madio m  Bologna, (4. £a-
nickeclli, 1555, pgp. 161174, On the mirros foe the Grand Duke, sce in parts , GaLn po, Operr,
i, pp. 437439, pp. 442443 Magini and Galllso do not socen 1o have been o the bad rerma
sugpested by the undormanase story of the actack of Herky, o studont of Magini, on Gabloo's eebe:
seopic discovericn. See Geovara Barer, I <fideresy Muncuse & Boakaped, slnremscoonss, 11,
ppe. 477500, On Magmi's sstromomy in pesecral, see Exmaco Prawen, Critica ¢ sckiborazione del
seriewn copermicans i Crrovaand Anows Magmd, in La sliffeimss H-I'_':LT-.“ e v Iralia
IS8T 1600, & cura di Massisso Bucciantni & Maurizko Torrini, Firnee, 5. Oackid, 1997,
P, B5-95, However, Magini wat not only known for his axteonomical woek, but also for his geo-
graphical and cartographical snsdics, soc Frirro CaMEROTA, Craorgio Vararr, pp. 262 ff

8 O the 28 Decembser 1610, Magins peomised Galiloo to send two copics of the sBrove
Erstrtthemes, See GALILED, Cprere, 10, p. 476, The following letice opens with «le ki che V.5
ha date al msso tranisello dello spocckas concavo ...s, Magini 1o Caliloo, January 11, 1611, in Con-
LiLEs, Chperr, 11, p. 1%, For the copy of the <Breve instnattiones in Gali 3 , mee FavaRn,
La fbwewia, p. 263,

9 Srasan DRAKE. Gadilro ar Wonk: v sctemtifac biograpl, ChicagodLonden, The Uri-
versty of Chucago Press, 1978, p. M.

& Chuagzarons to Caaliben, Aprd 20, 1624, in Gaanen, Opere, 13, pp. 172:174; Masiili 10
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correspondence is there any mention of the s Theoricas. Also, Drake's dating
to mid- 1626 is based on his assumption, shared by Favaro and Lindberg, that
the «Theorcas is an original work of Galileo, However, the Ialian scholars
Roberto Savelli, in a completely ignored paper, and Libero Sosio, more
recently, uncovered the existence of two related documents, respectively
1602 publication of a «Theorica speculi concavi sphaericie by Giovanni
Antonio Magini and a «Manoscritto dell'iride ¢ del calores by Paclo Sarpi,
that never went o print until it was recently and only in pant edited by
Libseres Sosio and Luisa Coeed,

Sarpi's «Manoscrittos is a collection of notes and diagrams of personal
observations of the colors of the minbow, reflection in mirrors and
refraction through prisms and lenses, The «Theoricas s part of this
collection, but Sarpi only reproduced part of it, that & the disgram
dividing the phenomena observed in o concave spherical mirror in three
distinct categories, presented at the top left comer in Galileo's copy. With
primary light, that is direct light of the sun, the concave mirror acts as g
burning mirror, for instance «it makes the lead that is divided into plates
Huents. Also, it «reflects the heat, so that the difference between winter
and summer is known through the reflections. Under the heading of
secondary light, that is the indirect light of the sun in a room entering
through a window, image formation in a concave mirror, that is the size,
the orientation and the location of the images, is discussed. Moreover, it is
argued that «ice is felt through its distant images, because athe species are
perceptible by the sense of wuchs. Also, a concave sphencal mirror
«reflects conversations and voices, as an echo, so that those who stand very
far away bear ite. Third, it is noted that a camern obscura in combination
with a concave mirror «depicts a marvelous picture on a piece of paper or
a screen of things cutsides. Finally, it is argued that with a bumning candle
and a concave mirror «letters can be read at night in a dark place or that
things which happen in the camps of the enemies can be seens,

Missing in Sarpi‘s copy is the mid-section of the «Theoricas, that is the
large drawing of a concave spherical mirror, with on the top right corner a

Galdeo, July 7, 1626, dn Gawmeo, Opere, 13, pp. 190331, Guasrraroni doos refer 1o Magied's
whireve Ewirun e

*F Romsxro SavELL), Patorees of rimpenimrenro dells Theoricd di Ervore Amosio pabbliaira &
Craowanni Antorio Magini, wAsti della Fondazione G, Ronchis, 10, 1953, pp. 3:11; Pacio Saxm,
Pevesters narurals, metafivial e matemats, Luiss Comzi & Libero Sosio aEMiLuﬂH-puli. Hic-
carcds Ricciardi Edinore, 1996, pp. $19-34i. Meither Cornl and Sosio nor Savclli have E;f'""d
# completely satisfactary analysis of the « Theoricas. Savelli's was pecd Knacrem 1o i il
Soaio. Sarpd's original is pow is the Bebliochoca Marcisns, while Magini's & in the Bibliocheca
Cesnurale dell’ Archigmnasio in Bologna
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wsemicircle divided into gradese to measure the varying angles of incidence
and of reflection. Each line of the -|.‘|r.|1'|:l.'i.1|,|.|; represenisa aline of incidences as
well as a «line of reflections, thus the principle of reversibility is
acknowledged, as, for instance, when ralking about the line through the
focal point of the mirror: «This line has rwo relations to this mirror, The
firat is that it is the line of refraction [reflection] of the rays of the Sun, and
then it bumns. The second is that it is the fist incidence of the candle, and
then its rellected line makes the image of the light of the candle appear on
the surface of the mirror. Then it is able 1o heat over an extended distance,
and to illuminate so clearly that leners can be read ar nighte. Adjacent to
the picture, the text discusses in a competent way the vanious locations ancd
orientations of the mirror images with respect to the place of the abject
and the focal point. Indeed, of the utmost importance, as will be seen, is
the determination of the focal point of the mirror and its «point of inversions,

At the bottom of the folio, ten sprinciples of all things which are seen
through the mirrore are discussed. These sprincipless are the definitions
of the lines and angles of incidence and of reflection, the law of equal
angles and the cathewss rule to determine the place of an image. Of
interest 1o the canificers of concave mirrors would have been the advice
to make the concave spherical mirrors large, because the smaller the
mirror, sthe smaller the things $aid appears.

As Sosio has argued, Sarpi's « Manoscrittos, incheding his copy of the top
part of the « Theoricas, was written during the period around 1587 and 1388.
First, his personal observations of the minbow are dated to this time,
although it cannot be excluded that the «Theoricas was added at a later
date 1o the «Manoscrittos,* Second, Sarpi’s «Pensieris from the same
period show his interest in reflection in spherical mirrors, that is image
formation in convex and concave mirrors and the heat and buming coused
by reflected rays.*®

There is no exact word to word match between Sarpi's and Galileo's
«Theoricas. Sarpi often shonened or even paraphrased the wording as

“ Saxe, Penpiers, pp. 336-339, The drawings of the rainbow are dated 12 Diecember 1537,
% Jarary 1588 and 28 March 1388

# Peraicro &1 dealt with the biw of equal sngles; pensiern 6 with the "lcf-gight revonal”
of an image in & mirvor; pericno 65 with the cathetus rale; pemberi 62, 67, 68, 70, 75 with image
firmainn in , convex and concave sdrron. See SARH, Prmuerd, pp. 74-84, Pomicn 33 and
124 dealt with thse burmning effec of & mirrer, and compared the burming effect when wing the
secondary light of the moon with the buming cffect when wming reflected on carth, Sec
Saxpt, Pewsieri, pp. 65-66, 143. The fomer ieri are dued as carly aa 1578, but Sanpi retumed
b Emape foemacion in @ concave EISEOE to burning mirmors in 1388, ropectrvedy in pensiesi
LEE sl 479, See S, Pearmes, pp. 293, §34.
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found in Galileo's copy, but the similarity is close enough not to doubt that ji
concemns the same source. Galileo did not copy his « Theoricas from Sarpi's
maore limited version, neither is there any debt the other way around, if the
1587-1588 dating of Sarpi's «Manoscrittos is correct. Sarpi and Galileo
first met in the house of Gian Vincenzo Pinelli shortly after Galibeo's
arrival in Padua in 1592 During Galileo's cighteen year stay at Padua
bath men would have had ample opportunity to discuss the «Theoricas
and the problems it dealt with, In fact, Reeves recently sugpested that
Sarpi and Galileo coltaborated on the secondary light of the moon around
1606-1607, and to that end, experimented with plane and non-plane
mirrors.*” However, the third copy of the «Theoricas excludes a 1607 date
for Galileo's and Sarpi®s copy of the «Theoricas, and, also, makes it more
likely that Galileo and Sarpi copied independemly from o same source.
Magini's copy of the «Theoricas is the only one that ever went to print.
Magini made large concave mirrors for Rudelf 11, and other patrons,
although he was not very successful in being paid for it. His publication in
1602 of the «Theoricas presumably served as a textbook on how 1o use
these mirrors to see the smiraculous effectss Magini claimed eould be
obtained with them. Magini did not daim he was the orginal author of the
«Theoricas. In the short introduction added by Magini, not present in
Galileo's copy, he only claimed credin for editing it. The author of the
«Theoricas was Ettore Ausonio, who, Magini claimed, was a physician and
mathematician in Venice®® Auwsonio graduwated from the University of
Padua in 1543, Four years later, after the death of his teacher Federico
Delfino, he was scheduled ro lecture ar the same university, but,

eventually, it was Pietro Catena, and not Ausonio, who became the new
professor of mathematics **

