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De Tellescopiis Stellarum (1666). Was Galileo experimenting
with four-lens terrestrial telescopes by 1630?

José Maria Moreno Madrid

School of History and Geography, University of Limerick, Limerick, Ireland

ABSTRACT ARTICLE HISTORY
This paper presents a hitherto unknown seventeenth-century Received 6 October 2025
component-by-component description of a four-lens terrestrial Accepted 14 April 2026

telescope attributed to Galileo Galilei (1564-1642), complete with
diagrams and measurements. The author is the Spanish friar Galileo Galilei four-Lens
Ignacio Mufoz O.P. (ca. 1608/1612-1686), who penned it on terrestial teles,cope;
August 8, 1666, in Mexico City. The owner of the telescope was seventeenth-century;
Antonio Sebastian de Toledo Molina y Salazar (1608-1715), Il measurements; Ignacio
Marquis of Mancera and viceroy of New Spain (1664-1673). Images Mufioz

of the source, a transcription in the original Latin, an English

translation, and the measured values derived from the piece-by-

piece analysis are provided. The study also contextualizes the

document and examines the reliability of the attribution, reflecting

on its potential implications for the history of the telescope.

KEYWORDS

In this paper I present a hitherto unknown seventeenth-century description of a four-lens
terrestrial telescope whose craftmanship is attributed to Galileo Galilei (1564-1642).
Entitled ‘De Tellescopiis Stellarum’ and dated August 8, 1666, the description occupies
one and a quarter pages of a voluminous manuscript treatise Observationes diversarum
artium, written by the Spanish Dominican friar Ignacio Mufoz (ca. 1608/1612-1686)
between 1660 and 1686." In addition to providing images of the source, a transcription
in the original Latin, an English translation, and the measured values derived from its
component-by-component analysis, I also discuss the internal and external evidence sup-
porting the attribution of the telescope to Galileo, as well as the implications such an
attribution would have for the history of the telescope in the early modern period.

CONTACT José Maria Moreno Madrid @ josemaria.morenomadrid@ul.ie; josemariamorenomadrid@gmail.com

"The Observationes is preserved in the National Library of Spain (Biblioteca Nacional de Esparia, BNE) under the symbol
‘Mss/7111". It consists of 944 pages of 30x21 cm. and is bound in parchment — an intervention that may have been
made after the work was completed. The spine bears the inscription ‘Varias ciencias'. It contains numerous blank
sheets and many others that are mutilated or loose (Information taken from ‘Observationes diversarum artium [Manu-
scrito]’, n.d., <https://bdh.bne.es/bnesearch/detalle/bdh0000060130> [accessed 15 December 2024]). The text alter-
nates between Latin and Spanish, according to the author’s needs. Mufioz's aim with this work seems to have been
to bequeath to posterity one of the most extensive and varied humanistic compendia of his time, since it comprises
notes and reflections on subjects as diverse as astronomy, all branches of mathematics, astrology, hydrography, music,
architecture, military science and grammar. Of all his writings, the description of this telescope is, for obvious reasons,
one of the most important.
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Muioz’s De Tellescopiis Stellarum in context

Mufioz is a complex character.” He was born in Espinosa de los Monteros (Burgos) at an
indeterminate time between 1608 and 1612. He entered the Order of Preachers on Febru-
ary 2, 1628, in the convent of San Pablo de Valladolid. In 1634 he sailed with fifteen other
Dominican friars to the Philippines, where they were to join the Province of Our Lady of
the Rosary in missionary work.” Due to his deep involvement in the attempted illicit estab-
lishment of the Congregation of St. Paul in the Philippines in 1637, led by Diego Collado,
O.P. (c. 1587-1641), Mufioz was forced into exile in Portuguese India until 1660.* Then,
after a brief return to the Philippines, he obtained passage to Madrid financed by Philip
IV of Spain. The monarch’s interest in bringing Muiloz to the capital — and his willingness
to fund his voyage — stemmed from the latter’s promise of a revolutionary nautical proposal
to improve the performance of Hispanic fleets around the globe. Armed with this endorse-
ment, Mufloz disembarked in Acapulco (New Spain) in 1666, the customary principal stop
in the Americas on the Manila Galleon route.”

The viceroy of New Spain at that time was Antonio Sebastian de Toledo Molina y
Salazar, the second Marquis of Mancera (1608-1715). He had previously been general
of galleys (general de galeras) in Peru — where his father was viceroy - and captain
general of the Atlantic Fleet (Armada del Mar Océano). In 1644, he led the project of
rebuilding the city of Valdivia (Chile), which had been destroyed by several Dutch incur-
sions. In 1650, coinciding with the end of his father’s viceroyalty in Peru, he returned to
Spain. He settled at the court of Madrid, serving as Chief Steward to Queen Mariana of
Austria (1634-1696) from 1677, who had been his benefactor for much of his well-suc-
ceeded career. Mancera’s good relationship with the Spanish royal family led to successive
appointments as ambassador to Venice (1656-1660), Germany (1661-1662) and governor
of the state of Milan. In the two years between his inauguration as viceroy of New Spain on
October 15, 1664, and the arrival of Muifioz, he proved to be a man concerned with the
political stability of the territory and no friend of squandering royal funds. He also had
a special sensitivity for the arts and sciences, as evidenced by the preferential treatment
he gave to the novohispanic writer Sor Juana Inés de la Cruz (1651-1695).°

2The biographical note presented here is based on: José Maria Moreno Madrid, ‘Ciencia y Patronazgo Real En El Imperio
Espanol Del Siglo XVII: Fray Ignacio Mufioz y Su Propuesta de Trabajo En Artes Nauticas,” Anuario de Estudios Americanos
78, no. 1 (June 2021). For more about Mufoz, see: José Maria Moreno Madrid, ‘A Seventeenth-Century Collection of
Rutters: Derroteros de Los Mares de Marruecos, Canarias, América y Filipinas, y Otros Documentos, Compiled by
Ignacio Muioz', RUTTER Technical Notes Series, 5 (2021), doi:https://doi.org/10.6084/m9.figshare.13957586.v1; José
Maria Moreno Madrid, ‘Un Texto Ndutico Seiscentista Inédito. ‘Arte y Regimiento de Navegacion Practica’ (ca. 1636)
de Juan de Echeverri (1609-1662) a Través de Ignacio Mufoz (ca. 1612—ca. 1686)’, in Magalhdes e Elcano. Do Ocaso
de Uma Expedicdo a Génese de Um Mundo Global, ed. by Vitor Gaspar Rodrigues and Ana Paula Avelar (Academia
de Marinha, 2023), pp. 277-91; Josep Lluis i Ginovart, ‘The ‘Geometric Manifesto’ of Fray Ignacio Mufioz (1684). The
Kepler Heresy and the Heptagonal Apses of Gothic Cathedrals’, European Journal of Science and Theology, 18.3
(2022), pp. 123-48; Josep Lluis i Ginovart and Cinta Lluis-Teruel, ‘Ciencia En El Imperio Espafol Del Siglo XVII: Fray
Ignacio Mufoz y Sus Manifiestos Geométricos’, Asclepio. Revista de Historia de La Medicina y de La Ciencia, 74.2
(2022), p. 611; Cinta Lluis-Teruel and Josep Lluis i Ginovart, ‘El Heptdgono de Fray Ignacio Mufioz y Su Manifiesto Geo-
métrico (1684)', EGA Revista de Expresion Grdfica Arquitectonica, 28.47 (2023), p. 122, doi:10.4995/ega.2023.16289.

3Moreno Madrid, ‘Ciencia y Patronazgo Real En El Imperio Espariol Del Siglo XVII: Fray Ignacio Mufioz y Su Propuesta de
Trabajo En Artes Nauticas,’ p. 48.

“Moreno Madrid, pp. 49-52.

*Moreno Madrid, pp. 52-56.

®The biographical note presented here is based on Sofia Bellés Blanes, ‘Antonio Sebastian de Toledo Molina y Salazar:
Contradicciones En Las Fuentes Secundarias En Torno a Su Vida y Trayectoria,’ in Transformacions Socials i Culturals.
Nous Horitzons En La Recerca de Ciéncies Humanes i Socials, ed. Edgar Bernad-Mecho (Universitat Jaume [, 2025);
Miguel Molina Martinez, ‘Antonio Sebastidn de Toledo Molina y Salazar,’ in Diccionario Biogrdfico Electronico de La


https://doi.org/10.6084/m9.figshare.13957586.v1
https://doi.org/10.4995/ega.2023.16289.
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When he learned of Ignacio Muioz’s arrival in Mexico City, his involvement in the
attempted illicit establishment of the Congregation of St. Paul, and the large sum
Philip IV was paying to finance his travels, he became suspicious. It seemed to him
that the controversial Dominican friar might just be selling the monarch a bill of
goods with his scientific proposals just to get out of the Philippines without financial
hardship. As a matter of fact, very little is known from biographical or autobiographical
accounts — either to us or, as Mancera already recognised - about the origins and prac-
tices of Mufoz’s astronomical and mathematical expertise. To confirm or disprove his
suspicions, Mancera subjected Muifioz to several tests of his scientific abilities.” One of
them was to disassemble and analyse, piece by piece, a telescope in his possession.