# Luma Muwan, Cambattivig Dells Porsa mago o premoate. Milano, Felinineli, 1978, p.
17. On ik pelasanship between Galllon and Sarps. see Garrano Coen, Pacalee Yarpy v Viemezin ¢
I Eurmpa, Torno, Piccols Bdhliotoca Einaudi, 1979, p{lr. LR5 204 Lmpwro S, Galtileo Coaliler
Faols Sarpi, in Galileo Gabiler ¢ i cultwea Veneziana, Vencria, Inicuto Veneto di Scienze, Letbere
ed A, 1995; Vinceneo Fexaosa, Canlidro tra Paols Sarps ¢ Federion Cris: prometic per ad m-
drrea, in Nooitd celestt o orial del sapere: atts del comvegmo intermaziomale di piwdi Calideiani, P. Gal-
burzi ed., Firenze, Giunti Barbérs, 1984, pp. 255.254

Y B Rexves, Pamtg the beavenr: avt and sovence iu the age of Galites, Princcton,
Princeson Usiversity Press, 1997, pp. 104-112.

" In Magini's dedication to Fachinetri: «1 was forced 1o publish the Theory of the Concave
."-irral’.'::m-; suthor is Heovor Ausonius, 3 physician in Viesdee anil 3 mathcmalician of sease
suarure.s G, A, Macina, Theorss spocult coniaes sphacrses, Bononase, Apusd lonanmem Bapiistam
Bellagambam, 1602, e

¥ For blograghical information oo Ausonio, see Pasouary Viemaace, Le divuaronr sdlle
MRS trd difrosomid, mecoemsr ¢ oo well wultees evncio-padovens del agwerente, Vencaia,
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Ausonio’s work was collected in the famous library of Pinelli. Today ar
the Ambrosiana, two short treatises of Ausonio on catoptrics are
preservid, while his « Theorica speculi concavi sphaericis does ot survive.
However, the content of Ausonio’s «[Yuna nueova inwvenzione d'unc
specchios and his «Secreti d'alcune apparenze in uno specchios dealt with
the same problems of imape formation in o concave mirror, the wse of a
concave spherical mirror as a buming mirror and the use of the reflection
of candle light o light up a room at night,™ The similarity with the
o [heoricas is close enough to eswablish Ausonio’s authorship of the
« Theoricas with cemainty. Although Ausonio was considered to be an
expert in optcal instruments by his contemporaries, his interest in
catoptrics, in particular buming mirrors, in the “Invenzione™ and the
“Secreti”’ was connected with his search for an explanation of the tides, an
aspect absent in Magini, Sarpi and Galileo. The latter two preferred a
mechanical explanation of the tides, while Ausonio argued that the tides
were caused by the hear of the sun, Awsondo claimed to have performed an
experiment with o buming mirror and a vessel of water to prove thar the
heat of the sun caused the waves of the water in the vessel*!

Who was Galileo’s source? Did Galileo copy directly from Ausonio's
original or did he consult Magini's printed edition? The key to solve this
puzzle is to find our why Magini published Ausonio’s «Theoricas, Hngm:
claimed to have published it, because he was afradd it would ger lost.™
Moreover, according to Magini, the «Theoricas deserved publication,
because Ausonio was the firt who caleulated the focal point of a concave
spherical mirror o be at the sfourth part of the diameter of the mirrons, *

lstiuts Weneto 8 Secnme, Loetioie of A, 1959, 5, B On Delling and Carena, see Py Law.
:.Iih:fmﬂl:rﬂ-.. Predrsrors of marbemanicc af Padus E.l.ll-'rm:l':' 1521- 1388, «Phosies, 17, 1995, pp.
M [Vawa puoga repemsonr & see pveetwe, MS ATL Ink: Seererd dadonswe apparense i umo
ipevia, boday im the MS D246 Inl. of the Ambrosdana Library i Milas, The scforemon jphven
h&ﬂ,ﬂ&dm“ﬂwwmwymmmmnmm
Vi, La discsnisone aulle saree, po 40, Om Sarpi’s snd Galdeo's theo mjr of the tides,
see also oo, Crnlvdea Cralvler ¢ Paole Sarp, ppr, MI3- 108 Other setes on optics and catoparics of
Auscrnio shoew bam inweotved with the subgect. also when cheir scem to be 6o consoctions

h ki oo ks 1 MS G120 Inf., Andwouiana, and his lecix
“u:-u rml".lfhfﬂﬂ,._ |L;| i Lm-mmr;ﬁh'&m‘ﬂrﬂnmﬁrﬁwmm M5 R10F Sap., I'f_l;:!.:r-.!'éln:
Ambeosiana.

"2 wl've st that it was important o publish this “Theory', moscover, bocane i bhas ever
beem in denper, amd it would cenasaly have perished, if 2 friend, for whom 1 onor described
i1, wendd oot have made & copy for me.s Macsa, Theoria, A lkely candidase foe this “friend”
of Magini is Ercole Bonrigaro, who was into contact with Pincdli sgounc] 1600, see his vwo kners
io Pinelli of Jidy 1600 on ccclestastieal music in MS 5107 Sup., i 106c- 109y, Ambroizana

U The sdounh part of the diameter of the mireors, here and everywhere ese in this papo,
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Indeed, the pseudo-Euclidean «Catoptricss confused the center of
curvature of a concave spherical mirror with its focal point.™ Hewever,
the pseudo-Euclidean «Catoptricss was corrected by several authors, for
example, in Diockes” «On Bumning Mirrorss and Alhazen’s «Discourse on
a concave spherical mirrors. They noted, long before Ausonio’s
« Theorica», that the focal peint of a concave spherical mirror was ar the
tourth parnt of its dismeter. Also, they were aware that the solar rays
reflected in a concave mirror do not converge 1o this point, that is they
were aware of the sspherical aberrations of a concave spherical mirror,
claiming that the ideal buming mirror was parabolic and net spherical **
Most likely, Magini was unaware of these developments. Alhazen’s
«Liscourse on a concave spherical mirrors was never translated into Latin,
while Witelo only dealt with the parabolic burning mirror.™ At the tem of
the sixteenth century, it was not evident that the focal point of a spherical
mirror was at the fourth part of its dismeter, as it was for a parabolic
mirror. Kepler criticized Magini for muking this claim.**

pefers, im 2 modern eerminology, b 12 of the radivs of curvabure of the mirmor. =ln Asgiquity. e
Ej'IHWHhIHhEWHrl'-:n'l:ﬂrrrr-fﬂwu'im,ﬁq‘i'dh;ppl-un:.w1l1r ol
whach it was part, like id, Witclo, Alhaxen s the othen, Hirarery, this is cermanly . be-
cause nothing buams @ the center of the minros, noe & there any hear. Ir's amaring that Antiui ¥
haes enadie this mintake. Thus, the true focal point is in the fourd par of the dameter, i has
nostedd by Hettore Ausondo pliysdetan and eccellent mathernatician in Venice in bis = Thoory of the
cotvoave spherical mirmes’, at anather time published by ws Macin, B imifruitione. p. 13

* Pacado-Eaclid. Catoparics, proposiion M, See Vi Escer, L'Osvinur, pp. 122123,

* On Diocles, see G, . Tooser, Diodes o Burmiag Mrereer, BerhinHekdelberg MNew
Yark, ?prrﬂ\’trhy 1976 WiLbuk Kxoes, The prowveiry of burmingarérarr im Amiipwily,
alsize, T4, 1983, pp. 35-60; and Wirsun B Knoks, Arcbiseder and the paendo-Enclideas
wevca: eurly sanges in fhe amcilewt prometric theory of mireoer, sfuchives Internationales I Histoire
ddes Sciencess, 33, 1983, pp. 78-83. For Alhuzen's «Discourse on & concave MiETOCS, 108
E. WiEnesasn, B of Ha s Sebveafle Gber die ppbdnivchen Modlipirped, «Pibliotheca Mathema.
ticas, 10, 1910, pp. 290307, and H. ). |. Winten & W, Amarat, A Disoerse on the Concave
Tpderical Marror by Nom Al-Haibawr, sleairnial of the Roval Asiaic Society of Bengals, 16,
1950, pp. 1-16; foe Allseen on the . hﬂTﬁ:rrﬂ'rﬂ.ﬁj.'H|MHMﬁElmem
DERARN, [ha of Haithaes Scheify m&-ﬁ.’m:&r duhlipiegel, «Bibliotheca Mathematicas, 10,
1910, pp. 200-237. O thse history of ing Samoey, see JimGas BavLTrusams, Le svrode
révdlations, scienor-fiction of fallacies, Pars, E apan'Le Seuil, 1978, pp. 95-121.