Mancera’s telescope

The instrument described in De Tellescopiis Stellarum is a ‘stock’ reverse-tapered four-
lens terrestrial telescope with an erecting eyepiece, with convex lenses separated by
twice their focal lengths. Existing historiography situates the genesis of this optical
configuration around 1643-1645, linking it to Antonious Maria Schyrlaeus de Rheita
(1604-1660) and Johannes Wiesel (1583-1662).% In 1647, Wiesel stated that telescopes
conforming to this configuration were ‘very recent’ and that none ‘of this type [had]
yet become known or been sold up to now, for it was invented very recently’.” Despite
some dissenting views,'® surveys of telescope production in Europe during the second
half of the seventeenth century suggest that ‘the construction of the four-lens eyepiece
became very popular’ from the 1640s onwards.'' There is solid evidence, for instance,
that both Eustachio Divini of Rome (1610-1685) and Giuseppe Campani (1635-1715)
fabricated four-lens telescopes and helped disseminate this optical configuration
throughout Europe during the latter half of the seventeenth century.'”

However, the document under discussion clearly states that the telescope was ‘manu-
factured by Galileo’ (fabricatum a Galilaeo, p.8). As far as I have been able to ascertain,
this telescope is not mentioned in any other document concerning Mufioz or Mancera, **
leaving the assessment of the attribution’s veracity dependent solely on this single source.
This presents only two possibilities: either Mancera’s telescope was indeed manufactured

Real Academia de La Historia, accessed December 15, 2024, https://dbe.rah.es/biografias/8721/antonio-sebastian-de-
toledo-molina-y-salazar.

"Moreno Madrid, ‘Ciencia y Patronazgo Real En El Imperio Espariol Del Siglo XVII: Fray Ignacio Mufioz y Su Propuesta de
Trabajo En Artes Nauticas,” pp. 56-66.

8Albert Van Helden, ‘The ‘Astronomical Telescope’, 1611-1650," Annali Dell’ Istituto e Museo Di Storia Della Scienza Di
Firenze 1 (1976): 30-35.

Van Helden, ‘The ‘Astronomical Telescope’, 1611-1650," 33—-34. Quoted from ‘London, British Museum, MSS. ‘Sloane’,
651, 169-171".

'O\, E. Rudd states that ‘the four-lens system was little used until the middle of the eighteenth century’. M. Eugene Rudd,
‘Chromatic Aberration of Eyepieces in Early Telescopes,” Annals of Science 64, no. 1 (2007): 9.

"Rolf Willach, ‘The Development of Telescope Optics in the Middle of the Seventeenth Century,’ Annals of Science 58, no.
4 (2001): 390.

2Willach, ‘The Development of Telescope Optics in the Middle of the Seventeenth Century,” 393; Eugene Rudd, ‘Chro-
matic Aberration of Eyepieces in Early Telescopes,” 9. In fact, the French diplomat Balthasar de Monconys (1611-
1665) acquired telescopes from Divini and Rheita and meticulously describes a four-lens eyepiece in his famous
Journal des Voyages de Monsieur de Monconys (1665; reprinted 1695).

3Not even in the inventory of assets drawn up following the taking of the religious vows of the Discalced Bernardines by
Mancera’s only daughter and heir, Maria Luisa Alvarez de Toledo y Carreto. See: José Luis Barrio Moya, ‘El Inventario de
Los Bienes de Dofa Maria Luisa de Toledo, Hija de Los Marqueses de Mancera (1707)," Boletin de Arte, no. 20 (1999):
629-47.


https://dbe.rah.es/biografias/8721/antonio-sebastian-de-toledo-molina-y-salazar
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by Galileo, or he was misled when he acquired it and it was in fact crafted by a different,
and probably later, telescope maker.

Despite the complications arising from the unknown provenance of the telescope, I
will argue that both possibilities are plausible. The latter, for obvious reasons: as indicated
above, Mancera had a remarkably successful diplomatic and political career before being
appointed Viceroy of New Spain, including close ties with the Spanish queen, embassies
in Venice and Germany, and a governorship in Milan. He was certainly in the social,
economic, and intellectual position to have sought the acquisition of a telescope fabri-
cated by a renowned European maker at some point in his life. At the same time, a
cunning seller could have inflated the price of a generic telescope by attributing its fab-
rication to Galileo — whose fame already preceded him - thereby causing Mancera to
believe he was purchasing one of the rare telescopes personally handcrafted by Galileo
himself.

The second possibility is equally plausible, although it requires further elaboration and
a closer examination of Galileo’s ‘policies’ regarding the distribution of his telescopes. If
we take seriously Galileo’s statement that ‘T never sold any of my instruments and I do
not intend to do that, neither in the present nor in the future’,'* Mancera could only
have received the telescope as a gift from Galileo himself or purchased it or received it
as a gift from third parties. The first possibility could be ruled out by the absence of
any documentary evidence linking Galileo directly or indirectly to Mancera. Assuming,
therefore, that he obtained it through a third party, it is worth suggesting the two hypoth-
eses that seem most likely: that he obtained it in some unspecified way during his stay as
ambassador in Venice - which lasted from 1656 to 1661—'> or that he received it as a gift
at the Madrid court. The second hypothesis becomes even more interesting if we consider
that the telescope that Mancera transported to Mexico City could be one of the three that
Galileo made at the express request of Philip IV of Spain.