* While Albaren’s «Discourse on the parabsodic lbuming mirrors was rranslated inre Lams

d ehe Maddle Ages, his «DXscouanse on the ical baming migeors was not, See A 1L 54
3RA, I epiics of Ibm al-H » 2, Lomdon, The Warbarg letinase, 1989, pp. xus v, I ex.
Ll-l-ﬂﬂ why Wisclo only with the parabolic mirror, WTELD, Optecar Thesswrn: AL
zewed arubie fibed ceplews, sawcprimeum adity, ctuidem we crepascnicl it sabium arrmuosibur,
ety VoreDoowis Thursn ibes X, David €. Lindberg e, aThe Soumrces of Sciences, ™,
P York/Lesdon, Reprint Corporation, 1972, pp, 401402, Translacion in Enwasn

GRANT, A source book fo medseval screwer, Canshridpe (Massschusetesh. Harvard Linfversity
Press, 1974, pp. 217415

¥ Kepler was corwinoed tha he focal int of & concave sphenical mirror was in its center
af curvatuse. Kepler 10 Berengper, Janusry :ﬁm. in Jostansas Kereer, Groeworelte Wik,
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Magini was a crtical editor. He criticized Ausonio for identifying the
focal point of the concave spherical miror with its «point of inversions,
According to Magini, this point was the center of curvature, and he
carefully corrected all references to the place of the «point of inversions in
Ausonio’s notes adjunct 1o the large drawing of the concave mirror.*
Galileo's copy of the «Theoricas does not contain Magini's «correction:s.,
In Galileo's copy all references to the place of the «point of inversions are
i the sfourth part of the diameters of the concave mirror.™ Thus, Galileo
did not copy from Magini, but from Ausonio’s original « Theoricas, as did
Magini himself. When did Galileo make his copy?

Most likely, Ausonio’s aTheoricas was collected by Pinelli for his library,
as the other manuscripts of Ausonio were. Gian Vincenzo Pinelli arrived in
Padua in 1558, He was famous in his own time for his library, which, among
many other things, contained the manuscript works of the professors of
mathematics at the University of Padua, but he also possessed a collection
of mathematical and sstronomical instruments. He had a network of
correspondents all over Europe, who also purchased books for him, while
his house in Padua functioned as an informal academy.™ Galileo was

15, Wahher Von Dk & Slax Capar e, Minchen, C. H. Bock'sche Verlagshuchhandlung.
3!4. , Llﬁh Kepler's dissatufaction with Magsd's optics might explain the fimancial echscrance

% The image of @ object placed berween the focal point and the cemer of osrvacure of &
comcave spherical mirror is inveried and mageified, while the image of an abject placed ac the
center of curvatsre & irverved and of the same skoe a3 the objen. However, the image of an object
placed betwoen the focal point and the mirror veriex is virtaal, than & sbehind the miroes, ma-
gnificd and oot invered. The sposst of verssons rdens to the point doscst 1o the mirror vermex
that produuces an imverted image of an objecs, when placed » ¢ point. Since tha: point ks the
focal poing of the mirror, Magini's scorrections appears to be wroag. Even in his «Breve inatnat-
tones, Magini was still convinoed that the image of an object placod between the mirror veriex
and the center of curvatige was ahways right onented (snd vimsal). See Macen, Beree ot

fome, p. 23
| % In the dedication: «F quidem kane Theoaicam, ot muliis pantibies melorem efficere nwe
proluis SCHs, G W [ANCUM i £8 PTacstisne Fareesr, videlicsi crrabums I'H:Ill'lul‘l.'i'lI!l_l-

men sustalisse, quosd fortaise per inoeram Ausonius admiserat, nerspé in oo concuran radio-
rum Solarium, in quarts scilicort diametel parte inversionem ficr ieagiou, fiq, omeia confunds,
] sané non Bese In hooo contingit, sed in i Speculi centro, idest in sceidisenen ermino.»
]ntlwrr:lllsnmiinﬂllnlhl:dﬂli?El1fum1mtnﬂlfﬂf.frll1hiﬂ:|ﬂﬂﬂmﬂpﬁﬂﬁ
omia videnmnr inversas and made Galileo's, ssumed to be Ausensa's original, «in boc loco am-
eta confandistus, quis commotastur s deormsms refer bo the conter of curesture instrad
of the oscal peou u?ﬂ'::mltmr.Suhhmm.ﬂ:mﬂmﬂdﬁlﬂﬂuﬂwrithﬂ{lm.ﬂFﬁ.
). p. 845, This difference han not been noted by Sosio, b it has been by Savelli

s (e Pirselli's circle, see A, STELLA, Gatilen, & ainooks atunele Jf Gilan Vincenzo Pineli ¢ s
«Parssrma Libriars, i Canlileo ¢ ba colinra pedovana, Giovanni Sanginedlo e, Padova, CEDAM,
|m.ﬁp!m-mmﬁ'.rwu£mm&mnﬂmmukm-

Yaves who idemified nclli a5 Pomelli’s book punchaer in Paris. Frasces A Ya
s, Firuni and the bermetic tradition, Chbcago, The University of Chicago Pres, 19,
pp. 293, M6 On Gallloo's introdaction in Pincli's ancdle and the modtings with Sarpi, see
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introduced vo Pinelli's circle from the moment of his arrival in Padua in 1592
by his patron Gusdobaldo del Monte. In facy, Pinelli had been instrumental in
Galileo’s obaining of the chair in Padua and Galileo prepared for his
inaugural speech in Pinelli's house. Insofar as necessary 1o show for a man
that well known in the comtemporaneous scholarly world on both sides of
the Alps, Finelli was known by Sarps, Galileo and Magini. Sarpi and
Galileo were visitors of the academy ar Pinelli's howse, In faet, it is
reported that Sarpi. Galileo and Porta met in his house in 1593, Ako,
Magini knew Pinelli, if Aquilecchia’s identification of Magini's informant
in a lener to Pora of 27 July 1594 as Pinelli i correct.®’ When Pinelli died
in 1601, his library was dispersed and part of it was later lost at sea during
shipment.*® The fate of the Pinelli collection explaing why Magini was
eager to publish Ausonio’s « Theoricas in 1602, After 1601, Pinelli's library
would no lenger be accessible 1o the public. Thus, Galileo presumably
copied Ausonio’s manuscript, maybe for his private class on optics in
1601, betoeen 1592, that is his introduction in Pinelli’s circle, and 1601,
when the manuscript became inaceessible.

4, ANAMORPHIC ART, MATURAL MaGie AND MATHEMATICAL INSTRUMENTS

Ausonio’s « Theoricas has reststed interpretation. No genuine analysis of
its gontent has ever been attempeed. nor has anyone succeeded in giving it a
plice in Galileo's science. I mentioned at all, Ausonio’s «Theoricis was
marginalized by reducing its content o a subject with which Galileo would
have been only familiar, because he was assumed o respond to questions
raisedl by friends and patrons.™ Unlike Magini, who built mirrors even prior

wl‘ﬂﬂm. Cralilew ¢ b Sesadin & Padowa, Pasdorvn, Edizrice Anscrosr, 19, pp. 1:38-50,

o The letter uced in Gecakmt ADUIRECCHIA, La reomosciaio M, e i G B
Diella Porta, JF wma diferenziara ded Cardene o di quells del Magins anershasta 2l Spowton,, aFy-
ledogtia & cricicas, 10, 1983, pp, 311.312, See .u.:-f‘.mum. Apnmccims, =l feae prderiis re
lavcd *;::-"“" Apypronts betteraturd mcfopeioogea tra Cingue ¢ Sesrenro, in Ciosas Ravrvars
Dreilla nell Eacropa del swe rewapo, Mavsioo Tornini ed., Napoll, Guida Edinsee, 1990, pp.
218; anc] Gaontasing AMuaLnceuia, Naove apps sl Meraporeopis df Crrovamay Antomie Magiw,
s haaderni Verctls, £ 1988, p. 110,

* Late i 1604, en rowne 1o Maples, the ship with the Pinelli celloction on boaed was atise-
ked by pirates, and several cheats of ane] manssengis pernhod. What was lefi. was bought
on an asdion by Pedenco Bormomeo. Hiowever, onlye in 1609 did the Pinelli collecrion join the
newly bound Bebbotoca Ambaosiana in Milan. On the fste of the Pinclli colloceion, sec Mascizia
Grnneis, A Greok Colloorion in Padua: The library of Ciiaw Vimoenzo Prwelli (1555 1601), aRe-
aansarse (haarterdys, 55, 1980, pp, 389, 5940,