As is well known, between 1612 and 1631 Galileo applied for the prize offered by the
Spanish monarchy to the person who solved the problem of longitude at sea.'® His pro-
posal was based on calculating longitude by observing conjunctions, eclipses, and other
astronomical phenomena that depend on the motion of Jupiter’s satellites, which would
have to be observed on board a ship with his telescopes.'” The proposal did not arouse

" Antonio Favaro, Le Opere Di Galileo Galilei, vol. XIV, no. 1967 (Firenze: Barbéra, 1968), pp. 52-53.Trans. from Mario Bia-
gioli, Galileo, Courtier. The Practice of Science in the Culture of Absolutism (Chicago: University of Chicago Press, 1993), p.
43.

5For a brief note on Mancera’s embassy in Venice, see: David Quiles Albero, “La Embajada En Venecia: Un Estudio Pro-
sopogréfico de Los Representates Hispanos En La Republica de San Marcos Durante La Guerra de Candia,” Librosdela-
corte.Es 15, no. 9 (2017): pp. 45-47, https://doi.org/10.15366/1dc2017.9.15.002.

®About the ‘longitude problem’, see: José Maria Moreno Madrid and Henrique Leitdo, A Longitude do Mundo. Viagens
Ocednicas, Cosmografia Matemdtica e a Constru¢Go de Uma Terra Global (Lisboa: Imprensa Nacional — Casa da
Moeda, Forthcoming); William J. H. Andrewes, ed., The Quest for Longitude: The Proceedings of the Longitude Symposium
(Cambridge, Mass: Collection of Historical Scientific Instruments, Harvard University, 1996); Richard Dunn and Rebekah
Higgitt, Finding Longitude: How Clocks and Stars Helped Solve the Longitude Problem (London: Collins, 2014); Richard
Dunn and Rebekah Higgitt, The Quest for Longitude. Ships, Clocks and Stars (London: Harper Collins, 2014).

Galileo prepared two documents to present his proposal to Philip Ill: ‘Proposta della Longitudine’ and ‘Relazione Gen-
erale’. Both can be read in: Favaro, Le Opere Di Galileo Galilei, V: pp. 413-25. About Galileo’s research on longitude in
general, see: Silvio A. Bedini, The Pulse of Time: Galileo Galilei, the Determination of Longitude, and the Pendulum Clock
(Firenze: L.S. Olschki, 1991). On the technical details of the proposal presented to Philip IV, see: José Manuel Floristan
Imizcoz, ‘Informe de Juan Bautista Labafia, Cosmdgrafo Real, Sobre El Sistema de Célculo de La Longitud de Galileo
Galilei,’ in Légos Hellenikés: Homenaje al Profesor Gaspar Morocho Gayo, ed. José Maria Nieto Ibafez, vol. 2 (Le6n: Uni-
versidad de Le6n - Secretariado de Publicaciones y Medios Audiovisuales, 2003), p. 823. On Galileo’s negotiation with
the Spanish institutions, see: Stillman Drake, Galileo at Work (Chicago: Chicago University Press, 1978), pp. 255-60;


https://doi.org/10.15366/ldc2017.9.15.002
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much passion at the Spanish court and was categorically rejected by the prestigious Por-
tuguese cosmographer Jodo Baptista Lavanha in 1618."® After this failure, Galileo’s
relations with the Spanish court cooled considerably during the 1620s. In 1628,
however, Francesco Stelluti (1577-1651) informed him that Philip IV had renewed and
increased the rewards offered for solving the ‘longitude problem’ and urged him to
revive the contacts he had previously initiated with his father, Philip III, on this
matter."” Determined to begin on a favourable footing with the new monarch and to
gain ground in the race for the longitude prize, Galileo resolved to send him a large tele-
scope accompanied by another, ‘smaller’ (piccolino) one.”® As usual, Galileo provides
very little information about the technical aspects of the instruments. Regarding the
larger one, however, he does state that the tube was ‘approximately three braccia in
length’*' Assuming that Galileo is referring to the Florentine braccio of c. 58.36 cm —
as was customary in his context — the larger telescope would have measured approxi-
mately 175 cm in length. This considerable length is consistent with the fact that,
upon the telescope’s arrival in Madrid on August 31, 1630, its delivery to the king was
delayed so that the renowned Florentine engineer Cosimo Lotti (d. 1643) could construct
a mount to facilitate its handling.”* The instrument was installed at the palace of El Escor-
ial, and Philip IV was finally able to use it on September 10, 1630. Apparently, the monarch
was thoroughly delighted with the telescope, especially because it allowed him to ‘discern
from the palace a cross located one league from El Escorial, that is, a total of eight from
Madrid’.** Unfortunately, just two days later the telescope became completely unusable
when the main lens detached from the body of the instrument and shattered on the
palace floor.** Appalled, Philip IV asked Galileo to send a replacement lens. In the corre-
spondence regarding this request, the small telescope that Galileo had also apparently sent
to Madrid reappears, mentioned in the following terms: [...] and that he [Galileo] also
make another telescope for the Queen’.*> From this citation, we can infer that the first
small telescope had been offered as a gift to Spain’s queen, Isabel of France (1602-1644),
and that, for some unspecified reason, a second one was requested. Much to the chagrin
of the monarch, the arrival of the lens and the second small telescope was delayed until
the end of 1631, when they were carried to Madrid by the young Francesco de Medici
(1614-1634).%° After this episode, the telescopes are lost track of.

Giuseppe Caraci, Il «Negozio Della Longitudini» e Galileo (Genova: Civico Istituto Colombiano, 1979); Victor Navarro
Brotdns, ‘Galileo y Espafia,’ in Largo Campo Di Filosofare (La Orotava: Fundacién Canaria Orotava de Historia de la
Ciencia, 2001), pp. 809-30. and, specially, Floristan Imizcoz, ‘Informe de Juan Bautista Labafia, Cosmégrafo Real,
Sobre El Sistema de Calculo de La Longitud de Galileo Galilei'.

"8 abafa’s report can be read in: Floristan Imizcoz, ‘Informe de Juan Bautista Labafa, Cosmdgrafo Real, Sobre El Sistema
de Célculo de La Longitud de Galileo Galilei,’ pp. 834-836.

"Floristan Imizcoz, pp. 831-832.

20F|oristan Imizcoz, p. 832.[..] et insieme con esso mandero anco il piccolino’, in ‘Letter from Galileo to Buonamici’, Bel-
losguardo, 8.IV.1630; Le Opere Di Galileo Galilei, vol. XIV, no. 1997 (Firenze: Barbéra, 1966), p. 70.

2] che doveva coprire il cannone (che é lungo circa 3 braccia) et adornarlo..’, in ‘Letter from Galileo to Buonamici’,
Bellosguardo, 8.IV.1630; Le Opere Di Galileo Galilei, vol. XIV, no. 1997 (Firenze: Barbéra, 1966), p. 70.

22F|oristan Imizcoz, p. 832. See: ‘Cioli to Esau del Borgo’, Florence, 18.V1.1630; Le Opere Di Galileo Galilei, vol. XIV, no. 2053
(Firenze: Barbeéra, 1966), pp. 109-110.

2. 1 divisar desde palacio una cruz situada a una legua de El Escorial, es decir, a un total de ocho de Madrid'. Floristan
Imizcoz, p. 833.

2Floristan Imizcoz, p. 833.

25 ] et che anche faccia un altro occhiale per la Regina’, in “Andrea Cioli to Esau del Borgo’, Florence, 8.X1.1630; Le Opere
Di Galileo Galilei, vol. XIV, no. 2080 (Firenze: Barbéra, 1966), pp. 129-130. Italics are mine.

2Floristan Imizcoz, p. 834.
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For our purposes, Galileo’s relations with the Spanish court in the first decades of the
seventeenth century resulted in the presence in Madrid of three telescopes made by his
own hand. The first, the large telescope used by Philip IV, cannot be the one that even-
tually came into Mancera’s possession due to its size — the instrument described in De
Tellescopiis Stellarum is, according to the measurements provided by Mufioz, smaller.
It is nonetheless noteworthy that Philip IV appears to have derived such satisfactory ter-
restrial use from it. This is not conclusive evidence that the telescope was fitted with the
optical configuration described in De Tellescopiis Stellarum, but there is no doubt that it
would have been particularly suitable for such a purpose.”” One might therefore ask
whether Galileo was experimenting with this design and whether he may also have
used it in the smaller telescopes received by Queen Isabel of France. In a sense, it is
not without logic that Galileo might have showcased, in his potlatch for the Spanish
monarch,”® a ‘dazzling novelty’ in contrast to the construction that had been typical of
his telescopes. That being the case, upon the queen’s death the instruments may have
remained in the royal collections until Mancera - owing to his proximity to the court
and to Queen Mariana of Austria - received one of them as a gift and took it with
him to Mexico City in 1664, where it was eventually examined by Ignacio Mufioz in 1666.

Assessing the relevance of De Tellescopiis Stellarum

The historiographical implications of the manuscript being published hinge largely on
how reliable the attribution of the described telescope to Galileo proves to be. If, as
the text claims, the telescope analysed was indeed manufactured by Galileo, then the ear-
liest known experimentation with four-lens telescopes would have to be pushed back to
1630 at the latest and credited to him.