¥ Gadideo's occamional caking up sl dropping of & nabjen i never to be wiod a5 a8 aegu-
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to hiz publication of Ausonio’s «Theoricas in 1602, Galileo's copy of the
«Theoricas does not seem to fit the overall picture of his scientific interests,
Recently, Sosio even has assumed a case of bad memory, when Galileo did
not note the similarity bevaeen Magini's «Breve instruttiones and the copy
he had made of Ausonio's «Theorcie a few years before, when Magini sent
him rwo copies of his new book in 1611.%* Is more evidence needed than
the omittence of Ausonio’s « Theoricas in Galileo's correspondence 1o claim
that it did not make much of an impression on Galileo? A thorough analysis
of the «Theoricas will show that it defined itself at the cross-road of what
are often considered different optical traditions, but is, in fact, one optical
tradition for which the designing of instrunvents was central,

Ausonio’s analysis of image formation in a concave spherical mirror is
indeed very competent, as Lindberg has claimed, but Ausonio also
described optical effects which seem more to be meant 1o entertain. When
describing the optical effects of a bumning mirror, Ausonio proposed 1o
project letters on a distant wall by means of the mirror and solar light. In
his «Matural M:].g:il:'-‘.:rl-, p1l1.'||I5|'I:E-I:| in 1589, Porta described havor, LSINg @
plane mirror, «letters may be cast out and read, on a wall that is far distants.

O the superficies of a plain Glass, make Leters with black ink, or with wax,
thas they may be solid to hinder the light of the Glass, and shadow it; then hold
the Glass against the Sun-beams, so that the beams refleciing on the Glass, may
be cast upon the opposite wall of a Chamber, it is no doubt but the light and
letters will be seen in the Chamber.™

Also, Ausonio’s effects that could be obtained win tenebrise have their
parallel in Porta’s «MNatural Magicks." The camera obscura was already

ment fior claiming a lack of inberost in & subject, because this fragmended napare of sceenor i a
:ﬁﬂdwmﬁﬂi:q{dwmrﬂvpaumpummﬁ;ﬂmhﬂmw e, Taking up a sub-
oct wan often the consequense of a question aileed by a patron. See Maxso Busmodd, Cralifen
Connticr: The Practice of Sciemce im the Culisre of Absoluiner, Chicage/london, The Unseoniiy
of Chicago Pres, 1933, for coun patrodage and the fragmented nafure of schence.

s Samrn, Pemen, po B27.

# o Burmesta Posra, Narwesl Magick, London, Prinod i Thomas Young snd Samuc
Speed, 1638, p. 356, Ausonio/Galileo: =cum ET".:LM solis Eeteras in pagiete remoto lependas
preponits. In GALILED, Opere, 3, p. 863, On Porta's optics, scc THOMAS PRANGENEERS, Prripee.
tiow Alrmiparefanrie fhree ceLe o Cingurernno varnal phoory, —_I-I:I-I.I.ITIJ_-:I-I' the Warburg and
Courtauld Tnagitueess, 54, 1951, pp. 150-158; Davio . Linoagrc, Theories of piesos fross Al
defredt ry K . Chiacago, The Univensity of Chicago Freis, 1976, pp. 183155 Mk, G-
Paereiva Porta; Grovas Barmista peLes Porta, De Telescopda, Vasco Boschi & Maria Ama-
lia Nadoni ol Fireree, Leo 5 Olichki, 1962, pp. 1-1%; Vasoo Roncia, The matare of lpht: 2n
birtowical wrvey, Cambeidge {Masachisicies), Harvard Univenay Pros, 1950, pp. 78-47.

» This similariy of 1he effects =in tencheiss has shio been noted by Soxio in Saxm, P,
T



Pagina: 574

574 SVEN DUPK:

discussed in the context of catoptrics by Danti, whose annotations 1o his
edition of Euclid's «Catoptrics» discussed a camera obscura and the use of
a concave mirror to re-invert the image.”” Less familiar was presumally
Ausonio’s use of a mirror o ercflect heat, cold, and the voice EoWxs, %
Porta described ie.** Also, Ausonio’s proposal to use candle light 10 read
letters in an otherwise dark room was dearnified by Porta who claimed it
could be done by placing o candle in the focal point of the mirror.

Take the Glass in your hand, and set a candle 10 the poim of Inversion, for the
parillel beams will be reflected to the place desined, and the place will be enlightened
absive sixty paces, und whatsoever falls berween the parallels, will be clearly seen: the
reason is, because the beams from the Centre 10 the circumference, are reflected
parallel. when the parallels come to a point; and in the place thus Hluminsed,
betters may be read, and all things done conveniently, thar reguire great lighe**

Although in some instances Porta confused the focal point of a concave
spherical mirror with its center of curvature, as in the sentence cited above,
on other occasions he showed himself aware of where the focal point of a
concave spherical mirror should be, when avoiding spherical aberration by
using an aperture to obstruct the incoming light,

In a Concave spherical Glass the beams meeting together, kindle fire in o founh
part of the diameter under the Centre, which are direcied within the side of 2
Hexagon from the superficies of the circle. But a Parabolic Section, is, wherein all
the beams meet in one point from all the parts of its superficies, ™

* Danmi, La progperiss Jf Esclide, pp. 81-84, Amonba'Galloo: =in tencbris sole ilhesi.
nange &8, quac sl extra, depingit papeam. el pariciom paciurs misshili, esnen reeum, qusc
sunl extras, In Calmec, Cpere, 3, p 865, Pokra, Matwral Magnok, pp. 365363, Poria Saoussed
four types of camers cbacurs: (1) with a simple aperture, 12) with a comvex bens, (3 with & con
cave mimos 1o obitain 3 r image. (4} with a concive mirror (o re-iven the image, Soc abio
Muwaro, Criomwboring Pewta, p, 121,

** Powra, Narwes! Magiok, p. 361, Ausosio/Galleo: sscrmones & voces rechdic, 1 echo, i

o qui maxime distant, sadiand, nisi suedoan fucrint, qui vere magis soonst sd bsquentom, son
psdiantes; scalorom eviam ita remste, wl r-:lm-:ﬂ-.:imrlt;em & acitatin chveritas per 3
nessre. In GALILED, Opere, 3, p, 855, The Jesuir Gi Biancani, wheo was in contace with Ga-

lileo: when both men were in Padus, cited Ausonio and Pores in this sespest in his wock on the

echo, claiming pricity for Auscesa. See Giuserrs Busicas, Spbarne sawdl, Modena, Ex Typo

graphsa Ruliard Cassisss, 1655, p. 231 (Edeen Rocves, personal communscation ), On the selation-

ship berween Gallon and Biancand, see WiLhian A Wariacn, Canbilro avd A Sourcer The

’IE‘# ;i:g"l"l' Collegio Rewame in Galileo's Setewer, Princoton, Princeton University Press,
= |3 1

. Poara, Natweal Magick, p. 462, AwsonioCalileo: sln 1enchris romeobs int begi litberac
m;f:ﬁlﬂ:d#m'h‘dinmu har quaee fiant &0 castris inimiconins. [r.t!mluxt,ﬂpm-,.l-
Fl r

* Poxta, Naturel Magick, p. 371, When writing «De Refractioncs, Forta is no longer oon-
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Also, in disagreement with Magini, Porta claimed that the focal peint was
also the epoint of inversions, when be proposed his reader to do this: “Hold
your Cilass against the Sun, and where you see the beams unive, know that 1o
be the point of Inversion'.”

Did Porta see Ausonio’s « Theoricas? At least concerming Ausonio’s effects
ain tenehriss, Maging was convinoed that Ponta did, when he suggested in his
aBreve instruttiones that Ausonio’s effects waere extensively discussed by
Mr. Batista dalla Porta in his Natural Magicke.™ Indesd, it is very likely
Paorta did consult Ausonio’s «Theonicas. Maybe he had an opportunity to see
it when he visited Venice in 1580 to attend the constrection of a parabolic
mirror and a pair of eve-glasses. At that tme he also met Sarp, who already
may have been aware of Ausonio’s «Theoricas.™ On the other hand, Porta
never cited Awsonio’s «Theoncas and Magmai's daim may just have been a
way to enhance the importance of his publication of Ausonio’s «Theoricas
by claiming priority for it concerning the effects «in tenchrise. However, the
emphusis on the determination of the focal point at the “fourth part of the
diameter of the mirror” and the principle of revershility, completely alien to
medieval optics. in Ausonio’s “Theorica™ as well as Porta’s “Natural Magick™
strongly sugpests that Magini may have been right about Porta’s borrowing
from Ausonio’s “Theorica™.™

Anyaay, it is hard to deny thar Ausonio’s «Theoricas and Porta's «MNatural
Magicks shared the same focus on playful effects «in tenebrise and obtained by
mireors. Even Magini's «Breve instruttiones was a clear statement about the
entertainment the ever-changing appearunces in a concave mirror coubd
offfer 1o a patron like Rudolf 11 willing to buy such a mirror from Magini.
When writing the «Natural Magicks, Porta’s resources partly maast have

fused about the place of the focal point of & concive spherical mirros, There, he idendfies, =i
mmm.ﬁtiﬂmnrﬂﬁlllh:-:‘wnhmﬂfﬂnlﬁlhﬂFh-ﬂ'flmmm-
als eeflcxionibu speculonem concmomm relesionis lines non mcendet ulin quartam Jizme.
tsi=, Bowd, Barmesra Poara, Dy refracrione optices parie i wovesr, Nespoli, Apaxd lo, lacobam
Calinum & Ardonium Pacom. 15393, p. 5%

T Pomra, Matwral Maghok, p. k60

T Macas, Becew dmifrmiione, po F.

T Mumaks, Girssbaring Dells Porta, po 16, On the relationship betwomn Pona and i
mlﬁrm'slmmiurmmi.mM.ﬁm.H&wmmEhruFﬂhhﬁfﬁ
Peeta, sArchives Imermationabes d Hiitoire des Sciencess, 1, 1947, pp. 93432,

" Ausonio/Galilen: allsec linca habet duss comparationes ad igmum speculum. Frema o,
n sit Bnea refractionts padionem Solis, & tune combenit. Secunda ut st prima incidentia cande-
bsc, ¢t func sua linca reflexa M:hrmmhmmmdﬂ!rmmﬁm&mﬁ.ﬁ

ot calefacere por romotam daeanizam, e illuminace gudm clirssame, 22 ub fods
givraes, In GALLED, Opere, 3, p, 865, On the princple of revershility in Posta’s aMatural Ma-
gickos, see Mumaro, Glawbariista Diells Perva, pp. 118-119,
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been derived from the optical instruments wsed in the painter's workshop or
from manuals thar discussed these instruments. Beside the camers obseura,
used 1o draw a lde-like picoure without the loss of colour, Porta includied
among the effects to be obained with a concave lens that a painter could
use it to make a smaller image without boss of proportion.

A Painter may do it with great commodity, and propontion: for by opposition 1o
a'Concave Lenticular, those things that are in a great Plain are contracied inbo 8 small
compass by it; o that a Painter that beholds it, may with hietde labour and skill, draw
them all propomionably and exacely,™

Beside lenses, also mirrors were used in painter's workshops.™ Porta
drew atention to the ludic effects and deformations obtained by concave,
cylindrical and conic mirrors.™ At the same time, in manuals intended for
painters, for example, Egnazio Danti’s «Le Due Regole della Prospettiva
Praticas, there is a boom of interest in these pereeptual tricks with mirsor
images.™ At the beginning of the seventeenth century, mirror
anamorphoses, that are deformed pictures that are seen correatly when
viewed in a cylindrical or conic mirror, appeared in painters’ manuals, like
Niceron's, who considered optical laws a kind of nateral magic, ™
However, perspectival anamorphoses, that are deformed pictures omly
seen correctly from a lateral viewpoint, were already known by Leonardo

" Pokra, Naturad Magick, p. 569,

?"'fmk‘nmmdﬂnﬂmm:ﬁ#umtyu\flnﬁji'l'::ﬂ.nudﬁri-.hun were
Mw:m&.hk.hlhwmntmhﬁm:ﬂﬂ“m of
p*tupminnﬂnll-rwniuiﬂauinpnjmm‘wmmw!hmmm Sommakr. The mirror
am Ar, «Ant Quarsexlys, 13, 1952, pp. 97-118; in parcicular fos Duich incig, se¢ ARTHUR
k. WimeLock, It a3, I, Mmﬂnmﬁmﬂrﬂn‘fﬁl b, Crarland
Publishing, 1977, use of & convex minor & 8 drewing aid wa fot cany, becssse, for n-
sance, the pad hﬂhﬂ:ilmhlhminﬂftﬂtﬂdﬁmhclrMbrlhﬂm:hnm
of his oumn ce that impeded a view of the some he wished o paine. See MG, Hreve jnsfrat.
dfomr, pu 2

™ Powra, Maturad Maagick, pp. Y66-467, 370,

™ E DANT, Le Dur Regole dells Prospettiva Pestics- 2 rependucron of the vy an the Brivid
Libmery, ABburgh, Archival Facsiredies Lirated, 1967, pp. 59,56 i
™ Jumcis Basreisams, Anamerphic An, Cambridee, Chaduyck-H Licl., 1977, pp
E31-162. For other e uctions of mirmor m;n'ﬂrl'n.m._m F'I:I.:l:'.i lI:LJ:?H__I:H.H-t' El.l"l':l'.rulllll
& Me ScruT, H  Curmes of Perceprion - Anawscrpdic Arr = [ussos frons the Be-
'#m;ﬂwfjtnafum'rmr Mew gu-rlu_ Harey N, Abrams Tne., 1976; and Musds nes Axrs I.::'-.r:'!*
TiF: Pars KSMUSIUM AMSTERDAM, Avarorpboiri jew de peripectives A wamonfoses L)
fef, Kodn, M, Du Mont Schauberg, 1575, Niceron's pective book b Meccqon, «la
mmfhm 1638, but there are several edithom, nh?un; Latin, eneithed the «Thauma-
furgLs uss. In the boginning of the seventeenth comtury, complete moms full of playful o
Bects with mimmoe ansnorphoses were imagined in Dubrewil’s «La Ferspective Pratsques | 1649),
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and Piero della Francesca, und they became also quite popular in mid-
sixteenth century Germany, where Schin, a pupil of Dilrer, made his
«Vexietbilders, " The Genmans seem to have applied a correct method to
make the sVexierbilders, but this method was not represented in the
sixteenth century manuals wrinen for painters. In fact, the geometry of
perspectival anamorphoses is mathematically equivalent to the rules for
creating an ordinary picture in perspective.”! Compared to the
construction of an ordinary perspective picture, to make an anamorphic
picture, there is only a need w0 bring the distance point closer to the
central vanishing point and 1o heighten the horizon, or the central
vanishing point,™

However, this equivalence was not observed by sixeeenth century authers
on lincar perspective. Danti’s construction of an anamorphosis was based on a
parallel projection, that i the grid projected over the ordinary picture is simply
Inwh:m:-d.”ﬂamﬂﬁ:m:hnlhauwurﬂlwukctiunmm&d.hlppmﬂd
in the direct research environment of Galileo, Cigoli was the first to record the
correct peometrical rele 1o construct an anamorphosis, but his «Trattato
pratico di prospettivas never went to print until it was recently edited by
Profumo.™ (Fig. 5) Also, Cigoli invented an instrument to make an ordinary

W For Loonands's ssamorphoses, sor ViLmaas, Stadies, p, 143-169; for Piero’s anamorphic
obiocts, see Kirsm Axorzsi, The mathematical trrament of ansmorpbosc fro Pievo dells Framee.
wra fo Maceront, i History of meathematicr = States of ihe avt; Stiidics in bowor of Chraitoph |, Sorvba,
]mﬂ:;f [aubses, Menso Folkerts, Flethurd Knobloch & Ham Wissing edl, San Thepo, Aonde-
A .Lﬁf-.u?;fuqrt{hmmﬂnﬁhlkm.mﬂummﬂummhkﬂn.p1].

51 For the mathematical equvakeroe, soe ANDaxan, The malbowataal restment. pp. 10-1 1.
1's wihely alisounsed why this mathcmarical exquivalonee wem unnaticn] untd the sevonicenth
ceniury, bogether wigh the related question why they weee made, and whether of not they shoaikl
b seen 45 & counber movensent in painting. For these questions, s SALvaTORE Names, Anawor.
fans ¢ legrindoasd preapetiics ira Rngsamenio ¢ damoces, sAnnal della Facoltd di Lettere Filosolfa ¢

Magistoro chell Unbrersivi i Caghars=, 23, 1970, pp. 175-2549, critkcimng Balirusairis” ssurrcalistic
i ome of anamorphosss, and Do Bessor, La peripactive de Nicirew #f 55 Rippari
e i Copauactrsd ¢ dinsuisws mells reaols gaiieiamna, Massineo Buccunting & Musrizo

Tegrini el Firenze, Leo 5. Chschki, P99, pp. 147-10640.