Moreover, Muiioz’s De Tellescopiis Stellarum would become the most detailed technical
analysis of a telescope provenly made by Galileo - and, somewhat paradoxically, it would
concern a four-lens telescope rather than the Galilean design that ultimately came to bear
his name. In terms of material evidence, none of the eight telescopes manufactured in the
first half of the seventeenth century that have survived to the present day can be unequi-
vocally attributed to Galileo.”” The two so-called ‘Galilean telescopes’ preserved in the
Museum of Florence have indeed been credited to him and analysed to unravel their
optical configuration, but this attribution is far from universally accepted.” In terms of

*’Eugene Rudd, ‘Chromatic Aberration of Eyepieces in Early Telescopes,’ 7-9.

ZFor the concept of potlatch in a Galilean context, see: Mario Biagioli, Galileo, Courtier. The Practice of Science in the
Culture of Absolutism (University of Chicago Press, 1993).

2Willach, ‘The Development of Telescope Optics in the Middle of the Seventeenth Century,’ 385.

3Willach, The Development of Telescope Optics in the Middle of the Seventeenth Century, 386. For the description of the
material conditions of the ‘Galilean telescopes’, see: Mara Miniati, Museo Di Storia Della Scienza: Catalogo (Firenze: Giunti,
1991), p. 60. A summary of the studies carried out on these telescopes and the astronomical observations made with replicas
based on them can be read in: Vanin, ‘Much Better Than Thought,’ pp. 444-48. Some of the most important are discussed in:
Vincenzo Greco, Giuseppe Molesini, and Franco Quercioli, ‘Optical Tests of Galileo’s Lenses,” Nature 358 (1992), p. 101; Albert
Van Helden, Catalogue of Early Telescopes (Firenze: Giunti Istituto e Museo do Storia della Scienza, 1999), pp. 30-33; Vincenzo
Greco, Giuseppe Molesini, and Franco Quercioli, ‘Esame Ottico Dei Cannocchiali Di Galileo,” Nuncius 8 (1993), pp. 305-11;
Vincenzo Greco, Giuseppe Molesini, and Franco Quercioli, ‘I Cannocchiali Di Galileo, Nuovo Saggiatore 8 (1992), pp. 48—
54; Vincenzo Greco, Giuseppe Molesini, and Franco Quercioli, ‘Modern Optical Testing on the Lenses of Galileo,” in
Homage to Galileo, ed. P. Mazzoldi (Padova: Cleup Editrice, 1996), pp. 113-24; Giuseppe Molesini and Vincenzo Greco,
‘Galileo Galilei: Research and Development of the Telescope,’ in Trends in Optics: Research, Developments and Applications,
ed. Anna Consortini (San Diego: Academic Press, 1996), pp. 423-38; Mara Miniati et al., ‘Examination of an Antique Tele-
scope,’ Nuncius 9 (1994), pp. 677-82; Michael K. Gainer, ‘Construction of a 17th Century Telescope: An Experiment in the
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documentary evidence, it is well established that Galileo himself did not leave any
technical details about his telescopes.”’ Magnifications and how to use them are spor-
adically mentioned in his works and correspondence, but always in a general way.
Important aspects such as the focal length, the type of lenses and their diameter,
the construction materials of the optical tubes or the mounting used for the obser-
vations are never revealed in his writings.”” In its detailed component-by-component
‘dissection’, Muifioz clearly presents much of this critical information regarding the
construction and mounting of the purported Galileo-made four-lens telescope.
Adding to the document’s technical significance, it is important to note that it was
produced by a scholar with a background on mathematics and astronomy.

I am aware of the historical and documentary challenges in accepting the Galilean attri-
bution of the four-lens telescope described in De Tellescopiis Stellarum — chief among them
the complete absence of any reference to such an optical configuration in documents pro-
duced by, or associated with, Galileo himself, or by other renowned telescope makers of the
period, such as Hieronymus Sirturus and Isaac Beeckman (1588-1637). Even so, I believe
that the unambiguous attribution of the telescope in the manuscript, together with the
documentary evidence that three telescopes made by Galileo — whose optical configuration
remain unspecified - may have been accessible to Mancera through his connections at the
Spanish court, at the very least invites consideration of this possibility.

It would be unreasonable to deny that the manuscript loses some of its significance if
the attribution to Galileo proves incorrect. Yet I believe its publication would remain
justified for two reasons: first, to expand the perpetually insufficient corpus of seven-
teenth-century technical descriptions of telescopes that have survived to the present
day; and second, to highlight the unique context in which the telescope was analysed
and documented, through the unlikely involvement of figures such as Mufioz and
Mancera. Episodes of this kind underscore the value of these instruments as objects of
prestige across Europe and its overseas colonies alike, while also highlighting the multi-
plicity and diversity of scientific loci in the early modern period. It is to be hoped that new
documentary or material evidence will soon emerge to confirm the telescope’s attribution
and further enhance our understanding of it.