'i'ﬂwdﬂmmmwﬂ-mﬁ#mmhmhdmmnimmiﬂ
m_mm&muhqhmpﬂmmlhcmldﬂﬁu 'PlJIi.I'I_dII:‘I:II-TI'IiI'I.'Il
|hchhlmiudbum:£uﬂb&ﬁm.1htﬂihmmﬂﬁ‘ﬁﬂm1ﬂ“mm'
|ageral vicwing point chose 1o the picture plane.,

o vicw the ic pievure, Danti made we of an instrument of Tomassa Laurer
chat orced the shserves te take 8 ateral point of vicw ckise 10 the pictue plane. Danti's peoposal
for a parallel projection was incorrect, bus he did formulate the comect that the anamaorphic
Pcmhmh:hmhmcdﬂtnhmlhcdhtwa'lmh:hﬁ.uﬂkm-hﬂhmh
urther aoay, Sce Dwnm, Le Dar Regole, p 9.

LoD thauTmmWWMJllﬂm{"ﬂd'ﬂﬂﬂﬁlﬁ- Bodolfo
Profamo ed., Roma. Bosabgnon Edsore, 1992, 159 oized froem the MS 26604, in the «Ciabi.
gt dhed Diiseggnid e delbe 56 'Uﬂ”ﬁ-#!;hfm.ﬁw:dh:mndf:iﬂhw
ded, e Frooeo CaseroTa, all el & sticae i Lodovicn Cigol
allr origrm & pwa maoid conirzione ipegale, P, D, Unéversich i stadhi il Firenze, 1985-86.
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picture into an anamorphosis, that bater would prove very influential in the
French circles devored o anamorphoses of Miceron and Maignan® On
engravings of the instrument to project anameorphic images, it is evident thar
in the anamorphosis left and right are reversed due 1o the beft-rght reverted
orientation of the picture to be projected onto the wall. (Fig. 6) When an
object is placed in front of a mirmor, the onentation of the object is changed
in the same way, o that the mirror to the unattentive observer seems
revert left and right. What is important, i that an anamorphosis is like an
mage seen in one of Poras deforming mireors™ Natural magic and
manuals intended for painters focussed on the same problems and effecis
riggered by the same optical instruments, in particular non-plane mirrors.

Anamorphoses attracted the attention of Galileo, who was in contact
with Cigoli, and, also, scems 1o have studied Porta'’s eMatural Magicks,™
I his «Considerazioni al Tassos, Galileo noted that anamorphoses “show
a human figure when looked at sideways and from a uniquely determined
point of view but, when observed frontally as we naturally and normally
do with other pictures, display nothing but a welter of lines and colors
which we can make out, if we try hard, semblances of rivers, bare beaches,
clowds, or strange chimernical shapes™. ™

Galilea's description resembled the crculating images of powerful men,
whose anamorphic images were hidden in what is a landscape-like picture
when looked st under normal viewing condigons.™ As Kemp and Hallm
have argued, Galileo showed his awareness of anamorphic effects at roo

# Cigoli's instnement was an adaptagion of Diirer's spormello that could be used 1o project
images, for exsmple, on & oarved vaudi. For Cigoli's instnamont, soe Cioon, Trstrato, pp. 149
162 Pk a dmicvsen of Mwceron's natument, derived from Cigoli's, see Isangian Thoc, Le ane-
mecrfoeir ff feamr Frampmie Micrreer a0 Tardare ¢ Maoes df Stonls delle Soenza ff Fiewze, <Annali
dell Istiruto ¢ Museo di Seoria della Scienaas, 1, 1976, pp. 3764

& Frigrwo Casmora, I glardins answorfio, & I gierding delle soase: Arti ¢ artificd wel ba-
mm&[whﬂﬁﬁhu EMLHH?MMTﬂmHﬁ. Fironze, Eadifis E-[Eﬂﬂ-ﬂdui:-
eeriee, 1995, p. 260, Although 1 cyledne condc marToy anassarploie
Eﬂmddhy':.mﬂnmmﬁ :Hﬂhfprmnﬂumﬂwmmlhﬂmi

oeming mirrors. [1 s no comcidence tln.u.:luriiml.nﬁ.ulmlrn:-rnd}n.:uu
windirw soeme. See Maamy Kiowr, Lﬂu.lblu'u- e the oragrmy wed regiose I!:“"ﬂ
ecthingen der Kumithstonschen Instimine in 5, |10 pe 1553-1320
sPerspoctive Cilindrique of Conigacs, 0 ANDmar, The marbematical frratonemt, P-p-l'-"i!

" At beast, n copy of Posta's sMNatuzal Magicks was peesent in Galibeo's libaary, but it was 2
1511 edicon. S&Fu.ll:l.i_.n'rbmw'pum

8 Gaunno, Cowpderazsond af Tamso, in GALILED, Operr, 9, pp. 129130, Transdation in Ex
win Pasanrsicy, Caslilon dr & enithe of the anis: Aesthetic attitude and scientific thought, «lsiss, 47,
1550, . &

* In Florence, Pieiro Accolii chsimed o have made such an anamorphic pictare of Cosimo
If.ﬂmdMedTmm.Pmdannhﬁnﬂ-ﬁfmh- Printed Sousces of
Wemtein Ait=, 14, Pait iOregon), United Academic Peeis, 1972, p. 49,
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occasions when making astronomical observations, once during moon
observaions, and once observing sunspots. In both cases, he used a
rerminology of what was seen «in faccias and what was scen «in scorcios
or «delineates similar 1o the words with which he had described
anamorphoses in the «Considerazioni al Tassos,

In the «Sidercus Nunciuse, Galileo had argued that the moon had a
mountainous surface. However, if this was true, then what with the moon’s
circumfierence? Did it not have to look like a japped wheel? Galileo
postulated that the moon was surrounded by an atmosphere, just like the
carth. To reach the surface of the moon, our visual ravs had to traverse more
of this atmosphere at the moon's periphery, than in the middle of i, because
they cut the atmosphere more obliquely. Galileo angued that, inhibited by
the moon's atmosphere, the mountains w its periphery were not seen. Thus,
the moon did not appear with an irregular circumierence.™ The argument
was convineing, if one was willing 1o accept a lunar atmosphere, However,
Galileo soon leamed how dangerous it was to postulate a lunar atmosphere.
Adversarics of lunar irregularity used the lunar atmosphere 1o accommodate
Galileo's moon observations 1o Aristotelian cosmology by proposing a
mountainous lunar surface surrounded by a perfectly regular crystal sphere,
invisible, but completely smooth.”

Aware of this danger. Galileo tried 1o account for the regular
circumference of the moon, withour pestulating a lunar mmosphere in a
letter to Grienberger of September 1611, A difference was observed
bhetween the terminator of the moon when in quadrature and when in a
gibbous phase, Tn the former case, the terminaor appeared win faccias,
while in the latter case it appeared «in scorcios. (Fig. 7) Due to effects of
foreshortening, near the circumference, the sinuous terminator lost some
of its irregularity. As Galileo observed, near the circumference, due to the
lateral viewpoint, the terminator “loses much of its wadth and appears,
although long, compressed and narrow, because the visual ray is lintle
edevated above the boundary” ** The closer to the circumference of the
moon, the more the terminator would lose its irregularity, until, ar the
visible circumference of the moon, it would appear circular without any
irregularity ar all. Exploiting the effect of anamorphosis, Galileo had an

W Gaviin, Sideress Nanaur, i Gauneo, Opeer, 3, . 70 Transkgion in Vax Hipen, 5
drreus Mamcra, . B0,

* Colombe's ansd Bremgper's srguments ane deosssed in Riepvs, Pasming the Bewerrrs, pop.
L5%. 158,

% Galileo 10 Grienberger, I, 1611, in Gaingo, Opere, 11, po 157, FERRAND
HALLYH, Le regard puctarale de Cuainée e & love, «Crises, 2, 1984, p. M.
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argument for a circular circumference,
without postulating a lunar armosphere,
and stll allowing o lunar surface fully
covered with mountains

Shortly thereafter, Galileo became
involved in a controversy on sunspots with
Scheiner.™ Scheiner had argued thar the
spaods were satellites circulating in an orbit
around the sun. Galileo disagreed because
of the spots” irregularity. He thought it
more likely thar the spots were very near

::-Eml M"T. MI .';::T to the sun. Again, one of his arguments
was based on differences between the
appearance of the spo1s when near the

circumference of the sun and when in the middle of the solar body. The

maost evident was that the spots became thinner m the periphery of the

sun.™ Galileo concdluded:

For thase who understand, in virtue of perspective, what is meant by a spherical
surface retreating near the periphery of the observed bemisphere, this will be &
manifest argument that the sun is a globe, that the spots are close 1o the solar
surface, and that as they are carried on that surface toward the center a growth in
length is always discovered, while they preserve the same breadth ™

Again, the anamorphic effect gave the argument away. Thus, Galileo's
use of anamorphosis, his studying of Porta and his copying of Ausonio’s
wTheoricas show his scquaintance with a tradition that focussed on oprical
effects obrained with instruments.

What the manuals, intended for painters, and nasural magic shared, were
optical instruments. One focus of Ausonio’s «Theorcas was the use of a
concave mirror as a burning mirror. Also, Porta spent a lot of words on
burning mirrors, explaining what could be artained by them, but akso how

¥ O the vamspot controversy, sce A. Van Hipew, Calileo and Schetaer on mmipals: & cise
T’E’.‘E’ mﬂ?ﬁmm# of airrewarry, «Procoedings of te American Philosopécal Societys,
pp. 33709,

* DAL, Intoes ¢ dowentragiont imtormo alle macchie solivt, In GaLieo, O, 5, . 119,
kEsp, The savmer of a2, p. 97
¥ Gavn, fiteris ¢ dimostrazion imiorno alle saccbee jolars ¢ lono accidenir, in GALILED,
ml‘i}-f- 119, Trandation adageed From STicisas Deaes, Dircoverier and apiions of Caliloe,
ok, Doubled

g ay Anchor Bools, 1957, p, 107, For a full sccount, see Kxur, The soemer of
arl, . 97
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to make them, either in metal or in glass, by cutting a parabolic section,
including the instruments needed for thar task.™ For Porta, research on

burning mirrors was triggered by the legendary story of Archimedes who
is claimed to have used a buming mirror 1o defeat the ships of the enemy
at Syracuse. The reference to Archimedes, who was during most of the
sicteenth century known as a builder of ingenious instruments, was
common among sixteenth century mathematicians, whe tried vo build such
a mirror without taking the legendary story at face value.™ Galileo made
the same reference when he discussed the bumning effects of parabolic and
spherical concave mirrors in his last work. the «Two New Sciencess of 1638.

| have seen lead mstantly Bguefied by 2 concave mirror three spans in diameter,
and am of the opinion that if the mirror were very large, smooth, and of parabolic
shape, it would liquely any metal in shont time. For we see that a spherically
concive mirror, neither very large nor well polished, Bguefics lead with great
power ancd burmns every combustible material — effects that give credibility 1o the
wonders of the mirrors of Archimedes.”™

Moreover, after seeing the recently finished book on the buming mirror
of Bonaventura Cavalieri, a studemt of Galileo's pupil Castelli, Galileo
believed that Archimedes’ burning mirror had actually existed at the time,

w P, Natwwal Magick. pp. 171-378. Glass technology to suke ssdrroes only masured in
the sxtoenth q;rmul}.}:'.luri.ng the Macklle Ajpes, mos mirnors were small They were made either
in mesal or in gl Itﬂu‘hﬂtﬁnnmlhrhtmdwrﬁdﬁhﬂﬂﬂmm:ﬂ.mwﬂfﬁt
weedl kesvem neirror in Van Eyek's sAmolfinis is racher cxcepticeal, but it was exsggesatod by
Van Eyck. maybe by uing s cosvex mirred 10 paint the scene, Soc Davin L. Canieros, A Me-
themsaticad Amalyais of the Perrpective of the Arselfini Portnnit awd otber rilar interior soenet by
Liw Vian Eycie, sAn Bulletizs, &4, 1962, p. 122 M&Wﬂ“ﬁmnhmm.?t
setisen crystal revolutionized the nuskdsg of minmes, when, Erom , the tin-amalgas pro-
ceus was steodhsoed. This process conststed in laying a tim-fosl on 10 glass by means of nercuty s
a crmen g medium, that is cokd metal was applied 10 glass avoiding the difficulries connectod
with hot maseriak. Also, in prisciple, sny sine of mirtor was possible to maks now, but it woukd
take a while before metal miseon Jdi Magini il pade Large metal mareors s the be:
girmning of the mext cenvary. For the Venctian crystal minron of the siaeenth centary, the eexch
noogy invehed snd their invertion, seo Bruko Samreic, Miren, sAstiguitys, 15, 1M1, pp.
266 267; and Linos Zecowun, Vet ¢ vatrar df Moraso, 3, Venezia, A Editrice, 1990,
pp. 165-189, pp. B68-371,

¥ Pora, Narsral Magick, pe. 55, §71.372, 375, about the =seorets of the most emxinent
Artilicer, Archimodens, Tbuq.u-ﬂlurd a of sixteench-century machemaricians. wa (o Ly
1o find ihe way Archamedes would have il these buming mimons, Panta daimed ro have -
madupuﬂkmmlblmyhﬂnmhliﬂfdhﬁmfﬂlhrhﬂﬂdﬂmﬁﬂ?
chimedes, see Bxomn, The promeery of Barmtrpareon, pp, 53-35, and DL, Spauas, mredes
and Burming mirreri, aPhysics Educations, 10, 1995, pp. 517-521. O the percoptsos of Archi:
rrmduhulfuimmhnu a3 & desiper of Ingenious imgrument, wee . K Lamp, Arche
Hﬂfﬁtmfﬁf.ﬁi.mfm.ﬁm.' 2, 1991, pp. A28

# G, Discors, i GALILED,  p. 86, Teasilation in STiuusan Duaxe, Galilee -
Liei- Tasr Nese Sctemars, Madizon, The University of Wisconsin Press, 1974, p. 48
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As 1o Archimedes and the effects of his mirrors, all the miracles thar are teacd in
other authors are rendered credible 1w me by reading the books of Archimedes
himself, bong ago stsdicd by me wath infinite astonishment. And if any douby
lingered, the book lmely published abour the buming glass by Fatber
Buonaventura Cavalieri, which [ resd with admiraion, is enough to pur a stop 1o
all diffsculties for me ™

Galileo studied Archimedes as a young student with Ostilio Rica, Again,
this was a tradndng in mathematical instrument making that eventually would
be the starting point of Galileo's oum invention of the peometric and military
compass. The study of burning mirrors was a legitimate research subject for
these mathematicians of the sixteenth century.

Une of the most popular mathematical works of the sixteenth century
wis written by Oronce Finé, His «Protomathesiss, published in 1532, was
a prototypical work of the tradition of mathematical instrument making,
applied to practical activities as dialling, map-making and surveying. To
measure by sight depths, heights and distances, Finé discussed the use of
already mentioned instruments and procedures like a mirror placed on the
ground between the measurer and a tower or the grometrical quadrant,
but also the squadrs and the Jacob’s staff "™ What's maore important, the
Italian translation of Finé's «Protomathesise by Cosimo Bartoli, and
dedicated to Guidobaldo del Monte, was published together with Finé's
work on burning mirrors, translated by Ercole Botrigaro."" Fin's way of

* Gaviso, Disory, in GALILES, Operr, pp. 8657, Tranalation in Duace, Tase M S
eet, pp. 48-49. The work of Cavalicn refermed o s Bomavismums Caviavms, Lo apevohio sanorss,
mTﬂfm-i‘ﬁ'fmﬂﬁmwﬂldﬁ'-h-Hﬁm'ﬁwmﬁm%fﬂiﬁbmmﬂhwnﬂlﬂ*hﬁa
eona, & mofe awcoed, Bologaa, Proso Clessenie Forponi, 1632, Afer crithiEing Peeta’s
I-:ltﬂhﬂl'ull:ur:uuphinﬁﬁn:-ﬁ:mm_nhn.f'ﬁulinidwimd-“ﬂumahlfu i
mifeor of Archinsedor.

o b D‘"”F""‘F“T{T;’ :T%mj;m.mnmmmh‘ Tadian

ition, ORcrcE Findt, Opere & fas o) RN, dTOTIE IR R Pardr; seiteneiics, peo-
Pacired, cOraerafia, rﬂﬁuﬁ&ﬂﬁuﬂﬁﬁafmm Cremmibacera, & Ansdemicn Floremtinn:
of gl apocchy. teadores Lol Cawalter Ermole Bortrigare, Centilbuoss Bolopness, Verstia, Preso E,
Feamoenchi, 1587, pp. 2749, Finé deal with the Jacob's seaff in Fest, Opere, p, 33235, The Ja-
tﬂh'iﬂlﬂ'.ﬁmdm'ﬂh:-.'bylrEritcn{:nm.tithtrﬂrlﬂhuilryﬁmmd{}tmﬁ'ﬁ-
ﬁu-.mﬁdnl:k:::l:]hdﬂﬁ ' with a traverse staff as long as one of the sogmenis
isto which the kngitudinal seadf was divi Again, mesarcmomi was hased on the construction
u[shﬂuldnﬂu_mumtnimﬁmmwmnmﬂlhrhnnjndhhlﬂbﬂnmﬁuhw
wol thie e of the mesaner made, respocti . the base and the beight of a imangle of whach the
viiial rays of the messurer formed the sides. i irianghe was ssnilar vo the ees docribod by the
vl rays with the unkeown size as its base, % le tangaaiion procaturcy then allowed 1o
drt-rmrlwuﬁrmﬁw.huwkdwb h of a builiding or the beigha of & mecstain
e lﬁummf.?mm Criorgso Viawrr, pp. 141-142, I?I-I?E;%m screwiyac pmiten-
T, L,