History of Astronomy,’ The Physics Teacher 19 (1981), pp. 22-25; Giorgio Strano, ‘Galileo’s Telescope: History, Scientific Analy-
sis, and Replicated Observations,” Experimental Astronomy 25, no. 1 (2009), pp. 17-31, https://doi.org/10.1007/510686-009-
9142-0; Yaakov Zik and Giora Hon, ‘Galileo Knowledge of Optics and the Functioning of the Telescope Revised, arXiv, 2014,
https://arxiv.org/abs/1307.4963.

31A substantial corpus of literature has been dedicated to the subject of Galileo’s telescopes. Among the most recent
titles, | recommend: Eileen Reeves, Galileo’s Glassworks: The Telescope and the Mirror (Cambridge, Mass.: Harvard Uni-
versity Press, 2008); Giorgio Strano, ed., Galileo’s Telescope: The Instrument That Changed the World (Florence: Giunti,
2008); Albert Van Helden et al., eds., The Origins of the Telescope (Amsterdam: KNAW Press, 2010); Massimo Bucciantini,
Michael Camerota, and Franco Giudice, Galileo’s Telescope: A European History, trans. Cameron Bolton (Cambridge,
Mass.: Harvard University Press, 2015). Galileo’s policy of concealing details about the construction of his telescopes
is perfectly consistent with his desire to preserve them as a unique and non-transferable asset, incalculably valuable
for his patronage and social climbing manoeuvres. On Galileo’s social climbing strategies in general, see: Biagioli,
Galileo Courtier. On the use of the telescope for the same purposes, see: Richard S. Westfall, ‘Science and Patronage:
Galileo and the Telescope,’ Isis 76, no. 1 (1985): 11-30; Mario Biagioli, Galileo’s Instruments of Credit. Telescopes,
Images, Secrecy (Chicago: University of Chicago Press, 2006).

32Gabriele Vanin, ‘Much Better Than Thought: Observing with Galileo’s Telescopes,’ Journal for the History of Astronomy
46, no. 4 (2015), p. 442. In the Sidereus Nuncius (1610), for example, he provides only a simple diagram of the instrument
and mentions that ‘his optical scheme involved a plano-convex objective and a plano-concave eyepiece’. He also prom-
ises to publish a monographic work on the telescope, but this text never went to press, nor has it survived in whole or in
part as a manuscript. Mario Biagioli, ‘Replication or Monopoly? The Economies of Invention and Discovery in Galileo’s
Observations of 1610, Science in Context 13, no. 3—4 (2000), p. 550.
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On the Telescopes of the Stars

De Tellescopiis Stellarum

[156] On August 8, 1666, in Mexico City, the viceroy of New
Spain D. Antonio de Toledo, Marquis of Mancera, handed me
a telescope fabricated by Galileo, the construction of which |
examined, as can be seen in the following proportions and
measurements. It consists of four lenses. The first lens is
lenticular, as in .A., whose semi-diameter is .A.B., and its
curved surface (lunula) is .C. — exterior — and .C.D. is the
small ring holding the lens surface (lunula).

It is brought close to the eye, but the eye is set at .E., looking
through a small hole about the size of the pupil. The eye is
distant from the glass .A. the distance .E.A.

The second lens is entirely the same as the first .C. and

its semidiameter is .A.F., which, upon closer examination,

| judge to be the true semidiameter of the first lens.

The second lens is as distant from the first as the length of
the following line .G. This second lens is lenticular.

The circumference of the third lens is equal to that of .C. and
its semidiameter to that of .A.F. Its distance from the second
lens is as much as the length of the following line .H. It is
also lenticular.

The fourth lens is the farthest from the eye and is identical to
the .C. itself, but one of its faces is completely flat while the
other is very convex. Line .K. is one seventh of its [actual]
distance from the third lens. Line.L. is one eight of the
semidiameter of the convex part of this fourth lens.>

The entire tube is composed of seven tubules. The thickest
tubule is oblong and contains the others, and one third of its
length is line .M.

At each end it has a wooden ring. On one side it is open to
accommodate the other tubules and on the other it is closed
with a three-screw lid, where there is a small pupil-sized
hole for looking. There is no glass in this tubule. The
diameter of the open end is equal to the line .N.

Its thickness is moderate, about f=={, paper-like indeed, as
with the other tubules.

The second [tubule] has a glass or first lenticular lens near
[the hole] for looking, at the side or end where it is
accommodated into the first [tubule]. At the other end it has
a wooden ring to secure [the second tubule], and there it is
open to accommodate the third tubule.

The third tubule resembles the second one, since at one end
it has a glass or second lens within an inner wooden ring,
and at the other end it has an outer ring and is open to
accommodate the fourth tubule.