" Ercole Bottrigaro (1531.1612) was & humsnist, who besides & translacion of Find's <D
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procecding was wentical with Porta’s in the «Marural Magickes, thar is he
explained how to construet a parabola, described the instruments to cut a
parabolic section and how 10 make a burning mirror, and discussed the
cffects obtiined by buming mirrors. Thus, the mathematicians who
focussed on mathemarical instrument making, like Finé, developed an
nterest in optical instruments. Their treatment of the subject was similar,
that is it focussed on the construction of the instrument and the
possibilities it had for its user. In the cose of Porta and Magini, this also
involved an actual designing of mirrors, in the same way that these
mathematicians had provided Henaissance society with mathemartical
measuring instruments for practical activities,"™

Even the medieval optical tradition was reinterpreted by mathematicians
with this focus during the sisteenth century. There was no particular focus on
buming mirrors in the work of Alhazen and Witelo, but the frontispicces of
sixteenth century editions of their works, by Tanstetter and Apian in 1535,
and by Risner in 1572, showed an emphasis on Archimedes’ buming
mirrors."™ (Fig. 8) Galileo absorbed the sixteenth century interpretation
of medieval optics, One of the few instances he referred to Alhazen and
Witelo, that is in his annotations 1o Sizzi's «Dianotas, he referred 1o what
they said aboat the construction of mirrors."™ Also, his interest in mirrors

Specchin Ustorios, also edited Prolemy's sCoographys, He lived most of his life in Bologna,
w be was knoan 1o Maginl, see Magini's letter to Galileo of 11 January 1611, 8 Gaviiso,
Cpeve, L1, p. 19 On Ercole Bottrigaso, see the Dettomante biografie depht talieed, pp. 491-495,
182 Magind is known o have designed two quadrants in the 19905 s 10 have published &
trcating <D Demctiend] Ratione per ranbem, #& Coometioum COusdraunmes (13%92) o ex-
in the use of 1thas st rument foe topsographical mesuroment. Soc Fasmzio Botow & Mamirs,
soit, O heo rixteemitt-cembry svrtramendi by Gilovass Amdomie Magini (133316171, «Mun-
chris, 14, 1999, pp. 200-212. Turmer's analysis of the Dustl- Griusti case shows that it is betier 1o
refer t0 these Ficiaen ing their instrumsents Engead of sciually suking them, be-
cause the hmmmddhmnb:;{ mﬁjl craftssnan. ]1:uh-';l'|d'u:'ir_p.in 'hhi-ﬂhli arsd Cra
Hen's veribon, srreises (e oA cradlaman o MO & et
scmen appacentianam horum Speculorum, o illorum, lhmtﬁntql.mﬁf?m
Emﬁnti@mm-. Irr;.l-.'lmm Opere, ¥, p 865, On Diants and Glust, see Tusses, The Flo-
rentime Waorkibop, p. 133,
1 Fos Rhisee's edigion, see the reprint by Lindberg in Wireno, Opiicar Thrnawsa,
0 A lhaere and Wado resch the M?HT};‘;ﬂﬂ mhm;:m
ica, ol acm, in Ui ¥ . sy Rowacl, / S,
m Ijl:llI-u.I.lJ:l-:-u-!I"HI- ﬂﬁﬂ“muﬂ lmh-lﬂ'tﬁh E Fralisn tramskation of the aDiancias. It is diffi-

cul b determine whether of not Galibeo was cver tivelved in the actual a of mirror ma
king, He was i consact with Girolamo i, wha was & poet, but sctive i the Vene
tian glass indusory. M i is erodited wath the irvengion of a certain cobored glas o imstate

m:.ngulht imveried a precedure that sllowed to make mirrars lirger and faster
mm.{h M {, see Anrosio Favaro, Cuirmdawo sl i d-ﬁrmm
di Gualeleo, Praobo Galluzsi el., Firenze, Librenia Edsrce * L9, pp. 63-92:

Duake, Cunlleo Gleanrmgs XiV: Galilee and Girolaws Magagzaty, is=, &, 1957, pp. 2069-
2 Zrooun, Velre ¢ vererd, pp. 156-364, A sbopping Bt of 1604 shows Cralileo
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8. Frontispsece, breen: Risner, Opticees Thesawnas, 1572,

i contact with mirror makeers of Murano, See Gavnnn, Opere, 10, p. 270 (Eilecn Beeves, per-
gl oomumnicasnl, It i oo than Craliles ol pusiiuse bebesoope lenses [roam emdtod -
kers, who socre to have been beter up 10 the job than spectacke makers. Thus, concacts with mir.
roa-makers i Murano might hanr revrves] useful to Cralilen wlbsh b |1-r|.;J|| s o the el
bl Adter his mewe 10 Floeenor, be was sndormed slbews cbeeriopmans in gl technodogy in
Vemice by Sagredo. Hm:n'l.'r. it i meodt clesir wlseiber halileo ever did ame mamual Labor ea glas,
mirrors of kendes himsclf, akhough a ktter o Goaliano de' Mediel shows thar. ar beass in L6120,
Linlileo had & glass polishing facilivy of his cun. See Sagredo s Galilos, August 4, 1618, in Ga.
Lk, Opere, 12, p. 40% Galileo o Gaaliano de’ Medici, Ckeober 1, 1610, in Caipg, Oper,
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was connected 1o the designing of mathematical instruments, that is his
geometric an military compass, The knowledge on which it was based came
ot of the same tradition, Thus, Ausonio’s «Theoricas does not need o be
marginalizied, as it has been before, by either not discussing it or leaving it
outside the picture of Galileo's science. Galileo being a mathemarician,
it has its place in Galileo's scientific activiry.

5, CoMCLISION

Why has the «Theoricas, or its date, not been appreciated? The
underestimation of mathematical and optical instrument designing has
been responsible for Galileo's optics being caught within an anachronistic
atwo culturese concept of art and science. However, attention to
mathematical and optical instrument designing shows the ubiquity of
perspective in all the mathematical «artss. When using a stwo culturess
concept of art and sctence, Galileo’s wartistics training is considered not 1o
be related to his copying of Ausonio’s «Theoricas. When the big picture
of ant and science is considered, it is evident that with the invention of the
geometric and military compass and Ausonio's «Theoricaw, Galileo
continued an optical tradition, unaffected by modern disciplinary
boundaries, which stressed mathematical and optical instrument designing
amd the skill and operative knowbedge that went along with it

Ricei introduced Galileo to a mathematical tradition that was primarily
interested in developing instruments that were used for a wide variety of
measuring tasks. At the turn of the sixteenth century, the maost
straightforward motivations of this research, out of which Galileo's
geometric and military compass developed, were the military ambitions of
the mathematicians patrons. Even less emphasis has received the fact tha:
these muthematicians were also interested in the designing of mirrors.
Again, a military context was provided by the legendary story of
Archimedes. At the end of the sisteenth century, Ausonio’s «Theoricas,
Porta’s «Matural Magicks and, also, manuals intended for painters took up

10, pp. 440-441: Smvio A Beoet, The makers of Galilen's solentific inpresventi, 2 AdY del Sing.
P"uﬁnfrmmmﬁ'diﬂr-iﬁ.ﬁhfu&’mi. Logacr « F dells Soivuza: Catrleo Conlides melle
woria ¢ mells filorofia deila roemzs, Flocence, Gruppe italisno b stons della scienza, 1967, p.
M, reprinted im Sauvice A Bene, Soowe and inatrsonents iy sevemtoensb-comiary Ttaly,
Harrpahuire ), Yasioeum, 19H, pp. 59115 Siwvio A Bemna, s Troale on =y Crsommny
Chetirofore Bolawtio, sAnnal of Schences, 52, 1995, p. 100, reprimed in 500 A, Beoos,
Patroms, anirawy and dupruwenrr of ietemee, [600-1750, Aldersbes, Ashgate Yarorum, L,
P 1030206
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these instruments, while emphasizing the perceprual wricks that could be
played with them, When Galileo copied Ausonio’s «Theoricas, around the
same time he invented the geometric and military compass, it is argwed
that he staved within the same mathematical tradition that previously has
been neglected by Lindberg, Drke and others who were not able o
appreciate the «Theoricas.
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- SUMMARY —

This paper will deal with Galileo's optics prior to his mvolvement with the
telescope. It will be argued that an anachronistic distinotion berween art and
science has obscured the scope and the inerconnections of Galileo's optics,
The paper will focus on an analysis of the «Theorica speculi concavi
sphaericis, a less known document in the MS Gal. 83, that always has
resisted interpretation, because its connection with Galileo's involvement
with a tradition of mathematical and optical instrument designing has not
been understond,