[157]1 In the fourth tubule is the third lenticular lens. And this
tubule resembles the third one.

The remaining three tubules, being narrower, have no ring
in the side where they are accommodated [in the other
tubules]; but they do have an external ring in the other end.
And the last of them has a glass or lens with one side flat
and the other convex to bring objects closer [i.e. to see them
more closely when looking through the telescopel. It is
closed with a screwed lid with a small hole, like this "
through which the images of the objects are received.

[156] Anno 1666 in civitate Mexicana die 8 Augusti Pro Rex
Novae Hispaniae D. Antonio de Toledo, Marchio de Mansera
mihi accommodavit Tellescopium fabricatum a Galilaeo
cuius fabricam examinavi, ut videre est in sequentibus
proportionibus, et mensuris. Constat specillis 4. Primum
specillum lenticulare ut in .A. cuius semidiameter .A.B. et
lunula eius .C. Exterior. Et .C.D. circellus, seu annulus
retinens lunulam.

Haec approximatur oculo, sed oculus ponitur in .E.
respiciens per parvum foramen quasi pupilla oculi distat a
vitro .A. distantia .E.A.

Secundum specillum omnino aequale est primo .C. et eius
semidiameter .A.F. quam etiam (re exactius examinata)
judico esse veram semidiametrum primi specilli. Distat
secunda luna a prima quanta est linea sequens.G. Hic luna
secunda est lenticularis.

Tertia luna in circunferentia aequalis ipsi .C. semidiameter
.A.F. distantia a secunda luna, quanta est linea sequens
.H. Est etiam lenticularis.

Quarta luna maxima distans ab oculo est aequalis ipsi

.C. sed una superficies est omnino plana, altera maxima
convexa, distantae eius a tertia luna, septima pars est linea
K. Semidiametri partis convexae huius quartae lunae linea
.L., est pars octava.

Integer tubus constat tubulis 7. Tubulus grosior oblongus
est, caeterorum recipiens, cuius longitudinis 1/3 est linea
M.

In utraque extremitate habet annulum ligneum, ab una
parte os recipiens alios tubulos patens est, ab alia parte
clauditur operculo tercti cochleari, ubi est foramen parvum
visorium velut pupilla oculi, in isto tubulo nullum est vitrum.
Diameter oris patentis aequalis est lineae .N.

Crasities est mediocris sic f==f chartaceus quidem,
ut reliqui tubuli.

Secundus ex una parte, sive extremitate, qua recipitur in
primo, habet vitrum sive lunam primam lenticularem
proximiarem visui. Ab alia extremitate habet annulum
ligneum firmans, hinc que patet, ut recipiat tertium
tubulum.

Tertius tubulus assimilatur secundo, nam ab una
extremitate habet vitrum sive lunam secundam intra
annulum ligneum internum, ab alia extremitate annulum
extrinsecum, et si patens recepturum quartum tubulum.

[157] In quarto tubulo est tertia luna lenticularis. Et este
tubulus assimilatur tertio tubulo.

Reliqui tres tubuli subtiliores ab una parte, qua recipiuntur
nullum annullum habent, ab alia vero extremitate habent
annullum externum, et in ultimo horum est vitrum sive luna
ex una parte plana, ex alia autem facio convexa
approximanda objecto, que clauditur operculo cochleari

cum foramine parvulo, sic o per quod objecti species
recipiuntur.
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Figure 1. Ignacio Muiioz, Observationes Diversarum Artium (1666), f. 156. Biblioteca Nacional de
Espafia (BNE), Mss/7111. Image from the collections of the Biblioteca Nacional de Espaia.
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Figure 2. Ignacio Mufioz, Observationes Diversarum Artium (1666), f. 157. Biblioteca Nacional de
Espafia (BNE), Mss/7111. Image from the collections of the Biblioteca Nacional de Espana.
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The following pages present images of the Observationes Diversarum Artium containing
the De Tellescopiis Stellarum (in the second image, only the first six lines belong to the tele-
scope description), alongside a Latin transcription of the manuscript, an English translation,
and the actual measurements — taken by the author - of Mufioz’s diagrams (Figures 1-3).
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Figure 3. Ignacio Mufioz, Observationes Diversarum Artium (1666), f. 157. Biblioteca Nacional de
Espafia (BNE), Mss/7111. Image from the collections of the Biblioteca Nacional de Espafa. Measure-
ments of the diagrams by the author.

3| reproduce here a pertinent comment by one of the peer-reviewers concerning this fourth lens and the translation of
this excerpt: ‘In this case, admittedly, the text states that the fourth lens is ‘very convex’, which would rather suggest
short radii of curvature. But with such a lens the configuration would fail to work as a telescope, and conflict with the
total length of the tube system, If this is a telescope, lens four should be a long-focal length (long radius of curvature)
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